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Abstract: Pancreatic ductal adenocarcinoma (PDAC) rarely responds to immune checkpoint inhibitors. We conduct-
ed a pilot study to investigate chemotherapy followed by the addition of nivolumab in metastatic PDAC with limited
tumor burden. A single cycle of gemcitabine (850 mg/m? on days 1 and 8) and S-1 (60-100 mg/day on days 1-12)
was administered. Patients who had achieved control of carbohydrate antigen 19-9 (CA 19-9) (a decreased level of
CA 19-9 or <10% increased level of CA 19-9 comparing to baseline) were provided adding-on nivolumab (3 mg/kg on
days 1, 15, and 29) with the same doses of gemcitabine (on days 1, 8, 22, and 29) and S-1 (on days 1-12 and 22-
33). The primary endpoint was response rate (RR). After enrolling seven patients, the study was terminated owing to
slow recruitment. Five of the seven patients who completed one cycle of gemcitabine plus S-1 (GS) fulfilled the crite-
ria for CA 19-9 and proceeded to receive nivolumab in addition to GS. One patient demonstrated a partial response,
and the other four patients had stable disease (SD). The RR and disease control rate (DCR) for gemcitabine and S-1
plus nivolumab (GSN) were 20% and 100%, respectively. The median progression-free survival (PFS) was 6.3 (95%
confidence interval [Cl], 0-16.4) months. The median overall survival (OS) was 20.8 (95% Cl, 16.4-25.2) months.
Two patients who did not receive nivolumab continued the GS regimen; one SD and one progressive disease (PD)
were observed with a PFS of 3.5 and 3.0 months, respectively. The most common adverse events (AEs) during the
GS phase (n = 7) were grade 1-2 neutropenia (n = 5), skin rashes (n = 4), and fever (n = 3). During the nivolumab
adding-on phase (n = 5), one grade 3 and one grade 4 neutropenia were observed. Grade 1-2 mucositis (n = 3)
was the most common nonhematological AE. In conclusion, adding nivolumab to chemotherapy in patients who had
achieved control of CA 19-9 in metastatic PDAC was feasible. (Registration at ClinicalTrials.gov: NCTO4377048).
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Introduction

Pancreatic cancer has been a growing disease
burden worldwide with an increasing mortality
rate in the recent two decades [1-3]. Globally, it
has become the sixth leading cause of cancer-
related deaths [4]. Moreover, a 64% increase in
the death toll is expected in 2040 compared to
that in 2020 [5]. Pancreatic ductal adenocarci-
noma (PDAC) represents more than 90% of
exocrine pancreatic cancers [6]. The median
overall survival (OS) of unresectable, locally
advanced PDAC is more than 1 year under che-

motherapy with or without radiotherapy [7, 8].
However, more than half of patients succumb
to this lethal disease within 1 year under combi-
nation chemotherapy, even those with good
Eastern Cooperative Oncology Group (ECOG)
performance status (PS), with distant metasta-
sis [8-11].

S-1, a widely used oral chemotherapeutic ag-
ent for gastrointestinal (Gl) cancers in Asian
countries, consists of 5-FU prodrug tegafur,
gimeracil, and oteracil potassium for modulat-
ing pharmacokinetics and reducing Gl toxicities
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[12]. Also, for PDAC, S-1 demonstrated its sin-
gle-agent activity in the GEST study [8]. With
S-1 alone, the response rate (RR) was 21.0%
and significantly higher than the RR (13.3%)
of gemcitabine (P = 0.02) [8]. The disease con-
trol rate (DCR) of gemcitabine plus S-1 (GS)
was 71.5% and significantly higher than the
DCR (62.7%) of gemcitabine alone; the median
progression-free survival (PFS) was also signi-
ficantly longer with GS (5.7 months vs 4.1
months, P<0.001) [8]. Compared to gemci-
tabine plus nab-paclitaxel (GN) [9, 13], this GS
regimen had a similar median OS not only in
locally advanced disease (15.9 months) but
also in metastatic disease (9.4 months) [8].

According to the phase | study (ClinicalTrials.
gov identifier: NCTO1946646), the tumor bur-
den of metastatic PDAC is significantly associ-
ated with prognosis [14]. Following S-1-based
concurrent chemoradiotherapy (CCRT) to con-
trol pancreatic tumor (local DCR = 100%), the
median OS was significantly longer in patients
with low tumor burden [14]. Low tumor burden
is associated with better efficacy of immune
checkpoint inhibitors (ICls) in advanced non-
small-cell lung cancer [15]. Based on these
findings, we designed this phase Il clinical trial
and hypothesized that the greatest benefit
from ICI for metastatic PDAC would be in the
first-line setting in patients with relatively intact
immune system, low tumor burden, and prereq-
uisite disease control.

Materials and methods
Eligibility

The key inclusion criteria were as follows: (1)
histologically or cytologically confirmed, newly
diagnosed PDAGC; (2) limited tumor burden with
the following definition: (2-1) <10 liver and <10
lung identifiable (=0.5 cm) metastatic lesions
with the diameter between 0.5 and 3.0 cm in
single lesions and the sum of diameters of all
identifiable lesions <10 cm; (2-2) metastatic
sites other than the liver and lung with <3 cm in
diameter in single lesions and the sum of diam-
eters of all identifiable lesions <5 cm; (2-3)
asymptomatic non-measurable lesions, such
as ascites; (2-4) pancreatic tumors <5 cm in
diameter; (3) no previous radiotherapy, local
therapy, systemic therapy, and surgery for
PDAC; (4) at least one measurable lesion; (5)
age between 20 and 80 years; (6) ECOG PS of
0 or 1; (7) adequate organ function indicated by
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white blood cell (WBC) count >3,500/mm?3,
absolute neutrophil count >2,000/mm?3, hemo-
globin level >10.0 g/dL, platelet count >
100,000/mm3, total bilirubin level <1.5-fold
the upper limit of normal value (ULN) and <1.5
mg/dL, liver transaminases <2.5-fold the ULN,
prothrombin time <1.5-fold the ULN, activated
partial thromboplastin time <1.5-fold the ULN,
creatinine <1.2 mg/dL, and creatinine clear-
ance =260 mL/min; (8) baseline CA 19-9> the
ULN (37 U/mL) but <90% of upper limit of
detection; and (9) ability to take S-1 orally. The
key exclusion criteria were as follows: (1) signifi-
cant lung fibrosis or interstitial pneumonitis; (2)
diarrhea > grade 2 by Common Terminology
Criteria for Adverse Events (CTCAE) v.5.0; (3)
systemic infection requiring treatment; (4) sig-
nificant comorbidities; (5) autoimmune dis-
ease; (6) organ allograft or allogeneic bone
marrow transplantation; (7) systemic cortico-
steroids or immunosuppressants; (8) history of
testing positive for human immunodeficiency
virus or known acquired immunodeficiency syn-
drome; (9) significant ascites or pleural effu-
sion requiring treatment; (10) central nervous
system metastasis; (11) prior or concurrent
malignancies within the last 3 years; and (12)
pregnant women, nursing mothers, or positive
pregnancy tests.

