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Abstract: Locally advanced gastrointestinal (GI) malignancies have
conventionally been treated in a multimodal fashion that combines
(neo)adjuvant chemotherapy with or without radiation and definitive
surgical resection. Clinical data have demonstrated the reduced respon-
siveness of Gl malignancies with microsatellite instability (MSI) to both
adjuvant and neoadjuvant systemic chemotherapy when compared
with microsatellite stable (MSS) disease. The elevated tumor mutational
burden associated with MSI tumors of all types sensitizes these tumors
to the effects of immune checkpoint blockade in the metastatic setting,
which led to tumor-agnostic approval of immune checkpoint inhibitors
in this context. The recent demonstration of greater sensitivity and high
pathologic complete response rates to neoadjuvant immunotherapy in
locally advanced Gl malignancies may ultimately establish a novel treat-
ment paradigm and herald potential nonoperative management of this
distinct subgroup of Gl malignancies. This article provides an overview
of immune checkpoint inhibitor therapy in locally advanced MSI ClI
malignancies. It also covers the clinical significance of MSI status across
the Gl cancer spectrum, the available data demonstrating differential
responses of MSI and MSS disease to conventional chemotherapy, and
the biological rationale for novel strategies utilizing immunotherapy in

the neoadjuvant, adjuvant, and nonoperative settings.

Introduction

The advent of immunotherapy has radically altered the treatment
paradigm for metastatic tumors with microsatellite instability (MSI)
and mismatch repair deficiency ({IMMR). We have seen unprece-
dented survival advances with the addition of immunotherapy to
standard treatment algorithms in the setting of inoperable disease.
We are increasingly witnessing the utility of checkpoint inhibitors in
the neoadjuvant setting, with the potential omission of conventional
treatment modalities, like chemotherapy and radiation, and their asso-
ciated morbidity and heralding an era of nonoperative management
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in the setting of MSI locally advanced disease. The use of
checkpoint inhibitors has expanded rapidly across the gas-
trointestinal (GI) cancer spectrum (Figure) since the initial
MSI pan-cancer approval of pembrolizumab (Keytruda,
Merck) in 2017.

MSI Tumors and Immunotherapy

MSI, which describes a clonal change in the number
of repeated DNA nucleotide units in microsatellites,’
is the consequence of impairment of the DNA base
repair system. Microsatellites are short, repetitive DNA
sequences consisting of nucleotide, dinucleotide, or
higher order nucleotide repeats’; these regions are prone
to accumulation of mutations owing to the inefliciency
of DNA polymerases during DNA synthesis, with high
rates of insertions and deletions (indels) frequently lead-
ing to frameshift mutations and altered protein function
and expression.’> The number and pattern of indels can
distinguish microsatellite stable (MSS) tumors from
MSI tumors.* The high neoantigen load associated with
MSI tumors is enriched for mutations encoding proteins
that are immunogenic, sensitizing them to immune
checkpoint blockade (ICB).> This efficacy of ICB in
MSTI tumors led to the first tumor-agnostic approval of
ICB in patients with metastatic disease.®® Although the
terms MSI and dMMR are often used interchangeably,
MST refers to the phenotypic consequence of deficient
mismatch repair.

Checkpoint Inhibitor Mechanism of Action
and Rationale for Neoadjuvant Application

The checkpoint inhibitors that are currently in wide-
spread use are antibodies that block either the cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4) or pro-
grammed death 1 (PD-1) pathway. They enhance the
innate immune response, allowing for antitumor T-cell
responses. Application of a CTLA-4 antibody releases the
inhibitory effect of CTLA-4 translocation to the cell sur-
face, leading to enhanced T-cell activation and resultant
tumor regression.” The PD-1/programmed death ligand
1 (PD-L1) interaction between T cells and tumor cells
leads to inhibition of the antitumor T-cell responses.'
Application of PD-1 or PD-L1 antibodies (PD-1 inhib-
itors, PD-L1 inhibitors) similarly inhibits the negative
regulators of immune activation, allowing for potent anti-
tumor responses.'' More recently, the role of lymphocyte
activation gene 3 (LAG-3) in suppressing T cell activation
and cytokine secretion has been explored.'? The signifi-
cant synergy of LAG-3 with PD-1" that was identified
in preclinical studies has been effectively exploited in the
treatment of metastatic melanoma,'* and more recently in
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early-stage colorectal cancer (CRC)."

Neoadjuvant immunotherapy can be viewed as
in situ cancer vaccination.' Effective ‘vaccination’ of
the immune system against cancer, which typically is
achieved before surgical resection, requires the presence of
a sufficient volume of tumor-associated neoantigens. Liu
and colleagues provide data from 2 tumor models that
demonstrate the significance of timing of immunotherapy
before surgical resection, along with greater induction of
CD8-positive T cells when immunotherapy is applied in
the neoadjuvant setting."”

