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Abstract: Pancreatic cancer is the fourth-leading cause of cancer-

related death. It is commonly diagnosed at an advanced stage, 

when no curative options exist. Over the last decade, combination 

chemotherapy has shown a survival benefit compared with single-

agent gemcitabine and has become established as first-line therapy 

in metastatic pancreatic cancer. The choice of frontline regimen, 

which is based on clinical factors, plays an important role in subse-

quent management. Limited second-line standard therapeutic 

options are available. Studies have not definitively established 

that chemotherapy with a fluoropyramidine (5-fluorouracil or 

capecitabine), gemcitabine, oxaliplatin, irinotecan, or a combina-

tion of oxaliplatin and irinotecan improves patient survival after the 

failure of first-line chemotherapy. Nanoliposomal irinotecan has 

been approved for use in patients who have progressive disease 

while on gemcitabine-based treatment. Although combination 

chemotherapy is associated with a modest survival benefit, this 

comes at the expense of increased toxicity and costs. Furthermore, 

the optimal sequencing of these agents in subsequent lines of 

treatment is unknown. Randomized controlled trials provide little 

evidence of greater benefit from second-line therapy compared 

with best supportive care alone. Therefore, treatment decisions 

should be patient-centered and based on functional status, medi-

cal comorbidities, and anticipated adverse effects. The clinical 

context and prior treatment-related toxicities have a significant 

influence on the choice of optimal salvage treatment. We review 

the published data focused on second-line treatment for advanced 

pancreatic cancer. 

Introduction

Pancreatic cancer is among the 10 most commonly diagnosed can-
cers (9th in women and 10th in men) in the United States, with 
approximately 56,770 new cases and 45,750 deaths in 2019. This 
disease accounts for approximately 3% of new cancer cases and 7% 
of all cancer deaths. The incidence is approximately 25% higher in 
blacks than in whites.1 Pancreatic cancer is the fourth-leading cause 
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of either 5-fluorouracil (5-FU), leucovorin (LV), irino-
tecan, and oxaliplatin (FOLFIRINOX) or gemcitabine 
and nab-paclitaxel (GEM/nab-P) is commonly selected 
after assessment of the patient’s performance status and 
medical comorbidities, as well as the toxicity profile of 
the therapeutic regimen.9,10 For the first-line treatment 
of metastatic pancreatic cancer, initial randomized con-
trolled trials demonstrated that systemic chemotherapy 
was associated with a greater clinical benefit compared 
with best supportive care.11 More than 2 decades ago, 
GEM was approved as standard therapy for metastatic 
pancreatic cancer, with improved overall survival (OS) 
and clinical benefit (local pain control and a favorable 
safety profile) relative to 5-FU.12 In principle, the com-
bination regimens have achieved better survival outcomes 
compared with monotherapy, leading to the assessment 
of experimental drug combinations plus GEM vs GEM 
monotherapy. In 2007, a combination of GEM and the 
endothelial growth factor receptor inhibitor erlotinib 
(Tarceva, Genentech/Astellas) enhanced survival by just 
2 weeks.13 Despite the minimal benefit, the combination 
was approved as a therapeutic option because of a lack of 
drugs providing greater benefit. Although erlotinib was 
not a fruitful choice, it was used more commonly starting 
in 2011, when the treatment landscape changed with the 
introduction of  FOLFIRINOX as a regimen for patients 
younger than 76 years with good performance status. This 
change was based on the ACCORD 11 trial (Combination 
Chemotherapy as First-Line Therapy in Treating Patients 
With Metastatic Pancreatic Cancer), in which FOLFIRI-
NOX was superior to GEM alone (response rate, 31.6% 
vs 9.4%; median survival, 11.1 vs 6.8 months; 1-year 
survival rate, 48.4% vs 20.6%), although at the expense 
of increased toxicity. In comparison with patients in the 
GEM arm, those in the FOLFIRINOX arm showed 
improved global health status, with a prolonged response 
time, until a decrease in quality-of-life measures (the time 
to definitive deterioration) occurred.14 A phase 3 trial 
called MPACT (Phase III Study of ABI-007 [Albumin-
bound Paclitaxel] Plus Gemcitabine Versus Gemcitabine 
in Metastatic Adenocarcinoma of the Pancreas), which 
was published in 2013, demonstrated an OS benefit for 
the combination of GEM plus nab-P vs GEM alone, with 
a significant improvement in median OS from 6.7 to 8.5 
months and in response rate from 7% to 23%.15 So far, 
the therapeutic development has occurred in the area of 
cytotoxic drugs. In these studies, chemotherapy has been 
associated with improvement in outcomes related to 
survival and quality of life. As a result, the National Com-
prehensive Cancer Network (NCCN) guidelines began to 
recommend FOLFIRINOX or GEM/nab-P in patients 
with good performance status (category 1).16 Therefore, 
a treating oncologist might choose a treatment regimen 
based on the toxic effects involved and clinical experience. 

