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IMPORTANCE The benefit of adjuvant chemotherapy after resection of pancreatic cancer
following neoadjuvant combination treatment with folinic acid, fluorouracil, irinotecan,
and oxaliplatin (FOLFIRINOX) is unclear.

OBJECTIVE To assess the association of adjuvant chemotherapy with overall survival (OS)
in patients after pancreatic cancer resection and neoadjuvant FOLFIRINOX treatment.

DESIGN, SETTING, AND PARTICIPANTS This international, multicenter, retrospective cohort
study was conducted from January 1, 2012, to December 31, 2018. An existing cohort of
patients undergoing resection of pancreatic cancer after FOLFIRINOX was updated and
expanded for the purpose of this study. All consecutive patients who underwent pancreatic
surgery after at least 2 cycles of neoadjuvant FOLFIRINOX chemotherapy for nonmetastatic
pancreatic cancer were retrospectively identified from institutional databases. Patients with
resectable pancreatic cancer, borderline resectable pancreatic cancer, and locally advanced
pancreatic cancer were eligible for this study. Patients with in-hospital mortality or who died
within 3 months after surgery were excluded.

EXPOSURES The association of adjuvant chemotherapy with OS was evaluated in different
subgroups including interaction terms for clinicopathological parameters with adjuvant
treatment in a multivariable Cox model. Overall survival was defined as the time starting from
surgery plus 3 months (moment eligible for adjuvant therapy), unless mentioned otherwise.

RESULTS We included 520 patients (median [interquartile range] age, 61 [53-66] years;
279 [53.7%] men) from 31 centers in 19 countries. The median number of neoadjuvant cycles
of FOLFIRINOX was 6 (interquartile range, 5-8). Overall, 343 patients (66.0%) received
adjuvant chemotherapy, of whom 68 (19.8%) received FOLFIRINOX, 201 (58.6%) received
gemcitabine-based chemotherapy, 14 (4.1%) received capecitabine, 45 (13.1%) received a
combination or other agents, and 15 (4.4%) received an unknown type of adjuvant
chemotherapy. Median OS was 38 months (95% CI, 36-46 months) after diagnosis and 31
months (95% CI, 29-37 months) after surgery. No survival difference was found for patients
who received adjuvant chemotherapy vs those who did not (median OS, 29 vs 29 months,
univariable hazard ratio [HR], 0.99; 95% CI, 0.77-1.28; P = .93). In multivariable analysis,
only the interaction term for lymph node stage with adjuvant therapy was statistically
significant: In patients with pathology-proven node-positive disease, adjuvant chemotherapy
was associated with improved survival (median OS, 26 vs 13 months; multivariable HR,
0.41 [95% CI, 0.22-0.75]; P = .004). In patients with node-negative disease, adjuvant
chemotherapy was not associated with improved survival (median OS, 38 vs 54 months;
multivariable HR, 0.85; 95% CI, 0.35-2.10; P = .73).

CONCLUSIONS AND RELEVANCE These results suggest that adjuvant chemotherapy after
neoadjuvant FOLFIRINOX and resection of pancreatic cancer was associated with improved
survival only in patients with pathology-proven node-positive disease. Future randomized
studies should be conducted to confirm this finding.
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P ancreatic cancer has a poor 5-year survival rate of 9%.1

After upfront surgical resection combined with adju-
vant chemotherapy, which is the current standard of