Locally Advanced Gl Tumors and the Impact
of MSI

Locally advanced GI cancers are typically managed
with definitive surgical resection with or without (neo)
adjuvant radiation and systemic therapy with curative
intent. Neoadjuvant therapy for locally advanced disease
has been demonstrated to improve survival,'®
tumor resectability,?

enhance
and, in
some circumstances, allow for nonoperative manage-

reduce local recurrence,?!

ment.” From an investigational perspective, neoadjuvant
therapy allows for the correlation of clinical, pathologic,
and radiologic responses. Additionally, access to biolog-
ical specimens allows for elucidation of the molecular
mechanisms underpinning both response and resistance.
Thus, neoadjuvant systemic therapy is the standard of care
across several GI malignancies.

Conventional treatment strategies have been demon-
strated to be less effective in MSI tumors. Although the
data were conflicting initially,”® MSI in the setting of
locally advanced CRC was demonstrated to predict a
lack of benefit of adjuvant 5-fluorouracil (5-FU).**
Fortunately, the addition of adjuvant oxaliplatin to 5-FU
in the setting of stage III CRC appeared to mitigate this
detrimental effect.”® Differential responses to neoadjuvant
chemotherapy were also seen by microsatellite status
among patients with rectal cancer treated with total neo-
adjuvant therapy, with disease progression occurring in
25% of AMMR/MSI rectal tumors treated with neoadju-
vant chemotherapy” and none of the MSS rectal tumors
in the same study. This study also included an analysis
of patient-derived tumoroids. Notably, the dMMR rectal
cancer tumoroids demonstrated significant resistance to
leucovorin, 5-FU, and oxaliplatin (FOLFOX) compared
with tumoroids with MMR proficiency (pMMR) (50%
inhibitory concentration [IC50]=1.97 [95% CI, 1.49-
2.54] vs 5.02 [95% CI, 3.86-6.63]). Responses to neoad-
juvant chemoradiotherapy have also been demonstrated
to vary by microsatellite status in a National Cancer
Database analysis of more than 5000 patients with locally
advanced rectal cancer.?
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Figure. Timeline of FDA approvals of immunotherapy used in GI malignancies.

1L, first line; 2L, second line; 3L, third line; dAMMR, mismatch repair deficiency; FDA, US Food and Drug Administration; GEJ,
gastroesophageal junction; GI, gastrointestinal; HCC, hepatocellular carcinoma; HER2+, human epidermal growth factor receptor
2—positive; mCRC, metastatic colorectal cancer; MSI, microsatellite instability; PD-L1+, programmed death ligand 1—positive;
VEGHF, vascular endothelial growth factor inhibitor.

“In the setting of metastatic CRC, patients had to have received oxaliplatin, irinotecan, and a fluoropyrimidine.

®Metastatic or locally advanced unresectable.
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Colorectal Cancer

Approximately 15% of CRCs are MSI.*! The likelihood
of MSI status in CRC varies according to the stage of
disease®; it is approximately 20% in stage I to II, 12%
in stage III, and 4% to 5% in stage IV. About one-third
of MSI CRC arises from an underlying pathogenic vari-
ant in the DNA mismatch repair genes (MLHI, MSH2,
MSH6, PMS2, EPCAM). Pathogenic germline variants
in the DNA mismatch repair genes are the hallmark of
Lynch syndrome, a pan-cancer predisposition syndrome
characterized by near-universal MSI status of the asso-
ciated cancers.® Lynch syndrome carries a lifetime risk
of CRC of up to 80%, depending on the underlying
germline variant. However, most MSI CRCs (80%-90%)
are sporadic and arise from MLH1 hypermethylation,*
which is associated with high CpG island methylation
phenotype (CIMP+).

A systemic review evaluating the prognostic impact
of MSI status in CRC included 32 studies and 7642 CRC
cases, of which 1277 were MSIL.** Patients with MSI CRC
had better prognoses, even when the data were restricted
to clinical trial patients and patients with locally advanced
disease. The combined overall survival (OS) hazard ratio
(HR) associated with MSI was 0.65 (95% CI, 0.59-0.71;
heterogeneity P=.16; 1’=20%). When the analysis was
restricted to trial patients only, the HR was 0.69 (95%
CL, 0.56-0.85), and when restricted to patients with
locally advanced disease only, the HR was 0.67 (95% CI,
0.58-0.78). Importantly, patients with MSI tumors did
not appear to derive benefit from adjuvant 5-FU in the
locally advanced disease setting (HR, 1.24; 95% CI, 0.72-
2.14). This is corroborated by several other studies®** and
is further confirmed in the more recent analysis of the
prospective FOXTROT trial of neoadjuvant FOLFOX in
locally advanced CRC.* In this study, the response to
neoadjuvant chemotherapy was significantly less (’<.001)
in dMMR than in pMMR tumors, with a rate of moderate
or greater histological tumor regression of 7% (8/115) vs
23% (128/553), respectively. Reductions in 2-year recur-
rence were also seen only in patients with pMMR tumors
(rate ratio [RR], 0.69; 95% CI, 0.50-0.97; P=.043)
with no apparent reduction in 2-year recurrence among
patients with dMMR tumors (RR, 0.86; 95% CI, 0.42-
1.76; P=.68). Essentially, about 95% of the patients with
dMMR tumors who received neoadjuvant chemotherapy
showed no or little response to therapy.

