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Abstract

Purpose Advanced pancreatic adenocarcinoma (PA) is an aggressive disease that has poor prognosis and frequently interferes
with patient’s quality of life. There has been progress in first-line regimens; however, there is no standard second-line regimen.
The aim of this study is to analyze second-line gemcitabine after first-line fluorouracil (FU) + leucovorin (LV) + irinotecan +
oxaliplatin (FOLFIRINOX) regimen.

Methods This study included consecutive patients with advanced PA treated at Hospital Sirio-Libanés from 2011 to 2016. The
patients received FOLFIRINOX as first-line treatment and upon progression, received gemcitabine alone. Survival analysis was
performed using the Kaplan-Meier method.

Results A total of 54 patients were evaluated. Most patients were male (61.1%) and most had an ECOG performance status of 0
or 1 prior to the beginning of second-line treatment (66.6%). The mean number of gemcitabine cycles was 3.4. Most patients had
disease progression as the best response to treatment (75.9%), 11.1% had stable disease, and 9.3% experienced a partial response.

The median progression-free survival was 1.7 months, and the median overall survival was 6.8 months.
Conclusions Gemcitabine alone did not show meaningful clinical benefit as second-line treatment after FOLFIRINOX.
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Introduction

Pancreatic adenocarcinoma (PA) is one of the most lethal neo-
plasms of the gastrointestinal tract. At the time of diagnosis, less
than 20% of the cases are resectable, and most patients harbor
metastatic or inoperable disease [1]. Early detection and surgical
treatment are the only curative options; however, the recurrence
rate is approximately 80% and the overall 5-year survival for
these patients is only 14% [1]. In the metastatic scenario or that
of inoperable tumor, the disease is fatal, and even with the incor-
poration of new regimens in the last decade, the median overall
survival (OS) remains less than 1 year [2].
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Chemotherapy is a feasible option for patients with inoper-
able or metastatic disease, and the benefit for OS over best
supportive care (BSC) is well established [3]. The clinical
benefit of gemcitabine as first-line treatment was demonstrat-
ed by Burris et al. [4], and this was the preferred regimen until
2011 when Conroy et al. [2] showed the superiority of the
fluorouracil (FU) + leucovorin (LV) + irinotecan + oxaliplatin
(FOLFIRINOX) regimen over gemcitabine alone (median
OS, 11.1 versus 6.8 months, respectively; p <0.001). Later,
Von Hoff et al. [5] also demonstrated that nab-paclitaxel asso-
ciated with gemcitabine had better OS than gemcitabine alone
(median OS, 8.5 versus 6.7 months, respectively; p <0.001).

While some advances in first-line regimens were achieved
in the last decade, second-line regimens have little prospective
data available in the literature. Three phase III trials have
evaluated second-line regimens with fluorouracil associated
with either oxaliplatin or nanoliposomal irinotecan after pro-
gression on first-line gemcitabine [6—8]. However, since these
drugs are frequently used today as first-line treatment with
FOLFIRINOX, there is no standard second-line regimen after
progression on FOLFIRINOX. Therefore, most oncologists
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use other active drugs not used in the first-line treatment, such
as gemcitabine.

The aim of our study was to retrospectively evaluate the
efficacy of gemcitabine as second-line treatment for patients
with metastatic or inoperable PA who progressed after first-
line treatment with FOLFIRINOX.

Methods
Patients

We identified, via the electronic medical records of the
Hospital Sirio-Libanés-Brazil, all consecutive patients with
metastatic or inoperable PA treated between June 2011 and
December 2016. Patients were eligible if they had received
FOLFIRINOX as first-line treatment and upon progression or
intolerable toxicity, received gemcitabine as second-line treat-
ment. Patients were required to have histologically or cytolog-
ically confirmed PA, be 18 years or older, have radiological
evidence of metastatic or inoperable disease and have present-
ed with an Eastern Cooperative Oncology Group (ECOG)
status of 0-2. All patients were required to have documented
progression or intolerance to FOLFIRINOX. Patients who
received adjuvant chemotherapy with gemcitabine, had not
relapsed during treatment, and had upon relapse received
FOLFIRINOX as first-line treatment followed by gemcitabine
as second-line treatment were still considered for analysis.
The data on clinical characteristics, such as age, sex, and per-
formance status and radiological data were obtained from
medical records.

