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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the 
14th most common cancer and 7th leading cause 
of cancer-related deaths worldwide, with 459,000 

new diagnoses and 432,000 deaths in 2018.1 Most 
patients present with advanced stages, either 
locally advanced or metastatic disease, and have a 
dismal prognosis, with a median overall survival 
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Abstract
Background: FOLFIRINOX (fluorouracil, folinic acid, irinotecan plus oxaliplatin) is an effective 
standard first-line treatment option for advanced pancreatic ductal adenocarcinoma 
(PDAC). There is no clear consensus on the second-line treatment following progression 
on FOLFIRINOX. In this multicenter retrospective analysis, we evaluated the efficacy and 
tolerability of second-line nab-P/Gem (nab-paclitaxel and gemcitabine) after progression on 
FOLFIRNOX in PDAC.
Methods: Patients with unresectable or metastatic PDAC who received nab-P/Gem after 
progression on FOLFIRINOX between February 2016 and February 2019 were identified from 
five referral cancer centers in South Korea. Baseline characteristics, treatment history, 
survival outcomes, and toxicity profile were obtained retrospectively from medical records.
Results: A total of 102 patients treated with second-line nab-P/Gem for advanced PDAC after 
progression on FOLFIRINOX were included. At the time of nab-P/Gem, the median age was 
60 years, with males comprising 49.0%, and most (75.5%) had metastatic disease. Patients 
received a median of three cycles (range 1–12) of nab-P/Gem. The median overall survival (OS) and 
progression-free survival (PFS) from the start of second-line nab-P/Gem therapy were 9.8 (95% 
CI, 8.9–10.6) and 4.6 months (3.7–5.5), respectively. A partial response was achieved in 8.5%, and 
the disease control rate was 73.6%. From the start of first-line FOLFIRIOX, the OS1+2 and PFS1+2 
were 20.9 (15.7–26.1) and 13.9 (10.8–17.0) months, respectively, with a 2-year survival rate of 
45.1%. There was no treatment-related mortality and grade ⩾3 toxicity was observed in 60.2%.
Conclusion: Our results showed that nab-P/Gem was an effective and tolerable second-line 
treatment option in medically fit patients with advanced PDAC who progressed on first-line 
FOLFIRNOX.
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(OS) of less than 2 years.2 There had been very 
limited progress in the treatment of PDAC until 
the 2000s, and single-agent gemcitabine had been 
used for the first-line treatment of advanced 
PDAC for more than 20 years.3 Beginning in 
2011, the FOLFIRINOX regimen (fluorouracil, 
folinic acid, irinotecan plus oxaliplatin) became a 
new standard first-line treatment option for 
patients with advanced PDAC and good perfor-
mance status.4 Subsequently, a combination of 
nab-paclitaxel and gemcitabine (nab-P/Gem) also 
succeeded in improving the OS of metastatic 
PDAC compared with conventional gemcitabine 
monotherapy from the MPACT trial.5

Several studies have been conducted to deter-
mine a second-line regimen for patients who pro-
gressed following first-line gemcitabine-based 
treatment, since gemcitabine monotherapy had 
been the standard first-line treatment for the last 
two decades.6–9 However, there is still no consen-
sus on the optimal second-line treatment after 
progression on FOLFIRINOX because of the 
paucity of studies.

Although nab-P/Gem was proven to be more 
effective than gemcitabine monotherapy in the 
first-line setting, no randomized trial has assessed 
the efficacy of nab-P/Gem as a second-line ther-
apy. In Korea, nab-P/Gem as salvage therapy after 
progression on first-line therapy for patients with 
advanced PDAC has not been approved. But its 
off-label use is officially granted by the health reg-
ulatory agency in some designated centers, 
although this is not reimbursed by Korean national 
health insurance. This multicenter retrospective 
analysis evaluated the efficacy and safety of sec-
ond-line nab-P/Gem after progression on first-line 
FOLFIRINOX, or modified FOLFIRINOX 
(mFOLFIRINOX), in Korean patients with unre-
sectable or metastatic PDAC.

