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Introduction

Until recently, primary treatment for metastatic pancreatic 
cancer was single agent gemcitabine or gemcitabine plus 
erlotinib. Median historic survival times ranged between 
6–6.2 months (mo) for either regimen (1). More recently, 
the ACCORD-11 trial compared a combination of 5-FU, 
oxaliplatin and irinotecan (FOLFIRINOX) to gemcitabine 
alone in patients with metastatic pancreatic cancer. This 

study revealed a response rate of 31.6% and median 
overall survival (OS) for the combination arm of 11.1 mo, 
compared to 6.8 mo for the gemcitabine-alone arm (2). 
These results suggested a role for FOLFIRINOX in the 
care of metastatic pancreatic cancer patients. Subsequent 
publication of the MPACT study compared first-line 
gemcitabine to the combination of gemcitabine and nab-
paclitaxel (nPG). In this study, a response rate of 23% 

Original Article

Gemcitabine/nab-paclitaxel as second-line therapy following 
FOLFIRINOX in metastatic/advanced pancreatic cancer—
retrospective analysis of response

Khanh T. Nguyen1, Aparna Kalyan2, H. Scott Beasley3, Aatur D. Singhi4, Weijing Sun1, Herbert J. Zeh5, 
Daniel Normolle6, Nathan Bahary1

1Department of Hematology and Oncology, University of Pittsburgh, Pennsylvania, USA; 2Developmental Therapeutics Program of Department 

of Hematology and Oncology, Northwestern University, Illinois, USA; 3Department of Radiology, 4Department of Pathology, 5Division of 

Gastrointestinal Surgical Oncology, 6Department of Biostatistics, University of Pittsburgh, Pennsylvania, USA

Contributions: (I) Conception and design: KT Nguyen, A Kalyan, N Bahary; (II) Administrative support: None; (III) Provision of study material 

or patients: All authors; (IV) Collection and assembly of data: KT Nguyen, A Kalyan, HS Beasley, D Normolle, N Bahary; (V) Data analysis and 

interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Nathan Bahary, MD, PhD. University of Pittsburgh, 5150 Centre Avenue, 5th Floor, Pittsburgh, PA 15232, USA. Email: baharyn@upmc.edu.

Background: Given the tolerability of nPG in first-line therapy, we desired to evaluate the response and 
toxicity profiles of second-line gemcitabine with nab-paclitaxel (nPG) following FOLFIRINOX.
Methods: We retrospectively identified 30 patients who received first-line FOLFIRINOX for unresectable 
or metastatic pancreatic adenocarcinoma followed by second-line nPG. Response was evaluated by RECIST 
criteria and carbohydrate antigen 19-9 (CA19-9) change. 
Results: Median age was 63 years with 77% percent having metastatic disease. Nineteen patients (63%) 
achieved PR based on CA19-9. Median overall survival (OS) with nPG was 12.4 months (mo) and median 
progression-free survival (PFS) was 3.8 mo. Median PFS and OS for patients with at least stable CA19-9 were 
4.7 and 14 mo since initiation of nPG. Patients with an increased CA19-9 level during nPG had a shorter 
median PFS (1.4 mo) and OS (5.4 mo). A significant PFS difference was demonstrated in patients with at 

least stable disease as the best RECIST response versus in those with progressive disease (5.5 vs. 1.9 mo,  
P<0.001). Grade 3/4 adverse events include thrombocytopenia (33%), anemia (23%), nausea (17%), 
lymphopenia (7%), infectious complications (6%), diarrhea (3%), and neuropathy (3%).
Conclusions: This study demonstrates a clinical benefit of second-line nPG. The study also suggests a 
possible use of CA19-9 to predict response to therapy. 