Treatment Regimen

FOLFIRINOX was administered in accordance with the study
regimen proposed by Conroy et al. [2], which consists of a
bolus of 85 mg/m? oxaliplatin, 180 mg/m? irinotecan, 400 mg/
m? leucovorin, and 400 mg/m? 5-FU followed by 2400 mg/m*
5-FU given as a continuous infusion for 46 h every 2 weeks.
Gemcitabine was given as 1000 mg/m* weekly for the first
3 weeks over a 4-week interval. The number of cycles and the
rates of dose reduction or treatment interruptions were evalu-
ated. Treatment was provided until disease progression or un-
manageable toxicity occurred.

Objectives and Statistical Analysis

Our primary objective was to evaluate the median OS of pa-
tients who received gemcitabine as second-line treatment fol-
lowing FOLFIRINOX. Survival was defined as the time from
the first dose of chemotherapy until death from any cause. Our
secondary objective was to access toxicity, progression-free
survival (PFS), and response rate (RR). PFS was defined from

the beginning of treatment to the date when disease progres-
sion occurred or death. Surviving patients were censored at
the date of last follow-up. RR was evaluated by follow-up
imaging—either computed tomography scans or magnetic
resonance imaging—and retrospectively assessed using the
Response Evaluation Criteria in Solid Tumors (RECIST) ver-
sion 1.1 [9]. OS and PFS were estimated using the Kaplan-
Meier method. We also analyzed the efficacy of second-line
gemcitabine according to the response to the FOLFIRINOX
regimen. Patients with stable disease (SD) or partial response
(PR) as a best response to first-line FOLFIRINOX were eval-
uated in one group compared with those who presented with
progressive disease (PD). This study was approved by the
local institutional review board and was conducted in accor-
dance with state and federal regulations.

Data Availability The datasets during and/or analyzed during
the current study available from the corresponding author on
reasonable request.

Results
Patient Characteristics

A total of 54 eligible patients who were treated between
June 2011 and December 2016 were included in our analysis.
The patient characteristics are shown in Table 1. There were
21 (38.9%) men and 33 (61.1%) women. The mean age at
diagnosis was 65.2 years (standard deviation, 10.3 years).
By the time of diagnosis, most patients were classified as
TNM stage IV disease (74%) and the rest were stage III
(16.7%) or 1IB (9.3%). Among those patients with stage 1IB
or III disease, nine were diagnosed with locally advanced and
irresectable disease, and five underwent tumor resection and
experienced relapse after surgery. The five patients treated
with surgery received gemcitabine as adjuvant treatment and
did not experience disease relapse during the adjuvant treat-
ment. Most patients (59.3%) presented with an elevation of
CA 19.9 beyond the upper limit at diagnosis. At the time of
gemcitabine treatment initiation, most patients were classified
according to the Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS) as 0 or 1 (66.6%), and 15 (27.8%)
patients were ECOG 2.

First-Line FOLFIRINOX Outcomes

All patients received FOLFIRINOX as a first-line treatment
for metastatic, relapsed, or inoperable disease, and the re-
sults are shown in Table 2. The mean number of cycles of
FOLFIRINOX was 9.4 with a standard deviation of 6.0.
Thirty-five patients (64.8%) experienced interrupted treat-
ment when disease progression was detected. Fourteen
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Table 1  Patient characteristics (N = 54)

Table 2 Treatment outcomes (N = 54)

Age at diagnosis (years)

Median 65.2

SD 10.3
Sex (No. (%))

Male 33 (61.1)
Female 21 (38.9)
ECOG performance status (No. (%))

0 16 (29.6)
1 20 (37.0)
2 15 (27.8)
3 0(0.0)
NA 3 (5.6)
TNM stage group (No. (%))

1B 509.3)
11 9 (16.7)
v 40 (74.0)
CA 19.9 elevation (No. (%))

Yes 32 (59.3)
No 8 (14.8)
NA 14 (25.9)
Smoking (No. (%))

Yes 21 (38.9)
No 30 (55.5)
NA 3 (5.6)
Alcoholism (No. (%))

Yes 11 (20.4)
No 39 (72.2)
NA 4(74)

