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OBJECTIVES

Evidence suggests that patients with microsatel-
lite instability (MSI)- high endometrial carcinoma 
derive greater benefit from radiation therapy than 
their microsatellite- stable counterparts. We sought 
to evaluate the outcomes of patients with MSI- high 
advanced endometrial cancer treated with a combi-
nation of chemotherapy and radiation (chemoradia-
tion) versus chemotherapy- alone to determine if there 
is a survival benefit associated with a particular adju-
vant therapy regimen.

METHODS

A multicenter retrospective analysis of patients with 
stage III/IV, MSI- high endometrial carcinoma was 
conducted from January 2000 to December 2018. 
Inclusion criteria were primary surgical management, 
defined as hysterectomy with/without salpingoopho-
rectomy, comprehensive surgical staging and/or tumor 
debulking, followed by adjuvant chemotherapy or 
chemoradiation. MSI status was determined by immu-
nohistochemistry and/or next- generation sequencing. 
Differences in the frequencies of histology, stage, 
cytoreduction status, treatment delays, and sites of 
disease recurrence were identified using Pearson’s 
chi- square test. Progression- free and overall survival 
were calculated using Kaplan–Meier estimates.

RESULTS

Final analysis included 37 patients; 20 (54%) 
received chemoradiation and 17 (46%) received 
chemotherapy- alone. The mean age was 62 (range 
51–81) years. Histology included 48.6% (n=18) 
endometrioid, 40.5% (n=15) serous, and 10.7% 

(n=4) clear cell tumors. There was no difference in 
the frequency of histologic subtypes (p=0.83), stage 
(p=0.12), cytoreduction status (p=0.45), treatment 
delays (p=0.63), or location of recurrence (p=0.89) 
between cohorts. There was a trend towards greater 
pelvic recurrence in the chemotherapy- alone cohort 
(36% vs 29%; p=0.16). The most frequent location 
of disease recurrence was the abdomen. The median 
progression- free survival favored chemoradiation (24 
months) versus chemotherapy- alone (17 months) 
(p=0.04). There was a trend towards improved overall 
survival in patients receiving chemoradiation (35 
months) versus chemotherapy- alone (22 months) 
(p=0.09). Chemoradiation demonstrated superi-
ority over chemotherapy- alone in terms of 2- year 
progression- free (40.0% vs 29.5%, respectively; 
p=0.04) and 2- year overall survival (73.7% vs 52.9%, 
respectively; p=0.09).

CONCLUSIONS

Post- operative adjuvant therapy with a combination 
of chemotherapy and radiation was associated with 
improved survival compared with chemotherapy- 
alone in patients with MSI- high advanced endometrial 
carcinoma.

INTRODUCTION

Endometrial cancer represents the most common 
gynecologic malignancy in the United States, 
affecting 61 880 patients in 2019.1 Microsatel-
lite instability (MSI) is a result of loss of function of 
mismatch repair (MMR) genes, and is identified in 
20%–40% of all endometrial cancers. Loss of func-
tion of MMR genes leads to accumulation of single 

HIGHLIGHTS
• There is no consensus on the optimal adjuvant treatment of advanced endometrial cancer.
• Evidence suggests microsatellite instability (MSI)- high tumors derive significant benefit from radiotherapy.
• Chemoradiation was associated with improved survival versus chemotherapy- alone in MSI- high tumors.
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base- pair mismatches, as well as small insertions and deletions in 
tandem repeats, ultimately culminating in faulty double- stranded 
DNA repair and failure of apoptotic pathways.2 3 Recently, The 
Cancer Genome Atlas classified endometrial cancer into four prog-
nostic subgroups based on molecular tumor profiling. MSI was 
designated as one of these four categories based on its distinct 
molecular profile characterized by very high mutation frequency. 
Notably, germline mutations in one or more of the MMR proteins 
are only identified in 3%–5% of all endometrial cancers.4 The 
majority of cases of MSI are due to sporadic mutations, most 
commonly hypermethylation of MLH1.5

MSI can be assessed by immunohistochemical loss of one or 
more of the MMR proteins, including MLH1, MSH2, MSH6, and/or 
PMS2, polymerase chain reaction (PCR) or next- generation DNA 
sequencing.6 Next- generation sequencing offers the advantage 
of allowing hundreds of genes to be sequenced simultaneously 
for each patient, which allows for a far greater number of MSI 
markers to be examined while additionally assessing other gene 
loci for actionable mutations. Compared with PCR, next- generation 
sequencing has been proven to be at least as accurate in the 
detection of MSI on a molecular level. Additionally, it is more cost- 
effective, by eliminating the need for separate conventional PCR 
testing.7

