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Abstract

The incidence of pancreatic cancer is high among those in their sixties to seventies
but low in those in their fifties or younger. Although there is no unified definition
regarding the age of early-onset pancreatic cancer, previously published reports sug-
gest that, compared to later-onset pancreatic cancer patients, early-onset pancreatic
cancer patients tend to be detected at advanced stages and thus have poor progno-
ses, but they do not show significantly higher rates of patients with genetic factors.
On the other hand, it has been reported that patients with familial pancreatic cancer
and hereditary pancreatic cancer syndromes often develop pancreatic cancer at a
young age. The broad definition of familial pancreatic cancer is pancreatic cancer in
patients who have two or more first-degree relatives with pancreatic cancer; whereas
the narrow definition of familial pancreatic cancer is the broad definition of familial
pancreatic cancer, while excluding those with inherited tumor syndromes. Hereditary
tumors developing pancreatic cancer include hereditary pancreatitis, hereditary
breast and ovarian cancer, Peutz-Jeghers syndrome, familial atypical multiple mole
melanoma syndrome, familial adenomatous polyposis, and hereditary non-polyposis
colorectal cancer, all of which are autosomal dominant hereditary diseases. This study
reviews the clinical characteristics of early-onset pancreatic cancer and its associa-

tion with familial pancreatic cancer and hereditary pancreatic cancer syndromes.

KEYWORDS
early-onset pancreatic cancer, familial pancreatic cancer, hereditary, pancreatic cancer
syndromes
1 | INTRODUCTION of cancer, and is an intractable cancer with a 5-year survival rate of
less than 10%.! Pancreatic cancer is difficult to diagnose in the early
Despite an improved survival rate among cancer patients due to stages. In many patients, symptoms are not exhibited until the can-
recent advancements in medical science, the prognosis of pancre- cer has already become advanced. A medical check-up, even without

atic cancer is still very poor. In the US and Japan, the number of symptoms, for the detection of pancreatic cancer at an early stage

deaths from pancreatic cancer is the fourth largest among all types was therefore carried out, with the aim of improving the survival
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rate of patients with this disease. Clarification of the risk factors for
pancreatic cancer and careful examination for those with these risk
factors is vital for effective examinations.

Many studies have focused on familial pancreatic cancer and he-
reditary pancreatic cancer syndromes. And, of course, aging is a signifi-
cant risk factor. The incidence of pancreatic cancer is high among those
in their sixties to seventies but low in those patients in their fifties or
younger.2 Is early-onset pancreatic cancer just an accidental disease?
Is there any reason for early onset? These questions may be crucial in
order to clarify the pathogenesis of pancreatic cancer. However, there
have been few studies on early-onset pancreatic cancer. The etiology
and pathology of early-onset pancreatic cancer is important informa-
tion for the determination and explanation of therapeutic strategies
among patients thereof. This study provides an overview of the clini-
cal characteristics of early-onset pancreatic cancer along with familial

pancreatic cancer and hereditary pancreatic cancer syndromes.

2 | EARLY-ONSET PANCREATIC CANCER

There is no unified definition regarding the age of early-onset pancre-
atic cancer. Various definitions have been used in studies conducted
by different researchers (under the age of 40, 45, 50, or 60). Raimondi
et al® defined the age of early-onset pancreatic cancer as under 50
and demonstrated that the incidence of early-onset pancreatic cancer
is high in countries with high smoking rates based on a comprehensive
analysis of WHO data, SEER data, and references from PubMed. They
reported that smoking plays a significant role in the incidence of early-
onset pancreatic cancer, based on a positive correlation between the
incidence of early-onset pancreatic cancer and the mortality of lung
cancer, along with the fact that males with a higher smoking rate
have a high incidence of early-onset pancreatic cancer. Upon further
conducting a literary review, they concluded that genetic factors and
smoking are involved in early-onset pancreatic cancer (EOPC).

