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abstract

PURPOSE The National Cancer Institute Molecular Analysis for Therapy Choice (NCI-MATCH) trial, the largest
national precision oncology study to date (. 1,100 sites) of patients with relapsed or refractory malignancies,
assigned patients to targeted therapy in parallel phase II studies based on tumor molecular alterations. The
anti–programmed death receptor 1 inhibitor nivolumab previously showed activity in mismatch repair
(MMR)–deficient colon cancer. We hypothesized that nivolumab would have activity in patients with MMR-
deficient, noncolorectal tumors.

PATIENTS AND METHODS Eligible patients with relapsed or refractory tumors, good end-organ function, and
Eastern Cooperative Oncology Group performance status of # 1 underwent tumor biopsy for centralized
screening of molecular alterations. MMR deficiency was defined by complete loss of nuclear expression of
MLH1 or MSH2 MMR gene products by immunohistochemistry (IHC). Patients with MMR-deficient colorectal
cancer were excluded. Nivolumab, 3 mg/kg every 2 weeks (28-day cycles) and 480mg every 4 weeks after cycle
4, was administered intravenously. Disease reassessment was performed every 2 cycles. The primary end point
was RECIST 1.1 objective response rate (ORR).

RESULTS Two percent of 4,902 screened patients had an MMR-deficient cancer by IHC. Forty-two evaluable
patients were enrolled, with a median age of 60 years and a median of 3 prior therapies. The most common
histologies were endometrioid endometrial adenocarcinoma (n = 13), prostate adenocarcinoma (n = 5), and
uterine carcinosarcoma (n = 4). ORR was 36% (15 of 42 patients). An additional 21% of patients had stable
disease. The estimated 6-, 12-, and 18-month progression-free survival rates were 51.3% (90% CI, 38.2% to
64.5%), 46.2% (90% CI, 33.1% to 59.3%), and 31.4% (90% CI, 18.7% to 44.2%), respectively. Median overall
survival was 17.3 months. Toxicity was predominantly low grade.

CONCLUSION A variety of refractory cancers (2.0% of those screened) had MMR deficiency as defined in NCI-
MATCH. Nivolumab has promising activity in MMR-deficient noncolorectal cancers of a wide variety of
histopathologic types.

J Clin Oncol 38:214-222. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Immune checkpoint inhibitor therapy directed against
programmed death receptor 1 (PD-1) or its ligand (PD-
L1) has dramatically altered treatment of large num-
bers of patients with advanced cancer.1,2 Mismatch
repair (MMR)–deficient cancers have a defect in DNA
damage repair, acquired either through hereditary or
sporadic abnormalities in MMR genes. This inability to
repair primarily single base pair mismatches in DNA
results in the accumulation of DNA mutations and
provides MMR-deficient cancers with one of the

highest tumor mutation burdens (TMBs) among
cancers, which has been correlated with clinical re-
sponse to anti–PD-1/PD-L1 therapy.3,4

Given these data, clinical trials testing the PD-1 in-
hibitor pembrolizumab in MMR-deficient cancers of
various types and nivolumab with or without ipilimu-
mab in MMR-deficient colorectal cancers were con-
ducted and showed striking clinical activity.5-7 On May
23, 2017, the US Food and Drug Administration (FDA)
approved pembrolizumab for the treatment of MMR-
deficient solid tumors, the first tumor agnostic approval

ASSOCIATED
CONTENT

See accompanying
Editorial on page 183

Appendix

Protocol

Author affiliations
and support
information (if
applicable) appear
at the end of this
article.

Accepted on October
7, 2019 and
published at
ascopubs.org/journal/
jco on November 25,
2019: DOI https://doi.
org/10.1200/JCO.19.
00818

The content is solely
the responsibility of
the authors and does
not necessarily
represent the official
views of the National
Institutes of Health,
nor does mention of
trade names,
commercial
products, or
organizations imply
endorsement by the
US government.

