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Abstract Background: Gemcitabine/nab-paclitaxel (GN) and FOLFIRINOX are standard

first-line treatment options for advanced pancreatic ductal adenocarcinoma (aPDAC), but

currently no prospective randomised head-to-head comparison between these treatments

has yet been performed.

Methods: We conducted a comparative propensity score (PS) analysis of overall (OS) and

progression-free survival (PFS) in a tri-centre cohort of patients with aPDAC undergoing

palliative first-line treatment with either GN or FOLFIRINOX.

Results: In unadjusted analysis, OS and PFS were highly similar between patients treated with

GN (n Z 297) and FOLFIRINOX (n Z 158). In detail, median, 1- and 2-year OS estimates

were 10.1 months, 42% and 18% in the GN group, as compared to 11.2 months, 45% and
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12% in the FOLFIRINOX group, respectively (log-rank pZ 0.783). Accordingly, median (4.6

versus 4.8 months), 6-month (40% versus 43%) and 1-year (9% versus 9%) PFS estimates did

not significantly differ (log-rank p Z 0.717). However, patients treated with FOLFIRINOX

were significantly younger, had fewer comorbidities, and a better Eastern Cooperative

Oncology Group performance status. These imbalances were accounted for by weighting

the data with the PS. In PS analysis of survival outcomes, OS and PFS remained comparable

between the two treatment groups. In detail, PS-weighted median, 1- and 2-year OS estimates

were 10.1 months, 42% and 18% in the GN group, as compared to 10.1 months, 40% and

13% in the FOLFIRINOX group (PS-weighted log-rank p Z 0.449). PS-weighted PFS esti-

mates again did not differ (PS-weighted log-rank p Z 0.329).

Conclusion: This real-world comparative effectiveness study indicates that FOLFIRINOX

and GN have similar effectiveness in the palliative first-line treatment of aPDAC.

ª 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Accounting for around 50,000 annual deaths in Europe
and the United States of America (USA) each, pancre-

atic cancer (PC) ranks third in cancer-related mortality

in the western world [1,2]. With a median 5-year relative

survival rate of 37% for localised, 13% for regional and

3% for distant cancer stage, PC has the lowest survival

rate of all cancers. Together with rising incidence rates

of PC, this poses a major public health burden globally

[2]. Complete surgical tumour resection represents the
only potentially curative therapeutic option. However,

the vast majority of patients with PC either present with

primary metastatic or locally advanced inoperable can-

cers or develop local or distant recurrence during the

course of their disease [3,4]. Until recently, treatment

options for advanced pancreatic ductal adenocarcinoma

(aPDAC) have been very limited. In 1997, gemcitabine

monotherapy became the standard of care for the
palliative first-line treatment of aPDAC, although only a

modest but statistically significant overall survival (OS)

benefit of 5.6 versus 4.4 months was demonstrated when

compared with fluorouracil [5]. Thereafter, numerous

chemotherapy combination and targeted agents have

been tested against gemcitabine but failed to improve

patient outcomes. In 2011, the French PRODIGE trial

reported promising findings of a statistically significant
and clinically meaningful survival benefit of 11.1 versus

6.8 months with the chemotherapy triplet FOLFIR-

INOX (Leucovorin, Fluorouracil (5-FU), Irinotecan,

Oxaliplatin), as compared with gemcitabine in patients

with metastatic PC and an Eastern Cooperative

Oncology Group (ECOG) performance status of 0e1

[6]. Two years later, the MPACT trial, which included

patients with metastatic PC and a Karnofsky perfor-
mance index greater than 70, compared gemcitabine/

nab-paclitaxel (GN) to gemcitabine alone and demon-

strated a significantly increased OS for the combination

treatment (8.5 months in the GN group compared with

6.7 months in the Gemcitabine group) [7]. Today, GN
and FOLFIRINOX or dose-modified FOLFIRINOX

without bolus 5-FU are recommended as standard of

care in palliative first-line treatment for patients with

aPDAC and good performance status [8,9]. However, as
no randomised comparative head-to-head trial between

these two chemotherapy regimens has been conducted

yet, the question regarding equal effectiveness remains

unresolved.

To address this issue, we have conducted a tri-centre

retrospective study including all consecutive patients

treated with GN or FOLFIRINOX at three academic

centres in Austria. We implemented a propensity score
(PS) analysis using inverse-probability-of-treatment-

weight (IPTW) to rigorously account for non-random

treatment assignment. To the best of our knowledge,

this is the largest study reporting PS-adjusted efficacy

data comparing FOLFIRNOX and GN as palliative

first-line treatment in aPDAC.

