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IMPORTANCE Pancreatic ductal adenocarcinoma (PDAC) is a relatively uncommon cancer,
with approximately 60 430 new diagnoses expected in 2021 in the US. The incidence of
PDAC is increasing by 0.5% to 1.0% per year, and it is projected to become the
second-leading cause of cancer-related mortality by 2030.

OBSERVATIONS Effective screening is not available for PDAC, and most patients present

with locally advanced (30%-35%) or metastatic (50%-55%) disease at diagnosis.

A multidisciplinary management approach is recommended. Localized pancreas cancer
includes resectable, borderline resectable (localized and involving major vascular structures),
and locally advanced (unresectable) disease based on the degree of arterial and venous
involvement by tumor, typically of the superior mesenteric vessels. For patients with
resectable disease at presentation (10%-15%), surgery followed by adjuvant chemotherapy
with FOLFIRINOX (fluorouracil, irinotecan, leucovorin, oxaliplatin) represents a standard
therapeutic approach with an anticipated median overall survival of 54.4 months, compared
with 35 months for single-agent gemcitabine (stratified hazard ratio for death, 0.64 [95% Cl,
0.48-0.86]; P = .003). Neoadjuvant systemic therapy with or without radiation followed by
evaluation for surgery is an accepted treatment approach for resectable and borderline
resectable disease. For patients with locally advanced and unresectable disease due to
extensive vascular involvement, systemic therapy followed by radiation is an option for
definitive locoregional disease control. For patients with advanced (locally advanced and
metastatic) PDAC, multiagent chemotherapy regimens, including FOLFIRINOX,
gemcitabine/nab-paclitaxel, and nanoliposomal irinotecan/fluorouracil, all have a survival
benefit of 2 to 6 months compared with a single-agent gemcitabine. For the 5% to 7% of
patients with a BRCA pathogenic germline variant and metastatic PDAC, olaparib, a poly
(adenosine diphosphate [ADB]-ribose) polymerase inhibitor, is a maintenance option that
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improves progression-free survival following initial platinum-based therapy.

CONCLUSIONS AND RELEVANCE Approximately 60 000 new cases of PDAC are diagnosed per
year, and approximately 50% of patients have advanced disease at diagnosis. The incidence
of PDAC is increasing. Currently available cytotoxic therapies for advanced disease are
modestly effective. For all patients, multidisciplinary management, comprehensive germline

testing, and integrated supportive care are recommended.
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pproximately 60 430 new diagnoses of pancreatic can-

cer are anticipated in the USin 2021." The incidence is ris-

ing at arate of 0.5% to 1.0% per year, and pancreatic can-
ceris projected to become the second-leading cause of cancer death
by 2030 in the US."? Pancreatic ductal adenocarcinoma (PDAC) ac-
counts for the majority (90%) of pancreatic neoplasms, and the other
subtypesinclude acinar carcinoma, pancreaticoblastoma, and neu-
roendocrine tumors. Most patients with pancreatic cancer present
with nonspecific symptoms at an advanced stage with disease that
is not amenable to curative surgery.! No effective screening exists.
The 5-year survival rate approached 10% for the first time in 2020,
compared with 5.26% in 2000. The survival improvements have
been modest and attributed primarily to multiagent cytotoxic
therapies.3 Recently, comprehensive germline and somatic ge-
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nomic sequencing became standard of care for small subgroups of
patients with targeted treatment opportunities.®” Olaparib, a poly
(adenosine diphosphate [ADB]-ribose) polymerase inhibitor, can pro-
long cancer control in patients with a BRCA1/2 pathogenic germline
variant.®° This review summarizes current evidence regarding patho-
biology, diagnosis, and management of PDAC.

Methods

A PubMed search was performed for English-language articles describ-
ing randomized clinical trials, meta-analyses, and systematic reviews
of pancreatic cancer published between January 1, 2010, and July 5,
2021. We identified 43 randomized clinical trials, 85 meta-analyses,
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Box. Overview of Pancreatic Cancer

General Facts
Approximately 60 000 diagnoses per year in the US

Incidence of about 1% over lifetime

The tenth to eleventh leading cause of cancer in the US

Third leading cause of cancer-related mortality

5-year survival (all-comers), 10%

Median age at diagnosis, 71years

Male/female incidence ratio: 1.3/1.0

50% of patients present with metastatic disease (AJCC stage IV)

30% of patients present with locally advanced disease
(AJCC stage IIl)

20% of patients present with localized resectable disease
(AJCCstage land Il)

Most common causative germline alterations: BRCA2, BRCAT, ATM, PALB2

Common sites of metastasis: liver, lymph node, lung,
and peritoneum

Rare sites of metastasis: skin, brain, and leptomeninges
Lifestyle Risk Factors

Tobacco

Excess alcohol consumption (chronic pancreatitis)

Obesity (body mass index >30), metabolic disorders, low levels
of physical activity

Diet: high fat, polyunsaturated fats, processed meats

Genetic Risk Factors®

Hereditary breast and ovary cancer syndrome (BRCA1/2, PALB2; 5%-9%)
Ataxia-telangiectasia (ATM; approximately 3%-4%)

Familial atypical multiple mole and melanoma syndrome
(CDKN2A, p16; <1%)

Lynch syndrome (MLHI1, MSH2, MSH6, PMS2, EPCAM; <1%)
Hereditary pancreatitis (PRSST, SPINKT; <1%)
Peutz-Jeghers syndrome (STK1T; <1%)

Abbreviation: AJCC, American Joint Committee on Cancer.