of cancer death and is projected to be the second-leading 
cause in a decade. The 5-year survival rate for people with 
pancreatic cancer is 9%.1 Because this disease is often 
asymptomatic early on, in more than 50% of patients it is 
diagnosed at an advanced stage, when no curative poten-
tial exists. Surgical resection offers the only chance of cure, 
but only 15% to 20% of patients have potentially resect-
able disease at presentation.2 Even with surgery, systemic 
disease develops over the next 5 years in the majority of 
patients who have early-stage cancers. Therefore, systemic 
treatment becomes indispensable in the management of 
these patients, especially those with good performance 
status. The paradigm for managing metastatic pancreatic 
cancer has not changed over the past few decades because 
cytotoxic chemotherapy continues to be the mainstay of 
treatment. Despite the fact that precision medicine repre-
sents a potential shift in how cancers are treated, its use 
is limited in pancreatic cancer by the low frequency of 
associated actionable targets. 

Drug development in pancreatic cancers is challeng-
ing. The overall success rate for drugs in phase 3 clinical 
trials of patients with solid tumors  is approximately 40%. 
The success rate in pancreatic cancer is the lowest of the 
success rates for all solid tumors, at approximately 10%.3 In 
this context, the National Cancer Institute Gastrointestinal 
Cancer Steering Committee organized a meeting to discuss 
the strategies for drug development in pancreatic cancer, 
with an emphasis on conducting well-designed phase 2 
studies.4 Although the pharmaceutical industry continues 
to sponsor phase 3 randomized trials, many of these have 
not met their endpoint and remain unpublished.5-8 

Patients who have metastatic pancreatic cancer often 
present with poor functional status and a significant 
symptom burden, so a combination cytotoxic chemother-
apeutic approach may not be suitable for most patients in 
the salvage setting. The emerging role for and increasing 
interest in evaluating second-line chemotherapy need to be 
further defined. In this setting, the nonspecific cytotoxic 
agents may have antitumor activity, but not necessarily a 
better toxicity profile. This information is critical because 
a considerable proportion of the patients will receive 
second-line treatment. Most of the randomized trials did 
not compare active treatment with best supportive care. 
There remains an unmet need for therapeutic strategies 
that can extend survival while allowing patients to main-
tain a reasonable quality of life. In the following review, 
we assess the armamentarium of current approaches to 
the second-line treatment of metastatic pancreatic cancer 
and discuss the implications and challenges involved in 
establishing the optimal sequence of therapies. 

Overview of First-Line Treatment

A first-line chemotherapy regimen with a combination 
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Overview of Second-Line Treatment

The use of subsequent lines of treatment has increased 
over the past decade. Patients who maintain good perfor-
mance status despite progression of disease on frontline 
treatment are considered for second-line therapy. This 
practice can be attributed to the availability of rela-
tively better cytotoxic regimens for frontline treatment 
and improved supportive care strategies for those with 
advanced cancers.17,18 The median OS for patients with 
metastatic pancreatic cancer has remained at approxi-
mately 1 year over the last decade, despite all the scientific 
progress that has occurred with cytotoxic agents.10 In the 
past, there was no established single standard therapy in 
the second-line setting for patients whose disease pro-
gressed after GEM-based therapy despite the availability 
of more effective frontline treatments. However, emerg-
ing evidence indicates that cytotoxic chemotherapy in the 
second-line setting improves survival outcomes.19 Several 
trials have evaluated monotherapy as second-line treat-
ment and demonstrated increased OS.20-22 A combination 
of LV, 5-FU, and oxaliplatin (FOLFOX) or of LV, 5-FU, 
and irinotecan (FOLFIRI) was commonly used for sal-
vage.23 However, high-quality data to support the use of 
standard therapeutic regimens in the second-line setting 
were limited until the recent approval of nanoliposomal 
irinotecan (nal-IRI). 