Metastatic CRC

Le and colleagues published their groundbreaking phase
2 study in 2015, evaluating the PD-1 inhibitor pembro-
lizumab in treatment-refractory metastatic cancer.” This
study included 32 patients with CRC, of whom 11 (9
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colon, 2 rectal) had dMMR disease and 21 (198 colon,
3 rectal) had MMRp disease. The objective response rate
(ORR) and immune-related progression-free survival
(PFES) rate in this heavily pretreated cohort was 40% and
78% for dAMMR CRC vs 0% and 11% for pMMR CRC.
The OS was not reached for the dIMMR CRC cohort.
The expanded KEYNOTE-016 study demonstrated an
improved response rate, disease control rate, median PFS,
and median OS with pembrolizumab when the IMMR
CRC group was compared with the pMMR group.*' The
KEYNOTE-177 trial established the superiority of pem-
brolizumab vs chemotherapy in the first-line metastatic
setting.”? The phase 2 CheckMate 142 trial evaluated
the efficacy of single-agent treatment with the PD-1
inhibitor nivolumab (Opdivo, Bristol Myers Squibb) vs
a combination of nivolumab and the CTLA-4 inhibitor
ipilimumab (Yervoy, Bristol Myers Squibb) in patients
with  chemotherapy-refractory MSH-H  metastatic
CRC.® This trial demonstrated a response rate of 31%
to the single-agent regimen and 55% to the combination
regimen. Pembrolizumab and nivolumab were approved
in the first-line setting based on these results, with sub-
sequent approval of ipilimumab/nivolumab after pro-
gression on regimens containing 5-FU, oxaliplatin, and
irinotecan (Figure).

Early-Stage CRC
Colon. The NICOLE study (NCT04123925) evaluated
the utility of 2 doses of preoperative nivolumab (Day
1 and Day 15) in patients with locally advanced colon
cancer (T3 and T4).* Surprisingly, no major pathologic
responses were demonstrated in the 3 patients with
dMMR tumors, although completed results have not yet
been published. The ATOMIC trial (NCT02912559),
which has closed to recruitment, is evaluating the impact
of the addition of atezolizumab (Tecentriq, Genentech) to
standard-of-care adjuvant chemotherapy in patients with
resected stage III CRC.®

Neoadjuvant Therapy in CRC. In early 2022, Hu
and colleagues published the results of their single-center,
open-label, noncomparative, randomized phase 2 study
evaluating the combination of immunotherapy with the
PD-1 inhibitor toripalimab with or without celecoxib.
All 34 patients enrolled in the study had an RO resec-
tion (>1-mm resection margin). Furthermore, 15 of 17
patients (88%; 95% CI, 64-99) in the toripalimab/cele-
coxib group and 11 of 17 patients (65%j; 95% CI, 38-86)
in the toripalimab monotherapy group had a pathologic
complete response (pCR). Later in the same year, 2 stud-
ies of immunotherapy alone in the neoadjuvant setting
were presented that had the potential to radically alter
the treatment of both MSI colon and MSI rectal cancer,
and possibly lead to the complete omission of standard
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treatment modalities. Chalabi and colleagues initially pre-
sented the NICHE study in 2020, demonstrating a 100%
pathologic response rate and a 60% pCR rate among 20
patients with dMMR CRC treated with a single dose of
ipilimumab and 2 doses of nivolumab before surgery.
The expansion of this study was presented at the 2022
European Society for Medical Oncology (ESMO) Con-
gress, demonstrating a 95% major pathologic response
among 112 locally advanced dMMR CRCs (cT3 and/
or node-positive disease) treated with the same regimen
preoperatively.® A pCR was noted in 67% of patients in
this study.

Subsequently, Ludford and colleagues reported the
results of their phase 2 study evaluating pembrolizumab
in localized unresectable or high-risk resectable MSI
tumors.”** This study included 27 patients with CRC.
Among the 17 patients who underwent surgery, the pCR
rate was comparable to that of the NICHE studies, at 65%.
Xiao and colleagues reported a larger real-world cohort of
patients with CRC receiving neoadjuvant immunotherapy
(n=73).°" At the time of publication, 50 patients had
undergone surgery, and the pCR rate was 57.1%.

Building on the success of the NICHE-2 study, the
NICHE-3" study was presented at ESMO 2023. Patients
with MSI early-stage CRC received 2 preoperative doses
of a LAG-3 inhibitor and a PD-1 inhibitor. A major
pathologic response was noted in 89% of patients, with
a pCR seen in 79% of patients. All patients proceeded
to surgery without delays, and the toxicity profile was
manageable.

On the basis of these data, the AZUR2 phase 3
global multicenter trial comparing perioperative dostar-
limab with standard-of-care surgery followed by adjuvant
chemotherapy for T4NO or stage III dMMR/MSI CRC is
actively recruiting patients.”

