Gastrointestinal Oncology

———
Sarnie ol Pathordnc..

I8 s

Baishideng Publishing Group Inc



(]‘ World Journal of
4 Gastrointestinal Oncology

Contents Monthly Volume 10 Number 11 November 15, 2018

EDITORIAL
367 Upgraded role of autophagy in colorectal carcinomas

Koustas E, Sarantis P, Papavassiliou AG, Karamouzis MV

REVIEW
370 Ampulla of Vater carcinoma: Molecular landscape and clinical implications
Pea A, Riva G, Bernasconi R, Sereni E, Lawlor RT, Scarpa A, Luchini C

381 Laparoscopic and endoscopic cooperative surgery for gastric tumors: Perspective for actual practice and
oncological benefits
Aisu Y, Yasukawa D, Kimura Y, Hori T

MINIREVIEWS
398 Conversion surgery for gastric cancer patients: A review
Zurleni T, Gjoni E, Altomare M, Rausei S

ORIGINAL ARTICLE
Retrospective Study

410 Prognostic significance of primary tumor localization in stage II and III colon cancer
Sakin A, Arici S, Secmeler S, Can O, Geredeli C, Yasar N, Demir C, Demir OG, Cihan S

421 Comparison of efficacy and safety between standard-dose and modified-dose FOLFIRINOX as a first-line
treatment of pancreatic cancer
Kang H, Jo JH, Lee HS, Chung MJ, Bang S, Park SW, Song SY, Park JY

431 Effect of primary tumor side on survival outcomes in metastatic colorectal cancer patients after hepatic
arterial infusion chemotherapy
Zhang HY, Guo JH, Gao S, Chen H, Wang XD, Zhang PJ, Liu P, Cao G, Xu HF, Zhu LZ, Yang RJ, Li J, Zhu X

Prospective Study
439 Raman spectroscopy for the diagnosis of unlabeled and unstained histopathological tissue specimens
lkeda H, Ito H, Hikita M, Yamaguchi N, Uragami U, Yokoyama N, Hirota Y, Kushima M, Ajioka Y, Inoue H

META-ANALYSIS

449 Robotic total meso-rectal excision for rectal cancer: A systematic review following the publication of the
ROLARR trial
Jones K, Qassem MG, Sains P, Baig MK, Sajid MS

Roishidenge ~ WJGO | www.wjgnet.com 1 November 15, 2018 | Volume 10 | Issue 11 |



Contents

World Journal of Gastrointestinal Oncology
Volume 10 Number 11 November 15, 2018

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Jens Neu-
mann, MD, Reader (Associate Professor), Institute of Pathology, Medical Faculty,
Ludwig-Maximilians-Universitét Miinchen, Munich 85748, Germany

AIM AND SCOPE

World Jonrnal of Gastrointestinal Oncology (World | Gastrointest Oncol, W]GO, online ISSN
1948-5204, DOI: 10.4251) is a peer-reviewed open access academic journal that aims to
guide clinical practice and improve diagnostic and therapeutic skills of clinicians.

]GO covers topics concerning carcinogenesis, tumorigenesis, metastasis, diagnosis,
prevention, prognosis, clinical manifestations, nutritional support, molecular mechanisms,
and therapy of benign and malignant tumors of the digestive tract. The current columns
of WJGO include editorial, frontier, diagnostic advances, therapeutics advances, field of
vision, mini-reviews, review, topic highlight, medical ethics, original articles, case report,
clinical case conference (Clinicopathological conference), and autobiography. Priority
publication will be given to articles concerning diagnosis and treatment of gastrointestinal
oncology diseases. The following aspects are covered: Clinical diagnosis, laboratory
diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular biological
diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, and physical
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional
treatment, minimally invasive therapy, and robot-assisted therapy.

We encourage authors to submit their manuscripts to WJGO. We will give priority
to manuscripts that are supported by major national and international foundations and
those that are of great clinical significance.

INDEXING/ABSTRACTING

World Journal of Gastrointestinal Oncology (W]GO) is now indexed in Science Citation Index
Expanded (also known as SciSearch®™), PubMed, and PubMed Central. The 2018 edition of
Journal Citation Reports® cites the 2017 impact factor for WJGO as 3.140 (5-year impact
factor: 3.228), ranking WJGO as 39 among 80 journals in gastroenterology and hepatology
(quartile in category Q2), and 114 among 222 journals in oncology (quartile in category

Q3).

