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Abstract: Combination regimens have shown superiority over single agents in the adjuvant
treatment of resected pancreatic cancer (PC), but there are no data supporting definition of
the best regimen. This work aimed to compare the efficacy and safety of mFOLFIRINOX,
gemcitabine+capecitabine, and gemcitabine+nab/paclitaxel in PC patients. A meta-analysis was
performed for direct comparison between trials comparing combination regimens and gemcitabine
monotherapy. Subsequently, an indirect comparison was made between trials investigating the
efficacy and safety of mFOLFIRINOX, gemcitabine+capecitabine, and gemcitabine+nab/paclitaxel
because of the same control arm (gemcitabine). A total of three studies met the selection criteria and
were included in our indirect comparison. Indirect comparisons for efficacy outcomes showed a
benefit in terms of DFS (disease-free survival)/EFS (event-free survival)/RFS (relapse-free survival)
for both mFOLFIRINOX versus gemcitabine+capecitabine (HR 0.69, 95% CI 0.52–0.91) and versus
gemcitabine+nab/paclitaxel (HR 0.67, 95% CI 0.50–0.90). No significant advantage was registered
for OS (overall survival). Indirect comparisons for safety showed an increase in terms of G3-5 AEs
(with the exception of neutropenia) for mFOLFIRINOX versus gemcitabine+capecitabine (RR 1.24,
95% CI 1.03–1.50), while no significant differences were observed versus gemcitabine+nab/paclitaxel.
According to our results, mFOLFIRINOX is feasible and manageable and could represent a first
option for fit PC resected patients.

Keywords: adjuvant; mFOLFIRINOX; pancreatic cancer; systematic review; chemotherapy;
meta-analysis
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1. Introduction

Pancreatic cancer (PC) has an annual worldwide incidence of more than 430,000 cases and
an annual mortality rate of almost 460,000 cases [1]. PC has the worst 5-year survival rate of all
cancers, probably because of the typically delayed diagnosis (approximately 50% of cases diagnosed in
advanced stage). Even when it is diagnosed early (20% of cases) and is therefore resectable, the 5 year
survival rate does not exceed 25% [2–4]. Consequently, surgery resection with a negative margin (R0)
associated with adjuvant treatment (chemotherapy (CT) +/− radiotherapy (RT)) presents a real chance
to offer a higher possibility of cure if PC can be diagnosed as early and upfront resectable disease.
Due to poor long-term survival, CT is reserved for all patients undergoing pancreatic surgery, with
the combination with RT suggested in cases of lymph node positivity (N+) or positive margins R1
(defined as cancer cells within 1 mm of one or more resection margins), [5]. In particular, in the last 10
years, the contribution of adjuvant chemotherapy has become significant and has been responsible for
the improvement of surgery survival outcomes. Surgery guarantees about 8–10 months of survival,
associated with a significant rate of local and distant recurrences [6,7]. Large randomized controlled
trials (ESPAC-1 [8,9], CONKO-001 [10], ESPAC-3 [11], JASPAC-01 [12]) have investigated the efficacy
and safety of 6 months gemcitabine or 5-fluorouracil (FU)/ folinic acid (FA) (or its variant used in
Asian countries, named S-1) adjuvant treatment in resected PC patients, with a median overall survival
(OS) of about 20 months. More recently, studies on gemcitabine- or 5-FU/FA-based combination
therapies have investigated whether further intensification of chemotherapy is feasible in adjuvant
settings and whether it will improve disease-free survival (DFS) and/or OS compared to the standard
gemcitabine monotherapy. Three possible therapeutic options are available as new standards in the
adjuvant setting: gemcitabine–capecitabine (gem-cap) [13], modified 5-FU/FA–irinitecan–oxaliplatin
(mFOLFIRINOX) [14], and gemcitabine-nab/paclitaxel (gem-nab/P) [15] (the latter is under investigation
by the USA Food and Drugs Administration for issues related to the choice of the primary endpoint of
the study). As of the time of conception of this article, the international regulatory authorities limit the
use of these combinations because of the short time elapsed since the publication of the results. Recently
updated guidelines of the American Society of Clinical Oncology (ASCO) recommend 6 months of
adjuvant chemotherapy following resection for PC, preferably with a combination of gemcitabine and
capecitabine, and either with gemcitabine monotherapy or 5-FU/FA in cases of concerns regarding
toxicity or tolerance [11]. This preferred adjuvant regimen might trouble clinicians in current clinical
practice due to the lack of objective parameters from prospective randomized studies comparing the
different therapeutic options. Results from retrospective comparisons between mFOLFIRINOX and
gem-nab/p strategies are available only in advanced settings, and suggest no difference in efficacy [16].
In order to provide solid evidence, we analyzed and compared the efficacy and safety of adjuvant
options for resected PC (gem-cap, mFOLFIRINOX, and gem-nab/P) through a systematic review of
data reported in the international literature.

2. Results

The search for literature identified a total of 787 records; of these, 740 records were excluded
because they were systematic reviews or meta-analyses, retrospective or phase I/II studies, not human
studies, consensus, or guidelines. A total of 47 trials were assessed for eligibility and 44 were excluded
because no data about the principal outcomes of our indirect comparison (overall DFS/EFS/RFS, OS,
discontinuation rate, grade 3–5 (G3–G5) most common AEs) were reported. Finally, a total of three
studies met all the inclusion/exclusion criteria and were included in the indirect comparison (Figure 1,
Tables 1 and 2)
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Figure 1. Flow diagram (CONSORT) for studies included in the meta-analysis (according to the 
PRISMA statement. 

Table 1. Characteristics of the Trials Included in the Indirect Comparison. 

Study (Reference) Drug n 
DFS/RFS/EFS 
HR (95% CI) 

OS 
HR (95% CI) 

G3–G5  
AEs n. (%) 

Discontin
uation 

rate n. (%) 

R1 
DFS/RFS/EFS 
HR (95% CI) 

R0 
DFS/RFS/EFS 
HR (95% CI) 

Neoptolemos J.P.et 
al (ESPAC-4) [13] 

Gem + Cape 364 
0.86 (0.73–1.02) 0.82 (0.68–0.98) 

226/359 (63) 11/364 
0.90 (0.72–1.13) 0.68 (0.49–0.93) 

Gem 366 199/366 (54) 11/366 
Tampero M.A. et al 

(APACT) [15] 
Gem + Nab-P 432 

0.88 (0.73–1.06) 0.82 (0.68–1.00) 
176/429 

NA 0.75 (0.53–1.07) 0.90 (0.72–1.13) 
Gem 434 96/423 

Conroy T. et al 
(PRODIGE 24) [14] 

Folfirinox 247 
0.59 (0.47–0.74) 0.66 (0.49–0.89) 

180 (75.5) 80/247 
0.52 (0.37–0.72) 0.72 (0.53–0.98) 

Gem 246 128 (51.1) 51/246 

Table 2. Side-effects rates of the Trials included in the Indirect Comparison 

Study (reference) Drug 
Neutropenia 

n. (%) 
Anemia  

n. (%) 
Fatigue  
n. (%) 

Diarrhea  
n. (%) 

Neuropathy 
n. (%) 

Paresthesia  
n. (%) 

Neoptolemos J.P.et 
al (ESPAC-4) [13] 

Gem + Cape 
Gem 

137 (38) 
89 (24) 

8 (2) 
14 (4) 

20 (6) 
19 (5) 

19 (5) 
6 (2) 

NA NA 

Tampero M.A. et al 
(APACT) [15] 

Gem + Nab-P 
Gem 

212 (49) 
184 (43) 

63 (14) 
33 (8) 

43 (10) 
13 (3) 

22 (5) 
4 (1) 

64 (15) 
0 (0) 

NA 

Conroy T. et al 
(PRODIGE 24) [14] 

Folfirinox 
Gem 

67/238 (28.4) 
63/243 (26) 

8 (3.4) 
6 (2.5) 

26 (11) 
11 (4.6) 

44 (18.6) 
9 (3.7) 

22 (9.3) 
0 (0) 

30 (12.7) 
0 (0) 

ORR: overall response rate; PFS: progression-free survival; OS: overall survival; PD-L1: Programmed 
death-ligand 1; n.: number; HR: hazard ratio; CI: confidence interval; NA: not available.  

