Rosenzweig et al. J Cancer Metastasis Treat 2022;8:46
DOI: 10.20517/2394-4722.2022.58

Journal of Cancer
Metastasis and Treatment

Opinion

Open Access

More efficient clinical trials in pancreatic cancer:
develop better treatment options, faster
Allison Rosenzweig, Cassadie Moravek, Lynn M. Matrisian
Scientific and Medical Affairs, Pancreatic Cancer Action Network, Manhattan Beach, CA 90266, USA.
Correspondence to: Dr. Lynn Matrisian, Scientific and Medical Affairs, Pancreatic Cancer Action Network 1500 Rosecrans Ave.
Suite 200, Manhattan Beach, CA 90266, USA. E-mail: lmatrisian@pancan.org
How to cite this article: Rosenzweig A, Moravek C, Matrisian LM. More efficient clinical trials in pancreatic cancer: develop
better treatment options, faster. J Cancer Metastasis Treat 2022;8:46. https://dx.doi.org/10.20517/2394-4722.2022.58
Received: 24 May 2022 First Decision: 20 Jul 2022 Revised: 22 Aug 2022 Accepted: 27 Sep 2022 Published: 19 Oct 2022
Academic Editors: Marco Falasca, Palanisamy Nallasamy Copy Editor: Fangling Lan Production Editor: Fangling Lan

Abstract
Clinical development of new treatment options for patients with pancreatic cancer has been slow and expensive
and resulted in few effective therapies. With a dismal five-year survival rate of 11% in the U.S., pancreatic cancer
remains the third leading cause of cancer-related deaths and is poised to move to second by 2030. Standard
clinical trials typically compare one investigational treatment to one standard of care, encompass one phase of
clinical investigation at a time, and treat one patient population. Accrual and data analysis are often very slow, and
unfortunately, the vast majority of clinical trials targeting pancreatic cancer patients are unsuccessful. More
efficient clinical trial designs can include combining phases I and II or phases II and III, and trials that involve a
master protocol approach can also answer multiple clinical questions simultaneously. These modern clinical trial
designs can allow a faster, more efficient and cost-effective approach to testing investigational therapies in
patients with pancreatic cancer and, most importantly, fewer patients may be required to determine the efficacy of
treatment. Herein we summarize some of the recent innovative clinical trials in pancreatic cancer to provide
meaningful data toward developing new treatment options to benefit patients with a dismal disease like pancreatic
cancer.
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INTRODUCTION
Pancreatic cancer is notable as one of the deadliest cancers. In 2020, it caused almost as many deaths
(466,000) as cases (496,000)[1] worldwide. Currently, incidence and mortality rates are increasing in the U.S.
and many other highly developed nations[1,2], leading to the projection that pancreatic cancer will overtake
colorectal cancer to become the second leading cause of cancer deaths in the U.S. by 2030[3]. The difference
between the two is that among the cancers tracked in the U.S., pancreatic cancer has the lowest five-year
relative survival rate of 11%[2].
The reasons for the poor prognosis of patients diagnosed with pancreatic adenocarcinoma are expected and
remain the same: too few patients are diagnosed when the disease is in the early, surgically resectable stage,
and too few treatment options provide durable responses. The biological underpinnings of the challenges in
treating pancreatic cancer include mutant KRAS as the driver gene in > 90% of cases, a pathway that has yet
to be effectively targeted, a dense fibrotic stroma that limits the uptake of nutrients, oxygen and
chemotherapies, an exceptionally immunosuppressive microenvironment, and an ability to metastasize at
an early stage before symptoms are apparent[4]. In the search for new, better treatment options, the standard
clinical trials process has failed many pancreatic adenocarcinoma patients - historically, trials have been
designed with poor alignment with real-world patient characteristics, and too many trials have progressed
to later stages without sufficient clinical evidence of their potential for success[5-7]. Oncology drug
development is estimated to take more than seven years overall, costing an average of $37.8 M for each drug
tested in phase I-III trials[8]. Despite the high barriers to clinical trial enrollment, thousands of pancreatic
cancer patients participated in pivotal phase III trials over the past few years, with only 11% of trials
resulting in clinically meaningful changes, and most patients learning that the investigational treatment did
not provide a survival advantage over the standard of care[5]. The subsets of patients for whom the therapy
did show benefit are infrequently studied to understand whether conditions apply for which this treatment
may be appropriate to administer.
The lack of progress is not from a lack of trying. Since 2019, more than 125 pancreatic cancer clinical trials
have been opened in the U.S. each year[9]. The trends over time indicate an increasing number of trials for
previously treated patients, the emergence of trials for post-adjuvant or maintenance therapy, and increases
in the number of research-intensive phase 0 trials and the number of phase III trials despite historical
failures. Additionally, there was a dramatic increase in immunotherapy trials over this time and several
biomarker-specified trials were initiated, indicating an increase in a precision medicine approach to
pancreatic cancer treatment. Also notable was a small increase in the number of seamless phase I/II and
II/III trials, an approach that is viewed as an attempt to improve the efficiency of the trial process.
The U.S. Food and Drug Administration (FDA) has acknowledged that more novel clinical trial designs can
be attractive to overcome some of the challenges identified in pancreatic cancer clinical research[10]
[Figure 1]. For example, when tumor alterations may be rare within a single tumor type but may occur
across multiple tumors, a basket trial is an excellent avenue that has led to the tumor-agnostic approvals of
Pembrolizumab and other therapies that can be applied to occasional pancreatic cancer patients[11]. Focusing
on a single cancer type at a time, umbrella trials allow patients to be assigned personalized arms of
treatment based on their and their tumor’s biological and clinical characteristics[10]. Beyond data on the
efficacy of platinum-based chemotherapies and PARP inhibition in pancreatic cancer patients with germline
and/or somatic DNA damage repair alterations[12], there are few molecularly matched treatments offered to
patients as standard practice. Umbrella clinical trials can provide additional data necessary for standardizing
these approaches.
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Figure 1. Novel clinical trial designs include basket, umbrella, and platform trials. Adapted from[10].

