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ABSTRACT Objective: The vast majority of pancreatic carcinoma patients have unresectable or metastatic disease at the time of diagnosis. There-
fore, the 5-year survival rate is approximately 10%. FOLFIRINOX is used as a standard first-line therapy in patients with good performance sta-
tus and as a single agent for patients with poor performance. Our study aimed to compare the combination of FOLFIRINOX and gemcitabine plus
platinum-based therapy in the first-line treatment of unresectable metastatic pancreatic cancer. Material and Methods: Patients diagnosed with
locally unresectable and metastatic pancreatic cancer at Gazi University Hospital between 01.2012 and 01.2020 were retrospectively screened.
Results: The progression-free survival (PFS) and overall survival (OS) did not significantly differ between the FOLFIRINOX and gemcitabine
plus platinum groups (p=0.22 and p=0.192, respectively). Moreover, there was no significant difference in the disease control rate (DCR) between
the FOLFIRINOX and gemcitabine plus platinum groups (78.6% vs. 73.1%, respectively; p=0.64). The incidence of neutropenia fever and all-
grade mucositis, diarrhea, and neuropathy was significantly greater in the FOLFIRINOX group (p=0.036, p=0.021, p=0.009, p=0.021, respec-
tively). However, there were no significant differences in the incidence of Grade 3-4 side effects, interruption due to side effects, or treatment
discontinuation (p=0.60, p=0.33, p=0.8, respectively). Conclusion: Although there was an improvement in OS of 4 months in favor of FOLFIRI-
NOX, no statistically significant difference was found in the median OS, PFS, or DCR between patients treated with gemcitabine and patients
treated with platinum agents.
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The majority of patients with pancreatic cancer 26.8%.%3 In 2006, the introduction of cisplatin to the
(PCa) (80-85%) are diagnosed with a disease that gemcitabine regimen (GEMCIS) resulted in numeri-
cannot be surgically removed or has spread to other cally extended overall survival (OS) and progression-
parts of the body. Despite improvements in treatment free survival (PFS), although these increases were not
methods, the five-year survival rate for patients with statistically significant. Additionally, the disease con-
advanced pancreatic adenocarcinoma remains at trol rate (DCR) was observed to be greater in the com-
10%.'? Until the early 2000s, the treatment for PCa in- bination treatment group.®

volved the use of a single agent, either 5-fluorouracil In 2005. the initial use of the FOLFIRINOX

(5-FU) or gemcitabine (GEM).? Low response rates to chemotherapy regimen (oxaliplatin 85 mg/m’ over 2

these treatments necessitated the exploration of new {4y, followed by irinotecan 180 mg/m? over 90 min
therapeutic options. In a 2002 Phase II study, the eval- and leucovorin 400 mg/m? over 2 hours, followed by

uation of adding oxaliplatin to gemcitabine (GEMOX)  FU 400 mg/m? bolus and 2,400 mg/m? continuous in-
led to an increase in the response rate from 17.3% to fusion over 46 hours) was assessed in a Phase II
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study, and its effectiveness was confirmed.” A sub-
sequent Phase 111 study of the French trial comparing
FOLFIRINOX and gemcitabine alone found a sig-
nificant 4.3-month improvement in the primary end-
point of OS in the FOLFIRINOX group.®

FOLFIRINOX is still one of the standard first-
line treatment options for unresectable metastatic
PCa. All phase studies demonstrating the success of
FOLFIRINOX treatment include patients with an
Eastern Cooperative Oncology Group (ECOG) per-
formance score of 0-1.” However, in clinical practice,
unresectable patients with metastatic disease may
have worse performance scores since guidelines still
indicate that the single agent gemcitabine is an op-
tion for patients with an ECOG score >1.