Comparing to the initial protocol, several impor-
tant amendments had been made for improv-
ing recruitment: (1) specification of number and
size of metastatic lesions in organs; (2) exten-
sion of the upper limit of age; (3) removal of the
exclusion of carriers with hepatitis B virus (HBV)
or hepatitis C virus (HCV) due to regular use of
antiviral agents for HBV prophylaxis and low
probability of HCV reactivation; (4) removal of
the restriction from blood transfusion, and (5)
allowance of COVID-19 vaccination for the pan-
demic outbreak.

Written informed consent from all participants
had been obtained before trial initiation. This
study adhered to the Declaration of Helsinki,
was approved by the Research Ethical Com-
mittee (REC) of the National Taiwan University
Hospital (202001045MIPA) and registered at
ClinicalTrials.gov (NCT04377048).

Design and treatment

This was a single-institution pilot study using
Simon’s two-stage optimal design. The first
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stage required at least 4 responders out of 15
participants to proceed to the second stage.
The maximal number in total would be 27
patients with the assumption of an improve-
ment of RR from 25% to 45% under o = 0.1
and B = 0.2. For further development of the
nivolumab plus gemcitabine and S-1 (GSN) regi-
men, 9 responders out of 27 patients would be
required.

The study consisted of two phases. In the GS
phase, one cycle of GS was administered, and
patients who achieved control of CA 19-9 (mar-
ker response-1), which indicates a decreased
level of CA 19-9 or <10% increased level of CA
19-9 compared to baseline, entered the ni-
volumab adding-on phase. Otherwise, patients
who did not fulfill the CA 19-9 criteria, had evi-
dent clinical progression, or with intolerance to
GS were excluded from the study treatment
and received survival follow-up. We assumed
that approximately 70% of the initially enrolled
patients would proceed to the nivolumab add-
ing-on phase; therefore, 21 and 38 evaluable
patients would be recruited in the first stage
and both of first and second stages, respe-
ctively.

In the GS phase, gemcitabine was adminis-
tered at 850 mg/m? on days 1 and 8. S-1 was
administered with two divided doses on day 1
to day 12 according to body surface area (BSA):
60 mg (BSA <1.25 m?), 80 mg (BSA >21.25 m?
to <1.5 m?), and 100 mg per day (BSA >1.5 m?).
The cycle length of the GS phase was 21 days.
In the nivolumab adding-on phase, nivolumab
was administered at 3 mg/kg every 2 weeks
on days 1, 15, and 29. The dose of GS was
followed and adjusted according to adverse
events (AEs) during the GS phase; however, the
dosing schedule was shifted to days 1, 8, 22,
and 29 for gemcitabine, and days 1-12 and
22-33 for S-1. The nivolumab dosing schedule
was adjusted according to the GS dose delay.
The cycle length of the nivolumab adding-on
phase was 42 days. Treatment was adminis-
tered until disease progression, intolerable tox-
icity, or the discontinuation criteria were met.

Evaluation

Baseline computed tomography (CT) of the
chest, abdomen, and pelvis was performed
within 2 weeks before study treatment. The first
CT evaluation was performed during the 10%
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week after initiation of the GS phase. Further
CT evaluations were performed every 6 weeks.
Responses were confirmed by repeating the CT
assessment within 4 weeks. AEs were assessed
using the CTCAE v 5.0, according to the study
phase and the most severe grade.

Next-generation sequencing

This study employed targeted exon sequencing
using the ACTOnco®+ cancer gene panel. A min-
imum mean depth of 500x and base coverage
of 100x for over 85% of targets were obtained.
Hematoxylin and eosin stained, formalin-fixed,
paraffin-embedded tumor tissue sections were
evaluated for tissue adequacy, and 5-20 un-
stained sections with a total area of 2125 mm?
were used for DNA extraction. In cases with
<30% tumor purity, macrodissection was per-
formed to enrich the tumor content. The tumor
mutation burden (TMB) was estimated using
sequenced regions with the threshold of >7.5
Muts/Mb as “TMB-high”. Microsatellite instabil-
ity status was determined by a machine learn-
ing prediction algorithm using >400 genomic
loci with changes in repeat numbers from a
pooled microsatellite-stable baseline as fea-
tures.

Statistical analysis

The primary endpoint was the RR of the GSN
regimen. The secondary endpoints included
the safety profiles of the GSN regimen, such as
AE, severe adverse events (SAE), death, DCR,
duration of response (DoR), PFS, and OS. The
DCR was defined as the sum of the complete
response (CR), partial response (PR), and sta-
ble disease (SD) rates. DoR was defined as the
time from the initiation of the GS phase to dis-
ease progression, death, or last follow-up in
patients who achieved CR or PR. The dose
intensity (DI) for each drug was calculated
as the actual cumulative dose divided by the
scheduled cumulative dose during the entire
treatment course. Marker response-1 was de-
fined as previously described. Marker respon-
se-2 was defined as at least a 50% decrease in
the CA 19-9 level compared to that before
entering the nivolumab adding-on phase. OS
and PFS were evaluated by Kaplan-Meier analy-
sis. OS was calculated from the initiation of the
GS phase to the day of death from any cause or
the last follow-up. PFS was calculated from the
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Assessed for eligibility (n = 75)

ing of GS and 19 of 83 (range,
0-10 in each patient), includ-

® Not meeting marker response-1 (n=2)
® Disease progression (n = 3)
® Clinical deterioration (n=1)

No cytopathological data (n = 1)
Not adenocarcinoma (n = 4)
Poor performance status (n=9)
Double or recent cancer (n = 3)

No measurable lesion (n =2)

Excluded (n = 68)
® Decline to participate (n = 3)
Enrolled (n=7) ® Not m.eeting inclusipn criteria
» Liver metastasis (n=10)
» Other metastasis (n = 3)
» Primary tumor (n = 6)
Allocated to intervention (n=7) >
* Received intervention (n=7) >
¢ Did not receive intervention (n=0) >
>
» Co-morbidity (n=9)
Lost to follow-up (n =0) » No metastasis (n=4)
Discontinued intervention (n = 7) >
® Study termination (n=1) » Labdata

v Liver function (n = 5)
v" Hemoglobin (n=1)

v’ Renal function (n=1)
v CA19-9(n=7)

ing one omitted dose, for ni-
volumab dosing. One level of
dose reduction of gemcitabine
from 850 mg/m? to 700 mg/
m?2 had been administered to
case 1 since C7D29 of GSN.
No two levels of dose reduc-
tion occurred. The DI was
0.73, 0.76, and 0.73 for gem-
citabine, S-1, and nivolumab,
respectively.