3. Combination Regimens vs. Gemcitabine Alone 

Three RCTs enrolling 2089 patients evaluated combination regimens (gem-cap, 
mFOLFIRINOX, and gem-nab/P) vs. gemcitabine alone in adjuvant PC settings. Pooled results 
showed statistically significant differences in terms of DFS/EFS/RFS (HR 0.76, 95% CI 0.67–0.86) and 
OS (HR 0.79, 95% CI 0.70–0.89), favoring combination regimens. Subgroup analysis of margin status 
confirmed this DFS/EFS/RFS benefit in both R0 (HR 0.79, 95% CI 0.66–0.94) and R1 (HR 0.72, 95% CI 
0.52–0.99) subgroups (Figure 2). As regards safety endpoints, drug combinations have been shown 
to significantly increase drug-related risk of G3-G5 AEs (RR 1.43, 95% CI 1.12–1.81). In particular, 
for the most common toxicities, an increased risk was registered for neutropenia (RR 1.25, 95% CI 
1.00–1.56), fatigue (RR 2.00, 95% CI 1.01–3.97), diarrhea (RR 4.42, 95% CI 2.71–7.20), neuropathy (RR 
76.44, 95% CI 10.65–548.90), and paresthesia (RR 62.28, 95% CI 3.83–1012.64). No significant 

Figure 1. Flow diagram (CONSORT) for studies included in the meta-analysis (according to the
PRISMA statement.

Table 1. Characteristics of the Trials Included in the Indirect Comparison.

Study (Reference) Drug n DFS/RFS/EFS
HR (95% CI)

OS HR
(95% CI)

G3–G5
AEs n.

(%)

Discontinuation
Rate n. (%)

R1
DFS/RFS/EFS
HR (95% CI)

R0
DFS/RFS/EFS
HR (95% CI)

Neoptolemos J.P.et al
(ESPAC-4) [13]

Gem +
Cape 364 0.86 (0.73–1.02) 0.82

(0.68–0.98)

226/359
(63) 11/364 0.90 (0.72–1.13) 0.68 (0.49–0.93)

Gem 366 199/366
(54) 11/366

Tampero M.A. et al
(APACT) [15]

Gem +
Nab-P 432 0.88 (0.73–1.06) 0.82

(0.68–1.00)
176/429

NA 0.75 (0.53–1.07) 0.90 (0.72–1.13)

Gem 434 96/423

Conroy T. et al
(PRODIGE 24) [14]

Folfirinox 247 0.59 (0.47–0.74) 0.66
(0.49–0.89)

180 (75.5) 80/247 0.52 (0.37–0.72) 0.72 (0.53–0.98)
Gem 246 128 (51.1) 51/246

Table 2. Side-effects rates of the Trials included in the Indirect Comparison.

Study (Reference) Drug Neutropenia
n. (%)

Anemia n.
(%)

Fatigue n.
(%)

Diarrhea
n. (%)

Neuropathy
n. (%)

Paresthesia
n. (%)

Neoptolemos J.P. et
al. (ESPAC-4) [13]

Gem +
Cape Gem

137 (38)
89 (24)

8 (2)
14 (4)

20 (6)
19 (5)

19 (5)
6 (2) NA NA

Tampero M.A. et al.
(APACT) [15]

Gem +
Nab-P
Gem

212 (49)
184 (43)

63 (14)
33 (8)

43 (10)
13 (3)

22 (5)
4 (1)

64 (15)
0 (0) NA

Conroy T. et al.
(PRODIGE 24) [14]

Folfirinox
Gem

67/238 (28.4)
63/243 (26)

8 (3.4)
6 (2.5)

26 (11)
11 (4.6)

44 (18.6)
9 (3.7)

22 (9.3)
0 (0)

30 (12.7)
0 (0)

ORR: overall response rate; PFS: progression-free survival; OS: overall survival; PD-L1: Programmed death-ligand
1; n.: number; HR: hazard ratio; CI: confidence interval; NA: not available.

3. Combination Regimens vs. Gemcitabine Alone

Three RCTs enrolling 2089 patients evaluated combination regimens (gem-cap, mFOLFIRINOX,
and gem-nab/P) vs. gemcitabine alone in adjuvant PC settings. Pooled results showed statistically
significant differences in terms of DFS/EFS/RFS (HR 0.76, 95% CI 0.67–0.86) and OS (HR 0.79, 95%
CI 0.70–0.89), favoring combination regimens. Subgroup analysis of margin status confirmed this
DFS/EFS/RFS benefit in both R0 (HR 0.79, 95% CI 0.66–0.94) and R1 (HR 0.72, 95% CI 0.52–0.99)
subgroups (Figure 2). As regards safety endpoints, drug combinations have been shown to significantly
increase drug-related risk of G3-G5 AEs (RR 1.43, 95% CI 1.12–1.81). In particular, for the most common
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toxicities, an increased risk was registered for neutropenia (RR 1.25, 95% CI 1.00–1.56), fatigue (RR 2.00,
95% CI 1.01–3.97), diarrhea (RR 4.42, 95% CI 2.71–7.20), neuropathy (RR 76.44, 95% CI 10.65–548.90),
and paresthesia (RR 62.28, 95% CI 3.83–1012.64). No significant differences were noted for anemia risk
(RR 1.20, 95% CI 0.56–2.55). Discontinuation rate due to toxicity onset was significantly associated
with combination strategy (RR 1.48, 95% CI 1.11–1.97) (see Supplementary Material, Figure S1).
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4. Indirect Comparisons

4.1. mFOLFIRINOX vs. Gemcitabine–Capecitabine

We used a meta-analytic technique to make an indirect comparison between mFOLFIRINOX and
gem-cap strategies in terms of clinical and safety endpoints. For clinical endpoints, mFOLFIRINOX
showed a significantly better overall DFS/EFS/RFS outcome (HR 0.69, 95% CI 0.52–0.91), with a
strong efficacy in the R1 patient subgroup (HR 0.58, 95% CI 0.38–0.87). No significant difference was
noted in terms of OS (HR 0.80, 95% CI 0.57–1.14) (Figure 3a). In terms of the most common safety
events, the mFOLFIRINOX strategy significantly increased the risk for a G3-G5 AE (RR 1.24, 95% CI
1.03–1.50), although only a non-statistically-significant trend was associated with anemia, diarrhea,
and fatigue toxicities. A trend over neutropenia increase with gem-cap combination was reported and
no between-treatments difference was registered in terms of discontinuation rate. Neuropathy and
paresthesia differences were not estimable because of a lack of data for ESPAC-4 and APACT trials
(Figure 4a).
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Figure 4. Forest plot for toxicity indirect comparisons among combination regimens in resected PC
patients: mFOLFIRINOX vs. gem-cap (a); mFOLFIRINOX vs. gem-nab/P (b); gem-nab/P vs. gem-cap
(c). DFS/RFS/EFS: disease-free survival/relapse-free survival/event-free survival; AEs: Adverese events;
OS: Overall Survival; SE: Standard error; CI: Confidence interval.
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4.2. mFOLFIRINOX vs. Gemcitabine–Nab/Paclitaxel

