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abstract

PURPOSE Despite the tissue-agnostic approval of pembrolizumab in mismatch repair deficient (MMRD) solid
tumors, important unanswered questions remain about the role of immune checkpoint blockade in mismatch
repair–proficient (MMRP) and –deficient endometrial cancer (EC).

METHODS This phase II study evaluated the PD-L1 inhibitor avelumab in two cohorts of patients with EC: (1)
MMRD/POLE (polymerase e) cohort, as defined by immunohistochemical (IHC) loss of expression of one or
more mismatch repair (MMR) proteins and/or documented mutation in the exonuclease domain of POLE; and
(2) MMRP cohort with normal IHC expression of all MMR proteins. Coprimary end points were objective re-
sponse (OR) and progression-free survival at 6 months (PFS6). Avelumab 10 mg/kg intravenously was ad-
ministered every 2 weeks until progression or unacceptable toxicity.

RESULTS Thirty-three patients were enrolled. No patient with POLE-mutated tumor was enrolled in the MMRD
cohort, and all MMRP tumors were not POLE-mutated. The MMRP cohort was closed at the first stage because
of futility: Only one of 16 patients exhibited both OR and PFS6 responses. The MMRD cohort met the predefined
primary end point of four ORs after accrual of only 17 patients; of 15 patients who initiated avelumab, four
exhibited OR (one complete response, three partial responses; OR rate, 26.7%; 95%CI, 7.8% to 55.1%) and six
(including all four ORs) PFS6 responses (PFS6, 40.0%; 95% CI, 16.3% to 66.7%), four of which are ongoing as
of data cutoff date. Responses were observed in the absence of PD-L1 expression. IHC captured all cases of
MMRD subsequently determined by polymerase chain reaction or genomically via targeted sequencing.

CONCLUSION Avelumab exhibited promising activity in MMRD EC regardless of PD-L1 status. IHC for MMR
assessment is a useful tool for patient selection. The activity of avelumab in MMRP/non-POLE–mutated ECs
was low.

J Clin Oncol 37:2786-2794. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Endometrial cancer (EC) affects more than 60,000
women in the United States every year.1 Although
early-stage disease is associated with an excellent
prognosis, long-term outcomes for patients with ad-
vanced stage or recurrent disease are poor.2,3 As such,
EC represents an important unmet medical need and
novel approaches to treatment are needed.

The Cancer Genome Atlas project4 identified two
groups of ECs with high mutation frequency: an
ultramutated group (approximately 7% of tumors) that
harbored mutations in the exonuclease domain of
polymerase e (POLE), and a hypermutated group
(approximately 28% of tumors) with microsatellite

instability (MSI), the majority of which harboredMLH1
promoter hypermethylation. The ultramutated POLE
group exhibited an extremely high mutation rate ($
200 mutations/Mb) with a unique nucleotide change
spectrum of increased C→A transversion frequency,
whereas the hypermutated MSI group exhibited mu-
tation rates of approximately 18 mutations/Mb with
variable length of DNA microsatellites as a result of
underlying mismatch repair (MMR) deficiency
(MMRD).5

Previous studies have shown that POLE and MSI ECs
exhibit high neoantigen load, increased tumor-
infiltrating lymphocytes (TILs) and high expression
of PD-1 and PD-L1, suggesting that these tumors may
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be excellent candidates for immunotherapies targeting the
PD-1/PD-L1 pathway.6,7 Therefore, we launched a phase II
trial to assess the activity of the anti-PD-L1 antibody ave-
lumab in patients with recurrent or persistent ECs stratified
in two cohorts by mutational status: (1) a hypermutated
cohort including MMRD and POLE-mutated ECs and (2)
a hypomutated cohort including MMRP ECs. This study
was activated 7 months before the anti–PD-1 antibody
pembrolizumab received accelerated US Food and Drug
Administration (FDA) approval for patients with MMRD
solid tumors regardless of tissue of origin.8 Despite this
tumor-agnostic approval, important questions remain in
EC, including the correlation between MMRD and MMRP
status and response to immune checkpoint blockade (ICB),
the role of PD-L1 expression and prior lines of therapy, use
of immunohistochemistry (IHC) or other assays to define
MMR status, the response of POLE-mutated ECs to ICB,
and mechanisms of de novo and acquired resistance.

