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Background/Aims: There has been growing evidence on the utility of neoadjuvant FOLFIRI-
NOX in borderline resectable (BR) or locally advanced (LA) pancreatic cancer. However, fac-
tors predicting survival in these patients remain to be identified, and we aimed to identify these
prognostic factors.

Methods: Between January 2013 and April 2017, patients with BR or LA pancreatic cancer who
received FOLFIRINOX as their initial treatment were identified. Demographic data and clinical
outcomes, including the chemotherapy response, conversion to resection, and survival, were
reviewed.

Results: A total of 117 patients with BR (n=39) or LA (n=78) pancreatic cancer were included. Of
these patients, 29 (24.8%) underwent curative surgery, and RO resection was achieved in 21 pa-
tients (72.4%). The median progression-free survival and overall survival time of all patients were
11.6 and 19.0 months, respectively. In resected patients, the median relapse-free survival and
overall survival times were 14.8 and 28.6 months, respectively. In the multivariate Cox model,
the lowest level of serum carbohydrate antigen 19-9 (CA 19-9) and resection after FOLFIRINOX
were independent factors for improved overall survival. In the subgroup analysis of patients with
initial "8F-fluorodeoxyglucose-positron emission tomography (FDG-PET) images, the maximum
standardized uptake value (SUVmax) of the pancreatic mass was also shown as an independent
factor for improved overall survival.

Conclusions: In patients with BR or LA pancreatic cancer, FOLFIRINOX is a valuable neo-
adjuvant treatment that enables curative surgery in approximately one-quarter of patients and
significantly improves overall survival. In these patients, the prognosis can be estimated using
the lowest level of serum CA 19-9, operative status, and initial FDG-PET SUVmax. (Gut Liver
2021;15:315-323)
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cases that are potentially resectable but in which RO resec-

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is a lethal
malignancy with a 5-year survival rate of about 8%." Lo-
calized PDAC is classified into resectable PDAC, which
accounts for approximately 10% to 15% of the diagnosed
PDAC, and unresectable locally advanced (LA) PDAC,
which accounts for 30% to 35%." For localized PDAC,

tion is difficult to achieve are called borderline resectable
(BR) PDAC.* Recently, there has been a debate about
which treatment strategy, upfront surgery or neoadjuvant
treatment, is better in patients with BR PDAC. To date, a
few studies have shown that neoadjuvant treatment has a
better prognosis than does upfront surgery.™® As a result,
neoadjuvant treatment rather than surgery has recently
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been preferred in BR PDAC, but the regimen of neoadju-
vant treatment has not been specified. Since the introduc-
tion of the FOLFIRINOX regimen in 2011, there have
been reports of RO resection after FOLFIRINOX treatment
in metastatic PDAC in addition to BR PDAC.”” Based on
these reports, several studies on FOLFIRINOX as a regi-
men of neoadjuvant treatment have been conducted, and
the area of neoadjuvant FOLFIRINOX treatment is gradu-
ally expanding from BR PDAC to LA PDAC." However,
most studies on neoadjuvant FOLFIRINOX have focused
on efficacy and safety, and there have been few studies on
the factors predicting survival."""*

"F-fluorodeoxyglucose-positron emission tomography
(FDG-PET) has been reported to be helpful in predicting
prognosis in various cancers including PDAC.""* There
is no study to date on whether FDG-PET is helpful in pre-
dicting prognosis for patients with BR or LA PDAC who
receive neoadjuvant FOLFIRINOX.

Therefore, in this study, we aimed to investigate the
predictive factors of overall survival (OS) in patients with
BR or LA PDAC who received neoadjuvant FOLFIRINOX
and to investigate the prognostic significance of FDG-PET
in subgroup analysis.