Keywords: Pancreatic cancer; FOLFIRINOX; gemcitabine; nab-paclitaxel; carbohydrate antigen 19-9 (CA19-9)

Submitted Nov 13, 2016. Accepted for publication Dec 28, 2016.

doi: 10.21037/jgo.2017.01.23

View this article at: http://dx.doi.org/10.21037/jgo.2017.01.23

565



557Journal of Gastrointestinal Oncology Vol 8, No 3 June 2017

© Journal of Gastrointestinal Oncology. All rights reserved. J Gastrointest Oncol 2017;8(3):556-565jgo.amegroups.com

was seen and median OS was 8.7 mo for the combination 
arm versus 6.7 mo for gemcitabine alone (3,4). There were 
numerous differences between these two trials that make a 
direct comparison between them difficult. Although many 
side effects did not significantly differ between the regimens, 
a sizable number of patients with poorer performance status 
(PS) were enrolled in the MPACT trial. With regard to 
second-line trials, the CONKO-003 trial suggested a role 
for a fluoropyrimidine and oxaliplatin-based regimens after 
a first-line gemcitabine-based regimen (5). More recently, 
the Napoli-1 study demonstrated a 2-month median OS 
advantage for a liposomal encapsulated irinotecan (MM-398)  
with 5-FU, compared to 5-FU alone after gemcitabine 
failure (6). Given the tolerability of nPG in first-line 
therapy, we retrospectively identified patients treated with 
FOLFIRINOX who upon progression were treated with 
nPG in a combination of academic and community settings, 
thereby evaluating the response and toxicity profiles of nPG 
in the second-line setting.

Methods

We retrospectively identified via the electronic medical 
record at the University of Pittsburgh Medical Center 
Network in Pennsylvania all patients treated between 
January 2011 and October 2015 for unresectable or 
metastatic pancreatic cancer. Institutional Review Board 
consent was obtained for the review. Data were obtained 
from available electronic medical records and cross-sectional 
imaging. We then identified 30 patients treated with 
FOLFIRINOX as first-line therapy who upon progression 
or excessive toxicity were switched to nPG. Patients were 
excluded if they received combination 5-FU therapy 
that was not part of the FOLFIRINOX regimen. The 
primary metrics analyzed for this study were progression-
free survival (PFS) and OS, response by radiological and 
carbohydrate antigen 19-9 (CA19-9) criteria. Adverse 
events were evaluated and graded through review of chart 
documentation according to the Common Terminology 
Criteria for Adverse Events (CTCAE version 4.0).  
Radiological response was defined by means of the Response 
Evaluation Criteria In Solid Tumors (RECIST 1.1)  
criteria. Radiologic response assessment was reviewed by 
investigators and an institution radiologist. CA19-9 response 
was defined as a decrease by greater than 50% from 
baseline for response and an increase by greater than 20% 
from baseline for progression (7-11). PFS was determined 
from time of first treatment of FOLFIRINOX to disease 

progression or toxicity and from time of nPG initiation 
to disease progression to disease progression or toxicity. 
Similarly, OS was determined from time of first treatment of 
FOLFIRINOX to death and from time of nPG initiation to 
death. The median PFS and OS were determined using the 
Kaplan-Meier method. The relationship between number 
of cycles of chemotherapy received and best RECIST 1.1 
response was investigated with a cumulative logit model (12). 
Statistical significance required P<0.05. Statistical tests were 
performed using R 3.3.

Results

Patient characteristics

A total of 30 patients were identified via the electronic 
medical record that met the previously described inclusion 
and exclusion criteria from January 2011 to October 2015. 
The median age of the included patients was 63 years 
(range, 46–78 years). Of the 30 patients, 47% were female. 
Pancreatic head tumors were seen in 40% of patients, 
whereas 20% and 33% had pancreatic body and tail 
tumors, respectively (Table 1; two (7%) were of unknown 
location). At diagnosis, 7 patients had stage III disease and 
23 patients were stage IV. The majority of the metastatic 
disease sites were liver (61%), lung (30%) and peritoneum 
(22%) at the time of diagnosis. At the start of nPG, the 
metastatic sites were liver (62%), peritoneum (35%), 
pulmonary (21%) and adrenal (4%). The majority of the 
patients had only one metastatic site at time of diagnosis 
(87%) and at time of nPG initiation (73%). Three patients 
had more than one metastatic site at the time of diagnosis 
(one peritoneum/pulmonary, one peritoneum/liver and 
one peritoneum/pulmonary/liver). Seven patients had 
more than one metastatic site at the time of nPG initiation 
(two peritoneum/pulmonary, three peritoneum/liver, one 
peritoneum/adrenal and one peritoneum/pulmonary/liver). 
Baseline CA19-9 at time of diagnosis for these patients was 
greater than 1,000 units/mL in 19 (63%) patients (Table 1).  
The average CA19-9 was 3,919 units/mL. Second-line 
therapy was initiated secondary to disease progression in 
73% of the patients, whereas seven patients had to change 
therapy secondary to the toxicities of diarrhea, nausea, and 
fatigue.

