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Abstract: Despite improvements in multidisciplinary treatments, survival of pancreatic cancer
(PC) patients remains dismal. Studies dealing with early onset pancreatic cancer (EOPC) patients
are scarce. In this review, we discuss differences between EOPC and late-onset pancreatic cancer
based on findings in original papers and reviews with a focus on morphology, genetics, clinical
outcomes and therapy. In conclusion, families with a positive history of PC and patients with
BRCA 1 or 2 mutations should be monitored. Patients with EOPC usually present with better
overall fitness compared to the average PC population, however often with even more aggressive
cancer behaviour. Therefore, potent state-of-the-art multi-modal systemic therapies should be
applied whenever possible. Large-scale registries and randomized clinical trials dealing with
EOPC in regard to distinct biology and outcome are warranted.
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Introduction

Pancreatic cancer (PC) is one of the deadliest malignant diseases, despite the availability
of enhanced molecular tumor-associated technologies and novel therapeutic strate-
gies in the past years.! PC represents the fourth leading cause of cancer death with
an estimated 7% five-year survival rate in the US,? where epidemiological prediction
models estimate it to become the second most frequent cause of cancer-related death
by 2030.% According to the national statistics of Austria, 1,757 new cases of PC were
diagnosed in 2015, representing 4% of all malignancies ranking third as the leading
causes of cancer-related deaths* (Figure 1). Analysis of large clinical databases showed
that the median age of patients with PC was about 70 years. Since younger patients are
rarely affected, with <<2% according to the actual Surveillance, Epidemiology, and End
Results (SEER) registry (<45 years) and 3.4% in the Austrian registry (<50 years),
clinical and pathological studies dealing with this specific patient cohorts are limited
(Figure 1). In other recently published national analyses, the percentage of patients
with PC and age <50 years at diagnosis was less than 10% as well.>® This patient
group is commonly referred to as “early onset” or “very early onset pancreatic cancer”
(EOPC) groups, depending on the applied age cutoff (<40, <45, or <50 years).>®
Comparison of clinicopathologic data of younger and older patients showed no
major statistically relevant differences in the literature (Table 1). Heterogeneous data
regarding relevant clinical endpoints such as overall survival (OS), progression-free
survival (PFS), or disease-free survival (DFS) are reported, whereby younger patients
with PC consistently show better outcome values compared to older patients, which
is reasonably explained by better physical constitution and reduced comorbidities in
this patient group.’
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Figure | Age-related incidence of pancreatic cancer in Austria in the year 2015 based on the Austrian national statistic agency in comparison to the Global Cancer

Observatory report. Data from Statistik Austria and Global Cancer Observatory.*#

Surgical resection remains the only curative-intent thera-
peutic option in PC patients regardless of their age.’ State-of-
the-art neoadjuvant chemotherapeutic approaches including
combination schemas such as gemcitabine plus Abraxane,
or FOLFIRINOX, are increasingly utilized in support for
secondary surgery in primary unresectable cases of advanced
PC even with major vascular invasion.'® Currently, numerous
neoadjuvant chemotherapy and chemoradiotherapy trials are
ongoing to elucidate new preoperative treatment strategies
in order to bring more patients to resection.

The application of molecular techniques like next-
generation sequencing technology with whole genome or
exome sequencing has the potential to revolutionize the
therapeutic armamentarium toward a patient-based molecular
PC classification leading to a more personalized treatment
with higher efficiency.'""

Risk factors for EOPC development are similar to late-onset
pancreatic cancers (LOPC), including tobacco exposure, alco-
hol abuse, chronic pancreatitis, diabetes mellitus (type 1 and 2),

diet, obesity (body mass index over 40 kg/m?), previous radio-
therapy, as well as previous cholecystectomy, gastrectomy, and
infections.'*!* Nevertheless, intrinsic and genetic-dependent
risk factors of PC like familial history'® and hereditary genetic
syndromes, such as hereditary pancreatitis,'® are more fre-
quently observed in EOPC.!*!7 Therefore, specific germline
genetic analyses (like of the breast cancer type 1/2 susceptibil-
ity proteins, BRCA) in families with increased incidence of
PC could help identify patients with high risk for developing
PC and initiate surveillance programs.'s

This review summarizes critical challenges and potential
solutions in EOPC ranging from clinicopathologic aspects
and molecular-genetic findings to optimal therapeutic options
of this specific patient group.