A platform clinical trial design allows multiple investigational treatment options to be tested in parallel
against a single or several standard-of-care arms[10]. With constant evaluation of data and careful statistical
analyses, it can quickly be determined whether a treatment arm is showing promise or faring poorly.
Treatment arms can go on or off the platform, potentially allowing the trial to go on in perpetuity. Platform
trials can also be designed to straddle two phases - phase I and II or phase II and III - to facilitate a
smoother transition between dose escalation and dose expansion or to move more quickly from a positive
efficacy signal to registration for approval.
With the poor clinical outcomes of pancreatic cancer and the lack of responsiveness to conventional and
newer (e.g., immunotherapy) solid tumor treatment options, it is time to develop new approaches to
combat this deadly cancer, as well as new ways to identify, develop and test new treatment options. Here in
this opinion paper, we discuss the current standard of care for pancreatic adenocarcinoma in the U.S. and
some recent innovations in clinical trials for pancreatic cancer, which provide hope for accelerated progress
in the near future.

APPROVED TREATMENTS FOR PANCREATIC ADENOCARCINOMA IN THE UNITED
STATES
Advances in the treatment of pancreatic adenocarcinoma in the U.S. depend primarily on clinical research
leading to FDA approval for new treatment entities, although successful clinical trials with agents that are
off-patent have also changed the standard. Progress was slow between 1995 and 2015; gemcitabine became
the standard of care for metastatic pancreatic adenocarcinoma in 1996[13], FOLFIRINOX was added in
2010[14], and the combination of gemcitabine and nab-paclitaxel was FDA approved in 2013[15] [Table 1].
However, since 2015 there has been a remarkable increase in new treatments for specific disease states or
sub-populations of patients. With FOLFIRINOX and gemcitabine plus nab-paclitaxel both considered
effective standard-of-care options for metastatic patients, research efforts resulted in the first FDA approval
of second-line treatment of 5-FU + nal-irinotecan for metastatic pancreatic adenocarcinoma patients who
received gemcitabine in the first line[16]. There have also been accepted clinical advances resulting in the
widespread use of gemcitabine-based or FOLFIRINOX-based regimens for adjuvant treatment for earlierstage pancreatic adenocarcinoma[17,18]. Additionally, a number of approvals for biomarker-identified subsets
of patients in tumor-agnostic studies impact a small number of pancreatic adenocarcinoma patients with
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Table 1. Approved treatments for pancreatic adenocarcinoma in the U.S.

Year Treatment

Population

Approval

Reference

1996 Gemcitabine

Metastatic, 1st line

FDA

[13]

2005 Gemcitabine + erlotinib

Metastatic, 1st line

FDA

[36,37]

2010 FOLFIRINOX

Metastatic, 1st line

2013 Gemcitabine + nabpaclitaxel

Metastatic, 1st line

FDA

[15]

2015 5-FU + nal-irinotecan

Metastatic, post gemcitabine

FDA

[16]

2016 Gemcitabine +
capecitabine

Post-surgery adjuvant

2017 Pembrolizumab

Microsatellite instability (MSI-Hi) or deficient mismatch repair (dMMR)
(approx. 2% prevalence)

2018 Modified FOLFIRINOX

Post-surgery adjuvant

2018 Larotrectinib

NTRK fusions, refractory (approx. 1% prevalence)

FDA, tissue
agnostic

[19]

2019 Entrectinib

NTRK fusions, refractory (approx. 1% prevalence)

FDA, tissue
agnostic

[20]

2019 Olaparib

Germline BRCA1/2, maintenance (approx. 5% prevalence)

FDA

[12]

2020 Pembrolizumab

High tumor mutation burden (TMB) (approx. 1% prevalence

FDA, tissue
agnostic

[21]

2021 Dostarlimab-gxly

Mismatch repair deficiency (dMMR) (approx. 2% prevalence)

FDA, tissue
agnostic

[23]

2022 Dabrafenib plus
trametinib

BRAFv600E (less than 1% prevalence)

FDA, tissue
agnostic

[24]

[14]

[17]
FDA tissue
agnostic

[22]
[18]

[25]

[38]

NTRK fusion[19,20], germline BRCA1/2 or PALB2 mutations[12], or microsatellite instability, deficient
mismatch repair, or high tumor mutational burden status[21-23]. Most recently, the combination of
Dabrafenib-Trametinib was approved for solid tumors with BRAFv600E mutations partly because of the
innovative NCI-MATCH basket trial[24]. Real-world data confirm the benefit of this combination in
pancreatic cancer patients with this molecular alteration[25]. Although the numbers may be modest, these
advances have a significant impact on the lives of the patients eligible for these treatments and a remarkable
increase in the rate with which clinical advances are being applied to the treatment of this complicated
disease.