2. Methods

2.1. Study design

We conducted a tri-centre, retrospective cohort study,

including all consecutive patients with histologically

confirmed aPDAC who were initiated on palliative first-

line treatment with either full dose or dose-modified

FOLFIRINOX or GN at three academic centres
(Medical University of Graz, Paracelsus Medical Uni-

versity Salzburg and Medical University of Innsbruck)

in Austria between August 2010 and October 2019

(n Z 455). Patients were identified using the respective

in-house electronic healthcare databases as well as the

in-house pharmacy prescriptions program, thus obtain-

ing 100% local coverage. All eligible patients were aged

18 years or older, had histologically confirmed pancre-
atic ductal adenocarcinoma, radiologically confirmed

advanced disease and received at least one cycle of the

mentioned palliative first-line regimens between August

2010 and October 2019. The advanced disease stage was

http://creativecommons.org/licenses/by/4.0/
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defined as a composite of locally advanced inoperable

tumours and/or tumours with distant metastatic spread.

Patients who were treated with FOLFIRINOX or GN

as induction or neoadjuvant treatment for locally

advanced resectable or borderline resectable tumours

were excluded from this study. Baseline and outcome

data were retrospectively collected from the respective

in-house electronic healthcare databases as well as from
the central registry of the Austrian Social Security

Providers Association (for all-cause death). The study

was approved by the institutional review board of the

leading centre (Ethics Committee of the Medical Uni-

versity of Graz, Austria; document number 31-035 ex

18/19). All methods were performed by following the

relevant local and national guidelines and regulations.

2.2. Study outcomes

The primary end-point of the analysis was OS, defined

as the time from the first day of first-line chemotherapy

until death from any cause or censoring alive. Secondary

end-points were (1) progression-free survival (PFS),

defined as the time from the first day of first-line

chemotherapy until radiological progression of disease,

death from any cause, or censoring alive, whichever

came first; (2) investigator-assessed objective response
rate (ORR), that is, the composite of complete or partial

remission; and (3) disease control rate (DCR), that is,

the composite of complete or partial remission or stable

disease. Radiological therapy response was assessed by

treating physicians in analogy to the Response Evalua-

tion Criteria in Solid Tumours, version 1.1 (CITE).

Central radiology review was not performed.

2.3. Statistical methods

All statistical analyses were performed using Stata 15.0

(Stata Corp., Houston, TX, USA). Continuous variables

were reported as medians (25the75th percentile) and

count data as absolute frequencies (%). Rank-sum, c2 and

Fisher’s exact tests were used to study associations be-

tween variables, as appropriate. The magnitude of po-

tential differences in baseline variables between patients in

the GN group and the FOLFIRINOX group was quan-
tified with standardised mean differences (SMDs),

considering SMDs �0.2 to indicate a relevant covariate

imbalance between the two study groups [10]. A PS model

was developed by backward selection from a multivari-

able logistic regression model of treatment group assign-

ment, including all baseline variables as explanatory

variables that were differently distributed between the GN

group and the FOLFIRINOX group at either a p-value of
association �0.10 and/or an SMD �0.2, respectively.

Backward elimination continued until all variables in the

model were multivariably associated with group assign-

ment at a Wald test p-value of �0.20. The PS, defined as

the probability of a patient to be in the FOLFIRINOX
group conditional on the included baseline variables, was

obtained from this final PS model and transformed into

the IPTW, defined as the inverse of the probability of

receiving the treatment that the patient actually received.

Owing to a patient with a strongly outlying IPTW, we

used a ‘trimmed’ IPTW according to best-practice rec-

ommendations, using only the patients with an

IPTW > the 1st and < the 99th percentile of its distri-
bution. Next, PS balance diagnostics were performed by

qualitatively examining the change in SMD upon

weighting the data with the IPTW [10]. Median follow-up

was estimated with the reverse KaplaneMeier esti-

mator [11]. For subsequent outcome analyses, we per-

formed a complete case analysis of all patients with an

observed ‘trimmed’ IPTW (n Z 412). Moreover, follow-

up was truncated at 24 months. OS and PFS were esti-
mated with KaplaneMeier estimators, which were sub-

sequently weighed with the IPTW. Schoenfeld tests

revealed strong evidence for a violation of the propor-

tional hazards assumption according to treatment group

in the OS analysis. We therefore used flexible parametric

regression models (Stata routine stpm2, directly model-

ling on the log-cumulative hazard scale), allowing for a

time-varying association of treatment assignment with OS
(3 degrees of freedom for the main effect and 2 degrees of

freedom for the time-varying effect) [12]. In these models,

we also fitted interactions between treatment group and

selected covariables to perform hypothesis-generating

subgroup analyses (with interaction p-values <0.10

considered indicative of a potential subgroup ‘effect’) [13].

