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Abstract: Salvage chemotherapy for patients with unresectable pancreatic cancer (UR-PC) who have
been treated with gemcitabine and nab-paclitaxel (GnP), and 5-fluorouracil (5-FU)/l-leucovorin (LV)
plus nanoliposomal irinotecan (nal-IRI), has not been fully established. We retrospectively reviewed
data from 17 patients with UR-PC who initiated 5-FU/I-LV plus oxaliplatin (FOLFOX) as salvage
chemotherapy at our hospital between June 2020 and August 2021, after treatment with GnP and 5-
FU/LV plus nal-IRI. The primary endpoint was tumor response. The secondary endpoints were pro-
gression-free survival (PFS) and adverse events (AEs). The response and disease control rates were
5.9% (1/17) and 17.6% (3/17), respectively. The median PFS was 1.8 months (range: 0.4-5.2 months).
Eight patients (47.1%) experienced grade 3 nonhematologic AEs, while none experienced grade 3
hematologic AEs. Two patients with controlled disease had homologous recombination deficiency
(HRD)-associated gene mutations in cancer panel testing. The FOLFOX regimen benefit for UR-PC
patients treated with GnP and 5-FU/LV plus nal-IRI may be limited to patients with HRD-associated
gene mutations.
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1. Background

Pancreatic cancer (PC) is the seventh leading cause of cancer mortality, and accounts
for almost as many deaths as cases because of its poor prognosis [1]. At the time of diag-
nosis, approximately 50% of patients are diagnosed with metastatic disease [2]. For pa-
tients with unresectable pancreatic cancer (UR-PC), systemic chemotherapy has been ap-
plied as the main treatment, resulting in the palliation of several cancer-related symptoms
and the prolongation of survival time [2].

For patients with good performance status, the FOLFIRINOX regimen and the gem-
citabine plus nab-paclitaxel (GnP) regimen, have been recommended as first-line treat-
ments [3]. However, no clinical trials that have directly compared the two regimens and
concluded which regimen is better have been published; the decision of which regimen
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to use is based on the patient’s age and general conditions in a clinical situation. Retro-
spective analyses have indicated that the benefit of the FOLFIRINOX regimen is limited
to younger and fitter patients due to toxicity and the higher risk of febrile neutropenia [4].
Consequently, the GnP regimen is applied in more patients than the FOLFIRINOX regi-
men in clinical practice.

For patients with good performance status who received gemcitabine-based therapy
as a first-line regimen, the 5-FU/I-leucovorin (LV) plus nanoliposomal irinotecan (nal-IRI)
regimen was recommended as a second-line chemotherapy [3]. In the NAPOLI-1 trial, the
5-FU/LV plus nal-IRI regimen revealed a median progression-free survival (PFS) from 1.5
to 3.1 months (HR, 0.56; 95% CI, 0.41-0.75; p <0.001) for patients who received the 5-FU/LV
plus nal-IRI regimen, compared with patients who received 5-FU/LV monotherapy [5].
Updated analyses showed that the median OS for patients who received the 5-FU/LV plus
nal-IRI regimen was also prolonged from 4.2 to 6.2 months (HR, 0.63; 95% CI: 0.47-0.85; p
=0.002); PFS was also prolonged [6]. After second-line treatments, the next steps are pal-
liative and best supportive care or clinical trials, and no specific regimen for tertiary treat-
ment is given in the guidelines [3]. Thus, additional treatment options to improve prog-
noses are necessary.

According to the National Comprehensive Cancer Network (NCCN) Clinical Prac-
tice Guidelines, the 5-FU/LV plus oxaliplatin (FOLFOX) regimen is recommended as one
of the subsequent regimens for patients who received gemcitabine-based therapy [3]. In
the CONKO-003 trial of patients with inoperable advanced PC, the use of the FOLFOX
regimen as a second-line treatment, after the failure of first-line therapy with GEM, pro-
longed the median overall survival from 7.90 to 9.09 months compared with best support-
ive care (HR 0.50, p = 0.031) [7].

However, in the PANCREOX trial, overall survival was significantly shorter in mod-
ified FOLFOX6 group (oxaliplatin in addition to 5FU/LV) than in the control group
(5FU/LV) (median of 6.1 months vs. 9.9 months; p = 0.02) [8]. Thus, salvage platinum-
based chemotherapy has not been fully established. Recently, homologous recombination
deficiency (HRD), which is a deficiency in the main system of double-stranded DNA re-
pair, has been the focus of chemotherapy for pancreatic cancer. Tumor cells with HRD
exhibit genomic instability due to the inability to repair double-stranded DNA ade-
quately, resulting in the generation of point mutations and tumorigenesis [9]. HRD-re-
lated gene mutations have been shown to serve as predictive markers due to their sensi-
tivity to DNA-damage-repair-targeted therapy, including platinum [10]. Approximately
10-20 other HRD-related genes have been reported [10]. Although platinum-based regi-
mens seem to be preferred for patients with HRD-associated mutations, the prevalence of
HRD is only approximately 20-40% [10,11]. However, the guidelines indicate that treat-
ment based on genetic mutations is limited [3]. As a treatment that is not based on a spe-
cific genetic mutation, the efficacy of platinum-based regimens for patients with UR-PC
who were previously treated with both the GnP regimen and the 5-FU/LV plus nal-IRI
regimen is still not fully understood.