The marker response-1 was
achieved in five of seven (71%)

Analyzed (n=7)

initiation of the GS phase to disease pro-
gression, death from any cause, or the last
follow-up.

Results

The study initiated the screening of candidates
since December 1%, 2020. Several amend-
ments of the protocol had been performed
due to stringent enrollment criteria in the origi-
nal design. The most common reasons for ineli-
gibility included large hepatic tumor number,
size, or poor liver function. From November
2021 to December 2022, seven patients were
enrolled in the GS phase (Figure 1), and five of
them proceeded to the nivolumab adding-on
phase. Considering the development policy of
nivolumab and slow recruitment, the study was
prematurely terminated to recruit additional
patients on December 31%t, 2022, and then
the study treatment was continued in patients
who remained in disease control. All patients
stopped the study treatment and survival fol-
low-up by January 2024. The clinical character-
istics, treatment course, and patient outcomes
are summarized in Table 1.

All patients completed the GS phase without a
dose reduction. However, four patients had a
dose delay at C1D8 in the GS phase.

Regarding the nivolumab adding-on phase, the
dosing times in each patient were 5-48 for GS
and 3-36 for nivolumab. Dose delay occurred in
35 of 112 (range, 2-21 in each patient) for dos-
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Figure 1. CONSORT diagram.

patients. Of the five patients
who entered the nivolumab
adding-on phase, one PR and
four SD were observed. The
RR and DCR rates of the GSN regimen were
20% and 100%, respectively. The marker res-
ponse-2 was achieved in three of five (60%)
patients in the nivolumab adding-on phase. The
median PFS of the GSN regimen was 6.3 (95%
confidence interval [Cl], 0-16.4) months. Con-
sidering the resection of case 1 and interrup-
tion of the original GSN administration without
PD, the median PFS was 6.3 (95% ClI, 0-13.0).
The median OS of the GSN regimen was 20.8
(95% ClI, 16.4-25.2) months. The two patients
who did not enter the nivolumab adding-on
phase continued the original GS regimen cov-
ered by the National Health Insurance. One SD
and one PD were observed with a PFS of 3.5
and 3.0 months, respectively. The median 0S
of all enrolled patients was 20.8 (95% Cl, 16.2-
25.4) months.

Treatment-related AEs stratified by phase are
summarized in Table 2. Overall, the study treat-
ment was well-tolerated. During the GS phase,
the most common AEs were grade 1-2 neutro-
penia (n = 5), skin rash (n = 4), and fever (n = 3).
During the nivolumab adding-on phase, the
most common AE was hematological, with one
grade 3 and one grade 4 neutropenia. Am-
ong non-hematological AE, grade 1-2 mucositis
(n = 3) was the most common. One patient
developed grade 2 hypothyroidism after C3D15
of the GSN regimen, presenting with muscle
weakness, exertional dyspnea, cough, and
weight gain. Laboratory findings demonstrated
undetectable free T4 but high thyroid stimulat-
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Table 1. Baseline characteristics and outcomes of enrolled patients
CA 19-9 (U/mL)

) L ECOG —— ) . TMB . Best response PFS 0S
Case No. Age Sex Staging Metastatic site Genetic alterations MSI  GSN dosin Status
g ging PS Before Before (/Mb) g of GSN (mo) (mo)
GS GSN
62 M T3NO liver 0 11,600 7,661 KRAS G12A, ARID1A Q802* NA NA C12D29 PR 25.5 25.5 Alive
64 F T4N1  distant lymph 1 230 138 KRAS G12R, TP53 P190L, CDK6 (6), <1 MSS C10D22 SD 15.6 21.2 Dead
nodes AKT2 (9)
3 61 M T4N1  peritoneum 1 958 1,126 NA NA NA None NA 3.0 8.9 Dead
4 68 M T4ANO  liver 1 105 11 KRAS G12R, TP53 C275Y, CDKN2A 1.3 MSS Cc2D1 SD 4.6 20.8 Dead
P821fs, TGFBR2 Q511*
52 M T3N2  lung, peritoneum 1 3,300 7,374  KRAS G12D, TP53 R196* NA NA None NA 3.5 17.4 Dead
56 F T4N1  peritoneum 1 380 275 KRAS G12D, TP53 R213L, PRKCI (34) <1 MSS C3D15 SD 5.3 16.7 Alive
7 73 F T4NO  distant lymph 1 8,177 2,606 KRAS G12V, TP53 R175H <1 MSS C3D15 SD 6.3 11.5 Dead

nodes, peritoneum

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; GS, gemcitabine plus S-1; GSN, gemcitabine plus S-1 with adding-on nivolumab; MSI, microsatellite instability; MSS, microsatellite instability-stable; NA, not
analyzed; OS, overall survival; PFS, progression-free survival; PR, partial response; SD, stable disease; TMB, tumor mutation burden.
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Table 2. Treatment-related adverse events

Phase GS Nivolumab adding-on

N 7 5

Adverse events All grade Grade 3 Grade 4 All grade Grade 3 Grade 4
Leucopenia 6 0 0 4 0 0
Anemia 0 0 0 3 0 0
Thrombocytopenia 0 0 0 1 0 0
Neutropenia 5 0 0 5 1 1
Vomiting 2 0 0 0 0 0
Diarrhea 0 0 0 1 0 0
Constipation 1 0 0 0 0 0
Nausea 1 0 0 1 0 0
Anorexia 1 0 0 2 0 0
Abdominal pain 0 0 0 1 0 0
Mucositis 1 0 0 3 0 0
Fever 3 0 0 1 0 0
Rash 4 0 0 2 0 0
Skin pigmentation 0 0 0 1 0 0
Pruritus 1 0 0 1 0 0
Hypothyroidism 0 0 0 1 0 0
Adrenal insufficiency 0 0 0 1 0 0

Abbreviation: GS, gemcitabine plus S-1.