2 Percentages indicate the frequency per 100 unselected patients diagnosed
with pancreas cancer.

and 171 systematic reviews. The authors selected articles for inclu-
sion, prioritizing recent randomized clinical trials of higher quality based
onrigor of study design, adequate sample size, and long-term follow-
up. A total of 24 randomized clinical trials, 4 meta-analyses, 3 system-
aticreviews, 5 guideline recommendations, and 37 observational and
cohort studies, including publications prior to 2010, were included.

|
Epidemiology and Screening

PDAC s the third-leading cause of cancer mortality in the US and the
seventh-leading cause worldwide (Box).'° The median age at diagno-
sisinthe USis 71years, and PDAC s slightly more commoninmen than
inwomen (5.5vs 4.0 per 100 000 individuals)." At presentation, 50%
of patients have metastatic disease, 10% to 15% have localized dis-
ease amenable to surgery, and the remainder (30%-35%) have lo-
cally advanced mostly unresectable disease due to the extent of tumor-
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vascular involvement.! Pancreatic intraepithelial neoplasms (PanINs)
refer to precancerous lesions, of which a small fraction may progress
to high-grade dysplasia and PDAC." Low-grade PanINs are common
and their potential to transform into a malignancy is unclear. In a ret-
rospective review of 584 patients who underwent a pancreatectomy
for non-PDAC (median age, 59 years), 153 patients (26%) were iden-
tified with PanINs; most patients had low-grade PanIN-1(50%) or
PanIN-2 (41%) and 13 (8%) had PanIN-3. None of the patients with
PanIN-3 developed cancer, whereas 1 patient with PanIN-1B devel-
oped cancer in 4.4 years.” Intraductal papillary mucinous neoplasms
are more common precancerous cystic lesions than PanINs and can
arise in either the main or branch pancreatic duct. Ina cohort study of
605 patients who underwent a surgical procedure for intraductal pap-
illary mucinous neoplasms, the malignancy rate for final pathology in
main-duct intraductal papillary mucinous neoplasms was 68%,
whereas in a different cohort study of 1404 patients with branch-
duct intraductal papillary mucinous neoplasms, only 15% evolved to
PDAC over 15 years.'*'® Annual imaging surveillance is recom-
mended; however, there is no consensus as to the optimal surveil-
lance method or frequency of assessment.'™” For asymptomatic av-
erage-risk individuals, the US Preventive Services Task Force
recommends against routine screening for PDAC.'®

. |
Modifiable and Inherited Risk Factors

Among lifestyle risk factors, current cigarette smoking has the stron-
gest association with PDAC. A meta-analysis of 12 case-control stud-
ies that included 6507 patients with pancreatic cancer and 12 890
control patients reported an odds ratio (OR) of 1.74 (95% Cl, 1.61-
1.87) for the association of current smoking with pancreatic cancer
(absolute rates not reported).'>2° There was also a modest asso-
ciation of alcohol use with PDAC, when intake exceeded 30 g per
day (approximately 3 drinks per day), according to a meta-analysis
of 19 prospective studies reporting outcomes from 4 211129 indi-
viduals (relative risk, 1.22 [95% Cl, 1.03-1.45]; absolute rates not
reported).2' Chronic pancreatitis was associated with a 13-fold in-
creased risk for PDAC in a pooled analysis of 14 prospective cohort
studies of 862 664 individuals (relative risk, 13.3 [95% Cl,
6.1-28.9]).22 Obesity, defined as a body mass index in the fifth quin-
tile (highest 20%), was also associated with an increased risk of PDAC
(incidence, 14.1vs 5.7 per 100 000 person-years; adjusted relative
risk, 1.54 [95% Cl, 1.04-2.29]) in a Norwegian analysis of 940 060
individuals.?® Diets of processed meat, high-fructose beverages, and
saturated fat were associated with obesity, diabetes, and pancre-
atic cancer.* Theincidence of PDAC in people younger than 30 years
isincreasing. The annualincidence of PDAC increased with younger
age from 1995 to 2014, from 0.77% (95% Cl, 0.57%-0.98%) for
those aged 45 to 49 years, t02.47% (95% Cl, 1.77%-3.18%) for those
aged30to34years, t04.34% (95% Cl, 3.19%-5.50%) for those aged
25 to 29 years, consistent with an increase in younger patients.2*
This observation may be related to increasing rates of obesity and
diabetes, which are potentially modifiable risk factors for PDAC.
About 3.8% to 9.7% of patients with PDAC have pathogenic
germline gene variants that increase susceptibility to PDAC. These
variants occur mostly in DNA damage repair genes.?>?” The most
common variants in PDACinclude BRCA2, BRCAIT (hereditary breast
and ovary cancer syndrome), and ATM (ataxia telangiectasia
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syndrome). Germline BRCA2 variants are associated with an in-
creased risk for PDAC (OR, 9.07 [95% Cl, 6.33-12.98]) more com-
monly than BRCAT (OR, 2.95 [95% Cl, 1.49-5.60]) or ATM variants
(OR, 8.96 [95% (I, 6.12-12.98]).28 Uncommon (1% of patients with
PDAC) but therapeutically important inheritable germline variants
also occur in PDACin mismatch repair deficiency genes MLHI, MSH2,
MSH6, and PMS2 as part of Lynch syndrome.?® In 2019, the Na-
tional Comprehensive Cancer Network guidelines recommended
that all patients newly diagnosed with PDAC undergo germline test-
ing with a gene panel including BRCA1/2, ATM, MLH1, MSH2, MSH6,
and PMS2.3° Healthy family members are also recommended for ge-
netic counselingif an individual is determined to be at high risk based
onthefollowing criteria: a first-degree relative with early-onset PDAC
(<50 years), more than 1first-degree family member with PDAC, or
a known pathogenic germline gene variant associated with PDAC.
For optimal genomic testing, a multigene panel is recommended over
traditional hierarchical single-gene testing for efficiency and cost.>°

