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Preclinical Rationale for the Phase III Trials in Metastatic
Pancreatic Cancer

Is Wishful Thinking Clouding Successful Drug Development

for Pancrea
tic Cancer?

Ramya Thota, MBBS,* Anirban Maitra, MBBS,† and Jordan D. Berlin, MD*
MATERIALS AND METHODS
Abstract: Prior phase III trials in advanced pancreatic cancer have been
predominantly unsuccessful. In this review, we attempt to understand
how past preclinical datawere translated into phase III clinical trials in met-
astatic pancreatic cancer as described in the article. A systematic literature
review conducted through the MEDLINE, Embase, and Cochrane Central
Register of Controlled Trials databases, from January 1997 to June 2015
using key words—phase III clinical trials, metastatic/advanced pancreatic
adenocarcinoma or pancreatic cancer identified 30 randomized controlled
trials (RCTs) that met criteria. The trials were limited to RCTs in the first-
line treatment of patients with metastatic pancreatic cancer. The success
rate of first-line phase III studies in advanced pancreatic cancer was only
13%. In 60% of the RCTs, no preclinical experiments were referenced in
biologically cognate pancreatic models. Nine (30%) of the RCTs were de-
signed based on preclinical evidence from in vitro cell lines alone without
additional in vivo validation in xenograft models. It remains uncertain how
strongly the preclinical data influence the development of clinical regimens
but so far the studies developed based on more solid preclinical evidence
have been successful.
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(Pancreas 2017;46: 143–150)

P ancreatic cancer is the fourth leading cause of cancer related
mortality in the United States and is expected to rise to the sec-

ond leading within a decade.1 The majority of the patients with
pancreatic cancer have advanced disease at diagnosis with limited
treatment options. Despite intensive research efforts over past sev-
eral decades, the prognosis of advanced pancreatic cancer remains
dismal. Even with the newest regimens, median survivals for ad-
vanced disease remain less than a year.2,3 Therefore, there is an ur-
gent need for the development of new effective drugs to improve
the survival of patients with metastatic pancreatic cancer.
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Although we have made remarkable progress in understand-
ing the biology of pancreatic cancer, this has not translated into
new drug discovery. In fact, the only positive trials in recent years
have involved traditional chemotherapy.2,3 Drug development in
pancreatic cancer has been challenging. At least 1 issue that needs
to be better understood is how preclinical data supporting the use
of new agents or new combinations failed to result in clinical ben-
efit in randomized phase III clinical trials.

The failure of clinical trials at later stages of drug develop-
ment results in exposure of already symptomatic patients to un-
wanted toxicities causing further impairment in quality of life,
waste of health care dollars, resources, and delay in development
of therapies that may have a better chance of success. Preclinical
data are used in the development of agents and regimens, but it re-
mains unclear how informative these data are and howwell it truly
informs by the time the phase III is developed.

A diverse group of preclinical murine models have been used
in cancer research. However, due to complex genetic and molecu-
lar heterogeneity in human tumors compared with mice, few, if
any, of these animal models can faithfully recapitulate the in vivo
pancreatic tumor microenvironment. This analysis was under-
taken to better understand how past preclinical data were trans-
lated into clinical trials in pancreatic cancer. In this review, we
report the preclinical rationale for all the published first-line phase
III trials in metastatic pancreatic cancer as described in the article.
These data may inform us in methods for improvement for future
drug development in advanced pancreatic cancer.
We conducted a systematic literature review through the
MEDLINE, Embase, and Cochrane Central Register of Con-
trolled Trials databases, from January 1997 to June 2015 using
key words—phase III clinical trials, metastatic/advanced pancre-
atic adenocarcinoma or pancreatic cancer. The trials were limited
to randomized controlled trials (RCTs) in the first-line treatment
of patients with metastatic pancreatic cancer. RCTs in nonmeta-
static pancreatic cancer, second-line metastatic pancreatic cancer
or nonrandomized trials in metastatic pancreatic cancer were ex-
cluded. As a result, we did not include the recent successful phase
III NAPOLI-1 trial in the second line setting, which has led to the
US Food and Drug Administration approval of a combination
liposomal irinotecan (Onivyde) regimen in pancreatic cancer pa-
tients that progressed on gemcitabine or gemcitabine-based thera-
pies. Further, to be included, the trial had to be published. Abstract
only reports were not included because background data could not
be reviewed.

