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Abstract

Background/Aims: We aimed to investigate incidence, characteristics, and possible risk factors of pancreatic
cancer in patients under observation for hepatocellular carcinoma (HCC) because the association of hepatitis
virus B infection and pancreatic cancer has been reported.

Patients and Methods: We performed a retrospective cohort study in the Gastroenterology Department of
a University Hospital in Japan between 2004 and 2012. A total of 1848 patients who underwent treatment
for HCC were included at the initiation of treatment for HCC (mean follow-up period, 33.6 months). The
patients received trimonthly radiological follow-ups. Newly developed cases of pancreatic cancer during
follow-up for HCC were compared with that of an age- and sex-matched theoretical cohort from national
statistics. Possible predisposing factors for pancreatic cancer related to HCC were assessed. Cumulative
probabilities of developing a pancreatic cancer were compared using log-rank test.

Results: About 13 of 1848 patients developed pancreatic cancer (mean follow-up period, 45.2 months).
The risk ratio for all patients was 3.02 (log-rank test: P =0.01). Statistical analyses showed no effects of
the following factors on the development of pancreatic cancer: age, sex, follow-up period, alcohol intake,
laboratory data, presence of hepatitis virus, characteristics of HCC, type of treatment, number of radiological
examinations, and cumulative effective dose.

Conclusions: Increased incidence of pancreatic cancer was found in patients under observation for HCC in a
relatively small cohort. HCC or other common underlying conditions might be a risk factor for development
of pancreatic cancer.
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INTRODUCTION in the United States,!! Japan,” and other developed

countties.”! The disease has a very poor prognosis, with 6%

Pancreatic adenocarcinoma is the fourth to fifth leading  of patients surviving for 5 years!”l and only 20% of patients

cause of death from cancer in both males and females
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undergoing surgery, which is the only curative treatment
for the disease.l! Known risk factors for pancreatic
adenocarcinoma include smoking, long-standing diabetes
mellitus, obesity, nonhereditary and hereditary chronic
pancreatitis, and a few genetic syndromes.’”! Some previous
studies have suggested that chronic hepatitis B virus (HBV)
infection is also associated with an increased incidence of
pancreatic cancer, but hepatocellular carcinoma (HCC) has
not been reported as a risk factor until now.*”! Repeated
computed tomography (CT) has also been reported to
increase the rates of solid cancers because diagnostic X-rays
have the potential to break double-stranded DNA;!*!
however, CT has not been reported to increase the risk
of pancreatic cancer.'” The present preliminary study
aimed to explore incidence, characteristics, and possible
risk factors of pancreatic cancer in patients with HCC
in light of wviral hepatitis infection, HCC, and radiation
exposure due to repeated upper-abdominal CT performed
in follow-up of HCC.

PATIENTS AND METHODS

Our Institutional Review Board approved this
STROBE-compliant single-center, retrospective cohort
study and waived informed consent. However, written
informed consent for prospective data collection was
obtained from all patients. All experiments and methods
in this study were performed in accordance with the
Declaration of Helsinki.

Patients

The cohort group included all patients who were
referred to the Gastroenterology Department of
our University Hospital between January 2004 and
May 2012 and who underwent treatment for HCC
(initial or secondary treatment). They were selected
as the cohort because they underwent trimonthly
periodic dynamic CT examinations and had a better
prognosis (average survival at our institution is 6.4 years)!"!
than patients with pancreatic adenocarcinoma. This cohort
has been reported in our previous study on precancerous
findings of pancreatic adenocarcinoma on CT, which did
notinvestigate the same hypothesis as the present study.!'¥

Clinical data collection

The following patient data were collected before treatment
of HCC at our institution: age, sex, body mass index,
amount of daily alcohol intake, laboratory data, background
liver condition, presence or absence of ascites and
encephalopathy at the initial assessment for HCC, type of
subsequent HCC treatment, follow-up period, and time
and amount of radiation exposure (CT, angiography).
The presence of diabetes mellitus was not strictly assessed

because collection of data on diabetes was not performed
in patients being treated for HCC. The patients received
trimonthly radiographic follow-up examinations for HCC;
most underwent four-phase liver CT, and others underwent
magnetic resonance imaging (MRI), noncontrast CT, and
ultrasonography. Board-certified staff radiologists assessed
the images for HCC and screened the pancreas for the
presence of pancreatic adenocarcinoma. A diagnosis of
pancreatic cancer was made when a specimen of pancreatic
adenocarcinoma was obtained surgically or by image-guided
biopsy (pathological diagnosis) or a combination of typical
image findings was observed (clinical diagnosis). The
patients who developed pancreatic cancer were included in
the case group. The date of diagnosis was determined by
the date on which the specimen of pancreatic cancer was
obtained for cases with pathological diagnosis and by the
date on which the pathological diagnosis was abandoned
when the diagnosis of pancreatic cancer was considered
neatly definitive on clinical basis. Staging was based on
the AJCC Cancer Staging Mannal, 6™ and 8" editions, by
the American Joint Committee on Cancer,™'" and the
7" edition of the General Rules for the Study of Pancreatic
Cancer, by the Japan Pancreas Society (JPS2016).""