METHODS

Study Design and Procedures

The primary end point of this investigator-initiated, non-
randomized, two-cohort, phase II study was the activity of
avelumab as determined by the frequency of patients with
progression-free survival (PFS) of at least 6 months (PFS6)
after initiating therapy or had objective tumor response by
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1.
Secondary end points included PFS, overall survival, and
safety of avelumab for each cohort. Avelumab was ad-
ministered on an outpatient basis at 10mg/kg intravenously
every 2 weeks until progression or unacceptable toxicity.
Antitumor activity was assessed through radiologic tumor
assessments conducted at baseline of starting therapy and
every 8 weeks thereafter. The clinical trial was approved by
the institutional review boards of all institutions (Clinical-
Trials.gov identifier: NCT02912572). Merck KGaA/Pfizer
Alliance provided avelumab and study funding.

Eligibility

Participants were classified into one of two cohorts of re-
current EC of any histology: (1) MMRD/POLE cohort in-
cluding patients with MMRD EC, as determined by
immunohistochemical complete loss of expression (ab-
sence of nuclear immunoreactivity) of one or more of the
MMR genes MSH2, MSH6, MLH1, and PMS2 and/or
POLE-mutated EC (ie, ECs known to harbor mutations in
the exonuclease domain [amino acid residues 268 to 471]
of POLE as determined by any Clinical Laboratory Im-
provement Amendments–approved assay); or (2) MMRP
cohort including patients with MMRP EC, as determined by
normal immunohistochemical nuclear expression of all
MMR genes MSH2, MSH6, MLH1, and PMS2. Patients
with ECs (as of the time of their entry in the study, their
POLE mutation status was unknown but who were MMRP
by IHC) were included in the MMRP cohort. Key inclusion

criteria included measurable disease by RECIST 1.1, no
upper limit of prior therapies but one or more prior che-
motherapeutic regimen, Eastern Cooperative Oncology
Group performance status # 1, availability of a formalin-
fixed paraffin-embedded block of cancer tissue from the
original diagnosis specimen or a specimen of tissue from
recurrent disease, and normal organ and marrow function.
Key exclusion criteria included prior treatment with any ICB
and known brain metastases.

Biomarker Evaluation

POLEmutation status and tumor mutational burden (TMB)
were determined from archival, formalin-fixed tissues,
using targeted-panel next-generation sequencing (Onco-
panel; Dana Farber Cancer Institute, Boston, MA) per-
formed at Dana-Farber Cancer Institute.9-11 MMRD status
was determined by IHC, by polymerase chain reaction
(PCR) and genomically by assessment of the mutational
signature as determined by Oncopanel. IHC was performed
for CD4, CD8 and PD-L1 on formalin-fixed paraffin-
embedded tissue samples (Data Supplement).

Statistical Analysis

Statistical considerations were developed for coprimary
objectives of objective response rate (ORR) and rate of
PFS6, with a two-stage design that allowed for early
stopping for futility for each cohort. A two-stage test was
constructed using the method of Sill et al,12 with the goal of
stopping early for futility to limit patient exposure to an
inactive agent while restricting the probabilities of type I and
type II errors to approximately 10% and 15%, respectively.
For the coprimary end points, a true ORR of 5% or less and
a rate of PFS6 of 10%or less would not be of clinical interest
(null hypothesis: pOR# 5% and pPFS6# 10%), whereas
an improvement to a 20% ORR or 30% PFS6 rate would
warrant additional investigation of avelumab. In the first
stage, 16 patients would be enrolled. If there were two or
more objective responses (ORs) or two or more patients
who were progression free at 6 months in any of the two
cohorts, accrual would continue to the second stage, where
an additional 19 patients would be enrolled in these co-
horts. Overall, if at least four treated patients with an OR or
at least eight patients who were progression free at
6 months were observed, avelumab would be considered
worthy of additional study in the corresponding cohort.

