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Abstract

Background: Microsatellite-stable (MSS) colorectal cancer (CRC) tends to be poorly
immunogenic, with limited treatment options. In MSS CRC xenograft models, trif-
luridine/tipiracil (FTD/TPI) plus programed death 1 inhibitors resulted in synergistic
antitumor activity and increased tumor immunogenicity. This phase 2 study evaluated
FTD/TPI plus nivolumab in patients with MSS metastatic CRC.

Methods: This single-arm, safety lead-in study used a Simon's two-stage design (en-
rolling 6 patients in the safety lead-in, proceeding to stage 2 if >2 of the first 15
patients achieved a partial or complete response per immune-related response criteria
[irRC] within 6 months). Patients with histologically proven MSS mCRC, and dis-
ease progression after >2 prior chemotherapy regimens received FTD/TPI (35 mg/
m? twice daily; days 1-5 and 8-12 every 28 days) plus nivolumab (3 mg/kg every
2 weeks).

Results: Between August 2016 and January 2017, 18 patients (50% men; median
age 56.5 years) were enrolled; 72% had colon cancer and 56% had KRAS mutations.
All patients received treatment (median, 2.5 cycles [range, 1-8]). No dose-limiting
toxicities were observed in the study. The most frequent adverse events (AEs) of
any cause and grade were nausea (67%), diarrhea (61%), and neutropenia (50%); 13
patients (72%) experienced grade >3 AEs. No patients discontinued treatment be-
cause of AEs. No patient achieved a tumor response (either per Response Evaluation
Criteria in Solid Tumors [RECIST] or irRC), and the study did not progress to the
second stage. Stable disease was achieved in 8 patients per irRC and in 10 patients per
RECIST. Median progression-free survival was 2.2 months (95% CI, 1.8—-6.0 months)
per irRC and 2.8 months (95% CI, 1.8-5.1 months) per RECIST.

Conclusion: Patients with refractory MSS metastatic CRC failed to experience clini-
cal benefit with FTD/TPI plus nivolumab, although safety data in this population
indicated tolerability and feasibility of this combination.

Trial registration number: NCT02860546.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
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1 | INTRODUCTION

Approximately 85% of all colorectal cancers (CRCs) are
microsatellite-stable (MSS) or mismatch-repair proficient.
Among patients with metastatic CRC (mCRC), this percent-
age is even higher, with only 4% to 7% of patients reported
to have microsatellite-instable (MSI) tumors.' Patients with
MSS CRC have a poorer stage-adjusted survival and are more
prone to lymph node and distant metastatic spread than those
with MSI CRC."*? Treatment options are limited for patients
with MSS mCRC whose disease has progressed following
first-line chemotherapyf’7 and benefit from later-line therapy
is short-lived in these patients.

Immune checkpoint inhibitors, particularly those tar-
geting the programed cell death 1 (PD-1) pathway such as
nivolumab and pembrolizumab, have demonstrated durable
clinical benefit in patients with MSI CRC and are now the
standard of care in these patients.g'10 However, patients with
MSS tumors have responded poorly to anti-PD-1 monother-
apy.s’lo Unlike MSI tumors, MSS tumors tend to be poorly
immunogenic, with high immunosuppressive activity and
poor tumoral T-cell infiltration.''"'> Chemotherapy has been
shown to potentiate the activity of immune checkpoint in-
hibitors by causing immunogenic cell death, which in turn
increases effector T-cell activity and decreases immuno-
suppressive activity in the tumor microenvironment.'>'*
Preclinical and preliminary clinical data from ongoing trials
indicate that combining immunotherapy with chemotherapy
may be a feasible approach in treating patients with MSS
CRC.1213.15

Trifluridine/tipiracil (FTD/TPI) is an oral cytotoxic che-
motherapeutic agent comprising trifluridine, an antineoplas-
tic thymidine analog, and tipiracil, which prevents trifluridine
degradation. FTD/TPI was shown to improve overall survival
(OS) versus placebo in patients with mCRC refractory to
standard therapy7 and demonstrated preliminary efficacy in
patients with mCRC when combined with another agent such
as bevacizumab.'® In preclinical studies with MSS CRC xe-
nograft models, FTD/TPI combined with an anti-PD-1 anti-
body resulted in significantly greater tumor regression than
either agent administered alone, which indicated synergistic
activity of the combination in patients with MSS CRC." In
addition, increased tumor immunogenicity (a higher cluster
of differentiation [CD]8+ T-cell to lymphocyte ratio and a
lower immunosuppressive regulatory T-cell to CD4+ T-cell
ratio) was observed with the FTD/TPI-anti-PD-1 combina-
tion than with either agent alone.