Rectum. The VOLTAGE-A study evaluated the
addition of nivolumab monotherapy after neoadjuvant
chemoradiotherapy and before surgical resection, in a
small cohort of patients with MSI rectal tumors (n=5)
and compared outcomes to a larger cohort of MSS rectal
tumors.>® A pCR rate of 60% (3/5) was demonstrated in
the MSI group. Similarly, a US multisite phase 2 trial was
designed to evaluate the combination of ipilimumab/
nivolumab and short-course radiation in the neoadju-
vant treatment of MSI rectal cancer (NCT04751370).
The UNION study from China, results from which
were presented at ESMO 2023, evaluated the addition
of the PD-1 inhibitor camrelizumab to chemotherapy
after short-course radiotherapy.” It is critical to note that
these studies, as well as others, are primarily focused on
assessing the incorporation of ICB into standard treat-
ment rather than the exclusion of conventional treatment
modalities.

A New Paradigm
Cercek and colleagues initiated a prospective phase 2
study in which the PD-1 inhibitor dostarlimab (Jemperli,
GSK) was administered every 3 weeks for 6 months in
patients with AMMR/MSTI rectal cancer.” All the patients
had a clinical CR, which was a composite of endoscopic,
histologic (biopsies only), and radiologic findings. No
patients have required salvage radiotherapy or surgery. The
study is ongoing, with updated data presented at the 2023
Japanese Society of Medical Oncology Annual Meeting
demonstrating a continued 100% CR in 23 patients who
completed 6 months of dostarlimab. The AZURI global
multicenter trial is ongoing to validate the initial MSKCC
trial’s findings.*®

Taken together, these data from NICHE-2,%
NICHE-3," the trial by Cercek and colleagues,” and the
trial by Ludford and colleagues® offer a rationale for a
potential nonoperative approach in a biomarker-selected
cohort of patients with rectal cancer with the omission of
conventional treatment modalities, including radiother-
apy and surgery.

Esophagogastric Cancers

dMMR/MSI status has been reported in anywhere up to
12% of gastric cancers.””* Similar to MSI status in CRC,
it is associated with better OS in locally advanced disease
despite a poorer pathologic response to chemotherapy.”
In both the MAGIC® and CLASSIC® clinical trials,
dMMR/MSI status was determined to be a favorable
prognostic factor but a potentially negative predictive fac-
tor for receipt of perioperative chemotherapy in patients
with localized, resectable gastric cancer. Furthermore, a
meta-analysis of 4 randomized controlled trials that evalu-
ated the prognostic value of MSI status, namely MAGIC,
CLASSIC, ARTIST, and ITACA-S, determined that
MSI/dMMR status was associated with better OS and
disease-free survival (DES) outcomes at 5 years compared
with MSS/pMMR status (77.5% vs 59.3% and 71.8% vs
52.3%, respectively).”” Again, this supported the finding
that dMMR/MSI gastric cancer is biologically distinct
from MSS disease. MAGIC, which established periopera-
tive chemotherapy as a standard for gastric cancer, found
that patients with MSI status had a favorable prognosis vs
those with MSS status in the surgery-only treatment arm
(median OS not reached vs 20.3 months respectively),
but less favorable survival outcomes in the chemothera-
py-plus-surgery arm, with a median OS of 9.6 months in
those with AMMR/MSI tumors vs 22.5 months in those
with p MMR/MSS tumors,** indicating that patients with
MSI disease are poorly served by receipt of perioperative
therapy in resectable gastric cancer. The CLASSIC trial,
a phase 3 study of 1035 Asian patients with resectable
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(stage II-IIIb) gastric cancer, demonstrated a lack of
5-year survival benefit from adjuvant capecitabine and
oxaliplatin in those with MSI status.®

In the metastatic setting, the CheckMate 649 clin-
ical trial randomized patients to receive FOLFOX or
capecitabine/oxaliplatin  (XELOX; n=833), FOLFOX
or XELOX plus nivolumab (n=789), or ipilimumab
plus nivolumab (N=409).* This trial demonstrated a
significant improvement in OS across all patients with
the addition of nivolumab (13.8 vs 11.6 months; HR,
0.79), and led to the approval of first-line therapy with
immunotherapy plus chemotherapy for patients in the
metastatic setting. In contrast, the analysis of chemo-
therapy vs ipilimumab/nivolumab did not demonstrate
a significant survival difference for the whole study
population (11.9 vs 11.7 months; HR, 0.91). However,
subgroup analysis of patients with dMMR/MSI tumors
demonstrated a marked improvement in the ORR
among those who received dual ICB when compared
with chemotherapy; additionally, among the patients
with MSI tumors, an OS of 38.7 months was noted in
the chemotherapy/nivolumab group vs 12.3 months in
the chemotherapy-only group (HR, 0.38). Furthermore,
patients with dMMR/MSI tumors receiving ipilimumab
and nivolumab had a survival advantage, with OS not
reached vs 10.0 months in the ipilimumab/nivolumab
arm vs the chemotherapy-only arm, respectively (HR,
0.28). Although acknowledging that these analyses
included small numbers of patients with dMMR tumors
(n=21, chemotherapy alone; n=23, chemotherapy plus
immunotherapy; n=11, ipilimumab plus nivolumab),
they again highlight the predictive significance of micro-
satellite status for consideration of immune checkpoint
inhibitors in this biomarker-defined subgroup.