EDITORS FOR

Responsible Assistant Editor: Xiang i
Responsible Electronic Editor: Wen-Wen Tan

Responsible Science Editor: Fang-Fang i
Proofing Editorial Office Director: Jin-Lei Wang

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
wwwwignet.com/1948-5204/editorialboard.htm

EDITORIAL OFFICE

Jin-Lei Wang, Director

World Journal of Gastrointestinal Oncology
Baishideng Publishing Group Inc

Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wignet.com

Help Desk: http:/ /wwwGpublishingcom/helpdesk
http://www.wignet.com

PUBLICATION DATE
November 15, 2018

THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 7901 Stonetidge Drive, Suite 501, Pleasanton, CA 94588, USA COPYRIGHT

World Journal of Gastrointestinal Oncology Telephone: +1-925-2238242 © 2018 Baishideng Publishing Group Inc. Articles
Fax: +1-925-2238243 published by this Open-Access journal are distributed

ISSN E-mail: editorialoffice@swignet.com under the terms of the Creative Commons Attribution

ISSN 1948-5204 (onli L o Non-commercial License, which permits use, distribu-

(online) ;{elp 2 esk: ht"p'/ /seorsafbpublishingcom/helpdesk tion, and reproduction in any medium, provided the

tp://www.wjgnet.com original work is propetly cited, the use is non commer-

LAUNCH DATE cial and is otherwise in compliance with the license.

February 15, 2009 PUBLISHER

FREQUENCY Baishideng Publishing Group Inc SPECIAL STATEIV!ENT o

Monthly 7901 Stoneridge Drive, All articles published in journals owned by the

Baishideng Publishing Group (BPG) represent the
views and opinions of their authors, and not the views,
opinions or policies of the BPG, except where other-
wise explicitly indicated.

INSTRUCTIONS TO AUTHORS
http:/ /www.wignet.com/bpg/getinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

Baishidenge ~ WJGO | www.wjgnet.com

II

November 15, 2018 | Volume 10 | Issue 11 |




J¢0

World Journal of
Gastrointestinal Oncology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.4251/wjgo.v10.i11.421

World | Gastrointest Oncol 2018 November 15; 10(11): 421-430

ISSN 1948-5204 (online)

ORIGINAL ARTICLE

Retrospective Study
Comparison of efficacy and safety between standard-dose

and modified-dose FOLFIRINOX as a first-line treatment of
pancreatic cancer

Huapyong Kang, Jung Hyun Jo, Hee Seung Lee, Moon Jae Chung, Seungmin Bang, Seung Woo Park,

Si Young Song, Jeong Youp Park

Huapyong Kang, Jung Hyun Jo, Hee Seung Lee, Moon Jae
Chung, Seungmin Bang, Seung Woo Park, Si Young Song,
Jeong Youp Park, Division of Gastroenterology, Department
of Internal Medicine, Yonsei University College of Medicine,
Seodaemun-gu, Seoul 03722, South Korea

ORCID number: Huapyong Kang (0000-0003-1790-0809);
Jung Hyun Jo (0000-0002-2641-8873); Hee Seung Lee (0000-
0002-2825-3160); Moon Jae Chung (0000-0002-5920- 8549);
Seungmin Bang (0000-0001-5209-8351); Seung Woo Park
(0000-0001-8230-964X); Si Young Song (0000-0002-1417-4314);
Jeong Youp Park (0000-0003-0110-8606).

Author contributions: Kang H and Park JY led the study
design; the study was supervised by Park JY. Kang H, Jo JH, Lee
HS, Chung MJ, Bang S, Park SW, Song SY, and Park JY were
contributed to the collection and assembly of data; Kang H did
the data analysis; all authors interpreted the analyzed data; Kang
H and Park JY wrote the manuscript; all authors reviewed every
version of the manuscript and approved the final manuscript.

Institutional review board statement: This study was
approved by the Institutional Review Board of Yonsei University
Health System (Approval number: 4-2017-0757) and carried out
in accordance with the Declaration of Helsinki.

Informed consent statement: The institutional review board
waived the need for consent for this study due to its retrospective
design.

Conflict-of-interest statement: All authors declare no conflicts-
of-interest related to this article.

Data sharing statement: No additional data are available.

Open-Access: This is an open-access article which was selected
by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative Com-
mons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this

Roishidenge ~ WJGO | www.wjgnet.com

work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Jeong Youp Park, MD, PhD, Associate
Professor, Division of Gastroenterology, Department of Internal
Medicine, Yonsei University College of Medicine, 50-1 Yonsei-
ro, Seodaemun-gu, Seoul 03722, South Korea. sensass@yuhs.ac
Telephone: +82-2-22281982

Fax: +82-2-3936884

Received: August 6, 2018
Peer-review started: August 7, 2018
First decision: August 31, 2018
Revised: September 7, 2018
Accepted: October 10, 2018

Article in press: October 10, 2018
Published online: November 15, 2018

Abstract

AIM

To directly compare the efficacy and toxicity of standard-
dose FOLFIRINOX (sFOLFIRINOX) and modified-dose
FOLFIRINOX (mFOLFIRINOX, 75% of standard-dose)
for pancreatic cancer.