To the best of our knowledge, there are no
prospective studies in the literature evaluating the ef-
fect of FOLFIRINOX and gemcitabine combination
therapys head-to-head. In addition, the number of ret-
rospective studies comparing these treatment regi-
mens is quite limited. Considering the effectiveness
of platinum therapy in treating PCa, a comparison of
FOLFIRINOX and gemcitabine combination therapy
is critical to determine whether similar efficacy can
be achieved with less toxicity.!® Our study aimed to
evaluate the effectiveness of FOLFIRINOX and gem-
citabine/platinum combination therapies on survival
without excluding fragile patients with unresectable
metastatic PCa.

I MATERIAL AND METHODS

Patients diagnosed with locally unresectable and
metastatic PCa at Gazi University Hospital between
01.2012 and 01.2020 were retrospectively screened.
Our study was approved by the Gazi University
Ethics Committee with the approval number E-
77082166-604.01.02-23576 on January 26, 2021.
The study was designed and implemented in accor-
dance with the principles of the Helsinki Declaration.
The inclusion criterion for the present study was a di-
agnosis >18 years old and an ECOG performance
score <2. Patients who received at least one course of
chemotherapy and survived for at least four weeks
after the diagnosis of unresectable metastatic disease
were included in the study. Patients whose

chemotherapy-related side effect data could not be
obtained and who were likely to receive local treat-
ment after first-line treatment were excluded from the
study.

The patients received gemcitabine+cisplatin
(GEMCIS), gemcitabine+oxaliplatin (GEMOX) or 5-
FU+oxaliplatin+irinotecan  (FOLFIRINOX) as
chemotherapy regimens. GEMOX and GEMCIS re-
cipients were evaluated together as a gemcitabine/
platinum group. The initial dose administration
schedule for chemotherapy treatment is given in the
Appendix 1.

Patient treatment response was evaluated using
the Response Evaluation Criteria in Solid Tumors. The
DCR was defined as the percentage of patients with
unresectable or metastatic cancer who achieved a com-
plete response (CR), partial response (PR) or stable
disease (SD) with anticancer agents. The overall re-
sponse rate (ORR) was defined as the proportion of
patients who achieved a partial or CR to therapy. OS
was defined as the time from diagnosis of unresectable
or metastatic disease to death or last control. PFS was
defined as the time from the diagnosis of unresectable
or metastatic disease to disease progression and, if not
progressed, to the previous control.

All the statistical analyses were performed using
SPSS version 21.0, and p<0.05 was used to indicate

APPENDIX 1: Chemotherapy dose-administration Schedule.

GEMCIS

Gemcitabine 1,000 mg/m? 1 and 8" day
Cisplatin 100 mg/m? 1t day

Every 21 days

GEMOX

Gemcitabine 1,000 mg/m?1 and 8" day
Oxaliplatin 85 mg/m? 1 day

Every 21 days

FOLFIRINOX

5-FU infusion 2,400 mg/m? 1 and 2nd day (46 hr infusion)
5-FU bolus 400 mg/m? 1 day

Folinic asit 400 mg/m? 1 day
Irinotecan 180 mg/m? 1 day
Oxaliplatin 85 mg/m? 1 day

Every 14 days

5-FU: 5-Flouroprimidin; GEMCIS: Gemcitabine+Cisplatin; GEMOX: Gemcitabine+ox-
aliplatin; FOLFIRINOX: 5-flourouracil+oxaliplatin+irinotekan.
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statistical significance. Bivariate correlation analysis TABLE 1: Univariate Cox regression models to