care, approximately 75% of patients develop disease recur-
rence within 2 years.2 Several randomized trials have con-
firmed that adjuvant chemotherapy improves survival in pa-
tients after resection of pancreatic cancer.3,4 None of these
trials, however, included patients who received neoadjuvant
therapy. A meta-analysis of nonrandomized studies and 3 re-
cent multicenter randomized trials from South Korea, Japan,
and the Netherlands suggested that neoadjuvant therapy in pa-
tients with resectable and borderline resectable pancreatic
cancer (BRPC) improves disease-free survival and overall sur-
vival (OS).5-8 Furthermore, 2 meta-analyses demonstrated
improved R0 (microscopically no residual cancer) resec-
tion rates after pancreatic resection and neoadjuvant com-
bined folinic acid, fluorouracil, irinotecan, and oxaliplatin
(FOLFIRINOX) chemotherapy in both patients with BRPC
(pooled R0 rate, 84%) and those with locally advanced pan-
creatic cancer (LAPC; pooled R0 rate, 78%).9,10 Based on these
results, increasing numbers of patients with nonmetastatic
pancreatic cancer are treated with neoadjuvant therapy.

It remains unclear, however, whether patients who un-
derwent pancreatectomy for pancreatic cancer after neoad-
juvant FOLFIRINOX still benefit from adjuvant chemo-
therapy. In some retrospective studies, no survival benefit of
adjuvant chemotherapy was found in this setting (E. van
Veldhuisen, MD, personal communication, 2020),11 whereas
in a comprehensive analysis of the National Cancer Database,
adjuvant therapy remained associated with improved sur-
vival after adjustment for treatment and tumor characteris-
tics in multivariable analyses.12 Randomized data to answer
this question are still lacking.

This study aimed to assess the association of adjuvant che-
motherapy with OS in a large retrospective cohort of patients
who underwent resection of pancreatic cancer after neoadju-
vant FOLFIRINOX chemotherapy.

Methods

Study Design and Patients
This international, multicenter, retrospective cohort study was
initiated by the scientific committee of the European-African
Hepato-Pancreato-Biliary Association. Institutions that per-
formed pancreatectomy for pancreatic ductal adenocarci-
noma (referred to as pancreatic cancer in this study) after neo-
adjuvant FOLFIRINOX were invited to participate. An existing
cohort of patients undergoing resection of pancreatic cancer
after FOLFIRINOX was updated and expanded for the pur-
pose of this study.13 The local institutional review board at the
Amsterdam University Medical Center approved this study and
issued a waiver of the requirement to obtain informed con-
sent due to the retrospective nature of the study.

All consecutive patients who underwent pancreatic sur-
gery (ie, pancreatoduodenectomy, distal pancreatectomy, or
total pancreatectomy) after at least 2 cycles of neoadjuvant
FOLFIRINOX chemotherapy for nonmetastatic pancreatic can-

cer between January 1, 2012, and December 31, 2018, were ret-
rospectively identified from institutional databases. Patients
with resectable pancreatic cancer, BRPC, and LAPC were
deemed eligible for this study. Patients with in-hospital mor-
tality or those who died within 3 months after surgery were
excluded from analyses to reduce guarantee-time bias (ie, in
order to start adjuvant chemotherapy within 3 months after
surgery, the patient needs to survive this amount of time).14

This study followed the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) reporting
guideline.

Data Collection and Definitions
Data on baseline, treatment, tumor characteristics, and sur-
vival were locally collected and shared anonymously using pre-
defined electronic case report forms (Castor EDC).13,15

FOLFIRINOX cycles consisted of oxaliplatin (85 mg/m2 body
surface area), irinotecan (150 or 180 mg/m2), leucovorin (400
mg/m2), and fluorouracil (2400 mg/m2 over a 46-hour pe-
riod) whether or not preceded by a fluorouracil bolus (400 mg/
m2) every 2 weeks, as described before.4,16 Resectability sta-
tus was classified according to the National Comprehensive
Cancer Network 2018 criteria, determined after neoadjuvant
therapy.17 Cancer within 1 mm of the resection margin was con-
sidered microscopically positive (R1) according to the Royal Col-
lege of Pathologists definition.18 Pathological tumor, node, me-
tastasis (TNM) staging was performed according to the 8th
edition of the American Joint Committee on Cancer Staging
Manual.19 Adjuvant therapy was defined as at least 1 cycle of
postoperative chemotherapy, with or without additional ra-
diotherapy. OS was calculated as time in months between the
date of surgery plus 3 months (moment eligible for adjuvant
therapy) and date of death, unless mentioned otherwise. Sur-
vival was also reported (but not used in comparative analy-
ses) from the date of diagnosis and from the date of surgery.
Vital status was collected based on last follow-up visit,
follow-up phone calls, or nationwide registry depending on the
country of origin.