MATERIALS AND METHODS

1. Patients and data collection

Patients with BR or LA PDAC who underwent neoadju-
vant FOLFIRINOX at the Seoul National University Hos-
pital between January 2013 and April 2017 were included
in this study. Resectability of PDAC was evaluated by a
multidisciplinary team, including surgeons, radiologists,
medical oncologists, and radiation oncologists. Patients
who had a history of other malignancy within 5 years or
were lost to follow-up were excluded. BR and LA PDAC
were defined according to the National Comprehensive
Cancer Network criteria.'® Demographic and clinical data
were obtained from medical records. Variables included
age, sex, body mass index, Eastern Cooperative Oncol-
ogy Group performance status, tumor location, tumor
size, node involvement, vascular involvement, FDG-PET
maximum standardized uptake value (SUVmax), baseline
serum carbohydrate antigen 19-9 (CA 19-9) level, the low-
est serum CA 19-9 level during entire FOLFIRINOX cycles
including neoadjuvant and palliative treatment, biliary
drainage, number of cycles and dose modification of FOL-
FIRINOX, disease response, surgery, adverse events, and
survival.

This study protocol was based on the Declaration of
Helsinki and approved by the Institutional Review Board
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of Seoul National University Hospital (IRB number: 1711-
107-901). The requirement of informed consent was
waived due to the retrospective nature of this study.

2. Treatment

We administered the FOLFIRINOX regimen accord-
ing to the PRODIGE 4/ACCORD 11 trial every 2 weeks.”
Intravenous infusion of oxaliplatin 85 mg/m2 over 2 hours,
immediately followed by intravenous infusion of leucovo-
rin 400 mg/m’ over 2 hours, followed by intravenous infu-
sion of irinotecan 180 mg/m’* over 90 minutes, followed by
intravenous bolus of 5-fluorouracil 400 mg/m’, followed
by continuous intravenous infusion of 5-fluorouracil
2,400 mg/m’ over 46 hours. The dose adjustment or delay
according to the patient’s performance status or side ef-
fects of chemotherapy was done at the discretion of the
physician. Relative total dose of chemotherapy, taking into
account both dose adjustment and delay, was evaluated us-
ing the concept of cumulative relative dose intensity from
other study.” The FOLFIRINOX regimen continued to be
administered until surgical resection, disease progression,
deterioration of performance status, or intolerable toxicity.

3. Assessment

Patients visited the hospital for each cycle of chemo-
therapy and were evaluated for toxicity. Toxicities were
assessed according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events, version 4.03.
Tumor responses were evaluated by computed tomography
(CT) scans at every three or four cycles of chemotherapy
according to the Response Evaluation Criteria in Solid
Tumor, version 1.1."% Using these CT scans, resectability of
PDAC was evaluated at multidisciplinary team meetings
based on the National Comprehensive Cancer Network
criteria.'® After this resectability evaluation, surgical treat-
ment was performed in the case of resectable PDAC, and
in the case of BR PDAC, surgical treatment was carried out
according to the decision of the multidisciplinary team. Se-
rum CA 19-9 levels were checked at the time of diagnosis
and at every cycle of chemotherapy.

4, Statistical analysis

Continuous variables were shown as the median and in-
terquartile range, whereas categorical variables were shown
as the number (%). The cutoff value of FDG-PET SUVmax
was chosen as the value that maximized the difference of
OS between the two groups that were divided by the cutoft
value. This analysis was performed using the R package
maxstat.” Progression-free survival (PFS) was defined as
the time from the beginning of FOLFIRINOX to the time
of disease progression or death. OS was defined as the time
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from the initiation of FOLFIRINOX to the time of death.
Relapse-free survival in resected patients was defined as
the time from the operation to the time of recurrence or
death. PES, OS, and relapse-free survival were estimated by
the Kaplan-Meier method. The Cox proportional hazard
model was used to determine the clinical variables affect-
ing OS. Variables with p-values <0.1 in the univariate Cox
model were further analyzed by a multivariate Cox model.
A p-value <0.05 was considered significant. Statistical
analyses were performed using SPSS version 23.0 (IBM
Corp., Armonk, NY, USA) and R 3.5.1 (The R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

1. Patient characteristics

From January 2013 to April 2017, 137 patients with BR
or LA PDAC were treated with FOLFIRINOX. Excluding
patients who were lost to follow-up (n=18) or who had had
other cancer within 5 years (n=2), a total of 117 patients
were enrolled in this study. Of these enrolled patients, 48
had initial FDG-PET images (Fig. 1). Baseline character-
istics of patients are summarized in Table 1. The median
age of patients was 62 years. Most patients (98.3%) had an
Eastern Cooperative Oncology Group performance status
of 0-1. At diagnosis, one-third of patients were considered
BR (33.3%) and two-thirds LA (66.7%). The median serum
CA 19-9 level was 470.0 U/mL (interquartile range, 66.3 to
1,877.0 U/mL). Biliary drainage was performed in 24.8%
of the patients.