Abbreviation: NA, not available

patients (25.9%) experienced interrupted treatment after a
considered maximum benefit was achieved by the treating
physician. Eleven of these patients were followed without
any chemotherapy and started on second-line gemcitabine
when disease progression was documented by imaging.
Three patients were reexposed to FOLFIRINOX after a
chemotherapy-free interval, and upon new progression,
treatment was switched to gemcitabine. One patient who
received nine cycles was reexposed to another 3 cycles of
FOLFIRINOX; another patient received 12 cycles and was
reexposed to another 3 cycles of FOLFIRINOX; and one
patient was reexposed to another 4 cycles after receiving
12 cycles of FOLFIRINOX. Five patients (9.3%) stopped
treatment because of intolerable toxicity. FOLFIRINOX
was interrupted in three of these patients due to severe
hematological toxicity and in two patients due to limiting
gastrointestinal toxicities. The best response to
FOLFIRINOX was PR in 27 patients (50%), SD in 7 pa-
tients (13%), and PD in 17 patients (31.5%). No patient
had a complete response (CR).

@ Springer

First-line FOLFIRINOX
Number of cycles

Mean 94

SD 59
Reasons for treatment interruption (No. (%))

Maximum benefit 14 (25.9)

Disease progression 35 (64.8)

Intolerable toxicity 5(09.3)
Best response (No. (%))

Complete response 0(0.0)

Partial response 27 (50.0)

Stable disease 7 (13.0)

Disease progression 17 (31.5)

NA 3(5.5)
Second-line gemcitabine
Number of cycles

Mean 34

SD 22
Reasons for treatment interruption (No. (%))

Maximum benefit 237
Disease progression 49 (90.7)
Intolerable toxicity 1(1.8)
Ongoing 1(1.8)
Lost to follow-up 1(1.8)
Best response (No. (%))

Complete response 0(0.0)
Partial response 50.3)
Stable disease 6(11.1)
Disease progression 41 (75.9)
NA 2.7
Dose reductions (No. (%))

Yes 17 (31.5)
No 31(57.4)
NA 6 (11.1)
Treatment delays for more than seven days (No. (%))

Yes 10 (18.5)
No 37 (68.5)
NA 7 (13.0)

Abbreviations: NA, not available; SD, standard deviation

Second-Line Gemcitabine Outcomes

The median follow-up was 13.4 months (95% CI, 7.3-19.6)
since the beginning of FOLFIRINOX. The median OS with
second-line gemcitabine was 6.8 months (95% CI, 2.6-11.0)
(Fig. 1). The median PFS was 1.7 months (95% CI, 0.98—
2.42) (Fig. 2). The mean number of cycles of gemcitabine
was 3.4 with a standard deviation of 2.2. Most patients
(90.7%) experienced interrupted gemcitabine because of dis-
ease progression. Two patients (3.7%) experienced
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Fig. 1 Kaplan-Meier curve of overall survival with second-line
gemcitabine

interruption because maximum benefit was achieved. These
two patients were followed and upon progression, one patient
received paclitaxel as third-line treatment and the other re-
ceived a combination of capecitabine and gemcitabine. One
patient (1.8%) experienced interrupted second-line
gemcitabine because of intolerable hematological toxicity.
Most patients (75.9%) had PD as the best response to treat-
ment, six (11.1%) had SD, five (9.3%) experienced a PR and
no patient had a CR. Seventeen (31.5%) patients required dose
reductions because of toxic effects and ten (18.5%) required
treatment delays of more than seven days because of adverse
events (Table 2).

Five patients (9.6%) that were treated with second-line
gemcitabine had used that same regimen as adjuvant treatment
after radical surgery. Four of these patients had PD as the best
response to treatment and only one experienced a PR. All five
patients interrupted gemcitabine because of disease
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Fig. 2 Kaplan-Meier curve of progression-free survival with second-line
gemcitabine

progression. We analyzed gemcitabine outcomes according
to the response observed during FOLFIRINOX treatment.
Patients who were refractory to FOLFIRINOX (resistant dis-
ease) had worse outcomes with gemcitabine than those who
had SD or a PR with FOLFIRINOX (controlled discase)
(Table 3). For those with primary resistance to
FOLFIRINOX, the RR was 5.9% and the disease control
(DC) rate was 11.7 versus 8.1 and 23.4%, respectively, for
those with controlled disease. The median OS was higher for
patients with controlled disease than for those with primary
resistance (8.8 versus 3.3 months), although this difference
was not significant (p =0.144) (Fig. 3). The median PFS
was also numerically higher, but the difference was not sig-
nificant (2.0 versus 1.4 months; p =0.235) (Fig. 4).

