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A B S T R A C T   

Stage IIIC is the most common stage of locally advanced sub-stage of endometrial cancer, nevertheless, the optimal management for these patients remains 
controversial. Adjuvant chemotherapy alone more effectively suppressed distant metastases but resulted in a higher rate of pelvic failure, while adjuvant radiation 
more effectively controlled pelvic recurrences but was associated with more frequent distant metastases. Two recent randomized trials, PORTEC3 and GOG 258, each 
have attempted to integrate multimodal therapy. However, heterogeneous cohorts analyzed together, including high risk stage I, stage III and stage IV, limit our 
ability to make conclusions specific to stage IIIC disease. Here, we review clinical evidence pertaining to management and outcomes with stage IIIC uterine carcinoma 
with brief discussion on evolving approaches. The studies reviewed demonstrate for stage IIIC disease radiation improves local control but does not confer an overall 
survival benefit and chemotherapy can improve overall survival. The data seem to suggest that aside from the possibility of defining subgroups that may confer an 
overall survival benefit from combined modality therapy, the future to improving survival lies in the exploration of better therapeutic regimens that will result from 
tailored biomarker-based therapy.   

1. Background 

Endometrial cancer (EC) remains the most common gynecologic 
malignancy in the United States, with an estimated 65,620 new cases 
and 12,590 deaths in 2020 (Surveillance, 2018; American Cancer So-
ciety. Cancer Facts and Figures, 2020). Approximately 30% of EC is 
diagnosed as locally advanced tumors or with distant metastasis. Five- 
year survival with regional or distant spread is approximately 69% 
and 17%, respectively. Stage IIIC disease accounts for 8% of EC di-
agnoses, making it the most common locally advanced sub-stage (Sur-
veillance, 2018; American Cancer Society. Cancer Facts and Figures, 
2020; American Cancer Society. Cancer Facts and Figures, 2017). FIGO 
2009 staging subdivides locoregional nodal metastasis into IIIC1 (me-
tastases to the pelvic lymph nodes) and IIIC2 (metastatic to para-aortic 
lymph nodes). Despite such refinement in staging based upon prognostic 
information, the optimal management remains controversial. 

Post-operative pelvic radiotherapy (RT) proved effective in reducing 
local and regional recurrence of EC and became standard treatment. 
Nevertheless, high rates of distant metastases associated with advanced 
disease prompted the inclusion of chemotherapy (CT) in newer treat-
ment protocols that are the subject of ongoing investigation and debate. 

Several single-institution retrospective series and single-arm prospective 
experiences have consistently reported the differential patterns of 
relapse associated with CT-only vs RT-only approaches (Mundt et al., 
2001; Hicks et al., 1993; Sutton et al., 2005; Selman et al., 1998; Mundt 
et al., 2001; Faught et al., 1998; McMeekin et al., 2001). CT-alone more 
effectively suppressed distant metastases but resulted in a higher rate of 
pelvic failure, while RT more effectively controlled pelvic recurrences 
but was associated with more frequent distant metastases. Conse-
quently, the two most recent randomized trials, PORTEC3 and GOG 258, 
each have attempted to integrate multimodal therapy. However, het-
erogeneous cohorts are analyzed together including high risk stage I, 
stage III and stage IV, thus limiting our ability to make conclusions 
specific to stage IIIC disease. The optimal management for stage IIIC EC 
is controversial. In this review, we propose to review clinical evidence 
pertaining to management and outcomes with stage IIIC1 and IIIC2 
uterine carcinoma with brief discussion on evolving approaches, such as 
immunotherapy and personalized therapy (see Tables 1–3). 
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2. Radiation alone 

2.1. Retrospective studies 

Mundt et al. reviewed 30 women with IIIC EC who were treated with 
postoperative RT. RT was not randomized or standardized; patients with 
positive, negative and unknown PALN status were treated with pelvic RT 
+/- extended field. Rates of pelvic (23%) and distant (40%) recurrences 
were similar in patients treated with EBRT alone or with systemic 
therapy. Patients with vaginal recurrence had not received vaginal 
brachytherapy (VB). All PALN failures occurred in patients treated with 
pelvic-only EBRT, while no para-aortic failures occurred in IIIC2 patients 
treated with extended fields. Based on the observed failure pattern, 
EBRT was concluded as optimal therapy and VB recommended for local 
control. However, systemic CT may be necessary to improve distant 
recurrence rate which was 40% in this series (Mundt et al., 2001). 

Hicks et al. reviewed patients with endometrioid adenocarcinoma 
and histologically documented PALN metastases treated with pelvic 
EBRT (50.4 Gy) combined with either extended para-aortic fields (45 
Gy) or progestin therapy. Of the 19 patients who demonstrated PALN 
metastases, eight received EBRT and progestin and 11 received extended 
EBRT. No patients treated with progestin therapy remained disease-free 
at 5 years while 27% of patients treated with pelvic and para-aortic 
fields remained disease free at 5 years. No patients treated with EBRT 
and para-aortic radiation developed recurrent pelvic or intra-abdominal 
disease. The most common site of recurrence was the lung. The authors 
concluded that addition of effective chemotherapy for patient with 
PALN metastases will improve survival (Hicks et al., 1993). 

2.2. Prospective studies 

GOG 94 enrolled 180 patients with surgically staged III-IV, optimally 
debulked (<2cm residual disease) EC including both endometrioid 
(43%) and high-risk histologies (serous and clear cell) (57%). Roughly 
half of both endometrioid and high-risk groups were Stage IIIC1 (45% 
and 51%, respectively). Approximately 15% of patients had gross re-
sidual disease. Patients were treated with post-operative WAI (30 Gy) 
followed by field reduction and boost to the pelvic and PALNs (45–49.8 
Gy). A similar proportion of recurrences happened in patients with 
endometrioid histology (64.9%) and high-risk histology (67%). Over 
50% of these recurrences occurred outside the WAI fields. Three-year 

recurrence free survival (RFS) and OS for patients with Stage III, endo-
metrioid histology was 34.5% and 34.5%, respectively, and 40.1% and 
48.1% for those with serous or clear cell histology. No patients with 
gross disease after surgery survived. 15% of patients experienced severe 
or life-threatening GI toxicity. WAI was deemed limited as a curative 
modality. Importantly, this trial prospectively reaffirmed the high rates 
of out-of-field metastatic progression when radiation is used for node- 
positive endometrial carcinoma and the authors concluded that sys-
temic therapy was needed to improve poor survival outcomes (Sutton 
et al., 2005). 

3. Chemotherapy alone 

3.1. Retrospective studies 

Three retrospective studies evaluating CT alone for adjuvant treat-
ment of advanced EC are presented but contain heterogeneous staging 
and histologies. Nevertheless, they underscore the problem of high 
distant failure and localized pelvic recurrences seen when CT is given 
alone. 

Selman et al reviewed 31 cases of node-positive EC including 25 cases 
of stage IIIC and 6 cases of stage IV ECs to evaluate survival and 
recurrence with adjuvant CT. Histologic subtypes included 45.0% 
adenocarcinoma/adenosquamous, 19.4% papillary serous, 19.4% clear 
cell and 16.2% other. CT regimens varied but were doxorubicin or 
cisplatin-based. Five patients additionally received RT. At a median 
follow up of 53 months, 32.6% patients experienced a recurrence and 
12.9% had persistent disease. Recurrences were equally distributed 
among vagina, lung, liver, and intraabdominal sites. Of those with pelvic 
recurrence, only one patient received EBRT. Five-year OS and disease 
specific survival (DSS) for the patients with IIIC were 49% and 43% 
respectively. Despite systemic treatment, distant failures remained 
common (Selman et al., 1998). 

