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Preface

For the Editors, the task of writing a Preface is most satisfying. It represents the 
completion of the book and a moment of reflection on whether the whole is more 
than the sum of all the parts. And also, one must reflect on how this book is likely 
to be utilized in this era of rapid communications.

The Editors first met in May 2003 at a stimulating Italian symposium on 
endometrial cancer (organizers Drs. Luigi Frigerio, Roberto Grassi and Andrea 
Lissoni, with participation of the deans of Italian Gynecologic Oncology, Ugo 
Bianchi and Constantino Mangioni) that took place at Bergamo and Caravaggio. 
The impressive gains in biology and clinical trials were further discussed by the two 
editors and others that are co-authors in this venture on this side of the Atlantic at 
a 2004 Educational Session at the American Society of Clinical Oncology (ASCO). 
The pace of progress in various aspects of management of uterine cancer was note-
worthy, not only was tumor biology fueling novel hypotheses such as questioning 
the mesenchymal origin of carcinosarcomas, but knowledge of molecular pathways 
was beginning to be applied as prognostic and as predictive factors portending 
benefit from systemic therapies. Surgical staging and sensitive imaging provided 
the underpinning for refining our treatment algorithms. Finally, a role for chemo-
therapy had finally become established, principally through phase III studies com-
paring chemotherapy to radiation in mostly locally advanced stages III and IV that 
had undergone resection. 

Inevitably, this task brought back thoughts of prior efforts going into books 
covering endometrial cancer. In 1987, an international symposium resulted in pub-
lication of a multiauthored book. To this day, it remains a valuable reference to the 
advent of pharmacology and hormone receptor work in the evaluation of hormonal 
therapy relevant to endometrial cancer. However, in the intervening 20 years 
biomedical science has moved far beyond focusing systemic therapy on the first of 
‘targeted therapies’.  We are indebted to all contributors, mostly selected on first-
hand knowledge of their expertise and often based on interactions within our insti-
tutions or in cooperative groups and scientific societies. We know we added some 
additional work to their already busy daily lives, but hope they will be pleased with 
the results. 

Covering the subject in a comprehensive manner is a challenge for the Editors. 
On the one hand, one needs to discourage encyclopedic reviews in order to focus 
on what is new – the prime motivation for highlighting various aspects of uterine 

 v



vi Preface

cancer. On the other hand, if one of the functions will be to become a handy refer-
ence on which to build the near future of therapeutics, all aspects of the foundations 
as well as of advancing science need to be included. In finally surveying the com-
ponents that make up this new venture, we are hopeful that we have come close to 
our goals to emphasize new aspects while providing useful reference material.

January 2, 2009 Franco Muggia and Esther Oliva
Editors
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       The Essential Epidemiology of Cancer 
of the Endometrium       

     Celeste L.   Pearce   ,    Karine   Chung   ,    Anna H.   Wu   , and    Malcolm C.   Pike      

  Abstract   The central epidemiologic features of cancer of the endometrium are the 
much increased risk associated with obesity, evident both in premenopausal and 
postmenopausal women, the decreased risk with increasing parity and increasing 
duration of use of oral contraceptives (OCs), the increased risk with menopau-
sal estrogen therapy (ET), and the sharp slowing down in the rate of increase in 
endometrial cancer incidence with age around the time of menopause. Sequential 
menopausal estrogen–progestin therapy (EPT) with the progestin given for 10–12 
days per 28-day cycle is still associated with an increased risk, although of a much 
smaller magnitude than that associated with ET. Continuous-combined EPT is not 
associated with any increased risk and may be associated with a decreased risk. 
These phenomena are readily explained by a simple “unopposed estrogen hypothesis,” 
by which estrogen “unopposed” by a progestin increases risk. The basis for this 
hypothesis is that estrogen unopposed by a progestin increases cell division rates in 
the endometrium. Considering the relationship between endometrial cell prolifera-
tion during the menstrual cycle and the diminishing effect of ET with increasing 
body mass index (kg/m 2 ), it is possible to show that there is a relatively low ceil-
ing of biologically available estradiol (E 

2
 ), ~10.1 pg/ml, beyond which no further 

increase in endometrial cancer risk occurs. On the basis of this information, one 
would predict that reducing the standard dose of ET by as much as one half will 
produce little or no reduction in the risk of ET.  

  Keywords   Endometrial cancer  •  Body mass index  •  Weight  •  Estrogen  •  Estrogen 
therapy     
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  Introduction  

 The risk of endometrial cancer increases markedly with increasing body mass index 
(BMI; kg/m 2 ) and use of estrogen therapy (ET), while increasing parity and use of 
oral contraceptives (OCs) decrease risk significantly. The qualitative effects of these 
factors can be explained by a simple “unopposed estrogen hypothesis” for endome-
trial cancer  (44) . This hypothesis maintains that endometrial cancer risk is increased 
by exposure of the endometrium to estrogen “unopposed” by progesterone or a 
synthetic progestin, and that the increased risk is essentially caused by the 
increased mitotic activity of the endometrium induced by such exposure. 
Increased mitotic activity as a general risk factor is supported by a considerable 
amount of evidence; essentially, for a given tissue, the mitotic rate plays a central 
role in determining the rates at which the underlying carcinogenic processes, such 
as mutation, proliferation, and cell death, will occur in some stem cell compartment 
 (6,   39) . This simple “unopposed estrogen hypothesis” predicts that, for a given 
parity, the ages at which births occur will have little effect; however, epidemiologic 
studies show that there is significantly greater protection the later the ages at which 
births occur. 

 In order to obtain a comprehensive understanding of all these epidemiologic 
observations, it is first necessary to gain understanding of the relationship between 
unopposed estrogen “dose” and endometrial cell proliferation.  

  Estrogen Dose and Endometrial Cell Mitotic Rate  

 Estradiol (E 
2
 ) is the predominant intracellular estrogen in the endometrium and 

estrogens stimulate mitosis in endometrial cells  (52) . Progestins dramatically 
reduce mitotic activity by reducing the concentration of estrogen receptors, by 
increasing the metabolism of E 

2
  to the less active estrone (E 

1
 ), and by stimulating 

differentiation of endometrial cells to a secretory state  (19) . 

  The Menstrual Cycle 

 Figure  1  shows the plasma concentrations of E 
2
  and progesterone (P 

4
 ) and the mitotic 

rate of the glandular endometrial cells during the menstrual cycle  (14, 17,   48) . The 
mitotic rate rises rapidly from a very low level during menses to reach a near maximal 
level early on in the cycle around day 5. The rate stays roughly constant for ~14 days, 
until around day 19, after which it drops again to a very low level when P 

4 
 increases. 

The maximal mitotic rate is induced by the relatively low early follicular plasma E 
2
  

concentration of ~50 pg/ml; later increases in E 
2
  levels do not appear to induce any 

further increase in mitotic rate. Thus, there appears to be an upper limit to the effec-
tive plasma concentration of E 

2
  no greater than ~50 pg/ml.  
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 The existence of a low ceiling of E 
2
  effect has important implications. In particu-

lar, this limit implies that, in premenopausal women, changes in E 
2
  will have little 

effect. Increases in E 
2
  concentration above normal will not increase endometrial 

cell division, while decreases in E 
2
  may, at most, only decrease mitotic activity for 

the few days of the cycle during which E 
2
  is normally close to the basal ~50 pg/ml 

level. However, in postmenopausal women, E 
2
  plasma levels are well below the 

~50 pg/ml ceiling; thus increases in E 
2
  may, therefore, increase the endometrial 

mitotic rate until the upper limit for E 
2
  effect is reached.  

  Bioavailable E 
2
  

 Plasma E 
2
  is bound with high affinity to sex hormone-binding globulin (SHBG) and 

SHBG-bound E 
2
  is not bioavailable  (31) . SHBG levels decrease significantly with 

increasing BMI (kg/m 2 ), so that, for example, SHBG levels decrease ~46% with a 
BMI change from 20 to 30 kg/m 2 , and the proportion of E 

2
  that is bioavailable 

increases from ~49% at a BMI of 20 kg/m 2  to ~64% at a BMI of 30 kg/m 2 . [The 
above figures were calculated using the mass action approach of Södergard et al. 
 (46)  with the estimated association constants as given by Dunn et al.  (10)  – which 
were used by the Endogenous Hormones and Breast Cancer Collaborative Group 
 (11)  – and with the E 

2
  and SHBG values given by the same group  (12) .] Estimating 

the average BMI of the women contributing to  Fig. 1  at 25 kg/m 2 , the ~50 pg/ml 
ceiling of effective E 

2
  translates into a upper limit of bioavailable E 

2
  of ~28.4 pg/

ml. This is not, of course, the ceiling but an upper bound of the ceiling. We see 
below that we can refine this estimate by considering the effects of menopausal ET 
on endometrial cancer risk.   

   Fig. 1     Plasma concentrations of estradiol and progesterone and endometrial mitotic rate by day 
of cycle.         
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  Body Mass Index  

 Increasing body mass index (BMI) is strongly associated with a greatly increasing 
risk of endometrial cancer, the risk approximately doubling between a BMI of 
23 kg/m 2  and a BMI of 30 kg/m 2   (16) . This is evident both in premenopausal  (19)  
and postmenopausal women  (51) . At premenopausal ages, increasing BMI, espe-
cially obesity, is associated with an increase in anovulatory cycles  (18) , in which in 
the absence of P 

4
 , the endometrium is stimulated throughout the cycle. During the 

postmenopausal period, increasing BMI is associated with higher levels of E 
2
  from 

conversion of androgens to estrogens, as well as lower levels of SHBG, so that the 
estrogen is more bioactive  (43,   45) . It should be noted that the added risk associated 
with increasing BMI will, of course, increase as the duration of “exposure” to the 
added BMI increases, as is seen with ET use.  

  Menopausal Hormone Therapy  

  Menopausal Estrogen Therapy 

 The dose of menopausal ET most commonly used in the USA, that is, conjugated 
estrogens (CE) at 0.625 mg/day, results in endometrial cell proliferation approxi-
mating that found during the follicular phase of the menstrual cycle  (23) . Thus, it 
is not surprising that menopausal ET substantially increases a woman’s risk of 
developing endometrial cancer, which is strongly dependent on the duration of use. 
In our study, an increased risk of ~16.8% per year of use was found  (37)  and similar 
risks have been reported in other studies  (3,   9,   34)  ( see   Table 1  and  Fig. 2 ). 

   However, the increased risk from ET use is strongly dependent on BMI. The 
increased risk per year of use of ~16.8% is an average of 19.3% for women with 
a BMI of <30 kg/m 2  and of 7.7% for women with a BMI of  �   30 kg/m 2  in our study 
 (37) . This BMI effect was also seen in the Multiethnic Cohort Study, where there 
was a slight decreased risk in women with a BMI of  �   30 kg/m 2   (33) . Similar 
results were reported by Brinton and coworkers  (5)  with a relative risk of 3.8 for 
women with a BMI of <28 kg/m 2  and 1.05 for women with a BMI of  �   28 kg/m 2 . 
Finally, the Million Women Study Collaborators report  (28)  also found that ET 
use was associated with no increase in risk in women with a BMI of  �   30 kg/m 2 . 
We conservatively estimate that there is no increased risk from ET use in women 
with a BMI � 32 kg/m 2 . Plasma E 

2
  is � 15.7 pg/ml in a 32 kg/m 2  woman  (12) , 

and it can be concluded that the ceiling of effective non-SHBG-bound plasma E 
2
  

is ~10.1 pg/ml (calculated as described above). 
 All effective doses of ET are likely to result in plasma estrogen levels above this 

effective ceiling level. This can be seen most easily by considering the plasma 
estrogen levels achieved by the 50 µg E 

2
  transdermal patch, which achieves roughly 

the same effects as a CE dose of 0.625 mg/day. A 50 µg E 
2
  patch increases steady 
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  Fig. 2    Relative risks of endometrial cancer per year of estrogen therapy use ( ET ) and sequential 
estrogen–progestin therapy use ( EPT ) ( P  given for 10–12 days per 28-day cycle)       .

  Table 1.    RRs of endometrial cancer per year of ET and sequential EPT use  (P  given for 10–12 
days per 28-day cycle)    
 Study area   References    Therapy   RR (95% CI) 

 Los Angeles   (37 )  ET  1.17 (1.14–1.20) 
  (37 )  EPT  1.01 (0.98–1.05) 

 Sweden   (34 )  ET  1.19 (1.10–1.28) 
  (51 )  EPT  1.10 (1.06–1.15) 

 Washington State   (9 )  ET  1.20 (1.15–1.24) 
  (3 )  EPT  1.08 (0.98–1.20) 

 Combined  ET  1.18 (1.16–1.20) 
 EPT  1.05 (1.02–1.08) 

   RR relative risks, ET estrogen therapy, EPT estrogen-progestin therapy  

state plasma E 
2
  levels by ~30 pg/ml  (38,   41,   42)  and has little effect on SHBG  (29, 

  40) , so that non-SHBG-bound E 
2
  will increase from ~4.0 to ~18.4 pg/ml in a 20 kg/

m 2  woman (calculated as described above). Thus, the steady state plasma non-
SHBG-bound E 

2
  level of all women on a 50 µg E 

2
  patch is well above the ceiling 

level of ~10.1 pg/ml. Even with only half the dose, that is, a 25 µg E 
2
  patch, the 

non-SHBG-bound E 
2
  will be ~13.6 pg/ml in a 20 kg/m 2  woman, still above the 

ceiling. Thus, different doses of ET should have similar effects, as it has been 
observed  (9) .  



6 C.L. Pearce  et al.

  Menopausal Estrogen–Progestin Therapy 

 To reduce the increased endometrial cancer risk from menopausal ET, progestins 
were added to ET [estrogen–progestin therapy (EPT)] between 5 and 15 days (usually 
7 or 10 days) per month in a sequential fashion (sequential EPT). Sequential EPT 
causes regular bleeding in many women and is associated with other negative side 
effects; as a result, continuous-combined therapy regimens were developed in which 
the estrogen and progestin are always taken together (continuous-combined EPT). 

 Endometrial cell proliferation associated with CE at 0.625 mg/day is completely 
blocked by oral medroxyprogesterone acetate (MPA) at 5 or more mg/day  (26) . This 
finding and the observation that the level of progesterone is above 5 ng/ml in the 
normal menstrual cycle during seven days  (15)  persuaded many prescribers that 7 
days of progestin was sufficient to abolish any risk. However, Flowers et al.  (15)  
found that such short progestin use only caused 40 to 50% of the functional layer of 
the endometrium to desquamate and did not completely remove the risk of hyperpla-
sia  (32) . As a result, 10 or more days of progestin therapy became standard practice 
 (23) . It should be pointed out that, as can be seen in  Fig. 3 , endometrial cancer inci-
dence is increasing rapidly in the premenopausal period, even where obesity is 
uncommon, so that the notion that mimicking the progestin phase of the menstrual 
cycle would provide adequate protection was always suspect.  

 As expected, our endometrial cancer case-control study  (37)  showed that women 
who received sequential EPT with MPA at  ≥   5 mg/day given for ~7 days per month 
still had a markedly elevated risk of ~13% per year of such EPT use and this result 
has been found consistently. 

 Key and Pike  (22)  argued that if endometrial cell proliferation in the basalis 
layer was the key to increased risk from ET, there would still be an increased risk 
from sequential EPT even with 10 days of progestin use. This is because there 
would still be unopposed estrogen for around 15 days per treatment cycle since 
sequential EPT was usually given for 25 days per 28-day cycle  (37) . Subsequent 
studies have reported similar results with a meta-analysis estimate of a relative risk 
per year of use of 1.05 (95% CI 1.02–1.08) ( Fig. 2 ). 

 Continuous-combined EPT should reduce the risk of endometrial cancer as it 
would be expected that the progestin component would block endogenous estrogen 
in addition of blocking the action of estrogen in the EPT. However, the extent of 
this action is not completely clear with the relatively low dose of MPA (2.5 mg/day) 
used in the USA with continuous-combined EPT. The Women’s Health Initiative 
randomized trial of continuous-combined EPT found a decreased risk of endome-
trial cancer with a relative risk of 0.81 (95% CI 0.48–1.36; based on 27 and 31 
cases of endometrial cancer) during 5.6 years of use  (2) . Similar results were 
observed in the much smaller HERS II randomized trial  (21) , and in a number of 
epidemiological studies  (20, 28, 50) . However, other studies have failed to show a 
decreased risk  (30, 37) . Nonetheless, although the question of a decreased risk of 
endometrial cancer associated with continous EPT remains to be settled, notably 
for the situation with low-dose progestin, it is clear that there is no increased risk 
with continuous-combined EPT.   
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  Menopause  

 Figure  3  shows the age-specific incidence rates for endometrial cancer in the 
Birmingham Region of the UK from 1968 to 1972  (49) . It shows that the rate of 
increase in the incidence of endometrial cancer slows down around age 50. This 
older data is used in order to avoid distorsion due to high hysterectomy rates, high 
obesity rates, and widespread use of OCs and menopausal hormone therapy in the 
USA, all of which profoundly affect the incidence of endometrial cancer. 

 This age–incidence curve shown is for a time period (and location) when obesity 
was uncommon. Under such circumstances, the effective total 28-day estrogen dose 
to the endometrium will be much decreased at menopause  (22) . However, with 
increasing average BMI, the slowing down of the rate of increase in incidence of 
endometrial cancer at menopause will decrease, until a situation is reached where 
there will be no decrease in this rate (BMI of ~28 kg/m 2 ), and at higher average 
BMI, there may well be a slight increase in the rate of increase at menopause as 
shown in several studies  (33, 37) .  

  Fig. 3    Age-specific incidence 
rates for endometrial cancer in 
the Birmingham region of the 
UK, 1968–1972  (49)        
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  Parity  

 Endometrial cancer risk decreases significantly with increasing parity, and there is a 
greater reduction in risk with the first birth than with subsequent births (30–40% 
reduction in risk with the first birth compared to an ~15% reduction with each subse-
quent birth)  ( 1 ,  4 ,  24 ,  25 ,  35 ) . There is also evidence that births at older ages are more 
protective. In particular, a number of studies have reported that a late age at last birth 
was associated with significant reduction in risk independent of parity  (1,   24,   25) . 
However, this finding has not been corroborated in other studies  (27,   35) . McPherson 
et al.  (27)  showed that older age at last pregnancy appeared to be protective until it was 
controlled for gravidity, but the authors did not give the adjusted (controlled) results. We 
found that compared to a nulliparous woman, the risk of endometrial cancer was 
reduced by 51% in a woman with a last birth after age 35 and that additional births 
(before the last) reduced the risk further by an average of an additional 15% per birth. 
A last birth before age 25 was associated with only a 12% reduced risk of endometrial 
cancer. However, ages at all births were highly correlated and we were unable to prove 
that this age-at-birth effect was particularly so for last births  (35) . 

 In a detailed analysis from Norway, Albrektsen et al.  (1)  found that the protec-
tive effect of age at last birth was most pronounced in the period immediately after 
the birth and declined gradually thereafter. The authors concluded that the effect of 
age at last birth disappeared after adjustment for time since last birth, supporting 
the hypothesis that the reduction in risk for endometrial cancer is related to a 
mechanical shed of malignant or premalignant cells at each delivery.  

  Oral Contraceptives  

 The use of OC is associated with a significant reduction in endometrial cancer risk. 
Early studies of young premenopausal women estimated that risk is reduced by 
~10% per year of use  (7,   19) . However, the reduction in risk declines with increas-
ing age and a more representative figure is closer to 7% per year of use. OCs are a 
mixture of an estrogen (ethinyl-E 

2
 ) and a progestin. Their composition is such that 

they are progestin dominant for the endometrium, so that endometrial proliferation 
is confined effectively to the days on which OC is not taken. On the assumption 
that endometrial proliferation will be proportional to the number of days of unop-
posed estrogen, the observed reduction in risk with OC use is very close to that 
predicted by our mathematical model of incidence based on the simple unopposed 
estrogen hypothesis  (36) . Contrary to what has been observed with the protective 
effect of parity, where the extent of protection is much greater the later the age at 
the birth, no such effect has been reported with regards to the protective effect seen 
with OC use.  
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  Chemoprevention  

 The use of OC remains an effective approach to chemoprevention of endometrial 
cancer. In recently published studies, this protective effect was seen to be very long 
term although of lesser magnitude than originally observed in younger women. 

 The substantial reduction in risk of endometrial cancer seen with late ages at births 
and possibly with time since last birth suggests that endometrial sloughing may have 
a substantial protective effect. If endometrial cells of the functionalis layer are suscep-
tible to cancer, which would be consistent with the observation that early stage tumors 
often appear to arise in this layer, it would provide an explanation for the greater pro-
tective effect of late ages at births. Such endometrial sloughing would also provide an 
explanation for the observations made 15 years ago that CE at 0.625 mg/day did not 
produce endometrial hyperplasia if 10 mg/day of MPA was given for 14 days every 3 
months  (13,   53) . Hyperplasia did occur in a trial in which E 

2
  valerate was given at 

2 mg/day for 68 days, followed by norethisterone at 1 mg/day for 10 days, and finally 
E 

2
  valerate at 1 mg/day for 6 days  (8) . The only real difference in these regimens is the 

duration of progestin administration. Norethisterone at a dose of 1 mg is generally 
equated to MPA at 10 mg, so the dose of progestin does not appear to be the issue  (47) , 
and the dose of estrogen should not be relevant as both doses are in excess of the esti-
mated ceiling of estrogen effect. It may be necessary to give the progestin for longer 
than 10 days to achieve the desired effect. Whether blocking endometrial hyperplasia 
will completely prevent any increase in endometrial cancer is an open question. 

 Further detailed studies of the endometrium – at or soon after delivery, at the end 
of the sloughing period while taking OCs, at the end of varying numbers of days of 
taking MPA at various doses, and at the end of the sloughing period – should lead 
to a deeper understanding of the basis of the protective effect of births and how we 
might hope to mimic their protective effect.      

Conclusions

●  Proliferation of the endometrium is dependent on estrogen unopposed by a 
progestin. 

●  Maximum profliferation is achieved at a relatively low level of bioavailable 
estradiol. 

●  Basal estrogen levels in the postmenopausal age group are dependent on body 
mass index (BMI). 

●  Bioavailable estradiol levels are also dependent on BMI. 
●  The above facts explain many epidemiologic observations concerning the risk 

of developing endometrial cancer in relation to age, obesity, and type of exog-
enous hormonal use. 
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       Endometrial Cancer: Screening, Diagnosis,
and Surgical Staging       

     Annekathryn   Goodman   and     Barbara   Goff     

  Abstract   Through case studies, the authors point out environmental and hereditary 
factors that contribute to increased risk of developing endometrial cancer and how 
to apply screening modalities in pre- and postmenopausal women. Attention is 
drawn to certain anatomic abnormalities that prevent vaginal bleeding – the most 
common symptom related to cancer. Diagnostic tests that are available to pursue 
various aspects of the diagnosis in a sequential fashion are described, culminating 
in the endometrial biopsy. Recommendations for screening and diagnosis in the 
asymptomatic as well as the symptomatic patients are summarized. Surgical stag-
ing represents the final event in the diagnostic workup. Instances when such staging 
can be modified to deal with various comorbidities are delineated.  

  Keywords Endometrial cancer   • Heredity  •  Screening  •  Endometrial biopsy  • 
 Surgical staging     

  Screening  

  Case Report 1 

  A 32-year-old thin, nulliparous woman presented with menorrhagia. The bleeding 
was unresponsive to birth control pill use. She had no other medical conditions. 
There was no family history of malignancies. She underwent a rollerball endome-
trial ablation. She did not have an endometrial biopsy done prior to this procedure. 
Three months later a hysterectomy was performed because of persistent bleeding. 
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Her pathology showed a deeply invasive grade 2 endometrioid endometrial adeno-
carcinoma with metastases to a para-aortic lymph node.  

 While endometrial cancer is the most common malignancy of the female genital 
tract with 41,200 new cases and 7,350 deaths in 2006  (1) , routine screening is not 
recommended. The rationale for the lack of massive screening is that symptoms 
develop at an early stage and the female genital tract allows easy access to the 
uterus for diagnostic evaluation. Therefore, the focus has been on efficient evalua-
tion in the setting of symptoms. 

 There are certain groups of women who have an increased risk for the develop-
ment of endometrial cancer. Evaluation of the endometrial cavity should be consid-
ered and a higher index of suspicion for the development of endometrial cancer 
should be entertained even in the absence of symptoms for these women.  Table 1  
summarizes the groups of women who are at increased risk for the development of 
endometrial cancer. Whether screening should be performed in asymptomatic 
women is controversial.     

 Any factor that increases the exposure to unopposed estrogen increases the risk 
of endometrial cancer  (2) . Premenopauasal women who have had chronic anovula-
tion will develop a build up of the endometrial lining  (3) . Women with polycystic 
ovarian syndrome will present with years of anovulation since their teenage years 
 (4) . Other causes of anovulation include thyroid disease, hyperprolactinemia, and 
certain exogenous drugs such as antipsychotics  (5) . Estrogen secreting ovarian 
tumors such as granulosa cell tumors and thecomas can lead to stimulation and the 
build up of the endometrial lining  (6) . 

 Table 1.    Factors associated with increased risk of 
developing endometrial cancer  

 Premenopausal women 

 Endogenous estrogen exposure: 
 Anovulatory cycles 
 Polycystic ovarian syndrome 
 Morbid obesity 
 Estrogen secreting tumors 

 Hereditary syndromes: 
 Hereditary nonpolyposis colorectal cancer 
 BRCA1 mutation 

 Postmenopausal women 

 Endogenous estrogen exposure: 
 Morbid obesity 
 Estrogen secreting tumors 
 Cirrhosis of the liver 

 Exogenous estrogen exposure: 
 Exogenous estrogens without progestins 
 Tamoxifen use 
 Pelvic radiation 

 Hereditary syndromes: 
 Hereditary nonpolyposis colorectal cancer 
 BRCA1 mutation 
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 Morbid obesity is a risk factor at all ages as these women have higher endog-
enous estrogens due to the aromatization of androgens to estradiol and the con-
version of androstendione to estrone in peripheral adipose tissue  (7) . Use of 
exogenous estrogen without the balance of progesterone is associated with 
endometrial cancer  (8) . Women with liver disease who cannot adequately metabolize 
their endogenous or exogenous estrogens are also at risk for the development of 
endometrial malignancies  (9) . 

 Tamoxifen increases the risk of endometrial cancer two- to threefold  (10) . 
Tamoxifen effect on the endometrial lining is not seen before 2 years of use  (11) . 
However, the absolute risk of developing endometrial cancer while taking tamoxifen 
is 1.2/1,000 per year or only 6/1,000 after 5 years  (12) . Currently, the American 
College of Obstetrician Gynecologists (ACOG) does not recommend screening in 
asymptomatic women taking tamoxifen  (13) . 

 Women with breast or colon cancer may have a higher genetic risk of gynecologic 
malignancies. A careful family history will help guide the decision to evaluate the 
endometrium. Hereditary nonpolyposis colon cancer (HNPCC), an autosomal domi-
nant syndrome, confers a 40–60% risk of endometrial cancer  (14) . Women with 
known HNPCC who are undergoing surgery for colorectal cancer should be coun-
seled about the potential benefits of total abdominal hysterectomy and bilateral 
salpingo-oophorectomy (TAH–BSO) at the time of colorectal surgery  (15) . BRCA1 
gene mutation, in addition to the well-known increased risk of ovarian cancer, has 
been associated with an increased endometrial cancer risk  (16) . 

 Pelvic radiation for other malignancies such as cervical or rectal cancer will 
increase the risk of uterine corpus cancers. The most common postradiation pelvic 
malignancy is adenocarcinoma of the endometrium  (17) . 

 Even in the absence of personal or family risk factors of endometrial cancer, all 
women with abnormal bleeding need to be evaluated for malignancy. Any vaginal 
bleeding in postmenopausal women regardless of the quantity needs to be evaluated. 
The risk of endometrial cancer in a 50-year-old woman with postmenopausal bleed-
ing is 9%, 16% for a woman in her sixties, 28% for a woman in her seventies, and 
60% for a woman in her eighties  (18) . Irregular bleeding in premenopausal women 
needs to be thoughtfully worked up. While hormonal irregularities, complication of 
pregnancy, and pelvic infection are other causes of premenopausal bleeding, the 
possibility of malignancy must be taken seriously. Twenty-five percent of all 
endometrial cancers occur in premenopausal women and 5% are found in women 
< 40 years old  (19) . 

  Table 2  lists certain anatomical changes that may prevent the development of the 
warning sign of vaginal bleeding or impair the examiner’s ability to fully evaluate 
the pelvic tract. Women who have developed cervical stenosis because of post-
menopausal atrophy, or previous cervical procedures such as cryotherapy or cervi-
cal cone biopsies will not have an open cervical canal. On physical inspection, the 
examiner will see that a cutip or cytobrush cannot pass through the cervical os. 
Some women develop agglutination of the upper vagina secondary to atrophy, 
radiation, or infection. Certain congenital duplications of the lower genital tract 
such as a vaginal septum can also close of the uterus and not allow blood to exit the 
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vagina. Women who have had an endometrial ablation may develop a malignancy 
deep to the scar of ablation, which is not amenable to detection by biopsy. For all 
these women, it is important to evaluate the upper genital tract especially if they 
also have other risk factors discussed above.   

  Comment on Case Report 1 

 The 32-year-old woman had no known risk factors for endometrial cancer. 
However, she had abnormal bleeding that was not fully evaluated before trying 
the therapeutic intervention of ablating her endometrial lining. It is extremely 
important to perform an endometrial biopsy when bleeding is unexplained. Only 
10% of all gynecologic cancers are associated with a known genetic risk. 
Endometrial cancers that are not associated with hyperestrogenism seem to have 
a more aggressive behavior.   

  Diagnostic Tests  

  Case Report 2 

  A 49-year-old woman presented with mid cycle spotting. She had had several abnor-
mal pap smears showing atypical glandular cells over the last 5 years. Colposcopy 
and cervical biopsies had been normal. An endometrial biopsy showed a grade 2 
endometrioid adenocarcinoma. She underwent a total abdominal hysterectomy 
(TAH), bilateral salpingo oophorectomy (BSO), and pelvic node biopsies. Her final 
pathology showed a polypoid carcinoma of the endometrium with superficial myome-
trial invasion. All staging biopsies were negative for tumor . 

  Table 2.    Anatomic abnormalities that prevent vaginal bleeding    

 Abnormality  Causes 

 Agglutinated Vagina 
   
   
   

 Postmenopausal atrophy 
 Radiation 
 Sequelae of infection (Toxic shock syndrome, 

Stevens-Johnson syndrome) 
 Use of intravaginal Efudex cream 

 Cervical stenosis  Sequelae of therapy for cervical intraepithelial 
neoplasia (cryotherapy, cone biopsy, LEEP) 

 Vaginal septum  Congenital 
 Intrauterine synechia 
   

 Asherman’s syndrome 
 Endometrial ablation 

   LEEP loop electrosurgical excision procedure.  
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 Evaluation of the uterus occurs with physical examination, visual inspection, 
cytologic and histologic evaluation, and radiologic imaging.  Table 3  summarizes 
the different diagnostic tests that are available to study the uterus.     

 Physical examination includes visual inspection of the external genitalia. In the 
setting of abnormal bleeding, it is important to rule out the possibility of an extrau-
terine lesion. The vulva, periurethral region, and anus are examined. The vagina and 
cervix are evaluated. The cervix is assessed for stenosis, friability, and gross 
lesions. The vagina should also be palpated circumferentially to make sure that there 
are no nodules that may have been missed on visual examination. The uterus is pal-
pated on bimanual examination. It should be evaluated for size, tenderness, and 
irregularities of shape. A rectovaginal examination allows the examiner to evaluate 
the cul-de-sac, the back wall of the uterus, and the adnexal structures. 

 While Papanicolau smears were developed for screening of lower genital tract 
neoplasia, an occasional asymptomatic woman with endometrial carcinoma will 

 Table 3.    Diagnostic tests for uterine corpus disease  

 Office procedures  Type of information 

 Physical examination        Origin of bleeding 
 Cervical stenosis 
 Uterine size, pelvic mass 

 Pap smear     Cytologic abnormalities of cervix, vagina 
 Occasional information about upper tract disease 

 Endometrial biopsy  Endometrial lining 

 Hysteroscopy     Endometrial lining    

 Radiologic al p rocedures  Type of information 

 Transvaginal ultrasound        Endometrial stripe 
 Uterine size 
 Adnexal size, presence of cysts, masses 

 Sonohysterogram     Endometrial stripe 
 Presence of submucosal fibroids, polyps, endometrial 

cavity masses 

 Pelvic MRI              Myometrial abnormalities 
 Endometrial cavity 
 Adnexal structures 
 Invasion into parametria, vagina, bladder 
 Pelvic nodal disease 

 Abdominopelvic CT scan              Ascites 
 Pelvic and para-aortic adenopathies 
 Intraparenchymal organ abnormalities 
 Peritoneal and omental disease    

 Operative  p rocedures  Type of information 

 Examination under anesthesia  Same as physical examination 

 Dilation and curettage  Endometrial lining 

 Hysteroscopy  Endometrial lining 

 Hysterectomy  Full pathologic analysis of the uterus 
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present with abnormal cytology. Cervical cytology is not a reliable screening test 
for endometrial cancer. However, endometrial cells seen on cervical cytology in 
women over 40 years of age can signify endometrial disease  (20) . 

 The risk of malignancy is increased twofold when atypical endometrial cells are 
seen on cervical cytology compared with benign appearing cells  (21) . In patients 
with endometrial cancer, suspicious cells on cervical cytology are associated with 
higher grade and more advanced stage disease  (22) . Some studies have not con-
firmed a higher risk of endometrial pathology in asymptomatic women with normal 
endometrial cells noted by cervical cytology screening  (23) . 

 Any abnormal uterine bleeding needs to be evaluated by endometrial biopsy. 
The accuracy of an office biopsy will be depending on the size of the endometrial 
lesion, the examiner’s skills, the anatomy of the patient, and patient comfort. 
Small lesions, cervical stenosis with the inability to get deeply into the endome-
trial cavity, and distorting submucosal fibroids can all reduce the yield on office 
biopsies. Premedication with a nonsteroidal anti-inflammatory and the use of a 
paracervical block can help facilitate an office evaluation. An office hysteroscope 
can also increase the yield for diagnosing abnormalities. Many different types of 
office biopsy devices are thought to be effective diagnostic techniques  (24) .  Table 
4  lists some of the commercial devices that are available for outpatient endome-
trial biopsies.     

 If it is not possible to obtain an adequate sampling in the office because of patient 
distress, anatomic factors, or a discrepancy between normal office biopsy results and 
an abnormal imaging study (see below), a day surgical procedure should be sched-
uled. Under anesthesia, vaginal adhesions can be gently opened up. If cervical steno-
sis is a problem, an ultrasound can help safely guide the operator into the uterine 
cavity and avoid uterine perforation. Hysteroscopy combined with curettage of the 
endometrial cavity is recommended to avoid missing small lesions. 

 Imaging studies can be a helpful adjunct in the evaluation of endometrial pathol-
ogy. In asymptomatic women, the addition of a transvaginal ultrasound can help 
determine the need for an endometrial biopsy. The stripe width varies with the 
menstrual cycle in premenopausal women. After the menopause, an endometrial 
stripe thickness >5 mm is usually considered abnormal  (28) . Tamoxifen can 
increase the incidence of a falsely thickened endometrial stripe because of 
tamoxifen-induced subendometrial edema  (29) . In addition, about 30% of women 
taking tamoxifen will develop endometrial polyps  (30) . A sonohysterogram can be 
helpful. Sterile saline is instilled into the endometrial cavity and then a transvaginal 
ultrasound is performed. The saline will reveal subtle irregularities such as small 

 Table 4.    Commercial devices for endometrial biopsy  

 Device 
 Accuracy for diagnosis of 
endometrial cancer (%)  References 

 Novak curet  67–97   (25)  
 Pipelle (Unimar)  79–94   (26)  
 Vabra aspirator  80–98   (27)  
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polyps and it will reduce the error in measuring the stripe thickness. Some authori-
ties recommend proceeding directly to a sonohysterogram in the evaluation of 
women on tamoxifen  (31) . 

 A pelvic MRI is useful preoperatively to help determine depth of myometrial 
invasion in a known invasive cancer  (32) . It is about 70% accurate in predicting 
myometrial invasion. A CT scan can also help to evaluate the lymph node chains 
and check for upper abdominal disease. Neither of imaging tests is indicated in 
screening for, and the diagnosis of endometrial cancer. In general, CT scan is 
recommended preoperatively in women with papillary serous or clear cell histolo-
gies.  Table 5  summarizes screening and diagnostic recommendations.      

  Comment on Case Report 2 

 This patient had repetitively abnormal glandular cells on cervical cytology. She also 
had unexplained midcycle bleeding. When her cervical evaluation with colposcopy 
returned with negative results, she should have undergone an endometrial biopsy. 
An ultrasound may have been helpful to pick up the large polypoid lesion within 
her endometrial cavity.   

  Surgical Staging  

  Case Report 3 

  A 35-year-old G3P3 woman with menorraghia undergoes a total vaginal hysterectomy. 
The final pathology reveals a grade 3 endometrioid adenocarcinoma of the 
endometrium with inner one-third myometrial invasion. She is taken back to surgery 
and undergoes a laparoscopic BSO, pelvic and para-aortic lymph node dissection, 

 Table 5.    Endometrial cancer: recommendations for screening and diagnosis  

 Asymptomatic patient 

 No risk factors and normal physical examination: routine yearly follow-up 
 Risk factors of estrogen excess: transvaginal ultrasound 
 Tamoxifen use for >2 years: annual sonohysterogram 
 Genetic risk factors: annual endometrial biopsy 
 Abnormal physical examination: transvaginal ultrasound    

 Symptomatic patient 

 Office endometrial biopsy and transvaginal ultrasound 
 Dilation and curettage if unable to perform office biopsy or abnormal ultrasound 
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and pelvic washings. All staging biopsies are negative for cancer. She has a stage 
Ib grade 3 endometrial cancer diagnosis . 

 The staging of a cancer serves three main purposes. An internationally agreed 
upon numeric classification of extent of disease allows the collection of statistics and 
worldwide interpretation of treatment outcome and survival. A stage assignment for 
a particular cancer gives information about prognosis. Third, with the knowledge of 
stage, a particular treatment regimen that is based on solid collective experience can 
be recommended. A stage is assigned for the cancer at initial presentation and this 
stage assignment never changes. For instance, a woman who develops lung metas-
tases after an initial diagnosis of stage IIb endometrial cancer does not have stage IV 
disease. Her cancer is described as Stage IIb with lung metastases. 

 Since 1988, endometrial cancer has been staged surgically  (33) . For endome-
trioid carcinomas a degree of differentiation is also documented. A grade 1 tumor 
has ≤ 5% solid growth pattern of the glandular component. A grade 2 tumor has 
6–50% solid growth pattern. Grade 3 tumors have > 50% solid component. 
Endometriod type endometrial cancer spreads in a predictable manner  (34) . It first 
occurs by direct invasion into the myometrium. Spread can also progress into the 
cervix and then the vagina. Tumor cells can also migrate transtubally with implan-
tation on the ovaries, uterine serosa, or with free-floating cells in the peritoneum. 
Involvement of lymphovascular spaces can lead to lymphatic spread. Tumor then 
can involve the organs of the upper abdomen, the inguinal lymph nodes, or extra-
abdominal sites. Endometrial cancer can also spread hematogenously to involve the 
lungs. Surgical staging reflects this predictable behavior ( see   Table 6 ). While the 
rare subtypes have less predictable behavior, they are included in the FIGO 
endometrial cancer staging system. Clear cell and serous histologies commonly 
spread by transtubal route and follow the peritoneal fluid circulation in a manner 
similar to epithelial ovarian cancers  (35) . This spread frequently occurs while the 
primary cancer is small and noninvasive of the myometrium.       

 Table 6.    Surgical staging of endometrial cancer  

 Stage  Site of tumor involvement  Substages  

 I 
   
   

 Uterine corpus 
   
   

 Ia: no myometrial invasion 
 Ib:  invasion of < one half of the myometrium 
 Ic:  invasion ≥ one half of the myometrium 

 II 
   

 Uterine cervix 
   

 IIa: endocervical gland involvement 
 IIb: cervical stromal invasion 

 III 
   
   

 Pelvic Structures 
   
   

 IIIa:   positive peritoneal cytology, serosal 
involvement or adnexal metastases 

 IIIb: vaginal metastases 
 IIIc: pelvic or para-aortic nodes 

 IV 
   

 Upper abdomen, extra-abdominal 
disease invasion outside the 
true pelvis 

 IVa: bladder or bowel invasion 
 IVb:   distant metastases including inguinal and 

intra-abdominal nodes 
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  Operative Techniques for Staging  

  Laparotomy 

 The surgical approach chosen for removal of the uterus, tubes, and ovaries will 
be based on many factors. If a patient has had multiple prior surgeries, a history 
of peritonitis, diverticulitis, or abdominal radiation, an open approach may be 
judicious. A preoperative bowel preparation is an important addition to preop-
erative planning. The choice of the incision can be based on patient’s body 
habitus, previous abdominal scars, and what surgery is planned. The classic 
incision for abdominal exploration is the low vertical incision, which can be 
extended as needed into the upper abdomen. Some surgeons prefer a slight 
paramedian approach to avoid compromising the structural integrity of the 
umbilicus. A low transverse incision is reasonable for grade 1 cancers where 
one is not planning to sample the high para-aortic nodal chains. This incision 
can be modified by the muscle cutting Maylard incision if more exposure is 
necessary. It is important not to compromise the blood supply to the skin by 
making a parallel incision to an old incision. As the skin and subcutaneous tis-
sue is supplied by the superficial epigastric vessels that come in from a lateral 
position, a skin bridge between two incisions can develop necrosis. It is also 
important to understand the surgical techniques that have been performed pre-
viously when a woman has undergone a myofascial flap for breast reconstruc-
tion after breast cancer surgery. Commonly a mesh is placed after a TRAM flap. 
It is helpful to obtain advice about where to place the new fascial incision from 
the plastic surgeon who has done the previous surgery. This will reduce the risk 
of postoperative hernias. 

 Pelvic cytology is first collected by rinsing the pelvis with sterile saline 
and aspirating the fluid back. The abdomen is then carefully explored. After 
the uterus and both adnexa are removed, a decision about further staging is 
made. For grade 2 and 3 cancers, pelvic and para-aortic lymph node dissec-
tion should be performed. For grade 1 cancers, the uterus is sent to pathology 
for evaluation of the depth of invasion and then determine the need for lymph 
node dissection. Macroscopic examination of the fresh specimen correctly 
predicted depth of invasion in 87% of grade 1, 65% of grade 2, and 30% of 
grade 3 tumors  (36) . Lymph node dissection should be performed for deeply 
invasive grade 1 tumors. 

 Some investigators recommend staging all patients with endometrial cancer if 
technically feasible  (37) . Otherwise, potential pitfalls, seen in 15–20% of patients 
include: final pathology report with a higher grade than the preoperative endome-
trial biopsy and lack of accuracy in assesing depth of invasion for grade 2–3 
tumors. Several studies have suggested a potential therapeutic benefit from 
 lymphadenectomy as compared to lymph nodes sampling or no lymph node dis-
section  (38) .  
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  Laparoscopy 

 A laparoscopically assisted vaginal hysterectomy with appropriate staging is an 
acceptable alternative to a laparotomy as long as the same information can be 
obtained  (39) . Uterine morcellation should not be performed because of the theo-
retical risk of seeding and spread of viable cancer cells.  

  Vaginal Approach 

 For patients who have multiple comorbidities, a simple vaginal hysterectomy without 
comprehensive surgical staging should be considered. The purpose of this surgery is 
to remove the uterus and stop bleeding. This surgery can be performed under spinal 
anesthesia. Vaginal hysterectomy with BSO is also appropriate for women with grade 
1 minimally invasive tumors. It is not always technically possible to remove the ova-
ries through the transvaginal approach. As synchronous primary cancers of 
endometrium and ovary are found in 5–10% of women it is important to remove the 
ovaries if technically possible and medically safe to do so  (40) .  

  Comment on Case Report 3 

 The gynecologic oncology group demonstrated that 22% of women with clini-
cal stage I disease had extrauterine spread  (34) . The patient had undergone a 
vaginal hysterectomy because of menorraghia without an endometrial biopsy. 
With the discovery of a grade 3 cancer, it was crucial that she had undergone a 
second surgery to evaluate her ovaries and nodal status. With the diagnosis of a 
stage Ib endometrial cancer, she did not need postoperative whole pelvic radia-
tion. She was at higher risk for vaginal recurrence and vaginal brachytherapy 
was recommended.       

 Conclusions 

 ●  An endometrial biopsy is the key diagnostic test for abnormal vaginal bleeding. 
●  Any positive findings on biopsy should be pursued further beyond physical 

examination and cytologic evaluation, selecting from a number of radiologic and 
operative procedures (see also Chapter 3). 

●  With a diagnosis of invasive endometrial cancer, the operative approach beyond 
hysterectomy should include thorough surgical staging . 
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       Imaging in the Diagnosis and Treatment 
of Endometrial Cancer       

     Mansi A.   Saksena   and     Susanna I.   Lee     

  Abstract   Ultrasound, sonohysterography (SHG), magnetic resonance imaging, com-
puted tomography (CT), and positron emission tomography (PET) are tools available 
for diagnosis and for post-treatment surveillance. The transvaginal ultrasound has a 
well-defined role in women presenting with postmenopausal bleeding. Magnetic reso-
nance imaging (MRI) provides the most accurate modality for preoperative staging in 
patients with early disease; CT and PET are helpful in the detection of distant meta-
stases; sonohysterography is a less-invasive alternative to hysteroscopy.  

  Keywords   Endometrial imaging  •  Ultrasound  •  MRI  •  Sonohysterography  •
 CT/PET      

Introduction  

 Imaging is employed in many steps during the diagnosis and treatment of endometrial 
cancer. Evaluation of abnormal uterine bleeding, preoperative tumor characterization 
and staging, and post-treatment surveillance all require imaging. This chapter pro-
vides an overview of various imaging modalities used in the evaluation of endome-
trial cancer, highlighting the strengths and limitations of the various applications.  

  Ultrasound  

 Ultrasound has long been known as an effective tool in the evaluation of women 
with postmenopausal bleeding  (1–  4) . Although transabdominal ultrasound can be 
used to detect endometrial pathology, limited spatial resolution, patient body 
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habitus, uterine retroflexion, and coexisting conditions such as leiomyomas can 
make transabdominal endometrial evaluation challenging. The improved resolu-
tion afforded by high-frequency transvaginal ultrasound probe has led to the 
establishment of transvaginal ultrasound (TVUS) as the initial noninvasive study 
of choice in evaluating women presenting with postmenopausal bleeding. TVUS 
demonstrates better image quality than transabdominal ultrasound in 72% of 
patients  (5)  and performs significantly better in evaluating the endometrium in 
the retroverted uterus  (6) . 

  Cancer Detection 

 In a postmenopausal patient with abnormal vaginal bleeding, the primary role of 
TVUS is to identify women who need further evaluation for cancer in the form of 
endometrial biopsy. Endometrial appearance on TVUS is evaluated by thickness 
and morphology. Normal postmenopausal endometrium is < 5 mm in thickness and 
is homogenous in thickness and echotexture ( Fig. 1a ). Because TVUS demonstrates 
very high specificity and negative predictive value  (7)  for cancer comparable with 
other more invasive techniques  (8–  10)  ( Table 1 ), it identifies women who are highly 
unlikely to have endometrial cancer. Thus, a normal TVUS study can be used to 
triage patients to diagnostic algorithms that are effective in detecting benign causes 
of postmenopausal bleeding, for example endometrial polyps or submucosal 
fibroids.   

  Endometrial Thickness 

 Endometrial thickness measurement is an integral part of a TVUS endometrial 
evaluation. Numerous studies have attempted to establish a size threshold, below 
which endometrial pathology can be excluded with measurements ranging from 
4 to 7 mm  (6,   7,   11) . A large meta-analysis including 35 studies with 5,892 
women demonstrated that, using a 5 mm threshold to define endometrial thicken-
ing, 96% of women with endometrial cancer had an abnormal TVUS result, 
whereas 92% of women with any endometrial disease such as cancer, polyp, or 
hyperplasia had an abnormal TVUS. This threshold of 5 mm is particularly accu-
rate in excluding endometrial disease in symptomatic women on tamoxifen 
( Table 1 ). In postmenopausal women with vaginal bleeding, a 10% pretest prob-
ability of endometrial cancer was reduced to a 1% posttest probability after a 
normal TVUS  (7) . Thus, TVUS is a powerful tool for identifying patients 
with postmenopausal bleeding who are highly unlikely to have endometrial 
pathology. 

 While a threshold of  £ 5 mm endometrial thickness is highly sensitive for detect-
ing endometrial cancer, it is not very specific. Seventy percent of women with 
postmenopausal bleeding and endometrial thickness >5 mm demonstrate benign 
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  Fig. 1    Transvaginal ultrasound of normal postmenopausal endometrium. Endometrial thickness of 
a patient not on hormone replacement therapy ( a ), on hormone replacement therapy ( b ), and on 
tamoxifen ( c ) are measured on sagittal images of the uterus. Note that the patient on hormone 
replacement therapy displays a slightly thickened endometrium. The patient on tamoxifen demon-
strates subendometrial cysts (arrows) and apparent thickening of the endometrium       .

    Table 1.  Diagnostic modalities for endometrial cancer detection    

 Modality  Sensitivity (%)  Specificity (%)  PPV a  (%)  NPV b  (%) 

 Transvaginal ultrasound 
( TVUS ) not on hormone 
replacement therapy (7) 

 96  99  57  99 

 TVUS on hormone replacement 
therapy  (7)  

 96  77  31  99 

 Nonfocal biopsy  (8)   87  99  82  99 
 Hysteroscopy  (9)   86  99  72  99 
 Sonohysterography  (10)   89  46  16  97 

   a Positive predictive value  
b Negative predictive value  

a b

c
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pathology  (12) . Multiple etiologies for postmenopausal bleeding  have been reported 
 (13)  ( Table 2 ), some of which result in a thickened endometrium. Postmenopausal 
women on hormonal replacement therapy have a thickened endometrium at base-
line than those who are not on hormone replacement. Patients on sequential hormo-
nal therapy demonstrate greater endometrial thickness than in those on continuous 
hormonal replacement  (14)  ( Fig. 1b ). Patients on tamoxifen with cystic suben-
dometrial atrophy can also demonstrate apparent abnormal thickening of the 
endometrium  (15)  ( Fig. 1c ).     

 Note that normal endometrial thickness does not exclude endometrial cancer as 
a cause for postmenopausal bleeding. A study of women with postmenopausal 
bleeding not on tamoxifen showed that half the patients with endometrial cancer 
had an endometrial thickness between 3 and 4 mm  (12) . Thus, even in patients with 
normal endometrial thickness, persistent or recurrent bleeding should be further 
evaluated to definitively identify the cause of the symptoms.  

  Endometrial Morphology 

 In addition to endometrial thickness, TVUS assesses endometrial morphology, 
which can be classified as either focal or diffuse. Diffuse endometrial thickening is 
often due to hyperplasia or carcinoma and a nonfocal biopsy will usually be ade-
quate to establish a histologic diagnosis ( Fig. 2a ). Focal thickening is usually due 
to endometrial polyps, which could be benign or malignant, and hysteroscopic tis-
sue sampling is often required to establish the diagnosis ( Fig. 2b ).  

 Morphological features of the endometrium associated with malignancy have 
been described. They include heterogeneous echotexture, hyperechoic echotexture 
with irregular borders, and a heterogeneous intraluminal mass. Using these criteria, 
Weigel et al. concluded that a combined assessment of endometrial thickness and 
morphology improves detection of endometrial pathology on TVUS  (16) . 

 As TVUS is used as a first step to triage patients with postmenopausal bleeding 
for tissue sampling, criteria for an abnormal endometrium should be optimized to 
maximize sensitivity for cancer detection. Thus, all patients with postmenopausal 
bleeding with abnormal endometrial thickness or morphology on TVUS should 
undergo histologic sampling.   

 Polyps   30% 
 Submucosal fibroids   30% 
 Endometrial atrophy   8% 
 Hyperplasia  4–8% 
 Endometrial carcinoma   10% 

   Table 2.  Common causes of postmenopausal bleeding  (13)   
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  Cancer Staging 

 Although the International Federation of Gynecology and Obstetrics (FIGO) stag-
ing for endometrial cancer is based on surgery ( Table 3 ), imaging is frequently used 
for preoperative treatment planning and to predict prognosis. The high resolution 
afforded by TVUS readily allows for assessment of extent of tumor spread within 

  Fig. 2    Transvaginal ultrasound of abnormally thickened endometrium. Sagittal images of the 
uterus demonstrate diffuse ( a ) and focal ( b ) endometrial thickening (calipers) pathologically con-
firmed to be endometrial cancer and a benign endometrial polyp, respectively.       
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the uterus. However, because of the limitations in tissue penetration, neither 
transabdominal nor TVUS can accurately assess extrauterine spread or nodal 
involvement by tumor.  

 To assess the utility of TVUS for tumor staging, accuracies of TVUS in detect-
ing deep myometrial invasion (≥ 50% myometrial thickness) and cervical extension 
have been studied  (17–  20) . In a series of 69 patients, Artner et al. reported high 
levels of accuracy in detecting deep myometrial invasion (99%) and cervical exten-
sion (96%) using TVUS  (18) , although in the latter, TVUS was noted to have 
missed three of nine cases of cervical extension. In a study of 90 patients, Sawicki 
et al. reported slightly lower accuracies of 84% for myometrial invasion and 86% 
for cervical extension  (21) . Studies comparing TVUS and MRI have not found 
comparable TVUS performance in tumor staging with reported accuracies of 68% 
 (20)  and 69%  (19) . This wide range in reported accuracies, likely explained in part 
by variations in patient body habitus and operator expertise, results in TVUS being 
a modality whose reliability in tumor staging is difficult to assess. 

 The technical factors limiting TVUS performance as a staging tool are well 
known. TVUS can both under- and overestimate the extent of myometrial tumor 
invasion. Overestimation can occur when coexisting myometrial processes, for 
example, adenomyosis, leiomyomas, or endometrial cavity distension from tumor 
or hematometra are present. Underestimation is usually seen in cases of micro-
scopic or lymphovascular invasion. 

 Intrauterine sonography involving transcervical insertion of a high-frequency 
microtip probe has also been used as a staging tool. Probe placement does not 
require cervical dilatation or anesthesia. Improved accuracies for depth of tumor 
invasion when compared to TVUS have been reported  (22)  in a single series of 
48 patients.   

    Table 3.  International Federation of Gynecology and Obstetrics (FIGO) 
staging of endometrial cancer: Preoperative evaluation with MRI a     

   I. Confined to corpus 
 a. Limited to endometrium 
 b. < one half myometrial invasion 
 c.  ≥ one half myometrial invasion  

  II. Cervical involvement 
 a.  Endocervical glands  
 b.  Stromal invasion  

 III. Extrauterine extension but confined to true pelvis 
 a.  Serosal or adnexal extension  or positive peritoneal cytology 
 b. Vaginal metastasis 
 c.  Pelvic or para-aortic nodal involvement  

 IV. Extension beyond true pelvis into adjacent organs 
 a.  Bladder or bowel involvement  
 b. Distant metastasis 

   aBold lettering indicates tumor involvement best assessed preoperatively 
with MRI  
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  Sonohysterography  

 This is a minimally invasive procedure in which saline is instilled in the uterine cav-
ity prior to TVUS through a catheter positioned in the cervical canal. The saline 
separates the two walls of the uterus facilitating sonographic evaluation of the 
endometrium. Endometrium suspicious for malignancy demonstrates irregularities 
in thickness or echotexture or a broad-based poorly marginated endoluminal mass 
( Fig. 3a ). Benign endometrium is characterized as either normal, that is homogene-
ous echotexture or uniform thickness, or demonstrating a polyp, that is a smoothly 
marginated pedunculated endoluminal mass ( Fig. 3b ).  

 This technique is recommended when TVUS cannot adequately assess the 
endometrium. In patients with non- or poor visualization of the endometrium with 
TVUS, usually due to fibroids or adenomyosis, SHG can delineate the endometrial 
cavity. It is also extremely useful in assessing patients with postmenopausal bleed-
ing on tamoxifen, many of whom demonstrate apparent endometrial thickening on 
TVUS due to cystic subendometrial atrophy  (23) . Because SHG can discriminate 
between endometrial and subendometrial processes, an endometrial lesion, for 
example polyp or cancer, can be visualized separate from the subendometrial 
tamoxifen-related changes after the instillation of saline ( Fig. 3c ). 

 Sonohysterography accurately identifies endometrial pathology with reported 
sensitivities of 89–98% and specificities of 46–88% ( Table 1 )  (10,   24) . As with 
TVUS, SHG demonstrates higher sensitivity than specificity, thereby a highly reliable 
negative predictive value. While SHG is more sensitive than TVUS in detecting focal 
endometrial pathology, there is no data to suggest that SHG is more sensitive in can-
cer detection when the endometrium has been adequately visualized with TVUS. 
Thus, based on the current evidence, the primary role of SHG in evaluating patients 
with postmenopausal bleeding should be to identify etiologies other than cancer 
( Table 2 ). 

 Sonohysterography is recommended in patients with abnormal endometrial 
thickness on TVUS or with persistent postmenopausal bleeding only after a non-
focal endometrial biopsy has proven negative for cancer  (25) . Because SHG 
demonstrates sensitivity for endometrial pathology comparable to that reported for 
hysteroscopy ( Table 1 ), it represents a less invasive alternative for evaluating 
patients with a negative biopsy.  

  Doppler Ultrasound  

  Cancer Detection 

 Color Doppler is used in conjunction with TVUS in the evaluation of women with 
postmenopausal bleeding. Presence of Doppler signal within an endometrial lesion 
eliminates blood clot as a possible etiology. Color Doppler can also assess the 
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pattern of vascularity of an endometrial mass. Malignant lesions are usually broad-
based and with diffuse high level of vascularity ( Fig. 4a , b), whereas a single feed-
ing vessel in a lesion of relatively low overall vascularity is associated with benign 
polyps on a stalk ( Fig. 4c , d).  

 Various spectral Doppler indices have been proposed for the detection of an 
endometrial malignancy. A resistive index < 0.7 has been reported to represent 
abnormal vascularity associated with malignancy  (26) . Pulsatility index values 
ranging from <1.00 to <2.00 have also been associated with malignancy  (26–  28) . 
However, none of these indices are accurate in determining the histologic diagnosis, 
with significant overlap observed between benign and malignant lesions. Comparison 
of Doppler analysis to conventional gray-scale TVUS demonstrated that abnormal 
endometrial thickness alone is a better predictor of endometrial pathology than 
Doppler velocity of the uterine arteries  (29–  31) .  

  Cancer Staging 

 The association of tumor angiogenesis with the aggressive endometrial tumors has 
led to the hypothesis that Doppler TVUS could be used to detect abnormal intratu-
moral vessels and thereby predict prognostic factors such as nodal spread or depth 
of myometrial invasion. Color Doppler assesses the distribution of blood vessels 
(peripheral, central, or mixed) and vascular density. Tumor angiogenesis is associ-
ated with high vascular density with a peripheral or mixed distribution  (30) . 
Spectral Doppler characterizes the features of the blood flow such as peak systolic 
velocity and the resistive index, a measure of impedance. Abnormal intratumoral 
arteries are characterized by high-velocity low-impedance blood flow. 

 Current available data on the effectiveness of Doppler to preoperatively stage 
endometrial cancer patients is inconclusive. Testa et al. showed that while overall 
intratumoral blood flow is higher in patients with > 50% myometrial invasion, 
spectral Doppler analysis is not predictive of surgical stage, tumor grade, or nodal 
metastases  (31) . In contrast, Sawicki et al. found a statistically significant association 
between pelvic lymph node metastases and vascular density  (30) . These differences 
likely reflect the variability inherent to ultrasound, a modality whose performance is 
often subject to nontechnical factors such as patient habitus and operator expertise.   