Third-Line Treatments

Twenty-five patients (46.3%) received a third-line treatment
post progression on gemcitabine. Most of these patients (60%)
received paclitaxel alone, three patients (12%) capecitabine
alone, two (8%) a FOLFOX regimen (fluorouracil +
oxaliplatin), one patient (4%) gemcitabine with nab-paclitax-
el, one patient trametinib, one patient lapatinib + erlotinib, and
another patient carboplatin with paclitaxel and bevacizumab.

Discussion

There is a lack of phase I1I trials evaluating second-line treat-
ments for PA in the literature, and no standard regimen is
consolidated. A few studies have evaluated chemotherapy
regimens after failure on first-line gemcitabine: The
CONKO-003 trial demonstrated that the OFF regimen, which
consisted of FU and LV, associated with oxaliplatin, had better
OS than FU/LV alone (median OS of 5.9 versus 3.3 months;
hazard ratio (HR), 0.66, p =0.010) [6]. The PANCREOX trial
also evaluated the combination of oxaliplatin with FU/LV
versus FU/LV alone. In contrast with the results of the previ-
ous trial, no survival benefit was observed in the combination
arm for PFS (median of 3.1 months for the combination arm
versus 2.9 months for the FU/LV arm; p = 0.99), and OS was
inferior in the experimental arm (median of 6.1 versus
9.9 months; p =0.02) [7]. More recently, the NAPOLI-1 trial
evaluated FU/LV with nanoliposomal irinotecan versus FU/
LV alone. The experimental arm had better median OS than
the control arm (6.1 versus 4.2 months; HR, 0.67; p =0.012),
demonstrating that this combination could be an option for
patients who fail gemcitabine [8].

Since the pivotal study of Conroy et al. [2], FOLFIRINOX
has become the treatment of choice for patients with metastatic or
inoperable PA with good performance status (PS). A few years
later, Von Hoff et al. demonstrated the superiority of the combi-
nation of nab-paclitaxel with gemcitabine over gemcitabine alone
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Table 3 Correlation between
gemcitabine outcomes and
response to FOLFIRINOX

FOLFIRINOX Gemcitabine
Response Disease mPFS mOS
rate (%) control (months) (months)
rate (%)
Controlled disease 8.1 23.5 2.0 8.8
(N=34)
Resistant disease (N=17) 59 11.7 14 33

Abbreviations: mPFS, median progression-free survival; mOS, median overall survival

for first-line treatment [5]. There has been no head-to-head com-
parison between FOLFIRINOX and gemcitabine-nab-paclitaxel
regimens. Gemcitabine alone as first-line treatment is reserved
today for specific situations, such as for patients with poor
ECOG-PS or older patients for whom a combination treatment
is not appropriate. These changes in the first-line scenario raised
questions about what the preferred second-line treatment would
be. In the Conroy study, 46.8% of patients who received first-line
FOLFIRINOX were exposed to a second-line treatment, and
among those patients, the most common regimen was
gemcitabine in 82.5%. In our country, gemcitabine alone is the
most common second-line treatment after FOLFIRINOX in clin-
ical practice.

To the best of our knowledge no prospective data have eval-
uated second-line gemcitabine. Our data are consistent with other
retrospective studies. We demonstrated an RR of only 9.3%, a
median PFS of 1.7 months and a median OS of 6.8 months. A
trial published by Viaud et al. that evaluated 96 patients found a
similar median PFS (2.1 months) and RR (10%) and a shorter
OS (3.7 months) [10]. That trial evaluated prognostic factors and
found that the ECOG-PS was significantly associated with OS
(>1 versus <1; HR =2.40; p<0.0001), which could explain
why our patients had higher OS: in our trial, 66.6% of patients
had an ECOG-PS of 0 or 1 prior to beginning second-line