METHODS

One hundred and thirty pancreatic cancer patients
who received sFOLFIRINOX (7 = 88) or mFOLFIRINOX
(7 = 42) as their first-line chemotherapy from January
2013 to July 2017 were retrospectively reviewed. For
efficacy analysis, the objective response rate (ORR),
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disease control rate (DCR), progression-free survival
(PFS), and overall survival (OS) were evaluated and
compared using Pearson’s chi-square test, Kaplan-Meier
plot and log-rank test. The adverse events (AES) were
evaluated, and severe (= grade 3) AEs rates of the two
groups were compared for toxicity analysis.

RESULTS

The mFOLFIRINOX group included more female pati-
ents (30.7% vs 57.1%; P = 0.004) and older patients
[age (median), 57 vs 63.5; P = 0.018] than the
sFOLFIRINOX group. In the efficacy analysis, the ORR
and DCR were not significantly different between the
two groups (ORR: 39.8% vs 35.7%; P = 0.656; DCR:
80.7% vs 83.3%; P = 0.716). The median PFS and OS
were also not different between the groups (PFS: 8.7
mo vs 8.1 mo, P = 0.272; OS: 13.9 mo vs 13.7 mo, P
= 0.476). In the safety analysis with severe AEs, the
rates of neutropenia (83.0% vs 66.7%; P = 0.044),
anorexia (48.9% vs 28.6%; P = 0.029) and diarrhea
(13.6% vs 0.0%; P = 0.009) were markedly lower in
the mFOLFIRINOX group.

CONCLUSION

mFOLFIRINOX showed comparable efficacy but better
safety compared to sFOLFIRINOX. If clinically necessary,
initiating FOLFIRINOX with 75% of the standard-dose
can alleviate toxicity concerns without compromising
efficacy.

Key words: Dose modification; Adverse event; Pancreatic
cancer; Adenocarcinoma; FOLFIRINOX; Chemotherapy

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Although the efficacy of FOLFIRINOX for
pancreatic cancer has been well demonstrated, its re-
latively high toxicity rate is an important concern. We
aimed to directly compare the efficacy and toxicity
of standard-dose FOLFIRINOX and modified-dose
FOLFIRINOX (mFOLFIRINOX, 75% of standard-dose)
for pancreatic cancer. One hundred and thirty patients
with pancreatic cancer (standard: 88 vs modified: 42)
were reviewed retrospectively. Response rates, pro-
gression-free survival, and overall survival were not dif-
ferent between both groups. However, severe adverse
events such as neutropenia, anorexia and diarrhea
were significantly lower in the mFOLFIRINOX group. If
clinically necessary, initiating FOLFIRINOX with 75%
of the standard-dose can alleviate toxicity concerns
without compromising efficacy.

Kang H, Jo JH, Lee HS, Chung MJ, Bang S, Park SW, Song
SY, Park JY. Comparison of efficacy and safety between
standard-dose and modified-dose FOLFIRINOX as a first-
line treatment of pancreatic cancer. World J Gastrointest Oncol
2018; 10(11): 421-430 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v10/i11/421.htm DOIL: http://dx.doi.
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INTRODUCTION

Pancreatic cancer (PC) is the fourth-most common cause
of cancer deaths estimated in the United States'™. It is
also reported as the fifth-most common cause of cancer-
related deaths in South Korea'”. Despite the introduction
of several novel regimens, the five-year survival rate for
all stages of PC remains around ten percent?. These
statistics are based on the fact that < 20% of newly
diagnosed PC cases are suitable candidates for surgical
resection, while disseminated disease was noted in >
50% of new cases'"’.

Ever since the survival benefit of gemcitabine in
patients with advanced PC was reported, gemcitabine-
based regimens have been primarily used for > twenty
years®™®, Recently, a non-gemcitabine-based combin-
ation regimen comprising folinic acid (FA), 5-fluorouracil
(5-FU), irinotecan, and oxaliplatin (FOLFIRINOX) was
introduced for metastatic PC (MPC). In the PRODIGE4/
ACCORD11 randomized phase II trial, FOLFIRINOX was
associated with a significant survival benefit compared
to gemcitabine monotherapy as the first-line therapy
for patients with MPC\. Thereafter, several studies
were conducted to determine the role of FOLFIRINOX
in locally advanced PC (LAPC) or borderline resectable
PC (BRPC), and meta-analysis reports showed promi-
sing improvements in median survivals and resection
rates®®, Consequently, FOLFIRINOX is recommended
as a preferred front-line therapy for MPC in major up-
to-date guidelines and on the list of options for BRPC
or LAPC, although prospective randomized data are still
lacking!'**?,