Figure 2. Pancreatic tail tumor (A) and liver metastasis (B) before study treat-
ment. Pancreatic tail tumor (C) and liver metastasis (D) before surgery. Ar-
row: liver metastatic lesion.

ing hormone (75 plU/mL) and creatine kinase
levels (589 U/L). A small amount of pericardial
effusion was observed on CT. After thyroid hor-
mone replacement, the symptoms and pericar-
dial effusion resolved completely with the con-
tinuation of GSN.
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Of the three patients who had
PD after the GSN regimen, all
received (nanoliposomal) iri-
notecan/fluoropyrimidine-ba-
sed regimens as second-line
therapy. The patient who had
been withdrawn from the GSN
regimen because of a pro-
longed dose delay continued
to receive GS alone and then
nanoliposomal irinotecan plus
5-FU and leucovorin (nal-IRl/
FL) after PD from GS. Two
patients did not enter the
nivolumab adding-on phase:
one received nal-IRI/FL, and
the other received gemcita-
bine, oxaliplatin, S-1, and leu-
covorin after PD from GS.

The DoR of the responder

(case 1) was at least 25.5
months. Initially, a pancreatic tail tumor (Figure
2A) with a metastatic liver lesion (Figure 2B)
was identified. The patient underwent distal
pancreatectomy and splenectomy because of
tumor shrinkage (Figure 2C) after C7D15 dos-
ing of the GSN regimen. The liver metastatic
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Figure 3. Evolutionary changes in liver metastasis at (A) 3, (B) 6, (C) 9, and (D) 12 months after pancreatic tumor
resection. Magnetic resonance imaging (E) and positron emission tomography (F) performed 12 months after pan-
creatic tumor resection also demonstrate complete resolution of the liver metastasis. Arrow: liver metastatic lesion.

lesion was persistently identified before sur-
gery (Figure 2D); however, the liver lesion was
not resected because of local adhesions.
Pathological examination of the resected speci-
men revealed ypT2N1 with one regional lymph
node metastasis and a tumor regression score
of 2 for the pancreatic tumor. After discussion
with the study team, the GSN regimen was
resumed 6 weeks postoperatively. The residual
liver metastatic lesions resolved gradually and
(Figure 3A-C) completely disappeared (Figure
3D) after C12D1 dosing of the GSN regimen.
Magnetic resonance imaging (Figure 3E) and
positron emission tomography (Figure 3F) also
demonstrated CR. Additionally, lymphocytosis
and neutropenia developed postoperatively.
Granulocyte colony-stimulating factor was ad-
ministered frequently to support further dosing
with GSN. The flow cytometry of peripheral
blood revealed T cells (45.7%) [CD8" T cells
(52.6%), CD4* T cells (42.4%), yo* T cells (1.6%)],
B cells (3.64%), and NK cells (13%) without
clonal lymphocytes. The two-year support of
nivolumab was terminated after C12D29 of the
GSN. The clinical course of case 1 is summa-
rized in Figure 4. Before treatment, immunohis-
tochemical staining of the pancreatic tumor
revealed abundant CD4* T cells (Figure 5A) and
rare or absent CD8" T cells (Figure 5B) and
FoxP3* T cells (Figure 5C) in the tumor microen-
vironment (TME). By contrast, after C7D15 dos-
ing of the GSN regimen, abundant CD8" T cell
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infiltration was observed in the TME (Figure 5E)
without evident changes in the number of CD4*
T cells (Figure 5D) or FoxP3* T cells (Figure 5F).

Discussion

For the first time in a prospective study, we
demonstrated the potential benefits of adding-
on nivolumab in metastatic PDAC. The marker
response-1 (71%) in the initial GS phase was in
line with our proposal (70%). The RR was 20%
in our present study, and it was numerically
lower compared to the overall RR (29.3%) of the
GS arm in the GEST study and the pooled RR
(28.5%) in patients with metastatic PDAC of the
GEST, JACCRO PC-01, and GEMSAP studies [8,
16]. However, the DCR (100%) in patients
achieving marker response-1 with the GSN regi-
men in our study was significantly higher than
the DCR of the GEST study (71.5%) or the
pooled DCR (70.0%) of metastatic PDAC [8,
16]. Not only the doses but also the Dls of gem-
citabine and S-1 were lower in our present
study than in those in the GEST and GEMSAP
studies [8, 17]. In the GEST study, the median
DI of gemcitabine and S-1 was 83.3% and
87.4%, respectively, in the GS regimen [8].
However, the grade 3 or worse hematological
toxicity, such as neutropenia, was still very high
(62.2%) [8]. Therefore, according to the median
DI of the GEST study, 85% of the gemcitabine
dose and 12-days but not 14-days dosing of

Am J Cancer Res 2025;15(9):4108-4120
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Figure 4. Clinical course of case 1 during the study treatment. ALC, absolute lymphocyte count [/uL]; ANC, absolute
neutrophil count [/uL]; CA 19-9, carbohydrate antigen 19-9 (U/mL); G-CSF, granulocyte colony-stimulating factor;
GS, gemcitabine plus S-1; GSN, gemcitabine and S-1 plus nivolumab; WBC, white blood cell count [/pL].

Figure 5. Immunohistochemical (IHC) staining of (A) CD4* T cells, (B) CD8* T cells, and (C) FoxP3* T cells in the pan-
creatic tumor bed before treatment and (D) CD4* T cells, (E) CD8* T cells, and (F) FoxP3* T cells in the pancreatic
tumor bed after C7D15 dosing of the GSN regimen. The method of IHC staining was as previously described [18].

S-1 per 21 days in the original GS regimen
were arbitrarily chosen. This difference in the
dosing including individual drug dose, interval,
and cycle length of the GS regimen may par-
tially explain the lower RR in our present stu-
dy. Actually, the pooled RR of the GS regimen
in patients with either locally-advanced (RR
29.6%) or metastatic disease (RR 28.5%) was
quite similar [16]. The median PFS (6.3 months)
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and median OS (20.8 months) of the GSN regi-
men in our present study were better than the
pooled data (median PFS, 5.36 months; medi-
an, 0S 9.43 months) with the GS regimen in
metastatic PDAC from the three studies [16]. In
addition, the median OS of our present study
enrolling highly selected patients with limited
tumor burden was even longer than that of the
patients with low tumor burden and local DCR

Am J Cancer Res 2025;15(9):4108-4120
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of 100% in our previous CCRT trial (median OS,
15.1 months) [14]. The incidence of > grade 3
neutropenia (40%) in our present study was
lower than the pooled incidence (55.8%) of the
three trials with the GS regimen, although this
was similar to that of the MPACT trial (38%) with
the GN regimen [9, 16]. However, the DCR
(48%) of the GN regimen of the MPACT study
was lower than that of the GSN regimen in our
present study [9].

