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Background
Most patients with pancreatic adenocarcinoma 
present with advanced disease at diagnosis. 
Roughly 50% of all patients are diagnosed with 
metastatic disease and approximately 30% of all 
patients have locally advanced/unresectable dis-
ease at presentation.1 Also, disease recurrence 
occurs in at least 50% of the patients submitted to 
surgery with curative intent. As a result, the vast 
majority of patients diagnosed with pancreatic 
cancer develop metastatic disease at some point 
of their diseases’ natural history.2

Currently, treatment-naïve patients with advanced 
pancreatic cancer are best treated using one of two 
different regimens: FOLFIRINOX or gemcitabine 
plus nab-paclitaxel.3,4 Both regimens have shown 
to be superior to single-agent gemcitabine in terms 
of response rate, progression-free survival (PFS), 
and overall survival (OS). Nevertheless, complete 
responses are rare and virtually all patients with 
advanced pancreatic cancer will experience disease 
progression.5 Randomized trials in the second-line 
setting have been undertaken exclusively after 
gemcitabine-based treatments and not a single 
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Abstract
Background: There are no randomized data to guide treatment decisions for patients with 
advanced pancreatic adenocarcinoma following first-line FOLFIRINOX. We performed a 
systematic review and meta-analysis of studies using gemcitabine-based chemotherapy after 
FOLFIRINOX to assess treatment efficacy and toxicity.
Methods: We included studies published between 2011 and 2018 that evaluated the efficacy 
and toxicity of gemcitabine-based chemotherapy after FOLFIRINOX in patients with advanced 
pancreatic adenocarcinoma. We searched PubMed, Embase, Scopus, and Web of Science. 
Primary outcomes were objective response rate (ORR), disease control rate (DCR), any grade 
3/4 toxicity rate, and progression-free survival (PFS). We used the random-effects model to 
generate pooled estimates for proportions.
Results: Sixteen studies met the eligibility criteria. Overall, ORR was 10.8%, DCR was 
41.1%, and any grade 3/4 toxicity rate was 28.6%. In subgroup analyses, gemcitabine plus 
nab-paclitaxel was associated with superior ORR (14.4 versus 8.4%; p = 0.038) and DCR (53.5 
versus 30.5%; p < 0.001) compared with single-agent gemcitabine. Median PFS ranged from 
1.9 to 6.4 months and numerically favored gemcitabine plus nab-paclitaxel.
Conclusions: Our study suggests gemcitabine-based chemotherapy likely outperforms best 
supportive care after FOLFIRINOX in advanced pancreatic cancer. Also, gemcitabine plus 
nab-paclitaxel seems to be more active than single-agent gemcitabine (CRD42018100421).

Keywords:  advanced, cancer, gemcitabine, FOLFIRINOX, pancreatic

Received: 20 September 2019; revised manuscript accepted: 14 January 2020.
Correspondence to:	  
Victor H. F. de Jesus  
Medical Oncology 
Department, A.C. Camargo 
Cancer Center, Rua Prof. 
Antônio Prudente, 211, São 
Paulo, 01509-010, Brazil. 
victor.jesus@accamargo.
org.br

Marcos P. G. Camandaroba  
Rachel P. Riechelmann  
Medical Oncology 
Department, A.C. Camargo 
Cancer Center, São Paulo, 
Brazil

Vinicius F. Calsavara  
Department of 
Epidemiology and 
Statistics – International 
Research Center (CIPE), 
A.C. Camargo Cancer 
Center, São Paulo, Brazil

905408 TAM0010.1177/1758835920905408Therapeutic Advances in Medical OncologyVHF de Jesus, MPG Camandaroba
research-article20202020

Systematic Review and Meta-analysis

https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:victor.jesus@accamargo.org.br
mailto:victor.jesus@accamargo.org.br


Therapeutic Advances in Medical Oncology 12

2	 journals.sagepub.com/home/tam

randomized trial performed so far has assessed the 
benefits of additional lines of treatment after pro-
gression on FOLFIRINOX.6–9

Owing to differences in the mechanisms of action 
and its known activity in the first-line setting, the 
use of gemcitabine-based chemotherapy after dis-
ease progression on FOLFIRINOX is sound.10 
Despite the dearth of randomized trials, retro-
spective data support that gemcitabine-based 
chemotherapy may provide significant clinical 
benefit in this scenario. Nonetheless, the results 
of such studies are heterogeneous,11,12 and the 
real benefit of gemcitabine-based chemotherapy 
in this setting remains elusive. Moreover, issues 
related to patient selection and the optimal gem-
citabine-based regimen to be used are still sources 
of contention.