and Kaplan-Meier survival analysis were used to estimate overall survival.
evaluate the associations between chemotherapy reg- ,
. . . Variable HR 95% CI p value
imens and survival. Chi-square tests were used to Age
evaluate the associations between two verbal vari- <65 years old 129 073-230 038
ables. Independent sample t-tests were used to eval- 265 years old
uate the associations between the verbal and Gender
numerical variables. Male 041 0.20-0.82 0.012°
Female
I Eastern Cooperative Oncology Group
RESULTS 0-1 2.18 1.13-4.17 0.019*
The data of 67 patients diagnosed with unresectable =2
. Stage at diagnosis
metastatic PCa between January 2012 and January
; Local-resectable 1.24 0.38-4.00 0.72
2020 were evaluated retrospectively. The mean age Locally advanced-unresectable/metastatic
(tstandard deviation) in the whole group was Adjuvant treatment
61.3+1.1 years, and 7.5% of the patients were >75 Negative 0.69 0.17-2.86 0.61
years old. At diagnosis, 77.6% of the patients had an Fosltve
Biliary stent
ECOG score of 1, 22.4% had an ECOG score of 2, nary sien
Yes 1.26 0.71-2.23 042
and none had an ECOG score of 0. A total of 68.7% No
of the patients were male. A total of 92.5% of the pa- Metastatic site
tients had de novo unresectable metastatic disease, Liver 1.93 1.00-3.11 0.049*
and the others were diagnosed with recurrent metas- Lung 2.35 1.10-4.60 0.015"
tasis. Four of the 5 patients with metastatic recurrence Peritonzum 0.75 0.41-1.38 0.36
) ) ) i Bone 0.97 0.49-1.90 0.93
received medical adjuvant therapy after surgical treat-
] Chemotherapy
ment at the local stage. The average follow-up period FOLFIRINOX 0.70 04122 0.20
was 11.8+2.2 months. The median OS was 8 months Gemcitabine and platinum

[inter quantile range (IQR); 3'13]a and the median *Significant; HR: Hazard ratio; CI: Confidence interval.
PFS was 6 months (IQR; 2-10) in the general group.

Patient and disease-related data were first eval-
uated via univariate analysis. Significant data in the

univariate analysis were assessed by multivariate — X :
analysis (Table 1, Table 2). In the multivariate anal- TABLE 2: Multwanatsv(é;):”rSeng;rr\zszon models to estimate
ysis, the sex distribution of the patients, the ECOG :
performance status at the time of diagnosis, and the Variable HR 9% Cl pvalue
presence of liver and lung metastases were evaluated ;:lneder 047 023.0.95 0,035
for significant effects on OS. Ferale

There were 36 patients in the FOLFIRINOX Eastern Cooperative Oncology Group
group and 31 patients in the gemcitabine/platinum 0>21 242 1:22:4.76 o.0n
combination therapy group (18 patients in the K/Ietastatic S
GEMOX group and 13 patients in the GEMCIS Ui 215 1104.20 0.025"
group). The mean age was 57.6+8.5 years in the Lung 2.27 1.134.58 0.021*
FOLFIRINOX group and 65.6+8.7 years in the gem- Peritoneum
citabine plus platinum group (p<0.001). A compari- Bone
son of the available patient and disease-related data Chemotherapy

FOLFIRINOX 0.84 0.46-155 0.58

between the two groups at the time of diagnosis is Gemitabine and platinum

. . )
given in Table 3. The mean treatment dose (mg/m ) *Significant; HR: Hazard ratio; CI: Confidence interval.
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TABLE 3: Patient-related data.

FOLFIRINOX
Age (X=SD) 57.648.5
Gender % (n) Male 58.3% (21)

Female 41.7% (15)
1-77.8% (28)
2-22.2% (8)

Resectable 11.1% (4)

Eastern Cooperative Oncology Group % {n)

Stage % (n)

Adjuvant treatment % (n) Negative 88.9% (32)

Positive 11.1% (4)

Unresectable-metastatic 88.9% (32)

Gemcitabine and platin

65.6+8.7 p<0.001*
Male 80.6% (25) p=0.05
Female 19.4% (6)
1-77.4% (24) p=0.97
2-22.6% (7)
Resectable 3.2% (1) p=0.4
Unresectable-metastatic 96.8% (30)
Negative 100% (31) p=0.056

*Significant; SD: Standard deviation.

and the median number of cycles received for each
drug in the two groups of patients are shown in Table
4,