Both the KEYNOTE-585% and MATTERHORN®
studies were designed to evaluate the addition of immu-
notherapy to perioperative chemotherapy for resectable
gastric/gastroesophageal junction (GE]) tumors. Patients
in KEYNOTE-585 were randomized to receive pembro-
lizumab in conjunction with perioperative cisplatin and
5-FU, and patients in the MATTERHORN study were
randomized to receive durvalumab (Imfinzi, AstraZeneca)
and perioperative chemotherapy with 5-FU, leucovorin,
oxaliplatin, and docetaxel (FLOT). Provisional analyses of
both trials reported in June 2023 demonstrated a statisti-
cally significant improvement in pCR with the addition
of immunotherapy. Unfortunately, an updated analysis
of the KEYNOTE-585 data presented at ESMO 2023
demonstrated that despite a nonsignificant improve-
ment in event-free survival, this was not associated with
improved OS. Event-free survival and OS analyses are
ongoing in the MATTERHORN trial. Analyses of these
study cohorts by MSI status will be critical in defining
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which patients are most likely to benefit from this strategy.

The potential for a neoadjuvant ICB alone for
patients with localized gastric or GE] dMMR/MSI
tumors has been supported by the French GERCOR
NEONIPIGA trial.” This phase 2 study evaluated
neoadjuvant ipilimumab at 1 mg/kg once every 6 weeks
for 2 cycles, plus nivolumab at 240 mg flat dose every
2 weeks for 6 cycles, followed by surgery and adjuvant
nivolumab at 480 mg every 4 weeks in patients with
locally advanced gastric/ GEJ adenocarcinoma. Of the 32
patients enrolled, 29 underwent resection, which was R0
in all patients. The pCR rate was 58.6%. In addition,
the 3 patients who did not have surgery all had complete
endoluminal responses with tumor-free biopsies and
normal imaging. These results compare favorably with
the pCR rate observed in a biomarker-unselected cohort
of patients who received neoadjuvant standard-of-care
chemotherapy with FLOT for locally advanced gastric
cancer, where pCR rates are in the order of 7% to 20%."®
The aforementioned prospective study by Ludford and
colleagues that evaluated neoadjuvant pembrolizumab in
dMMR/MSI tumors included only 1 patient with gastric
cancer, in whom a clinical CR was observed as the best
response.”

The prevalence of IMMR/MSI status in esophageal
tumors is reported to be less than 2% in most series,**
although one series reported a prevalence of MSI status in
6.5% (5 of 76) of Barrett esophagus—associated adenocar-
cinomas.”” dMMR/MSI status has been less well defined
in esophageal squamous cell carcinoma, although cases
have been reported in some small series.”"”?

In the adjuvant setting, the CheckMate 577 trial,
which was unselected for MSI status, demonstrated that
the addition of adjuvant nivolumab in patients with
esophageal cancer with residual disease after neoadjuvant
chemoradiotherapy was associated with a statistically
significant improvement in DFS. The recently presented
results of the VESTIGE study evaluating adjuvant
combination immunotherapy following preoperative
chemotherapy in patients with gastric/GE]J/lower esoph-
ageal tumors were negative for an improvement in DFS
(NCT03443856).”

Most ongoing trials in esophageal and gastric/GE]
cancers are evaluating the utility of immune checkpoint
inhibitors in combination with chemotherapy or radio-
therapy and are unselected by MSI status.

Pancreatic Cancer

dMMR/MSI status is present in approximately 1% to 2%
of cases of pancreatic cancer.” Some series suggest that
MST pancreatic cancers have a more favorable prognosis
than their MSS counterparts®; however, their response to
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ICB has traditionally appeared to be more modest than
that observed in other MSI GI cancers. Several reasons
for this are postulated, including a low tumor mutational
burden (TMB)”¢ and a paucity of neoantigens.” Le and
colleagues demonstrated the efficacy of PD-1 blockade in
dMMR/MSI tumors, including 8 patients with pancreatic
cancer.”® An ORR of 62% and a disease control rate of
75% were observed, including 2 CRs, 3 partial responses
(PRs), and 1 case of stable disease. In stage IV disease, the
KEYNOTE-158 basket trial evaluated pembrolizumab
in patients with MSI non-CRCs.”*” This study enrolled
351 patients of varying primary tumor types, including
22 patients with pancreatic cancer. An ORR of 18.2%
was observed in the pancreatic cancer group, including 1
CR and 3 PRs. The median PFS was 2.1 months (1.9-3.4)
and the median OS was 4 months (2.1-9.8). Although the
response rates in this group were less favorable than those
observed in other groups, it is notable that the duration
of response at the time of data cut-off (37.5 months from
the time of the first dose of pembrolizumab) was not
reached, indicating that durable responses are achieved in
a subset of patients.

