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Abstract

Purpose FOLFIRINOX (FFN), nab-paclitaxel plus
gemcitabine (GN), and gemcitabine are three systemic thera-
pies that provide clinically meaningful benefit to patients with
unresectable pancreatic cancer (UPC). There are no clinical
trials that directly compare the efficacy of all three regimens.
In this study, we aim to examine and compare the real-world
effectiveness of these treatments.

Methods Patients diagnosed with UPC who initiated pallia-
tive chemotherapy from August 2014 to January 2016 at any
one of six cancer centers in British Columbia were identified
from the provincial pharmacy. Clinical, pathological, treat-
ment, and outcome characteristics were compared.

Results Two hundred twenty-five patients were included:
55% men, 68% Eastern Cooperative Oncology Group 0/1,
58% metastatic disease. Patients who received FFN were
younger (p <0.001) and in better performance status
(p <0.001). Patients treated with FFN or GN experienced sig-
nificantly longer median overall survival (OS) when com-
pared to those treated with gemcitabine (14.1 vs 10.5 vs
4.2 months, respectively, p < 0.001). Progression-free survival
(PFS) was also longer among patients on FFN or GN in com-
parison to gemcitabine (FFN, HR 0.44, 95% C10.24 to 0.814,
p=0.008; GN, HR 0.30, 95% C10.19 to 0.47, p<0.001). A
significantly higher proportion of patients require two or more
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dose modifications on FFN (40%) compared to GN (14%) or
gemcitabine (9%) (p < 0.001).

Conclusions Receipt of modified FFN and GN portends a
better prognosis than gemcitabine alone. In the absence of a
randomized comparison of all three regimens, our population-
based study reveals that the introduction of modified FFN and
GN confers real-world effectiveness for UPC patients.

Keywords FOLFIRINOX - Gemcitabine - nab-Paclitaxel -
Advanced - Pancreatic cancer

Introduction

Pancreatic adenocarcinoma continues to portend a poor prog-
nosis. It remains the fourth leading cause of cancer-related
deaths in developed countries because the majority of patients
still present with incurable disease at initial diagnosis [1]. The
median overall survival (OS) for metastatic pancreatic adeno-
carcinoma is approximately 6 months without systemic ther-
apy. While outcomes are better for locally advanced disease,
median OS is estimated to be in the range of 12 months only
[2]. Treatment of advanced pancreatic cancer is an evolving
field with numerous studies being proposed and conducted in
an effort to find more effective treatments.

Gemcitabine became the standard chemotherapy regimen
for advanced pancreatic cancer in the late 1990s, after a ran-
domized phase III trial showed a significant improvement in
disease-related symptoms and median OS when compared to
S-fluorouracil alone (5.6 vs 4.4 months, p =0.002) [3]. This
remained the standard of care until 2011 when FOLFIRINOX
(FFN) was introduced as a new first-line treatment for meta-
static pancreatic cancer patients. Its use was limited to indi-
viduals with a good performance status because it posed sig-
nificant toxicities and frequently required growth factor
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support [4]. This triplet regimen offered enhanced median OS
as compared to gemcitabine monotherapy (11.1 vs 6.8 months,
HR for death 0.57; 95% C1 0.45 to 0.73; p <0.0001) [4]. Two
years later, in 2013, gemcitabine plus nab-paclitaxel (GN) was
evaluated against gemcitabine alone, which demonstrated su-
periority of the doublet over monotherapy in terms of median
OS (8.5 vs 6.7 months; HR for death 0.72, 95% CI 0.62 to
0.83; p<0.001) [5].

Currently, all three regimens are approved as first-line treat-
ment for patients with advanced pancreatic cancer. While both
FFN and GN confer a survival advantage over gemcitabine
monotherapy, FFN and GN have not been examined directly
in a head-to-head comparison. In the absence of a clinical trial,
there is value in characterizing the utilization and outcomes of
these regimens in the real world. Therefore, the primary ob-
jective of this study was to examine the OS in a population-
based setting where advanced pancreatic cancer patients have
access to FFN, GN, or gemcitabine as first-line treatment op-
tions. The secondary aim of the study was to analyze
progression-free survival (PFS), patterns of utilization, and
tolerability of these regimens.