Thus, we conducted a systematic review and 
meta-analysis to critically assess the available data 
on gemcitabine-based chemotherapy after 
FOLFIRINOX for patients with advanced (unre-
sectable or metastatic) pancreatic adenocarci-
noma. We aimed to evaluate the response and the 
toxicity of gemcitabine-based chemotherapy in 
this setting. As predefined subgroup analyses, we 
also sought to describe differences in outcomes 
according to the gemcitabine-based chemother-
apy regimen (single-agent gemcitabine versus 
gemcitabine plus nab-paclitaxel).

Methods
This systematic review and meta-analysis is regis-
tered in the PROSPERO database (CRD4201 
8100421) and it was undertaken in accordance 
with the preferred reporting items for systematic 
reviews and meta-analysis (PRISMA) guide-
lines.13 The study protocol can be found at the 
PROSPERO’s website (https://www.crd.york.
ac.uk/prospero/display_record.php?RecordID= 
100421).

Eligibility criteria
Studies were eligible if they were randomized 
controlled trials, or prospective nonrandomized 
trials, or observational studies (prospective or 
retrospective), published from 1 January 2011 
through 11 June 2018, undertaken exclusively in 
humans, and with a sample size of at least 10 
patients. Also, patients had to be diagnosed with 
pancreatic adenocarcinoma (or nonneuroendo-
crine pancreatic carcinoma) that was either locally 

advanced/unresectable or metastatic at the start 
of first-line treatment and had to be treated with 
FOLFIRINOX in a first-line setting, and gemcit-
abine-based chemotherapy in second or further 
lines of treatment.

There were no restrictions based on language or 
publication status (full text versus meeting abstract). 
Studies reporting the outcomes of patients treated 
in first-line with different regimens that included 
FOLFIRINOX and for whom separate outcomes 
were not available according to the first-line treat-
ment regimen used were excluded. Likewise, 
studies using different types of gemcitabine-based 
chemotherapy in the second-line without proper 
discrimination of the gemcitabine-based regimens 
used were excluded. Supplementary Table S1 
describes the PICO framework of the systematic 
review.

Information sources
PubMed, Embase, Scopus, and Web of Science 
databases were searched. Also, abstracts from the 
American Society of Clinical Oncology (ASCO) 
annual meeting (2011 to 2017), the European 
Society of Medical Oncology annual meeting 
(2011 to 2017), the Gastrointestinal Cancer 
Symposium (ASCO GI; 2011 to 2018), and the 
World Congress on Gastrointestinal Cancer 
(2011 to 2017) were screened (hand-searched).

Search strategy
For PubMed, the following search strategy was 
used to look for relevant references: (((“fluorou
racil"[MeSH Terms] OR "fluorouracil"[All 
Fields]) AND ("irinotecan"[Supplementary 
Concept] OR "irinotecan"[All Fields]) AND 
("oxaliplatin"[Supplementary Concept] OR 
"oxaliplatin"[All Fields])) OR “FOLFIRINOX”[All 
Fields]) AND ((((“pancreatic neoplasm"[MeSH 
Terms] OR "pancreatic neoplasms"[MeSH 
Terms]) OR "pancreatic cancer"[MeSH Terms]) 
OR "pancreatic cancers"[MeSH Terms]) OR 
((“pancreatic”[All Fields] OR “pancreas”[All 
Fields]) AND (“cancer”[All Fields] OR 
“carcinoma”[All Fields] OR “adenocarcinoma”[All 
Fields]))) AND (“gemcitabine"[Supplementary 
Concept] OR “gemcitabine”[All Fields]). Search 
was limited from 1 January 2011 to 11 June 2018. 
Supplementary Table S2 describes the strategies 
used to search the other databases. Abstracts 
from the aforementioned meetings were searched 
through the meetings’ official websites to identify 
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relevant citations. Backward reference listing was 
also performed in the articles selected after the 
second screening round to look for additional 
studies.