Statistical Analysis
Baseline characteristics were presented as frequencies and pro-
portions for categorical variables. Continuous variables were

Key Points
Question Do patients who underwent resection of pancreatic
cancer after neoadjuvant combination folinic acid, fluorouracil,
irinotecan, and oxaliplatin (FOLFIRINOX) chemotherapy benefit
from adjuvant chemotherapy?

Findings This international cohort study of 520 patients with
resected pancreatic cancer found that adjuvant chemotherapy
was significantly associated with improved survival in 254 patients
with pathology-proven node-positive disease but not in
256 patients with node-negative disease.

Meaning Adjuvant chemotherapy after neoadjuvant FOLFIRINOX
and resection of pancreatic cancer was associated with improved
survival only in patients with pathology-proven node-positive
disease.
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presented as medians with interquartile ranges (IQRs). Unad-
justed OS was assessed using Kaplan-Meier estimates and pre-
sented as median OS with corresponding 95% CIs. Two-sided
P values of less than .05 were considered statistically signifi-
cant. All analyses were performed between September 8, 2019,
and May 23, 2020, using R statistical software, version 3.4.3
(R Foundation). All Kaplan-Meier estimates and survival curves
were constructed using the original data.

The association between clinicopathological parameters
and OS was evaluated with a Cox proportional hazards model
in univariable analysis. The association of adjuvant chemo-
therapy with OS was also assessed in a multivariable analysis
and adjusted for all available potential confounders (baseline
and tumor characteristics). All potential confounders to be ad-
justed for were evaluated and visualized in a directed acyclic
graph (eFigure 1 in the Supplement). These confounders were
all included in the multivariable model. The proportional haz-
ard assumption was assessed visually by Schoenfeld residu-
als. Multiple imputation was used to account for missing data
(eAppendix in the Supplement).

The heterogeneous treatment effect of adjuvant therapy
(different effect on OS in different subgroups, ie, effect modi-
fication) was assessed by creating interaction terms for each
clinicopathological predictor with potential interaction with
adjuvant treatment in a multivariable Cox model. A statisti-
cally significant interaction term indicates that the associa-
tion of adjuvant therapy with OS differs depending on the value
of the covariate.20 All interaction terms were fitted in a single
model (adjusted for covariates). The Wald test statistic was used
to evaluate statistical significance.

Multiple sensitivity analyses were performed. All pa-
tients who died within 6 and 12 months were subsequently ex-
cluded (to minimize guarantee-time bias), and outcomes were
assessed within subgroups according to resectability status (re-
sectable pancreatic cancer, BRPC, and LAPC group), number
of preoperative FOLFIRINOX cycles (<4 cycles, 4-6 cycles,
and >6 cycles), and type of adjuvant therapy.

Results
Baseline Characteristics
In total, 536 patients underwent pancreatectomy after neo-
adjuvant FOLFIRINOX at 31 centers in 19 countries. Of those,
16 (3.0%) patients were excluded owing to death within 3
months. The final cohort consisted of 520 patients (median
[IQR] age, 61 [53-66] years; 279 men [53.7%] and 241 women
[46.3%]); the pancreatic cancer was staged as resectable in 243
patients (48.4%), as BRPC in 208 patients (41.4%), and as LAPC
in 51 patients (10.2%) (stage unknown in 18 patients) after re-
ceiving neoadjuvant FOLFIRINOX. The median number of neo-
adjuvant FOLFIRINOX cycles was the same for patients who
received adjuvant therapy (median [IQR], 6 [5-8] patients) and
for those who did not (median [IQR], 6 [5-9] patients). Of all
patients, 343 (66.0%) received adjuvant chemotherapy. A total
of 201 patients received gemcitabine-based adjuvant chemo-
therapy (58.6% of those who received adjuvant chemo-
therapy), followed by FOLFIRINOX (68 patients [19.8%]), ca-