For clinical endpoints, our indirect comparison showed significantly better overall DFS/EFS/RFS
for mFOLFIRINOX combination (HR 0.67, 95% CI 0.50–0.90), although no specific relationship with
margin status was underlined. Only a trend towards better OS for mFOLFIRINOX was shown (HR
0.80, 95% CI 0.56–1.15) (Figure 3b). Regarding the most common safety events, mFOLFIRINOX
strategy showed a trend towards reduced risk for a G3–G5 AE (RR 0.80, 95% CI 0.62–1.02), and
non-statisticallysignificant differences were associated with anemia, diarrhea, fatigue, neuropathy, and
neutropenia. Paresthesia and discontinuation rate were not evaluated because of a lack of data for the
APACT trial (Figure 4b).

4.3. Gemcitabine–Nab/Paclitaxel vs. Gemcitabine–Capecitabine

As regards clinical endpoints, our indirect comparison showed no between-treatment difference
in terms of overall DFS/EFS/RFS (HR 1.02, 95% CI 0.80–1.31), although an improved trend for R0 was
shown for the gem-cap combination, while the gem-nab/p combination showed a better efficacy trend
in the R1 subgroup. No OS difference was registered (Figure 3c). Regarding the most common safety
events, the gem-nab/p strategy was associated with a significantly increased risk for a G3–G5 AE (RR
1.56, 95% CI 1.22–1.99), particularly anemia (RR 3.30, 95% CI 1.27–8.54) and fatigue (RR 3.10, 95% CI
1.31–7.35). Only a trend was registered for fatigue.

The gem-cap combination was associated with a reduced risk for neutropenia (RR 0.73, 95% CI
0.56–0.95).

Paresthesia, neuropathy, and discontinuation rate were not evaluated because of a lack of data for
the APACT and ESPAC-4 trials (Figure 4c).

5. Risk of Bias Assessment (JADAD Scale)

A publication bias test is necessary in a meta-analysis including at least three studies. In our
analysis, Egger’s test was conducted on the three evaluated trials comparing combination regimens vs
gemcitabine alone, showing no statistical significance (p = 0.27) (funnel plot, Figure 5). The overall
quality assessment was conducted according to the CONSORT checklist statement. We reported an
average good quality of all trials. Some problems related to the “blinding of participants and personnel
(performance bias)” domain were noted because all evaluated publications were open-label studies.
Risk were unclear for the APACT trial, because this study had not been published in its full text at the
time of publication of our manuscript (see Supplementary Material, Figure S2).
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6. Discussion

Despite all the available therapeutic options, PC remains the neoplasm with the worst prognosis,
even if diagnosed at an early stage. This unfavorable trend in developed countries is supported by late
diagnosis, early spreading at a distance, and poor sensitivity to chemo-radiotherapy treatments [10,
17,18]. Furthermore, only about half of patients undergo post-operative adjuvant treatment due to
post-operative clinical conditions and modest performance status [19–21]. Therefore, the main aim of
an adjuvant regimen is a favorable ratio between benefits (decrease in relapse rate, OS prolongation)
and costs (toxicity, financial health). Although gemcitabine has been considered the best option in
this setting in recent years, some new chemotherapeutic combinations have been developed based on
great results obtained in palliative settings. Despite this, no data from comparative studies between
the different options or international guidelines can suggest an effective criterion for selecting the
correct adjuvant strategy for an individual patient. The aim of this indirect comparison was to evaluate
the impact of combination regimes in radically operated PC, and also to assess whether a preferable
regimen exists. First, from our results emerged the finding that the combination strategy has shown a
clear benefit in terms of DFS/EFS/RFS with no significant impact on margin status. The significant
impact of these results translates into a 21% reduction in global mortality and in a 43% increase in the
risk of developing severe toxicities.

mFOLFIRINOX consists of a kind of FOLFIRINOX (fluorouracil bolus suppression, irinotecan dose
reduction) investigated to decrease hematological and non-hematological effects (especially nausea and
vomiting). In the PRODIGE-24 study, patients randomly underwent a modified FOLFIRINOX regimen
or a gemcitabine regimen for 24 weeks. The modified FOLFIRINOX regimen consisted of oxaliplatin
85 mg/m2, leucovorin 400 mg/m2, irinotecan 150 mg/m2, and continuous fluorouracil 2400 mg/m2,
without bolus fluorouracil. However, mFOLFIRINOX remains a protocol with many side effects,
so it could be administered especially to fit patients [22,23], since in the adjuvant setting there are no
serological alterations (such as an increase in bilirubin) which may affect the use of irinotecan [24].
Certainly, the choice of adjuvant treatment can also affect the choice of first-line treatment, since
the appearance of oxaliplatin neuropathy makes it difficult to subsequently use a combination with
nab-paclitaxel. Despite these limitations, our results suggest for the first time that mFOLFIRINOX may
be an appropriate therapeutic standard in patients with good PS (0–1 ECOG) after surgery, despite
some potential limitations in interpreting the surprising OS results of the gemcitabine control arm in
the PRODIGE-24 study—probably due to the use of mFOLFIRINOX and other active regimens after
disease recurrence [25], since similar DFS excludes the possibility of selection bias. Clinical parameters
could be used to select patients for mFOLFIRINOX approach. Recently, Schlick et al [26] evaluated
123 metastatic PC (mPC) patients who underwent FOLFIRINOX treatment, showing by multivariate
analysis that BMI > 25 and CEA > 4 at the time of onset of advanced disease could be interpreted
as independent negative prognostic factors for OS and for toxicity, also suggesting a role for clinical
parameters in patient selection. Other parameters such as the neutrophil-to-lymphocyte ratio (NLR),
a marker of systemic inflammation, could be considered for selection, but further clinical studies are
needed to support this [27], especially in an adjuvant setting.

In the ESPAC-4 study, the gem-cap cohort received adjuvant gemcitabine (at the standard dose
of 1000 mg/m2) in association with oral capecitabine at the dose of 830 mg/m2 twice a day on days
1-21/28) for a total of six cycles. The gem-cap combination aimed to harness the synergistic antitumor
activity of gemcitabine and capecitabine, with its peculiar pharmacokinetic activities in intestine,
able to produce higher levels of 5-fluorouracil in the tumor microenvironment after a three step
enzymatic conversion while limiting systemic side effects. The use of capecitabine, although not
supported by significant benefits in clinical studies, is considered reasonable because of improved
patient quality of life outcomes, as well as the absence of valid therapeutic alternatives. Furthermore,
these favorable properties of capecitabine suggest that its efficacy and safety should be tested within
the mFOLFIRINOX regimen in place of the 5-FU/FA infusion, especially since the SOXIRI regimen
(S-1, oxaliplatin, and irinotecan) is showing promising results in metastatic PC [28]. Although our
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analysis showed significant superiority of the mFOLFIRINOX regimen compared to the gem-cap
combination in terms of DFS/EFS/RFS, especially in R1 patients (60%), the superior toxicity profile of
mFOLFIRINOX (with the exception of neutropenia) may not recommend its use in patients with less
favorable performance status or with comorbidity. In addition, the gem-cap cohort contained more
unfavorable prognosis patients (locally advanced, large or not completely removed tumors), and was
probably more representative of the real-world experience.