Study selection
In the first study selection phase, the title and 
the abstract of all citations were independently 
screened by two authors (VHFJ and MPGC) in 
an unblinded manner. In the second phase, the 
same authors independently examined full-text 
articles and meeting posters to assess study eligi-
bility. In case of dispute about eligibility, subjects 
of disagreement were discussed in an attempt to 
find common ground. In cases in which no con-
sensus could be achieved, a third-part investiga-
tor (RPR) decided whether or not to include the 
study under discussion. In case of different publi-
cations of a single study, the most complete 
source of information was chosen.

Data collection process
Two authors (VHFJ and MPGC) independently 
collected the data from all the selected studies 
using a standardized collection form. Again, in 
case of dispute regarding the extracted data, sub-
jects of disagreement between the two authors 
were discussed in an attempt to find common 
ground. In cases in which no consensus could be 
achieved, an attempt was made to reach the cor-
responding author and clarify doubts about the 
data. Whenever that was not possible, a third-part 
investigator (RPR) decided on the best way to 
manage the data. We sought to make contact 
through email with all authors in order to obtain 
relevant data missing from the original reports.

Data items
Supplementary Table S3 summarizes all the data 
extracted from the selected studies. The primary 
outcomes of the systematic review were objective 
response rate (ORR), disease control rate (DCR), 
any grade 3/4 toxicity rate, and PFS. ORR was 
defined as the ratio between the number of 
patients achieving objective response (complete 
or partial response) and the total number of 
patients in the study, regardless of the number of 
patients that underwent disease response evalua-
tion. Likewise, DCR was defined as the ratio 
between the number of patients achieving disease 
control (complete response + partial response + 
stable disease) and the total number of patients in 

the study, regardless of the number of patients 
that underwent disease response evaluation. Any 
grade 3/4 toxicity rate was defined as the ratio 
between the number of patients experiencing any 
grade 3/4 toxicity and the total number of patients.

As secondary outcomes, we assessed OS, bio-
chemical response rate (BRR), and specific grade 
3/4 toxicity rates. OS was evaluated from the start 
of gemcitabine-based chemotherapy (OS-GEM) 
and from the start of FOLFIRINOX (OS-FFX). 
BRR was defined as the ratio between the number 
of patients achieving biochemical response 
according to CA 19-9 level drop and the total 
number of patients in the study.

Risk of bias of individual studies
We evaluated the risk of bias within individual 
studies using a modification of the tool derived 
from the Newcastle-Ottawa scale by Murad and 
colleagues.14 It was originally devised to assess the 
methodological quality of noncomparative case 
series. Briefly, the tool consists of four domains 
(selection, ascertainment, causality, and report-
ing) and eight questions. In this systematic review, 
questions regarding dose–response, rechallenge, 
and alternative explanations were excluded.15 
Given the importance of treatment toxicity in the 
scenario of advanced cancer, the reporting 
domain was divided in two parts (efficacy and 
toxicity). A binary answer (YES or NO) was given 
to each of the six questions to assess the bias 
across the different domains. We considered a 
case series to be of high-quality when all six ques-
tions about methodological quality were posi-
tively answered. The quality of the evidence was 
assessed independently by two authors (VHFJ 
and RPR). In case of dispute about the risk of bias 
of individual studies, subjects of disagreement 
between the two authors were discussed in an 
attempt to find common ground.

Summary measures and synthesis of results
Data on ORR, DCR, any grade 3/4 toxicity rate, 
and BRR were summarized as proportions and 
aggregated (except for BRR) using the inverse 
variance random-effect method (DerSimonian–
Laird estimate) after Freeman–Tukey double 
arcsine transformation.16 Confidence intervals 
for the individual studies were calculated based 
on the Clopper–Pearson interval method.17 
Heterogeneity was assessed using Higgin’s I2 sta-
tistic and the chi-square test in the random-effects 
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model. As prespecified subgroup analyses, we 
evaluated whether ORR, DCR, and any grade 3/4 
toxicity rate were different according to the type 
of gemcitabine-based regimen used (gemcitabine 
single-agent versus gemcitabine plus nab-pacli-
taxel) using between-subgroups chi-square test.