Table 1 summarizes key trials of cytotoxic therapy 
in the second-line setting. Nal-IRI is a liposomal encap-
sulated form of irinotecan; the release of irinotecan is 
regulated to improve the therapeutic index by prolonging 
the duration of circulation (half-life of ~26 hours). The 
data related to this approval were extracted primarily from 
NAPOLI-1 (Study of MM-398 With or Without 5-FU/
LV, Versus 5-FU/LV in Patients With Metastatic Pancre-
atic Cancer), a large global phase 3 clinical trial of patients 
with metastatic pancreatic cancer and good performance 
status following treatment with GEM.19 The median OS 
benefit was 6.1 months for the combination of nal-IRI 
and 5-FU/LV compared with 4.2 months for the control 
arm of 5-FU/LV, with a hazard ratio of 0.68 that translated 
to 32% reduction in risk for mortality. The combination 
demonstrated a 45% reduction in the risk for progression, 
with doubled median progression-free survival (3.1 vs 1.5 
months). Nal-IRI was associated with adverse effects, 
primarily neutropenia, diarrhea, and fatigue, which 
led to dose reduction in 33%, dose delay in 62%, and 
dose discontinuation in 11% of the patients.19 However, 
these dose managements were not associated with worse 
outcomes.24 Nal-IRI in combination with 5-FU and LV 
received US Food and Drug Administration approval 
for the treatment of patients with metastatic pancreatic 
cancer after progression on GEM-based treatment. The 

real-world experience with nal-IRI in unselected patients 
is encouraging.25

A limited number of randomized phase 3 trials have 
evaluated the role of second-line therapy. The first Ger-
man CONKO (Charité Onkologie) trial showed that 
the combination of oxaliplatin, LV, and 5-FU (OFF) was 
better than best supportive care in terms of OS (4.8 vs 2.3 
months).22 The evidence was not substantial because the 
trial had to be discontinued for low accrual (46 patients). 
The benefit of oxaliplatin was further evaluated in the 
German CONKO 003 trial (A Phase III Second Line Trial 
in Advanced Pancreatic Cancer) of 160 patients, which 
compared OFF with 5-FU/LV in patients who had under-
gone prior GEM treatment.21 The trial met its primary 
endpoint, and the patients who received OFF had a sig-
nificantly longer median OS (by 2.6 months) and longer 
time to progression (approximately 1 month) compared 
with those who received 5-FU/LV. However, the subse-
quent Canadian phase 3 PANCREOX trial (Randomized 
Study With Oxaliplatin in 2nd Line Pancreatic Cancer) 
did not show survival benefit for modified FOLFOX-6 
vs infusion 5-FU/LV.26 Surprisingly, the median OS was 
worse in the modified FOLFOX-6 group (6.1 months) 
than in the 5-FU/LV group (9.9 months). The 3.8-month 
difference was attributed to the increased proportion of 
continued treatments in the 5-FU/LV group compared 
with the modified FOLFOX-6 group (25% vs 7%) and 
the higher proportion of grade 3/4 adverse events with 
modified FOLFOX-6 than with 5-FU/LV (63% vs 11%), 
which resulted in a 10-fold higher withdrawal rate (20% 
vs 2%). The study was prematurely closed to accrual 
after enrollment of approximately 80% of the accrual 
target, and the researchers concluded that the addition of 
oxaliplatin conferred no survival benefit.26 Interestingly, 
OS in the 5-FU/LV arm was better in PANCREOX than 
it was in the corresponding arm in CONKO 003 and 
NAPOLI-1. 

The addition of irinotecan hydrochloride (CPT-11) 
to 5-FU/LV (FOLFIRI) is relatively less well examined. 
Several small and single-arm prospective and retrospective 
studies assessed FOLFIRI-based regimens in the setting 
of refractory disease and yielded no definitive conclusion 
regarding survival benefit.27-30 Evidence regarding the 
superiority of one regimen over the other (oxaliplatin 
or irinotecan) is limited. In a comprehensive indirect 
comparison that used pooled analysis, no significant dif-
ferences in grade 3/4 toxicity and efficacy were noted.31 
Although this was a cross-trial assessment, only one ran-
domized phase 2 study compared FOLFOX and FOL-
FIRI in the second-line setting.32 The primary endpoint, 
6-month survival rate, was similar in the 2 regimens: 27% 
with FOLFIRI and 30% with FOLFOX.32 A meta-anal-
ysis evaluating more than 1000 patients with metastatic 
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Table 1. Selected Trials in Patients With Previously Treated Advanced Pancreatic Cancer

First Author Phase Treatment Arms
Patients, 
N

ORR, 
%

PFS, 
mo 

OS, 
mo

Primary 
Endpoint

Grade 3/4 Toxicity (per 
CTCAE), % (>5%)

