Feature

New Therapies

Pancreatic cancer: a therapeutic challenge
yet to be met
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Ithough there are numerous hard-to-treat

tumor types, pancreatic cancer, which most

commonly presents as pancreatic duc-
tal adenocarcinoma (PDA) is particularly notori-
ous and arguably the most challenging and deadly
of all cancers. It is currently ranked as the fourth
most common cause of cancer-related mortality, and
looks set to move up to the number 2 slot within
the next 15 years.! Here, we discuss the evolution of
much-needed novel treatment strategies.

A dismal prognosis

While the prognosis for many cancers has been
steadily improving thanks to better screening or
treatment, barely a dent has been made in the 5-year
survival rates for patients with PDA in the past 3
decades, which remain stubbornly around 5%.%*

There are a number of factors that contribute to
this dismal prognosis. Because the disease often
does not present early-stage symptoms and there
are no effective screening tests, more than half of
all patients are diagnosed with advanced disease and
median survival is less than a year. Roughly another
third of patients are diagnosed with locally advanced
disease that is not amenable to surgical resection
and survival times are only marginally better. Even
among patients who are diagnosed early and who
have resectable disease, recurrence occurs often and
median survival averages about 2 years.*

Furthermore, PDA is highly aggressive and resis-
tant to most forms of treatment. In large part, this
may be owing to another challenging aspect of pan-
creatic cancer biology — the unique tumor micro-
environment. Pancreatic tumors are often sur-
rounded by a massive growth of dense fibrous tissue
that can impair the delivery of drugs at an effective
concentration.””’

More recently, researchers have put forth a
hypothesis that pancreatic cancer may actually
develop as a systemic disease. There is evidence of
metastatic spread of disease even before a pancreatic
tumor becomes histologically evident.®? Proponents
of this theory argue that we will only begin to make

progress in the treatment of pancreatic tumors when
we address them with effective systemic therapies.
'This may partly explain why chemotherapy is the
only treatment to date that has proven effective in
prolonging survival.

Survival gains with chemotherapy
advances

Since the late 1990s, the standard of care for
patients with pancreatic cancer has been the chemo-
therapeutic agent gemcitabine. A significant break-
through for patients with advanced disease in the
past 5 years has been the addition of 3 other chemo-
therapy regimens that have provided improvements
in survival and have largely replaced gemcitabine
monotherapy, though at the cost of increased toxic-
ity so that their use is limited to patients with good
performance status.

FOLFIRINOX is a combination chemotherapy
containing the drugs fluorouracil, leucovorin, irino-
tecan, and oxaliplatin and was the first drug tested
in advanced pancreatic cancer that pushed median
survival past 1 year. The second regimen combines
gemcitabine with nab-paclitaxel, a novel nanopar-
ticle albumin-bound formulation of paclitaxel with
improved pharmacokinetic properties.’®"

Most  recently, the US Food and Drug
Administration (FDA) approved a nanoliposomal
formulation of irinotecan, in which the chemother-
apy drug is encapsulated in a nanoliposomal con-
struct that shields it from activation until it reaches
the tumor, increasing anti-tumor eflicacy while
limiting systemic toxicity." These chemotherapeu-
tic agents are also being investigated in the locally
advanced and adjuvant treatment settings.

Targeted therapies miss their mark

Therapeutic advances in other tumor types have
often come from a more comprehensive under-
standing of the molecular underpinnings of the
disease. Genome-sequencing studies have revealed
more than 60 different types of genomic alterations
in PDA, including 4 major driver mutations (Figure
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TABLE Ongoing clinical trials in pancreatic cancer

Agent Manufacturer Mechanism of action
Vismodegib (GDC-0449) Genentech Hedgehog inhibitor
Selumetinib (AZD-6244) AstraZeneca MEK1/2 inhibitor
Galunisertib (LY2157299) Eli Lilly TGFBR1 inhibitor
Talazoparib (BMN-673) Medivation PARP inhibitor
Veliparib (ABT-888) AbbVie PARP inhibitor
PF-04136309 Pfizer CCR2 inhibitor
BL-8040 Bioline CXCR4 antagonist

Nivolumab (Opdivo)
Pembrolizumab (Keytruda)