  Magnetic Resonance Imaging  

 Magnetic resonance imaging is primarily used in staging endometrial cancer after 
the initial diagnosis has been made. The inherent soft tissue resolution and multi-
planar imaging capability of MRI make it an effective modality to assess disease 
extent both within and outside the pelvis and to evaluate for nodal metastases. 
Because of its limited availability, MRI does not play a significant role in cancer 



  Fig. 4    Doppler ultrasound of abnormally thickened endometrium. Gray scale ( a  and  c ) and color 
Doppler ( b  and  d ) transvaginal ultrasound evaluation demonstrates a diffusely increased vascular-
ity of the thickened endometrium typical for cancer ( a  and  b ) and a single feeding vessel in an 
endometrium of overall low vascularity characteristic of a polyp ( c  and  d ).       
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detection. It can be used as a problem-solving tool in evaluating patients with cervi-
cal or vaginal stenosis where adequate assessment of the endometrium with TVUS 
or biopsy is precluded. 

  Technique 

 Protocols for imaging patients with endometrial cancer include triplane T2-weighted 
fast spin echo images to be performed along the uterine axis, axial T1-weighted 
images up to the renal hilum to evaluate regional lymph nodes,  sagittal dynamic 
gadolinium-enhanced fat-saturated T1-weighted images, and triplane postcontrast 
fat-saturated T1-weighted images ( Fig. 5 ). For purposes of tumor staging, gado-
linium should be routinely administered. High-resolution images usually are 
required to evaluate an atrophic endometrium. The study is performed with a 
phased array body coil. To decrease artifact from bowel motion, patients may be 
asked to fast for 4–6 h prior to imaging and glucagon may be administered.   

  Cancer Detection 

 The normal endometrium is isointense on T1-weighted images, very hyperintense 
on T2-weighted images, and enhances more slowly than the myometrium after 
dynamic gadolinium administration. Endometrial pathology, including cancer, 

Fig. 4 (continued).
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appears hypointense on T2-weighted images and enhances faster after dynamic 
gadolinium administration relative to normal endometrium ( Fig. 5 ). Blood clots 
can be distinguished from endometrial pathology as they typically demonstrate 
portions that are T1 hyperintense and no enhancement with gadolinium. However, 
in the absence of tumor extension outside the endometrial cavity, MRI cannot 
discriminate cancer from other endometrial pathologies such as hyperplasia or 
polyps  (32) . Thus, endometrial lesions identified on MRI require histology for 
definitive diagnosis.  

  Fig. 5    Magnetic resonance imaging ( MRI ) of endometrial cancer. Sagittal T2-weighted ( a ) and 
postgadolinium T1-weighted fat-saturated ( b ) images of the uterus demonstrate a mass (arrows) 
extending throughout the uterine cavity which is T2-hypointense and enhances with gadolinium 
more avidly when compared to normal endometrium. Note that the cancer does not enhance as 
avidly as normal myometrium. Axial pregadolinium T1-weighted images through the pelvis ( c ) 
and the renal hila ( d ) show tumor isointense to myometrium ( arrows ) and a normal 5-mm node 
with a fatty hilum ( arrow ), respectively.       

a b

c d



Imaging in the Diagnosis and Treatment of Endometrial Cancer 37

  Cancer Staging 

 Magnetic resonance imaging is the most effective imaging modality for preopera-
tive staging of patients with endometrial cancer ( Table 3 ). A recent meta-analysis 
demonstrated that contrast-enhanced MRI performs better than noncontrast MRI, 
CT, or US in detecting myometrial invasion  (33) . In comparison with gross visual 
inspection of a surgical specimen, MRI compares favorably with accuracy of 93%, 
sensitivity of 80%, and specificity of 100% in detecting deep myometrial invasion 
(Stage IC) and accuracy of 80%, sensitivity of 33%, and specificity of 100% for 
cervical invasion (Stage II). Thus, MRI can be used as a “one-stop imaging exami-
nation” with the highest accuracy to triage a patient diagnosed with endometrial 
cancer to lymphadenectomy, medical hormonal therapy for fertility preservation, 
radical hysterectomy, or preoperative radiotherapy. MRI is also routinely used to 
stage patients who are not candidates for surgery. 

 Staging with MRI has been shown to have important therapeutic and prognostic 
implications. It is well known that tumor grade and depth of myometrial invasion 
are associated with prevalence of lymph node metastases and patient survival  (34) . 
Frei et al. have reported that findings on contrast-enhanced MRI examination sig-
nificantly affect the posttest probability of deep myometrial invasion in patients 
with all grades of endometrial cancer. This, in turn, affects the probability of lymph 
node metastases  (35) . Thus, MRI is an effective tool to preoperatively assess 
whether a patient with endometrial cancer will require lymphadenectomy. 

  Myometrial Invasion 

 Assessment of myometrial invasion with MRI requires evaluation of both 
T2-weighted and postgadolinium administration images. Any disruption or 
irregularity of the myometrial junctional zone by an isointense mass on 
T2-weighted images is diagnostic of myometrial invasion. An intact junctional 
zone with a sharp tumor–myometrium interface suggests a noninvasive malig-
nancy. MRI detects deep myometrial invasion with reported accuracies of 
74–91% ( Fig. 6 )  (36,   37) . When compared side-by-side to TVUS, MRI demon-
strates similar accuracies with noncontrast imaging  (37) , but higher accuracies 
when gadolinium is administered  (38) .  

 Typically, errors are in over- rather than underestimating the extent of myome-
trial invasion  (39) . Coexisting myometrial conditions, such as leiomyomas or 
thinned myometrium due to atrophy or endometrial canal distention, can decrease 
the accuracy of MRI in assessing tumor invasion. In patients with adenomyosis who 
demonstrate a thickened junctional zone, an indistinct junctional zone on 
T2-weighted images corresponds to myometrial invasion only in 22% of cases. 
With gadolinium administration, accuracy is reported to increase considerably to 
92%  (40) .  
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  Cervical Invasion 

 Tumor extending into the cervix appears as widening of the internal os and the 
endocervical canal. Disruption of the cervical stroma is seen as loss of the fibrous 
black line around the cervix on T2-weighted images ( Fig. 7 ). If the tumor extends 
into the cervix but the stroma is intact then the tumor is considered Stage IIA; stro-
mal disruption is considered Stage II B ( Table 1 ). While accuracies of up to 92% 
have been reported  (41) , sensitivity maybe lower because microscopic cervical 
invasion extension can be missed.   

  Fig. 6    MRI evaluation of the depth of myometrial invasion. Sagittal T2-weighted ( a  and  c ) and 
postgadolinium T1-weighted fat-saturated images of the uterus demonstrate a cancer with no 
myometrial invasion ( a  and  b ) and one with invasion of >50% myometrial depth ( c  and  d , arrows). 
Imaging findings were confirmed with surgical pathology       .

a

b

c

d
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  Fig. 7    MRI evaluation of cervical invasion. Sagittal T2-weighted image of the uterus ( a ) demon-
strates a mass involving the endometrial cavity and the endocervical canal ( arrows ). A long-axis 
oblique T2-weighted image of the cervix reveals no evidence of gross stromal or parametrial inva-
sion by tumor. Imaging findings were confirmed with surgical pathology.       
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  Extrauterine Spread 

 Disruption or irregularities of the outer layer of the myometrium indicate extrauter-
ine spread. There maybe direct extension of the tumor into parametrial fat or 
adnexa (Stage IIIA) ( Fig. 8a ). Ovaries can also be involved by discrete metastases. 
While gross tumor extension into the vaginal tissue (Stage IIIB) can be seen on 
gadolinium-enhanced images, mucosal vaginal involvement is more readily estab-
lished by direct visualization and biopsy.  

 Extension into the bladder or rectum is best determined on gadolinium-enhanced 
sagittal images and can be corroborated on axial imaging. Loss of the normal fat 
plane between the tumor and the bladder or rectum indicates invasion (Stage IVA) 
( Fig. 8b ). While this finding signifies tumor invasion of the bladder or rectal serosa, 
it does not necessary imply mucosal involvement, which is more accurately 
assessed by endoscopic visualization and biopsy.  

  Lymph Nodes 

 As a cross-sectional imaging modality, MRI enables detection of pelvic and retro-
peritoneal lymphadenopathy (Stage IIIC). Typically, endometrial cancer spreads to 
regional pelvic nodes, but it can metastasize to abdominal nodes with normal pelvic 
nodes. Consequently, a pelvic MRI examination for endometrial cancer staging 
includes a large field of view T1-weighted images from the pelvic floor to the renal 
hilum to assess for retroperitoneal as well as pelvic sidewall lymphadenopathy. Size 
and morphology have traditionally been used as criteria for lymphadenopathy with 
an oval node > 1 cm in the short axis and a rounded node > 8 mm labeled as con-
cerning for malignancy ( Fig. 9 )  (42) .  

 While relatively specific, size as used on current cross-sectional imaging is an 
insensitive criterion for assessing nodal involvement by tumor  (41,   43–  46)  ( Table 
4 ). Normal size nodes can harbor micrometastatic disease, whereas enlarged 
nodes may be reactive in nature. This has led to the development of a lymph 
node-specific contrast agent, Ferumoxtran-10, which evaluates nodal function 
rather than size  (47,   48) . Molecular imaging using these agents, called lympho-
tropic nanoparticle-enhanced MRI (LNMRI), has demonstrated greater accuracy 
than conventional gadolinium-enhanced MRI in predicting nodal involvement by 
tumor ( Fig. 10 ). A recent evaluation of 15 patients with endometrial cancer found 
LNMRI to be 93% sensitive and 100% specific, while conventional MRI was 
only 29% sensitive and 99% specific  (46) .      

  Computed Tomography  

 Computed tomography (CT) plays no role in primary tumor detection or in staging 
early disease. It is predominantly used for preoperative staging of advanced disease 
and evaluation of nodal (Stage IIIC) and distant metastases (Stage IVB). Compared 
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  Fig. 8    MRI evaluation of extrauterine spread. Axial T2-weighted image of the uterus ( a ) shows 
cancer involving the endometrial cavity with metastasis to the left ovary ( solid arrows ). Tumor 
implants in the cul-de-sac ( dashed arrows ) are also noted. Sagittal postgadolinium T1-weighted 
image with fat saturation ( b ) illustrates a foley catheter balloon in a collapsed bladder ( dashed 
arrow ) and tumor involving the bladder dome and trigone ( solid arrows ). Imaging findings were 
confirmed with surgical evaluation and biopsies.       
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to MRI, whose resolution is sometimes compromised by bowel or patient motion, 
contrast-enhanced CT more reliably detects distant parenchymal metastases, peri-
toneal implants, and malignant ascites (Stage IVB)  (49)  ( Fig. 11 ).  

 Because of its multiplanar and greater tissue-specific imaging capabilities, MRI 
performs better than CT in staging early disease (Stages I and II) and in evaluating 
tumor invasion into adjacent organs (Stage IVA)  (33,   50–  52) . A side-by-side compari-
son of the two modalities found that, to detect myometrial invasion, CT demonstrates 
83% sensitivity and 42% specificity, while MR demonstrates 92% sensitivity and 90% 
specificity. To detect cervical invasion, CT demonstrates 25% sensitivity and 70% spe-
cificity, while MR demonstrates 86% sensitivity and 97% specificity  (53) .  

  Positron Emission Tomography  

 Positron emission tomography (PET) with the radioactive glucose analogue 
18-2-fluorodeoxy-2-deoxy- d -glucose (18-FDG) has proven to be a powerful tool to 
detect nodal involvement by various malignancies. Cells with elevated glycolysis 
avidly take up this glucose analogue. 18-FDG is phosphorylated to 18-FDG-6P, 
which is trapped in tumor cells that are relatively deficient in glucose-6-phos-
phatase during the time interval in which images are acquired. Following a  ³ 6 h 
fast, patients are injected with the 18-FDG (average dose, 555 MBq  [15  mCi]). 
Images are obtained 45–60 min after intravenous injection of the tracer. This 
increased 18-FDG uptake can be detected on PET and corresponds to tissue with 
increased metabolic activity, such as malignancy or inflammation. 

  Fig. 9    MRI evaluation of nodal involvement. Axial T1-weighted image of the pelvis reveals an 
abnormally enlarged 1.8 cm right obturator node ( arrow ) shown to be involved by tumor on 
pathologic evaluation.       
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  Fig. 10    Lymphotrophic nanoparticle-enhanced MRI evaluation of nodal involvement. Axial T2* 
images at level of renal hila ( a ) show a normal node ( arrow ) that takes up the lymphotrophic contrast 
agent, Ferumoxtran-10, and is consequently hypointense with susceptibility artifact. A cranial 
image ( b ) reveals similar-sized <1 cm nodes ( arrows ) that are hyperintense because they are 
involved by tumor and thereby do not take up the contrast agent. Imaging findings of nodal tumor 
involvement were confirmed with biopsies.       

 Preliminary studies in patients with endometrial cancer suggest that FDG-PET, 
in the absence of concurrent high-resolution cross-sectional imaging, is unlikely to 
be useful in staging. It lacks the spatial resolution to define extent of the primary 
tumor. Because a significant proportion of endometrial cancers are low grade, that 
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    Table 4 . Imaging for nodal metastases    

 Modality  Sensitivity (%)  Specificity (%) 

 CT  (43 , 44)  30–57  92–95.5 
 MRI  (44)   50  95 
 PET  (45)   63  98 
 LNMRI  (46)   93  100 

    CT  computed tomography;  MRI  magnetic resonance 
imaging;  PET  positron emission tomography;  LNMRI  
lymphotropic nanoparticle-enhanced MRI  

  Fig. 11    Computed tomography ( CT ) of advanced endometrial cancer. Axial contrast-enhanced 
image through the pelvis ( a ) demonstrates an enhancing mass ( arrow ) enlarging the uterine 
endometrial cavity. Image through the mid-abdomen above the iliac crests ( b ) reveals omental 
carcinomatosis ( arrows ). Image of the upper abdomen at the level of the liver ( c ) shows ascites 
( arrows ). Pathologic examination demonstrated a clear cell endometrial carcinoma       .

a b

c

is Grade I, and not markedly FDG-avid, PET is only moderately sensitive in detect-
ing lymph node metastases. In a study of 19 patients, a high proportion of primary 
uterine corpus tumors demonstrated increased uptake. However, because of its 
limited ability in detecting micrometastases in normal-sized nodes, the sensitivity 
of FDG-PET for nodal metastases was 63% with a specificity of 98%  (45) . 
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  Fig. 12    Positron emission tomography ( PET ) of endometrial cancer. Axial FDG-PET image ( a ) 
of a patient with endometrial cancer demonstrates abnormal tracer uptake ( arrow ) medial to the 
left kidney. CT image at the same level ( b ) reveals a 9-mm-left para-aortic node ( arrow ) in that 
location. Tumor involvement of the node was pathologically confirmed       .

 A recent study in 49 patients evaluating the clinical impact of FDG-PET images 
interpreted in conjunction with CT or MRI suggested that FDG-PET performed 
concurrently with high-resolution cross-sectional imaging may prove more useful 
than FDG-PET alone. Only 30% of patients with an elevated CA-125 were found 
to derive any clinical benefit from FDG-PET alone. However, MRI or CT images 
interpreted concurrently with the FDG-PET images performed much better (accu-
racy 97% vs 94%, respectively) than MRI or CT alone in detecting extrapelvic and 
nodal metastases ( Fig. 12 )  (54) . With fusion PET-CT scanners becoming more 
widely available, future research will likely focus on the usefulness of fusion 
PET-CT in endometrial cancer staging.   
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  Post-treatment Surveillance  

 Early detection of recurrent endometrial cancer poses unique challenges. 
Postoperative scarring and changes due to radiation therapy make early detection 

  Fig.  13    Fusion positron emission tomography-computed tomography ( PET-CT ) detecting endome-
trial cancer recurrence. Coronal FDG-PET image ( a ) of a patient with a history of grade 2 endome-
trial cancer demonstrates a focus of abnormal tracer uptake ( arrow ) medial to the right kidney. 
Fusion PET-CT image (b) reveals a corresponding 1 cm retrocaval node which was not identified as 
abnormal on a standard CT examination 7 days before. Tumor involvement of the node was patho-
logically confirmed.       
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of small pelvic relapses difficult. Clinical methods used for postoperative surveil-
lance include clinical history, pelvic examination, and vaginal cytology. Imaging is 
used as an adjunct to evaluate for recurrences not amenable to detection by physical 
examination. TVUS with color Doppler is an inexpensive but nonspecific tool for 
postoperative surveillance allowing for detection of recurrences at the vaginal apex. 
Color Doppler aids in differentiating hypoechoic pelvic masses from sur-
rounding bowel  (55) . In discriminating postoperative fibrosis from tumor recur-
rence, contrast-enhanced MRI has been shown to be useful, with an accuracy of 
83% in patients with gynecologic malignancies  (56) . 

 Despite its limited utility in preoperative imaging, FDG-PET is of great value in 
post-therapy surveillance  (54,   57,   58)  with reported sensitivity of 96%, specificity 
of 78%, and diagnostic accuracy of 90%. FDG-PET has demonstrated a high likeli-
hood ratio for a positive test result and a low likelihood ratio for a negative result 
signifying a role in both detecting recurrence as well as ruling it out  (58) . A study 
measuring the added value of FDG-PET in addition to CT or MRI for post-therapy 
surveillance found that FDG-PET showed better diagnostic performance (accuracy 
93.3%) compared to combined conventional imaging (accuracy 85%) and tumor 
markers (accuracy 83.3%)  (57)  ( Fig. 13 ).   

  Conclusions  

 ● Transvaginal ultrasound is the initial imaging modality of choice in the evalua-
tion of patients presenting with postmenopausal bleeding and has a reliable negative 
predictive value. 

● In evaluating patients with postmenopausal bleeding and a negative endometrial 
biopsy, sonohysterography is a less invasive alternative to hysteroscopy. 

● Once the diagnosis of endometrial cancer is established, MRI is the most accu-
rate and comprehensive modality for preoperative staging. 

● In patients with advanced disease, CT is preferable for detection of distant 
metastases. 

● Preliminary studies suggest that fusion PET-CT will likely be the most powerful 
imaging modality for post-treatment surveillance.      
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       Uterine Cancer: Pathology       
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Abstract Endometrioid adenocarcinoma is the most common type of endometrial 
carcinoma (approximately 85%). By definition, it should resemble, at least focally, 
proliferative-type endometrium with tubular glands lined by mitotically active 
columnar cells. Common problems in diagnosis involve its distinction from com-
plex atypical hyperplasia, endocervical adenocarcinoma, serous carcinoma, clear 
cell carcinoma, and carcinosarcoma. Pure serous carcinomas comprise about 10% 
of endometrial cancers. The term “serous” refers to shared characteristics with cells 
lining the fallopian tube, particularly the tumor cells’ columnar shape, eosinophilic 
cytoplasm and tendency to form papillae.  However, some serous carcinomas are 
not papillary but glandular.  Importantly, all serous carcinomas exhibit marked 
nuclear pleomorphism and most demonstrate discrepancies between architectural 
differentiation and cytologic features. Clear cell carcinoma is the third most com-
mon endometrial carcinoma subtype, even though it represents < 5% of cases.  
Epidemiologic features of patients with clear cell carcinoma are obscure because 
of this tumor’s rarity, difficulties in diagnostic reproducibility and accumulating 
evidence that there are perhaps several subtypes of clear cell carcinoma.  Most clear 
cell carcinomas are composed of cells with clear cytoplasm, but this feature is not 
restricted to clear cell carcinoma and some clear cell carcinomas may contain cells 
with eosinophilic cytoplasm.  Other subtypes of endometrial carcinoma are rare and 
include squamous, transitional, small cell, and mixed cell types. Among pure mes-
enchymal tumors of the uterus, leiomyosarcoma is the most common. Microscopic 
criteria to establish the diagnosis of leiomyosarcoma include the combination of 
two of the following: cytologic atypia, mitotic activity and tumor cell necrosis. The 
threshold for mitotic activity varies for spindled, epithelioid and myxoid subtypes. 
A variety of uterine tumors enter in the differential diagnosis, including several 
variants of leiomyoma (mitotically active, apoplectic, with bizarre nuclei, highly 
cellular, and hydropic). Low-grade endometrial stromal sarcomas are  composed 
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of a homogenous population of small cells with scant cytoplasm resembling 
proliferative-type endometrial stroma. They show a diffuse growth and infiltrate 
the uterine wall in a permeative (not destructive) fashion and may have prominent 
intravascular growth. Carcinosarcomas (malignant mixed mullerian tumors) are 
biphasic tumors typically composed of highly malignant epithelial and stromal/
mesenchymal elements. The histogenesis of these tumors has evolved in recent 
years and it is now accepted that they either arise from a common pluripotential cell 
with divergent differentiation or that the sarcomatous component develops from the 
carcinomatous component by a metaplastic process or dedifferentiation. Other less 
common mixed or mesenchymal tumors include 1) low-grade müllerian adenosar-
coma (composed of benign-appearing glands and malignant stroma); 2) PEComa, 
which is composed of epithelioid cells that are typically positive for HMB-45 and 
may be associated with tuberous sclerosis; and 3) intravenous leiomyomatosis 
which shows a proliferation of smooth muscle cells within vascular spaces. Even 
though the smooth muscle proliferation is benign it can behave aggressively from 
the clinical point of view.

Keywords endometrioid • serous • clear cell • mixed carcinomas • leiomy-
osarcoma • endometrial stromal sarcoma • carcinosarcoma • low-grade mülle-
rian adenosarcoma • PEComa • intravenous leiomyomatosis

   Endometrial  Carcinoma and Precursor Lesions  

  Endometrioid Carcinoma 

 Endometrioid adenocarcinoma is the most common type of endometrial carcinoma 
(approximately 85%). They are considered type I endometrial cancers according to 
the Bokhman classification  (1)  because of their epidemiologic association with 
estrogen excess. The current model of estrogen-dependent endometrial carcinogen-
esis involves progression from hyperplasia with increasingly degrees of architectural 
and cytologic atypia (complex atypical hyperplasia). The development of an invasive 
neoplasm heralds the emergence of “adenocarcinoma” in this context. 

  Gross Features 

 The typical endometrioid adenocarcinoma forms a grossly visible mass that protrudes 
into the endometrial cavity or causes a diffuse thickening of the endometrial stripe, 
making it difficult to appreciate a dominant mass. Most tumors arise in the fundus; 
less commonly, they are found in one of the cornua or in the lower uterine segment, 
and in some cases, the lesion is centered in an endometrial polyp. Endometrioid 



Uterine Cancer: Pathology 53

adenocarcinomas are usually tan in color and soft in consistency. A good gross 
description will include an estimate of the depth of invasion into the myometrium as 
well as involvement of the cervix, uterine serosa, fallopian tubes, or ovaries. These 
tissues may be involved by direct extension or metastasis.  

  Histologic Features 

 Endometrioid adenocarcinomas by definition should resemble, at least focally, prolif-
erative-type endometrium showing tubular glands with smooth luminal surfaces, 
lined by mitotically active columnar cells (Fig.  1 ). Based on the degree of glandular 
differentiation, these tumors are divided into three Federation International 
Gynecologic Oncologists (FIGO) categories: grade 1 shows  £  5% of solid non-
glandular growth (Figs.  1 – 4 ), grade 2 is defined by finding between 6% and 50% of 

  Fig. 1    Endometrioid adeno-
carcinoma. This typical 
well-differentiated adenocar-
cinoma (FIGO grade 1) is 
composed of well-formed 
endometrioid glands       .

  Fig. 2    Endometrioid adeno-
carcinoma. This well-differ-
entiated adenocarcinoma 
(FIGO grade 1) features a 
highly complex proliferation 
of fused and branched glands 
that excludes endometrial 
stroma       .
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  Fig. 3    Endometrioid 
adenocarcinoma, well 
differentiated (FIGO grade 1), 
displaying papillary 
architecture. Note the smooth 
luminal contours and 
low-grade cytologic 
appearance of the tumor 
cells       .

  Fig. 4    Endometrioid 
adenocarcinoma, well 
differentiated (FIGO grade 1), 
displaying secretory changes 
(cytoplasmic clearing). Note 
the absence of hobnail change 
and the low-grade cytologic 
appearance of the tumor cells       .

  Fig. 5    Endometrioid 
adenocarcinoma, poorly 
differentiated (FIGO grade 3). 
In contrast to FIGO grade 1 
tumors, these neoplasms are 
predominantly solid       .
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solid non-glandular growth, and grade 3 contains >50% of solid growth (Fig.  5 ). The 
presence of marked cytologic atypia increases the grade by one. Solid components 
showing overt squamous differentiation are not counted as “solid” for the purposes of 
tumor grading. Histologic features considered typical of endometrioid carcinoma 
include keratinizing squamous metaplasia or morular metaplasia (nonkeratinizing). 
Additional features commonly encountered in both nonneoplastic and neoplastic 
endometrium include tubal and/or mucinous metaplasia, and secretory/clear cell 
change (with subnuclear or supranuclear cytoplasmic vacuoles) (Fig.  4 ).       

  Differential Diagnosis 

 The differential diagnosis of uterine endometrioid adenocarcinoma includes other 
uterine carcinomas such as serous and clear cell carcinomas. Strategies for distin-
guishing between these entities are summarized in Table  1 . Other common prob-
lems in diagnosis involve the distinction of complex atypical hyperplasia from 
endometrioid adenocarcinoma (Table  2 ), endocervical from endometrial adenocar-
cinoma (Table  3 ), and carcinosarcoma from endometrioid adenocarcinoma, which 
will be discussed subsequently in this chapter.       

    Table 2.  Features favoring adenocarcinoma over complex atypical hyperplasia    

 Extensive papillary architecture 
 Extensive gland fusion with exclusion of endometrial stroma 
 Extensive macroglands with internal complexity and exclusion of endometrial stroma 
 Marked cytologic atypia 

   Table 1.  Histologic and immunohistochemical summary useful in the differential diagnosis of 
endometrial carcinoma subtypes  

  Endometrioid adenocarcinoma  :

 Endometrial hyperplasia 
 Squamous, morular, mucinous metaplasia 
 Smooth luminal contours 
 ER, PR, vimentin positive; p53, p16, CEA negative (FIGO grades 1 and 2) 

  Serous carcinoma  :

 No squamous, morular, mucinous metaplasia 
 Jagged luminal contours 
 Slit-like spaces 
 Cytologic pleomorphism 
 p53 overexpression, p16 and vimentin positive; ER, PR, CEA negative or weakly positive 

  Clear cell carcinoma  :

 Hobnail cells 
 Hyaline stroma 
 Cytologic pleomorphism 
 Vimentin positive ; ER, PR, CEA negative or weakly positive ; variable p16 and p53 positivity 
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 Since complex atypical hyperplasia and well-differentiated (FIGO grade 1) 
endometrial endometrioid carcinoma are both differentiated neoplasms, endome-
trioid tubular glands generally predominate in both. Conceptually, hyperplasia is 
separated from adenocarcinoma by the absence of endometrial stromal invasion 
(Fig.  6 )  (2–  4) . Squamous metaplasia may be seen in both (Fig.  7 ). In practice, the 

    Table 3.  Endometrioid endometrial adenocarcinoma versus endocervical adenocarcinoma a     

 Endometrial adenocarcinoma :

 Postmenopausal patient 
Imaging and clinical examination favor corpus primary
 More tissue in endometrial than in endocervical curettage 
 Endometrial hyperplasia 
 Stromal foam cells 
 Squamous metaplasia 
 Expression of ER, PR, and vimentin 

  Endocervical adenocarcinoma  :

 Pre- or perimenopausal patient 
Imaging and clinical examination favor cervical primary
 History of abnormal pap smears 
 More tissue in endocervical than in endometrial curettage 
 Endocervical adenocarcinoma in situ or squamous dysplasia 
 Large, elongated, pseudostratified darkly stained nuclei 
 Abundant mitotic activity, including forms toward the apical portion of the cells 
 Abundant apoptotic bodies 
 Diffuse expression of CEA and p16 

    a The phenotypes described pertain only to FIGO grades 1 and 2 endometrioid adenocarcinoma 
and endocervical adenocarcinoma of the usual type. These guidelines do  not  pertain to high-
grade endometrial carcinomas (FIGO grade 3 endometrioid, serous, and clear cell) and unusual 
types of endocervical adenocarcinomas (adenoma malignum, intestinal mucinous, clear cell, mes-
onephric, and serous carcinoma).  

  Fig. 6    Complex atypical hyperplasia. Note the preserved endometrial stroma between abnormal 
endometrioid glands       .
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presence of extensive confluent papillary growth, macroglands, and cribriform 
architecture is sufficient to categorize a lesion as adenocarcinoma (2–4). Marked 
cytologic atypia also disqualifies the diagnosis of hyperplasia  (3) . Another challenge 
concerns the differential diagnosis with endocervical adenocarcinoma. The latter 
may demonstrate features that resemble those of endometrial endometrioid adeno-
carcinoma, but there are usually subtle histologic differences. Clinical presentation, 
precursor lesions (endocervical adenocarcinoma in situ versus endometrial hyper-
plasia), and immunophenotype differ and can be used to establish the correct diag-
nosis (Table  3 ).    

  Related Carcinomas 

 As mentioned earlier, endometrioid adenocarcinomas can demonstrate mucinous dif-
ferentiation and can contain ciliated cells and cells with secretory features. When 
mucinous differentiation predominates (intracytoplasmic but not luminal mucin; 
present in > 50% of cells), the tumor is referred to as “mucinous carcinoma”  (5,   6) . 
Likewise, “ciliated carcinoma”  (7)  and “secretory carcinoma”  (8)  have been described 
but are rare. Endometrioid adenocarcinomas may also feature papillary architec-
ture. The tumor is referred to as “villoglandular carcinoma” (9) when the papillae 
are long, slender with delicate fibrovascular cores, and lined by pseudostratified 
columnar cells perpendicular to the basement membrane. Other findings that can be 
seen in endometrioid adenocarcinomas include psammomatous calcifications  (10) , 
cells with clear cytoplasm, spindled cells  (10) , trabeculae resembling sex cord ovarian 
tumors  (10) , hyalinized and myxoid stroma  (10) , and, exceptionally, heterologous 
elements  (11)  such as osteoid and lobules of cartilage.  

  Fig. 7    Complex atypical hyperplasia exhibiting squamous metaplasia. Squamous metaplasia is 
typical of neoplastic endometrioid proliferations, either hyperplasia or carcinoma       
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  Immunophenotype 

 The immunophenotype of endometrioid carcinoma tends to vary with degrees and 
types of differentiation. In general, endometrioid adenocarcinomas coexpress 
 pan-cytokeratin and vimentin  (12, 13  )  and they rarely show diffuse cytoplasmic stain-
ing with carcinoembryonic antigen (CEA) (14, 15, 16). Almost all endometrioid 
neoplasms express CK7 and are largely negative for CK20 (17, 18). Other commonly 
expressed antigens include CA125  (19) , BerEP4  (20) , and B72.3  (21) . The expression 
of estrogen and progesterone receptors (ER, PR) is ubiquitous among FIGO grade 1 
adenocarcinomas, but this feature is present in < 50% of FIGO grade 3 tumors  (22, 
23  ) . Overexpression of p53 (expression in > 50–75% of nuclei) is seen in about one-
third of FIGO grade 3 adenocarcinomas, but almost never in FIGO grade 1 tumors 
 (24, 25  ) . The expression of p16 also tends to accumulate with increasing histological 
grade  (22) . High molecular weight cytokeratins, p63, and nuclear  b -catenin are pref-
erentially expressed in areas demonstrating squamous differentiation  (26, 27  ) .   

  Serous Carcinoma 

 Pure serous carcinomas comprise about 10% of endometrial cancers. They are 
epidemiologically, biologically, histologically, and clinically distinct. The mean 
age of women with serous carcinoma is approximately one decade older than 
women with endometrioid adenocarcinoma. Instead of being related to hyperestrin-
ism, serous carcinomas arise in the setting of atrophy and, as such, correspond to 
Bokhman’s type II endometrial cancers  (1) . Other associations with serous carci-
noma include a personal history of breast cancer  (28, 29  ) , treatment with tamoxifen 
 (30,   31) , and pelvic radiation therapy  (32,   33) . Serous carcinomas are aggressive 
neoplasms that have a tendency to present at high stage  (34, 35  ) . 

  Gross Features 

 Uteri harboring serous carcinomas tend to be small and lack the endometrial thicken-
ing that is more characteristic of endometrioid adenocarcinomas. Instead, many 
serous carcinoma uteri contain endometrial polyps. When carcinomas are confined to 
the polyp, the tumor itself may not be grossly apparent. More advanced tumors fre-
quently demonstrate obvious myometrial permeation and either extension or metas-
tasis to tissues included in the resection specimen. Uterine serous carcinomas have a 
predilection for peritoneal dissemination, just like ovarian serous carcinomas.  

  Histologic Features 

 The term “serous” refers to shared characteristics with cells lining the fallopian 
tube, particularly the tumor cells’ columnar shape, eosinophilic cytoplasm and 
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tendency to form papillae (Fig.  8 ). However, not all serous carcinomas are papillary 
and not all papillary carcinomas are serous. Essentially, all serous carcinomas 
exhibit marked nuclear pleomorphism and most demonstrate discrepancies between 
architectural differentiation and cytologic features. Serous carcinoma cells have 
high nuclear to cytoplasmic ratios with enlarged nuclei that tend to be irregularly 
shaped. They may be hyperchromatic or contain large, red macronucleoli (Fig.  9 ). 
Brisk mitotic activity and atypical mitoses are common. In contrast to endometrioid 
carcinoma, the luminal surfaces are irregular and jagged (Fig.  8 ), the cells are less 
cohesive with frequent cellular tufting, and detached small cell aggregates. Unlike 
endometrioid adenocarcinomas, serous carcinomas do not show squamous or muci-
nous metaplasia, or ciliated cells.   

 The earliest serous carcinomas may consist solely of neoplastic epithelium colo-
nizing preexisting atrophic endometrium, particularly on the surface of endometrial 
polyps  (36, 37  ) . This has been referred to as intraepithelial serous carcinoma or 

  Fig. 8    Serous carcinoma. 
Typical low-power 
appearance demonstrating 
papillary architecture and 
slit-like spaces       .

  Fig. 9    Serous carcinoma. 
This high power shows the 
ragged luminal profiles and 
highly atypical nuclei       .
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endometrial intraepithelial carcinoma (36, 37). Importantly, intraepithelial serous 
carcinoma can metastasize despite the absence of myometual invasion. At low 
power, these minimal carcinomas appear hyperchromatic and display abrupt tran-
sition with the nonneoplastic epithelium. Serous carcinomas may be difficult to 
diagnose when they replace atrophic endometrial glands and papillary architecture 
is not apparent  (38) . Correct classification as serous carcinoma centers on apprecia-
tion of the cytologic features, jagged luminal profiles, absence of confirmatory 
endometrioid characteristics (including squamous and mucinous metaplasia), and 
background atrophy. Architectural patterns encountered in established serous carci-
nomas include papillae, tubular glands, slit-like glands, and solid nests and sheets. 
Since these patterns are not specific for serous carcinoma, attention directed to the 
cytologic characteristics is essential to make the correct diagnosis.  

  Immunophenotype 

 Like endometrioid adenocarcinomas, serous carcinomas coexpress pan- cytokeratins 
and vimentin and rarely express diffuse cytoplasmic CEA. They also express CK7, 
CA125, BerEP4, and B72.3 and are largely negative for CK20. The expression 
of ER and PR is less common than in endometrioid adenocarcinomas and is found 
in < 50% of cases  (22,   23,   39) . Overexpression of p53 (expression in 
> 50–75% of nuclei) is seen in nearly 90% of serous carcinomas and is related to 
the near  universal presence of  p53  mutations  (25, 40  ) . p16 expression is also very 
common  (22) .   

  Clear Cell Carcinoma 

 Clear cell carcinoma is the third most common endometrial carcinoma subtype, 
even though it represents < 5% of cases. The epidemiologic features of patients 
with clear cell carcinoma are obscure because of this tumor’s rarity,  difficulties in 
diagnostic reproducibility, and accumulating evidence that there are perhaps sev-
eral subtypes of clear cell carcinoma. The subtypes include 1) tumors admixed with 
endometrioid adenocarcinoma; 2) those mixed with or histologically resembling 
serous carcinoma, and 3) pure clear cell carcinoma  (41,   42) . There are emerging 
data that suggest that clear cell carcinomas might be overrepresented in patients 
with hereditary nonpolyposis colorectal cancer syndrome  (43) . 

  Gross Features 

 There are no gross features that are distinctive of clear cell carcinoma. Tumors com-
bined with endometrioid adenocarcinomas may be associated with a thickened 
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endometrium. Pure clear cell carcinomas as well as those mixed with serous carcino-
mas are often associated with endometrial polyps and deep myometrial invasion.  

  Histologic Features 

 Most clear cell carcinomas are composed of cells with clear cytoplasm, but this 
feature is not restricted to this subtype of endometrial cancer ( see  “Discussion” of 
endometrioid adenocarcinomas). Furthermore, some clear cell carcinomas may con-
tain cells with eosinophilic cytoplasm. As with other endometrial carcinoma sub-
types, the combination of the low-power architectural features and cytologic 
characteristics permits a diagnosis of clear cell carcinoma. These tumors classically 
demonstrate varied architectural patterns that include papillary, tubular, tubulocystic, 
solid, and mixtures thereof. The papillae of clear cell carcinoma are small and round 
in comparison to those of either serous carcinoma or villoglandular endometrioid 
adenocarcinomas. Characteristically, the stroma of the papillae is densely hyalinized 
(Fig.  10 ). The lining epithelium is only one or two cells thick, without prominent 
tufting. The cells are large, generally contain ample clear cytoplasm filled with gly-
cogen, and show sharply defined cytoplasmic boundaries. Hobnail cells may be seen 
lining papillae or glands. The nuclei are large and pleomorphic with prominent 
macronucleoli (Fig.  10 ). Like serous carcinoma, clear cell carcinoma usually arises 
in the setting of atrophic endometrium and in endometrial polyps  (36) .   

  Immunophenotype 

 Most clear cell carcinomas coexpress pan-cytokeratins and vimentin and rarely show 
diffuse cytoplasmic CEA positivity. They also express CK7 and are largely negative 
for CK20. Data regarding expression of ER, PR, and p53 are contradictory, while 
results of p16 expression in clear cell carcinoma are now just emerging. ER and PR 

  Fig. 10    Clear cell carcinoma. 
The tumor cells have 
cytoplasmic clearing, hobnail 
features, striking cytologic 
atypia, and hyalinized stroma 
is seen       .
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expression is uncommon and, when present, is weak and focal  (22, 42,   44  ) . p53 
overexpression can be seen, but the rate (approximately at the 50% level) is signifi-
cantly less than in serous carcinoma  (41, 42,   44  ) . The degree of ER, PR, and p53 
expression might be related to an individual tumor’s pathogenesis  (41, 42,   44  ) . For 
example, clear cell carcinomas associated with endometrioid adenocarcinomas 
might preferentially express ER and PR, while those resembling or associated with 
serous carcinomas might overexpress p53. p16 expression is also commonly found 
in clear cell carcinomas, being more common than in endometrioid adenocarcino-
mas but less frequent than in serous carcinomas  (22) .   

  Mixed (Mixed Epithelial) Carcinomas 

 With only one exception (mucinous carcinoma), mixed epithelial carcinomas are 
diagnosed when at least two endometrial carcinoma subtypes are present and the 
minor component  (s)  constitute at least 10% of the tumor. As mucinous differen-
tiation is so commonly encountered in endometrioid adenocarcinomas, there is a 
requirement for 50% mucinous differentiation before diagnosing a mixed muci-
nous and endometrioid adenocarcinoma. The term “mixed carcinoma” should not 
be used for tumors that contain areas with subtle differences. For example, a 
serous carcinoma with glandular architecture should not be considered a mixed 
serous and endometrioid adenocarcinoma unless two distinctive morphologies 
are present.  

  Squamous Cell Carcinoma 

 Primary squamous cell carcinoma of the endometrium is very rare and should only 
be diagnosed in the absence of hyperplasia or any endometrioid glandular differen-
tiation  (45) . They are histologically similar to squamous cell carcinomas of the 
cervix and most are cytologically high grade. Extension from a cervical squamous 
carcinoma or a history of a previous cervical squamous cell carcinoma excludes a 
diagnosis of primary squamous carcinoma of the endometrium.  

  Transitional Cell Carcinoma 

 This extraordinarily rare tumor is by definition composed of cells resembling those 
of urothelial transitional cell carcinoma  (46, 47  ) . The architecture is papillary, just 
like the urothelial counterparts. Extension and metastasis from an urothelial pri-
mary carcinoma should always be excluded. These tumors can occur in pure form 
or be mixed with other carcinoma subtypes.  
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  Small Cell Carcinoma 

 The histologic appearance of this tumor is essentially identical to that of small cell 
neuroendocrine carcinomas of other organs  (48) . These tumors can occur in pure 
form or be mixed with other carcinoma subtypes.  

  Undifferentiated Carcinoma 

 Undifferentiated carcinomas by definition lack any evidence of differentiation. As 
such, their appearance may simulate high-grade sarcoma, lymphoma, melanoma, 
and metastases to the uterus. Universal, but frequently only focal expression of 
cytokeratins and epithelial membrane antigen (EMA) is seen  (48, 49) .   

  Uterine Sarcomas and Mixed Müllerian Tumors  

  Leiomyosarcoma 

 Uterine leiomyosarcoma constitutes 1% of all uterine malignancies, it is the most 
common uterine sarcoma, and represents approximately 40% of all uterine sarco-
mas, and 40% of leiomyosarcomas among women at all sites  (50)  (Table  4 ). The 
incidence of uterine leiomyosarcoma is approximately 0.67/100,000 women per 
year  (51  ) . Even though uterine leiomyomas are the most common tumor of the 
female genital tract, the incidence of leiomyosarcoma originating from leiomyoma 
is very low, ranging between 0.13 and 0.80  (52) . As occurs with leiomyomas, uter-
ine leiomyosarcomas are more frequent among black women  (50) . There is at least 
one familial cancer syndrome characterized by retinoblastoma, hereditary leiomyo-
matosis, and renal cell cancer which has an increased incidence of uterine leiomy-
osarcoma  (53) .  

    Table 4.  Classification of malignant mesenchymal tumors of the uterus    

 Leiomyosarcoma 
 Spindled 
 Epithelioid 
 Myxoid 

 Perivascular epithelioid tumor (PEComa)  a  
 Low-grade endometrial stromal sarcoma 
 Undifferentiated endometrial sarcoma 
 Low-grade müllerian adenosarcoma 
 Malignant mixed müllerian tumor 
 Others 
    a Not all tumors in this category behave in a malignant fashion  
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  Gross Features 

 Leiomyosarcoma occurs most commonly as a single nodule in almost 90% of cases 
and if multiple nodules are present in the uterus, it is usually the largest nodule  (54,   55) . 
Leiomyosarcoma typically forms an intramyometrial mass with either well-circumscribed 
or irregular infiltrative growth into the surrounding myometrium. On sectioning, 
the tumors appear fleshy, gray to pink, and are frequently associated with areas of 
hemorrhage and necrosis  (54,   56) . If the tumor has a prominent gelatinous appearance, 
it should raise suspicion for a myxoid leiomyosarcoma  (56) .  

  Histologic Features 

 The diagnosis of malignancy in a smooth muscle tumor is based on three histologic 
features: 1) tumor cell necrosis; 2) moderate to severe cytologic atypia; and 
3) mitotic activity  (  57) . Tumor cell necrosis is defined by the finding of an abrupt 
transition between the nonviable and viable tumor. The viable tumor frequently 
grows around vessels (perivascular distribution). Pleomorphic cells may still be 
identified in viable and devitalized areas. In most cases, tumor cell necrosis is 
accompanied by tumor cells showing increased mitotic activity and marked cellular 
atypia. Moderate to severe cytologic atypia is defined by cellular pleomorphism, 
nuclear enlargement and/or irregular outlines, hyperchromatism, as well as promi-
nent nucleolus. Cytologic atypia should be identified at medium power (10×). 
Finally, counting mitotic activity in smooth muscle tumors may be difficult but it is 
important not to misinterpret apoptotic cells as mitotic figures. Apoptotic cells are 
typically characterized by refractile dense eosinophilic cytoplasm and coarse 
clumped chromatin, which contrasts with the delicate and thin appearance of the 
dividing chromatin. Even though mitotic activity had been considered the most 
important criterion to establish a diagnosis of malignancy in a smooth muscle 
tumor, it has been demonstrated that mitotic activity in the absence of one of the other 
two histologic features previously described is insufficient to establish the diag-
nosis of leiomyosarcoma. Furthermore, it is important to keep in mind that the 
threshold for mitotic activity is higher in smooth muscle tumors of the uterus than 
that used in soft tissue tumors  (58) . This is due to the mitogenic effect of estrogen 
and progesterone on gynecologic tumors and in particular on spindle cell smooth 
muscle tumors of the uterus. 

 Leiomyosarcomas can be classified into grade I, II, and III or low and high grade 
based on the degree of cellular differentiation, mitotic activity, and tumor cell 
necrosis, but this classification is subjective. A tumor showing marked cytologic 
atypia associated with brisk mitotic activity and tumor cell necrosis is classified as 
high grade while a tumor that at low-power displays mild cytologic atypia but has 
brisk mitotic activity and focal tumor necrosis can be classified as low-grade or 
grade I leiomyosarcoma. Most malignant smooth muscle tumors are high-grade. 

 Leiomyosarcomas are divided into three main categories depending on their 
morphologic appearance: (a) spindled, (b) epithelioid, and (c) myxoid; and not 
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infrequently, they show more than one component. Rarely, leiomyosarcomas can 
contain xanthomatous or giant cells.

   1.    Spindle cell leiomyosarcoma is composed of fusiform cells showing central 
elongated nuclei with blunted ends occasionally indented by a clear vacuole 
(Fig.  11 ). The cytoplasm is deeply eosinophilic due to the presence of myofila-
ments that are disposed parallel to the cell axis (best seen in a Masson trichrome 
stain). The cells form long well-oriented intersecting fascicles  (59) . The combi-
nation of any two of the following three features establishes the diagnosis of 
spindled leiomyosarcoma: diffuse moderate to severe atypia, >10 mitoses/10 
high-power fields (HPFs), and tumor cell necrosis (Fig.  12 ; Table  5 )  (58) . 
Vascular invasion is detected in approximately 20% of leiomyosarcomas and 
some tumors may have a prominent intravascular growth  (60,   61) .  

  Fig. 11    Spindle cell 
leiomyosarcoma. The 
neoplastic cells form inter-
secting fascicles and display 
pleomorphic and hyperchro-
matic nuclei       .

  Fig. 12    Spindle cell 
leiomyosarcoma. The tumor 
cells grow around vessels and 
there is an abrupt transition 
from viable to nonviable 
tumor (tumor cell necrosis)       .
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   2.    Epithelioid leiomyosarcoma is composed of sheets, nests, or cords of cells with 
abundant cytoplasm. To establish the diagnosis of epithelioid leiomyosarcoma, 
at least 50% of the cells should display epithelioid features. The cells show a 
centrally located round nucleus and eosinophilic cytoplasm (Fig.  13 ) but in up 
to 25% of the tumors, the cytoplasm is clear. Variable amounts of collagen depo-
sition may be seen. The criteria to establish the diagnosis of malignancy in 
epithelioid smooth muscle tumors are not well established. However, as a gen-
eral rule, the diagnosis of epithelioid leiomyosarcoma is warranted when there 
are  ³ 5 mitoses/10 HPFs and diffuse moderate to severe cytologic atypia or 
tumor cell necrosis (Table  5 )  (62,   63,   64, 65) .  

   3.    Myxoid leiomyosarcoma is a rare variant of uterine leiomyosarcoma. It is char-
acterized by the presence of abundant myxoid matrix that is positive for Alcian 
Blue or colloidal iron histochemical stains. The tumors are typically hypocel-
lular in contrast to most spindled and epithelioid leiomyosarcomas. Most tumors 
show infiltrative growth into the surrounding myometrium (Fig.  14a ). At higher 
magnification, the degree of cytologic atypia and mitotic activity is quite varia-
ble (66–69). The diagnosis of myxoid leiomyosarcoma is made when either 
marked cytologic atypia or tumor cell necrosis is identified. In their absence, the 
finding of ≥ 2 mitoses/10 HPFs separates myxoid leiomyosarcoma from myxoid 
leiomyoma (Fig.  14b ; Table  5 )  (  70) .           

  Fig. 13    Epithelioid leiomyosarcoma. The tumor cells grow in sheets. They have abundant eosi-
nophilic cytoplasm, focal moderate nuclear atypia and mitoses are easy to identify ( arrows )       .

    Table 5.  Diagnostic criteria for the different subtypes of leiomyosarcoma    

   
 Cytologic 
atypia    

 Tumor cell 
necrosis     Mitoses 

 Spindled  +  and/or  +  and/or  >10/10HPFs a  
 Epithelioid  +  and/or  + or  >4/10HPFs 
 Myxoid  +  or  +  or  ≥2/10HPFs 
    a In spindled leiomyosarcomas, two of the three features need to be present  
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  Fig. 14    Myxoid leiomyosarcoma. The tumor has an infiltrative margin and it is hypocellular with 
a prominent myxoid background ( a ). At higher magnification, the cells show nuclear pleomor-
phism and mitotic activity ( arrow ) ( b )       .
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  Immunophenotype 

 Leiomyosarcomas are typically positive for actin, desmin, and h-caldesmon. They 
also frequently express CD10, oxytocin, ER, PR, and androgen receptor  (71) . 
Epithelioid leiomyosarcomas frequently express keratin and EMA, and both epithe-
lioid and myxoid leiomyosarcomas are less frequently positive for smooth muscle 
markers. Leiomyosarcomas display p53 and c-kit positivity; however, no associ-
ated c-kit mutations have been reported  (72,   73, 74) .  

  Differential Diagnosis 

 Spindle cell leiomyosarcoma should be distinguished from leiomyoma variants includ-
ing mitotically active leiomyoma, apoplectic leiomyoma, and leiomyoma with bizarre 
nuclei. Mitotically active leiomyoma displays brisk mitotic activity; however, it lacks 
cytologic atypia and tumor cell necrosis  (75,   76,   77) . Leiomyoma with apoplectic 
change may show areas of hypercellularity associated with slight cytologic atypia and 
brisk mitotic activity surrounding the areas of hemorrhage, thus causing concern for 
malignancy. However, away from these areas, the tumor has the appearance of a con-
ventional leiomyoma  (78,   79) . Finally, worrisome features associated with leiomyoma 
with bizarre nuclei include the presence of mono- or multinucleated cells which may 
show prominent nuclei, nuclear pseudoinclusions, karyorrhectic nuclei (that may mimic 
atypical mitotic figures), and some degree of mitotic activity. It is important to notice 
that in most cases, the bizarre cells have a patchy distribution in the tumor, mitotic activ-
ity is low, and there is no tumor cell necrosis  (80) . Rare malignant tumors in the dif-
ferential diagnosis include spindle cell rhabdomyosarcoma and undifferentiated 
endometrial sarcoma. The former may be very difficult to distinguish from a spindle cell 
leiomyosarcoma. The finding of cytoplasmic cross striations and positivity for skeletal 
muscle markers (myoglobin, myoD1 and myogenin) are helpful in this differential 
diagnosis. Undifferentiated endometrial sarcoma is a diagnosis of exclusion based on 
histologic and immunohistochemical findings  (59) . 

 Epithelioid leiomyosarcoma should be distinguished from a poorly differenti-
ated carcinoma, trophoblastic tumors (placental site trophoblastic tumor and epithe-
lioid trophoblastic tumor)  (81) , PEComa (discussed below)  (82) , uterine tumor 
resembling an ovarian sex-cord stromal tumor (83–85), the rare alveolar soft part 
sarcoma  (86,   87) , and metastatic melanoma  (88) . In order to establish the correct 
diagnosis, it is important to consider the patient’s clinical history and to sample the 
tumor extensively. In difficult cases, the use of a battery of immunohistochemical 
markers including those for epithelial, smooth muscle, sex cord, and intermediate 
trophoblast differentiation may be helpful. 

 Myxoid leiomyosarcoma must be distinguished from its benign counterpart, the 
myxoid leiomyoma. This is an extremely rare tumor that typically shows well-circum-
scribed margins, no cytologic atypia, absent tumor cell necrosis, and mitotic counts < 
2/10 HPFs  (70) . Leiomyoma with hydropic change may also be considered in the dif-
ferential diagnosis of a myxoid leiomyosarcoma; however, the background matrix is 
composed of edema fluid which is Alcian Blue and colloidal iron negative  (89) .   
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  Low-Grade Endometrial Stromal Sarcoma 

 Endometrial stromal neoplasms are divided into two main groups: (a) endometrial 
stromal nodule and (b) low-grade endometrial stromal sarcoma. Low-grade endome-
trial stromal sarcoma accounts for approximately 80% of all stromal neoplasms and 
it represents the second most common pure uterine sarcoma of the homologous type 
following leiomyosarcoma. The old term, high-grade endometrial stromal sarcoma, 
has been replaced in the most recent WHO classification with undifferentiated stro-
mal sarcoma, as in contrast to low-grade endometrial endometrial stromal sarcoma, 
it is associated with a very poor prognosis and shows no resemblance to endometrial 
stroma  (59) . 

  Gross Features 

 Low-grade endometrial stromal sarcomas commonly appear as multiple coalescent 
tan to yellow soft nodules involving the endometrium and myometrium. The 
tumors typically show a permeative growth into the myometrial wall and myome-
trial veins and, not infrequently, may be identified grossly, outside the uterus in 
parametrial veins. They may show areas of necrosis and hemorrhage  (90  ) .  

  Histologic Features 

 These tumors infiltrate the myometrium as irregular islands without any associated 
stromal response (Fig.  15 ). The tumor cells are small, uniform with scant cyto-
plasm, and round to oval nuclei and indistinct nucleoli. The tumor cells may whorl 
around the vessels, which are small and reminiscent of endometrial-type arterioles 
(Fig.  16 ). Histiocytes, single or in groups, collagen plaques, and cholesterol clefts 

  Fig. 15    Low-grade 
endometrial stromal sarcoma. 
The tumor is hypercellular 
and infiltrates the 
myometrium as irregular 
tongues       .
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are common associated findings  (91) . Low-grade endometrial stromal sarcomas 
may show morphologic variations or unusual features including smooth muscle 
 (92) , skeletal muscle  (93)  or adipose differentiation  (93) , fibrous and/or myxoid 
background  (94,   95) , endometrioid glandular  (96,   97)  and sex cord-like differentia-
tion  (98) , cells with granular eosinophilic or clear cytoplasm  (99, 100  ) , cells with a 
rhabdoid phenotype  (101) , and finally, cells with bizarre nuclei  (93) .   

 To establish the diagnosis of low-grade endometrial stromal sarcoma, the tumor 
must resemble proliferative-type endometrial stroma regardless of the mitotic index. 
The diagnosis of high-grade endometrial stromal sarcoma should only be made 
when a tumor with high-grade cytologic atypia or undifferentiated appearance 
arises in the context of a low-grade endometrial stromal sarcoma  (59) .  

  Immunophenotype 

 The neoplastic endometrial stromal cells are typically immunoreactive for vimen-
tin, muscle-specific and smooth muscle actin, keratin, and CD10  (102–    104) . 
However, it is important to note that positive CD10 staining can be seen in other 
uterine tumors. Some degree of positivity for desmin and caldesmon may be 
seen particularly if the tumor shows smooth muscle differentiation  (103–        108) . 
Areas of sex cord-like differentiation may be positive for inhibin, calretinin, 
CD99, WT1, and Melan A as well as demonstrate positivity for epithelial and 
smooth muscle markers (84, 109, 110). Areas of rhabdomyoblastic differentia-
tion are positive for myoD1, myoglobin, and myogenin  (93) . C-kit has been 
reported to be positive in low-grade endometrial stromal sarcomas; however, no 
associated mutations have been noted (111). Some low-grade endometrial stromal 
sarcomas may show aromatase expression which may be used for therapeutic 
purposes  (112) .  

  Fig. 16    Low-grade 
endometrial stromal sarcoma. 
The tumor cells are small and 
uniform and focally whorl 
around arterioles       .
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  Differential Diagnosis 

 The main entities in the differential diagnosis of low-grade endometrial stromal 
sarcomas include endometrial stromal nodule and highly cellular leiomyoma. An 
endometrial stromal nodule shares the same cytologic features described in low-grade 
endometrial stromal sarcoma. The main difference is the finding of a well-defined 
tumor–myometrium interface. Focal irregularities in the form of small finger-like 
projections or small islands not exceeding 3 mm are allowed; however, no vascular 
invasion should be seen  (113) . It is important to extensively sample the tumor–
myometrium interface in order to identify subtle permeation into the myometrium 
that may escape the naked eye  (113) . Clinicians should be made aware that the 
pathologist cannot distinguish between an endometrial stromal nodule and a low-
grade endometrial stromal sarcoma in a curettage specimen in most instances, as it 
is not possible to assess the entire margin, which is the most important feature in 
this differential diagnosis. The other important differential diagnosis is with a 
highly cellular leiomyoma. This benign smooth muscle tumor is characterized by 
dense uniform cellularity, prominent vascularity, and sometimes a pseudoinfiltrative 
growth into the surrounding myometrium, features that overlap with those described 
in endometrial stromal tumors. However, the tumor cells frequently form fascicles, 
the vessels are typically large with thick walls, and there is transition from the tumor 
to the myometrium, features that are lacking in a low-grade endometrial stromal 
sarcoma. The distinction is important, as it has prognostic implications, especially 
in a curettage specimen from a young woman. If the diagnosis is that of highly cel-
lular leiomyoma, the patient may retain her uterus, whereas if the diagnosis is that 
of endometrial stromal neoplasm, the patient requires a hysterectomy in most cases 
 (114) . Other neoplastic and nonneoplastic processes that rarely enter into the dif-
ferential diagnosis include gland poor adenomyosis  (115)  and cellular intravenous 
leiomyomatosis  (116) . When low-grade endometrial stromal sarcomas show unu-
sual features, the differential diagnosis is broader including endometrioid adeno-
myoma (if there is prominent smooth muscle differentiation)  (117) , myxoid smooth 
muscle tumor (if there is prominent myxoid change)  (91  ) , uterine tumor resembling 
an ovarian sex cord tumor (if there is prominent sex cord-like differentiation)  (83) , 
and finally, adenomyosis and low-grade müllerian adenosarcoma (if there is glan-
dular differentiation)  (  118) .   

  Undifferentiated Endometrial Sarcoma 

 This is a high-grade sarcoma without specific histologic features. This diagnosis 
should only be made after poorly differentiated carcinoma, leiomyosarcoma, rhab-
domyosarcoma, adenosarcoma with sarcomatous overgrowth, and malignant mixed 
müllerian tumor have been excluded by extensive sampling, careful histologic 
examination, and use of immunohistochemical stains if needed  (59) . 
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 As mentioned earlier, a diagnosis of high-grade endometrial stromal sarcoma 
can be applied only in cases in which a component of low-grade endometrial stro-
mal sarcoma is identified. Otherwise, the diagnosis is that of undifferentiated 
endometrial sarcoma. This nomenclature conveys the highly aggressive nature of 
the tumor which contrasts with the much better prognosis associated with a low-
grade endometrial stromal sarcoma  (59) .  

  Low-grade Müllerian Adenosarcoma 

 This tumor belongs to the biphasic müllerian category of tumors (Table  6 ). It is typi-
cally composed of benign appearing glands and a low-grade malignant mesenchymal 
component. It has been reported to represent approximately 7% of all uterine sarco-
mas in a large series  (119) . It most commonly affects perimenopausal women and has 
a similar incidence in white and black women. These tumors have been reported in 
women receiving tamoxifen therapy or after pelvic radiation therapy  (120) .     

  Gross Features 

 Most low-grade müllerian adenosarcomas appear as large polypoid masses filling 
the endometrial cavity, but rarely arise in the myometrium. On sectioning, they may 
be predominantly solid or have a spongy appearance with cysts of different sizes. 
The cysts are filled with clear fluid or hemorrhage and are separated by variable 
amounts of tan to brown tissue  (118) .  

