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Abstract
The role of adjuvant chemotherapy (CT) is controversial in endometrial carcinoma (EC). Surgery alone is usually curative 
for women who are at a low risk of disease recurrence. The treatment of EC following surgical staging is based on the risk of 
relapse, which is defined by the cancer stage at diagnosis, histology of the tumor and other prognostic factors such as grade 
differentiation, the presence of substantial lymphovascular invasion (LVSI), or depth of myometrial invasion (MI). External 
beam radiotherapy (EBRT) and/or vaginal brachytherapy (VBT) improved local control and are used as adjuvant treatment for 
early-stage disease. The role of adjuvant CT is controversial in early-stage EC, and there is no uniform approach to the treat-
ment of women with stage III EC or early-staged non-endometrioid EC. Available evidence did not support the indication of 
adjuvant CT in stage I–II endometroid EC. In those cases at higher risk of relapse, defined as grade 3 tumors with substantial 
(no focal) LVSI, specifically with deep MI or cervical involvement, could be considered. Adjuvant CT should be administered 
to stage III EC patients. When RT is indicated (extensive lymph node involvement or deep MI), sequential treatment with RT or 
“sandwich” regimen may be considered rather than concurrent CRT. The patients with stage IA MI or IB USC may be offered 
adjuvant CT alone or in combination with VBT, whereas in stage II uterine serous carcinoma patients adding EBRT may be 
reasonable. Management approach for patients with stage IA without MI USC who underwent a comprehensive surgery remains 
controversial, and surveillance alone or CT plus VBT is an appropriate option. Early-stage clear-cell carcinoma patients might 
not benefit for adjuvant CT, but stage III patients might benefit from the combination of CT and EBRT. Stage I–III uterine 
carcinosarcoma patients might be offered adjuvant CT followed by RT or as a “sandwich” régimen.
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Introduction

Cancer of the endometrium is the most common gynecologic 
malignancy in developed countries, with an estimated 63,230 
new cases and 11,350 deaths expected in 2018 in the United 
States [1]. Endometrial carcinoma (EC) is the most common 
type of uterine cancer. Fortunately, most women with EC have a 
favorable prognosis, since the majority of patients present with 
early-stage disease. 5-year survival rates for localized, regional, 
and metastatic disease are 96, 67, and 17%, respectively [2].

Surgery alone is usually curative for women who are at a 
low risk of disease recurrence. The treatment of EC follow-
ing surgical staging is based on the risk of relapse, which 

is defined by the cancer stage at diagnosis, histology of the 
tumor, grade differentiation, presence of lymphovascular inva-
sion (LVSI), and depth of myometrial invasion (MI). External 
beam pelvic radiotherapy (EBRT) and/or vaginal brachyther-
apy (VBT) improved local control and are used as adjuvant 
treatment for early-stage disease [3]. The role of adjuvant 
chemotherapy (CT) is controversial in early-stage EC, and 
for women with stage III EC or early-staged non-endometrioid 
EC there is no uniform treatment approach. The purpose of 
this paper is to provide a complete review of the literature on 
all aspects related to the potential role of adjuvant CT in EC.

Risk stratification of endometrial cancer

Low risk EC includes women with grade 1 or 2 endome-
trioid EC that is confined to the endometrium. That group 
represents about 70% of EC, is associated with an excellent 
prognosis, and no adjuvant treatment is required [4, 5]
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High-risk EC includes women with stage III EC, regard-
less of histology or grade, and women with non-endometri-
oid histologies, such as serous (USC), clear cell (CCC) or 
carcinosarcomas (UCS).That group includes patients with 
differential risk of relapse, with 5-year overall survival (OS) 
between 33 and 67%, mainly among the non-endometrioid 
EC, as is shown in Table 1 [6].

Intermediate risk EC includes the rest of the patients; 
women with uterine-limited cancer that invades the myo-
metrium (stage IA or IB) or cervical stromal invasion (stage 
II). That group represents a heterogeneus group of patients 
with a medium relapse rate risk of 20–25% [6], including 
patients with good prognosis (5-year probability of devel-
oping metastasis of 3%) and other patients with worse 
prognosis (5-year probability of metastasis 32%) [7]. Great 
efforts have been made to indentify that high-intermediate 
risk (HIR) patients. Large clinical trials of adjuvant EBRT, 
GOG-99 and PORTEC-1 trials, defined an high-intermediate 
risk group that have been used in clinical practice for a long 
time [8, 9]. In the first PORTEC trial, the risk criteria for 
locoregional relapse were grade 3, age older than 60 years, 
and outer 50% myometrial invasion. HIR group in GOG-
99 was defined based on the prognostic factors including 
age, tumor grade, myometrial invasion, and the presence of 
LVSI. However, accuracy of those risk stratification systems 
is not high [10]. Actually, grade 3 tumors and the presence 
of substantial LVSI, particularly in presence of deep MI, are 
considered by international guidelines as the most important 
risk factors to stratify patients into a high-intermediate risk 
[4].

Randomized trials of adjuvant 
chemotherapy in EC

Multiple studies have explored the potential benefit of adju-
vant CT in HIR or high-risk EC. However, the design, com-
pletion, and interpretation of large randomization trials of 
adjuvant therapies in EC have been problematic due to the 
inclusion of varying stages, histologies and types of treat-
ment regimes employed.

NSGO-EORTC and MaNGO-Iliade trial evaluated the 
role of a platinum-based combination CT after hysterec-
tomy for EC [11]. The administration of adjuvant CT was 

associated to a trend towards an improvement in OS (75% 
vs 82%, HR 0.68, p = 0.009) and a significant improvement 
in progression-free survival (PFS) (5-year PFS 69% versus 
78%; HR 0.63, p = 0.07). The subset of patients with USC 
or CCC did not seem to benefit from CT and there was no 
difference in treatment by stage. That trial is a joint-analysis 
trial of two different trials and some important caveats must 
be pointed out. Both trials were independently desingned 
and there were significant clinical heterogeneity between the 
trials; the study included a combination of multiple stages 
with different histological subtypes, used several regimens 
of a platinum-based CT, and the quality of the surgery per-
formed was low (with only a quarter of patients with pelvic 
lymphadenectomy).

Maggi et al. reported no differences in OS in 345 patients 
with stage IC G3, IIA-B G3 with deep MI or stage III endo-
metrioid-type EC treated with cisplatin, doxorubicin, and 
cyclophosphamide (CAP) compared to EBRT [12]. Susumu 
et al. confirmed similar results in 385 patients with stage 
IC–IIIC EC with deeper MI treated with CAP or EBRT, 
with no differences in PFS or OS [13]. However, among 
120 patients in a high-intermediate risk group defined as (1) 
stage IC in patients over 70 years old or with G3 endomet-
riod EC, or (2) stage II or positive cytology, the CAP group 
has a significantly higher PFS and a trend towards higher 
OS. Both trials have relevant limitations, such as the inclu-
sion of mainly patients with advanced disease and the use a 
CT regimen not currently used.

GOG-122 trial compared whole-abdominal irradiation 
(WAI) to the combination of cisplatin and doxorubicin in 
patients with advanced EC [14]. CT significantly improved 
PFS and OS compared with WAI, but was associated with 
worse acute toxicity. At 60 months, 50% of the CT patients 
were predicted to be alive, recurrence free compared with 
38% of WAI arm.