214 Volume 38, Issue 3

http://ascopubs.org/doi/full/10.1200/JCO.19.02860
https://ascopubs.org/doi/suppl/10.1200/JCO.19.00818
http://ascopubs.org/journal/jco
http://ascopubs.org/journal/jco
http://ascopubs.org/doi/full/10.1200/JCO.19.00818
http://ascopubs.org/doi/full/10.1200/JCO.19.00818
http://ascopubs.org/doi/full/10.1200/JCO.19.00818


for an anticancer agent. Subsequently, both nivolumab and
the combination of nivolumab and ipilimumab were FDA
approved for the treatment of MMR-deficient advanced co-
lorectal cancer.8 However, the clinical activity of nivolumab in
patients with MMR-deficient cancers other than colorectal
cancer has not been explored extensively. Based on the
activity seen with pembrolizumab in patients with non-
colorectal cancer, we hypothesized that nivolumab would also
be an effective anticancer therapy for these patients.

The National Cancer Institute (NCI) Molecular Analysis for
Therapy Choice (NCI-MATCH or EAY131) trial (Clinical-
Trials.gov identifier: NCT02465060) is a large, national
trial led by the Eastern Cooperative Oncology Group
(ECOG)–American College of Radiology Imaging Network
Cancer Research Group through the NCI-supported Na-
tional Clinical Trials Network and NCI Community Oncology
Research Program. The trial aimed to find signals of effi-
cacy for treatments targeted to actionable molecular al-
terations found in any tumor type. A master screening
protocol profiled cancers from patients with refractory solid
tumors, lymphoma, or myeloma for molecular abnormali-
ties with multiple concurrently enrolling subprotocols, each
of which targeted a particular actionable mutation of in-
terest. Those with tumor molecular alterations that were
addressed by subprotocols in NCI-MATCH were enrolled
based on their genotype or phenotype.9 We report the
results of NCI-MATCH phase II clinical trial subprotocol
Z1D, which evaluated the activity of nivolumab in patients
with MMR-deficient, noncolorectal cancer.

PATIENTS AND METHODS

Subprotocol Overview

NCI-MATCH (EAY131) functioned as a screening master
protocol, under which were arrayed a number of phase II
signal-finding subprotocols. The Z1D subprotocol, reported
here, was an open-label, single-arm, phase II clinical trial to
investigate the use of nivolumab in patients with MMR-
deficient, noncolorectal cancers. The study was reviewed
and approved by the NCI Central Institutional Review
Board, and all patients signed written informed consent.

Patient Selection

Adult patients with any solid tumor, lymphoma, or myeloma
who experienced progression on standard treatment or who
had a cancer for which there was no known effective
therapy were eligible. Adequate hematopoietic, liver, and
kidney function; an ECOG performance status of # 1; and
a recent biopsy were required. Patients were excluded if
they had colorectal cancer, prior history of severe auto-
immune disease, or prior treatment with an immune
checkpoint inhibitor.

Tumor Profiling

Tumor profiling was accomplished with a targeted in-
vestigational 143-gene Oncomine assay (Thermo Fisher

Scientific, Waltham, MA), as previously described.10 MMR
deficiency was assessed using an immunohistochemistry
(IHC) assay for MLH1 or MSH2 expression.11 Eligible pa-
tients had complete loss of nuclear expression of either
MLH1 (clone G168-728; MilliporeSigma/Cell Marque,
Rocklin CA) or MSH2 (clone FE11; EMD Millipore/
Calbiochem, San Diego, CA) by IHC. All tumors with loss of
expression had confirmatory IHC performed for the cor-
responding binding partner protein: PMS2 (clone A16-4;
BD Pharmingen, San Diego, CA) for LH1 or MSH6 (clone
44MSH6; BD Transduction Laboratories, San Jose, CA)
for MSH2.

IHC was performed on a pretreatment tumor biopsy in
the central Clinical Laboratory Improvement Amend-
ments–accredited clinical IHC laboratory in the Department
of Pathology at the University of Texas MD Anderson
Cancer Center. This laboratory was also accredited by the
New York State Department of Health. These assays have
specificity for MMR deficiency of approximately 90% and
sensitivity of approximately 80%.12 Any patient whose tu-
mor was concurrently MMR deficient and had another
actionable molecular alteration was preferentially assigned
to arm Z1D.