Expected rate of pancreatic cancer for an age- and
sex-matched theoretical cohort

The expected rate per year of development of pancreatic
cancer for each patient in the cohort adjusted by age and
sex was calculated on the basis of the pancreatic cancer
incidence by 5-year age groups from the National Cancer
Statistics retrieved from the Center for Cancer Control
and Information Services in Japan, multiplied by the
follow-up period and then integrated for the cohort and
subgroup.” Data from the American National Cancer Data
Base (1992-1998) were retrieved for reference.!'™

Estimation of radiation dose

For estimation of the radiation dose, the whole database
of CT examinations in our institution was retrieved. The
reference radiation dose was determined by averaging
the radiation doses in 20 sample studies for each body
CT protocol that included the pancreas. The number of
CT studies, the CT dose index, and the effective dose
(dose length product X normalized effective dose) were
calculated for each patient in the cohort and case groups.!"”
Assessment of radiation exposure caused by angiography
and radioactive scans was abandoned because the data
were incomplete.

Statistical analyses

The incidence of pancreatic cancer and the amount
of radiation dose due to radiological examinations
were calculated. For univariate analyses, nominal data
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were analyzed by Fisher’s exact test and numerical
data were analyzed by the #test. Multiple regression
analysis was performed to assess the effect of radiological
examinations on the development of pancreatic cancer.
Significant variables in univariate analyses were used in
this multivariate analysis. All P values were two-sided, and
P values <0.05 were considered as indicative of statistical
significance. Family-wise error was corrected by the
Bonferroni method. All statistical analyses were performed
by using EZR (Saitama Medical Center, Saitama, Japan),
which is a graphical user interface for R version 3.2.2
(The R Foundation for Statistical Computing).*!

RESULTS

Patient characteristics

A total of 1848 patients with HCC were included in
the study and were evaluated before treatment of HCC.
No pancreatic cancer was observed at inclusion. During
treatment for HCC, 13 patients developed pancreatic
cancer. About 9 of the 13 patients were histologically
confirmed to have pancreatic adenocarcinoma, and the
other four patients were clinically diagnosed as having
exocrine pancreatic cancer by typical findings of pancreatic
mass on CT, MRI, ultrasonography, laboratory data,
and clinical course and were subsequently treated by
chemotherapy, radiation, or best supportive care. About
3 of the 13 patients had possible synchronous intraductal

mucinous neoplasms at sites different from that of
the pancreatic cancer. Specimens of the pathologically
diagnosed cases of pancreatic cancer had unexceptional
findings of pancreatic adenocarcinoma. The demographics
of the patients in the cohort and case groups are presented
in Table 1. A comparison of the clinical data is also
presented in Table 1, which includes factors associated
with obesity, alcohol intake, hepatitis viral infection, HCC,
and portal hypertension, between the cohort and case
groups and shows no predisposition to pancreatic cancer.
No hereditary or genetic syndrome was known for these
13 patients.

Incidence of pancreatic cancer

The expected and observed numbers of patients with
pancreatic cancer in the cohort adjusted by age, sex, and
follow-up period are shown in Table 2. Compared with
the general population, a three-fold greater incidence of
pancreatic cancer was observed in the cohort of patients
receiving HCC treatment. The male-to-female ratio in the
cohort was similar to that in the population. Kaplan—Meier
curves show cumulative increased probabilities of
developing pancreatic cancer in the cohort compared with
a population model matched for age, sex, and follow-up
period derived from the National Cancer Statistics in
Japan [Figure 1]. The P values according to the log-rank
test for all patients, male patients and female patients were
0.01, 0.06 and 0.10, respectively.