PORTEC-3 trial was an open-label randomized trial 
comparing concomitant EBRT with cisplatin (chemoradio-
therapy, CRT) followed by four cycles of carboplatin/pacli-
taxel CT versus EBRT [15, 16]. That trial involved more 
than 650 patients with FIGO 2009 stage I, endometrioid-
type grade 3 with deep MI or LVSI (or both), endometri-
oid-type stage II or III, or stage I to III USC or CCC. CRT 
improved 5-year OS compared to EBRT (81.4% vs 76.1%, 
HR 0.70, p = 0.0034) and 5-year PFS (76.5% vs 69.1%, HT 
0.70, p = 0.016). CRT was associated to significantly higher 
incidences of adverse events [17]. PORTEC-3 trial is char-
acterized by the broad eligibility criteria regarding to tumor 
stages and histologies. The extent of lymph node removal 
was left to the discretion of the investigator, and it was per-
formed only in nearly 60% of patients. On subset analysis, 
the PFS and OS benefit for CRT was greatest for patients 
with stage III EC and USC of all stages, but did not extend 
to stage I or II. Excellent local and regional control were 

Table 1  5-year survival rates by histology and AJCC stage [6]

Histology Stage I (%) Stage II (%) Stage III (%) Stage IV (%)

Endometri-
oid

73.9 85.7 66.9 36.8

Serous 98.4 55.8 33.3 18.3
Clear cell 88.4 67.3 47.8 17.9
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reported, and distant metastases were the first type of recur-
rence (5-year probability 29.1% in the EBRT arm vs 21.4% 
in the CRT arm). Regarding treatment delivery and CT com-
pletion, only 72% of patients completed all four cycles of 
adjuvant CT. CT was discontinued in 18% of patients; in 9% 
because of toxicity and 6% for patient decision.

GOG-249 trial was a phase 3 trial comparing EBRT ver-
sus VBT followed by three cycles of paclitaxel/carboplatin 
CT in 601 patients with stage I–II high-risk early-stage EC 
[18]. That trial included patients with the following charac-
teristics: endometrioid-type stage I with risk factors (grade 
2–3, deep MI, LVSI) according to GOG criteria, endome-
trioid-type stage II, or stage I-II USC or CCC. Pelvic lym-
phadenectomy was performed in about 90% of patients. At 
a median follow-up of 53 months, there were no differences 
in PFS (3-year PFS 83%, HR 0.919, p = 0.31) between both 
arms.

Endometrioid‑type stage I and II EC

To date, the use of adjuvant CT to treat women diagnosed 
with stage I or II EC is not supported by available evidence. 
EBRT or VCB reduces the locoregional recurrence rate 
(RR), but does not affect OS for certain stage I or II EC.

As previously mentioned, grade tumor, deep MI or sub-
stantial LVSI predict for a risk of recurrence and death. Five-
year distant metastases rate for patients with grade 3 stage 
IC endometrial carcinoma included in the PORTEC-1 trial 
were 31% (compared to 20% for grade 3 stage IB or 3–8% 
for grade 1–2 stage I patients) [7]. In a pooled analysis of 
926 patients included in PORTEC-1 and -2 trials, substan-
tial LVSI and grade 3 were independent prognostic factors 
[19]. However, in the PORTEC-1 trial there was no central 

pathology review, and interpretation of LVSI, and even more 
the classification as “substantial” is a controversial area, so 
that data are subject of debate.

PORTEC-3 trial included 365 patients with early-stage 
EC (30% stage, 27% stage II) [15]. With a median follow-
up fo 72 months, there were no differences in 5-year OS 
(83.3% versus 82.0%, p = 0.50) or RFS (81.3% versus 77.3%, 
p = 0.58) in women with stage I–II disease treated with CRT 
or EBRT alone [16]. In the GOG-249 trial, where 52.9% 
of the enrolled population had grade 1 or 2 endometrioid 
tumors, there were no differences in PFS between both arms 
[18], but pelvic or para-aortic nodal recurrences were more 
common with VBT and CT versus EBRT (9% vs 4%). Dis-
tant metastases were observed in 18% of patients in each 
arm.

With the available evidence, the benefit of CT for the 
high-intermediate risk stage I, and high-risk stage I or stage 
II EC is uncertain. Retrospective series suggest that adjuvant 
CT for high-intermediate risk patients with EC could reduce 
the risk of distant metastases, and that sequential adjuvant 
CT and EBRT might achieve an excellent local and distant 
control of disease in these settings (Table 2, [20–23]).An 
analysis of the National Cancer Database (NCDB) showed 
that addition of adjuvant CT to EBRT in high-risk early-
stage EC (defined as FIGO stage IB or II, either USC, 
CCC or grade 3 endometrioid-type EC) is associated with 
improved OS [22]. However, observational registry data 
have several limitations such as quality of histological data 
or absence of disease-specific survival, and interpretation of 
those results should be catious.

In our conclusions, available evidence did not support the 
indication of adjuvant CT in stage I–II endometroid EC, but 
its use for selected patients could be considered, mainly in 
those cases at high risk of relapse, considering the presence 

Table 2  Outcomes for grade 3 endometrioid-type stage Ib or II EC with adjuvant chemotherapy

Retrospective series
RR recurrence rate, PFS progression-free survival, OS overall survival, OM overall mortality, DRM disease-realted mortality
**Statistically significant

Study Criteria N Treatment Outcomes

Reynaers [20] Grade 3 endometrioid type
Stage Ib (MI > 50%) or II

116 Carbo/Pacl × 3 → ± EBRT
EBRT/Obs

Distant RR: 10.9% vs 26.2% **
OM: 5.5% vs 31.1%**
DRM: 5.4% vs 26.2%**

Garducci [21] Stage Ib G2–3
Stage II IM > 50% G2–3

192 CT ± RT
RT

Distant RR: 2.7% vs 18.4%**
5-year PFS: 86.0% vs 71.3%
5-year OS: 92.3% vs 75.6%

Boothe [22] Stage Ib–II
G3, non-endometrioid

11,726 CT-RT
RT

5-year OS: 83.1% vs 79.0%**
HR 0.74, CI 95% 0.65–0.84; p < 0.01

Lester-Coll [23] Stage II
Grade 1–3 endometrioid

3313 RT
CT
CT-RT

3-year OS: 92% vs 83% vs 93%; p = 0.0004**
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of grade 3 tumors with substantial (no focal) LVSI, specifi-
cally with deep MI or cervical involvement.

Endometrioid‑type stage III EC

In a 2014 meta-analysis with 620 patients with advanced 
EC, adjuvant platinum-based CT showed improvement in 
OS (HR 0.75, CI 95% 0.57–0.99) and PFS (HR 0.74, CI 95% 
0.59–0.92) in comparison to EBRT [24].

PORTEC-3 trial included 295 patients with stage III EC 
[15]. CRT was associated with an 11% absolute improve-
ment of PFS (5-year PFS 69.3% in the CRT group versus 
58.0% for the PRT group, p = 0.031). As previously men-
tioned, CRT was associated to significantly higher inci-
dences of adverse events.

GOG-258 trial was a randomized phase III trial that com-
pared cisplatin and EBRT followed by carboplatin/paclitaxel 
with 6 cycles of carboplatin/paclitaxel in 813 patients with 
optimally debulked, locally advanced EC [25]. No differ-
ences in 5-year PFS (59% in CRT arm vs 58% in CT arm, 
HR 0.90, p = 0.20) or OS were observed. Significantly, more 
vaginal and pelvic or para-aortic recurrences were reported 
in patients treated with CT alone compared with CRT (7% vs 
2%, and 20% v 11%, respectively), whereas a nonsignificant 
trend in distant metasteses was described in patients treated 
with CRT (27% vs 21%). Regarding tolerability and comple-
tition of treatments, only 75% of patients completed treat-
ment of CRT, mainly due to the high toxicity, in comparison 
with 85% of patients who completed treatment of CT.