However, the relatively high toxicity of FOLFIRINOX
is still a concern. In the PRODIGE4/ACCORD11 trial,
FOLFIRINOX showed higher severe toxicity rates than
gemcitabine, particularly for grade three or four neu-
tropenia in 45.7% of patients”). The National Com-
prehensive Cancer Network guidelines for PC restrict
FOLFIRINOX to patients with Eastern Cooperative
Oncology Group performance status (ECOG-PS) 0 or
1™, Owing to the high toxicity profile of FOLFIRINOX,
several retrospective studies and phase 1I trials using
modified-dose FOLFIRINOX (mFOLFIRINOX) were perfor-
med with variable modification strategies. This rese-
arch showed improved safety profiles and comparable
efficacy!®"”. Nevertheless, clinical feasibility or optimal
strategy for dose-modification of FOLFIRINOX still re-
mains unclear, since previous studies on mMFOLFIRINOX
indirectly compared their results to those of the PR-
ODIGE4/ACCORD11 trial. Direct comparative study
between standard-dose FOLFIRINOX (sFOLFIRINOX)
and mFOLFIRINOX is still lacking. Therefore, in this stu-
dy, we directly compared the therapeutic efficacy and
safety of sFOLFIRINOX and mFOLFIRINOX as first-line

November 15, 2018 | Volume 10 | Issue 11 |



chemotherapies for PC.

MATERIALS AND METHODS

Patient selection

All patients diagnosed with PC who received FOLFIRINOX
as their first-line chemotherapy in Severance Hospital
from January 2013 to July 2017 were retrospectively
reviewed. The inclusion criteria were as follows: (1)
patients over 19 years of age; (2) histologically- or cy-
tologically-proven pancreatic adenocarcinoma; and (3)
at least one measurable lesion in accordance with the
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.1"%, The exclusion criteria were as follows:
(1) discontinued FOLFIRINOX for any reason before the
first response evaluation; (2) dose adjustment in the
first cycle other than 75% of the standard-dose; (3)
did not start the first cycle of FOLFIRINOX in Severance
Hospital; (4) diagnosed other active malignancy at the
same time as PC diagnosis; (5) administered another
agent in combination with FOLFIRINOX; and (6) regu-
larly administered granulocyte colony stimulating factor
(G-CSF) for primary prophylaxis. All patients who met
the inclusion criteria and did not meet the exclusion
criteria were identified. These patients were divided
into sFOLFIRINOX and mFOLFIRINOX groups according
to their starting dose of FOLFIRINOX.

Work-up and treatment

Pretreatment assessment was conducted for all patients.
Appropriate imaging modalities were used for staging
work-up, as needed. The specimen for histological or
cytological confirmation of malignancy was obtained
by endoscopic ultrasonography-guided fine needle aspir-
ation, percutaneous biopsy, or exploratory laparotomy,
as indicated. For each patient, the attending physician
made a clinical decision on whether the first cycle
should be initiated with sSFOLFIRINOX or mFOLFIRINOX.
sFOLFIRINOX comprised a 2 h intravenous infusion
(IVF) of oxaliplatin 85 mg/m?, followed by a 90 min IVF
of irinotecan 180 mg/mZ. FA 400 mg/m? IVF was perfor-
med over 2 h after termination of irinotecan infusion.
This was followed by a 5-FU 400 mg/m? bolus and 2400
mg/m?’ IVF for 46 h. Patients who received a standard
dose at the first cycle were grouped as sFOLFIRINOX.
Patients who started with a 75% of standard-dose
based on the decision of the attending physician were
grouped as mFOLFIRINOX. All patients were regularly
administered 0.25 mg of palonosetron 30 min before
oxaliplatin infusion for emesis prophylaxis. G-CSF was
not used for primary prophylaxis of neutropenia, and was
administered when grade three or four neutropenia or
neutropenic fever occurred. FOLFIRINOX was repeated
every 2 wk until evidence of progressive disease (PD),
significant deterioration of patient condition, or patient
unwillingness. Dose reduction or delay was at the treating
physician’s discretion and fully considered if the patient
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did not appear to tolerate the dosage of the previous
cydcle.

Assessment of treatment efficacy

Primary endpoints of this study were objective response
rate (ORR) and disease control rate (DCR). Secondary
endpoints were progression-free survival (PFS) and
overall survival (OS). Treatment response was evaluat-
ed after every four cycles using computed tomography
or magnetic resonance image. All imaging modalities
were conducted and reviewed in compliance with the
institutional standard protocols. According to the RECIST,
responses were reported by a professional radiologist,
and the final assessment was independently made by
each attending physician. The best treatment response
of each patient was recorded. The ORR included the
rate of complete response (CR) and partial response
(PR), while DCR was defined as a sum of ORR and the
rate of stable disease (SD). For survival analysis, the
patient’s survival status, date of death, and date of
last follow-up were recorded. The cut-off date of both
survival and follow-up data was February 6, 2018. PFS
was defined from the date of initiation of FOLFIRINOX to
PD or death. The patients who survived and remained
without PD were censored at the date of the last follow-
up. Patients who missed a follow-up without PD and
with < a 6-mo follow-up period were censored at 6 mo
from treatment initiation, even if deaths were confirmed
after that. If a treatment switch occurred without PD,
such as curative resection, irreversible electroporation,
or another chemotherapeutic regimen, the date of
switching treatment was considered as the censoring
point. OS was always defined from the date of initiation
of FOLFIRINOX to death. Patients whose deaths were
not confirmed were censored at the date of the last
follow-up.

