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Background: The first-line chemotherapy regimen for advanced gallbladder cancer (GBC) is gemcitabine 
plus platinum (GP), despite its efficacy is limited. The current investigation is a retrospective study to compare 
the safety and efficacy between the modified FOLFIRINOX (mFOLFIRINOX) and gemcitabine plus 
oxaliplatin (GEMOX) as the first-line chemotherapy for unresectable locally advanced or metastatic GBC. 
Methods: The data of patients with unresectable locally advanced or metastatic GBC, who were treated 
with mFOLFIRINOX or GEMOX as the first-line therapy between April 2014 and April 2018 at Xinhua 
Hospital Affiliated to Shanghai Jiaotong University School of Medicine, were retrieved. This retrospective 
study evaluated the clinical characteristics, survival outcomes and adverse events.
Results: A total of 44 patients (n=25 in mFOLFIRINOX, n=19 in GEMOX) were included. There were 
no significant differences between groups in baseline characteristics. The median progression free survival 
(mPFS) was 5.0 months in the mFOLFIRINOX group and 2.5 months in the GEMOX group [P=0.021; 
hazard ratio (HR), 0.499; 95% CI, 0.266 to 0.937]. The median overall survival (mOS) was 9.5 months  
in the mFOLFIRINOX group and 7.0 months in the GEMOX group (P=0.019; HR, 0.471; 95% CI, 0.239 
to 0.929). Disease control rate (DCR) was 76.0% in the mFOLFIRINOX group and 47.4% in the GEMOX 
group (P=0.051). The rate of grade 3–4 adverse events was 48% in the mFOLFIRINOX group and 36.8% in 
the GEMOX group (P=0.459). The incidence of grade 3–4 neutropenia and diarrhea were more common in 
the mFOLFIRINOX group, while the incidence of grade 3–4 thrombocytopenia and peripheral neuropathy 
were more common in the GEMOX group.
Conclusions: mFOLFIRINOX might improve the poor prognosis of unresectable locally advanced or 
metastatic GBC, and the results need to be further verified by prospective clinical studies.
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Introduction

Gallbladder cancer (GBC) is  the most aggressive 
malignancy of the biliary tract (1). Most patients with 
GBC are diagnosed in advanced stages and have few 
chance of surgery (1-3). Chemotherapy is the major 
palliative treatment for advanced GBC (4). Gemcitabine 
plus oxaliplatin (GEMOX), a widely accepted first-line 
chemotherapy regimen for advanced GBC, still resulted 
in poor overall survival (OS) rates (5,6). Recently, various 
chemotherapy regimens that try to improve the survival 
time of advanced GBC have been trialed, but their efficacy 
still remains unclear (7,8). 

The PRODIGE4/ACCORD11 trial has shown that 
FOLFIRINOX (fluorouracil, leucovorin, irinotecan 
and oxaliplatin) would significantly improve the OS of 
metastatic pancreatic cancer (PC), and till now the mOS 
of the FOLFIRINOX remains the longest in the first-
line regimens of PC (9). The chemotherapy regimens for 
GBC and PC were similar because of the histological, 
biological and therapeutic (sensitivity to 5-FU, platinum, 
and gemcitabine) similarities (10,11). However, the 
efficacy and safety of FOLFIRINOX in GBC have not 
been revealed. This retrospective study was conducted to 
evaluate the safety and efficacy of modified FOLFIRINOX 
(mFOLFIRINOX), compared to GEMOX, which is a 
first-line chemotherapy for unresectable locally advanced 
or metastatic GBC. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://hbsn.amegroups.com/article/view/10.21037/
hbsn-20-846/rc).