JGOG-2043 study was a randomized phase III trial com-
paring several regimes of CT as adjuvant CT that included 
a majority of patients in locally advanced EC [26]. The trial 
compared docetaxel/cisplatin, paclitaxel/carboplatin, and 
doxorubicin/cisplatin. Five-year PFS and OS were about 

75% and 85%, respectively, without significant differences 
between the three arms of CT.

With these data, the complementarity of CT (in prevent-
ing distant failure) and EBRT (in limiting local relapses) 
is a consistent finding. The benefit of adjuvant EBRT may 
be related to those patients with higher risk of local recur-
rence, such as extensive lymph node involvement or deep 
MI, in concordance with results from GOG-258 trial (72% of 
patients included were stage IIIC). A NCDB registry study 
including 8.222 patients with stages III–IVA endometrioid-
type EC treated with adjuvant CT showed that addition of 
EBRT was associated with a modest, but significant 5-year 
OS benefit compared to adjuvant CT alone, specifically in 
stage IIIC patients (HR 0.86, p = 0.003) [27, 28].

But, what is the optimal adjuvant sequence for patients 
who benefit from combining CT and EBRT? Acceptable 
approaches include giving EBRT after completion of six 
cycles of CT, “sandwich” regimen (three cycles of CT before 
and after EBRT), or concurrent CRT. Increasing evidence 
supports the use of upfront CT when combined with EBRT. 
A NCDB cohort study was performed on 5795 endometri-
oid-type EC stage III–IVA patients who underwent hys-
terectomy and received CT and/or EBRT [29]. Women 
treated with EBRT after CT experienced longer 5-year OS 
than women whto received EBRT before CT (80.1% versus 
73.3%, p < 0.001). Another NCBD analysis, with 1826 stage 
III EC patients, suggests that a sequential approach with 
CT followed by EBRT may be more efficacious than CRT 
(5-year OS 67% versus 62%, respectively, p = 0.006) [30]. In 
the absence of definitive prospective data, the results form 
PORTEC-3, GOG-258, and JGOG-2043 in addition with 
these retrospective data, could lead to speculate that EBRT 
should be delivered after completion of CT. “Sandwich” 
sequencing of adjuvant CT and EBRT has demonstrated to 
be a safety and efficacy approach in multiple retrospective 
and prospective studies (Table 3, [31–35]). These series 

Table 3  Series of “sandwich” sequencing of adjuvant chemoradiation in locally advanced endometrial carcinoma

R retrospective, P prospective, PFS progression-free survival, OS overall survival

Study Population Desing N Treatment Outcomes

Secord [31] Stage III (77%)
Stage IV (23%)

R 109 CT → RT → CT (41%)
RT-CT (17%)
CT-RT (42%)

3 year-PFS: 69% vs 47% vs 52%; p = 0.025
3-year OS: 88% vs 54% vs 57%; p = 0.011

Lupe [32] Stage III (88%)
Stage IV (12%)
(60% non-endometrioid)

P 43 CT → RT → CT 81% completed treatment
3-year PFS: 53%
3-year OS: 68%

Geller [33] Stage III (75%)
Stage IV (25%)

P 42 Cb/Doc → RT-Cb/Doc 85% completed treatment
3-year PFS: 71%
3-year OS: 90%

Lu [34] Stage III R 51 CT → RT → CT (27%)
CT-RT (73%)

5-year PFS: 78% vs 85%; p = 079
5-year OS: 87% vs 77%; p = 0,37

Onal [35] Stage IIIC R 179 CT → RT (53.6%)
CT → RT → CT (46.4%)

5-year PFS: 54% vs 65%; p = 0.05
5-year OS: 56% vs 74%; p = 0.03
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suggest that the sandwich approach is feasible, with about 
an 80–85% of patients that complete the treatment.

In our conclusion, adjuvant CT should be administered to 
stage III EC patients, and when RT is indicated (extensive 
lymph node involvement or deep MI), sequential treatment 
with RT or “sandwich” regimen may be considered a better 
option than concurrent CRT.

Non‑endometrioid EC

An adequate surgical staging is mandatory in USC, CCC, 
and UCS due to the increased risk of nodal metastases influ-
encing the use of adjuvant treatments. Given the low inci-
dence of these histologies, any recommendation for adju-
vant CT remains a challenge. But non-endometrioid EC 
ischaracterized by their worse prognosis in comparison to 
endometrioid-type EC; the 5-year OS stratified by histologic 
type was less than 50% for USC and UCS, 65% for CCC and 
91% for endometrioid-type EC [6]. Even more, salvage rate 
is very high in endometrioid EC because most recurrences 
are vault, whereas salvage rate for non-endometrioid EC is 
low due to the high risk of distant recurrences.

Uterine serous carcinoma

The patients with a stage IA polyp- or endometrium- limited 
(without MI) USC develop up to 10% risk of vaginal cuff 
recurrences [36–38]. In a series of the Memorial Sloan Ket-
tering Center with 85 women with stage IA without MI inva-
sion USC who underwent comprehensive surgical staging, 
the 3-year PFS rate was 94.9% and the 3-year OS rate was 
98.8%, and adjuvant treatment did not impact outcomes. In 
contrast, UPSC consortium reported a relapse rate of 11% in 
54 patients with stage IA without MI USC who underwent 
comprehensive surgical staging [39].Surveillance alone as 
an appropriate approach for patients with stage IA without 
MI USC remains as a controversial issue.

The patients with stage IA with MI, stage IB or II USC 
might be treated with adjuvant CT plus VBT or PRT. That 
recommendation is based on the higher relapse rates and 
worse survival, because GOG-219 and PORTEC-3 trials 
failed to demonstrate a benefit for adjuvant CT in early-
stage USC or CCC [15, 18], although these studies were not 
adequately powered for such subset analyses. In a post-hoc, 
non-preplanified, analysis of the PORTEC-3 trial with 105 
patients with stage I to III USC, CRT significantly improved 
5-year OS and 5-year SLP in comparison to EBRT (71.4% 
vs 52.8%, p = 0.037, and 59.7% vs 47.9%, p = 0.008, respec-
tively) [16]. However, such subgroup analyses should be 
interpreted with caution for the relatively small number 
of patients included, and even more for the joint analysis 
of stage I–II and stage III patients. Data of adjuvant treat-
ment in early-stage USC from retrospective series suggest 
an improvement in outcomes for patients with stage I or II 
USC-treated CT (± EBRT) in comparison to those treated 
with EBRT or observation(Table 4, [40–44]).The UPSC 
consortium reported survival outcome of 206 patients with 
stage I–II UPSC who underwent comprehensive surgical 
staging [39]. Treatment with adjuvant platinum/taxane CT 
in stage I patients improved 5-year PFS (81.5%) compared 
to patients who received RT alone (64.1%) or observation 
(64.7%) (p = 0.027) [40]. In patients with stage II USC, 
5-year PFS was 86% in CT-treated patients versus 41% in 
those not receiving CT (p = 0.010) [45].

Results from the SEER program with 1.838 patients with 
stage I–IV USC demonstrated that adjuvant EBRT was 
associated with significant improvement in OS and PFS in 
patients who receive adjuvant CT [41]. However, in stage 
I patients, there were no difference in OS (72% vs 72%, 
p = 0.63) and (82% vs 81%, p = 0.071) between CRT and CT 
groups. Whereas, in stage II patients, CRT was associated 
with longer OS (72% vs 47%, p = 0.05) and trend towards 
longer PFS (PFS 79% vs 59%, p = 0.13) compared to CT.