Assessment of adverse events

Treatment-related AE was also included in the se-
condary endpoints of this study. During the period
of chemotherapy, treatment-related adverse events
(AEs) were monitored and recorded by the attending
physicians at each visit. All of the patients” medical re-
cords on AEs were reviewed. The assessment of AEs
was carried out in conformity with the National Cancer
Institute Common Terminology Criteria for Adverse
Events version 4.03", AEs leading to dose-reduction
or dose-delay were recorded separately.

Statistical analysis

For comparing the variables of both groups, Mann-
Whitney test was used for continuous variables and
Pearson’s ° test or Fisher’s exact test were used for
categorical variables. For the analysis of survival data,
the Kaplan-Meier method was used to estimate the
median survival with a 95% confidence interval (CI)
and the log-rank test was used for comparison. A
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Patients who met the inclusion
criteria (7 = 193)

Excluded (7 = 63)
Discontinued before response evaluation (7 = 28)
1% cycle dose modification other than 75% of standard dose (7 = 13)
Started the 1% cycle in another institution (7 = 12)
Received other treatments during FOLFIRINOX (7 = 6)
Prophylactic use of G-CSF (7 = 3)
Active malignancy in other sites (7 = 1)

Patients who did not meet the
exclusion criteria (7 = 130)

Standard-dose FOLFIRINOX
(n =88)

Modified-dose FOLFIRINOX
(n=

42)

Figure 1 Flow chart of patient selection. G-CSF: granulocyte colony stimulating factor.

Cox proportional-hazards model was used to estimate
the adjusted hazard ratios (HR). P-value < 0.05 was
considered statistically significant. All statistical analy-
ses were performed with IBM SPSS (version 23.0, IBM
Corp., Armonk, NY, United States).

RESULTS

Patients and pretreatment characteristics

In total, 130 patients were included in the final analysis
based on the inclusion and exclusion criteria. Of the 130
patients, 88 were assigned to the sFOLFIRINOX group
and 42 patients were assigned to the mFOLFIRINOX
group. The detailed flow chart of patient selection is
shown in Figure 1. When comparing the pretreatment
characteristics, the mFOLFIRINOX group included more
female patients (30.7% vs 57.1%; P = 0.004) and older
patients [age (median), 57 vs 63.5; P = 0.018] than
the sFOLFIRINOX group (Table 1). Other characteristics
did not differ between the two groups.

Treatment characteristics

The treatment characteristics are summarized in
Table 2. The number of cycles administered and tre-
atment duration were not different between the two
groups. The median relative dose intensities (RDIs)
of each of the four agents were significantly higher in
the sFOLFIRINOX group than in the mFOLFIRINOX
group. The proportion of patients who experienced
dose-reduction after the first cycle was larger in the
SFOLFIRINOX group than in the mFOLFIRINOX group

Raishidenge ~ WJGO | www.wjgnet.com
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(70.5% vs 38.1%; P < 0.001); however, the rate of
dose delay was not different between the two groups.
Dose reduction due to neutropenia was higher in the
sFOLFIRINOX group (60.2% vs 21.4%; P < 0.001), and,
therefore, more patients were administered G-CSF
(81.8% vs 64.3%; P = 0.028) and more G-CSF admini-
strations were performed during the treatment period
[3.5 times (range: 0-24) vs 2 times (range: 0-12); P =
0.043] than in the mFOLFIRINOX group.

Treatment responses and survivals

The ORR and DCR (primary end-points of this study)
were not different between the two groups (Table 3).
The median duration of follow-up was 10.3 mo in the
sFOLFIRINOX group and 11.1 mo in the mFOLFIRINOX
group (P = 0.181). The estimated median PFS of both
groups were not different [sFOLFIRINOX: 8.7 mo
(95%CI: 6.4-11.0) vs mFOLFIRINOX: 8.1 mo (95%CI:
6.7-9.6), P = 0.272] (Figure 2A). The estimated median
OS of the sFOLFIRINOX group was 13.9 mo (95%CI:
11.5-16.4), and it was not different from that of the
mFOLFIRINOX group [13.7 mo (95%CI: 9.5-17.9), P =
0.476] (Figure 2B). Additionally, age and sex-adjusted
HRs of the mFOLFIRINOX group to the sFOLFIRINOX
group were not statistically significant [HR for disease
progression or death, 1.36 (95%CI: 0.81-2.26), P =
0.242; HR for death, 0.94 (95%CI: 0.55-1.60), P =
0.813].