Materials and Methods
Characteristics of the Study Setting

The British Columbia Cancer Agency is a provincial and
population-based cancer control program that is responsible
for funding and providing cancer treatment to approximately
4.5 million residents in the province of British Columbia,
Canada. At the time of this study, the agency was comprised
of six comprehensive cancer centers that were geographically
distributed across different catchment areas of the province.
All centers offer a full range of quality cancer programs in-
cluding outpatient oncology clinics, chemotherapy suites, ra-
diation facilities, surgical services, inpatient units, palliative
and supportive care, and the opportunity to participate in clin-
ical trials for the estimated 15,000 to 20,000 new patients
referred to the British Columbia Cancer Agency annually.

Description of the Patient Population

Consecutive patients diagnosed with advanced pancreatic ad-
enocarcinoma, defined as surgically unresectable disease,
18 years or older at diagnosis, and who initiated any palliative
intent chemotherapy from August 2014 to January 2016 at
any one of six cancer centers in British Columbia were iden-
tified from the provincial pharmacy database. Clinical, patho-
logical, treatment, and outcome characteristics were extracted
by comprehensive review of each patient’s electronic medical
records. Ethics approval was obtained from the Institutional
Review Board prior to the conduct of the study. In August

2014, all three regimens (FFN, GN, and gemcitabine) were
funded for palliative intent therapy in both locally advanced
and metastatic pancreatic cancer.

Definitions for Treatments and Outcomes

Palliative intent therapy with FFN, GN, and gemcitabine was
administered based on treatment protocols as described in land-
mark clinical trials of these regimens by Conroy, Von Hoff, and
Burris et al., respectively, with dose modifications at the treating
clinician’s discretion [3—5]. At the British Columbia Cancer
Agency, all of the systemic therapy protocols are coded with
the treatment intent so it was possible to differentiate between
gemcitabine given for adjuvant versus palliative purposes.
Administration of at least one cycle of chemotherapy constitut-
ed receipt of the treatment. Patients were assigned to one of the
three treatment groups in a mutually exclusive fashion based on
the regimen they received as the first cycle. For purposes of our
analyses, dose modifications were defined as any dose delays
(or breaks from chemotherapy for 7 days or longer from the
usual cycle length), dose reductions of one or more of the
agents in the chemotherapy regimen, or omissions of one or
more of the chemotherapy components in a treatment cycle,
where applicable, relative to the patient’s initial dose level and
regimen. Toxicities of interest (e.g., febrile neutropenia, neurop-
athy) were captured in a binary fashion (yes/no). OS was cal-
culated as the time from pathologic diagnosis to death from any
cause while PFS was characterized as the time from diagnosis
to radiographic progression, clinical progression, or death,
whichever occurred first.

Statistical Analyses

All data analyses were performed using R (version 3.3.0) [6]
and GraphPad Prism software (version 4.0.3, GraphPad
Software, La Jolla CA, USA). Comparisons of patient charac-
teristics and treatment toxicities were performed with
ANOVA for continuous variables, and Chi-squared tests for
categorical variables. OS and PFS were assessed using the
Kaplan-Meier method and comparisons between treatment
groups were conducted in a pair-wise fashion using the log-
rank test. Hazard ratios (HRs) for both OS and PFS were
evaluated with Cox regression models that adjusted for age,
Eastern Cooperative Oncology Group (ECOGQG) status, and
disease extent. The significance level was set at p < 0.05.

Results
Clinical and Treatment Characteristics

A total of 225 patients were included in the study, of whom 92
(41%), 87 (39%), and 46 (20%) patients received FFN, GN,
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and gemcitabine, respectively. In this cohort, there were 123
(55%) men, 154 (68%) ECOG 0 or 1, and 154 (68%) cases of
metastatic disease. In univariate analyses, patients treated with
FFN were younger (p < 0.001), had better performance status
(p<0.001), and were more likely to have a primary tumor
affecting the head of the pancreas (p = 0.048). The age ranges
at diagnosis in the gemcitabine, GN, and FFN groups were 56
to 87, 42 to 86, and 34 to 82 years, respectively, and the
interquartile ranges were 67 to 79, 61 to 73, and 56 to 67 years,
respectively. Patients treated with gemcitabine had higher me-
dian bilirubin levels prior to starting treatment (p =0.02).
Cal9-9 level, use of biliary stents, and site(s) of metastasis
were not statistically different between treatment groups (all
p>0.05). The median duration on treatment was 19 weeks in
the FFN group, 21 weeks in the GN group, and 2.6 weeks in
the gemcitabine group (p =0.04). Additional clinical and
treatment characteristics are summarized in Table 1.