Mundt et al reviewed 43 high-risk stage I-IV EC patients who un-
derwent surgical staging followed by doxorubicin or cisplatin-based CT; 
no patients received adjuvant RT. 83.7% had stage lll-IV disease and 
74.4% had high-risk histologies. 23.3% of patients had stage IIIC dis-
ease. 67.4% of patients relapsed with 31% of these relapses confined to 
the pelvis. Notably, of the patients that had pelvic only recurrence, 88% 
had stage I-II disease. 55.5% of patients had an extra-pelvic recurrence. 
These results were extrapolated to support continued used of 

Table 1 
Study Design and Patient Characteristics.  

Study Year Design Treatment Age (Median & Range) Stage Histology (%) 

Endometriod Serous Clear Cell Mixed/Other 

Mundt 2001 Retrospective RT 62 (41–82) IIIC 86 7 7 0 
Hicks 1993 Prospective RT 65 (34–81) IIIC2 NR NR NR NR 

RT, HT 59 (40–79) 
GOG 94 2005 Prospective RT 63 (E) & 68.5 

(32–85) (S/C) 
III-IV 43  24 0 

Selman 1998 Retrospective CT  IIIC-IV 29 19 19 32 
Mundt 2001 Retrospective CT 65 (35–75) I-IV 35 53 5 7 
Faught 1998 Retrospective CT NR IIIC 100 0 0 0 
Aghajanian 2018 Prospective CT 62–65 (36–89) IIIC-IV, recurrent 62 21 4 13 
McMeekin 2001 Retrospective CT, RT, HT 62 (44–87) IIIC 70 30 0  
Alvarez Secord 2007 Retrospective CT, RT, CRT 66 (35–92) III-IV 38 24 3 
Klopp 2009 Retrospective CT, RT, HT NR IIIC 100 0 0 0 
Brown 2013 Retrospective NAT, RT, CT, CRT 65 (26–88) IIIC 59 41 
Milgrom 2013 Retrospective CRT 59 (33–77) III 80 15 5 0 
Binder 2017 Retrospective CT, RT, CRT (27–90) IIIC 77 19 4 0 
Boothe 2016 Retrospective CT, RT, CRT NR III 81 15 3 0 
Maggi 2006 Prospective RT, CT NR IC-III 100 0 0 0 
GOG 122 2006 Prospective RT, CT 63 III-IV 50 21 4 25 
GOG184 2008 Prospective CRT 58 (26–84) III-IV 69 13 5 13 
PORTEC 3 2018 Prospective RT, CRT (55.8–68.2) I-III 67 16 9 8 
RTOG9708 2006 Prospective CRT NR III 100 0 0 0 
GOG 258 2019 Prospective CT, CRT 60 (31–88) III-IV 70 18 3 9  
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locoregional EBRT in patients undergoing adjuvant CT (Mundt et al., 
2001). 

Faught and colleagues reviewed 20 patients with surgically staged, 
microscopic, IIIC1 endometrioid endometrial carcinoma, to understand 
patterns of recurrence and survival. No patients had para-aortic lym-
phadenectomy. Patients were treated with cisplatin, adriamycin and 
cyclophosphamide every 28 days for 9 cycles. Twenty five percent of 
patients developed a recurrence, at a median of 12 months. One had 
recurrence in the pelvis, and one had first recurrence in the brain. Re-
currences were treated with a combination of radiation and hormonal 
therapy; all who recurred died of disease. Estimated 5-year survival was 
70% (Faught et al., 1998). 

4. Comparative and multimodal therapies 

4.1. Retrospective studies 

Given inadequate disease control where radiation or chemotherapy 
were given alone multimodal therapy has been explored. 

McMeekin and colleagues performed a retrospective analysis of 47 
patients with stage IIIC EC. All had a pelvic lymph node dissection, and 
89% had a PALN dissection. Eighty-nine percent received adjuvant 
therapy including WAI (36%), pelvic RT with (19%) and without (17%) 
extended para-aortic field, CT (17%) or hormonal therapy (11%). 
Prognostic factors, however, were not well matched between treatment 
groups and overall sample size was small. Thirty-three percent of pa-
tients had recurrence after adjuvant therapy. There were 2 isolated 
pelvic, 9 distant, and 2 combined sites of recurrences. Of those with 
pelvic recurrences, three received adjuvant CT only (McMeekin et al., 
2001). This study showed high distant recurrence despite multimodal 
therapy and that EBRT may decrease local recurrence. 

Alvarez-Secord and colleagues performed a multicenter, retrospec-
tive review of 356 patients with stage III & IV, surgically-staged EC 
treated with CT alone (29%), radiation alone (48%) or combination CT 
and radiation (23%), to determine optimal adjuvant therapy. They 
found that women who were treated with CT alone were more likely to 
have both a pelvic and distant recurrence, compared with patients who 
had received RT or combined chemotherapy and radiation therapy 

Table 2 
Treatment Regimens.  

Study N RT Regimen CT Regimen HT Regimen 

Mundt 30 50.4 Gy Pelvis 
(20) 
45 Gy Para- 
aortic boost 
(10) 
25–30 Gy VB 
(10) 

Not standardized (5) Progestin not 
standardized 
(7) 

Hicks 19 50.4 Gy 
Pelvis + 45 
Gy Paraaortic 
(11) 

NA NA 

50.4 Gy 
Pelvis + HT 
(8) 

NA Progestin not 
standardized 

GOG 94 180 30 Gy WAI NA NA 
Selman 31 45 Gy Pelvis 

(4) Pelvis +
Paraaortic (1) 

Cisplatin or 
Doxorubicin 
containing regimens 

Megestrol 
acetate 4 mg 
QID after CT 
(8) 

Mundt 43 NA Cisplatin +
Doxorubicin (25) 
Other Cisplatin or 
Doxorubicin 
containing regimens 

NA 

Faught 20 NA PAC 
Cisplatin 50 mg/m2 

Adriamycin 50 mg/ 
m2 

Cyclophosphamide 
500 mg/m2 

NA 

Aghajanian 349 NA Paclitaxel 175 mg/ 
m2 +

Carboplatin AUC6+
Bevacizumab 15 mg/ 
kg or Temsirlimus 25 
mg/kg 
or ixabepilone 30 
mg/m2 

carboplalin AUC 6 
Bevacizumab 15 mg/ 
kg 

NA 

McMeekin 47 Pelvis (8) 
Pelvis +
extended field 
(9) 
WAI (17) 

Not standardized (8) Progestin not 
standardized 
(5) 

Alvarez 
Secord 

356 Gy 
Unspecified 
Pelvis ±
extended 
field ± VB 
WAI 

Regimens not 
standardized 
Majority platinum 
based 

NA 

Klopp 68 45–57 Gy 
Pelvis ±
extended field 
± 15–30 Gy 
VB 

PAC (11) 
Carboplatin (4) 

Megestrol 
acetate (3) 