RESULTS

Patients

The study was activated on November 2, 2016, approxi-
mately 7 months before pembrolizumab received
accelerated FDA approval for patients with MMRD solid
tumors regardless of tissue of origin. The MMRP cohort was
closed after the first stage because of futility after accrual of
16 patients. The MMRD/POLE cohort continued to the
second stage and was closed to accrual on September 14,
2018, because the primary end point of four OR was met
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with a final accrual of 17 patients, approximately 4 months
after pembrolizumab had received FDA approval. A total of
33 patients were enrolled in both cohorts; 31 patients (15 in
the MMRD/POLE cohort and 16 in the MMRP cohort)
initiated protocol treatment (two patients in the MMRD/
POLE cohort did not initiate protocol treatment and were
excluded from all analyses).

All patients enrolled in the MMRD/POLE cohort were
MMRD by IHC; no patient in the MMRD/POLE cohort had
a documented POLE mutation, so this cohort is henceforth
referred to as the MMRD cohort in this article. All patients in

the MMRP cohort were subsequently assessed for pres-
ence of POLE mutations and no patient harbored a POLE
mutation; this cohort is henceforth referred to as the
MMRP/non-POLE cohort. Patient characteristics are pro-
vided in Table 1.

Antitumor Activity

Of the 31 analysis patients, there were five ORs: four in the
MMRD cohort (one complete response and three partial
responses [PRs]) and one PR in the MMRP/non-POLE
cohort (Fig 1A). All responses were confirmed. Four pa-
tients in the MMRD cohort and four patients in the MMRP/

TABLE 1. Demographic and Baseline Characteristics of Patients

Characteristic

Cohort

OverallMMRD MMRP/non-POLE

No. % No. % No. %

No. of patients 15 100.0 16 100.0 31 100.0

Ethnicity

Non-Hispanic 14 93.3 13 81.3 27 87.1

Ethnicity not known 1 6.7 3 18.8 4 12.9

Race

White 13 86.7 13 81.3 26 83.9

Black 1 6.7 1 6.3 2 6.5

Asian — — 1 6.3 1 3.2

Other 1 6.7 1 6.3 2 6.5

Stage at diagnosis

I 8 53.3 5 31.3 13 41.9

II 2 13.3 1 6.3 3 9.7

III 4 26.7 3 18.8 7 22.6

IV 1 6.7 7 43.8 8 25.8

Histology

Endometrioid 14 93.3 6 37.5 20 64.5

Mixed 1* 6.7 3† 18.8 4 12.9

Adenocarcinoma not otherwise specified — — 2 12.5 2 6.5

Carcinosarcoma — — 2 12.5 2 6.5

Serous — — 3 18.8 3 9.7

Germline v sporadic MMRD

Presence of germline mutation 3 20.0 NA NA NA NA

MLH1 promoter hypermethylation 9 60.0 NA NA NA NA

Absence of germline mutation 2 13.3 NA NA NA NA

Unknown 1 6.7 NA NA NA NA

No. of prior lines of therapy

1 6 40.0 3 18.8 9 29.0

2 3 20.0 6 37.5 9 29.0

$ 3 6 40.0 7 43.8 13 41.9

Abbreviations: MMRD, mismatch repair deficient; MMRP, mismatch repair proficient; NA, not applicable; POLE, polymerase e.
*One mixed endometrioid and neuroendocrine tumor.
†Two mixed serous and endometrioid tumors and one mixed serous and clear-cell tumor.
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non-POLE cohort had stable disease of any duration as the
best response (Table 2). Overall, the exact binomial-
confirmed ORR in the MMRD cohort was 26.7% (95%
CI, 7.8% to 55.1%) and 6.25% (95% CI, 0.16% to 30.2%)
in the MMRP/non-POLE cohort.