We identified 30 published RCTs that met inclusion criteria.
Data collected from the articles included: first author, publication
year, chemotherapy regimens, and information on preclinical
studies. The preclinical data from published phase III trials were
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collected in a systematic manner. First, each published phase III
study was carefully reviewed to verify that preclinical rationale
was reported. If preclinical data were available, information was
collected on the number and type of preclinical models tested
(in vitro, cell line–derived xenograft, patient-derived xenograft
[PDX], or genetically engineered mouse model [GEMM]) based
on the reports referenced in the article. Then each study was
TABLE 1. Preclinical Evidence Reported in Published Phase III Trials in

Study Drug
Phase
III

Positive trials
Von Hoff et al,
20133

Gemcitabine + nab-Paclitaxel Yes3

Conroy et al, 20112 FOLFIRINOX Yes2

Moore et al, 200712 Gemcitabine + erlotinib Yes12

Burris et al, 199715 Gemcitabine Yes15

Negative trials
Colucci et al,
200218 GOIM

Gemcitabine + cisplatin Yes18 Y

Moore et al, 200323 BAY 12-9566 Yes23

Colucci et al,
201025 GIP-1

Gemcitabine + cisplatin Yes25

Berlin et al, 200229 Gemcitabine + 5-flourouracil Yes29 Y
Brahmall et al, 200136 Gemcitabine + marimastat Yes36

Van Custem et al,
200444

Gemcitabine + tipifarnib Yes44

Rocha Lima et al,
200446

Gemcitabine + irinotecan Yes46

Oettle et al, 200549 Gemcitabine + pemetrexed Yes49

Louvet et al, 200552 Gemcitabine + oxaliplatin Yes52

Reni et al, 200555 Gemcitabine + epirubicin cisplatin
5-flourouracil

No55

Hienemann et al,
200657

Gemcitabine + cisplatin Yes57 Y

Abou-Alfa et al,
200661

Gemcitabine + exatecan Yes61

Stathopoulos
et al, 200665

Gemcitabine + irinotecan No65 Y

Hermann et al,
200768

Gemcitabine + capecitabine Yes68 Y

Van Custem et al,
200973

Gemcitabine + erlotinib + bevacizumab No73

Cunnigham et al,
200975

Gemcitabine + capecitabine No75 Y

Poplin et al, 200977 Gemcitabine + oxaliplatin No77

Philip et al, 201080 Gemcitabine + cetuximab Yes80

Kindler et al, 201083 Gemcitabine + bevacizumab Yes83

Kindler et al, 201190 Gemcitabine + axitinib No90

Gonçalves et al,
201292

Gemcitabine + sorafenib Yes92

Rougier et al, 201396 Gemcitabine + aflibercept Yes96

Middleton et al,
201498

Gemcitabine + capecitabine + GV1001 Yes98

Ueno et al, 2013100 Gemcitabine + S-1 No100 Y
Deplanque et al,
2015104

Gemcitabine + masatinib Yes104

Fuchs et al, 2015107 Gemcitabine + ganitumumab Yes107

NA indicates not applicable
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nalyzed for evidence of preclinical activity in pancreatic models
nd if the science for the combination drug therapy and sequenc-
ng of the drugs is proven in pancreatic cancer or not was noted.
he science for the combination drug therapy was considered
ully supported in pancreatic cancer only if evidence for synergy
f the drug combinations was tested in pancreatic models specifi-
ally. In addition, because preclinical evidence was not always
Metastatic Pancreatic Cancer

Phase
II

In Vitro
Cell Line

Cell Line–Derived
Xenograft GEMM

Model

Patient-Derived
Xenograft

Hetero Ortho Hetero Ortho

Yes4 Yes5 Yes4

Yes6 Yes7–10 Yes10,11

No Yes13 Yes13 Yes14

Yes16 Yes17 Yes17

es19,20 Yes21,22

No Yes24

NA Yes21,22,26–28

es30–33 Yes34,35

Yes37 Yes38 Yes39–42 Yes38,43

No Yes45 Yes45

Yes47 Yes48

Yes50 Yes51

Yes53 Yes54

No56

es19,20,58 Yes27,59,60 Yes59,60

Yes62 Yes63,64

es47,66 Yes21,48,67

es69–71 Yes35 Yes72

No74

es69–71,76 Yes35 Yes72

Yes78 Yes79

Yes81 Yes82 Yes13

Yes84 Yes85 Yes85–89

No91

Yes93 Yes94 Yes95

No Yes97 Yes97 Yes97

Yes99 Yes99

es101,102 Yes103

Yes105 Yes106 Yes106

Yes108 Yes109 Yes109
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eported in the phase III publication, the article for the correspond-
ng and referenced phase II study was reviewed systematically as

ell to note if any preclinical rationale was reported.
RESULTS

Among the 30 published randomized phase III clinical trials
n the first-line in metastatic pancreatic cancer, only 3 studies had
rue clinical impact. The combination of gemcitabine and erlotinib
ad a positive trial but did not change practice in a substantive
anner due to infrequent adoption by clinicians. The success rate
f phase III studies in advanced pancreatic cancer was only 13%
n terms of meeting primary endpoint but 10% for practice chang-
ng trials. The detailed information on preclinical evidence and
odels used in each RCT is listed in Tables 1 and 2.

In the studies that reported preclinical rationale, in vitro cell
ines or cell line–derived subcutaneous xenograft models were
he most commonly used preclinical models (n = 27, 90%).
rthotopic xenograft models were referenced for preclinical ex-
eriments in only 5 RCTs (17%). The PDX models and GEMMs
ere cited in 2 RCTs (7%) and 1 RCT (3%), respectively (Fig. 1).