In stage III USC, data from PORTEC-3 trial, support the 
recommendation of adjuvant treatment with CT and EBRT. 
A NCDB registry study, previously commented, including 

Table 4  Series of adjuvant chemotherapy in early-stage uterine serous carcinoma

RR recurrence rate, PFS progression-free survival, OS overall survival, Obs observation, CT chemotherapy, RT radiotherapy
**Statistically significant

Studies UPSC Consortim [38] Yale New-Haven [39] Mahdavi et al. [40] UPSC Consortim [41] MSKCC [42]

Stage IA–IB IA–IB I–II II IA–IB II

Arms Obs ± RT CT ± RT Obs ± RT CT ± RT Obs ± RT CT Obs ± RT CT ± RT IVRT + CT IVRT + CT

N 53 89 43 31 26 13 36 19 34 7
RR (%) 25–30 11** 47 3** 34 7** 50 10** 11.7 42.8
5-year PFS (%) 64.7 81.5** – – 65 92** 41 86** 88 71
5-year OS (%) 59.5–70.2 87.6 46 100** 69 100** – – 93 71
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5048 patients with stages III–IVA non-endometrioid-type 
EC (57.1% USC) showed that addition of EBRT was associ-
ated with a significant 5-year OS benefit compared to adju-
vant CT alone (57% vs 48%, HR 0.80, p < 0.00013) [27].

Clear cell carcinoma

CCC has better prognosis than USC. Indeed, PORTEC-3 
trial showed a frequency of recurrence similar between CCC 
and endometrioid EC [16]. CCC has been underrepresented 
in large clinical trials (62 patients—about 10%—in POR-
TEC-3, 88 patients—less than 5%—in GOG-249 trial, 22 
patients—nearly 3%—in GOG-258) [14, 18, 25]. There is 
so limited data for this population that any recommendations 
are of a low quality, and supported mainly on retrospective 
series.

Barney reported outcomes on 20 women with stage I 
CCC treated with VBT with or without platinum-based CT 
[46]. The 5-year rate of extrapelvic failure was 16%, PFS 
was 87%, and OS 83%. CT was not statistically associated 
in improved PFS or OS. The Canadian high-risk endometrial 
cancer consortium (CHREC) assessed the treatment related 
outcomes in 91 patients with stage I–IV CCC [47]. The 
CHREC demonstrated that adjuvant RT was associated with 
an improvement in OS, but there was no survival advantage 
for the use of adjuvant CT. A NCDB analysis with 4298 
stage I–IV CCC patients suggests that adjuvant CT did not 
have a meaningful effect on survival [48].

As previously in USC, data from PORTEC-3 trial, sup-
port the recommendation of adjuvant treatment with CT and 
EBRT in patients with stage III CCC. The NCDB registry 
study with stages III–IVA non-endometrioid-type EC (9.2% 
CCC) that evaluated the addition of EBRT to CT showed a 
significant 5-year OS benefit when EBRT is added to CT 
[27].

In conclusion, adjuvant CT data for CCC are extremely 
limited and no firm conclusions can be made. Considering 
the available evidence, in our opinion, adjuvant CT should 
only be considered for the highest risk patients with CCC, 
such as stage III patients.

Uterine carcinosarcoma

Adjuvant treatment for UCS remains a challenge because 
the lack of quality data to support any evidence. In clini-
cal practice, adjuvant management of UCS is similar to 
treatment algorithm used for USC. Trials in women with 
stage I and II CS have consistently reported improvement 
in RR and PFS, but not in OS. GOG-150 trial compared 
adjuvant CT (three cycles of ifosfamide–cisplatin) to RT in 
206 women with UCS (56.6% of them stage III–IV patients) 
[49]. There were a lower risk of recurrence and death among 
patients treated with CT, although the differences were not 

statistically significant. In the phase II GOG-232B trial, 65 
women with stage I or II completed resected UCS received 
three cycles of ifosfamide–cisplatin, and 7-year PFS and 
OS reported were 54% and 52%, respectively [50]. These 
limited data demonstrate that ifosfamide-based regimens 
have activity in the adjuvant setting. GOG-261 study is a 
non-inferiority phase III trial that evaluated the combina-
tion of paclitaxel/carboplatin versus paclitaxel/ifosfamide in 
chemotherapy-naive patients with stage I–IV, persistent or 
recurrent carcinosarcoma of the uterus or ovary [51]. In the 
cohort of UCS (536 patients), the median OS was 37 months 
in the paclitaxel/carboplatin arm versus 29 months in the 
paclitaxel/ifosfamide. Paclitaxel/carboplatin showed not to 
be inferior to paclitaxel/ifosfamide, but superiority could not 
be proven. The CHREC study demonstrated that adjuvant 
CT and RT were associated with an improvement in OS in 
236 stage I–IV UCS (HR 0.5, p = 0.01) [47].There are low 
quality data to support the administration of adjuvant com-
bined CRT, but, in general, retrospective studies have shown 
a favorable outcome with sequential RT after CT or “sand-
wich” regimen ([52–54], Table 5). This is in line with results 
from the NCB reported in 2017 that showed that adjuvant 
CRT was associated with a benefit in OS (HR 0.67, 95% 
IC 0.55–0.81, p > 0.01) compared with CT alone in 3538 
patients with UCS [55]. In conclusion, early-stage UCS may 
be offered adjuvant CT (with carboplatin and paclitaxel) fol-
lowed by RT or as a “sandwich” regimen.

Perspectives

The Cancer Genome Atlas Research Network (TCGA) per-
formed a characterization of EC based on array and sequenc-
ing technologies in 373 cases [56]. Exome sequence analysis 
revealed four groups of tumors. Group 1 (hypermutated), 
with EEC with somatic inactivating mutations in POLE 
exonuclease and very high mutation rates, associated with 
good prognosis (7%). Group 2 and group 3 both showing 
similar PFS rates. Group 2 included EEC with microsat-
ellite instability, frequently with MLH-1 promoter hyper-
methylation and high mutation rates (28%). Group 3 tumors 
included EEC with low copy number alterations (39%). 
Finally, group 4 (serous-like or copy-number high) showed 
low mutation rate, frequent TP53 mutations, worse prog-
nosis, and was predominantly composed of most USC, and 
also some endomtrioid-type EC (26%). Combining POLE 
mutational analysis with immunohistochemical analysis of 
p53 and mismatch repair markers (PMS-2 and MSH-6) has 
been proposed and validated as a surrogate assay that could 
replicate the TCGA classification [57, 58]. Incorporation 
of TCGA surrogate classification into pathologic diagnosis 
may be important to improve assessment of prognosis and 
clinical management of patients with EC [59, 60]. In this 
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way, the PORTEC-4a trial is a currently on-going phase III 
trial among women with EC with high-intermediate risk fea-
tures to investigate the role of an integrated clinicopathologi-
cal and molecular risk profile to determine if participants 
should receive no adjuvant therapy, VBT or EBRT based on 
a favourable, intermediate or unfavourable profile as com-
pared to standard adjuvant VBT.