Tsavaris52 2 FOLFOX 30 23.3 5.5 6.2 OS Leukopenia (16), diarrhea 
(14.2)

Xiong53 2 XELOX 41 2.6 2.47 5.75 6-mo OS Fatigue (13)

Pelzer54 2 OFF 37 6 4 5 OS Nausea (11), neurotoxicity 
(13.5)

Novarino55 2 FOLFOX 23 0 2.9 11 ORR None

Yoo32 2 FOLFIRI 31 0 2 4 6-mo OS Neutropenia (23) 

FOLFOX 30 2 1.5 3.7 Neutropenia (20) 

Pelzer22 3 OFF 23 0 NR 4.82 OS None

BSC 23 0 NR 2.3 None

Azmy56 2 FOLFOXa 24 12.5 3.9 8 ORR
 

Diarrhea (20), nausea (16) 

FOLFOXb 24 8 4 9 Diarrhea (16), nausea (12)

El-Hadaad57 2 OFF 30 6.7 NR 5.5 6-mo OS Neutropenia (23.2)

Oettle21 3 OFF 77 NR 2.9 5.9 OS Pain (31)

5-FU/LV 83 NR 2 3.3 Pain (24)

Chung58 3 Selumetinib + 
MK-2206

58 2 1.9 3.9 OS Fatigue (12.1), hyperglycemia 
(12), rash (12)

modified 
FOLFOX

62 7 2 6.7 Lymphopenia (12.9), fatigue 
(12.9)

Gill26 3 modified 
FOLFOX-6 

54 13.2 3.1 6.1 PFS Neutropenia (32.7), fatigue 
(14.2)

5-FU/LV 54 18.5 2.9 9.9 Neutropenia (5)

Zaniboni30 2 FOLFIRI 50 8 3.3 5 ORR None

Wang-
Gillam19

3 Nal-IRI + 5-FU 
+ LV

117 16 3.1 6.1 OS Neutropenia (27), diarrhea 
(20), nausea (11)

Nal-IRI 151 6 2.7 4.9 Neutropenia (15), diarrhea 
(20), vomiting (14), appetite 
loss (19), anemia (11)

5-FU + LV 149 1 1.5 4.2 Anemia (7)

Ko59 2 Nal-IRI 40 7.5 2.4 5.2 3-mo OS Neutropenia (30), fatigue (20), 
anemia (15), hyponatremia 
(15), diarrhea (15), nausea (10)

Portal43 2 Gemcitabine + 
nab-paclitaxel

57 17.5 5.1 8.8 6-mo PFS Neutropenia (12.5), neuro-
toxicity (12.5), asthenia (9), 
thrombocytopenia (6.5)

Ettrich60 2 Docetaxel + 
oxaliplatin

44 15.9 1.82 10.1 ORR Neutropenia (63), diarrhea 
(11), nausea (9)

Ioka61 3 TAS-118 300 20.6 3.9 7.6 OS Appetite loss (9.3)

S-1 301 15 2.8 7.9 Anemia (9), appetite loss (7)

Ueno62 2 S-1 + oral LV 69 27.5 3.8 6.3 PFS Lymphopenia (13), decreased 
appetite (14)

S-1 71 19.7 2.7 6.1 Lymphopenia (11), anemia (11)

Ciuleanu63 3 Glufosfamide  148 2 1.5 2.8 OS Fatigue (8.5)

BSC 155 0.5 1.4 3.5 Abdominal pain (9)

(Table continues on next page)
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pancreatic cancer enrolled in randomized trials reported 
feasibility and comparable efficacy in terms of response, 
survival, and toxicity for oxaliplatin- and irinotecan-based 
regimens.33 These studies were fundamentally different 
in terms of study design, outcomes, patients, and treat-
ment characteristics. For instance, the conclusions were 
discordant in CONKO 003 (improved survival) and 
PANCREOX (lack of benefit) even though both trials 
compared oxaliplatin-based regimens with 5-FU/LV. The 
dosing and schedule of 5-FU in PANCREOX were differ-
ent from those in CONKO 003. Indeed, the comparator 
arm (5-FU/LV, 9.9 months) in PANCREOX demon-
strated significantly better survival compared with the 
experimental arm (modified FOLFOX-6, 6.1 months). 
There was uncertainty regarding oxaliplatin in the post-
GEM setting.33 A head-to-head comparison of the newer 
nal-IRI regimen vs FOLFOX or irinotecan hydrochloride 
is lacking. 