Treatment-related AEs
Severe (grade three or higher) treatment-related AEs
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sFOLFIRINOX mFOLFIRINOX P value
(n = 88) (n = 42)
Sex, n (%)
Male 61 (69.3) 18 (42.9) 0.004'
Female 27 (30.7) 24 (57.1)
Age, yr 0.018'
Median (range) 57 (31-79) 63.5 (41-77)
ECOG-PS, 1 (%)
0 68 (77.3) 35 (83.3) 0.426
1 20 (22.7) 7 (16.7)
Laboratory test results, median (range)
Absolute neutrophil count, /uL 4200 (1610-11170) 4525 (2080-18930) 0.317
Hemoglobin, g/dL 12.3 (7.1-17.1) 12.1 (8.5-14.9) 0.36
Platelet count, x 10°/pL 218 (76-439) 245 (107-764) 0.247
Total bilirubin, mg/dL 0.7 (0.2-4.8) 0.5 (0.2-2.7) 0.144
Albumin, g/dL 3.9 (2.8-5.0) 3.9 (2.4-4.8) 0.797
Creatinine, mg/dL 0.67 (0.37-1.02) 0.70 (0.37-1.04) 0.516
Level of CA 19-9
U/mL, median (range) 172.2 (0.6-20000.0) 455.5 (0.7-20000.0) 0.709
Normal, 1 (%) 17 (19.3) 11 (21.5)
Elevated, <59 x ULN, n (%) 53 (60.2) 19 (45.2) 0.274
Elevated, = 59 x ULN, n (%) 18 (20.5) 12 (28.6)
Biliary drainage, n (%) 0435
Presence 29 (33.0) 11 (26.2)
Tumor location in pancreas, 1 (%)
Head 40 (45.5) 16 (38.1) 0.657
Body and tail 44 (50.0) 23 (54.8)
Recurrent 4 (4.5) 3(7.1)
Tumor size, cm
Median (range) 3.6 (1.3-7.7) 4.0 (1.3-8.0) 0313
Disease extent, 1 (%)
Borderline resectable 17 (19.3) 6 (14.3) 0043
Locally advanced 26 (29.5) 8 (19.0)
Metastatic 45 (51.1) 28 (66.7)
Stage, 11 (%)
I 24 (27.3) 8 (19.0)
Juig 19 (21.6) 6 (14.3) 0248
v 45 (51.1) 28 (66.7)
Prior treatment, n (%)
Naive 75 (85.2) 33 (85.7) 0.941
Curative resection 4 (4.5) 4(9.5) 0.272
CCRT 9 (10.2) 4(9.5) 1.000

"Values indicate statistical significance. mFOLFIRINOX: Modified FOLFIRINOX; sFOLFIRINOX: Standard FOLFIRINOX; ECOG-PS: Eastern Cooperative
Oncology Group performance status; ULN: Upper limit of normal range; CA: Carbohydrate antigen; CCRT: Concurrent chemoradiotherapy.

in the two groups are listed and compared in Table 4.
Of the hematologic AEs, the rate of severe neutrope-
nia was significantly lower in the mFOLFIRINOX group
than in the sFOLFIRINOX group (83.0% vs 66.7%; P =
0.044). Other hematologic AE rates, including febrile
neutropenia, were not different. Severe anorexia and
diarrhea occurred less frequently in the mFOLFIRINOX
group than in the sFOLFIRINOX group (48.9% vs
28.6%; P = 0.029; 13.6% vs 0.0%; P = 0.009;
respectively). All other non-hematologic severe AEs
tended to occur less frequently in the mFOLFIRINOX
group, with the exception of lung infection.

DISCUSSION

In this study, we aimed to retrospectively compare
the therapeutic efficacy and safety of sFOLFIRINOX
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and mFOLFIRINOX as first-line chemotherapies for
PC. To the best of our knowledge, this is the first direct
comparative study that evaluated the efficacy and
safety of sFOLFIRINOX and mFOLFIRINOX within a
single institution. We observed that the median cycle
and median duration of FOLFIRINOX were not different
in both groups. Although the median RDI of all four
agents were significantly less in the mFOLFIRINOX
group, the therapeutic parameters such as ORR, DCR,
0S, and PFS were not different between the two
groups. Regarding the treatment-related AE profiles,
severe neutropenia, anorexia, and diarrhea were re-
markably lower in the mFOLFIRINOX group than in the
sFOLFIRINOX group. Therefore, our study supports
dose moadification from the initiation of treatment with-
out compromising treatment efficacy, particularly in
elderly and female patients, who tend to show more
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Table 2 Treatment characteristics

sFOLFIRINOX mFOLFIRINOX P value
(n = 88) (n = 42)