Moreover, there was no statistically significant
difference in the median OS between the two groups
(OS: 11 months vs. 7 months; p=0.192) (Figure 1).
Similarly, no significant difference was found in the
median PFS duration (PFS: 6 months vs. 6 months;
p=0.22) (Figure 2). In the FOLFIRINOX group, the
OS at 12 months was greater than that in the group re-
ceiving gemcitabine and platinum (12-month OS;
30% vs. 25%). Similarly, there was a difference in
12-month PFS between the FOLFIRINOX and gem-
citabine platinum groups (12-month PFS; 19.4% vs.
9.6%). When the best responses after the two treat-
ment groups were evaluated, 50% of the patients in
the FOLFIRINOX group achieved a PR, and 11.1%

First-line Treatment and Overall Survival

FOLFIRINOX

Gemcitabine and platin

087

p=0.192 (Log-rank)

064
FOLFIRINOX 30%

Gemcitabine and platin 25%

2400 300
Time (months)

os

027

I —

0,04

T i
00 12,00 48,00 60,00

FIGURE 1: OS and first-line treatment.
OS: Overall survival.
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First-line Treatment and Progression Free Survival
10
1 FOLFIRINOX
Gemcitabine and platin
p=0.22 (Log-Rank)
08
064
w
& FOLFIRINOX 19,4%
Gemcitabine and platin 9,6%
0,4
0,0 I
00 12,00 24‘,00 36?00 48?00
Time (months)
FIGURE 2: PFS and first-line treatment.
PFS: Progression free survival.

TABLE 4: First-line treatment exposure.
Chemotherapy Dose Number of cycles
FOLFIRINOX
5-FU bolus (minimum-maximum) 382 mg/m? (300-400) 5(1-12)
5-FU infusion (minimum-maximum) 2,400 mg/m? (1,625-2,400) 4.5 (1-12)
Irinotecan (minimum-maximum) 165 mg/m? (90-180) 5(1-12)
Oxaliplatin (minimum-maximum) 80 mg/m? (60-85) 5(1-12)
GEMCIS
Gemcitabine (minimum-maximum) 1,000 mg/m? (750-1,200) 4 (1-6)
Cisplatin (minimum-maximum) 76 mg/m? (55-100) 4 (1-6)
GEMOX
Gemcitabine (minimum-maximum) 1,000 mg/m? (740-1,200) 5(1-9)
Oxaliplatin (minimum-maximum) 70 mg/m? (50-75) 4 (1-6)

had SD. In the gemcitabine platinum group, 38.7%
of the patients achieved a PR, and 22.6% had SD. The
DCR (78.6% vs. 73.1%, respectively; p=0.64) and
ORR (64.3% vs. 46.2%, respectively; p=0.180) were
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not significantly different between the two groups.

In the whole cohort, 86.6% (58) of the patients
had PD after first-line treatment, and 48.3% (28) of
these patients could receive second-line therapy. Ap-
proximately 93% (29) of the patients in the gemc-
itabine and platinum groups had PD, and 44.8% (13)
received second-line therapy. Similarly, 80.6% (29)
of the patients in the FOLFIRINOX group had PD,
and 51.7% (15) received 2™-line therapy. There was
no statistically significant difference between these
results (p=0.6). Primary GCSF prophylaxis was used
in 94.4% of the patients in the FOLFIRINOX group,
while primary prophylaxis was used in 23.3% of the
patients in the gemcitabine/platinum treatment group
(p<0.001). Common side effects (Grades 1-4) and
their statistical comparisons between the two groups
are given in Table 5. The incidence of neutropenia
fever, mucositis, diarrhea, and neuropathy was sig-
nificantly greater in the FOLFIRINOX group
(p=0.036, p=0.021, p=0.009, and p=0.021, respec-
tively). There was no significant difference between
the two groups in terms of Grade 3-4 side effects, in-
terruption of treatment due to side effects or discon-
tinuation of treatment (p=0.60, p=0.33, p=0.8,
respectively). There were no detectable treatment-re-
lated deaths in either group.

I DISCUSSION

Our single-institution retrospective study compared
the efficacy of FOLFIRINOX and gemcitabine in
combination for unresectable metastatic PCa. PCa pa-

TABLE 5: Treatment-related adverse events.