The addition of nab-paclitaxel to gemcitabine could constitute a new therapeutic option for
radically resected patient PC. In the APACT trial, patients were randomized to receive six cycles of
either nab-paclitaxel 125 mg/m2 plus gemcitabine 1000 mg/m2, or gemcitabine alone at 1000 mg/m2 on
Days 1, 8, and 15 of a 4 week cycle. The choice of primary endpoint of the phase III APACT study
(independently assessed DFS based on radiographic review) may have affected the overall result of
the study and therefore the registration of the protocol. However, our analysis suggested that the
gem-nab/P combination is inferior in terms of DFS/EFS/RFS if compared with the mFOLFIRINOX
regimen, but superior to the gem-cap regimen in patients with R1 surgery. Gem-nab/P also demonstrates
a toxicity profile similar to mFOLFIRINOX (with the exception of neuropathy), although it is more
toxic compared to the combination with capecitabine (with the exception of neutropenia). In the next
few years, much more information will probably come out regarding the prognosis and the efficacy
of these new regimens as a consequence of the advent of liquid biopsy techniques. In fact, liquid
biopsy allows traditional limitations of tissue biopsy linked to spatial and temporal heterogeneity to be
overcome, with the advantage of being less invasive and easily repeatable. Extensive evidence suggests
that high levels of circulating tumor DNA (ctDNA) may predict disease progression in mPC [29–31].
To investigate ctDNA in an adjuvant setting could help to select patients with minimal residual disease
at risk of post-surgical recurrence, probably even better than the use of circulating tumor cells (CTC) or
CA19.9, although nowadays definitive data are not disposable [32–34]. It is desirable that in the near
future, these biological factors could be used to select patients on whom to use adjuvant chemotherapy,
preventing unnecessary toxicity and saving costs for patients and health systems.

Certainly, despite the above-mentioned improvements, PC management remains difficult, linked to
the patients’ clinical conditions after surgery. In fact, up to 50% of patients develop major post-operative
complications that affect the adjuvant chemotherapy completion rate (around 54–79% in highly selected
patients from randomized trials) [13,14,35–37]. Furthermore, early relapse affects about one third
of patients, making the administration of preventive chemotherapy unnecessary [38,39]. A recent
retrospective analysis of about 2500 radically operated PC showed that the small proportion of
patients (about 10%) who completed the adjuvant chemotherapy protocol reported better survival
outcomes (22 months) than those who partially completed the protocol (17 months) or who did not
have chemotherapy (14 months). Our indirect comparison results underlined that mFOLFIRINOX
has a higher discontinuation rate (trend) compared to the gem-cap combination, suggesting great
benefits of mFOLFIRINOX for those selected patients able to complete the chemotherapy protocol [40],
although data concerning the combination with nab/P have not yet been reported. Our analysis
carried some limitations linked to the modest number of trials available with which to compare the
three chemotherapeutic regimens, the enrolled populations (the gem-cap combination group had high
numbers of PS1, R1, and node-positive patients; mFOLFIRINOX high CA.19 level) and the different
primary endpoints (DFS/RFS/EFS for mFOLFIRINOX and gem-nab/P and OS for gem-cap). In our
opinion, the different rate of R1 patients and the good performance of the PRODIGE-24 gemcitabine
control group could explain overall survival trend identified in our analysis, because of high rate of
other active regimens (e.g., FOLFIRINOX) used after disease progression.

To our knowledge, our indirect comparison is the first valid attempt to provide robust evidence in
a PC adjuvant setting supporting an mFOLFIRINOX regimen as a preferable therapeutic approach
in fit patients. In fact, despite the already known severe toxicity profile of mFOLFIRINOX, a recent
systematic review of the literature with meta-analysis [41] established that mFOLFIRINOX produces
similar survival benefits with reduced adverse event rates. Similar results have been obtained from
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"real-world" experiences [42]. Despite this, it is desirable to collect data in the future about the efficacy
and safety of these new regimens in an unselected population of real-world PC resected patients
in order to highlight any significant differences between this context and the registrational trials.
The combination gemcitabine-based regimens with the addition of capecitabine or nab/paclitaxel
should be considered two valid therapeutic alternatives in patients judged unfit for mFOLFIRINOX
(nab/paclitaxel if approved by international regulatory agencies). In patients with an unfavorable
performance status not eligible for combination therapy, treatment with gemcitabine or 5-fluorouracil
monotherapy for 6 months can be considered a reasonable option. Several questions regarding the
possible use of mFOLFIRINOX in combination with radiotherapy or as a neoadjuvant treatment should
be investigated.

7. Materials and Methods

7.1. Search for Trials

We searched for results of randomized controlled trials (RCTs) comparing combination regimens
with gemcitabine alone, historically considered the standard adjuvant regimen in patients with
histologically proven diagnoses of PC. Data available up to November 2019 on Medline (PubMed
(https://www.ncbi.nlm.nih.gov/pubmed/, accessed on 15 December 2019)), EMBASE databases,
Cochrane-Library, and TCGA database were collected, without language restrictions; relevant abstracts
published on the ASCO and the European Society of Medical Oncology (ESMO) databases, as
well as unpublished data or results from ongoing studies available on the National Institute of
Health (NIH) website (www.clinicaltrials.gov) were also considered as a source of grey literature.
We used the following free term strategy: “pancreatic”, “adjuvant”, “resected”, “gemcitabine”,
“chemotherapy”, “drug therapy”, and “pancreatic neoplasm”. We produced the following search string:
((“Pancreatic Neoplasms”[Mesh] OR “pancreatic”[tiab]) AND (“adjuvant”[tiab] OR “resected”[tiab])
AND (“gemcitabine”[Supplementary Concept] OR “gemcitabine”[tiab] OR “gem”[tiab]) AND (“drug
therapy”[MeSH Terms] OR “chemotherapy”[tiab])).

7.2. Selection Criteria

The outcomes were DFS (disease-free survival), EFS (event-free survival), RFS (relapse-free
survival), OS (overall survival), and discontinuation rate. R0 surgical margin was defined as absence
of tumor cells within 1 mm of all resection margins; R1 surgical margin was defined as presence of
tumor cells within 1 mm of one or more resection margins (microscopic positive margin). Safety
data (AEs—adverse events) were included in our analysis according to common terminology criteria
for adverse event (CTCAE) grading. We excluded non-phase III randomized or cross-sectional,
case–control, cohort, or retrospective studies and studies assessing the role of chemo-radiation or
targeted therapies in an adjuvant setting. We also excluded trials in which outcome data were
unavailable, ongoing studies, and studies with small sample sizes (fewer than 10 patients per arm).