3. Results

3.1. Cohort description and crude outcome rates

A total of 455 patients were included in the analysis, of

whom 297 (65.3%) received GN and 158 (34.7%) were
treated with FOLFIRINOX (Table 1). The median age

of the cohort was 67 years (25the75th percentile:

59�72) and 41% were women (n Z 187). Most patients

had a good to moderate performance status (ECOG 0-1

points: n Z 409, 91%) and presented with some co-

morbidity (median Charlson Comorbidity Index: 9

[8�10], with 6 points allocated to metastatic cancer).

At a median follow-up of 26.2 months (25the75th
percentile: 14�44), we observed 349 deaths and 377 PFS

outcome events. Median, 1- and 2-year OS estimates

were 10.1 months (95% confidence interval [CI]:

9.3e11.4), 42% (95% CI: 37�47) and 15% (95% CI:

11�19), respectively. The corresponding PFS estimates

were 4.6 months (95% CI: 4.2e5.3), 9% (95% CI: 7�13)

and 0% (95% CI: 0�2), respectively (Supplementary

Fig. 1). Investigator-assessed ORR and DCR estimates
were 33% (95% CI: 28�38) and 61% (95% CI: 56�66),

respectively. As compared to metastatic aPDAC, OS

was significantly better in patients with locally advanced

inoperable aPDAC (log-rank p Z 0.0145). In detail,



Table 1
Baseline characteristics of the study cohort. Distribution is overall and by treatment group (n Z 455).

Variable n (% miss.) Overall (n Z 455) GN (n Z 297) FOLFIRINOX (n Z 158) p SMD SMDIPTW

Demographics & comorbidity

Center: Graz, Austria 455 (0%) 140 (31%) 107 (36%) 33 (21%) <0.0001 0.34 0.03

e Innsbruck, Austria / 90 (20%) 78 (26%) 12 (8%) 0.51 0.33

e Salzburg, Austria / 225 (49%) 112 (38%) 113 (72%) 0.72 0.26

Age (years) 455 (0%) 67 [59�72] 70 [62�74] 63 [53�67] <0.0001 0.72 0.32

Female gender 455 (0%) 187 (41%) 123 (41%) 64 (41%) 0.851 0.02 0.15

BMI (kg/m2) 447 (2%) 24 [21�26] 24 [21�26] 23 [21�27] 0.835 0.02 0.03

Charlson comorbidity index 446 (2%) 9 [8�10] 9 [8�10] 8 [7�9] <0.0001 0.38 0.16

History of myocardial infarction 450 (1%) 27 (6%) 23 (8%) 4 (3%) 0.035 0.23 0.06

Chronic heart failure 450 (1%) 17 (4%) 15 (5%) 2 (1%) 0.065 0.21 0.14

Diabetes mellitus 454 (0%) 128 (28%) 90 (30%) 38 (24%) 0.152 0.14 0.03

ECOG

0 point 447 (2%) 186 (42%) 87 (30%) 99 (63%) <0.0001 0.71 0.12

1 point / 223 (50%) 170 (58%) 53 (34%) 0.50 0.14

2þ points / 38 (9%) 34 (12%) 4 (3%) 0.36 0.05

Tumour variables

Tumor location: Pancreatic head 436 (4%) 249 (57%) 175 (61%) 74 (50%) 0.024 0.22 0.21

e Corpus of pancreas / 95 (22%) 57 (20%) 38 (26%) 0.14 0.05

e Tail of pancreas / 71 (16%) 39 (14%) 32 (22%) 0.21 0.24

e Other / 21 (5%) 17 (6%) 4 (3%) 0.16 0.04

Grading: G3 283 (38%) 109 (39%) 73 (37%) 36 (43%) 0.330 0.13 0.45

Primary palliative setting 454 (0%) 382 (84%) 242 (81%) 140 (89%) 0.033 0.22 0.05

Surgery of primary tumour 455 (0%) 83 (18%) 65 (22%) 18 (11%) 0.006 0.28 0.11

Prior adjuvant chemotherapy 451 (1%) 58 (13%) 44 (15%) 14 (9%) 0.085 0.18 0.02

Tumor extent: Locally advanced 448 (2%) 96 (21%) 61 (21%) 35 (22%) 0.282 0.04 0.09