After completion of the trial, available tumor with deficient
MMR by IHC was evaluated for microsatellite instability
(MSI) status with a polymerase chain reaction (PCR) assay
of 4 mononucleotide repeat sequences (BAT25, BAT26,
BAT40, and TGFbRII) and 3 dinucleotide repeats (D2S123,
D5S346, and D17S250), as described previously.13,14 Re-
sidual tumor or DNA from the NCI-MATCH biopsy speci-
mens (n = 16), tumors from another metastasis (n = 14),
or archived primary tumors (n = 14) were evaluated. DNA
extracted from peripheral blood leukocytes (n = 36) or
nonneoplastic tissue (n = 8) was used as a comparator.

Assignment to Treatment

Patients were assigned using a prospectively defined, NCI-
designed informatics rules algorithm (MATCHbox), as
previously described.9

Treatment Details

Patients were treated with nivolumab 3mg/kg intravenously
every 2 weeks for 28-day cycles. After cycle 4, patients
could be switched to nivolumab 480mg intravenously once
each cycle. An optional tumor biopsy at the time of pro-
gressive disease was encouraged.

Evaluation of Response

Response was evaluated every 2 cycles using RECIST 1.1
criteria for solid tumors15 based on investigator assessment.

Toxicity Evaluation

Toxicity was evaluated using Common Terminology Criteria
for Adverse Events version 4. Dose modifications were not
allowed on this subprotocol.
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Statistical Considerations

The primary objective was to evaluate the objective re-
sponse rate (ORR) for each subprotocol. A response rate of
16% (5 of 31 patients) or greater was predefined as a signal
of activity. Secondary objectives included progression-free
survival (PFS) at 6 months, time to progression, toxicity
assessment, and evaluation of predictive biomarkers
(comutations or other factors that potentially predict which
patients will respond). The original accrual goal was 35
patients, to obtain 31 eligible patients. Because of brisk
enrollment, expansion criteria were triggered. In the ex-
pansion phase (beyond 35 patients), the number of pa-
tients with each tumor type that could be enrolled was
capped at 10, and histologies with at least 10 patients
already enrolled on the subprotocol in the initial accrual
phase were excluded.

RESULTS

Patients and Treatment

Arm Z1D opened May 31, 2016. Of 5,598 tumors sub-
mitted beginning August 12, 2015, 4,902 were success-
fully screened by IHC for MLH1 and MSH2, including 5
patients who were screened twice during the period; these
patients were enrolled for screening, did not enroll on an
arm, and at a later point were screened again under a new
case number. Of these 4,902 patients, 99 (2.0%) were
found to have MLH1 or MSH2 loss. Between August 1,
2016, and June 27, 2017, 47 patients of varying histologies
among the 99 were enrolled in arm Z1D (Appendix Fig A1,
online only). The most common reason for a patient with
MLH1 or MSH2 loss not enrolling in the subprotocol was

ineligible histology (colorectal cancer or endometrial can-
cer, the latter during expansion of accrual).

On review of the 47 enrolled patients, 2 were deemed
ineligible as a result of having had treatment within the
washout window or elevated creatinine at enrollment, and 3
were excluded after posttrial rereview of baseline IHC
showed incomplete loss of MLH1 or MSH2 expression in
their tumor. As a result, 42 patients were evaluable; 33
(79%) had loss of MLH1, and 9 (21%) had loss of MSH2
expression. Table 1 lists the histologies and Table 2 the
patient characteristics for the evaluable population. All 5
patients with prostate adenocarcinoma had prior therapy
with hormonal agents. Median follow-up time was 17.3
months.

Clinical Activity

Rates of response and survival. The ORR in the intent-to-
treat population was 36% (15 of 42 patients; 90% CI,
23.5% to 49.5%). Three patients (7%) had complete re-
sponses (CRs), 13 patients (29%) had partial responses
(PRs), 9 patients (21%) had stable disease, and 12 patients
(23%) had progressive disease (Fig 1A). CRs were ob-
served in 2 patients with endometrioid endometrial ade-
nocarcinoma and 1 patient with cholangiocarcinoma.