These data formed the basis for this single-arm, safety
lead-in, phase 2 study, which evaluated the safety and anti-
tumor activity of FTD/TPI in combination with nivolumab
in patients with MSS mCRC refractory to standard regimens.

2 | METHODS

2.1 | Patients

Eligible patients were aged >18 years with histologically
confirmed MSS metastatic or locally advanced colorectal
adenocarcinoma (assessed by a local laboratory with either
a prior or a fresh biopsy sample) and had >1 measurable
lesion for Response Evaluation Criteria in Solid Tumors
(RECIST) or immune response-related criteria (irRC) as-
sessments. In addition, eligible patients were refractory to
>2 prior lines of standard chemotherapy (fluoropyrimidines,
irinotecan, oxaliplatin, antivascular endothelial growth fac-
tor, or antiepidermal growth factor receptor therapy) and
had an Eastern Cooperative Oncology Group performance
status of 0 or 1. Key exclusion criteria were prior treatment
with FTD/TPI or immune checkpoint inhibitors; major sur-
gery, extended field radiation, or anticancer therapy within 2
to 4 weeks of initiating therapy; and any history of immune-
mediated reactions.

2.2 | Study design and treatment

This was a multicenter, single-arm, safety lead-in, phase 2
study that used a Simon's two-stage df:sign.18 Six patients
were initially enrolled in stage I and evaluated for safety and
tolerability. An additional nine response-evaluable patients
were planned for enrollment in stage I if <1 dose-limiting
toxicity (DLT) was observed among the first six patients. An
interim analysis of safety and efficacy was performed after a
6-month follow-up. Initiation of stage II (with enrollment of
another 10 patients) was contingent on two or more of the 15
patients enrolled in stage I achieving a best overall response
of partial or complete response.

Patients received FTD/TPI 35 mg/m2 twice daily (BID)
orally on days 1-5 and 8-12 of a 28-day cycle and intrave-
nous nivolumab (3 mg/kg/dose) on days 1 and 15 of the 28-
day cycle. In the event of toxicity, the FTD/TPI dose could be
reduced in 5-mg/m? increments to a minimum dose of 20 mg/
m? BID, but nivolumab dose reductions were not permitted.
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Treatment was administered until disease progression by
irRC, unacceptable toxicity, patient request, or a physician's
decision to withdraw treatment.

2.3 | Study objectives and statistical
considerations

The primary objective of the study was to estimate the immune-
related objective response rate (irORR) in patients treated with
FTD/TPI plus nivolumab. Secondary objectives included de-
termination of the phase 2 dose of the combination regimen,
safety, ORR per RECIST v1.1, progression-free survival (PES;
per irRC or RECIST), disease control rate, and OS. Exploratory
objectives included examining association of microsatellite sta-
tus, programed death ligand 1 (PD-L1) positivity, and tumor-
infiltrating lymphocytes with response and toxicity.

Sample-size considerations were based on the Simon's
two-stage design (described above), with an irORR of <10%
considered unacceptable at an approximate 5% one-sided sig-
nificance level and 80% power. Assuming 10% to 15% none-
valuability for DLT and/or irRC assessments, a total of 30 to
35 patients were targeted for enrollment into the study.

2.4 | Efficacy assessments

All patients who received >1 dose of study drug and com-
pleted >6 months of tumor follow-up (barring death or
disease progression) were evaluable for efficacy. Tumor as-
sessments were performed at baseline and after every two
cycles of treatment with contrast-enhanced computed tomog-
raphy of the chest and abdomen. Response was assessed with
RECIST vl.1 and irRC.

2.5 | Safety assessments

All patients who received >1 dose of study drug were evalu-
able for safety. Patients were monitored for safety from the
first dose until 30 days after the last dose or until initiation
of a new anticancer treatment. Adverse events (AEs) were
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.03.