– Metastatic (one organ) / 233 (52%) 161 (55%) 72 (46%) 0.18 0.28

– Metastatic (two organs) / 88 (20%) 52 (18%) 36 (23%) 0.13 0.20

– Metastatic (three þ organs) / 13 (8%) 18 (6%) 13 (8%) 0.08 0.09

Laboratory parametersy

Haemoglobin (g/dL) 442 (3%) 12.7 [11.2e13.6] 12.5 [11.1e13.6] 13.0 [11.4e13.8] 0.042 0.15 0.01

Leukocyte count (G/L) 441 (3%) 8.1 [6.2e10.3] 8.0 [6.0e10.3] 8.1 [6.8e10.0] 0.228 0.09 0.32

Neutrophil count (G/L) 406 (11%) 5.6 [4.0e7.5] 5.4 [3.9e7.5] 5.8 [4.4e7.6] 0.200 0.08 0.35

Lymphocyte count (G/L) 404 (11%) 1.4 [1.0e1.8] 1.4 [1.0e1.9] 1.4 [1.1e1.8] 0.999 0.02 0.04

Platelet count (G/L) 444 (2%) 251 [195�320] 251 [195�320] 251 [199�327] 0.286 0.12 0.03

C-reactive protein (mg/L) 383 (16%) 3 [1�10] 3 [1�10] 4 [1�0] 0.572 0.08 0.22

Alkalic phosphatase (units/L) 426 (6%) 123 [82�234] 120 [83�218] 125 [82�247] 0.859 0.04 0.04

LDH (units/L) 421 (7%) 203 [170�260] 204 [174�259] 193 [163�265] 0.152 0.02 0.01

Creatinine (mg/dL) 428 (6%) 0.8 [0.7e0.9] 0.8 [0.7e1.0] 0.8 [0.7e0.9] 0.215 0.16 0.09

Albumin (g/dL) 199 (56%) 4.0 [3.5e4.3] 3.9 [3.5e4.2] 4.1 [3.7e4.4] 0.079 0.24 0.22

CEA (ng/mL) 344 (24%) 7 [3�25] 6 [3�21] 9 [3�29] 0.248 0.10 0.19

CA 19-9 (U/mL) 442 (3%) 1086 [94�8647] 959 [74�6390] 1555 [135�12,278] 0.117 0.11 0.11

Data are reported as medians [25the75th percentile] for continuous variables, and absolute frequencies (column %) for count data. n (% miss.)

reports the number of patients with fully observed data for the respective variable (% missing). p-values are from rank-sum, X2 and Fisher’s exact

tests, as appropriate. p values < 0.05 are highlighted in bold.

SMD, standardised mean difference; SMD IPTW, SMD weighted by the inverse-probability-of-treatment-weight; BMI, body mass index; ECOG,

Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate

antigen 19-9; GN, gemcitabine/nab-paclitaxel.
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median OS estimates were 13.6 and 9.8 months in pa-

tients with locally advanced and metastatic disease, and

the respective 1-year OS estimates were 59% and 39%

(Supplementary Fig. 2).
3.2. First-line chemotherapy description

Patients in the GN group received a median of three

chemotherapy cycles (2e6) for a median treatment

duration of 2.9 months (1.6e5.5), as compared to five
cycles (2e7) and a median treatment duration of 3.4

months (1.5e6.4) in the FOLFIRINOX group. Both

dose modifications and treatment discontinuations due to

toxicity were slightly more frequent in the GN group
(69% and 21% of patients) than in the FOLFIRINOX

group (53% and 14% of patients), respectively (pZ 0.001

and p Z 0.049). In terms of safety, the proportion of

patients who developed febrile neutropenia and diar-

rhoea was significantly higher in the FOLFIRINOX

group, whereas risks of any neuropathy, any



Table 2
Adverse events in advanced pancreatic cancer according to treatment with GN or FOLFIRINOX (n Z 455).