MODERN CLINICAL TRIAL DESIGNS FOR PATIENTS WITH PANCREATIC CANCER
The momentum in pancreatic cancer clinical trial advances has energized the field and resulted in a number
of innovative and exciting clinical trial designs focused on accelerating progress. These trials represent a
multi-institutional collaborative effort among many investigators who have gathered forces to tackle the
daunting problem of pancreatic adenocarcinoma. These efforts are summarized below and indicated by
their focus on precision medicine, immunotherapy, or general platform trials.
1. Precision medicine
Precision medicine in pancreatic cancer has been advanced by organizations/projects with large tissue
collections, such as the International Cancer Genome Consortium[26] and the Cancer Genome Atlas[27], as
well as real-world efforts, such as the Pancreatic Cancer Action Network’s Know Your Tumor®
program[28,29]. To link high-quality DNA and RNA sequencing with patient outcomes, the prospective
Comprehensive Molecular Characterization of Advanced Pancreatic Ductal Adenocarcinoma for Better
Treatment Selection (COMPASS, NCT02750657) trial was initiated in 2015 at several institutions in
Canada, including Princess Margaret Cancer Center, Kingston Health Sciences Centre, Universite de
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Montreal, and McGill University. This observational study concluded that prospective genomic profiling of
advanced pancreatic adenocarcinoma is feasible and provides a platform to better understand
chemotherapy response among patients with different genomic/transcriptomic subtypes[30,31].
Precision-Panc (NCT04161417) was founded in 2017 in the U.K., bringing together the expertise of several
Universities, Cancer Research UK research institutes, and the National Health Service[32]. A master protocol
provides extensive molecular profiling and is a “portal” to sub-studies referred to as PRIMUS (Pancreatic
canceR Individualised Multi-arm Umbrella Study). Precision-Panc enrolls patients with diagnosed or
suspected pancreatic adenocarcinoma who undergo a biopsy for molecular profiling to determine their
eligibility and enrollment in a PRIMUS substudy. The various PRIMUS studies allow for the enrollment of
patients with different stages of pancreatic adenocarcinoma and look for predictive biomarkers to standardof-care chemotherapy as well as targeted agents, immunotherapies and other investigational drugs.
2. Immunotherapy platforms
REVOLUTION (NCT04787991), an exploratory platform in the phase I setting sponsored by the Parker
Institute for Cancer Immunotherapy and the Cancer Research Institute, opened in 2021 at seven sites within
the U.S. REVOLUTION enrolls treatment-naïve patients with metastatic pancreatic adenocarcinoma and
tests combination approaches that include immunotherapy. An exploratory platform, REVOLUTION can
add and drop investigational arms based on results. The two-stage design allows for early assessment of
predictive biomarkers, safety and efficacy, followed by an expanded second stage to confirm the earlierstage observations.
Morpheus-Pancreatic Cancer, a Study of Multiple Immunotherapy-Based Treatment Combinations in
Participants with Metastatic Pancreatic Ductal Adenocarcinoma (NCT03193190), is a phase Ib/II clinical
trial sponsored by Hoffmann-La Roche that opened at 27 study locations in 2017. Morpheus-Pancreatic
Cancer evaluates multiple immunotherapeutic approaches for the treatment of patients with metastatic
pancreatic adenocarcinoma. Who have received no prior treatment or have received one treatment
regimen. The platform nature of this trial allows new investigational arms to be added as preclinical
and clinical evidence suggests their potential efficacy, and arms will be removed from the study due to
futility.
3. Adaptive platform trials
Trials using adaptive designs are gaining traction in the pancreatic cancer field after their success in other
cancer types. The breast cancer I-SPY 2 study (Investigation of Serial Studies to Predict Your Therapeutic