Brown 116 45–54 Gy 
Pelvis ±
extended 
field ± VB 

Regimens not 
standardized 
Majority platinum +
taxane 

NA 

Milgrom 40 Cisplatin 
50.4 Gy 
Pelvis ±
extended field 

Carboplatin 
Paclitaxel 

NA 

Binder 199 51.2 Gy 
(median) 
Pelvis ± VB or 
VB alone 

Not standardized 
All regimens 
included a platinum 

NA 

Boothe 21,027 Not 
standardized 
Pelvis ± VB or 
VB alone 

Not standardized NA 

Maggi 345 NA  

Table 2 (continued ) 

Study N RT Regimen CT Regimen HT Regimen 

45–50 Gy 
Pelvis 

Cyclophosphamide 
600 mg/m2 

Doxorubicin 45 mg/ 
m2 

Cisplatin 75 mg/m2 

GOG 122 388 30 Gy WAI +
15 Gy Boost 
Pelvis 

Doxorubicin 60 mg/ 
m2 

Cisplatin 50 mg/m2 

NA 

GOG184 552 50.4 Gy 
Pelvis ± VB ±
extended field 

Doxorubicin 45 mg/ 
m2 

Cisplatin 50 mg/m2 

± Paclitaxel 160 mg/ 
m2 

NA 

PORTEC 3 660 48.6 Gy 
Pelvis ± VB 
14 Gy 
± Cisplatin 
50 mg/m2 

Paclitaxel 175 mg/ 
m2 

Carboplatin AUC5 

NA 

RTOG9708 27 Cisplatin 50 
mg/m2 

45 Gy Pelvis 
+ VB 

Cisplatin 50 mg/m2 

Paclitaxel 175 mg/ 
m2 

NA 

GOG258 736 Cisplatin 50 
mg/m2 days 1 
& 29 
45 Gy Pelvis 
+/- VB +/- 
extended field 

Paclitaxel 175 mg/ 
m2 

Carboplatin AUC5 
− 6 

NA  

A.L. Buras et al.                                                                                                                                                                                                                                 



Gynecologic Oncology Reports 36 (2021) 100754

4

(CRT). The odds ratio of death for CT alone and RT alone were 2.33 (CI 
1.12–4.86) and 2.64 (CI 1.38–5.07) respectively compared with multi-
modal therapy (HR 1.0) (Alvarez Secord et al., 2007). 

Klopp et al reviewed 71 patients with stage IIIC endometrioid 
adenocarcinoma treated with systemic therapy alone (+/- brachyther-
apy) (n = 18) or combined with pelvic radiotherapy (n = 50). Five and 
ten-year DSS and OS was significantly worse for patients who received 
systemic therapy only, however a minority of these were treated with 
hormonal therapy only which may have negatively skewed these results. 
The most common site of relapse was distant for those who received 
pelvic RT and pelvic for those who did not. 5-year pelvic relapse free 
survival was 98% vs. 61% in those who did and did not receive RT, 
respectively. Tumor grade was a strong predictor of metastases with 
distant metastasis the primary mode of failure in grade 3 tumors. Pa-
tients with high grade disease may be most likely to benefit from com-
bined modality treatment (Klopp et al., 2009). 

Brown and colleagues conducted a retrospective review of 116 pa-
tients with stage IIIC EC treated with surgery alone 22.4%, RT37.1%, CT 
6.9% and CRT 33.6%; 5-year OS was 40%, 58%, 50% and 54% respec-
tively. Proportion hazard modeling, adjusting for tumor characteristics, 
demonstrated a HR 0.44 (95% CI 0.20–0.96) for patients treated with RT 
compared to those not treated with RT. After adjustment, histology and 
chemotherapy were not significant survival indicators. Notably, patients 
treated with RT alone were younger (mean age at diagnosis = 62 vs 71 
years) and had a lower percentage of grade 3 tumors (45.6% vs 742%). 
The small number of patients treated with chemotherapy alone and the 
relatively large portion of patients treated with surgery only limit our 
ability to draw specific conclusions (Brown et al., 2013). 

Milgrom et al, reported outcomes of 40 patients with stage III EC, 
82% stage IIIC disease, 32% high-grade histology, treated with EBRT 
and radiation-sensitizing cisplatin, followed by 4 cycles of carboplatin/ 
paclitaxel. Extended field RT (EFRT) was used in patients with histologic 
or radiographic PALN involvement. Twenty percent of patients relapsed 
including the following sites: 10% PALN, 10% distant sites, 5% perito-
neal, 5% vagina or pelvis. Of the four patients with PALN recurrence, 

three had PALN involvement at diagnosis and were treated with EFRT; 
one had PLN disease at diagnosis, PALN dissection was not completed 
and received only conventional RT. 5-year OS and DFS were 85% and 
79%, respectively. In patients treated with CT and RT, pelvic recurrence 
risk was low, though PALN recurrence risk remained despite selective 
use of extended field radiation and CT. The authors concluded that CT 
with RT is associated with good pelvic control (Milgrom et al., 2013). 

Binder et al reviewed cases of IIIC EC to evaluate the survival benefit 
of treatments based on tumor grade. Of the 199 patients, 50.3% received 
CRT, 23.1% received CT alone, 16.1% received RT alone and 10.5% 
received no adjuvant treatment. Those with grade 1–2 tumors were 
more likely to be younger, have fewer positive lymph nodes and were 
more likely to receive adjuvant RT. Those with grade 3 endometrioid or 
serous histology were more likely to receive CT or CRT. OS was found to 
be superior with CRT compared with no adjuvant treatment, CT alone, 
and RT alone; HR for death for RT alone was 2.56 (CI 1.27–5.16) and CT 
alone was 2.24 (CI 1.30–3.87). CRT was not found to be superior to RT 
alone for grade 1–2 disease. CRT was found to be superior to RT alone, 
but not CT alone, in grade 3 subset. Based on the OS benefit, patients 
able to tolerate multimodality adjuvant treatment should be offered 
CRT; however, based on grade subset analysis, RT or CT alone may be 
non-inferior in respective groups (Binder et al., 2017). 

A large national registry was used to determine OS of adjuvant CRT 
(receiving CT and RT either sequentially or concurrently) versus adju-
vant monotherapy (CT alone or RT alone). Patients were excluded if they 
did not receive or complete adjuvant therapy, did not undergo surgery, 
received radiation to sites other than the pelvis, or expired < 3 months 
following surgery. A total of 21,027 patients (54.4% with monotherapy 
and 45.6% with CRT) were included. The use of CT increased 
throughout the study period while the use of RT monotherapy 
decreased. Median OS for CRT was 10.3 years compared with 6.2 years 
for monotherapy (multivariate HR for death = 0.61 (CI = 0.53–0.70). A 
propensity-matched analysis of 2,295 patients was performed and Cox 
proportional hazard models showed decreased risk of death for patients 
that received adjuvant chemotherapy and radiation in a matched cohort 

Table 3 
Outcome Data By Study.     