In the phase 3 MPACT study of GEM/nab-P vs 
GEM, both as second-line therapy, the  combination 
was significantly associated with improved and com-
parable survival (5.3 months with GEM/nab-P vs 4.5 
months with GEM) beyond first progression.34 Evidence 
in the form of retrospective or small single-arm phase 
2 studies for using modified FOLFIRINOX as salvage 
treatment is limited.35,36 Although the toxicity profile 
is manageable, even in pretreated patients, safety is still 
of some concern when unselected patients undergo 
second-line treatment in routine clinical practice, espe-
cially in the context of GEM/nab-P after FOLFIRINOX 
or vice versa. The potential superiority of the 3-drug 
combination over 2-drug regimens or 5-FU alone (OS 
reported for 5-FU alone in PANCREOX is comparable 
with OS for FOLFIRINOX) needs to be confirmed in 
larger trials, given that head-to-head comparative trials 
are lacking.26 

First Author Phase Treatment Arms
Patients, 
N

ORR, 
%

PFS, 
mo 

OS, 
mo

Primary 
Endpoint

Grade 3/4 Toxicity (per 
CTCAE), % (>5%)

Hurwitz64 3 Ruxolitinib + 
capecitabine

204 6 1.4 3.0 OS Anemia (15), fatigue (10), 
abdominal pain (10)

Placebo + 
capecitabine

203 3 1.5 3.1 Abdominal pain (13.3), fatigue 
(11), nausea (33)

Kordes65 2 Everolimus + 
capecitabine

31 6 3.6 8.9 ORR HFS (16), hyperglycemia (45), 
hypokalemia (16), GGT (29)

Ko66 2 Selumetinib + 
erlotinib

46 0 1.9 7.3 OS Rash (22), diarrhea (13), 
anemia (11), HTN (13)

Chung67 2 Adoptive 
immunotherapy

20 NR 2.75 6.65 DCR Fatigue (5), abdominal pain (5)

Kauffman39 2 Olaparib 23 21.7 4.6 9.8 ORR Fatigue (13), anemia (17)

Schroff68 2 Rucaparib 19 15.8 NR NR ORR Anemia (31), fatigue (15), 
nausea (10), thrombocytopenia 
(10), vomiting (10)

Lowery69 2 Veliparib 16 6 1.7 3.1 ORR Fatigue (25), thrombocytopenia 
(13), hyponatremia (13)

O’Reilly70 2 Durvalumab + 
tremelimumab

65 3 1.5 3.1 ORR Fatigue (13), diarrhea (13), 
hypothyroidism (13)

Le47 2 Pembrolizumab 8 53 NR NR ORR NR for pancreatic cohort

Overman71 2 Acalabrutinib 26 0 NR NR ORR Dehydration (12), anemia (12), 
and hypotension (8)

Pembrolizumab 
+ acalabrutinib

32 9 NR NR ORR Anemia (9), abdominal pain (9)

a Oxaliplatin at 85 mg/m2.
b Oxaliplatin at 40 mg/m2.

5-FU, 5-fluorouracil; BSC, best supportive care; CTCAE, Common Terminology Criteria for Adverse Events; GGT, elevated gamma glutamyl 
transferases; HFS, hand-foot syndrome; HTN, hypertension; LV, leucovorin; mo, months; nal-IRI, nanoliposomal irinotecan; NR, not reported; 
ORR, objective response rate; OS, overall survival; PFS, progression-free survival.

Table 1. (Continued) Selected Trials in Patients With Previously Treated Advanced Pancreatic Cancer
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Few targeted therapeutic agents are approved for 
use in patients with pancreatic cancer.37 Several small 
molecules and antibodies targeting angiogenesis, can-
cer stem cells, stroma, and JAK-STAT pathways were 
evaluated in the second-line setting and resulted in 
unsatisfactory outcomes.38 Clinical evidence suggests 
that patients with germline BRCA mutations may have 
improved outcomes when treated with platinum-based 
chemotherapy. Encouraging activity was reported for the 
oral poly(ADP-ribose) polymerase (PARP) inhibitors in 
patients having BRCA1/2 mutations, with a response rate 
of 21% in those with disease refractory to GEM-based 
regimens.39 Recently, olaparib (Lynparza, AstraZeneca) 
was evaluated in a phase 3 trial as maintenance therapy in 
patients with a germline BRCA1 or BRCA2 mutation and 
disease that had not progressed during at least 4 months 
of continuous first-line platinum-based chemotherapy. 
This study showed that median progression-free survival 
was significantly longer in the olaparib group than in the 
placebo group (7.4 vs 3.8 months).37 Further investiga-
tion of PARP inhibitors is ongoing, comparing FOLFIRI 
alone vs FOLFIRI plus veliparib in second-line treatment 
after a period of improvement (NCT02890355, Table 2).