PFS6 was a coprimary end point; there were seven
patients who exhibited PFS6 (six in the MMRD, in-
cluding the four patients with ORs, and one in the
MMRP/non-POLE cohort [the same patient who had
a PR]; Table 2). Clinicopathologic characteristics of
patients with OR and PFS6 responses are presented in
Table 3. PFS6 was 40.0% (95% CI, 16.3% to 66.7%) in

the MMRD and 6.25% (95% CI, 0.16% to 30.2%) in the
MMRP/non-POLE cohorts. Five patients (four in the
MMRD and one in the MMRP/non-POLE cohort) were
still receiving the protocol treatment at the data cutoff
date (Fig 1B).

In the MMRD cohort, one of three patients with germline
MMR mutation had a PR, four of 11 patients with sporadic
MMRD (either MLH1 promoter hypermethylation or neg-
ative germline testing) had either a PR or PFS6 response,
and one patient with MMRD of unknown germline versus
sporadic etiology had a PR. All four ORs and five of six PFS6
responses in the MMRD cohort were observed in patients
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FIG 1. Antitumor activ-
ity of avelumab in the
MMRD and MMRP/
non-POLE cohorts. (A)
Best change in target
lesions from baseline.
Five patients were ex-
cluded because of
missing lesion-diameter
values at follow-up. (B)
Treatment duration for
patients in both cohorts.
CR, complete response;
MMRD, mismatch re-
pair deficient; MMRP,
mismatch repair pro-
ficient; PD, progressive
disease; POLE, poly-
merase e; PR, partial
response; SD, stable
disease.
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with at least three lines of prior therapy (Fisher’s exact test
P = .011).

With a median follow-up of 18.6 (range, 4.4 to 22.2) months,
the median PFS was 4.4 months (95% CI, 1.7 months to not
reached) for the MMRD cohort, and 1.9 (95% CI, 1.6 to 2.8)
months for the MMRP/non-POLE cohort (Fig 2). Median
overall survival for theMMRP/non-POLE cohort was 6.6 (95%
CI, 2.0 to 10.2) months; the median survival for the MMRD
cohort has not been reached yet (Fig 2).

Safety

Of the 31 patients who initiated protocol treatment, 22
(71%) had a treatment-related adverse event of any grade.
Six patients (19.4%) reported treatment-related grade 3
toxicities; there were no treatment-related grade 4 and
grade 5 toxicities in either cohort (Table 4; Data
Supplement).

Biomarker Analyses

PD-L1 status was assessed in 25 patients (12 in the MMRD
cohort and 13 in the MMRP/non-POLE cohort). Based on
a PD-L1 expression tumor proportion score (TPS) of$ 1%,
seven of 25 tumors (28%) were PD-L1 positive, including
four (33.3%) MMRD and three (23.1%) MMRP/non-POLE
tumors. Among the tumors with known PD-L1 status, all
ORs and five of the six PFS6 responses in both cohorts were
observed in PD-L1–negative tumors by TPS and combined
positive score (CPS). One PFS6 response was observed in
an MMRD tumor, which was a PD-L1–negative tumor by
TPS but positive by CPS.

All 16 patients enrolled in the MMRP/non-POLE cohort
were MMRP by IHC; 13 of these patients (including the sole
avelumab responder) had their MMR status also assessed
by PCR and all were determined to be microsatellite stable
(MSS). Furthermore, 15 of the 16 patients in the MMRP/
non-POLE cohort (including the sole avelumab responder)
had their MMR status assessed genomically by Oncopanel
and all, again, were determined to be MMRP. These data
suggest that IHC did not miss a case of MMRD determined
by PCR and Oncopanel.