FOLFIRINOX % (n) GEMOX % (n)

Anemia 8.3 (3) 6.4 (2) 0.2
Neutropenia 61.1(22) 38.7 (12) 0.067
Neutropenic fever 30.6 (11) 9.7 (3) *0.036
Thrombocytopenia 72.2 (26) 63.3(19) 0.44
Mucositis 61.1(22) 38.7 (12) *0.021
Diarrhea 194 (7) 0(0) *0.009
Neuropathy 33.3(12) 9.7 (3) *0.021
Kidney dysfunction 8.6 (3) 16.1(5) 0.35
Grade 3-4 adverse event ~ 41.7 (15) 35.5(11) 0.60
Interrupting treatment 44.1 (15) 32.3(10) 0.33
Discontinuation 29.4 (10) 32.3(10) 0.8

*Significant.
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tients are often diagnosed on the basis of a poor per-
formance score and short life expectancy, and palli-
ation is the primary goal of treatment in advanced
stages. Even though the treatment schemes that
started with 5-FU and gemcitabine in the 1980s left
their place to use two-agent, three-agent intensive cy-
totoxic treatments, the OS duration is still approxi-
mately 12 months.

In 2011, compared with gemcitabine, FOLFIRI-
NOX significantly improved OS (11.1 vs. 6.8 mo),
PFS (6.4 vs. 3.3 mo), and the response rate (31.6 vs.
9.4%).8 Currently, no single treatment modality can
prolong survival in patients receiving first-line treat-
ment for unresectable metastatic PCa. The recruit-
ment criteria for this Phase III study included an
ECOG performance score of 0-1 and age <75 years.®
However, in real life, some patients are more fragile
in clinical practice. One of the differences in our
study is that 7.5% of the patients were 75 years old
and older, 22.4% had an ECOG score of 2, and no
patient had an ECOG score of 0. Variations in sex,
ECOG performance status, and rates of liver and lung
metastases between the two treatment cohorts might
have influenced physicians’ choices of chemother-
apy, thereby affecting survival outcomes. However,
given that this investigation incorporates data from
real-life scenarios, addressing these disparities aligns
with the objective of our study. Moreover, the OS fig-
ures in the FOLFIRINOX cohort were comparable to
those reported in the French trial. In the current study,
although a numerical advantage of four months for
FOLFIRINOX was observed, no statistically signifi-
cant difference in OS was detected between patients
administered FOLFIRINOX and those receiving
gemcitabine plus platinum. The number of patients
was considered one of the reasons for this difference.
Second, the proportion of patients receiving second-
line therapy might have affected the results.

Unlike in the French trial, in our patient group,
gemcitabine was used in combination with platinum
rather than as a single agent. The PFS of patients in
the gemcitabine single-agent group in the French trial
was 3.3 months. However, PFS reached 6 months
with the addition of platinum to gemcitabine in our
study. Therefore, there was no significant difference
in PFS between patients treated with FOLFIRINOX
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and patients treated with gemcitabine. In the Phase II
study, the DCR was determined to be 65% in the
FOLFIRINOX group, and this rate was similar to that
in our study.” Furthermore, in our study, a similar DCR
was achieved with the combination of gemcitabine and
platinum, and no significant difference was detected
compared with that in the FOLFIRINOX group.

Gemcitabine plus nab-paclitaxel was also started
as a first-line treatment after 2013 in the IMPACT
study.!! Although the patient groups were different,
the survival of patients treated with gemcitabine plus
nab-paclitaxel in the Phase III study was lower than
that of patients treated with FOLFIRINOX in the
French trial. Retrospective studies comparing
FOLFIRINOX and gemcitabine plus nab-paclitaxel
have been performed. One of them was published in
2017, and gemcitabine plus nab-paclitaxel, FOLFIRI-
NOX, and gemcitabine were compared in this
study.'> While PFS and OS were similar for patients
treated with gemcitabine plus nab-paclitaxel and
FOLFIRINOX, both regimens were significantly su-
perior to single-agent therapy. However, in this study,
there were no arms treated with gemcitabine or plat-
inum agents in combination.