Data on time-to-event outcomes (PFS and OS) 
were summarized as median survival times (in 
months) and actuarial survival rates (as a percent-
age) using tables and dot plots. An attempt to 
aggregate survival data based on the graphical 
method described by Guyot and colleagues would 
be made if the number of events and the number 
of patients at risk at timepoints other than zero 
were available.18 Whenever possible, when data 
regarding actuarial survival rates were not given, 
we performed digital extraction from the available 
survival curves using the Digitizelt software (ver-
sion 2.2.2).19 Statistical analyses were performed 
using R version 3.4.0 (R Foundation, Vienna, 
Austria) along with the meta package.20

Reporting bias
The risk of bias across studies was assessed 
using objective response data. We designed a 
funnel plot of study size against ln odds of 
response as described by Hunter and colleagues 

and used Peter’s test to evaluate the risk of pub-
lication bias.21

Results

Study selection
Database searches were undertaken on 11 June 
and 12 June 2018. Amongst 1019 citations 
screened in the first phase of study selection, 39 
entered the second phase of study selection. A 
total of 23 of them were excluded for various rea-
sons. Supplementary Table S4 describes the rea-
sons for excluding citations in the second phase of 
study selection. Finally, 16 studies were selected 
for qualitative synthesis and 12 studies were used 
for quantitative synthesis (Figure 1).

Study characteristics
Supplementary Table S5 describes the characteris-
tics of the selected studies. Except for the study by 
Portal and colleagues,22 all studies were retrospec-
tive. Three studies were two-arm retrospective 
comparative cohort studies11,23,24 and the remain-
ing 13 studies were case series.12,22,25–35 Six studies 
were multicentric investigations22,23,26,27,31,34 and 
seven were available solely as posters or electronic 
abstracts.11,24,25,29–31,34

Figure 1.  PRISMA flow diagram.
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Supplementary Table S6 depicts the characteris-
tics of the populations from the selected studies. 
Sample size ranged from 10–96 patients and 
median age varied from 55–68 years (14 studies). 
Men represented 39.2–83.3% of the populations 
(13 studies) and most patients were Eastern 
Cooperative Oncology Group performance status 
(ECOG) 0-1 (45.8–100%; nine studies). At the 
start of gemcitabine-based chemotherapy, 70.5–
100% of patients presented with metastatic disease 
(13 studies). Prior progression on FOLFIRINOX 
occurred in 73.3–100% of patients (10 studies). 
Objective response to FOLFIRINOX in first-line 
occurred in 3.3–40.0% of patients (six studies).

Supplementary Table S7 illustrates treatment 
characteristics in the selected studies. Amongst 
noncomparative studies, five evaluated the 
activity of single-agent gemcitabine25–27,33,35 and 
eight assessed the activity of gemcitabine plus 
nab-paclitaxel.12,22,28–32,34 In the three two-arm 
comparative studies, treatment arms included 
single-agent gemcitabine and gemcitabine plus 
nab-paclitaxel.11,23,24 Median number of gemcit-
abine-based chemotherapy cycles ranged from 
1.5 to 6 (14 studies).

Risk of bias within studies
Supplementary Table S8 describes the risk of bias 
within individual studies. Four studies were con-
sidered high-quality studies.22,23,27,33 Efficacy 

reporting was consistently well-documented 
throughout all studies. In contrast, data on toxic-
ity, duration of follow-up, and outcome ascertain-
ment were not systematically described in many 
studies.

Primary outcomes
Objective response rate (ORR)
Supplementary Table S9 summarizes objective 
response data across studies. Ten studies evalu-
ated the ORR of gemcitabine-based chemother-
apy (370 patients).12,22,25–32 Seven used RECIST 
criteria to assess response.22,25–28,31,32 In the 
remaining studies, the method of response evalua-
tion was not described. Only two studies reported 
imaging review for purposes of the study.28,32 
None of the three comparative studies evaluated 
ORR. ORR from individual studies ranged from 
0.0 to 25.0%. Pooled ORR was 10.8% [95% con-
fidence interval (CI) 7.3–14.8%; Figure 2]. There 
was no evidence of statistically significant heter-
ogeneity among studies (I2 = 10%; chi-square 
p = 0.348). Nonetheless, prespecified subgroup 
analysis pointed to a higher ORR for patients 
treated with gemcitabine plus nab-paclitaxel 
(14.4%; 95% CI 9.2–20.5%) when compared 
with patients treated with single-agent gemcit-
abine (8.4%; 95% CI 4.7–12.8%) – p = 0.038.