7.3. Data Extraction and Risk of Bias Assessment

To minimize the risk of bias, we excluded observational trials. In the case of articles with follow-ups
published over time, we decided to include the most updated and methodically valid one. Two review
authors (A.G. and N.S.) independently screened articles for inclusion and were responsible for data
extraction and assessment. Details about study structure, participants, rules, efficacy, and safety were
recorded. Incongruences and disagreements were solved by discussing with another author (A.R.).
We made a quality analysis of selected trials following the criteria reported in the Cochrane Handbook
for Systematic Reviews of Interventions [43] including allocation concealment, blinding of participants,
personnel and outcome assessors, incomplete outcome data, sequence generation, elective outcome
reporting, and other sources of bias. For each study, we defined “Yes” as being at low risk of bias and
“No” as being at high risk of bias. We also defined “unclear” if there were insufficient data to make a

https://www.ncbi.nlm.nih.gov/pubmed/
www.clinicaltrials.gov


Cancers 2020, 12, 534 10 of 14

precise judgment. The risk of selective outcome reporting bias was also evaluated by two independent
reviewers (A.G. and N.S.) and disagreements were solved by consensus.

7.4. Assessment of Heterogeneity and Statistical Analysis

The analyzed outcomes for both direct and indirect comparisons were overall DFS/EFS/RFS,
OS, discontinuation rate, and grade 3–5 (G3–G5) most common AEs. In addition, DFS/EFS/RFS was
stratified, when possible, according to surgical margin (R0 or R1) status. We used hazard ratios (HRs)
to assess the associations for DFS/EFS/RFS and OS, with a 95% confidence interval (CI). For all other
outcomes (AEs, discontinuation rate), we calculated the total number of events over the total patients
randomized in each group, thus using risk ratios (RRs) as the measure of association. In the first phase
of the study, using meta-analysis techniques, we performed a direct comparison including all the RCTs
evaluating the efficacy of combination therapy (gem-cap, mFOLFIRINOX, and gem-nab/P) versus
standard gemcitabine alone, by calculating the logarithm of the HR (logHRs) or RR (logRRs) and their
relative standard error (SE) for all the RCTs included in this phase. Afterwards, we calculated the
pooled data of every comparison.

We took final estimates from direct comparisons in order to obtain the pooled estimates of HR and
RR needed for the indirect comparison [44]. The method used in the indirect comparison was the one
described by Bucher and Glenny, extended to calculate the HR [45,46]. We chose this method for its
ability to maintain the randomization advantage of each trial, providing an estimate of the comparison
between treatments. Assuming that mFOLFIRINOXST is the estimate of the direct comparison between
mFOLFIRINOX and gemcitabine, gem-capST is the estimate of the direct comparison between gem-cap
and gemcitabine, and the estimate of the indirect comparison between mFOLFIRINOX and gem-cap
can be calculated as follows: mFOLFIRINOX/gem-cap_indirect (logHR or logRR) = mFOLFIRINOXST

(logHR or logRR) − gem-capST (logHR or logRR).
The variance can be obtained with the following computation: Var (log

mFOLFIRINOX/gem-cap_indirect) = Var(log mFOLFIRINOXST) + Var(log gem-capST) [47].
The mFOLFIRINOX versus gem-cap heterogeneity between studies was evaluated using an I-squared
test. If the I-squared value was higher than 50%, with a high risk of heterogeneity, we performed
the meta-analysis using the random effect-based model by Der Simonian and Laird; for I-squared
values lower than 50%, we used the fixed-effect-based Mantel–Haenszel mode [46,48]. In our indirect
meta-analysis, for example, outcomes with HR < 1 suggested a better efficacy of mFOLFIRINOX,
whereas outcomes with RR < 1 suggested a better toxicity profile of the gem-cap regimen. The same
statistical considerations were used to make the mFOLFIRINOX versus Gem-nab/P and Gem-nab/P
versus gem-cap comparisons. As regards the between-studies bias, we performed a publication bias
test using Egger’s test, providing the associated funnel plot. The manuscript was done and reported
according to the PRISMA guidelines for reporting on systematic reviews [49]. The meta-analysis was
performed using Cochrane RevMan ver. 5.3 software [50], and p-values were considered statistically
significant if p < 0.05.

8. Conclusions

Our results confirmed a significant advantage in terms of DFS/EFS/RFS in the R1 cohort of
mFOLFIRINOX compared to the two gem-based combinations, and therefore strongly support the
pre-operative use of mFOLFIRINOX to increase the chance of R0 resection and reduce the incidence of
micro-metastases. The study of predictive biomarkers predictive could likely guide clinicians in the near
future to select the right patients for intensive chemotherapy treatment with mFOLFIRINOX [51,52].

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6694/12/3/534/s1,
Figure S1: Forest plots for toxicity between combination and single-agent regimens in resected PC patients. Figure
S2: Risk of bias graph: review author’s judgements about each risk of bias item presented as percentages across all
included studies (a); Risk of bias summary: review author’s judgements about each risk of bias item for each
included studies.

http://www.mdpi.com/2072-6694/12/3/534/s1


Cancers 2020, 12, 534 11 of 14

Author Contributions: A.G.: Conceptualization; Data curation; Formal analysis; Investigation; Methodology;
Project administration; Resources; Software; Supervision; Validation; Visualization; Original draft; Writing—review
& editing. M.C.: Project administration; Validation; Visualization. S.R.: Conceptualization; Data curation; Original
draft. N.S.: Conceptualization; Validation; Writing—review & editing. O.B.: Formal analysis; Software;
Methodology; Writing—review & editing. G.V.: Writing—review & editing. V.G.: Resources; Software. N.B.:
Validation; Visualization; Writing—review & editing. M.B.: Resources; Software. G.G. (Giovanni Guercio):
Supervision; Validation. G.G. (Giuseppa Graceffa): Writing—review & editing. F.F.: Supervision; Validation;
Original draft. S.G.: Conceptualization; Supervision; Writing—review & editing. V.B.: Investigation; Project
administration; Supervision. A.R.: Conceptualization; Supervision; Writing—review & editing. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Marco Bono is supported, for this research, by the University of Palermo (IT), Doctoral
Course of Experimental Oncology and Surgery, Cycle XXXIII. This research project was supported in part by the
Apuleian Regional Project “Medicina di Precisione”. All authors thank to Deborah Cerami for her contribution to
collect data and to perform statistical analyses. This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2020. CA Cancer J. Clin. 2020, 70, 7–30. [CrossRef]
2. Ryan, D.P.; Hong, T.S.; Bardeesy, N. Pancreatic adenocarcinoma. N. Engl. J. Med. 2014, 371, 1039–1049.