Methods

Patients
All patients who were pathologically confirmed 
with PDAC and received second-line nab-P/Gem 
after progression on first-line (m)FOLFIRINOX 
were identified from five referral cancer centers in 
South Korea. Clinical data regarding baseline 
patient characteristics, treatment history, and 
survival outcomes were obtained retrospectively 
by reviewing the medical records. This study was 
approved by the Institutional Review Board (IRB) 

of each participating center (Asan Medical 
Center, 2019-1188; Ulsan University Hospital, 
2019-11-037; CHA Bundang Medical Center, 
2019-11-037; Chungnam National University 
Hospital, 2019-12-030; Haeundae Paik Hospital, 
2019-03-001-001) and was performed in accord-
ance with the ethical standards of the institutional 
research committee and the latest Declaration of 
Helsinki. IRBs waived the need for informed con-
sent for this study owing to the non-requirement 
of consent in retrospective analysis covered by 
regulations in Korea.

Treatment and assessment
Nab-paclitaxel (125 mg/m2) and gemcitabine 
(1000 mg/m2) were administered intravenously on 
days 1, 8, and 15 of each 28-day cycle, as used in 
the first-line setting.5 Dose modification was made 
according to the treating physician’s discretion. 
Tumor assessment using computed tomography 
(CT) scanning and/or other imaging tools was 
performed every two cycles and whenever there 
was a sign or symptom suggesting tumor progres-
sion. Tumor response was determined according 
to the revised Response Evaluation Criteria in 
Solid Tumors version 1.1 (RECIST 1.1).10 
Toxicity profiles including laboratory values and 
symptoms were evaluated at every visit and graded 
by Common Terminology Criteria for Adverse 
Events version 5.0 (CTCAE 5.0).

Statistical analysis
Survival curves were estimated using the Kaplan–
Meier method and compared by the log-rank test. 
OS was defined as the length of time from the start 
of second-line nab-P/Gem treatment to the date 
of death from any cause. Progression-free survival 
(PFS) was defined as the length of time from the 
start of second-line nab-P/Gem treatment to the 
date of tumor progression or death from any 
cause, whichever occurred first. OS1+2 was con-
sidered the time from the start of first-line (m)
FOLFIRINOX to death from any cause, whereas 
PFS1+2 indicated the period between the start of 
first-line (m)FOLFIRINOX and second progres-
sion (progression on nab-P/Gem) or death from 
any cause, whichever came first. If progression or 
death was not observed, survival was censored at 
the time of patient’s last visit. Univariate and mul-
tivariate analyses for survival outcomes were ana-
lyzed using the Cox proportional hazards model. 
A p-value less than 0.05 was considered statisti-
cally significant. The statistical package for the 
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Social Sciences version 22.0 (IBM, Armonk, NY, 
USA) was used for all statistical analyses.

Results

Patient characteristics
A total of 102 patients who were treated with  
second-line nab-P/Gem for their unresectable or  
metastatic PDAC and progressed following  
(m)FOLFIRINOX between February 2016 and 
February 2019 were included in this analysis, and 
their clinicopathologic characteristics are summa-
rized in Table 1. The median age at the time of 
initiating second-line nab-P/Gem was 60 years 
(range, 35–76), with males comprising 49.0% 
(n = 50) of patients. In terms of tumor location, the 
pancreas head was most frequently involved, fol-
lowed by the body and tail. With prior first-line 
(m)FOLFIRINOX, the overall response rate was 
14.7%, and a median time-to-progression was 
6.2 months (95% CI, 4.5–8.0 months). At the 
commencement of second-line nab-P/Gem, all but 
one patient had an Eastern Cooperative Oncology 
Group (ECOG) performance status (PS) of 0 or 1, 
and most (n = 77, 75.5%) had metastatic disease. 
The most common metastatic site was the liver 
(n = 35, 34.3%), followed by the peritoneum 
(n = 31, 30.4%), distant lymph nodes (n = 30, 
29.4%), lungs (n = 12, 11.8%), and bone (n = 2, 
2.0%). Subsequent systemic treatment was admin-
istered to 59.4% of patients who progressed after 
second-line nab-P/Gem (n = 38/64). The detailed 
regimens are listed in Supplemental Table S1.