Disease control rate (DCR).  Supplementary Table 
S9 summarizes disease control data across studies. 

Figure 2.  Individual and pooled objective response rates of gemcitabine-based chemotherapy (random-effects 
model).
Estimates are displayed as proportions with three significance digits.
CI, confidence interval.

https://journals.sagepub.com/home/tam
https://journals.sagepub.com/doi/suppl/10.1177/1758835920905408
https://journals.sagepub.com/doi/suppl/10.1177/1758835920905408
https://journals.sagepub.com/doi/suppl/10.1177/1758835920905408
https://journals.sagepub.com/doi/suppl/10.1177/1758835920905408
https://journals.sagepub.com/doi/suppl/10.1177/1758835920905408
https://journals.sagepub.com/doi/suppl/10.1177/1758835920905408


Therapeutic Advances in Medical Oncology 12

6	 journals.sagepub.com/home/tam

A total of 11 studies assessed the DCR of gem-
citabine-based chemotherapy (412 patient).12,22,25–33 
Radiological response evaluation took place every 
8 weeks in four studies22,26,27,33 and in one study 
the median time to first disease response assess-
ment was 8.9 weeks.32 In the remaining investiga-
tions, time to first disease response evaluation was 
not stated. None of the three comparative studies 
evaluated DCR. DCR from individual studies 
ranged from 17.8 to 64.0%. Pooled DCR was 
41.1% (95% CI 32.0–50.5%; Figure 3). There was 
evidence of statistically significant heterogeneity 
among studies (I2 = 68%; chi-square p < 0.001). 
Prespecified subgroup analysis pointed to a higher 
DCR for patients treated with gemcitabine plus 
nab-paclitaxel (53.5%; 95% CI 45.7–61.2%) when 
compared with patients treated with single-agent 
gemcitabine (30.2%; 95% CI 24.0–36.8%) 
– p < 0.001.

Any grade 3/4 toxicity.  Supplementary Table S10 
summarizes data on any grade 3/4 toxicity. Seven 
studies reported data on any grade 3/4 toxicity 
(275 patients).12,22,25,27,29,33,34 Toxicity data was 
collected according to the Common Terminology 
Criteria for Adverse Events (CTCAE) 4.0 in 
three studies.22,27,33 In the remaining investiga-
tions reporting any grade 3/4 toxicity data, the 
criterium used to classify toxicity was not stated. 
None of the comparative studies evaluated rates 
of any grade 3/4 toxicity. Rates of any grade 3/4 

toxicity varied from 0.0% to 80.0%. Pooled any 
grade 3/4 toxicity rate was 28.6% (95% CI 15.9–
43.0%; Figure 4). There was evidence of statisti-
cally significant heterogeneity among studies 
(I2 = 81%; chi-square p < 0.001). In a prespeci-
fied subgroup analysis, there was no statistically 
significant difference in any grade 3/4 toxicity rate 
between gemcitabine monotherapy (22.9%; 95% 
CI 10.3–38.4%) and gemcitabine plus nab-pacli-
taxel (34.6%; 95% CI 10.9–62.9%) – p = 0.415.

Progression-free survival (PFS).  Supplement
ary Table S11 summarizes data on PFS. A total 
of 13 studies reported data on PFS (541  
patients).12,22–31,34,35 In one study, data were avail-
able only for time-to-treatment failure.32 Figure 
5 depicts median PFS and actuarial PFS rates at 
three and six months according to the treatment 
regimen used. Median PFS across studies ranged 
from 1.9 to 6.4 months. According to the prespec-
ified statistical analysis, the graphical method 
proposed by Guyot and colleagues was to be used 
to aggregate data on time-to-event outcomes only 
if there were enough data on the population at 
risk at timepoints other than zero and the total 
number of events. As neither of these data were 
consistently reported across studies, PFS times 
were not aggregated. Among comparative studies, 
gemcitabine plus nab-paclitaxel was associated 
with improved PFS compared with gemcitabine 
monotherapy in one study (3.6 versus 2.5 months; 