Piciucchi et al* defined the onset of pancreatic cancer at an age
of 50 or younger as EOPC and compared the characteristics of 25
patients suffering from EOPC with 268 patients with later-onset
pancreatic cancer (LOPC). They reported that being a smoker and
starting smoking at a young age are independent risk factors of
EOPC and that there was no significant difference in the incidence
of familial pancreatic cancer and hereditary pancreatic cancer syn-
dromes. According to this report, although EOPC tends to be dis-
covered as an unresectable advanced cancer, aggressive surgery and
chemotherapy may result in similar prognoses to that of LOPC.

It is easier to recruit patients with EOPC to a study when patients
with EOPC are defined as those younger than 50 or 60 years of age,
but these definitions may fail to identify the characteristics that are
specific to young patients with PDAC. Thus, we used data from The
Pancreatic Cancer Registry of the Japan Pancreas Society to compare
patients suffering from EOPC (onset at an age under 40) with those
who developed pancreatic cancer at 40 or older and examined the
clinicopathological differences.’> Among the 36 145 cases registered

in The Pancreatic Cancer Registry, 526 patients developed pancreatic

cancer under the age of 40 (1.5%). There was no significant difference
between these patients and those who developed pancreatic cancer
over the age of 40 in terms of their family history of pancreatic cancer
or their smoking or drinking history. Patients who developed pancre-
atic cancer under the age of 40 tended to have larger tumor sizes,
liver metastases, peritoneal dissemination, and distant lymph node
metastases, with a significantly lower rate of pancreatectomy. Due to
these background factors, the overall survival among pancreatic can-
cer patients under the age of 40 was significantly worse. However, a
comparison between the two groups of patients who underwent re-
section revealed no significant difference in overall survival (Figure 1).

On the other hand, Ansari et al® reviewed 72 906 cases patho-
logically diagnosed with pancreatic ductal carcinoma from the data
of The Surveillance, Epidemiology, and End Results (SEER) between
2004 to 2016 to compare the EOPC group with onset at the age of 50
or younger and the LOPC group with onset at the age of 50 or older.
The EOPC group included 4523 cases (6.2%). The detection of EOPC
tended to be at the advanced AJCC stages and the frequency of sur-
gery, radiotherapy, and chemotherapy was higher in EOPC patients.
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FIGURE 1 A, Comparison of overall survival rates between
EOPC and LOPC in the Pancreatic Cancer Registry of the Japan
Pancreas Society.5 B, Comparison of Recurrence-free survival
rates.’
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Comparing the EOPC and LOPC groups using propensity score match-
ing, the EOPC group had a significantly worse overall survival rate (OS)
after 5 years (6.1% vs 8.6%, P = .003) as well as a significantly worse
cancer-specific survival rate (CSS) (6.7% vs 9.7%, P < .001). A compari-
son only among those who underwent surgery indicated worse OS and
CSSinthe EOPC group as well. Based on the above results, the authors
concluded that EOPC has different tumor biological characteristics
from LOPC. This fact may be important information in the determi-
nation and explanation of therapeutic strategies for the EOPC group.

These reports suggest that, compared to LOPC patients, EOPC
patients tend to be detected at advanced stages and have worse
prognoses, but do not show significantly higher rates of patients
with genetic factors.

3 | FAMILIAL PANCREATIC CANCER

While some studies have reported that EOPC patients do not have a
significantly higher rate of patients with genetic factors such as fa-
milial pancreatic cancer or hereditary pancreatic cancer syndromes,
others have reported that patients with familial pancreatic cancer
and hereditary pancreatic cancer syndromes often develop pancre-
atic cancer at a young age.”® On the other hand, it has also been
reported that there is no difference in the age of onset.”

Approximately 10% of pancreatic cancer patients reportedly
have a family history.2%'! In a Japanese study, 88 out of 1197 cases
had first-degree relatives with pancreatic cancer (7.3%), indicating a
rate of familial pancreatic cancer among pancreatic cancer patients
similar to the results of Western studies.” The broad definition of
familial pancreatic cancer is pancreatic cancer in patients who have
two or more first-degree relatives with pancreatic cancer.'? The nar-
row definition of familial pancreatic cancer is the broad definition of
familial pancreatic cancer but excluding those with inherited tumor
syndromes.’®* A study from the US reported that the standardized
incidence ratio (SIR) of patients with one first-degree relative was 4.5
fold higher, while that of patients with two first-degree relatives was
6.4 fold higher, and that of patients with three first-degree relatives
was 32 fold higher, indicating a higher risk of pancreatic cancer.'?