In 60% of the RCT studies (n = 18), no preclinical experi-
ents were referenced in biologically cognate pancreatic models.
he sequence/schedule of the combination therapy was not tested
n 22 (73%) studies. Synergy for the combination was reported for
8 (60%) of the phase III studies. Overall, references for the sci-
nce for the combination drug regimen was referenced in pancre-
tic cancer models in only 6 (20%) of the studies.

Nine (30%) of the RCTs were designed based on preclinical
vidence from in vitro cell lines alone without additional in vivo
alidation in xenograft models. Common examples of drugs
ested in vitro alone were the combination of gemcitabine with
-flourouracil, irinotecan, oxaliplatin, S-1, exatecan, and pemetrexed.
he cell line–derived subcutaneous xenograft models were report-
dly used in 15 (50%) of the 30 phase III studies.

When compared with the negative RCTs, we noted the recent
ositive RCTs, such as gemcitabine and nab-paclitaxel had exten-
ive preclinical testing done in multiple preclinical models includ-
ng PDX and GEMMs.
DISCUSSION

The failure rate of phase III clinical trials in advanced pancre-

tic cancer is high (87%). This analysis was undertaken to see if
here might be information gleaned from the use of preclinical
odels in developing regimens that make it to phase III. There
re several difficulties inherent in evaluating the impact of preclin-
cal study on subsequent phase III success rate. First, there are
nly 4 positive phase III trials in first-line metastatic pancreatic
ancer during the 18 years covered in this analysis, of which only
(10%) could be considered practice changing.

Second, preclinical data that set the rationale for the drug
sed or drug combinations may not all be referenced in the articles
or many reasons. Article page limit may reduce the amount of in-
roduction in the articlewhere most of the rationale is outlined; for
xample, the steps between preclinical data and phase III analysis
an be myriad and often include phase I and II trials. Therefore,
ome of the preclinical data may simply not have been included
n the articles for sake of brevity. Many of the regimens come from
ork done within the pharmaceutical industry, and some of the
ata may be unpublished, limiting the ability to reference the data.
ther preclinical data may have only been in abstract form at na-
ional or international meetings, limiting the likelihood it will be
sed as a reference.
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FIGURE 1. Preclinical models used for validation of phase III clinical trials in metastatic pancreatic cancer.
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Nonetheless, the reality exists that many of the publications
relevant to pancreatic cancer RCTs did not reference preclinical
data in pancreatic models. We did not do an analysis of the novel
agents to see where in the “life cycle” the pancreatic cancer trial
occurred. In other words, when a company decides to bring an
agent out of the preclinical realm into clinical development, there
are primary targets that “lead off ” the pipeline, and thereafter, sec-
ondary targets that are either planned later or come from outside
leads. The vast majority of preclinical data are developed to estab-
lish or refute the rationale in the primary target diseases. The
phase III trial may be then undertaken based on early phase clini-
cal evidence, which would logically trump the need for preclinical
evidence. In fact, in this analysis, very few, if any of the agents
studied were primarily purposed for pancreatic cancer, including
gemcitabine that was initially developed in lung cancer primarily,
with hopes for effect in colorectal cancer as well.

The authors of this article are unaware of a systematic analy-
sis of how much preclinical evidence is needed to bring an agent
into a clinical trial. However, in pancreatic cancer, a State of the
Science meeting attempted to define loose guidelines for preclin-
ical evidence. Several conclusions about preclinical models were
reached including: older models are flawed; newer models need
to be interrogated and to fully test a hypothesis, more than 1model
should be used.110 It is noted that all of the trials that were positive
had agents or combinations that were tested in multiple cell lines
and/or models. Of the 3 combination trials, 2 of 3 were tested in
pancreatic models and all 3 had synergy data presented in the ref-
erences. This suggests at least that trials with more solid preclini-
cal evidence have been successful even if some of the data are
derived in models of other cancers.

The data presented here do show that there is no uniformity
in developing the rationale for use of drugs or drug combinations
in phase III trials. The clear, but broad recommendations from the
2007 State of the Sciencemeeting were madewith regard to devel-
oping clinical regimens in pancreatic cancer.110 Those guidelines
are as yet untested, but these data suggest they may indicate a bet-
ter way tomove forward. An analysis of published phase II reports
may be conducted to analyze if more robust preclinical data before
phase II leads to greater likelihood of moving to phase III, but this
would be flawed as an accompanying article demonstrates that ro-
bust phase II data has not been required to go to phase III trials in
the past and, in fact, many studies went to phase III despite nega-
tive phase II data.

Finally, it remains uncertain how strongly the preclinical data
influences the development of clinical regimens. Is compelling

© 2016 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2017 Wolters Kluwer H
science the rationale used to justify conducting a pivotal trial, or
are many of these studies “trials of convenience”? Irrespective,
with the exceptionally low success rate for clinical trials in pancre-
atic cancer (and, in fact, in most cancers), it is clear that we need to
reevaluate how we have been developing our trials and designing
our regimens. This article is not meant as any indictment of the
past, but instead, it is meant to start that discussion.
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