Figure 3.  Individual and pooled disease control rates of gemcitabine-based chemotherapy (random-effects 
model).
Estimates are displayed as proportions with three significance digits.
CI, confidence interval.
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p = 0.03)23; in one study there was no significant 
difference in PFS between the two types of treat-
ment (2.4 versus 1.9 months; p = 0.26)24; and in 
the last study, no formal comparison of PFS was 
performed.11

Secondary outcomes
Overall survival (OS).  Supplementary Table  
S12 summarizes data on OS-GEM. A total of  
14 studies reported data on OS-GEM (552  
patients).11,12,22–25,27–30,32–35 Supplementary 

Figure 4.  Individual and pooled any grade 3/4 toxicity rates of gemcitabine-based chemotherapy (random-
effects model).
Estimates are displayed as proportions with three significance digits.
CI, confidence interval.

Figure 5.  Progression-free survival (PFS) across different studies using gemcitabine-based chemotherapy 
(median, 3-month PFS rate, and 6-month PFS rate). 
(*) Refers to time-to-treatment failure. (**) Interval refers to range and not 95% confidence interval (CI).
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Figure S1 depicts median OS-GEM and actuarial 
OS-GEM rates at 6 and 12 months according to 
the treatment regimen used. Median OS times 
across studies ranged from 3.1 to 12.4 months. As 
in the case of PFS, the number of patients at risk 
at different timepoints and the total number of 
events were not consistently reported for OS-
GEM and OS-FFX. Thus, data on OS were not 
aggregated. Among comparative studies, gem-
citabine plus nab-paclitaxel was associated with 
improved OS compared with gemcitabine mono-
therapy in one study (5.7 versus 3.8 months; 
p = 0.03)23; in one study, there was no statistically 
significant difference in OS between the two types 
of treatment (6.1 versus 4.8 months; p = 0.18)24; and 
in the last study, median OS and 6-month OS rate 
of patients undergoing treatment with gemcitabine 
plus nab-paclitaxel were numerically higher (no 
formal statistical comparison performed).11

Data on OS-FFX are summarized in Supplementary 
Table S13 and Supplementary Figure S2.

Biochemical response rate (BRR) and specific 
grade 3/4 toxicities.  Supplementary Table S14 
describes data on biochemical response to treat-
ment and Supplementary Tables S10 and S15 
depict data on specific grade 3/4 toxicities.

Reporting bias.  Funnel plot of ln odds (response) 
against sample size is shown in Supplementary 
Figure S3. The figure portrays relative asymmetry 
of the ln odds (response) according to the sample 
size, denoting possible publication bias. Some 
degree of publication bias is also suggested by 
Peters’ test (p = 0.105).

Discussion
To the best of our knowledge, our study repre-
sents the most comprehensive evaluation of the 
activity of gemcitabine-based chemotherapy after 
FOLFIRINOX in advanced pancreatic cancer. 
Using the data from the best supportive care 
(BSC) arm of a randomized controlled trial of 
second-line treatment,36 ORR and DCR with 
gemcitabine-based chemotherapy are clearly 
superior to what would be expected with no active 
anticancer treatment (Table 1).37 In addition, 
toxicity seems to be manageable, as the pooled 
rate of any grade 3/4 toxicity is not numerically 
different from the one in the BSC arm of the 
aforementioned study.

Despite the clinically significant data on ORR 
and DCR, our data must be interpreted in light of 
the quality of the available evidence. Among 16 
studies (one prospective), only 10 provided data 
on ORR and 11 on DCR. In addition, three stud-
ies reporting data on ORR and DCR did not 
describe the method used to evaluate radiological 
response. In addition, radiological review was 
undertaken in only two studies (independent 
review in one study). Moreover, there was no 
mention to disease response confirmation in these 
reports. Finally, analyzing the results of Peter’s 
test and the disposition of the funnel plot, one 
might not exclude the possibility of publication 
bias if we use ORR as the measure of efficacy.