Clinical studies

Between 2002 and 2018, 15 clinical studies on EOPC were
published (Table 1): in summary, besides a systematic litera-
ture review, all the other studies are of retrospective nature with
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a mean study period of about 14 years (range: 2—34 years),
comparing a median/mean of 34/95 EOPC cases with
699/3,207 LOPC cases. Accordingly, the population of EOPCs
accounted for about 8.1% of all PC cases in these cohorts.

Six of these 15 studies found significant differences
between clinical risk factors including gender (male),
alcohol consumption, and tobacco use as well as hereditary
and demographic factors.”!*! Overall, no differences were
found with regard to the applied therapeutic procedures.
Regarding clinical outcome parameters, only two studies
described that EOPC patients benefit relevantly from a more
aggressive therapy,>® whereby the statistical analysis revealed
comparable median and mean OS times for EOPC and LOPC.
However, it has been reported that EOPC patients initially
present with advanced disease stage at diagnosis,? potentially
explaining why EOPC patients show a worse OS in some
studies in comparison to LOPC patients.?'*

Pathological findings

More than half a century after the first PC report in 1818 by
Todd et al, Bohn et al published an article about a 6-month-
old female child with metastatic PC, cytologically describing
the tumor as “typical carcinoma simplex”. Since then, both
Todd’s and Bohn’s cases were frequently cited by many
other authors as examples of pancreatic tumors in young
patients.>%

To analyze differences in clinicopathological aspects
between EOPC and LOPC, in 2004, Liittges et al compared a
cohort of ten EOPC with 70 LOPC cases. Six of these EOPC
cases showed a typical phenotype of pancreatic ductal ade-
nocarcinoma (PDAC), two showed poor or no differentiation,
one showed adenosquamous differentiation, and one showed
mucinous morphology. In summary, the authors stated that
they did not observe marked pathological differences,'” which
was in line with a retrospective analysis by Ntala et al,’ who
performed a retrospective analysis using database searches
and data extraction of inhabitants of the greater London area
over an 11-year period. They did not find any significant
differences in terms of location (P=0.579), differentiation
(P=0.315), stage (P=0.194), perineural invasion (P=0.34),
or blood vessel invasion (P=0.051), comparing EOPC and
LOPC patients. Another retrospective analysis by Kang
et al in 2017° revealed that perineural invasion occurs more
frequently in EOPC patients (97.1% vs 79.0%, P=0.0043).
Furthermore, poor differentiation was more commonly
found in LOPC patients (34% vs 51%), while moderately
differentiated cancers were more frequently found in EOPC
patients (46% vs 38%).

Regarding immunohistochemical protein patterns, Liittges’
et al and Bergmann et al did not find any differences in p53
nuclear expression or DPC4, respectively.!®?” Moreover,
both assessed the expression patterns of mismatch-repair
gene products (Liittges et al, MLH1 and MSH2; Bergmann
etal, MLH1, MSH2, and MSH6) and could not detect mic-
rosatellite instability in EOPC cases. In addition, Bergmann
et al did not find any changes in SMAD 4 or EGFR expres-
sion and Liittges et al did not find any changes in MUC1
expression, which is continuously expressed in PDAC.!%?7
The only difference was the stage of disease at which
patients were diagnosed. Tingstedt et al conducted a study
in 2011 comparing 33 EOPC cases with matched controls,
in which the young cohort presented with a more advanced
clinical stage.?? In only six patients, the disease was still
locally confined, while 52% (n=17) showed initial distant
metastases (P=0.001) and 27% (n=9) locoregional lymph
node metastases (P=0.01). Nevertheless, in another paper
published two years later, Jin He et al could not find any
significant differences in the rate of lymph node positivity
(P=0.27) and the lymph node ratio (P=0.78) between EOPC
and LOPC patients.’