The majority of endometrial cancers are diagnosed at at early 
stage with an overall good prognosis. However, approximately one- 
third of patients are diagnosed with advanced disease.8 9 Despite 
excellent outcomes in early- stage disease, the 5- year survival 
declines dramatically in advanced stages, with a 5- year survival 
of 57%–69% in stage III disease and a dismal 0%–18% survival 
reported in stage IV disease.10–14 The relationship between MSI 
and clinical outcomes is not clearly defined. Multiple studies 
have reported improved survival in MSI- high tumors versus 
microsatellite- stable tumors receiving the same adjuvant therapy;15 
however, others have observed no difference or worse survival in 
MSI- high tumors.6 16 17

Randomized clinical trials have consistently demonstrated 
a survival benefit with the use of chemotherapy in advanced 
disease;10 11 however, the role of radiation therapy in this patient 
population is less clear. Several authors have reported that combi-
nation adjuvant therapy with both systemic chemotherapy and 
radiotherapy produces superior clinical outcomes compared with 
either modality alone.18–22 There is, however, a lack of prospective 
data demonstrating improvements in survival with the addition of 
radiation. The recently published GOG 258 revealed a decrease in 
locoregional recurrence with the combination of chemotherapy and 
radiotherapy at the expense of greater distant failure compared with 
chemotherapy- alone and failed to demonstrate a survival benefit 
with combination adjuvant therapy.23 Notably, recent evidence 
suggests patients with MSI- high tumors derive greater benefit from 
radiation therapy than their microsatellite- stable counterparts.6 24 25 
In the present study, we evaluated outcomes of MSI- high advanced 
endometrial cancer treated with a combination of chemotherapy 
and radiation therapy (chemoradiation) versus chemotherapy- alone 
to determine if there is a survival benefit associated with a partic-
ular adjuvant therapy regimen.

METHODS

A multicenter retrospective analysis of patients with stage III/IV, 
MSI- high endometrial cancer was conducted from January 2010 to 
December 2018. Internal review board approval was obtained at all 
participating institutions. Tumor registries were reviewed to iden-
tify all patients with advanced endometrial cancer who received 
primary surgical treatment, followed by adjuvant therapy with 
chemotherapy- alone or chemoradiation. Inclusion criteria were 
patients with MSI- high endometrial cancer who had undergone 
primary surgical management, consisting of hysterectomy with/
without bilateral salpingoophorectomy, comprehensive surgical 
staging and/or tumor debulking, followed by adjuvant chemo-
therapy or chemoradiation. Comprehensive surgical staging was 
defined as pelvic with/without para- aortic lymph node dissec-
tion with/without omentectomy. Tumor debulking was defined 
as removal of extrauterine gross tumor from the abdominopelvic 
cavity. Receipt of chemoradiation was defined as patients receiving 
chemotherapy and external beam radiotherapy with/without vaginal 
brachytherapy. Tumors were designated as MSI- high by the absence 
of MMR proteins on immunohistochemistry or MSI- high on next- 
generation sequencing. Exclusion criteria included microsatellite- 
stable tumors, patients with incomplete surgical staging, patients 
receiving neoadjuvant chemotherapy and/or pre- operative radi-
otherapy, and patients receiving vaginal brachytherapy without 
external beam radiotherapy.

Clinical and demographic data were obtained from tumor regis-
tries, operative notes, pathology reports, and both inpatient and 
outpatient medical records. Data regarding date of diagnosis, 
surgical procedures, cytoreduction status, types of adjuvant 
therapy, date and site(s) of recurrence, chemotherapy regimen, 
number of chemotherapy cycles received, type of radiation therapy 
received, treatment delays, adverse events, and date of death were 
extracted. Optimal cytoreduction was defined as all residual tumor 
≤1 cm in diameter at the completion of cytoreductive surgery. Both 
optimally and suboptimally cytoreduced patients were included 
in the final analysis. A one- way ANOVA test was used to compare 
the differences in mean age between treatment arms. Differences 
in the frequencies of histology, stage, and cytoreduction status 
were analyzed using Pearson’s chi- square test. Progression- free 
survival was defined as time from initial surgery to time of first 
recurrence, disease progression, or death. Overall survival was 
defined as time from initial surgery to time of death. Progression- 
free and overall survival rates were calculated using Kaplan–Meier 
estimates. Statistical significance was defined as p<0.05. Analysis 
was performed using SPSS version 25.0 (IBM, Armonk, NY, USA).