Toxicities n (% miss.) Overall (n Z 455) GN

(n Z 297)

FOLFIRINOX

(n Z 158)

p

Any grade neuropathy 452 (1%) 153 (34%) 92 (31%) 61 (39%) 0.101

Any grade neutropenia 452 (1%) 112 (25%) 77 (26%) 35 (22%) 0.372

Febrile Neutropenia 452 (1%) 24 (5%) 11 (4%) 13 (8%) 0.040

Cholangitis 452 (1%) 27 (6%) 21 (7%) 6 (4%) 0.159

Diarrhoea 452 (1%) 120 (27%) 65 (22%) 55 (35%) 0.003

Fatigue 452 (1%) 192 (42%) 118 (40%) 74 (47%) 0.144

Data are reported as absolute frequencies (column %) for count data. n (% miss.) reports the number of patients with fully observed data for the

respective variable (% missing). p-values are from rank-sum, X2 and Fisher’s exact tests, as appropriate. p values < 0.05 are highlighted in bold.

GN, gemcitabine/nab-paclitaxel.
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neutropenia, cholangitis and fatigue were similar between

the two treatment groups (Table 2).
3.3. Outcome according to treatment-unadjusted analysis

OS was highly similar in patients treated with GN and

FOLFIRINOX. In detail, median-, 1- and 2-year OS

estimates were 10.1 months, 42% and 18% in the GN

group, as compared to 11.2 months, 45% and 12% in the

FOLFIRINOX group, respectively (log-rank p Z 0.783;

Fig. 1A). The proportional hazards assumption appeared
to be violated upon visual inspection of survival curves

(‘crossing curves’ in Fig. 1A, Schoenfeld test p Z 0.012);

therefore, we performed a flexible parametric OS

regression in which the relative hazard of death from any

cause did not significantly favour either therapy (hazard

ratio [HR] for OS for FOLFIRINOX Z 0.82, 95% CI:

0.61e1.11, p Z 0.199). In terms of PFS, median (4.6

versus 4.8 months), 6-month (40% versus 43%) and 1-
year (9% versus 9%) estimates were also highly compa-

rable between the two treatment groups (log-rank

p Z 0.717, HR for PFS for FOLFIRINOX Z 0.96, 95%

CI: 0.77e1.20, p Z 0.718; Fig. 2A).
Fig. 1. Overall survival in advanced pancreatic cancer according to t

(n [ 412). Panel Adunadjusted KaplaneMeier estimator and Pane

Wald-test p-values are from a flexible parametric regression model ac

inverse probability of treatment weight.
3.4. Development of a propensity score

Patients in the GN group significantly differed from pa-
tients in the FOLFIRINOX group according to several

important baseline characteristics (Table 1). In detail,

patients in the FOLFIRINOX group were significantly

younger, had a lower number of comorbidities, lower

prevalence of a history of myocardial infarction and better

ECOG performance status. To address this major source

of confounding for comparing GN and FOLFIRINOX,

we developed a ‘trimmed’ IPTW from a PS model
including the variables centre, age, Charlson Comorbidity

Index, prior history of myocardial infarction, ECOG

performance status, and tumours located in the pancreatic

corpus (Supplementary Table 1). The PS covered the

whole probability range (Supplementary Fig. 2A) and the

‘trimmed’ IPTW (Supplementary Fig. 2B) achieved suffi-

cient balance on baseline covariables, as indicated by

pertinent reductions in SMDs (Table 1). For example,
SMDs were reduced from 0.72 to 0.32 for age, 0.38 to 0.16

for the Charlson Comorbidity Index, 0.23 to 0.06 for the

history of myocardial infarction, and �0.71 to �0.14 for

ECOG performance status.
reatment with gemcitabine/nab-paclitaxel (GN) or FOLFIRINOX

l BdIPTW KaplaneMeier estimator (propensity score analysis).

counting for non-proportional hazards (crossing curves). IPTW,



Fig. 2. Progression-free survival in advanced pancreatic cancer according to treatment with GN or FOLFIRINOX (n [ 404). Panel

Adunadjusted KaplaneMeier estimator and Panel BdIPTW KaplaneMeier estimator (propensity score analysis).
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3.5. Propensity score analysis

Upon weighting the data with the IPTW, OS remained

comparable between the two treatment groups. In detail,

IPTW-weighted median, 1- and 2-year OS estimates were
10.1 months, 42% and 18% in the GN group, as

compared to 10.1 months, 40% and 13% in the FOL-

FIRINOX group, respectively (IPTW-weighted log-rank

p Z 0.449, IPTW-weighted HR for OS for FOLFIR-

INOX [flexible parametric regression model] Z 1.11,

95% CI: 0.71e1.73, p Z 0.651; Fig. 1B). IPTW-weighted

median (4.6 versus 4.4 months), 6-month (41% versus

35%) and 1-year (7% vs. 7%) PFS estimates were again
similar between the two treatment groups (IPTW-

weighted log-rank p Z 0.329, IPTW-weighted HR for

PFS for FOLFIRINOX Z 1.13, 95% CI: 0.88e1.46,

p Z 0.329; Fig. 2B).