[CrossRef]
3. Kleeff, J.; Korc, M.; Apte, M.; La Vecchia, C.; Johnson, C.D.; Biankin, A.V.; Neale, R.E.; Tempero, M.;

Tuveson, D.A.; Hruban, R.H.; et al. Pancreatic cancer. Nat. Rev. Dis. Primers 2016, 2, 16022. [CrossRef]
4. Kamisawa, T.; Wood, L.D.; Itoi, T.; Takaori, K. Pancreatic cancer. Lancet 2016, 388, 73–85. [CrossRef]
5. Redmond, K.J.; Wolfgang, C.L.; Sugar, E.A.; Ahn, J.; Nathan, H.; Laheru, D.; Edil, B.H.; Choti, M.A.;

Pawlik, T.M.; Hruban, R.H.; et al. Adjuvant chemoradiation therapy for adenocarcinoma of the distal
pancreas. Ann. Surg. Oncol. 2010, 17, 3112–3119. [CrossRef]

6. Neoptolemos, J.P.; Kleeff, J.; Michl, P.; Costello, E.; Greenhalf, W.; Palmer, D.H. Therapeutic developments
in pancreatic cancer: Current and future perspectives. Nat. Rev. Gastroenterol. Hepatol. 2018, 15, 333–348.
[CrossRef]

7. Groot, V.P.; Rezaee, N.; Wu, W.; Cameron, J.L.; Fishman, E.K.; Hruban, R.H.; Weiss, M.J.; Zheng, L.;
Wolfgang, C.L.; He, J. Patterns, Timing, and Predictors of Recurrence Following Pancreatectomy for
Pancreatic Ductal Adenocarcinoma. Ann. Surg. 2018, 267, 936–945. [CrossRef]

8. Neoptolemos, J.P.; Dunn, J.A.; Stocken, D.D.; Almond, J.; Link, K.; Beger, H.; Bassi, C.; Falconi, M.;
Pederzoli, P.; Dervenis, C.; et al. Adjuvant chemoradiotherapy and chemotherapy in resectable pancreatic
cancer: A randomised controlled trial. Lancet 2001, 358, 1576–1585. [CrossRef]

9. Neoptolemos, J.P.; Stocken, D.D.; Friess, H.; Bassi, C.; Dunn, J.A.; Hickey, H.; Beger, H.; Fernandez-Cruz, L.;
Dervenis, C.; Lacaine, F.; et al. A randomized trial of chemoradiotherapy and chemotherapy after resection
of pancreatic cancer. N. Engl. J. Med. 2004, 350, 1200–1210. [CrossRef]

10. Oettle, H.; Post, S.; Neuhaus, P.; Gellert, K.; Langrehr, J.; Ridwelski, K.; Schramm, H.; Fahlke, J.; Zuelke, C.;
Burkart, C.; et al. Adjuvant chemotherapy with gemcitabine vs observation in patients undergoing
curative-intent resection of pancreatic cancer: A randomized controlled trial. JAMA 2007, 297, 267–277.
[CrossRef]

11. Neoptolemos, J.P.; Stocken, D.D.; Bassi, C.; Ghaneh, P.; Cunningham, D.; Goldstein, D.; Padbury, R.;
Moore, M.J.; Gallinger, S.; Mariette, C.; et al. Adjuvant chemotherapy with fluorouracil plus folinic acid
vs. gemcitabine following pancreatic cancer resection: A randomized controlled trial. JAMA 2010, 304,
1073–1081. [CrossRef]

12. Uesaka, K.; Boku, N.; Fukutomi, A.; Okamura, Y.; Konishi, M.; Matsumoto, I.; Kaneoka, Y.; Shimizu, Y.;
Nakamori, S.; Sakamoto, H.; et al. Adjuvant chemotherapy of S-1 versus gemcitabine for resected pancreatic
cancer: A phase 3, open-label, randomised, non-inferiority trial (JASPAC 01). Lancet 2016, 388, 248–257.
[CrossRef]

http://dx.doi.org/10.3322/caac.21590
http://dx.doi.org/10.1056/NEJMra1404198
http://dx.doi.org/10.1038/nrdp.2016.22
http://dx.doi.org/10.1016/S0140-6736(16)00141-0
http://dx.doi.org/10.1245/s10434-010-1200-3
http://dx.doi.org/10.1038/s41575-018-0005-x
http://dx.doi.org/10.1097/SLA.0000000000002234
http://dx.doi.org/10.1016/S0140-6736(01)06651-X
http://dx.doi.org/10.1056/NEJMoa032295
http://dx.doi.org/10.1001/jama.297.3.267
http://dx.doi.org/10.1001/jama.2010.1275
http://dx.doi.org/10.1016/S0140-6736(16)30583-9


Cancers 2020, 12, 534 12 of 14

13. Neoptolemos, J.P.; Palmer, D.H.; Ghaneh, P.; Psarelli, E.E.; Valle, J.W.; Halloran, C.M.; Faluyi, O.; O’Reilly, D.A.;
Cunningham, D.; Wadsley, J.; et al. Comparison of adjuvant gemcitabine and capecitabine with gemcitabine
monotherapy in patients with resected pancreatic cancer (ESPAC-4): A multicentre, open-label, randomised,
phase 3 trial. Lancet 2017, 389, 1011–1024. [CrossRef]

14. Conroy, T.; Hammel, P.; Hebbar, M.; Ben Abdelghani, M.; Wei, A.C.; Raoul, J.L.; Choné, L.; Francois, E.;
Artru, P.; Biagi, J.J.; et al. FOLFIRINOX or Gemcitabine as Adjuvant Therapy for Pancreatic Cancer. N. Engl.
J. Med. 2018, 379, 2395–2406. [CrossRef]

15. Tempero, M.A.; Reni, M.; Riess, H.; Pelzer, U.; O’Reilly, E.M.; Winter, J.M.; Oh, D.-Y.; Li, C.-P.; Tortora, G.;
Chang, H.-M.; et al. APACT: Phase III, multicenter, international, open-label, randomized trial of
adjuvant nab-paclitaxel plus gemcitabine (nab-P/G) vs gemcitabine (G) for surgically resected pancreatic
adenocarcinoma. J. Clin. Oncol. 2019, 37, 4000. [CrossRef]

16. Kang, J.; Hwang, I.; Yoo, C.; Kim, K.P.; Jeong, J.H.; Chang, H.M.; Lee, S.S.; Park, D.H.; Song, T.J.; Seo, D.W.;
et al. Nab-paclitaxel plus gemcitabine versus FOLFIRINOX as the first-line chemotherapy for patients with
metastatic pancreatic cancer: Retrospective analysis. Invest. New Drugs 2018, 36, 732–741. [CrossRef]

17. Van den Broeck, A.; Sergeant, G.; Ectors, N.; Van Steenbergen, W.; Aerts, R.; Topal, B. Patterns of recurrence
after curative resection of pancreatic ductal adenocarcinoma. Eur. J. Surg. Oncol. 2009, 35, 600–604. [CrossRef]

18. Kayahara, M.; Nagakawa, T.; Ueno, K.; Ohta, T.; Takeda, T.; Miyazaki, I. An evaluation of radical resection
for pancreatic cancer based on the mode of recurrence as determined by autopsy and diagnostic imaging.
Cancer 1993, 72, 2118–2123. [CrossRef]

19. Mayo, S.C.; Gilson, M.M.; Herman, J.M.; Cameron, J.L.; Nathan, H.; Edil, B.H.; Choti, M.A.; Schulick, R.D.;
Wolfgang, C.L.; Pawlik, T.M. Management of patients with pancreatic adenocarcinoma: National trends in
patient selection, operative management, and use of adjuvant therapy. J. Am. Coll. Surg. 2012, 214, 33–45.
[CrossRef]

20. Aloia, T.A.; Aloia, T.E.; Lee, J.E.; Vauthey, J.N.; Abdalla, E.K.; Wolff, R.A.; Varadhachary, G.R.; Abbruzzese, J.L.;
Crane, C.H.; Evans, D.B.; et al. Delayed recovery after pancreaticoduodenectomy: A major factor impairing
the delivery of adjuvant therapy? J. Am. Coll. Surg. 2007, 204, 347–355. [CrossRef]