Outcomes

After a median observed follow-up of 8.5 months, 150 deaths
have occurred at the time of analyses. The median OS was
14.1 months (95% CI, 9.7 to undefined) in the FFN group,
compared to 10.5 months (95% CI, 9.5 to 14.1) in the GN
group, and 4.2 months (95% CI, 3.6 to 5.7) in the gemcitabine
group. Patients treated with FFN or GN experienced signifi-
cantly longer median OS when compared to those treated with
gemcitabine (p < 0.001) while median OS was not statistically
significantly different between patients treated with FFN ver-
sus GN (p=0.09) (Fig. 1A). Using gemcitabine as the refer-
ence group, the HR for death with FFN and GN treatment
were both significantly lower when adjusted for age, ECOG,
bilirubin level, and disease stage (FFN, HR 0.31, 95% CI,
0.16 to 0.59, p<0.001; and GN, HR 0.26, 95% CI, 0.16 to
0.42, p<0.001). In multivariate analysis, metastatic disease
was identified as an independent adverse prognostic factor
for OS (p<0.001), but age and bilirubin were not (both
p>0.05).

Patients treated with FFN or GN also experienced signifi-
cantly longer median PFS at 8.4 (95% CI 6.7 to 10.9) months
and 8.5 (95% CI 8.0 to 10.2) months, respectively, when com-
pared to those treated with gemcitabine alone at 3.7 (95% CI
3.0 to 4.9) months (all p <0.001) (Fig. 1B). This observation
persisted for FFN and GN after adjusting for confounders
including age, ECOG, bilirubin level, and disease extent
(FFN, HR 0.44, 95% CI 0.24 to 0.814, p=0.008; GN, HR
0.30, 95% CI1 0.19 to 0.47, p <0.001). When the cohort was
analyzed separately based on disease burden, FFN and GN
resulted in significantly longer median OS when compared
to gemcitabine alone in both locally advanced and metastatic
diseases (all p <0.001). For median PFS, FFN and GN were
also superior to gemcitabine alone in metastatic disease (both
p <0.001) while there was a trend for superiority in the setting
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of locally advanced disease (FFN p=0.053; GN p=0.067).
Additional details from the univariate and multivariate surviv-
al analyses are summarized in Tables 2 and 3, respectively.

Dose Adjustments, Adverse Events, and Subsequent
Treatments

Tables 4 and 5 provide details regarding dosing, toxicities, and
second-line treatment patterns. The median time to first dose
modification (including any dose delays, reductions, or omis-
sions of one or more of the therapeutic agents) was 7.3, 4.7,
and 1.5 weeks into treatment for FFN, GN, and gemcitabine
groups, respectively (p = 0.13). The most commonly observed
clinically significant adverse events for FFN were neutropenia
(16%), febrile neutropenia (8%), and neuropathy (21%),
whereas these events were significantly less frequent for pa-
tients on GN and gemcitabine (p = 0.02 and p = 0.002, respec-
tively). Of note, 37 (40%), 11 (13%), and 4 (9%) patients
required two or more dose modifications during their course
of treatment while on FFN, GN, and gemcitabine (p < 0.001).

At the time of analysis, first-line treatment was
discontinued in 82, 86, and 100% patients receiving FFN,
GN, and gemcitabine, respectively (p =0.009). Although
treatment discontinuation was due to progression in most
cases, it was also attributable to toxicities in 28, 19, and
28% cases in the FFN, GN, and gemcitabine groups (p =
0.33). After first-line, 30% of patients who received FFN
and 20% of patients who received GN proceeded to second-
line chemotherapy (p <0.001). Patients previously on FFN
were subsequently treated with gemcitabine-based singlet or
doublet therapy whereas patients on first-line GN tended to
undergo 5-flurouracil-based therapy. None of the patients
treated with gemcitabine monotherapy in the first-line setting
proceeded to second-line therapy.