Molecular genetics

PC usually progresses from precursor lesions termed as
pancreatic intraepithelial neoplasia (PanIN), classified as
low-grade PanIN (PanIN-1) to high-grade PanIN (PanIN-3).
This progression from precursor lesions is associated with
an increased accumulation of specific gene mutations,
resulting in activation of oncogenes and/or inactivation of
tumor suppressors. Furthermore, the number of PanINs par-
ticularly with high-grade dysplasia is increased in patients
with a family history of PC supporting the hypothesis that
precursor lesions in these patients are often already estab-
lished at a very young age.?® Genetic evolution of PC from
the earliest genetic alteration in a precursor lesion to EOPC
takes almost 12 years.

A well-known molecular driver of PC is the oncogene
KRAS and its central role in PC development at various
stages was shown in several studies: KRAS is mutated
in about one-third of early disease stages and in 95% of
advanced stages.?**° Similarly, Nowak et al demonstrated that
the gene encoding for c-MYC, another oncogene, is ampli-
fied in about 20%—-30% of PC cases.’! Although the current
literature suggests that genetic alterations of the c-MYC gene
alone are not enough to drive PC tumorigenesis, Hessmann
et al published that simultaneous alterations of both the
¢-MYC and KRAS genes heavily promote PC development.*
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There are numerous other oncogenes involved in PC
development and progression such as PAK4, MYB, and
HER2, all regulating various cellular effects (for detailed
review see Khan et al*®). Silencing or loss of tumor sup-
pressors also strongly contributes to the development of
PC. Inactivation of the cell cycle inhibitor CDKN2a (p16)
was described as an early event in PC development, result-
ing in uncontrolled cell divisions.**3 Similarly, another
cell cycle inhibitor, p53, is mutated in up to 75% of PC
patients.>*3” In contrast to p16, mutations regarding the p53
gene are described as an event occurring at later stages of
PC development.** Mutations and deletions of SMAD4 are
also common and associated with metastases and resistance
toward chemotherapy.*® Like p16 and p53, the major tumor-
suppressive role of SMAD4 is negative regulation of the
cell cycle.

Mutations in the BRCA1 and BRCA2 genes are well-
known predispositions for the development of breast and
ovarian cancers.* The products of these genes are involved
in transcriptional control and DNA repair. However, recent
reports connect BRCA1/2 mutations also with PC, as
carriers of these mutations have an increased risk of PC
development.“®*! Moreover, BRCA1/2 mutations in PC were

Table 2 Heterogeneous subtypes

observed more frequently in patients with familial PC, with
a fivefold higher prevalence of these mutations compared
to patients with unselected familial background.!> Also, the
mean age of diagnosis was significantly lower in familial
PC with BRCA1/2 mutations (BRCA1, 38 years; BRCA2,
39 years).!” These data suggest that, besides sporadic muta-
tions, not only heritable factors contribute to PC but also
family history regarding specific gene mutations represents
a significant risk factor for PC development in young adults.

Besides these driver mutations and genetic alterations,
several working groups conducted an interesting molecular
classification approach.** In these studies, the molecular
characteristics of PDACs were comprehensively profiled
with the aim to define different molecular PDAC subtypes
(Table 2), based on their biological characteristics rather
than by histology, resulting in significant prognostic impli-
cations. Although the sample material of these studies
(eg, cell lines and primary resected tumors) and the screening
methods (eg, gene expression microarray and whole genome
sequencing) were not uniform, a set of molecular PDAC
subtypes was clearly definable suggesting the existence of
different biological backgrounds of PDAC. Interestingly,
Waddell et al defined PDAC subtypes based on chromosomal

Classification based on molecular techniques

Collision et al*?

Waddell et al*

Moffitt et al*

Bailey et al*?

Year 2011 2015 2015 2016
Number of samples 27+34 142 357 456
Sample type Patient derived (27), Primary resected tumors | Primary, metastatic, cell lines, Primary resected tumors
cell lines (34) and normal tissue
Methods, techniques Gene expressions WGS and CNV Virtual microdissection, Integrated genomic analysis
microarray microarrays, and RNAseq
Subtypes identified I. Classical |. Stable Tumor: Stroma: I. Squamous
2. Quasi-mesenchymal 2. Locally rearranged I. Classical I. Normal 2. Pancreatic progenitor
3. Exocrine-like 3. Scattered 2. Basal-like 2. Activated 3. Immunogenic
4. Unstable 4. ADEX

Comparison of these subtypes

Collision et al*?