Algenpantucel-L NewlLink Vaccine

GVAX Aduro Vaccine

IMM-101 Immodulon Vaccine

GV1001 KAEL-GemVax Vaccine

FG-3019 Fibrogen Connective tissue growth factor
inhibitor

Afatinib (Gilotrif) Boehringer Ingelheim Tyrosine kinase inhibitor

BYL719 Novartis PI3K inhibitor

Enzalutamide Astellas AR antagonist

OMP-54F28 OncoMed Frizzled fusion protein

Vantictumab OncoMed Frizzled antibody

(OMP-18R5)

GS-5745 Gilead MMP9 antibody

Indoximod NewlLink IDO inhibitor

Selinexor Karyopharm Inhibitor of nuclear export

Momelotinib Gilead JAK inhibitor

INCB0O39110 Incyte JAK inhibitor

Ensituximab (NCP-1C) Precision MUCS5AC antibody

PEGPH20 Halozyme Pegylated uronidase

Adoptive cellular therapy Various Immunotherapy

Bristol-Myers Squibb
Merck

Immune checkpoint inhibitor

Immune checkpoint inhibitor

Stage of clinical testing/
clinicaltrials.gov identifier

Phase 2 (NCTO1088815)a

Phase 1/2 (NCT02450656)

Phase 1 (NCT02734160)

Phase 1 (NCTO1286987 a, NCT02567396)
Phase 2 (NCT02890355, NCTO1585805)
Phase 1/2 (NCT02732938)

Phase 2 (NCT02907099, NCT02826486)
Phase 1 (NCT02309177)

Phase 1/2 (NCT02305186)

Phase 3 (PILLAR; NCTO1836432)

Phase 2 (NCT02648282)

Phase 2 (NCT01303172 )

Phase 3 (NCT00358566)

Phase 1/2 (NCT02210559)

Phase 2 (NCT01728818)
Phase 1 (NCT02155088)
Phase 1 (NCT02138383)
Phase 1 (NCT02050178)
Phase 1 (NCT02005315)

Phase 1 (NCTO1803282)

Phase 1/2 (NCT02077881)

Phase 1/2 (NCT02178436)

Phase 1 (NCT02244489)

Phase 1 (NCT02559492, NCT02646748)
Phase 1 (NCTO1834235)

Phase 3 (NCT02715804)

Phase 1/2 (NCT01897415, NCT02159716,
NCT01583686, NCTO1174121,
NCT01967823)

AR, androgen receptor; CCR2, C-C chemokine receptor type 2; CXCR4, C-X-C chemokine receptor type 4; IDO, indoleamine 2,3-dioxygenase; JAK, janus kinase;
MEK, mitogen-activated protein kinase kinase; MMP-9, matrix metalloproteinase-9; MUC5AC, mucin 5AC; TGFBR1, transforming growth factor beta receptor 1; PI3K,
phosphatidylinositol-3-kinase; PARP, poly(ADP)ribose polymerase;

“Ongoing, but not actively recruiting participants.

1): KRAS and CDKN2A, which are almost ubiquitously
observed in pancreatic cancer patients; 7P53, in 75%-
90% of patients; and SMAD4, in about half of patients.
At least 12 core signaling pathways have been repeatedly
implicated in PDA development and progression, includ-
ing DNA repair, apoptosis, cell-cycle control, embryonic
development, and others."*!

Although myriad targets have been tested and many
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have shown significant potential, almost invariably they
fail to provide survival benefits. The exception is the epi-
dermal growth factor receptor (EGFR) inhibitor erlotinib.
After study findings suggested that the EGFR was over-
expressed in up to 90% of pancreatic cancers, the EGFR
became a heavily investigated target. For the most part
studies of EGFR inhibitors were disappointing, however,
erlotinib was approved by the FDA in combination with
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FIGURE 1 Genome sequencing studies of pancreatic adenocar-
cinoma have revealed four major genetic drivers. As in other
cancers, major research efforts have focused on attempting to
target these drivers for therapeutic purposes, with limited success
to date.

gemcitabine and remains the only approved targeted ther-
apy for pancreatic cancer.

Whether erlotinib really provides a survival benefit
remains hotly contested, and any advantage comes at a cost
of increased skin and gastrointestinal toxicity, so it is not
widely used. EGFR inhibitors have been tested only in
unselected patients, and the search for predictive biomark-
ers of response continues in the hope that this might enable
clinicians to harness the full benefit of these drugs.!>'

Besides EGFR, other high-profile targets in pancreatic
cancer include KRAS, as one of the most prolific genetic
mutations. Unfortunately, direct targeting of the mutant
KRAS protein has proven challenging for a number of
reasons. However, numerous attempts have been made at
indirect targeting; for example, farnesylation is a key post-
translational modification of RAS, required for its activa-
tion, and inhibitors of the farnesyl transferase enzyme have
been tested in pancreatic cancer. However, this has not
proven to be a successful therapeutic strategy, and efforts to
find novel ways of targeting RAS continue."”