|
Molecular Profiling of Pancreatic Cancer

The pathophysiology of PDAC is characterized by complex multi-
step genetic alterations. In the precancerous state, PanINs acquire
cumulative genetic insults resulting in instigating oncogenes that
are responsible for the initiation and maintenance of PDAC, includ-
ing KRAS, CDKN2A, TP53, and SMAD4.3' KRAS variants occur as an
early step in PDAC development (low-grade PanINs ) and are identi-
fied in 90% to 92% of individuals with PDAC. As PanIN progresses
to grade 2 or 3, additional gene variants in CDKN2A, TP53, and/or
SMAD4 are acquired.®' Collectively, these genomic alterations con-
tribute to multifaceted defects in tumor suppressor mechanisms
resulting in dysregulated growth signaling and inflammation, which
are key aspects of PDAC. Additionally, about 10% to 15% of PDACs
acquire variants in the SWI/SNF chromatin remodeling genes
related to large-scale structural genomic aberrations.>?

Recent advances in molecular pathology and classification of
PDAC have affected clinical practice.32>> One example is subtyping
of PDAC into “basal-like" or “classical” type by RNA transcriptional
analyses.>#3® The classical subtype of PDAC is characterized by a
higher level of differentiation, fibrosis, and inflammation, whereas the
basal-like subtypeis associated with a poorer clinical outcome and loss
of differentiation. The value of selecting therapies based on PDAC sub-
types is under investigation in prospective trials.3”>® Whole-
genome structure analysis has provided insight into genomic insta-
bility and the relationship with DNA maintenance genes (BRCAT/2 and
PALB?2) and, specifically, genetic signature 3. These findings suggest
that platinum-based therapy and poly (ADP-ribose) polymerase in-
hibitors may be effective for patients with pathogenic variants in
BRCAI/2 and PALB2.3? One prospective trial building on these obser-
vations has led to the approval of the targeted agent olaparib in se-
lect patients with BRCA1/2 pathogenic germline variants,8°33-3940

Clinical Significance of Immune Tumor
Microenvironment

PDAC cells exist in an impenetrable network, also known as the
tumor microenvironment (TME), which comprises immune cells,
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cytokines, metabolites, fibroblast, and desmoplastic stroma rich in
hyaluronan. The immunosuppressive TME helps PDAC cells evade
host immune surveillance. A potent host anticancer T cell memory
against PDAC neoantigens has been identified in 82 select long-
term survivors of PDAC who lived more than 3 years after undergo-
ing surgery.*! However, in most patients, the TME suppresses the
immune system and antagonizes host anticancer immunity and
promotes carcinogenesis. The TME of PDAC is characterized by lim-
ited infiltration of CD8" T cells and an abundance of myeloid-
derived suppressor cells, tumor-associated macrophages, tumor-
associated neutrophils, and regulatory T cells. Additionally, the
extracellular matrix, characterized by distinctive desmoplasia stem-
ming from cancer-associated fibroblast, matrix metalloproteinases,
and hyaluronan, may promote the immunosuppressive characteris-
tic of the TME. These multifaceted compartments are viewed as
responsible, in part, for the resistance to most single-agent thera-
peutic approaches.*?*> Many clinical trials that are underway are
designed to increase the sensitivity of PDAC to the immune system
with the goal of overcoming the immunosuppressive characteristic
of the TME (eTable 1in the Supplement).#647