Woaddell et al*

Moffitt et al*

Bailey et al®

Subtypes

Classical Stable Classical Pancreatic progenitor
Quasi-mesenchymal Unstable Basal-like Squamous
Exocrine-like ADEX

Locally rearranged

Scattered

Immunogenic

Notes: Overview of comprehensive pancreatic ductal adenocarcinoma studies.”* Detailed investigation of familial pancreatic carcinoma revealed that in families with
documented BRCAI| or BRCA2 mutations, the mean age of pancreatic cancer diagnosis was significantly lower, suggesting that mutations of BRCA| and BRCA2 are genetic
factors for early onset of pancreatic cancer. Interestingly, in one of the pancreatic ductal adenocarcinoma subtypes defined by Waddell et al* (unstable), loss of BRCA| and/or

BRCAZ2 was frequently observed. Overlap of pancreatic ductal adenocarcinoma subtypes based on whole-genome and whole-exome studies.

42-45

Abbreviations: ADEX, aberrantly differentiated endocrine exocrine; CNV, copy number variations; WGS, whole genome sequencing.
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rearrangements and reported that in the unstable-subtype
(defined by a large number of rearrangement defects),
BRCA1 and BRCA?2 genes were frequently mutated.** When
comparing the underlying gene signatures of the postulated
subtypes summarized in Table 2, a clear overlap becomes
apparent (Table 2).%47 For instance, when comparing the
classical subtypes defined by Collisson et al, the classical sub-
types defined by Moffitt et al, and the pancreatic progenitor
subtypes by Bailey et al, a non-perfect overlap regarding the
underlying gene signatures can be observed: for example,
the gene CEACAMG6 was described as an overexpressed
subtype-defining gene in the studies by Collisson et al and
Moffitt et al, and as an overexpressed gene in Bailey et al.
A similar pattern was observed for numerous other genes.
In other words, using varying approaches, the different work-
ing groups defined subtypes with biological similarity (to a
certain extent), but used a different terminology to describe
these subtypes. Based on such comparisons, others have
described that the unstable-subtype identified by Waddell
et al is similar to a certain degree to the quasi-mesenchymal,
basal-like, and squamous subtype, respectively.?’

Although these comparisons are still of descriptive nature
and need further investigation, there is a possibility that the
different terms or subtypes identified by the different working
groups may describe (to a certain extent) similar biological
subgroups of PC. The frequently observed BRCA1 and
BRCA2 mutations in young PDAC patients might therefore
be indicative of an underlying subtype with a specific genetic
pattern. In view of the sophisticated methods used for this
molecular classification, it will be of utmost importance for
future studies to define consensus genetic patterns (eg, com-
monly mutated genes and upregulated or downregulated
genes) among the different nomenclatures, which then may
be translated into an immunohistochemical marker panel,
new diagnostic approaches, as well as tailored therapeutic
strategies for each subtype.

Therapeutic issues

Surgery

Surgical resection still represents the only potentially cura-
tive treatment for PC. After diagnostic evaluation of initial
tumor stage and patient fitness, resectability is primarily
determined through cross-sectional imaging techniques,
ideally with contrast-enhanced computed tomography
(CE-CT) or MRI (with lower accuracy in terms of vessel
involvement).*® Local resectability is defined as either pri-
mary resectable PC, borderline resectable PC (BR-PC), or
locally advanced PC (LA-PC), depending on the involvement

of hepatic or mesenteric arterial and venous structures.*
Most commonly, patients with resectable PC should undergo
surgical exploration with radical resection, while LA-PC
patients should receive neoadjuvant therapy before explora-
tion. In BR-PC, the debate regarding chemotherapy versus
upfront resection is still ongoing (see section Chemotherapy).
Patients with metastases are mostly considered for palliative
treatment, although selected cases with limited spread might
benefit from surgical resection after appropriate response to
chemotherapy (Figure 2).%

Diagnostic laparoscopy can help to rule out previously
undetected local invasion or abdominal metastases, avoid
futile explorative laparotomies, and define treatment paths,
especially in patients at high risk for locally advanced tumors
or systemic involvement.>