  Histologic Features 

 On low-power examination, the key histologic features include the finding of 
marked condensation of the low-grade malignant stromal component around cysti-
cally dilated glands (Fig.  17a ) or glands with a phyllodes-type morphology. Also 
characteristic is the finding of intraluminal protrusions of the neoplastic stroma. 
The malignant mesenchymal component is a low-grade homologous sarcoma 

   Table 6.  Mixed müllerian tumors of the uterus  

 Müllerian adenofibroma 
 Low-grade Müllerian adenosarcoma 

 Homologous 
 Heterologous 

 Carcinosarcoma (malignant mixed müllerian tumor) 
 Homologous 
 Heterologous 

 Müllerian adenomyoma 
 Endometrioid-type 
 Endocervical-type 
 Atypical polypoid adenomyoma 
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reminiscent of a low-grade endometrial stromal sarcoma or fibrosarcoma in most 
cases. The greatest degree of cytologic atypia and mitotic activity is seen in the 
areas of stromal condensation. The glandular component is commonly of endome-
trioid-type although mucinous or tubal-type epithelium and squamous differentia-
tion may be found. The epithelium is typically benign, but it may on occasion 
appear atypical. The diagnosis of adenosarcoma is generally established by the find-
ing of >4 mitoses/10 HPFs in the stromal component surrounding the glands. Even 
though, tumors showing prominent periglandular condensation, stromal atypia, and 
<4 mitoses/10 HPFs are not uniformly diagnosed as adenosarcoma, tumors with 
these features frequently recur  (118) . The mesenchymal component may show 
bizarre nuclei, foamy histiocytes, smooth muscle, and sex cord-like differentiation 
(118, 120, 121). Rhabdomyoblastic, cartilaginous, or fatty differentiation is more 
commonly seen outside the uterine corpus and is present in 10–15% of cases (118, 122). 
Finally, 10% of these tumors show sarcomatous overgrowth, defined by the pres-
ence of pure sarcoma involving approximately 25% of the tumor (Fig.  17b )  (123) . 

  Fig. 17    Low-grade müllerian 
adenosarcoma. The neoplastic 
stromal cells condensate 
around the müllerian-type 
glands (“collaring”) ( a ). 
Sarcomatous overgrowth.
A high-grade sarcoma is 
associated with focal necrosis 
and has overgrown areas of 
conventional low-grade 
müllerian adenosarcoma ( b ).       



74 R.A. Soslow and E. Oliva

In most cases, the sarcomatous overgrowth is composed of a high-grade sarcoma 
but it has also been reported as a low-grade sarcoma. Sarcomatous overgrowth is 
associated with destructive invasion of the myometrium not accompanied by 
glands. This is in contrast to typical low-grade müllerian adenosarcomas which 
show a low incidence of myometrial invasion with both epithelial and stromal com-
ponents forming part of the invasive tumor  (118) .   

  Immunophenotype 

 The low-grade malignant stromal component is typically positive for vimentin, 
WT1, CD10, ER, and PR with variable expression of cytokeratin, muscle actin, and 
AR. This immunohistochemical profile overlaps with that reported in low-grade 
endometrial stromal sarcomas. Areas of sarcomatous overgrowth show decreased 
or absent CD10, ER, and PR expression (124).   

  Carcinosarcoma (Malignant mixed müllerian tumor) 

 Even though it represents < 5% of all malignant uterine tumors, this highly malig-
nant mixed tumor was previously considered the most common uterine sarcoma 
 (125) . The histogenesis of these tumors has evolved in recent years. It is now 
widely accepted that carcinosarcomas either arise from a common pluripotential 
cell with divergent differentiation or that the sarcomatous component develops 
from the carcinomatous component by a metaplastic process or dedifferentiation 
 (126,   127) . These tumors occur typically in postmenopausal women and have a 
higher incidence in black women  (125) . 

  Gross Features 

 These are typically large, bulky polypoid tumors filling and distending the endome-
trial cavity. On sectioning, they show a fleshy heterogeneous cut-surface with 
extensive areas of hemorrhage and necrosis. Deep and destructive infiltration of the 
myometrium is easily identified in most cases. While most tumors originate in the 
uterine corpus, approximately 5% arise in the cervix  (128–    130) .  

  Histologic Features 

 These tumors are characterized by an intimate admixture of high-grade malignant 
epithelial and mesenchymal elements. However, in some cases, the two elements do 
not appear admixed but they are juxtaposed. The high-grade carcinoma is more fre-
quently either of serous or endometrioid type (with or without squamous differentia-
tion) (Fig.  18 ), although any type of endometrial carcinoma can be seen. If the tumor 
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arises in the cervix, the epithelial component is typically squamous and can be found 
adjacent to high-grade squamous dysplasia. The high-grade sarcoma is often of the 
homologous type, resembling high-grade leiomyosarcoma, malignant fibrous histio-
cytoma, or undifferentiated endometrial sarcoma. Heterologous differentiation 
[including in order of frequency rhabdomyosarcoma (Fig.  18 ), chondrosarcoma, 
liposarcoma, and rarely osteosarcoma and neuroectodermal differentiation] is seen in 
approximately 50% of cases  (129,   131,   132) .   

  Immunophenotype 

 The high-grade carcinoma typically coexpresses epithelial markers (keratin and 
EMA) and vimentin. The high-grade sarcoma is positive for vimentin and frequently 
for smooth muscle actin and epithelial markers. This overlapping profile of epithelial 
and mesenchymal components supports a common histogenesis. Synaptophysin, 
neuron specfic enolase, Leu-7, and CD10 may be expressed in the mesenchymal as 
well as in the epithelial components. The rhabdomyosarcomatous component is 
positive for myoglobin, myogenin, and MyoD1. p53 is frequently positive in both 
components  (129,   133,   134) .   

  Perivascular Epithelioid Cell Tumor (PEComa) 

 These are rare uterine tumors that belong to the family of neoplasms thought to origi-
nate from the perivascular epithelioid cell. The latter cell type is defined by the pres-
ence of abundant clear to eosinophilic granular cytoplasm, positive staining for 
HMB-45, as well as frequent expression of muscle markers  (135) . Other tumors that 
belong to this family include clear cell “sugar” tumors of the lung and pancreas, some 
forms of angiomyolipoma, and the clear cell myelomelanocytic tumor of ligamentum 

  Fig. 18    Malignant mixed 
müllerian tumor. 
The epithelial and 
sarcomatous components of 
the tumor are intimately 
admixed. The sarcomatous 
component shows 
rhabdomyoblastic 
differentiation ( arrows ).       
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teres/falciform ligament  (136–      139) . These tumors show a particular association with 
lymphangiomyomatosis as well as tuberous sclerosis  (82,   137) . 

  Gross Features 

 Most tumors are solitary and can be well circumscribed with a white and whorled 
cut-surface or show poorly defined margins, often with a fleshy and soft, gray-
white to tan or yellow cut-surface  (82,   140,   141) .  

  Histologic Features 

 On low-power examination, some tumors have a tongue-like infiltrative growth 
similar to that seen in a low-grade endometrial stromal sarcoma, while in others, 
the interface between the tumor and the surrounding tissue is smooth  (140) . The 
tumor cells grow in sheets or small nests with scant intervening stroma. The cells 
have abundant clear or eosinophilic cytoplasm and oval to round nuclei (Fig.  19a ). 
The tumors not infrequently show, at least focally, a fascicular growth and in these 
areas, the cells have elongated nuclei with an appearance similar to that described 
in smooth muscle tumors. The degree of nuclear atypia is variable and the mitotic 
rates are low in most cases  (82,   140–    142) .   

  Immunophenotype 

 The tumors are characteristically positive for HMB-45 (Fig.  19b   ), Melan-A, micro-
phthalmia transcription factor (MiTF), and are negative for S-100. They frequently 
express muscle markers, including smooth muscle actin and desmin, and may be 
positive for CD10, but they are negative for inhibin and keratin. The coexpression 
of HMB-45 and muscle markers is highly specific for this tumor  (82,   140,   141) .   

  Intravenous Leiomyomatosis 

 Although this is a rare, histologically benign condition, characterized by a predomi-
nant intravascular proliferation of smooth muscle cells, it is included in this chapter 
because it may pursue an aggressive behavior, growing along the inferior vena cava 
into the right heart  (143–    146) . As intravenous leiomyomatosis is frequently associ-
ated with uterine leiomyomas, a diagnosis of intravenous leiomyomatosis should 
only be made when the intravascular growth is present beyond the confines or in 
the absence of a leiomyoma  (116) . Extrauterine extension is most common within 
the broad ligament veins (up to 80% of cases) and into the right heart (up to 40% 
of cases)  (116,     146) . This condition may occur at any age, but it is more common 
in middle-aged women. 
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  Fig. 19    PEComa. The tumor cells have abundant pale cytoplasm and grow in sheets and cords 
( a ) and are diffusely positive for HMB-45 ( b ).       
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  Gross Features 

 In some occasions, the gross appearance is similar to that seen in a leiomyoma 
being more often multinodular  (147) . White to yellow and firm to soft worm-like 
plugs of tumor may be seen filling and distending the myometrial veins, sometimes 
with extrauterine extension; however, not infrequently, it is not appreciated on ini-
tial gross examination of the uterus  (116,   147,   148) .  

  Histologic Features 

 On low-power examination, intravenous leiomyomatosis shows a prominent growth 
into vascular spaces. On high power, its appearance closely overlaps with that seen in 
typical leiomyomas  (116) . The bland tumor cells form intersecting fascicles and dis-
play elongated nuclei with “blunt ends,” eosinophilic cytoplasm, and rare to absent 
mitotic activity  (116,   147–    149) . Leiomyoma variants have also been described 
including hydropic change, myxoid, epithelioid, highly cellular, lipoleiomyoma, and 
with bizarre nuclei  (150–152    ) .    

  Conclusions  

   •  Endometrioid adenocarcinomas resemble, at least focally, proliferative-type 
endometrium showing tubular glands with smooth luminal surfaces, lined by 
mitotically active columnar cells.  

 •  Based on the degree of glandular differentiation, endometrioid carcinomas are 
divided into three FIGO categories: grade 1: ≤ 5% of solid non-glandular growth; 
grade 2: 6–50% of solid non-glandular growth; and grade 3: >50% of solid growth. 
The presence of marked cytologic atypia increases the grade by one.  

 •  The presence of extensive confluent papillary growth, macroglands or cribriform 
architecture as well as marked cytologic atypia is diagnostic of adenocarcinoma 
and excludes endometrial hyperplasia.  

 •  The distinction between endometrial carcinoma and endocervical carcinoma or 
between high-grade endometrial carcinoma and serous carcinoma may be very 
difficult on a curettage specimen.  

 •  Mucinous, ciliated, secretory, and villoglandular carcinomas are related to 
endometrioid carcinomas.  

 •  Serous carcinomas may be very small or even confined to a polyp or the endometrium 
but they are always high grade and frequently have extrauterine spread. They typi-
cally show p53 overexpresion and they are ER and PR positive in <50% of cases.  

 •  Clear cell carcinoma is uncommonly ER and PR positive and p53 overexpres-
sion is significantly less frequent than in serous carcinoma.  

 •  The specific diagnostic criteria for the different subtypes of leiomyosarcomas differ 
as it appears that epithelioid and myxoid tumors are in general more aggressive.  
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 •  A combination of any two of the following three features establishes the diagnosis 
of spindled leiomyosarcoma: diffuse moderate to severe atypia, >10 mitoses/10 
HPFs, and tumor cell necrosis.  

 •  The criteria to establish the diagnosis of malignancy are not well established in 
epithelioid smooth muscle tumors. As a general rule, this diagnosis is warranted 
when there are  ³ 5 mitoses/10 HPFs and diffuse moderate to severe cytologic 
atypia or tumor cell necrosis.  

 •  The diagnosis of myxoid leiomyosarcoma is made when either marked cytologic 
atypia or tumor cell necrosis is identified. In their absence, the finding of � 2 
mitoses/10 HPFs separates myxoid leiomyosarcoma from myxoid leiomyoma.  

 •  Clinicians should be made aware that pathologists cannot distinguish between 
endometrial stromal nodule and low-grade endometrial stromal sarcoma in a 
curettage specimen in most instances; the most important feature in this differ-
ential diagnosis, the status of the tumor myometrial interface, cannot be assessed 
in this setting.  

 •  A diagnosis of high-grade endometrial stromal sarcoma can only be applied 
when the tumor has arisen in the context of a low-grade endometrial stromal 
sarcoma.  

 •  The diagnosis of undifferentiated endometrial sarcoma is a diagnosis of exclu-
sion as this is a high-grade sarcoma without specific histologic features.  

 •  The most important histologic parameters in the prognosis of low-grade mülle-
rian adenosarcoma are myometrial invasion and sarcomatous overgrowth.  

 •  Malignant mixed müllerian tumors arise either from a common pluripotential 
cell with divergent differentiation or by progression from the carcinomatous 
component by a metaplastic process or dedifferentiation, coexpressing epithelial 
and mesenchymal markers.  

 •  PEComas are rare uterine tumors that belong to the family of neoplasms thought 
to originate from the perivascular epithelioid cell, which is defined by the pres-
ence of abundant clear to eosinophilic granular cytoplasm, positive staining for 
HMB-45, as well as frequent expression of muscle markers.  

 •  Intravenous leiomyomatosis is a proliferation of histologically benign smooth 
muscle growing in vascular spaces. It may be seen in the absence of leiomyomas 
or outside the confines of leiomyomas. It has commonly extrauterine extension 
which may be responsible of an aggressive behavior.         
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       Molecular Pathology and Cytogenetics 
of Endometrial Carcinoma, Carcinosarcoma, 
and Uterine Sarcomas       

     Jose Palacios      and    Paola Dal   Cin      

  Abstract   Molecular pathology and genetics are the subject of increasing focus 
since they are providing a link between etiologic factors and the heterogeneity of 
clinicopathologic manifestations that have been covered in the preceding chapters. 
In endometrial cancer, two divergent pathways have been delineated that may be 
thought as analogous to the hormone-dependent and -independent subtypes in 
breast and prostate cancers. The subtypes of endometrial adenocarcinoma reflect 
differences in the dysregulation of hormone-dependent and -independent pathways 
and may be subject to increasing manipulation described in Chapters 6 and 15 . 
Knowledge on alterations in sarcomas will hopefully lead to advances in diagnosis 
and therapy that are urgently needed in women where spread beyond the uterus has 
occurred.  

  Keywords   Molecular pathways  •  Microsatellite instability  •  PTEN inactivation 
β-catenin  •  Cytogenetics     

  Endometrial Carcinoma  

  Molecular Alterations 

 During the last years, it has been demonstrated that endometrioid (EEC) (type I) and 
nonendometrioid (type II) endometrial carcinomas (NEEC) not only differed from epi-
demiologic, clinical, and morphologic point of views but also regarding molecular altera-
tions implicated in their initiation and progression. Four main genetic changes have been 
described in EEC including mutations in  PTEN  (phosphatase and tensin homologue 
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deleted on chromosome 10),  KRAS ,   b -catenin , and microsatellite instability (MSI) (Figs. 
 1 –   3 ). All these alterations have also been found in atypical endometrial hyperplasia, 
indicating their role in tumor initiation, but they are infrequent in NECC. In contrast, p53 
mutations occur in a high percentage of NEEC, mainly in serous carcinomas and in its 
precursor lesion, endometrial intraepithelial carcinoma (Fig.  4 ), but are detected only in 
a subset of grade 3 EECs. In addition, it has been suggested that p53 inactivation may be 

  Fig. 1    Absence of MLH1 expression and preserved MSH2 expression in an EEC with microsat-
ellite instability. Note abnormal size of BAT25 microsatellite in tumor tissue (T) with respect to 
normal tissue (N).       

  Fig. 2    Common single point mutations in  PTEN  and  K-RAS  genes.       
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  Fig. 3     b -Catenin nuclear accumulation in areas of squamous metaplasia in an EEC, which carry 
a single point mutation in codon 33.       

  Fig. 4    p53-positive immunostaining in endometrial intraepithelial carcinoma. Note the admixture 
of atrophic (p53-negative) and neoplastic (p53-positive) glands.       

implicated in the phenotypic change from EEC to NEEC as observed in some mixed 
carcinomas  (1) . Although  PTEN  mutation is the most frequent genetic alteration of EC, 
it will be discussed after MSI since some mutations in this gene are probably second-
ary to mismatch repair (MMR) deficiency status ( Table 1 ).         

  Microsatellite Instability 

 Microsatellite instability represents a pattern of mutations in cells with a replication 
error phenotype due to deficient DNA MMR. This results in the addition or deletion 
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of bases within nucleotide repeats known as microsatellite regions. Microsatellite 
loci contain repetitive elements of 1–6 nucleotides in length and are most com-
monly (CA) 

 n 
  or poly A/T sequences. MSI status can be detected by using a standard 

panel of five microsatellite markers. When at least two of the five markers show 
MSI, tumors are classified as MSI-high (MSI-H). In contrast, tumors without size 
alteration in microsatellites or those with only one altered marker are classified as 
microsatellite stable (MSS) and MSI-low (MSI-L), respectively  (2) . From a clinico-
pathologic point of view, MSI-L tumors should be included with MSS tumors  (3) . 

 Microsatellite instability was first reported in colorectal adenocarcinomas of 
patients with Lynch syndrome (hereditary nonpolyposis colorectal cancer, HNPCC). 
This status of high-frequency mutagenesis is caused by mutations in the main DNA 
MMR genes, such as  hMLH1  and  hMSH2  and less frequently  hMSH6 ,  hPMS1 , and 
 hPMS2 . MSI is also seen in approximately 15% of sporadic colorectal carcinomas, 
usually reflecting loss of expression of hMLH1 associated with gene silencing by 
 hMLH1  promoter methylation  (3) . 

 Available data indicate that endometrial carcinoma (EC) is the most common 
extracolonic tumor in Lynch syndrome, with lifetime risk estimates ranging from 
40% to 60% in female mutation carriers  (4) . As a result, the original Amsterdam 
criteria for Lynch syndrome was revised in 1999 to include EC among the diagnos-
tic criteria  (5) . It has been suggested that EC is the most common malignancy 
among women carrying hMSH6 germ line mutations  (6) . 

 Microsatellite instability is seen in approximately 15–45% of sporadic EEC  (7–
  12) , usually reflecting loss of expression of hMLH1 associated with gene silencing 
by  hMLH1  promoter methylation. This change has been reported in 69–92% of EC 
with MSI  (13,   14) . In addition, it has been shown that the  hMLH1  promoter is fre-
quently methylated in the histologically normal endometrium  (15)  and atypical 
endometrial hyperplasia  (13)  of patients with ECs and that the methylation status is 
similar to that in the carcinoma. These findings support the notion that, in a subset 
of tumors, epigenetic changes in DNA MMR genes might be the initial events that 
trigger the genetic alterations involved in endometrial carcinogenesis. 

 Immunohistochemistry can be used to explore MMR gene inactivation in EC. 
Currently, there are antibodies available to study the expression of the most important 
MMR proteins, such as hMLH1, hMSH2, hMSH6, and hPMS2. In colon cancer, large 
studies comparing immunohistochemistry and MSI genotyping have demonstrated a 

   Table 1.  Frequency of molecular alterations in different types of endometrial carcinoma as well 
as in atypical endometrial hyperplasia  

 Molecular alteration 

 Atypical endome-
trial hyperplasia 
(%) 

 Endometrioid 
endometrial 
carcinomas (%) 

 Nonendometrioid 
endometrial 
carcinomas (%) 

 PTEN mutation  20–55  24–83  <5 
 Microsatellite instability  10  15–45  <5 
 KRAS mutation  5–20  10–30  <5 
  b -Catenin mutation  0–14  15–20  <5 
 p53 mutation  –  10–20  50–80 
 HER2 amplification  –  10  40 
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93–100% sensitivity to detect MSI by immunohistochemistry analysis. Although there 
are not such larger series in EC, different studies have reported a 70–100% sensitivity 
when using immunohistochemistry when hMLH1 and hMSH2 are utilized together 
(Fig.  1 )  (14,   16,   17) . 

 MMR deficiency in cancer produces instability not only in microsatellites that 
are located in noncoding sequences, such as those used for MSI genotyping, but 
also in mononucleotide tract repeats located in coding sequences of different 
genes. The proteins encoded by these genes participate in a variety of essential 
cellular processes like signal transduction (TGF  b  RII, IGFIIR, PTEN), apoptosis 
(BAX, caspase 5), DNA repair (hMSH3, hMSH6, MBD4), transcriptional regula-
tion (TCF-4), protein translocation and modification (SEC63, OGT), or immune 
surveillance (  b  2M). It is generally believed that this subset of critical targets spe-
cifically promotes MSI carcinogenesis in a large proportion of tumors. Moreover, 
several studies have demonstrated that selection of target gene mutations in MSI 
cancers is a tissue-specific process. Whereas some of the genes were proposed to 
be real target genes for mutation in the most common types of cancers with MSI 
(colon, gastric, and endometrial cancer) ( TGF b RII ,  BAX ,  IGFIIR ,  MSH3 ,  MSH6 , 
and  GRB14 ), selection of other genes for mutation appeared to be dependent on 
the primary site of the tumor. MSI ECs accumulate significantly fewer mutations 
at coding repeats compared with gastrointestinal MSI tumors. For example, the 
almost systematic  TGF b RII  gene mutation in MSI gastrointestinal tumors was 
observed in only 0–10% of the MSI EC cases in different series  (18–  20) . 

 Although MSI occurs in a substantial fraction of sporadic EC, data on whether 
these endometrial tumors differ from their MSI-negative counterparts in clinical 
characteristics, pathologic features, and survival is controversial; although some 
studies have reported favorable survival associated with MSI EEC  (21) , most large 
series did not find differences in grade, recurrence rate, and survival between MSI-
positive and -negative EC  (10,   11) .  

  PTEN Inactivation 

  PTEN  gene is located in 10q23, a region undergoing frequent somatic deletion in 
tumors. It encodes a 403-amino acid dual-specificity phosphatase containing a 
region of homology to tensin and auxilin, which are two cytoskeletal proteins. 
Among other activities,  PTEN  antagonizes the  PI3K/AKT  pathway, which results in 
downregulation of AKT phosphorylation activation. Thus, decreased expression of 
 PTEN  leads to increased levels of phospho-AKT, which results in both suppression 
of apoptosis and induction of cell cycle. 

  PTEN  is mutated in the germ line of patients with Cowden’s disease, a rare 
autosomal dominant cancer syndrome, which occasionally may be associated with 
EC. However,  PTEN  is also frequently somatically mutated in tumors from various 
tissues.  PTEN  may be also inactivated by deletion, as shown by the elevated fre-
quency of loss of heterozygosity in different tumor types. Finally, a third proposed 
mechanism for  PTEN  inactivation is promoter hypermethylation. However, the true 
significance of  PTEN  promoter methylation is still under discussion. 
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  PTEN  is frequently abnormal in ECs. Loss of heterozygosity at chromosome 10q23 
occurs in 40% of cases  (22) . Moreover,  PTEN  is the most frequently mutated gene in 
EEC (Fig.  2 ). The frequency of PTEN mutations in EEC varies between 24% and 50% 
 (5,   23–  25)  in different series, although one study has reported an incidence as high as 
83%  (26) . In addition,  PTEN  silencing may occur not only in EEC and endometrial 
hyperplasia  (25–  28)  but also in isolated glands in up to 40% of premenopausal women 
 (29) , indicating a major role of this alteration in the initiation of some EEC. 

 PTEN mutations may occur throughout the entire coding region, but are more 
frequent in exons 5, 7, and 8. A high percentage of mutations in exon 5 (around 
60%) are single base substitution, being more common in codon 130. In contrast, 
frameshift mutations are more frequent in exons 7 and 8, where two hot spots for 
deletion or insertion have been identified: two (A) 

6
  sequences in codons 265–267 

and codons 321–323. Mutations in those sites are characteristic features of MSI 
tumors and suggest that some mutations in the  PTEN  gene are consequence of loss 
of DNA repair mechanism. Opinions differ, however, on the relationship between 
occurrence of  PTEN  gene mutations and the presence of MSI in EC. Thus, most 
series  (24,   30,   31,   57)  have demonstrated that  PTEN  gene mutations occur more 
frequently in EC with MSI (65–86%) than in carcinomas without this instability 
(20–36%). However, other authors failed to find any relationship between the high 
frequency of  PTEN  gene mutations and MSI in EC  (26) . 

  PTEN  mutations have been detected more frequently in Caucasians relative to 
African-Americans, and have been correlated with young age, low FIGO-stage, low 
grade, and favorable prognosis  (32–  34) . 

 It has been suggested that  PTEN  immunostaining may be an effective method to 
screen for abnormal  PTEN  expression in tumors and premalignant lesions. However, 
some variability has been observed with different antibodies and techniques, particu-
larly when correlating the immunohistochemical results with the presence of molecu-
lar alterations. Recent studies have suggested that the monoclonal antibody 6.H2.1 is 
the only antibody that recognizes a pattern of PTEN expression that correlates with 
the presence of molecular alterations in  PTEN  (mutations, deletions, or promoter 
hypermethylation)  (35) . 

 Very recently, it has been demonstrated that the PI3K pathway can be activated 
in EC not only by PTEN mutations but also by mutations in the catalytic subunit 
alpha of PI3K (PIK3CA), which occurs in 36% of EC. Interestingly, these muta-
tions are most common among EC with PTEN mutations (46%), and approximately 
one quarter of the tumors carry mutations in both genes. These results indicate that 
combinations of PTEN/PI3CA alterations might play an important role in the 
development of EC  (36) .  

   b -Catenin Mutations 

 The Wnt signaling pathway plays an important role in normal and tumoral cells. In the 
absence of an extracellular Wnt signal in normal cells, the free (cytoplasmic)  b -catenin 
level is low since the protein is targeted for destruction in the ubiquitin–proteasome 
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system after phosphorylation by glycogen synthase kinase-3 b  (GSK-3 b ). The latter 
forms a complex with the adenomatous polyposis coli (APC) protein and other pro-
teins, such as  AXIN1 ,  AXIN2 , and protein phosphatase 2A. The most common molecu-
lar alterations in tumor cells leading to disruption of  b -catenin degradation are 
mutations that inactivate APC or activate  b -catenin itself. These alterations produce an 
accumulation of cytoplasmic  b -catenin that translocates into the nucleus and, interact-
ing with members of the lymphoid enhancer factor-1/T-cell factor (Lef-1/Tcf), acti-
vates transcription of various genes, such as  cyclin D1  and  MYC . 

 Regarding EC, the Wnt signaling pathway is altered only in EEC. In these 
tumors, mutations of APC have not been detected  (37,   38) , but  b -catenin mutations 
occurred in approximately 15–20% of EEC (Fig.  3 )  (37–  41) , and in 14% of 
endometrial atypical hyperplasias  (24) . Most studies on  b -catenin mutations have 
only analyzed the consensus sequence for GSK-3 b  phosphorylation in exon 3. 
Mutations affect the amino acids implicated in the downregulation of  b -catenin 
through phosphorylation by this serine/threonine kinase (serine 33, serine 37, 
threonine 41, and serine 45) and two adjacent residues. Mutations in these residues 
render a fraction of cellular  b -catenin insensitive to APC-mediated downregulation 
and are responsible for the upregulation of cytoplasmic  b -catenin and its accumula-
tion in the nuclei of tumor cells, which can be detected by immunohistochemistry. 

 Approximately 15% of tumors feature  b -catenin nuclear accumulation without 
evidence of  b -catenin mutations, suggesting alterations in molecules of the Wnt 
pathway other than  b -catenin mutations. However no  APC ,  AXIN1 , or  AXIN2  muta-
tions have been detected in EEC. In addition, alterations of genes involved in GSK-
3- b  regulation, such as  PTEN  and  KRAS , have also been excluded as causes of 
 b -catenin upregulation  (38) . 

 From a morphologic point of view, several studies have stressed the association 
between nuclear  b -catenin accumulation and squamous metaplasia in EEC. Although 
nuclear  b -catenin may be associated with usual squamous metaplasia, it is more 
characteristically associated with morular metaplasia and  b -catenin mutations are 
found in 50% of atypical endometrial hyperplasias  with squamous morules  (28) . 

 Some series have not found significant relationship between   b -catenin  gene 
mutations and clinicopathologic features, such as age, tumor grade, and stage. 
However, other series have shown an association with low-grade tumors and 
absence of lymph node metastases  (41) , suggesting that   b -catenin  mutations might 
occur in a subset of less-aggressive ECs.  

  KRAS Mutations 

  KRAS  mutations in codons 12 and 13 have been identified in 10–30% of ECs (Fig.  2 ) 
 (9,   38,   42–  44) . Although some authors have failed to demonstrate a correlation 
between  KRAS  mutations and stage, grade, depth of invasion, age, or clinical out-
come in EC  (45) , others have reported associations between  KRAS  mutations and 
the presence of coexistent endometrial atypical hyperplasia  (43) , lymph node 
metastases, and clinical outcome in postmenopausal patients above 60 years  (46) . 
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An association between  KRAS  mutations and mucinous differentiation has also 
been reported  (44) . Several studies have tried to correlate  KRAS  mutations and MSI 
in EC, but results are contradictory. 

  BRAF , which encodes a  RAF  family member that functions downstream of RAS, 
has been reported to be somatically mutated in a number of human cancers. 
Recently, activating mutations of  BRAF  have been frequently observed in MSI 
colorectal carcinomas, in which mutations of  BRAF  and  KRAS  have been reported 
to be mutually exclusive  (47) . Several series have analyzed the frequency of  BRAF  
mutations in EC. Although one of these studies reported a 21% incidence of  BRAF  
mutations and suggested an association with MSI status  (48) , most studies have 
found a very low incidence of BRAF alterations  (49–  51) , indicating a minor role of 
this gene in endometrial carcinogenesis.  

  p53 Inactivation 

 The  p53  tumor suppressor gene was initially identified as being essential for DNA 
damage checkpoint, but it was subsequently found to have a broader function after 
cellular stress, such as oncogene activation or hypoxia. The p53 protein is found at 
very low levels in normal unstressed cells. After stress, different pathways lead to 
post-translational modification of the protein and its stabilization. This accumula-
tion activates the transcription of a wide range of genes involved in various activi-
ties, including cell cycle inhibition and apoptosis depending on the cellular context, 
the extent of damage, or other unknown parameters. 

 Inactivation of the  p53  gene is essentially due to small mutations (missense 
and nonsense mutations or insertions/deletions of several nucleotides), which 
lead to either expression of a mutant protein (90% of cases) or absence of 
protein (10% of cases). Thus, there is no a complete concordance between 
genotyping and immunohistochemistry in tumors with  p53  mutations. No inac-
tivation of  p53  gene expression by hypermethylation of transcription promot-
ers has been demonstrated. In many cases, these mutations are associated with 
loss of the wild-type allele of the  p53  gene located on the short arm of chromo-
some 17. 

  p53  mutations have been detected in approximately 20% of EECs, being 
more frequent among grade 3 or advanced stage EECs  (52–  56) . In contrast, 
50–80% of serous carcinomas (NEEC) and its precursor lesion, endometrial 
intraepithelial carcinoma, carry  p53  mutations, more frequently associated with 
protein overexpression (Fig.  4 )  (57,   58) . For this reason, p53 immunohistochem-
istry may help in the differential diagnosis of uterine serous carcinoma when it 
exhibits glands without papillary architecture that make it difficult to distinguish 
from EEC  (59) . 

 p53 expression and mutations have been reported to be an adverse prognostic 
factor in EC in some studies, but not in others. It has been proposed that the functional 
activity of mutant p53 protein is a strong predictor of survival in patients with EC 
 (56) . Thus, the presence of dominant-negative  p53  mutations, those that produce 
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mutated proteins that complex with and inactivate wild-type protein, are associated 
with poor prognosis in advanced EEC.  

  HER-2/neu Amplification and Overexpression 

 The human HER-2/neu gene located on 17q.12 encodes a protein (p185), which is 
a member of the epidermal growth factor receptor (EGFR) transmembrane receptor 
tyrosine kinase family. Overexpression of HER-2/neu plays a role in cellular trans-
formation, tumorigenesis, and metastases.  HER-2/neu  gene has been extensively 
studied in breast cancer, where up to 20% of tumors show protein overexpression 
as a result of gene amplification. In these tumors, the use of the humanized anti-
HER-2/neu antibody trastuzumab has proven to be of clinical benefit. 

 In EC, immunohistochemical or molecular studies addressing the HER/2-neu 
protein or gene status and the prognostic utility of these alterations are limited, in 
part due to methodology-related issues. Recent studies using standardized systems 
of immunohistochemical evaluation for protein expression have reported that 
approximately 15% of EEC and 20–60% of NEEC overexpressed HER-2/neu  (60–
  62) . Overexpression was defined as >10% of cells with complete membrane stain-
ing of weak to moderate (2+) or intense (3+) intensity. Gene amplification 
evaluated by fluorescent in situ hybridization (FISH) or chromogenic in situ 
hybridization (CISH) has been observed in 9% EEC and in 3–42% NEEC  (60–  62) . 
Amplified cases more frequently showed 3+ expression. Differences in frequency 
of HER2–2/neu overexpression and amplification between different NEEC series 
are related to the number of mixed carcinomas included, as it is suggested that 
HER-2/neu overexpression is more characteristic of pure serous papillary carcino-
mas  (62) . 

 Although some studies have reported poor prognosis in patients with EC that 
overexpressed HER-2-neu, further studies are needed to better establish the prog-
nostic significance of this alteration and its potential use as a pharmacodiagnostic 
and therapeutic marker.   

  Cytogenetic Abnormalities 

 Cytogenetic studies of EC have shown that most tumors have hyperdiploid 
karyotypes with relatively simple abnormalities, both numerical and structural, 
although cases also exist with complex chromosomal rearrangements  (63) . 
Although aberrations of chromosome 1 leading to trisomy/tetrasomy 1q are the 
most frequent abnormalities reported, no specific karyotypic changes have been 
detected. A recent comparative genomic hybridization (CGH) study revealed more 
complex chromosomal imbalances in hormone-independent, type II ECs than in 
hormone-related, type I carcinomas. Moreover, the same study showed increased 
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karyotypic complexity in relation to tumor grade in type I ECs, supporting the idea 
that tumor-phenotype is altered with accumulation of genomic imbalances  (64) .   

  Uterine Carcinosarcomas (Malignant Mixed Müllerian Tumors)  

  Molecular Abnormalities 

 The histogenesis of carcinosarcomas (CSs) has long been a matter of speculation 
and dispute. Two main hypotheses have been proposed to explain carcinomatous 
and sarcomatous components. In the “collision theory,” synchronous biclonal 
tumors are thought to blend together. The second, and most favored theory, is the 
“combination theory” which postulates that both elements originate from a single 
stem cell clone. According to this theory, the sarcomatous component arises in a 
carcinoma through evolution of subclones. 

 A number of recent immunohistochemical and molecular-genetic studies sup-
port the monoclonal nature of these neoplasms. For example, immunohistochemi-
cal studies have documented the expression of epithelial markers in the sarcomatous 
components of a large proportion of cases. More recently, X-chromosomal inactiva-
tion assays, p53 and KRAS mutational analyses, and LOH studies have all shown 
the carcinomatous and sarcomatous elements to share common genetic alterations 
 (65,   66) . LOH, mutations, or protein overexpression of p53 have been found in 
32–80% of these tumors. In addition, 24% of CSs carry KRAS mutations. The 
same mutations were detected in the carcinomatous and sarcomatous components 
of the tumors, supporting the clonal origin of both components  (65,   67,   68) . 

 LOH at the  PTEN  locus is infrequent in CS but may occur late in the progression 
of these neoplasms  (66) . The frequency of PTEN mutations in CS is also low. Thus, 
Lancaster et al.  (69)  studied PTEN mutations in 24 CSs and were unable to detect 
any, while Amant et al.  (70)  analyzed 18 CSs and found PTEN mutations in 3 
(17%) cases, all with an endometrioid-type carcinoma component. 

 HER-2/neu overexpression and gene amplification have been reported in 
22–49% and 15–20% of endometrial CS, respectively  (71,   72) . Interestingly, pro-
tein expression was most commonly found in the epithelial than in the sarcomatous 
component. In contrast, the expression of EGFR, which is found in about 50% of 
CSs, predominates in the sarcomatous component  (72) . These findings may have 
treatment implications for patients with endometrial CS.  

  Cytogenetic Abnormalities 

 It has been reported that karyotypes and CGH profiles of CSs are very similar to 
uterine carcinomas and different from sarcomas. Genetic imbalance profiles of CSs 
frequently mirror those of the epithelial component present in the tumor  (64) .   
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  Uterine Sarcomas  

  Leiomyosarcoma 

  Molecular Abnormalities 

 Several series, including a relatively low number of cases, have reported a 13–37% 
frequency of p53 mutations in these tumors  (73–  75) . PTEN mutational status has 
been studied in uterine sarcomas since these tumors frequently show loss of hetero-
zygosity of 10q23.3  (76) ; however, the incidence of PTEN mutations seems to be 
very low since only one mutation has been detected among 33 leiomyosarcomas 
(LMS) analyzed in two different series  (69,   70) .  

  Cytogenetic Abnormalities 

 Most reported karyotypes in LMSs are complex without consistent aberrations 
(Table 2). In addition, CGH studies have confirmed a high frequency of gains and 
losses of several chromosomal regions  (77) . This large number of nonrandom aber-
rations suggests that increased genetic instability plays a role in the origin of LMSs. 
The majority of molecular and cytogenetic data do not support an origin of LMS 
from its benign counterpart, leiomyoma. A recent study of a series of smooth muscle 
tumors showed a different gene expression profile for LMS and leiomyoma  (78) . 
However, an intriguing recent observation revealed that the transcriptional profile of 
a small group of cellular leiomyomas with a specific chromosome abnormality, e.g., 
del(1)(p11p36), is more similar to that seen in LMS than to profiles of normal myo-
metrium and conventional leiomyoma  (79)   .     

 Several uterine smooth muscle proliferations i.e., intravenous leiomyomatosis 
(IVL), disseminated peritoneal leiomyomatosis (DPL), and benign metastasizing leio-
myoma (BML) are unusual because of their “aggressive” clinical behavior but they do 
not belong to the LMS category of smooth muscle tumors. However, several cytoge-
netic alterations have been detected that are worth discussing. A nonrandom pathoge-
netic event in IVL is the finding of a karyotype showing a der(14)t(12;14)(q15;q24) in 
addition to two normal copies of chromosome 12 (Table 2). The presence of t(12;14) 
in IVL, which is the most frequent abnormality in conventional leiomyomas, suggests 
a pathogenetic relationship between these two smooth muscle tumors  (80) . 

   Table 2.  Most frequent/characteristic cytogenetic abnormalities in mesenchymal uterine tumors  

 Tumor type 
 Characteristic cytogenetic 
abnormality  Molecular event 

 Endometrial stromal tumor  t(7;17)(p15;q21)   JAZF1–JJAZ1 fusion  
    t(6;7)(p21;p15)   JAZF1–PHF1 fusion  
 Intravenous leiomyomatosis  der(14)t(12;14)(q15;q24)  HMGA2 rearrangement 
 Leiomyosarcoma  complex karyotype    
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 Benign metastasizing leiomyoma is a controversial entity in which a benign appear-
ing uterine smooth muscle tumor is associated with similarly appearing tumors at dis-
tant sites, most commonly involving lung and abdominal lymph nodes. No cytogenetic 
or molecular genetic studies have been reported except for a recent study using variable 
length of the polymorphic CAG repeat sequence within the human androgen receptor 
gene which supports the notion that BML is derived from uterine leiomyoma  (81) . 

 Finally, diffuse peritoneal leiomyomatosis, a rare condition presenting with multi-
ple benign smooth muscle proliferations throughout omental and peritoneal surfaces, 
has been suggested to have a common pathogenesis with conventional leiomyoma 
because of similar chromosome aberrations involving chromosomes 7 and 12  (82) .    

  Low-Grade Endometrial Stromal Sarcomas  

  Molecular Abnormalities 

 No mutations in p53, PTEN, KRAS, or  b -catenin have been described in low-grade 
endometrial stromal sarcomas (LG-ESS); however, nuclear  b -catenin expression is seen 
in up to 40% of these tumors  (83) . This immunohistochemical pattern might be related 
to the downregulation of SFRP4, a negative modulator of the Wnt pathway  (84) .  

  Cytogenetic Abnormalities 

 Cytogenetic abnormalities have been reported in at least 30 LG-ESSs showing wide 
karyotypic heterogeneity  (85) . The most common abnormality is a t(7;17)(p15;q21) 
(Fig.  5a ), resulting in the fusion of  JAZF1  and  JJAZ1  genes at 7p15 and 17q21, 
respectively  (86) (Table 2) . So far, the reported frequency of  JAZF1 – JJAZ1  fusion 
by RT-PCR analysis has ranged from 25% to 100%, mostly in endometrial nodules 
and LG-EESs  (85–  88) . The variation in frequency of detection of this translocation 
by RT-PCR may reflect molecular heterogeneity of fusion transcripts and/or tumors 
carrying other chromosomal aberrations, as well as technical problems with RT-PCR. 
The second most frequent abnormality in these tumors is a t(6;7) (p21;p15) (Fig. 
 5b ), a so-called variant translocation of the t(7;17), because of the involvement of 
7p15 but not the 17q21.  

 Recently, Micci et al. have shown specific involvement of the PHD finger pro-
tein 1 ( PHF1 ) gene, located in chromosome 6, band p21, in two tumors with a 
t(6;7). In these tumors,  PHF 1 was rearranged with  JAZF1  from 7p15, resulting in 
a  JAZF1–PHF1  fusion gene. A third tumor in their series showed a t(6p;10q;10p) 
as the sole karyotypic abnormality, leading to fusion of  PHF1  with another partner, 
the enhancer of polycomb ( EPC1 ) gene, which maps to 10p11  (89) . These findings 
support the emerging concept that although endometrial stromal tumors are genetically 



Molecular Pathology and Cytogenetics 99

heterogeneous, the different genes involved in these tumors are probably function-
ally related. Finally, the most common cytogenetic alterations in these tumors have 
been recently observed using standardized FISH analysis which may be used for 
diagnostic purposes  (90,   91) .   

  Conclusions  

   •  Four main genetic changes have been described in EECs including mutations in 
 PTEN ,  KRAS ,   b -catenin , and MSI.  

 •  p53 mutations occur in a high percentage of NEECs, mainly in serous carcino-
mas and in its precursor lesion, endometrial intraepithelial carcinoma, but are 
also detected in a subset of grade 3 EECs.  

 •  MSI is seen in approximately 15–45% of sporadic ECs usually reflecting loss of 
expression of hMLH1 associated with gene silencing by  hMLH1  promoter 
methylation.  

 •  EC is the most common extracolonic tumor in Lynch syndrome and it has been 
suggested that it is the most common malignancy among women carrying 
hMSH6 germ line mutations. As a result, the original Amsterdam criteria for 
Lynch syndrome include EC among the diagnostic criteria.  

 •  Most large series have found no differences in grade, recurrence rate, and sur-
vival between MSI-positive and -negative EC.  

 •   PTEN  abnormalities are most common in EECs and some  PTEN  mutations are 
thought to be consequence of loss of DNA repair mechanism.  

 •   PTEN  mutations have been detected more frequently in Caucasians relative to 
African-Americans, and have been correlated with young age, low FIGO stage, 
low grade, and favorable prognosis.  

 •   b -Catenin mutations occur in approximately 20% of EECs. However, immuno-
histochemical nuclear expression of  b -catenin does not always correlate with 
 b -catenin mutations.  

  Fig. 5    Partial GTG-banding karyotype showing the two most frequent translocations seen in a 
low-grade endometrial stromal sarcoma: t(7;17)(p15;q21) ( a ) and t(6;7)(p21;p15) ( b ).       



100 J. Palacios and P. Dal Cin

 •  From a morphologic point of view, nuclear  b -catenin accumulation is frequently 
seen in association with squamous metaplasia in EECs.  

 •  Varied prognostic significance of KRAS in EC type I has been shown among 
different studies.  

 •  HER-2/neu overexpression is more characteristic of pure serous papillary carci-
nomas. However, overexpression of HER-2-neu is not a well-established prog-
nostic marker in EC.  

 •  Molecular-genetic studies support the monoclonal nature of CSs, as they have 
shown that the carcinomatous and sarcomatous elements share common genetic 
alterations. Furthermore, CGH profiles of CSs are very similar to uterine carci-
nomas and different from sarcomas.  

 •  Among sarcomas, the most common abnormality appears to occur in LG-ESS 
which show a t(7;17)(p15;q21) resulting in the fusion of  JAZF1  and  JJAZ1  genes 
at 7p15 and 17q21, respectively.         
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        Prognostic Factors in Uterine Cancer        

     Patricia M.   Baker    and    Esther   Oliva      

  Abstract   Pathologic staging determines the management of patients with endo-
metrial adenocarcinoma and uterine sarcomas following the initial surgery and it 
is an essential component of the initial assessment. FIGO stage, tumor subtype, 
grade of differentiation, myometrial invasion, lymphovascular invasion, and other 
factors that guide the treatment decisions covered in the subsequent chapters are 
extensively discussed.  

  Keywords   Stage  •  Myometrial invasion  •  Differentiation  •  Histologic subtype  
•  Lymphovascular invasion     

  Endometrial Carcinoma  

 Endometrial carcinoma  (EC) ranks as the fourth most common malignancy in 
women and is the most common malignancy in the female reproductive tract, 
affecting slightly <150,000 women worldwide, with an estimated 40,000 women 
dying each year  (1) . Most women are postmenopausal at diagnosis and have an 
overall 5-year survival rate of approximately 80%  (2) . Conventional histopatho-
logic evaluation to determine pathologic stage has remained the cornerstone of 
prognosis and therapy  (3) . 

 While EC has a favorable outcome overall, poor outcome in “low-risk” 
patients assessed by conventional histologic parameters does occur. Newer thera-
pies recognize the need for adjuvant treatment in high-risk patients with an 
aggressive tumor type or an advanced stage at presentation. The success of 
adjuvant therapy has generated much interest and work in finding new markers 
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that are more accurate prognostic indicators. This work parallels the recent 
knowledge that the molecular biology of tumors is strongly related to aggressive-
ness, and therefore to patient outcome. The ability to individualize treatment by 
accurately separating low-risk from high-risk patients is important to improve 
outcome and avoid potential complications and morbidity of unnecessary treat-
ment in low-risk groups, many of whom are elderly. Clinicopathologic factors to 
be considered in prognosis are listed in  Table 1 .     

  FIGO Stage 

 The International Federation of Gynecology and Obstetrics (FIGO) stage is the 
single most powerful prognostic parameter in EC. In its earlier form, FIGO 
(1971) was a clinical based staging system, where imaging was used to deter-
mine depth of invasion, fractional curettage to assess cervical involvement, and 
pelvic examination to exclude spread beyond the uterus. The surgico-pathologic  
FIGO stage replaced the clinically based staging system in 1988  (4) . It is based 
on histopathologic examination of a hysterectomy specimen as well as assess-
ment of the peritoneal cavity and ascitic fluid, adnexa, and pelvic and para-aortic 
lymph nodes  (4,   5) . It has been shown that the old clinical staging system fre-
quently underestimated surgical stage as the cervical fraction of the D&C speci-
men was interpreted as positive for adenocarcinoma even though the tumor was 
found free floating and not attached to cervical tissue; consequently, the patient 
was automatically assigned to a stage II  (6–  10) . Besides downstaging clinical 
stage II tumors to surgico-pathologic stage I tumors, the second biggest change 
occurred with clinical stage III tumors which frequently became pathologic 
stage IV tumors  (10) . Staging should be assigned at the time of definitive sur-
gery and prior to administration of adjuvant treatment and should not be changed 
based on disease progression, recurrence, or response to adjuvant treatment pre-
ceding surgical treatment. 

 Table 1.    Clinicopathologic prognostic factors in endometrial carcinoma  

 Confirmed prognostic factors 
 1. Pathologic stage 
 2. Histologic grade 
 3. Histologic type 
 4. Myometrial invasion 
 5. Lymphovascular invasion 
 6. Lymph node metastases 
 7. Age 
 Conflicting-possible prognostic factors 
 1. Serosal involvement 
 2. Cervical involvement 
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 Using the surgico-pathologic FIGO staging system, EC is divided into four main 
stages ( Table 2 ): (I) tumor is confined to the uterine corpus, (II) tumor involves the 
cervix, (III) tumor extents to the true pelvis, and (IV) tumor is present beyond 
the true pelvis. Stage I disease is further subclassified into three categories based 
on depth of myometrial invasion, the latter closely interrelated to prognosis in 
stage I tumors  (3) . Stage IA tumors are confined to the endometrium and carry an 
excellent prognosis with close to 100% overall survival ( Fig. 1 ). Stage IB and 

 Table 2.    Correlation between TNM and FIGO staging systems in endometrial carcinoma  

 TNM  FIGO    

 Tis  0  Carcinoma in situ 
 T1  I  Tumor confined to corpus 
 T1a  IA  Tumor limited to endometrium 
 T1b  IB  Tumor invades <1/2 myometrium 
 T1c  IC  Tumor invades  ³ 1/2 myometrium 
 T2  II  Tumor invades cervix 
 T2a  IIA  Tumor limited to endocervical glands 
 T2b  IIB  Invasion of cervical stroma 
 T3  III  Local and/or regional spread 
 T3a  IIIA  Tumor involves serosa and/or adnexa and/or positive ascites 

or washings 
 T3b  IIIB  Vaginal involvement 
 T4  IVA  Tumor involves bladder and or bowel mucosa 
 NX     Regional LNs cannot be assessed 
 N0     No regional LNs metastases 
 N1  IIIC  Regional LNs metastases to pelvic and or para-aortic nodes 
 MX     Distant metastases cannot be assessed 
 M0     No distant metastases 
 M1  IVB  Distant metastases (LN metastases other than pelvic or 

para-aortic) and excludes metastases to vagina, pelvic 
serosa, or adnexa 

  Fig. 1    A well-differentiated 
endometrioid carcinoma 
composed of well-formed 
glands is confined to the 
endometrium (stage IA).       



108 P.M. Baker and E. Oliva

  Fig. 2    Secondary involvement by direct extension of the cervix by endometrial carcinoma may 
be seen grossly ( a ) or only microscopically ( b ) (stage II).       

stage IC tumors show invasion of the inner half or the outer half of the myometrium, 
respectively. Stage II tumors are divided into two subcategories depending on 
involvement of the cervical epithelium (IIA) or the cervical stroma (IIB) ( Fig. 2 ). 
Stage III tumors are further subdivided into three categories; IIIA indicates uterine 
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serosal and/or adnexal involvement and/or positive peritoneal cytology ( Fig. 3 ), 
IIIB tumors involve the vagina either by direct extension or metastases, and IIIC 
tumors are associated with positive pelvic and/or para-aortic lymph nodes ( Fig. 4 ). 
Finally, stage IV tumors directly extend to bladder and/or bowel mucosa (IVA) or 
are associated with distant metastases including intra-abdominal and/or inguinal 
lymph nodes (IVB)  (4) . The majority of patients with EC (approximately 70–80%) 
have stage I tumors at the time of diagnosis, stage II comprises between 5% and 
15%, and the remainder have stage III or IV disease  (10) . Surgico-pathologic stag-
ing has proven to be very accurate and has been shown to be the single strongest 
predictor of survival in multivariate analysis studies  (3,   11–  16) . Even though the 
overall 5-year survival rate for EC is approximately 75–80%, when stratified by 

  Fig. 3    Malignant epithelial 
cells forming a large cluster 
are indicative of a positive 
ascitic fluid (stage IIIA).       

  Fig. 4    A neoplastic gland is 
present in the subcapsular 
sinus of a lymph node (stage 
IIIC).       
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stage, the 5-year survival rate for EC is as follows: 85–90% for stage I tumors, 75% 
for stage II tumors, and 45% and 25% for stage III and IV tumors, respectively  (10, 
  12,   17) . Following this approach, surgically staged patients without extrauterine 
disease are associated with low recurrence rates, whereas if disease is found outside 
the uterus, the recurrence rate is close to 50%  (18) . Although not perfect, this 
surgico- pathologic staging system allows for the best approach to tailoring treat-
ment of patients with EC.          

  Histologic Grade 

 Histologic grade is an important prognostic parameter in EC, especially for 
endometrioid carcinomas (EECs). However, in some large studies, histologic grade 
is not as important a prognostic factor as surgico-pathologic stage or myometrial 
invasion in multivariate analyses, but is closely related to them  (3,   12,   19) . EECs are 
graded in a three-tier system based on the amount of solid growth of the glandular 
component following the FIGO/ISGP surgico-pathologic grading system. EEC grade 
I shows £5% of solid areas ( Fig. 1 ), grade II contains 6–50% of solid areas ( Fig. 5 ), 
and grade III EEC displays >50% of a solid glandular component ( Fig. 6 ). The 
squamous component which may be present as keratinizing or morular differentia-
tion should not be taken into account when grading. The 1988 FIGO stage revision 
incorporated nuclear grade as part of the grading system. However, the definition 
used at that time was subjective as stated that “notable cytologic atypia, inappropri-
ate for the architectural grade, should raise the grade of a grade I or grade II tumor 
by one” ( Fig. 7 )  (4) . Some investigators have found the interobserver reproducibil-
ity acceptable for architectural grade but poor for nuclear grade  (20,   21) . Only 
when striking nuclear atypia, defined by large, pleomorphic nuclei with coarse 
chromatin and large and irregular nucleoli equating nuclear grade 3, is present in a 

  Fig. 5    Moderately 
differentiated endometrioid 
carcinoma with solid growth 
that comprised >5% and 
<50% of the malignant 
glandular growth.       
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grade I or grade II EEC, should the tumor be upgraded to a grade II or III EEC, 
respectively. Upgrading a grade I EEC when either grade 2 or 3 nuclei are identified 
results in reassignment of a sizable number of EECs. This may not always be justi-
fied, as patients with architectural grade I tumors and grade 2 nuclei have a similar 
outcome compared with patients with grade I tumors by architecture and cytology 
 (3) . The distribution of EEC by grade is approximately as follows: 20–35% grade 
I, 40–45% grade 2, and 15–30% grade 3 tumors  (12,   22,   23) . As mentioned earlier, 
grade is closely related to myometrial invasion, < 10% of grade I tumors invade the 
outer half of the myometrium while > 40% of grade 3 EECs show invasion of the 
outer half of the myometrium  (12,   19) . FIGO grade is also closely related to the risk 
of lymph node metastases as well as the risk of recurrences  (11,   18,   21,   23–  25) . 
Grade I EECs are typically associated with a low rate of lymph node metastases and 
recurrence (2–3% and 4%, respectively) in comparison to grade 3 tumors (23–27% 
and 40%, respectively)  (18,   19) . The 5-year survival rate for grade I EEC ranges 

  Fig. 6    Poorly differentiated 
endometrioid carcinoma 
composed of diffuse solid 
growth.       

  Fig. 7    Endometrioid 
carcinoma showing marked 
cytological atypia. 
The presence of this 
histologic feature increases the 
grade of the tumor by one.       



112 P.M. Baker and E. Oliva

from 85% to 100% while it decreases to 55% for grade 3 tumors  (12,   26,   27) . In 
some studies, the survival rate of grade 3 EEC is comparable to serous papillary and 
clear cell carcinoma (CCC)  (28) . Furthermore, in some studies, grade 3 tumors are 
associated with the highest risk of recurrence among all surgico-pathologic param-
eters  (17) .    

 Recently, two new binary grading systems have been proposed to grade EECs 
into either low or high grade. The first one uses low-magnification assessment of 
the amount of solid growth, pattern of invasion, and the presence of necrosis. An 
EEC is classified as high grade if it has at least two of the following three criteria: 
(1) > 50% solid growth (without distinction of squamous from nonsquamous epi-
thelium), (2) a diffusely infiltrative, rather than expansive, growth pattern, and (3) 
tumor cell necrosis. This system separates patients into three prognostically and 
therapeutically different groups. Patients with stage I low-grade tumors with inva-
sion confined to the inner half of the myometrium (stages IA and IB) have 100% 
survival rate. Patients with low-grade tumors that invade the outer half of the myo-
metrium (stage IC and stages II–IV) and patients with high-grade tumors with 
invasion confined to the myometrium (stage IB and IC) have a 5-year survival rate 
of 67–76%  (29) . This binary grading system permits greater interobserver and 
intraobserver reproducibility compared to FIGO and nuclear grading. However, 
overall, no dramatic differences exist between the two systems  (22) . A second, 
more recent system divides EECs into high or low grade based on assessment of the 
following features: (1) predominantly papillary or solid growth pattern, (2) mitotic 
index  ³  6/10 HPFs, and (3) severe nuclear atypia. The presence of at least two of 
these three criteria results in a tumor being classified as high grade. This system 
seems more reproducible than FIGO and at the same time is an independent predic-
tor of patient outcome when survival is adjusted for FIGO stage, patient age, and 
tumor cell type. However, the FIGO grading system is still superior for prognosti-
cation in EECs  (30) . The grading system in serous carcinomas, CCCs, and squa-
mous cell carcinomas is based on nuclear features even though most of these 
tumors form glands. As these tumors typically display high-grade nuclei, they are 
classified as grade II or III cancers.  

  Histologic Type 

 Cell type is an important prognostic factor in EC  (26,   31) . A dualistic model to 
explain the pathogenesis of EC based on cell type was first described by Bockhman 
 (32) . Type I tumors represent about 80% of ECs, are typically EECs that develop 
in pre- or perimenopausal women, are associated with estrogenic stimulation, and 
frequently coexist or are preceded by endometrial hyperplasia. Most EECs are 
confined to the uterus at the time of presentation ( Fig. 1 ), display ER positivity, 
and have a favorable prognosis  (33) . Squamous differentiation is seen in approxi-
mately 25% of EECs. In the past, EECs with squamous differentiation were divided 
into adenoacanthoma and adenosquamous carcinoma depending on cytologic 
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features. Initially it was thought that adenosquamous carcinomas had a poorer 
prognosis than adenoacanthomas; however, it has been shown that the degree of 
differentiation of the squamous component parallels that of the glandular compo-
nent in the majority of the cases and that the clinical behavior of EEC with squa-
mous foci is similar to that of conventional EEC  (31,   34) . There is a subgroup of 
EECs that despite being well differentiated show a diffuse infiltrative pattern into 
the myometrium (so-called “adenoma malignum”) ( Fig. 8 ); in some studies, this 
finding is associated with a worse prognosis compared to more well-differentiated 
EECs  (24,   35–  37) . Villoglandular adenocarcinoma, considered a variant of EEC, 
has been shown by some investigators to behave in a more aggressive manner than 
conventional EEC when the papillary component infiltrates into the myometrium. 
Higher rates of lymphovascular invasion, lymph node metastases, and a worse 
outcome have been found in these type of tumors compared to EEC showing myo-
metrial invasion in the form of glandular or solid patterns  (38) . However, these 
findings have not been corroborated by other investigators who found these 
tumors to have a similar behavior to that observed in conventional EEC  (39) . 
Other variants of EECs including those with squamous differentiation, secretory 
changes, or ciliated have a similar outcome to that observed in conventional ECC. 
Mucinous adenocarcinomas are uncommon and are related to EECs. These are 
defined as tumors with > 50% of cells containing mucin (WHO) and have an out-
come comparable to conventional EEC  (40) .  

  Fig. 8    A well-differentiated 
endometrioid carcinoma shows 
diffuse permeative invasion 
(so-called “adenoma maligum”).       
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 Type II tumors represent about 10% of ECs; this category is largely composed of 
serous papillary and CCCs. These tumors typically occur in postmenopausal women and 
are unrelated to estrogen exposure, developing from atrophic endometrium or occurring 
in endometrial polyps  (41)  or from the putative precancerous lesion “endometrial intraepi-
thelial carcinoma”  (42) . They are very aggressive, often with myometrial or lymphovas-
cular invasion, and carry a poor prognosis  (43–  49) . In fact, in a recent series, up to 70% 
of women have been shown to have extrauterine disease  (45) . Even patients with stage I 
serous carcinomas have an overall survival of 30% ranging from 54% to 72% and from 
27% to 59% in stage I and stage II tumors, respectively  (15,   44,   45,   50) . However, some 
recent studies have shown that patients with stage I serous papillary carcinoma have a 
better prognosis  (51) . These tumors are responsible for 50% of all relapses that occur in 
ECs and surgical staging is extremely important as up to 58% of clinically stage I tumors 
may be upstaged surgically  (46,   52) . These tumors are associated with p53 mutations, are 
ER negative, and show a high degree of chromosomal instability  (53) . Some investigators 
have hypothesized that non-EECs may arise from two different pathways: (1) de novo 
through p53 mutations, LOH at several loci, or by another still unknown gene alterations; 
or (2) through dedifferentiation of a preexisting EEC  (54) . This, in fact, may explain EC 
with endometrioid and serous components, and additionally may explain why high-grade 
EECs behave more like serous and CCCs, as they may have similar molecular alterations 
but may not have yet switched phenotypes. It is important to recognize and report any foci 
of serous carcinoma as it is prognostically significant. 