Efficacy
Patients were treated with a median of three cycles 
(range, 1–12 cycles) of nab-P/Gem. The median 
OS and PFS from the start of second-line nab-P/
Gem therapy were 9.8 (95% CI, 8.9–10.6) and 
4.6 (95% CI, 3.7–5.5) months, respectively, with 
a median follow-up duration of 8.2 months (95% 
CI, 7.1–9.3) (Figure 1). The survival outcomes 
were not significantly different according to dis-
ease extent [locally advanced versus metastatic; 
PFS, median 5.1 (95% CI, 4.0–6.3) versus 4.2 
(95% CI, 2.8–5.6) months, p = 0.115; OS, median 
10.8 (95% CI, 8.3–13.3) versus 9.3 (95% CI, 5.6–
13.0) months, p = 0.421]. Among the 94 patients 
with at least one measurable lesion at the baseline 
of second-line nab-P/Gem, 87 (92.6%) were avail-
able for response information. A partial response 
was achieved in eight patients (8.5%), and the dis-
ease control rate (DCR, the proportion of patients 

with a partial response and stable disease for 
⩾6 weeks) was 73.6% (Table 2).

After the initiation of first-line (m)FOLFIRINOX, 
the OS1+2 and PFS1+2 were 20.9 (95% CI, 
15.7–26.1) and 13.9 (95% CI, 10.8–17.0) months 
in overall patients, respectively (Figure 2). By dis-
ease extent, there was no difference in OS1+2 
[locally advanced versus metastatic, median 22.8 
(95% CI, 16.6–29.0) versus 17.7 (95% CI, 13.8–
21.6) months, p = 0.685] or PFS1+2 [median 
13.9 (95% CI, 10.7–17.1) versus 11.5 (95% CI, 
5.4–17.5) months), p = 0.827] between the locally 
advanced and metastatic patient groups. The 
2-year survival rate from the start of first-line  
(m)FOLFIRINOX was 45.1% (locally advanced 
disease, 45.7%; metastatic disease, 41.6%).

Toxicity
During nab-P/Gem therapy, more than half of 
patients (60.2%) experienced a grade 3 or higher 
adverse event (Table 3). Neutropenia was the 
most common grade ≥3 adverse event (37.8%), 
but it rarely led to febrile neutropenic episodes 
(3.1%). In addition to neutropenia, all other 
adverse events of grade 3 or higher such as neuro-
toxicity, fatigue, nausea/vomiting, or diarrhea 
occurred in less than 10% of patients. Doses were 
reduced or modified in 60.2% of patients (n = 59), 
and 10.2% of patients (n = 10) discontinued the 
treatment for reasons other than disease progres-
sion. There was no treatment-related mortality.

Univariate and multivariate analysis for PFS 
and OS
Patients with two or more metastatic sites had a 
shorter PFS (versus <2 metastatic sites, median 
3.4 versus 5.4 months, p < 0.001) and OS (versus 
<2 metastatic sites, median 6.2 versus 10.0 months, 
p = 0.024), but significance was not retained in the 
multivariate analysis. In terms of metastatic sites, 
lung metastasis was associated with a shorter PFS 
(versus absent, median 1.9 versus 5.1 months, 
p = 0.013), whereas bone metastasis had a ten-
dency to be related to a shorter OS (versus absent, 
median 0.3 versus 9.9 months, p < 0.001); both 
remained significant in the multivariate analysis. 
Patients who had a time-to-progression (TTP)  
for first-line (m)FOLFIRINOX longer than  
the median (⩾6.2 months) tended to show rela-  
ted longer PFS [versus TTP for first-line  
(m)FOLFIRINOX < median, 5.1 versus 
4.1 months; p = 0.097] and OS (11.6 versus 
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9.8 months; p = 0.212), but this association was not 
statistically significant in the univariate and multi-
variate  analyses. The entire results of the univari-
ate and multivariate analyses are provided in 
Supplemental Tables S2 and S3, respectively.