pecitabine (14 patients [4.1%]), and a combination or other
chemotherapeutic agents (45 patients [13.1%]) as adjuvant
therapy. Fifteen patients (4.4%) received an unknown type of
adjuvant chemotherapy. Patients who received adjuvant che-
motherapy were more likely to undergo pancreatoduodenec-
tomy (272 [79.3%] vs 122 [68.9%]), more often had an R1
resection (144 [42.4%] vs 55 [31.8%]), and more often had node-
positive (ypN+) disease (114 [33.5%] with ypN1 disease and 75
[22.1%] with ypN2 disease vs 43 [25.3%] and 22 [12.9%], re-
spectively) compared with those who did not receive adju-
vant chemotherapy. All baseline characteristics are pre-
sented in Table 1. The ypN0 rate was 46%, 51%, and 53% within
the groups who received less than 4 cycles, 4 to 6 cycles, and
greater than 6 cycles of neoadjuvant FOLFIRINOX, respec-
tively (χ2 analysis, P = .51).

Survival Outcomes of Entire Cohort
At the end of the follow-up period, 253 patients (48.7%) were still
alive. The median follow-up of patients was 35 months (IQR, 22-
44). Median OS of the entire cohort was 38 months (95% CI, 36-
46months)afterdiagnosisand31months(95%CI,29-37months)
after surgery. Patients who received adjuvant therapy had a me-
dian OS of 29 months (95% CI, 26-36 months) vs 29 months
(95% CI, 24-45 months) for patients who did not (Figure, A). Ad-
juvant therapy was not associated with improved survival (uni-
variable HR, 0.99; 95% CI, 0.77-1.28; P = .93).

Interaction Analysis
Only the interaction term of nodal status and adjuvant che-
motherapy was statistically significant: On multivariate analy-
sis, adjuvant therapy was associated with improved survival
in patients with pathology-proven ypN+ disease (HR, 0.41;
95% CI, 0.22-0.75; P = .004) but not in patients with node-
negative (ypN–) disease (HR, 0.85; 95% CI, 0.35-2.10; P = .73)
Table 2.

Post Hoc Subgroup Analysis by Nodal Status
Within the ypN− subgroup (n = 256, 50.2%), median OS was 38
months (95% CI, 31 months to not reached) in the adjuvant
therapy group vs 54 months (95% CI, 34 months to not reached)
in the no adjuvant therapy group (Figure, B). Within the ypN+
subgroup (n = 254 patients, 49.8%), median OS was 26 months
(95% CI, 22-32 months) in the adjuvant group vs 13 months
(95% CI, 9-20 months) in the no adjuvant therapy group (Figure,
C). For the subgroups of patients with ypN1, OS was 28 months
(95% CI, 23-38 months) with adjuvant chemotherapy and 17
months (95% CI, 10-29 months) without adjuvant chemotherapy
(eFigure 2 in the Supplement). For the subgroups of patients with
ypN2, OS was 22 months with and 10 months without adjuvant
chemotherapy(eFigure3intheSupplement).Whenpatientswere
stratified for different types of adjuvant therapy, a benefit was
found for both adjuvant gemcitabine and adjuvant FOLFIRINOX
intheypN+group,withalargerbenefitofadjuvantFOLFIRINOX.
Median OS of the ypN+ group with no adjuvant therapy was
13 months (95% CI, 9-20 months) compared with 27 months
(95% CI, 21-34 months) for gemcitabine and 28 months (23
months to not reached) for FOLFIRINOX (eFigure 4 and eFigure 5
in the Supplement).