21. Wu, W.; He, J.; Cameron, J.L.; Makary, M.; Soares, K.; Ahuja, N.; Rezaee, N.; Herman, J.; Zheng, L.; Laheru, D.;
et al. The impact of postoperative complications on the administration of adjuvant therapy following
pancreaticoduodenectomy for adenocarcinoma. Ann. Surg. Oncol. 2014, 21, 2873–2881. [CrossRef]

22. Lambert, A.; Gavoille, C.; Conroy, T. Current status on the place of FOLFIRINOX in metastatic pancreatic
cancer and future directions. Ther. Adv. Gastroenterol. 2017, 10, 631–645. [CrossRef]

23. Yang, F.; Jin, C.; Fu, D.L.; Warshaw, A.L. Modified FOLFIRINOX for resected pancreatic cancer: Opportunities
and challenges. World J. Gastroenterol. 2019, 25, 2839–2845. [CrossRef]

24. Wang-Gillam, A.; Hubner, R.A.; Siveke, J.T.; Von Hoff, D.D.; Belanger, B.; de Jong, F.A.; Mirakhur, B.;
Chen, L.T. NAPOLI-1 phase 3 study of liposomal irinotecan in metastatic pancreatic cancer: Final overall
survival analysis and characteristics of long-term survivors. Eur. J. Cancer 2019, 108, 78–87. [CrossRef]

25. Kindler, H.L. A Glimmer of Hope for Pancreatic Cancer. N. Engl. J. Med. 2018, 379, 2463–2464. [CrossRef]
26. Schlick, K.; Magnes, T.; Ratzinger, L.; Jaud, B.; Weiss, L.; Melchardt, T.; Greil, R.; Egle, A. Novel models for

prediction of benefit and toxicity with FOLFIRINOX treatment of pancreatic cancer using clinically available
parameters. PLoS ONE 2018, 13, e0206688. [CrossRef]

27. de Jesus, V.H.F.; Camandaroba, M.P.G.; Donadio, M.D.S.; Cabral, A.; Muniz, T.P.; de Moura Leite, L.;
Sant’Ana, L.F. Retrospective comparison of the efficacy and the toxicity of standard and modified FOLFIRINOX
regimens in patients with metastatic pancreatic adenocarcinoma. J. Gastrointest. Oncol. 2018, 9, 694–707.
[CrossRef]

28. Akahori, T.; Sho, M.; Yanagimoto, H.; Satoi, S.; Nagai, M.; Nishiwada, S.; Nakagawa, K.; Nakamura, K.;
Yamamoto, T.; Hirooka, S.; et al. Phase II Study of the Triple Combination Chemotherapy of SOXIRI
(S-1/Oxaliplatin/Irinotecan) in Patients with Unresectable Pancreatic Ductal Adenocarcinoma. Oncologist
2019, 24, 749–e224. [CrossRef]

29. Yadav, D.K.; Bai, X.; Yadav, R.K.; Singh, A.; Li, G.; Ma, T.; Chen, W.; Liang, T. Liquid biopsy in pancreatic
cancer: The beginning of a new era. Oncotarget 2018, 9, 26900–26933. [CrossRef]

30. Tjensvoll, K.; Lapin, M.; Buhl, T.; Oltedal, S.; Steen-Ottosen Berry, K.; Gilje, B.; Søreide, J.A.; Javle, M.;
Nordgård, O.; Smaaland, R. Clinical relevance of circulating KRAS mutated DNA in plasma from patients
with advanced pancreatic cancer. Mol. Oncol. 2016, 10, 635–643. [CrossRef]

http://dx.doi.org/10.1016/S0140-6736(16)32409-6
http://dx.doi.org/10.1056/NEJMoa1809775
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.4000
http://dx.doi.org/10.1007/s10637-018-0598-5
http://dx.doi.org/10.1016/j.ejso.2008.12.006
http://dx.doi.org/10.1002/1097-0142(19931001)72:7&lt;2118::AID-CNCR2820720710&gt;3.0.CO;2-4
http://dx.doi.org/10.1016/j.jamcollsurg.2011.09.022
http://dx.doi.org/10.1016/j.jamcollsurg.2006.12.011
http://dx.doi.org/10.1245/s10434-014-3722-6
http://dx.doi.org/10.1177/1756283X17713879
http://dx.doi.org/10.3748/wjg.v25.i23.2839
http://dx.doi.org/10.1016/j.ejca.2018.12.007
http://dx.doi.org/10.1056/NEJMe1813684
http://dx.doi.org/10.1371/journal.pone.0206688
http://dx.doi.org/10.21037/jgo.2018.04.02
http://dx.doi.org/10.1634/theoncologist.2018-0900
http://dx.doi.org/10.18632/oncotarget.24809
http://dx.doi.org/10.1016/j.molonc.2015.11.012


Cancers 2020, 12, 534 13 of 14

31. Berger, A.W.; Schwerdel, D.; Ettrich, T.J.; Hann, A.; Schmidt, S.A.; Kleger, A.; Marienfeld, R.; Seufferlein, T.
Targeted deep sequencing of circulating tumor DNA in metastatic pancreatic cancer. Oncotarget 2018, 9,
2076–2085. [CrossRef] [PubMed]

32. Nakano, Y.; Kitago, M.; Matsuda, S.; Nakamura, Y.; Fujita, Y.; Imai, S.; Shinoda, M.; Yagi, H.; Abe, Y.; Hibi, T.;
et al. KRAS mutations in cell-free DNA from preoperative and postoperative sera as a pancreatic cancer
marker: A retrospective study. Br. J. Cancer 2018, 118, 662–669. [CrossRef] [PubMed]

33. Lee, B.; Cohen, J.; Lipton, L.; Tie, J.; Javed, A.A.; Li, L.; Goldstein, D.; Cooray, P.; Nagrial, A.; Burge, M.E.; et al.
Potential role of circulating tumor DNA (ctDNA) in the early diagnosis and post-operative management of
localised pancreatic cancer. J. Clin. Oncol. 2017, 35, 4101. [CrossRef]

34. Fanale, D.; Iovanna, J.L.; Calvo, E.L.; Berthezene, P.; Belleau, P.; Dagorn, J.C.; Ancona, C.; Catania, G.;
D’Alia, P.; Galvano, A.; et al. Analysis of germline gene copy number variants of patients with sporadic
pancreatic adenocarcinoma reveals specific variations. Oncology 2013, 85, 306–311. [CrossRef] [PubMed]

35. Sinn, M.; Bahra, M.; Liersch, T.; Gellert, K.; Messmann, H.; Bechstein, W.; Waldschmidt, D.; Jacobasch, L.;
Wilhelm, M.; Rau, B.M.; et al. CONKO-005: Adjuvant Chemotherapy with Gemcitabine Plus Erlotinib Versus
Gemcitabine Alone in Patients After R0 Resection of Pancreatic Cancer: A Multicenter Randomized Phase III
Trial. J. Clin. Oncol. 2017, 35, 3330–3337. [CrossRef] [PubMed]

36. Oettle, H.; Neuhaus, P.; Hochhaus, A.; Hartmann, J.T.; Gellert, K.; Ridwelski, K.; Niedergethmann, M.;
Zülke, C.; Fahlke, J.; Arning, M.B.; et al. Adjuvant chemotherapy with gemcitabine and long-term outcomes
among patients with resected pancreatic cancer: The CONKO-001 randomized trial. JAMA 2013, 310,
1473–1481. [CrossRef] [PubMed]