Efficacy of FOLFIRINOX

There were 151 cycles of FOLFIRINOX given to 30 patients.  
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The median number of cycles of FOLFIRINOX received by 
our patients was 4 (range, 2–16). Eleven patients (37%) had 
an increase in CA19-9 by greater than 20% from baseline 
as their best response to FOLFIRINOX. There were 
seven patients with a partial response by CA19-9 (CA-PR)  
corresponding to a fall of greater than 50% by CA19-9 and 
six patients who had incomplete data. Of the patients with 
CA-PR, four patients had pancreatic head tumors with the 
remaining being split between body (two) and tail (one) 
locations. There was no noted relationship between the 
number of FOLFIRINOX cycles received and the changes 
in CA19-9 response to FOLFIRINOX (Figure S1).

At the end of the FOLFIRINOX treatment, based on 
RECIST criteria, 16 patients had stable disease (R-SD), 
one patient demonstrated a partial response (R-PR) with 
a greater than 20% reduction in measurement of targeted 
lesion from baseline as the best response. Seven patients 
(23%) were found to have progression. Similar to the lack 
of relationship between CA19-9 response and cumulative 
FOFIRINOX dosing, there was no correlation between 
tumor size and number of cycles of FOLFIRINOX received 
(Figure S2).

Efficacy of nPG

There were 175 cycles of nPG given during the evaluation 
period. The median number of cycles of nPG received 
by patients was 4 (range, 1–21), which was similar to 
the FOLFIRINOX group. Two patients (7%) remained 
on nPG at the time of completion of data collection in 
October 2015. Nineteen of 30 patients (63%) achieved 
CA-PR during the course of  treatment with this 
combination chemotherapy. A further 7% (2/30) of patients 
demonstrated progression of CA19-9 (CA-PD) as the 
best response with this therapy combination. At the end 
of nPG, 8 (27%) of patients demonstrated CA-PD and  
13 (43%) patients continued to have a CA-PR. Six patients 
had missing data. At the end of nPG data collection, there 
were five (17%) patients with partial response based on 
RECIST criteria. We had incomplete imaging data on 
seven patients. There was also no relationship between the 
best CA19-9 response to nPG and number of nPG cycles 
received (Figure S3). There was no relationship between 
tumor size and the number of cycles of nPG chemotherapy 
received (Figure S4). Second-line nPG had a clinical benefit 
(SD and PR) of 73% by means of CA19-9 and 57% by 
means of imaging response. 

The median PFS for al l  patients since starting 

Table 1 Patient demographics and baseline characteristics

Patient characteristics N (%)

Total number of patients 30

Median age (range) 63 [46–78]

Sex

Male 16 [53]

Female 14 [47]

Tumor locations

Head 12 [40]

Body 6 [20]

Tail 10 [33]

Unknown 2 [7]

Stage

III 7 [23]

IV 23 [77]

Metastatic sites at diagnosis

Liver 14 [61]

Peritoneum 5 [22]

Pulmonary 7 [30] 

Metastatic sites at start of gemcitabine/nab-paclitaxel (nPG)

Liver 16 [62]

Peritoneum 9 [35]

Pulmonary 8 [21]

Adrenal 1 [4]

Number of metastatic sites at diagnosis

1 20 [87]

2 2 [9]

3 1 [4]

Number of metastatic sites at start of nPG

1 19 [73]

2 6 [23]

3 1 [4]

CA19-9 at baseline

Normal 2 [7]

20–100 9 [30]

>1,000 19 [63]

Reason for second-line therapy

Progression 22 [73]

Toxicity 7 [23]