Adjuvant Chemotherapy in Patients With Resected Pancreatic Cancer After Neoadjuvant FOLFIRINOX Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology Published online September 10, 2020 E3

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Kirby Snell on 09/14/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537


Sensitivity Analyses
After subsequently excluding all patients who died between
6 and 12 months after surgery, the interaction term for ypN
stage with adjuvant therapy remained statistically signifi-
cant (P = .003 and P = .03, respectively). In the subgroup of
patients with resectable disease (n = 242, 47%), adjuvant
therapy was not associated with improved OS in patients
with ypN– disease (39 months [95% CI, 27-not reached] vs
47 months [95% CI, 31 months to not reached]; eFigure 6 in
the Supplement) or in patients with ypN+ disease (27
months [95% CI, 23-36 months] vs 18 months [95% CI, 10
months to not reached]; eFigure 7 in the Supplement;
P = .23 for interaction). In the subgroup of patients with
BRPC or LAPC (n = 250, 48%), adjuvant therapy was not

associated with improved OS in patients with ypN– disease
(eFigure 8 in the Supplement), whereas it was associated
with improved OS in patients with ypN+ disease (22 months
[95% CI, 18-32 months] vs 10 months [95% CI, 8-20
months]; eFigure 9 in the Supplement; P = .009 for interac-
tion). Effect modification by nodal status was most evident
in patients who received less than 4 cycles of neoadjuvant
FOLFIRINOX (111 patients, P = .006 for interaction), fol-
lowed by patients who received 4 to 6 cycles (212 patients,
P = .09 for interaction) and more than 6 cycles (189 patients,
P = .32 for interaction). Also, adjuvant FOLFIRINOX selec-
tively was associated with a survival benefit in patients with
ypN+ disease, but not with ypN– disease (eFigure 10 and
eFigure 11 in the Supplement, P = .05 for interaction).

Table 1. Baseline Characteristics

Characteristic

No. (%)a

Entire cohort
(N = 520)

Adjuvant therapy
(n = 343)

No adjuvant therapy
(n = 177)

Clinical characteristics

Age, median (IQR), yb 61 (53-66) 61 (54-66) 61 (52-66)

Male sex 279 (53.7) 192 (56.0) 87 (49.2)

ASA statusc

ASA 1 118 (22.9) 69 (20.4) 49 (27.7)

ASA 2 299 (58.1) 212 (62.7) 87 (49.2)

ASA 3-4 98 (19.0) 57 (16.9) 41 (23.2)

Resectability statusd

Resectable 243 (48.4) 172 (52.0) 71 (41.5)

Borderline resectable 208 (41.4) 131 (39.6) 77 (45.0)

Locally advanced 51 (10.2) 28 (8.5) 23 (13.5)

Treatment characteristics

No. of neoadjuvant FOLFIRINOX cycles,
median (IQR)e

6 (5-8) 6 (5-8) 6 (5-9)

Surgical procedure

Pancreatoduodenectomy 394 (75.8) 272 (79.3) 122 (68.9)

Distal pancreatectomy 76 (14.6) 44 (12.8) 32 (18.1)

Total pancreatectomy 42 (8.1) 24 (7.0) 18 (10.1)

Other 8 (1.5) 3 (0.9) 5 (2.8)

Tumor characteristics

Tumor diameter, median (IQR), mmf 25 (15-32) 25 (18-31) 22 (13-34)

Margin status (1-mm definition)g

R0 314 (61.2) 196 (57.6) 118 (68.2)

R1 199 (38.8) 144 (42.4) 55 (31.8)

Pathological T stage (AJCC, 8th ed)h

ypT1/ypT2 382 (80.6) 262 (82.4) 120 (76.9)

ypT3/ypT4 92 (19.4) 56 (17.6) 36 (23.1)