Methods

The data of patients with unresectable locally advanced 
or metastatic GBC, treated with mFOLFIRINOX or 
GEMOX between April 2014 and April 2018 at Xinhua 
Hospital Affiliated to Shanghai Jiaotong University School 
of Medicine were retrieved. All diagnoses of gallbladder 

adenocarcinoma were confirmed via puncture biopsy. 
The presence of distant metastasis was established using 
computed tomography (CT) and positron emission 
tomography-CT (PET-CT). There is currently no 
definition of unresectable locally advanced GBC. The 
criteria for unresectability at our institution was defined 
as those in which surgical resection could not be achieved 
even by aggressive surgical procedure, including combined 
vascular resection. In practice, this referred to (I) solid 
tumor contact with hepatic artery >180 degrees; (II) invasion 
of the tumor to portal vein which is unable to reconstruct; 
(III) extensive infiltration of the bile duct unable to achieve a 
curative resection; and (IV) extensive hepatic invasion unable 
to excise due to insufficient remnant liver volume even after 
portal vein embolization (12). All individuals were treated 
with at least one cycle of the mFOLFIRINOX or GEMOX 
regimen as first-line therapy. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was censored on September 29, 2020. 
Ethical approval was given by the Ethics Committee of 
Xinhua Hospital Affiliated to Shanghai Jiaotong University 
School of Medicine (XHEC-D-2020-161). All patients were 
informed about the purpose and content of the study.

The mFOLFIRINOX regimen was used based on Chines 
patients’ physical condition and on previous regimens used 
in PC. Patients in the mFOLFIRINOX group treated 
with 180 to 150 mg/m2 of irinotecan, 85 to 65 mg/m2 

of oxaliplatin, 400 mg/m2 of leucovorin and 400 mg/m2  
of fluorouracil, proceeded by a continuous fluorouracil 
infusion of 2,400 mg/m2 spanning 46 h, in a 2-week 
schedule. Patients in the GEMOX group treated with  
100 mg/m2 of oxaliplatin infused over more than 2 hours on 
day 1, and a gemcitabine infusion of 1,000 mg/m2 over 1 h 
on days 1 and 8 once every 3 weeks. The same regimen was 
continued in those who demonstrated a positive response. 
In case of serious adverse events, treatment was delayed 
until recovery, but doses were not reduced. Patients 
discontinued the study in the event of unacceptable toxic 
effects or evidence of progressive disease, or at their 
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request.
Assessments

Tumors were measured every 4–8 weeks. Tumor response 
and progression were evaluated according to Response 
Evaluation Criteria in Solid Tumors (RECIST), version 
1.1 (13). All adverse events, monitored from treatment 
initiation until 28 days after the last treatment, were graded 
according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 4.0. 
The rates of grade 3–4 adverse events between groups 
were compared. Progression-free survival was calculated 
from the date of hospitalization until the date of the 
documentation of disease progression or death due to any 
cause, which occurred first. OS was calculated from the date 
of hospitalization until death from any cause.

Statistical analysis

Qualitative variables were described by frequency and 
percentage. Quantitative variables were described by the 
mean plus or minus the standard deviation. Qualitative 
variables were compared with the use of the chi-square test 
or Fisher’s test. Quantitative variables were compared with 
the use of a nonparametric (Wilcoxon) test. PFS and OS 
were estimated with the use of the Kaplan-Meier curve, and 
were tested by log-rank test. Univariate and multivariate 
analyses were performed using the Cox proportional 
hazards regression model to explore prognostic factors for 
PFS and OS. Regardless of whether statistical differences 
between groups were observed, the same set of potential 
confounders was introduced into the Cox regression 
model for adjustment by the enter method, and data were 
presented with 95% confidence intervals. All tests were 
two-sided, and a P value of less than 0.05 was considered to 
indicate statistical significance. 

All analyses were performed with intent-to-treat using 
SPSS® v 22.0 software (IBM Corp, Armonk, NY, USA).

Results

Characteristics of the patients

Between April 2014 and April 2018, a total of 44 patients, 
received at least one cycle of mFOLFIRINOX or GEMOX 
for unresectable locally advanced or metastatic GBC at 
Xinhua Hospital Affiliated to Shanghai Jiaotong University 
School of Medicine, were included. 25 patients were treated 
with mFOLFIRINOX (9 males and 16 females, median 

age 60.8 years), and 19 patients were treated with GEMOX 
(6 males and 13 females, median age 62.6 years). In the 
mFOLFIRINOX group, there were 21 patients in clinical 
T3 stage (84.0%) and 4 patients in clinical T4 stage (16.0%). 
In the GEMOX group, there were 17 patients in clinical 
T3 stage (89.5%) and 2 patients in clinical T4 stage (10.5%) 
(P=0.600). Baseline characteristics of patients were similar 
in the two groups (Table 1).