37. Valle, J.W.; Palmer, D.; Jackson, R.; Cox, T.; Neoptolemos, J.P.; Ghaneh, P.; Rawcliffe, C.L.; Bassi, C.;
Stocken, D.D.; Cunningham, D.; et al. Optimal duration and timing of adjuvant chemotherapy after definitive
surgery for ductal adenocarcinoma of the pancreas: Ongoing lessons from the ESPAC-3 study. J. Clin. Oncol.
2014, 32, 504–512. [CrossRef]

38. Labori, K.J.; Katz, M.H.; Tzeng, C.W.; Bjørnbeth, B.A.; Cvancarova, M.; Edwin, B.; Kure, E.H.; Eide, T.J.;
Dueland, S.; Buanes, T.; et al. Impact of early disease progression and surgical complications on adjuvant
chemotherapy completion rates and survival in patients undergoing the surgery first approach for resectable
pancreatic ductal adenocarcinoma—A population-based cohort study. Acta Oncol. 2016, 55, 265–277.
[CrossRef]

39. Tzeng, C.W.; Tran Cao, H.S.; Lee, J.E.; Pisters, P.W.; Varadhachary, G.R.; Wolff, R.A.; Abbruzzese, J.L.;
Crane, C.H.; Evans, D.B.; Wang, H.; et al. Treatment sequencing for resectable pancreatic cancer: Influence of
early metastases and surgical complications on multimodality therapy completion and survival. J. Gastrointest.
Surg. 2014, 18, 16–24. [CrossRef]

40. Altman, A.M.; Wirth, K.; Marmor, S.; Lou, E.; Chang, K.; Hui, J.Y.C.; Tuttle, T.M.; Jensen, E.H.; Denbo, J.W.
Completion of Adjuvant Chemotherapy After Upfront Surgical Resection for Pancreatic Cancer Is Uncommon
Yet Associated With Improved Survival. Ann. Surg. Oncol. 2019, 26, 4108–4116. [CrossRef]

41. Tong, H.; Fan, Z.; Liu, B.; Lu, T. The benefits of modified FOLFIRINOX for advanced pancreatic cancer and
its induced adverse events: A systematic review and meta-analysis. Sci. Rep. 2018, 8, 8666. [CrossRef]

42. Chllamma, M.K.; Cook, N.; Dhani, N.C.; Giby, K.; Dodd, A.; Wang, L.; Hedley, D.W.; Moore, M.J.; Knox, J.J.
FOLFIRINOX for advanced pancreatic cancer: The Princess Margaret Cancer Centre experience. Br. J. Cancer
2016, 115, 649–654. [CrossRef] [PubMed]

43. Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews of Interventions; John Wiley & Sons, Ltd.:
Hoboken, NJ, USA, 2011.

44. Jüni, P.; Altman, D.G.; Egger, M. Systematic reviews in health care: Assessing the quality of controlled clinical
trials. BMJ 2001, 323, 42–46. [CrossRef] [PubMed]

45. Bucher, H.C.; Guyatt, G.H.; Griffith, L.E.; Walter, S.D. The results of direct and indirect treatment comparisons
in meta-analysis of randomized controlled trials. J. Clin. Epidemiol. 1997, 50, 683–691. [CrossRef]

46. Glenny, A.M.; Altman, D.G.; Song, F.; Sakarovitch, C.; Deeks, J.J.; D’Amico, R.; Bradburn, M.; Eastwood, A.J.;
Group, I.S.T.C. Indirect comparisons of competing interventions. Health Technol. Assess 2005, 9, 1–134.
[CrossRef]

47. Lumley, T. Network meta-analysis for indirect treatment comparisons. Stat. Med. 2002, 21, 2313–2324.
[CrossRef]

http://dx.doi.org/10.18632/oncotarget.23330
http://www.ncbi.nlm.nih.gov/pubmed/29416754
http://dx.doi.org/10.1038/bjc.2017.479
http://www.ncbi.nlm.nih.gov/pubmed/29360815
http://dx.doi.org/10.1200/JCO.2017.35.15_suppl.4101
http://dx.doi.org/10.1159/000354737
http://www.ncbi.nlm.nih.gov/pubmed/24217364
http://dx.doi.org/10.1200/JCO.2017.72.6463
http://www.ncbi.nlm.nih.gov/pubmed/28817370
http://dx.doi.org/10.1001/jama.2013.279201
http://www.ncbi.nlm.nih.gov/pubmed/24104372
http://dx.doi.org/10.1200/JCO.2013.50.7657
http://dx.doi.org/10.3109/0284186X.2015.1068445
http://dx.doi.org/10.1007/s11605-013-2412-1
http://dx.doi.org/10.1245/s10434-019-07602-6
http://dx.doi.org/10.1038/s41598-018-26811-9
http://dx.doi.org/10.1038/bjc.2016.222
http://www.ncbi.nlm.nih.gov/pubmed/27467054
http://dx.doi.org/10.1136/bmj.323.7303.42
http://www.ncbi.nlm.nih.gov/pubmed/11440947
http://dx.doi.org/10.1016/S0895-4356(97)00049-8
http://dx.doi.org/10.3310/hta9260
http://dx.doi.org/10.1002/sim.1201


Cancers 2020, 12, 534 14 of 14

48. Borenstein, M.; Hedges, L.V.; Higgins, J.P.; Rothstein, H.R. A basic introduction to fixed-effect and
random-effects models for meta-analysis. Res. Synth. Methods 2010, 1, 97–111. [CrossRef]

49. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews
and meta-analyses: The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

50. Review Manager (RevMan) [Computer Program], version 5.3; The Nordic Cochrane Centre, The Cochrane
Collaboration: Copenhagen, Denmark, 2014.

51. Casadei, R.; Di Marco, M.; Ricci, C.; Santini, D.; Serra, C.; Calculli, L.; D’Ambra, M.; Guido, A.;
Morselli-Labate, A.M.; Minni, F. Neoadjuvant Chemoradiotherapy and Surgery Versus Surgery Alone
in Resectable Pancreatic Cancer: A Single-Center Prospective, Randomized, Controlled Trial Which Failed to
Achieve Accrual Targets. J. Gastrointest. Surg. 2015, 19, 1802–1812. [CrossRef]

52. Motoi, F.; Unno, M.; Takahashi, H.; Okada, T.; Wada, K.; Sho, M.; Nagano, H.; Matsumoto, I.; Satoi, S.;
Murakami, Y.; et al. Influence of preoperative anti-cancer therapy on resectability and perioperative outcomes
in patients with pancreatic cancer: Project study by the Japanese Society of Hepato-Biliary-Pancreatic Surgery.
J. Hepato Biliary Pancreat. Sci. 2014, 21, 148–158. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/jrsm.12
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1007/s11605-015-2890-4
http://dx.doi.org/10.1002/jhbp.15
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results 
	Combination Regimens vs. Gemcitabine Alone 
	Indirect Comparisons 
	mFOLFIRINOX vs. Gemcitabine–Capecitabine 
	mFOLFIRINOX vs. Gemcitabine–Nab/Paclitaxel 
	Gemcitabine–Nab/Paclitaxel vs. Gemcitabine–Capecitabine 

	Risk of Bias Assessment (JADAD Scale) 
	Discussion 
	Materials and Methods 
	Search for Trials 
	Selection Criteria 
	Data Extraction and Risk of Bias Assessment 
	Assessment of Heterogeneity and Statistical Analysis 

	Conclusions 
	References

