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Introduction

Cancer of the pancreas has a lifetime incidence in the United
States of 1.6% [1]. It accounts for 3.2% of all new cancers and is
the 12th most common cancer. The survival of those diagnosed
with cancer of the pancreas is unfortunately poor. The major-
ity of pancreatic carcinoma patients are diagnosed at advanced
stages of disease [2]. Only 15-20% of patients are candidates
for surgical resection at diagnosis and the 5 year survival is less
than 10% [3,4]. It is expected to become the second leading
cause of death from cancer within a decade [5]. Cancer of the
pancreas is the only common cancer for which early detection
is not universally available.

The natural history of development of pancreatic duct carci-
noma is a progression from carcinoma in situ, to minute lesions
less than 10 mm in diameter, through to small lesions less than
20 mm in diameter and large resectable lesions of approximate-
ly 30 mm in diameter. The lesions that are less than or equal to
20mm in diameter have a five year survival over 85% and are
potentially curable.

Early detection of cancer of the pancreas

There are several barriers to the detection of early sporadic
Pancreatic Duct Adenocarcinoma (PDCA). Firstly, it is an un-
common disease with an incidence in those aged more than
50 years of age of approximately 38 per 100,000 people [1].
Screening will therefore need to be restricted to those groups
with a high risk of a high incidence of PDAC. By the time patients
have symptoms they most likely have advanced disease and

thus screening will need to be concentrated on those individu-
als who are asymptomatic or minimally symptomatic.

Screening is not recommended for average risk individuals ,
but only for those patients with an increased risk due to genetic
susceptibility [6-12]. PDAC progresses rapidly, and thus there is
a limited time period available for early detection [13].

There is a benefit to early detection of PDCA. For those at
high risk who undergo screening between 60 to 70% will have
an early stage cancer with almost 705 chance of 5 year survival
and a mean overall survival of 10 years [14].

Risk factors

The risk factors for pancreatic carcinoma include a family his-
tory, germline mutations, pancreatic cysts, chronic pancreatitis
obesity, smoking age, race and blood group.

A positive family history is defined by presence of the dis-
ease in 2 or more first-degree relatives. The risk increases with
the number of first degree relatives affected. For those with 2
first degree relatives the risk is 8-12% and this risk increaser to
40% with 3 first degree relatives [15].

Germline mutations are present in 5.5% of all pancreatic
cancers. These are present in 7.9% of those patients with a posi-
tive family history and 5.2% of patients without a family history
[16]. A high-risk individual is a first-degree relative of a patient
with pancreatic carcinoma and more than 2 affected genetically
related relatives. In addition, irrespective of a family history of
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pancreatic cancer, patients with Peutz-Jeghers syndrome, or
PRSS1 with hereditary pancreatitis or the CDKN2A mutation are
classified as high-risk. In addition patients with Lynch syndrome
and at least one first degree relative with pancreatic cancer or
patients with a germline variant in BRCA, PALB 2 and ATM genes
together with one first degree relative with PDCA are also indi-
viduals at high risk for developing pancreatic cancer [10].

Methods for early detection

Screening in most high-risk patients should start at the age of
50 or 10 years earlier than the earliest case of pancreatic cancer
known in the family. Certain subgroups at very high risk need
to be screened earlier. Those with Peutz-Jeghers syndrome
(STK11/LKB1) at age of 35, those with hereditary pancreatitis
(PRSS1) at age 40. In addition, patients with familial atypical
multiple mole melanoma syndrome (CDKN2A) also need to be
screened at the age of 40.

Conventional axial imaging is not sensitive enough for early
detection of PDAC [17]. High resolution CT scan appeared to be
more promising [18] but is still not recommended in guidelines.
Retrospective studies of CT scans performed for other indica-
tions show no evidence of stage 4 disease 6 months before the
diagnosis of PDAC was made, which supports the benefit of
early detection [17].

MRI and Endoscopic Ultrasound (EUS) are the most com-
monly used imaging modalities. The most commonly used di-
agnostic imaging tests are either MRI or EUS, which are more
sensitive for detecting small cystic lesions as compared to CT
scanning. MRCP provides a better determination of cyst com-
munication with the main pancreatic duct [19] MRI may have
less sensitivity in detecting small solid lesions as compared to
EUS [20].

Furura et al. [21] have recently published a case of high
grade pancreatic intraepithelial neoplasia diagnosed by MRCP.
This suggests that there maybe an increase in the sensitivity of
MRI with newer machines and more experience.

Strategy for screening high risk patients

Screening for carcinoma of the pancreas by the use of bio-
markers such as CA 19-9 is at present insensitive. One study of
546 patients with at least one affected relative found elevated
CA19-9 in 4.9%. Of these a neoplastic or malignant lesion was
detected on EUS in only 5 patients (0.9%) and only one was a
pancreatic adenocarcinoma [22]. Despite this, there is still a
recommendation in International Guidelines for Cal19-9 deter-
mination [7,23]. Axial imaging by means of CT is insensitive for
the small sized PDAC. There is a need for invasive testing such as
Endoscopic Ultrasonography (EUS) in order to assist in making
the diagnosis.

Pancreatic cysts seen on imaging are a common incidentalo-
ma. A study of 20,515 patients aged more than 50 found an
IPMN in 231 (10.9%) [24]. There are International Guidelines
for surveillance of pancreatic cysts- the most recent are of the
AGA for neoplastic pancreatic cysts and from Kyoto in Japan for
the management of IPMNs (intraductal papillary neoplasm of
the biliary tract). Branch-duct IPMNs with no high-risk features
such as size greater than 3 cm, a dilated main pancreatic duct,
a mural nodule or a solid mass) may stop having surveillance if
there is no change after 5 years.