Efficacy
 

The median number of treatment cycle administered was 
12 (range, 1 to 21) in the mFOLFIRINOX group and 
5 (range, 1 to 12) in the GEMOX group. The median 
PFS was 5.0 months (95% CI, 3.6 to 6.4 months) in the 
mFOLFIRINOX group and 2.5 months (95% CI, 1.5 to 
3.5 months) in the GEMOX group (P=0.021) (Figure 1A).  
The median OS was 9.5 months (95% CI,  7.4 to  
11.6  months)  in  the mFOLFIRINOX group and  
7.0 months (95% CI, 5.0 to 9.0 months) in the GEMOX 
group (P=0.019) (Figure 1B). No patient achieved complete 
response (CR) in either group. The partial response (PR) 
was 4 patients (16.0%) in the mFOLFIRINOX group 
and 1 patient (5.3%) in the GEMOX group (P=0.266). 
The stable disease (SD) was 15 patients (60.0%) in the 
mFOLFIRINOX group and 8 patients (42.1%) in the 
GEMOX group (P=0.239). The disease control rate (DCR) 
was 76% in the mFOLFIRINOX group and 47.4% in the 
GEMOX group(P=0.051) (Table 2).

The univariate and multivariate analyses for PFS and 
OS were performed. Regardless of whether statistical 
differences between groups were observed, the same set of 
potential confounding factors was introduced into the Cox 
regression model. For PFS, the mFOLFIRINOX regimen 
compared to GEMOX [hazard ratio (HR), 0.459; 95% CI, 
0.241 to 0.873; P=0.018], male compared to female (HR, 
0.381; 95% CI, 0.172 to 0.843; P=0.017) and metastatic 
compared to unresectable locally advanced (HR, 2.703; 95% 
CI, 1.269 to 5.754; P=0.010) were independent prognostic 
factors (Table 3). For OS, the mFOLFIRINOX regimen 
compared to GEMOX (HR, 0.433; 95% CI, 0.217 to 0.865; 
P=0.018), male compared to female (HR, 0.334; 95% CI, 0.145 
to 0.768; P=0.010) and metastatic compared to unresectable 
locally advanced (HR, 2.393; 95% CI, 1.102 to 5.194; P=0.027) 
were independent prognostic factor (Table 4).

Safety
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Table 5 depicts treatment-related grade 3–4 adverse 
events. The rate of grade 3–4 adverse events was 48% in 
the mFOLFIRINOX group and 36.8% in the GEMOX 
group (P=0.459). There was no occurrence of toxic death 
or emergency admission and febrile neutropenia in either 
group. Incidences of grade 3–4 neutropenia and diarrhea 
were higher in the mFOLFIRINOX group, while the 
incidences of thrombocytopenia and peripheral neuropathy 
were higher in the GEMOX group. 

Discussion

After a median follow-up approximately 24 months, the 
median PFS and median OS of the mFOLFIRINOX group 
was 5.0 and 9.5 months, respectively. These outcomes 
appear more favorable compared with the GEMOX group 
(median PFS 2.5 months and median OS 7.0 months). 
Moreover, GEMOX regimen efficacy noted in our study 
corresponded well with previous studies on gemcitabine-

based therapies for advanced GBC (median PFS of 3.0 to  
6.2 months and median OS of 6.2 to 12.1 months) (4,14-16).

Chemotherapy has been widely used in the treatment 
of GBC for a long time (17). What’s more, National 
Comprehensive Cancer Network has provided options for 
advanced GBC treatment: GEMOX and other regimens 
which includes 5-fluorouracil, oxaliplatin, cisplatin, and 
capecitabine, etc. (7), but till now the OS rates of advanced 
GBC remained poor. Meanwhile, other regimens such 
as gemcitabine plus S-1 (GS), gemcitabine, cisplatin, and 
nab-paclitaxel had achieved satisfactory results in clinical 
trials (8,18). However, the evidence remains limited to 
form recommendations for a standard chemotherapy 
regimen. And most of these reports were limited by tumor 
heterogeneity or lack of survival comparison with standard 
chemotherapy.