Pathological N stage (AJCC, 8th ed)i

ypN0 256 (50.2) 151 (44.4) 105 (61.8)

ypN1 157 (30.8) 114 (33.5) 43 (25.3)

ypN2 97 (19.0) 75 (22.1) 22 (12.9)

Tumor differentiationj

Well differentiated 69 (21.2) 50 (22.5) 19 (20.7)

Moderately differentiated 159 (50.0) 116 (52.3) 43 (46.7)

Poorly differentiated 86 (28.8) 56 (25.2) 30 (32.6)

Abbreviations: AJCC, American Joint
Committee on Cancer; ASA, American
Society of Anesthesiologists;
FOLFIRINOX, folinic acid, fluorouracil,
irinotecan, oxaliplatin;
IQR, interquartile range; N, nodal;
T, tumor.
a Values are given as No. (%) unless

otherwise indicated.
b Three patients had a missing age.
c Five patients had missing ASA

status.
d National Comprehensive Cancer

Network 2018 resectability criteria
were used after neoadjuvant
therapy; 18 patients had missing
data to determine resectability
status.

e Eight patients had a missing number
of neoadjuvant FOLFIRINOX cycles.

f Forty-eight patients had missing
tumor size.

g Seven patients had missing margin
status.

h Forty-six patients had missing
T stage.

i Ten patients had missing N stage.
j Two hundred six patients had

missing tumor differentiation.

Research Original Investigation Adjuvant Chemotherapy in Patients With Resected Pancreatic Cancer After Neoadjuvant FOLFIRINOX

E4 JAMA Oncology Published online September 10, 2020 (Reprinted) jamaoncology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Kirby Snell on 09/14/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.3537?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.3537


Discussion

This international, multicenter, retrospective cohort study as-
sessed the value of adjuvant therapy for OS in 520 patients who
underwent pancreatectomy for pancreatic cancer after neo-
adjuvant FOLFIRINOX chemotherapy. Although adjuvant

therapy did not improve survival in the entire cohort, a dif-
ferential treatment effect was found based on lymph node sta-
tus. Within the subgroup of patients with ypN+ resected pan-
creatic cancer (n = 254, 49%), patients receiving adjuvant
therapy demonstrated a median OS of 26 months, compared
with 13 months for those who did not. Adjuvant therapy re-
mained associated with improved survival in subgroup analy-

Figure. Overall Survival Outcomes Stratified by Receipt of Adjuvant Therapy
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CTx indicates chemotherapy.

Table 2. Univariable and Multivariable Cox Analyses of the Association of Adjuvant Therapy
With Overall Survival, Including Interaction Terms

Variable

Univariable analysis Multivariable analysis

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

No 1 [Reference]
.93

1 [Reference]
.73

Yes 0.99 (0.77-1.28) 0.85 (0.35-2.10)

Interaction terms with adjuvant chemotherapya

Adjuvant therapy (yes)

No. of neoadjuvant FOLFIRINOX cycles NA 1.03 (0.95-1.12) .43

Margin status (R1) NA 0.79 (0.43-1.47) .46

Differentiation (G2) NA 1.68 (0.68-3.47) .16

Differentiation (G3) NA 1.26 (0.55-2.79) .57

Pathological T stage (T3/4) NA 0.93 (0.56-1.74) .81

Pathological N positive (ypN+) NA 0.41 (0.22-0.75) .004

Abbreviations: ASA, American
Society of Anesthesiologists;
FOLFIRINOX, folinic acid, fluorouracil,
irinotecan, oxaliplatin; HR, hazard
ratio; N, nodal; NA, not available;
T, tumor.
a All interaction terms are tested in 1

model, adjusted for age, sex, ASA
status, resectability status, number
of neoadjuvant FOLFIRINOX cycles,
surgical procedure, margin status,
tumor differentiation, pathological
T stage, pathological N stage, and
adjuvant therapy. Shown P values
are for the Wald statistic of the
interaction coefficient.
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ses of patients with ypN1 or ypN2 disease and for both
FOLFIRINOX and gemcitabine-based adjuvant therapy. This
effect modification by nodal status was most expressed in
BRPC and LAPC and diminished after an increasing number
of preoperative cycles of FOLFIRINOX.