RESULTS

A total of 184 patients with advanced endometrial cancer under-
going primary surgical management followed by chemotherapy 
with/without radiotherapy were identified. Thirty- seven (20.1%) 
patients were found to have MSI by next- generation sequencing 
or immunohistochemistry. Among them, 17 (46%) received 
chemotherapy- alone and 20 (54%) received chemoradiation. The 
mean age was 62 (range 51–81) years and the majority of patients 
in both treatment arms were African- American (76%). Stage distri-
bution included 67.6% (n=25) stage III and 32.4% (n=12) stage IV 
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disease. Histologic subtypes included 48.6% (n=18) endometrioid, 
40.5% (n=15) serous, and 10.7% (n=4) clear cell tumors. Thirty- 
four (92%) patients underwent optimal cytoreduction. There was no 
difference in the distribution of age (p=0.18), race (p=0.66), stage 
(p=0.12), frequency of histologic subtypes (p=0.83), or cytoreduc-
tion status (p=0.45) between treatment regimens (Table 1).

Seventeen (46.0%) patients were diagnosed as MSI- high by 
immunohistochemistry- alone, 13 (35.1%) by molecular tumor 
profiling with next- generation sequencing- alone, and seven 
(18.9%) by both modalities. Nine patients had both immunohis-
tochemistry and molecular tumor profiles available for review. Of 
these patients, seven (77.8%) were identified as MSI- high by both 
methods. The remaining two patients were designated as MSI- 
high by next- generation sequencing only, but found to have intact 
MMR expression by immunohistochemistry. Of the patients who 
were MMR- deficient by immunohistochemistry, the most common 
molecular aberration was loss of expression of MLH1 (Table 2).

The majority of patients received platinum- based chemo-
therapy (97.3%), most commonly carboplatin- paclitaxel (81.0%). 
Other regimens included cisplatin- paclitaxel- doxorubicin (13.6%), 
cisplatin- doxorubicin (2.7%), and single- agent doxorubicin (2.7%). 
The median number of cycles received was 6 (range 4–8). Of 
those patients receiving chemoradiation, the majority received 
external beam radiotherapy to the pelvis and extended- field to 
the para- aortic nodal area with/without vaginal brachytherapy 
(55%). The remaining patients received pelvic external beam 
radiotherapy with/without vaginal brachytherapy (45%). A total of 
40% of patients received vaginal brachytherapy with external eam 
radiotherapy. Among the chemoradiation cohort, the sequence of 
therapy varied with 45% receiving chemotherapy followed by radi-
ation, 15% receiving radiation followed by chemotherapy, and the 

Table 1 Patients’ clinical and pathologic characteristics

Characteristic All patients (n=37) C (n=17) CR (n=20) P value

Age at surgery (years) (mean (range)) 62 (51–81) 63 (54–81) 61 (51–77) 0.18

Race (n (%))

  Caucasian 10 (27) 4 (24) 6 (30) 0.66

  African- American 27 (73) 13 (76) 14 (70)

FIGO stage (n (%))

  IIIA 1 (3) 0 (0) 1 (5) 0.12

  IIIB 3 (8) 1 (6) 2 (10)

  IIIC1 12 (32) 6 (35) 6 (30)

  IIIC2 9 (25) 4 (24) 5 (25)

  IVA 0 (0) 0 (0) 0 (0)

  IVB 12 (32) 6 (35) 6 (30)

Cytoreduction status (n (%))

  Optimal 34 (92) 15 (88) 19 (95) 0.45

  Suboptimal 3 (8) 2 (12) 1 (5)

Histology (n (%))

  Endometrioid 18 (49) 9 (53) 9 (45) 0.83

  Serous 15 (40) 7 (41) 8 (40)

  Clear cell 4 (11) 1 (6) 3 (15)

C, chemotherapy- alone; CR, chemoradiation; FIGO, International Federation of Obstetrics and Gynecology.

Table 2 Method used to diagnose microsatellite instability 
and specific molecular aberrations

Diagnostic method C (n (%)) CR (n (%))
Total (n 
(%))

IHC 8 (47) 9 (45) 17 (46)

NGS 6 (35) 7 (35) 13 (35)

IHC + NGS 3 (18) 4 (20) 7 (19)

Specific molecular 
aberration

  IHC

   MLH-1 3 (17) 5 (25) 8 (22)

   MSH-2 1 (6) 2 (10) 3 (8)

   MSH-6 1 (6) 2 (10) 3 (8)

   PMS-2 1 (6) 0 (0) 1 (3)

   MSH-2 + MSH-6 2 (12) 0 (0) 2 (5)