TABLE 1. Tumor Histologies of the 42 Evaluable Patients
Histology No. of Patients

Endometrioid endometrial adenocarcinoma 7

Endometrioid endometrial adenocarcinoma variants* 6

Adenocarcinoma of prostate† 5

Uterine carcinosarcoma/malignant mixed Müllerian tumor 4

Adenocarcinoma of esophagus/esophagogastric junction 3

Cholangiocarcinoma‡ 3

Ductal carcinoma of breast 3

Pancreatic neuroendocrine carcinoma 1

Other§ 10

*Mucinous, squamous and mucin vacuoles, squamous (n = 2), prominent
morula formation, mucin vacuoles, and mixed serous and mucinous.
†One with focal neuroendocrine differentiation.
‡Two intrahepatic and 1 perihilar.
§Mucinous adenocarcinoma of small intestine; adenocarcinoma of lung;

carcinoma of parathyroid; chordoma of clivus of skull; leiomyosarcoma of uterus;
epithelial/myoepithelial carcinoma of submandibular salivary gland; small-cell lung
carcinoma; follicular carcinoma of thyroid with Hürthle cell features; squamous cell
carcinoma of esophagogastric junction; squamous cell carcinoma of cervix and
vagina; and clear cell adenocarcinoma of female genital tract/Müllerian origin.

TABLE 2. Patient Characteristics
Characteristic No. of Patients (%)

Sex

Female 28 (67)

Male 14 (33)

Median age, years (range) 60 (44-85)

Race/ethnicity

White 35 (83)

Black 4 (10)

Asian 2 (5)

Hispanic 2 (5)

Native American 1 (2)

Performance status

0 17 (40)

1 25 (60)

Prior lines of therapy

1 10 (24)

2 8 (19)

3 4 (10)

. 3 19 (45)

Missing 1 (2)

Weight loss in past 6 months, %

, 5 25 (60)

5 to , 10 10 (24)

$ 10 6 (14)

Missing 1 (2)
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FIG 1. Clinical responses. (A)
Depth of best clinical re-
sponse by RECIST 1.1 criteria
by tumor histology (35 evalu-
able patients included). (B)
Duration of treatment in pa-
tients with stable disease (SD)
or better, annotated by tumor
histology. Arrows represent
ongoing therapy at the time of
data cutoff. (C) Spider plot of
response depth and duration
by tumor histology (35 evalu-
able patients included). Arrows
represent ongoing therapy at
the time of data cutoff. CR,
complete response; L, micro-
satellite instability low; PD,
progressive disease; PR, partial
response; S, microsatellite in-
stability stable; U, microsatellite
instability unknown.
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Seven patients were not evaluable; 5 of these patients
withdrew from the study for adverse events in cycle 1 or 2
before restaging. Of the 15 patients with a confirmed best
response as PR or CR, 6 developed progressive disease
after their initial response.

The estimated PFS distribution is provided in Figure 2A.
The estimated 6-, 12-, and 18-month PFS rates were
51.3% (90% CI, 38.2% to 64.5%), 46.2% (90% CI, 33.1%
to 59.3%), and 31.4% (90% CI, 18.7% to 44.2%), re-
spectively. Twenty-two deaths were reported, with amedian
survival time of 17.3 months (Fig 2B)

Durability of response. Patients were treated for 1 to $ 24
cycles (median, 5 cycles). The most common reason for
discontinuing study therapy was progressive disease (16
patients, 38%), followed by adverse events (10 patients,
24%). Thirty-three patients had discontinued study treat-
ment, whereas 9 patients (21%) continued on treatment at
the time of this report (Fig 1B). Those patients continuing
on therapy had best responses of CR (n = 2), PR (n = 5),
and stable disease (n = 2). The other patient with a CR
discontinued therapy as a result of adverse events in cycle
5, remained without progression for 172 days, and then
withdrew consent for follow-up. Three of the 12 patients
with PR came off therapy without progression between 7
and 12 cycles. Two patients were progression free at 258
and 388 days; the third patient was lost to follow-up after
cycle 12. Finally, of the 9 patients with stable disease, one
patient remained progression free for 232 days after
coming off therapy for adverse events.