However, despite these drawbacks, we found no 
evidence of statistical heterogeneity in the ORR 
analysis or in the DCR analysis (within-subgroup 
analysis). Furthermore, these data are in line 
with the activity of gemcitabine-based chemo-
therapy in the first-line setting. Moreover, the 
pooled objective response and DCRs of gemcit-
abine plus nab-paclitaxel in our study are similar 
to the ones found in a recently published phase II 
trial that evaluated the role of this chemotherapy 
regimen after FOLFIRINOX in patients with 
unresectable pancreatic cancer.38 That said, 
given the fact that spontaneous regression of 
pancreatic adenocarcinoma is a rare phenome-
non,39 that most patients were treated with gem-
citabine-based chemotherapy after progression 
on FOLFIRINOX (decreasing the possibility of 
a carryover effect),40 and that the pooled ORR is 
clearly superior to that of BSC,36 we believe that 
this constitutes the best available evidence that 
Gemcitabine-based chemotherapy is superior to 
BSC in terms of ORR in patients with good per-
formance status. Regarding DCR, despite the 
fact that disease control is numerically more 
common in those treated with gemcitabine-based 
chemotherapy, and that there seems to be a 
dose–response effect in the sense that subgroup 
analyses showed that patients treated with gem-
citabine plus nab-paclitaxel fared better than 
those given gemcitabine monotherapy, one can-
not exclude the possibility that other variables, 
such as the biological behavior of the disease, 
played part in these results. For that, we believe 
that these results constitute inferior quality evi-
dence of improved DCR in favor of gemcit-
abine-based regimens over no active anticancer 
treatment.
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Data on toxicity are a bit more puzzling. It is 
known that retrospective evaluation of toxicities is 
associated with a great deal of bias.41 We tried to 
reduce this bias by selecting only grade 3/4 toxici-
ties. However, rates of any grade 3/4 toxicity 
ranged from 0% to 80% and there was evidence of 
statistically significant heterogeneity (even within 
subgroups). The most important specific grade 
3/4 toxicities were fatigue and myelosuppression. 
The subjectivity of fatigue assessment could have 
driven the bias for the assessment of this toxicity.42 
In addition, the duration of the previous treatment 
with FOLFIRINOX and the timing of blood cell 
count analysis during the chemotherapy cycle 
might have impacted the myelotoxicity analysis. 
Also, one cannot exclude geographical variations 
in treatment tolerability, as the highest rate of any 
grade 3/4 toxicity was seen in an Asian study. 
However, gemcitabine plus nab-paclitaxel has 
been evaluated in Asian patients in the first-line 
setting and the toxicity profile seems to be similar 
to that of Western patients.43 Finally, the number 
of patients with data on grade 3/4 toxicity is rela-
tively small, and studies with extreme any grade 
3/4 toxicity rates (on both sides) had very limited 
sample sizes (12 and 10 patients). For that, we 
believe the pooled data on grade 3/4 toxicity 
should be interpreted very carefully.

In subgroup analyses, we showed that both ORR 
and DCR were higher in patients treated with 
gemcitabine plus nab-paclitaxel compared with 
those treated with gemcitabine monotherapy. 
While the difference in ORR seems rather small, 
the difference in effect size in terms of DCR is 

substantial. Despite the fact that no statistical test 
was performed, graphical analyses of PFS and 
OS-GEM suggest that gemcitabine plus nab-
paclitaxel is associated with improved survival. 
These data are in consonance with the results of 
the MPACT trial, which demonstrated improved 
ORR, PFS and OS for patients treated with gem-
citabine plus nab-paclitaxel (versus single-agent 
gemcitabine) in first-line.4 In addition, among 
three studies that compared survival outcomes of 
patients treated with gemcitabine plus nab-pacli-
taxel and single-agent gemcitabine, one study 
suggested superior PFS and OS for patients with 
ECOG performance status 0 that underwent 
combined treatment (not statistically signifi-
cant)24 and another study found improved PFS 
and OS for patients treated with gemcitabine plus 
nab-paclitaxel in the overall population.23

We acknowledge these data must be interpreted 
with caution given the lack of randomization and 
differences in the distribution of known prognos-
tic factors among the different study populations, 
as patients treated with gemcitabine monotherapy 
more often had ECOG performance status ⩾ 2 
than those treated with gemcitabine plus nab-
paclitaxel. It has been previously shown that poor 
ECOG performance status is independently asso-
ciated with worse PFS and OS in the second-line 
setting10,27,44; thus, performance status should 
be considered a confounder in this analysis. 
However, for those patients with adequate perfor-
mance status, we believe that the combination of 
gemcitabine plus nab-paclitaxel is likely associ-
ated with superior outcomes.