After surgical resection, the most common complications
include pancreatic fistula, delayed gastric emptying, bleeding,
and wound infections. Despite technical and perioperative
improvements within the past years, overall mortality and
morbidity after pancreatic resections even in experienced
high-volume centers range at 2%—5% and 50%—60%, respec-
tively. The only available study examining complications
in young PC patients in detail compared 75 EOPC patients
with a reference group of 870 PC patients at a median age of
75 years.” With comparable other demographic, pathologic,
and treatment characteristics, EOPC patients had significantly
fewer postoperative complications (20% vs 31%). While
pancreatic fistula (0% vs 8%) and delayed gastric emptying
(5% vs 15%) were notably decreased, there was no signifi-
cant difference in severe complications (Clavien-Dindo =3:
7% vs 13%) or 30-day mortality (0% vs 2%).

Since recent therapeutic improvements enable long-term
survival rates of 20%—-30% after surgery and adjuvant combi-
nation therapy,> adverse effects of pancreatic resections lead-
ing to chronic conditions need to be addressed especially for
young patients with a longer expected life span. For example,
about 50% of patients undergoing distal pancreatectomy
develop postoperative impaired glucose tolerance or new-
onset diabetes.*® Furthermore, in a recent large, randomized,
multicenter study, conducted in Germany, about 80% of the
patients after pancreatoduodenectomy for pancreatic head
cancer needed oral enzyme replacement after 12 months due
to pancreatic exocrine insufficiency, 20% regularly experi-
enced steatorrhea, and 30% developed new-onset diabetes
that led to insulin dependency in two-thirds of the affected
cases.* Not only the type of pancreatic resection but also the
type of pancreatic anastomosis after pancreatoduodenectomy
may influence long-term complications and affect quality
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Figure 2 Adapted treatment strategy of EOPC based on data from Ducreux et al*” and Ahn et al®® representing an extended view of new therapeutic strategies for PC.
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gemcitabine; LV, leucovorin; nab-pac, nab-paclitaxel; neoadj, neoadjuvant; PS, performance status; SHH, Sonic Hedgehog pathway; TIL, tumor infiltrating lymphocyte; TME,

tumor microenvironment.

of life.”” However, so far only retrospective data are available
and long-term results of prospective trials are warranted.’¢**

Increased application of laparoscopic pancreatic resec-
tion could also further decrease postoperative complications
and length of stay and possibly enhance quality of life in the
future, but there are concerns regarding oncological safety.”
Since the data quality of available studies is still low,%!
results of ongoing prospective trials are eagerly awaited.>%

Concerning long-time follow-up, intensified radiological
surveillance for early detection of recurrence, for example
with enhanced imaging techniques such as PET-CT addition-
ally to standard CE-CT, has shown increased sensitivity and
specificity in a recent meta-analysis of seven retrospective
studies.®* Although this might be of future importance espe-
cially in EOPC patients, prospective validation is pending
and enhanced protocols to reduce significant radiation doses
of PET-CT need to be considered.®

To further address the lack of evidence regarding surgical
management of young patients with PC, their specific charac-
teristics and therapeutic needs will also soon be assessed in a
prospective registry analysis within the EURECCA (European

Registry of Cancer Care or European Cancer Audit) network
under auspices of the European Society of Surgical Oncology.%