Recently, our study group has demonstrated
the significant survival benefits of adding-on
nivolumab in advanced PDAC [18]. In the retro-
spective study, the patients who received add-
ing-on nivolumab after achieving disease con-
trol with chemotherapy had significantly better
median time to treatment failure (TTF) and OS
than those who received additional nivolumab
therapy irrespective of the status of disease
control with chemotherapy [18]. Moreover, add-
ing nivolumab to chemotherapy also demon-
strated significantly better median TTF and OS
in patients who had achieved disease control
under chemotherapy [18]. Although the method
representing disease control before adding-on
nivolumab is different between our present
study and the previous one (imaging versus bio-
chemical, i.e., CA 19-9 in marker response-1)
[18], the concept of these two studies is the
same. In fact, the dynamic change in CA 19-9
has been recognized as an early indicator of
response to gemcitabine-based therapy and
was associated with prognosis in advanced
PDAC [19]. Obtaining a CA 19-9 response
as early as completing one cycle of GS in our
present study was not only more cost-effective
than imaging evaluation but also matched the
following imaging-documented disease control
of the nivolumab adding-on phase. Dynamic
change of circulating tumor DNA is also useful
to predict the response to ICl in advanced can-
cers; however, the methods and thresholds
of detection in different cancer types need to
be standardized and validated [20, 21]. In addi-
tion, the cost of serial monitoring is of con-
cern.

All the five patients entering the nivolumab add-
ing-on phase had KRAS mutations, and four of
them also had TP53 mutations. However, none
of their tumors were microsatellite instability-
high or had high TMB, which are rarely observed
in PDAC [22]. This may partially explain no addi-
tional benefit in RR after adding nivolumab to
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the GS regimen in our present study [8]. Si-
milarly, the initial addition of nivolumab or pem-
brolizumab to the GN regimen also did not
increase the RR [9, 23, 24]. However, the DCR
of both studies was over 60%, outnumbering
which was achieved with the GN regimen alone
[9, 23, 24]. With our adding-on strategy in
patients with limited tumor burden, the DCR of
ICl plus chemotherapy improved further to
100%. Although a previous study has demon-
strated the presence of rare neoantigen-reac-
tive T cells in the TME of PDAC [25], ICI may
leverage chemotherapy-induced antitumor im-
munity. Gemcitabine treatment increased the
expressions of PD-L1, PD-L2, and major histo-
compatibility complex (MHC) class | in the neo-
plastic ducts of the KPC mouse model [26]. In
the PancO2 mouse model, gemcitabine treat-
ment increased the CD4* and CD8a* T cells in
the TME [27]. 5-FU treatment upregulated the
expression of MHC class | and NKG2D ligands
in Panc02 cells [28]. Following response to che-
motherapy in clinical studies, CD4* or CD8* T
cells increased, whereas myeloid-derived sup-
pressor cells decreased in the TME of PDAC
[29, 30]. Indeed, a short-term induction chemo-
therapy can prime tumors for response to ICl as
demonstrated in the TONIC trial for triple-nega-
tive breast cancer [31]. However, ICls without
chemotherapy may not be able to sustain the
anticancer immunity and overcome the immu-
nosuppressive TME derived from preceding
chemotherapy in advanced PDAC [32, 33]. In
our present study, potentially poor responders
to the GS regimen with rapid progression were
excluded from entering the nivolumab adding-
on phase with the CA 19-9 criteria. This pro-
cess may help select those who have the best
chance of obtaining the weak beneficial effects
of subsequent nivolumab treatment and may
also partially explain the high DCR of the GSN
regimen in our study.

One patient (case 1) had PR to the GSN regi-
men and underwent pancreatic tumor resec-
tion. After discussing with the sponsor and
reporting to the REC, the surgery and followed
by continuation of the GSN regimen due to
no PD was planned in the patient’s best inter-
est. The residual tumor burden was very low
after removal of the bulk pancreatic tumor
with peripheral organ invasion. The liver lesion
regressed gradually, accompanied by lympho-
cytosis of skewed CD8* T cells in the peripheral
blood, while continuing the same GSN regimen
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after removal of the pancreatic tumor. Con-
comitantly, the TME of the resected pancreatic
tumor revealed abundant CD8* T-cell infiltra-
tion. The infiltration of CD8" T cell in the TME
may imply the potential of chemoimmunothera-
py-induced epitope spreading, which may be
enhanced by surgical removal of the primary
tumor and continuation of chemoimmunothera-
py, and facilitating the regression of liver metas-
tasis [34, 35]. With tumor load reduction to
achieve a minimal residual disease, this case
corroborates our previous case with long-term
survival and demonstrates the potential of ICI
in long-term maintenance of a minimal residual
disease or even disease-free status in the neo-
adjuvant, adjuvant, and palliative setting in
PDAC [36].

The genetic analysis of the patient (case 1)
revealed ARID1A mutation. A recent study has
reported that a significantly higher percentage
of patients with basal-type PDAC harbored
ARID1A mutations. Basal-type tumors had a
significantly higher IFN-y signature than classi-
cal type ones [37]. Pancreatic cancer with alter-
ations of the switch/sucrose nonfermentable
chromatin remodeling genes, such as ARID1A
and PBRM1, is predictive of ICI response [18,
38]. Colorectal cancer with ARID1A mutations
had more tumor-infiltrating lymphocytes in the
TME compared to other cancer types [39]. The
abundant CD4* T cells in the TME before treat-
ment, a rare phenomenon in PDAC, in our case
may corroborate previous studies [37, 39]. In
addition, the spleen of our patient was also
removed in conversion surgery. Splenomegaly
was associated with negative prognostic im-
pacts in patients with advanced PDAC treated
with nivolumab [40]. Removal of the spleen in
PDAC patients may potentially reduce immuno-
suppressive myeloid cells from the spleen and
enhance the activation of T cells by nivolumab
[41].

Our study has limitations. The sample size was
small, and the study was prematurely terminat-
ed owing to slow recruitment, which precluded
us from precisely estimating RR, the primary
endpoint. The dose and schedule of the GS
regimen in our study were modified for better
safety profiles and were different from those
used in the GEST study [8]. Before adding ni-
volumab, imaging-based documentation of dis-
ease control was not performed and replaced
with the CA 19-9 criteria. The rationale for se-
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lecting patients based on early CA19-9 control
and limited tumor burden as criteria for immu-
notherapy benefit requires further justification.
More patient enrollment is required to confirm
the feasibility and benefit of adding nivolumab
to GS in metastatic PDAC with limited tumor
burden.

In conclusion, to the best of our knowledge, our
prospective study provides the first evidence of
clinical benefits, such as high DCR, long PFS,
and OS, with modest toxicities, of adding ni-
volumab to preceding chemotherapy in dis-
ease-controlled and metastatic PDAC with lim-
ited tumor burden. However, the optimal timing,
selection criteria, and regimen for adding ICl to
advanced PDAC require further exploration.