No response 1 [3]
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FOLFIRINOX was 7.3 mo [95% confidence interval 
(CI), 6.3–10.8] and was not influenced by the best CA19-9 
response to FOLFIRINOX (Figure S5). Interestingly, those 
with PD as their best RECIST response to FOLFORINOX 
had a trend to improved survival perhaps because of an 
earlier change in chemotherapy to nPG (Figure S6). Median 
OS was noted to be 13.8 mo (95% CI, 11.0–17.8) since 
the start of FOLFIRINOX. OS since starting second-line 
nPG was 12.4 mo, with a median PFS of 3.8 mo (Figure 1).  
Median PFS and median OS for patients with stable 
or improved CA19-9 (CA-CR) were 4.7 mo (95% CI, 
3.6–10.2) and 14.0 mo (95% CI, 10.7–NR) since the start 
of nPG, respectively. Those patients who did not have a 
CA19-9 decrease (CA-PD) during second-line nPG had a 
median PFS and median OS of 1.4 mo (95% CI, 1.3–NR)  
and 5.4 mo (95% CI, 5.0–NR), respectively (Figure 2). 

Patients who had a decrease of more than 90% in their 
CA19-9 reduction had a trend to a longer median OS (NR, 
95% CI, 12.6–NR mo) and median PFS (6.1 mo, 95% CIM 
4.9–NR) (Figure 3). The median PFS for patients with a 
CA19-9 reduction from 50–90% is 3.6 mo (95% CI, 2.7–NR)  
and with CA19-9 reduction less than 50% is 2.2 mo (95% 
CI, 1.61–NR). The median OS for patients with CA19-9 
reduction from 50–90% is 12.4 mo (95% CI, 7.5–NR) and 
with CA19-9 reduction less than 50% is 5.7 mo (95% CI, 
5.0–NR). 

Patients on second-line nPG with a best RECIST R-SD 
and response of partial response (R-CR) demonstrated a 
statistically significant increase in PFS, with a median of 5.5 mo  
(95% CI, 3.9–10.2) versus 1.9 mo (95% CI, 1.5–NA)  
for patients with PD as the best RECIST response (R-PD)  
(P<0.001), but there was no statistically significant difference 
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Figure 1 Progression-free survival (PFS) and overall survival (OS) of study subjects. (A,B) PFS and OS of study subjects from start of all 
treatment; (C,D) PFS and OS survival of study subjects after failure of FOLFIRINOX.
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baseline.

in OS (P=0.99) (Figure 4). There were no statistically 
significant differences in PFS or OS for patients who had R-PR 
versus R-SD based on CA19-9 or RECIST (Figures S7,S8). 

Toxicity profile (nPG and FOLFIRINOX)

During FOLFIRINOX therapy, fatigue (87%) was the 
most common side effect sustained by patients, with six 
(20%) patients requiring either a change in therapy or 
dose adjustment for this reason. At the completion of nPG, 
fatigue was still the most common adverse event noted, 
however only one patient reported grade >2 fatigue; the 

majority (25, 83%) of patients reported grade 1 or 2 toxicity.  
Neuropathy due to FOLFIRINOX was a common 
complication, with 13 (43%) of patients having grade 1 or 
2 toxicity and 1 (3%) with reported grade 3 neuropathy. 
With nPG, neuropathy occurred in 19 (63%) patients 
with grade 1 or 2 neuropathy and one (3%) patient with 
grade 3 neuropathy. Of the 19 patients having neuropathy 
during nPG, 11 patients had prior neuropathy during 
FOLFIRINOX. Nine (30%) patients reported new 
neuropathy symptoms and three (10%) patients developed 
worsening neuropathy during nPG. There was one patient 
(3%) who stopped nab-paclitaxel due to the onset of new 
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Black, RECIST 1.1 disease progression; red, RECIST 1.1 stable disease, partial response, and complete response.

neuropathic complications. The majority of the grade  
3 or 4 toxicities with nPG were related to myelosuppression 
( anemia ,  th rombocy topen i a ,  l ymphopen i a ,  and 
neutropenia), as noted in Table 2. nPG was stopped for 
one patient due to gemcitabine-associated thrombotic 
thrombocytopenic purpura (TTP). One patient on nPG 
had to stop therapy due to severe hepatic dysfunction from 
their tumor burden. There were three patients who had to 
change treatment to third-line therapy due to toxicity and 
side effects (nab-paclitaxel induced neuropathy, hepatic 
toxicity, and gemcitabine associated TTP).