2. Response and safety of neoadjuvant FOLFIRINOX
The median number of entire FOLFIRINOX cycles was
seven, and the median number of FOLFIRINOX cycles in
29 patients who underwent surgery after chemotherapy
was six. Of the patients, 41.0% underwent dose reduction

137 Patients with BR or LA PDAC

from the first cycle, and a total of 60.7% of patients un-
derwent dose reduction. The median cumulative relative
dose intensity was 67.2%. An average of 88.1% of the full
dose was administered to patients. Complete response was
achieved in 0.9% of patients, partial response was achieved
in 26.5% of patients, stable disease was achieved in 63.2%

Table 1. Baseline Characteristics of Patients

Variable Value

Age, yr 62 (56-67)
Sex

Male 59 (50.4)

Female 58 (49.6)
Body mass index, kg/m2 22.8(20.7-24.1)
ECOG performance status

0 48 (41.0)

1 67 (57.3)

2 2(1.7)
Initial imaging modality

CT 111 (94.9)

MRI 62 (53.0)

PET 48 (41.0)
Tumor location

Head 58 (49.6)

Body 51(43.6)

Tail 8(6.8)
Tumor size (cm) 3.5(2.9-4.6)
Node involvement 19(16.2)
Vascular involvement

Arterial involvement 103 (88.0)

Venous involvement 90 (76.9)
Resectability classification

Borderline resectable 39(33.3)

Locally advanced 78 (66.7)
Serum CA 19-9, U/mL 470.0 (66.3-1,877.0)
Biliary drainage 29 (24.8)

Data are presented as median (interquartile range) or number (%).
ECOG, Eastern Cooperative Oncology Group; CT, computed tomog-
raphy; MRI, magnetic resonance imaging; PET, positron emission
tomography; CA 19-9, carbohydrate antigen 19-9.

18 Follow-up loss

2 History of other malignancy
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Fig. 1. Flowchart of patient enroll-
ment.
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of patients, and progressive disease was in 4.3% of patients.
As a result, the response rate was 27.4% and the disease
control rate was 90.6%. Five patients (4.3%) had progres-
sive disease, four of whom received gemcitabine based
second line chemotherapy, and the other received only

Table 2. Summary of FOLFIRINOX Treatment

Variable Value
Total cycle 7 (4-14)
Dose reduction 71(60.7)
Dose reduction at start 48(41.0)
Dose reduction after 1st cycle 23(19.7)
Best response
CR 1(0.9)
PR 31(26.5)
SD 74 (63.2)
PD 5(4.3)
NA 6(5.1)
RR (CR+PR) 32(27.4)
DCR (CR+PR+SD) 106 (90.6)
Serum CA 19-9 lowest, U/mL 51.6 (11.0-290.5)
Resection after FOLFIRINOX 29 (24.8)
RO 21/29 (72.4)
R1 8/29 (27.6)
Grade 3 and 4 toxicity 89 (76.1)
Hematologic
Neutropenia 73 (62.4)
Febrile neutropenia 7(6.0)
Thrombocytopenia 13(11.1)
Anemia 15(12.8)
Non-hematologic
Nausea and vomiting 23(19.7)
Diarrhea 5(4.3)
Hypersensitivity 1(0.9)
Mucositis 3(2.6)

Data are presented as median (interquartile range) or number (%).
CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; NA, not assessed; RR, response rate; DCR, dis-
ease control rate; CA 19-9, carbohydrate antigen 19-9.
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supportive care. The median of the lowest serum CA 19-9
level was 51.6 U/mL. Twenty-nine patients (24.8%) under-
went surgery after neoadjuvant FOLFIRINOX, and 21 of
them (72.4%) achieved RO resection (Table 2).