Number of cycles administered, median (range) 9.5 (4-24) 12 (4-32) 0.421
Treatment duration, d, median (range) 126 (42-322) 154 (42-434) 0.595
RDI to sFOLFIRINOX, %, median (range)
Oxaliplatin 85.3 (56.3-100) 75.0 (51.1-75.0) <0.001"
Irinotecan 85.0 (56.3-100) 75.0 (51.1-75.0) <0.001"
5-FU (bolus) 92.1 (21.4-100) 75.0 (51.1-75.0) <0.001"
5-FU (infusion) 94.1 (56.3-100) 75.0 (51.1-75.0) <0.001"
Patients with = 1 dose reduction, n (%) 62 (70.5) 16 (38.1) <0.001"
Cause of dose reduction (> 5%), 1 (%)
Neutropenia 53 (60.2) 9(21.4) <0.001"
Febrile neutropenia 10 (11.4) 4 (9.5) 1.000
Patients with = 1 dose delay, n (%) 55 (62.5) 22 (52.4) 0.272
Cause of dose delay (> 5%), n (%)
Neutropenia 16 (18.2) 5(11.9) 0.363
Febrile neutropenia 16 (18.2) 5(11.9) 0.363
Fatigue 7 (8.0) 8 (19.0) 0.081
No. of G-CSF administered, median (range) 3.5 (0-24) 2 (0-12) 0.043'
Patients received G-CSF, n (%) 72 (81.8) 27 (64.3) 0.028'

"Values indicate statistical significance. mFOLFIRINOX: Modified FOLFIRINOX; sFOLFIRINOX: Standard FOLFIRINOX; RDI: Relative dose intensity; 5-FU:
5-Fluorouracil; G-CSF: Granulocyte colony-stimulating factor.

Table 3 Response evaluation 77 (%)

sFOLFIRINOX mFOLFIRINOX P value
(n = 88) (n = 42)
CR 1(1.1) 1(2.4)
PR 34 (38.6) 14 (33.3)
SD 36 (40.9) 20 (47.6)
PD 17 (19.3) 7 (16.7)
Objective response” 35 (39.8) 15 (35.7) 0.656
Disease control” 71 (80.7) 35 (83.3) 0.716

*Objective response includes CR and PR; "Disease control includes CR, PR, and SD. mFOLFIRINOX: Modified FOLFIRINOX; sFOLFIRINOX: Standard
FOLFIRINOX; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease.

concern about treatment-related toxicities. study was less severe than sFOLFIRINOX. In addition,
Currently, FOLFIRINOX is a universally-used first-line compared with that of the historical trial, the rate of
treatment for MPC**?!, and it is also used for second- severe diarrhea was lower, but the rates of severe

line or neoadjuvant treatment. Owing to its severe neutropenia, febrile neutropenia, anemia, and vomiting
toxicities (grade = 3 neutropeniain 45.7% of patients; were still higher in the mFOLFIRINOX.

grade = 3 fatigue in 23.6% of patients) reported in the Regarding neutropenia, 77.8% of patients ex-
PRODIGE4/ACCORD11 trial”), treatment-related AE is perienced severe neutropenia in a Japanese phase
a major concern when using FOLFIRINOX. I study of sFOLFIRINOX for chemotherapy-naive MPC,

To reduce FOLFIRINOX-related toxicities, several  which is similar to our study’s findings””. In addition,
groups have conducted studies focused on dose modi- most studies conducted in Asian countries reported

[23-26]

fication of FOLFIRINOX from the first cycle. Most of the severe neutropenia in > 65% of patients , which
FOLFIRINOX dose-modifying studies compared their was more frequent than that in reports from western
results with the PRODIGE4/ACCORD11 trial. Retros- countries (11.0%-45.7%)"%*!, These results suggest
pective research conducted in the UK using a reduced that Asians may be prone to severe FOLFIRINOX-re-
dose of irinotecan and omitting a 5-FU bolus reported lated neutropenia, and dose adjustment is an option
a markedly lower rate of severe neutropenia than that that should be considered when treating patients
in the historical trial, with similar rates of other severe belonging to the Asian population. Unlike the present
AEs™!, In a US phase 1I trial using reduced doses of study, prophylactic G-CSF was routinely administered
irinotecan and 5-FU bolus, the rates of severe neutro- at every cycle in the aforementioned studies focusing
penia and vomiting were significantly lower than the  on dose modification of FOLFIRINOX!™*""\, This dis-
rates in the historical trial; however, other severe AEs tinction in therapeutic protocols should be considered
were similar’”). The toxicity of mFOLFIRINOX in this ~ when interpreting and comparing the rates of severe
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Table 4 Adverse events (= Grade 3) n (%)

Event sFOLFIRINOX mFOLFIRINOX P value
(n = 88) (n = 42)
Hematologic
Neutropenia 73 (83.0) 28 (66.7) 0.044'
Febrile neutropenia 24 (27.3) 9(21.4) 0.474
Anemia 19 (21.6) 11 (26.2) 0.561
Thrombocytopenia 8 (9.1) 2(4.8) 0.499
Non-hematologic
Fatigue 33 (37.5) 14 (33.3) 0.644
Anorexia 43 (48.9) 12 (28.6) 0.029'
Nausea/Vomiting 53 (60.2) 19 (45.2) 0.108
Diarrhea 12 (13.6) 0(0.0) 0.009'
Peripheral sensory neuropathy 12 (13.6) 2(4.8) 0.224
Sepsis 5(5.7) 0(0.0) 0.174
Lung infection 3(34) 4(9.5) 0.212
Biliary tract infection 6 (6.8) 0 (0.0) 0.176

"Values indicate statistical significance. mFOLFIRINOX: Modified FOLFIRINOX; sFOLFIRINOX: Standard FOLFIRINOX.
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Figure 2 Survival analyses and comparisons. A: Progression-free survival; B: Overall survival, according to the treatment group. mFOLFIRINOX: Modified
FOLFIRINOX; sFOLFIRINOX: Standard FOLFIRINOX.
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neutropenia and neutropenic fever associated with
mFOLFIRINOX in our study with those of prior research
(67.9% vs 0%-12%; 26.4% vs 0%-5.6%; respectively).