3.6. Exploratory, hypothesis-generating subgroup

analyses

With the exception of sex, the relative efficacy of the two

treatments was not statistically significantly different
across several subgroups, such as locally advanced

PDAC (Fig. 3).

3.7. Exploratory analysesd1st-line response rate and

2nd-line chemotherapy

In the 1st-line therapy, the investigator-assessed ORR

and DCR were 31% and 58% in the GN group, and 36%

and 65% in the FOLFIRINOX group, respectively
(both p > 0.18). No evidence regarding a higher 1st-line

response rate with one of the two treatments was

observed both in unadjusted analysis (odds ratio [OR]

for objective response with FOLFIRINOX Z 1.20, 95%

CI: 0.76e1.89, p Z 0.431) and IPTW-adjusted analysis
(OR Z 0.82, 95% CI: 0.47e1.42, p Z 0.482), respec-

tively. Significantly more patients underwent 2nd-line

chemotherapy after first-line treatment with FOLFIR-
INOX (120 of 158 patients, 76%) compared to GN (145

of 297 patients, 49%). The two most frequent 2nd-line

treatment regimens were GN (n Z 76, 63%) and gem-

citabine monotherapy (n Z 20, 17%) after first-line

therapy with FOLFIRINOX, and nanoliposomal iri-

notecan with 5-FU (n Z 52, 36%) and OFF (leucovorin,

5-FU and oxaliplatin) (n Z 32, 22%) after GN first-line

therapy, respectively.
4. Discussion

To date, no randomised controlled trial comparing the

two recommended standard first-line chemotherapy reg-

imens GN and FOLFIRINOX in advanced PC has been
published. In the present study, we aimed to overcome

this lack of comparative data by performing a propensity

scoreematched comparative effectiveness analysis of

real-world outcomes from 455 patients treated with either

FOLFIRINOX or GN. In unadjusted analysis, FOL-

FIRINOX was associated with a slight but not signifi-

cantly increased OS, PFS and ORR. However, patients

treated with FOLFIRINOX had a significantly higher
rate of favourable prognostic baseline characteristics. To

minimise potential bias and to rigorously account for

non-random treatment assignment, a PS model using

IPTW was implemented. In propensity scoreeadjusted

analysis, survival outcomes were highly comparable be-

tween the two treatment groups.

Median OS as well as treatment response rate were

numerically higher with FOLFIRINOX in the PRO-
DIGE trial when compared to GN in the MPACT trial.

In contrast, FOLFIRINOX was associated with a

higher rate of severe neutropenia and sensory neuropa-

thy [6,7]. However, baseline characteristics of the two



Fig. 3. Exploratory subgroup analyses for the comparative efficacy of GN and FOLFIRINOX towards overall survival. Coefficients were

estimated with an IPTW flexible parametric regression model by fitting interactions between the treatment group and the respective

variable. IPTW, inverse probability of treatment weight; ECOG, Eastern Cooperative Oncology Group; OS, overall survival; CI, con-

fidence interval; CA 19-9, carbohydrate antigen 19-9.
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study cohorts did significantly differ in terms of several

well-established prognostic indicators such as age, per-

formance, status and site of metastasis, which hampers a

cross-trial treatment comparison. Still, in clinical prac-

tice, physicians tend to prefer FOLFIRINOX in
younger and fitter patients, as pointed out in several

studies reporting real-world data on treatment patterns

in aPDAC in the USA and Germany [14,15]. In the

absence of a randomised controlled trial, several

retrospective studies have presented real-world
comparative efficacy data on FOLFIRINOX versus

GN in aPDAC. However, results are conflicting and

most of these studies were either limited by small

sample size and/or lack of adjustment for significant

imbalances between treatment cohorts [16e18]. One
large retrospective chart review study conducted by