Table 1: Demographics of the patients in the cohort and case groups

Characteristic Cohort group (n=1848) Case group (n=13) P
Age (year) 68.5(9.4) 71.2 (5.5) 0.12
Male 1225 [67%] 8 [62%] 0.77
Observation period (month) 34.4 (24.3) 50.0 (27.9) 0.78
Body mass index (kg/m?) 23.5(3.6)° 23.0(2.3) 0.47
Alcohol intake (>50 g/day) 482 [26] 4[31] 0.75
Initial therapy at our institution 1121 [60%] 8 [62%)] 0.78
Initial regimen
PEIT/RFA 1450 [78%] 12 [92%) 0.32
TACE 315 [17%] 1[8%] 0.71
Chemotherapy 52 [3%] 0 [0%] 1
Best supportive care 40 [2%] 0 [0%] 1
Radiation 3 [0%] 0 [0%] 1
Molecular targeted drug therapy 1 [0%] 0 [0%] 1
Maximum diameter of HCC (mm) 27 (17)* 24 (10) 0.33
No. of HCC lesions 2.4 (2.9)¢ 1.9 (1.0) 0.11
Aspartate aminotransferase (IU) 60 (40) 70 (42) 0.44
Alanine aminotransferase (IU) 53 (41) 61 (44) 0.50
Total bilirubin (mg/dL) 1.1 (1.3) 0.9 (0.6) 0.34
Albumin (g/L) 3.6 (0.5) 3.6 (0.4) 0.58
HBs antigen positive 245 [13%] 1[8%] 1
HCV antibody positive 1290 [70%] 10 [77%] 0.77
Non-B, non-C hepatitis 313 [17%] 1[8%] 0.71
Ascites 379 [21%] 1 [8%] 0.47
Encephalopathy 51 [3%] 0 [0%] 1

Results are given as the mean (standard deviation) or n [%]. HBs: Hepatitis B surface, HCC: Hepatocellular carcinoma, HCV: Hepatitis C virus,
PEIT: Percutaneous ethanol injection therapy, RFA: Radiofrequency ablation, TACE: Transcatheter arterial chemoembolization. TData unavailable in
30 cases (not included). *Unmeasurable in 27 cases with diffuse-type HCC (not included). SUncountable in 38 cases and data unavailable in four cases

(not included)
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Table 2: Expected and observed number of patients with
pancreatic cancer (adenocarcinoma) in the cohort adjusted
by age, sex, and follow-up period

Patients Expected Observed Relative risk
No. (/105) No. (/105) (95% Cl)

All 4.30 (232.7) 13 (802.6) 2.62* (1.30-5.29)

Male 3.03 (247.3) 8 (703.5) 3.94* (1.63-9.52)

Female 1.27 (203.9) 5(653.1) 3.02* (1.72-5.25)

CI: Confidence interval. *Statistically significant

Effect of radiological examinations

The calculated reference radiation dose indexes (mGy) for
pancreas determined by using CT were as follows: chest
protocol, 13.0; abdomen to pelvis, 20.0; chest to pelvis, 20.8,
and multiphasic abdomen, 98.1. A summary of radiological
examinations of the cohort and case groups is shown in
Table 3. The number of exposures and the cumulative dose
of radiation exposure were larger in the case group than in
the cohort group. Multivariate analyses found no effects
of cumulative radiation exposure on the development
of pancreatic cancer by CT, time of CT examination,
or follow-up period, even after multicollinearity was
considered. The forest plot of the potential risk factors
for pancreatic cancer is depicted in Figure 2.

Clinical course of pancreatic cancer coexisting with
HCC in the case group

Pancreatic cancer developed in 13 patients in the case
group 50 months after enrolment in the study on
average (range, 10—95 months) [Table 2]. The clinical
stage was lower in the case group than in the reported
National Cancer Statistics of pancreatic cancer [Figure 3].
The treatment targeting pancreatic cancer was as follows:
surgery alone, two patients; surgery and chemotherapy,
four; chemotherapy alone, three patients; chemotherapy
and proton radiation therapy one, and best supportive
care, three. Margin-negative resection was successful
in all resected cases. Most patients died of pancreatic
cancer; overall survival was 22.3 months after diagnosis
of pancreatic cancer (for four patients diagnosed without
pathology, 9.7 months) (updated 9 January 2017).

DISCUSSION

In this study, the incidence of pancreatic cancer was
increased three-fold in a cohort of patients undergoing
treatment for HCC compared with that in the general
population.
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Figure 1: Kaplan—Meier curves show the cumulative probabilities of developing pancreatic cancer during observation for hepatocellular
carcinoma (HCC) in a cohort of patients who underwent treatment for HCC in a Department of Gastroenterology (solid lines in a-c) and in a
theoretical model of an age-, sex, and follow-up period-matched population that included the same number of subjects calculated from the
National Cancer Statistics in Japan (dotted lines in a-c). Therefore, the numbers at risk are the same for the two groups. Disease-free survival
of pancreatic cancer was shorter in the cohort than in the theoretical model. The P values according to the log-rank test for (a) all patients
(male and female combined), (b) male patients, and (c) female patients were 0.01, 0.06, and 0.10, respectively
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Figure 2: Forest plot shows the odds ratios for the development of
pancreatic cancer in the cohort group for the four top potential risks
in terms of total radiation exposure during the observation period
and length of follow-up period calculated by comparison of the
cohort and case group. There were no significant increased risks
for development of pancreatic cancer according to the number of
computed tomography (CT) studies per patient, CT dose index per
patient, effective dose per patient, and follow-up period, even after
multicollinearity was considered. NS, not significant