Previous studies have shown that FOLFIRINOX 
can prolong the OS of patients with advanced PC and 
National Comprehensive Cancer Network recommends 

Table 1 Baseline patient characteristics

Characteristic mFOLFIRINOX (n=25) GEMOX (n=19) P value

Male sex, n (%) 9 (36.0) 6 (31.6) 0.759

Age (y)

Mean (SD) 60.8 (9.8) 62.6 (10.3)

≥60 y, n (%) 14 (56.0) 10 (52.6) 0.824

ECOG, n (%) 0.680

0 9 (36.0) 8 (42.1)

1 16 (64.0) 11 (57.9)

Clinical T stage, n (%) 0.600

T3 21 (84.0) 17 (89.5)

T4 4 (16.0) 2 (10.5)

Disease status, n (%) 0.272

Unresectable locally advanced 12 (48.0) 6 (31.6)

Metastatic 13 (52.0) 13 (68.4)

Liver 11 (44.0) 9 (47.4)

Pancreas 1 (4.0) 1 (5.3)

Lung 1 (4.0) 0 (0.0)

Peritoneum 2 (8.0) 2 (10.5)

Distant lymph node 4 (16.0) 2 (10.5)

Median CA19-9 (range, IU/mL) 69.4 (2.7–5,669.0) 76.0 (2.9–9,475.0) 0.429

ECOG, Eastern Cooperative Oncology Group.
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FOLFIRINOX as the first-line treatment option for 
PC treatment (9) .  The PRODIGE4/ACCORD11 
trial has shown that FOLFIRINOX could significantly 
improve the OS of metastatic PC, and till now the mOS 
of the FOLFIRINOX remains the longest in the first-
line regimens of PC. The treatments for GBC and PC 
were similar because of the histological, biological and 
therapeutic (sensitivity to 5-FU, platinum, and gemcitabine) 
similarities (10,11). This retrospective study was performed 
to analyze the efficacy and safety of mFOLFIRINOX 
versus GEMOX which are both first-line chemotherapies 

for patients with unresectable locally advanced or 
metastatic GBC. Patients’ regimen selections depended 
on their personal wishes and the recommendations of 
physicians. There is no difference between the price 
of two chemotherapeutic regimens. And the dose of 
mFOLFIRINOX used in this study was based on the dose 
of advanced PC and general patient condition to maintain 
efficacy and avoid the high rate of adverse events (19,20). 
The results of this study showed that DCR was 76% in the 
mFOLFIRINOX group and was 47.4% in the GEMOX 
group (P=0.051). However, better chemotherapeutic effects 
were achieved in the mFOLFIRINOX group (Figure 2A).  
In addition, 2 unresectable locally advanced patients 
underwent the surgical resection after multidisciplinary 
treatment (MDT) (Figure 2B), while none of the 19 patients 
had the opportunity to undergo the surgical resection in 
the GEMOX group. The results of multivariate analyses 
showed that treatment regimens, metastasis and sex were 
poor prognostic factors for PFS and OS, which was similar 
with previous studies that metastasis and gender were 
independent poorly prognostic factors for GBC (2,3). 

The rate of grade 3–4 adverse events was 48% in the 
mFOLFIRINOX group and 36.8% in the GEMOX group 
(P=0.459). The safety of mFOLFIRINOX was associated 
with a higher incidence of grade 3 or 4 neutropenia and 
diarrhea. Irinotecan and high doses of fluorouracil might be 
the cause. And the safety of GEMOX was associated with 
higher incidence of grade 3 or 4 thrombocytopenia and 
peripheral neuropathy and were consistent with previous 
studies (5).

However, there are several limitations in this study. First, 
it is a retrospective study. It was subject to patient’s selection 
bias, the doctor’s recommendation, and its conclusions 
were observational. In addition, during the study period, 
limited sample size and unrecognized changes in practice 
might limit the analysis of treatment effects. Moreover, the 
inclusion of 6 variables in this study might lead to unstable 
results of the multivariate analysis. As a result of these 

Figure 1 Progression-free survival (A) and Overall survival (B) in 
patients receiving mFOLFIRINOX (n=25) and GEMOX (n=19).
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Table 2 Best tumor response based on the response evaluation criteria in solid tumors (RECIST) 1.1