Kim et al., which included PC patients with metastatic

disease treated at oncology practices in the USA, found

no difference in outcomes between the two treatment

regimens [15]. Most recently, Chiorean et al. performed
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a thorough systematic review and meta-analysis of

pooled observational outcome data of almost 7000

patients with advanced or metastatic PC treated with

either FOLFIRINOX or GN as palliative first-line

treatment [19]. Overall, a slight but statistically insig-

nificant OS and PFS benefit was found for the treat-

ment with FOLFIRINOX. Still, these results should be

interpreted with caution as patients treated with
FOLFIRINOX had lower median age and were more

likely to have good performance status. These potential

confounders might have significantly affected compar-

ative outcomes. Accordingly, in our present study, we

found that patients treated with FOLFIRINOX were

significantly younger, had better ECOG performance

status, fewer comorbidities and a lower prevalence of a

history of myocardial infarction. Ignoring these im-
balances might lead to an overestimation of the treat-

ment effect for FOLFIRINOX. In the naive survival

analysis, we found slight but insignificant favourable

survival outcomes and treatment response rates for

FOLFIRINOX compared to GN. The respective me-

dian OS of 10.1 months for GN and 11.2 for FOL-

FIRINOX is in line with other large-scale retrospective

studies reporting real-world outcome data, such as by
Hegewisch-Becker et al. (9.1 versus 11.3 months) [14],

Kim et al. (12.1 versus 13.8) [15], Cartwright et al. (9.8

versus 11.4) [17] and Kang et al. (11.4 versus 9.6) [18]

that alongside other studies confirm the real-world

effectiveness of the two treatment regimens [20]. To

elucidate potential differences in effectiveness between

the respective treatments, a rigorous adjustment for

baseline imbalances of patient covariables is necessary
to account for the large amount of selection bias likely

affecting such analysis. IPTW using a PS is a powerful

statistical method for reducing the effect of baseline

confounding in observational studies that can mimic

randomization, given that the statistical assumptions

underlying this approach are met [10]. In the IPTW-

adjusted analysis in which a sufficient balancing be-

tween the two treatment cohorts could be achieved, the
minor differences in terms of treatment efficiency

diminished and median OS and PFS estimates were

highly similar for GN and FOLFIRINOX. These re-

sults indicate that GN and FOLFIRINOX are equally

effective in the first-line treatment of aPDAC. Inter-

estingly, Williet et al. used a similar statistical approach

by propensity score matching and found a non-

significant trend towards better survival for FOLFIR-
NOX [21]. However, in this study, only patients with

metastatic PC were included and the PS-matched

analysis was limited by its relatively small sample size

(n Z 98), which might have led to an over- or under-

estimation of the real treatment effect.

Several important insights could be obtained from

this study. First, investigator-assessed response rates

were similar with GN and FOLFIRINOX, suggesting
that both are acceptable treatment options for patients
who have a high need for response, such as patients with

imminent biliary obstruction. Second, our main finding

of comparable efficacy with GN and FOLFIRINOX

has global relevance, as a large community of PC pa-

tients in developing nations often have limited access to

expensive antineoplastic agents such as nab-paclitaxel,

and therefore FOLFIRINOX may be regarded as an

effective and financially accessible treatment for
aPDAC. In terms of safety, treatment with GN was

associated with a higher rate of toxicityerelated treat-

ment discontinuation and dose reduction. This stands in

contrast to a study by Wang et al. that reported higher

discontinuation rates for FOLFIRINOX [22]. Impor-

tantly, when interpreting these results, the higher prev-

alence of adverse prognostic baseline characteristics in

the GN treatment group of our cohort must be
considered, which may impact rates of adverse events. In

detail, rates of febrile neutropenia and diarrhoea were

higher in the FOLFIRINOX group, whereas other

toxicities including any grade neuropathy, fatigue and

cholangitis were balanced between the two treatment

groups, which is consistent with other studies [15,18,23].

Notably, rates of any grade neutropenia were signifi-

cantly lower in our study compared to toxicity data
from the MPACT and the ACCORD12 trial, which

might be attributed to an underreporting of adverse

events because of the retrospective study design.

To determine whether the treatment effect was

dependent on a particular patient’s characteristics, we

performed an exploratory IPTW-adjusted subgroup

analysis. In line with the treatment comparison in the

overall cohort, we found that the observed treatment
effect was consistent across all patient subgroups except

for women, in which a statistically significant associa-

tion for abetter outcome with GN was shown. As we

were not able to derive a plausible biological rationale

for this, this finding is intriguing and may be caused by

residual confounding. However, potential metabolic

influences of sex on chemotherapy efficacy and toxicity,

as pointed out previously in other cancer entities, cannot
be fully excluded in this setting and should be considered