Genetic abnormalities are found in only 20% of patients with fa-
milial pancreatic cancer.’® Takai et al’ examined 21 genetic mutations
involving hereditary pancreatic cancer syndromes among 54 cases of
familial pancreatic cancer in which germ cell DNA could be collected. As
aresult, there were three cases of BRCA2 mutation (5.6%), two cases of
PALB2 mutation (3.7%), two cases of ATM mutation (3.7%), and one case
of MLH1 mutation (1.9%). A US study reported on 17 cases of BRCA1/2
mutation (11.3%) detected from genetic testing among 151 pancreatic
cancer cases.'® According to a Canadian cohort study, 4.6% of pancre-
atic cancer patients had deleterious mutations in the BRCA genes and
pancreatic cancer patients with deleterious mutations in BRCA genes
exhibited no differences with patients without them in terms of age at
diagnosis for pancreatic cancer, sex, or smoking history.!”

Patients with familial pancreatic cancer account for 5%-10%

of all patients with pancreatic cancer.'® There is no significant
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difference between familial and sporadic pancreatic cancer in terms
of onset location, symptoms, imaging findings, stage of pancreatic
cancer, or pathological findings. Treatment for the two is basically
the same. However, since it has been reported that platinum-based
chemotherapy and poly ADP-ribose polymerase (PARP) inhibitors
are effective for pancreatic cancer with BRCA2 genetic mutations
and PALB2 genetic mutations (but not covered by insurance for pan-
creatic cancer), genetic testing may enable the selection of treat-
ment based on precision medicine.'®

Johns Hopkins Hospital carried out computed tomography (CT)
and endoscopic ultrasound (EUS) screening tests among 78 subjects
with a high risk of pancreatic cancer including 72 subjects in a fa-
milial pancreatic cancer family line and 161 control subjects, report-
ing eight subjects (10%) with a high risk of pancreatic cancer having
neoplastic lesions, which was a high incidence.” Such medical ex-
amination for pancreatic cancer among subjects in a familial pancre-
atic cancer family line may be effective. The International Cancer of
the Pancreas Screening (CAPS) Consortium reported recommended
methods for screening people at risk for familial pancreatic cancer.?°
According to this recommendation, surveillance should start no ear-
lier than age 50 or 10 years earlier than the youngest relative with
pancreatic cancer, but were split on whether to start at age 50 or
55. Preferred surveillance tests are EUS and magnetic resonance im-
aging (MRI)/magnetic retrograde cholangiopancreatography. Annual

surveillance is recommended in the absence of concerning lesions.

4 | HEREDITARY PANCREATIC CANCER
SYNDROMES

According to the narrow definition of familial pancreatic cancer, sub-
jects with hereditary tumors are not included in familial pancreatic
cancer. This section illustrates hereditary tumors developing pan-
creatic cancer. Hereditary tumors developing pancreatic cancer in-
clude hereditary pancreatitis, hereditary breast and ovarian cancer
(HBOC), Peutz-Jeghers syndrome (PJS), familial atypical multiple
mole melanoma syndrome (FAMMM), familial adenomatous polypo-
sis (FAP), and Lynch syndrome (hereditary non-polyposis colorectal
cancer [HNPCC]), each of which are autosomal dominant hereditary

diseases (Table 1).2

4.1 | Hereditary pancreatitis

Hereditary pancreatitis was defined as inflammation of the pan-
creas, usually recurrent from childhood, with unusual preva-
lence among blood-related groups of persons in accordance with
Mendelian laws.?? As causative genes of hereditary pancreatitis,
PRSS1, CFTR, SPINK1, and CTRC have been reported.?? The onset
risk of pancreatic cancer in patients with this disease is 10.0% and
53.5% at the age of 50 and 75, respectively, which are 60 to 87
fold higher than that of ordinary people; in particular, the average

age of the onset of pancreatic cancer is 20 years younger in those
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TABLE 1 Hereditary pancreatic cancer syndromes