Discussion

Gemcitabine was at one time the only effective treatment avail-
able for advanced pancreatic adenocarcinoma, but recent stud-
ies have introduced FFN and GN as two additional first-line
options for newly diagnosed patients [7, 8]. However, the lack
of'a randomized controlled trial directly comparing the efficacy
of FFN and GN has generated some uncertainty about the best
approach to treatment selection and underscores the value of a
real-world study. To our knowledge, this is the first population-
based comparison of all three available regimens where we
found that FFN and GN provided similar survival advantages
over gemcitabine monotherapy, particularly for metastatic dis-
ease. Importantly, we observed that patients receiving GN were
more likely than those receiving FFN to be ECOG 2 or higher,
suggesting that there is an inherent preference among
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Table 1  Baseline characteristics by treatment received
FOLFIRINOX nab-Paclitaxel Gemcitabine p value
+ Gemcitabine
Number of patients 92 87 46
Age Median 60.35 68.3 74.3 <0.001
Gender M 51 (55.4%) 44 (50.6%) 28 (60.9%) 0.52
F 41 (44.6%) 43 (49.4%) 18 (39.1%)
ECOG Median 1 1 2 <0.001
0 21 (22.8%) 6 (6.9%) 2 (43%)
1 65 (70.7%) 45 (51.7%) 15 (32.6%)
2+ 6 (6.5%) 35 (40.2%) 29 (63.0%)
Location of primary tumor Head 62 (67.4%) 42 (48.3%) 22 (47.8%) 0.048
Body 17 (18.5%) 16 (18.4%) 5 (10.9%)
Tail 8 (8.7%) 17 (19.5%) 12 (26.1%)
Unknown 2 (2.2%) 3 (3.4%) 2 (4.3%)
Overlap 3(3.3%) 9 (10.3%) 5 (10.7%)
Biliary stent N 30 (32.6%) 18 (20.7%) 16 (34.8%) 0.12
Metastatic disease N 55 (59.8%) 66 (75.9%) 33 (71.7%) 0.06
Site of metastases Liver only 17 (30.1%) 23 (34.8%) 15 (45.5%) 0.31
LN only 3 (5.5%) 2 (3.0%) 1 (3.0%)
Peritoneal 3 (5.5%) 0 (0%) 0 (0%)
Multiple 29 (52.7%) 39 (59.1%) 17 (51.5%)
Single extrahepatic 3 (5.5%) 2 (3.0%) 0 (0%)
Bilirubin Median 10 10 12 0.02
CA 199 Median 415 1228 1329 0.40

physicians and patients to select treatment based on perfor-
mance status and fitness to withstand toxicities.

The overall OS and PFS outcomes seen among FFN and
GN patients in our study were largely consistent with those
observed in prior retrospective institutional series [9-15] as
well as two meta-analyses [16, 17]. Because the ACCORD/
PRODIGE and MPACT trials limited enrollment to metastatic
disease only, our inclusion of locally advanced patients in the
study cohort resulted in survival outcomes that were seeming-
ly better. This is expected since locally advanced disease has a
more favorable prognosis [2]. When we examined the sub-
group with metastatic disease only, however, our median OS
of 9.4 months for FFN more closely reflected findings of the
ACCORD/PRODIGE trial [4]. A recent secondary analysis of
the Canadian subset of patients enrolled in the MPACT trial
also showed a better median OS of 11.9 months that corrob-
orates the outcomes seen in the current analysis [18]. It is
unclear why Canadian patients fared better than non-
Canadian patients in the MPACT study, but universal
healthcare through a single-payer system allowing for educa-
tional awareness programs and timely access to supportive
care may be one potential reason. Another potential reason
could be more familiarity with the treatment protocol, given
a higher number of patients per treatment center enrolled in
Canada compared to the rest of the study centers.

Interestingly, patients undergoing gemcitabine alone in our
analysis appeared to have done worse than the expected
6 months that was seen in the trial conducted by Burris et al.
A possible explanation for this includes selection bias where-
by severely ill or frail patients in the real world who would
otherwise be deemed ineligible for trial participation were still
offered gemcitabine by physicians because of the clinical rath-
er than the survival benefit associated with gemcitabine [19].
Another noteworthy finding is that metastatic patients receiv-
ing either combination regimen experienced similar OS even
though FFN and GN are perceived to have different potency
[20]. While cross-trial comparisons are fraught with limita-
tions, FFN and GN are associated with numerical differences
in OS according to the ACCORD/PRODIGE and MPACT
trials [4, 5]. Since dose modifications were more prevalent
among individuals receiving FFN in our study, the potentially
lower dose intensity of chemotherapy may have modified its
efficacy in the real world.