Another possibility for therapeutically disrupting RAS-
mutant cancers is to target downstream signaling com-
ponents. Numerous different targets have been explored,
including the phosphatidylinositol-3-kinase (PI3K) and
mammalian target of rapamycin (mTOR) proteins and
components of the mitogen-activated protein kinase
(MAPK) pathway, which is also activated by RAS.®
Although inhibitors of these proteins have had success in
other tumor types, that success has not been translated into
any clinical benefit in pancreatic cancer to date. Clinical tri-
als are ongoing, including of the PI3K inhibitor, BYL-719,
and the mitogen-activated protein kinase kinase (MEK)
inhibitor, selumetinib.
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Among the cellular processes that have been implicated
in the development and progression of pancreatic cancer,
DNA repair has recently been in the spotlight. About 10%
of patients with pancreatic cancer have somatic and germ-
line mutations in the breast cancer susceptibility genes,
BRCAI and BRCA2, and another 12% may have muta-
tions that confer “BRCAness,” in other words, the impact
of these mutations on DNA repair processes is similar to
those that result from BRCA1/2 mutations. BRCAness is
potentially an important property as it may indicate sensi-
tivity to the poly(ADP)ribose polymerase (PARP) inhibi-
tor class of drugs.

The PARP enzymes are involved in the repair of sin-
gle-strand breaks (SSBs) in the DNA that can arise from
environmental impact or from defects in DNA replication.
PARP inhibition prevents SSB repair and the result is the
development of a double-strand break (DSB) in the DNA,
which can be lethal to the cell if it is not repaired.

Proteins such as BRCA1 and BRCA2 play a role in the
homologous recombination (HR) pathway of DNA repair
that is responsible for fixing DSBs. Thus, these proteins
repair the damage caused by PARP inhibitors, so cancer
cells with BRCA1/2 mutations or similar mutations that
result in dysfunctional HR are exquisitely sensitive to
PARP inhibition.!**

Trials of PARP inhibitors in pancreatic cancer patients
are ongoing and is one of the most promising molecularly
targeted strategies currently being evaluated. Talazoparib
and veliparib are being investigated in numerous phase 1

and phase 2 trials, respectively (Table 1).

Tumor microenvironment offers new targets
In recent years, it has become increasingly clear that the
tumor microenvironment, the non-cancerous cells and
their connective tissue, as well as the vasculature and lymph
vessels that infiltrate the space surrounding the cancerous
mass, have a vitally important role in the establishment
and maintenance of a tumor and resistance to anti-cancer
therapy.

The tumor microenvironment can act as a physical bar-
rier to the delivery of anti-cancer drugs, preventing them
from reaching the target cancer cells at a therapeutically
active concentration. There is also evidence for cross-talk
between the malignant cells and the cells of the microenvi-
ronment via which the cancer cells are able to promote the
optimal environment for growth, proliferation, survival and
resistance to therapy.2*?!

As a result, the tumor microenvironment has become a
hot target for therapeutic manipulation. In pancreatic can-
cer, the focus has been on blocking the cell signaling path-
ways that are activated in the non-cancerous cells of the
microenvironment that play a role in creating an oncogenic
niche.

The Hedgehog, Notch, and Wnt signaling pathways,
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FIGURE 2 A variety of freatment strategies have been tested and continue to undergo clinical eval-
uation for advanced pancreatic cancer. Thus far, survival gains have been limited to the develop-
ment of novel chemotherapeutic agents, such as nanoliposomal irinotecan, the most recent FDA
approval. Attempts to develop fargeted therapies, including drugs that inhibit tyrosine kinase re-
ceptors (such as EGFR and HER2) and their downstream signaling effectors (such as PI3K, mTOR
and MAPK), and agents that interfere with DNA repair processes, have largely ended in failure.
The unusual nature of the microenvironment of pancreatic tumors can hinder the delivery of an-
titumor drugs at an active concentration, therefore there has also been significant focus on de-
veloping drugs to target these features, through the principal signaling pathways involved in the
development of a protumoral environment or by targeting structural aspects, such as the altered
vascularization, with inhibitors of angiogenesis. Most success has come from the development

of hyaluronidase enzymes, which continue to be evaluated in phase 3 trials. Pancreatic cancers
have proven to be much more immunogenic than originally thought and immunotherapies that
boost the anti-tumor immune response have also become a central focus in recent years. Though
immune checkpoint inhibitors that have proven so successful in other tumor types do not appear
to be as effective, other strategies, such as therapeutic vaccines, and the development of rational
combinations of drugs, appears more promising.