 Clear cell carcinoma is also considered a type II carcinoma, associated with an 
aggressive behavior and poor outcome with an overall 5- and 10-year survival rates 
of 42% and 31%, respectively  (26,   49) . Myometrial invasion occurs in approximately 
80% and lymphovascular invasion in about 25% of CCCs  (15,   55,   56) . As reported 
for serous carcinoma, CCC is associated with a high incidence of extrapelvic disease. 
In contrast to the peritoneal spread seen in serous carcinoma, the distribution of recur-
rent disease does not have a distinctive pattern but includes intra-abdominal and ret-
roperitoneal organs as well as distant sites  (55) . Some studies have also shown that 
patients with CCC confined to the uterine corpus and without extension to the cervix 
did significantly better than patients with same stage serous carcinoma  (55) . 

 Squamous cell carcinomas and transitional cell carcinomas are rare tumors and 
their prognosis may be related to tumor stage. Stage II–IV squamous cell carcino-
mas carry a poor prognosis  (57) , while transitional cell carcinomas seem not to 
have a more aggressive behavior than conventional EC  (58) . Other rare carcinomas, 
including small cell carcinoma and undifferentiated carcinoma are typically asso-
ciated with poor outcome  (59–  61) .  

  Myometrial Invasion 

 The depth of myometrial invasion often has an inverse relationship to the degree of 
tumor differentiation and has been shown to be a strong  (18,   24,   26,   62,   63)  and 
often independent prognostic risk factor based on multivariate analysis in several 
studies  (3,   10,   12,   23) . 
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 In the FIGO (1988) staging system, the presence or absence of myometrial inva-
sion and the depth of the invasion define stage I. The histologic features of myome-
trial invasion include irregularly shaped endometrial glands that are unaccompanied 
by stroma, often appearing “naked” within the myometrial smooth muscle, lying 
below the level of the endomyometrial junction, which is by nature very irregular. 
On occasion, the infiltrative nature of the glands is recognized by an adjacent 
desmoplastic appearing stroma containing scattered inflammatory cells  (64) . Failure 
to recognize the very irregular, undulating nature of the endomyometrial junction 
may result in the diagnosis of a noninvasive carcinoma as invasive ( Fig. 9 ). The 
depth of invasion may be overestimated if carcinoma involving adenomyotic foci, 
rather than true myometrial invasion, is not recognized. Studies have shown that 
carcinoma involving adenomyosis does not adversely affect prognosis  (65–  67) . 
Foci of adenomyosis are felt to represent deep herniation of endometrium into the 
myometrium with continuity to the surface. Residual benign endometrial glands or 
stroma and lack of a desmoplastic reaction are helpful in identifying adenomyotic 
foci involved by carcinoma. Very rarely, carcinoma may arise in adenomyosis in the 
absence of carcinoma in the endometrium and the prognosis in these cases is the 
same as carcinoma confined to the endometrium  (65) .  

 FIGO (1988) separates stage I myoinvasive tumors into those confined to the 
inner one-half (1B) and those involving the outer one-half (1C); however, other 
methods of measuring the depth of myometrial invasion have been suggested. 
These methods include division of the myometrium into thirds or measurement of 
the distance of the invasive tumor from the uterine serosa. One study found the 
tumor-free distance from the serosa to be a more accurate predictor of survival than 
depth of invasion  (68) . A recent study confirmed the validity of the FIGO (1988) 
staging system by showing that myometrial invasion in stage IB, defined as < one-
third, compared with invasion > one-third but < one-half, showed no statistical dif-
ference in outcome  (69) . No conclusion or consensus has been reached as to the 
best method of measuring depth of invasion. 

  Fig. 9    A well-differentiated 
endometrioid carcinoma is 
filling the irregular 
endomyometrial junction. 
This phenomenon should 
not be misinterpreted as 
myometrial invasion.       
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 A large study of women with EC showed the overall 5-year survival rate to be 94% 
when tumor was confined to the endometrium, while it decreased to 59% with tumor 
involving the outer one-third of the myometrium  (70) . Also, the importance of accurately 
assessing myometrial invasion is underscored by the fact that pelvic and para-aortic 
lymph node dissection is in part determined by the degree of invasion. Studies have sug-
gested that the use of intraoperative frozen section to determine depth of invasion  (71) , 
particularly in high-grade carcinomas, is more accurate than gross intraoperative assess-
ment alone  (71–  73) . Low-grade carcinomas may be associated with lymph node involve-
ment particularly when deep myometrial invasion is present. The depth of invasion can 
often be accurately assessed by gross examination, particularly in low-grade tumors  (74) , 
while the depth of invasion in high-grade tumors may be difficult to assess grossly. 
Finally, a recent study involving 80 women with stage I EC determined that the presence 
of lower uterine segment involvement does not correlate with outcome  (75) .  

  Cervical Involvement 

 Cervical involvement was added to FIGO staging in 1963 based on the results of 
fractional dilation and curettage. Since then, many authors have commented on the 
inaccuracy of clinical staging in detecting cervical involvement in EC  (8,   76,   77) . 
A 52% false positive rate for predicting cervical invasion by endocervical curettage 
was found in one series  (6) , and in another, endocervical curettage was found to 
have a 50% false positive rate and a 13% false negative rate  (8) . 

 Overall, cervical involvement is present in 9–32% of ECs  (78,   79) . It may be the 
result of contiguous extension ( Fig. 2a , b) or due to lymphovascular spread  (76,   79) . 
One study noted that free-floating tumors so-called “tumor migrants” were often seen 
in association with cervical involvement and this relationship was found to be statisti-
cally significant in that “tumor migrants” were found to be more often associated with 
high-grade tumors such as serous carcinoma  (79) . Some investigators found a statisti-
cally worse outcome for women with cervical stromal invasion compared with those 
with endocervical glandular involvement  (6) , while others have suggested no significant 
difference in outcome between women with stage IIA and IIB EC  (76,   80) . 

 Several conflicting reports on the prognostic significance of cervical involvement 
are found in the literature. This may be due, in part, to the fact that some studies 
included patients that were clinically rather than surgically staged, had received pre-
operative radiation therapy, or had stage III or IV disease  (6) . Others have found 
cervical involvement to be an independent prognostic indicator on multivariate analy-
sis  (81) , and due to this controversy, as well as the lack of controlled prospective tri-
als, the optimal management for stage II patients has yet to be determined  (82) . 

 Finally, in exceptional cases, an independent, primary endocervical adenocarci-
noma may be found in women with EC  (83) . In cases where this possibility is 
considered, additional sections to show continuity between the endocervical and 
endometrial tumors, or immunohistochemical studies to differentiate between the 
two are usually helpful.  
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  Age 

 Most ECs occur in females who are postmenopausal and older than 50 years. 
Several studies support age as an independent, nontumor factor strongly related to 
prognosis  (3,   12,   81,   84,   85) . A recent study found age > 70 years to be an inde-
pendent predictor of local disease recurrence as well as overall survival. This study 
also found age to be independent of other poor prognostic factors including tumor 
type or deep myometrial invasion  (81) . This finding was supported by other inves-
tigators who found age to be a significant predictor of poor outcome even in 
patients with CCC  (15) . Some investigators have suggested that poor outcome in 
elderly patients is due to an association with high-grade tumors and less-aggressive 
therapy  (86) . It has also been found that poor outcomes in women of advanced age 
are not due to treatment toxicities  (81) . 

 In summary, many studies support the finding that EC is intrinsically more 
aggressive in older patients and in some studies age seems to be a specific, signifi-
cant, and independent predictor of outcome  (3,   12,   24,   81,   87–  89) .  

  Lymphovascular Invasion 

 Lymphovascular invasion has been reported to occur in approximately one-quarter of 
ECs  (90–  92)  with a considerable range of frequencies up to 37%  (22) . This variability 
may be due in part to differences in the criteria used to diagnose lymphovascular 
invasion as well as to interobserver variation. Mimics of lymphovascular invasion, 
such as retraction artifact around invasive tumor nests within the myometrium can be 
diagnostically challenging, and the use of immunohistochemical studies to highlight 
vascular endothelium have been found to be of help  (24,   93) . As well, a greater fre-
quency of lymphovascular invasion has been found in high-grade EECs and tumors 
of serous and clear cell types in some series. For example, lymphovascular invasion 
has been noted in 42% of poorly differentiated tumors and in 2% of well-differenti-
ated tumors  (94) . Several studies have looked at the strength of lymphovascular inva-
sion as a predictor of pelvic lymph node metastasis and/or recurrent disease as well 
as whether lymphovascular invasion should be used to determine the need for pelvic 
lymph node sampling or adjuvant therapy. Lymphovascular invasion has been found 
to be an independent prognostic factor  (22,   24,   87,   91–  99) . Furthermore, investigators 
have shown that lymphovascular invasion significantly increases the risk of pelvic 
lymph node metastasis compared to cancers with no lymphovascular invasion for all 
FIGO grades and depths of myometrial invasion  (92) . 

 Finally, perivascular lymphocytic infiltrates and associated changes have been 
noted to be associated with lymphovascular invasion. In one study, lymphovascular 
invasion and/or perivascular associated infiltrates were not found to be independent 
prognostic variables, but proved to be the best predictors of pelvic lymph node metas-
tasis in a multivariate analysis  (90) . In another study, lymphovascular invasion was 
found in 12% of cases and perivascular lymphocytic infiltrates in 20%, with the latter 
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being present in 93% of cases with lymphovascular invasion. The authors found this 
feature to be an independent poor prognostic factor on multivariate analysis  (93) . It is 
noteworthy that not all authors have found perivascular lymphocytic infiltrates to be 
associated with an unfavorable outcome. It can be hypothesized that this finding may 
reflect a favorable immune response by the host, at least in some cases  (24,   100) .  

  Stage IIIA 

 Stage IIIA combines three very diverse prognostic indicators, namely adnexal 
involvement, serosal invasion, and positive peritoneal cytology. The number of 
patients presenting with stage IIIA is small, and studies show conflicting data 
regarding the prognostic significance of each  (101) . In stage IIIA, poor outcome 
appears to be related to coexistent risk factors, such as unfavorable histology, deep 
myometrial invasion, lymphovascular invasion, or other sites of metastatic disease. 

 Adnexal involvement occurs in approximately 7% of patients with EC  (23) . 
Solitary adnexal involvement, which refers to adnexal metastasis as the only site of 
extrauterine spread, has been found in 2–3% of patients  (102) . The exact mecha-
nism of spread has been debated, with several theories emerging. A close associa-
tion between adnexal involvement and positive peritoneal washings has been 
recognized, and for this reason, transtubal spread is felt to be responsible for the 
majority of cases of ovarian or fallopian tube involvement. Direct extension of 
tumor through the uterine wall or lymphovascular spread likely accounts for a much 
smaller number of cases ( Fig. 10 ). Finally, a synchronous primary ovarian and 
uterine carcinoma may occur, and this possibility, should on occasion, be considered. 
Criteria proposed by Ulbright and Roth suggests that metastasis is typically associated 
with bilateral ovarian involvement, small ovaries, a multinodular pattern of growth, 
and lymphovascular invasion  (103) .  

  Fig. 10    An endometrial 
carcinoma shows lymphovas-
cular permeation of the ovary 
(stage IIIA).       
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 While many studies report that patients with adnexal involvement have a rela-
tively poor prognosis  (102,   104–  106) , the 5-year survival rate is generally more 
favorable than that expected for stage III disease, if this is the only site of extrau-
terine spread  (17,   102,   105,   107) . In fact, some investigators found that the inci-
dence of adnexal involvement increased when other known pathologic risk factors 
were present; a poor outcome in patients with adnexal involvement seemed to be a 
result of other coexistent prognostic indicators (102). Adnexal involvement has 
generally not been found to be an independent prognostic factor on multivariable 
analysis with the exception of a few studies  (106,   108) . 

 Serosal involvement defined as disease extending through the myometrium 
into the uterine serosa is uncommon, occurring in about 7% of patients  (109),  
with a range of frequencies reported between 3% and 16%  (106,   110) . When 
present, it is associated with a significant risk of recurrence and a poor outcome, 
even if it is the only site of extrauterine disease  (26,   109) . Solitary serosal 
involvement, defined as the only site of extrauterine disease, has an outcome 
that is significantly better than serosal involvement with disease at other extrau-
terine sites  (109) . Overall, isolated serosal involvement has a worse outcome 
than either isolated adnexal involvement  (102,   107)  or isolated positive perito-
neal cytology  (111,   112) . 

 Positive peritoneal cytology occurs in approximately 15% of ECs  (113)  and the 
prognostic significance of peritoneal cytology is controversial, with variable 
results in the literature ( Fig. 3 ). Isolated positive peritoneal cytology, defined as 
the only evidence of extrauterine spread, has not been found to significantly affect 
survival. A recent study found the 5-year survival rate to be > 90%, even in 
patients with positive peritoneal cytology  (114) . This finding is often found in 
conjunction with other adverse prognostic factors. Most studies have not found 
peritoneal cytology to be an independent prognostic factor  (95,   105,   111–  116) . 
However, some investigators found positive peritoneal cytology to be a strong 
prognostic indicator, while others found it to be an independent prognostic factor 
by multivariate analysis  (85,   117–  119) . Peritoneal cytology and preoperative 
serum CA125 have also been found to be independent prognostic factors in stage 
II–IV disease  (119) . 

 In summary, the balance of the literature suggests that positive peritoneal cytol-
ogy is often associated with other known poor prognostic factors and probably has 
little or no significant effect on prognosis as an isolated finding of extrauterine 
disease  (101,   120) .  

  Lymph Nodes 

 Lymph node metastases have a strong  (17–  19,   23)  and often independent  (90, 
  121–  123)  prognostic significance in patients with EC ( Fig. 4 ). Despite its impor-
tance, precise guidelines outlining the type or extent of lymph node assessment 
required to properly stage a patient have not been provided. Methods of lymph node 
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assessment have included palpation with biopsy of suspicious nodes, selective 
sampling of multiple sites, limited sampling of < four sites or complete, systematic 
pelvic and para-aortic lymphadenectomy  (123–  126) . Intraoperative assessment of 
lymph nodes by palpation is inaccurate, as < 10% of patients with metastases have 
grossly enlarged lymph nodes  (19) . Larson found 13% of positive lymph nodes to 
be normal on palpation  (125) . Arango found 36% of positive lymph nodes to be 
missed on palpation  (127) , while Chuang and Boronow found approximately 50% 
of metastases to be missed by palpation  (23,   123) . 

 The practice of routine, systematic pelvic and para-aortic lymphadenectomy 
potentially places patients at risk for morbidity, particularly those that are elderly, 
obese, or have preexisting medical conditions. In one study, low-risk patients 
(grade I histology with or without myometrial invasion or grade II or III tumors 
without myometrial invasion and excluding serous and CCC) had < 5% chance 
of lymph node metastasis while the high-risk group (grade III tumors with inva-
sion into the outer one-third of the myometrium) had > 10% risk of lymph node 
metastasis. The remaining patients, with a few exceptions due to limited experi-
ence, including grade II and III tumors and/or tumors having inner or mid muscle 
invasion had a moderate risk of lymph node metastasis  (19) . In the same study 
the relative risk of pelvic and para-aortic node involvement increased to 25% and 
17%, respectively, for deep muscle invasion  (19) . In general, pelvic lymph node 
metastases have been found to be highly predictive of para-aortic lymph node 
involvement  (23) . Creasman and Mariani found only 2% of para-aortic lymph 
nodes to be positive when patients had negative pelvic lymph nodes, while 
Yokoyama et al. found a slightly higher rate of 8% positivity in para-aortic lymph 
nodes with negative pelvic nodes  (19,   126,   128) . A significant number of stage I 
patients have been found to have pelvic and para-aortic lymph node metastases 
 (19,   126) . In one study, multivariate analysis found only two independent factors 
predictive of para-aortic metastasis: positive pelvic lymph nodes and lymphovas-
cular space invasion  (129) . Some investigators have suggested that surgical evalu-
ation of para-aortic lymph nodes could be limited to those patients with suspicious 
nodes on palpation or high-risk factors such as positive pelvic lymph nodes, gross 
adnexal involvement, grade II or III tumors, or outer one-third myometrial inva-
sion  (17) . A range of positivity from 10% to 80% has been found in para-aortic 
lymph nodes (17, 19, 125, 126, 128, 129, 130). This variability may in part be 
due to the incidence of serous or clear cell tumors in the series as well as to the 
extent of sampling. 

 The need for routine lymph node dissection in the treatment of stage I EC is 
controversial. Recently, it has been suggested that lymph node dissection (pelvic 
and para-aortic) could safely be avoided in low-risk patients having EEC, either 
grade I or II with < 50% invasion, and tumor < 2 cm in maximal dimension (130). 
In a study of 607 patients, survival for all patients with retroperitoneal lymph node 
dissection (pelvic and/or para-aortic) was 77% at 3 years and 65% at 5 years; how-
ever, it did not find survival to be statistically different for patients with positive 
para-aortic nodes compared to patients with only positive  pelvic lymph nodes. 
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For patients with para-aortic lymph node involvement, the 3- and 5-year survival 
rates were 70% and 62%, respectively, versus 87% and 69% for patients with only 
positive pelvic lymph nodes. When patients with IIIC disease were separated into 
those with positive peritoneal cytology or adnexal involvement, a marked reduction 
in survival for patients with nodal and extranodal disease compared to those with 
nodal disease only was shown (130). 

 A therapeutic benefit of lymphadenectomy was found in patients both in low-
risk and high-risk groups  (124,   131) . Mariani et al. noted that para-aortic lym-
phadenectomy may have a therapeutic effect in select patients with positive lymph 
nodes  (128) . Similarly, Lutman found that in patients with stage I and II disease, a 
lymph node count of 12 or greater was an important positive prognostic variable 
 (132) . Despite the therapeutic benefit found by these two studies, most investiga-
tors have found lymphadenectomy to be of prognostic value only. 

 Finally, Girardi et al. noted that approximately 37% of metastatic tumors are < 
2 cm and have suggested that submission of the entire lymph node for histologic 
examination with stepwise sectioning improves tumor detection  (133) , while other 
investigators have suggested that small metastatic tumor emboli can be better 
detected by immunohistochemistry, particularly cytokeratin  (134,   135) . These 
approaches are time consuming and costly and are not currently recommended. 

 The role of sentinel lymph node in EC remains controversial as there is limited 
experience with this technique and lymphatic drainage from the uterus is variable 
with no anatomically defined lymph node basin. It seems very unlikely based on 
the present knowledge that sampling of sentinel lymph mode(s) will have a signifi-
cant impact on clinical management of EC  (136) .  

  DNA Ploidy 

 DNA analysis with either flow cytometry or image cytometry measures the quan-
tity of nuclear DNA present in cells, and can therefore be used to measure the 
number of copies of DNA present in tumors  (137) . Differences exist between flow 
and image cytometry with each having advantages and disadvantages. Both meth-
ods can be performed on formalin-fixed paraffin-embedded tissue or on fresh sin-
gle-cell suspensions. Image cytometry requires a microscopic analysis of 
Feulgen-stained cells; this technique results in fewer cells being analyzed and a 
greater ability to separate tumor cells from normal cells. In contrast, flow cytometry 
can analyze large numbers of cells but does not separate neoplastic from normal 
cells. This method can also be used to calculate the fraction of cells in the S-phase. 
While there is an 80% agreement between the two methods, small aneuploid popu-
lations detected by image cytometry can be missed by flow cytometry which often 
measures large numbers of normal cells resulting in diploid DNA patterns. As a 
general principle, tumors that are diploid are less aggressive than tumors that are 
nondiploid or aneuploid. 
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 Britton et al. found nondiploid DNA patterns in 13% of patients with EECs 
compared to 55% in non-EECs, with the corresponding 5-year progression-free 
survival being 91% and 35%, respectively  (138) . They also used DNA ploidy to 
stratify patients with low-grade tumors and found the estimated 5-year survival to 
be significantly different between diploid (94%) and nondiploid neoplasms 
(64%). In the same study, patients with favorable endometrioid tumors having 
diploid patterns versus those with nondiploid patterns had estimated 5-year sur-
vivals of 93% and 74%, respectively  (138) . Several investigators have found 
DNA ploidy to be an independent prognostic indicator on multivariate analysis 
 (138–  143) , while the prognostic significance of ploidy has not been supported by 
other studies  (144–  146) . 

 The balance of data suggests that DNA ploidy is an independent, objective pre-
dictor of outcome in patients with EC. Moreover, its use in stratifying patients 
considered to be low risk based on more traditional prognostic factors may identify 
patients at risk of recurrence  (138) .  

  Estrogen and Progesterone Receptors 

 The importance of ER and PR in the pathogenesis and treatment of EC has been 
recognized for many years. In general, the range of positivity for ER varies from 
60% to 100% and for PR from 50% to 88%. Approximately 40–80% of tumors 
contain both receptors ( Fig. 11a , b), while tumors having neither represent the 
minority (10–36%)  (147) . Type I EC, which includes endometrioid and mucinous 
carcinomas, is related to estrogen stimulation unopposed by progesterone; these 
tumors usually express ER and PR. It has been shown that in patients with stage I 
EC, receptor status is a significant independent prognostic factor  (145,   148–  152) . 
Although many studies have shown a relationship between ER/PR status and other 
prognostic factors, this has not been found to be consistent. In type II EC (serous 
and clear cell), the levels of ER and PR are usually negative or much lower than 
those observed in type I EC  (153–  155) . Recurrence in patients with stage I disease 
is significantly more common in PR or ER negative tumors  (156) . An important 
consideration is the inherent problem in evaluating ER and PR status, which is due 
to the lack of a quantitative standard for the measurement of these receptors by 
immunohistochemical methods  (157) . Recent studies have looked at ER isoforms 
and have found that most EECs express ER a  alone or in combination with ER b . 
It has been suggested that the ER b /ER a  ratio significantly increases in neoplastic 
compared to normal endometrium. It has also been found that the ER b /ER a  ratio 
increases in atypical hyperplasia and adenocarcinoma and decreases in hyperpla-
sia without atypia. The finding that the ER b /ER a  ratio is very high in invasive ECs 
has led some authors to suggest that ER b  may play an important role in the pro-
gression of myometrial invasion  (157) . Similar results have been found when 
looking at the A and B PR isoforms, as increasing expression of the B isoform 
seems to play a role in EC  (158) .   
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  c-erb-B2 (HER-2/neu) 

 The human epidermal growth factor receptor-2 (HER-2/neu), also known as c-erb-B2, 
is located on 17q21 and encodes a transmembrane glycoprotein with tyrosine 
kinase activity, which is partially homologous to the epidermal growth factor receptor. 
As such, amplification results in large amounts of receptor on the cell surface with 
activation of signal transduction pathways, cellular proliferation, and/or neoplastic 
transformation. Recent interest in this marker is due to its potential role in patient 
treatment. HER-2/neu amplification has been identified in 10–20% of ECs and tis-
sue overexpression in 10–30% of cases. The role of HER-2/neu overexpression as 
a prognostic indicator in EC is speculative, with conflicting data, some of which 
show an association with aggressive biologic behavior and poor survival  (159–  162) . 
Other studies have shown HER-2/neu expression not to be associated with clinico-
pathologic factors and in general with prognosis  (163–  168) . HER-2/neu in EC 
seems to be more frequently observed in CCC, but when correlated with clinical 
features is not associated with stage or outcome  (169,   170) . 

  p53 

 p53 is a tumor suppressor gene that encodes a nuclear transcription factor involved 
in cell cycle arrest and apoptosis. It is the most commonly mutated tumor suppres-
sor gene in malignancies. It is felt that mutations in p53 provide fertile soil for 

  Fig. 11    A well-differentiated endometrioid endometrial carcinoma shows nuclear positivity for 
 ER  ( a ) and  PR  ( b ).       
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additional mutations in the development of tumor. In particular, in type I EC, p53 
mutations occur late in tumor development and in a relatively low percentage of 
tumors (approximately 20%), being more frequently expressed in grade 3 EEC  (171) . 
In contrast, p53 is an early event in serous carcinoma and is expressed in the vast 
majority of these tumors (up to 100%) and in endometrial intraepithelial carcinoma, 
the putative precursor lesion of serous carcinoma  (47,   48,   171) . p53 expression is 
much less frequent in CCCs with only approximately 25% of tumors showing strong 
positivity  (153,   172) . p53 has been found to be a strong independent predictor of 
survival by some investigators  (164,   168) ; however, other studies have not found it 
to be an independent prognostic parameter  (16,   47,   173) . In one study, p53 immu-
nostaining was found to be a prognostic indicator independent of patient age and 
tumor stage; however, when FIGO grade and cell type were included, it lost its pre-
dictive value  (173) . Overall, while p53 overexpression is of prognostic significance 
in EC, its clinical importance, especially as a single marker, is unclear in patient 
management.  

  Bcl-2 

 Bcl-2 is a proto-oncogene that inhibits programmed cell death or apoptosis. Bcl-2 
is normally expressed in the endometrium in a hormone-dependent manner with 
higher expression in the proliferative phase. Bcl-2 expression is also detected in 
endometrial hyperplasia but it diminishes in EC. The relationship between the loss 
of bcl-2 expression and the aggressiveness of EC is a seemingly contradictory one. 
The mechanism of downregulation of bcl-2 in advanced EC is largely unknown. 
Loss of bcl-2 expression has been associated with poor prognosis  (174–  177) . 
Patients with grade 1 or 2 EEC overexpressing bcl-2 are more likely to present with 
extrauterine disease than those not expressing bcl-2  (178) .   

  Pten 

 The tumor suppressor gene PTEN (phosphatase and tensin homologue detected 
from chromosome 10), located on chromosome 10q, plays an important role as a 
negative regulator of the AKT growth survival pathway  (179,   180) . PTEN muta-
tions occur almost exclusively in EECs ranging in frequency from 37% to 61%, 
being only seen in up to 5% of type II ECs  (179,   181,   182) . In contrast to other 
tumors where PTEN mutations are associated with poor prognosis, in EC, it is 
frequently seen in early-stage disease and commonly coexists with endometrial 
hyperplasia, suggesting that PTEN mutations are an early event in the development 
of EEC  (179,   182) . PTEN mutations are frequently present in tumors with micros-
atellite instability and those lacking p53 overexpression  (179–  181,   183) . Recently, 
it has been noted that PTEN-positive staining is an indicator of longer survival in 
patients with advanced EC who received postoperative chemotherapy  (184) .  
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  K-ras 

 K-ras encodes a protein (p21) located on the inner plasma cell membranes which 
has GTPase activity and is involved in cell receptor signal transduction pathways. 
K-ras mutations occur more frequently in codons 12 and 13 of exon 1 and have 
been detected in 10–30% of ECs, being quite rare in type II tumors  (48) . K-ras has 
been identified in 4–23% of atypical hyperplasias and is also present in nonatypical 
hyperplasia  (185–  187) . K-ras may correlate with tumor progression and represents 
an early neoplastic event; however, K-ras mutations are not related to other prog-
nostic factors or survival in most studies  (185,   186,   188) .  

  Microsatellite Instability 

 Microsatellites are short repeat DNA sequences that occur throughout the genome 
and because of their repetitive sequences are prone to mutations during DNA rep-
lication. The majority of these mutations are recognized and fixed by the DNA 
mismatch repair family of genes. When these genes are mutated, the microsatellites 
show alterations in size, a phenomenon known as microsatellite instability (MI) 
which occurs in approximately 20% of ECs  (48,   54) . MI has been detected in 
20–30% of sporadic ECs and in 75% of EC associated with hereditary nonpolypo-
sis colon cancer (HNPCC). In women with HNPCC, EC is often the first manifesta-
tion of the disease. These tumors are frequently poorly differentiated, show 
lymphovascular invasion, and present with high FIGO stage  (189) . In sporadic ECs, 
MI has been associated in some studies with a favorable outcome in EECs, even 
when accounting for other prognostic factors  (190) . However, in general, MI does 
not seem to have any definitive association with grade, stage, depth of invasion, 
hormonal status, or survival  (54,   183,   191–  197) .  

   b -Catenin 

  b -catenin is involved in cell to cell adhesion forming complexes with e-cadherin 
and is important in the maintenance of tissue architecture and cell polarity. 
 b -catenin mutations have been found in approximately 15–40% of low-grade 
EECs and in atypical hyperplasia, more frequently when squamous differentia-
tion is present  (198–  200) .  b -catenin mutations are very rare in type II ECs. In the 
majority of cases, the presence of  b -catenin mutations do not correlate with age, 
hormonal status, grade, or stage  (199) . However, a few series have shown an 
association with early onset  (201) , low-tumor grade, and the absence of lymph 
node metastases  (202) .   
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  Uterine Sarcomas  

 Malignant mesenchymal tumors of the uterus do not have their own staging system. 
Thus, the modified FIGO 1988 criteria for EC are used by most pathologists to 
stage these tumors. In variance to EC, malignant mesenchymal tumors originating 
in the uterine cervix are considered stage II tumors. 

  Malignant Smooth Muscle Tumor (Leiomyosarcoma) 

 Leiomyosarcomas have an overall poor prognosis. Multiple studies have looked at 
individual prognostic factors and their effects on survival, including age, tumor 
size, cytologic atypia, mitotic activity, tumor cell necrosis, lymphovascular inva-
sion, type of tumor margin, and extrauterine extension. Only tumor grade  (203, 
  204) , mitotic count  (205–  209) , and tumor stage  (204,   210–  214)  have consistently 
been reported as significant predictors of survival in leiomyosarcomas. In the larg-
est and most recent study of 208 patients with leiomyosarcoma, parameters that 
were associated with increased overall survival by univariate analysis included age 
(<51 years), smaller tumor size ( £ 5 cm), low-grade, and low-stage disease at the 
time of diagnosis. However, when these parameters were entered into a multivari-
ate analysis, only low grade and low stage remained as independent prognostic 
factors of survival  (203) . 

 Several studies have reported that epithelioid and myxoid leiomyosarcomas are 
associated with a more aggressive behavior compared to leiomyosarcomas of con-
ventional type  (215–  217) . Because of the rarity of these tumors, criteria predictive of 
behavior are less well established. 

 ER and PR expression in leiomyosarcomas is diminished when compared to 
benign smooth muscle tumors. Approximately 30–50% of uterine leiomyosarco-
mas express ER and PR. One study has also shown androgen receptor expression 
in these tumors. Several studies have found tumors positive for steroid receptors to 
be associated with better prognosis than tumors with negative steroid receptors 
 (204,   214,   218) . However, results in the literature are not uniform and some inves-
tigators have not found correlation of ER and PR with other prognostic parameters 
and no influence on disease-free or overall survival  (219) . 

 Patients with positive lymph nodes typically also show extrauterine disease. 
The incidence of lymph node metastases in patients with disease confined to the 
uterus is 2.5%  (207,   220) . Therapeutic lymph node sampling does not seem to 
have a role in increasing the free survival rate in patients with leiomyosarcoma. 
Only patients with clinically suspicious lymph nodes should undergo lymph node 
dissection  (221) . 

 Several studies have suggested DNA ploidy, S-phase, p53, bcl-2, and c-kit, 
among others, as potential prognostic parameters  (213,   222–  230) . Further studies 
are necessary to establish these markers as routine markers for improved prognosis 
in malignant smooth muscle tumors.  
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  Low-grade Müllerian Adenosarcoma 

 Myometrial invasion, therefore stage, and sarcomatous overgrowth are the only 
two independent prognostic parameters that determine survival in these tumors. 
Several studies have found that among patients with myometrial invasion, those 
with outer half invasion had a poorer outcome  (231–  233) . In the only study of 
sarcomatous overgrowth in low-grade müllerian adenosarcomas, this feature was 
strongly related to postoperative recurrence and metastases and fatal outcome 
 (234) . Even though adenosarcomas with heterologous elements were initially 
thought to be associated with worse prognosis, the presence of this feature was not 
found to be statistically significant  (233) .  

  Malignant Mixed Müllerian Tumor (Carcinosarcoma) 

 Malignant mixed müllerian tumors are among the most aggressive uterine tumors 
associated with an overall poor prognosis and a 5-year survival rate ranging from 
20% to 35% for all stages despite aggressive treatment  (235–  237) . 

 Even though initially malignant mixed müllerian tumors were included among 
sarcomas, more recent data suggests that these tumors behave similarly to high-
grade carcinomas  (238) . In fact, some authors have reported that malignant mixed 
müllerian tumors have a worse prognosis than high-grade carcinomas  (239,   240) . 
Stage is the single and strongest prognostic factor in this malignancy  (205,   207, 
  241–  249) . In tumors confined to the uterus, survival is related to the degree of 
myometrial invasion  (205,   207,   238,   242,   247–  249) . In some studies, nuclear grade 
of the carcinoma component  (248,   250) , patient age  (243) , and presence of 
gross residual disease  (243,   247,   249)  have also been found to have prognostic 
significance. 

 Other histologic variables such as type and grade of the sarcomatous elements 
 (238,   248)  do not seem to have any prognostic significance. The prognostic impor-
tance of lymphovascular invasion is unclear  (207,   238,   243,   247) , but it is suggested 
that it should be documented in the surgical report  (238) . 

 Positive peritoneal cytology has been shown to be an indicator of poor outcome 
in the few studies that have looked at this parameter  (251,   252) . In particular, in 
stage I tumors, positive peritoneal cytology seems to be of greater prognostic 
importance than depth of invasion, as all patients with positive cytology die of 
disease  (251) .   Patients with a history of previous radiation seem to be associated 
with more advance stage and carry a worse prognosis  (237) . 

 To date, DNA ploidy, proliferation markers, and ER and PR have not been 
found to be clinically significant  (241,   249,   253) , although some recent studies 
suggest that malignant mixed müllerian tumors exhibit decreased ER and PR 
 (254) .  
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  Low-Grade Endometrial Stromal Sarcoma 

 Low-grade endometrial stromal sarcomas which are the most common endome-
trial stromal tumors are characterized by late recurrences and indolent behavior in 
most cases. Historically, endometrial stromal sarcomas were stratified on the bases 
of mitotic activity into low grade (<10/10HPFs) and high grade ( ³ 10/10HPFs) 
 (255,   256) . However, in the largest study to date of endometrial stromal sarcomas, 
mitotic index and cytologic atypia were evaluated and neither were found to be 
predictive of recurrence in patients with stage I tumors. In the same study, stage 
was more important than mitotic activity to predict overall survival and recur-
rences in stage I patients. However, when all patients were considered as a group, 
stage and mitotic activity were both independent prognostic factors of survival and 
time to first relapse  (257) . Other parameters including size of the tumor and grade 
may have an impact on prognosis  (258) . A few studies have noted that DNA con-
tent may be a useful adjunct to predict behavior in these tumors  (245,   259,   260) ; 
however, tumor stage is overall still the most influential prognostic factor. 
Morphologic variations present in these tumors do not alter prognosis  (257) .   ER 
and PR are expressed in low-grade endometrial stromal sarcomas but not in high-
grade tumors; these findings may determine that hormonal treatment should be 
part of the primary treatment  (261–  264) .  

  Undifferentiated Endometrial Sarcoma 

 There are no well-established prognostic parameters for these tumors due to the 
very limited experience. Note that most of the high-grade endometrial stromal sar-
comas referred to in the literature have been diagnosed largely by mitotic activity, 
a feature that is now known not to be significant. For practical purposes, these are 
high-grade tumors and some authors consider them as aggressive as malignant 
mixed müllerian tumors or leiomyosarcomas  (265) .   

 Conclusions  

 •  Endometrial carcinoma is the fourth most common malignancy in women. It has 
an overall favorable prognosis.  

 •  The FIGO surgico-pathologic staging system introduced in 1988 is currently 
used to stage endometrial cancer.  

 •  The most important prognostic factor in endometrial carcinoma is tumor stage.  
 •  Tumor grade and depth of invasion are the most important factors in tumor 

stage.  
 •  The FIGO grading system applies only to EECs and is based primarily on the 

degree of glandular differentiation and secondarily modified by discordant nuclear 
grade.  
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 •  Endometrioid carcinomas are typically estrogen related while serous and clear 
cell carcinomas are independent of estrogen stimulation.  

 •  Serous and clear cell carcinomas are high-grade aggressive neoplasms regard-
less of stage.  

 •  Other potential prognostic factors including ER/PR, DNA ploidy, p53, and 
others have not been shown to have independent prognostic significance on 
multivariate analysis in EC.  

 •  The FIGO staging, although not ideal, is used to stage pure malignant mesen-
chymal tumors, low-grade adenosarcomas, and malignant mixed müllerian 
tumors.  

 •  In uterine leiomyosarcoma, tumor stage and tumor grade are the most important 
predictors of survival. The role of therapeutic lymph node dissection is limited.  

 •  In low-grade müllerian adenosarcomas, the most important prognostic factors 
are depth of myometrial invasion and sarcomatous overgrowth.  

 •  The behavior of malignant mixed müllerian tumors parallels that of the epithelial 
component, with most metastases being composed of epithelial elements.  

 •  Stage is the most important prognostic factor in low-grade endometrial stromal 
sarcomas, while undifferentiated endometrial sarcomas are associated with poor 
prognosis even when stage I.  
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       Primary Hormonal Therapy 
of Endometrial Cancer       

     Linda R.   Duska      

Abstract This chapter discusses the treatment of endometrioid adenocarcinoma of 
the endometrium with hormonal therapy for the purpose of preserving the corpus 
and future fertility. This treatment obviously pertains to premenopausal women. An 
occasional postmenopausal woman who is not a candidate for surgery may benefit 
from similar approaches.

  Keywords   Endometrial cancer  •  Premenopausal  •  Fertility preservation  • 
 Hormonal treatment     

  Introduction  

 Endometrial cancer is the most common of the gynecologic malignancies. In 2008, 
40,100 cases of endometrial cancer and 7,470 deaths from the disease are estimated 
in the USA  (1) . Most cancers occur in women who are postmenopausal, and there-
fore completed their childbearing. However, some endometrial carcinomas occur in 
women who perhaps have not yet begun or have not completed their families. 

 The standard of care for endometrial cancer is surgical treatment. The primary 
surgery consists of total hysterectomy with removal of both tubes and ovaries. In 
the USA, this is often associated with staging surgery, including removal of the 
pelvic and para-aortic lymph nodes. Obviously, this surgical treatment will make 
future childbearing for the patient impossible. With surgical staging and radiation 
where appropriate, the cure rate for endometrial cancer confined to the corpus 
(stage I) is ≥ 80% depending on substage, grade, and histologic subtype. 
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 This chapter will discuss the alternative treatment of endometrioid adenocarci-
noma of the endometrium with hormonal therapy for the purpose of preserving the 
uterus and therefore future fertility. Since little prospective data exist for this pro-
posed management, mainly retrospective data will be presented. Moreover, the 
treatment of endometrial cancer with less than hysterectomy at the current time 
represents a therapy that is outside of the “standard of care”, and therefore should 
be undertaken with caution with a well-informed patient and an experienced 
physician. 

 This discussion will also apply to older women with endometrial cancer who are 
not surgical candidates for medical reasons. However, many of these older women 
for whom fertility is not an issue may be better served by primary radiation therapy 
if they cannot undergo surgery.  

  Epidemiology (see also chapter 1)  

 Endometrial cancer most often affects postmenopausal women. Over 70% of 
cases occur in the postmenopause and the mean age of diagnosis was 63.1 years 
in 1990–1992  (2) . However, retrospective reports suggest that between 2–14% 
of women presenting with endometrial cancer will be £ 40 years old  (3–  11) . 
This premenopausal group has both similar and different epidemiologic charac-
teristics than the postmenopausal age group that need to be considered. 
Moreover, because of their young age, the diagnosis of endometrial cancer is 
not always entertained in these patients when they present with menstrual 
irregularities. 

 One of the epidemiologic risk factors shared by young and old women is obes-
ity. Several large retrospective studies have looked at obesity rates in women age 
£ 40 based on a measurement of BMI > 30. The three largest studies that have 
data regarding BMI are shown in Table  1 .       If all studies, including those that 
measure obesity by body weight alone, are included, obesity rates in younger 
women range from as low as 38% to as high as 62%  (12) . Interestingly, these 
obesity rates in young women seem to be higher than those of older women 
within the same population. For example, in the series from Gallup et al., an 
obesity rate of 43.8% in women < 40 years with endometrial cancer contrasted 

   Table 1.  Studies of women < 40 years with available BMI data  

    Duska et al.  (12)   Gitsch et al.  (9)   Solimon et al.  (11)   Totals 

 Number of patients  92  17  79  188 
 BMI > 30  44   6  48   98 
 Obese (%)  48  35  62   52 
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with 18% in a group of patients treated at the same institution who were over 40 
years of age  (6) . 

 All young women with endometrial cancer are not obese; in fact, many of them 
will present with normal weight. In the series from Massachusetts General Hospital 
(MGH), 52% of women < 40 years with endometrial cancer were of normal weight 
(BMI < 30), and 43% had a BMI of 25 or less (12). In that study, there was a trend 
toward higher stage disease and high-risk histology in the normal weight women, 
though the differences did not reach statistical significance. Schmeler et al. presented 
a series of women � 50 years and of normal weight seen at the MD Anderson Cancer 
Center  (13) . They suggested that hormonal factors, and in particular polycystic ovar-
ian syndrome (PCOS), may be a risk factor for developing endometrial cancer in 
these women with normal weight. Retrospective data suggests that normal weight 
younger women are not at higher risk for poor survival, though the numbers are too 
small in all studies to reach any conclusion. 

 Obviously, women < 40 do not present with postmenopausal bleeding or stain-
ing. However, the majority of young women with endometrial cancer will present 
with some type of menstrual irregularity. In the series from MGH, 29 of 91 
women presented with menorrhagia or increasing menorrhagia and 39 of 91 pre-
sented with irregular menses or menometrorrhagia  (12) . Similarly, 26 of 32 
women in the Crissman series presented with irregular vaginal bleeding  (5) . 
Other studies have also reported high rates of irregular bleeding as the presenting 
complaint  (4,   7,   10) . Persistent irregular bleeding, therefore, merits endometrial 
sampling even in those women age £ 40  to rule out an underlying endometrial 
carcinoma. 

 Infertility is also a hallmark of women £ 40 with endometrial cancer, in con-
trast to their postmenopausal counterparts, who are often characterized as “fer-
tile.” In our series, 11 patients (12%) were diagnosed with endometrial cancer 
incidentally during infertility evaluation (12). In Gallup’s study, 44% of women 
< 40 years with endometrial cancer were classified as “infertile,” though infor-
mation is not provided to suggest that infertility was the presenting symptom 
prompting evaluation  (6) . Schmeler’s study reported a 17% risk of infertility in 
women under age 50 with endometrial cancer  (13) . The finding of infertility is 
a resonable one if we assume that it is a result of anovulation from disorders as 
Stein-Leventhal syndrome associated with high levels of circulating unopposed 
estrogen. Unfortunately, all data is retrospective and often limits obtaining hor-
monal information about patients unless it is specifically documented in the 
patient’s chart. 

 Genetic disorders, particularly hereditary nonpolyposis colon cancer or Lynch 
syndrome, are associated with endometrial cancer, usually at a young age. In fact, 
endometrial cancer is the most common cancer of Lynch syndrome in women and 
may be the presenting cancer in some patients  (14) . A detailed family history is 
instrumental in making this diagnosis, and all young women presenting with 
endometrial cancer should have a careful family history taken. 

 Finally, endometrial cancer in a young woman may result from an estrogen-
producing ovarian tumor, such as a granulosa cell tumor. Clinically, a very young 
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woman may present with an ovarian mass, irregular bleeding, and/or infertility. 
Treatment of the ovarian tumor must include dilatation and curettage (D&C) to rule 
out an underlying endometrial neoplasia.  

  Complex Atypical Hyperplasia in Women Under 40 Years  

 The issue of complex atypical hyperplasia (CAH) needs to be addressed, particu-
larly in the setting of a discussion of treating young women with grade 1 endome-
trial cancer with hormones rather than definitive surgery. While CAH is a 
precancerous lesion, it cannot reliably be stated that there will be no cancer on the 
hysterectomy specimen when a preoperative diagnosis of CAH is made. The pos-
sibility of an underlying grade 1 adenocarcinoma must be considered when treating 
CAH with hormones for the purpose of preserving fertility. 

 Kurman et al. established retrospectively that a preoperative diagnosis of CAH 
resulted in a postoperative diagnosis of grade 1 adenocarcinoma on the hysterec-
tomy specimen in 29% of cases  (15) . This study has since been repeated prospec-
tively by the Gynecology Oncology Group (GOG) with somewhat alarming 
results  (16,   17) . The study entered women with a preoperative community diag-
nosis of CAH, all of whom underwent hysterectomy within 12 weeks of diagno-
sis. All preoperative specimens were reviewed by a panel of “expert” pathologists 
as were the final hysterectomy specimens. The rate of carcinoma in the final 
hysterectomy was 43%, much higher than the Kurman’s retrospective study. 
More surprisingly, however, the community diagnosis of CAH was supported by 
the expert panel in only 38% of cases. In 29% of cases, the expert panel felt that 
the lesion merited a diagnosis of carcinoma. Finally, there was complete agree-
ment of the experts in only 40% of cases. 

 From the data presented above, it is clear that CAH needs to be treated as if a 
grade 1 adenocarcinoma might be present. Care should be taken to exclude carci-
noma as a possibility, either via D&C as the “gold standard,” slide review by an 
expert pathologist, or both when considering treatment with hormones and conser-
vation of the uterus. Recurrence risk for CAH will likely be as high as seen in grade 
1 adenocarcinoma after treatment with hormonal therapy.  

  Staging  

 Endometrial cancer has been surgically staged since 1988, with the publication 
of the results of the surgical staging study GOG 33  (18) . This study demon-
strated the importance of lymph node status as well as depth of myometrial 
invasion as markers of prognosis and recommendations for adjuvant therapy. 
The GOG defines surgical staging of endometrial cancer as including: explo-
ratory laparotomy, pelvic washings, total abdominal hysterectomy (TAH), 
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bilateral salpingo-oophorectomy (BSO), and sampling of pelvic and para-aortic 
lymph nodes. Adjuvant therapy recommendations are made based on surgico-
pathologic results. GOG 33 also helped clinicians to predict which patients 
might have positive retroperitoneal lymph nodes based on grade of disease and 
depth of myometrial invasion. 

 In GOG 33, women with grade 1 tumors and no myometrial invasion had a 0% 
rate of positive pelvic or para-aortic retroperitoneal lymph nodes. In fact, the rate 
of lymph node metastases for noninvasive carcinoma of any grade was ≤ 3%. 
However, deeply invasive grade 1 tumors had an 11% rate of positive pelvic 
lymph nodes and a 6% rate of positive para-aortic lymph nodes, indicating the 
need for adjuvant therapy after surgery and a poorer prognosis. Therefore, a 
patient with a grade 1 carcinoma that is (clinically) noninvasive has a theoretical 
risk of positive retroperitoneal nodes of 0%, making her an ideal candidate for 
hormonal therapy. 

 When a clinician is considering managing a patient with hormonal treatment, 
however, surgical staging is not possible. The determination of clinical staging, 
then, must be made with the best available data, the limitations of which will be 
discussed below, with surgical staging considered to be the “gold standard.” Since 
it is generally accepted that only patients with noninvasive endometrial cancer 
(and grade 1 or at most grade 2 endometrioid histology) should be managed with 
hormones, the clinician needs to use all possible modalities to assure that the 
patient has “clinical” stage IA grade 1 disease. For the purposes of the remainder 
of this discussion, it will be assumed that all histology is endometrioid since 
hormonal management of any other histology of endometrial cancer is not 
appropriate. 

  Grade 

 Preoperative tumor grade is not always predictive of tumor grade on the final 
hysterectomy specimen. Cowles et al. demonstrated that preoperative grade 1 
tumors were upgraded at the time of hysterectomy in 11% of cases  (19) , while a 
larger study by Daniel et al. reported an overall upgrading of 15–20%  (20) . In 
combination, the two studies did demonstrate that we do best predicting postop-
erative grade correctly when the preoperative grade is 1. Most recently, Eltabbakh 
et al. reviewed 182 patients at their institution who underwent surgical staging for 
preoperative grade 1 tumors  (21) . In 30% of cases, the grade was changed on the 
hysterectomy specimen. In 22% and 6% of cases, the postoperative grade was 2 
and 3, respectively. Obviously, then, there is a not insignificant risk that a young 
woman presenting with a grade 1 tumor will have a higher grade histology discov-
ered if she undergoes hysterectomy, and therefore increased risk of disease outside 
of the uterus. Since D&C is considered the “gold standard” for preoperative diag-
nosis, hormonal management of a young patient should always be preceded by a 
D&C rather than an endometrial biopsy only.  
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  Myometrial Invasion 

 There is no 100% reliable method to determine depth of muscle invasion short of 
removing the uterus and examining the myometrium microscopically. Most clini-
cians will use a combination of MRI, ultrasound, and/or CT scanning to make the 
diagnosis of clinical Stage Ia disease. None of these modalities are completely reli-
able, and all are more accurate when diagnosing deep rather than superficial myo-
metrial invasion. 

 CT scan is useful for identifying large volume extrauterine disease, but fails to 
detect microscopic lymph node metastases. Accuracy of CT scan in predicting 
myometrial invasion ranges from 61% to 76%, increasing to 83% with deep inva-
sion  (22–  24) . Zerbe et al. reviewed their experience with preoperative CT scans in 
predicting the extent of myometrial invasion  (25) . All patients had a CT scan per-
formed within 10 days of surgery and the results were classified as > or < 50% 
invasion. In this study, CT scan failed to identify 17 of 44 patients (39%) who had 
myometrial invasion. While this study did not look specifically at grade 1 tumors, 
it suggests that CT is not useful in determining myometrial invasion. Other authors 
have confirmed this finding  (26) . 

 MRI can be useful for evaluating myometrial invasion as well as pelvic nodes 
and adnexal masses. In a recent study looking at all grades of endometrial cancer, 
evaluation of depth of myometrial invasion with MRI had a sensitivity of 79–82% 
 (27) , while other authors have reported an accuracy of 58–89%  (22,   24) . For both 
CT and MRI, the postmenopausal woman presents a special diagnostic challenge 
because of the lack of junctional zone between the endo- and myometrium. It is 
likely that accuracy will be higher in premenopausal women. Tumor grade, 
 however, does not seem to be a factor in predicting myometrial invasion in one 
meta-analysis  (28) . 

 MRI is the most frequently recommended modality for assessing myometrial 
invasion in the premenopausal woman wishing to preserve her uterus. Contrast-
enhanced MRI improves accuracy  (29,   30) . Transvaginal ultrasound can also be 
utilized to exclude ovarian lesions. Like CT, MRI will not be able to accurately 
diagnose microscopically positive retroperitoneal lymph nodes.   

  Data Supporting Hormonal Therapy  

 The majority of data supporting hormonal therapy of endometrial cancer is retro-
spective and, therefore, subject to reporting bias. Most series are small, with num-
bers of patients reported ranging from 1 to 15. The GOG is currently undertaking a 
prospective study of women with endometrial cancer (GOG 211) who are given a 
single dose of intramuscular (IM) progesterone 21–24 days prior to hysterectomy. 
This study will provide prospective data regarding the action of progesterone, but 
since most women with endometrial cancer are postmenopausal, it is not clear that 
the data will also apply to premenopausal women. 
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 Ramirez et al. recently published a literature review of retrospective patients 
treated with progesterone (31). They identified 27 studies describing 81 patients 
treated with hormones for endometrial cancer. Overall, the response to progestin 
therapy was 76%, with a median time of response of 12 weeks. Documentation 
regarding pregnancy was available for 20 patients, all of whom were able to con-
ceive at least once following treatment. Gottlieb et al. performed a similar and more 
comprehensive literature review and identified 101 women with a mean age of 29 
years treated with hormones for endometrial cancer, with a 71% initial response 
rate, minimal time to response of 3.6 months, and 56 live births (32). 

 One of the earliest and largest retrospective studies was that of Bokhman et al., 
in 1985 (33). It preceded surgical staging, and all patients at that time were clini-
cally staged. Nineteen patients ranging in age from 19 to 37 (mean 28.7) years with 
endometrial cancer were treated with progesterone, 11 patients with grade 1 
tumors, and 8 with grade 2 tumors, all with clinical stage I disease. Seventeen 
patients had primary infertility and 14 were obese. All patients were treated with 
500 mg daily of IM oxyprogesterone caproate. All patients who did not demon-
strate response after 3 months underwent hysterectomy. In total, 15 of the 19 
patients were cured with hormonal therapy. Data regarding live births following 
treatment was not reported. 

 The next consecutive larger series was reported by Randall and Kurman in 1997 
(34). It consisted of a retrospective review of cases sent to Johns Hopkins Hospital 
for pathology consultation. Fourteen women were treated with hormones for grade 
1 adenocarcinoma. Most of the patients were described as treated with “high-dose 
progestins,” though the treatments were not standardized as they were in the previ-
ous report. In this study, no woman had tumor progression defined as an increase 
in grade on subsequent sampling. Two women were found to have coexisting ovar-
ian carcinomas following hormonal therapy and underwent surgery; in both cases, 
a stage Ia grade 1 endometrioid adenocarcinoma was confirmed histologically. 
Three women had five full-term deliveries. One patient experienced recurrence of 
her cancer after initial response to therapy. She had another complete regression 
after reinstitution of progesterone therapy, and ultimately had a full-term delivery. 

 In 2001, our group presented a retrospective review of 12 patients who under-
went hormone therapy of endometrial cancer (12). They ranged in age from 24 to 
40 years and 8 presented with infertility. All patients had grade 1 tumors. Two 
patients eventually underwent hysterectomy for persistent disease, and one of these 
developed a synchronous ovarian primary tumor. Four women achieved pregnancy 
with five viable infants delivered. 

 Gottlieb et al. in 2003 reported 13 patients with ages ranging from 23 to 40 
(mean 31) years (32). In six patients, the diagnosis was made during infertility 
evaluation. Eleven patients had a grade 1 tumor and two had a grade 2 tumor. All 
patients received treatment for at least 3 months and all responded to therapy with 
regression of their disease documented by endometrial biopsy. Progestin therapy 
was not standardized; eight patients were treated with megestrol acetate 160 mg 
daily. Five patients developed local recurrence. Three patients delivered nine viable 
infants and two further patients were pregnant at the time of the report. 
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 Wang et al. in 2001 reported a prospective study of hormonal treatment of 
endometrial cancer (35). In this study, women with clinical stage I grade 1 endome-
trioid adenocarcinoma were prospectively entered into an IRB-approved trial of 
hormonal therapy. Nine patients were accrued to the trial over an 8-year period. 
Despite the prospective nature of the study, all patients did not receive the same 
therapy, though the majority were treated with megestrol acetate and tamoxifen. 
Eight of the nine patients achieved complete remission, though one of them did not 
initially respond to therapy and had to be treated with GnRH agonist and increased 
dose of megestrol acetate. Two patients had a total of three term pregnancies. 
However, four of the eight responders developed recurrent disease. 

 Finally, Niwa et al. presented a prospective study of women < 40 years with 
grade 1 endometrial cancer  (36) . Ultrasound and MRI were both used to assess 
myometrial invasion and ovarian involvement. All patients were treated with 
medroxyprogesterone acetate continuously and all 12 underwent complete remis-
sion of disease. Of ten patients attempting pregnancy, five had six full-term deliver-
ies. Eight patients had recurrence of disease, and one of these patients had 
metastatic disease to the ovary at the time of surgery. 

 From these and other studies, it can infer that the majority of women will 
respond to hormonal therapy, though not all, with a response rate of approximately 
70%. The presence of ER and PR does not necessarily imply response to hormonal 
therapy (35) and the recurrence risk is not insignificant, with a range of 8–66%. 

  Risks of Hormonal Therapy 

  Progression of Disease 

 Certainly, there is concern for progression of disease during the delay that occurs 
during hormonal therapy. It is conceivable that if the cancer being treated is not 
responsive to hormones and/or more definitive surgical therapy is delayed for 3 
months, the stage of disease at the time of ultimate surgery could be higher. Kim 
et al. reported 3 of 21 initial responders to progesterone who experienced recurrent 
disease; one of these patients had evidence of metastatic disease at the time of her 
surgery. The authors raised the possibility of progesterone therapy delaying defini-
tive surgical therapy, possibly resulting in the development of metastatic disease 
(37). This patient was also the only one in the series with grade 2 disease, prompt-
ing the authors to suggest that only patients with grade 1 disease be considered for 
hormonal management. 

 Rubatt et al. reported a 40-year-old-obese woman who underwent hormonal 
therapy for CAH (38). The patient experienced complete regression and was compli-
ant with follow-up. Two years following initial treatment she was diagnosed with a 
grade 2 endometrial cancer. At the time of surgery, she was found to have a stage IIIC 
grade 2 endometrial cancer with significant lymphovascular invasion within the 
myometrium and one positive pelvic lymph node. Kaku et al. reported 12 women 
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with endometrial cancer who underwent hormonal therapy; 2 of 9 responders later 
developed relapse, and 1 of these had stage IIIC disease, with a positive obturator 
lymph node (39). Yang et al. reported four patients who were treated with hormones 
and ultimately at the time of surgery were found to have both ovarian and endome-
trial tumors; the ovarian tumors were not detected at the time of diagnosis of the 
endometrial cancer ( 40) .   Finally, Ferrandina et al. reported a case of progression of 
endometrial cancer following successful treatment and pregnancy (41). A 30-year-
old woman was treated successfully for her grade 1 clinical stage Ia endometrial 
cancer as documented by hysteroscopy and D&C. Three months following resolu-
tion of her disease she became pregnant and had a cesarean section at 36 weeks. 
Eight months later, she developed irregular bleeding and underwent definitive sur-
gical therapy. She was diagnosed with stage IV poorly differentiated endometrial 
cancer and died of her disease. 

 There is a large number of studies, usually reporting between 1 and 4 cases, of 
women with endometrial cancer who were treated with hormones and achieved 
pregnancy  (42–  51) . Most of them had grade 1 tumors that were extensively “clini-
cally” staged with D&C, plus or minus hysteroscopy, CT and/or MRI, and laparos-
copy. Many of these women were diagnosed during infertility evaluation and many 
required artificial reproductive technology (ART) to achieve pregnancy. One must 
consider when reading these reports the phenomenon of recall bias. 

 Any patient who chooses hormonal therapy over definitive surgical therapy 
should be counseled that surgical therapy is almost always curative for stage Ia 
grade 1 cancers and that hormonal therapy as an alternative poses a theoretical risk 
of progression of disease to a stage that may expose the patient to an increased risk 
of recurrence.  

  Risk of Metastases to the Ovary and/or Synchronous 
Ovarian Primary Tumors 

 There is a risk, though small, of endometrial cancer embolizing through the fallo-
pian tube and metastasizing to the ovary. In the GOG staging study of clinical stage 
I endometrial cancer, this risk was 5%  (18) . Gross ovarian metastases can be ruled 
out via pelvic examination and/or pelvic ultrasound, but micrometastases cannot be 
demonstrated without histologic examination of the ovaries. 

 Recent literature has raised significant concerns regarding the risk of synchro-
nous ovarian primary tumors in young women with endometrial cancer. The issue 
was raised by Walsh et al. in the context of considering preserving ovarian function 
in young women with endometrial cancer, removing the uterus but leaving the 
ovaries intact (52). The authors reviewed 102 patients age 45 and younger who 
underwent hysterectomy for endometrial cancer. Twenty-six women in this series 
(25%) had a coexisting ovarian malignancy, which were felt to be a synchronous 
ovarian primary in 23 cases. All ovarian tumors were epithelial, and all but one 
were endometrioid carcinomas. Eighteen of the 26 cases (69%) occurred in women 
with grade 1 endometrial cancer.   Twenty-six patients in this series underwent 
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hormonal treatment for endometrial cancer prior to ultimate surgical management. 
Four of them (15%) had ovarian involvement with cancer diagnosed at the time of 
their surgery and one had an ovarian tumor that was felt to be a synchronous ovar-
ian primary. 