  NGS

   MSI- high 6 (35) 7 (35) 13 (35)

  IHC + NGS

   MSI- high + MLH-1 2 (12) 2 (10) 4 (11)

   MSI- high + MSH-2 1 (6) 1 (5) 2 (5)

   MSI- high + MSH-6 0 (0) 1 (5) 1 (3)

C, chemotherapy- alone; CR, chemoradiation; IHC, 
immunohistochemistry; MSI, microsatellite instability; NGS, next- 
generation sequencing.
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remaining 40% receiving sandwich sequencing (chemotherapy- 
radiation- chemotherapy). Two patients received radiosensiti-
zation with cisplatin during external beam radiotherapy. A total 
of 48.6% patients experienced a delay in treatment; 53% in the 
chemotherapy- alone cohort and 60% in the chemoradiation cohort. 
The most common reason for treatment delay in both treatment 
arms was neutropenia. A total of 18% of patients underwent dose 
chemotherapy dose reduction and 89% completed all prescribed 
chemotherapy cycles. There was no difference in the frequency of 
treatment delays between adjuvant therapy regimens (p=0.63).

The most frequent location of disease recurrence was the 
abdomen (51.3%), followed by pelvis (33.3%), extra- peritoneal sites 
(10.3%), and vagina (5.1%). The was no significant difference in 
the distribution of recurrence between cohorts (p=0.89); however, 
there was a trend towards higher rate of pelvic failure in the 

chemotherapy- alone cohort (36%) compared with those receiving 
chemoradiation (29%) (p=0.16). There was no vaginal cuff recur-
rence among the patients receiving chemoradiation (Table 3). There 
was a significant improvement in median progression- free survival 
in patients receiving chemoradiation compared with chemotherapy- 
alone (24 vs 17 months, respectively; p=0.04). We observed a trend 
towards improved overall survival in patients receiving chemoradi-
ation compared with those receiving chemotherapy- alone (35 vs 
22 months; p=0.09). Chemoradiation also demonstrated superi-
ority over chemotherapy- alone in terms of 2- year progression- free 
survival (40.0% vs 29.5%, respectively) and overall survival (73.7% 
vs 52.9%, respectively) (Figure 1).

DISCUSSION

Current adjuvant treatment strategies for advanced endometrial 
cancer consist of systemic therapy with or without radiotherapy.9 
A large body of retrospective literature demonstrates improved 
outcomes with the combination of chemoradiation;18–22 however, 
there are mixed prospective data supporting a survival benefit from 
the combination of chemoradiation. Two recent prospective rand-
omized trials, PORTEC-3 and GOG 258, addressed the potential 
benefit of chemoradiation in locally advanced endometrial carci-
noma. In PORTEC-3, patients were randomized to radiotherapy with 
concurrent cisplatin, followed by carboplatin- paclitaxel or to the 
standard arm, defined as external beam radiotherapy- alone. At a 
median of 72.6 months, final analysis demonstrated a significant 
failure- free and survival benefit with the combination of chemo-
radiation.26 Conversely, the recently published GOG 258 failed to 
demonstrate a recurrence- free survival benefit with the combi-
nation of chemoradiation versus the standard arm, consisting of 
chemotherapy- alone. The combination of chemoradiation was 
associated with a decrease in local recurrence at the expense of 
increased distant metastasis compared with chemotherapy- alone.23 

Table 3 Recurrence site based on adjuvant therapy 
regimen

Parameter
C (n=17) 
(n (%))

CR (n=20) 
(n (%))

Total recurrences 15 13

Total recurrence sites* 22 17

Recurrence site

  Abdomen 10 (46) 10 (59)

  Pelvis 8 (36) 5 (29)

  Vagina 2 (9) 0 (0)

  Extra- peritoneal 2 (9) 2 (12)

*Many patients recurred at more than one location concurrently; 
the numbers reflect each individual site of recurrence. 
Consequently, the total number of recurrence sites exceeds the 
total number of recurrences in the population.
C, chemotherapy- alone; CR, chemoradiation.

Figure 1 Kaplan–Meier survival analysis by treatment group. (A) Progression- free survival analysis and (B) overall survival 
analysis. C, chemotherapy- alone; CR, chemoradiation.
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However, the chemoradiation arm received only four cycles of 
chemotherapy compared with the standard arm which received the 
traditional six cycles, leaving one to postulate whether the omis-
sion of two cycles from the experimental arm led to differences 
in outcomes. As a result of these two trials, there has been mixed 
utilization of chemoradiation, with some institutions adopting this 
strategy, while others await further prospective data.