100% Best response to FOLFIRINOX
=~ Controlled Disease

~+ Resistant Disease
75% 1

50% A

Overall survival

25%

0% - - - . - ? .
0 6 12 18 24 30 36 42
Time (months)
Number at risk

== 34 15 7 2 1 1 1 0
= 17 4 3 1 1 0 0 0

Fig. 3 Kaplan-Meier curve of overall survival according to the response
observed during first-line FOLFIRINOX treatment
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treatment versus 47% in the Viaud study [10]. Gilabert et al.
described 72 patients and evidenced similar results with an RR
of 11%. In this trial, the median PFS was 2.5 months and the
median OS was 13.6 months for the entire cohort including OS
during first-line FOLFIRINOX [11]. Sarabi et al. analyzed 42
patients and found similar results with a median of 4.5 infusions
of gemcitabine yielding a DC rate after 2 months of treatment of
only 26.2%. The median OS in this trial was 3.6 months [12].
Another retrospective study evaluated 20 patients and found a
median PFS of 2.0 months and a median OS of 5.7 months [13].

Our results show that patients refractory to FOLFIRINOX
had worse outcomes with gemcitabine than patients who ex-
perienced DC with the first-line treatment (Table 3). This ob-
servation is in accordance with the findings of Gilabert et al.
[11] that showed worse OS for patients with primary resis-
tance to FOLFIRINOX (8.6 versus 14.3 months; p =0.02);
however, these results differed from those of Sarabi et al.
[12], which evidenced that patients with primary resistance
to FOLFIRINOX had a higher probability of responding to
gemcitabine (54.5% for patients with primary resistance ver-
sus 21.4% for those whose disease manifested some control
(PR or SD); p =0.061). To our point of view, it is unlikely that
a disease that was primarily resistant to a triplet regimen such
as FOLFIRINOX would be associated with a higher
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Fig. 4 Kaplan-Meier curve of progression-free survival according to the
response observed during first-line FOLFIRINOX treatment
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probability of benefit with gemcitabine as the second-line
treatment. More intense chemotherapy regimens could be a
reasonable option for patients who maintain a good PS, espe-
cially for those who were primarily resistant to the
FOLFIRINOX regimen.

After the results of Von Hoff et al. [S] demonstrated that the
combination of gemcitabine with nab-paclitaxel achieved bet-
ter OS and RR than gemcitabine alone, some authors consid-
ered using this combination as second-line treatment. A phase
II trial of the AGEO group investigated nab-paclitaxel plus
gemcitabine after FOLFIRINOX failure. In this trial that se-
lected 57 patients, the median OS was 8.8 months and the
median PFS was 5.1 months. The RR was 17.5% and disease
control rate was 58% [14]. Similar results were reported in
retrospective trials [15—17]. Zhang et al. evaluated 28 patients
and found that the time to treatment failure was 12 weeks, and
the median OS was 23 weeks. The RR was 19.9% and DC
was observed in 46.5% [15]. Bertocchi et al. reported data of
23 patients from a single institution and demonstrated a me-
dian OS of 5 months and disease control in 43.5% of the
patients [16]. Nguyen et al. evaluated 30 patients and reported
amedian PFS of 3.7 months and a median OS of 12.4 months.
The RR was 17%, and the CB rate was 57% [17].

We acknowledge that our study has limitations. Data col-
lection from medical reports is subject to the quality of the
information described by the medical staff. We had great dif-
ficulty collecting data on side effects of gemcitabine, and
therefore, this information could not be described and ana-
lyzed in the present study. Additionally, the small number of
patients and the retrospective design have certainly led to se-
lection bias and may have influenced the results. In fact, our
study has a great number of patients with an ECOG-PS of 0
and 1 (66.6%) which may have influenced the survival results
and may have compromised the external validation since we
would expect a smaller percentage of these patients after pro-
gression to first-line FOLFIRINOX.

In conclusion, gemcitabine alone as second-line treatment
after FOLFIRINOX has shown dismal survival results and
small clinical benefit. Our data showed consistency with other
retrospective trials and evidenced that patients with primary
resistance to FOLFIRINOX could have more aggressive dis-
ease with decreased prospects of any benefit with gemcitabine
alone in a second-line setting. A more intense regimen for
second-line treatment using the combination of nab-
paclitaxel with gemcitabine seems to achieve better results
than gemcitabine alone, and this strategy deserves to be fur-
ther explored in larger and prospective trials.
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