 Other authors have also documented a risk of synchronous ovarian primary can-
cer in patients with an endometrial cancer  (53) . Obviously, when considering hormo-
nal therapy, ovarian involvement needs to be carefully ruled out. Pelvic ultrasound 
may be the most useful modality to evaluate the ovaries for any abnormality and 
CA-125 can be used preoperatively as well. It has also suggested the use of lapar-
oscopy preoperatively to rule out ovarian involvement  (54) , though this is not a 
standard recommendation.  

  Risk of Tumor Recurrence During Pregnancy 

 Unfortunately, endometrial cancer recurrence has been documented during preg-
nancy. In one study, a lesion was interpreted to have been present during pregnancy, 
despite documentation of resolution of disease after treatment with hormones, and 
was diagnosed shortly after delivery  (55) . Intuitively, one would think that high 
levels of progesterone achieved during pregnancy should be protective against 
recurrence of endometrial cancer, but this is not always the case.   

  Method of Treatment 

 There is no standardized agreed upon method for treating women with endometrial 
cancer with hormones. Most gynecologic oncologists choose megestrol acetate as 
a first choice, but doses and schedules are not standardized. Doses as low as 40 mg 
daily and as high as 160 mg four times daily have been reported. Medroxyprogesterone 
acetate, depo-medroxyprogesterone acetate, and combinations of tamoxifen and 
progesterone have also been suggested. While some authors suggest using cyclic 
therapy to induce a monthly withdrawal bleed, most advocate continuous treat-
ment which ultimately results in an atrophic endometrium. Since progesterone is 
poorly tolerated by many women, with breast tenderness and weight gain being 
frequent complaints, it is probably best to use the lowest dose that will also be suc-
cessful in reversing the neoplastic endometrium, though this lowest dose probably 
varies from woman to woman and likely its success is dependant on patient’s BMI 
and tumor. 

 Several authors have suggested the use of a progesterone intrauterine device 
(IUD) as a means of treating the cancer with high doses of progesterone without the 
systemic side effects. In the study from Montz et al., women with clinical stage IA 
grade 1 endometrial cancer underwent hysteroscopy and curettage followed by 
placement of a progesterone IUD and resampling every 3 months  (56) . Seven of 11 
patients demonstrated complete response at 6 months and six of eight at 12 months. 
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Dhar et al. performed a similar study using a levonorgestrel containing IUD  (57) . 
Four women with grade 1 adenocarcinoma that expressed PR were treated with 
IUD; only one patient had a complete response within 6 months. However, this 
study did not exclude myometrial invasion prior to the treatment with IUD. In both 
studies, the majority of patients were postmenopausal and underwent hormonal 
treatment because it was felt that they were poor surgical candidates; thus, it is 
impossible to know whether a similar treatment regimen in premenopausal women 
would have similar outcome. Moreover, two women were reported to possibly have 
developed adenocarcinoma in the uterine isthmus while using a levonorgestrel IUD, 
suggesting that either the uterine cavity does not receive a uniform dose of proges-
terone, or that the cancer is not uniformly receptive to hormonal treatment  (58) . 

 Once the treatment itself is chosen, appropriate follow-up of the patient is 
also not standardized. How frequently should the endometrium be resampled 
following treatment? How long should the treating clinician wait for complete 
response? Once complete response has been established, how should the patient 
then be followed to rule out recurrence? The appropriate treatment and follow-
up course has not been established. It is clear, however, that responses may not 
be seen at the first 3-month resampling, and that the recurrence risk is high. It 
seems reasonable to suggest that patients be resampled 3 months after beginning 
hormonal therapy. If an incomplete response is documented, a further 3-month 
trial of treatment, perhaps with increased dose or different medication, may be 
appropriate. Once complete remission is established, pregnancy (if desired) 
should be aggressively pursued, with ART if required. If pregnancy is not 
desired, a “maintenance” hormonal treatment must be utilized to prevent recur-
rence. This maintenance therapy might consist of the birth control pill, monthly 
withdrawal bleeds with progesterone, or continuous progesterone therapy, either 
by mouth, intramuscular, or intrauterine. 

 Many women with endometrial cancer treated with progesterone will require 
ART to achieve pregnancy. Since ART generates very high serum estradiol levels 
(which thereby put the patient at risk for recurrence if pregnancy is not achieved), 
many community in vitro fertility (IVF) programs may feel uncomfortable manag-
ing these patients. Moreover, many of these women are in the older range of repro-
ductive age and therefore have lower success rates for IVF, perhaps requiring 
multiple attempts at ovulation induction to achieve pregnancy. These risks must be 
considered in the overall counseling of these patients when they are contemplating 
hormonal management for preservation of fertility.   

  Mechanisms of Hormone Receptor Action 
in Endometrial Cancer  

 The presence of PR in endometrial cancer does not guarantee response to pro-
gesterone. The simple notion of a generic progesterone receptor has been replaced 
over the last 10 years with a better understanding of the complexity of the PR 
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and the mechanism of action of hormones on endometrial cancer. Nevertheless, 
currently there is no method to predict which cancers will regress with hormonal 
therapy and which will persist. Moreover, tumors may respond to progesterone 
therapy only partially, with persistence of disease in some areas of the uterus and 
response in others. While we have a general clinical sense that many CAH and 
endometrial cancers will respond to progesterone, the understanding of this 
response at the molecular level is rudimentary at best. 

 The GOG is trying to understand the molecular basis of progesterone 
response in several prospective ongoing studies. In GOG 211, women undergo-
ing hysterectomy for a known diagnosis of endometrioid adenocarcinoma are 
receiving a single IM dose of depo-medroxyprogesterone acetate 400 mg 21–24 
days prior to hysterectomy. Paraffin blocks are being collected from the preop-
erative biopsy as well as the hysterectomy specimen for scientific study to 
perhaps obtain a better understanding of the action of this particular formula-
tion of progesterone on all grades of endometrioid adenocarcinoma. 

 Most endometrioid adenocarcinomas express PR  (59) . The lower grade tumors 
express PR more frequently, with a decrease in PR expression with increasing 
tumor grade  (60–  62) . However, there is a variable response to progesterone treat-
ment within a single tumor and tumors can have both PR-positive and -negative 
areas  (63–  66) . Therefore, the presence of PR by immunohistochemistry does not 
reliably predict response to progesterone therapy.   Furthermore, we now have more 
information regarding the complexity of the PR and the interactions between its 
two isoforms, PRA and PRB. Either the two isoforms have divergent responses or 
the ratio of the isoforms might be important  (67–  70) . There are also several cofac-
tors and corepressors that can influence PR-mediated action  (71–  76) .   The study of 
Arnett-Mansfield et al. illustrates the difficulty of utilizing immunohistochemistry 
and the presence or absence of receptor to predict response  (77) . The authors stud-
ied PR isoforms in archived endometrial cancer tissue. Ninety-six percent of tumors 
expressed PR. Only 30% of tumors expressed PRA alone, 42% expressed both 
isoforms, and 28% expressed PRB alone. PRB-only tumors had low levels of PR 
and those tumors that expressed both isoforms tended to express predominantly 
PRA. Based on their data, the authors hypothesized that loss of PRB resulted in the 
development of endometrial cancer. The finding of different expression of the iso-
forms has been supported by other groups  (67,   70) . Other authors have suggested 
that it is the ratio of the isoforms that is most important  (78) . Thus, it is most likely 
that the ratio of PRA to PRB determines both the development of endometrial can-
cer and the ultimate response or lack thereof to progesterone treatment. 

 As the presence of PR alone does not predict response to progesterone ther-
apy, molecular markers of progesterone response that are measurable in paraf-
fin-fixed tissue will be needed in the future to predict response of an individual 
tumor to progesterone therapy. Moreover, since different areas of each tumor 
may respond to treatment differently, careful monitoring of response will always 
be necessary. 
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  Future Directions 

 As women in the USA continue to delay childbearing and as obesity rates rise, the 
numbers of women with endometrial cancer who wish to preserve their fertility will 
continue to increase. Counseling of these women regarding uterine preservation is 
limited by the lack of data and lack of standardized management schemas. 
Prospective trials need to be performed to establish a standard drug, dose, and 
schedule for progesterone therapy, and its appropriate monitoring. In order to estab-
lish a new standard of care in this setting, we require a better understanding at the 
molecular and genetic level of the mechanism of the different progesterone formu-
lations on endometrial cancer at the level of the PR isoforms. It may be that a 
specific novel progesterone directed at one or the other PR isoforms will be the best 
treatment in the future, or perhaps directed therapy to each particular tumor 
depending upon that tumor’s expression pattern of PR isoforms. 

 For the present time, any young woman with endometrial cancer wishing to be 
treated with progesterone in order to preserve fertility should be managed with the 
guidance of a gynecologic oncologist wherever possible and should be informed of 
all of the risks of less than standard of care treatment, including the not insignificant 
risk of progression of disease and potential development of ovarian synchronous 
primary tumors or ovarian metastases. Only women with grade 1 endometrioid aden-
ocarcinomas and disease that is clinically felt to be confined to the endometrium with 
the best available radiologic modality should be considered for therapy. Our own 
study failed to identify any clinical or immunohistologic factors other than grade that 
are predictive of stage Ia disease and thus predictive of successful hormonal therapy. 

 Patients who wish to proceed with progesterone therapy rather than surgery 
should be counseled that this therapy is not the standard of care treatment for 
endometrial cancer. Treating with less than the standard of care could potentially 
result in a young woman dying of a surgically curable disease.   

  Conclusions  

 To pursue primary hormonal therapy of endometrial cancer, the following steps are 
required: 

    ●    Confirm that the tumor is endometrioid and grade 1 by pathologic review. If 
diagnosis was made by endometrial biopsy, perform D&C to ensure complete 
sampling of the endometrial cavity.  

   ●    Obtain a careful medical history and perform physical examination with particu-
lar attention to family history. A family history that suggests Lynch syndrome 
should result in genetic counseling and possible testing as patient is at increased 
risk for colon and ovarian cancer. Attention should also be paid to medical his-
tory that might complicate future pregnancies (obesity, diabetes, hypertension).  

   ●    MRI and/or ultrasound should be performed to rule out adnexal metastases and 
evaluate for myometrial invasion.     
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 If the tumor is well sampled and grade 1 with no evidence of extrauterine dis-
ease or myometrial invasion, the patient should undergo:

   ●    Informed counseling, preferably with a gynecologic oncologist.  
   ●    Treatment with progesterone, either continuous or cyclic.  
   ●    Resampling in 3 months to assess response.  
   ●    If resolution of disease: patient should be encouraged to achieve pregnancy 

quickly. Many of these patients will require ART. 
● If incomplete resolution of disease: patient may be retreated with another 

medication regimen or a higher dose of the same formulation and resample in 
3 months.  

   ●    Once childbearing is complete or if treatment fails, the patient should be coun-
seled for definitive surgical therapy consisting of TAH–BSO with lymphadenec-
tomy as appropriate.         
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       Early-Stage Endometrial Cancer: Surgery       

     Yukio   Sonoda    

    Abstract   Endometrial cancer typically presents at an early stage and surgery alone 
can be curative in many of these cases. Traditionally, surgery for early-stage dis-
ease has been carried out using an open approach; however, the use of minimally 
invasive surgery has rapidly grown in the field of gynecologic oncology. Multiple 
studies have demonstrated its feasibility and oncologic outcomes continue to be 
validated.  

Keywords   Endometrial cancer  •  Surgery  •  Laparoscopy     

  Introduction  

 Endometrial cancer consistently remains the most common gynecologic malig-
nancy in the USA, and it ranks as the fourth most common cancer of the American 
female population. There will be an estimated 40,100 new cancers of the uterine 
corpus and 7,470 deaths from this disease in 2008  (1) . Fortunately, the vast major-
ity of endometrial cancers will be detected in the early stages: approximately 75% 
of these cancers are limited to the uterus at time of discovery. This is in large part 
due to the early warning sign of abnormal uterine bleeding present in the early 
stages of the disease. 

 Endometrial cancer is classified into two types  (2) . Type I cancers are the more 
common form and are associated with increased levels of circulating estrogen. 
These tumors usually begin as endometrial hyperplasia and progress to cancer. 
They tend to occur at a younger age and are less aggressive (typically grade I and 
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II endometrioid adenocarcinomas). Type II cancers are higher-grade, more aggres-
sive, and tend to arise in a background of atrophic endometrium. Histologically, 
they encompass serous, clear-cell, and grade 3 endometrioid adenocarcinomas. 
They occur in older patients and do not have an estrogen-related precursor. 

 Fortunately, early-stage Type I endometrial cancers comprise the vast majority 
of cases and can be cured. The surgical treatment of early-stage Type I cancers will 
be the subject of this chapter.  

  Surgical Therapy  

 With the change of the staging system for this disease from a clinical to a surgical 
evaluation, primary treatment for women with endometrial cancer begins with 
surgery. Prior to undergoing a major surgical procedure, and given that this disease 
is associated with surgical risk factors such as obesity, hypertension, and diabetes, 
all patients should undergo a thorough history and physical examination. Physical 
examination should include areas of potential tumor spread: enlarged supracla-
vicular and inguinal lymph nodes, signs of intra-abdominal disease or ascites, and 
close inspection of the cervix and vagina. Chest radiography should be obtained 
to rule out any pulmonary spread. Other imaging modalities such as computed 
tomography or magnetic resonance imaging should not be routinely obtained 
unless there are findings on history and physical examination that warrant further 
investigation. Serum CA-125 has been shown to be elevated in patients with 
advanced disease, and this may provide additional information if intra-abdominal 
spread is suspected  (3) . 

 The standard surgical approach to the patient with endometrial cancer clinically 
confined to the uterus comprises an exploratory laparotomy, exploration of the 
peritoneal cavity, peritoneal washings, biopsies of any suspicious lesions, TAH, 
BSO, and selected para-aortic and pelvic lymph node sampling. 

 After entering the abdomen, a thorough exploration of the peritoneal cavity is 
performed. Any suspicious lesions should be biopsied. Peritoneal washings are 
obtained by instilling approximately 100 cc of saline into the pelvis and aspirating 
for cytological analysis. The fallopian tubes, the round and the utero-ovarian liga-
ments are occluded by placing a large clamp across them. This serves to prevent 
retrograde tumor dissemination during uterine manipulation and helps provide 
uterine traction. An extrafascial hysterectomy with BSO can then be performed. 

 Once the primary specimen has been removed, the pelvic and para-aortic 
lymph nodes should be sampled. This is an area that remains controversial in the 
management of endometrial cancer. The basis for lymph node sampling arose 
from the Gynecologic Oncology Group (GOG) protocol 33  (4) . This study dem-
onstrated that the incidence of pelvic and para-aortic lymph node metastasis was 
greater for patients with high-grade and deeply invasive tumors. Low-grade 
tumors with no or only superficial myometrial invasion had a very small inci-
dence of lymph node spread. 
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  Intraoperative Management 

 In the absence of obvious extrauterine spread, some have advocated using a com-
bination of preoperative tumor grade, intraoperative assessment of myometrial 
invasion, and clinical evaluation of the lymph nodes to determine if lymph node 
assessment should be undertaken. However, this approach relies on several uncer-
tainties. Tumor grade can not be accurately determined using office biopsy or curet-
tage. In a retrospective study by Obermair et al.  (5) , the preoperative histologic 
grade of the curettage specimen was compared with that of the final specimen. 
Only 78% of well-differentiated tumors diagnosed on curettage maintained the 
same histologic grade on final analysis. Similar results of the inaccuracy of preop-
erative grade assessment have been demonstrated by other authors  (6–  8) . 

 Accurately assessing depth of myometrial invasion by either intraoperative 
visual inspection or frozen section analysis can be difficult. Intraoperative visual 
examination can correctly predict the degree of myometrial invasion in 87% of 
grade 1 tumors, 65% of grade 2 tumors, and 31% of grade 3 tumors  (9) . The use of 
frozen section analysis to assess myometrial invasion has been advocated by some 
 (10) . In a recent study of 153 patients with grade 1 or 2 endometrial endometrioid  
cancer, Frumovitz et al.  (11)  compared preoperative grade and intraoperative myo-
metrial invasion with final pathology. There were 49 patients (32%) who had a 
discrepancy between preoperative and final histology. Thirty seven (27%) had their 
lesions upgraded to a higher grade or were found to be a histology other than 
endometrioid adenocarcinoma. Twenty-six percent of Pipelle biopsies and 23% of 
curettage specimens were upgraded on final pathology. The authors concluded that 
a clinically significant number of patients will be found to have more advanced 
disease than can be predicted using preoperative and intraoperative prognostic fac-
tors, and these should not be relied upon for staging. Palpation of the retroperito-
neal nodes can be inaccurate even in experienced hands. In one study of 126 
women, assessment by palpation alone would have missed 36% of positive nodes 
 (12) . Others have also demonstrated this inaccuracy  (13) . Additionally, over one-
third of lymph nodes may have only microscopic metastasis  (14) .  

  Routine Staging 

 Since intraoperative assessment of pathologic risk factors for extrauterine spread is 
not perfect, many have advocated the routine use of surgical staging for all patients. 
In a large population-based study of over 10,000 patients, Trimble et al.  (15)  demon-
strated the impact of lymph node sampling on survival in women with International 
Federation of Gynecology and Obstetrics (FIGO) stage I and II endometrial adeno-
carcinoma. Five-year relative survival was not significantly improved in stage I 
patients who underwent lymph node sampling. When stage I patients were stratified 
by histologic grade, lymph node sampling was associated with an increased survival 
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in patients with grade 3 tumors but not grade 1 or 2. This may have been due to the 
identification of women with more advanced disease. The American College of 
Obstetricians and Gynecologists recently published its clinical management guide-
lines for endometrial cancer and recommended systemic surgical staging for most 
women with endometrial cancer. Exceptions mentioned were young or perimenopau-
sal women with grade 1 tumors associated with CAH or women deemed at increased 
risk secondary to comorbid conditions  (16) .  

  Lymph Node Evaluation 

 The extent of the lymph node sampling is another controversial aspect of this topic. 
Improved outcomes have been associated with increased number of nodes removed. 
Kilgore et al.  (17)  reviewed their experience on 649 patients with adenocarcinoma 
of the endometrium. Patients were categorized into one of three groups: multiple-
site pelvic node sampling, limited pelvic node sampling, and no sampling. Patients 
in whom multiple-site sampling, which was defined as having at least four sites 
sampled, was performed had a significantly better survival than patients who had 
no sampling. Patients with limited or less than four sites sampled did not have a 
significantly better survival when compared with those patients who did not have 
sampling. Cragun et al.  (18)  recently published a single institution series on selec-
tive lymphadenectomy in apparent early-stage endometrial cancer. An improve-
ment in overall and progression-free survival was seen in patients with poorly 
differentiated tumors and greater than 11 nodes removed. This survival advantage 
was not seen in patients with grade 1 or 2 tumors. These data suggest a therapeutic 
value to performing a lymphadenectomy, and some advocated the routine use of 
lymphadenectomy in the management of these patients. Complete lymphadenec-
tomy can provide excellent local control (Table  1 )  (19–  24) .     

 One potential explanation for the therapeutic benefits of lymphadenectomy may 
be the removal of any subclinically involved nodes. Girardi et al.  (14)  reported on 
their experience with systematic pelvic lymphadenectomy in the treatment of 

   Table 1.  Recurrences in moderate and high-risk patients treated with lymphadenectomy without 
whole-pelvic radiation  

 Author 

 Number 
of 
patients 

 Mean 
number 
of pelvic 
nodes 

 Mean 
follow-up 
(months) 

 Post 
operative 
brachy-
therapy 

 Number 
of local 
recur-
rences 

 Number of 
distant 
recurrences 

 Fanning et al.  (19)   22  28  34  Yes  0  1 
 Orr et al.  (20)   115  24  39  Yes  0  7 
 Larson et al.  (21)   105  N/A  43  No  4  4 
 Mohan et al.  (22)   63  33  96  Yes  0  5 (1 site 

unknown) 
 Seago et al.  (23)   23  N/A  26  Yes  0  2 
 Berclaz et al.  (24)   19  18  54  Yes  1  0 
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endometrial cancer. A mean of 37 pelvic nodes were removed, and 27 of 76 (36%) 
patients were upstaged based on lymph node metastases. Thirty-seven percent of 
lymph node metastases were £2 mm in diameter. Additionally, Yabushita et al.  (25)  
demonstrated that up to 38% of patients with stage I endometrial cancers were 
found to have metastatic disease detectable by immunostain only. Removal of this 
otherwise undetectable disease can be performed with low morbidity  (20,   26)  and 
may explain the potential therapeutic benefit to lymphadenectomy in early-stage 
endometrial cancer. 

 Alternatively, inadequate evaluation of the lymph nodes may lead to miss metas-
tasis and undertreatment of more advanced disease  (27) . Inadequate nodal evalua-
tion may account for the difference in survival observed in cases that are at higher 
risk for spread. In a retrospective study of 467 patients with FIGO stage I and II 
endometrial cancers, a pelvic lymph node count of ³12 nodes was associated with 
an improved survival only in cases with high-risk histology. The authors suggested 
that this observation was a result of improved staging in patients with higher node 
counts who were at higher risk for spread  (28) . A more targeted approach to lymph 
node evaluation may eventually do away with the need to perform lymph node 
sampling to any degree. Sentinel lymph node mapping was first reported in 1996 
 (29) , and gradually, feasibility studies have begun to appear in the literature  (30–  33) . 
The concept is promising and would undoubtedly be useful; however, its utility 
remains to be proven before it is routinely employed in the treatment of endometrial 
cancer. 

 Surgery is the mainstay of the treatment of this disease. Yet, surgeons specifi-
cally trained for the surgical management of this disease, gynecologic oncologists, 
are only involved in the care of 40% of women with this disease  (34) . Thus, a sig-
nificant portion of patients diagnosed with endometrial cancer will not have appro-
priate surgery, as gynecologic oncologists are 2.5 times more likely to perform 
complete surgical staging when compared with general obstetrician/gynecologists 
 (34) . Such figures have led the Society of Gynecologic Oncologists to issue state-
ments advising that patients with a primary diagnosis of endometrial cancer or 
recurrent disease be referred to a gynecologic oncologist to assist in determining 
the most appropriate surgical approach as well as extent of surgery and the potential 
benefits of adjuvant therapy  (35) .  

  Laparoscopic Surgery and Endometrial Cancer 

 Minimally invasive surgery has become increasingly popular in the management of 
gynecologic malignancies. Vaginal hysterectomy has been used in the management 
of endometrial cancers in certain situations  (36) . However, the vaginal route does 
not allow for the evaluation of the peritoneal cavity or the retroperitoneal lymph 
nodes. With the development of improved instruments and surgeons’ skills, laparo-
scopic surgeons began to perform more complicated procedures including sampling 
of the retroperitoneal lymph nodes. 
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 Childers et al.  (37)  first reported on the combined use of laparoscopy with vaginal 
hysterectomy for the treatment of early-stage endometrial cancer. This group later 
reported on a series of 59 patients with clinical stage I endometrial cancer who were 
staged by this new procedure. Their technique included an inspection of the perito-
neal cavity, intraperitoneal washings, and a laparoscopically assisted vaginal hyster-
ectomy (LVAH). Patients with preoperative grade 2 or 3 tumors or grade 1 tumors 
with > 50% myometrial invasion underwent laparoscopic pelvic and para-aortic 
lymphadenectomy. Six patients had intraperitoneal disease. Two patients could not 
undergo laparoscopic lymphadenectomy secondary to  obesity, and two patients 
required conversion to laparotomy for intraoperative complications. 

 While surgical staging performed through an open approach remains the stand-
ard of care, advances in minimally invasive surgical techniques have allowed the 
use of laparoscopy in endometrial cancer surgery. Many studies have described the 
use of a combined laparoscopic and vaginal approach to perform all of the proce-
dures involved in endometrial cancer staging, including a complete assessment of 
peritoneal surfaces and retroperitoneum  (37–  41) . Total laparoscopic hysterectomy 
(TLH) has also been well-described as a technique that eliminates the need for 
vaginal surgery during the procedure  (42) . 

 Potential benefits of laparoscopy are numerous and include decreased posto-
perative morbidity, pain, recovery time, operative time, and complications as well 
as increased patient satisfaction and quality of life. Gemignani et al.  (43)  perfor-
med a retrospective review of 320 patients with early-stage endometrial cancer 
treated by LAVH or TAH. They found that LAVH was associated with a decrease 
in hospital stay, fewer complications, and lower overall hospital charges. Several 
other authors have reported similar findings. Cost comparisons have had mixed 
results with similar or even increased cost associated with the laparoscopic 
approach  (38,   44,   45) . 

 While benefits such as decreased pain and recovery time are historically well 
described in patients with benign disease, questions of feasibility as well as out-
comes and equivalency of open versus laparoscopic procedures have been raised in 
patients with malignancy. General feasibility of minimally invasive approaches has 
been described in several studies. Eltabbakh et al.  (38)  reported the results of a 
prospective series of 86 women with clinical stage I disease who underwent laparo-
scopic staging. Pelvic and/or para-aortic lymph node dissection were performed 
based on risk assessment due to myometrial invasion, tumor grade, or high-risk 
histologic type, such as papillary serous or clear-cell tumors (pelvic lymph node 
dissection in patients with myometrial invasion, grade  > 1, or high-risk histology; 
para-aortic lymph node dissection in patients with grade 3 disease and myometrial 
invasion, invasion > half depth, or high-risk histology). Mean operating time was 
190 min, mean estimated blood loss (EBL) was 278.3 ml, and conversion to laparot-
omy occurred in 5 (5.8%) of 86 patients. When compared with their own historical 
controls of patients undergoing open staging, they found an increase in mean pelvic 
lymph nodes harvested (10.8 with laparoscopy vs 4.9 with open surgery), while 
para-aortic lymph node count was not significantly different (2.7 with laparoscopy 
versus 4.2 with open surgery). Laparoscopy was associated with longer surgical 
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time, no significant difference in major complications, and decreases in EBL, pain 
medication, and hospitalization. 

 The equivalency of lymph node dissection was also addressed by Kohler et al. 
 (46)  in an analysis of 650 laparoscopic pelvic and/or para-aortic transperitoneal 
lymphadenectomies in patients with gynecologic malignancies. Of the 112 patients 
with endometrial cancer, 66 presented for primary surgery with LAVH, BSO, and 
complete pelvic and para-aortic lymph node dissection. A mean of 26.7 lymph 
nodes (pelvic, 15.4; para-aortic, 9.6) was harvested, with mean durations of 56 and 
63 min for pelvic and para-aortic lymph node dissections, respectively. These mini-
mally invasive techniques can also be applied in situations where inadequate staging 
has been performed. Since the majority of patients with endometrial cancer are not 
treated by specifically trained surgeons, many will not have had complete staging. 
Laparoscopic restaging can be performed with low morbidity and short hospitaliza-
tion while performing valuable prognostic information  (47) . 

 Several authors have retrospectively studied outcomes and survival of laparo-
scopic surgery for endometrial cancer and found comparable results. Eltabbakh 
 (48)  found similar 2- and 5-year overall survival rates with no difference in sites of 
recurrence in 100 patients undergoing laparoscopy compared with patients under-
going laparotomy. In a review of 45 patients with stage I disease with a mean fol-
low-up of 6.4 years, Magriña et al.  (49)  found a 5-year recurrence rate of 4.9% and 
a 5-year cause-specific survival rate of 94.7% – rates similar to those achieved with 
laparotomy. Reporting on TLH specifically, Obermair  (42)  compared TLH (226 
patients) and TAH (284 patients) with or without staging and found that intention 
to treat (TLH versus TAH) did not influence disease-free survival or overall sur-
vival. Patterns of recurrence in the two groups were similar as well. 

 Smaller prospective randomized controlled trials have also compared the com-
bined laparoscopic and vaginal approach to abdominal approach in the management 
of endometrial cancer. Malur et al.  (50)  compared 37 patients treated by laparoscopi-
cally assisted approach with 33 patients treated by laparotomy. Pelvic and aortic 
lymph node dissections were performed, except in patients with well-differentiated 
tumors that invaded to < the inner third of the myometrium. While there was no dif-
ference in mean number of lymph nodes and mean operation time, patients who 
underwent laparoscopic staging had less blood loss, fewer transfusions, and a shorter 
hospital stay. With a mean follow-up of 16.5 months (range, 2–43 months) and 21.6 
months (range, 2–48 months) for laparoscopic and laparotomy groups, respectively, 
the recurrence-free and overall survival rates were not significantly different (97.3% 
versus 93.3% and 83.9% versus 90.9%, respectively). Fram  (51)  reported on 61 clini-
cal stage I patients randomized to laparoscopic versus open staging. Laparoscopy was 
associated with a significant decrease in EBL (145 vs 501 ml) and hospitalization (2.3 
versus 5.5 days), and there was not much difference in the number of lymph nodes 
removed (21.3 versus 21.9). Currently, the GOG is conducting a large prospective 
trial (GOG LAP 2) to determine the equivalency of LAVH with laparoscopic staging 
compared with the traditional laparotomy approach in terms of cancer outcome. 

 A recent prospective study on quality of life in patients with endometrial 
cancer treated with laparoscopy or laparotomy was published by Zullo et al.  (52) . 



168 Y. Sonoda

Eighty-four patients were enrolled and randomized to either surgical approach. 
There was a control group of 40 patients with matched demographic characteristics 
who did not have cancer. Subjects were surveyed prior to and until 6 months after 
surgery. At entry, both treatment groups demonstrated significantly worse quality 
of life compared to controls. Comparing the two treatment groups, those treated 
with laparoscopic surgery had a significantly higher quality of life compared with 
subjects managed with laparotomy. A quality-of-life instrument is included in the 
GOG LAP 2 study which should provide more information on this subject. 

 A theoretical concern specific to laparoscopy is the potential for retrograde seed-
ing with the use of a uterine manipulator. In a retrospective study of 377 patients 
with early-stage endometrial cancer treated with either LAVH or TAH, the authors 
found that patients in the LAVH group had a significantly higher incidence of posi-
tive peritoneal washings (10.3% versus 2.8%,  P = 0.002)  (53) . As no difference in 
known prognostic factors was identified, the authors hypothesized that this finding 
may have been caused by the use of an intrauterine manipulator during the LAVH 
procedure in this series. Supporting this hypothesis, other authors found no differ-
ence in positive peritoneal cytology in series in which a manipulator was not used 
 (54) . However, in a recently published prospective series of 42 patients undergoing 
laparoscopic surgery for clinical stage I endometrial cancer, peritoneal washings 
were obtained before and after the insertion of a uterine manipulator. The overall 
incidence of positive peritoneal cytology was 14.3%, but no patient had positive 
peritoneal washings after the insertion of the manipulator if the washings were 
negative before insertion. The authors felt that use of a uterine manipulator did not 
increase the incidence of positive peritoneal cytology  (55) .  

  Surgery for Stage II Disease 

 Extrafascial hysterectomy is usually employed in the surgical management of 
endometrial cancer. However, when there is known or suspected cervical involve-
ment, radical hysterectomy can be used to effectively control local disease. In a ret-
rospective series of 202 patients with cervical involvement from endometrial cancer, 
Boente et al.  (56)  defined five treatment groups: radical hysterectomy ± radiation, 
TAH/BSO, radiation therapy alone, radiation therapy followed by TAH/BSO, and 
TAH/BSO followed by radiation therapy. Despite having more frequent adverse 
prognostic factors, patients treated with radical hysterectomy had an 86% 5-year 
actuarial survival. This was in contrast to 5-year survival rates of 38% and 19% in the 
radiation group followed by TAH/BSO and TAH/BSO ± radiotherapy groups, respec-
tively. Although formal statistical comparisons were not made, the authors supported 
the use of radical hysterectomy in patients with stage II endometrial cancer. 

 Improved outcomes with radical hysterectomy were described by Mariani et al. 
 (57)  in a review of 82 patients with cervical involvement. Although this study 
included both stage II and III patients, a subgroup analysis of only patients with 
stage II disease treated with radical hysterectomy demonstrated superior results. 
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Both disease-related and recurrence-free survival were 100% in patients treated 
with radical hysterectomy compared to 80% and 73%, respectively, in patients 
treated with simple hysterectomy. Thus, treatment of patients that have known cervical 
extension using radical hysterectomy appears to be a reasonable approach.  

  Surgery in the Morbidly Obese Patient 

 Obesity is a major risk factor for the development of endometrial cancer and many 
patients will present with a high BMI [also described as Quetelet Index (QI)]. Patients 
classified as morbidly obese can be technically challenging to operate on. This sub-
classification of patients may comprise over one-quarter of patients with endometrial 
cancer  (58) . These patients require longer operating times and experience greater 
blood loss when compared to patients with BMIs < 30 kg/m 2 . However, hospital stay 
and perioperative complications do not appear to be greater. 

 Consideration may be given to performing a panniculectomy in these patients. 
In a retrospective series of patients undergoing panniculectomy for endometrial 
neoplasms, it was associated with a higher para-aortic node count when compared 
with matched controls  (59) . The procedure was not associated with an increase in 
perioperative morbidity. Although pelvic node count was not higher, the authors 
suggested that panniculectomy may enhance operative exposure and facilitate the 
staging procedure. 

 While technically challenging, obesity may not be an absolute contraindication 
to performing a laparoscopic staging procedure. Scribner et al.  (60)  reported on their 
experience of laparoscopic pelvic and para-aortic lymphadenectomy in obese 
patients. In 55 patients, laparoscopic staging was completed in 82% of them with a 
QI < 35 compared with only 44% in patients with a QI ³ 35 ( P = 0.004). Despite this 
difference, these authors and others concluded that obesity is not an absolute con-
traindication to laparoscopic staging  (60,   61) . In contrast, Kohler et al.  (46)  found 
no significant difference in lymph node yield according to BMI in patients undergo-
ing laparoscopic para-aortic lymphadenectomy, although they reported a significant 
increase in duration of right-sided para-aortic lymph node dissections in patients 
with a BMI > 30. They attribute this finding to increased difficulty with exposure in 
the para-aortic region – a problem they did not encounter in the pelvis.   

  Conclusions  

●  Early-stage endometrial cancer is surgically treated, yielding valuable informa-
tion for diagnostic and therapeutic purposes. 

● The potential variability between preoperative and final histologic grade, depth 
of invasion, and other prognostic factors mandates that surgical staging be per-
formed in the majority of patients with early-stage cancer. 
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 ● Advances in minimally invasive techniques, skills, and instrumentation offer 
many potential benefits to patients undergoing surgical management. Some ana-
tomic barriers, however, such as large fibroid uteri, are contraindications to 
laparoscopic surgery in the presence of endometrial cancer.

● The equivalency of outcome with the abdominal approach, when applying such 
laparoscopic procedures is being sought in a Gynecologic Oncology Group trial. 
However, initial reports of feasibility as well as improved patient satisfaction 
with decreased morbidity are promising.

● Data suggest that laparoscopic surgery may become the main treatment option 
in patients with early-stage endometrial cancer.      
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       Early-Stage Endometrial Cancer: Radiation       

     Lea   Baer    ,    A. Gabriella   Wernicke   , and    Silvia   Formenti     

  Abstract   Radiotherapy has been used as an adjunct to surgical intervention for the 
last five decades, in view of documented effect on local control and reduced rates 
of vaginal vault recurrences. As surgical staging became established as part of the 
initial approach, a reassessment of the role of radiation in well-staged patients with 
low and intermediate risks of recurrence is ongoing. Intracavitary brachytherapy 
has low morbidity and is often used to reduce vaginal vault recurrences. External 
beam radiotherapy, on the other hand, achieves local control at the cost of some 
morbidity, and its impact on survival is uncertain.  

  Keywords   Endometrial cancer  •  Brachytherapy  •  External beam     

  Introduction  

 In the USA, endometrial cancer (EC) is the most common cancer of the female genital 
tracts  (1) . Seventy percent of patients have localized disease, heralded by the charac-
teristic sign of abnormal vaginal bleeding. Radiotherapy (RT) has been used as an 
adjunct to surgical intervention for the last five decades, following seminal reports of 
improved local control and reduced rates of vaginal recurrences  (2,   3) . The type of RT 
used is based on the estimated risk of locoregional recurrence and it ranges from a 
brief course of intracavitary brachytherapy (BT), external beam radiotherapy 
(EBRT), or a combination of both. The role of adjuvant RT in the treatment of 
patients in low- or intermediate-risk groups has been repeatedly revisited in the era of 
surgical staging, with the emerging understanding that the criteria inspiring the origi-
nal classification of risk based on depth of myometrial invasion and tumor grade are 
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surrogates of extrauterine disease spread. The benefit derived from adjuvant radiation 
treatment by properly staged patients is a matter of ongoing debate, with some advo-
cating omission of RT in all low- to intermediate-risk early-stage EC, and others 
supporting a better patient selection based on more elaborate prognostication.  

  Definition of Low and Intermediate Risk  

 Women with stage I EC are considered to be at low risk of recurrence if surgico- 
pathologic staging reveals a grade 1–2 tumor, with invasion of < one-half of the 
myometrium (stages IA–IB) or a grade 3 tumor with no myometrial invasion (stage 
IA). Additionally, the tumor has to be confined to the uterine fundus with no 
evidence of lymphovascular involvement (LVSI) or lymph node involvement. Women 
are considered to be at intermediate risk for disease recurrence if diagnosed with a 
grade 1–2 EC with invasion >50% of the myometrial thickness (stage IC) or with 
disease extension to cervix (stage II). Additionally, no evidence of LVSI or distant 
metastases is required to be included in the intermediate-risk subset.  

  Conservative Management  

 The locoregional relapse rate found in the control arm of prospective studies evalu-
ating adjuvant therapy for early-stage EC ranges from 14% in trials without surgical 
staging  (4)  to 7% in those requiring surgical staging  (5) . Two-thirds of the recur-
rences involve the vagina and specifically the vaginal vault. However, distant 
relapse rates are similar, regardless of the extent of lymph node dissection, with 7% 
in the absence of surgical staging and 8% following surgical staging. While the 
salvage rate of isolated vaginal recurrence in previously unirradiated patients 
ranges from 40% to 81%, the salvage rate after a pelvic or distant relapse is dismal 
 (4,   6–  9) . 

 Pelvic lymph node metastases are found in clinical stage I grades 1, 2, and 3 EC 
in 2.8%, 8.7%, and 18.3% of women, respectively. The risk of aortic lymph node 
involvement is reported to be 1.6%, 4.9%, and 11.1%, respectively  (10) . Some 
authors recommend routine lymph node sampling in patients with clinical low- or 
intermediate-risk early-stage disease due to reports of significant rates of both histo-
logic and stage upgrades, warranting a surgical approach that includes lymph node 
evaluation  (10–  13) . Mariani et al. reported on 328 patients with clinical low-risk EC 
(endometrioid histology, stages IA–IB and grades 1–2). One hundred and eighty-
seven patients were assessed for pelvic node involvement by either sampling or full 
dissection, with nine patients diagnosed with positive nodes (5%), all of them with 
tumors > 2 cm in diameter. Twenty-three women out of 308 were assessed for peri-
toneal cytology and 23 had positive cytology (7%). Altogether, 10% of patients were 
upgraded to stage III disease following surgical staging  (12) . 



Early-Stage Endometrial Cancer: Radiation 177

 A complete surgical staging results in significant upstaging of clinical stage II as 
well. Creasman et al. analyzed 148 patients with clinical stage II accrued to 
Gynecology Oncology Group (GOG) clinical trials that underwent surgical staging. 
Only 66 (45%) patients were found to have pathologic involvement of the cervix. 
However, 31 of 66 (46%) were found to have extrauterine disease with lymph node 
or adnexal involvement, therefore, the patients were upstaged to stage III (13). 

 Straughn et al. reported on 617 women treated with surgery alone for early-
stage EC  (14) . All women underwent complete surgical staging including perito-
neal cytology, bilateral pelvic lymphadenectomy, and para-aoric lymphadenectomy. 
No recurrences were reported in women with stage IA grades 1–2 tumors. In the 
296 patients with stage IB grades 1–2 EC, 11 recurrences were recorded. Five of 
them were in patients with adenosquamous carcinomas. In the six patients with 
endometrioid EC, four had vaginal recurrence, one had distant metastases, and one 
was diagnosed with both vaginal and distant relapses. Other surgical series have 
reported vaginal failure rates of 1–3% and recurrence rates of 4–7%  (15–  17) . 
Kilgore et al. found that patients undergoing multiple-site pelvic node sampling 
had significantly better survival than patients without node sampling ( p  = 
0.0002). Sampling conveyed a survival advantage even in patients categorized as 
low risk defined as carrier of EC confined to the corpus ( p  = 0.026) and the effect 
persisted even in the absence of adjuvant radiation  (17) .  

  Adjuvant Radiotherapy  

 The value of adjuvant RT after surgical treatment of early-stage EC has been evalu-
ated in several retrospective series and in two population-based analyses from the 
National Cancer Institute of Surveillance, Epidemiology, and End Results (SEER) 
database and the American College of Surgeons National Cancer Database (Table  1 ). 
While most series suggested an improvement in locoregional control, a survival 
benefit was not evident. Such retrospective analyses are obviously greatly limited 
by selection biases (preferential assignment of patients with high-risk features to 
adjuvant radiation), inconsistent surgical staging (lymph node sampling versus 
formal dissection, with or without peritoneal washing), and the use of a variety of 
radiation regimens and modalities.  

  Adjuvant Pelvic External Beam Radiotherapy 

 Two large prospective randomized trials studied the effect of adjuvant pelvic external 
beam radiation.   The multicenter prospective clinical trial – Post Operative Radiation 
Therapy in Endometrial Carcinoma (PORTEC) evaluated the benefit of adjuvant 
radiation in stage I EC  (4) . A total of 715 patients were accrued and randomized to 
postoperative 46 Gy of pelvic EBRT or no further treatment, control arm. Patients 
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with stage IC grade 3 or stage IB grade 1 were excluded as risk was considered too 
high or too low, respectively. Patients underwent TAH + BSO but no lymph node 
sampling or dissection. Following a median follow-up of 52 months, 714 patients 
were evaluated. The 5-year actuarial locoregional recurrence rates were 4% in the 
treatment arm and 14% in the control arm ( p  < 0.001).   Actuarial 5-year overall 
survival rates were not statistically different being 81% in the treatment arm and 85% 
in the control arm ( p  = 0.31). EC-specific death rates were 9% in the radiation arm 
and 6% in the control arm ( p  = 0.37). Twenty-five percent of the patients in the radia-
tion arm experienced treatment-related complications, two-thirds were grade 1. Eight 
patients experienced grade 3–4 complications, seven of them in the treatment arm. 
Multivariate analysis showed that for locoregional recurrence, RT and age < 60 years 
were statistically significant favorable prognostic factors. Whether patients found to 
be at low risk after complete surgical staging derive any benefit from adjuvant ther-
apy remains controversial. In GOG 99, a randomized trial comparing adjuvant pelvic 
RT to no additional therapy, 392 women underwent surgical staging with TAH + 
BSO, peritoneal cytology, and bilateral pelvic and para-aortic lymphadenectomy  (5) . 
While the study was aimed at patients with intermediate risk of recurrence, two-thirds 
of the patients accrued were actually at low-risk (58.9% stage IB, >70% grades 1–2, 
75% with endometrioid histology, and most patients with myometrial invasion < 
inner two-thirds) with only a 6% recurrence rate in control arm. The relative hazard 
reduction following RT was similar in the intermediate-risk group  and the low-risk 
group (58% and 54%, respectively), but the absolute difference was more pronounced 
in the higher risk group (recurrence rate reduced from 27% to 13% in the higher risk 
group versus 6% to 2% in the low risk group). No survival difference was detected. 
It is worth noting that grade 3–4 gastrointestinal complications were more common 
in the RT arm in this study than other studies utilizing similar radiation regimens, 8% 
in the GOG 99 versus 3% in the PORTEC trial  (4) , arguably due to the extensive node 
dissection. 

 An additional study has assessed the role of EBRT, after initial intracavitary 
procedure. Aalders et al. reported on 540 patients with surgical stage I EC  (27)  that  
underwent TAH and BSO. Postoperatively, all patients were treated with intravagi-
nal BT, delivering 60 Gy to the surface of the vaginal mucosa. Subsequently, 
patients were randomized to no further treatment or to an additional 40 Gy to the 
pelvis by EBRT. A significant reduction in locoregional recurrence was observed, 
1.9% in the BT plus EBRT arm compared with 6.9% in BT only arm ( p  < 0.01). No 
improvement was documented in survival (5-year survival 89% vs 91% and 9-year 
survival 87% vs 90%, respectively). A nonplanned subset analysis demonstrated 
that EBRT conferred a clear benefit in the subgroup of patients with myometrial 
invasion > half the thickness and grade 3 tumors (corresponding to the high-risk 
group), resulting in a reduction in both local recurrence (4.5% versus 19.6%) and 
cancer-specific death (18.2% vs 27.5%). 

 Several ongoing randomized phase III trials aim to further define the benefit 
offered by the various modalities of adjuvant RT in early stage. The NSGO EC-9501/
EORTC-55991 accrued 382 patients with stages I–IIIA ECs. Patients underwent 
TAH and BSO but comprehensive staging was not mandatory. The majority of 



184 L. Baer et al.

patients were stage II, with grade 3 tumors and with endometroid histology. All 
patients received adjuvant radiation and were then randomized to either a treatment 
arm receiving adjuvant chemotherapy or a control arm receiving no further treat-
ment. While 92% completed radiation therapy, 27% of the patients in the treatment 
arm did not complete the scheduled chemotherapy. Initial results were reported at 
the American Society of Clinical Oncology meeting in 2007. The estimated 5-year 
overall survival Hazard Ratio (HR)  was 0.65 with an absolute improvement of 8% 
observed in patients receiving adjuvant chemotherapy. The cancer-specific survival 
was improved by 10% (78–88%, HR 0.51). 

 Another trial recently completed is the MRC ASTEC – EN5. A total of 905 
patients with stages I–III ECs were randomized to adjuvant pelvic external beam 
irradiation (EBI) with or without vaginal brachytherapy (VBT) , or to an arm 
without adjuvant EBI, with or without VBT. Patients for the most part were not 
surgically staged. The VBT was not uniform and ranged between surface doses 
of 40 and 46 Gy. The results are awaiting publication. PORTEC-2, a multicentre 
randomized phase III trial, compares EBRT alone versus VBT alone in patients 
with EC. Patients with one of the following combinations of postoperative FIGO 
stage and age have been included:    1)    stage IC, grade 1 or 2 and age 60 or over  ; 
   2)    stage IB, grade 3 and age 60 or over  ;    3)    stage IIA, any age, grade 1 or 2  ;    4) 
   stage IIA, any age, grade 3 with < half myometrial invasion     .  The study objec-
tives are 5-year cancer-specific survival, overall survival, locoregional relapse 
free survival, and distant metastases free survival, complication rate and quality 
of life, but results are not available yet.  

  Adjuvant Brachytherapy 

 The limited benefit in preventing local recurrence, which does not translate into 
survival benefit, especially in view of the risk of severe treatment related complica-
tions, led many investigators to believe that pelvic RT has no role in the manage-
ment of low-risk patients. Some have explored the use of intracavitary BT to 
prevent the more common vaginal failure  (28–  30) . In a prospective series, Piver et 
al. reported on 92 low-risk patients (defined as stage I, grade 1 or 2 EC, < 50% 
myometrial invasion, and no evidence of disease outside the corpus) treated by 
hysterectomy and BSO and postoperative vaginal intracavitary BT  (28) . No recur-
rences were documented and the 5-year estimated disease-free survival rate was 
99%. In another prospective series, Eltabbakh et al. reported on 303 low-risk 
patients treated with postoperative VBT  (31) . With a follow-up of 8.1 years, no 
vaginal recurrences had occurred and the 10-year disease-free survival was 97.8%. 
Each of the six patients with distant relapse died of disease (1.8%). 

 With regard to intermediate-risk patients, Alektiar et al. reported on 382 patients 
treated with postoperative high-dose rate (HDR) BT  (32) . Comprehensive surgical 
staging with lymph node sampling and peritoneal washing was preformed in only 



Early-Stage Endometrial Cancer: Radiation 185

20% of the patients. The indications for surgical staging were based on depth of 
myometrial invasion and tumor grade. Following a median follow-up of 48 months, 
the 5-year local control rate was 96% with a minimal incidence of grade 3–4 com-
plications (1%). 

 Pearcey et al. reviewed 13 publications on HDR BT in low- to intermediate-risk 
EC  (33) . The vaginal control rates ranged from 98% to 100% corresponding to a 
reduction in relative risk of recurrence of 80–85%.  

  High Dose Rate Brachytherapy 

 Brachytherapy, traditionally delivered by low-dose rate (LDR) techniques, is 
increasingly being replaced worldwide by high-dose rate (HDR) techniques. HDR 
offers several advantages over LDR BT, especially in the treatment of EC, includ-
ing minimization of radiation exposure of the professional staff, elimination of 
hospitalization, anesthesia and bed immobilization that can lead to thromboembo-
lism, and minimization of patient discomfort. A report by Orton et al. suggested a 
radiobiologic advantage to HDR owing to the slow repair of late-responding nor-
mal tissue  (34) . The two intracavitary radiation techniques were compared in three 
retrospective studies  (35–  37) . In a large review, Fayed et al. reported on 1,179 
patients with stages I–III ECs treated with postoperative brachytherapy  (35) . 
Around 1,004 patients were treated with LDR, 695 diagnosed with stage I (69.2%). 
One hundred and seventy-five patients were treated with HDR, 74 with stage I 
(42.3%), 47 with stage II (26.8%), and 54 with stage III tumors (30.9%). The 
median follow-up was 50 months in the LDR group and 28 months in the HDR 
group. Overall survival for all stages at 5 years was 70% in the LDR group and 
68% in the HDR group ( p = 0.44). Subgroup analysis revealed statistically signifi-
cant differences only in the stage II patients’ subset. The actuarial overall survival 
at 5 years for patients with stage II EC was 53% in the LDR group and 74% in the 
HDR group ( p = 0.026) and the actuarial 5-year disease-free survival of stage II 
patients was 50% for the LDR group and 75% for the HDR group ( p = 0.009). 
Actuarial 5-year local control for stage II patients was 65% in the LDR group and 
90% in the HDR group ( p = 0.016), with the rate of grade 3–4 complications being 
comparable in both LDR and HDR. 

 In 2005, an American Brachytherapy Society (ABS) survey regarding practice 
patterns of postoperative irradiation of EC reported that HDR had become an 
increasingly popular method, though with no standardized treatment approach  (38) . 
Compelled by the lack of standardized treatment recommendations, a panel of the 
ABS members with clinical experience in HDR endometrial BT performed a litera-
ture review, supplemented their clinical experience with biomathematical mode-
ling, and formulated recommendations for HDR-BT for EC  (39) . They included 
intravaginal BT typically delivered about 4–6 weeks postoperatively or a week 
after completion of EBRT and administered in three fractions every 1–2 weeks.   
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  Selection of High-Dose Rate Applicators  

  Cylinders 

 Selection of HDR applicators largely depends on patient anatomy. Postoperatively, 
the vagina displays a cylindrical shape and can be adequately treated by a vaginal 
cylinder (Fig.1). Since cylinders are available in various lengths, they can treat not 
only the vaginal cuff but also the entire vaginal canal, including the introitus, if 
necessary. Furthermore, due to the range of diameters (1.5 to 4.0 cm), vaginal cyl-
inders can accommodate a narrow as well as a wide vaginal canal. The disadvan-
tage of the use of vaginal cylinders is delivery of higher doses to the bladder and 
rectum for a given vaginal dose.   

 Most commonly, vaginal cylinders have a single central channel through which 
the radioactive sources deliver RT   . However, there are other variations to this con-
struct such as a multichannel vaginal applicator ( Fig. 4  ). The latter renders differ-
ential loading of the channels that allows shaping of the isodose distributions to 
various clinical presentations  (40–  42) . Other vaginal cylinders are described, 
including shielded ones that selectively decrease the absorbed dose to adjacent 
normal structures. Upon insertion of the vaginal cylinder, it is imperative for the 
vaginal mucosa to be in contact with the applicator surface to achieve the desired 

  Fig. 1    Images of anterior–posterior (a) and lateral radiation portals (b) of a patient treated with 
external beam radiotherapy for endometrial cancer       .



  Fig. 2    Colpostats or ovoids used for brachytherapy. Different sizes of caps are used based on 
patient’s vagina anatomy in the postoperative setting       .

  Fig. 3    Stump vaginal cylinders of various sizes used in brachytherapy       .

  Fig. 4    Segmented vaginal cylinders of various sizes used in brachytherapy       .
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dose distribution. The ABS recommends the use of the largest diameter cylinder (or 
ovoids) that can comfortably fit in the vagina  (2) . The applicator should be posi-
tioned in the midline of the patient and secured with an external immobilizing 
device to minimize movement between planning and treatment.    

  Ovoids 

 Postoperatively, the vagina may display a “dog-ear” configuration which is best treated 
with vaginal ovoids. These applicators, whether shielded or unshielded, are available 
in various diameters, ranging from 2 to 3 cm. ABS deems the choice of applicators to 
be a personal and institutional preference as long as the desired segment of vagina is 
adequately covered with radiation  (39) . Upon insertion of the largest ovoids, com-
fortably fitted in vagina, their proper position should be verified, and their medial 
aspects should touch (Fig.  1 ). A rectal displacement should be attained with the use of 
either a radio-opaque packing or a rectal retractor. Radio-opaque  packing should be 
used to displace the bladder.  

  External Beam Radiotherapy to the Pelvis 

 With no evidence of gross residual disease after hysterectomy, the majority of 
patients are treated with adjuvant EBRT to the pelvis to encompass areas at risk: 
pelvic lymph node stations (lower common iliac, external, and internal) and proxi-
mal two-thirds of the vagina. A conventional four-field pelvic box technique (Fig. 1) 
is employed along with the use of high-energy linear accelerators to deliver the des-
ignated therapy. The use of multiple fields and higher energy photons allows normal 
tissue sparing and reduction in radiation-related complications  (43) . The long-term 
severe complication rates associated with pelvic radiation following hysterectomy 
range between 2% and 5%, with reduced toxicity using modern radiotherapeutic 
techniques  (4,   18,   43,   44) . All fields are treated daily with a minimum dose of 1.8 
Gy to the target. When EBRT is used alone, a total dose of 50.4 is typically used, but 
when used in combination with intravaginal BT, it is lowered to 45 Gy.   

  Sequelae of Radiotherapy  

  External Beam Radiotherapy to the Pelvis 

 Acutely, pelvic irradiation may cause self-limiting diarrhea, cystitis, and abdominal 
bloating. Late toxicities are uncommon (< 5%) and are related to small bowel adhe-
sions and/or obstruction (a result of combined treatment with surgery and RT), 
proctitis, and cystitis. The overall rate of late complications reported in the 
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PORTEC trial was 26% in the irradiated group as compared to 4% in the control 
group ( p  < 0.0001)  (4) . While the majority of complications (22%) were 1–2, 3% 
of patients experimented grade 3–4 toxicity  (45) .  

  Vaginal Brachytherapy 

 Vaginal brachytherapy affords delivering high doses of RT to the vagina while spar-
ing other normal close structures such as bowel and bladder. This ability of VBT 
translates into a low rate of long-term sequelae (0–1%)  (46–  48) . In a recent publica-
tion, Alektiar et al. reported a 1% grade 3 late toxicity at 5 years with the use of VBT 
alone  (32) . None of the patients developed grade 3 or worse gastrointestinal toxicity. 
Yet, vaginal stenosis is a long-term side effect of vaginal HDR with reported fre-
quencies as high as 15%  (49) . Despite low rates of complications, a radiation oncolo-
gist should pay special attention to dose per fraction, prescription point, length of 
vagina irradiated, and the diameter of the vaginal cylinder utilized.   

  Conclusions  

 ● Current treatment of early-stage endometrial cancer with radiation is based on 
surgicopathologic risk factors such as stage, grade, age, tumor size and location, 
and the presence of lymphovascular space involvement.

● Vaginal brachytherapy is often used for stage IA tumors in the presence of 
adverse factors such as high grade, age > 60 years, lower uterine segment 
involvement, or presence of lymphovascular space involvement.

● Whole pelvic radiation therapy is usually omitted in these IA patients because 
its morbidity outweighs any possible benefit with relatively low risk of 
recurrence.

● In stage IB patients, vaginal brachytherapy is the suggested treatment, with whole 
pelvic radiation therapy being considered in patients with adverse factors.

● Whole pelvic radiation therapy with or without vaginal brachytherapy is recom-
mended in most patients with stages IC (with grade 3 and/or other adverse factors) 
to IIB since this treatment results in a significant reduction of recurrence rates.

● Future clinical trials need to address the relative benefit of these treatments in 
combination with chemotherapy in subsets of patients using clearly defined 
modern prognostication parameters and surgical staging.     
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       Therapeutic Modalities in Early-Stage Uterine 
Papillary Serous Carcinomas, Carcinosarcomas, 
Clear-Cell and Mixed Histology Carcinomas: 
Building a Case for Combined Chemotherapy 
and Radiation       

     Nicholas P.   Taylor    and    Matthew A.   Powell      

  Abstract   The entities covered in this chapter are uterine papillary serous carci-
noma (UPSC), carcinosarcoma, and clear-cell carcinoma together with tumors of 
mixed histology. Overall, these represent 3–5% of all endometrial cancers but they 
are responsible for a significant percentage of endometrial cancer mortality. Recent 
strides in chemotherapy of some of these cancers offer hope that their addition, 
either alone or as part of combined modality treatment including radiation, will lead 
to improvements in survival.  

  Keywords   Papillary serous  •  Carcinosarcoma  •  Clear cell  •  Chemotherapy  • 
 Chemo-radiation     

  Introduction  

 Endometrial cancer is the most common gynecologic malignancy being responsible 
for more than 7000 deaths in 2008 in USA  (1) . The high-risk histologic subtypes of 
endometrial cancer, carcinosarcoma, papillary serous carcinoma (UPSC), and clear-
cell carcinoma individually represent 3–5% of all cancers of the uterine corpus. 
Although rare, these subtypes have a high risk of local and distant recurrence even when 
diagnosed at an early stage. Rosenberg and colleagues examined 841 patients with endome-
trial cancer, UPSC represented 5% of the cohort, and 52% of these patients died of 
disease  (2) . Treatment schemes for early stage (FIGO I and II), high-risk histologic 
subtypes of endometrial cancer are variable and include radiotherapy, chemotherapy, 
or a combination of both. This chapter will focus on therapy for FIGO stage I and II 
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uterine carcinosarcomas, UPSC, clear-cell, and mixed histology carcinomas. Given 
the low frequency of these malignancies, current treatment  recommendations are 
based on multiple retrospective series. There is clearly a growing need for rand-
omized controlled therapeutic trials for early stage, high-risk histology carcinomas 
of the uterine corpus.  

  Papillary Serous Carcinoma  

  Epidemiology and Natural History 

 Papillary serous carcinoma was first described as a distinct pathologic entity by two 
different groups in 1982  (3,   4) . It represents approximately 2.2–9% of all endome-
trial cancers (5–7). Histologically, it resembles serous carcinoma of the ovary and 
fallopian tube and behaves like them as it commonly spreads to peritoneal surfaces. 
In one of the original reports, the relapse rate among stage I tumors was 50%  (4) . 
Table  1  summarizes the most common clinical findings. The median age at diagno-
sis is 67 years  (5,   7) , older than the median age (63 years) of endometrioid endome-
trial cancer  (8) . In one study, UPSC was significantly more common in African 
American compared to Caucasian (34% versus 15%,  P  < 0.001)  (7) . Postmenopausal 
bleeding is the most common presenting symptom, occurring in up to 80% of 
patients  (5,   9) . Preoperative endometrial sampling demonstrates a papillary serous 
component in 50–89% of cases  (5,   9–  12) . Abnormal cervical cytology (AGUS or 
worse) is present in approximately 50% of patients  (9,   11) . One study examining 
all stages of UPSC found that 13 of 16 (81%) patients had an elevated serum 
CA-125 level prior to therapy and that 57% experienced a reduction or normaliza-
tion of CA-125 following therapy  (13) . A diagnosis of UPSC should be suspected 
if >10% of the preoperative endometrial biopsy specimen contains papillary archi-
tecture associated with high-grade cytology. It has been shown that even when 10% 
of a mixed tumor contains UPSC, there is a trend toward decreased overall survival 
when compared to grade 3 endometrioid adenocarcinomas  (14) .     