Discussion

Pancreatic cancer is a major cause of death whose incidence 
is on the rise. It is expected to become the second 
leading cause of cancer death by 2030 (13). With this in 
mind, maximizing available treatment options is critical. 
FOLFIRINOX remains a preferred standard of care option 
in patients who can tolerate this regimen. With the addition 
of nPG, the options of therapy available have increased. 
However, following initial therapy with either of these 
combinations further therapy options remain controversial. 
This study was undertaken to elucidate the potential 
benefits and toxicities of second-line nPG in a mixed 
academic and community setting.

In our patient population, we found that the median 
overall PFS and OS were 7.3 mo (95% CI, 6.3–10.8) and 
13.8 mo (95% CI, 11.0–17.8), respectively, for patients 
receiving first-line FOLFIRINOX followed by second-line 

nPG. These data are comparable to historical data from 
the first-line FOLFIRINOX study, which demonstrated a 
median PFS and median OS of 6.4 mo (95% CI, 5.5–7.2) 
and 11.1 mo (95% CI, 9.0–13.1) respectively (2). From the 
start of nPG, the median PFS and OS were 3.8 mo (95% CI,  
2.8–6.1) and 12.4 mo (95% CI, 6.9–15.0) respectively. 
These data compare favorably to the MPACT data, which 
demonstrated a median PFS of 5.5 mo (95% CI, 4.5–5.9) 
and median OS of 8.7 mo (95% CI, 7.9–9.7) in the first-line  
setting (3,4). Compared to the first-line MPACT study, 
the median PFS in this study was shorter, while median 
OS longer. However, the respective confidence intervals 
overlap. 

Previously, Portal et al. described their experience 
with nPG after FOLFIRINOX failure (14). In their 
analyses, 57 patients were treated with nPG after failure of 
FOLFIRINOX for a median of four cycles (range, 1–12).  
They revealed a disease control rate of 58% and a 17.5% 
objective response rate based on RECIST 1.1 criteria. 
Median OS was 8.8 mo (95% CI, 6.2–9.7) with a median 
PFS of 5.1 mo (95% CI, 3.2–6.2). Our patients had a 
slightly lower median PFS of 3.8 mo, but an improved 
median OS rate of 12.4 mo. Based on best RECIST 
1.1 response, our patients had a disease control rate of 
73% and a 22% objective response rate. In the previous 
study by Portal et al., median OS for the combination of 
FOLFIRINOX followed by nPG was 18 mo. In the present 
study, the median OS was 13.8 mo, lower than that seen in 
the Portal et al. study. It appears that our patient population 
did not tolerate first-line FOLFIRINOX as well as those 
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included in the previous paper. In the study by Portal et al.,  
the median number of FOLFIRINOX cycles was 12, 
whereas in the present study the median number was four. 
This likely accounts for the observed difference in total 
median PFS and median OS between the two studies. The 
reason for this observation may be due to differences in our 
patient populations and treating physician familiarity with 
treating side effects of FOLFIRINOX. The median age of 

the evaluable patients in the current study was slightly older 
(63 vs. 59.9 years) than the Portal study, and a significant 
number of patients in this study received their care in 
the community setting where physicians may perhaps 
have less experience with managing FOLFIRINOX. It 
is interesting to note the difference between the median 
OS since initiation of FOLFIRINOX and the median OS 
since initiation of nPG in our study was relatively short at 
only 1.3 mo. This suggests that our patients did not derive 
a significant benefit from FOLFIRINOX, likely due to 
poor response or intolerance. However, the conclusion 
regarding the efficacy of nPG after FOLFIRINOX remains 
concordant between the two studies.