|
Clinical Manifestations and Presentation
of Pancreatic Cancer

The presenting symptoms of PDAC are often vague and nonspe-
cific. Most patients present with either locally advanced (unresect-
able) or metastatic disease. In a prospective cohort study of 391
participants 40 years or older who were suspected of having PDAC,
initial symptoms were compared among 119 participants who were
ultimately diagnosed with PDAC, 47 with other cancers, and 225
without PDAC. In this study, no initial symptoms differentiated par-
ticipants diagnosed with PDAC from those who ultimately did not
have PDAC, including the 3 most common symptoms: decreased
appetite (28% vs 31%), indigestion (27% vs 39%), and change in
bowel habit (27% vs 22%).€ Most tumors (approximately 70%)
arise at the head of the pancreas and often present with biliary
obstruction leading to dark urine (49%), jaundice (49%), appetite
loss (48%), fatigue (approximately 51%), weight loss (approxi-
mately 55%), and exocrine pancreatic insufficiency (25%). In con-
trast, individuals with body and tail pancreatic cancers present with
more nonspecific symptoms, including abdominal pain, back pain,
and cachexia-related symptoms (appetite loss, weight loss,
fatigue). New-onset or worsening of preexisting diabetes may be a
sign of PDAC and warrants evaluation.*® Rarely, acute pancreatitis
can be a primary manifestation of PDAC and occurs in about 3% of
patients with newly diagnosed PDAC. Referral to an experienced
multidisciplinary team is recommended.

|
Diagnosis and Evaluation of Pancreatic Cancer

Pancreas computed tomography (CT) angiography with chest and
pelvis CT can be used in the assessment of vascular anatomy
and stage of disease and are recommended at diagnosis. The
degree of contact between the tumor and local blood vessels
(ie, the superior mesenteric and portal veins as well as the celiac,
hepatic, and superior mesenteric arteries) is categorized as either
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Figure 1. Spectrum of Localized Pancreatic Cancer
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uninvolved, abutted, or encased. Abutment implies that the tumor
has 180° or less of blood vessel involvement and encasement
implies greater than 180° of circumferential tumor-vessel involve-
ment (Figure 1). This information is important to define the
most optimal initial treatment. Common sites of PDAC metastases
are liver (90%), lymph nodes (25%), lung (25%), peritoneum
(20%), and bones (10%-15%).> Magnetic resonance imaging and
cholangiopancreatography can help determine whether indetermi-
nate liver lesions are likely to represent metastases and identify
cancers that may be poorly characterized on CT imaging. Positron
emission tomography/CT using a fluorodeoxyglucose tracer is a
functional imaging tool that evaluates glucose metabolism in the
tumor and can help distinguish benign from malignant lesions in
the pancreas; however, it lacks the spatial resolution and can detect
glucose uptake from infection, inflammation also confounding

854 JAMA September7,2021 Volume 326, Number 9

interpretation.>® Positron emission tomography/CT is not consid-
ered a routine staging tool.

Endoscopic ultrasonography is used to visualize a pancreas
mass directly, secure a definitive cytologic or histologic diagnosis,
define the degree of tumor-vascular involvement, evaluate regional
lymph nodes, and evaluate the potential for complete resection.
Fine-needle core biopsy (preferred over fine-needle aspiration) of a
tumor guided by endoscopic ultrasonography is recommended to
obtain a histologic diagnosis and to provide material for molecular
testing (Table 1). Visualization of an obstructed biliary tree is per-
formed by endoscopic retrograde cholangiopancreatography, with
decompression most often achieved by placing a metallic biliary
stent. Serum carbohydrate antigen 19-9 is a well-established bio-
marker for PDAC and is useful for monitoring treatment response.
Although carbohydrate antigen 19-9 is not sufficiently sensitive or
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Table 1. Overview of Treatment and Prognosis by Stage of Pancreatic Cancer

Disease extent Localized Advanced
Major vasculature Uninvolved Uninvolved Encased Distant metastasis,
involvement® or abutted or abutted irrespective of the
major vascular
involvement
Clinical stage Resectable Borderline resectable Locally advanced Metastatic
Prevalence of pancreatic 10-15 30-35 30-35 50-55
cancer among patients
newly diagnosed with
PDAC, %
American Joint I-1 11-11 11-11 v
Committee on Cancer
tumor, node, and
metastasis stage
Treatment intent Curative Curative Supportive Supportive
and palliative and palliative
Treatment Surgery plus Neoadjuvant Neoadjuvant Systemic therapy?®
adjuvant systemic systemic therapy; systemic therapy;
therapy surgery for surgery for

5-y survival rate, %

35-45

resectable patients
from favorable
response; radiation
for unresectable
patients without
distant metastasis

10-15

resectable patients
from favorable
response; radiation
for unresectable
patients without
distant metastasis

10-15

<5

Review Clinical Review & Education

Abbreviation: PDAC, pancreatic
ductal adenocarcinoma.