Grade 3 endometrioid-type EC comprise a mixture of 
molecular subtypes of EC, rather than a homogeneous group 
[61]. Identification of POLE mutated may lead to a much 
better clinical management of these patients, which has been 
associated with excellent prognosis. Church et al. identified 
POLE mutations in 6% of women with EC from PORTEC-1 
and -2 trial series [62], and Stelloo et al. in PORTEC-3 trial 
series [63], both confirming association with grade 3 tumors 
and good prognosis. McConechy et al. confirmed that EC 
patients with POLE mutations have an improved PFS in a 
large cohort of 406 women with EC, even in the presence 
of what are considered high-risk pathologic features, such 
as grade 3 (62%), deep MI (stage IB; 37%), LVSI (49%) in 
POLE-mutated tumors [64]. The International Society of 
Gynecological Pathologis (ISGyP) Endometrial Carcinoma 
Project propose a multimodality classification system of 
high grade ECs (grade 3 tumors, but also CCC and USC) 
that separates the forur genomically-defined groups using 
POLE mutational analysis and immunohistochemistry for 
p53 and PMS-2 and MSH-6 [65].

Other relevant biomarkers that may further refine prog-
nosis, particularly in group 3 patients are CTNNB1 muta-
tional status and L1CAM expression. CTNNB1-mutated 
ECs are associated with significant lower RFS [66], and the 
expression of L1CAM has been described as a strong pre-
dictor of poor outcome in endometrioid-type EC [67]. For 
these reasons, L1CAM expression and CTNNB1 mutational 

status have been incorporated into the molecular profiles of 
PORTEC-4a trial.

The TGCA molecular classification was built upon EC 
with endometrioid-type EC and USC. Recent studies have 
applied the same classification to CCC, and observed that 
all four molecular subtypes identified in the TCGA dataset 
were represented in CCCs, being group 3 the most frequent 
[68].UCS has been recently categorized as a high-grade 
endometrial-type EC. Supervised comparisons with other 
gynecologic tumors across multiple platforms demonstrated 
that most UCS tumors share common features with grade 3 
serous ovarian, endometrioid-type EC, and USC [69, 70].

High microsatellite instability (MSI-H) status has been 
identified in nearly of 30% of patients with EC [71]. Data 
regarding prognosis for patients whose tumors demonstrate 
MSI-H (or MMR deficiency) are mixed. Some studies have 
reported better survival outcomes [72–74], whereas other 
studies have demonstrated worse survival outcomes [75, 
76]. The TGCA study demonstrated similar PFS in the 
two subgroups comprising the majority of EC: the MSI-H 
(“hypermutated”) group and the copy number low or micro-
satellite stable (MSS) [56]. Thus, the benefit of MMR or 
MSI testing is limited to the identification of patients with 
Lynch syndrome, without a clear value as prognostic factor. 
However, MMR or MSI testing may have an important value 
as predictive factor to immunotherapy. Pembrolizumab, a 
programmed cell death protein 1 (PD-1) inhibitor has a ther-
apeutic efficacy in patients with EC whose tumors are MMR 
deficient [77]. A subset study with 49 EC patients with 
MMR deficient treated with pembrolizumab after progres-
sion to standard therapy showed a 57.1% overall response 
rate and a median PFS of 25.7 months. In conjunction with 
other studies, these data resulted in approval by the US Food 
and drug Administration (FDA) in May 2017 for thte use of 

Table 5  Series of adjuvant 
chemotherapy in uterous 
carcinosarcomas

Obs observation, Ifos Ifosfamide, DSS disease-specific survival, PFS progression-free survival, OS overall 
survival, CT chemotherapy, RT radiotherapy, CRT  chemoradiotherapy

Study N Treatment Outcomes

Guttmann et al. [52] 118
Stage I 99
Stage II 19

Obs
CT
RT
CT + RT

Recurrence: HR 0.70; 95% CI 0.54–0.91, p = 0.01
OS: HR 0.74; 95% CI 0.58–0.96; p = 0.02
Significant benefit to CRT 

Dickson et al. [53] 195
Stage I 160
Stage II 35

Obs
CT
RT
CT + RT

Observation: fourfold increased risk of death
CRT vs CT
PFS: HR 0.43, 95% CI 0.19–0.95; p = 0.04
OS: HR 0.94, 95% CI 0.34–2.98, p = 0.91

Dickson et al. [53] 108 Stage III Obs
CT
RT
CT + RT

Observation: 2.5-fold increased risk of death
CRT vs CT
PFS: HR 0.58, 95% CI 0.27–1.25; p = 0.17
OS: HR 0.51, 95% CI 0.22–1.16, p = 0.1

Makker et al. [54] 25
Stage I 15
Stage II 5

CT
RT

CT vs RT
3-year PFS 35% vs 9%
HR 1.74, 95% CI 0.79–3.85; p = 0164
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pembolizumab in patients whose tumors demonstrate MMR 
deficiency of MSI-H. The role of checkpoint inhibitors in 
first-line treatment in patients with advanced EC is currently 
being evaluated as a previous step to study the potential role 
of immunotherapy in patients with early-stage disease whose 
tumors are at high risk of recurrence.

Conclusions

Available evidence did not support the indication of adjuvant 
CT in stage I–II endometroid EC. In those cases at higher 
risk of relapse, defined as grade 3 tumors with substan-
tial (no focal) LVSI, specifically with deep MI or cervical 
involvement, could be considered.

Adjuvant CT should be administered to stage III EC 
patients. When RT is indicated (extensive lymph node 
involvement or deep MI), sequential treatment with RT or 
“sandwich” regimen may be considered rather than concur-
rent CRT.

The patients with stage IA MI or IB USC may be offered 
adjuvant CT alone or in combination with VBT, whereas 
in stage II USC patients adding EBRT may be reasonable. 
Management approach for patients with stage IA without 
MI USC who underwent a comprehensive surgery remains 
controversial, and surveillance alone or CT plus VBT are 
appropriate options.

Early-stage CCC patients might not benefit for adjuvant 
CT, but stage III patients might benefit from the combination 
of CT and EBRT.

Stage I–III UCS patients might be offered adjuvant CT 
followed by RT or as a “sandwich” regimen.

Funding This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

References

 1. Siegel RL, Miller KD, Jemal A (2018) Cancer statistics, 2018. CA 
Cancer J Clin 68:7–30

 2. Lewin SN, Herzog TJ, BarrenaMedel NI, Deutsch I, Burke WM, 
Sun X et al (2010) Comparative performance of the 2009 inter-
national federation of gynecology and obstetrics’ staging system 
for uterine corpus cancer. Obstet Gynecol 116(5):1141–1149

 3. Kong A, Johson N, Kitchener HC, Lawrie TA (2012) Adju-
vant radiotherapy for stage I endometrial cancer: an updated 

Cochrane systematic review and meta-analysis. J Natl Cancer Inst 
104(21):1625–1634

 4. Colombo N, Creutzberg C, Amant F, Bosse T, González-Martín 
A, Ledermann J et al (2016) ESMO-ESGO-ESTRO consensus 
conference on endometrial cancer: diagnosis, treatment and fol-
low-up. Ann Oncol 27(1):16–41

 5. Sasada S, Yunokawa M, Takehara Y, Ishikawa M, Ikeda S, Kato T 
et al (2018) Baseline risk of recurrence in stage I–II endometrial 
carcinoma. J Gynecol Oncol. 29(1):e9

 6. Ries LAG, Young JL, Keel GE, Eisner MP, Lin YD, Horner M-J 
(2007) SEER survival monograph: cancer survival among adults: 
U.S. SEER program, 1988–2001, Patient and tumor character-
istics. National Cancer Institute, SEER Program, NIH Pub. No. 
07-6215, Bethesda, MD