Recurrence Rate Overall Survival (%) Disease Free Survival (%) Disease-Specific Survival (%) 

Study N  Pelvic Extrapelvic 3-year 5-year 3-year 5-year 5-year 

Mundt 30  23 40    34 56 
Hicks 19 RT 9 27    27  

RT + HT 0 100    0  
GOG 94 180 Endometrioid 16 46 35  35   

Serous/CC 15 51 48  40   
Selman 31  29 42  40   52 
Mundt 43  40 56 26     
Faught 20  20 5  70    
McMeekin 47  10 23 77 65    
Alvarez Secord 356 CT 13 41 33  19   

RT 4 30 70  59   
CRT 6 23 79  62   

Klopp 68 RT 12 32  73   78 
CT/HT 44 22  40   39 

Brown 116 NAT    40    
RT    58    
CT    50    
CRT    54    

Milgrom 40  6 25  85  79  
Binder 199       36  
Maggi 345 RT   78 69 69 63  

CT   76 66 68 63  
GOG 122 388 WAI    42  38  

CT    53  42  
GOG184 552  10 30   62–64   
PORTEC 3 295 RT 1 29  76  69  

CRT 1 21  81  77  
RTOG9708 27  2 21  77+ 72+

GOG258 736 CRT 2* 27    59  
CT 7* 21    58   
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compared to those treated with adjuvant monotherapy (HR 0.61, 95%CI 
0.53–0.69). Survival and multivariate analysis confirmed a significant 
survival benefit for CRT versus CT alone (Boothe et al., 2016). 

Together, retrospective studies showed better local control suggested 
a possible survival benefit with multimodal therapy, however, may be 
histotype/grade and substage classification dependent. 

4.2. Prospective studies 

A phase II study of 46 patients with high grade stage IB-IIIC endo-
metrioid endometrial carcinoma were treated with 45 Gy to the pelvis 
with cisplatin 50 mg/m2 on days 1 and 28, followed by vaginal 
brachytherapy 18–20 Gy. Patients then received four cycles of cisplatin 
50 mg/m2 and paclitaxel 175 mg/m2 every 28 days. A subset of patients 
with stage III disease made up 61.4% (27/44) of the study population as 
well as the majority of recurrences. Pelvic and regional recurrence rates 
were each 2% (1/44), whereas distant recurrence rate was 18% (8/44). 
Overall, CRT provided excellent local control (Greven et al., 2006). 

Maggi et al sought to directly compare RT to CT in patients with high- 
risk endometrial carcinoma (stage ICG3, IIG3 with > 50% myometrial 
invasion, and III). CT regimen was cyclophosphamide 600 mg/m2, 
adriamycin 45 mg/m2 and cisplatin 50 mg/m2 q28 days for five cycles. 
RT consisted of 45–50 Gy. Patients with lymph node involvement were 
treated with extended field RT. About two-thirds of patients in each arm 
had stage III disease. There was no significant difference between RFS or 
OS in patients treated with RT or CT. Sixty of 166 patients (36%) ran-
domized to RT recurred; 35 (21%) distant, 11 (7%) local, 9 (5%) con-
current local and distant. Among those randomized to CT, recurrences 
included 27 (16%) distant, 19 (11%) local, 8 (5%) concurrent local and 
distant. It was notable that local recurrences occurred in twice as many 
patients who received only CT, whereas distant recurrences were pre-
dominant in patients treated with only RT (Maggi et al., 2006). 

In GOG-122, 388 patients with stage III or IV EC were randomized to 
radiation (WAI,30 Gy in 20 fractions with pelvic boost to 45 Gy)or CT 
(doxorubicin 60 mg/m2 and cisplatin 50 mg/m2 q21 days for seven 
cycles followed by one cycle of cisplatin alone). Of 202 radiated pa-
tients, 54% had tumor recurrence limited to the pelvis (13%), abdomen 
(16%), and distant sites (22%), with the remainder unknown. In patients 
randomized to CT arm, 50% had tumor recurrence; sites of recurrence 
included pelvis (18%), abdomen (14%) and liver or distant (18%). 
Subgroup analysis of stage IIIC disease demonstrated a HR for death of 
0.75 for CT compared with WAI (Randall et al., 1995). While this 
demonstrated survival benefit of CT alone versus radiation alone, the 
benefit of CRT remained unknown. 

GOG-184 was a randomized phase III trial, planned to compare RFS 
in patients with stage III and IV EC after surgical debulking and volume 
directed radiation (50.4 Gy to pelvis, para-aortic lymph nodes treated to 
43.5 Gy, optional intravaginal boost of 7 Gy HDR), treated with six 
cycles of cisplatin 50 mg/m2 and doxorubicin 45 mg/m2, with or 
without paclitaxel 160 mg/m2. 486 of 552 (88%) of evaluable patients 
had stage III disease. Distant recurrence was diagnosed in 30% of pa-
tients and local–regional recurrence in 10% of patients, but no decreased 
risk of recurrence or death with the addition of paclitaxel. It demon-
strated feasibility of CRT but did not define optimal therapy in stage III 
disease (Homesley et al., 2009). 

PORTEC3 compared adjuvant CRT versus pelvic RT alone in “high- 
risk EC.” This broad group (N = 660) included stage I, grade 3 
endometrioid-type with deep myometrial invasion or lymphovascular 
space invasion (LVSI) or both, endometrioid-type stage II or III, or stage I 
to III with serous or clear cell histology. Patients were assigned to RT 
alone, 48.6 Gy, or RT plus two cycles of cisplatin 50 mg/m2 during RT 
followed by four cycles of carboplatin AUC 5 and paclitaxel 175 mg/m2. 
Isolated pelvic and vaginal recurrences were uncommon (1.2%). Distant 
recurrences occurred in 22% of patients with CRT and 29% of the RT 
group. With median follow up of 72 months, improved OS was observed 
([HR] 0⋅70 [95% CI 0⋅51-0⋅97], p = 0⋅034) for CRT vs RT alone. RFS 

survival favored multimodality (HR ~ 0.7). In the subgroup of stage III 
(N = 295) and at a median FU of 72 months, the RFS and OS for stage III 
cancers was significant for CRT compared with RT with a HR 0.61 (CI 
0.42–0.89) and HR 0.63 (CI 0.41–0.99), respectively (de Boer et al., 
2018). This trial suggests that the addition of CT to RT improves failure 
rates and long-term survival outcomes for stage III ECs, as well as “high- 
risk” patients. 

Subsequently, a comparison of CT and CRT on RFS was done in a 
phase III study (GOG-258). Patients (N = 736) were randomized to CT 
only (six cycles carboplatin AUC 6 and paclitaxel 175 mg/m2), or CRT 
(Cisplatin 50 mg/m2 days 1 and 29 with volume-directed EBRT 45 Gy 
with or without para-aortic boost and/or VB followed by four cycles of 
carboplatin AUC 5–6 and paclitaxel 175 mg/m2). No significant differ-
ence was seen in five-year RFS (59% in the CRT group and 58% in the CT 
group; HR 0.9 (CI 0.74–1.10)). Analysis by surgical stage did not identify 
a subgroup that may benefit from addition of RT. Cumulative incidence 
of pelvic or para-aortic node recurrence was lower with CRT (11%) 
when compared with CT only (20%); HR 0.43 (CI 0.28–0.66). The cu-
mulative incidence of distant recurrence was not significantly different 
between groups (27%vs 21%). CRT did not provide better RFS over CT 
alone for patients with stage III or IVA EC (Matei et al., 2019). 