Sesponse with Imaging and Molecular Analysis 2 - NCT01042379) was launched in 2011 and continues to
enroll patients and set examples for adaptive platform trials in cancer[33]. The GBM AGILE (Glioblastoma
Adaptive Global Innovative Learning Environment - NCT03970447) adaptive platform clinical trial is
testing experimental therapies for patients with glioblastoma and brought several innovations to the
platform trial design[34]. Based on the response-adaptive nature of the trial, investigational treatments can
progress through the trial based on their efficacy in either/both first-line patients or those experiencing a
recurrence, and therapeutic arms will drop from the trial if not found to be effective in either patient
population. The GBM AGILE trial is designed to be conducted in two stages: the screening stage is intended
to identify investigational treatments that show benefit over standard-of-care control arms and to identify
the patient population(s) for which the arm is efficacious; then, the confirmatory stage involves fixed
randomization to validate the findings in the patient population(s) identified through the screening phase
and prepare the treatment for registration for the approval process. Lessons learned from the design and
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execution of GBM AGILE can inform future clinical trials in pancreatic cancer, as the two diseases have
similarly low incidence rates and extremely poor survival rates.
Precision PromiseSM (NCT04229004), sponsored by the Pancreatic Cancer Action Network (PanCAN),
opened to recruitment in 2020 at 12 sites and is currently expanding to 30 sites. It is a phase II/III
responsive adaptive clinical trial for patients with metastatic pancreatic adenocarcinoma in the first or
second line of treatment. Like GBM-AGILE and I-SPY 2, the Bayesian adaptive statistical design of
Precision Promise is powered by Berry Consultants. In addition to screening and confirmatory trial stages
to allow for the development of a registration packet, this trial adds a feature of re-randomization to eligible
patients who enrolled in Precision Promise prior to treatment and whose first-line treatment within the trial
is unsuccessful. Precision Promise is designed to continuously evaluate multiple experimental arms (70%)
vs. two control arms (15% gemcitabine+nab-paclitaxel or 15% mFOLFIRINOX) in patients with metastatic
pancreatic adenocarcinoma. The primary endpoint is overall survival. Compared to traditional trial designs,
Precision Promise offers several advantages: multiple investigational treatments can be evaluated in parallel
over time; only ~175 patients per experimental arm are required to initiate a regulatory registration; and
increased learning from every patient during the trial, altogether resulting in both time-saving and a 30%50% cost saving. In addition to evaluating the efficacy of investigational treatments, Precision Promise
incorporates innovative supportive care measures like actigraphy to prioritize patients’ quality of life and
includes additional clinical parameters to test within the trial. In effect, Precision Promise has created an
entirely new “learning community” and can substantially accelerate drug development for pancreatic
adenocarcinoma.
Pioneer-Panc (NCT04481204) is a platform trial for randomized phase II investigations in localized
pancreatic adenocarcinoma that is soon to be underway[35]. Using a Bayesian platform design to evaluate
multiple experimental arms against a control arm, Pioneer-Panc focuses on patients with resectable,
borderline resectable, and locally advanced disease and further divides each stage group based on treatment
history (treatment naïve or previously treated). Within each cohort, adaptive randomization rules are
applied and patients will be randomized to either an experimental arm or the control arm accordingly.
Experimental arms may be added independently to one or more cohorts during the study, and multiple
correlative studies for tissue, blood, and imaging are incorporated.