A DLT was defined as >1 of the following FTD/TPI-
related AEs occurring during the first treatment cycle: grade
4 neutropenia lasting >7 days or febrile neutropenia, grade
4 thrombocytopenia, grade 3/4 nonhematologic toxicity, and
grade 3/4 nausea/vomiting/diarrhea lasting >48 hours. In ad-
dition, any drug-related toxicity resulting in >2 weeks’ delay
in initiating cycle 2 or preventing completion of >80% of the
planned dose administration of either drug in cycle 1 was
considered a DLT.
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2.6 | Patient and public
involvement statement

This research was done without patient involvement.
Patients were not invited to comment on the study design
and were not consulted to develop patient-relevant outcomes
or interpret the results. Patients were not invited to contrib-
ute to the writing or editing of this document for readability
or accuracy.

3 | RESULTS

3.1 | Patient population

A total of 18 patients were enrolled in stage I of the study
(from August 29, 2016, to January 26, 2017) across three
sites in the United States and received >1 dose of study drug.
Following an interim analysis, the study was halted and no
patient was enrolled into stage II. At the time of data cutoff
(November 3, 2017), all patients had discontinued treatment
because of disease progression.

Nine of 18 patients (50%) were male, and median age was
56.5 years; 13 patients (72%) had colon cancer, and 10 pa-
tients (56%) had tumors with KRAS mutations. All patients
had received prior systemic therapy, and most (83%) had un-
dergone prior surgery (Table 1).

3.2 | Safety

Patients received a median of 2.5 cycles (range, 1-8) of FTD/
TPI plus nivolumab, and the median duration of FTD/TPI
treatment was 13.4 weeks. The median relative dose intensity
(ratio of the dose administered to the planned dose) was 0.84
for FTD/TPI and 1.00 for nivolumab.

No DLTs were reported in the study. In the overall pop-
ulation (N = 18), the most common AEs of any cause were
nausea (67%); diarrhea (61%); neutropenia (50%); abdom-
inal pain, fatigue, and vomiting (33% each); and anemia
(28%; Table 2). Grade >3 AEs of any cause were reported
in 13 patients (72%), most commonly neutropenia (28%);
diarrhea (17%); and abdominal pain, anemia, fatigue, and
nausea (11% each). Grade >3 AEs were considered related
to FTD/TPI in 10 patients (56%) and to nivolumab in five
patients (28%). Grade 4 AEs of any cause were reported in
two patients (neutropenia [n = 1] and decreased neutrophil
count [n = 1]). No grade 5 AE or treatment-related death
was reported in the study. AEs of any cause led to FTD/TPI
dosing modifications (dosing delays or interruptions) in 11
patients (61%) and to nivolumab dosing modifications in
three patients (17%). These nivolumab dosing modifications
were all dosing delays or interruptions, and all three patients
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TABLE 1 Patient baseline characteristics and prior therapy

FTD/TPI plus
nivolumab

Characteristic (N=18)
Median age (range), y 56.5 (40-70)
Men, n (%) 9 (50)
Race, n (%)

White 12 (67)

Black 4(22)

Not collected 2(11)
ECOG PS, n (%)

0 4(22)

1 14 (78)
Primary disease site, n (%)

Colon 13 (72)

Rectum 3(17)

Colorectal 2(11)
Number of metastatic sites, n (%)

1-2 9 (50)

>3 9 (50)
Mutational status at baseline, n (%)

RAS mutant 10 (56)

KRAS mutant 10 (56)

NRAS mutant 2(11)

BRAF mutant® 1(6)
Prior systemic treatment for metastatic disease, 18 (100)

n (%)

Fluoropyrimidine 17 (94)

Platinum 14 (78)

Irinotecan 16 (89)

Leucovorin 16 (89)

Anti-VEGF 16 (89)

Anti-EGFR 7 (39)

Aflibercept 3(17)

Other 2 (11)
Prior surgery,b n (%) 15 (83)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance
status; EGFR, epidermal growth factor receptor; FTD/TPI, trifluridine/tipiracil;
VEGEF, vascular endothelial growth factor.

“BRAF status was unknown or missing for nine patients.

PRelated to colorectal cancer.

had concomitant FTD/TPI dosing modifications. One patient
skipped one nivolumab dose because of grade 2 anorexia and
grade 3 weakness, and two patients had nivolumab dose in-
terruptions due to diarrhea (n = 1) and grade 2 increased
bilirubin (n = 1). No patient discontinued study treatment
because of toxicities.