Immunotherapy options—including vaccines, single-
agent immune checkpoint inhibitors, and oncolytic viral 
therapy—have been tested in patients with treatment-
refractory disease, but outcomes have not been encour-
aging. This is likely because of the immunosuppressive 
tumor microenvironment associated with pancreatic 
cancer. A critical requirement for the efficacy of an 
immunotherapeutic approach is the local presence of 
cancer-specific T cells, which are lacking in most pancre-
atic tumors.40 Nevertheless, with the advent of chimeric 
antigen receptor T-cell (CAR-T) therapy, pancreatic 
cancer–specific T cells that are able to produce efficient 
T-cell responses against cancer cells can now be gener-
ated ex vivo.40 Research in this area is gaining momen-
tum. Several ongoing early- and late-phase clinical trials 
are under way that are investigating the role of immu-
notherapy in combination with targeted agents, and the 
combination of 2 checkpoint inhibitors and CAR-T 
cells. Selected ongoing clinical trials in the second-line 
setting are listed in Table 2. 

The evidence amassed over the last decade suggests 
that second-line treatments can lead to a modest improve-
ment in survival outcomes, a finding that has enlivened 
the debate about the optimal sequencing strategy for these 
treatments. The definitive role of first-line FOLFIRINOX 
or GEM/nab-P in subsequent lines of therapy is not cur-
rently known. Also, large randomized trials are needed to 
determine whether irinotecan- or oxaliplatin-containing 
regimens are the better option. Because of conflicting 
results in studies evaluating oxaliplatin, along with the 

results of NAPOLI-1, nal-IRI can be considered the 
immediate second-line option.16 In the absence of head-
to-head trials, clinicians are advised to decipher these 
studies independently within the context of each patient’s 
goals.

Discussion

FOLFIRINOX and GEM/nab-P have revolutionized 
treatment in pancreatic cancer, improving OS in treat-
ment-naive patients. Several attempts to improve long-
term survival outcomes with targeted treatments, alone 
or in combination, did not show benefit beyond cytotoxic 
chemotherapy. Survival has not increased significantly 
despite several phase 2 and phase 3 trials. Novel agents, 
such as lapatinib (Tykerb, Novartis)41 and ruxolitinib 
(Jakafi, Incyte),42 provided some hope in early-phase trials 
but failed in the phase 3 setting. So far, the current tar-
geted and immunotherapeutic agents that have been used 
alone or in combination with chemotherapy have failed 
to improve clinical outcomes (Table 1). This problem is 
attributed to the heterogeneous molecular pathogenesis 
of pancreatic cancers, which involves several oncogenic 
pathways and a large spectrum of nonactionable genetic 
mutations. The disease of most of the patients who 
receive first-line treatment ultimately progresses, with 
1-year failure rates of 60% to 80%.9,10 In addition, many 
patients are poor responders owing to refractory primary 
disease. The management of patients whose disease fails 
to respond to first-line treatment is challenging. Although 
few randomized trials exist to help clinicians in this set-
ting, and those that do have variable findings, the activity 
of second-line treatments (Table 3) has been reported in 
terms of progression-free survival (1.5-5.5 months), OS 
(2.3-10.2 months), and response rate (0-31%).

Second-line treatment options in pancreatic can-
cer include GEM/nab-P, FOLFIRINOX, GEM alone, 
5-FU, nal-IRI, FOLFIRI, or FOLFOX, depending on 
the therapies previously given in the first-line setting and 
the patient’s level of tolerance and performance status.43 
Targeted therapies are considered for a limited subset of 
patients with predictive biomarkers, such as germline 
BRCA mutations, neurotrophic tyrosine receptor kinase 
(NTRK) fusions, and microsatellite instability. These 
include immunotherapy, NTRK inhibitors, and PARP 
inhibitors.44-47 Second-line treatment with nal-IRI, an “old 
drug in a new bottle,” has only a modest effect on survival, 
with unknown effects on quality of life. The combina-
tion of nal-IRI plus 5-FU/LV has an NCCN category 1 
indication as potential second-line therapy for patients 
whose disease progressed on prior GEM-based treat-
ment and who have an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0 or 1, a  favorable 
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Table 2. Selected Ongoing Clinical Trials for Previously Treated Advanced Pancreatic Cancer