2 The degree of contact between
the tumor and local blood vessels
(ie, the superior mesenteric and
portal veins as well as the celiac,
hepatic, and superior mesenteric
arteries) is categorized as either
uninvolved, abutted, or encased.
Abutment implies that the tumor
has 180° or less of blood vessel
involvement and encasement
implies greater than 180° of
circumferential tumor-vessel

involvement.

specific for routine screening, its value as a screening tool is being
revisited.>>2 Other investigational blood-based biomarkers,
including cell-free DNA, exosomes, and circulating tumor cells, may
also be useful for monitoring treatment response and evaluating
therapy resistance.>3

|
Clinical Staging and Multidisciplinary Management
of Localized Disease

Resectability, defined as the ability to completely remove the can-
cer, is assessed to select treatment for localized PDAC (Table 1).°*
The American Joint Committee on Cancer (AJCC) tumor, node, and
metastasis classification is used to assess prognosis.>® For the prac-
tical treatment planning, each case is defined as resectable PDAC,
borderline resectable PDAC (BRPC), or locally advanced PDAC
(LAPC) based on the degree of tumor contact and invasion into the
superior mesenteric, hepatic artery, or celiac vasculature (Figure 1).
Localized disease consists of a spectrum of resectability, including
resectable (operable), borderline resectable, and locally advanced
and inoperable disease. Characterizing localized disease is best per-
formed by multidisciplinary review, including physicians from surgi-
cal oncology, radiology. medical oncology. and radiation oncology
disciplines. Several classifications of resectability are used.>®
Tumors are typically considered resectable when there is minimal
or no contact with major vessels. However, BRPC may have venous
involvement and/or partial arterial involvement. There is growing
interest in evaluating neoadjuvant systemic therapy with or with-
out radiotherapy for BRPC and resectable PDAC. Locally advanced
PDAC is unresectable at presentation due to vessel invasion.

The optimal procedure for resection of the primary tumor
depends on tumor location and its relationship to the bile duct and
vasculature. Generally, tumors in the pancreas head and uncinate
process require a pancreaticoduodenectomy, or "Whipple proce-
dure,” while tumors in the pancreatic neck (without bile duct

jama.com

involvement), body, and tail require a distal pancreatectomy. Vessel
invasion may require vascular resection and reconstruction. Pan-
creaticoduodenectomy is associated with high rates of adverse
events, including delayed gastric emptying (10%) and pancreatic
leak (13%).> The best outcomes are attained by surgeons who per-
form more than 20 pancreaticoduodenectomy procedures per
year and conduct surgery in a high-volume center. Minimally inva-
sive pancreatectomy has been demonstrated to be safe, with simi-
lar complication rates as open pancreatectomy (OR, 0.67 [95% Cl,
0.39-1.16]) as well as shorter hospital stay (weighted mean differ-
ence, 3.7 days) compared with open pancreatectomy.>®>° Pancre-
atectomy should be performed when a margin-negative resection
is feasible. En bloc resection and reconstruction of the portal vein
in patients with tumor invasion into this blood vessel is used to
obtain a margin-negative resection. This undertaking results in a
similar prognosis than in patients whose tumors do not invade the
portal vein and is standard therapy for patients with BRPC.°

Current multidisciplinary management paradigms include early
integration of supportive care, prehabilitation strategies with physi-
cal therapy, occupational therapy (prior to proceeding to the oper-
ating room), nutritional management (including pancreas enzyme
supplementation), advance care planning, and increasing use of pa-
tient-reported outcome measures to enhance quality of life (eTable 2
in the Supplement).®!

Advances in Adjuvant Therapy for Resected
Pancreatic Cancer

The recommended adjuvant chemotherapy after resection of
PDAC is either modified FOLFIRINOX (fluorouracil, oxaliplatin,
irinotecan, leucovorin) for individuals with high functional status or
gemcitabine and capecitabine or gemcitabine alone for individuals
with poorer functional status. Recommendations for adjuvant
therapy are based on several important trials from the past 2
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Table 2. Summary of Selected Clinical Trials of Systemic Therapy for Pancreatic Cancer

Setting
Trial of therapy

Comparator

Study regimen regimen

Common serious adverse
events® reported in study
group (% of patients)

Median
survival, mo

Randomized  Primary
patients, No. end point

CONKO-001°> Adjuvant
(2007)

Gemcitabine Observation

ESPAC-466
(2017)

Gemcitabine and Gemcitabine

capecitabine

Adjuvant

PRODIGE-24° Adjuvant
(2018)

mFOLFIRINOX Gemcitabine

PRODIGE>
(2011)

First-line for FOLFIRINOX Gemcitabine

metastatic disease

MPACT*
(2013)

Gemcitabine and Gemcitabine
albumin-bound

paclitaxel

First-line for
metastatic disease

NAPOLI-1%7
(2015)

For metastatic
disease after
progression on
gemcitabine therapy

Maintenance
following 24 mo of
platinum-based
therapy (germline
BRCA1/2)

5-FU/LV and
nanoliposomal
irinotecan

5-FU/LV

POLO®
(2019)

Olaparib Placebo

368 Disease-free 13.4vs 6.7

survival

Leukopenia (2), anemia (1),
thrombocytopenia (1),
nausea/vomiting (1),
hepatic dysfunction (1),
diarrhea (1)

Neutropenia (38),
leukopenia (10), hand-foot
syndrome (7), fatigue (6),
diarrhea (5)

Neutropenia (28), diarrhea
(19), paresthesia (13),
fatigue (11),

sensory peripheral
neuropathy (9), nausea (6),
hepatic dysfunction (<5)