Regarding efficacy, previous studies using a modifi-
ed form of FOLFIRINOX showed 17.2%-46.7% of ORR
and 80%-100% of DCR, which were similar to those of
the PRODIGE4/ACCORD11 trial™**>*”), Our modification
of FOLFIRINOX with 75% of the standard-dose was
able to markedly reduce toxicity, and the efficacy was
comparable with that of sFOLFIRINOX or previous stu-
dies, including the PRODIGE4/ACCORD11 trial. This
therefore suggests that, in our study population, dose
modification to reduce toxicity is possible without com-
promising treatment efficacy.

There are certain limitations to this study. First, it
has a retrospective study design. Although we selected
patients based on strict exclusion criteria, the possibility
of selection bias and information bias remains. Second,
we included patients with BRPC and unresectable PC.
When comparing the survival data with other trials,
this characteristic of the patient population should be
considered. Third, more females and older patients were
included in the mFOLFIRINOX group. These differen-
ces may be attributed to the clinical characteristics of
the patient, based on whether or not the attending
physician decides to administer mFOLFIRINOX from the
first cycle. These differences may affect the treatment
outcome. A previous study reported that female gender
could positively predict response to FOLFIRINOX in
patients with advanced PC*®". However, the prognostic
significance of gender in PC remains controversial and
warrants further evaluation™". Despite these limitations,
this study is meaningful because it directly compares
the two study groups, which underwent similar clinical
practice within a single institution.

In conclusion, mFOLFIRINOX showed comparable
efficacy to sFOLFIRINOX, with a better toxicity profile.
Given the relatively high toxicity of sFOLFIRINOX,
initiating FOLFIRINOX treatment, if clinically required,
with 75% of the standard-dose can be an appropriate
option to reduce toxicity concerns without compromising
efficacy.

ARTICLE HIGHLIGHTS

Research background

Although FOLFIRINOX is one of the universally-used chemotherapies
for pancreatic cancer, its relatively high rate of adverse events is still a
major concern. Several studies suggest that dose-modified FOLFIRINOX
(mFOLFIRINOX) can improve safety with comparable efficacy compared to the
standard FOLFIRINOX (sFOLFIRINOX). However, clinical feasibility and the
optimal strategy of mFOLFIRINOX remains unclear.

Research motivation
Previous studies on mFOLFIRINOX made conclusions based on comparing
their results to the results of historical phase III trials of FOLFIRINOX. To date,
direct comparative studies between sFOLFIRINOX and mFOLFIRINOX for
pancreatic cancer is lacking.

Research objectives
We directly compared the safety and efficacy of sFOLFIRINOX and
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mFOLFIRINOX in a single study. This could help clarify the clinical applicability
of mFOLFIRINOX.

Research methods

The medical records of 130 pancreatic cancer patients [sFOLFIRINOX (n = 88),
mFOLFIRINOX (n = 42)] were retrospectively reviewed. The objective response
rate (ORR), disease control rate (DCR), progression-free survival (PFS), and
overall survival (OS) were compared for efficacy analysis. Severe (= grade
three) adverse event (AE) rates of the two groups were compared for toxicity
analysis.

Research results

Although the median relative dose intensities of each of the drugs were
significantly lower in the mFOLFIRINOX group, the response rates and survival
were not different between the two groups (ORR: 39.8% vs 35.7%, P = 0.656;
DCR: 80.7% vs 83.3%, P =0.716; PFS: 8.7 mo vs 8.1 mo, P = 0.272; OS: 13.9
mo vs 13.7 mo, P = 0.476). Severe AE rates, including neutropenia (83.0% vs
66.7%; P = 0.044), anorexia (48.9% vs 28.6%; P = 0.029), and diarrhea (13.6%
vs 0.0%; P = 0.009), were significantly lower in the mFOLFIRINOX group.

Research conclusions

In this direct comparative restrospective study, mFOLFIRINOX showed
comparable efficacy to sSFOLFIRINOX, with a better toxicity profile. Given the
relatively high toxicity of sSFOLFIRINOX, initiating FOLFIRINOX treatment,
if clinically required, with 75% of the standard-dose could be an appropriate
option to reduce toxicity concerns without compromising efficacy.

Research perspectives

In the future, prospective comparative studies need to be conducted to
determine the optimal dose modification of FOLFIRINOX and who will benefit
from this strategy.
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