Acknowledgements

The authors thank Yi-Ting Chen (research nur-
se) from NTUH, Tony Yeh from Ono Pharma-
ceutical Co., Ltd., Ono Pharmaceutical Co., Ltd.,
ACT Genomics Co., Ltd., and TTY Biopharm Co.,
Ltd. for providing great support for this trial.
Project #113-S0075 of NTUH and TTY Biop-
harm Co., Ltd. partly funded imaging. Written
informed consent from all participants had
been obtained before trial initiation.

Disclosure of conflict of interest

To support this trial, Ono Pharmaceutical Co.,
Ltd. provided nivolumab, ACT Genomics Co.,
Ltd. provided the ACTOnco®+ platform for tumor
genetic analyses, and TTY Biopharm Co., Ltd.
partly funded imaging.

Address correspondence to: Dr. Kun-Huei Yeh, De-
partment of Oncology, National Taiwan University
Hospital, No. 7, Chung-Shan South Road, Taipei
10002, Taiwan. Tel: +886-2-2312-3456 Ext.
266285; Fax: +886-2-2371-1174; E-mail: khyeh@
ntu.edu.tw

References

[1] Santucci C, Mignozzi S, Malvezzi M, Boffetta P,
Collatuzzo G, Levi F, La Vecchia C and Negri E.
European cancer mortality predictions for the
year 2024 with focus on colorectal cancer. Ann
Oncol 2024; 35: 308-316.

[2] Ali H, Ishtiag R, Tedder B, Zweigle J, Nomigol-
zar R, Dahiya DS, Moond V, Humza Sohail
A, Patel P, Basuli D and Tillmann HL. Trends
in mortality from gastrointestinal, hepatic, and

Am J Cancer Res 2025;15(9):4108-4120


mailto:khyeh@ntu.edu.tw
mailto:khyeh@ntu.edu.tw

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Adding-on nivolumab in metastatic PDAC

pancreatic cancers in the United States: a
comprehensive analysis (1999-2020). JGH
Open 2024; 8: e13064.

Xiang X, Chen X, He Y, Wang Y, Xia W, Ye S,
Wang S, Xiao Y, Li Q, Wang X, Luo W and Li J.
Pancreatic cancer challenge in 52 Asian coun-
tries: age-centric insights and the role of modi-
fiable risk factors (1990-2019). Front Oncol
2023; 13: 1271370.

Bray F, Laversanne M, Sung H, Ferlay J, Siegel
RL, Soerjomataram | and Jemal A. Global can-
cer statistics 2022: GLOBOCAN estimates of
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2024;
74: 229-263.

Sharma P, Vuthaluru S, Chowdhury S and Are
C. Global trends in the incidence and mortality
of pancreatic cancer based on geographic lo-
cation, socioeconomic status, and demo-
graphic shift. J Surg Oncol 2023; 128: 989-
1002.

Collisson EA, Bailey P, Chang DK and Biankin
AV. Molecular subtypes of pancreatic cancer.
Nat Rev Gastroenterol Hepatol 2019; 16: 207-
220.

Su YY, Chiu YF, Li CP, Yang SH, Lin J, Lin SJ,
Chang PY, Chiang NJ, Shan YS, Ch’ang HJ and
Chen LT. A phase Il randomised trial of induc-
tion chemotherapy followed by concurrent
chemoradiotherapy in locally advanced pan-
creatic cancer: the Taiwan Cooperative Oncol-
ogy Group T2212 study. Br J Cancer 2022;
126: 1018-1026.

Ueno H, loka T, Ikeda M, Ohkawa S, Yanagimo-
to H, Boku N, Fukutomi A, Sugimori K, Baba H,
Yamao K, Shimamura T, Sho M, Kitano M,
Cheng AL, Mizumoto K, Chen JS, Furuse J, Fu-
nakoshi A, Hatori T, Yamaguchi T, Egawa S,
Sato A, Ohashi Y, Okusaka T and Tanaka M.
Randomized phase Il study of gemcitabine
plus S-1, S-1 alone, or gemcitabine alone in
patients with locally advanced and metastatic
pancreatic cancer in Japan and Taiwan: GEST
study. J Clin Oncol 2013; 31: 1640-1648.

Von Hoff DD, Ervin T, Arena FP, Chiorean EG,
Infante J, Moore M, Seay T, Tjulandin SA, Ma
WW, Saleh MN, Harris M, Reni M, Dowden S,
Laheru D, Bahary N, Ramanathan RK, Taber-
nero J, Hidalgo M, Goldstein D, Van Cutsem E,
Wei X, Iglesias J and Renschler MF. Increased
survival in pancreatic cancer with nab-paclitax-
el plus gemcitabine. N Engl J Med 2013; 369:
1691-1703.

Conroy T, Desseigne F, Ychou M, Bouché O,
Guimbaud R, Bécouarn Y, Adenis A, Raoul JL,
Gourgou-Bourgade S, de la Fouchardiére C,
Bennouna J, Bachet JB, Khemissa-Akouz F,
Péré-Vergé D, Delbaldo C, Assenat E, Chauffert
B, Michel P, Montoto-Grillot C and Ducreux M;

4118

(11]

[12]

(15]

(16]

(17]

Groupe Tumeurs Digestives of Unicancer;
PRODIGE Intergroup. FOLFIRINOX versus gem-
citabine for metastatic pancreatic cancer. N
Engl J Med 2011; 364: 1817-1825.

Wainberg ZA, Melisi D, Macarulla T, Pazo Cid R,
Chandana SR, De La Fouchardiére C, Dean A,
Kiss |, Lee WJ, Goetze TO, Van Cutsem E, Paul-
son AS, Bekaii-Saab T, Pant S, Hubner RA, Xiao
Z, Chen H, Benzaghou F and O’Reilly EM. NA-
LIRIFOX versus nab-paclitaxel and gemcitabine
in treatment-naive patients with metastatic
pancreatic ductal adenocarcinoma (NAPOLI
3): a randomised, open-label, phase 3 trial.
Lancet 2023; 402: 1272-1281.

Miura K, Shima H, Takebe N, Rhie J, Satoh K,
Kakugawa Y, Satoh M, Kinouchi M, Yamamoto
K, Hasegawa Y, Kawai M, Kanazawa K, Fujiya T,
Unno M and Katakura R. Drug delivery of
oral anti-cancer fluoropyrimidine agents. Drug
delivery of oral anti-cancer fluoropyrimidine
agents. Expert Opin Drug Deliv 2017; 14:
1355-1366.