Chemotherapy

Neoadjuvant therapy

To date, controversy still exists regarding the role of neoad-
juvant systemic treatment versus upfront surgery followed
by adjuvant therapy in primary resectable PC. Although,
no randomized, prospective trial has been published so
far, evidence from large-scale national registries such as
the National Cancer Data Base from the US suggests that
pathological outcomes might be improved after neoadjuvant
treatment with higher rates of negative surgical margins
(OR: 1.3) and negative lymph node state (OR: 2.9).%7 Fur-
thermore, preoperative chemotherapy compared to upfront
resection did improve OS in a meta-analysis of studies pro-
viding intention-to-treat analysis of resectable or borderline-
resectable patients.*® These studies are a principal proof that
with neoadjuvant chemotherapy one can effectively treat
micro-metastases in order to prolong OS not only in breast
and gastric cancers but also in PC patients. The weighted
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median OS was 18.8 months for neoadjuvant therapy and
14.8 months for upfront surgery, and the difference was even
larger in those patients that ultimately underwent resection
(26.1 vs 15.0 months), also resulting in an increased RO resec-
tion rate (87% vs 67%) and lower positive lymph node rates.
This OS benefit was achieved, despite a lower percentage
of patients finally undergoing resection in the neoadjuvant
group (66% vs 81%). Hereby, neoadjuvant therapy serves as
a test of tumor biology and patient fitness filtering out those
patients that will not benefit from resection due to aggressive
tumor progression or poor performance status. Until more
solid evidence is available, the decision to apply neoadju-
vant chemotherapy in resectable PC patients remains to be
highly individual, based not only on anatomical but also on
biological (CA 19-9>500 IU/mL or suspected lymph node
metastases) and clinical patient conditions (performance
status). This has recently been proposed in the 2017 definition
of borderline resectability of the International Association
of Pancreatology.® Patients with EOPC were not explicitly
addressed in the analysis of the aforementioned studies.
Since they represent a cohort with often biologically aggres-
sive tumors, neoadjuvant therapy might be a key element to
increase survival in resectable EOPC patients in the future.

After neoadjuvant treatment, all patients with PC showing
stable disease or visible tumor response after restaging should
undergo surgical exploration after restaging. Only cases with
obvious progress should continue with palliative therapy,
since imaging response in this setting is rarely predicting
intraoperative resectability or actual pathological regression.

Regarding patients with BR-PC, one randomized
Phase II/III trial has been published to date comparing

neoadjuvant chemoradiation with upfront resection followed
by adjuvant therapy.” This Korean study with 50 patients
was terminated prematurely after showing a clear median
and 2-year survival benefit (40.7% and 21 months vs 26.1%
and 12 months) for the neoadjuvant therapy group.

Regarding patients with LA-PC, a number of studies have
shown that preoperative treatment (eg, with FOLFIRINOX or
chemoradiation) results in markedly improved OS compared
to upfront resection, the latter in many cases being inferior to
palliative treatment alone.*®”" Following neoadjuvant treat-
ment, resection rates of around 50%—-60% can be achieved,
resulting in a median postoperative survival of 16 months (plus
5—6 months treatment time). Neoadjuvant treatment approaches
have resulted in high rates of secondary resection, thus allowing
conversion surgery in an otherwise palliative treatment situation.
Only cases with obvious progress should continue with palliative
therapy, since imaging response in this setting is rarely predict-
ing intraoperative resectability or actual pathologic regression.

As high-level evidence with regard to neoadjuvant
treatment in primary resectable PC is lacking, specific sub-
analysis of young patients has not been conducted in BR-PC
or LA-PC so far. Therefore, current recommendations for
the general PC population should be applied also in EOPC
patients until further evidence are generated.

Adjuvant therapy

Regarding postoperative systemic treatment (see Table 3
for summarizing the three major positive clinical trials in
advanced PC’>7), major advances have been published
within the past 2 years. First, in 2017, the ESPAC-4 trial
has reported a median OS of 28.0 months after adjuvant

Table 3 Comparison of survival and toxicities across the three major positive clinical trials in advanced pancreatic cancer

Gemcitabine vs gemcitabine/erlotinib | ACCORD 11 trial MPACT
Phase IlI trial
Gemcitabine | Gemcitabine/erlotinib | Gemcitabine | FOLFIRINOX Gemcitabine | Gemcitabine/
nab-paclitaxel
Median OS 591 mo 6.24 mo 6.8 mo 1.1 mo 6.7 mo 8.5 mo
ORR 8% 8.6% 9.4% 31.6% 7% 23%
Toxicity
Neutropenia - - 21% 45.7% 27% 38%
Febrile - - 1.2% 5.4% 1% 3%
neutropenia
Diarrhea 2% 6% 1.8% 12.7% 1% 6%
Sensory - - 0% 9% 1% 17%
neuropathy
Fatigue 15% 15% 17.8% 23.6% 7% 17%