CONCLUSION AND FUTURE DIRECTIONS
There is considerable momentum in the pancreatic cancer field after a long period during which there were
minimal advances in the standard of care. As Table 1 shows, there were five advances in the standard of care
for pancreatic adenocarcinoma in the 20 years between 1995 and 2015, whereas nine approvals or advances
were recorded in the seven years between 2015 and 2022, albeit for a small number of patients. The field is
galvanized for even greater acceleration of progress over the next decade by the addition of several
innovative trials that gather and focus the expertise of many investigators on the recalcitrant problem of
pancreatic cancer treatment. These studies range from observational studies such as COMPASS that seek to
better understand how the molecular underpinnings of pancreatic adenocarcinoma impact treatment, to
phase I and Ib/II signal-seeking trials such as REVOLUTION and Morpheus with a focus on
immunotherapy development, to the highly flexible Precision-Panc master protocol that allows the addition
of PRIMUS sub-studies for many different sub-populations of pancreatic adenocarcinoma, to the phase II
Pioneer-Panc focused on localized pancreatic adenocarcinoma and the ambitious Precision Promise phase
II/III trial designed to de-risk and accelerate progress for FDA approval for new standards of care for
metastatic pancreatic adenocarcinoma. The field has embraced the Master Protocol concept[10] and banded
together to rise to the challenge. There is considerable optimism that the next decade of clinical research will
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yield the advances pancreatic cancer patients desperately need and deserve.
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