In the MMRD cohort, all 15 patients were MMRD by IHC;
12 of these had their MMR status also assessed by PCR
and Oncopanel. Three of 12 tumors were MSS by PCR and
one of these had a PR to avelumab (ie, PCR missed one
avelumab response). Two of 12 tumors were MMRP by
Oncopanel, with none having an avelumab response.
Overall, in MMRD tumors determined by Oncopanel, ORR
and PFS6 were 30% and 50%, respectively, and in MMRD
tumors determined by PCR, ORR and PFS6 were 22.2%
and 44%, respectively.

TMB and TILs did not correlate with response to avelumab
(Data Supplement). However, analysis of the MMRD tu-
mors that did not respond to avelumab, revealed three that
each harbored two mutations of JAK1 or B2M, possibly
reflecting biallelic inactivation of these genes, which have
been associated with resistance to ICB13 (Data Supple-
ment). Specifically, one tumor harbored the hotspot JAK1

TABLE 2. Confirmed Objective Response and PFS6 in MMRD and MMRP/
non-POLE Cohorts

Response

No. of Patients

MMRD Cohort
(n = 15)

MMRP/non-POLE Cohort
(n = 16)

Best overall response

CR 1 0

PR 3 1

SD 4 4

PD 4 9

Not evaluable 3 2

ORR, % (95% CI) 26.7 (7.8 to 55.1) 6.25 (0.16 to 30.2)

PFS6

Yes 6 1

No 9 15

PFS6, % (95% CI) 40 (16.3 to 66.7) 6.25 (0.16 to 30.2)

Abbreviations: CR, complete response; MMRD, mismatch repair deficient;
MMRP, mismatch repair proficient; ORR, objective response rate; PD, progressive
disease; PFS6, progression-free survival at 6 months; POLE, polymerase e; PR,
partial response; SD, stable disease.

TABLE 3. Clinicopathologic Characteristics of Patients With Objective Response and PFS6 Responses

Patient
Age

(years) Histology Stage Cohort (by IHC)
MMR by
PCR

MMR by
Oncopanel

Germline v Sporadic
MMRD PD-L1 (CPS)

PD-L1
(TPS) Response

1 80 E II MMRP/non-POLE MSS MMRP NA Negative Negative PR and PFS6

2 54 E II MMRD ND ND Sporadic Negative Negative CR and PFS6

3 59 E I MMRD MSS MMRD Sporadic Negative Negative PR and PFS6

4 54 E I MMRD MSI MMRD Unknown Negative Negative PR and PFS6

5 52 E I MMRD MSI MMRD Germline Negative Negative PR and PFS6

6 61 E III MMRD MSI MMRD Sporadic Positive (1%) Negative PFS6

7 60 E I MMRD MSI MMRD Sporadic Negative Negative PFS6

Abbreviations: CPS, combined positive score; CR, complete response; E, endometrioid; IHC, immunohistochemistry; MMRD, mismatch repair deficient;
MMRP, mismatch repair proficient; MSI, microsatellite instability; MSS, microsatellite stable; NA, not applicable; ND, not determined; PCR, polymerase chain
reaction; PFS6, progression-free survival at 6 months; POLE, polymerase e; PR, partial response; TPS, tumor proportion score.
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frameshift deletion K860fs and a JAK1 missense mutation
L1071P toward the end of the kinase domain (exon 23),
another tumor harbored the same hotspot JAK1 frameshift
deletion K860fs and a missense mutation JAK1 Q750R on
the pseudokinase domain (exon 16), and the third tumor
harbored two previously reported B2M mutations: a B2M
c.68-2A.G splice site mutation, and a p.M1? mutation
changing the start codon.