5. Biomarkers and targeted therapy 

5.1. Biological markers 

Recent publications are defining molecular and genomic subgroups. 
Approaches using molecular signatures, such as gene expression 
profiling, are being examined to help predict patients at risk of metas-
tases and may someday be a surrogate or adjunct to staging (Kang et al., 
2018). Of course, we obviously still need clarity on the optimal adjuvant 
treatment. Ongoing work exploring molecular signatures to predict 
response to adjuvant therapy may someday provide further refinement 
to treatment algorithms (Mohammadi et al., 2020). And finally, mo-
lecular and biomarker features may define groups to target with novel 
therapies. For example, PORTEC-4a, is basing adjuvant therapy de-
terminations almost solely on genomic categorizations and diminishing 
the reliance on traditional clinicopathologic features that have histori-
cally guided therapeutic selection in early stage ECs (Wortman et al., 
2018). 

5.2. Molecular typing 

Two similar molecular characterization classifications have been 
published. The Cancer Genome Atlas (TCGA) Research Network per-
formed an integrated genomic, transcriptomic and proteomic charac-
terization of 373 ECs. Four distinct clusters were identified. 1) POLE 
ultra-mutated, 2) Copy number low-microsatellite stable 3) Microsat-
ellite instability hypermutated, and 4) Copy number high, including 
high-grade cancers with frequent TP53 mutations. Similarly, the 
ProMisE molecular classification system has been validated with cor-
relation of survival patterns and subtypes. The four categories, similar to 
above TCGA classification in order of best to worst prognosis include 1) 
POLE, 2) p53 wild type, 3) Mismatch Repair deficient (MMRd), and 4) 
p53 abnormal (p53abn) (Kommoss et al., 2018). This molecular classi-
fication has been shown to correlate with clinicopathologic factors, is 
reproducible and associated with clinical outcomes (Murali et al., 2018). 
p53abn cancers are associated with older patients, lower BMI, serous 
histology, high stage and grade, myometrial invasion, lymph node me-
tastases and LVSI. MMRd ECs have the second worst survival and are 
associated with myometrial invasion and LVSI. Additionally, abnormal 
DNA ploidy has been associated with prognostic features and outcomes. 
Specifically, within the MMRd subset, abnormal DNA content was 
associated with worse OS & PFS (Proctor et al., 2017). 

Given this evidence that molecular classification has prognostic 
value in high-risk EC, tissue samples from PORTEC3 were used to 
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evaluate the prognosis and impact of chemotherapy for each molecular 
subtype. Of the 410 EC available for classification 22.7% were p53abn, 
12.4% were POLEmut, 33.4% were MMRd and 31.5% were no specific 
molecular profile. When evaluated by treatment type, p53abn EC had a 
significant benefit from CRT with an absolute difference of 22.4%. 
Exploratory subgroup analysis did not show benefit in stage III disease. 
Patients with POLEmut EC had 5-year PFS and OS of 100% with CRT and 
96.6% with RT, though this difference was not statistically significant. 
Neither CRT or RT showed a statistically significant benefit in MMRd or 
no-specific molecular profile EC including in subgroup analysis by stage. 
Though there was not a benefit identified from the addition of CT to RT, 
this study was not powered to detect differences between molecular 
subtypes, subgroup analysis was small and testing for interaction be-
tween stage and adjuvant treatment was not significant. Further inves-
tigation with molecular classification should be continued to optimize 
adjuvant therapy (León-Castillo et al., 2020). 

Soumerai et al published prospective molecular characterization of 
EC resulting in two-thirds of patients having at least one likely action-
able alteration for which therapy was FDA approved or under clinical 
investigation and nearly one-third of patients were able to be enrolled in 
matched trials. Of enrolled patients, nearly half had clinical benefit 
(SoumeraiSoumerai et al., 2018). Molecular subtyping has been partic-
ularly fruitful for MMRd and POLE-mutant EC as these classifications 
have led to successful treatment with immune checkpoint inhibitors 
(ICIs) (Mehnert et al., 2016). Results of response of mismatch-repair 
deficient cancers to PD-1 blockade resulted in FDA approval of PD-1 
inhibitors for MMRd solid tumors. (Proctor et al., 2017; Le et al., 2015). 

5.3. Immune checkpoint inhibitors (ICIs) 

Among gynecologic cancers, EC shows the highest expression of PD-1 
(75%) and PD-L1 (25–100%) (Herzog et al., 2015). This suggests an 
important role of PD-1 and PD-L1 pathway and suggests potential 
therapeutic targets. POLE-mutant and MSI-H tumors are characterized 
by high numbers of tumor infiltrating lymphocytes and a high density of 
PD-1 and PD-L1, suggesting these are good candidates for immune 
checkpoint inhibitors (ICI) (Eggink et al., 2017). Data on clinical ap-
plications of ICI is limited. Le and colleagues published results of a phase 
II trial including a cohort of MMR-deficient cancers other than colo-
rectal, including two EC patients, all treated with an anti-PD-1 agent and 
immune-related ORR and PFS were 71% and 67% respectively (Le et al., 
2015). The KEYNOTE-028 trial, a phase 1b study, included 24 patients 
with advanced EC. Patients were treated with pembrolizumab 10 mg/kg 
every 2 weeks for 24 months or progression. Overall response rate (ORR) 
was 13%, including three patients with partial response and three with 
stable disease. PFS was 19% and OS 68.8% (Ott et al., 2017). Santin and 
colleagues reported two cases of recurrent EC refractory to surgery, 
chemotherapy and radiation with response to an anti-PD-1. Patients 
achieved a persistent partial response at seven and nine months from 
initiation of immunotherapy (Santin et al., 2016). Notably, the combi-
nation of lenvatinib (an oral multikinase inhibitor) and pembrolizumab 
was demonstrated to have an ORR of 38% in patients with advanced 
recurrent EC, regardless of PD-L1 status, leading to FDA approval of this 
combination (Makker et al., 2020). Additional studies with ICI are 
ongoing and may represent alternative or complimentary adjuvant 
therapy for advanced EC. 

5.4. Other molecular targets 

Dysregulation of Her2/neu has been identified in uterine serous 
carcinoma (USC). Fader et al conducted a phase II trial including 58 
patients to quantify the benefit of the addition of trastuzumab to 
carboplatin-paclitaxel in women with stage III or IV or recurrent Her2/ 
neu-positive UPS EC. In patients with stage III & IV disease undergoing 
primary treatment PFS was 17.9 months with the addition of trastuzu-
mab versus 8.0 months in the control arm (p = 0.13, HR, 0.40; 90% CI 

0.20–0.80), demonstrating a significant benefit in the upfront setting 
(Fader et al., 2018). 

EC may have elevated or aberrant expression of a variety of other 
possible molecular targets including TSC2, CDK4, FRα, Her2/neu, as 
well as upregulation of the Ras/Raf/MAPK and PI3K/AKT/mTOR 
pathways. Studies targeting these proteins and pathways have demon-
strated mixed response and are currently ongoing (Myers et al., 2016; 
Makker et al., 2017). 

6. Discussion 

In patients with stage IIIC EC, radiation therapy alone improves local 
control, but rates of distant failures remain frequent underscoring the 
need for effective adjuvant therapy. When considering survival rather 
than local control, the benefit of chemotherapy for patients with IIIC EC 
is evident from available trials; however, pelvic recurrences occurred 
with high frequency when patients received chemotherapy alone. 