AE

Any AE of any cause

Any treatment-related
AE

Related to FTD/TPI
Related to nivolumab
Related to both

AEs of any cause in
>10% of patients

Nausea

Diarrhea

Neutropenia®

Abdominal pain

Fatigue

Vomiting

Anemia

Constipation

Pruritus

Decreased appetite

Dyspnea

Pyrexia

Urinary-tract infection

Asthenia

Dysuria

Follicular rash

Hypertension

Increased blood
bilirubin

Maculopapular rash

Mucosal inflammation

Nasal congestion

Rhinorrhea

Stomatitis

Thrombocytopenia

Upper abdominal pain

Upper respiratory-
tract infection

3.3 | Efficacy

TABLE 2 AEs in patients receiving FTD/TPI plus nivolumab

FTD/TPI plus nivolumab
(N=18)

Any grade, n (%) Grade >3, n (%)
18 (100) 13 (72)
18 (100) 10 (56)
16 (89) 5(28)
15 (83) 4(22)
12 (67) 2 (11)
11 (61) 3(17)
9 (50) 5(28)
6 (33) 2(11)
6(33) 2(11)
6(33) 1(6)
5(28) 2 (11)
4(22) 0
4(22) 0
3(17) 0
3(17) 0
3(17) 1(6)
3(17) 1(6)
2(11) 1(6)
2 (11) 0

2 (11) 0

2 (11) 1(6)
2 (11) 1(6)
2(11) 0
2(11) 1(6)
2(11) 0
2(11) 0
2(11) 0

2 (11) 0

2 (11) 0

2 (11) 0

“Includes decreased neutrophil count.

Abbreviations: AE, adverse event; FTD/TPI, trifluridine/tipiracil.

Among the 18 patients enrolled in stage I, no patient ex-
perienced an objective response (partial or complete) per
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either irRC or RECIST (Table 3). Therefore, per the study
design, the trial was stopped and no patient was enrolled
into stage II. Eight patients (44%) experienced a best over-
all response of stable disease per irRC (10 patients [56%]
per RECIST). Median radiologic PFS was 2.2 months
(95% confidence interval [CI], 1.8-6.0 months) per irRC
and 2.8 months (95% CI, 1.8-5.1 months) per RECIST,
with respective 6-month PFS rates of 30% and 21%
(Figure 1).

TABLE 3 Bestoverall response

Per irRC Per RECIST

Response (N=18) (N=18)
Best overall response, n (%)

Complete or partial 0 0

response

Stable disease 8 (44) 10 (56)

Progressive disease 7 (39) 5(28)

Not evaluable 3(17) 3(17)
Disease control rate, % 44 (22-69) 56 (31-78)

(95% CI)

Abbreviations: CI, confidence interval; irRC, immune response-related criteria;
RECIST, Response Evaluation Criteria in Solid Tumors.
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4 | DISCUSSION

This phase 2 study evaluating the combination of FTD/TPI plus
nivolumab in patients with refractory MSS mCRC did not meet
its primary endpoint. No response was observed among the
18 patients treated in stage I of the Simon's two-stage design,
and the trial was stopped for futility; no patient was enrolled
into stage II of the study. The dose selection in this study was
based on the recommended FTD/TPI dosing regimen (35 mg/
m’ BID on days 1-5 and 8-12 of a 28-day cycle) already es-
tablished in the mCRC patient population7’19 and the standard
nivolumab dosing regimen (3 mg/kg every 2 weeks) used in
MSI mCRC and other tumor types.20 This nivolumab dosing
schedule also aligned well with the recommended FTD/TPI
dosing schedule. The combination dosing regimen was consid-
ered optimal because no dose-limiting toxicities or longer term
toxicities were observed in this study. The combination of FTD/
TPI plus nivolumab was tolerable in these patients, and AEs
associated with the combination were manageable; no grade
5 event or AE-related discontinuation was reported. The most
common AEs observed (hematological and gastrointestinal in
nature) were consistent with observations from prior reports of
FTD/TPI treatment. The addition of nivolumab did not appear
to worsen the safety profile of FTD/TPL