Another important feature of this study is our characteriza-
tion of toxicity patterns. Overall, treatments appeared to be
reasonably well tolerated in a population-based setting.
During the study time period, growth factors were not routine-
ly used at our institution because the cost was not reimbursed
by most health insurance plans. Despite this, the rates of fe-
brile neutropenia as well as rates of neutropenia were
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Fig. 1 a Observed overall survival (OS) in patients treated with
gemcitabine (Gem, blue line), FOLFIRINOX (FFN, orange line), and
gemcitabine and nab-paclitaxel (GN, gray line). b Observed
progression-free survival (PFS) in patients treated with gemcitabine
(Gem, blue line), FOLFIRINOX (FFN, orange line), and gemcitabine
and nab-paclitaxel (GN, gray line)

relatively infrequent (< 10%). It is possible that clinicians
opted for more frequent dose modifications as a compensatory
measure to minimize neutropenic risks to patients. Of note,
neuropathy secondary to FFN also contributed to more dose
modifications than neuropathy due to GN. The differences in
neuropathy induced by oxaliplatin versus nab-paclitaxel are
well described, with the latter being more transient and revers-
ible and thus less debilitating [21, 22]. This may have

Table 3 Adjusted hazard ratio (HR) for overall survival (OS) and
progression-free survival (PFS) according to treatment group. (95%
confidence interval)

N HROS p value HR PFS p value
Gemcitabine 46 Reference Reference
GN 87 0.26 (0.16-0.42) <0.001 0.30(0.19-0.47) <0.001
FFN 92 0.31(0.16-0.59) <0.001 0.44(0.24-0.81) 0.008

implications during treatment selection, particularly for pa-
tients with preexisting neuropathy or conditions (e.g., diabe-
tes) that may predispose to a higher risk for this side effect.

Finally, we explored patterns of second-line treatments. It
is notable that only a minority of patients pursued further
therapy after discontinuing first-line. Not surprisingly, patients
receiving gemcitabine-based therapy proceeded to receive 5-
fluorouracil-based therapy, and vice-versa. This type of treat-
ment strategy is consistent with current evidence [7, 8]. A
recent prospective multicenter cohort study by Portal et al.
suggests that use of GN after FFN may be an effective ap-
proach to sequential therapy for patients. This produced a
median OS of 18 months [23], although patient selection
may have contributed to the apparent OS benefit. In a recent
multicenter randomized trial, the use of 5-flurouacil and
oxaliplatin versus infusional 5-flurouracil did not demonstrate
a difference in PFS after treatment with gemcitabine. The
study in fact demonstrated an inferior OS in the combination
treatment arm, possibly due to poorer tolerance of combina-
tion treatment leading to less use of post-progression therapy
[24, 25].

This study has several limitations. First, this was a retro-
spective cohort study so it is subject to selection bias. In the
absence of a three-arm clinical trial that compares FFN, GN,
and gemcitabine, however, we must rely on observational
studies to inform decision-making. In addition, we adjusted
for measured confounders, such as age and ECOG, in order to
better isolate the effect of treatment on outcomes. Second,

Table2  Median overall survival (OS) and progression-free survival (PFS) according to treatment group and disease burden. p values obtained using
gemcitabine as reference comparator. FFN and GN did not significantly differ from each other on any pair-wise testing. (95% confidence interval)

FOLFIRINOX nab-Paclitaxel Gemcitabine p value
+ Gemcitabine

Overall survival

Overall 14.1 (9.7-NR) 10.5 (9.5-14.1) 42 (3.6-5.7) <0.001

Locally advanced NR (14.8-NR) NR (9.9-NR) 9.4 (4.9-inf) <0.001

Metastatic 9.4 (7.0-16.0) 10.0 (8.3-13.5) 3.6 (2.8-5.0) <0.001
Progression-free survival