Response mFOLFIRINOX (n=25) GEMOX (n=19) P value

Complete response, n (%) 0 (0.0) 0 (0.0) –

Partial response, n (%) 4 (16.0) 1 (5.3) 0.266

Stable disease, n (%) 15 (60.0) 8 (42.1) 0.239

Progressive disease, n (%) 6 (24.0) 10 (52.6) 0.051
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Table 3 Univariate and multivariate analysis for PFS

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Treatment regimen

mFOLFIRINOX vs. GEMOX 0.499 (0.266–0.937) 0.031 0.459 (0.241–0.873) 0.018

Age

≥60 vs. <60 1.157 (0.616–2.174) 0.650 1.189 (0.607–2.328) 0.614

Sex

Male vs. female 0.474 (0.231–0.972) 0.042 0.381 (0.172–0.843) 0.017

ECOG

1 vs. 0 1.160 (0.606–2.221) 0.655 1.256 (0.592–2.666) 0.553

Disease status

Metastatic vs. locally advanced 2.317 (1.170–4.587) 0.016 2.703(1.269–5.754) 0.010

CA 19-9

≥37 vs. <37 1.323 (0.663–2.642) 0.427 0.650 (0.280–1.513) 0.318

P<0.05 was considered statistically significant. PFS, progression-free survival; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group.

Table 4 Univariate and multivariate analysis for OS

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Treatment regimen

mFOLFIRINOX vs. GEMOX 0.471 (0.239–0.929) 0.030 0.433 (0.217–0.865) 0.018

Age

≥60 vs. <60 1.498 (0.772–2.905) 0.232 1.367 (0.652–2.864) 0.408

Sex

Male vs. female 0.434 (0.206–0.914) 0.028 0.334 (0.145–0.768) 0.010

ECOG

1 vs. 0 1.314 (0.661–2.615) 0.436 1.632 (0.720–3.701) 0.241

Disease status

Metastatic vs. locally advanced 2.057 (1.020–4.147) 0.044 2.393 (1.102–5.194) 0.027

CA 19-9

≥37 vs. <37 0.641 (0.586–2.386) 0.641 0.521 (0.222–1.221) 0.134

P<0.05 was considered statistically significant. OS, overall survival; HR hazard ratio; ECOG, Eastern Cooperative Oncology Group.
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Table 5 Most common grade 3–4 adverse events occurring in more than 5% of patients in the safety population 

mFOLFIRINOX grade 3–4, n (%) GEMOX grade 3–4, n (%) P value

Event 12 (48.0) 7 (36.8) 0.459

Hematological

Neutropenia 7 (28.0) 3 (15.8)

Thrombocytopenia 2 (8.0) 4 (21.1)

Anemia 3 (12.0) 2 (10.5)

Non-hematological

Nausea 2 (8.0) 1 (5.3)

Vomiting 2 (8.0) 2 (10.5)

Anorexia 1 (4.0) 1 (5.3)

Diarrhea 4 (16.0) 1 (5.3)

Fatigue 3 (12.0) 2 (10.5)

Peripheral Neuropathy 2 (8.0) 4 (21.1)

Figure 2 Effect of modified FOLFIRINOX (mFOLFIRINOX) treatment. (A) Figures are representative pre- and post-mFOLFIRINOX 
treatment in a 64-year-old male with metastatic gallbladder cancer. After 4 cycles of mFOLFIRINOX treatment, primary tumor (red arrows) 
and extensive metastatic lesions involving liver (red arrowheads) became markedly reduced compared with those in pre-mFOLFIRINOX 
treatment CT images. (B) Figures are representative pre- and post-mFOLFIRINOX treatment in a 61-year-old female with unresectable 
locally advanced gallbladder cancer. After 4 cycles of mFOLFIRINOX treatment, primary tumor and para-hepatic artery lymph node 
markedly reduced and gaps around the hepatic artery were observed. R0 resection was successfully achieved after MDT consultation.
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limitations, our findings should be carried out in a very 
discreet manner. Further, randomized prospective trials 
are necessary to be carried out to determine the efficacy of 
mFOLFIRINOX regimen to further evaluate the impact on 
the OS of GBC patients.

Conclusions

mFOLFIRINOX might improve the poor prognosis of 
unresectable locally advanced or metastatic GBC, and the results 
need to be further verified by prospective clinical studies.
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