The prospective study by Ludford and colleagues of
neoadjuvant pembrolizumab in 35 dMMR/MSI tumors
included 2 patients with pancreatic cancer.”’ Both patients
achieved stable disease as the best response, neither
patient achieved a pCR, and adaptive progression was
identified in both. Most recently, Coston and colleagues
reported on the outcomes of 32 patients with dMMR/
8 Of the 16 patients with nonmet-
astatic disease who underwent locoregional management

MSI pancreatic cancer.

(resection and adjuvant therapy or definitive chemoradi-
ation), the recurrence rate at a median follow-up of 25
months was notably low, at 19%. This included 6 patients
who received perioperative immunotherapy, including 1
who received neoadjuvant immunotherapy alone, 1 who
received adjuvant immunotherapy alone, and 1 who
received immunotherapy both before and after resection.
Of the 2 patients who received neoadjuvant immuno-
therapy and proceeded with resection, both had a pCR.
In the metastatic setting, an ORR to immunotherapy of
75% was observed, including a CR rate of 20% and a
disease control rate of 60%. The median PFS was not
reached. In contrast, responses to cytotoxic chemother-
apy were comparatively modest, with an ORR of 30%
and a disease control rate of 60%. The remaining data
on pancreatic cancer rely predominantly on case reports.
In one case, a patient who received pembrolizumab for
dMMR locally advanced unresectable pancreatic cancer
experienced shrinkage of the tumor that made it eligible
for resection. Although the patient declined resection, a
durable response was observed 1 year after discontinua-
tion of pembrolizumab.®!

Biliary Tract Cancers

The proportion of patients with IMMR/MSI biliary tract
cancers is approximately 2%,% with a higher frequency
in intrahepatic and extrahepatic cholangiocarcinoma
compared with gallbladder adenocarcinoma.®** The
TOPAZ-1 trial established cisplatin, gemcitabine, and
durvalumab as a standard of care in unselected advanced
biliary tract cancers.®> Notably, MSI status was available
for only 50% of patients enrolled. Of the 333 patients
enrolled, 5 (1.5%) were identified as having dMMR/
MSTI tumors.

Regarding ICB monotherapy, 1 patient with biliary
tract cancer was included in Le and colleagues’ land-
mark paper underpinning the role of pembrolizumab in
dMMR/MSI tumors.® The best response in this patient
was a PR.® Furthermore, 22 patients with biliary tract
cancers were enrolled in the KEYNOTE-158 trial.®”°
Subgroup analysis demonstrated an ORR of 40.9%,
with a median PFS of 4.2 months (95% CI, 2.1 to not
reached) and a median OS of 24.3 months. Notably, CRs
were observed in 3 patients and PRs in 6 patients. These
data support a role for ICB in locally advanced MSI bil-
fary tract cancers, although prospective data are lacking.

Hepatocellular Carcinoma

Data on the prevalence of IMMR/MSI status in hepato-
cellular carcinoma (HCC) are limited. One large analysis
based on data from The Cancer Genome Atlas demon-
strated a prevalence of 2.9%,% which is consistent across
datasets.*” The incorporation of ICB into the treatment
paradigm of unresectable HCC is now well established
in several different contexts, including in combination
with the anti-vascular endothelial growth factor inhibitor
bevacizumab,®® in combination with transarterial chemo-
embolization with bevacizumab in the EMERALD-1
study,® and as dual immune checkpoint inhibitor
therapy with durvalumab plus a single dose of tremeli-
mumab in the HIMALAYA trial.”! In general, studies
evaluating ICB in HCC do not stratify by MMR/MSI
status. A small number of case studies describe remarkable
responses to ICB in locally advanced, MSI hepatocellular
carcinoma®»%; however, both prospective and retrospec-
tive data are lacking.82%

We have identified 2 actively recruiting trials
that are evaluating neoadjuvant ICB in HCC and are
not specific for AMMR/MSI status (NCT04658147,
NCT04123379).

Small Bowel Cancer

Data regarding ICB in small bowel cancer are limited,
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which is unsurprising given its relative rarity.”®> MSI status
and high TMB appear to be enriched in small bowel ade-
nocarcinoma.”® Furthermore, 38.5% of cases of dMMR
small bowel cancer arise owing to an underlying germline
variant in the DNA mismatch repair genes. The risk of
recurrence in early-stage disease is lower in dMMR small
bowel tumors than in pMMR small bowel tumors.”
Notably, PD-L1 expression, which has been used as a
potential biomarker for the efficacy of immunotherapy,
has been demonstrated to vary by disease location within
the small bowel.?

Two small bowel cancers were included in the orig-
inal study of pembrolizumab in metastatic noncolorectal
dMMR tumors by Le and colleagues, and the OS in
this noncolorectal cohort was not reached.® The phase 2
ZEBRA trial looked specifically at the efficacy of pembro-
lizumab in advanced small bowel cancers treated in the
second-line setting.” Two of 4 patients with MSI disease
achieved a PR. In another small study evaluating avelumab
(Bavencio, EMD Serono/Pfizer), 1 of 8 patients was
found to have MSI disease and responded to avelumab for
18 months.”® Similarly, 2 patients with localized duodenal
adenocarcinoma were included in a study of neoadjuvant
pembrolizumab by Ludford and colleagues.”® Neither of
these patients had undergone surgery at the time of pub-
lication. One patient had a complete radiologic response
as the best response, and the other achieved stable disease
with subsequent progression.