Grade 3 or 4 toxicities associated with FOLFIRINOX
occurred in 89 patients (76.1%). The most common grade
3 or 4 adverse events were neutropenia (62.4%) and febrile
neutropenia, which occurred in 6% of all patients. For
non-hematologic grade 3 or 4 adverse events, nausea/vom-
iting (19.7%) was the most common (Table 2).

3. Progression-free survival and overall survival

The median follow-up was 16.8 months (interquartile
range, 13.0 to 22.9 months). Median PFS and OS of all pa-
tients were 11.6 months (95% confidence interval [CI], 9.3
to 13.9) and 19.0 months (95% CI, 16.6 to 21.5), respec-
tively. In resected patients, the median relapse-free survival
was 14.8 months (95% CI, 4.2 to 25.5), median PFS was
22.3 months (95% CI, 16.1 to not available) and median
OS was 28.6 months (95% CI, 27.1 to 30.0). On the other
hand, median PFS and OS of patients without resection
were 9.7 months (95% CI, 8.6 to 10.8) and 15.4 months
(95% CI, 13.8 to 16), respectively (Table 3, Fig. 2).

Table 3. Survival of Patients

Variable Median (95% Cl)

All patients (n=117)

PFS, mo 11.6 (9.3-13.9)

0S, mo 19.0 (16.6-21.5)
Resected patients (n=29)

RFS, mo 14.8 (4.2-25.5)

PFS, mo 22.3(16.1-NA)

0S, mo 28.6(27.1-30.0)

Cl, confidence interval; PFS, progression-free survival; 0S, overall
survival; RFS, relapse-free survival; NA, not available.
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Fig. 2. Progression-free survival (A) and overall survival (B) according to resection.
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Table 4. Univariate and Multivariate Analyses of Factors Associated with Overall Survival by Cox Proportional Hazards Models

Univariate Multivariate
Variable
HR 95% ClI p-value HR 95% ClI p-value

Age, yr

<70 1.000

>70 1.316 0.780-2.220 0.303
Sex

Male 1.000

Female 1.461 0.947-2.256 0.087
Body mass index, kg/m2

<23 1.000

>23 0.802 0.517-1.243 0.324
ECOG performance status

0 1.000

1and 2 0.917 0.590-1.425 0.700
Tumor location

Head 1.000

Body and tail 0.819 0.530-1.265 0.367
Tumor size, cm

<3 1.000

>3 1.644 1.051-2.569 0.029
Node involvement

No 1.000

Yes 0.71 0.395-1.281 0.256
Resectability classification

Borderline resectable 1.000

Locally advanced 2.332 1.390-3.910 0.001
Serum CA 19-9 at diagnosis, U/mL

<37 1.000

>37 1.580 0.853-2.926 0.146
Biliary drainage

No 1.000

Yes 1.066 0.637-1.783 0.809
FOLFIRINOX dose reduction

No 1.000

Yes 1.184 0.757-1.853 0.458
Serum CA 19-9 lowest, U/mL

<37 1.000

>37 2.445 1.545-3.868 <0.001 2.178 1.376-3.446 0.001
Resection after FOLFIRINOX

No 1.000

Yes 0.213 0.109-0.416 <0.001 0.233 0.119-0.455 <0.001

HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; CA 19-9, carbohydrate antigen 19-9.

4. Predictors of overall survival

In the univariate Cox model, tumor size >3 cm, LA
PDAGC, the lowest serum CA 19-9 level >37 U/mL, and
resection after FOLFIRINOX were significantly associ-
ated with OS. Multivariate analysis showed that the lowest
serum CA 19-9 level >37 U/mL (hazard ratio [HR], 2.178;
95% CI, 1.376 to 3.446; p=0.001) was an independent pre-
dictor for poor OS, whereas resection after FOLFIRINOX
(HR, 0.233; 95% CI, 0.119 to 0.455; p<0.001) was an inde-
pendent predictor for better OS (Table 4).