Neutropenia (46), fatigue
(24), vomiting (15),
diarrhea (13),
thrombocytopenia (9),
sensory neuropathy (9),
hepatic dysfunction (7),
thromboembolism (7),
anemia (8)

Neutropenia (38),
leukopenia (31),
thrombocytopenia (13),
anemia (13), fatigue (17),
peripheral neuropathy (17),
diarrhea (6)

Neutropenia (27), fatigue
(14), diarrhea (13),
vomiting (11), anemia (9)

730 Overall survival ~ 28.0vs 25.5

493 Overall survival ~ 54.4 vs 35

342 Overallsurvival ~ 11.1vs6.8

861 Overallsurvival  8.5vs 6.7

417 Overall survival 6.2 vs4.2

154 Progression-free 7.4 vs 3.8

survival

Anemia (11), fatigue (5),
decreased appetite (3),
abdominal pain (2),
vomiting (1), arthralgia (1)

Abbreviations: 5-FU/LV, fluorouracil, leucovorin; mFOLFIRINOX, modified FOLFIRINOX (fluorouracil, leucovorin, irinotecan, oxaliplatin).

2 Grade 3 or higher.

decades.>%2%* The main chemotherapy agents are DNA-damaging
agents, which directly affect DNA synthesis and repair (oxaliplatin,
irinotecan), and antimetabolites, such as gemcitabine and fluoro-
uracil (Table 2). The efficacy of adjuvant chemotherapy in resected
PDAC was defined in the CONKO-0OT1 trial, in which 368 patients
who underwent surgical resection of PDAC were randomized to
receive 6 months of adjuvant gemcitabine or undergo observation
(eTable 3 in the Supplement). Superior median overall survival was
observed in patients treated with gemcitabine compared with those
who underwent observation (22.8 vs 20.2 months; hazard ratio [HR],
0.76 [95% Cl, 0.61-0.95]), representing a modest prolongation of
survival.®? Subsequent trials compared gemcitabine with single-
agent fluorouracil as well as 2- and 3-drug combination
regimens.>®364 The ESPAC-4 phase 3 trial demonstrated an added
survival benefit of dual-agent therapy over gemcitabine alone. In this
trial, 730 patients were randomized to receive 6 months of adju-
vant gemcitabine plus capecitabine, an oral antimetabolite, or
gemcitabine alone. Combination therapy improved median overall
survival compared with gemcitabine alone (28.0 vs 25.5 months; HR,
0.82[95% Cl, 0.68-0.98]).%* Most recently, in the 2018 multi-
center PRODIGE-24 trial, 493 patients with resected PDAC, along
with a low serum carbohydrate antigen 19-9 (< 180 U/mL) and an
excellent performance status (Eastern Cooperative Oncology Group
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score, 0-1), were randomized to receive 6 months of adjuvant modi-
fied FOLFIRINOX or gemcitabine alone. In this trial, favorable sur-
vival occurred in both groups relative to prior trials with gemcitabine
in the adjuvant setting and likely reflected inclusion of more highly
selected patients: patients treated with modified FOLFIRINOX had
anoverall survival of 54.4 months, compared with 35 months in pa-
tients treated with gemcitabine (HR, 0.64 [95% Cl, 0.48-0.86]).°
Thus, modified FOLFIRINOX is recommended as standard adju-
vant therapy in individuals with excellent functional status after sur-
gical resection of PDAC. Overall, patients for whom treatment with
modified FOLFIRINOX is not suitable can be considered for
gemcitabine/capecitabine or gemcitabine alone.®*%* Therole of ra-
diotherapy as an adjuvant therapy for resected PDAC is controver-
sial. Older studies did not support adjuvant radiation for PDAC be-
cause no overall survival advantage has been demonstrated.®85°

|
Neoadjuvant and Perioperative Therapy
for Resectable and Borderline Resectable
Pancreatic Cancer

Neoadjuvant therapy, or preoperative therapy. can eradicate occult
metastatic disease and increase the number of patients eligible for
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systemic therapy. The latter is important because a significant per-
centage of patients are unable to receive adjuvant therapy because
of operative morbidity. Recent nonrandomized prospective trials
demonstrated high completion rates, of 83% to 90%, in patients
receiving neoadjuvant FOLFIRINOX.””® In a phase 2 trial, 39 of 43
patients with BRPC received 4 months of FOLFIRINOX.””° Simi-
larly, in the Southwest Oncology Group 51505 trial, 46 of 55
patients completed neoadjuvant FOLFIRINOX therapy.” Another
advantage is potential downstaging prior to undergoing surgery,
facilitating a margin-negative resection.”®”" This was demonstrated
in @ multi-institutional trial that reported improved margin-
negative resection rates in patients receiving neoadjuvant therapy
compared with initial surgery in 58 patients with BRPC (82.4% vs
33.3%; P=.01).7