in future studies. Otherwise, relative treatment effec-

tiveness was highly similar among all relevant patient

subgroups, with only non-significant trends being

observed, such as for metastatic burden. Here, the

subgroup analysis indicated that patients with a higher

number of metastatic lesions derived a greater OS

benefit when treated with GN compared to FOLFIR-
INOX. Importantly, treatment efficacy appeared to be

similar in the subgroup of 96 patients with locally

advanced inoperable aPDAC, of whom two-thirds were

treated with GN (i.e. outside the existing label for this

therapy) and one-third with FOLFIRINOX. The

investigator-assessed response rate in our cohort of

locally advanced inoperable aPDAC patients was

similar to the recently published LAPACT trial,
although OS of our subcohort was slightly worse than
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the LAPACT cohort, most likely due to our stringent

exclusion criterion of only considering locally advanced

aPDAC patients who were ‘truly’ inoperable [24]. Our

exploratory finding of a similar relative efficacy of GN

and FOLFIRINOX in patients with locally advanced

aPDAC also aligns well with a recently published

retrospective cohort study of Perri et al. showing com-

parable OS for patients with LAPC treated with FOL-
FIRINOX or GN [25]. Further support for an overall

similar efficacy between the two chemotherapy regimens

comes from a preliminary report of the randomised

phase II SWOG1505 trial that showed comparable OS

estimates in patients with resectable PDAC undergoing

perioperative chemotherapy with mFOLFIRINOX or

GN [26].

Recent advances in the second-line treatment of
aPDAC have expanded the arsenal of therapeutic op-

tions, resulting in further improvement of disease

outcome [27]. After gemcitabine-based first-line treat-

ment, the best evidence exists for a combination of

nanoliposomal irinotecan plus 5-FU and leucovorin,

which demonstrated superior OS as compared to 5-FU

and leucovorin in the NAPOLI-1 trial [28]. Other

treatment options in this setting are chemotherapy
protocols consisting of oxaliplatin and fluorouracil,

which, however, have led to conflicting outcome

data [29,30]. After failure of FOLFIRINOX as first-line

treatment, GN is the preferred second-line option for

patients who retain a good performance status. Yet, to

date, no randomised controlled trial has proven the ef-

ficacy of GN in this setting. In our study, approximately

60% of the overall study cohort received a 2nd-line
treatment with a significantly higher proportion of pa-

tients in the FOLFIRINOX treatment group. These

findings are consistent with previous reports and again

might likely be attributed to the higher proportion of

young and relatively fit patients in the FOLFIRINOX

treatment group [15,18,19,21]. As anticipated, the most

frequently administered second-line treatment regimens

were GN after FOLFIRINOX and nanoliposomal iri-
notecan with 5-FU after GN, which is in line with cur-

rent guideline recommendations from the European

Society for Medical Oncology and the National

Comprehensive Cancer Network [8,31]. Interestingly,

we observed separating OS curves after a median follow-

up of 12 months with a non-significant trend towards

better survival for GN. Given that most patients have

ended first-line treatment at this point, improved out-
comes in respective second-line treatment might provide

a speculative explanation for this finding. However, our

study was not designed to determine the optimal treat-

ment sequence, which warrants investigation in a pro-

spective randomised controlled trial.

The following limitations of this study need to be

discussed. First, owing to the retrospective design of this

study, a potential risk regarding selection and informa-
tion bias should be considered. We aimed to minimise
the chance of bias by including a large cohort of patients

consecutively treated at three different academic centres.

We thus believe that this study accurately reflects out-

comes of real-world palliative first-line treatment of

patients with aPDAC. Second, although an IPTW-

weighted PS analysis was performed to rigorously ac-

count for imbalances of patient baseline characteristics

between the two treatment cohorts, a residual risk for
confounding might have affected the treatment effect

and cannot be fully excluded. Importantly, as indicated

by a significant reduction of SMDs, the IPTW-adjusted

model achieved a sufficient balancing of several known

prognostic indicators, such as age, ECOG performance

status and comorbidities. Third, no information

regarding rates of primary dose modifications was

available. Fourth, accurate classification of adverse
events according to common terminology criteria could

not be sufficiently performed and selected adverse events

might be underreported because of the retrospective

nature of this study. This should be kept in mind when

interpreting our safety data, which were a secondary

end-point of the study.
5. Conclusion

In this real-world comparative effectiveness study,

FOLFIRINOX and GN demonstrated similar effec-

tiveness in the palliative first-line treatment of aPDAC

and both chemotherapy regimens represent valid treat-

ment options in this setting. Treatment decisions should

be based on the respective toxicity profiles as well as on

the individual patient’s preferences.
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