Cascinu S, Berardi R, Bianco R, Bilancia D, Za-
niboni A, Ferrari D, Mosconi S, Spallanzani A,
Cavannal, Leo S, Negri F, Beretta GD, Sobrero
A, Banzi M, Morabito A, Bittoni A, Marciano R,
Ferrara D, Noventa S, Piccirillo MC, Labianca
R, Mosconi C, Casadei Gardini A, Gallo C and
Perrone F. Nab-paclitaxel/gemcitabine combi-
nation is more effective than gemcitabine
alone in locally advanced, unresectable pan-
creatic cancer - A GISCAD phase Il randomized
trial. Eur J Cancer 2021; 148: 422-429.

Yang SH, Shao YY, Lin CC, Kuo SH, Cheng
AL and Yeh KH. A phase | study of S-1-based
concurrent chemoradiotherapy followed by
gemcitabine and S-1 in metastatic pancreatic
adenocarcinoma. Anticancer Res 2018; 38:
4805-4812.

Miyawaki T, Kenmotsu H, Mori K, Miyawaki E,
Mamesaya N, Kawamura T, Kobayashi H, Omo-
ri S, Wakuda K, Ono A, Naito T, Murakami H,
Harada H, Endo M, Ohde Y, Takahashi K and
Takahashi T. Association between clinical tu-
mor burden and efficacy of immune check-
point inhibitor monotherapy for advanced non-
small-cell lung cancer. Clin Lung Cancer 2020;
21: e405-e414.

Hamada C, Okusaka T, Ikari T, Isayama H, Fu-
ruse J, Ishii H, Nakai Y, Imai S and Okamura S.
Efficacy and safety of gemcitabine plus S-1 in
pancreatic cancer: a pooled analysis of indi-
vidual patient data. Br J Cancer 2017; 116:
1544-1550.

Nakai Y, Isayama H, Sasaki T, Sasahira N, Tsu-
jino T, Toda N, Kogure H, Matsubara S, Ito Y,
Togawa O, Arizumi T, Hirano K, Tada M, Omata
M and Koike K. A multicentre randomised
phase Il trial of gemcitabine alone vs gem-

Am J Cancer Res 2025;15(9):4108-4120



(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Adding-on nivolumab in metastatic PDAC

citabine and S-1 combination therapy in ad-
vanced pancreatic cancer: GEMSAP study. Br J
Cancer 2012; 106: 1934-1939.

Yang SH, Kuo SH, Lee JC, Chen BB, Shan YS,
Tien YW, Chiu SC, Cheng AL and Yeh KH. Add-
ing-on nivolumab to chemotherapy-stabilized
patients is associated with improved survival
in advanced pancreatic ductal adenocarcino-
ma. Cancer Immunol Immunother 2024; 73:
2217.

Ziske C, Schlie C, Gorschlliter M, Glasmacher
A, Mey U, Strehl J, Sauerbruch T and Schmidt-
Wolf IG. Prognostic value of CA 19-9 levels in
patients with inoperable adenocarcinoma of
the pancreas treated with gemcitabine. Br J
Cancer 2003; 89: 1413-1417.

Guibert N, Jones G, Beeler JF, Plagnol V, Morris
C, Mourlanette J, Delaunay M, Keller L, Rou-
quette I, Favre G, Pradines A and Mazieres J.
Targeted sequencing of plasma cell-free DNA
to predict response to PD1 inhibitors in ad-
vanced non-small cell lung cancer. Lung Can-
cer 2019; 137: 1-6.

Kim ST, Cristescu R, Bass AJ, Kim KM, Ode-
gaard JI, Kim K, Liu XQ, Sher X, Jung H, Lee M,
Lee S, Park SH, Park JO, Park YS, Lim HY, Lee
H, Choi M, Talasaz A, Kang PS, Cheng J, Lobo-
da A, Lee J and Kang WK. Comprehensive mo-
lecular characterization of clinical responses
to PD-1 inhibition in metastatic gastric cancer.
Nat Med 2018; 24: 1449-1458.

O’Connor CA, Harrold E, Lin D, Walch H, Gazzo
A, Ranganathan M, Kane S, Keane F, Schoen-
feld J, Moss D, Thurtle-Schmidt DM, Suehnholz
SP, Chakravarty D, Balogun F, Varghese A, Yu
K, Kelsen D, Latham A, Weigelt B, Park W,
Stadler Z and O’Reilly EM. Lynch syndrome and
somatic mismatch repair variants in pancreas
cancer. JAMA Oncol 2024; 10: 1511-1518.
Weiss GJ, Blaydorn L, Beck J, Bornemann-Ko-
latzki K, Urnovitz H, Schitz E and Khemka V.
Phase Ib/Il study of gemcitabine, nab-paclitax-
el, and pembrolizumab in metastatic pancre-
atic adenocarcinoma. Invest New Drugs 2018;
36: 96-102.

Wainberg ZA, Hochster HS, Kim EJ, George B,
Kaylan A, Chiorean EG, Waterhouse DM, Gui-
terrez M, Parikh A, Jain R, Carrizosa DR, Soli-
man HH, Lila T, Reiss DJ, Pierce DW, Bhore R,
Banerjee S, Lyons L, Louis CU, Ong TJ and
O’Dwyer PJ. Open-label, phase | study of ni-
volumab combined with nab-paclitaxel plus
gemcitabine in advanced pancreatic cancer.
Clin Cancer Res 2020; 26: 4814-4822.
Parkhurst MR, Robbins PF, Tran E, Prickett TD,
Gartner JJ, Jia L, lvey G, Li YF, EI-Gamil M, Lal-
ani A, Crystal JS, Sachs A, Groh E, Ray S, Ngo
LT, Kivitz S, Pasetto A, Yossef R, Lowery FJ, Goff
SL, Lo W, Cafri G, Deniger DC, Malekzadeh P,

4119

[26]

[27]

(28]

[29]

[30]

(31]

Ahmadzadeh M, Wunderlich JR, Somerville
RPT and Rosenberg SA. Unique neoantigens
arise from somatic mutations in patients with
gastrointestinal cancers. Cancer Discov 2019;
9:1022-1035.

Principe DR, Narbutis M, Kumar S, Park A,
Viswakarma N, Dorman MJ, Kamath SD, Grip-
po PJ, Fishel ML, Hwang RF, Thummuri D, Un-
derwood PW, Munshi HG, Trevino JG and Rana
A. Long-term gemcitabine treatment reshapes
the pancreatic tumor microenvironment and
sensitizes murine carcinoma to combination
immunotherapy. Cancer Res 2020; 80: 3101-
3115.