 As stated previously, UPSC is a biologically aggressive form of endometrial 
cancer. It has a different spectrum of genetic alterations than endometrioid-type 

 Table 1.    Uterine papillary serous carcinoma: Clinical features  

 Median age at diagnosis = 67 years 
 More common in African American women 
 Postmenopausal bleeding common (80%) 
CA-125 frequently elevated
 Endometrial sampling establishes the diagnosis in 50–89% 
 AGUS or worse cervical cytology in 50% 

AGUS abnormal glands of undetermined significance
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cancers that contribute to its tumorigenesis. Mutations in p53 and e-cadherin are 
more common in UPSC, whereas PTEN inactivation, K-ras mutations, and micro-
satellite instability are more common in endometrioid endometrial cancers  (15) . 
These molecular differences have translated into significant clinical differences 
between UPSC and endometrioid adenocarcinoma. Extrauterine disease is com-
mon in clinical stage I and II UPSC. All patients with a suspicion of UPSC should 
therefore undergo a surgical staging procedure similar to that employed for early-
stage ovarian cancer including TAH, BSO, pelvic and para-aortic lymph node 
dissection, infracolic omentectomy or omental biopsy, pelvic washings, and dia-
phragmatic cytology. Goff et al.  (10)  reviewed 50 cases of UPSC and found 
extrauterine disease in 72% of them. A large retrospective, single-institution 
analysis found that among patients without myometrial invasion, 37% had stage 
III or IV disease  (16) . Chan et al.  (17)  reported on 12 surgically staged patients 
(including omentectomy) with UPSC limited to the endometrium and 50% were 
found to have disease outside the uterus (3 of 6 had omental disease). In that 
series, 1 of 6 (16.7%) patients with stage IA disease had a distant recurrence. 
Another study demonstrated that 42% of patients with clinical stage I UPSC had 
advanced-stage (III and IV) disease. A similar trend was observed by Cirisano in 
clinical stage II tumors with 64% of patients being upstaged at laparotomy  (7) . 
Kato et al.  (5)  found that when patients had an omentectomy or omental biopsy as 
part of their initial staging laparotomy, seven of eight (88%) were positive for 
malignancy. Several series have documented a high frequency of retroperitoneal 
lymph node involvement ranging from 13 to 33%  (10,   18) . Not surprisingly, one 
retrospective study identified a 2-year and 5-year overall survival advantage in 
patients who had complete surgical staging ( N  = 21) versus patients who did not 
( N  = 17). The 5-year overall survival (OS) with combined modality was 95% in 
the surgically staged group compared to 45% in the unstaged group  (6) . 

 The contribution of pathologic variables such as lymphovascular space invasion 
(LVSI), myometrial invasion, and admixture of endometrioid features to overall 
survival in UPSC is controversial. One study of 47 patients found that myometrial 
invasion, LVSI, or presence of an endometrioid component did not contribute to 
overall survival  (19) . The 5-year overall survival of stage I patients in this series 
was only 44%, suggesting that many of these patients were understaged. Goff et al. 
found that histologic grade and presence of mixed histologic subtypes were not 
predictive of extrauterine disease  (10) . Tumors with LVSI, however, were more 
likely to have extrauterine disease (85%), but even without it, extrauterine disease 
was common (58%). Kato et al. did not demonstrate an association between myo-
metrial invasion and overall survival  (5) . Slomovitz et al., found that among 
patients with all stages, LVSI and depth of myometrial invasion were pathologic 
features that were predictive of overall survival in UPSC  (16) . Another study found 
that age >60, advanced stage, LVSI, and >50% myometrial invasion were prognos-
tic factors associated with decreased overall survival  (7) . As will be demonstrated 
later, the clinical utility of these pathologic variables is limited. Based on recent 
data  (20) , it is likely that all patients with UPSC will receive some form of adjuvant 
therapy. 
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 The overall survival (5 year) of UPSC limited to the uterus varies from 34–81% 
depending on completeness of surgical staging as well as substage  (5,   12,   16,   19, 
  21–  23) . In one of the largest series to date, the 5-year OS was 81.5% for patients 
with stage IA, 58.6% for stage IB, and 34.3% for patients with stage IC tumors 
 (16) . In contrast, stage I and II (occult) endometrial adenocarcinomas had 5-year 
survivals in the 90% range  (24) . 

 One of the contributors to poorer overall survival in UPSC is the high frequency 
of recurrence in patients with early-stage disease. Recurrence rates in UPSC limited 
to the uterus can be as high as 20–50%  (4,   5,   7,   12,   22) . Thus, successful therapy 
for UPSC should address both local and distant failures.  

  Treatment 

 The aggressive intrinsic biology of UPSC as well as its high relapse rate in patients 
with disease clinically (and pathologically) confined to the uterus have led many 
investigators to suggest the addition of some form of adjuvant therapy regardless of 
stage. Given the pattern of local as well as distant relapse in stage I and II UPSC, it 
appears that combined modality therapy with radiation and chemotherapy would be 
efficacious. Radiation therapy theoretically would provide local control while 
chemotherapy would provide distant control. UPSC has been excluded from pro-
spective, randomized therapeutic trials of early-stage endometrial cancer because of 
its uniformly poor prognosis. Therefore, currently, there are no published rand-
omized-controlled trials demonstrating the efficacy of radiotherapy, chemotherapy, 
or a combined approach. Additionally, much of the published literature has focused 
on small numbers of early-stage (I and II) UPSC and many of these series did not 
require stringent surgical staging. Therefore, perceived treatment benefits may actu-
ally reflect more advanced disease. Despite these limitations, available data have 
suggested a therapeutic benefit to adjuvant treatment in early-stage UPSC. 

  Radiotherapy 

 The role of radiotherapy in controlling local disease and improving overall survival 
is controversial. The type of treatment modality (whole abdominal radiotherapy, 
whole pelvic radiation, brachytherapy, or some combination thereof) that is best 
suited for UPSC is also controversial. For early-stage patients who have had complete 
surgical staging (TAH, BSO, retroperitoneal lymph node dissection, washings, and 
omentectomy/omental biopsy), radiotherapy is employed to control local recurrence. 
Therefore, vaginal brachytherapy or intensity-modulated radiotherapy to the pelvis 
will carry the most benefit with the least morbidity. Table  2  illustrates a review of 
irradiation treatment types, recurrence rates, and sites of failure.  

 Grice et al.  (9)  examined 14 patients with surgically staged I and II UPSC. Six 
patients received adjuvant whole pelvic radiation (WPRT), two whole abdominal 
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radiotherapy (WART), and six patients did not receive adjuvant treatment 
(although one patient had preoperative brachytherapy). Among patients who 
received radiation, three had additional vaginal brachytherapy. Two of eight (25%) 
patients in the radiation group recurred (1 distal, 1 local) and none of the patients 
who did not receive radiation died over a median follow-up of 54 months. Of 15 
patients with complete surgical staging who had adjuvant HDR brachytherapy (5 
received concomitant chemotherapy), none experienced local, regional, or distant 
failure over 48 months of follow-up  (6) . In another small series of completely surgi-
cally staged patients, only 1 of 11 (9%) patients with stage I UPSC received adjuvant 
brachytherapy and that patient developed a pelvic sidewall recurrence. In that series, 
WPRT was given to 5 of 7 (71%) patients with surgical stage II disease and one 
developed a recurrence in the radiated field. Overall, the recurrence rate for stage I 
and II UPSC in this series was 16.7%, but two of the three patients who experienced 
recurrences died of their disease  (12) . Sood et al. examined multiple treatment 
modalities in all stages of UPSC. All patients were completely surgically staged. In 
this series, there were six stage I and eight stage II patients. Of the seven stage I and 
II patients who received adjuvant radiation (WPRT, vaginal brachytherapy, or both), 
two failed (29%) and both of these failures included an abdominal (distant) compo-
nent. Both patients died of their disease  (22) . Huh and colleagues reviewed 
60 patients with surgical stage I UPSC (omentectomy was not required) from mul-
tiple institutions. Forty patients did not receive adjuvant treatment and 7 of 40 
(17.5%) had recurrences, four locally and three distally. Six of seven patients 
with recurrence died of their disease. Twelve patients in this study received adju-
vant radiation (WPRT and brachytherapy in 42%, WART in 25%, and brachy-
therapy alone in 33%). Two of 12 patients in the radiotherapy group (16.7%) had 
recurrences (both distal), and both patients died of their disease  (25) . Mehta et al. 
examined a group of stage I and II UPSC patients who were not uniformly com-
pletely staged. Overall, they found that none of the ten early-stage patients who 
received whole pelvic and/or vaginal brachytherapy had a pelvic recurrence versus 
5 of 13 patients without radiotherapy. A literature review suggested that there was 
little variation in the rate of abdominal failures in early-stage UPSC patients treated 

  Table 2.    Stage I and II UPSC radiation treatment failures   

 Reference  Modality  Recurrence rate (%)  Failures 

 Grice et al.  (9)   WPRT/WART  25  Local and distant 
 Turner et al.  (6)   HDR/LDR +/− chemotherapy  0  N/A 
 Bristow et al.  (12)   BT/WPRT  16.7  Local 
 Sood et al.  (22)   WPRT/BT  29  Local and distant 
 Huh et al.  (25)   WPRT/BT/WART  16.7  Distant 
 Hamilton et al.  (26)   WPRT/WART  15.4  Local and distant 

  Local recurrences are defined as vaginal and pelvic. Distant failures are either abdominal or 
extraabdominal  
WPRT whole pelvic radiotherapy; WART whole abdominal radiotherapy; BT brachytherapy
N/A not applicable  
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with or without WART, but there was a decrease in the overall number of pelvic 
recurrences when WPRT or vaginal brachytherapy was employed in the adjuvant 
setting (from 27% without radiation versus 11% with pelvic radiation)  (23) . The 
utility of pelvic radiotherapy in preventing local recurrence has recently been sup-
ported in a study of combined modality therapy. Of 43 patients who received vaginal 
brachytherapy, none had a local recurrence. In contrast, 6 of 31 (19%) patients 
treated without brachytherapy had local recurrences  (20) . The importance of adju-
vant radiation in early-stage UPSC was further substantiated by Hamilton and col-
leagues. They retrospectively analyzed 68 stage I and II UPSC patients (omentectomy 
was not a routine part of staging) of whom 33 received no adjuvant treatment. Out 
of 26 patients treated with radiation (WPRT or WART) alone, 4 had recurrences 
(15.4%); half of them being intraabdominal (both in the WART group). There were 
14 recurrences in the stage I and II UPSC patients who did not receive adjuvant 
treatment. Six of 14 (43%) were in the vagina and the rest were abdominal/distant. 
The authors argued that the 5-year OS was improved in patients receiving adjuvant 
radiation or chemotherapy versus expectant management (85% versus 54% respec-
tively)  (26) .   In completely staged patients (including omentectomy) with UPSC 
limited to the endometrium, one study did not demonstrate a benefit of any adjuvant 
therapeutic modality  (27) . 

Pelvic recurrences appear to be well-controlled with the addition of adjuvant 
pelvic radiation  (6,   20,   23,   25,   26) , but distal recurrences are problematic as almost 
all patients who experience distant recurrences will die of their disease. Interestingly, 
overall, WART has not been able to control abdominal recurrences  (23,   26)  and, 
moreover, in one study  (21) , 2 of 58 patients receiving WART for UPSC died of 
toxicity potentially related to treatment.  

  Chemotherapy 

 There are a few retrospective series that have examined the role of chemotherapy as 
a single adjuvant treatment modality for stage I and II UPSC. Table  3  provides a 
summary of treatment failures in several retrospective adjuvant chemotherapy stud-
ies. Sood et al. reported on one patient who received chemotherapy in a population 
of patients who underwent complete surgical staging. The patient received single 
agent therapy (doxorubicin, paclitaxel, or cisplatin), recurred distally in the bone, 
and ultimately died of disease  (22) . Using platinum-based combination chemotherapy 

  Table 3.    Stage I and II UPSC chemotherapy treatment failures    

 Reference  Modality  Recurrence rate (%)  Failures 

 Huh et al.  (25)   Platinum combined  0  N/A 
 Dietrich et al.  (28)   Carboplatin/paclitaxel  4.8  Local 
 Hamilton et al.  (26)   Platinum combined  14  Local and distant 

   Platinum combined refers to cisplatin- or carboplatin-based chemotherapy combined with 
another cytotoxic agent  
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with cyclophosphamide, doxorubicin, or paclitaxel, Huh et al. reported more encour-
aging results. Of seven patients who received platinum-based chemotherapy as 
adjuvant treatment, none experienced recurrence over a mean follow-up of 32 
months  (25) . In a multi-institutional review of surgically staged patients with stage 
I UPSC, 21 patients received adjuvant combination chemotherapy with carboplatin 
(AUC 6) and paclitaxel (135–175 mg/m 2 ). In this group, there was one vaginal 
recurrence (salvaged) with a median follow-up of 41 months. Six patients were 
treated with single agent platinum, and in this group two recurred (33%)  (28) . This 
study highlights the potential value of adding a taxane to the treatment regimen. 
Paclitaxel at a dose of 200 mg/m 2  given every 3 weeks has demonstrated activity in 
advanced or recurrent UPSC with a reported objective response rate of 77%, but 
with significant hematologic toxicity  (29) . Another retrospective series showed the 
potential efficacy of platinum-based combination chemotherapy with paclitaxel. Of 
six stage I UPSC patients treated adjuvantly with a platinum/paclitaxel combination, 
there were no recurrences. One stage II UPSC patient treated with platinum/doxoru-
bicin failed at multiple sites including vagina and abdomen  (26) .   

  Combined Modality Therapy 

 One of the first groups to study combined modality therapy for early-stage UPSC 
was Rosenberg and colleagues  (2) . They examined outcome in ten UPSC patients 
with clinical stage I disease treated with complete surgical staging without omen-
tectomy. All patients received adjuvant WPRT and four cycles of combination 
chemotherapy consisting of cisplatinum and epirubicin. None of the patients treated 
with both surgery and radiation recurred with a median follow-up of 32 months. 
Table 4 summarizes combined modality therapy and treatment failures in UPSC  . 
Sood et al. reviewed five patients who had combined modality therapy with WPRT 
and single agent chemotherapy with either doxorubicin, paclitaxel, or cisplatin. 
All these patients were surgically staged as stage I or II UPSC. There were three 

  Table 4.    Stage I and II UPSC: Combined modality treatment failures   

 Reference  Modality  Recurrence rate (%)  Failures 

 Rosenberg et al.  (2)   WPRT/platinum com-
bination 

 0  N/A 

 Sood et al.  (22)   WPRT/single agent  60  Distant 
 Low et al.  (31)   WPRT/BT/platinum 

combination 
 7.7  Distant 

 Kelly et al. a   (20)   WPRT/WART/BT/
platinum combina-
tion 

 4.5  Local 

 Fakiris et al.  (32)   Intraperitoneal  32 P/BT  17.6  Local and distant 

  WPRT whole pelvic radiotherapy; BT brachytherapy; WART whole abdominal radiotherapy; 
 Platinum combination  platinum-based regimen with another cytotoxic agent;  Single agent  adri-
amycin  (doxorubicin), paclitaxel, or cisplatin  
a Excludes patients with IA disease who did not receive adjuvant treatment  
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recurrences (60%), all with a distant component, but only one patient died of 
disease  (22) . Bancher-Todesca et al. reviewed all types of adjuvant therapy in a 
heterogeneous group of 23 patients with all stages of UPSC (lymphadenectomy 
performed in 74%). All patients were offered chemotherapy and/or radiation 
therapy. Irradiation consisted of vault and WPRT. Chemotherapy was given as single 
agent carboplatin or as combination of cisplatin and cyclophosphamide. Eight 
patients had stage I or II tumors; six received some form of adjuvant therapy, and 
four received both chemotherapy and WPRT. None of the patients died of their 
disease. When all stages were considered, the benefit of combined modality therapy 
was more apparent. Three of ten (30%) patients who had single modality (chemo-
therapy or radiation) and seven of eight (87%) patients with combined modality 
therapy were alive with a median follow-up of 39 months. This translated into a 
80% 5-year OS for patients treated with both chemotherapy and radiation and a 
30% 5-year OS for patients treated with single modality therapy  (30) . Low et al. 
reviewed 26 patients with surgically staged UPSC (including omentectomy) of 
which 13 (50%) had stage I or II tumors. All patients were treated similarly with 
four cycles of adjuvant platinum-based chemotherapy (either cisplatin/epirubicin or 
carboplatin/paclitaxel) followed by WPRT and HDR brachytherapy. A selected group 
of stage I patients with minimal myometrial invasion received HDR alone. Of the 13 
stage I or II patients, 4 received HDR alone. Only one patient had a distant recurrence 
and died of disease while another patient died without evidence of disease. Stage-
specific 5-year OS in this study was 72.9% for patients with stage I and 100% for 
patients with stage II tumors. Of note, no patient developed vaginal vault recurrences 
 (31) . In the largest study of surgically staged, early-stage UPSC to date, Kelly et al. 
found a statistically significant improvement in disease-free survival (DFS) and OS 
in patients who received platinum-based chemotherapy. Seventy four patients with 
surgical stage I UPSC reviewed adjuvant therapy with a variety of adjuvant chemo-
therapy and radiation protocols. In a multivariate analysis controlled for substage, 
only chemotherapy with or without vaginal brachytherapy was associated with a 
significant  decrease in recurrences ( P  < 0.003). When broken down by substage, 
patients with IA disease who did not have any residual tumor in the hysterectomy 
specimen ( N  = 7) and did not receive adjuvant therapy, none of them experienced 
recurrences. Among patients with stage IA tumor with residual disease in the uterus 
at the time of hysterectomy who did not receive adjuvant therapy, 6 of 14 (43%) had 
recurrences. The same trend was maintained for patients with stage IB and IC tumors. 
When combined, 1 out of 22 (4.5%) patients with stage IB and IC tumors who 
received adjuvant chemotherapy had recurrences while 14 of 18 (77%) had recur-
rences in the no adjuvant chemotherapy group. Interestingly, 5 of 12 (42%) patients 
who received brachytherapy alone as treatment had recurrences, but no patient who 
received irradiation (brachytherapy or pelvic) with chemotherapy had vaginal recur-
rences  (20) . In the only prospective phase II therapeutic trial in surgically staged 
UPSC and clear-cell carcinomas, Fakiris et al. found that out of 17 stage I and II 
UPSC patients treated with intraperitoneal 32P and brachytherapy, 3 (17.6%) had 
recurrences and 2 of them died of disease. The median follow-up in this study was 
39.4 months, and the two-year OS for all stages was excellent (89.2%)  (32) .    
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  Summary 

 Uterine papillary serous carcinoma is a rare histologic subtype of endometrial can-
cer, representing approximately 5% of all endometrial cancers. It is an aggressive 
tumor that has a unique spectrum of genetic alterations that contribute to its tumori-
genesis  (15) . Multiple retrospective studies have demonstrated that there is a high 
frequency of extrapelvic disease even in clinical stage I tumors and that tumor 
spread tends to mimic that of serous ovarian cancer rather than endometrioid 
endometrial adenocarcinoma. If 10% or more of the preoperative biopsy specimen 
contains UPSC, an extended surgical staging laparotomy should be performed  (14) . 
Extended surgical staging includes TAH/BSO/pelvic and para-aortic lymph node 
dissection /infracolic omentectomy or omental biopsy/peritoneal cytology and 
should be performed in all patients with clinical stage I or II tumors. Serum CA-125 
is a reliable marker to monitor therapy in the majority of patients  (13) . 

 Multiple adjuvant treatment modalities for early-stage UPSC have been 
employed ( Tables 2 ,  3 ,  4 ). Taken together, radiation alone affords some degree of 
local control while still leaving patients at risk for distant failure. Chemotherapy as 
a single treatment modality is likely best given as a platinum agent combined with 
a taxane. Single agent chemotherapy alone is associated with a high rate of distant 
failures  (22) . Combined modality therapy with chemotherapy and radiation appears 
to offer the lowest recurrence rates with acceptable morbidity. Vaginal recurrences 
can be significantly reduced with brachytherapy alone  (20,   32) , likely with lower 
morbidity than WPRT or WART. In patients with residual disease in the hysterec-
tomy specimen, it is currently our recommendation to treat all early-stage UPSC 
patients with chemoradiation  (20) . The optimal radiation techniques as well as 
optimal chemotherapeutic agents are yet to be determined. Multi-institutional phase 
II or III trials should be designed to answer these questions.   

  Carcinosarcoma  

  Epidemiology and Natural History 

 Uterine carcinosarcomas represent £ 5% of all endometrial cancers. Like UPSCs, 
they are biologically aggressive neoplasms with high rate of extrauterine disease, 
high recurrence rates (about 50% across multiple series), and poor disease-free 
and overall survival rates. Whether carcinosarcomas should be classified as epi-
thelial or mesenchymal tumors has been debated. In most of the clinical literature 
to date, carcinosarcomas have been included with uterine sarcomas, likely 
because their prognosis is dismal. However, there is mounting molecular evi-
dence that these tumors are clonal  (33–  37)  and epithelial in origin. The malignant 
epithelial component has been shown to be capable of inducing a mesenchymal 
component when injected into nude mice whereas the mesenchymal component 
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could not  (35) . Furthermore, patterns of metastases indicate the prominent role of 
the epithelial component as well. Silverberg et al. found a carcinoma component in 
30/34 (88%) lymph node metastases  (38) . Autopsy data, however, have shown no 
difference in metastatic spread between uterine carcinosarcomas and leiomyosarco-
mas  (39) . Clinically, carcinosarcoma behaves like a combination of aggressive 
adenocarcinoma and sarcoma with a propensity for both lymphatic and hematoge-
nous spread and uniformly poorer outcome when compared to other high-risk his-
tologic subtypes of endometrial cancer. Amant et al. compared outcomes among 
three groups of high risk, early-stage endometrial cancer patients including grade 3 
endometrioid adenocarcinomas, carcinosarcomas, UPSC, and clear-cell carcino-
mas. Although only 45% of the patients had lymphadenectomy at the time of stag-
ing laparotomy, carcinosarcomas were more likely to spread to pelvic and para-aortic 
lymph nodes. Long-term survival was 86% for grade 3 endometrioid adenocarcino-
mas and 44% for carcinosarcomas. After a median follow-up of 24 months, 58% of 
patients with carcinosarcoma had died of their disease compared to 43% with UPSC 
and clear cell and 28% with grade 3 endometrioid adenocarcinomas  (40) . 

 Uterine carcinosarcomas occur more commonly in older (postmenopausal) 
patients and a recent review of SEER data found a higher frequency of carcinosar-
comas in African American versus Caucasian women (4.3 versus 1.7/100,000,  P  < 
0.001)  (41) . Like most histologic variants of endometrial cancer, carcinosarcomas 
commonly present with vaginal bleeding or pelvic pain  (42) . A summary of common 
clinical findings is presented in Table  5 . Grossly, they often grow as fleshy, polypoid 
masses filling or prolapsing out of the endometrial cavity. There may be an associa-
tion between long-term tamoxifen use and development of carcinosarcomas  (43) . 
Complete surgical staging is paramount in these patients. In one study, 32% of 
patients with clinical stage I disease (thought to be confined to the uterine corpus) 
were upstaged based on omental involvement (three of nine patients) or positive 
lymph nodes  (42) . The importance of evaluation of extrauterine disease is high-
lighted in a landmark clinicopathologic study of 203 early-stage (clinical stage I and 
II) carcinosarcomas  (38) . In this study, 40 patients were identified with metastatic 
disease. The majority of the tumors (25 out of 40) had >50% myometrial invasion, 
but 10% (4 patients) had no myometrial invasion. Notably, the recurrence rate at 31 
months for carcinosarcomas without myometrial invasion was 25%.     

 Multiple attempts have been made to identify pathologic variables associated with 
outcome and the results have been controversial. Because prognosis is poor even in 
early-stage disease, it is difficult to identify pathologic variables that will be statistically 

 Table 5.    Carcinosarcomas: clinical features  

 Median age at diagnosis = 66 years 
 More common in African American women 
 May be associated with long-term tamoxifen use 
 Postmenopausal bleeding most common  
 Grossly bulky polypoid masses 
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associated with outcome. In a study of 301 stage I and II (clinical) carcinosarcomas, 
adnexal spread, lymph node metastases, heterologous type of mesenchymal compo-
nent, and grade of sarcomatous component were all associated with decreased pro-
gression-free survival (PFS)  (44) . The overall recurrence rate in this study was 53% 
and 21% of tumors recurred in the pelvis. In other longitudinal studies of carcinosa-
rcoma, no significant associations have been found between carcinoma grade, sar-
coma component, mitotic count, LVSI, sarcoma histologic subtype, or tumor size 
and overall survival  (42,   45) . It has been argued that prognosis is worse when the 
epithelial component is a serous carcinoma  (46,   47) , but this has not been defini-
tively proven.  

  Treatment 

 As outlined above, uterine carcinosarcoma carries a particularly poor prognosis even 
when diagnosed at an early stage. Ideally, treatment should address the high rate of 
both local (pelvic) and distant recurrences. Because carcinosarcomas are rare, the 
majority of clinical studies are retrospective. The few prospective, randomized trials 
include other types of uterine sarcomas or include all stages of carcinosarcomas. 
Therapeutic trials directed specifically to early-stage carcinosarcoma are rare. 
Current clinical management of these tumors is therefore evolving and more rand-
omized clinical trials are needed. 

 Initial evaluation of uterine carcinosarcomas is similar to that for other forms 
of endometrial cancer. A preoperative chest X-ray should be obtained to rule out 
pulmonary metastases. Abdomino-pelvic CT scan is warranted if surgical resec-
tion does not seem clinically/technically feasible to evaluate disease extent and 
determine protocol eligibility. Complete surgical resection and staging is advis-
able including TAH, BSO, peritoneal cytology, and pelvic/ para-aortic lymph 
node dissection. The value of routine omentectomy in carcinosarcomas has not 
been established, but in the presence of grossly positive lymph nodes, removal/ 
biopsy of the omentum may convey prognostic value. Adjuvant treatment with 
radiation, chemotherapy, or combination of both is advisable even in early-stage 
disease. As in UPSC, patients with carcinosarcoma are likely to benefit most 
from combined modality therapy, but this has not yet been proven in prospective 
trials. 

  Adjuvant Radiation 

 There is only one prospective, randomized controlled trial of adjuvant radiation on 
uterine carcinosarcomas (GOG 150). This trial randomized patients with all stages 
of optimally debulked uterine carcinosarcoma to adjuvant whole abdominal radio-
therapy (WAR) or cisplatin 20 mg/m 2  plus ifosfamide 1.5 g/m 2  with mesna for 
three cycles. Preliminary results suggest improved results for patients receiving 
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chemotherapy  (48) . There are multiple retrospective studies analyzing the role of 
adjuvant radiotherapy in early-stage carcinosarcoma. Although overall survival 
benefit was identified in a small number of studies, the majority did not require 
strict surgical staging. Despite these limitations, local control appears to be 
improved with the addition of WPRT +/− vaginal brachytherapy. Table  6  summa-
rizes recurrence rates in early-stage carcinosarcomas treated with adjuvant 
radiation.  

 Gerszten et al. reviewed their experience with 44 early-stage (FIGO stage I and II) 
uterine carcinosarcomas. Twenty patients received WPRT with or without vaginal 
brachytherapy and 24 were managed with surgery alone. Over the whole cohort of all 
stages ( N  = 60), 73% had lymph nodes removed as part of the surgical staging. The 
investigators noted a decrease in local failures (22% in surgery group and 0% in RT 
group) as well as a decrease in combined local and distant failures (32% and 4%, 
respectively). Median survival in the surgically managed group was 12 months com-
pared to 77 months in patients who received adjuvant RT ( P  = 0.07 for all stages). 
Survival was also improved in patients with stage I and II tumors ( P  = 0.02). In this 
study, local failure was predictive of distant recurrence and death even when 
adjusted for clinical stage  (49) . Molpus et al. retrospectively examined outcomes in 
43 early-stage uterine carcinosarcoma and found a significant survival advantage in 
patients who were treated with surgery and adjuvant radiation compared to surgery 

  Table 6.    Uterine carcinosarcoma: single modality therapy    

 Reference   N   Modality  Recurrence 

 Gerszten et al.  (49)   20  WPRT +/− 
brachytherapy 

 0% a  

 24  Surgery  22% (local and distant) 
 Knocke et al.  (51)   33  WPRT +/− 

brachytherapy 
 Local = 4.8% stage I, 

25% stage II 
 Distant = 18.3% stage I, 

33.3% stage II 
 Chi et al.  (52)   28  WPRT (10 

neoadjuvant) 
 21% pelvic, 43% distant b  

 10  Surgery  50% pelvic, 40% distant 
 Le  (53)   12  WPRT  58% b  

 16  Surgery  44% 
 Omura et al.  (56)   93  Adriamycin  38% b  

 Surgery  51% 
 Sutton et al.  (59)   65  Cisplatin/ifosfamide  Overall = 35%; pelvic = 

15.4%, distant/multiple 
site = 20% 

 Resnik et al.  (60)   23  Cisplatin, doxorubicin, 
etoposide 

 22% 

 Odunsi et al.  (65)   8  CYVADIC  38% 

   WPRT whole pelvic radiotherapy; CYVADIC cyclophosphamide, vincristine, doxorubicin 
(Adriamycin), dacarbazine  
aSignificant difference in overall survival favoring radiation therapy  
bNo difference observed in overall survival versus surgery  
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alone. As it has proven typical for this aggressive disease, 29% of patients with clinical 
stage I were upstaged at the time of laparotomy and the 5-year OS was only 38% when 
the disease was confined to the uterus  (50) , suggesting that surgical staging was incom-
plete. Interestingly, a benefit was seen in patients who received RT suggesting that 
improved local control may decrease distant failure rate. Yamada et al. reviewed 62 
patients with clinical stage I uterine carcinosarcoma. Ninety percent of the patients had 
pelvic lymphadenectomy and 42% para-aortic lymph node sampling. Of 28 patients 
who were considered stage I or II, only 11 received adjuvant WPRT. The authors identi-
fied an overall survival benefit in these patients, but were unable to show a decrease in 
pelvic recurrences across all stages. Of note, in this study, occult extrauterine disease 
was identified in 61% of 62 patients. The overall recurrence rate was 50% and 43% of 
patients had distal recurrences  (47) . Local and distant control was also achieved in a 
retrospective analysis by Knocke et al. There were 33 patients with early stage tumors 
(out of a total of 63 reviewed), but only 41% had some form of lymph node sampling. 
WPRT +/− vaginal brachytherapy was employed in all patients and local control rates 
were 95.2% for patients with stage I and 75% for patients with stage II tumors. Distant 
control rates were equally impressive at 81.7% for stage I and 66.7% for stage II 
tumors. Only 3.2% of patients receiving radiotherapy had grade 3 toxicity  (51) . 

 Although these studies demonstrated survival advantage and decreased local and 
(potentially) distal failures using adjuvant WPRT +/− vaginal brachytherapy, there 
are several studies that question the therapeutic benefit of adjuvant RT in early-
stage uterine carcinosarcomas. Chi et al. reviewed 38 patients with stage I and II 
carcinosarcomas. Surgical staging was incomplete with only 45% of patients hav-
ing some form of lymph node sampling. Out of ten patients managed by surgery 
alone, 50% had a pelvic recurrence, 40% had a distant recurrence, with a 60% 
5-year OS. Out of 28 patients treated with WPRT (10 had RT as neo-adjuvant treat-
ment), 21% had a pelvic recurrence, 43% a distant recurrence, with a 59% 5-year 
OS. Although the overall survival and rate of distant failures were unchanged, pel-
vic recurrences were reduced by 50% in the second group  (52) . In a review of 32 
carcinosarcoma patients (19 stage I and II) with complete surgical staging, Le et al. 
found similar recurrence rates among those treated with surgery alone or surgery 
plus adjuvant irradiation; 44% (7 of 16) in the surgery only group and 58% (7 of 
12) in the surgery plus adjuvant radiation group recurred. Overall survival was 
equally dismal in both groups with 27% of patients surviving among those treated 
with RT versus 33% of patients who had surgery alone  (53) . In another study that 
examined clinical stage I–III uterine carcinosarcomas, patients who were treated 
with adjuvant or neo-adjuvant (only 35 of 300 patients had surgery followed by 
RT), WPRT was associated with fewer pelvic recurrences than surgery alone (28% 
vs. 48%,  P  < 0.0002). Pelvic radiotherapy appeared to lengthen the time to distant 
relapse from 7 to 17 months, but the overall rate of distant failure was similar 
between surgery and surgery plus radiation groups (54% versus 57%, respectively) 
 (54) . Sartori et al. also found that adjuvant radiation conferred a decrease in 
the local failure rate but no improvement in overall recurrence rates. Of 66 
clinical stage I and II uterine carcinosarcomas, the overall recurrence rates were 
38.2% (stage I) and 63.6% (stage II). As a combined group, 40% of early-stage 
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carcinosarcomas failed locally, 40% failed distally, and 20% failed at multiple sites. 
When all stages were included, WPRT reduced pelvic recurrence rates from 21% 
to 10.7% in patients who received adjuvant RT  (55) . Finally, in one of the only 
randomized trials conducted in early-stage uterine sarcomas, pelvic radiotherapy 
appeared to reduce the rate of vaginal recurrences, but was not found to improve 
distant failure rates even in the doxorubicin (Adriamycin) arm of this trial  (56)  (to 
be discussed further in the “Chemotherapy” section of this chapter). 

 Although the majority of these studies feature admixtures of different surgical 
stages with a wide variety of therapeutic RT (some neo-adjuvant, some adjuvant), 
it appears that pelvic radiotherapy offers a decrease in local relapse rates. The effect 
on overall survival varies among studies and will only be adequately addressed in 
prospective trials. Distant failures are common in patients treated with surgery or a 
combination of surgery plus irradiation, therefore chemotherapy should be included 
as part of the adjuvant regimen.  

  Chemotherapy 

 As mentioned above, the high-distant failure rate (from 19–50%) across multiple 
studies in early-stage uterine carcinosarcoma suggests that adding chemotherapy 
could improve survival. Interestingly, as understanding of the molecular basis of 
carcinosarcomas has improved, the chemotherapeutic regimens have changed. 
Initial therapeutic trials assumed that carcinosarcomas behaved clinically like 
sarcomas and were treated with the same agents. Over time, the epithelial com-
ponent has been shown to drive tumorigenesis and clinical behavior of this malig-
nancy and therapeutic strategies have shifted accordingly. Although the majority 
of chemotherapeutic trials include advanced stage patients with measurable dis-
ease, it can be extrapolated that agents with activity in advanced or recurrent 
uterine carcinosarcoma may have activity in early-stage disease as well. A sum-
mary of recurrence rates in patients treated with adjuvant chemotherapy is found 
in Table  6 . 

 Omura et al. performed a phase III trial of adjuvant Adriamycin (60 mg/m 2 ) 
versus observation in patients with clinical stage I and II sarcomas. Lymphadenectomy 
was not required for surgical staging, but all patients were required to have no 
residual disease after primary surgery. Pelvic radiotherapy was allowed at the dis-
cretion of the treating physician. Of 156 evaluable patients, 93 had a diagnosis of 
carcinosarcoma. The recurrence rate was 38% in the adjuvant Adriamycin group 
and 51% in patients without further treatment (not statistically different). For clini-
cal stage I tumors, the median survival was 67.2 months. The addition of adjuvant 
Adriamycin did not prolong OS or PFS, and no difference was seen when a sub-
group analysis was performed in patients who received adjuvant pelvic radiother-
apy as well. For patients with carcinosarcomas in the Adriamycin arm, 75% of the 
recurrences occurred in the pelvis and vagina compared to 33% in the no chemo-
therapy arm. Distant metastases (lung and abdomen) were reduced from 66% in the 
no treatment group to 25% in patients treated with Adriamycin. Although no overall 
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statistical differences were seen between treatment and no treatment arms of this 
trial, there appears to be a trend to reduce distant failure in patients with carcinosa-
rcoma with adjuvant treatment  (56) . Other agents have been evaluated as adjuvant 
therapy in the advanced/recurrent setting. Sutton et al. performed a phase II trial of 
ifosfamide and mesna in patients with advanced/recurrent uterine carcinosarcoma 
and found an objective response rate (OR) of 32.2% with a 18% complete response 
(CR) rate. There was one death attributed to therapy among 29 evaluable patients 
 (57) . Sutton et al. also then examined the role of combination chemotherapy with 
ifosfamide plus or minus cisplatin in a large phase III trial of patients with advanced 
or recurrent uterine carcinosarcomas. Treatment consisted of 1.5 gm/m 2 /day ifosfa-
mide for 5 days (a reduced dose was given to patients with a history of radiation 
therapy) with or without 20 mg/m 2  cisplatin × 5 days. The overall response rate in 
the combination arm was 54% compared to 36% in the ifosfamide alone arm 
(36%). There was no change in OS with the addition of cisplatin, but a slight pro-
longation of PFS was observed. The combination regimen was toxic with six 
treatment-related deaths seen with full (1.5 gm/m 2 ) doses of ifosfamide  (58) . Given 
the improved OR with combination cisplatin and ifosfamide, Sutton et al. examined 
the same combination regimen in a phase II trial of 65 evaluable patients with clini-
cal stage I and II uterine carcinosarcomas. Lymphadenectomy was not required as 
part of the surgical staging, and all patients were scheduled to receive three cycles 
of adjuvant combination chemotherapy. The primary outcome measures were dis-
ease-free survival (DFS) and OS. The dosing was similar to the phase III trial  (58) . 
The majority of patients (89%) completed three cycles. Grade 3 or 4 thrombocy-
topenia was seen in 63% of evaluable patients, and 26% had grade 3 or 4 neu-
tropenia. The two-year PFS was 69% while the 2-year and 5-year OS were 
82% and 62%, respectively. Of the patients that had recurrences (35% of whole 
cohort), half of them were in the pelvis  (59) . Note that there was no adjuvant radia-
tion allowed in this trial. Resnik et al. studied combination chemotherapy with 
cisplatin doxorubicin, and etoposide in 42 patients with uterine carcinosarcoma. 
In this phase II trial, 23 patients had stage I or II disease. Almost all (22 of 23) 
patients had complete surgical staging with lymph node sampling with or 
without omentectomy. Preoperative or postoperative radiotherapy was allowed. 
Out of the 23 patients with early-stage tumors, 5 had recurrences (22%). Of 
note, UPSC was identified as the carcinoma component in 3/5 (60%) of the 
patients with recurrences. In this study, patients with early stage disease had a 
92% two-year survival rate and a 83% PFS. Only 22% of patients experienced 
grade 3 complications  (60) . Other phase II trials in advanced/recurrent carci-
nosarcoma have not been successful  (61,   62) . Recent phase III data suggest that 
adding paclitaxel to ifosfamide has improved OS and PFS when compared to 
ifosfamide alone. In this study, 179 patients with advanced/recurrent uterine carci-
nosarcoma were randomized to receive ifosfamide alone at a dose of 2g/m 2  or 
ifosfamide at 1.6g/m 2  plus paclitaxel at 135mg/m 2  every 21 days for a maximum 
of eight cycles. The combination arm had significantly better overall response 
and a 29% decrease in the adjusted hazard of death or progression ( P  = 0.03), 
although alopecia and neuropathy were more commonly seen  (63) . One retrospective 
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study in patients with advanced/recurrent carcinosarcoma found four of five evalua-
ble patients (80%) to have a complete response to combination therapy with carbopla-
tin (AUC 6) and paclitaxel (175 mg/m 2 )  (64) . Another group followed 24 stage I 
uterine sarcoma patients with complete surgical staging who received combination 
chemotherapy with vincristine, doxorubicin (Adriamycin), cyclophosphamide, and 
dacarbazine (CYVADIC). Eight of the 24 patients evaluable for response had uter-
ine carcinosarcoma and 3 (38%) recurred on this regimen  (65) . 

 The optimal chemotherapeutic regimen for uterine carcinosarcoma (all stages) 
has not been identified. Given improved response rates with the addition of platinum 
 (58,   59,   64) , it is likely that future trials will incorporate a platinum arm. Recurrence 
remains a significant problem in patients with early-stage uterine carcinosarcoma 
treated with chemotherapy alone (or in combination with radiotherapy), and more 
effective multimodality treatments are required to reduce the rates of local and 
distant failures.  

  Multimodality Therapy 

 It is evident that recurrence rates are high in uterine carcinosarcomas treated with 
adjuvant single-modality therapy (either chemotherapy or radiation). This has 
prompted several investigators to explore combination therapy with radiation and 
chemotherapy to address local and distant recurrences. Currently, there are no pro-
spective trials open for multimodality therapy in uterine carcinosarcomas, thus, 
treatment benefit must be extrapolated from small numbers of patients evaluated 
retrospectively. Table  7  summarizes DFS and OS in patients with uterine carcinosa-
rcoma treated with multimodality therapy.  

 Kohorn et al. found that four of five (80%) patients treated with radiation, surgery, 
and adjuvant chemotherapy (with doxorubicin/cyclophosphamide or doxorubicin/
cisplatin) were disease free after a follow-up of 36–60 months  (66) . Manolitsas et al. 
examined outcome in 38 clinical stage I or II (lymphadenctomy not required) patients 
with uterine carcinosarcoma that received primary surgery followed by pelvic radia-
tion and combination chemotherapy with four to six cycles of cisplatin (75 mg/m 2 ) 
and epirubicin (75 mg/m 2 ). Nine of 38 patients (24%) were upstaged at the time of 

  Table 7.    Uterine carcinosarcoma: multimodality therapy    

 Reference   N   Modalities  DFS (%)  OS (%) 

 Kohorn et al.  (66)   5  Surgery/RT/
Chemotherapy a  

 80 

 Manolitsas et al.  (67)   21  Surgery/WPRT/cisplatin, 
epirubicin 

 90  95 

 Menczer et al.  (68)   10  Surgery/cisplatin, 
Ifosfamide/WPRT 

 70  75 b  

   RT radiation therapy, WPRT whole pelvic radiotherapy  
a Chemotherapy consisted of doxorubicin/cyclophosphamide or doxorubicin/cisplatin  
b OS for patients treated with WPRT alone = 50% and 22% for chemotherapy alone  
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surgery. Chemoradiation was administered in a sequential or “sandwich” fashion with 
two cycles of chemotherapy given prior to pelvic radiotherapy, followed by comple-
tion of the chemotherapy. Patients were treated with WPRT unless a complete lym-
phadenectomy was performed and lymph nodes were documented to be negative. 
Those patients received vaginal brachytherapy only. Eleven patients (29%) received 
no chemotherapy. Only one patient experienced a grade 3 toxicity. Impressively, 
survival for patients who completed multimodality therapy was 95% (20 of 21 
patients) and DFS was 90% with a median follow-up of 55 months. In contrast, OS 
among patients who did not receive the recommended treatment protocol was 47%. 
There was one death (and one recurrence) among the 21 patients who received com-
bination therapy. This patient experienced local and distant failure and was originally 
staged as IA (disease confined to a polyp)  (67) . A recent study has reviewed all stages 
of uterine carcinosarcoma treated with chemotherapy alone, WPRT alone, or com-
bined modality (chemotherapy followed by radiation). Out of 49 patients, 25 had 
clinical stage I tumors. Radiation was delivered as WPRT with HDR brachytherapy. 
Patients were treated with cisplatin and ifosfamide combination therapy as a single 
modality and in combination with radiation. Patients who received sequential therapy 
were administered a higher dose of cisplatin (80 mg/m 2  vs. 60 mg/m 2 ) and a lower 
dose of ifosfamide (1.2 gm/m 2 /day vs. 1.5 gm/m 2 /day). Ten patients received com-
bined modality therapy with a 75% 5-year OS compared to that of WPRT alone 
(50.5%) and chemotherapy alone (22.2%). Although sites of failure were not explic-
itly addressed in this study, multi-site failure (both pelvic and distant) appeared to be 
most common  (68) .   

  Summary 

 Uterine carcinosarcoma is a particularly aggressive neoplasm with high rates of treat-
ment failure even when disease is confined to the uterus  (38) . Molecular evidence points 
toward a clonal epithelial origin of these malignancies  (33–  37)  and some evidence sug-
gests more aggressive behavior if the epithelial component consists of serous carcinoma 
 (46,   60) . However, both hematogenous and lymphatic spread have been described  (38, 
  39) . Results from single modality therapy remain disappointing. There is some promise 
in combining pelvic radiation therapy with chemotherapy, but the optimal chemothera-
peutic regimen has yet to be determined. The most active chemotherapeutic regimen to 
date is cisplatin and ifosfamide  (58,   59)  and despite its high toxicity will likely serve as 
the standard of care arm in future therapeutic trials. The most active chemotherapeutic 
regimen to date is ifosfamide plus paclitaxel and despite its toxicity will serve as the 
control arm in future trials (63). Currently, there are six phase II GOG protocols evaluat-
ing various cytotoxic as well as biologic therapies in the adjuvant and recurrent setting 
for uterine carcinosarcoma. Radiation appears to offer local control  (52,   53) , but distant 
failure remains problematic. With results from GOG 150 (whole abdominal radio-
therapy versus combination chemotherapy with cisplatin and ifosfamide), the 
contribution of adjuvant radiation to overall survival will be clearer. Protocols that 
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include multimodality therapy in early-stage patients are necessary as combination 
modality therapy appears to offer the best chance to decrease local and distant 
failures.   

  Clear Cell Carcinoma and Tumors of Mixed Histology  

  Epidemiology and Natural History 

 Clear cell carcinoma represents < 5% of all endometrial cancers in the United States. 
It was first described by Scully and Barlow who identified these tumors to originate 
from Mullerian epithelium  (69) . Microscopically, they show tubulocystic, papillary, 
and/or solid patterns  (70) . The clear histologic appearance of the tumor cells is due 
to their high glycogen content. Other histologic hallmarks are eosinophilic and hob-
nail cells. All tumors are graded as poorly differentiated (grade 3) by FIGO conven-
tion, and unlike clear cell carcinoma of the cervix, in the corpus it does not appear 
to be associated with maternal exposure to diethylstilbestrol. These cancers have a 
very similar clinical course to that seen in UPSC with regards to pattern of spread, 
lack of apparent precursor lesions, and poor prognosis when compared to endome-
trioid cancers. Thus, clinical outcomes in clear cell cancers have often been reported 
in combined series with UPSC. 

 Tumors of mixed histology are more common than pure serous or clear cell 
carcinomas. Craighead et al. reported that 11% of their patients had tumors of 
mixed histology including some combination of endometrioid, clear cell, and 
serous carcinoma  (71) . Most reports define mixed histology as the coexistence of 
two or more cell types each of which constitutes at least 10% of the tumor. Cirisano 
et al. found that tumors with mixed histology (at least 25% of serous or clear cell 
carcinoma) behave similarly to UPSC  (72) . The amount of unusual histology 
needed in a mixed carcinoma to confer a poor prognosis is unclear. Some investiga-
tors believe that any amount of poor-prognosis histology (serous or clear cell car-
cinoma) is sufficient, whereas others think that a small focus of high-risk histology 
does not affect prognosis. It has been demonstrated that if 10% of the tumor is 
composed of serous carcinoma, the prognosis is worse than that of poorly differen-
tiated endometrioid adenocarcinoma  (14) . 

 Clear cell carcinoma is most commonly seen in thin, postmenopausal patients, 
is not likely related to estrogen exposure, and is more common in African American 
women. As with other high-risk types of endometrial cancer, there is a high risk of 
extrauterine spread. A complete staging laparotomy is therefore indicated. Cirisano 
et al. showed that nearly 40% of patients with clear cell carcinoma clinically con-
fined to the uterus had extrauterine spread and a small number had extrauter-
ine disease even in the absence of myometrial invasion  (72) . As with UPSC, 
survival is highly variable and depends on the extent of surgical staging with most 
series not requiring retroperitoneal nodal sampling or omentectomy. Abeler et al. 
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reported the Norwegian Radium Hospital experience with 97 patients diagnosed 
with clear cell carcinoma and unclear surgical staging. They found a 42% 5-year 
survival for all stages of clear cell carcinoma compared to 27% for UPSC. The 
5-year OS rate was 90% for patients without myometrial invasion, 59% for patients 
with disease limited to the corpus, and 27% for patients with stage II disease. In this 
series, myometrial invasion and LVSI were poor prognostic factors  (73) . Carcangiu 
et al. reviewed 29 patients with surgical stage I and II clear cell carcinoma. Eleven 
of 29 patients had retroperitoneal nodal sampling. The 5-year survival for patients 
with stage I clear cell carcinoma was 73% and 59% for those with stage II tumors 
 (74) . Creasman et al. reviewed the FIGO annual data and reported a 5-year survival 
rate of 81% for surgical stage I clear cell carcinoma compared to 72% for UPSC 
and 76% for grade 3 endometrioid cancers  (75) . Large studies of clear cell carci-
noma patients in which all have been “comprehensively” staged, including lymph 
nodes and omentectomy, have not been reported.  

  Treatment 

 Given the rarity of these tumors, there are no prospective trials involving only early-
stage clear cell carcinoma or mixed tumors. Most trials completed by the National 
Cancer Institute sponsored Gynecologic Oncology Group (GOG) have only included 
patients at the point of relapse with measurable disease for salvage chemotherapy. 
GOG 99, a large prospective randomized trial of intermediate risk (stage I and II) 
endometrial cancer patients, specifically excluded high-risk histologic  subtypes 
 (24) . Our recommendations for therapy must, therefore, be extrapolated from retro-
spective trials involving heterogeneous cohorts of patients (UPSC, grade 3 endome-
trioid, and mixed histology). The initial therapy is surgery with a  comprehensive 
staging procedure including TAH, BSO, pelvic and para-aortic lymph node resec-
tion, omentectomy, and possibly multiple peritoneal biopsies and diaphragm cytol-
ogy. Patients with no residual disease at the time of hysterectomy (high-risk tumor 
only on dilation curettage or endometrial biopsy) and possibly other stage IA 
patients can be observed. All other patients should be considered for adjuvant 
therapy. 

 As clear cell carcinoma appears to behave clinically like UPSC and other 
aggressive histologic variants of endometrial cancer, we recommend consideration 
of adjuvant cytotoxic chemotherapy for these patients based on available retrospec-
tive data for UPSC. Unfortunately, clear cell carcinomas are less responsive to 
conventional cytotoxic chemotherapy than other high-risk histologic subtypes of 
endometrial cancer. McMeekin et al. reported the GOG experience of 1,203 
patients with measurable recurrent or advanced endometrial cancer treated with a 
variety of different regimens (doxorubicin, cisplatin, paclitaxel, or combinations). 
The overall response rate was 42% for the entire cohort, being 44% for endome-
trioid carcinoma, 44% for UPSC, and 32% for clear cell carcinoma  (76) . The 
decreased response for the clear cell carcinoma tumors was statistically significant. 
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Thus the most appropriate chemotherapeutic regimen is not known and toxicity 
should be taken into account when selecting adjuvant therapies. Therefore, there 
may be a role for novel biologic agents in treating this malignancy. Although there 
is limited data available for patients with clear-cell carcinomas and mixed histol-
ogy, it is likely that they will benefit from some form of pelvic radiotherapy to 
decrease the risk of local recurrence. As with UPSC, chemoradiation is likely to 
have the lowest failure rates in early-stage clear-cell carcinomas and mixed-histol-
ogy tumors. Our current recommendation is to use vaginal brachytherapy or 
intensity-modulated radiation therapy (IMRT) to the pelvis in combination with 
carboplatin and paclitaxel. This regimen is not based on evidence of superior effi-
cacy to other regimens, but on the manageable toxicity of this regimen.  

  Conclusions 

 • Serous carcinoma, carcinosarcoma, clear cell carcinoma and mixed histology 
tumors although representing 3–5% of all endometrial cancers, are responsible for 
a significant percentage of endometrial cancer mortality.

• These tumors are understudied in randomized-controlled trials and available 
retrospective data are limited by non-standardized surgical staging and variable 
treatment regimens applied.

• As significant risk of disease spread outside the uterus exists, comprehensive 
surgical staging is of paramount importance.

• High local and distant failure rates in patients with early-stage disease have 
prompted testing of combined modality therapy with chemotherapy and local-
ized radiation, utilizing both high-dose rate brachytherapy to the vaginal cuff or 
IMRT to the pelvis.       
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       Treatment of Advanced and Recurrent 
Carcinoma: Hormonal Therapy       

     Franco   Muggia    and    Stephanie V.   Blank      

  Abstract   Progestins were the first drugs to be used in systemic therapy of endome-
trial cancer. After four decades of clinical trials, their role has been narrowed to a 
relatively small percentage of tumors that have metastasized but are well differenti-
ated and rich in hormonal receptors. Nevertheless, with better selection of patients 
likely to benefit from hormonal therapy and the exploration of potential role after 
chemotherapy, one may look forward to new directions of interest.  

  Keywords   Endometrial cancer  •  Progestins  •  Hormone receptors     

 Introduction 

 Endocrine therapy is applicable to a relatively small percentage of patients with 
endometrial adenocarcinoma that present at advanced stage or eventually recur 
with disseminated disease. Its importance, thus far, is primarily historical. Pro-
gestins occupied the center stage in the treatment of metastatic endometrial cancer 
since the 1961 landmark report of Kelley and Baker on their activity  (1,   2) . We 
provide an overview of the clinical experience with these agents, focussing on current 
recommendations and future directions. 

  Clinical Experience (1961–2000)  

 After the initial report, a number of trials evaluated parenteral and oral progesta-
tional agents, mostly in patients with recurrent disease. These agents were appeal-
ing in this role because they offered potential for response with minimal toxicity. 
The following conclusions have been reached after four decades of clinical trials:
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    1.    Progestin therapy is applicable to a small percentage of patients who develop 
metastases from endometrial cancer. The characteristics of patients who respond 
to a wide variety of progestational agents differ substantially from those who 
show benefit from cytotoxic therapy (Table  1 ).  

    2.    Escalating the progestin dose beyond megestrol acetate 200 mg daily does not 
yield improved results  (4) .  

    3.    Tamoxifen has shown some activity, with a regimen alternating tamoxifen and 
a progestin having received the widest testing  (4,   5) , while other hormonal 
therapies such as aromatase inhibitors and GnRH agonists have not gone on to 
further development.  

    4.    There is no evidence that adding progestins to chemotherapy results in additional 
benefit.       

  Current Status of Hormonal Therapy  

 Representative results from one large institutional study and three Gynecologic 
Oncology Group (GOG) studies of hormonal agents in disseminated endometrial 
cancer are shown in Table  2 . The best outcome reported is the original one from the 
Mayo Clinic that undoubtedly reflects favorable patient selection and may be 
indicative of what could be obtained by narrowing the criteria for treatment of 
recurrent endometrial cancer with hormones.  

 The alternating regimen, representing the last large GOG study of hormonal 
therapy for recurrent and advanced endometrial cancer, running between July 1994 
and November 1995, has become widely used because of the activity that was docu-
mented, and survival results that compare favorably to preceding studies. This trial 
was also notable for achieving an unexpectedly high response rate of 22% among 
patients with poorly differentiated tumors. The alternating treatment rationale is 
also soundly based on up-regulation of PR when exposed to estrogen – in this case 

  Table 1.    Features of endometrial cancer that predict response to hormonal versus cytotoxic 
therapy a     

 Feature  Response to hormonal therapy  Response to cytotoxic therapy 

 ER and PR+  Predictive of response with 
well-differentiated tumors 
(more likely to be ER and 
PR+) 

 Not predictive; better if 
negative? 

 Tumor grade  Well to moderately 
differentiated 

 Better if poorly 
differentiated? 

 Interval from diagnosis  Longer, more likely to respond  Not predictive 
 Disease sites  Lung and bones: more response  Not predictive 
   ER  estrogen receptor, PR  progesterone receptor 
 a Modified from reference  (3)   
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substituted by the weak agonist tamoxifen. Moreover, tamoxifen has single agent 
activity, albeit modest. Finally, weight gain, the most common problem encountered 
with progestin therapy (although this is not well documented in these trials), is less 
likely to be as steep on an intermittent regimen (reported as grade 1 in 7 and grade 
2 in 5 of 56 patients in GOG 153). 

 An aspect lacking validation in large trials of hormonal agents is the relationship 
of hormone receptors to response, partly because the trials were mostly run when 
such receptors were determined by the more laborious biochemical assays. GOG 
81 pooled receptor data in 132 patients from the standard and high-dose arms of 
megestrol acetate and observed a noteworthy correlation between response and 
receptor status. Only 7 of 86 patients with tumors being negative for PR and 17 of 
46 with positive receptors showed responses ( p  < .001). Not unexpectedly, a 
marked association between receptor status and tumor grade was recorded in this 
trial. Thus, it is likely that the results of hormonal therapy are highly dependent on 
patient selection, and could certainly be improved by hormone receptor determina-
tions and knowledge of tumor grade. The GOG studies included a varying propor-
tion of well differentiated tumors that may account for the variability in results 
(Table  3 ).  

 The best survival outcome was obtained in GOG 153, the trial in which patients 
had the highest percentage of grade 1 tumors. These findings reinforce the validity of 
patient selection based on differentiation and receptor status. The standard treatment 
is progestin-based, and treatment course is indefinite, as hormonal therapy is continued 
until progression is evident. There is no established role for secondary hormonal 
treatment following failure of initial hormonal therapy.  

  Table 2.    Achievements of hormones in recurrent endometrial cancer: Selected series    

 First author 
(reference)  Drug(s)  Patients 

 Response 
rates (%)  Outcome 

 Reifenstein  (4)   Hydroxyprogesterone 
caproate 

 314  30  Median S: 20 m 

 Thigpen  (5)  
(GOG 81) 

 MPA 200 mg versus 
1,000 mg 

 145, 144  25, 15  Median PFS: 3.2 m, 
S: 11.1 m versus 
PFS: 2.5 m, 
S: 7.0 m 

 Thigpen  (6)  
(GOG 81F) 

 Tamoxifen 20 mg bid  68  10  Median PFS: 3.2 m, 
S: 8.8 m 

 Whitney  (7)  
(GOG 119) 

 1 w MPA 200 mg, 
alt 1 w tamoxifen 
40 mg 

 60  33  Median PFS: 4.0 m, 
S: 12.0 m 

 Fiorica  (8)  (GOG 
153) 

 3 w megestrol acetate 
80 mg bid, alt 3 w 
tamoxifen 20 mg bid 

 56  27  Median PFS: 2.7 m, 
S: 14 m 

  MPA  medroxyprogesterone acetate (Provera), PFS progression-free survival, S  survival, bid  twice 

daily, m months, w weeks  
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  Future Directions  

 In Chapter 7, Duska described ongoing studies of progesterone action on endome-
trial neoplasias prior to surgery (GOG 211), an approach utilized with increasing 
frequency for select endometrial cancer patients desiring fertility preservation. 
It also discusses the issues in progestin treatment of early endometrial cancer and 
provides an informative background on future directions that may, to some extent, 
be applicable to more advanced presentations. Chapter 13 reviews further com-
bined hormonal approcaches. 

 As reviewed above, the data on hormonal therapy for advanced and recurrent 
endometrial cancer are outdated but do yield key information for future studies; the 
focus should be on well-differentiated cancers that have metastasized and on pro-
gestin-based therapy. There is little or no point in studying other hormonal 
approaches before refining our knowledge on how to optimize selection for proges-
tin-based therapy. In this regard, hormonal therapy bears resemblance to more 
modern targeted therapies for which proper patient selection maximizes response. 
Additionally, as with biologic therapies, the definition of successful treatment with 
hormonal agents might include stable disease and not necessarily be limited to 
partial and complete responses. 

 The last large study by GOG concerning hormonal therapy for recurrent disease 
attempted to compare the alternating MA/Tam every 3 weeks to cisplatin, doxorubicin, 
and paclitaxel chemotherapy (GOG 189). The study was activated in May 2001 but 
closed early in August 2002 after accruing only 21 patients per arm. Early progression 
and relative rarity of well-differentiated tumors rendered hormonal treatment an inad-
equate choice for most endometrial cancers to be able to test in such a sequential 
strategy. Nevertheless, introduction of hormonal therapy as maintenance after chemo-
therapy remains an untested strategy that is potentially attractive. 