However, the answer as regards which patients may derive 
the greatest benefit from the combination of chemoradiation may 
ultimately lie in the molecular characteristics of the tumor itself, 
rather than generalizing all advanced endometrial carcinomas to 
one treatment regimen. Evidence indicates that MMR proteins play 
a crucial role in repair of DNA damage following radiation therapy. 
Therefore, absence of these proteins leads to accumulation of DNA 
errors and enhances the effects of radiotherapy. Consistent with 
this theory, a recent study by Reijnen et al demonstrated improve-
ment in disease- specific survival with the use of adjuvant radiation 
therapy versus observation in MMR- deficient early- stage endo-
metrial carcinoma.24 Skikama et al analyzed a cohort of stage I- IV 
endometrial carcinoma and observed a trend towards improved 
survival in MMR- deficient tumors receiving adjuvant therapy versus 
MMR- proficient tumors undergoing the same regimens. Although 
the trend was observed across all stages, notably it was statistically 
significant in advanced- stage disease.15 Falling in line with these 
reports, the current study demonstrates a survival benefit from the 
addition of radiation therapy to chemotherapy in MSI- high patients. 
Conversely, a recent analysis of PORTEC3 based on molecular clas-
sification failed to demonstrate a benefit to chemoradiation over 
standard radiation therapy- alone in the MMR- deficient cohort. 
However, as the study did not include a chemotherapy- alone arm, 
conclusions cannot be drawn regarding the impact of radiation 
versus no radiation on MSI- high patients based on this trial.27

The rationale behind improved responsiveness to radiotherapy 
is based on the roles of MMR proteins in repairing radiation 
injury. MMR proteins are heavily involved in the repair of double- 
stranded DNA breaks, the most lethal form of radiation- induced 
DNA damage.28 Specifically, MLH1 and MSH2 recognize radiation- 
induced DNA damage and arrest the cell cycle at the G2/M phase 
transition. Additionally, loss of MLH1 decreases activation of 
nuclear factor kappa- beta, a protein that is normally activated after 
radiation- induced DNA damage and promotes cell survival by coun-
teracting the tp53 apoptotic pathway.29 30 This illustrates the crucial 
roles MMR proteins play in DNA damage repair following radiation.

Current data demonstrate that MMR- deficient endometrial carci-
nomas exhibit a good response to programmed cell death protein-1 
(PD-1) inhibition. A recent large prospective study of pembroli-
zumab in recurrent MMR- deficient tumors demonstrated an overall 
response rate of 54% with an additional 23% of patients experi-
encing stable disease.31 Further expanding these data, dostarlimab, 
another member of the PD-1 inhibitor family, demonstrated a 50% 
response rate in MSI- high recurrent endometrial cancer.32 The 
mechanism behind the efficacy of PD- L1 blockade in this popula-
tion is due to the upregulation of the PD-1 pathway and the highly 
immunogenic nature of MMR- deficient tumors.33 Notably, recent 
evidence suggests that radiation enhances the efficacy of immune 
checkpoint blockade in vitro.34 In the light of these observations, 
multiple clinical trials are underway to investigate the role of radi-
ation in combination with immune checkpoint blockers.35 36 This 

adjuvant therapy combination theoretically could provide substan-
tial benefit in MSI- high tumors.

A noteworthy finding of the current study is the discrepancy 
between MSI status noted in two patients. Of the entire cohort, 
nine patients underwent both immunohistochemistry and next- 
generation sequencing. Seven patients were confirmed MSI- high 
by both diagnostic methods. However, two patients were found to 
be MSI- high by next- generation sequencing and MMR- proficient 
by immunohistochemistry. This is explained by the fact that 
next- generation sequencing allows for a far greater number of 
microsatellite markers to be examined compared with immuno-
histochemistry and polymerase chain reaction- based testing.7 As 
we move further into the landscape of targeted therapy, treatment 
will be heavily dependent on accurate diagnosis of molecular aber-
rations, particularly MSI- high and MMR- deficient tumors. The two 
patients in our cohort could have been selected out as either MSI- 
high or microsatellite- stable based on a single diagnostic modality, 
ultimately leading to expanded or limited treatment options.

The major limitations of the current study are its retrospec-
tive nature and small sample size. Despite these limitations, this 
study demonstrates a significant improvement in progression- free 
survival and a trend towards improved overall survival from the 
addition of radiation to chemotherapy in advanced- stage MSI- high 
endometrial carcinoma. We believe our findings are clinically signif-
icant, warranting future prospective evaluation and supporting the 
investigation of radiation–immunotherapy combinations in this 
patient population.
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