Discussion
According to current international  guidelines,11–13 
gemcitabine alone or in combination with nab-P, cis-
platin (for patients with BRCA1/2 or PALB2 muta-
tions) or erlotinib are recommended as  second-line 
treatment options after progression on prior (m)
FOLFIRINOX therapy. However, patterns of sec-
ond-line treatment choices vary significantly between 
countries depending on each nation’s drug availabil-
ity and  reimbursement  status,14 and there is no clear 
consensus on the standard of care after progression 
on (m)FOLFIRINOX.

Our results demonstrate that nab-P/Gem is effec-
tive and well tolerated as second-line treatment 
option for real-world patients with advanced 
PDAC who had previously been treated with  
(m)FOLFIRINOX. In the 102 patients included 
in the present analysis, the PFS and OS from the 

Table 1. Baseline characteristics and treatment 
summary of all patients.

Total patients
(n = 102)

Age at the time of nab-P/Gem, years

 Median (range) 60 (35–76)

Sex

 Male 50 (49.0%)

 Female 52 (51.0%)

Histology

 Adenocarcinoma 102 (100%)

Primary tumor site

 Head 63 (61.8%)

 Body 29 (28.4%)

 Tail 10 (9.8%)

Best overall response to first-
line FOLFIRINOX

Measurable 
(n = 95)

 CR 1 (1.0%)

 PR 13 (13.7%)

 SD (at least for 6 weeks) 55 (57.9%)

 PD 26 (27.4%)

Previous surgery

 Curative resection 22 (21.5%)

 Palliative-intent surgery 2 (2.0%)

ECOG PS at the time of second-line nab-P/Gem

 0 18 (17.6%)

 1 83 (81.4%)

 2 1 (1.0%)

Disease extent at the time of second-line  
nab-P/Gem

 Locally advanced 25 (24.5%)

 Initially metastatic 63 (61.8%)

 Recurrent 14 (13.7%)

No. of metastatic sites at the time of second-line 
nab-P/Gem

 <2 74 (72.5%)

 ⩾2 28 (27.5%)

Total patients
(n = 102)

Metastatic site  

 Distant LN 30 (29.4%)

 Liver 35 (34.3%)

 Peritoneum 31 (30.4%)

 Lung 12 (11.8%)

 Bone 2 (2.0%)

 Others 8 (7.8%)

CA 19-9 at the time of second-line nab-P/Gem

 ⩽UNL 15 (14.7%)

 >UNL 59 (57.8%)

 Not available 28 (27.5%)

CA 19-9, cancer antigen 19-9; CR, complete response; 
ECOG PS, Eastern Cooperative Oncology Group 
performance status; FOLFIRINOX, fluorouracil, folinic acid, 
irinotecan and oxaliplatin; LN, lymph node; nab-P/Gem, 
nab-paclitaxel plus gemcitabine; PD, progressive disease; 
PR, partial response; RT, radiation therapy; SD, stable 
disease; UNL, upper normal limit.