  Table 3.    GOG studies: Patient entry by grade    

 Study 

 Tumor grade and 
number of patients 
per arm  Grade I/total (%) 

 Grade 1 and 2/total 
(%) 

 GOG 81  I: 32  22  61 
 MPA 200 mg  II: 57       
    III: 56       
 GOG 81  I: 27  17  53 
 MPA 1,000 mg  II: 56       
    III: 71       
 GOG 119  I: 15  25  53 
 MPA/Tam  II: 17       
    III: 27       
 GOG 153  I: 16  29  59 
 MA/Tam  II: 17       
    III: 22       
   MPA/Tam = medroxyprogesterone acetate alternating with tamoxifen every week, 
MA/Tam = megestrol acetate alternating with tamoxifen every 3 weeks  
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 Emphasis on continued treatment also emerges from studies of hormonal therapy. 
As long as an objective response or stability is achieved, the treatment should be 
continued indefinitely, a point that was made by Taylor several years ago  (3) . 

 The last chapter of this book discusses targeted therapies based on emerging 
biological characteristics of this disease. This chapter emphasizes the historical 
development of the first of such targets: the progesterone receptor. Future studies of 
this hormonal approach including translational components should probably be 
directed to both endometrial and ovarian tumors that share the importance of such 
signaling and also to atypical endometrial hyperplasia. For most endometrial carci-
nomas that are prone to metastasize, the future lies in chemotherapy and in other 
non-hormonal targeted therapies.      

 Conclusions 

 • Patients with endometrial cancers that are well-differentiated but have metasta-
sized, may benefit from progestin-based therapy; other patient selection factors 
have not been well studied in spite of the many years this treatment has been 
available.

• Patients benefitting from hormonal approaches have tumors that are biologically 
different than most that are the target of chemotherapy treatments.

• Alternating tamoxifen with progestin megestrol acetate has gained favor as a 
hormonal approach because it has potentially better tolerance than continuous 
progestin.

• A number of other hormonal approaches have been introduced but data are quite 
preliminary and are not likely to be superior to progestins.

• Chemotherapy should be also be considered in these patients if hormonal ther-
apy fails (see Chapter 12). 
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       Treatment of Advanced and Recurrent 
Carcinoma: Chemotherapy       

     Halla   Nimeiri    and    Gini F.   Fleming      

  Abstract   The development of chemotherapy in endometrial cancer took place 
over two decades, but finally drug combinations have convincingly been shown to 
have a role in the treatment of advanced and recurrent endometrial cancer. Agents 
with antitumor activity include doxorubicin, cisplatin, and paclitaxel. A combina-
tion of paclitaxel with the cisplatin analog carboplatin and the combination of the 
three drugs are currently the most commonly used regimens.  

  Keywords   Endometrial cancer  •  Chemotherapy  •  Doxorubicin  •  Cisplatin  • 
 Paclitaxel  •  Carboplatin     

  Introduction  

 Over the past two decades, major advances have been made in the exploration 
of systemic chemotherapy in the setting of metastatic or recurrent endometrial 
carcinoma. Recently, benefit to chemotherapy in the adjuvant setting has been 
demonstrated.   Single agent anthracyclines, platinum compounds, and taxanes have 
produced response rates of over 20% in chemotherapy-naïve patients. Combination 
chemotherapy typically produces higher response rates and doxorubicin plus 
cisplatin is one of the best studied combinations. One study reported that the addition 
of paclitaxel to a platinum-based combination significantly improved response rate, 
PFS, and OS. However, the prognosis of recurrent or metastatic endometrial cancer 
remains poor, with median survival rates of only about a year in trials of patients 
with measurable disease  (1,   2) . 
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 Data for the chemotherapeutic treatment of uterine carcinosarcomas are more 
limited, but similar agents appear to have activity in endometrial carcinomas and 
carcinosarcomas. Carcinosarcomas confer a dismal prognosis and median survivals 
on trials for women with measurable disease are only 7–9 months  (3) .   

  Single Agent Chemotherapy  

 A large number of cytotoxic agents have been tested in endometrial carcinoma 
since the early 1960s. Results of single-agent trials for drugs that are commercially 
available are presented in Table  1  (chemotherapy-naïve) and Table  2  (previously 
treated patients).         

 Anthracyclines were among the first agents proven to be effective. Doxorubicin 
has been studied in phase II and III clinical trials at doses of 50–60 mg/m 2 , yielding 
overall response rates between 25% to 37%  (4,   5) . Epirubicin produced a similar 

   Table 1.  Single-agent trials – No prior chemotherapy  

    Dose   N   RR (%) 

 Doxorubicin  (4)   50 mg/m 2  q 3 weeks  21  19 
 Doxorubicin  (5)   60 mg/m 2  q 3 weeks  43  37 
 Epirubicin  (48)   80 mg/m 2  q 3 weeks  27  26 
 Liposomal doxorubicin (49)  40 mg/m 2  q 4 weeks  52  11.5 
 Paclitaxel  (50)   250 mg/m 2 /24 h + G-CSF q 21 days  28  36 
 Paclitaxel  (51)   210 mg/m 2  q 3 weeks  10  60 
 Docetaxel  (13)   35 mg/m 2  q week  34  21 
 Docetaxel  (14)  70 mg/m 2  q 3 weeks  19  37 
 Cisplatin  (11)   50 mg/m 2  q 3 weeks  11  36 
 Cisplatin  (9)   50–100 mg/m 2  q 4 weeks  26  42 
 Cisplatin  (7)   60 mg/m 2  q 21 days  14  21 
 Cisplatin  (10)   50 mg/m 2  q 21 days  49  20 
 Carboplatin  (8)   400 mg/m 2  q 28 days  23  33 
 Carboplatin  (6)   360 mg/m 2  q 28 days  27  32 
 Carboplatin  (12)   400 mg/m 2  q 28 days  33  24 
 Cyclophosphamide  (4)   666 mg/m 2  q 3 weeks  19  0 
 Hexamethylmelamine  (52)   8 mg/kg/day  20  30 
 Hexamethylmelamine  (53)   280 mg/m 2 /day × 14 days q 28 days  34  9 
 Ifosfamide  (54)   5 g/m 2 /24 h q 21 days  16  12.5 
 Ifosfamide  (55)   1.2 g/m 2 /day × 5 days q 4 weeks  33  24 
 Ifosfamide  (19)   5 g/m 2 /24 h q 3 weeks  16  25 
 Cyclophosphamide  (19)   1,200 mg/m 2 /24 h q 3 weeks  14  14 
 Vinblastine  (36)   1.5 mg/m 2 /24 h × 5 days q 3 weeks  34  12 
 Vincristine  (56)   1.4 mg/m 2  q week × 4 then q 2 weeks  33  18 
 Methotrexate  (57)   40 mg/m 2 /week  33  6 
 Etoposide PO  (58)   50 mg/day × 21 days q 28 days  44  14 
 Topotecan  (20)   0.8–1.5 mg/m 2  × 5 days q 21 days  40  20 
  RR  response rate
 G-CSF  granulocyte colony stimulating factor 
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response rate of 26% in one small phase II study. Pegylated liposomal doxorubicin 
(Doxil ® ) proved disappointing in first-line treatment, producing a response rate of 
only 11.5%. 

 Platinum agents also have good activity. Cisplatin and its less neurotoxic analog, 
carboplatin, have produced response rates between 20% and 42% in a number of 
single-agent trials  (6–  12) . A trial of oxaliplatin by the GOG in patients with prior 
platinum therapy reported a response rate of 13.5% (47). The taxanes, paclitaxel 
and docetaxel, are the only agents ever shown to have meaningful activity in previ-
ously treated patients and have, therefore, now been incorporated into most front-
line regimens  (13–  16) . 

 There are few other drugs with known activity. In the 1970s, six trials inves-
tigated the efficacy of 5-fluorouracil as a single agent and reported response 
rates up to 20%  (17).  This might be lower if modern standards for efficacy 
reporting were applied. Finally, topotecan and cyclophosphamide have marginal 
activity  (18–  20)  and gemcitabine is a promising cytotoxic agent for which no 
data are yet available in endometrial cancer.  

   Table 2.  Single-agent trials – prior chemotherapy  

 Agent  Dose   N   RR (%) 

 Doxorubicin  (4)   50 mg/m 2   9  11 
 Mitoxantrone  (59)   10–12 mg/m 2   15  0 
 Liposomal doxorubicin (60)  50 mg/m 2  q 4 weeks  42  9.5 
 Paclitaxel  (16)   175 mg/m 2  q 3 weeks  19  37 
 Paclitaxel  (61)   170 mg/m 2  q 3 weeks  7  43 
 Paclitaxel  (15)   200 mg/m 2  q 3 weeks  44  27 
 Paclitaxel  (51)   210 mg/m 2  q 3 weeks  13  7.7 
 Docetaxel  (14)   70 mg/m 2  q 3 weeks  13  23 
 Cisplatin  (62)   3 mg/kg q 3 weeks  13  31 
 Cisplatin  (63)   50 mg/m 2  q 3 weeks  25  4 
 Carboplatin  (12)   300 mg/m 2  q 4 weeks  17  0 
Oxaliplatin (47) 130 mg/m 2  q 21 days 52 13.5
 Ifosfamide  (64)   1.2 g/m 2 /day × 5 q 4 weeks  40  15 
 Ifosfamide  (19)   5 g/m 2 /24 h q 3 weeks  16  0 
 Cyclophosphamide  (19)   1,200 mg/m 2 /24 h q 3 weeks  15  0 
 Etoposide IV  (65)   100 mg/m 2  days 1, 3, 5 q 28   29  3 
 Teniposide  (66)   100 mg/m 2 /week  22  9 
 Etoposide PO  (67)   50 mg/m 2  × 21 q 28 days  22  0 
 Vincristine  (68)   0.25–0.5 mg/m 2  CIV × 5 days  5  0 
 Fludarabine  (69)   18 mg/m 2 /day × 5 q 28 days  19  0 
 Dactinomycin  (70)   2 mg/m 2  q 4 weeks  25  12 
 Topotecan  (18)   0.5–1.5 mg/m 2  × 5 q 21 days  22  9 
  RR  response rate  
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  Combination Chemotherapy  

 Six randomized trials of first-line chemotherapy for recurrent or metastatic 
endometrial cancer have been published in the past 15 years (Table 3), but only two 
have shown a survival benefit to one of the two arms being tested. GOG 107 com-
pared single agent doxorubicin to the combination of cisplatin and doxorubicin. 
Patients receiving the combination arm demonstrated a significant improvement in 
overall response rate (42% versus 25%) and progression-free interval (6.2 months 
versus 3.9 months), but OS was similar (median 9 months)  (21) . However, a similar 
trial conducted by the European Organization of Research and Treatment of Cancer 
(EORTC 55872), which likewise compared single agent doxorubicin to the combi-
nation of cisplatin and doxorubicin, found not only a higher response rate (43% 
versus 17%), but also a longer OS (median 9 months versus 7 months) for the 
combination regimen  (22) . 

    Table 3.  Randomized chemotherapy trials (first-line)    

    Regimen   N   RR (%)  Median OS (mo) 

 Aapro 
EORTC-55872 (2003) (57) 
   

 Dox 60 mg/m 2  q 4 weeks  87  17  7 
 Dox 60 mg/m 2  + 
Cis 50 mg/m 2  q 4 weeks 

 90  43  9 ( p  = 0.06) 

 Thigpen 
GOG-107 (2004) (21) 
   

 Dox 60 mg/m 2  q 3 weeks  150  25  9.2 
 Dox 60 mg/m 2  + 
Cis 50 mg/m 2  q 3 weeks 

 131  42  9.0 (NS) 

 Thigpen 
GOG-48 (1994) (71) 
   

 Dox 60 mg/m 2  q 3 weeks  132  22  6.7 
 Dox 60 mg/m 2  + 
Ctx 500 mg/m 2  q 3 weeks 

 144  30  7.3 (NS) 

 Gallion 
GOG-139 (2003) (72) 

 Dox 60 mg/m 2  + 
Cis 60 mg/m 2  q 3 weeks 

 169  46  11.2 

    Dox 60 mg/m 2  (6 am) + 
Cis 60 mg/m 2  (6 pm) q 3 weeks 

 173  49  13.2 (NS) 

 Fleming 
GOG-163 (2004) (2) 

 Dox 60 mg/m 2  + 
Cis 50 mg/m 2  q 3 weeks 

 157  40  12.6 

    Dox 50 mg/m 2  + 
Tax 150 mg/m 2 /24 h + G-CSF 

 160  43  13.6 (NS) 

 Fleming 
GOG-177 (2004) (1) 

 Dox 60 mg/m 2  + 
Cis 50 mg/m 2  q 3 weeks 

 129  34  12.3 

    Dox 45 mg/m 2  + 
Cis 50 mg/m 2  + 
Tax 160 mg/m 2  + G-CSF 

 134  57  15.3 ( p  = 0.037) 
2-sided 

 GOG-209 ongoing  Tax 175 mg/m2 + Carbo AUC 6 
vs Dox 45 mg/m 2  + 
Tax 160 mg/m 2  + G-CSF 

 −  −  − 

   Dox  doxorubicin,  CTX  cyclophosphamide,  Cis  cisplatin,  Tax  paclitaxel  (TAXOL), Carbo 
Carboplatin, G-CSF  granulocyte  colony stimulating factor,  24h  24 hour infusion  
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    Table 4.  Advanced or recurrent endometrial carcinoma a: Phase II trials of combination 
chemotherapy     

 Author  Regimen   N   RR (%) 
 PFS median 
(months) 

 Overall median 
(months) 

 Dimopoulos 
(2000)  (73)  

 Paclitaxel 175 mg/m 2  + 
Cisplatin 75 mg/m 2  q 3 weeks 

 24  67  8.4  17.6 

 Hoskins 
(2001)  (23)  

 Carbo AUC5-7 + 
Paclitaxel 175 mg/m 2  q 4 weeks 

 46  61  N/A  N/A 

 Gebbia 
(2001)  (74)  

 Cisplatin 80 mg/m 2  + 
Vinorelbine 25 mg/m 2  on D1/8 

 35  57  6  8.5 

 Scudder 
(2005)  (26)  

 Carbo AUC6 + 
Paclitaxel 175 mg/m 2  + 
Amifostine 740 mg/m 2  q 4 weeks 

 47  40  7  14 

   aSelected prospective trials of platinum doublets in chemotherapy-naïve patients  

 The first randomized trial (GOG 163) using paclitaxel compared the combina-
tion of doxorubicin and cisplatin (AP) to doxorubicin plus 24-h infusional paclit-
axel given every 3 weeks using G-CSF support. There was no difference between 
the two arms in terms of response rate, PFS or OS  (2) . However, when paclitaxel 
was added to doxorubicin plus cisplatin with filgrastim support (TAP), the three 
drug combination was superior to doxorubicin plus cisplatin in terms of response 
rate (57% versus 34%), PFS (median 8.3 months versus 5.3 months), and OS 
(median 15.3 months versus 12.3 months)  (1) . Neurologic toxicity was worse for 
those receiving TAP, with 12% grade 3 and 27% grade 2 peripheral neuropathy 
compared to 1% and 4%, respectively, in those receiving AP. Whether sequential 
therapy (AP followed by paclitaxel) could have produced similar survival to the 
three drug combination was not addressed by GOG 177. 

 As chemotherapy in the setting of metastatic/recurrent disease is generally pallia-
tive, quality of life issues are of major importance. Multiple nonrandomized phase II 
trials have suggested efficacy and tolerable toxicity for the regimen of carboplatin 
plus paclitaxel in recurrent or metastatic endometrial cancer with reported response 
rates of 27–63%  (23–  27) (Table 4) . The GOG is currently conducting a large phase 
III trial (GOG-209) in women with stage III, IV, or recurrent endometrial cancer 
comparing carboplatin plus paclitaxel to the three drug TAP regimen.  

  Adjuvant Chemotherapy  

 Evaluating the benefit of adjuvant treatment in high-risk patients with endometrial 
cancer is difficult because of the relative rarity of poor-prognosis early-stage disease. 
Known risk factors for relapse include deep myometrial invasion, high grade, serous, 
or clear cell histology, and involvement of pelvic or paraaortic lymph nodes. 

 Until recently, no systemic therapy had been shown to reduce the risk of recur-
rence for any stage of endometrial carcinoma. However, there is now one pub-
lished study, GOG 122, demonstrating a benefit to adjuvant AP chemotherapy 
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when compared to whole abdominal irradiation  (28) . Women with stage III and 
low-volume (<2 cm residual disease after debulking surgery) stage IV endometrial 
carcinoma were randomized to receive WAI with a pelvic boost or to AP chemo-
therapy with no radiotherapy. The hazard ratio for progression was 0.71 favoring 
AP (95% CI, 0.55–0.91;  p  < .01). Women with both stage III and stage IV disease 
appeared to benefit from treatment. However, an Italian trial in women with some-
what lower risk disease failed to demonstrate a benefit to adjuvant cisplatin plus 
doxorubicin plus cyclophosphamide (CAP) regimen compared to standard pelvic 
irradiation. Eligible women had stage III or stage IC G3 or II G3 carcinomas with 
>50% myometrial invasion; clear cell and serous cancers were excluded. There 
was no overall survival benefit [hazard ratio for death 0.95 (95% CI, 0.66–1.36; 
 p  = 0.77)] or disease-free survival benefit [hazard ratio for event 0.88 (95% CI, 
0.63–1.23;  p  = 0.45)]  (29)  using chemotherapy. A Japanese GOG (JGOG) rando-
mized trial which predominantly included women with stage I deeply invasive 
disease also failed to show an overall benefit for CAP chemotherapy compared to 
pelvic irradiation, although a subgroup of high to intermediate risk patients did 
better with chemotherapy (75). 

 Recurrence in the pelvis was common in both arms of GOG 122. Twenty-five 
percent of recurrences in patients treated with WAI and 35% of recurrences in those 
treated with chemotherapy were initially limited to the pelvis. Therefore, a combina-
tion of chemotherapy and radiotherapy in the adjuvant setting seems reasonable. 
A subsequent GOG trial 184 treated women with stage III endometrial carcinoma with 
“involved field” radiotherapy (i.e., pelvic with or without para aortic fields) followed 
by randomization to either TAP or AP chemotherapy. Granulocyte-colony stimulating 
factor was administered in both arms. Preliminary results do not suggest a benefit to 
the addition to paclitexel in this setting. The Radiation Therapy Oncology Group 
published a phase II trial testing the addition of chemotherapy to adjuvant radiation 
therapy in women with grade 2 or 3 tumors with >50% myometrial invasion, cervical 
stromal invasion, or pelvic-confined extrauterine disease  (30) . Assessment of lymph 
node status was not required. Women received pelvic radiation therapy with cisplatin 
50 mg/m 2  on days 1 and 28 followed by vaginal brachytherapy and then 4 cycles of 
cisplatin 50 mg/m 2  and paclitaxel 175 mg/m 2 . A total of 46 patients were accrued 
between 1997 and 1999 with a median follow up of 4.3 years. Pelvic, regional, and 
distant recurrence rates were 2%, 2%, and 19%, respectively, while OS and disease-
free survival were 85% and 81%, respectively. Unfortunately, a rando mized successor 
trial was closed because of poor accrual. Other randomized trials of radiotherapy 
versus chemotherapy plus radiotherapy are ongoing, and their results will better 
clarify which patients will benefit from adjuvant chemotherapy or combinations of 
chemotherapy plus radiotherapy. 

 Despite the absence of randomized data, many centers administer adjuvant 
chemotherapy to women with early-stage serous carcinomas. There is a very high 
likelihood that a woman with apparent stage I serous carcinoma has distant spread 
of disease at the time of diagnosis. Since patients without meticulous staging fre-
quently have stage III or IV disease, chemotherapy can be presumed to have benefit 
in this setting. Whether well-staged earlier-stage high-risk disease, such as a stage 
I serous or grade 3 tumors, will benefit from chemotherapy is not known.  
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  Carcinosarcomas  

 Uterine carcinosarcomas (also known as malignant mixed müllerian tumors) have 
been traditionally classified as a subtype of uterine sarcoma and studied in trials 
with sarcomas. Adjuvant and systemic treatments have been similar to those used 
for uterine sarcomas. However, in recent years, clinical, histopathologic, and 
molecular evidence have suggested that carcinosarcomas are closely related to 
carcinomas. Regardless, carcinosarcomas are aggressive malignancies with a 35% 
overall 5-year survival  (31,   32) . 

 Response rates for single agent chemotherapy in carcinosarcomas range from 
0–10% for doxorubicin  (33,   34) , 18–42% for cisplatin  (35,   36) , 32% for ifosfamide, 
and 18% for paclitaxel  (37,   38) . As with endometrial carcinomas, combination 
chemotherapy regimens have been shown to improve response rates at the expense 
of added toxicity. GOG 194 randomized women with advanced, recurrent, or 
persistent carcinosarcoma to treatment with ifosfamide alone or ifosfamide plus 
cisplatin  (3) . The combination regimen produced better response rates (54% versus 
36%), but there was no significant difference in OS (7.6 months versus 9.4 months, 
 p  = .071). A subsequent study randomized chemotherapy-naïve women with stage 
III or IV disease to ifosfamide alone or ifosfamide plus paclitaxel  (39) . The com-
bination arm produced a significant improvement in response rate, PFS, and OS 
(hazard of death 0.69; 95% CI, 0.49–0.97;  p  = 0.03). 

 One randomized trial of adjuvant chemotherapy for women with carcinosar-
coma has been published. The GOG compared cisplatin plus ifosfamide plus 
mesna (CIM) to WAI in optimally debulked stages I–IV carcinosarcomas. 
Results, adjusted for stage and age, showed a 21% lower recurrence rate for CIM 
relative to WAI (hazard ratio 0.79, 95%CI; 0.530–1.176, p = 0.245 and 29%) and 
lower estimated death rate for CIM relative to WAI (hazard ratio 0.712, 95%CI; 
0.484–1.048,  p  = 0.085)  (40) . Whether the less toxic regimens used in carcinomas 
(such as paclitaxel/carboplatin) will produce as much benefit as the ifosfamide-
containing regimens that were developed based on sarcoma treatment remains to 
be seen.    

  New Directions  

 A greater understanding of cancer biology and major advances in biotechnology 
in the last decade have led to the development of agents targeted against specific 
abnormalities in cancers, especially to aberrant growth signal transduction and 
microenvironment factors. While trials of new agents in endometrial cancer gen-
erally lag behind studies in the more common tumors, a number of these novel 
therapeutic agents are currently being investigated in advanced endometrial 
cancer. 

 Erlotinib, a small-molecule inhibitor of the EGFR tyrosine kinase, has been 
tested in a phase II trial for chemotherapy-naïve recurrent and advanced endometrial 
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cancer patients. There were 2 out of 27 patients with partial responses (7%) 
and 14 patients with stable disease (57%) for a median of 3.7 months  (41) . 
Whether molecular factors, such as specific mutations in EGFR, will predict 
response of women with endometrial carcinoma to this category of agents is 
unknown. 

 The human Her-2/ neu  gene product, also known as p185 HER2  or c- erb B2, is a 
member of the epidermal growth factor receptor transmembrane receptor tyro-
sine kinase family.   Overexpression of Her-2/ neu  has been found to play a role in 
cellular transformation, tumorigenesis, and metastasis. Twenty-five percent to 
30% of breast cancers overexpress Her-2/ neu , which is associated with a shorter 
disease-free interval and worse OS in that setting. This poor prognosis is mark-
edly improved by trastuzumab (anti-HER-2/neu monoclonal antibody). Several 
series have reported that Her-2/ neu  overexpression and amplification may also 
be present in endometrial cancers  (42) . It appears to be more common in serous 
tumors and in carcinosarcomas  (43) . One complete response to single agent 
trastuzumab in a patient with a serous carcinoma of the endometrium has been 
reported, and an ongoing phase II GOG trial is testing single agent trastuzumab 
 (44)  in women whose tumors demonstrate HER-2/ neu  amplification. 

 Temsirolimus (CCI-779), a rapamycin analog that inhibits the mammalian target 
of rapamycin (mTOR), appears to have promise in the treatment of endometrial 
cancer.   mTOR is downstream of the phosphoinositide 3-kinase/Akt pathway that is 
negatively regulated by the PTEN tumor suppressor gene. PTEN deficiency can 
lead to activation of mTOR, which ultimately directs the translation of specific 
mRNA subpopulations important for cell proliferation and survival. In cell lines, 
PTEN deficient tumors are particularly sensitive to mTOR inhibitors. As loss of 
PTEN is very common in endometrioid endometrial carcinomas, these tumors were 
logical candidates for therapy with mTOR inhibitors  (45) . Results of the first stage 
of a phase II trial testing CCI-779 in chemotherapy-naïve women with advanced or 
recurrent endometrial carcinoma have been reported (abstract form), and showed a 
response rate of 31%  (46) . 

 Bevacizumab, a monoclonal antibody targeting vascular endothelial growth fac-
tor (VEGF), is of great interest because of its high levels of activity against ovarian 
cancer. A single agent phase II trial of this agent has been completed by the 
GOG. 

 It is hoped that judicious application of adjuvant therapy and incorporation of 
newer agents into treatment will improve the outlook for women with poor-progno-
sis endometrial cancers in the future. 

 Conclusions

  •  Patients with advanced or recurrent endometrial carcinoma have a median sur-
vival of about a year.  
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 •  Platinum/taxane-based chemotherapy produces response rates between 40% to 
60% in the setting of metastatic endometrial carcinoma.  

 •  A survival benefit has recently been demonstrated for the use of adjuvant 
chemotherapy in stage III endometrial carcinoma.  

 •  Uterine carcinosarcomas are aggressive cancers with a 35% overall 5-year sur-
vival. Preliminary data suggest a benefit to adjuvant chemotherapy.         
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  Abstract   The contribution of chemotherapy has provided new opportunities 
for exploring the combination of local and systemic modalities in both early and 
advanced stages of endometrial carcinoma. The following circumstances are 
discussed: (1) radiation therapy for locally recurrent endometrial cancer; (2) surgery 
for stage IV and recurrent endometrial cancer; and (3) advanced stage endometrial 
cancer consolidating with postoperative and post-chemotherapy radiation therapy. 
Integration of hormones is also discussed.  

  Keywords   Endometrial cancer  •  Radiation  •  Surgery in stage IV and recurrences  
•  Chemotherapy  •  Hormones     

  Introduction  

 Endometrial cancer is generally associated with a good prognosis. This is largely 
because approximately 75% and 13% of patients present with stage I and stage II 
disease, respectively  (1) . For these women, surgery alone or in combination with local 
therapy is generally curative. For patients with stage III or IV disease, or for those 
with recurrent endometrial cancer, prognosis remains poor and the optimal adjuvant 
therapy is yet to be established ( Table 1 ). A subset of these patients may benefit from 
hormonal manipulation, systemic chemotherapy, or combination treatment with 
volume-directed radiotherapy and systemic chemotherapy. The choice of therapy 
depends on extent of residual disease after initial surgery, site and nature of the recur-
rence, prior therapy used, and the intent of treatment, be it curative or palliative. As 
the use of hormonal therapy and chemotherapy for treatment of advanced or recurrent 
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carcinoma is addressed elsewhere, the aim of this chapter is to focus on combined 
treatment modalities for this group of women.   

  Radiation Therapy for Locally Recurrent Endometrial Cancer  

 Site of recurrence, previous treatment with radiation therapy, relapse-free interval, 
and histology are important prognostic factors affecting survival in patients with 
recurrent endometrial cancer. A longer relapse-free interval, low-grade histology, 
isolated vaginal recurrence, and endometrioid adenocarcinomas are factors associ-
ated with improved survival in recurrent endometrial cancer  (2,   3) . In general, 
women with non-endometrioid histologies have a worse prognosis than those with 
endometrioid histologies. For women with a recurrent endometrial cancer following 
primary treatment with surgery alone, radical radiation therapy may be appropriate.  
 For a select group of patients not previously radiated and with small vaginal recur-
rences, radiation therapy may be curative. The use of radiation therapy, as part of 
primary treatment, influences sites of recurrence and survival after relapse. As docu-
mented by the PORTEC trial, survival was longer for women with recurrent disease 
who had not been treated with adjuvant radiation following primary surgery  (4,   5) . 
This trial included women with stage I disease, not all of whom had complete surgi-
cal staging, and randomized them to surgery alone or adjuvant pelvic radiation therapy 
 (4,   5) . At 3 years, the actuarial survival after any relapse in the non-radiation ther-
apy group was 51% compared to 19% for women in the adjuvant radiation therapy 
group  (4,   5) . After an isolated vaginal cuff recurrence, five-year survival for the non-
radiated group was 65% compared to 43% for women randomized to the adjuvant 
radiation therapy arm of the study  (4,   5) . Overall, for women treated with radiation 
therapy in the recurrent setting, long-term survival is reported to range from 18–71% 
 (6–  9)  and five-year survival is documented to range from 25 to 50%  (9–  11) . 

    Table 1.   a Five-year survival for patients with endometrial cancer by  b FIGO staging   
 FIGO staging  Five-year survival (%) 

 IA  88.9 
 IB  90.0 
 IC  80.7 
 IIA  79.9 
 IIB  72.3 
 IIIA  63.4 
 IIIB  38.8 
 IIIC  51.1 
 IVA  19.9 
 IVB  17.2 

   aAdapted from Tarone and Chu (1, p. 221) 

 b FIGO: International Federation of Gynecology and Obstetrics  
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 Successful local control depends on anatomic site of recurrence and tumor size 
at relapse. Local control is possible in 40–75% of women treated with salvage 
radiation therapy  (3,   7,   9,   11) . In a series of 91 patients with isolated vaginal recur-
rences, local control was seen in 75% of those treated with salvage radiation ther-
apy  (9) . Tumor size at the time of recurrence also influences local control. In a 
series of 58 women with recurrent endometrial cancer, five-year local control was 
80% for those with tumors  £ 2 cm compared to 54% for those with larger tumors 
( p  = 0.02)  (11) . Women with non-central recurrences have a worse prognosis than 
those with isolated vaginal relapse. Although only limited experience exists, sal-
vage radiation therapy may be appropriate in the setting of a non-central recurrence 
 (12) . For women with a pelvic recurrence, three-year survival is reported to be 8%, 
compared to 73% for those with an isolated vaginal recurrence  (4,   5) . This survival 
is comparable to the three-year survival in patients with distant metastases  (4,   5) . 

 Patients with vaginal recurrences are usually treated with a combination of pelvic 
radiation and brachytherapy. For women with a previous history of pelvic radiation 
therapy, brachytherapy alone is utilized  (13) . In the presence of bulky disease, inter-
stitial brachytherapy has been reported to result in excellent pelvic control rates 
 (13,   14) . It is important to underscore that in the recurrent setting, higher doses of 
radiation therapy are required than the ones used in the adjuvant setting. As a result, 
3–12% of patients suffer from severe treatment-related side effects, especially in the 
gastrointestinal tract  (3,   6,   9,   14) . Patients with a previous history of radiation therapy 
are especially susceptible to severe toxicity at the time of radiation therapy in the 
recurrent setting  (6,   14) .  

  Surgery for Stage IV and Recurrent Endometrial Cancer  

 Cytoreductive surgery may play a role in the management of stage IV endometrial 
cancer. There are several retrospective reviews that suggest a survival advantage in 
those patients who have their tumor optimally cytoreduced ( Table 2 )  (15–  17) . In all 
three series, successful cytoreduction was a statistically significant prognostic variable 

   Table 2.  Surgical cytoreduction for stage IV endometrial cancer  

 Author 
 Reference 
number 

 Number of 
patients 

 Residual tumor 
diameter (cm) 

 Median survival 
(months) 

 Goff et al. 1994   (17)   47  Resected  18 
 Unresected  8 

 Chi et al. 1997   (16)   55  ≤ 2 cm  31 
 >2 cm  12 
 Unresected  3 

 Bristow et al. 2000   (15)   65  Microscopic  40 
 ≤1 cm  15 
 >1 cm  11 
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by multivariant analysis. In the study by Bristow et al., young age (<58 years old) and 
a good performance status were also predictive of survival. Chi and his colleagues 
saw no difference in survival for those women who presented with optimal stage IV 
disease and those who were surgically cytoreduced to an optimal extent of disease, 
suggesting that aggressive surgery, in addition to the biology of the tumor, plays a role 
in survival  (16) .     

 Recurrent disease isolated to the central pelvis following radiation therapy is 
seen rarely. Selected patients with such a recurrence may be candidates for pelvic 
exenteration  (18,   19) . Pelvic exenteration has been associated with significant 
operative morbidity and poor overall survival in the setting of recurrent endome-
trial cancer  (18,   19) . In a series of 44 patients, nine long-term survivors were 
recorded  (19) . This highly morbid procedure may be the only potentially curative 
alternative for selected patients with a central recurrence following initial surgery 
and radiation therapy. However, radical pelvic resection extended pelvic resec-
tion in conjunction with intra-operative radiation have also been described  as an 
option (20) . 

 Other than pelvic exenteration for central recurrences, surgery does not have 
a definitive role in the treatment of patients with recurrent endometrial cancer. 
Two recent retrospective analyses have explored the role of surgery in this set-
ting. Scarabelli and his colleagues operated on 20 women at the time of their first 
pelvic or abdominal recurrence  (21) . Patients were classified as having no resid-
ual tumor or having tumor at the end of surgery  (21) . Postoperative therapy was 
at the discretion of the treating surgeon but included both radiation and chemo-
therapy. Sixty-five percent of patients were left with no residual disease and had 
a median PFS and OS of 9.1 and 11.8 months, respectively. There were two peri-
operative deaths but otherwise morbidity was acceptable. These results were 
statistically significantly better than those for patients who were left with disease. 
The PFS for this group was 1.5 months and none was alive 9 months after surgery 
 (21) . The other review by Campagnutta et al. is an updated analysis from the 
same group  (22) . In this series of 75 patients, 56 (75%) were left with no residual 
disease but with a 30% rate of major surgical complications and 8% rate of post-
operative mortality  (22) . Patients who did achieve optimal tumor cytoreduction 
had an improvement in their cumulative 5-year survival (36%) when compared 
to those with residual disease (0%)  (22).  Given the modest improvements in 
survival in both of these reviews and the morbidity and mortality of surgery, 
appropriate patient selection is critical prior to embarking on this management of 
recurrent disease.  

  Advanced Stage Endometrial Cancer  

 Approximately 5–10% of patients with endometrial cancer present with clinical 
stage III disease  (23) . Unfortunately, stage III disease includes women with quite 
varying risks, as the ultimate outcome for women with positive cytology as their 
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only risk factor is obviously quite different from those with multiple positive pelvic 
or para-aortic lymph nodes. Radiotherapy alone as primary treatment for these 
patients is associated with a 15–40% five-year survival rate and a high rate of dis-
tant failures. As a consequence, surgery is often the mainstay of therapy  (23) . The 
role of adjuvant therapy and more importantly the type of adjuvant treatment for 
women with stage III disease remains controversial. 

 The management of patients with positive peritoneal cytology remains a chal-
lenge. These patients have been treated via numerous modalities including hormo-
nal treatment, whole abdominal radiation therapy, and intraperitoneal chromic 
phosphate. In a series of 22 patients with stage IIIA endometrial cancer, defined 
as either positive peritoneal cytology and/or adnexal metastases, the reported 
5-year disease-free survival was 90% with the use of whole abdominal radiation 
therapy  (23) . 

 Historically, intraperitoneal chromic phosphate has been used in the treatment of 
stage III endometrial cancer. In a study of 65 patients with clinical stage I–III, the 
reported two-year disease-free survival, following the administration of intraperito-
neal chromic phosphate, for patients with stage I disease and positive peritoneal 
cytology, was documented to be 94%  (24) . Of note, in this study, the administration 
of intraperitoneal chromic phosphate with WPRT lead to important gastrointestinal 
tract toxicity, requiring surgical intervention in 29% of the patients  (24) . Although 
intraperitoneal chromic phosphate resulted in adequate disease-free survival, its 
concomitant use with radiation therapy is not appropriate, given the toxicity profile 
noted above. In a study by Creasman et al. among 23 patients with positive perito-
neal cytology treated with intraperitoneal chromic phosphate, the recurrence rate 
was documented to be 13%, with a 9% mortality rate of  (25) . The highly contro-
versial issue of positive peritoneal cytology as an isolated risk factor is evident in 
this study. Forty-six percent of patients with positive peritoneal cytology as an iso-
lated factor were noted to be at risk of recurrence and death  (25) . 

 The use of hormonal therapy is an appropriate treatment approach to patients 
with malignant peritoneal cytology. In a series of 45 patients with malignant ascites 
as their only risk factor for adjuvant treatment, all treated with progesterone ther-
apy, 80% were noted to have ER+ tumors and 90% were documented to have PR+ 
 (26) . Thirty-six of them underwent a second-look laparoscopic procedure with 
94.5% having no evidence of disease  (26) . The remaining two patients were treated 
with progesterone therapy for an additional 2 years and had a negative third-look 
laparoscopy  (26) . Importantly, there were no documented recurrences or disease-
related deaths  (26) . 

 The role of postoperative radiation therapy in conferring a survival advantage 
in patients with stage III endometrial cancer may be related to the impact of gross 
residual lymph nodal disease prior to initiating radiation therapy. In the GOG 33, 
the documented five-year survival for patients with para-aortic radiation therapy 
was noted to be 36%  (27) . In this series, 16 patients had pathologically confirmed 
para-aortic and pelvic nodal disease prior to initiation of radiation therapy  (27) . 
The radiation dose administered ranged from 4,500 to 5,075 cGy, delivered 
through 8 cm wide by 18 cm long portals, starting from the pelvic brim  (27) . 
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The documented five-year survival for patients with both para-aortic and pelvic 
nodal disease was 43% compared to 47% for those with para-aortic nodal disease 
only  (27) . In a series of 18 patients with para-aortic nodal disease treated with 
radiation therapy, the five-year OS for patients with microscopic nodal disease 
was noted to be 67% compared to 17% for patients with gross para-aortic nodal 
disease prior to commencing radiation therapy  (28) . 

 Trying to improve the results of radiation, many authors have attempted to com-
bine cytotoxic chemotherapy with radiation. The safety and efficacy of combined 
postoperative chemo-radiation have been demonstrated in both ovarian and cervical 
carcinomas  (29–  31) . The use of multimodality therapy in endometrial cancer 
addresses the fact that most relapses after adjuvant radiation occur outside the radi-
ated field, and, there is a need for both local and systemic control in advanced staged 
endometrial cancer. Multiple chemotherapy agents have been combined with both 
volume directed and whole abdominal radiation with acceptable toxicity and 
response rates ( Table 3 )  (32–  36) . Unfortunately, all of these studies are limited by 
their small size.  

 The GOG has recently published the results of a Phase III randomized trial for 
women with stage III and with low-volume stage IV disease (<2 cm of residual 
disease following surgical resection)  (37) . In this trial, patients were randomized to 
either WART versus combination chemotherapy (cisplatin plus doxorubicin)  . The 
study documented a significant PFS and OS benefiting patients treated with com-
bination chemotherapy when compared to patients treated with WART (hazard 
for death, 0.68; 95% CI, 0.52–0.89;  p  < 0.01)  (37) . It is important to note that this 
trial commenced accrual in 1992. Since then, radiation techniques, chemothera-

    Table 3.  Phase I and II trials evaluating combination chemotherapy and radiation therapy in the 
management of stage III/IV and high-risk (papillary serous, clear cell) endometrial carcinoma   
 Author  Patients  Regimen  Comments 

 Duska 2005  20  Paclitaxel 160 mg/m2, doxorubicin 
45 mg/m2, Carboplatin Auc 6 
45 Gy WPRT 

 13 NED (median follow-up 
 16 months ); SBO 

 Soper 2005  10  30 Gy WART + cisplatin 15mg/m2 
Doxorubicin 50 mg/m2, Cisplatin 
50 mg/m2 

 7/10 chemo 
10/10 Grade 4 neutro-
penia; five episodes FN  
Median survival 14 mo 

 Bruzzone 2004  45  Cisplatin 50 mg/m2, epirubicin 
60 mg/m2, Cyclophosphamide 
600 mg/m2 50 Gy WPRT  

 8% Grade 4 neutropenia
9-year PFS: 30%
OS: 53% 

 Frigerio 2000  13  Paclitaxel 60 mg/m2 + 50 Gy WPRT  Minimal toxicity
No survival data 

 Greven 2004  46  45 Gy WPRT + cisplatin 50 mg/m2 
dl + 28 Cisplatin 50 mg/m2 + 
paclitaxel 175 mg/m2  

 2% Grade 4 heme tox 
w/RT; 62% Grade 4 
heme tox w/CT; 2-year 
DFS: 83%, OS: 90% 

   WPRT  whole pelvic radiotherapy,  WART  whole abdominal radiotherapy,  PFS  progression-free 
survival,  OS  overall survival,  FN  febrile neutropenia
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peutic regimens, and supportive care measures have improved and patients have 
more available options than in the early 1990s  (38) . As noted by Fleming, GOG 
122 raised the question of the appropriateness of combining radiation therapy and 
chemotherapy for these patients  (38) . In GOG 184 patients were administered 
radiation therapy to the involved fields (either pelvis or pelvis and para-aortic 
lymph nodes) with subsequent delivery of six cycles of chemotherapy (Table 4). 
The randomization in GOG 184 was to different chemotherapeutic regimens, doxo-
rubicin plus cisplatin versus doxorubicin, cisplatin, and paclitaxel. Accrual to GOG 
184 has been completed and results will be available for publication in the near 
future.  

 However, is still controversial the timing of the chemotherapy and the most 
appropriate agents to use. It is unclear whether systemic treatment should be deliv-
ered prior to, after radiation, or delivered as a “sandwich” technique with some 
chemotherapy delivered before and after radiation. The GOG continues to investi-
gate multimodality therapy and until the results of these studies are available, the 
answers to many of these questions will not be answered.  

  Combination Hormonal Therapy  

 The knowledge that development of endometrial cancer is associated with excess 
estrogen production has resulted in the use of a variety of progestational agents 
in the treatment of endometrial cancer  (39,   40) . A number of such agents have 
been used in the setting of recurrent and metastatic endometrial cancer. These 
agents include medroxyprogesterone acetate (MPA), hydroxyprogesterone 
caproate, and megestrol acetate. Reported response rates include 14–53% for 
MPA, 9–34% for hydroxyprogesterone caproate, and 11–56% for megestrol 
acetate  (40–  47) . Overall, response rates of 30–35% have been reported  (40–  47) , 
but recent data suggest that response rate to progestational therapy may be lower 
(15–20%)  (46,   48) . Responses to progestational agents are usually of short duration 

    Table 4.  Gynecologic Oncology Group trials for patients with stage III/IV endometrial cancer    
 Study number  Eligibility  Regimen 

 184  Stage III, <2 cm  WPRT +/− PA or VB → CDDP and doxorubicin 
+/− paclitaxel 

 210  Stage III/IV, 
measurable disease 

 CDDP 50 mg/m 2  + doxorubicin 45 mg/m 2  + 
paclitaxel 160 mg/m 2  v/s carboplatin AUC 6 + 
Paclitaxel 175 mg/m 2  

 9907  Stage III/IV, <2 cm  WART with weekly CDDP 25 mg/m 2  + paclitaxel 
20 mg/m 2  

 9908  Stage III/IV, <2 cm  Doxorubicin + CDDP → WART 

  WPRT whole pelvic radiotherapy, WART whole abdominal radiotherapy, CDDP cisplatin, 
PA Para-aortic, VB vault brachytherapy, f/b 
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(median time of 4 months)  (49) . The use of these individual agents as hormonal 
therapy in advanced or recurrent endometrial cancer is discussed in detail in a 
different section. 

 The effectiveness of progestational agents has been theorized to be increased 
with the use of estrogenic compounds, such as tamoxifen  (50,   51) . Estrogenic 
substances have been documented to increase PRs in human endometrial cancer 
 (50,   51) . Progestins may downregulate PRs concentration so that the reduced 
effectiveness of progestational agents and their short duration may be the result of 
PRs’ depletion in tumors treated with these agents  (50) . It has also been postulated 
that agents increasing PRs concentration, such as tamoxifen, may potentiate the 
effectiveness of progestin-based therapy  (50) . Tamoxifen has been associated with 
a 10–22% response rate in the treatment of endometrial cancer  (52,   53) . 

 Several studies have investigated the combination of progestational agents with 
tamoxifen in recurrent and advanced endometrial cancer. In the Eastern Cooperative 
Oncology Group (ECOG) study, there was no difference in the response rate 
between megestrol acetate as a single agent versus the combination of tamoxifen 
and megestrol acetate  (54) . In the GOG study, alternating tamoxifen and megestrol 
in the treatment of advanced or recurrent endometrial cancer, an overall response 
rate of 26% was noted  (55) . In this trial, megestrol (80 mg twice daily) was given 
for 3 weeks, followed by tamoxifen (20 mg twice daily) for 3 weeks  (55) . In 
another recent GOG study, patients with advanced endometrial cancer were treated 
with tamoxifen (20 mg twice daily) plus alternating weekly cycles of medroxypro-
gesterone (100 mg twice daily)  (56) . The response rate was 33%, with a median 
PFS of 3 months and median OS of 13 months  . The results of this trial demonstrate 
the promising activity of combination daily tamoxifen and intermittent weekly 
medroxyprogesterone acetate in the treatment of advanced or recurrent endometrial 
cancer  (56) . The PFS and median survival in this trial are similar to those reported 
for progestin therapy alone  (42,   44,   48) . The adverse effects were also comparable 
to those reported in series of patients treated with progestin therapy alone. However, 
the reported 33% response rate is one of the highest seen among the GOG trials 
investigating the use of hormonal therapy in patients with advanced or recurrent 
endometrial cancer. Combination hormonal therapy for advanced or recurrent 
endometrial cancer is an attractive treatment alternative for selected patients, espe-
cially those with hormone receptor positive tumors. The potential response rate and 
the low toxicity profile associated with these agents make them a suitable therapeutic 
first choice for many such patients.  

  Combination Chemohormonal Therapy  

 Combination regimens utilizing chemotherapy and hormonal therapy have also 
been investigated in the treatment of advanced and recurrent endometrial cancer. 
The use of chemotherapy alone for recurrent or advanced endometrial cancer is 
discussed in detail in a different section. It is important to highlight the fact that 
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only a few studies have evaluated the use of chemotherapy concurrently with hor-
monal therapy. These investigations have several and serious methodologic errors, 
are underpowered, and have not included the most active chemotherapeutic agents 
in endometrial cancer. Only a few of the Phase II clinical trials have accrued an 
excess of 20 patients. These trials documented response rates ranging from 
40–50%, similar to the response rates seen with combination chemotherapeutic 
regimens without hormonal therapy  (57,   58) . A limited number of randomized trials 
have compared two different chemotherapeutic regimens containing progestins  (57,   59) . 
In the study by Ayoub et al., cyclophosphamide, doxorubicin, and 5-fluorouracil 
with sequential medroxyprogesterone acetate alternating with tamoxifen is com-
pared to the same chemotherapeutic regimen without hormonal treatment  (60) . In 
this study of 43 patients, the response rate in the hormone-containing regimen was 
43% compared to 15% in the chemotherapy-only arm  . The documented median 
survival in the combination chemotherapy–hormone therapy arm was noted to be 
14 months compared to 11 months for the chemotherapy-only arm. However, this 
difference in median survival was not statistically significant  (60) . 

 In the study by Cornelison et al., 50 consecutive patients were treated with mel-
phalan, 5-fluorouracil, and medroxyprogesterone acetate as first-line therapy. Fifty 
additional patients were treated prospectively and at a later time with cisplatin, 
doxorubicin, etoposide, and megestrol acetate  (61) . The response rate for the two 
regimens was similar. A significant advantage at 2-year (45% versus 14%), 5-year 
(30% versus 5%), and median survival (22 versus 9 months) was seen with the 
second regimen (cisplatin, doxorubicin, etoposide, and megestrol acetate) when 
compared to the first regimen (melphalan, 5-fluorouracil, and medroxyprogesterone 
acetate)  (61) . 

 In a recent study, 23 patients were treated with carboplatin, methotrexate, and 
5-fluorouracil, in combination with medroxyprogesterone acetate  (62) . Seventy-
four percent of patients had an objective response, with a long-lasting response seen 
in two patients (9%). The documented median response duration was >10 months 
(3–45+), with a median survival >16 months (2–45+)  (62) . Even though, earlier trials 
have failed to show that simultaneous chemotherapy and hormonal therapy is supe-
rior to the more traditional treatment strategy of utilizing hormonal therapy followed by 
chemotherapy at the time of disease progression, the most recent trials are promis-
ing. However, the question of whether these regimens are better than paclitaxel-
containing combination chemotherapy is not known yet and will require further 
investigation through randomized trials.  

  Conclusions  

 ● Locally advanced or recurrent endometrial cancer can be treated by surgery, 
radiation therapy, hormonal therapy, or chemotherapy. The treatment modality 
of choice largely depends on localization of disease, patient’s performance sta-
tus, previous treatment history, and the tumor’s hormonal receptor status. 
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● Isolated vaginal recurrences in patients with no previous history of radiation 
therapy are amenable to primary treatment with radiation therapy. 

● Patients with recurrent low-grade tumors that express ER and PR may be treated 
with progestin therapy for prolonged periods of time, with adequate response 
rates and low toxicity. 

● In the setting of hormone-receptor negative tumors or for tumors that have pro-
gressed after hormonal therapy, chemotherapy offers another treatment alterna-
tive with modest response rates. 

● Combination chemotherapy, (especially regimens containing paclitaxel) or combi-
nations of chemotherapy and hormonal therapy may achieve higher response rates  .

● The best regimen is still unknown and the treatment of choice should be based 
on extent of disease recurrence, prior treatment history, patient preference, and 
performance status.      
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       Management of Uterine Sarcomas       

     Carolyn   Krasner   and     Martee L.   Hensley     

  Abstract   Leiomyosarcomas, endometrial stromal sarcomas, and carcinosarcomas 
differ widely in tumor biology and their treatment is being addressed in separate 
trials. Unfortunately, therapeutic progress is slow because of the relatively rarity 
of these tumors. Recent trials using well defined patient populations are helping to 
define the effect hormonal and chemotherapeutic strategies.  

  Keywords   Uterine sarcomas  •  Carcinosarcoma  •  Leiomyosarcoma  •  Endometrial
stromal sarcoma • Gemcitabine   Docetaxel  •  Hormones     

  Introduction  

 Mesenchymal tumors of the uterus comprise only 3–5% of uterine neoplasms 
(about 2,000 cases per year in the United States)  (1) , yet account for a dispropor-
tionate percentage of deaths from uterine cancers, as high as 29% in one series  (2) . 
The rarity of these cancers makes randomized trials difficult to complete, even for 
cooperative groups, and thus, many of the larger studies conducted in uterine sar-
comas have included various histologic subtypes, making application of the results 
to individual tumor types difficult. Careful histologic review is critical since sar-
coma histologic subtypes vary in prognosis and management. Leiomyosarcoma and 
carcinosarcoma are the two most common histologic types of uterine sarcoma, 
accounting for approximately 80% of all uterine sarcomas. The remainder are 
endometrial stromal sarcomas (15%), high-grade undifferentiated uterine sarco-
mas, and müllerian adenosarcomas (5%).  
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  Initial Surgical Management of Early-Stage Uterine Sarcomas  

 Surgery is the mainstay of treatment for all uterine sarcomas. Women typically 
present with abnormal bleeding, pelvic pain, or a pelvic mass; however, often, the 
diagnosis of malignancy, and of sarcoma specifically, is not known preoperatively. 
There are no radiographic procedures that are diagnostic of sarcoma preoperatively. 
Ultrasound, computed tomography, and MRI are all unreliable in distinguishing 
sarcomas from leiomyomata  (3) . Preoperative sampling such as Pap smear or 
endometrial curettage are unreliable as screening or diagnostic tests, since the 
tumor often does not involve the cervix or the endometrial cavity. 

 There is no staging system specifically for uterine sarcomas. Most often the 
FIGO (International Federation of Gynecologists and Obstetricians) staging 
system for endometrial cancer is used. Lymph node status is important for prog-
nosis, but it is not therapeutic as shown when similarly staged patients did not 
consistently undergo lymphadnectomy  (4) . When lymph nodes are sampled, 
tumor is rarely upstaged in LMS  (5) , because normal-appearing lymph nodes are 
highly unlikely to be involved. In contrast, occult involvement of lymph nodes 
and other extrauterine tissues is much more common in carcinosarcoma  (6–  9) . 
Most authors recommend lymph node dissection for a diagnosis of carcinosar-
coma, but only if there is clinical suspicion of involvement for leiomyosarcoma 
 (10,   11) . 

 For women who underwent myomectomy for what was presumed to be leio-
myomata, completion hysterectomy is indicated in the case of high-grade leiomy-
osarcoma, with strong consideration of bilateral salpingo-oophorectomy. In one 
report, two-thirds of patients had residual disease at completion hysterectomy 
 (12) . With low-grade leiomyosarcoma, limited data suggest that myomectomy 
may be adequate surgical treatment, but there remains a risk for late recurrences 
 (13) . 

 Low-grade endometrial stromal sarcoma is often cured by surgery alone. 
Extended surgical staging is not generally recommended  (14) . Surgical manage-
ment should include removal of the adnexae, since these tumors are often hormo-
nally responsive. One retrospective study found a significantly lower recurrence 
rate (43%) in patients who underwent oophorectomy in contrast to patients that did 
not (100%)  (15) , though other studies have not shown such difference  (16) . 

 Recent data regarding adjuvant treatment for women who have optimally 
debulked stage I, II, III, and IV carcinosarcoma suggest that even patients with 
advanced disease who can be debulked may have relatively favorable outcomes 
 (17) ; thus, attempted resection for advanced carcinosarcoma is reasonable. 
Radiotherapy as a substitute of surgical debulking has been shown to result in 
worse outcomes  (18) . Patients with widely metastatic disease, regardless of histol-
ogy (multi-site bone, lung, liver involvement for example) are generally not considered 
good candidates for extensive debulking surgery and an initial systemic approach 
is generally preferable.  
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  Role of Adjuvant Therapies  

 Uterine sarcomas have varying biologic behaviors, with differing risks and patterns 
of recurrence and differences in responses to chemotherapeutic agents and radia-
tion. Stage I and II carcinosarcoma have an approximately 50% risk of recurrence, 
with at least 20% of these involving the lungs  (19–  21) . Stage I and II leiomyosar-
comas have a 50–70% risk of recurrence, with > 50% of such recurrences being 
limited to the lungs  (22,   23) . Low-grade endometrial stromal sarcomas have a much 
lower risk for recurrence, but both local and distant metastases may occur  (24) . 
Local (radiation) and systemic (chemotherapeutic and hormonal) adjuvant treat-
ments have been tried to prevent or delay disease recurrence. Few data are prospec-
tive, and even fewer come from randomized-controlled trials, and many studies 
have not distinguished among histologic subtypes, making interpretation and appli-
cation of results difficult. 

  Adjuvant Pelvic Radiation 

 Although the risk for local recurrence is high with high-risk histology uterine sar-
comas (carcinosarcoma, leiomyosarcoma, and undifferentiated endometrial sar-
coma), the risk of distant metastases with each of these cancer limits the role of 
adjuvant pelvic RT. In one retrospective review, 67% of patients had pelvic recur-
rences but only 14% had pelvis-only recurrence  (25) . Even if the hypothesis that 
improved local control leads to improved systemic control is correct, this benefit 
would only be seen in the small proportion of women destined to have a pelvic-only 
relapse. This hypothesis has seen various results among three studies  (25–  27) . Even 
with the selection bias of retrospective studies, RT has not been shown to improve 
survival  (4) . 

 In GOG 20, a randomized trial of adjuvant doxorubicin versus observation for 
patients with uterine leiomyosarcoma, carcinosarcoma, or other histology sarcoma, 
pelvic radiation was permitted at the discretion of the treating physician  (28) . The 
incidence of first recurrence in the pelvis was 54% in the non-irradiated group 
compared to 23% in the radiated group ( p  = .28), with no difference in PFS or OS. 
This study reported a 77% pelvic control rate, which is comparable to that seen in 
other studies  (26, 29) .     The EORTC has completed a trial in which 222 patients with 
stage I or II uterine sarcoma were randomized to receive external beam pelvic RT 
versus observation (study # 55874). A preliminary report suggested a lower inci-
dence of local recurrence but no change in overall survival when pelvic RT was 
administered.   A European study of 103 patients, treated with radiotherapy at the 
choice of their physician, demonstrated similar improvement in pelvic control, 76% 
as compared to 37% for patients who did not receive radiation. This study also showed 
an improvement in OS (73% versus 37%)  (30) , however, it is important to note that 
retrospective series are subject to considerable selection bias. A single small series 
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addressing the effect of radiation in women with endometrial stromal sarcoma 
showed a 46% 5-year survival with surgery alone, increased to 62% with the addi-
tion of radiotherapy  (31) . Overall, there is no convincing data that survival is 
impacted by the addition of adjuvant radiotherapy. 

 Guidelines from the National Comprehensive Cancer Network (NCCN) suggest 
that adjuvant radiation therapy be considered for women with resected stage I–III leio-
myosarcomas and carcinosarcomas and stage III endometrial stromal sarcomas  (32) .  
 Prospective, stage- and histology-specific trials are needed in order to better define 
the role of adjuvant RT in uterine sarcomas.    

  Adjuvant Chemotherapy 

 Adjuvant chemotherapy is undertaken with the hope that it may improve outcome 
in the many patients that will develop distant disease failures by acting on microme-
tastases. Unfortunately, conclusive support for this approach is again hampered by 
the rarity of these diseases and the difficulty in conducting large randomized con-
trolled trials powered to detect relatively small effect sizes. 

 There are two small trials comparing adjuvant doxorubicin to no further treat-
ment. In GOG 20, 225 women with FIGO stage I or II uterine sarcoma were ran-
domly assigned to eight cycles of doxorubicin versus no systemic treatment. Only 
156 women were evaluable (95 women with carcinosarcoma, 48 with leiomyosar-
coma, and 15 with sarcomas of other histologies). Patients were permitted to 
receive adjuvant pelvic radiotherapy at the discretion of the treating physician, 
either before or after chemotherapy. This trial did not show a statistically significant 
difference in OS or PFS between the two groups. The recurrence rate was 53% 
among patients assigned to observation versus 41% among those that received to 
doxorubicin  (28) . In unplanned subgroup analyses, when patients were examined 
by stage, histology, and adjuvant radiation, no group seemed to show a benefit in 
any of these parameters. Limitations of this study are many, including the high 
dropout rate and multiple protocol violations. No imaging was required prior to 
enrollment so that patients were not confirmed to lack evidence of metastatic dis-
ease prior to adjuvant treatment, and periodic imaging for evidence of recurrence 
was not required, as a result time to progression may have been artificially long. 
Radiation was given to more patients in the observation arm than in the doxorubicin 
arm, and doxorubicin has subsequently been shown to have limited activity in 
carcinosarcoma. The trial took 9 years to accrue and was powered to show what is 
likely an unobtainable benefit for the chemotherapy arm. In contrast, another rando-
mized but small trial using doxorubicin for stage I sarcomas, showed an improve-
ment in OS, 63% versus 36% at 5 years, as well as an improvement recurrence-free 
survival  (33) . These differing results are likely explained by the variety of histologies 
included on these trials. 

 There are multiple small, single-arm trials utilizing a number of adjuvant chem-
otherapeutic agents. Treatments employed have included both single agents as well 
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as combinations: ifosfamide  (34) , cisplatin and epirubicin   (3%), cisplatin plus 
adriamycin  (36) , vincristine, dacarbazine, and cyclophosphamide (37) , cyclophos-
phamide, vincristine, adriamycin, dacarbazine (CyVADIC)  (38) , cyclophosphamide, 
actinomycin D and vincristine  (39) , ifosfamide and cisplatin  (40) , ifosfamide, 
cisplatin, and doxorubicin  (41) . These studies show that adjuvant chemotherapy is 
feasible, but none conclusively showed a benefit to this approach. These studies 
often showed surprisingly good survival rates which failed to correlate with the 
marginal benefit seen when these same drugs and combinations were utilized in the 
metastatic setting. This likely reflects patient selection bias inherent in single-
institution phase II trials. 

 Recognizing the critical shortcomings of GOG 20, the GOG designed its sub-
sequent adjuvant sarcoma study with two important differences: eligibility 
limited to women with carcinosarcoma, and chemotherapy tested had shown 
objective responses in patients with advanced, measurable disease. Thus, GOG 
150 was a randomized trial for women with stage I, II, III, or IV completely 
resected carcinosarcomas. Patients had to have < 1 cm of visible residual disease, 
and enrolled within 8 weeks of surgery. The 207 evaluable women were assigned 
to receive WAR or three cycles of ifosfamide plus cisplatin. About 40% of the 
patients had stage I or II disease. This study suggested a role of adjuvant systemic 
therapy for completely resected sarcoma even though the authors did not find a 
statistically significant advantage in recurrent rate or survival for adjuvant chemo-
therapy  (42) . 