Tolerability

Treatment-related adverse events were generally mild and
expected for this class of agents (Table 3). There were no
grade 5 toxicities and only 2 grade 4 toxicities in 3 patients

(sepsis in 2 patients). The most common grade 1-3 adverse
events were fatigue (40%), anemia (33%), rash (17%), and
hypoalbuminemia (17%).

Molecular Correlates

After completion of the trial, MSI testing by PCR was
performed on an available tumor sample for 44 enrolled
eligible patients who met the inclusion criterion of loss of
IHC staining, and 39 patients (89%) had anMSI-high tumor
(Appendix Fig A1). The tumors of the other 5 eligible
patients were MSI low (n = 2) or microsatellite stable
(MSS; n = 3). Interestingly, 2 patients with an MSI-low or
MSS tumor had an MSH2 mutation in their tumor, in
agreement with the IHC results, and even though their
tumor was not MSI high by PCR, both had PRs to in-
vestigational therapy (Figs 1A and 1B). Among the other 3
patients, 1 had no available tissue, and the tumors from 2
patients who were ineligible based on exclusion criteria
were not evaluated.

A series of post hoc exploratory analyses were undertaken
to investigate possible associations with response rate and
PFS using the baseline fresh tumor biopsy specimens that
were taken at screening for the master protocol. There was
no difference in PFS in patients with tumors with loss of
MLH1 compared with loss of MSH2 (P = 1.0). The most
common genes altered in the NCI-MATCH tumors that
lacked nuclear expression of MLH1 or MSH2 were TP53,
PTEN, PI3KCA, and CTNNB1, with multiple other genes
showing variants in multiple patients (Fig 3, Appendix Table
A1, online only). Clinical response, disease control, or
likelihood of progression did not correlate with any par-
ticular concurrent molecular abnormality, although in pa-
tients whose tumors had TP53 aberrations, there was
a trend toward improved response rate (44% v 31% in
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FIG 2. (A) Kaplan-Meier survival curve of progression-free survival (PFS) on nivolumab treatment. (B) Kaplan-Meier survival curve of overall survival (OS) on
nivolumab treatment.
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patients without TP53 aberrations) and improved PFS
(P = .071 for PFS; Appendix Fig A2, online only). Similarly,
an analysis using grouped molecular abnormalities by
pathway or mechanism (DNA repair genes, PIK3/PTEN,
RAS, and PIK3/PTEN/RAS) showed no correlation with
response category on therapy.

DISCUSSION

This study confirms that MMR deficiency identifies a group
of tumors across a range of anatomic and histopathologic
types with a substantial response rate when treated with
nivolumab anti–PD-1 therapy. Patients with 19 different
cancer types, none of them colorectal, were treated on this
study. The response rate of 36% compares well with the
previously reported 31% response rate for nivolumab in
MMR-deficient colorectal cancer.16

This trial was a subprotocol of the NCI-MATCH (EAY131)
trial, the largest ever trial of personalized therapy based on
molecular biomarkers.9 To meet eligibility for an NCI-
MATCH arm, fresh tumor biopsies were sequenced by the
NCI-MATCH targeted sequencing platform and evaluated
by centralized IHC testing. Tissue quantity was key to
feasibility to successfully enroll on the trial; accordingly, we
chose to use IHC testing for MLH1 and MSH2 rather than
PCR-based testing to preserve tissue and still reach
a sensitivity of 80% for MMR-deficient cancers and high
specificity.17-19 For this study, we were interested in en-
rolling patients with MMR deficiency, not in assessing risk
for MMR-deficient future cancers. Thus, the prevalence of
2% that we found is likely to be slightly lower than the actual
prevalence of MMR deficiencies previously described in
noncolorectal solid tumors. Although the NCI-MATCH next-
generation sequencing (NGS) assay does not report MSI,
multiple commercial and academic targeted NGS se-
quencing assays now report MSI status using proprietary
algorithms and have shown excellent concordance with
PCR and IHC-based testing.20-22 We found concordance of
MLH1 or MSH2 loss by IHC with MSI-high status by PCR in
39 (89%) of 44 patients, showing both the utility of IHC-
based testing and the potential to misidentify MMR de-
ficiency in a small proportion of patients.