Significant data exist for the use of CA19-9 in the 
screening, pre-operative, postoperative, and metastatic 
settings as a predictive and prognostic marker to therapy 
(7,10). CA19-9 has been evaluated by O’Brien et al. as a 
screening biomarker for pancreatic cancer with noted 95% 
specificity and sensitivity of 68% at 1 year and 53% at 2 years  
before diagnosis of pancreatic cancer (15). Wentz and 
colleagues demonstrated that CA19-9 is an independent 
prognostic factor following curative resection of pancreatic 
adenocarcinoma (16). The cut-off of 1,000 units/mL for 
CA19-9 was used in this study because, previously, Maisey 
and colleagues were able to demonstrate that baseline 
CA19-9 above or below 968 μnits/mL is associated as an 
independent marker for OS (17). In a study by Hartwig 
et al., pre-operative CA19-9 level was evaluated in 1,626 
consecutive patients who underwent primary pancreatic 
adenocarcinoma surgery and was noted to predict tumor 
resectability, stage of disease, and survival. The R0 rate 
was 15% in patients with CA19-9 greater or equal to  
1,000 units/mL (18). It has also been noted that a decrease 
in CA19-9 postoperatively and postoperative CA19-9 of 
less than 200 units/mL were strong independent predictors 
of survival (19). In a previously published study, a CA19-9  
response of greater than 50% during neoadjuvant 
therapy was associated with improved OS in addition 
to rate of R0 resection and pathologic response (20).  
CA19-9 has also been evaluated in the adjuvant and 
metastatic settings. The degree of CA19-9 response predicts 
how patients are responding to therapy. Post-treatment 
CA19-9 which has decreased by 25–90% is correlated with 
an improved median OS (11,21-24).

In the current study, we observed that CA19-9 response 
during nPG treatment is associated with favorable response 
to therapy (Figures 2,3). At the end of nPG data cutoff, 
there were 13 (43%) patients remaining in PR based on 

Table 2 Toxicity profile of gemcitabine/nab-paclitaxel (nPG)

CTCAE toxicity Grade 1–2, n [%] Grade 3–4, n [%]

Constitutional

Fatigue 25 [83] 1 [3]

Anorexia 15 [50] 0 [0]

Pain 2 [7] 0 [0]

Gastrointestinal

Constipation 9 [30] 0 [0]

Diarrhea 11 [37] 1 [3]

Abdominal pain 12 [40] 1 [3]

Nausea 10 [33] 5 [17]

Infectious disease

All infection 8 [7] 2 [6]

Pulmonary

Dyspnea 3 [10] 0 [0]

Cardiovascular

Hypertension 0 [0] 1 [3]

Edema 13 [43] 0 [0]

Thromboembolism 1 [3] 0 [0]

Renal

Acute kidney injury 2 [7] 0 [0]

Skin

Alopecia 6 [20] 0 [0]

Rash 5 [17] 0 [0]

Neurological

Neuropathy 19 [63] 1 [3]

Laboratory hematologic

Neutropenia 7 [23] 0 [0]

Anemia 20 [67] 7 [23]

Lymphopenia 14 [47] 2 [7]

Thrombocytopenia 13 [43] 10 [33]
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CA19-9. Six of these patients are still alive at the time of 
data collection. These findings of prolonged survival being 
correlated with CA19-9 response in patients treated with 
nPG (Figure S9) are similar to those reported in recent 
updates on the MPACT study. Interestingly, OS was not 
influenced by RECIST response to nPG (Figures 4,S10). 
Similar CA19-9 findings were noted in a retrospective study 
of the ACCORD11 phase III study which demonstrated a 
longer OS for patient with CA19-9 decrease at 8 weeks (25).  
These data suggest that CA19-9 is a useful marker to help 
predict response on nPG therapy and can be utilized to 
potentially identify those patients receiving particular 
benefit from second-line nPG therapy. 

Toxicity was comparable for patients receiving nPG as 
to those receiving FOLFIRINOX. Fatigue is comparable 
between FOLFIRINOX and nPG with 87% and 84% 
grade 1 or 2 toxicity, respectively. There was one patient 
with grade 3 fatigue in the nPG group. There seems to be 
an increase in myelosuppression with nPG as compared 
to FOLFIRINOX. Grade 3–4 myelosuppression with 
neutropenia, anemia, lymphopenia, and thrombocytopenia 
was seen in 26.7% of patients receiving nPG as compared 
to 15% for patients receiving FOLFIRINOX. These data 
are likely due to the greater cumulative therapy received by 
those in the nPG group. 