 7. Creutzberg CL, van Putten WL, Wárlám-Rodenhuis CC, van den 
Bergh AC, de Winter KA, Koper PC et al (2004) Outcome of 
high-risk stage IC, grade 3, compared with stage I endometrial 
carcinoma patients: the postoperative radiation therapy in endo-
metrial carcinoma trial. J Clin Oncol 22(7):1234–1241

 8. Keys HM, Roberts JA, Brunetto VL, Zaino RJ, Spirtos NM, Bloss 
JD et al (2004) A phase III trial of surgery with or without adjunc-
tive external pelvic radiation therapy in intermediate risk endo-
metrial adenocarcinoma: a Gynecologic Oncology Group study. 
Gynecol Oncol. 92(3):744–751

 9. Creutzberg CL, van Putten WL, Koper PC, Lybeert ML, Jobsen 
JJ, Wárlám-Rodenhuis CC et al (2000) Surgery and postopera-
tive radiotherapy versus surgery alone for patients with stage-1 
endometrial carcinoma: Multicentre randomised trial—PORTEC 
Study Group, Post Operative Radiation Therapy in Endometrial 
Carcinoma. Lancet 355:1404–1411

 10. Bendifallah S, Canlorbe G, Collinet P, Arsène E, Huguet F, Cou-
tant C et al (2015) Just how accurate are the major risk stratifi-
cation systems for early-stage endometrial cancer? Br J Cancer 
112(5):793–801

 11. Hogberg T, Signorelli M, de Oliveira CF, Fossati R, Lissoni AA, 
Sorbe B et al (2010) Sequential adjuvant chemotherapy and radio-
therapy in endometrial cancer—results from two randomised stud-
ies. Eur J Cancer. 46(13):2422–2431

 12. Maggi R, Lissoni A, Spina F, Melpignano M, Zola P, Favalli G 
et al (2006) Adjuvant chemotherapy vs radiotherapy in high-risk 
endometrial carcinoma: results of a randomised trial. Br J Cancer 
95(3):266–271

 13. Susumu N, Sagae S, Udagawa Y, Niwa K, Kuramoto H, Satoh S 
et al (2008) Randomized phase III trial of pelvic radiotherapy ver-
sus cisplatin-based combined chemotherapy in patients with inter-
mediate- and high-risk endometrial cancer: a Japanese Gyneco-
logic Oncology Group study. Gynecol Oncol 108(1):226–233

 14. Randall ME, Filiaci VL, Muss H, Spirtos NM, Mannel RS, Fowler 
J et al (2006) Randomized phase III trial of whole-abdominal 
irradiation versus doxorubicin and cisplatin chemotherapy in 
advanced endometrial carcinoma: a Gynecologic Oncology Group 
Study. J Clin Oncol. 24:36–44

 15. de Boer SM, Powell ME, Mileshkin L, Katsaros D, Bessette P, 
Haie-Meder C et al (2018) Adjuvant chemoradiotherapy versus 
radiotherapy alone for women with high-risk endometrial cancer 
(PORTEC-3): final results of an international, open-label, multi-
centre, randomised, phase 3 trial. Lancet Oncol 19(3):295–309

 16. de Boer SM, Powell ME, Mileshkin L, Katsaros D, Bessette P, 
Haie-Meder C et al (2019) Adjuvant chemoradiotherapy versus 
radiotherapy alone in women with high-risk endometrial cancer 
(PORTEC-3): patterns of recurrence and post-hoc survival analy-
sis of a randomised phase 3 trial. Lancet Oncol. 20(9):1273–1285

 17. de Boer SM, Powell ME, Mileshkin L, Katsaros D, Bessette 
P, Haie-Meder C et al (2016) Toxicity and quality of life after 
adjuvant chemoradiotherapy versus radiotherapy alone for 
women with high-risk endometrial cancer (PORTEC-3): an 



485Cancer Chemotherapy and Pharmacology (2020) 85:477–486 

1 3

open-label, multicentre, randomised, phase 3 trial. Lancet Oncol 
17(8):1114–1126

 18. Randall ME, Filiaci V, McMeekin DS, von Gruenigen V, Huang 
H, Yashar CM et al (2019) Phase III trial: adjuvant pelvic radia-
tion therapy versus vaginal brachytherapy plus paclitaxel/carbo-
platin in high-intermediate and high-risk early stage endometrial 
cancer. J Clin Oncol. 37(21):1810–1818

 19. Bosse T, Peters EE, Creutzberg CL, Jürgenliemk-Schulz IM, 
Jobsen JJ, Mens JW et al (2015) Substantial lymph-vascular 
space invasion (LVSI) is a significant risk factor for recurrence 
in endometrial cancer—a pooled analysis of PORTEC 1 and 2 
trials. Eur J Cancer. 51(13):1742–1750

 20. Reynaers EA, Jutzi L, Ezendam NP, Kwon JS, Pijnenborg JM 
(2017) Improved outcome of high-grade, early 1-stage endo-
metrioid endometrial carcinoma with adjuvant chemotherapy 
and radiotherapy: comparison of 2 treatment strategies. Int J 
Gynecol Cancer 27(3):467–472

 21. Gadducci A, Cosio S, Landoni F, Maggino T, Zola P, Sostegni 
B et al (2014) Adjuvant treatment and analysis of failures in 
patients with high-risk FIGO Stage Ib–II endometrial cancer: 
an Italian multicenter retrospective study (CTF study). Gynecol 
Oncol 134(1):29–35

 22. Boothe D, Williams N, Odei B, Poppe MM, Werner TL, Suneja 
G et al (2017) The addition of adjuvant chemotherapy to radia-
tion in early-stage high-risk endometrial cancer: survival out-
comes and patterns of care. Int J Gynecol Cancer 27(5):912–922

 23. Lester-Coll NH, Young MR, Park HS, Ratner ES, Litkouhi B, 
Damast S (2017) Adjuvant therapy use and survival in stage II 
endometrial cancer. Int J Gynecol Cancer 27:1904–1911

 24. Galaal K, Al Moundhri M, Bryant A, Lopes AD, Lawrie TA 
(2014) Adjuvant chemotherapy for advanced endometrial can-
cer. Cochrane Database Syst Rev 5:CD010681

 25. Matei D, Filiaci V, Randall ME, Mutch D, Steinhoff MM, DiS-
ilvestro PA et al (2019) Adjuvant chemotherapy plus radia-
tion for locally advanced endometrial cancer. N Engl J Med. 
380(24):2317–2326

 26. Nomura H, Aoki D, Michimae H, Mizuno M, Nakai H, Arai M 
et al (2019) Effect of taxane plus platinum regimens vs doxoru-
bicin plus cisplatin as adjuvant chemotherapy for endometrial 
cancer at a high risk of progression: a randomized clinical trial. 
JAMA Oncol. 5(6):833–840

 27. Xiang M, English DP, Kidd EA (2019) Defining the survival 
benefit of adjuvant pelvic radiotherapy and chemotherapy versus 
chemotherapy alone in stages III–IVA endometrial carcinoma. 
Gynecol Oncol. 154(3):487–494

 28. Latham AH, Chen L, Hou JY, Tergas AI, Khoury-Collado F, 
St Clair CM et al (2019) Sequencing of therapy in women with 
stage III endometrial carcinoma receiving adjuvant combination 
chemotherapy and radiation. Gynecol Oncol. 155(1):13–20

 29. Goodman CR, Hatoum S, Seagle BL, Donnelly ED, Barber 
EL, Shahabi S et al (2019) Association of chemotherapy and 
radiotherapy sequence with overall survival in locoregionally 
advanced endometrial cancer. Gynecol Oncol. 153(1):41–48