5. Cox analysis in subgroup with initial FDG-PET

image

Forty-eight patients (41.0%) had an initial FDG-PET
image. In this subgroup, the univariate Cox model showed
that LA PDAGC, the lowest serum CA 19-9 level >37 U/mL,
resection after FOLFIRINOX, and FDG-PET SUVmax
>8.4 were associated with OS. In the multivariate Cox
model, the lowest serum CA 19-9 level >37 U/mL (HR,
3.674; 95% CI, 1.549 to 8.715; p=0.003) and FDG-PET
SUVmax >8.4 (HR, 2.540; 95% ClI, 1.149 to 5.613; p=0.021)
were independent predictors for poor OS, whereas resec-
tion after FOLFIRINOX (HR, 0.290; 95% CI, 0.102 to
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Table 5. Univariate and Multivariate Analyses of Factors Associated with Overall Survival in the Subgroup with Initial FDG-PET Images by Cox Pro-

portional Hazards Models

Univariate Multivariate
Variable
HR 95% ClI p-value HR 95% ClI p-value
Age, yr
<70 1.000
>70 1.244 0.504-3.067 0.635
Sex
Male 1.000
Female 1.099 0.547-2.206 0.791
Body mass index, kg/m’
<23 1.000
>23 0.611 0.292-1.279 0.191
ECOG performance status
0 1.000
1and 2 0.663 0.322-1.366 0.266
Tumor location
Head 1.000
Body and tail 0.647 0.316-1.326 0.234
Tumor size, cm
<3 1.000
>3 1.386 0.688-2.793 0.361
Node involvement
No 1.000
Yes 0.882 0.303-2.563 0.817
Resectability classification
Borderline resectable 1.000
Locally advanced 2.816 1.321-6.005 0.007
Serum CA 19-9 at diagnosis, U/mL
<37 1.000
>37 1.513 0.577-3.971 0.400
Biliary drainage
No 1.000
Yes 1.214 0.538-2.740 0.640
FOLFIRINOX dose reduction
No 1.000
Yes 1.415 0.609-3.291 0.419
Serum CA 19-9 lowest, U/mL
<37 1.000
>37 3.114 1.385-7.001 0.006 3.674 1.549-8.715 0.003
Resection after FOLFIRINOX
No 1.000
Yes 0.202 0.076-0.539 0.001 0.290 0.102-0.825 0.020
FDG-PET SUVmax
<8.4 1.000
>8.4 3.096 1.516-6.322 0.002 2.540 1.149-5.613 0.021

HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; CA 19-9, carbohydrate antigen 19-9; FDG-PET, BF-fluo-
rodeoxyglucose positron emission tomography; SUVmax, maximum standardized uptake value.

0.825; p=0.020) was an independent predictor for better
OS (Table 5).

DISCUSSION

Recently, neoadjuvant FOLFIRINOX treatment has
been increasingly used, but the factors predicting survival
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in patients with BR or LA PDAC treated with neoadju-
vant FOLFIRINOX have not been well known. This study
showed that surgical resection after FOLFIRINOX and the
lowest level of serum CA 19-9 were predictors of OS in
patients with BR or LA PDAC who were receiving neoad-
juvant FOLFIRINOX. Subgroup analysis showed that the
initial FDG-PET SUVmax was also an independent predic-
tor of OS.
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In our study, median PFS and OS were 11.6 months
and 19.0 months, respectively. These values were within
the range of PFS (3.0 to 20.4 months) and OS (10.0 to 32.7
months) of the previous studies on BR or LA PDAC treated
with FOLFIRINOX.” Resection was performed in 24.8%
of the patients in this study, of which 72.4% achieved RO
resection, which was similar to the resection rate of 28%
and the RO resection rate of 77% in the previous studies.”
Grade 3 or 4 toxicities associated with FOLFIRINOX were
present in 76.1% of total patients and were higher than in
previous studies. In particular, neutropenia was 62.4%,
which was higher than that of previous studies by about
20%.”** However, similar or higher rates of grade 3 or 4
neutropenia in our study can be seen in other studies re-
lated to FOLFIRINOX conducted in Korea and Japan.'"*
Considering that the aforementioned studies, which had
relatively low neutropenia rates, were conducted in the
west, it can be assumed that Asian people are more vulner-
able to bone marrow suppression by FOLFIRINOX treat-
ment. Despite the high incidence of neutropenia in this
study, febrile neutropenia accounted for 6% of all patients
and no deaths associated with neutropenia occurred.