Table 1. (Continued)

(Continued)
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start of second-line nab-P/Gem were 4.6 and 
9.8 months, respectively, with a response rate of 
9.2% and a DCR (partial response or stable dis-
ease or at least 6 weeks) of 73.6%. As previous 
studies of second-line gemcitabine monotherapy 
after the progression on (m)FOLFIRINOX have 
shown the median PFS and OS of 2.1–2.5 and 
3.6–5.7 months, respectively,15–18 our results sug-
gest that the combination of nab-P and gemcit-
abine is likely to be more effective than gemcitabine 
monotherapy in patients who progressed on  
(m)FOLFIRINOX.

Our results are in line with prior studies investi-
gating the nab-P/GEM as second-line therapy 
after progression on (m)FOLFIRINOX in 
patients with PDAC. In a French prospective 
multicenter cohort study of 57 patients,19 the 
median OS and PFS with second-line nab-P/
Gem were 8.8 and 5.1 months, respectively, with 
a DCR of 58%. In a recent Japanese phase II 
study including 30 patients,20 second-line nab-P/
Gem showed a median OS of 7.6 months and a 
PFS of 3.8 months. Although a single-center ret-
rospective study in the United States (US) showed 
modest outcomes, with a median OS of 5.2 months 
and a DCR of 46%,21 this study may be limited 
because of the small number of patients (n = 28) 
(Table 4).

The treatment outcomes of nab-P/Gem as a 
 second-line treatment were comparable with its 

benefits observed in a first-line setting.5,22 In the 
MPACT trial, the median PFS and OS of first-line 
nab-P/Gem in patients with metastatic PDAC were 
5.5 and 8.5 months, respectively, and this was  
also validated in a daily practice setting (PFS, 
5.1 months; OS, 9.6 months). Our patients who 
were treated with nab-P/Gem after (m)
FOLFIRINOX showed similar PFS (4.6 months) 
and OS (9.8 months), implying that, as long as 
patients are medically fit for second-line nab-P/
Gem, the survival outcome of nab-P/Gem after 
progression on FOLFIRINOX might be compara-
ble with that of patients receiving nab-P/Gem as 
the first-line treatment. In our study population, 
from the initiation of first-line (m)FOLFIRINOX, 
median OS was 20.9 months, and the 2-year sur-
vival rate was 45.1%. This indicates that effective 
subsequent therapy, even after progression on first-
line treatment may induce relatively long-term sur-
vival for unresectable or metastatic PDAC patients. 
This suggests that continuum of care approach, in 
which multiple active agents are considered and 
integrated as appropriate into a comprehensive 
treatment plan, is important in the management of 

Figure 1. Survival outcomes from the start of second-line nab-P/Gem.
The median OS (A) and PFS (B) from the start of second-line nab-P/Gem therapy 
were 9.8 (95% CI, 8.9–10.6) and 4.6 months (3.7–5.5), respectively.
CI, confidence interval; nab-P/Gem, nab-paclitaxel and gemcitabine; OS, overall 
survival; PFS, progression-free survival.

Table 2. Response rate for second-line nab-P/Gem.

Patients with measurable lesions n = 94

Best overall response

 CR 0

 PR 8 (8.5%)

 SD 57 (60.6%)

 PD 22 (23.4%)

 Not evaluable 7 (7.4%)

ORR 8 (9.2%)

DCR 64 (73.6%)

CR, complete response; DCR, disease control rate; nab-P/
Gem, nab-paclitaxel plus gemcitabine; ORR, overall 
response rate; PD, progressive disease; PR, partial 
response; SD, stable disease.
ORR included CR and PR among evaluable patients. DCR 
included CR, PR, and SD among evaluable patients.
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pancreatic cancer, and a combination strategy 
should be actively considered for patients who pro-
gressed following FOLFIRINOX for their 
advanced PDAC, as long as they have a good per-
formance status.

The safety profile for second-line nab-P/Gem was 
similar to those reported for first-line nab-P/Gem 
in the MPACT trial.5 In our study, grade 3–4 tox-
icity consisted mainly of hematologic adverse 
events (neutropenia 37.8%), but this rarely 
turned into a clinically critical condition (febrile 
neutropenia, 3.1%). There was no treatment-
related mortality and most adverse events were 
well tolerated with appropriate dose modification 
and active supportive care.