Anal Cancer

Anal cancer accounts for less than 3% of GI malignancies,
but the incidence is rising.” Between 80% and 90% of
patients with squamous anal cancer are positive for human
papillomavirus, which is associated with increased tumor
immunogenicity.'” In the metastatic setting, efficacy has
been demonstrated for both nivolumab and pembro-
lizumab in refractory anal cancer, although PD-LI status
rather than microsatellite instability status has typically
been used to stratify patients. Morris and colleagues
reported a response rate of 24% in 37 patients, including
2 CRs and 7 PRs.!”! Ott and colleagues reported a compa-
rable response rate of 17% among patients with squamous
histology (n=24; 4 PRs, 10 cases of stable disease).' The
KEYNOTE-158 study included 112 patients with meta-
static and/or unresectable squamous cell anal cancer.® MSI
status is not available for this cohort, but the response rate
was reported as 15% among patients with PD-L1-posi-
tive disease. In the setting of localized anal cancer, data
are more limited. A phase 3 study from the National
Cancer Institute was designed to explore the impact of
the addition of nivolumab post-completion of definitive
chemoradiotherapy with the primary endpoint of DFS
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(NCT03233711). 'This trial has closed to accrual and
results are awaited. In a similar approach, the RADIANCE
trial was designed to evaluate the effect of the addition of
durvalumab to standard-of-care chemoradiotherapy; this

trial has recently closed to accrual.'®

Future Challenges

The unprecedented success of immunotherapy across the
spectrum of MSI metastatic GI malignancies has led to
the exploration of its utility in the locally advanced disease
setting.'® Numerous ongoing trials are exploring the use
of immunotherapy in both the neoadjuvant and adjuvant
settings. The potential for nonoperative management of a
subset of MST locally advanced GI malignancies is provoc-
ative and may emerge as a novel standard of care.?*

Although a clear precedent has been established for
the omission of surgery in the management of MSS rectal
cancer,”” and this precedent can be applied to the MSI
setting, surveillance of the colon in the event of nonoper-
ative management is challenging. Additionally, radiologic
interpretation of CRs in the absence of routine use of
MRI may necessitate the development of clear predefined
radiologic parameters and potential integration of other
modalities, such as circulating tumor DNA. An additional
consideration moving forward will be defining the most
appropriate disease-specific endpoints for neoadjuvant
studies in patients with dMMR/MSI locally advanced
tumors. The appropriate endpoints may differ for a tumor
where nonoperative management is desired (eg, rectal
cancer) vs where organ preservation is less of a priority for
patient quality of life (eg, colon cancer), which will not
necessitate a long-term colostomy.

In gastric and GE]J tumors, the data are indicative
of MSI/dMMR status as a predictor of poor responses to
5-FU-based chemotherapy. Future studies will focus on
whether ICB alone or in combination with chemother-
apy will better serve patients with this disease. However,
esophageal tumor heterogeneity and the apparent neces-
sity of incorporation rather than omission of chemother-
apy based on current data will lead to additive toxicity,
both on an individual patient level and from a financial
toxicity perspective. The lack of OS advantage conferred
with the addition of pembrolizumab to perioperative che-
motherapy in the KEYNOTE-585 study, despite higher
pCR rates in this cohort, is disappointing. Still, the rel-
ative proportion of MSI patients in this study requires
evaluation.

Specific to pancreatic cancer, the challenge of small
tumor content makes accurate analyses of tissue challeng-
ing. This challenge may be even greater in locally advanced
disease, where tissue samples are often dependent on
tumor acquisition at the time of endoscopic ultrasound,
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and tumor content may be low. A recent study by Coston
and colleagues demonstrated a discrepancy rate between
MMR and MSI testing methods in 26% of evaluable
cases, highlighting this limitation and the necessity of
orthogonal testing in this disease.®

Although the College of American Pathologists
guidelines for determination of MSI status to determine
eligibility for immune checkpoint inhibitor therapy are
prescriptive for endometrial, colorectal, gastric/GEJ, and
small bowel cancers, no such standard testing modality
has been established for identifying patients with pancre-
atic tumors likely to benefit from treatment with ICB.!*

Additionally, in tumors with low rates of dMMR/
MST status where ICB has become an important com-
ponent of standard therapy in unselected populations,
such as HCC and biliary tract cancers, future studies may
focus on stratifying patients by their MMR/MSI status
to definitively determine response rates to ICB, whether
administered alone or in combination.