Note: Data from Moore et al’2, Conroy et al”® and Von Hoff et al’*
Abbreviations: mo, months; OS, overall survival; ORR, objective response rate.
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combination therapy with gemcitabine and capecitabine
(GemCap), providing the new gold standard since 2017.%
However, very recently, a joint group from France and Can-
ada presented a late-breaking abstract at the annual ASCO
2018 meeting followed by publication in the New England
Journal of Medicine of their results from the Phase III multi-
center, randomized clinical trial PRODIGE 24/CCTG PA.6.7
This study compared adjuvant chemotherapy with modified
(m)-FOLFIRINOX to gemcitabine. After a median follow-up
of 30.5 months, the median DFS was 21.6 months in the
m-FOLFIRINOX arm versus 12.8 months in the gemcitabine
arm. Astonishingly, the median OS was 54.4 months versus
35.0 months, respectively, providing high-level evidence that
treatment with m-FOLFIRINOX resulted in the longest OS
yet reported following resection of PC. Toxicity, however,
was much higher with m-FOLFIRINOX: 75.8% grade 3/4
adverse events versus 51.5% in the gemcitabine arm. This
regimen should therefore only be considered for patients who
are fit enough to tolerate it, which might be ideal especially
for younger patients.

Patients of age >75 years and with reduced Eastern Coop-
erative Oncology Group (ECOG) performance status should
receive gemcitabine with or without capecitabine according
to the ESPAC-4 trial.** Although patients with EOPC were
not specifically addressed in sub-analysis of both studies,
patients <65 years experienced the same benefit from FOL-
FIRINOX (HR 0.61) or GemCap (HR 0.82) as older patients
when compared to gemcitabine alone. Furthermore, patient
age was not associated with survival in univariable analysis.
Accordingly, until further evidence specifically on EOPC
patients is available from prospective trials, FOLFIRINOX
should represent the gold standard in adjuvant therapy also
for all young patients after resection.

Palliative therapy

According to the latest ESMO guidelines, options for systemic
treatment in palliative PC mainly depend on the performance
status (ECOG) of patients.* In cases with good ECOG status (0
or 1), combination chemotherapy with FOLFIRINOX or gem-
citabine and nab-paclitaxel is recommended, while patients
with ECOG 2 should receive gemcitabine with or without
nab-paclitaxel. All others (ECOG 3/4, significant comorbidi-
ties, and short life expectancy) should receive symptomatic
treatment only. The same principles apply for EOPC patients.

Radiotherapy
Indications for radiotherapy in PC among others include
neoadjuvant therapy (chemoradiation), further as an

adjunct treatment for positive resection margins after pan-
creatic surgery or in the setting of local recurrence after
resection and palliation treatment. In a nationwide review
of >14,000 patients with unresectable PC in the US, pal-
liative chemotherapy (CTX; 38.1% of patients) alone was
compared to CTX with external-beam radiotherapy (EBRT;
44.8%), intensity-modulated radiotherapy (IMRT; 2.3%),
and stereotactic body radiotherapy (SBRT; 14.8%).7 After
matching patients for demographics and tumor characteris-
tics, SBRT treatment showed significantly longer median
survival (13.9 months) than IMRT (12.2 months), EBRT
(11.6 months), and chemotherapy alone (10.2 months). In this
cohort, 44.9% of the patients were younger than 65 years, but
no analysis on the impact of age on outcome was performed.
In subsequent studies, SBRT was also very effective in terms
of pain control, with more than 80% of patients with locally
advanced or metastatic PC reporting partial or complete pain
relief.””® However, acute and late toxicity rates (= grade 3)
of 3%—18% and 6%—8% need to be taken into consideration,
including duodenal, gastric or small bowel ulcers, perfora-
tion, hemorrhage, and obstruction.

In the setting of BR-PC or LA-PC, SBRT may also be
effective additionally after neoadjuvant combination of
CTX, for example, with FOLFIRINOX prior to resection
(median survival 34 months) or after surgery, with no delay
of initiation of adjuvant chemotherapy because of the short
treatment course of SBRT (median survival after resection:
27 months).” In case of R1 resection, a recent study reported
a median survival of 22 months in patients receiving con-
ventional adjuvant chemoradiation.”