In patients with fluoropyrimidine-refractory dis-
ease, several treatment options other than gemcit-
abine-based regimen are available in certain 
circumstances. An immune checkpoint inhibitor 
(pembrolizumab) can be considered as second-line 

therapy for patients who have microsatellite 
 instability-high (MSI-H) or mismatch repair-
deficient (MMR-D) tumor. Meanwhile, patients 

Figure 2. Survival outcomes from the start of first-line FOLFIRINOX.
From the start of first-line FOLFIRINOX, the median OS1+2 (A) and PFS1+2 (B) were 
20.9 (95% CI, 15.7–26.1) and 13.9 (10.8–17.0) months, respectively, with a 2-year 
survival rate of 45.1%.
CI, confidence interval; FOLFIRINOX, fluorouracil, folinic acid, irinotecan plus 
oxaliplatin; OS, overall survival; PFS, progression-free survival.

Table 3. Safety profile of second-line nab-P/Gem 
according to CTCAE 5.0.

Adverse event Grade n = 98

Any adverse event All 96 (98.0%)

 Grade 3/4 59 (60.2%)

Fatigue All 53 (54.1%)

 Grade 3/4 5 (5.1%)

Nausea All 20 (20.4%)

 Grade 3/4 6 (6.1%)

Vomiting All 14 (14.3%)

 Grade 3/4 3 (3.1%)

Diarrhea All 15 (15.3%)

 Grade 3/4 3 (3.1%)

Neurotoxicity All 31 (31.6%)

 Grade 3/4 8 (8.2%)

Mucositis All 9 (9.2%)

 Grade 3/4 0

Neutropenia All 61 (62.2%)

 Grade 3/4 37 (37.8%)

Thrombocytopenia All 46 (46.9%)

 Grade 3/4 5 (5.1%)

Others All 13 (13.3%)

 Grade 3/4 5 (5.1%)

Febrile 
neutropenia 
episode

No 95 (96.9%)

 Yes 3 (3.1%)

Dose modification No 29 (29.6%)

 Reduction/
delay

59 (60.2%)

 Cessation 10 (10.2%)

CTCAE 5.0, Common Terminology Criteria for Adverse 
Events version 5.0; nab-P/Gem, nab-paclitaxel plus 
gemcitabine.
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with NTRK fusion are indicated for tropomyosin 
receptor kinases inhibitors such as entrectinib and 
larotrectinib. However, most patients with 
advanced PDAC might not be applicable for those 
immunotherapy or target agents since MSI-H/
MMR-D and NTRK fusion are observed in less 
than 1% of PDAC cases.23,24 Combination of lipo-
somal irinotecan with 5-fluorouracil and folinic 
acid (nal-IRI plus 5-FU/LV) is regarded as one of 
the salvage treatment options according to recent 
guidelines, but it is indicated mainly for patients 
whose disease progressed following prior gemcit-
abine-based therapy. In addition, it should be 
noted that clinical outcomes of nal-IRI plus 5-FU/
LV are known to be poorer in patients who previ-
ously received and progressed on conventional 
irinotecan, including the (m)FOLFIRINOX 
regimen.25

The limitations of this study include its retrospec-
tive design, and the heterogeneity of patients, 
with the inclusion of locally advanced and meta-
static disease. However, this multicenter analysis 
included a larger number of patients than previ-
ous studies, and might be able to represent the 
real-world population and treatment setting.

In conclusion, the nab-P/Gem combination is 
well tolerated and effective as second-line therapy 
after progression on first-line (m)FOLFIRINOX 
in patients with unresectable or metastatic PDAC. 
Nab-P/Gem should be considered a feasible ther-
apeutic option for patients who previously pro-
gressed after FOLFIRINOX and have a good 
general performance status.
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