In this study, we investigated the efficacy and safety of the FOLFOX regimen as sal-
vage chemotherapy for patients with UR-PC who had been previously treated with the
GnP regimen and 5-FU/LV plus nal-IRI regimen.

2. Patients and Methods

We retrospectively evaluated the clinical data of 17 patients with pathologically di-
agnosed unresectable pancreatic adenocarcinoma, who initiated a platinum-based regi-
men as salvage chemotherapy between June 2020 and August 2021 after undergoing the
GnP regimen and the 5-FU/LV plus nal-IRI regimen at our hospital. In this study, the
FOLFOX regimen consisted of oxaliplatin 85 mg/m? for 2 h of infusion and LV 200 mg/m?
for 2 h of infusion, followed by 5-FU continuous infusion of 2400 mg/m? over 46 h, once
every 2 weeks. The initial dose was reduced based on the discretion of the physicians. For
each patient, data were extracted from medical records. The following clinical parameters
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were obtained: age, sex, Eastern Cooperative Oncology Group (ECOG) PS, primary tumor
location, metastatic sites, and laboratory data (levels of white blood cells (WBCs), hemo-
globin (Hb), platelets (PIt), and carbohydrate antigen 19-9 (CA19-9)). Imaging findings
before and during chemotherapy, the details of the platinum-based regimen (dosages and
schedules of therapeutic agents, treatment response, and toxicities), post-treatments, pro-
gression-free survival (PFS), overall survival (OS), and results of the Comprehensive Ge-
nome Profile (CGP) were assessed. The CGP was covered by the Japanese National Health
Insurance. In this study, the following genes were defined as HRD-related genes, accord-
ing to previous reports: BRCA1l, BRCA2, PALB2, ATM, BAP1, BARD1, BLM, BRIP1,
CHEK2, FAM175A, FANCA, FANCC, NBN, RAD50, RAD51, RAD51C, and RTEL1 [10].
Tumor responses were assessed according to the Response Evaluation Criteria in Solid
Tumors (RECIST) ver. 1.1. CT images were captured every 8 + 2 weeks or when clinical
disease progression was suspected. Disease progression included an assessment of CT
images and clinical disease progression without CT images. PFS was calculated from the
date of FOLFOX initiation to the date of disease progression. OS was defined as the time
from the date of FOLFOX initiation to the date of death. Survival curves of PFS and OS
were constructed and evaluated using JMP Ver. 14.0 (SAS Institute, Cary, NC, USA). Ad-
verse events were collected according to the Common Terminology Criteria for Adverse
Events (CTCAE) ver. 5.0. Medical data were censored at the end of February 2022.

3. Results
3.1. Patient Characteristics

The patients’ characteristics are summarized in Table 1. The median age was 65 years
(range: 39-76 years), and 52.9% of the patients were male. At the initiation of the first-line
treatment (GnP), 52.9% of the patients were diagnosed with metastatic unresectable pan-
creatic cancer (UR-M). More than half of the patients had an ECOG score of 1 (52.9%). The
median duration of pre-fluoropyrimidine-based chemotherapy was 3.4 months (range:
1.0-11.1 months). The initial dose of the FOLFOX regimen was reduced in thirteen pa-
tients. Thirteen patients were treated with FOLFOX as third-line chemotherapy, and four
patients were treated with fourth-line chemotherapy. The median levels of WBCs, Hb, P1t,
and CA19-9 at the initiation of the FOLFOX regimen are shown in Table 1.

Table 1. Patient characteristics in the present study.

Number of patients, 17
Median age (range), y.o 65 (39-76)
Sex

Male, 1 (%) 9 (52.9%)

Female, 1 (%) 8 (47.1%)
Staging at diagnosis

UR-LA, 1 (%) 7 (41.1%)

UR-M, n (%) 10 (58.9%)

Postoperative recurrence, 1 (%) 4 (23.5%)
Performance status

0, 1 (%) 8 (47.1%)

1, n (%) 9 (52.9%)
Initial dose reduction, 1 (%) 13 (76.5%)
Treatment line

3rd line, 11 (%) 13 (76.5%)

4th line, 1 (%) 4 (23.5%)
Median WBC (range), /uL 6240 (1020-14,680)
Median Hb (range), g/dL 12.7 (9.3-15.9)
Median Platelet (range), 104/ uL 26.9 (6.2-48.0)

Median CA19-9 (range), mg/dL 626 (3—22,700)
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3.2. Comprehensive Genome Profile (CGP)

Nine patients underwent a CGP, while the remaining eight patients did not due to
insufficient histological samples, poor general conditions, or refusal to perform CGP.
Three of the nine patients (33.3%) had pathogenic HRD-related gene mutations (BRCAI:
2 patients and RAD51C: 1 patient).