 30. Modh A, Ghanem AI, Burmeister C, Hanna RK, Elshaikh MA 
(2018) What is the optimal adjuvant treatment sequence for 
node-positive endometrial cancer? Results of a National Cancer 
Database Analysis. Int J Gynecol Cancer 28(2):248–253

 31. Secord AA, Havrilesky LJ, O’Malley DM, Bae-Jump V, Flem-
ing ND, Broadwater G et al (2009) A multicenter evaluation 
of sequential multimodality therapy and clinical outcome for 
the treatment of advanced endometrial cancer. Gynecol Oncol 
114(3):442–447

 32. Lupe K, D’Souza DP, Kwon JS, Radwan JS, Harle IA, Ham-
mond JA et al (2009) Adjuvant carboplatin and paclitaxel chem-
otherapy interposed with involved field radiation for advanced 
endometrial cancer. Gynecol Oncol 114(1):94–98

 33. Geller MA, Ivy JJ, Ghebre R, Downs LS Jr, Judson PL, Carson 
LF et al (2011) A phase II trial of carboplatin and docetaxel 
followed by radiotherapy given in a "Sandwich" method for 
stage III, IV, and recurrent endometrial cancer. Gynecol Oncol 
121(1):112–117

 34. Lu SM, Chang-Halpenny C, Hwang-Graziano J (2015) Sequen-
tial versus "sandwich" sequencing of adjuvant chemoradiation for 
the treatment of stage III uterine endometrioid adenocarcinoma. 
Gynecol Oncol 137(1):28–33

 35. Onal C, Sari SY, Yildirim BA, Yavas G, Gultekin M, Guler OC 
et al (2019) A multi-institutional analysis of sequential versus 
’sandwich’ adjuvant chemotherapy and radiotherapy for stage IIIC 
endometrial carcinoma. J Gynecol Oncol. 30(3):e28

 36. Havrilesky LJ, Secord AA, Bae-Jump V, Ayeni T, Calingaert B, 
Clarke-Pearson DL et al (2007) Outcomes in surgical stage I uter-
ine papillary serous carcinoma. Gynecol Oncol 105(3):677–682

 37. van der Putten LJ, Hoskins P, Tinker A, Lim P, Aquino-Parsons 
C, Kwon JS (2014) Population-based treatment and outcomes of 
stage I uterine serous carcinoma. GynecolOncol 132(1):61–64

 38. Liang LW, Perez AR, Cangemi NA, Zhou Q, Iasonos A, Abu-Rus-
tum N et al (2016) An assessment of prognostic factors, adjuvant 
treatment, and outcomes of stage IA polyp-limited versus endo-
metrium-limited type II endometrial carcinoma. Int J Gynecol 
Cancer 26(3):497–504

 39. Fader AN, Starks D, Gehrig PA, Secord AA, Frasure HE, 
O’Malley DM et al (2009) An updated clinicopathologic study of 
early-stage uterine papillary serous carcinoma (UPSC). Gyneco-
lOncol 115(2):244–248

 40. Fader AN, Drake RD, O’Malley DM, Gibbons HE, Huh WK, 
Havrilesky LJ et al (2009) Platinum/taxane-based chemotherapy 
with or without radiation therapy favorably impacts survival 
outcomes in stage I uterine papillary serous carcinoma. Cancer 
115(10):2119–2127

 41. Kelly MG, Omalley DM, Hui P, McAlpine J, Yu H, Rutherford 
TJ et al (2005) Improved survival in surgical stage I patients with 
uterine papillary serous carcinoma (UPSC) treated with adjuvant 
platinum-based chemotherapy. Gynecol Oncol 98(3):353–359

 42. Mahdavi A, Tajalli TR, Dalmar A, Vasilev SA, Lentz SE, Ber-
man ML (2011) Role of adjuvant chemotherapy in patients with 
early stage uterine papillary serous cancer. Int J Gynecol Cancer 
21(8):1436–1440

 43. Fader AN, Nagel C, Axtell AE, Zanotti KM, Kelley JL, Moore KN 
et al (2009) Stage II uterine papillary serous carcinoma: carbo-
platin/paclitaxel chemotherapy improves recurrence and survival 
outcomes. Gynecol Oncol 112(3):558–562

 44. Kiess AP, Damast S, Makker V, Kollmeier MA, Gardner GJ, 
Aghajanian C et al (2012) Five-year outcomes of adjuvant car-
boplatin/paclitaxel chemotherapy and intravaginal radiation for 
stage I–II papillary serous endometrial cancer. Gynecol Oncol 
127(2):321–325

 45. Mahdi H, Nutter B, Abdul-Karim F, Amarnath S, Rose PG (2016) 
The impact of combined radiation and chemotherapy on outcome 
in uterine papillary serous carcinoma compared to chemotherapy 
alone. J Gynecol Oncol. 27(2):e19

 46. Barney BM, Petersen IA, Mariani A, Dowdy SC, Bakkum-Gamez 
JN, Haddock MG (2013) The role of vaginal brachytherapy in the 
treatment of surgical stage I papillary serous or clear cell endome-
trial cancer. Int J Radiat Oncol Biol Phys 85(1):109–115

 47. Bernardini MQ, Gien LT, Lau S, Altman AD, Gilks B, Ferguson 
SE et al (2016) Treatment related outcomes in high-risk endome-
trial carcinoma: Canadian high risk endometrial cancer consor-
tium (CHREC). Gynecol Oncol 141(1):148–154

 48. Nieto K, Adams W, Pham N, Block AM, Grover S, Small W Jr 
et al (2018) Adjuvant therapy in patients with clear cell endo-
metrial carcinoma: an analysis of the National Cancer Database. 
Gynecol Oncol 148(1):147–153



486 Cancer Chemotherapy and Pharmacology (2020) 85:477–486

1 3

 49. Wolfson AH, Brady MF, Rocereto T, Mannel RS, Lee YC, Futoran 
RJ et al (2007) A gynecologic oncology group randomized phase 
III trial of whole abdominal irradiation (WAI) vs cisplatin-ifosfa-
mide and mesna (CIM) as post-surgical therapy in stage I–IV car-
cinosarcoma (CS) of the uterus. Gynecol Oncol 107(2):177–185

 50. Sutton G, Kauderer J, Carson LF, Lentz SS, Whitney CW, Gal-
lion H (2005) Adjuvant ifosfamide and cisplatin in patients with 
completely resected stage I or II carcinosarcomas (mixed meso-
dermal tumors) of the uterus: a Gynecologic Oncology Group 
study. GynecolOncol 96(3):630–634

 51. Powell MA, Filiaci VL, Hensley ML, Huang HQ, Moore KN, 
Tewari KS et al (2019) A randomized phase 3 trial of paclitaxel 
(P) plus carboplatin (C) versus paclitaxel plus ifosfamide (I) in 
chemotherapy-naive patients with stage I–IV, persistent or recur-
rent carcinosarcoma of the uterus or ovary: an NRG oncology 
trial. J Clin Oncol 37(15):5500–5500

 52. Guttmann DM, Li H, Sevak P, Grover S, Jacobson G, Feldman A 
et al (2016) The impact of adjuvant therapy on survival and recur-
rence patterns in women with early-stage uterine carcinosarcoma: 
a multi-institutional study. Int J Gynecol Cancer 26(1):141–148