Refinement of patient selection to identify patients
most likely to benefit from exposure to ICB in the locally
advanced disease setting is critical. Importantly, not all
trials in the setting of GI cancer were stratified according
to MSI status. Biomarkers beyond MSI' will be required
to further refine patient selection. The pan-cancer approval
of pembrolizumab in 2017 was predicated on the iden-
tification of MSI status of the tumor, a designation that
varies depending on the testing method used.'®® The
optimal method of MSI status determination is not clearly
defined, with orthogonal testing encouraged.'” Retrospec-
tive analysis of TMB suggested a predictive role in relation
to ICB eflicacy.'”!% The KEYNOTE-158 study led to the
approval of TMB as a biomarker for patient selection for
treatment, with a TMB of 10 or more mutations per mega-
base being designated as TMB-high.'” However, what is
increasingly becoming clear is that the spectrum of benefit
derived from exposure to ICB in hypermutated tumors
"0 and that the influence of TMB is lost when other
factors such as MMR status or the presence of pathogenic

varies,

mutations in polymerase € (POLE) or polymerase 81
(POLDI) are used to stratify study cohorts. Furthermore,
the optimal cutoff that is predictive of response to immune
checkpoint blockage may vary by tumor type.!'! Similarly,
PD-L1I expression has also been employed as a predictive
biomarker, but in isolation is an imperfect biomarker.'?
Although the data herein demonstrate a clear role
for ICB in dMMR/MSI GI tumors, resistance to ICB
is evident in a proportion of patients. Several patient-
and tumor-related factors are also thought to influence
outcomes. Regarding patient factors, the influence of sex
on the effectiveness of ICB has been described in several
studies, with some contrasting outcomes reported in
different series."'*!" Specific to dMMR/MSI tumors, a

limited number of studies have addressed gender-based
differences. One study of resectable IMMR/MSI gastric
cancer demonstrated gender-based prognostic differences,
with the favorable prognosis typically associated with
MST status only observed in female patients.!”> Whether
the magnitude of benefit from ICB differs between males
and females with dMMR/MSI cancers remains unknown,
however. With respect to tumor-related factors, several
recent studies have indicated that in MSI/dAMMR CRC,
hepatic metastatic disease confers a poor OS after ICB
treatment compared with nonhepatic sites of metastasis."'¢
The resistance mechanisms underlying this phenomenon
have not yet been fully characterized. Whether there are
similar clinical factors in the early-disease setting that are
predictive of poorer response is not yet fully defined.
Chalabi and colleagues demonstrated in an explor-
atory analysis of patients who achieved a pCR in the
NICHE-2 study that patients with Lynch syndrome-asso-
ciated tumors had a higher rate of pCR in response to dual
ICB compared with patients with sporadic (non-Lynch)
colorectal tumors (78% vs 58%; P=.056).*® This finding
again demonstrated that certain tumor-specific features
may affect the response to ICB. Differential responses to
ICB among patients with Lynch syndrome-associated
tumors vs sporadic tumors had not been reported in the
prior pivotal studies in the metastatic disease setting, and
ongoing validation of this finding is critical. Additionally,
responses may vary by the underlying Lynch syndrome

germline variang,'"”

which may be an important factor to
integrate into clinical trial design.

Furthermore, consideration of the co-mutation
profile of AIMMR/MSI tumors may also be important in
predicting the response to ICB. In the setting of sporadic
metastatic CRC, BRAF V600E mutation status may
influence responsiveness to ICB,*!!® and the analysis of
the influence of BRAF status will be important in the neo-
adjuvant and perioperative settings. Similarly, ARIDIA
alterations may be important. In one large cohort,
among 9 tumor types with at least a 5% prevalence of
ARIDIA alterations, MSI status, and high TMB were
more frequently observed in ARID1A-altered vs ARIDIA
wild-type tumors (P<.001)."" The median PFS after ICB
was 11 months in ARIDIA-altered tumors compared
with 4 months in ARIDIA wild-type tumors (P=.006).
Multivariate analysis demonstrated that the PES benefit
observed in ARIDIA-altered tumors was independent of
MST status. These patient- and tumor-related factors are
important considerations, particularly in the setting of
locally advanced dMMR/MSI tumors, where the ultimate
cure remains the key endpoint. Future trials may incorpo-
rate stratification of patients based on such features.

There are multiple unresolved questions regard-
ing the use of immunotherapy in the setting of locally
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advanced GI cancers. Critically, predictors of resistance
to immunotherapy require further exploration.'? Despite
unprecedented responses seen with neoadjuvant ICB in
clinical studies by both Cercek and colleagues and Cha-
labi and colleagues, there are still patients who do not
respond. The pCR rate in the NICHE-2 and NICHE-3
studies was not 100%. Differential response by tumor site
of origin may be important, and our experience of ICB
in the metastatic setting necessitates caution as we await
confirmation of the durability of responses. These studies
were conducted in small biomarker-defined cohorts, and
longer-term follow-up is required. Additionally, the opti-
mal neoadjuvant regimen and the appropriate duration of
treatment have not yet been established.

Nonetheless, current data underline the importance
of MST as both a prognostic and predictive biomarker and
necessitate the inclusion of microsatellite status as a strat-
ification factor in future trial design in locally advanced
GI cancers.
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