 For leiomyosarcoma, adjuvant chemotherapy after resection of disease is still 
considered experimental. The identification of dose-rate-based gemcitabine plus 
docetaxel as an active regimen for advanced disease  (43)  has led to a multi-institution 
trial of gemcitabine-docetaxel followed by doxorubicin as adjuvant therapy for 
resected stage I and II leiomyosarcoma, which is being conducted through the 
Sarcoma Alliance for Research through Collaboration (SARC).  

  Adjuvant Hormonal Therapy 

 Although ER and PR are present in most low-grade endometrial stromal sarcomas 
 (44) , and in up to 40% of high-grade leiomyosarcomas  (45) , there are no prospec-
tive studies assessing the effect of adjuvant hormonal therapy. Oophorectomy and 
avoidance of hormone replacement therapy are reasonable strategies for completely 
resected low-grade endometrial stromal sarcomas.   

  Treatment of Recurrent Disease  

 The management of recurrent uterine sarcoma is generally considered to be pallia-
tive, with a few exceptions. The treatments generally are similar to those utilized in 
the management of soft tissue sarcomas, with surgical resection considered for 
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isolated recurrences, radiation therapy offered for palliation of symptoms from 
locoregional disease, and chemotherapy (or hormonal therapy in the case of low 
grade endometrial stromal sarcoma) for patients with more widespread disease or 
in whom the above modalities are not feasible. 

  Role of Surgical Resection 

 The limited efficacy of chemotherapy and radiotherapy underscores the importance 
of surgical resection in the treatment of recurrent uterine sarcomas. Care must be 
put into these decisions, but significant long-term survival is occasionally seen in 
patients undergoing patients with resection it metastases. This is most extensively 
studied in soft tissue sarcomas  (46),  but it has also been studied in uterine sarcomas. 
One series of patients with resection of pulmonary metastases showed a 5-year 
survival rate of 43%  (47) . Prognostic factors that influenced outcome included 
longer time from diagnosis to recurrence, fewer number and sites of metastases, 
and excellent performance status of the patient. The favorable outcomes reported 
represent highly selected patient populations and come from studies that lack a 
matched, non-surgical control group. 

 Other surgical maneuvers may also be considered. This approach may be 
curative, especially when performed for low-grade tumors. This appears to be 
especially warranted in the case of low-grade endometrial stromal sarcomas, if 
the surgical resection can be accomplished with limited morbidity  (48) .  

  Role of Radiotherapy 

 Radiotherapy may be effective in providing palliation of symptomatic, unresectable 
disease. It has a role in relieving pain, bleeding, and obstruction of ureters and 
bowels. The RTOG has a palliative schedule for these aims, which has been vetted 
in a phase II trial as producing a quality-of-life benefit  (49) . The regimen consisted 
of a split-course treatment, allowing patients to drop out if not receiving benefit or 
experiencing too great a degree of toxicity. The schedule for bulky pelvic disease 
consisted of 3.7 Gy twice daily for 2 days, separated by 2–4-week rest periods and 
repeated as many as three times.  

  Role of Systemic Therapies 

 The aim of systemic treatment for advanced disease is control of symptoms and 
prolongation of time to progression. To date, there are no data that demonstrate an 
improvement in overall survival with chemotherapy, although there are no randomized 
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trials in uterine sarcoma comparing chemotherapy to best supportive care for 
advanced, unresectable disease. 

 Many drugs have been evaluated in the treatment of sarcomas, both gynecologic 
and other soft tissue sites. In studies that included chemotherapy naïve and pre-
treated patients, those who have not had chemotherapy before tend to have higher 
response rates. There does not seem to be improved response with higher doses of 
alkylating agents, such as ifosfamide and platinums, or anthracyclines. In gyneco-
logic sarcomas, the most studied agents include doxorubicin, ifosfamide, cisplatin, 
and paclitaxel, with results shown in  Table 1 .  

 Combination chemotherapy, with two-, three-, or four-drug regimens, has also 
been tried.  Table 2  summarizes results of combination regimens in phase II or III 
trials in gynecologic sarcomas. There are three sizable randomized phase III trials 
of combination regimens in gynecologic sarcomas. The first two trials included 
patients with either leiomyosarcoma or carcinosarcoma, while the last one enrolled 
only patients with carcinosarcoma. The first trial randomized 226 women to doxo-
rubicin or the combination of doxorubicin and dacarbazine, with an OS of 
6.3 months in the single agent arm and 5.8 months in the combination arm  (50) . 
The second trial randomly assigned 104 patients with either leiomyosarcoma or 
carcinosarcoma to treatment with doxorubicin or doxorubicin plus cyclophospha-
mide  (51) . This trial showed no difference in PFS or OS between the two groups of 
patients. The third randomized trial which included 200 patients with only carci-
nosarcoma, compared ifosfamide to the combination of ifosfamide plus cisplatin, 
and showed that the combination regimen did not result in improvement of OS and 
only in a small benefit in PFS (4 months versus 6 months)  (52) . This small benefit 
came at the expense of significantly increased toxicity with the combination of 
cisplatin plus ifosfamide, leading the authors to conclude that single-agent ifosfa-
mide should remain the standard treatment for carcinosarcoma. When results of the 
phase II study of paclitaxel for second line treatment of advanced carcinosarcoma 
were known  (58) , GOG designed the next phase III study: ifosfamide versus ifos-
famide plus paclitaxel and suggested improvement in response rates and survival 
outcomes for the combination regimen  (59) .   

  Table 1.    Gynecologic sarcomas: Randomized trials    

 Regimen 
 Patient # in 
treatment arm 

 Response 
rate (%) 

 Progression-
free survival 

 Overall
survival  Reference 

 Adriamycin (doxorubicin)  120  16     6.3 Months   (50)  
 Adriamycin, Dacarbazine  106  24     5.8 Months    
 Adriamycin  50  19  5.1 Months  11.6 Months   (51)  
 Adriamycin 

Cyclophosphamide 
 54  20  4.9 Months  10.9 Months    

 Ifosfamide  102  36  4 Months  7.6 Months   (52)  
 Ifosfamide, Cisplatin  92  54  6 Months a   9.4 Months    
   a p  < .05  
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  Histology-Specific Results 

 With older studies highlighting the differences in response profiles between car-
cinosarcomas and leiomyosarcomas, more recent studies have been designed as 
histology-specific phase II trials.  

  Carcinosarcoma 

 Carcinosarcoma (MMMT), thought to be the most common uterine sarcoma, may 
be the most chemotherapy-responsive tumor of the group. Recent evidence indicates 
that MMMT is the result of a de-differentiated epithelial malignancy rather than a 
true sarcoma  (60) . Earlier literature used to divide these tumors into homologous and 

  Table 2.    Combination trials in gynecologic sarcomas    

 Combination  Doses  MMMT  LMS  ESS  NS  Reference 

 Ifosfamide  5 g/m 2  over 
24 h 

  30% (30)  30.30%         (53)  

 Adriamycin  50 mg/m 2                 
 Ifosfamide  5 g/m 2  over 

24 h 
 30% (34)            (54)  

 Adriamycin  50 mg/m 2                 
 Dacarbazine  250 mg/

m 2 /d × 5 
 23% (31)            (50)  

 Adriamycin  60 mg/m 2                 
 Cyclophosphamide  500mg/m 2            19% (26)   (51)  
 Adriamycin  60 mg/m 2                 
 Ifosfamide  1.5 g/

m 2 /d × 5 
 54% (90)            (52)  

 Cisplatin  20 mg/
m 2 /d × 5 

               

 Hydrea  500 mg q 
6 h × 4 

    18% (38)         (54)  

 Dacarbazine  700 mg/m 2                 
 Etoposide  100 mg/

m 2 /d × 3 
               

 Vincristine  1.5 mg/
m 2 /d × 5 

 26% (27)  29% (14)  50% (2)      (56)  

 Actinomycin D  0.5 mg/
m 2 /d × 5 

               

 Cyclophosphamide  300 mg/
m 2 /d × 5 

               

 Gemcitabine 
Docetaxel 

 900 mg/m 2  
d 1,8 

    53% (34)         (57)  

MMMT Malignant mixed müllerian tumor, LMS leiomyosarcoma, ESS endometrial stromal sar-
coma, NS not specified
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heterologous types, depending on whether or not the mesenchymal components 
included tissue types normally found within the uterus. Additionally, metastatic 
implants may contain either epithelial elements (most common), mesenchymal ele-
ments, or remain a mixed population  (61) . 

 Single agents demonstrating activity in phase II trials for advanced, measurable 
carcinosarcoma include ifosfamide (response rate [RR] 32%)  (62)  and cisplatin 
(RR 19%)  (63) . Paclitaxel achieved an 18% RR as second-line therapy  (58) . 
Doxorubicin (RR 10%)  (50) , and topotecan (RR 10%)  (64) , have limited activity, 
and trimetrexate and diazoquone are inactive with response rates < 5%  (65,   66) .  
 Paclitaxel with carboplatin is currently under Phase II investigation in the GOG, 
based upon the similarity in clinical behavior of this tumor to epithelial ovarian 
cancer, trials that show activity in MMMTs of the ovary  (53,   67)  as well as 
responses in small series  (68) . Many clinicians have already adopted this combina-
tion into their practice for carcinosarcoma treatment.   Gemcitabine and docetaxel 
are currently being tested prospectively within the GOG in carcinosarcoma as well 
as in leiomyosarcoma  (69) .  

  Leiomyosarcoma 

 Leiomyosarcoma is the second most common gynecologic sarcoma, and the least 
chemoresponsive, with frequent hematogenous dissemination. Agents tested in 
leiomyosarcoma that have minimal activity include cisplatin (response between 3–5%) 
 (70) , mitoxantrone (RR 0%)  (71) , amonifide, oral etoposide, topotecan, paclitaxel, 
thalidomide, and trimetrexate. Agents with modest response rates include doxoru-
bicin (RR 25%)  (72) , Doxil (RR 16.1%)  (73) , ifosfamide (RR 17%)  (74) , gemcit-
abine (RR 20%)  (75) , and ecteinascidin (ET-743, Yondelis) (RR 8% as second line 
and 17% as first line treatment)  (76,   77) . 

 The combination of dose-rate-based gemcitabine plus docetaxel achieved a 53% 
objective response rate among 34 patients with leiomyosarcoma in a single institu-
tion trial. Among the patients with prior doxorubicin-based therapy, 50% responded 
 (78) . This regimen is being further tested in the cooperative group, multi-institution 
setting as second-line (GOG 131G) and first-line (GOG 87L) therapy. Both studies 
have shown a sufficient number of responses to proceed to their second stages of 
accrual.    

  Endometrial Stromal Sarcoma 

  From a clinical perspective, treatment of endometrial stromal sarcomas is based on 
dividing these tumors into low-grade and high-grade histology. Low-grade tumors 
(or endolymphatic stromal myosis) are indolent, their natural history often extends 
over decades, and they are often managed with repeat surgical interventions. These 
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tumors rarely respond to chemotherapy, perhaps because of their low mitotic rates. 
However, many of these tumors express ER and PR and hormonal manipulations 
may be effective (see below).  

  Chemotherapy 

 High-grade stromal sarcoma is quite different from low-grade endometrial stromal 
sarcoma, with rapid recurrences and rare responses to chemotherapy. A single 
phase II GOG study showed a 33% response rate to ifosfamide  (79) . There have 
been also reports of responses, up to 50% with doxorubicin  (80,   81)  as well as a 
single patient with prolonged response to etoposide  (82) .  

  Hormonal Therapy 

 As these stromal neoplasms derive from endometrial stromal cells, there are mul-
tiple analyses documenting the presence of steroid receptors (ER and PR) in these 
neoplasms  (57,   80,   83) . The fact that hysterectomy with BSO seems to be associ-
ated with longer remissions than if the ovaries are preserved, supports the hormo-
nal sensitivity of these tumors. One study showed rates of ER expression of 
48.3% and PR expression of 30%  (80) . Analogous to the treatment of hormone-
sensitive breast cancer, there have been attempts to treat low-grade endometrial 
stromal sarcomas with progestational agents such as megestrol acetate  (85) , anti-
estrogens such as letrozole  (86,   87) , and GnRH agonists  (88) . Given the favorable 
toxicity profile of such agents, it is reasonable to consider using them in the adju-
vant setting.   

  New Directions  

 Advances in the management of uterine sarcomas, as with all malignancies, are 
likely to come with better understanding of the molecular biology of these diseases, 
which may lead to the identification of appropriate therapeutic targets. The role of 
cell-cycle inhibitors, tyrosine kinase inhibitors, monoclonal antibodies, vascular 
growth factor inhibitor, and other targeted therapies is yet to be defined. New 
chemotherapeutic agents, such as Yondelis (ET-743), hold promise for improved 
outcomes. Cooperative efforts among institutions that include correlative science 
investigations in conjunction with treatment trials are necessary to elucidate appro-
priate targets and interventions, which should ultimately improve outcomes for 
women with these high-risk tumors.  
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 Conclusions 

 • Management of uterine sarcomas of all stages requires careful histologic review 
and clinical expertise, but a role for adjuvant therapy in early-stage disease has 
not been established. 

 • In advanced and recurrent disease, management will depend on histology, time 
to recurrence, and site or sites of disease. Modalities to consider include surgical 
resection, radiation, and systemic therapies. 

 • Recent studies have led to the identification of active systemic regimens for leio-
myosarcoma and carcinosarcoma. 

 • However, whenever possible, patients with uterine sarcomas should be encour-
aged to participate in clinical trials. The recent trend to design stage and histo-
logic specific trials should improve management of these malignancies.     
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  Abstract   The biology of endometrial cancer is providing new therapeutic targets. 
In this chapter we review (a) how the integration of chemotherapy has been taking 
place; (b) new targets worthy of consideration based on the biology of uterine can-
cers; (c) “targeted” therapies being tested in the treatment of these malignancies; 
and (d) future strategies.  
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  Introduction  

The changes that are taking place in the treatment of uterine cancer are principally 
driven by clinical trials that during the past decade have firmly established a role 
for systemic chemotherapy in advanced stages of endometrial adenocarcinoma, and 
the advent of modern cancer therapeutics with drugs targeting hallmarks of malig-
nancy beyond tumor cells. Nevertheless, the foundations for the successful applica-
tion of these treatments to uterine cancer have come from careful surgical staging 
and study of pathologic prognostic factors. These concepts have been carefully 
delineated in the preceding chapters. Here we review (a) how the integration of 
chemotherapy has been taking place; (b) new targets worthy of consideration based 
on the biology of uterine cancers; (c) “targeted” therapies being tested in the treat-
ment of these malignancies; and (d) future strategies. 
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  Integration of Chemotherapy in Early Stages  

 The development of effective chemotherapeutic regimens against  endometrial car-
cinoma  dates to the 1970s with the introduction of doxorubicin  (1)  (use of pro-
gestins predated it and is covered in Chap. 12). A series of studies by the GOG 
made relatively slow progress in improving the outcome of patients with recur-
rences over what might be achieved with doxorubicin alone. Nevertheless, both the 
platinum compounds (cisplatin, carboplatin) and paclitaxel were convincingly 
shown to add to response rates and time to progression achievable with doxorubicin 
 (2–  4) . Eventually, the three-drug combination, TAP (paclitaxel or Taxol, doxoru-
bicin or Adriamycin, and cisplatin or Platinol) proved superior in survival in the 
latest fully published GOG study for recurrent  endometrial carcinoma , over what 
could be achieved with AP  (5) . Because of toxicity considerations, however, some 
centers had built their treatment around carboplatin + paclitaxel and reported 
results that compared favorably with TAP  (6) . Accordingly, GOG-209 in this set-
ting is a randomization between TAP and the above doublet. Noteworthy, aspects 
of these last studies are outcomes with median survivals that exceed 15 months for 
patients diagnosed with metastases beyond regional lymph nodes or who had 
disseminated recurrences after their initial treatments. These medians are in sharp 
contrast with studies by the same group over the past two decades with medians 
consistently under 1 year. 

 Another indication of improved outcomes resulting from chemotherapy is con-
veyed by the GOG-122 that compared whole abdominal radiation to AP chemo-
therapy for stages III and IV  endometrial carcinoma  with maximum size of residual 
disease limited to 2 cm. This study showed a 13% absolute difference in proportion 
of patients who were disease-free at 2 years in favor of chemotherapy (59% versus 
46%)  (7,   8) . This study has stimulated the integration of chemotherapy in some of 
the early stages of patients with unusual histologies that are at high-risk for recur-
rence from the outset. Moreover, chemotherapy with limited field radiation has 
become the subject of study for stages III and IV with small volume or no residuum 
(e.g. GOG-184). 

 The treatment of  carcinosarcoma of the uterus  is similarly undergoing changes 
as various chemotherapeutic regimens show efficacy. Again, in a series of studies 
by the GOG, ifosfamide in combination with cisplatin  (9) , and subsequently in 
combination with paclitaxel  (10)  was proven superior to ifosfamide alone. In the 
last study, the superiority extended not only to response rates and time to progres-
sion, but also to survival. Finally, GOG-150 encompassing all stages of optimally 
resected uterine carcinosarcoma has shown that postoperative ifosfamide + cispla-
tin reduced recurrences, and prolonged survival in comparison with whole abdomi-
nal radiation  (11) . The demonstration of an impact on survival when given as an 
adjuvant to surgery, will stimulate further interest in chemotherapy of this aggres-
sive malignancy. Already, experience indicates that the pattern of spread and the 
responsiveness of carcinosarcoma to chemotherapy are similar to the adenocarci-
noma, and consistent with its presumed epithelial origin in spite of its tendency to 
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spindling and association with rare mesenchymal differentiation. This tumor might 
be an example of the epithelial to mesenchymal transition (EMT), in vivo  (12) . A 
further stimulus in the systemic therapies of these uterine malignancies is the explo-
ration of a role for combinations with targeted therapies (next two sections).  

  Identifying Potential Molecular Targets  

  Estrogen Receptors 

 Estrogen receptor has been a limited therapeutic target, perhaps because with tumor 
progression, receptors tend to be lost, and only a minority of patients with meta-
static  endometrial carcinoma  show a response to treatments targeting ER and PR. 
One recent study, however, showed that 75% of  endometrial carcinomas  express PR 
and 25% ER  (13) . In addition, ER antagonists in the breast are agonists in the 
endometrium due to the differential recruitment of co-activators and co-repressors 
available in these respective tissues  (14) . Delineation of these co-activators and co-
repressors in the endometrium may lead to identification of new targets. In  uterine 
sarcomas  ERs are often expressed but reports of endocrine interventions have 
remained largely anecdotal. 

 A great number of genes are likely regulated by the ER in the endometrium. The 
increase in lipogenesis associated with endometrial cancer stimulated interest in 
fatty acid synthase (FASN). Blocking FASN has the potential to decrease prolifera-
tion by decreasing ER activity  (15) . On the contrary, exposure to estrogen has 
sensitized endometrial cells to cisplatin  (16) .  

  Phosphatase and Tensin Homolog, p27kip1, Cables 

 Mutations in phosphatase and tensin homolog (PTEN; a dual lipid/protein phos-
phatase), which are widespread throughout the gene, controlling protein stability 
and localization, occur in more than half of type I endometrioid tumors whereas 
mutations in the K-Ras oncogene occur only in 10–30% of these tumors  (17) . 
Mutations in the tumor suppressor gene, p53, by contrast, are generally confined to 
grade 3 endometrioid carcinomas and type II UPSC  (17–  19) . Specific genetic sig-
natures of histologic subtypes of both endometrial and ovarian cancer have recently 
been described and, interestingly, show that there is both similarities within each 
organ and also, within serous and endometriod differentiation histiotypes between 
the organs  (20) . Further, ovarian and endometrial tumors with defects in  β -catenin 
(Wnt pathway defective status) show a different pattern of gene expression than 
those with intact  β -catenin status.   Studies using both genomic and proteomic 
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approaches to define new biomarker sets to categorize and individualize gyneco-
logic cancers are emerging  (21–  27) . 

 PTEN, p27kip1, and Cables are proteins that are lost or decreased in endometrial 
carcinogenesis  (17,   28–  30) . As expected and importantly, these three proteins are 
upregulated by progesterone and downregulated by estrogen, although the mecha-
nisms involved are likely quite disparate. An interesting clinical study revealed that 
an increase in p27 can be useful as a predictive marker for successful treatment of 
endometrial carcinoma by medroxyprogesterone acetate (MPA)  (31) . This study 
underscores the significance of p27 as a molecular target to control normal growth 
of the endometrium. As PTEN blocks Akt signaling, loss of PTEN activity leads to 
constitutive activation of the Akt pathway that affects cellular proliferation and 
survival  . Loss of PTEN in the molecular pathogenesis of endometrial carcinoma is 
further corroborated by such findings in 20% of endometrial hyperplasias, a prema-
lignant lesion of endometrioid-type I carcinomas; loss of expression is also seen in 
seemingly morphologically benign glands adjacent to tumors  (17,   32) . Mimicking 
human disease, heterozyogous mice lacking one PTEN allele (PTEN +/− ) develop a 
number of tumors including endometrial complex atypical hyperplasia and carci-
noma with high penetrance  (33,   34)  and further show accelerated disease following 
concomitant inactivation of p27 kip1   (35) . p27 null mice are predisposed to endome-
trial carcinoma following gamma irradiation and urethane treatment  (36,   37) . The 
fact that loss of PTEN expression and p27 vary directly in both endometrioid and 
UPSC  (38)  suggests functional interaction between these two proteins in the patho-
genesis of endometrial carcinoma. Interestingly, both are early events in this disease 
and both block cells late in G1 phase of the cell cycle. To support this idea, PTEN 
lipid phosphatase activity was shown to upregulate p27 levels in MCF-7 breast 
cancer cells  (39)  and, in addition, it appears that PTEN may act by preventing p27 
degradation by lowering skp2 levels  (40) . 

Expression of cables, another inhibitor of the cell cycle that acts by blocking 
cdk activity, is decreased in both type I and type II endometrial carcinomas  (41) . 
The cables-associated colon and endometrial cancer is related to lack of the cdk2 
binding domain on cables due to alternative mRNA splicing  (42) . Mice geneti-
cally null for cables develop endometrial hyperplasia by 3–6 months of age (with 
no other tissue abnormalities) with ensuing well-differentiated adenocarcinomas 
following estrogen treatment  (29) . Taken together, knocking-out genes in mice 
that show proclivity for endometrial neoplasias have provided valuable informa-
tion concerning proteins and their signaling pathways to pursue targeted 
therapy. 

 Activation of ER α  was recently shown to involve increased phosphoryla-
tion of Ser 167  Akt as a consequence of loss of PTEN in mice both in vitro and 
in vivo studies  (28) . Similarly, PTEN increases p27 levels  (31,   38)  and TGF- β  
has been shown to increase PTEN and p27  (43) . Primary cultures of endome-
trial epithelial cells show that inhibitors of MAPK block the ubiquitin-medi-
ated degradation of p27 induced by estrogen  (30)  and, thus, have the potential 
to be useful anti-tumor agents. Since the pathogenesis of type I  endometrial 
carcinoma  is related to unopposed estrogen, MAPK inhibitors may be thought 
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of in terms of blocking the apparent MAPK-driven estrogen-induced degrada-
tion of p27  (30) . Further studies on PTEN, p27, TGF- β , and cables among 
other proteins implicated in endometrial carcinoma [e.g. Zeb1 (transcription 
factor), androgen receptor (AR)], may provide ideas for novel therapies for 
efficacy testing  (44,   45) .  

  Aberrant TGF- b  Signaling 

 Primary cultures of endometrial cells derived from patient’s tissues have been 
highly useful in providing mechanistic information and revealing potential molecu-
lar targets for therapy. As there are no “normal” cell lines, the use of primary cul-
tures is the only manner in which one can compare normal and malignant cells for 
both behavior and specific responses. Exploiting this paradigm, Gold et al. showed 
that the signaling mechanism for transforming growth factor- β  (TGF- β ), a cytokine 
critical to growth suppression of epithelial cells, is disrupted early in endometrial 
carcinogenesis  (46,   47) . Thus, the serine kinase activity of TGF- β  receptor I (T β RI) 
and the direct downstream transcription factors, Smads, that shuttle from the cyto-
plasm to the nucleus for gene regulation, are potential emerging targets for restora-
tion of growth arrest in endometrial cancer cells. Genetic alterations of proteins in 
the TGF- β  signaling pathway are present in many human cancers. These alterations 
subvert growth arrest and enable continuous cell cycling  (48) . However, the role of 
TGF- β  in cancer has recently been shown to be complex. Although TGF- β  is 
important in maintaining growth homeostasis early in cancer and is thus, antineo-
plastic, it plays an opposite role by mediating metastasis in malignant progression 
 (49–  52) . The pro-oncogenic effects of TGF- β  remain to be an enigma with respect 
to receptor signaling. Both monoclonal antibodies and small molecule inhibitors of 
TGF- β  receptor I kinase are being tested clinically for advanced/aggressive cancers 
 (53–  56) . Since TGF- β  stimulates EMT, inhibitors of TGF- β  signaling pathway 
might offer a therapeutic approach for carcinosarcomas, characterized by an EMT 
phenotype  (12) .  

  Effects of the Stroma 

 It has become increasingly clear, particularly in hormone-regulated organs, that 
the stromal cell compartment plays a critical role in promoting malignant pro-
gression, particularly, at earlier stages when stromal cells interact with epithelial 
cells  (57–  61) . Hayward’s group by using transplanted recombinant tissue tech-
nology combining stromal cells from malignant [termed cancer-associated fibrob-
lasts (CAFs)] or normal prostate tissue with a non-tumorigenic human prostate 
epithelial cell line (BPH-1) and subsequently transplanted them to the renal cap-
sule of nude mice, where the recombinant tissue transplant was well-perfused. 
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The recombinant tissues composed of stromal cells from malignant but not nor-
mal tissue, invaded the adjacent kidney tissue and the BPH-1 cells became irre-
versibly transformed as tumorigenic when adapted back to tissue culture. These 
cells had constitutively activated Akt and expressed high levels of TGF- β  but 
lost their ability to respond to the growth inhibitory effect of this cytokine with 
a concomitant loss of p21 and Smad3 nuclear localization  (62) . In addition, the 
transformed BPH-1 cells had elevated levels of stromal-derived factor-1 (SDF-1/
CXCL12), which is the receptor for CXCR4 chemokine, involved in mediating 
metastasis  (63,   64) . Importantly, these experiments provided potential targets 
involved in the switch in TGF- β  function from tumor suppressor to pro-onco-
genic factor during malignant progression. Other landmark studies by Bhowmick 
et al., blocking TGF- β  signaling in mouse fibroblasts with a dominant negative 
TGF- β  receptor (by homologous recombination), have promoted cancer of the 
forestomach and intraepithelial neoplasia of the prostate  (65,   66) . 

Analogous transformation-associated effects of malignant stroma on 
endometrial epithelial cells have been observed by Gold et al. (unpublished 
data). In fact, the normal stromal cells and those adjacent to the tumor appear 
phenotypically quite different, implying that genetically altered premalignant 
or transformed epithelia influence the surrounding stroma. The incubation of 
normal endometrial epithelial cells in co-culture with stromal cells from 
malignant endometrium or their conditioned media stimulates epithelial cell 
growth while the normal stromal cells or their conditioned media do not have 
this effect. Similarly, conditioned media from stromal cells derived from 
malignant but not normal endometrium lowers p27 levels and increases cks1 
levels in normal primary epithelial cells  (67) . These studies underscore the 
role of p27 as a major target for growth regulation of the endometrium and 
implicate the stroma in the regulation of p27 degradation in favor of malignant 
growth.

The ability of the neoplastic epithelia to hijack the stroma and the specific 
factors emanating from the stroma that aid in malignant progression are becom-
ing important areas for study in understanding carcinogenesis. The use of co-
cultures, tissue recombinant technology, and 3-dimensional (3-D) cultures are 
important tools in this endeavor  (60,   62,   68–  70) . The inclusion of stromal cells 
in assays evaluating novel chemotherapies have already been undertaken as well 
as experimental protocols incorporating epithelial cells alone or in combination 
with stromal cells in 3-D cultures in which glands and stroma simulate their 
polar/normal morphology  (60,   69–  70) . In addition, stromal cells are likely to 
become a target for therapy and the factors released from these cells may be 
considered for blocking by antibodies or inhibitors, as part of treatment proto-
cols. Understanding cell/tissue dysfunction and therapeutic intervention on a 
molecular level using physiologically relevant model systems, such as co-cul-
tures and 3-D cultures, provides an exciting new approach to determine which 
therapies or combinations thereof will yield the best response in vivo, for the 
treatment of endometrial cancer.   
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  Exploration of Current “Targeted” Therapies  

 The term “targeted” therapies might best be applied to regimens selected based on 
the presence of known putative targets against a specific type of tumor tissue. 
Progestins, although empirically introduced, were the first “targeted therapies” 
against  endometrial carcinoma   (71,   72)  with PR eventually validated as their target. 
Subsequently, studies have focused on other endocrine therapies such as tamoxifen 
by itself or alternating with progestins, LHRH agonists, aromatase inhibitors, and 
ER downregulators. Decades of clinical experience indicate that patients benefiting 
from such therapies are those who have certain tumor features: well-differentiated 
histology, positive hormone receptors, propensity to seed the lung, and > 2 years 
between initial diagnosis and identification of metastases. Unfortunately, these rep-
resent the minority of patients with metastatic endometrial carcinoma and are dis-
cussed in Chap. 12. Non-hormonal targets are the focus of this section. 

  Angiogenesis Inhibitors 

 The monoclonal antibody, bevacizumab (Avastin) that binds the vascular 
endothelial growth factor (VEGF), thereby blocking angiogenesis, has been shown 
to have single agent activity against gynecologic cancer  (73,   74) . In a number of 
other malignancies, it potentiates the effects of chemotherapy improving response 
rates and progression-free survival, resulting in its approval for treatment of 
advanced colorectal cancer, recurrent breast cancer, and non-small cell lung cancer 
 (75) . Further, cytoskeletal-toxic chemotherapeutic agents, docetaxel and paclitaxel 
have anti-angiogenic activity by damaging endothelial cells  (76) . Finally, potentiation 
of the effects of radiation against rectal cancer has been attributed to its normalization 
of blood vessel function resulting in correction of tumor hypoxia  (77) . Since the 
secretion of VEGF is stimulated by hypoxia, whether tumors with extensive necrosis 
(presumably from hypoxia), such as  carcinosarcoma , might benefit from an analo-
gous treatment, needs to be tested. A number of tyrosine kinase inhibitors that target 
VEGF receptors directly, or influence pathways that modulate VEGF or other steps 
that may be required for vascular integrity (such as pericytes), are other possibili-
ties that target angiogenesis to reduce tumor growth. Drugs such as sorafenib 
(Nexavar) and SU11248 (sunitinib, Sutent) that inhibit VEGFR2 and PDGFR- β  
among other kinases (see section below) have been found to be effective against 
renal cell carcinoma  (78) . Interestingly, whereas VEGF expression was not corre-
lated with histologic grade in endometrial carcinoma patients, in one study involv-
ing 57 patients, VEGF-negative tumors and angiostatin-positive tumors were 
associated with non-recurrent disease  (79) . However, both endostatin and VEGF 
showed a statistically significant elevation in the serum of patients with higher 
tumor stage  (80) , which may in part be regulated by estrogen. These studies, 
although limited, indicate that anti-angiogenic chemo or monoclonal antibody 



274 F. Muggia et al.

therapy strategies may be useful in preventing malignant progression of endometrial 
carcinoma.  

  Epidermal Growth Factor Receptor Inhibitors 

 Overexpression of erbB2 in approximately 15% of type I (endometrioid) endome-
trial carcinomas and epidermal growth factor receptor (EGFR) in the majority of 
endometrial carcinosarcomas (82% in one study), largely in the sarcomatous com-
ponent  (81)  has led to interest in trials with trastuzumab, erbB1 and Her2 inhibitors 
 (82–  84) , EGFR inhibitors, such as erlotinib or gefitinib and/or the monoclonal 
antibody cetuximab, which have been used in various malignancies including ovar-
ian cancer  (85–  87) . Combinations of these agents with radiation or chemotherapy 
are likely to be tested in the ensuing years, and are of interest in uterine 
malignancies.  

  Other Kinase Inhibitors 

 The PI3K/Akt signaling pathway, shown to be important in hormone-dependent 
cancers of the breast, prostate, and endometrium, plays a critical role in regulating 
proliferation, apoptosis, and mRNA translation of many proteins involved in malig-
nant behavior  (88,   89) . Constitutive signaling of the PI3k/Akt occurs when PTEN, 
the master phosphatase and inhibitor of this pathway, is mutated or deleted, as 
shown in many human cancers  (90,   91) . Activation of mTOR (mammalian target of 
rapamycin) by Akt is likely to be important in endometrial cancer and inhibitors of 
mTOR, such as rapamycin and analogs of this macrolide (used at higher doses for 
immunosuppresssion following transplantation), are currently in clinical testing and 
of interest for endometrial carcinoma. In the phase I study of deforolimus, a patient 
with carcinosarcoma of Müllerian origin achieved a partial response in liver and lung 
metastases, still ongoing at 22 months  (92) . Rapamycin has been shown to be inhibi-
tory of growth in endometrial carcinoma cell lines  (93)  and accordingly, to upregulate 
p27 in primary cultures of endometrial epithelial cells (Gold et al., unpublished data). 
As discussed earlier, the loss and/or mutation of PTEN is an early event in endome-
trial cancer  (17–  19) . Therefore, the use of inhibitors of PI3K/AKT (to reconstitute the 
growth inhibitory effect of PTEN by blocking Akt or by blocking proteins down-
stream from this pathway such as mTOR),  β -catenin (which regulates transcription of 
transformation associated genes), and the cyclin-dependent kinase inhibitor, p27, all 
shown to be aberrantly expressed in endometrial cancer, appear to have potential 
significance for future clinical trials. Recent data has shown that inhibition of multiple 
targets results in therapeutic efficacy (e.g. effects of sunitinib or sorafenib in renal cell 
cancer; effects of lapatinib in breast cancer). The results achieved are an indication of 
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the importance of concurrently inhibiting more than one “activated” pathway. 
Multitargeted tyrosine kinase (TK) inhibitors of VEGF 1, 2, 3, PDGF α and β, and 
c-kit will be tested for activity in endometrial cancer  (78,   94) . To date, sorafenib 
has also demonstrated antitumor effect against a number of papillary cancers 
(ovary, thyroid, and kidney)  (78) .  

  Proteasome Inhibitors 

 As discussed previously, another apparent early event in the development of 
endometrial cancer is the absence and/or cytoplasmic mislocalization of the cyclin 
dependent kinase inhibitor, p27 kip1  (p27), which, when in the nucleus, blocks cell 
cycle progression in late G1 phase by blocking cyclin-dependent kinase activity 
(Cdk2) and thus, phosphorylation of the retinoblastoma protein (pRb)  (95,   96) . 
Gold et al. have further shown that absence of p27 in malignant endometrial glands 
is due to a high rate of uibiquitin-mediated proteasome degradation  (30)  and 
increased levels of the ubiquitin targeting proteins, Cks1 and Skp2  (48,   67,   97) . As 
shown in  Fig. 1 , whereas TGF- β  signaling in normal endometrial epithelial cells 
induces a marked increase in nuclear p27 to enable growth inhibition, because of 
lack of TGF- β  signaling in endometrial carcinoma cells  (46) , p27 succumbs to 
continuous degradation  (30) . The mechanism of normal induction of p27 by TGF- β  
signaling, shown to be via Smad2/3 activation, is not at the mRNA level but through 
preventing its degradation by downregulating Cks1 and Skp2, the rate limiting 
components of the SCF complex of proteins that ensures the targeting of p27 for 
proteasomal degradation  (48,   67,   96,   97) . The importance of p27 as a major cell 
cycle protein that regulates endometrial cell growth is underscored by the fact that 
ovarian hormones, estrogen and progesterone, also regulate p27 levels  (30)  ( Fig. 1 ). 
Specifically, estrogen induces MAPK-driven proteasomal degradation of p27 in 
normal endometrial epithelial cells and progesterone causes a marked increase in 
p27 in primary normal endometrial epithelial cells and most primary endometrial 
carcinoma cells tested in vitro. These data suggest that TGF- β  is unable to exert cell 
cycle control by preventing the degradation of p27 in the presence of continuous 
estrogen-driven proteasomal degradation. The mechanisms involved in the hormo-
nal regulation of p27 remain to be determined. It seems apparent that preservation 
of nuclear p27 levels has emerged as a significant potential target for restoring 
normal endometrial cell growth. Therefore, a possibility for future therapeutic 
intervention may be the use of proteasome inhibitors, such as bortezomib (Velcade) 
or analogs, such as salinosporamide (NPI-0052)  (98–  100) . However, blocking pro-
teasomal degradation of p27, that has already been aberrantly mislocalized to the 
cytoplasm, could ostensibly have a deleterious effect through its ability to affect the 
cytoskeleton and mediate metastasis  (36,   101) . Nonetheless, in other cancers, spe-
cifically, multiple myeloma, bortezomib has been shown to be quite effective and its 
action may also be related to induction of endoplasmic reticulum stress, diminished 
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  Fig. 1    The cyclin-dependent kinase inhibitor is a major molecular target for growth of normal and 
malignant endometrium. The model depicts the fate of the cyclin-dependent kinase inhibitor, p27 kip1  
(p27) in normal endometrium and in endometrial carcinoma .  p27 blocks cyclin-dependent kinase 2 
(Cdk2) activity, causing growth arrest in late G 

1
  phase of the cell cycle  (95,   96) . In the proliferative 

phase of the normal menstrual cycle   (top), estrogen (E2) induces ubiquitin-mediated degradation of 
p27 in 26S proteasomes  . During the secretory phase, progesterone (Pg) from the corpus luteum 
increases the levels of p27 in the nucleus of differentiated glandular epithelial cells  (30) . Similarly, 
TGF- β /[Smad2/3] signaling induces an accumulation of nuclear p27 in the glandular epithelial cells 
to promote growth control  (30,   46–  48,   67) . This occurs, at least in part, by preventing p27 degradation 
through the downregulation of Skp2 [E3-ligase for p27] and Cks1. These proteins are rate-limiting
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angiogenesis, or effects on a number of other pathways relying on proteasome 
degradation of proteins  (102) .     

  Future Strategies  

 The introduction of systemic therapy in the treatment of endometrial cancer is a 
relatively recent development. The full impact of utilizing systemic therapy in 
addition to surgery and radiotherapy is difficult to predict at this time. However, 
clinical trials are providing clear indication of an effect on survival at locally 
advanced as well as metastatic stages. With better diagnosis and staging, as well 
as delineation of molecular events accompanying increased risk of distant metas-
tases, systemic treatments will undoubtedly be introduced in earlier stages and in 
selected patients. Whether postoperative radiation will continue to be part of 
treatment regimens in stage I with “high-risk features” (e.g. lymphovascular inva-
sion, high grade, focal papillary serous differentiation) will need to be addressed 
in morbidity-reducing trials. 

 Future diagnosis and treatment will entail tailoring therapies to the histology of 
the tumor, the genetic make-up of the individual, and the proteomic profile of the 
serum (eventually to also include tissue by Laser Capture Microdissection followed 
by mass spectrometry). Results of such studies may lead to apply combinatorial 
therapeutic approaches, followed by monitoring the re-expression of certain mark-
ers determined proteomically to indicate a return towards normal. Indeed, coupling 
tumor biology at various stages with developmental therapeutics is the challenge 
for the future. Endometrial cancer may lend itself particularly well to such target 
validation due to access to tissue, and the applying of paradigms that have been 
developed to interrogate mechanisms and pathways involved in endometrial hyper-
plasia and cancer, as discussed in this chapter. 

 In other uterine malignancies, because of their relative rarity, the challenge 
will be to identify less toxic systemic regimens in advanced disease, so that they can 
be applied widely in clinical trials. Currently, toxicity often inhibits use of chemo-
therapy for uterine leiomyosarcomas and carcinosarcomas so that chemotherapy is 
only used when faced with life-threatening advanced and recurrence settings. It 
is a high priority, therefore, to find more effective and less toxic treatments, based 
on chemotherapy, radiation, and targeted drugs, at emphasized in Chapter 13.  

Fig. 1 (continued) components of the SCF complex that target p27 for ubiquitin-mediated degrada-
tion in the proteasome  (48,   67) . In endometrial carcinoma, both unopposed E2 and loss of TGF- β /
Smad2 signaling permit continuous ubiquitin-mediated degradation of p27, leading to uncontrolled 
proliferation  (30,   46–  48,   67) . Since Pg treatment increases the levels of nuclear p27 in primary 
cultures of endometrial carcinoma cells, nuclear p27 expression may be a marker of positive 
response to Pg therapy in vivo  (31) . In addition, based on in vitro data, proteasome inhibitors, such 
as bortezomib  (98–  100,   102) , might provide a new therapeutic approach to increase p27 nuclear 
levels and gain growth control in endometrial carcinoma.       
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  Conclusions  

 ● Future diagnosis and treatments will entail tailoring therapies to the histology of 
the tumor, the genetic make-up of the individual, and proteomic profiles.

● Coupling tumor biology at various stages with developmental therapeutics is the 
challenge for the future.

● Endometrial cancer may lend itself to studies of target validation as access to 
tissues and ability to interrogate mechanisms and pathways at premalignant 
stages such as endometrial hyperplasia are now available.

● Current therapeutic approaches may also be increasingly guided by ongoing 
advances in tumor biology.      
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endometrial, 272
endothelial, 273
epithelial, 271
mutations in, 89–90
necrosis tumor, 64
primary cultures of, 271
stromal, 271–272

conditioned media from, 272
tumor, 92, 267
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Cervical cancer, 16, 38–39
Cervix, tumors extending into, 38
Chemohormonal therapy, combination, 245
Chemoprevention, of endometrial cancer, 9
Chemoradiation, for uterine CS, 209
Chemotherapy

adjuvant, 184
as administered, 228
agents, 225
benefit of, 227–228
for leiomyosarcoma, 255
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response rates for, 229
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systemic, 223
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antitumor activity of, 223
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histologic appearance of, 209
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survival estimates and, 209–210
treatment for, 211–212
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Clinical history, 47
Colon cancer, 15
Comparative genomic hybridization study, 95
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women under 40 years, 146
Computed tomography (CT), 25, 162

abdomino-pelvic, 203
detection with, 40–42, 47
of endometrial cancer, 44
extrauterine disease identified by, 148

Conjugated estrogens (CE), 4
Cowden’s disease, 91

Cryotherapy, 15
CS. See Carcinosarcomas
CT. See Computed tomography
Cystitis, 188
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peritoneal, 127, 168

positive, 241
positive peritoneal, 119
vaginal, 47
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with, 121

D
Death, from uterine cancer, 251
Depo-medroxyprogesterone, 152
Desmin, 70
Diabetes, as risk factor for EC surgery, 162
Diagnosis

differential
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55–57
of leiomyosarcoma, 68
of low-grade endometrial stromal 

sarcoma, 71
of endometrial cancer, 22, 27–28, 51
of low-grade endometrial stromal 

sarcoma, 70
tests for uterine disease, 17
of tumor’s malignancy, 64
of vaginal bleeding, 22

Diarrhea, 190
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(DPL), 97
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of, 121

ploidy, 122, 126
tumors and, 121

Docetaxel, 259
Doppler ultrasound

cancer detection with, 31–33
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TVUS with, 47
effectiveness of, 33

Doxorubicin, 223, 245, 253, 268
antitumor activity of, 223
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malignancy beyond tumor cells targeted 
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subtypes of, 87
systemic chemotherapy for, 267
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advanced stage, 240–243
age-specific incidence rates for, 7
biology of, 260
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care of, surgical treatment as standard 
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chemotherapy in treatment of, 223–230
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single agent, 224–225

classification of, 161–162
clinical management guidelines for, 164
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CT of, 44
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imaging in, 25–47
recommendations for, 19
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surgical therapy for, 161–170
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EBRT treatment of, 186
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ER expressed by, 269
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of, 243–244
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evaluation of, 25
fertility of patients with, 144, 151, 155
future directions for treatment of, 
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hormonal therapy treatment for, 219

follow up after, 153
method of, 152–153
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responsiveness of, 218
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of, 153–154
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increased risk of developing

BMI increasing associated with, 2, 4
factors associated with, 14–15
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infertility of presenting patients with, 145
intraoperative management of, 163
laparoscopic surgery and, 165–168
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management of, conservative, 176–177
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MRI of, 36
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14–15, 144–146, 169
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risk of, 8
PET of, 45
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postoperative radiation therapy for, 

241–242
primary hormonal therapy of, 143–156
progestins in systemic therapy of, 217
PR’s presence in, 153–154
PTEN gene and, 92
quality of life of patients with, 167–168
radiation therapy for locally recurrent, 237
recurrent, 46–47

factors associated with improved 
survival in, 238
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risk of, 176
surgery for stage IV, 239–240
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RT adjuvant therapy for, 175, 178–182
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staging of, 29–30, 146–147, 166

routine surgical, 165–166
surgery for, 161–170

recurrent, 237
risk factors of, 162–163
standard approach for, 162
vaginal hysterectomy, 165
women treated only with, 177

systemic therapy in treatment of, 277
treatment of, 237, 246

imaging in, 25–47
Endometrial carcinogenesis, proteins lost/

decreased in, 270
Endometrial carcinoma (EC). See also 
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118–119
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cell type as prognostic factor in, 112–113
cervical involvement in, 116
chemotherapeutic regimens against, 268
clinicopathologic prognostic factors in, 106
as common, 105
cytogenetic studies of, 95–96
endometrioid, 87, 112
FIGO stage as prognostic parameter in, 106
grading of, 112
HER-2/neu role in, 123–124
histologic grade as prognostic parameter 
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shown by, 118
Lynch syndrome and, 90
malignant progression of, preventing, 

273–274
molecular alterations and, 87–88
nonendometrioid, 87
poor outcome of, 105–106
precursor legions and, 52–57
relapses occurring in, 114
sentinel lymph node detection’s role in, 121
sporadic, 125
stage IIIA, 118
subtypes of, 51–52
survival rate of, 116
TNM/FIGO staging systems as correlated 

in, 107

Endometrial cells, primary cultures of, 271
Endometrial hyperplasia, 9, 93–94, 270
Endometrial stromal neoplasms, 260. See also 
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endometrial stromal nodule group of, 69
as immunoreactive, 70

Endometrial stromal nodule, 71
Endometrial stromal sarcoma. See also 
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sarcoma
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hormonal therapy for, 260
treatment of, 259–260

Endometrioid adenocarcinoma, 51–51, 78
features of

gross, 52–53
histologic, 53–54

PR expressed by, 154
treatment of

alternative, 144
with hormone therapy, 143–156

uterine, differential diagnosis of, 
55–57

Endometrium
exposure to estrogen unopposed by 

progesterone of, 2
proliferation of, 9
thickness of, 26–27
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Epidermal growth factor receptor (EGFR), 

inhibitors, 274
Epirubicin, 199, 223
Epithelial to mesenchymal transition 
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ER. See Estrogen receptors
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dose of, 2–3
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F
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FIGO. See International Federation of 
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G
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Gene(s). See also Human epidermal growth 

factor receptor-2
ER regulated, 269
p53, 123–124, 195

PTEN, 91–92, 124–125, 269–270
tumor suppressor, 269–270
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patients, 145–146

Genetics, 87
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GOG. See Gynecology Oncology Group
Gynecology Oncology Group (GOG), 

146–147, 151, 211, 218

H
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current status of, 218–220
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for endometrial cancer, 143–156, 218
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with, 144, 151, 155

failure of initial, 219
follow up after, 153
future directions of, 220–221
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method of treatment with, 152–153
pregnancy following, 153
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progression of disease and, 150–151
response to, 150
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surgery v., 151
tumor recurrence risk during pregnancy 
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Hormone receptors, response and, 219
Human epidermal growth factor receptor-2 

(HER-2/neu), 95
location of, 123
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Hypoxia, VEGF secretion stimulated by, 273
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adjuvant EBRT to pelvis after, 188
for endometrial cancer, 143
radical, 168–169
residual disease after, 188
total abdominal, 146–147
vaginal

for EC management, 165
laparoscopy use combined with, 166
for multiple comorbidities, 22

Hysteroscopy, 25

I
Imaging
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for endometrial cancer diagnosis/treatment, 

25–27
protocols for, endometrial cancer and, 35

Immunohistochemistry, 90–91
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Immunostaining, PTEN, 92
IMRT. See Intensity-modulated radiation 

therapy
Infertility, endometrial cancer presenting 

patients with, 145
Intensity-modulated radiation therapy 

(IMRT), 212
International Federation of Gynecology and 
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cervical involvement in, 116–117
as EC prognostic parameter, 106
myometrial invasion and, 115
system of, 107, 112
TNM, 107

Intrauterine device (IUD), progesterone, 
152–153

Invasion. See Lymphovascular invasion; 
Myometrial invasion

IUD. See Intrauterine device

K
Kinase inhibitors, 274

cyclin dependent, 275–276
K-ras, 125, 269

L
Laparoscopic surgery, 22

benefits of, 166
EC and, 165–168

quality of life of patients with, 168
obesity and, 169
outcomes/survival of, 167
restaging and, 167
theoretical concerns with, 168
vaginal hysterectomy combined use 

with, 166
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cellular intravenous, 71
intravenous, 97

as characterized, 76
gross features of, 78
histologic features of, 78
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adjuvant chemotherapy for, 255
agents tested in, 260
as classified, 64
cytogenetic abnormalities and, 97–98
differential diagnosis of, 68
epithelioid, 66–68, 126
ER/PR expression in, 126
gross features of, 64
histologic features of, 64–67
immunophenotype of, 68
molecular abnormalities and, 97
myxoid, 66–68, 79, 126
prognosis of, 126
spindle cell, 64–66, 68
uterine, as common, 63

Liver disease, 15
Low-grade endometrial stromal sarcoma
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cytogenetic, 98–99
molecular, 98

aromatase expression shown by, 70
as characterized, 128
as common, 128
diagnosis of, 70
differential diagnosis of, 71
ER/PR expressed in, 128
gross features of, 69
histological features of, 69–70
immunophenotype of, 70
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glandular component of, 73
gross features of, 72
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CS and, 202
therapeutic benefit of, 121, 164–165
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retroperitoneal, detection of, 40
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EC and detection of sentinel, 121
evaluation, 164–165
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uterine sarcomas and status of, 252

Lymphovascular invasion, 195
mimics of, 117
occurrence of, 117
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associated with, 117–118
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M
Magnetic resonance imaging (MRI), 25
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in cancer staging, 33–34, 37
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myometrial invasion as assessed with, 

37–38, 148
TVUS v., 30

Malignant smooth muscle tumor. See 
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Medroxyprogesterone acetate, 153, 244, 245
Megestrol acetate, 152, 244, 245
Melphalan, 245
Menopausal estrogen therapy

dose of, 4–5
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with, 1, 3
reducing, 6

Menorrhagia, 145

Menstrual cycle, 2–3
Microsatellite instability, 125

detection of, 90
as first reported, 90
mutations in cells represented 

by, 89–90
Molecular pathology, 87
MRI. See Magnetic resonance 

imaging
Multimodality therapy, for uterine CS, 

208–209
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β-catenin, 92–93, 125
KRAS, 93–94

Myomectomy, 252
Myometrial invasion, 148, 195, 211

assessment
of deep v. superficial, 148
with MRI, 37–38, 148

depth of, 114, 163
measuring, 116

extent of, 37
FIGO staging system and presence 

of, 115
intraoperative assessment of, 163
occurrence, 113–114

N
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NCCN. See National Comprehensive Cancer 

Network
Neoplastic stroma, 72
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endometrial cancer, 1, 144–146

morbid, 15
as risk factor for EC, 1, 14–15, 144–146, 

162, 169
surgery on patients with morbid, 169
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composition of, 8
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of, 1–2, 8
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removal of, 22
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P53 tumor suppressor gene, 94–95. 195

mutations in, 269–270
Paclitaxel, 223, 259

antitumor activity of, 223
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papillary serous carcinoma
epidemiology of, 194–196
natural history of, 194–196
postmenopausal bleeding as presenting 

symptom of, 194
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Pathology. See Molecular pathology
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tumor
Perivascular epithelioid cell tumor 

(PEComa), 79
gross features of, 76
histologic features of, 76
immunophenotype of, 76
as rare, 75

PET. See Positron emission tomography
Phosphatase, mutations in, 269
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progesterone, 2–3
Platinum compounds, 225, 268
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PORTEC. See Post Operative Radiation 

Therapy in Endometrial Carcinoma
Positron emission tomography (PET), 25
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nodal involvement detection with, 42–45

Post Operative Radiation Therapy in 
Endometrial Carcinoma 
(PORTEC), 177

PR. See Progesterone receptors
Pregnancy, 15

following hormonal treatment, 153
tumor recurrence risk during, 152

Prevention. See also Chemoprevention
of vaginal bleeding, 13, 16

Progesterone
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and, 220
endometrium’s exposure to estrogen 

unopposed by, 2
IUD, 152–253
plasma concentrations of, 2–3
as poorly tolerated, 152
proteins upregulated by, 270
response to, 153–154

Progesterone receptors (PR)
complexity of, 154
in EC treatment/pathogenesis, 122
endometrial cancer and presence 

of, 153–154
endometrial carcinomas 

expressing, 269
as expressed in leiomyosarcoma, 126
increased, 244
low-grade endometrial stromal sarcoma 

expressed in, 128
negative tumors and, 122
progestins effect on, 244

Progestin(s), 246
based hormonal therapy, 220–221
dose of, 218
effectiveness of, 244
megestrol acetate, 221
mitotic activity reduced by, 2
PR as effected by, 244
in systemic therapy of endometrial 

cancer, 217
as targeted therapy, 273
therapy, 218
weight gain and, 219

Proteasome inhibitors, 275–277
Proteins
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carcinogenesis, 270
progesterone upregulating, 270
proteasome degradation of, 277
retinoblastoma, phosphorylation 

of, 275
PTEN gene, 91–92, 124–125, 

269–270

R
Radiation therapy

adjuvant, for uterine carcinosarcoma, 
203–204

as curative, 238
cytotoxic chemotherapy combined 

with, 242
for locally recurrent endometrial cancer, 

237–239
pelvic

adjuvant, 253–254
whole, 196

postoperative, 241–242, 277
radical, 238
role of, 175
for uterine carcinosarcoma, 203
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adjuvant
for early-stage EC, 175, 178–182
role of, 175–176
after surgical treatment of early-stage 

EC, 177, 183
for endometrial cancer, primary 

treatment, 241
local disease controlled by, as 
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pelvic, 184
sequelae of, 188–189
for UPSC, 196–197
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Rectal cancer, 16
RT. See Radiotherapy

S
SARC. See Sarcoma Alliance for Research 

through Collaboration
Sarcoma Alliance for Research through 
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sarcoma; Uterine sarcomas

alterations in, 87
drugs for, 257
gynecologic, randomized trials in, 257
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undifferentiated endometrial, 128
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Screening, for endometrial cancer, 13–16
Serosal involvement, 119
Sex hormone-binding globulin (SHBG), 3
SHBG. See Sex hormone-binding globulin
SHG. See Sonohysterography
Sonohysterography (SHG)

as hysteroscopy alternative, 25
for postmenopausal bleeding patients, 47
procedure of, 31

Staging
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of cancer, 20

endometrial, 29–30, 146–147, 165–166
MRI in, 33–34, 37
surgery and, 29–30

cervical involvement in EC detected by, 
inaccuracy in, 116

clinical, 147
FIGO and, 106–107, 112, 115–117

operative techniques for, 21–22
pathologic, 105
surgico-pathologic, 109
tumor, utility of TVUS for, 30
UPSC procedure of surgical, 195
of uterine carcinosarcoma, 207
of uterine sarcomas, 126, 252

Stromal cell compartment, malignant 
progression promoted by, 271–272

Surgery. See also Laparoscopic surgery
cytoreductive, 239
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early-stage, 161–170
recurrent/stage IV, 239–240
risk factors with, 162–163
staging and, 29–30

hormonal therapy v., 151
on morbidly obese patients, 169
periaortic lymph nodes and, 120
for uterine sarcomas, early-stage, 252

T
Tamoxifen, 18, 219, 221, 244

endometrial cancer risk increased by, 15
Targeted therapies

angiogenesis inhibitors as, 273–274
exploration of current, 273–277
progestins as, 273

Taxanes, 223
Temsirolimus, 230
Tensin homolog, mutations in, 269
TGF-β. See Transforming growth factor-β
Thyroid disease, 14
TLH. See Total laparoscopic hysterectomy
Tomography. See Computed tomography; 

Positron emission tomography
Total laparoscopic hysterectomy (TLH), 166
Toxicity, of chemotherapy, 277
Transforming growth factor-β (TGF-β)

in cancer, 271
pro-oncogenic effects of, 271
signaling mechanism of, 271

Transvaginal ultrasound (TVUS)
cancer evaluation with, 26
color Doppler with, 47
endometrial morphology assessed 

by, 28–29
endometrial thickness and, 26–27
MRI v., 30
technical factors limiting performance 

of, 30
utility of, staging and, 30

Trastuzumab, 230
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Carcinosarcomas; P53 tumor 
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angiogenesis, aggressive endometrial 
tumors and, 33

biology, 278
cell necrosis, 64
cervical invasion of, 38–39
characterization, preoperative, 25
diploid, 121
DNA and, 121
endometrial, 33, 113–114
ER and, 122
grade, 147–148
histology of, 277
invasion, 40
mesenchymal, 63, 97, 129

deaths and, 251
of mixed histology, 193, 209
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müllerian

low-grade, 71
mixed, 63–68, 72, 74–75, 127–128

in myometrium, 69
ovarian

estrogen secreting, 14, 145–146
treatment of, 146

ovarian sex cord, 71
p53 tumor suppression gene and, 94
PR and, 122
smooth muscle, diagnosis of malignancy 

in, 64
suppressor genes, 123–124
synchronous ovarian primary, 151–152
uterine, 71
in vaginal tissue, 40

TVUS. See Transvaginal ultrasound

U
Ultrasound, 25, 252. See also Doppler 

ultrasound; Transvaginal ultrasound
endometrial pathology detected by, 25
in postmenopausal bleeding evaluation, 

25–26
Unopposed estrogen hypothesis, 2, 8
UPSC. See Uterine papillary serous carcinoma
Uterine cancer

biology of, 267
deaths of, 251
pathology of, 51–78
prognostic factors in, 105–129
treatment of, changes in, 267

Uterine disease, diagnostic tests for, 17
Uterine papillary serous carcinoma 

(UPSC), 193
adjunct therapy for, 195, 196
aggressive intrinsic biology of, 194, 196
brachytherapy for, vaginal, 197
chemotherapy for, 198–199
clinical features of, 194
combined modality therapy for, 199–200
mutations in, 195
overall survival of, 196
pathological variables and, 195
radiation treatment failures, 197
radiotherapy for, 196–197
recurrence of, 197–198
retrospective studies on, 201
stage 1, 197
surgical staging procedure for, 195
treatment for, 196, 201

Uterine sarcomas, 97–98. See also 
Carcinosarcomas; 
Leiomyosarcoma(s)

adjuvant therapies for, 253–255
chemotherapy, 254–255
pelvic radiation, 253

advances in management of, 260
hormonal therapy for, adjuvant, 255
lymph node status and, 252
management of, 251–261

initial surgical management of, 252
mixed müllerian tumors and, 63–68, 127
recurrence of, 253
recurrent, treatment of, 256–260
RT for, 256–257
staging of, 126, 252
surgical resection and, 256
systemic therapies for, 256–257

Uterus
evaluation of, 17
malignant mesenchymal tumors of, 63
mixed müllerian tumors of, 72

V
Vaginal brachytherapy (VBT), 184, 189, 204, 

212, 1989
Vaginal stenosis, 189
Vascular endothelial growth factor (VEGF), 

230, 273
secretion of, 273

VBT. See Vaginal brachytherapy
VEGF. See Vascular endothelial growth factor
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as aggressive, 113
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gain, 219

Wnt signaling pathway
as altered, 93
role in tumor cells, 92
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