DISCUSSION

In this investigator-initiated, phase II study, avelumab ac-
tivity in the MMRD cohort met the prespecified criteria to be
considered worthy of additional investigation. The ORR and
PFS6 were 26.7% and 40%, respectively, with four patients
(including three of four with PR and four of six with PFS6)

continuing protocol treatment as of the data cutoff date.
Importantly, IHC identified MMRD in the responders to
avelumab without the need to assess MMRD by more
expensive and time-consuming molecular diagnostic ap-
proaches. In addition, responses were observed regardless
of PD-L1 expression, suggesting that response to anti–PD-
L1 antibodies such as avelumab is not dependent on
demonstrating PD-L1 expression in the tumor microenvi-
ronment. Response to avelumab was observed in patients
who had received multiple prior lines of therapy and those
with either somatic or germline origin of MMRD. Con-
versely, avelumab did not demonstrate enough activity to
be worthy of additional evaluation among ECs determined
to be MMRP by IHC and not POLE mutated. Avelumab
demonstrated an acceptable safety profile, consistent with
previous studies in other solid malignancies, and no un-
expected toxicities.14-16

Despite our intention to enroll patients with ECs with POLE
mutations, no tumor harbored a documented POLE mu-
tation. This is likely because POLE-mutated tumors rep-
resent only approximately 7% of all ECs at initial diagnosis,
recur rarely, and are associated with excellent prognosis,
likely as a result of their high immunogenicity.4,6,7 Several
isolated case reports have subsequently shown that POLE-
mutated ECs respond extremely well to immunotherapies
targeting the PD-1 pathway.6,7,17 However, prospective
evaluation of POLE-mutated tumors for response to ICB has
never been performed, to our knowledge, although ad-
mittedly, this evaluation may be more feasible in a tissue-
agnostic manner. Nonetheless, despite their rarity, re-
current POLE-mutated ECs do exist (one of the three PRs to
pembrolizumab in the KEYNOTE 028 study was sub-
sequently found to be in a POLE-mutated tumor18) and
POLEmutation status should be an important consideration
in immunotherapy studies conducted in EC.
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FIG 2. Graphs of (A) progression-free survival and (B) overall survival in the mismatch repair deficient and mismatch repair proficient/non-POLE
cohorts.

TABLE 4. Treatment-Related Adverse Events of Any Grade in$ 10% of Patients or
Grade $ 3 in Any Patient

Toxicity

Maximum Grade
Total (any
grade)1 2 3

No. % No. % No. % No. %

Anemia 1 3.2 0 0 2 6.5 3 9.7

Sinus bradycardia 0 0 0 0 1 3.2 1 3.2

Hypothyroidism 1 3.2 2 6.5 1 3.2 4 12.9

Diarrhea 0 0 1 3.2 2 6.5 3 9.7

Nausea 5 16.1 0 0 0 0 5 16.1

Fatigue 10 32.3 1 3.2 0 0 11 35.5

Neutrophil count decreased 4 12.9 0 0 0 0 4 12.9

Myositis 0 0 0 0 1 3.2 1 3.2

Rash acneiform 1 3.2 0 0 1 3.2 2 6.5

NOTE. The denominator to all calculated percentages is 31, the number of
patients who received at least one dose of study drug.
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In this study, IHC was uniformly used to determine MMRD
status for formal eligibility assessment and formal assign-
ment of all patients to one of the two study cohorts. IHC was
chosen because it is inexpensive, has a quick turnaround,
and is a standard test performed routinely as part of the
initial evaluation of patients newly diagnosed with EC in the
United States. MMRD status was also retrospectively
assessed by PCR and genomically using Oncopanel; im-
portantly, this analysis showed IHC did not miss any case of
MMRD determined by PCR and Oncopanel. Conversely,
PCR missed one case of an avelumab PR (patient 3,
Table 3), which was determined to be MMRD by IHC and
Oncopanel. However, two tumors defined as MMRD by IHC
were subsequently determined to be MMRP by Oncopanel,
with none of these tumors responding to avelumab in-
dicating that IHC may be less specific than Oncopanel in
correlating with avelumab response. Our study had neither
the intent nor the power to detect differences in the ave-
lumab response between tumors defined as MMRD via
IHC, PCR, and Oncopanel assays; nonetheless, the results
suggest the observed avelumab response may be different
depending on the assay used to define MMR status.