Disease Gene Risk ratio
Hereditary pancreatitis PRSS1, SPINK1, CFTR, 60-87
CTRC

Hereditary breast and BRCA1/2 4.1-5.8
ovarian cancer; HBOC

Peutz-Jeghers syndrome; PJS  STK11/LKB1 132

Familial atypical multiple CDKN2A/p16 13-22
mole melanoma syndrome;
FAMMM

Familial adenomatous APC 4.5

polyposis; FAP

MLH1, MSH2, MSH6, 8.6
PMS2

Hereditary non-polyposis
colorectal cancer; HNPCC
(Lynch syndrome)

with a history of smoking, with smoking reportedly significantly
increasing the risk therefor.2® In relation to carcinogenesis, these
gene mutations are thought to cause continuous chronic pancrea-
titis from childhood, leading to the formation of precancerous

lesions.?*

4.2 | Hereditary breast and ovarian cancer

Hereditary breast and ovarian cancer is an autosomal dominant ge-
netic disease characterized by a mutation in the BRCA 1/2 genes.
BRCA genes involve Fanconi anemia/BRCA pathways and are re-
sponsible for DNA repair. The onset risk of pancreatic cancer in
patients with a BRCA gene mutation is 4.1 to 5.8-fold higher.?
Therefore, patients diagnosed with HBOC and their families should
undergo careful screening not only for breast cancer and ovarian

cancer but also for pancreatic cancer.

4.3 | Peutz-Jeghers syndrome

This disease is characterized by hamartomatous gastrointestinal poly-
posis and mucosal pigmentation, involving pigmentation, ileus, ab-
dominal pain, bloody stool, and intussusception due to small intestinal
polyps. It is caused by the deficiency of SKT11/LKB1 genes. This dis-
ease involves a high risk of gastrointestinal and extragastrointestinal
malignant tumors and a 132-fold higher risk of pancreatic cancer.?

4.4 | Familial atypical multiple mole
melanoma syndrome

Compared to non-familial malignant melanoma, this disease has
the following characteristics: relatively early-onset; more frequent
onset of primary malignant melanoma; relatively better prognosis; a
higher incidence of other malignancies in the same family line; higher

frequency of superficial spreading melanoma; and a difference in

incidence depending on race. The CDKN2A gene mutation is one of
the typical gene mutations triggering this disease. The onset risk of
pancreatic cancer among FAMMM family lines is reportedly 13 to
22-fold higher.?”:?8

4.5 | Familial adenomatous polyposis

This disease involves a high incidence of colorectal cancer due to
multiple adenomas in the large intestine. It may be complicated with
adenomas and cancers of the stomach, duodenum, and small intes-
tine, as well as tumors in organs other than the gastrointestinal tract
such as bone tumors, desmoid tumors, papillary thyroid carcinoma,
medulloblastoma, and retinal pigment degeneration. The causative
gene is APC gene. The onset risk of pancreatic cancer among pa-
tients in FAP family is reportedly 4.5-fold higher.?’

4.6 | Lynch syndrome (hereditary non-polyposis
colorectal cancer)

The genes which code the proteins responsible for the repair of
DNA replication error are called mismatch repair (MMR) genes.
Reduced repair function due to abnormalities in these MMR genes
causes cancer. Lynch syndrome is caused by the DNA mismatch
repair genes (MLH1, MSH2, MSHé6, PMS2) involving colorectal
cancer, endometrial cancer, stomach cancer, ovarian cancer, pan-
creatic cancer, ureteral cancer, renal pelvis cancer, biliary tract
cancer, glioblastoma, and small intestine cancer. The onset risk of
pancreatic cancer among patients with this disease is reportedly
8.6-fold higher.*°

5 | CONCLUSION

Effective screening and diagnosis is required at an early stage of
pancreatic cancer, which still has a poor prognosis. To this end, it is
important to elucidate the risk factors for pancreatic cancer. Early-
onset pancreatic cancer, familial pancreatic cancer, and hereditary
pancreatic cancer syndromes are relatively rare pancreatic cancers.
However, epidemiologic, pathological, and genetic studies of these

patients may reveal other risk factors for pancreatic cancer.
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