In a single-center study published in 2021, the
treatment regimens gemcitabine plus nab-paclitaxel,
FOLFIRINOX, and GEMOX were compared retro-
spectively. The median OS and PFS were similar
among the 3 groups in the present study (OS: 11.1 vs.
10.1 vs. 10.2 months; PFS: 4.9 vs. 3.7 vs. 4.7
months." In our study, the OS and PFS of patients in
the FOLFIRINOX and gemcitabine platinum groups
were similar, and these results support our study.

In many retrospective studies in the literature,
the amount of patients who can take the current reg-
imens according to the doses defined in the phase
studies has not been stated.'*'* Fragile patient groups
treated in clinical practice cannot be treated at the
planned dose. In our study, patients in both treatment
groups could use treatment agents at a dose average
lower than the dose per cycle specified in Phase II-111
trials. Likewise, both treatment groups received fewer
cycles than the number of cycles recommended. This
situation should be considered when evaluating pa-
tients in real life.
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The primary reason for patients not receiving
treatment at the planned intensity is side effects. A
study comparing the GEMOX
FOLFIRINOX regimen revealed neutropenia and
neuropathy more frequently in the FOLFIRINOX
group, while thrombocytopenia was more common
in the GEMOX combination group.'® In our study,
mucositis, neutropenia, and neuropathy were ob-

regimen and

served in the gemcitabine plus platinum group at a
similar rate to that in the literature.'® These side ef-
fects were also detected more frequently in patients
receiving FOLFIRINOX compared to those receiv-
ing gemcitabine platinum, which is consistent with
the literature.'® However, thrombocytopenia has been
detected more frequently than in the literature, and
diarrhea is less common than in the literature.*¢ In
our study, the combination of gemcitabine and plat-
inum-enhanced chemotherapy seemed more tolera-
ble than FOLFIRINOX group.

When the side effect profile of the Phase II
FOLFIRINOX trial was evaluated, Grade 3-4 neu-
tropenia was detected in 52% of the patients, but neu-
tropenic fever was seen in only 4%. Further, 8% of
the patients needed hospitalization for diarrhea, and
28% had neuropathy of any grade. Treatment was ter-
minated in 7 out of the 46 patients due to neuropa-
thy.” In our study, the incidences of Grade 3-4 side
effects and the rates of interruption and discontin-
uation of treatment due to side effects were similar
in both groups. Although GCSF was used at a high
rate as primary prophylaxis in the FOLFIRINOX
group, neutropenic fever was observed at a rate of
30.6%. Furthermore, this ratio is higher than that
for both gemcitabine/platinum combinations and
rates defined in the literature. This increase was
thought to be caused by the inclusion of patients
>75 years of age and patients with poor perfor-
mance scores.

Among the limitations of our study are its retro-
spective nature, the relatively low number of patients
and the potential for selection bias due to chemother-
apy choices being based on physician preferences.
However, to the best of our knowledge, there are no
retrospective studies involving larger numbers of pa-
tients in the literature. Another limitation is the lack
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of knowledge in our study about second-line
chemotherapy regimens that could impact OS. Future
studies could include additional patients.

I CONCLUSION

As aresult, although there was a 4 month OS advan-
tage in favor of FOLFIRINOX, no statistically sig-
nificant difference was found in the median OS, PFS,
and DCR. Considering the side effect profiles, neu-
tropenic fever, diarrhea, mucositis, and neuropathy
were found more frequently in the FOLFIRINOX
group despite primary GCSF prophylaxis. Our study
was not designed to examine this directly; however,
gemcitabine platinum combination can be used in-
stead of single-agent gemcitabine for patients who
cannot be treated with FOLFIRINOX first-line with-
out worsening the side effect profile and providing
similar PFS. It needs to be supported by prospective
studies with higher patient numbers.
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