CA 19-9 is a well-known tumor marker of pancreatic
cancer.” However, the prognostic value of the lowest level
of CA 19-9 during chemotherapy was not well investi-
gated. Previous studies on patients receiving chemotherapy
in pancreatic cancer have rarely dealt with the lowest level
of CA 19-9 and have focused primarily on the association
between survival and the degree of CA 19-9 decrease af-
ter chemotherapy.”” In the previous studies, the criteria
for decreased CA 19-9 ranged from 15% to 89% based on
the values measured after six to eight weeks of chemo-
therapy.”*” In this study, the degree of decrease of CA 19-9
after three or four cycles of FOLFIRINOX was divided by
various criteria, such as 20%, 25%, 50%, and 75%, and the
association with the OS was investigated (data not shown).
Among these criteria, the criterion of 75% or more de-
crease of CA 19-9 after three cycles of FOLFIRINOX
showed the lowest p-value (p=0.072) in the univariate Cox
analysis of OS, but it was not statistically significant. In
contrast, the lowest level of CA 19-9 in the same analysis
was statistically significant. These results suggest that the
lowest level of CA 19-9 may be more related to prognosis
than is the degree of CA 19-9 decrease. However, further
studies are needed, because there is little research on the
association between survival and the lowest level of CA
19-9 in patients receiving chemotherapy.

Another predictor of OS in this study is whether to
perform resection after FOLFIRINOX treatment. Of the
29 patients who underwent surgery after FOLFIRINOX
treatment, the response to chemotherapy was mostly par-

tial response (48.3%) or stable disease (48.3%), and one
patient had complete response (3.4%) and no progressive
disease. The resectability classifications of these 29 patients
by preoperative CT were resectable in seven patients, BR
in 21 patients, and unresectable in one patient. The patient
with the pancreatic lesion classified as unresectable had no
hypermetabolic lesion on preoperative FDG-PET, and it
was judged that we could not distinguish whether the en-
tire pancreatic lesion observed on preoperative CT was the
true malignant lesion. This patient was relatively young,
age 45 years, and underwent surgical resection for curative
treatment and achieved RO resection. This result is in line
with previous studies showing that CT imaging after neo-
adjuvant FOLFIRINOX treatment does not accurately pre-
dict resectability.”*” Therefore, BR or LA PDAC that has
not obviously progressed during FOLFIRINOX treatment
should be considered for surgery if possible, and additional
investigation such as FDG-PET may be helpful in decision
making. Further studies are needed to find out which cases
are more suitable for curative surgery.

Subgroup analysis also showed that initial FDG-PET
SUVmax >8.4 is a predictor of a worse prognosis. Several
studies on pancreatic cancer and FDG-PET have shown
that the cutoff value is slightly different for each study, but
as in our study, the higher the SUVmax of the initial PET,
the worse the prognosis.” To our knowledge, this is the
first study to show FDG-PET SUVmax to be a prognostic
factor in patients with BR or LA PDAC treated with FOL-
FIRINOX. In addition, the lowest level of CA 19-9, and
surgical resection were still significant predictors of OS in
the subgroup analysis, although the number of subjects in
this subgroup analysis was significantly reduced to 48.

This study has several limitations. First, this is a retro-
spective study in a single institution. Second, we used only
the SUVmax value of the initial FDG-PET image rather
than the change of the SUVmax value because follow-up
FDG-PET images were rarely done. In addition, it is dif-
ficult to draw the prognostic value of SUVmax due to the
relatively small number of patients who underwent initial
FDG-PET image. Nevertheless, it is meaningful that we
first found that the initial FDG-PET SUVmax value was as-
sociated with OS in patients with BR or LA PDAC treated
with FOLFIRINOX.

In conclusion, our study showed that the lowest level of
serum CA 19-9 >37 U/mL and the value of initial FDG-
PET SUVmax >8.4 were independent predictors of poor
prognosis, whereas surgical resection after FOLFIRINOX
was an independent predictor of longer OS. Considering
these results, surgical treatment should be considered more
actively in patients with BR or LA PDAC treated with
FOLFIRINOX. If serum CA 19-9 level does not fall below
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37 U/mL during FOLFIRINOX treatment, or if the initial
FDG-PET SUVmax is greater than 8.4, more aggressive
treatment and short-term follow-up can be considered.
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