A 100+
801 i
Median: 2.2 months (95% ClI, 1.8-6.0 months)
e 60
4
o 40
Lei 6-month PFS: 30%
20
0 1 2 3 4 5 6 7 8
Time (Months)
No. at risk
18 17 10 6 5 3 2 1 0
B 100+
801
= 60 Median: 2.8 months (95% CI, 1.8-5.1 months)
S ]
4
o 401
20 6-month PFS: 21%
0 r r r T y
0 1 2 3 4 5 6 7 8
Time (Months)
No. at risk
18 17 11 % 4 3 2 1 0

FIGURE 1

Radiologic PFS with FTD/TPI plus nivolumab. PES was defined as the time from the first dose of study drug to disease

progression as assessed per (A) irRC criteria or (B) RECIST vl1.1. irRC, immune-related response criteria; PFS, progression-free survival; RECIST

v1.1, Response Evaluation Criteria in Solid Tumors version 1.1.
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The failure of the FTD/TPI plus nivolumab combination
regimen to achieve clinical responses in this study further
highlights the differences in biology between MSS and MSI
CRC. MSI tumors are highly sensitive to immunotherapy
because of their high mutational burden, which results in a
high proportion of mutant neoantigens in the tumor micro-
environment. As a result, these tumors are highly immuno-
genic, have high PD-L1 expression, and consequently exhibit
robust cytotoxic T-cell responses.ZI However, MSS tumors
are mostly resistant to anti-PD-1 monotherapy because of
low mutational burden, immunoexclusion, and immunosup-
pression.13 The addition of chemotherapy, antiangiogenic
agents, or MEK inhibitors is thought to sensitize MSS tumors
to immunotherapy, as these agents potentiate the immune re-
sponse.m‘22 Despite promising preclinical evidence of syner-
gistic activity with the FTD/TPI plus anti-PD-1 combination
in MSS CRC,"” the addition of FTD/TPI was insufficient to
potentiate the activity of nivolumab in our study and the re-
sponse rates and median PFS observed were similar to those
previously reported with anti-PD-1 monotherapy in this pa-
tient population.g’9

Chemotherapy—immunotherapy combinations appear to
demonstrate greater clinical activity in patients with treat-
ment-naive MSS CRC: a 53% ORR was observed in a phase
2 study evaluating leucovorin/5-fluorouracil/oxaliplatin
(FOLFOX) plus pembrolizumab in 30 patients with treat-
ment-naive CRC (predominantly MSS).? Promising results
were also obtained with other immunotherapy combination
regimens in this patient populatiorl.24’25

However, results of immunotherapy combination trials in
the refractory MSS CRC population have been conflicting.
A phase 1/1b study evaluating the combination of atezoli-
zumab, an anti-PD-L1 antibody, and cobimetinib, an MEK
inhibitor, reported objective responses in seven of 84 patients
with chemorefractory mCRC; six of the responders had MSS
mCRC.% However, the randomized phase 3 IMblaze370 trial
that evaluated atezolizumab with or without cobimetinib ver-
sus the multikinase inhibitor regorafenib in 363 patients with
chemorefractory mCRC (more than 90% of patients had MSS
tumors) failed to meet its primary endpoint.27 In this study, no
improvement in OS or PES was observed in the atezolizumab
or atezolizumab plus cobimetinib arms compared with rego-
rafenib, and ORRs ranged from 2% to 3% in the three arms.
In the phase 2 CheckMate 142 study, only one response was
seen among 20 patients with chemorefractory MSS mCRC
treated with nivolumab plus ipilimumab (an anti-cytotoxic
T-lymphocyte antigen-4 antibody); in addition, severe toxic-
ities were observed.” It should be noted, however, that these
data, for the most part, are preliminary and derived from small
numbers of patients. The direction for combination approaches
in this patient population is likely to be clarified once the results
of ongoing trials evaluating other immunotherapy combination
regimens in refractory MSS mCRC'*'*! become available.

In summary, patients with refractory MSS mCRC failed to
experience clinical benefit with the FTD/TPI plus nivolumab
combination, although safety data indicated that this combi-
nation was tolerable in these patients. These results highlight
the need for novel treatment approaches in MSS CRC, as the
unmet medical need remains high for patients with refractory
MSS mCRC. Preliminary results of ongoing trials indicate
that other combination therapy regimens may be worth ex-
ploring in this patient population.
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