3.3. Tumor Response and Survival

One patient was classified as having a partial response, two patients as having stable
disease, and thirteen patients as having progressive disease. One patient was not evalu-
ated due to rapid clinical progression. According to these results, the response rate (RR)
was 5.9% (1/17), and the disease control rate (DCR) was 17.6% (3/17). The median PFS was
1.8 months (range: 0.4-5.2 months). The median OS was 3.5 months (range: 1.1-9.3
months). The survival curves for OS and PFS are shown in Figure 1. Among the three
patients with controlled disease, two patients had HRD-related gene mutations (one pa-
tient had a BRCA1 mutation, and the other had a RAD51C mutation). The remaining pa-
tient with controlled disease did not undergo CGP. In contrast, all six patients without
HRD-related mutations were classified as having progressive disease. The median dura-
tion of pre-fluoropyrimidine-based chemotherapy was similar in both groups (DCR (+),
4.3 months (range: 3.7-4.7 months) vs. DCR (-), 2.5 months (range: 1.0-11.1 months), p =
0.256, Mann-Whitney U test).
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Figure 1. Kaplan-Meier survival curves for (A) progression-free survival and (B) overall survival.

3.4. Adverse Events

Hematological adverse events (AEs) were observed in eleven patients. No patients
had grade 3/4 hematological AEs. Grade 1-2 leukopenia and neutropenia were observed
in two patients. All eleven patients had grade 1-2 anemia. Grade 3 or 4 nonhematologic
adverse events, including cholangitis (17.6%), anorexia (11.8%), fatigue (11.8%) and pe-
ripheral neuropathy (5.9%), were observed in eight patients (47.1%). No serious compli-
cations leading to death were observed.

4. Discussion

This study evaluated the efficacy and safety of the FOLFOX regimen as salvage chem-
otherapy for patients with UR-PC, who were previously treated with the GnP regimen
and 5-FU/LV plus nal-IRI regimen. The median PFS in the present study (1.8 months) was
similar to that in a previous study on FOLFOX as a second-line regimen (1.7-2.9 months)
[7,12,13]. In terms of the best response, we observed that the response rate was 5.9% (1/17),
and the disease control rate was 17.6% (3/17). A previous study of patients who received
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oxaliplatin, 5-fluorouracil and folinic acid combination regimens as second-line chemo-
therapy reported a partial response rate of 0-13.2%, PFS of 1.7-3.1 months, and OS from
the start of second-line chemotherapy of 4.3-6.1 months [8,12,13]. Considering that the
patients in the present study underwent FOLFOX as a third- or fourth-line regimen, these
results suggest that FOLFOX has limited efficacy in UR-PC patients who received chem-
otherapy with GnP and 5-FU/LV plus nal-IRI.

Next, we focused on the nine patients who underwent CGP. Among them, three pa-
tients (33.3%) had HRD-related mutations. Two of the three patients who had HRD-re-
lated mutations achieved disease control, while the other six without HRD-related muta-
tions did not. Germline or somatic HRD-related mutations are associated with striking
sensitivity to platinum chemotherapy [10]. Patients with PC and mutations related to
DNA damage repair genes often underwent platinum-based chemotherapy, regardless of
whether the mutation was germline or somatic [14]. Based on a previous report, patients
with either pathogenic somatic or germline HRD mutations, including mutations in
BRCA1, BRCA2, PALB2, ATM, and CHEK?2, are recommended to undergo HRD-targeted
therapy [10]. These results suggest that FOLFOX as a salvage treatment may be more ef-
fective in patients with UR-PC who have HRD-related gene mutations.

Despite the small patient cohort, these findings indicate that salvage-line FOLFOX
was well tolerated, and no grade-4 toxicities were observed. Regarding hematological
AEs, we revealed that anemia, but not leukopenia or thrombocytopenia, was common.
Conceivably, elevated white blood cells and decreased hemoglobin were caused by in-
flammation due to the progression of PC. Regarding nonhematological AEs, more than
half of the patients had grade 3 nonhematologic AEs. However, no patient discontinued
chemotherapy due to AEs. This study showed limited efficacy of this regimen, even in
this specialized patient population who were treated with salvage chemotherapy after the
GnP regimen and the 5-FU/LV plus nal-IRI regimen; this suggests that best supportive
care may be preferable in these patients and that salvage chemotherapy with FOLFOX
may be applicable to selected populations who have HRD-related gene mutations. Be-
cause this study is a preliminary, single-center, real-world clinical study, further research
on a larger scale is necessary.

In conclusion, the benefit of the FOLFOX regimen for UR-PC patients treated with
GnP and 5-FU/LV plus nal-IRI may be limited to patients with HRD-associated gene mu-
tations, because only the patients with HRD-related mutations achieved disease control
among the patients who underwent CGP.
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