Table 1.  Summary of findings.

Outcomes
 

No. of 
participants 
(No. of studies)

Pooled rate& %
(95% CI)#

Historical control 
rate for best 
supportive care$

%
(95% CI)#

Quality of the 
evidence
(grade)

Gemcitabine 
plus nab-
paclitaxel

Gemcitabine 
monotherapy

Gemcitabine-
based 
chemotherapy

Objective 
response rate

370 (10 studies) 10.8 (7.3–14.8) 8.4 (4.7–12.8) 14.4 (9.2–20.5) 0.6 (0.02–3.5) ⊕⊕OO
(low)

Disease 
control rate

412 (11 studies) 41.1 (32.0–50.5) 30.2 (24.0–36.8) 53.5 (45.7–61.2) 19.4 (13.5–26.5) ⊕OOO
(very low)

Any grade 3/4 
toxicity rate

275 (7 studies) 28.6 (15.9–43.0) 22.9 (10.3–38.4) 34.6 (10.9–62.9) 30.3 (22.9–38.5) ⊕OOO
(very low)

$Based on the results of the best supportive care arm from the study by Ciuleanu and colleagues36

#Clopper-Pearson method for confidence interval (CI) calculation.
&Based on the random-effects model.
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While our study suggests gemcitabine plus nab-
paclitaxel offers better outcomes after FOLFI
RINOX, the overall results are still poor and 
chemotherapy has reached a plateau in this dis-
ease. It is imperative to improve our understand-
ing of the molecular mechanisms underpinning 
disease onset and progression. In this sense, a 
molecularly tailored treatment approach has 
already started to yield results. Responses to 
checkpoint inhibitor45 and NTRK inhibitors46,47 
have been reported in patients with microsatellite 
instable and NTRK fusion-positive pancreatic 
cancer, respectively. Moreover, patients with ger-
mline BRCA-1/-2 mutations seems to derive sig-
nificant benefit from treatment with PARP 
inhibitors, as shown in the recent POLO trial.48 
Therefore, further work is needed to identify sub-
group of patients with other molecular abnormal-
ities suitable for targeted treatments.

Our study has limitations. Searches on some 
databases were not possible. Despite attempts to 
get in touch with authors to clarify some doubts 
and ask for additional details, important data 
could not be collected. Moreover, we acknowl-
edge that the graphical extraction method used to 
estimate actuarial survival rates is subject to bias. 
In addition, besides patients with metastatic dis-
ease, many of the individual studies also included 
patients with locally advanced/unresectbale pan-
creatic cancer. That probably increased heteroge-
neity and might have affected the results, as 
different molecular mechanisms are likely to 
underpin progression in different disease stages. 
In addition, the included studies did not report 
data on quality of life or any other patient reported 
outcomes, which we believe are important end-
points in this setting. Finally, we were not able to 
aggregate time-to-event outcomes. Nevertheless, 
this systematic review and meta-analysis is the 
largest assessment of efficacy of gemcitabine-based 
chemotherapy after progression on FOLFIRINOX 
in pancreatic cancer so far. Despite the methodo-
logical quality of most of the included studies, we 
performed a rigorous evaluation of the available 
evidence, with detailed information on studies’ 
and patients’ characteristics, treatments, and out-
comes. Moreover, we were able to report data on 
the toxicity of such treatments.

To conclude, a subset of patients with pancre-
atic adenocarcinoma previously treated with 
FOLFIRINOX derive benefit from second-line 
gemcitabine-based chemotherapy. Moreover, 
gemcitabine plus nab-paclitaxel seems to be 

associated with improved outcomes compared 
with gemcitabine monotherapy. The use of infor-
mation on patients’ clinical condition is para-
mount to aid treatment selection in this setting. 
Also, a sincere and honest conversation with the 
patient is necessary to align expectations and real-
istic treatment results, as many patients treated in 
this setting do not experience any benefit from 
chemotherapy. Despite these data, novel treat-
ments guided by the characteristic molecular 
alterations of pancreatic cancer are needed to fur-
ther improve survival.
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