The data reported here for avelumab are generally con-
sistent with those of other reported studies of ICB in ad-
vanced EC, although direct comparisons are hindered by
study-specific differences in eligibility criteria, patient
characteristics, sizes, designs, and use of different assays
to define MMR status. In the KEYNOTE-02818 study of
pembrolizumab in PD-L1–positive EC, there was one PR
among 18 patients with MSS status (by PCR) and one PR in
an MSS tumor, which was subsequently found to harbor
a POLE mutation. Overall, pembrolizumab ORR was 5.6%
among patients with MSS, non-POLE-mutated ECs. In ECs
determined to be MMRD by IHC or PCR, pembrolizumab
demonstrated an ORR of 36%, as reported in the FDA
package insert.18a In a preliminary report of the anti–PD-1
antibody TSR-042 in EC,19 TSR-042 also showed good
activity against microsatellite instability-high ECs defined
genomically by next-generation sequencing; the response
of TSR-042 among MSS ECs was 20.3%, although no
information about POLE mutation status was available for
these patients.

Previously reported biomarkers of response to ICB, in-
cluding PD-L1 expression, number of TILs, and TMB20-22

did not correlate with avelumab response. Interestingly,
most responses were observed in patients with PD-
L1–negative tumors by TPS and CPS, although it is im-
portant to acknowledge limitations in the interpretation of
PD-L1 staining, including the absence of any validated PD-
L1 IHC assay in EC and the fact that PD-L1 staining was

assessed in archival samples that, in certain cases, were
obtained several years before initiation of avelumab
therapy.23

Interestingly, we found mutations suggesting possible
biallelic inactivation of B2M and JAK1 in three MMRD
tumors that did not respond to avelumab, thereby providing
a possible explanation for the de novo resistance of these
tumors to avelumab. Although loss-of-function mutations in
genes involved in the interferon-receptor signaling pathway
(JAK1 and JAK2) and in antigen presentation (B2M,
leading to loss of surface expression of major histocom-
patibility complex class I) confer resistance to ICB in
melanoma, this has not been previously demonstrated in
the context of EC and never, to our knowledge, as
a mechanism of de novo resistance.13 In this regard,
hotspot-truncating JAK1 mutations, including the JAK1
frameshift deletion K860fs, have been reported to occur de
novo in EC, especially in MMRD ECs, and have been
functionally characterized to abrogate interferon-g signal-
ing and contribute to tumor immune evasion.24-26 The
precise role of these mutations in de novo and acquired
resistance to ICB in MMRD EC will need to be formally
evaluated in a larger cohort of patients.

The finding that all ORs and all but one PFS6 responses
were observed in patients with three or more lines of
therapy is intriguing and requires independent validation. A
similar trend was observed in the KEYNOTE-100 study of
pembrolizumab in ovarian cancer.27 Ample evidence in-
dicates that cytotoxic chemotherapy, radiation therapy, and
targeted therapies have immunomodulatory effects and
may prime tumors to respond to ICB via several mecha-
nisms, including activation of type I interferon response and
upregulation of PD-L1.28-31 Whether number, type, dura-
tion, or intensity of prior therapies may affect future re-
sponse to ICB is an important question that warrants
additional investigation.

In conclusion, our study findings indicate MMRD by IHC
correlates with response to avelumab in EC, with responses
observed in patients who lacked PD-L1 expression and in
those with multiple prior lines of therapy and either somatic
or germline origin of the MMRD. Our findings support
routine use of IHC to determine MMRD status in EC when
considering treatment with ICB. Conversely, avelumab did
not demonstrate activity worthy of additional evaluation in
MMRP/non-POLE-mutated ECs, suggesting that alternative
approaches are needed. In this regard, a clinical trial of
avelumab plus the PARP inhibitor talazoparib in MMRP/
non-POLE–mutated ECs is currently ongoing (Clinical-
Trials.gov identifier: NCT02912572).
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