The role of radiotherapy inlocalized PDAC remains unclear and
is being evaluated in ongoing investigations.”>”® Neoadjuvant che-
moradiotherapy has demonstrated potential benefit in the phase 3
PREOPANC trial, in which 236 patients were randomized to receive
neoadjuvant gemcitabine-based chemoradiation followed by sur-
gery or initial surgery, both followed by adjuvant gemcitabine. An
overall survival benefit was observed in the predefined subgroup of
113 patients with BRPC who were treated with neoadjuvant chemo-
radiotherapy (17.6 vs 13.2 months; HR, 0.62 [95% Cl, 0.40-0.95]).”
The ALLIANCE A02150T1 trial, a randomized phase 2 trial, evaluated
perioperative modified FOLFIRINOX with or without neoadjuvant
stereotactic body radiotherapy in 126 patients with BRPC. The ad-
dition of stereotactic body radiotherapy to neoadjuvant modified
FOLFIRNOX did not improve median overall survival (31.0 months
[95% Cl, 22.2 to not reached] for the modified FOLFIRINOX group
and 17.1 months [95% Cl, 12.8- 24.4] for the modified FOLFIRINOX
plus stereotactic body radiotherapy group). Data for both groups
were compared with historical data and the study did not have suf-
ficient statistical power to compare the groups directly.”” Current
guidelines support neoadjuvant chemotherapy with or without ra-
diotherapy as an option in both BRPC and LAPC.>* Eligibility for sur-
gical resection in BRPC and LAPC requires assessment by a multi-
disciplinary team.

The benefit of neoadjuvant therapy in resectable PDAC is un-
dergoing evaluation. Potential limitations of neoadjuvant therapy in-
clude the lack of amajor tumor response to neoadjuvant therapy in
most patients.” Inadequate tumor response may facilitate tumor pro-
gression, obviating the opportunity to completely resect the tu-
mor. However, the importance of this phenomenon remains un-
clear. Neoadjuvant therapy adds complexity to multidisciplinary
treatment planning. It requires a pretreatment biopsy and endo-
scopic stent placement in patients with biliary obstruction. In pa-
tients with resectable disease, preoperative biliary drainage was as-
sociated with perioperative complications, such as pancreatitis in 7%
of patients, cholangitis in 26%, stent occlusion in 15%, and postop-
erative wound infection in 13%.”8 A randomized phase 2 South-
west Oncology Group (SWOG) S1505 trial of 102 patients evalu-
ated perioperative modified FOLFIRINOX or gemcitabine and
albumin-bound paclitaxel. Results showed no difference in overall
survival between the modified FOLFIRINOX and gemcitabine plus
albumin-bound paclitaxel, with 2-year overall survival rates of 47%
(95% Cl, 31%-61%) and 48% (95% Cl, 31%-63%).” Uncertainties re-
lated to the efficacy of neoadjuvant therapy in patients with resect-
able PDAC may be addressed by an ongoing phase 3 trial (A021806)
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comparing perioperative modified FOLFIRINOX with adjuvant
modified FOLFIRINOX in patients with resectable PDAC.

Therapy of LAPC

LAPCisaninoperable disease at diagnosis, and approximately 80%
of patients are unlikely to have sufficient tumor response from neo-
adjuvant therapy to become eligible for surgical resection. To achieve
disease control, initial treatment typically consists of chemo-
therapy regimens, such as modified FOLFIRINOX or albumin-
bound paclitaxel and gemcitabine.”® The role of radiation in LAPC
is controversial. A pooled analysis of 11 trials involving 794 patients
reported that chemoradiation was associated with improved sur-
vival, compared with radiotherapy alone (2 trials [168 patients]; HR,
0.69[95% Cl, 0.51-0.94]), but chemoradiation followed by chemo-
therapy did not improve survival more than chemotherapy (2 trials
[134 patients]; HR, 0.79 [95% Cl, 0.32-1.95]).8° The SCALOP trial
evaluated the use of capecitabine or gemcitabine combined with ra-
diation. The capecitabine group had superior median overall sur-
vival compared with the gemcitabine group (15.2 vs 13.4 months; ad-
justedHR, 0.39[95% CI, 0.18-0.81]; P = .012).8' The role of radiation,
the optimum radiation modality, and the dosing schedule for radia-
tion in LAPC all remain unclear. Innovative radiation strategies, in-
cluding high-dose "ablative” radiotherapy, are under investigation.