Overall 8.4 (6.7+10.9) 8.5(8.0-10.2) 3.7 (3.04.9) <0.001

Locally advanced NR (13.9-NR) NR (8.3-NR) 7.6 (4.9-NR) FFN:0.053GN: 0.067
Metastatic 6.6 (5.0-16.0) 8.3 (7.4-10.2) 3.1 (2.54.0) <0.001
NR not reached
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Table 4  Tolerability and adverse events
FFN GN Gem p value

Total number of patients 92 87 46
Median time to first dose modification (weeks) 7.3 weeks 4.7 weeks 1.5 weeks 0.13
Neutropenia leading to dose modification n (%) 15 (16.3%) 13 (14.9%) 2 (4.3%) 0.13
Febrile neutropenia n (%) 7 (7.6%) 1(1.1%) 0 (0%) 0.02
Neuropathy leading to dose modification n (%) 19 (20.6%) 9 (10.3%) 0 (0%) 0.002
Required 1 or more dose modifications n (%) 59 (64.1%) 50 (57.5%) 19 (41.3%) 0.16
Required 2 or more dose modifications n (%) 37 (40.2%) 11 (12.6%) 4 (8.7%) <0.001
Treatment discontinuation 75 (81.5%) 75 (86.2%) 46 (100%) 0.009
Patients who received second-line treatments 7 (%) 28 (30.4%) 17 (19.5%) 0 (0%) <0.001
Reason for discontinuation

Toxicity 21 (28.0%) 14 (18.6%) 13 (28.3%) 0.33

Progression 32 (42.7%) 35 (46.7%) 8 (17.4%) 0.003

Death 5(6.7%) 5(6.7%) 11 (23.9%) 0.004

Clinical deterioration 6 (8.0%) 16 (21.3%) 11 (23.9%) 0.03

Completed planned treatment 9 (12.0%) 1(1.3%) 0 (0%) 0.002

Other 2 (3%) 4 (5.3%) 4 (8.7%) 0.34

there was no central or independent radiologic review of im-
aging studies, which were also conducted at the discretion of
the treating physician rather than performed at regularly
scheduled intervals, so our assessment of PFS may not be as
robust as our measurement of OS. Third, we attempted to
delineate dose modifications by examining delays, reductions,
and omissions of agents, but this method is prone to misclas-
sification bias since the reasons for dose adjustments are var-
iable and can be based on physician, patient, and system fac-
tors that may be clinically warranted or not. In addition, dose
modifications were only captured and compared to the initial
dose administered due to limitations in the database. However,
these limitations should be weighed against the study’s
strengths which include its population-based nature and its
description of patterns of use and outcomes in the real world.
Moreover, our inclusion of locally advanced cases adds fur-
ther insights into the utility of these regimens beyond meta-
static disease.

In conclusion, our study supports the use of GN and FFN
as first-line therapeutic options for advanced pancreatic

Table 5 Time to first dose delay, dose reductions, or dose omission

cancer. When delivered to carefully selected patients with ei-
ther locally advanced or metastatic disease, either regimen
offers a survival advantage when compared to gemcitabine
monotherapy. In this real-world comparison consisting of
Canadian patients, outcomes achieved from the use of GN
and FFN appear similar. All regimens are generally well tol-
erated, although FFN is associated with more toxicities that
require more frequent dose modifications. Given these find-
ings, current therapeutic decisions should be driven by indi-
vidual patient preferences, performance status, and physician
clinical judgment regarding a patient’s tolerance to specific
side effects.

Compliance with Ethical Standards Ethics approval was obtained
from the Institutional Review Board prior to the conduct of the study.

Conflict of Interest The authors declare that they have no conflict of
interest.

FFN GN Gem p value

Total number of patients 92 87 46

Dose reductions (%) 31 (33.7%) 25 (28.7%) 14 (30.4%) 0.77
Number of patients who received dose delays (%) 32 (34.8%) 21 (24.1%) 8 (17.4%) 0.09
Number of patients who received dose omissions (%) 8 (8.7%) 10 (11.5%) N/A 0.53
Mean time to first dose reduction 7.7 weeks 8.2 weeks 4.7 weeks <0.05
Mean time to first dose delay 8.8 weeks 8.6 weeks 13.2 weeks 0.78
Mean time to first dose omission 11.9 weeks 11.0 weeks N/A 0.46
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