ronment is to try to overcome the physi-
cal barrier it can present. One approach
that is currently undergoing evalua-
tion in pancreatic cancer is to deplete
the levels of hyaluronic acid (HA) in
the tumor microenvironment. HA is
a glycosaminoglycan that is one of the
central components of the extracellular
matrix and is also thought to be abun-
dant in the desmoplastic reaction — the
dense growth of fibrous tissue — that

surrounds pancreatic tumors.***

PEGPH20, a pegylated form of the
hyaluronidase enzyme that depletes
HA levels, is being developed and could
help break down this physical barrier.
'This is currently one of the most prom-
ising therapeutic avenues in the pancre-
atic cancer, with numerous clinical tri-
als ongoing, including a phase 3 study
in combination with nab-paclitaxel and
gemcitabine in patients with previously
untreated disease.

Promise of immunotherapy
requires clarification

In lieu of targeted therapies that directly
attack the tumor, the concept of stimu-
lating an anti-tumor immune response
to indirectly kill cancer cells has been
gaining traction in the past decade.
The major focus has been on develop-
ing drugs that activate cytotoxic T cells,
the central mediators of the adaptive
immune response. Drugs that block
the T-cell inhibitory molecular path-
ways that are exploited by cancer cells to

all vital to embryonic development, are also thought to be
highly dysregulated in the stromal cells in the pancreatic
tumor microenvironment. It’s thought that cancer cells
activate these pathways in the stromal cells by producing
their respective ligands, in other words the pathway is acti-
vated in a paracrine manner. These pathways may also be
involved in the maintenance of stem cell-like properties in
some pancreatic cancer cells.’®7?

However, small-molecule inhibitors of these pathways
have demonstrated limited efficacy in patients with pan-
creatic cancer. At least in part, this may be owing to poor
delivery to their site of action, but recent study find-
ings have also suggested vastly more complex roles for
these signaling pathways in pancreatic cancer and that
they may be involved in both cancer progression and
prevention.?

Another possibility for targeting the tumor microenvi-
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downregulate the immune response mounted against them
— the so-called immune checkpoint inhibitors — have had a
ground-breaking impact in several tumor types.

The success of the immune checkpoint inhibitors has not
been recapitulated in pancreatic cancer, at least not in the
case of monotherapy. However, ongoing clinical trials have
shifted their focus to testing potentially synergistic combina-
tions with checkpoint inhibitors, such as with other types of
immunotherapy and with drugs targeting the tumor micro-
environment.?*?” BL.-8040, an inhibitor of the C-X-C che-
mokine receptor type 4 (CXCR4), which plays a part in the
cross-talk between the tumor and the stroma, in addition to
numerous other physiological processes implicated in the
development and progression of cancer, is being evaluated
in a phase 2 trial in combination with the immune check-
point inhibitor pembrolizumab in metastatic pancreatic can-

cer (KEYNOTE-202; NCT02826486).
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Alternative ways of targeting the T' cells and other cells
of the immune system are also being tested in pancreatic
cancer. Indoleamine-2,3-dioxygenase (IDO) is an enzyme
involved in breaking down the essential amino acid tryp-
tophan and has immunomodulatory effects because the
tryptophan metabolites that are subsequently generated are
toxic to T cells. Furthermore, IDO directly activates the
regulatory T cells, which have immunosuppressive func-
tions. IDO inhibitors have been developed in the hope
that blocking the effects of IDO could shift the balance
of cytotoxic versus regulatory T cells in favor of the for-
mer. Overexpression of IDO has been noted in pancreatic
tumors and clinical trials of the IDO inhibitor indoximod
are ongoing.*®

To date, the most promising immunotherapeutic strat-
egy in pancreatic cancer has been therapeutic vaccines.
Algenpantucel-L. is a whole-cell vaccine that showed
significant promise in phase 2 trials.?’ The highly antici-
pated phase 3 IMPRESS trial evaluated the addition of
this vaccine to standard of care in patients with resected
disease. Unfortunately, the investigators recently reported
that the trial failed to meet its primary endpoint of
improved overall survival (OS).* The phase 3 PILLAR

trial of algenpantucel-L. in combination with standard
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