A generalization from these studies and stage III disease is that (1) 
radiation improves local control and (2) chemotherapy can improve 
overall survival. Several valid and unanswered questions remain. First, 
what is the role of local control in the absence of overall survival? 
Palliation and the prevention of morbidity associated with recurrence 
certainly is a valid concern; however, what is the comparative outcome 
of reserving palliative local treatment with recurrence versus prophy-
lactic therapy? Second, have the trials to date been so heterogeneous in 
terms of staging, substaging, histology, and other factors that they lack 
the ability to apply the findings to the variety of patients seen within 
these broad groups? In other words, is there enough representation of 
substages to understand what to do with fully or incompletely staged 
FIGO III disease when the findings include only regional node positive 
status versus other stage III criteria? 

CT alone appears to provide a survival benefit, as in GOG-122, but 
suboptimal local control. Retrospective data appear to show both 
improved local control and survival benefit with the addition of RT to 
CT. A retrospective study from Klopp, et al was the only retrospective 
study to demonstrate improved DSS and OS in patients who received 
multimodal therapy. However, a minority of patients in the systemic 
therapy only cohort had been treated with hormonal therapy, no CT, 
which may have negatively skewed these results. A multivariate analysis 
of a large national registry demonstrated an OS of adjuvant CRT versus 
adjuvant monotherapy in patients with IIIC EC, but biases may still exist. 

Retrospective and prospective studies have demonstrated that 
multimodal adjuvant therapy is well tolerated and provides good loco- 
regional control and benefit to overall survival. Milgrom et al demon-
strated 5-year OS and DFS were 85% and 79% respectively in patients 
with IIIC EC treated with EBRT and sensitizing cisplatin and CT. How-
ever, there was no comparison to patients treated with chemotherapy 
alone. PORTEC3 demonstrated improved PFS and OS in patients treated 
with CRT compared with RT. RTOG 9708 demonstrated similar results 
when patients were treated with RT and sensitizing cisplatin followed by 
CT, however, there was no comparison to CT alone. GOG-258 was 
designed to address CRT to CT by direct comparison. No significant 
difference was seen in five-year RFS between groups. OS data are not 
mature. 

Molecular subtyping for EC is increasing in frequency and applica-
bility. Subtyping is not only prognostic but is now being used for ther-
apeutic planning. MMRd and POLE-mutant EC have been successfully 
treated with ICI. EC with somatic TSC2 mutations have been associated 
with objective response to mTOR inhibition. Analysis by molecular 
subtype demonstrated p53abn EC benefiting from CRT, however this 
benefit was not seen in other molecular subtypes. Stage specific sub- 
group analysis did not show a significant difference between treat-
ment regimens. Currently, molecular subtype for all patients in the 
clinical setting is not yet widespread, thus, limiting the applicability of 
treatment planning based on molecular subtype. As we further charac-
terize actionable mutations there will be an increasing number of 
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targeted therapies available for treatment. Additionally, as molecular 
typing in the clinical setting becomes more widespread and further 
clinical trials are designed to include molecular subtypes, treatment 
recommendations based on this classification can be optimized. 

Studies continue to demonstrate that in patients with stage IIIC EC, 
distant recurrences are frequent and ways to prevent these relapses are 
at the forefront of design of future clinical trials. The addition of CT has 
improved OS in patients with advanced EC. The continued use of pelvic 
RT has been shown to decrease risk of pelvic recurrence in most studies; 
however, this has not translated to improved survival and its use re-
mains debated. While some earlier studies showed trends toward 
improved survival with multimodal adjuvant therapy, this was not 
borne out in a large randomized trial designed to evaluate the benefit of 
adding RT to CT. 

The data seem to suggest that aside from the possibility of defining 
subgroups that may confer an OS from combined modality therapy, the 
future to improving survival lies in the exploration of better therapeutic 
regimens that will result from tailored biomarker-based therapy. This 
does not mean that the role of radiation, particularly in node positive 
stage III disease should not be further investigated. However, it should 
be noted that even this type of clinical investigation will be challenging 
as the type of surgical staging (i.e. full lymphadenectomy versus sentinel 
mapping) and the adjuncts of molecular profiles are applied. Further-
more, defining the individualized risk of distant and/or localized re-
currences via better staging classification may not lead to better 
outcomes for most if the therapeutic options are not expanded. Further 
improvement in systemic therapy may be needed before an OS benefit 
could be appreciated from pelvic RT for node-positive EC. Another 
possibility is that variation of intrinsic radiosensitivity of disease limits 
the locoregional impact from radiotherapy in certain patients, whereas 
some may extract significant benefit. Perhaps this is where a novel 
application of a radiation sensitivity classifier may improve patient se-
lection and outcomes. Further advances should result from personalized 
application of available therapies guided by predictive biomarkers. 

In the meantime, we must treat patients who come to us with current, 
evidence-based practice. The authors feel that data support the use of 
systemic chemotherapy for stage IIIC EC, regardless of histology with 
consideration of the addition of trastuzumab for Her2/neu-positive USC. 
The use of radiation needs to be tailored to the patient. In terms of staged 
pelvic nodal disease positive patients, we support the recommendation 
of nodal directed radiation with or without vaginal brachytherapy. We 
generally include a vaginal brachytherapy boost for patients getting 
external beam RT in stage IIIC disease as well as those with cervical 
disease. It is important to be clear about the goals, limitations in our 
knowledge, the toxicities, and the alternative sequential strategies with 
each patient. The fact that we remain uncertain of the best treatment for 
Stage IIIC patients is a strong argument for future clinical trials. 
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Staebler, A., Lax, S., Brucker, S.Y., Huntsman, D.G., Gilks, C.B., McAlpine, J.N., 
Talhouk, A., 2018 May 1. Final validation of the ProMisE molecular classifier for 

A.L. Buras et al.                                                                                                                                                                                                                                 

https://doi.org/10.1016/j.ygyno.2007.06.014
https://doi.org/10.1016/j.ygyno.2007.06.014
https://doi.org/10.1016/j.ygyno.2017.08.031
https://doi.org/10.1016/j.ygyno.2017.08.031
https://doi.org/10.1097/IGC.0b013e3182915c3e
https://doi.org/10.1097/IGC.0b013e3182915c3e
https://doi.org/10.1200/JCO.2017.76.5966
https://doi.org/10.1200/JCO.2017.76.5966
https://doi.org/10.1046/j.1525-1438.1998.09778.x
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0055
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0055
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0055
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0055
https://doi.org/10.1016/j.ygyno.2015.01.514
https://doi.org/10.1016/0360-3016(93)90276-2
https://doi.org/10.1097/IGC.0000000000001152. PMID: 29194195; PMCID: PMC5780243
https://doi.org/10.1097/IGC.0000000000001152. PMID: 29194195; PMCID: PMC5780243
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0080
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0080
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0080


Gynecologic Oncology Reports 36 (2021) 100754

8

endometrial carcinoma in a large population-based case series. Ann. Oncol. 29 (5), 
1180–1188. https://doi.org/10.1093/annonc/mdy058. PMID: 29432521.  

Le, D.T., Uram, J.N., Wang, H., Bartlett, B.R., Kemberling, H., Eyring, A.D., Skora, A.D., 
Luber, B.S., Azad, N.S., Laheru, D., Biedrzycki, B., Donehower, R.C., Zaheer, A., 
Fisher, G.A., Crocenzi, T.S., Lee, J.J., Duffy, S.M., Goldberg, R.M., de la Chapelle, A., 
Koshiji, M., Bhaijee, F., Huebner, T., Hruban, R.H., Wood, L.D., Cuka, N., Pardoll, D. 
M., Papadopoulos, N., Kinzler, K.W., Zhou, S., Cornish, T.C., Taube, J.M., Anders, R. 
A., Eshleman, J.R., Vogelstein, B., Diaz, L.A. Jr., 2015. PD-1 Blockade in Tumors 
with Mismatch-Repair Deficiency. N. Engl. J. Med. 372, 26, 2509–2520. http://doi. 
org/10.1056/NEJMoa1500596. Epub 2015 May 30. PMID: 26028255; PMCID: 
PMC4481136. 