There is strong evidence that patients with pancreatic can-
cer may benefit from chemotherapy during the course of their
treatment. Randomized clinical trials have demonstrated that
FOLFIRINOX is the most potent treatment regimen in the meta-
static and adjuvant setting.4,21 It is still unclear, however,
whether and to what extent the timing of treatment (ie, neo-
adjuvant or adjuvant), the number of cycles, and dose den-
sity are relevant for survival. The present study suggests that
only the subgroup of patients with ypN+ resected pancreatic
cancer after neoadjuvant FOLFIRINOX benefited from adju-
vant treatment. A nationwide register study from Denmark in
623 patients also found that adjuvant therapy after upfront sur-
gery for pancreatic cancer improved survival only in patients
with ypN+ disease.22 Another study by the MD Anderson Can-
cer Center, including 245 patients who received preoperative
therapy and pancreatectomy, concluded that adjuvant therapy
was marginally associated with a longer OS in the entire co-
hort (HR, 0.55; 95% CI, 0.29-1.01; P = .05).23 The authors did
not assess the association of adjuvant therapy in different
subgroups.

To our knowledge, no other large series of patients who
underwent resection after neoadjuvant FOLFIRINOX are avail-
able. Two patient-level meta-analyses for resection of BRPC
and LAPC after FOLFIRINOX included 313 and 355 patients,
respectively.9,10 However, these studies did not present data
on adjuvant therapy. The relatively large multicenter AGEO-
FRENCH cohort included 80 patients who underwent sur-
gery for BRPC or LAPC after a median of 6 cycles of neoadju-
vant FOLFIRINOX.24 Approximately half of these patients
(54%) received adjuvant chemotherapy, but no association with
improved survival was found (HR, 0.85; 95% CI, 0.45-1.61;
P = .62). Patients of this study were also included in the pre-
sent study.24 Recently, another large series reported on 110 pa-
tients who underwent surgery for BRPC or LAPC after neoad-
juvant FOLFIRINOX at Massachusetts General Hospital, Boston,
United States.25 Unfortunately, the authors did not report on
adjuvant therapy.

It is possible that the most fit patients received adjuvant
therapy (ie, confounding by indication) in this international
cohort. In the present study, medical oncologists were more
likely to administer adjuvant therapy to patients with resect-
able pancreatic cancer and American Society of Anesthesiolo-
gists 1/2 status, whereas patients with BRPC or LAPC or Ameri-
can Society of Anesthesiologists 3/4 status were less likely to
receive adjuvant therapy (potentially overestimating the ef-
fect of adjuvant therapy). However, patients who received ad-
juvant therapy more often had unfavorable tumor character-
istics on pathology, reflected by a higher R1 rate and a higher
proportion of patients with ypN+ disease (potentially under-
estimating the effect of adjuvant therapy). The effect of con-
founding by indication, however, would be expected in pa-
tients with both ypN– and ypN+ disease, but we found no
difference in OS in patients with ypN– disease. The improved

survival with adjuvant chemotherapy observed in patients with
ypN+ disease remained after landmark analyses by excluding
patients who died both 6 and 12 months after surgery, con-
trolling for guarantee-time bias. Moreover, when separately as-
sessing patients with ypN1 and ypN2 disease, the association
with adjuvant therapy remained (eFigures 4 and 5 in the
Supplement). However, the differential association of adju-
vant chemotherapy in resectable pancreatic cancer needs to
be further studied, as the interaction term within this sub-
group was not statistically significant. This may be due either
to a type II error or to absence of effect modification in pa-
tients with resectable pancreatic cancer.