There is also an increased risk of pancreatic cancer in chronic
pancreatitis [25]. The risk is increased by 22.6 times and the

risk in hereditary pancreatitis is increased by 63.4. For those
patients with P/LP germline variants in PRSS1 or other heredi-
tary pancreatic genes and a clinical phenotype consistent with
pancreatitis, screening should start 20 years after the onset of
pancreatitis or at age 40- whichever is earlier. Screening is not
recommended currently in cases not associated with hereditary
pancreatitis.

New Onset, Diabetes (NOD), after the age of 50 resultsina 6
to 8 times increased risk of PAD within three years [26]. About
20% of patients with PD will also have NOD and approximately
one percent of the patients with NOD will have a diagnosis of
PDC made in the subsequent three years [18]. Upon diagnosis
of PDAC impaired glucose tolerance is present in about 75% of
patients [26-30]. In the Nurses Health Study and a health pro-
fessionals follow-up study over 30 years there were 112,818 fe-
males and 46,207 men. 1116 cases of pancreatic cancer were
diagnosed. New-onset diabetes mellitus (HR 2.97), in the pres-
ence of weight loss greater than 4 kg (HR 6.75) resulted in a
marked increase in the risk for developing PDCA. Older age,
a previously healthy weight and no intended weight loss in-
creased the risk further [31]. In addition, diabetes mellitus is is
more prevalent in PDAC compared to controls (47% vs 7%) [27].

This indicates it may be possible to detect PDA earlier in pa-
tients with NOD. The Enriching New- onset Diabetes for Pancre-
atic Cancer (ENDPAC) score stratified those patients with NOD
into those at very low risk, intermediate risk, and very high risk
for developing PDAC [26].

The ENDPAC model has recently been validated in a cohort
of 6301 patients with NOD based on HBAILC levels. The Area
Under the Curve (AUC) was 0.72 [32] sensitivity and specificity
were 80%.

We present in the Figure our approach to screening for early
PDCA.

NOD
meets criteria by 2 of FBG>126/A1C>6.5/RBG>200
at least one documented normal value 2-18m ago
no anti diabetic medications
No acute comorbidity of serious iliness
No steroid use
No significant weight gain

‘Younger patients (?<60)
No weight loss
No other risk factors ENDPAC score >3

L Defer screening \— Initiate screening L

Figure 1: Suggested approach for initiating screening for PDCA
based on the diagnosis of new onset diabetes.

Associated weight loss

Known other risk
Older age ! A

(cysts or germline mutation)

Intensify surveillance

Table 1: Gene mutations associated with an increased risk for
carcinoma of the pancreas.

Genes Odds Ratio
CDKN2A 12.33
TP53 6.70
MLH 1 6.66
BRCA2 6.2
ATM 5.71
BRCA1 2.58
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A new model for early detection of PDCA has been proposed.
This is based on defining a high-risk group for PDAC, enriching
it to further define a very high risk group and to find the malig-
nant lesion in this very high-risk group [33].

The established risk factors for PDAC include the number
of first degree relatives with a history of PDAC [23]. The risk is
higher in those with at least two first degree relatives. In addi-
tion, there are inherited syndromes that predispose to PDCA
including hereditary breast and ovarian cancer with BRCA,,
BRCA,, PALB,, familial polyposis with APC mutations, heredi-
tary pancreatitis with PRSS, mutations and the Lynch syndrome
[9,34]. There are also germline mutations linked to pancreatic
cancer [16]. These include ATM and CDKN_A.

Certain lifestyle choices have been linked with a higher risk
for developing PDCA. Cigarette smoking increases the risk for
pancreatic cancer [7,8]. The risk increases with the amount
of cigarettes consumed [13,14,17]. Excess risk decreases with
smoking cessation. In a prospective study, the relative risk of
pancreatic cancer among current smokers was 2.5 [18]. The risk
fell by 48 percent by two years after discontinuing smoking and
leveled off 10 to 15 years after stopping, eventually falling to
the level of nonsmokers. It has been estimated that cessation
of smoking could eliminate approximately 25 percent of pan-
creatic cancer deaths in the United States [15,18]. High BMI and
physical inactivity are also risk factors for PDAC.

The ability to identify those high-risk individuals will aid in
making early diagnosis of PDAC possible. Attention has been
turning to liquid biopsy. This refers to assaying cancer-related
material from a blood sample for changes in DNA, RNA, pro-
teins and other substances [25]. There are limitations to detec-
tion from blood. Serum Cal9-9 is elevated in pancreatitis and
cholestasis, and, in addition, between 10 and 20% do not pro-
duce this marker. Methylated DNA markers such as cfDNA and
CtDNA have a lower sensitivity for early-stage cancers and are
limited in detecting high grade dysplasia.

Testing of cyst fluid after aspiration by EUS may assist in de-
termining the cyst subtype. KRAS and GNAS mutations are pres-
ent in IPMN [35].

The accuracy of this for EUS, CT and MRI imaging may in-
crease through the application of artificial intelligence [36].
There are several reports that a radiomics-based machine
learning model can predict pancreatic cancer 3 months to 3
years before the clinical diagnosis can be made [37]. In addi-
tion, there is an enhancement for detection of visually occult
small pancreatic tumors with a sensitivity of 80% for T1 tumors
on contrast CT images [38].

Conclusion

Cancer of the pancreas has a historically very poor prognosis.
Current efforts are concentrated on identifying those patients
at high risk for the disease in order to develop a cost-effective
screening program. This is based on family history, lifestyle
risk factors, genetic mutations and metabolic disorders espe-
cially new-onset diabetes and insulin resistance. We discuss this
strategy and the central importance of diabetes in aiding the
diagnosis.
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