Le, D.T., Uram, J.N., Wang, H., Br, Bartlett, Kemberling, H., Erying, A.D., Skora, A.L., 
Luber, B.S., Azad, N.S., Laheru, D., Biedrzycki, B., Donehower, R.C., Zaheer, A., 
et al., 2015. PD-1 Blockade in Tumors with Mismatch-Repair Deficiency. N. Engl. J. 
Med. 373 (20), 1979. https://doi.org/10.1056/NEJMc1510353. 

León-Castillo, A., de Boer, S.M., Powell, M.E., Mileshkin, L.R., Mackay, H.J., Leary, A., 
Nijman, H.W., Singh, N., Pollock, P.M., Bessette, P., Fyles, A., Haie-Meder, C., Smit, 
V.T.H.B.M., Edmondson, R.J., Putter, H., Kitchener, H.C., Crosbie, E.J., de Bruyn, M., 
Nout, R.A., Horeweg, N., Creutzberg, C.L., Bosse, T., TransPORTEC consortium, 
2020. Molecular Classification of the PORTEC-3 Trial for High-Risk Endometrial 
Cancer: Impact on Prognosis and Benefit From Adjuvant Therapy. J. Clin. Oncol. 38, 
29, 3388–3397. http://doi.org/10.1200/JCO.20.00549. Epub 2020 Aug 4. PMID: 
32749941; PMCID: PMC7527156. 

Maggi, R., Lissoni, A., Spina, F., Melpignano, M., Zola, P., Favalli, G., Colombo, A., 
Fossati, R., 2006. Adjuvant chemotherapy vs radiotherapy in high-risk endometrial 
carcinoma: results of a randomised trial. Br. J. Cancer. 95, 3, 266–271. http://doi. 
org/10.1038/sj.bjc.6603279. Epub 2006 Jul 25. PMID: 16868539; PMCID: 
PMC2360651. 

Makker, V., Taylor, M.H., Aghajanian, C., Oaknin, A., Mier, J., Cohn, A.L., Romeo, M., 
Bratos, R., Brose, M.S., DiSimone, C., Messing, M., Stepan, D.E., Dutcus, C.E., Wu, J., 
Schmidt, E.V., Orlowski, R., Sachdev, P., Shumaker, R., Casado Herraez, A., 2020. 
Lenvatinib Plus Pembrolizumab in Patients With Advanced Endometrial Cancer. J. 
Clin. Oncol., 38, 26, 2981–2992. http://doi.org/10.1200/JCO.19.02627. Epub 2020 
Mar 13. PMID: 32167863; PMCID: PMC7479759. 

Makker, V., Green, A.K., Wenham, R.M., Mutch, D., Davidson, B., Miller, D.S., 2017. New 
therapies for advanced, recurrent and metastatic endometrial cancers. Gynecolog. 
Oncol. Res. Pract. 4, 19. https://doi.org/10.1186/s40661-017-0056-7. 

Matei, D., Filiaci, V., Randall, M.E., Mutch, D., Steinhoff, M.M., DiSilvestro, P.A., 
Moxley, K.M., Kim, Y.M., Powell, M.A., O’Malley, D.M., Spirtos, N.M., Small Jr, W., 
Tewari, K.S., Richards, W.E., Nakayama, J., Matulonis, U.A., Huang, H.Q., Miller, D. 
S., 2019 Jun 13. Adjuvant Chemotherapy plus Radiation for Locally Advanced 
Endometrial Cancer. N. Engl. J. Med. 380 (24), 2317–2326. https://doi.org/ 
10.1056/NEJMoa1813181. PMID: 31189035; PMCID: PMC6948006. 

McMeekin, D.S., Lashbrook, D., Gold, M., Johnson, G., Walker, J.L., Mannel, R., 2001 
May. Analysis of FIGO Stage IIIc endometrial cancer patients. Gynecol. Oncol. 81 (2), 
273–278. https://doi.org/10.1006/gyno.2001.6157. PMID: 11330962.  

Mehnert, J.M., Panda, A., Zhong, H., Hirshfield, K., Damare, S., Lane, K., Sokol, L., Stein, 
M.N., Rodriguez-Rodriquez, L., Kaufman, H.L., Ali, S., Ross, J.S., Pavlick, D.C., 
Bhanot, G., White, E.P., DiPaola, R.S., Lovell, A., Cheng, J., Ganesan, S., 2016. 
Immune activation and response to pembrolizumab in POLE-mutant endometrial 
cancer. J. Clin. Invest. 126, 6, 2334–2340. http://doi.org/10.1172/JCI84940. Epub 
2016 May 9. PMID: 27159395; PMCID: PMC4887167. 

Milgrom, S.A., Kollmeier, M.A., Abu-Rustum, N.R., Tew, W.P., Sonoda, Y., Barakat, R.R., 
Alektiar, K.M., 2013 Sep. Postoperative external beam radiation therapy and 
concurrent cisplatin followed by carboplatin/paclitaxel for stage III (FIGO 2009) 
endometrial cancer. Gynecol. Oncol. 130 (3), 436–440. https://doi.org/10.1016/j. 
ygyno.2013.06.024. Epub 2013 Jun 22 PMID: 23800696.  

Mohammadi, H., Prince, A., Figura, N.B., Peacock, J.S., Fernandez, D.C., Montejo, M.E., 
Chon, H.S., Wenham, R.M., Eschrich, S.A., Torres-Roca, J.F., Ahmed, K.A., 2020. 
Using the Radiosensitivity Index (RSI) to Predict Pelvic Failure in Endometrial 
Cancer Treated With Adjuvant Radiation Therapy. Int. J. Radiat. Oncol. Biol. Phys., 

106, 3, 496–502. http://doi.org/10.1016/j.ijrobp.2019.11.013. Epub 2019 Nov 20. 
PMID: 31759077; PMCID: PMC7050205. 

Mundt, A.J., McBride, R., Rotmensch, J., Waggoner, S.E., Yamada, S.D., Connell, P.P., 
2001. Significant pelvic recurrence in high-risk pathologic stage I–IV endometrial 
carcinoma patients after adjuvant chemotherapy alone: implications for adjuvant 
radiation therapy. Int. J. Radiat. Oncol. Biol. Phys., 50, 5, 1145–1153. http://doi. 
org/10.1016/s0360-3016(01)01566-8. PMID: 11483323. 

Mundt, A.J., Murphy, K.T., Rotmensch, J., et al., 2001 Aug. Surgery and postoperative 
radiation therapy in FIGO Stage IIIC endometrial carcinoma. Int. J. Radiat. Oncol. 
Biol. Phys. 50 (5), 1154–1160. https://doi.org/10.1016/s0360-3016(01)01590-5. 

Murali, R., Delair, D.F., Bean, S.M., Abu-Rustum, N.R., Soslow, R.A., 2018 Feb. Evolving 
Roles of Histologic Evaluation and Molecular/Genomic Profiling in the Management 
of Endometrial Cancer. J. Natl. Compr. Canc. Netw. 16 (2), 201–209. https://doi. 
org/10.6004/jnccn.2017.7066. PMID: 29439179; PMCID: PMC6639790. 