Standard Therapies for Metastatic
Pancreatic Cancer

Multiagent cytotoxic regimens have improved survival in ad-
vanced PDAC.3>7 Current standard first-line regimens for pa-
tients with metastatic disease include gemcitabine and albumin-
bound paclitaxel or modified FOLFIRINOX (Table 2; eTable 3 in the
Supplement).®* The Metastatic Pancreatic Cancer Trial (MPACT) trial
of 861 patients with untreated metastatic PDAC reported an over-
all survival benefit for gemcitabine and albumin-bound paclitaxel
compared with gemcitabine (median survival, 8.5 vs 6.7 months; HR,
0.72[95% Cl, 0.62-0.83]; P < .001).* The PRODIGE trial of 342 pa-
tients with untreated metastatic PDAC reported that mean sur-
vival was better with FOLFIRINOX treatment compared with
gemcitabine (11.1 vs 6.8 months; HR, 0.57 [95% Cl, 0.45-0.73];
P < .001).3 For 417 patients with metastatic PDAC and disease pro-
gression receiving gemcitabine therapy, the NAPOLI-1trial demon-
strated superiority of overall survival for the combination of nano-
liposomalirinotecan, fluorouracil, and leucovorin, withamedian 6.1
months, compared with fluorouracil and leucovorin, with a median
of 4.2 months (HR, 0.67[95% Cl, 0.49-0.92]; P = .012).*” These trials
were conducted in patients without selection for any specific dis-
ease or genetic characteristic. In contrast, the POLO (Pancreas
Olaparib Ongoing) trial validated a genetic biomarker, germline
BRCAI/2 variation, leading to US Food and Drug Administration ap-
proval of olaparib, a poly (ADP-ribose) polymerase inhibitor. Olaparib
or placebo was administered as a maintenance treatment in pa-
tients with a germline BRCAT/2 variation and metastatic PDAC fol-
lowing initial platinum-based chemotherapy and was approved
based on a progression-free survival benefit compared with pla-
cebo (7.4 vs 3.8 months; HR, 0.53[95% Cl, 0.35-0.82]; P = .004).2
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Figure 2. Novel Targets and Agents in Development in Pancreatic Cancer
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pancreatic cancer.

@ Approved by the US Food and Drug Administration or guideline-endorsed for
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Of note, there was no difference in overall survival between the pla-
cebo and olaparib groups in the POLO trial (HR, 0.83[95% Cl, 0.56-
1.22]; P = .35).

|
Symptom Management and Supportive Care
Approaches in Pancreatic Cancer

Supportive care by a multidisciplinary team should be integrated
with therapeutic management of PDAC to maximize length of life,
quality of life, and symptom control. Specifically, attention to nutri-
tion, pain management, management of thromboses, psychosocial
needs, and advance care planning are among the most important
considerations.®’ Other challenges of PDAC include bile duct and
duodenal obstruction. Biliary obstruction is managed with endobili-
ary metallic stent placement or surgical biliary-enteric bypass.&2
Gastric outlet or duodenal obstruction is managed via endoscopic
stent placement, which has been shown to have noninferior effi-
cacy and greater durability relative to gastrojejunostomy.3

|
Novel Therapies for Pancreatic Cancer

Asubgroup of 10% to 15% of individuals with PDAC have DNA dam-
agerepair genealterations other than BRCA. Novel combination strat-
egies evaluating targeted agents and immune therapy combina-
tions are undergoing testing for patients with PDAC associated with
impaired DNA damage repair.>®* Single-agent PD-1blockade has US
Food and Drug Administration approval for mismatch repair defi-
ciency in any tumor. Mismatch repair deficiency occurs in approxi-
mately 1% of individuals with PDAC and is defined by either germ-
line or somatic alterations or loss in mismatch repair deficiency genes,
such as MLH1and MSH2.2985 KRAS missense variants in codon G12C
in PDAC occur in 1% to 2% of patients with PDAC, and early-phase
assessment of the KRAS G12C allele-specific inhibitor sotorasib dem-
onstrated Tinstance of partial response (>30% tumor reduction) and
stable disease in a cohort of 12 patients with PDAC who have this
variation. The KRAS wild-type subset of PDAC (absence of KRAS varia-
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tion) is observed in 6% to 8% of all patients with PDACand in up to
16% t0 18% in patients younger than 50 years at diagnosis.®® In this
setting, alternative oncogenic drivers are present and entrectinib and
larotrectinib have activity in TRK fusion (<1%) and zenocutuzumab
(MCLA-128) has activity in NRG- fusion (<1%) PDAC 58”88

There are multiple drugs targeting the epithelial component,
signaling pathways, metabolism, and the TME of PDAC (Figure 2).
Single or combination immune checkpoint blockade inhibitors,
such as durvalumab and tremelimumab, are ineffective for
PDAC.*#4>89 However, an early efficacy signal of an objective
response rate of 67% (8 of 12 participants in all cohorts and median
overall survival of 20.1 months [95% Cl, 10.5 to not estimable]
among 24 dose-limiting toxicity-evaluable participants) has
been observed for the combination of the CD40 agonistic antibody
sotigalimab with the checkpoint inhibitor nivolumab and chemo-
therapy.®© Adenosine is an immunosuppressive metabolite in the
TME. Depleting adenosine, using both small molecule-targeting
agents (eg, AB680) or with antibody therapy (eg. oleclumab), rep-
resent novel metabolism-directed approaches being investigated
in PDAC.”" eTable 1in the Supplement summarizes select ongoing
trials in PDAC.

Limitations

This review has several limitations. First, it is not a systematic re-
view and the quality of included literature was not formally evalu-
ated. Second, some relevant studies may have been missed. Third,
it does not cover all aspects of the epidemiology, diagnosis, and man-
agement of pancreatic cancer.

. |
Conclusions

Approximately 60 000 new cases of PDAC are diagnosed per year,
and about 50% of patients have advanced disease at diagnosis. The
incidence of PDAC s increasing. Currently available cytotoxic thera-
pies for advanced disease are modestly effective. For all patients,
multidisciplinary management, comprehensive germline testing, and
integrated supportive care is recommended.
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