 53. Dickson EL, Vogel RI, Gehrig PA, Pierce S, Havrilesky L, Secord 
AA et al (2015) A multi-institutional study of outcomes in stage 
I–III uterine carcinosarcoma. Gynecol Oncol 139(2):275–282

 54. Makker V, Abu-Rustum NR, Alektiar KM, Aghajanian CA, Zhou 
Q, Iasonos A et al (2008) A retrospective assessment of outcomes 
of chemotherapy-based versus radiation-only adjuvant treatment 
for completely resected stage I–IV uterine carcinosarcoma. 
Gynecol Oncol 111(2):249–254

 55. Odei B, Boothe D, Suneja G, Werner TL, Gaffney DK (2017) 
Chemoradiation versus chemotherapy in uterine carcinosarcoma: 
patterns of care and impact on overall survival. Am J Clin Oncol 
[Epub ahead of print]

 56. Kandoth NC, Schultz N, Cherniack AD, Akbani R, Liu Y et al 
(2013) Cancer genome atlas research, integrated genomic char-
acterization of endometrial carcinoma. Nature 497:67–73

 57. Talhouk A, McConechy MK, Leung S, Li-Chang HH, Kwon 
JS, Melnyk N et al (2015) A clinically applicable molecular-
based classification for endometrial cancers. Br J Cancer 
113(2):299–310

 58. Kommoss S, McConechy MK, Kommoss F, Leung S, Bunz A, 
Magrill J et al (2018) Final validation of the ProMisE molecular 
classifier for endometrial carcinoma in a large population-based 
case series. Ann Oncol. 29(5):1180–1188

 59. Piulats JM, Guerra E, Gil-Martín M, Roman-Canal B, Gatius S, 
Sanz-Pamplona R et al (2017) Molecular approaches for classify-
ing endometrial carcinoma. Gynecol Oncol 145(1):200–207

 60. McAlpine J, Leon-Castillo A, Bosse T (2018) The rise of a novel 
classification system for endometrial carcinoma; integration of 
molecular subclasses. J Pathol 244(5):538–549

 61. Bosse T, Nout RA, McAlpine JN, McConechy MK, Britton H, 
Hussein YR et al (2018) Molecular classification of grade 3 
endometrioid endometrial cancers identifies distinct prognostic 
subgroups. Am J Surg Pathol 42(5):561–568

 62. Church DN, Stelloo E, Nout RA, Valtcheva N, Depreeuw J, ter-
Haar N et al (2014) Prognostic significance of POLE proofreading 
mutations in endometrial cancer. J Natl Cancer Inst 107(1):402

 63. Stelloo E, Nout RA, Osse EM, Jürgenliemk-Schulz IJ, Jobsen JJ, 
Lutgens LC et al (2016) Improved risk assessment by integrating 
molecular and clinicopathological factors in early-stage endo-
metrial cancer-combined analysis of the PORTEC cohorts. Clin 
Cancer Res 22(16):4215–4224

 64. McConechy MK, Talhouk A, Leung S, Chiu D, Yang W, Senz 
J et al (2016) Endometrial carcinomas with POLE exonuclease 
domain mutations have a favorable prognosis. ClinCancer Res 
22(12):2865–2873

 65. Soslow RA, Tornos C, Park KJ, Malpica A, Matias-Guiu X, Oliva 
E et al (2019) Endometrial carcinoma diagnosis: use of FIGO 
grading and genomic subcategories in clinical practice: recom-
mendations of the International Society of Gynecological Patholo-
gists. Int J Gynecol Pathol 38:S64–S74

 66. Kurnit KC, Kim GN, Fellman BM, Urbauer DL, Mills GB, Zhang 
W et al (2017) CTNNB1 (beta-catenin) mutation identifies low 
grade, early stage endometrial cancer patients at increased risk of 
recurrence. Mod Pathol. 30(7):1032–1041

 67. van der Putten LJ, Visser NC, van de Vijver K, Santacana M, 
Bronsert P, Bulten J et al (2016) L1CAM expression in endome-
trial carcinomas: an ENITEC collaboration study. Br J Cancer 
115(6):716–724

 68. DeLair DF, Burke KA, Selenica P, Lim RS, Scott SN, Middha 
S et al (2017) The genetic landscape of endometrial clear cell 
carcinomas. J Patho. 243(2):230–241

 69. Cherniack AD, Shen H, Walter V, Stewart C, Murray BA, Bowlby 
R et al (2017) Cancer genome atlas research network: integrated 
molecular characterization of uterine carcinosarcoma. Cancer Cell 
31(3):411–423

 70. Hoadley KA, Yau C, Hinoue T, Wolf DM, Lazar AJ, Drill E et al 
(2018) Cell-of-origin patterns dominate the molecular classifica-
tion of 10,000 tumors from 33 types of cancer. Cell 173(2):291–
304.e6

 71. Goodfellow PJ, Billingsley CC, Lankes HA, Ali S, Cohn DE, 
Broaddus RJ et al (2015) Combined microsatellite instability, 
MLH1 methylation analysis, and immunohistochemistry for lynch 
syndrome screening in endometrial cancers from GOG210: an 
NRG Oncology and Gynecologic Oncology Group Study. J Clin 
Oncol. 33(36):4301–4308

 72. McMeekin DS, Tritchler DL, Cohn DE, Mutch DG, Lankes 
HA, Geller MA et  al (2016) Clinicopathologic significance 
of mismatch repair defects in endometrial cancer: an NRG 
Oncology/Gynecologic Oncology Group Study. J Clin Oncol. 
34(25):3062–3068

 73. Black D, Soslow RA, Levine DA, Tornos C, Chen SC, Hum-
mer AJ et al (2006) Clinicopathologic significance of defective 
DNA mismatch repair in endometrial carcinoma. J Clin Oncol. 
24(11):1745–1753

 74. Backes FJ, Haag J, Cosgrove CM, Suarez A, Cohn DE, Goodfel-
low PJ (2019) Mismatch repair deficiency identifies patients with 
high-intermediate-risk (HIR) endometrioid endometrial cancer at 
the highest risk of recurrence: a prognostic biomarker. Cancer 
125(3):398–405

 75. Mackay HJ, Gallinger S, Tsao MS, McLachlin CM, Tu D, Keiser 
K et al (2010) Prognostic value of microsatellite instability (MSI) 
and PTEN expression in women with endometrial cancer: results 
from studies of the NCIC Clinical Trials Group (NCIC CTG). Eur 
J Cancer. 46(8):1365–1373

 76. Cosgrove CM, Cohn DE, Hampel H, Frankel WL, Jones D, McEl-
roy JP et al (2017) Epigenetic silencing of MLH1 in endometrial 
cancers is associated with larger tumor volume, increased rate 
of lymph node positivity and reduced recurrence-free survival. 
Gynecol Oncol. 146(3):588–595

 77. Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-
Acosta A, Delord JP et al. (2019) Efficacy of Pembrolizumab 
in Patients With Noncolorectal High Microsatellite Instability/
Mismatch Repair-Deficient Cancer: Results From the Phase II 
KEYNOTE-158 Study. J Clin Oncol. doi: 10.1200/JCO.19.02105 
[Epub ahead of print]

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Adjuvant chemotherapy in endometrial cancer
	Abstract
	Introduction
	Risk stratification of endometrial cancer
	Randomized trials of adjuvant chemotherapy in EC
	Endometrioid-type stage I and II EC
	Endometrioid-type stage III EC
	Non-endometrioid EC
	Uterine serous carcinoma
	Clear cell carcinoma
	Uterine carcinosarcoma

	Perspectives
	Conclusions
	References