Node-positive status is most likely dependent on a com-
bination of disease stage (time related) and tumor biology (mu-
tation related), with aggressive tumors causing earlier nodal
metastasis. It is, at this stage, not possible to determine whether
patients with ypN– disease achieved this status as a result of
preoperative FOLFIRINOX or whether they had ypN– disease
initially. The finding that the N0 rate did not increase with an
increasing number of preoperative cycles of chemotherapy may
suggest the latter. The ypN– ratio in this study (50.2%) is, how-
ever, considerably higher than that in large series without neo-
adjuvant therapy. It remains difficult to exclude the possibil-
ity that optimal adjuvant therapy (eg, FOLFIRINOX) could
improve survival in patients with ypN0 disease. In our sensi-
tivity analysis, however, FOLFIRINOX was associated with a
survival benefit in patients with ypN+ disease but not ypN0
disease.

Certain findings in this study vary somewhat from the cur-
rent literature. First, the proportion of patients with ypN+ dis-
ease after neoadjuvant treatment in our study was relatively
high (50%) compared with other series (44% and 33% ypN+).5,8

Second, the R0 rate after neoadjuvant therapy in our study was
lower (61%) than that previously reported in 2 systematic re-
views in patients with BRPC (pooled R0 rate, 84%) and LAPC
(pooled R0 rate, 78%).9,10 The lower R0 rate and N0 rate might
also be related to a lower rate of preoperative radiotherapy used
in this study (21%), as was recently hypothesized by Pietrasz
et al,26 who demonstrated higher R0 and N0 rates after pre-
operative radiotherapy. Last, only 13% of patients in our co-
hort received FOLFIRINOX in the adjuvant setting, yet adju-
vant FOLFIRINOX was associated with superior OS compared
with all other regimens in patients with ypN+ disease.

Strengths and Limitations
The present study should be interpreted in the light of some
limitations. First, the retrospective nature of this study is as-
sociated with increased risk of bias. Confounding by indica-
tion may introduce bias when interpreting nonrandomized data
to evaluate treatment outcomes. Many parameters were ad-
justed for by multivariable analyses, and a landmark analysis
was performed to assess and reduce guarantee-time bias. How-
ever, unmeasured confounders (eg, World Health Organiza-
tion status) could not be adjusted for. Second, data were ret-
rospectively collected by 31 centers from 19 countries. We
strived to achieve uniformity of variables by providing clear
definitions and explanations in the electronic case report forms
and the study protocol,13 but heterogeneity of data cannot be
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ruled out. Although this heterogeneity would not necessarily
result in a bias in any particular direction, it might have im-
paired the quality of the data. Third, this cohort only in-
cluded the highly selected group of patients who eventually
underwent a resection after neoadjuvant FOLFIRINOX.
Patients who progressed on neoadjuvant chemotherapy or
those who underwent surgical exploration but not resection
were not included. Also, patients who died within 3 months
after surgery were excluded. Although this excluded only a few
patients, this inevitably caused further selection bias. These
choices in study design were made to maximize internal va-
lidity in an attempt to approach a valid assessment of the ef-
fect of adjuvant therapy. Therefore, the favorable median
OS of 38 months after diagnosis applies only to patients
who underwent pancreatic resection after neoadjuvant
FOLFIRINOX without postoperative mortality rather than to
all patients who start neoadjuvant chemotherapy. As the cur-

rent study is mostly hypothesis-generating (at least regard-
ing secondary outcomes), it underlines the need for large,
randomized studies on the outcome of adjuvant therapy af-
ter neoadjuvant therapy, in particular in patients with ypN+
disease.

Conclusions
In conclusion, adjuvant chemotherapy was not associated with
improved OS in this large, international, multicenter cohort of
520 patients who underwent resection of pancreatic cancer af-
ter neoadjuvant FOLFIRINOX. Adjuvant chemotherapy was as-
sociated with 13 months of improved survival only in the sub-
group of patients with ypN+ disease (median OS, 26 vs 13
months). In the future, these findings should be confirmed in
randomized clinical trials.
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