Myers, A.P., Filiaci, V.L., Zhang, Y., Pearl, M., Behbakht, K., Makker, V., Hanjani, P., 
Zweizig, S., Burke 2nd, J.J., Downey, G., Leslie, K.K., Van Hummelen, P., Birrer, M. 
J., Fleming, G.F., 2016 Apr. Tumor mutational analysis of GOG248, a phase II study 
of temsirolimus or temsirolimus and alternating megestrol acetate and tamoxifen for 
advanced endometrial cancer (EC): An NRG Oncology/Gynecologic Oncology Group 
study. Gynecol. Oncol. 141 (1), 43–48. https://doi.org/10.1016/j. 
ygyno.2016.02.025. PMID: 27016228; PMCID: PMC5119517. 

Ott, P.A., Bang, Y.J., Berton-Riguad, D., Elez, E., Pishvaian, M.J., Rugo, H.S., Puzanov, I., 
Mehnert, J.M., Aung, K.L., Lopez, J., Carrigan, M., Saraf, S., Chen, M., et al., 2017. 
Safety and Antitumor Activity of Pembrolizumab in Advanced Programed Death 
Ligand 1-Positive Endometrial Cancer: Results from KEYNOTE-028 Study. J. Clin. 
Oncol. 35 (22), 2535–2541. https://doi.org/10.1200/JCO.2017.72.5952. 

Proctor, L., Pradhan, M., Leung, S., Cheng, A., Lee, C.H., Soslow, R.A., Gilks, C.B., 
Talhouk, A., McAlpine, J.M., Danielsen, H.E., Hoang, L.N., 2017. Assessment of DNA 
Ploidy in the ProMisE molecular subgroups of endometrial cancer. Gynecol. Oncol. 
146, 596–602. https://doi.org/10.1016/j.ygyno.2017.06.020. 

Randall, M.E., Spirtos, N.M., Dvoretsky, P., 1995. Whole abdominal radiotherapy versus 
combination chemotherapy with doxorubicin and cisplatin in advanced endometrial 
carcinoma (phase III): Gynecologic Oncology Group Study No. 122. J. Natl. Cancer 
Inst. Monographs 19, 13–15. 

Santin, A.D., Bellone, S., Buza, N., Choi, J., Schwartz, P.E., Schlessinger, J., Lifton, R.P., 
2016. Regression of Chemotherapy-resistant Polyermerase e (POLE) Ultra-Mutated 
and MSH6 Hyerp-Mutated Endometrial Tumors with Nivolumab. Clin. Cancer Res. 
22, 5682–5687. https://doiorg/10.1158/1078-0432.ccr-16.1031. 

Selman, A.E., Fowler, J.M., Martinez-Monge, R., Copeland, L.J., 1998. Doxorubicin and/ 
or cisplatin based chemotherapy for the treatment of endometrial carcinoma with 
retroperitoneal lymph node metastases. Int. J. Gynecol. Cancer. 8, 423–429. https:// 
doi.org/10.1046/j.1525-1438.1998.09892.x. 

Soumerai, T.E., Donoghue, M.T.A., Bandlamudi, C., Srinivasan, P., Chang, M.T., 
Zamarin, D., Hyman, D.M., et al., 2018. Clinical utility of prospective molecular 
characterization in advanced endometrial cancer. Clin. Cancer Res. 24 (23) https:// 
doi.org/10.1158/1078-0432.CCR-18-0412. 

National Cancer Institute Surveillance, Epidemiology and end results program. Cancer 
Facts: Endometrial Cancer. https://seer.cancer.gov/statfacts/html/corp.html 
(accessed 14 September 2018). 

Sutton, G., Axelrod, J.H., Bundy, B.N., Roy, T., Homesley, H.D., Malfetano, J.H., 
Mychalczak, B.R., King, M.E., 2005 Jun. Whole abdominal radiotherapy in the 
adjuvant treatment of patients with stage III and IV endometrial cancer: a 
gynecologic oncology group study. Gynecol. Oncol. 97 (3), 755–763. https://doi. 
org/10.1016/j.ygyno.2005.03.011. PMID: 15913742.  

Wortman, B.G., Bosse, T., Nout, R.A., Lutgens, L.C.H.W., van der Steen-Banasik, E.M., 
Westerveld, H., van den Berg, H., Slot, A., De Winter, K.A.J., Verhoeven-Adema, K. 
W., Smit, V.T.H.B.M., Creutzberg, C.L., 2018. PORTEC Study Group. Molecular- 
integrated risk profile to determine adjuvant radiotherapy in endometrial cancer: 
Evaluation of the pilot phase of the PORTEC-4a trial. Gynecol. Oncol., 151, 1, 69–75. 
http://doi.org/10.1016/j.ygyno.2018.07.020. Epub 2018 Aug 3. PMID: 30078506. 

A.L. Buras et al.                                                                                                                                                                                                                                 

https://doi.org/10.1093/annonc/mdy058
https://doi.org/10.1056/NEJMc1510353
https://doi.org/10.1186/s40661-017-0056-7
https://doi.org/10.1056/NEJMoa1813181. PMID: 31189035; PMCID: PMC6948006
https://doi.org/10.1056/NEJMoa1813181. PMID: 31189035; PMCID: PMC6948006
https://doi.org/10.1006/gyno.2001.6157
https://doi.org/10.1016/j.ygyno.2013.06.024
https://doi.org/10.1016/j.ygyno.2013.06.024
https://doi.org/10.1016/s0360-3016(01)01590-5
https://doi.org/10.6004/jnccn.2017.7066. PMID: 29439179; PMCID: PMC6639790
https://doi.org/10.6004/jnccn.2017.7066. PMID: 29439179; PMCID: PMC6639790
https://doi.org/10.1016/j.ygyno.2016.02.025. PMID: 27016228; PMCID: PMC5119517
https://doi.org/10.1016/j.ygyno.2016.02.025. PMID: 27016228; PMCID: PMC5119517
https://doi.org/10.1200/JCO.2017.72.5952
https://doi.org/10.1016/j.ygyno.2017.06.020
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0175
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0175
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0175
http://refhub.elsevier.com/S2352-5789(21)00059-X/h0175
https://doiorg/10.1158/1078-0432.ccr-16.1031
https://doi.org/10.1046/j.1525-1438.1998.09892.x
https://doi.org/10.1046/j.1525-1438.1998.09892.x
https://doi.org/10.1158/1078-0432.CCR-18-0412
https://doi.org/10.1158/1078-0432.CCR-18-0412
https://doi.org/10.1016/j.ygyno.2005.03.011
https://doi.org/10.1016/j.ygyno.2005.03.011

	Stage IIIC endometrial cancer review: Current controversies in adjuvant therapy
	1 Background
	2 Radiation alone
	2.1 Retrospective studies
	2.2 Prospective studies

	3 Chemotherapy alone
	3.1 Retrospective studies

	4 Comparative and multimodal therapies
	4.1 Retrospective studies
	4.2 Prospective studies

	5 Biomarkers and targeted therapy
	5.1 Biological markers
	5.2 Molecular typing
	5.3 Immune checkpoint inhibitors (ICIs)
	5.4 Other molecular targets

	6 Discussion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