About 30% of the patients develop isolated local recur-
rence after resection for PC.* A systematic review published
in 2017 compared re-resection with chemoradiotherapy
(CRTX) and SBRT, however, with limited number of
patients (n=100/153/60).%° Mortality was low with 0-1%
for all treatment modalities. Re-resection studies showed the
best outcome in terms of median survival after treatment of
up to 32 months (range 16-32) versus 19 months (CRTX;
range 16—-19) and 16 months (SBRT; range 9-16). However,
the cohorts were not matched and, therefore, probably dif-
fered in terms of patient’s fitness, comorbidities, and local
tumor extent. Also, some newer studies showed a median
survival of SBRT up to 36 months (range: 18-36) after treat-
ment, but they were not readily available for this review.?!2
Furthermore, re-resection is potentially associated with a
restricted quality of life due to necessity of mostly total
pancreatectomy resulting in insulin-dependent diabetes in
all patients.
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To the best of our knowledge, so far, no publication
specifically evaluated the applicability, survival outcomes,
and quality-of-life data of radiotherapy in any of the above
settings for young patients with PC. In the light of recent
encouraging results, especially of SBRT, prospective studies
should also focus on EOPC patients.

Discussion, summary, and outlook
Roughly estimated, about 50 EOPC cases are registered
in Austria each year. Worldwide, the incidence figures are
similar (Figure 1). Compared to other malignant diseases,
this patient group thus represents a minority group. Regard-
less of whether patients develop PC at a young age or at
an advanced age, the 5-year survival rate is conceivably
poor. Nevertheless, the question arises whether there are
differences between EOPC and LOPC. In morphological
and immunohistochemical terms, several studies and case
reports did not reveal any differences between these two
patient groups.'*?” From a molecular genetic point of view,
however, there are certain peculiarities. Typical oncogenes
such as KRAS and c-Myc and the tumor suppressor genes
TP53, CDKN2a, and SMAD4 also play a driving role in
EOPC.»313438 However, special attention should be paid
to patients with mutations in the BRCA1/2 genes. These
mutations occur primarily in cases with familial pancreatic
carcinoma and, in addition, these patients show a particularly
early disease onset.!>**4! Consequently, members of a family
with numerous PCs in history or even BRCA1/2 germline
mutations need specific surveillance. In addition, potential
molecular subtypes (Table 2) may not only explain a link with
BRCA1/2 mutations in EOPC but also prove the existence
of different biological backgrounds and supply new starting
points for diagnostic approaches and therapies.** However,
these subtypes need to be specified more in detail first.

At present, surgical resection is still the only potentially
curative therapeutic approach,* and similar to LOPC, early
detection is crucial to ensure resectability in EOPC. In order to
avoid futile pancreatectomy or R2 pancreatic resections, pre-
operative evaluation of resectability by experienced surgeons
and radiologists is important to distinguish between upfront
resectable, BR-PC, and LA-PC in order to utilize the optimal
therapeutic options. Not surprisingly, EOPC patients experi-
ence significantly fewer postoperative complications after
surgical intervention than LOPC patients due to lower comor-
bidities of affected patients. As previously mentioned, there
is no study to date that explicitly examines the behavior of
EOPC in relation to (neo)adjuvant or palliative chemotherapy
or radiotherapy. Nevertheless, a number of studies conducted

in the general PC population — although not distinguishing
between different patient age groups — show advantages of
neoadjuvant chemotherapy over upfront surgery.*’¢*” Even in
a palliative setting, patients do clearly benefit from systemic
chemotherapy.* Notably, EOPC patients are more susceptible
to multimodal therapy approaches due to better performance
status. In conclusion, EOPC seems to be associated with
familial accumulation and mutations in BRCA-1 and -2 genes.
Therefore, patients with these risk factors should be closely
monitored. Furthermore, several trials are currently ongoing
involving PARP inhibitors, specifically targeting BRCA-
mutated cancers.** The development of molecular subtypes
may give new insights for future diagnostic and therapeutic
approaches, but consensual definitions are still pending. Since
EOPC patients usually present with fewer comorbidities,
they are more susceptible to a multi-modal therapy. Con-
cerning future treatment targets, comprehensive molecular
investigations will particularly focus on cancer stem cells as
well as tumor microenvironment including the stroma and
immune system, for example, by analyzing tumor-infiltrating
lymphocytes and cancer-associated fibroblast (Figure 2).%
The ultimate goal of all these investigations is to overcome
chemotherapy resistance and advance treatment successes in
this highly aggressive malignant disease.
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