Identifier Phase Clinical Trial

NCT03854110 1/2 Trial to Evaluate Safety and Tolerability of GP-2250 in Combination With Gemcitabine

NCT03553004 2 Niraparib in Metastatic Pancreatic Cancer After Previous Chemotherapy (NIRA-PANC): a 
Phase 2 Trial

NCT02498613 2 A Phase 2 Study of Cediranib in Combination With Olaparib in Advanced Solid Tumors

NCT03193190 1b/2 A Study of Multiple Immunotherapy-Based Treatment Combinations in Participants With 
Metastatic Pancreatic Ductal Adenocarcinoma (Morpheus-Pancreatic Cancer)

NCT02923921 3 Study of Pegilodecakin (LY3500518) With FOLFOX Compared to FOLFOX Alone Second-
line Tx in Participants With Metastatic Breast Cancer (Sequoia)

NCT01489865 1/2 ABT-888 With Modified FOLFOX6 in Patients With Metastatic Pancreatic Cancer

NCT02890355 2 FOLFIRI or Modified FOLFIRI and Veliparib as Second Line Therapy in Treating Patients 
With Metastatic Breast Cancer

NCT02243371 2 GVAX Pancreas Vaccine (With CY) and CRS-207 With or Without Nivolumab

NCT03023722 2 Phase II Anetumab Ravtansine in Pre-treated Mesothelin-expressing Pancreatic Cancer

NCT02810418 1b/2 Mesothelin-Targeted Immunotoxin LMB-100 Alone or in Combination with Nab-Paclitaxel 
in People With Previously Treated Metastatic or Locally Advanced Pancreatic Ductal 
Adenocarcinoma and Mesothelin Expressing Solid Tumors

NCT01834235 2 QUILT-3.010: A Study of Gemcitabine and Nab-paclitaxel With or Without NPC-1C to 
Treat Patients With Pancreatic Cancer

NCT01585805 2 Gemcitabine and Cisplatin With or Without Veliparib or Veliparib Alone in Treating Patients 
With Locally Advanced or Metastatic Pancreatic Cancer

NCT03512756 2 A Multi-Center Study of SM-88 in Subjects With Pancreatic Cancer

NCT03264404 2 Azacitidine and Pembrolizumab in Pancreatic Cancer

NCT02777710 1 Evaluation of Safety and Activity of an Anti-PDL1 Antibody (DURVALUMAB) Combined 
With CSF-1R TKI (PEXIDARTINIB) in Patients With Metastatic/Advanced Pancreatic or 
Colorectal Cancers 

NCT01583686 1 CAR T Cell Receptor Immunotherapy Targeting Mesothelin for Patients With Metastatic 
Cancer

NCT03323944 1 CAR T Cell Immunotherapy for Pancreatic Cancer

NCT02850536 1 CAR-T Hepatic Artery Infusions or Pancreatic Venous Infusions for CEA-Expressing Liver 
Metastases or Pancreas Cancer

NCT02830724 1 Administering Peripheral Blood Lymphocytes Transduced With a CD70-Binding Chimeric 
Antigen Receptor to People With CD70 Expressing Cancers

NCT02660034 1/1b The Safety, Pharmacokinetics and Antitumor Activity of BGB-A317 in Combination With 
BGB-290 in Subjects With Advanced Solid Tumors

NCT02983578 2 AZD9150 With MEDI4736 in Patients With Advanced Pancreatic, Non-Small Lung and 
Colorectal Cancer

NCT02826486 2 Study Assessing Safety and Efficacy of Combination of BL-8040 and Pembrolizumab in 
Metastatic Pancreatic Cancer Patients (COMBAT/KEYNOTE-202)

NCT03611556 1/2 MEDI9447 (Oleclumab) Pancreatic Chemotherapy Combination Study

NCT03192462 1 TAA-Specific Cytotoxic T Lymphocytes in Patients With Pancreatic Cancer (TACTOPS)

 comorbidity profile, and a support system for aggressive 
medical therapy.48 GEM plus nab-P can be offered as 
second-line therapy to patients who meet these criteria 
and have been treated with first-line FOLFIRINOX. 
Monotherapy with GEM or 5-FU is an option in the 

second-line setting for patients who have a relatively poor 
performance status (ECOG 2) or medical comorbidities, 
or who are elderly.48 Despite various combinations and 
doses of FOLFOX and FOLFIRI, no single regimen has 
shown superiority over another in the second-line setting, 
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and the optimal regimen after first-line treatment remains 
to be confirmed in randomized controlled trials. There-
fore, clinical trial participation is highly encouraged for 
those with good functional status upon failure of frontline 
treatment. Finally, at this point, no data are emerging 
regarding a definitive third-line therapy.