Previous studies have reported compelling activity of
pembrolizumab in MMR-deficient cancers of various types
and of nivolumab with or without ipilimumab in MMR-
deficient colorectal cancer, with response rates of 31%-
53%.5-7,12 Our trial was designed to assess the benefit of
nivolumab in noncolorectal cancers. We report efficacy of
nivolumab comparable to that of single-agent pem-
brolizumab in patients with noncolorectal cancer. Patients
with endometrial cancer and prostate cancer were our most
commonly enrolled patients, with usual MSI-high preva-
lence rates of approximately 30% and 3% reported in large
series, respectively.20,23 Of note, our initial report of this trial
with shorter follow-up showed a lower response rate for
nivolumab (24%) compared with historical data with
pembrolizumab,22 a gap that has now closed with the
longer duration of follow-up of 17.3 months. These data
support the premise that responses to immune therapy
continue to occur over time, and patients with stable dis-
ease may eventually achieve a clinical PR or CR with
continued therapy. The potentially lower response rate in
arm Z1D of NCI-MATCH compared with the response rate
with pembrolizumab in MMR-deficient cancers may reflect
the general much wider setting of the trial, which was open
in . 1,100 sites across the country. It is possible that
patients were more likely to be discontinued from study
therapy for immune-related toxicities, compared with pa-
tients treated at highly specialized centers with significant
expertise in immunotherapy, where more experience in
management of these adverse events might have allowed
providers more comfort in continuing patients on therapy.

TABLE 3. Common Treatment-Emergent Adverse Events

Adverse Event

No. of Patients (N = 42)

Grade 1 Grade 2 Grade 3 Grade4

ALT increased 2 0 1 0

Alkaline phosphatase increased 3 1 1 0

Anemia 4 3 7 0

Creatinine increased 1 1 1 0

Dehydration 0 0 2 0

Ejection fraction decreased 0 0 1 0

Encephalopathy 0 0 1 0

Fatigue 6 9 2 0

Flank pain 0 0 1 0

Generalized muscle weakness 0 3 1 0

Hypoalbuminemia 3 4 0 0

Hypocalcemia 1 0 1 0

Hypokalemia 0 0 1 0

Hyponatremia 4 0 1 0

Hypotension 0 0 1 0

Myelitis 0 0 1 0

Nausea 5 0 1 0

Peripheral ischemia 0 0 1 0

Pleural effusion 0 0 1 0

Pneumonitis 1 0 0 1

Pruritus 4 0 1 0

Rash maculo-papular 3 2 2 0

Right leg below knee amputation 0 0 1 0

Sepsis 0 0 0 2

Skin infection 0 1 2 0

Toe amputation 0 0 1 0

Vomiting 1 0 1 0

Weight gain 0 0 1 0

NOTE. All events were $ grade 3 or occurred with . 15% incidence.
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In addition, 2 patients with loss of MMR proteins by IHC but
who were MSS or MSI low on PCR testing had an MSH2
mutation and responded to therapy; this suggests the
potential that patients with loss of MMR proteins even
without a microsatellite-unstable phenotype may derive
benefit from anti–PD-1 therapy.

The NGS profiling of known actionable mutations allowed
us to conduct exploratory analyses examining correlations
between given pathway abnormalities and immune
checkpoint response in the MMR-deficient patient pop-
ulation and probe possible mechanisms of primary re-
sistance. PI3 kinase pathway activation has been

suggested as a mechanism of primary immunotherapy
resistance.24-26 Although 9 of 23 of the MMR-deficient
patients in arm Z1D did have pretreatment PIK3CA mu-
tations, this finding did not correlate with clinical outcome
in our cohort, with the requisite caveats acknowledging
a small sample size in this analysis; further analysis of
alterations in PIK3 signaling along the pathway (PIK3, AKT,
and PTEN) did not show correlation with response to
therapy. Conflicting reports exist on the effect of silencing
the tumor suppressor gene TP53 on chemotherapy and
immunotherapy sensitivity.27-29 Although not statistically
significant, possibly because of sample size, we noted
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a trend toward improved response and survival in patients
whose tumors had TP53 abnormalities. This finding should
be explored in larger sample sets to assess the value of
TP53 status as a biomarker of response to immunotherapy
in patients whose tumors have MMR deficiency.