When compared to previous studies with nPG, the 
toxicity profile seen in our study was comparable to previous 
reports (3,4). Fatigue, diarrhea, and peripheral neuropathy 
were the most common non-hematologic adverse events 
in this study (3,4). Fatigue greater than or equal to grade 3 
was noted to be 3% in this study and is similar to previous 
studies at 9–18% (3,4,14). Diarrhea rated as ≥ grade 3 was 
3% in the current study as compared to 2–6% historically 
(3,4,14). In this study, grade ≥3 nausea was noted to be in 
17% of the patients which is slightly higher as compared 
3.5% seen by Portal et al. (14). However, grade 3 and 4 
neuropathy occurred in only 3% of the current study as 
opposed to the 12.5–17% seen in previous study (3,4,14). 
In this study, only one patient stopped nPG secondary 
to neuropathy. Four patients had to stop nPG due to a 
combination of side effects. 

With regard to hematologic adverse events, there were no 
noted grade ≥3 and 23% grade 1–2 neutropenia compared to 
historical grade ≥3 neutropenia rates of 12.5–38% (3,4,14,26). 
The lower rate in this present study may be due to the 
liberal use of pegfilgrastim in 47% of the patients. Grade 
≥3 anemia was seen in 23% of the patients receiving nPG. 
This is similar to previous studies demonstrating 3.5–25%  

grade ≥3 anemia (3,4,14,26). Thrombocytopenia was the 
most common hematologic adverse event, occurring in 
33% of the patients. This is higher than the reported rates 
of grade ≥3 thrombocytopenia of 6.5–25% (3,4,14,26). This 
may be related to differences between patient populations. 

The majority of these patients (70%) required some 
form of dose reduction or delay during nPG. Hematologic 
adverse events were the most common etiologies for dose 
reduction or delay, with 62% of patients requiring such 
reductions. These hematologic toxicities are expected given 
the cumulative burden of chemotherapy induced toxicity. 
Gastrointestinal adverse events such as nausea, vomiting, 
and diarrhea were the most common non-hematologic 
adverse events accounting for 19% of the patients 
requiring dose reduction or delay. Overall, the overall 
toxicity profile is tolerable and similar to what has been 
reported in previous studies. Given these findings, nPG is 
a well-tolerated regimen in the second-line setting after 
FOLFIRINOX that appears to offer improvement in PFS 
and a trend to OS benefit in selected patients.

The limitations to this study are the retrospective 
design and small sample size. Due to the retrospective 
nature of the study, there are some data missing due to lack 
of documentation. Due to obtaining data from multiple 
facilities from within the University of Pittsburgh Medical 
Center network, there was heterogeneity in the availability 
of data from the community oncology centers and major 
academic center. This implies differences in the treating 
patterns of physician’s and the type of patients seen at 
each setting. These patients had differences in timing of 
second-line therapy, definition of progression, and dose 
modification. All identified patients were included in the 
final analysis. 

Conclusions

In this study, locally advanced and metastatic pancreatic 
cancer patients were noted to have a median PFS of 3.8 mo 
and median OS of 12.4 mo since starting nPG. The overall 
median PFS and OS were 7.3 and 13.8 mo respectively. 
Those patients demonstrating stable or improved response 
by CA19-9 had significantly longer median PFS and median 
OS. Those with RECIST of stable or partial response 
demonstrated improved median PFS but not improved 
median OS. These findings demonstrate that the nPG 
regimen is a reasonable second-line option for patient 
who do not tolerate or progress with FOLFIRINOX. 
Additionally, this study suggests CA19-9 can be used as 
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a predictive marker while these patients are on therapy. 
Despite previous chemotherapy, second-line nPG is 
tolerable with the most common toxicities being nausea, 
fatigue, neuropathy, thrombocytopenia, and anemia. With 
similarity in DCR, median PFS, and median OS from the 
time of starting nPG, this current study strengthen the 
previously reported benefits of nPG, with manageable 
toxicities in the second-line setting. 
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