The evaluation of sequential strategies in a clinical 
trial setting is challenged by the fact that treatment until 
progression, with no dose delays or interruptions, appears 
not to be feasible in a major proportion of patients receiv-
ing first-line agents. PARP inhibitor–based maintenance 
following stabilization of disease has been explored in 
selected patients.49 Also, a considerable degree of het-
erogeneity exists in previous clinical trials owing to vari-
ability in response and choice of first-line chemotherapy. 
Drawing definitive conclusions from the available data is 
further challenged by the small number of participants 
in trials, premature closure due to limited accrual, and 
publication bias. These factors cripple the ability to select 
those patients who are most likely to benefit from second-
line therapy.

The choice of frontline therapy has become increas-
ingly critical in light of the use of second-line treatment 
because it has the potential to dictate the treatment 
sequence. The decision to treat beyond the front line 
should depend on a careful selection of patients according 
to their functional status, response to treatment, and over-
all tumor burden, as well as the type of drugs used in the 
front line. Poor responders with worsened performance 
status and a high degree of tumor burden are unlikely to 
benefit from additional treatment, and they may experi-
ence more harm than benefit. Clinical benefits in second-
line treatment are not substantial and are associated with 
an increase in adverse events. The patient is considered 
to be a critical protagonist in subsequent therapeutic 
decisions because only a small subset of patients derive 
benefit from second-line therapy. Other factors that affect 
treatment selection include the potential for cumulative 

Table 3. Treatment Efficacy Across the Continuum of Care in 
Advanced Pancreatic Cancer

Outcome
First-Line 
Therapy34

Second-Line  
Therapy22,26,27,29,31,35,59,72 

ORR, % 27-39 0-31

PFS, mo 8.5-11.7 1.5-5.5

OS, mo 14.4-15.9 2.3-10.2
 
mo, months; ORR, objective response rate; OS, overall survival; PFS, 
progression-free survival.

toxicity and lack of cross-resistance to prior drugs. Drugs 
that have not been used in prior lines of treatment and 
have tolerable safety profiles are prioritized during treat-
ment selection, with quality of life an important factor in 
treatment decisions. 

Owing to limited randomized studies with placebo, 
it is unclear whether any of these treatments are substan-
tially better than best supportive care alone in the second-
line setting. Phase 3 randomized trials comparing second-
line chemotherapy vs best supportive care in patients with 
advanced pancreatic cancer would be able to assess the 
benefit; however, given the lethality of this disease, such 
trials may not be feasible. Evidence is now emerging that 
survival benefit can be improved with optimal monitoring 
and the management of symptoms in timely fashion by 
the integration of patient-reported outcomes into routine 
practice.50 Greater emphasis in therapeutic clinical trials 
in oncology is being placed on measuring quality of life 
and other patient-reported outcomes. A recent study 
found that incorporating patient-reported outcomes into 
treatment improved survival in lung cancer.51 No large 
trials in pancreatic cancer have assessed patient-reported 
outcomes, which include control of symptoms and the 
maintenance of performance status and quality of life. 
Ongoing clinical trials are limited by a lack of prognostic 
and predictive markers that can be used to select the most 
appropriate patients for second-line treatment.

Conclusion

Survival rates in pancreatic cancer remain very low. 
Determination of the sequencing of therapeutic options 
for patients with metastatic pancreatic cancer in the 
second-line setting continues to be a significant unmet 
need. The clinical outcomes for second-line treatment 
beyond nal-IRI are unsatisfactory, with poor survival and 
objective response rates. Discrepant results have been 
reported in randomized studies of combinations of oxali-
platin and irinotecan. The optimal sequencing of second 
or subsequent lines of treatment relies on up-front treat-
ment decisions. Second-line treatment decisions should 
be made jointly by the patient and the provider after a 
thorough assessment of the oncologic value of treatment 
in terms of survival, therapeutic toxicity, and quality-of-
life effects. Little progress has been made in survival over 
the past 5 years, leaving the door open for clinical trials 
of novel combinations. The valuable role of multiply 
targeted molecular therapies (targeting both the tumor 
cells and the stromal microenvironment) continues to 
evolve. It is hoped that ongoing studies incorporating 
biomarkers as a component of their design will be able 
to reshape the concept of therapeutic sequence in the 
near future.
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