Immune checkpoint inhibitors have been approved for
treatment of multiple cancers based on improved survival,
including non–small-cell lung cancer (NSCLC), melanoma,
urothelial cancers, and many others.2 TMB has been found
to be an independent predictor of benefit for immune
checkpoint therapy, with the greatest number of mutations
observed in NSCLC, melanoma, cutaneous squamous cell
carcinoma, and MMR-deficient cancers.3,4 TMB is in-
creasingly being recognized as a potentially useful bio-
marker for identification of patients likely to respond to
immune checkpoint inhibition. In a recent high-impact
publication, TMB was the strongest predictor of benefit
with anti–PD-1/PD-L1 therapy in NSCLC.4 Yarchoan et al3

showed a correlation between median somatic mutation
burden and likelihood of response to anti–PD-1/PD-L1
therapy in 27 tumor types. The underlying hypothesis for

this correlation relates to the high level of neoantigens that
result from tumor types with high mutation loads.4 In-
terestingly, the high rate of neoantigens seen in MMR-
deficient cancers relates not only to their high mutational
burden but also to the nature of the mutations generated
from single base pair mismatches. Frequently, single base
pair mismatches result in frameshift mutations, which can
result in transcription of numerous altered amino acids;
therefore, each mutation has the potential to generate
a greater number of neoantigens.30 Unfortunately, both
limited tissue and inability of the sequencing platform used
for NCI-MATCH (Oncomine) to support robust quantifi-
cation of TMB as a result of insufficient number of nu-
cleotides precluded our ability to report TMB for this study.

In conclusion, we report positive results from arm Z1D of
the national NCI-MATCH precision oncology trial. These
data confirm the benefit of the anti–PD-1 inhibitor nivo-
lumab in patients with MMR-deficient, noncolorectal
cancer. The rapid accrual to subprotocol Z1D also dem-
onstrates the power of a national clinical trial to enroll
patients from a rare biomarker-based population.
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FIG A1. CONSORT diagram of mismatch repair (MMR) testing workflow. dMMR, deficient mismatch repair; H, high; IHC, immunohistochemistry; L, low;
MSI, microsatellite instability; MSS, microsatellite stable; PCR, polymerase chain reaction.
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TABLE A1. Other Concurrent Molecular Variants
Gene No. of Variants

APC 1

AR 3

ATM 3

BRCA1 1

BRCA2 1

CDH1 1

CKDn2A 1

CTNNB1 7

EGFR 1

ERBB2 1

ESR1 4

FBXW7 3

FGFR2 4

GATA3 2

GNAS 1

HRAS 1

KRAS 7

MAX 1

MSH2 3

MYCL 1

NF1 1

NFE2L2 2

NOTCH1 1

NRAS 1

PI3KCA 9

PK3R1 4

PTCH1 1

PTEN 15

PTPN11 1

RB1 1

SF3B1 1

SMAD4 2

TET2 1

TP53 16
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P =  .071
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FIG A2. Progression-free survival (PFS) based on TP53 status on
nivolumab treatment.

Journal of Clinical Oncology

Nivolumab in MMR-Deficient, Noncolorectal Cancers


	Nivolumab Is Effective in Mismatch Repair–Deficient Noncolorectal Cancers: Results From Arm Z1D—A Subprotocol of the NCI ...
	INTRODUCTION
	PATIENTS AND METHODS
	Subprotocol Overview
	Patient Selection
	Tumor Profiling
	Assignment to Treatment
	Treatment Details
	Evaluation of Response
	Toxicity Evaluation
	Statistical Considerations

	RESULTS
	Patients and Treatment
	Clinical Activity
	Rates of response and survival.
	Durability of response.

	Tolerability
	Molecular Correlates

	DISCUSSION
	REFERENCES
	APPENDIX
	APPENDIX