Ho TTB, Nasti A, Seki A, Komura T, Inui H, Ko-
zaka T, Kitamura Y, Shiba K, Yamashita T, Ya-
mashita T, Mizukoshi E, Kawaguchi K, Wada T,
Honda M, Kaneko S and Sakai Y. Combination
of gemcitabine and anti-PD-1 antibody en-
hances the anticancer effect of M1 macro-
phages and the Thl response in a murine
model of pancreatic cancer liver metastasis. J
Immunother Cancer 2020; 8: e001367.
Khallouf H, Marten A, Serba S, Teichgraber V,
Buchler MW, Jager D and Schmidt J. 5-Fluoro-
uracil and interferon-a immunochemotherapy
enhances immunogenicity of murine pancre-
atic cancer through upregulation of NKG2D li-
gands and MHC class I. J Immunother 2012;
35:245-253.

Mota Reyes C, Teller S, Muckenhuber A, Ko-
nukiewitz B, Safak O, Weichert W, Friess H,
Ceyhan GO and Demir IE. Neoadjuvant therapy
remodels the pancreatic cancer microenviron-
ment via depletion of protumorigenic immune
cells. Clin Cancer Res 2020; 26: 220-231.
Michelakos T, Cai L, Villani V, Sabbatino F, Kon-
tos F, Fernandez-Del Castillo C, Yamada T, Ney-
az A, Taylor MS, Deshpande V, Kurokawa T,
Ting DT, Qadan M, Weekes CD, Allen JN, Clark
JW, Hong TS, Ryan DP, Wo JY, Warshaw AL, Lil-
lemoe KD, Ferrone S and Ferrone CR. Tumor
microenvironment immune response in pan-
creatic ductal adenocarcinoma patients treat-
ed with neoadjuvant therapy. J Natl Cancer Inst
2021; 113: 182-191.

Voorwerk L, Slagter M, Horlings HM, Sikorska
K, van de Vijver KK, de Maaker M, Nederlof I,
Kluin RJC, Warren S, Ong S, Wiersma TG, Rus-
sell NS, Lalezari F, Schouten PC, Bakker NAM,
Ketelaars SLC, Peters D, Lange CAH, van Werk-
hoven E, van Tinteren H, Mandjes IAM, Kemper
I, Onderwater S, Chalabi M, Wilgenhof S,
Haanen JBAG, Salgado R, de Visser KE, Sonke
GS, Wessels LFA, Linn SC, Schumacher
TN, Blank CU and Kok M. Immune induction
strategjes in metastatic triple-negative breast
cancer to enhance the sensitivity to PD-1
blockade: the TONIC trial. Nat Med 2019; 25:
920-928.

Am J Cancer Res 2025;15(9):4108-4120



(32]

[33]

[34]

[35]

[36]

Adding-on nivolumab in metastatic PDAC

Wu AA, Bever KM, Ho WJ, Fertig EJ, Niu N,
Zheng L, Parkinson RM, Durham JN, Onners B,
Ferguson AK, Wilt C, Ko AH, Wang-Gillam A, La-
heru DA, Anders RA, Thompson ED, Sugar EA,
Jaffee EM and Le DT. A phase |l study of alloge-
neic GM-CSF-transfected pancreatic tumor
vaccine (GVAX) with Ipilimumab as mainte-
nance treatment for metastatic pancreatic
cancer. Clin Cancer Res 2020; 26: 5129-5139.
Tsujikawa T, Crocenzi T, Durham JN, Sugar EA,
Wu AA, Onners B, Nauroth JM, Anders RA, Fer-
tig EJ, Laheru DA, Reiss K, Vonderheide RH, Ko
AH, Tempero MA, Fisher GA, Considine M,
Danilova L, Brockstedt DG, Coussens LM,
Jaffee EM and Le DT. Evaluation of cyclophos-
phamide/GVAX pancreas followed by listeria-
mesothelin (CRS-207) with or without nivolum-
ab in Patients with pancreatic cancer. Clin
Cancer Res 2020; 26: 3578-3588.

Gulley JL, Madan RA, Pachynski R, Mulders P,
Sheikh NA, Trager J and Drake CG. Role of an-
tigen spread and distinctive characteristics of
immunotherapy in cancer treatment. J Natl
Cancer Inst 2017; 109: djw261.

Scheffer HJ, Stam AGM, Geboers B, Vroomen
LGPH, Ruarus A, de Bruijn B, van den Tol MP,
Kazemier G, Meijerink MR and de Gruijl TD. Ir-
reversible electroporation of locally advanced
pancreatic cancer transiently alleviates im-
mune suppression and creates a window for
antitumor T cell activation. Oncoimmunology
2019; 8: 1652532.

Yang SH, Lee JC, Chen BB, Kuo SH, Hsu C and
Bai LY. Case Report: Maintenance nivolumab
in complete responder after multimodality
therapy in metastatic pancreatic adenocarci-
noma. Front Immunol 2022; 13: 870406.

4120

(37]

(38]

[39]

[40]

[41]

Singh H, Xiu J, Kapner KS, Yuan C, Narayan RR,
Oberley M, Farrell A, Surana R, Huffman BM,
Perez K, Cleary JM, Jordan AC, Dias Costa A,
Williams HL, Raghavan S, Weinberg B, Pish-
vaian MJ, Shroff RT, Goel S, Dougan SK, Nowak
JA, Spetzler D, Sledge G, Wolpin BM and Agu-
irre AJ. Clinical and genomic features of classi-
cal and basal transcriptional subtypes in pan-
creatic cancer. Clin Cancer Res 2024; 30:
4932-4942.

Botta GP, Kato S, Patel H, Fanta P, Lee S, Oka-
mura R and Kurzrock R. SWI/SNF complex al-
terations as a biomarker of immunotherapy
efficacy in pancreatic cancer. JCI Insight 2021;
6:e150453.

Tokunaga R, Xiu J, Goldberg RM, Philip PA, See-
ber A, Battaglin F, Arai H, Lo JH, Naseem M,
Puccini A, Berger MD, Soni S, Zhang W, Chen
S, Hwang JJ, Shields AF, Marshall JL, Baba H,
Korn WM and Lenz HJ. The impact of ARID1A
mutation on molecular characteristics in
colorectal cancer. Eur J Cancer 2020; 140:
119-129.

Yang SH, Lu LC, Kao HF, Chen BB, Kuo TC, Kuo
SH, Tien YW, Bai LY, Cheng AL and Yeh KH.
Negative prognostic implications of spleno-
megaly in nivolumab-treated advanced or re-
current pancreatic adenocarcinoma. Oncoim-
munology 2021; 10: 1973710.

Jordan KR, Kapoor P, Spongberg E, Tobin RP,
Gao D, Borges VF and McCarter MD. Immuno-
suppressive myeloid-derived suppressor cells
are increased in splenocytes from cancer pa-
tients. Cancer Immunol Immunother 2017; 66:
503-513.

Am J Cancer Res 2025;15(9):4108-4120