We found that most of the pancreatic cancers in patients
with HCC occurred at an earlier stage than that in the
pancreatic cancers in the population. This finding may be
because the patients in our study were periodically followed
up by CT, and thus, cancers were more likely to be detected.
The patients in our study had a better prognosis because
they had a greater chance to receive a curative operation
at an earlier stage than that of the patients reported in
the statistics. Otherwise, our patients had pathologically
unexceptional common pancreatic adenocarcinomas and
unexceptional clinical courses when clinical stages were
matched. Lead time bias should be considered when eatly
diagnosis of cancers is made but lead time bias would not
be a consideration with pancreatic cancer because of its
Very poor prognosis.

Known risk factors and established genetic syndromes
associated with pancreatic adenocarcinoma include
smoking, long-standing diabetes mellitus, nonhereditary
and chronic pancreatitis, obesity, and genetic syndromes,
such as hereditary pancreatitis, hereditary breast and ovarian
cancer syndromes, and Peutz—Jeghers syndrome, among
others.’! In this study, we assumed several reasons for the
increased risk of pancreatic cancer: history of infection
with hepatitis virus, chronic inflammation associated with
viral hepatitis infection, radiological findings associated
with cirrhosis and portal hypertension, and repeated
radiation exposure due to CT examinations for HCC.

A Taiwanese cohort study, REVEAL-HBYV, found that
HBYV infection was associated with a two-fold increased

risk of pancreatic cancer, most notably in women,
people =50 years of age, nonsmokers, and nondrinkers.
An increased risk of pancreatic cancer was observed for
hepatitis B surface antigen-seropositive persons with active
HBYV replication.”! The mechanism is speculated to be a
result of acute or chronic inflammation due to infection
by HBV because intrapancreatic HBV viral particles and
elevated pancreatic enzymes are found in patients with
HBV,?"#1 although there is insufficient evidence on this
question. A population-based study revealed that the risk
of pancreatic cancer was slightly elevated in people with
hepatitis C virus (HCV) (hazard ratio, 1.23—1.32) but was
attenuated after adjustment for alcohol use, pancreatitis,
and other variables.” In this study, >10 other factors,
including HBV and HCV infection and findings associated
with cirrhosis, were compared between the cohort and case
groups, but no predisposition to pancreatic cancer was
detected. However, the prevalence rates of viral hepatitis
infection, HCC, and other HCC-associated factors were
higher in the cohort group than in the Japanese population:
approximately 3% for HBV and HCV infections and
30.7 per 100,000 person-years for HCC.* Therefore, the
statistically negative results in this study neither support
nor deny the effect of viral hepatitis infection or HCC on
the development of pancreatic cancer.

Chronic pancreatitis is one of the major factors that
increases the incidence of pancreatic cancer.” The
mechanism is speculated to involve accumulation of
mutations and clonal expansion that are indirectly caused
by recurrent pancreatitis and chronic inflammation.?’)
However, in this study, no relationship was found between
the development of pancreatic cancer and the amount of
alcohol intake or radiographic signs of chronic pancreatitis.
Chronic Helicobacter pylori infection can affect both the
stomach and pancreas and may be a potential risk factor
for chronic pancreatitis and, therefore, also a risk factor

Table 3: Summary of radiological examinations of the cohort
and case groups

Variable Whole Cohort Case
database group group
(n=1,848) (n=13)
No. of patients (dose data available) 69,640 1,741 13
No. of CT studies (dose data available) 283,158 26,546 282
No. of CT studies per patient 4.1 14.4 21.7*
No. of abdominal angiographies per patient NA 0.437 1.69
No. of radioactive scans per patient NA 0.157 1.07*
Cumulative CTDI per patient (mGy) 144 1,031 1,680*
Cumulative effective dose per patient (mSv) 65 351 560*
Follow-up period (mo.) NA 33.6 50*

CT: Computed tomography, CTDI: Computed tomography dose index,
NA: Not available. *Statistically significant before and statistically
nonsignificant after family-wise correction compared with the cohort group
(P=0.02-0.03). "Average of randomly chosen data from 112 subjects
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Figure 3: Distribution of pancreatic cancer by clinical stage is depicted
in the case group and in the National Cancer Database of the United
States (1992-1998) classified according to the Cancer Staging
Manual, 6" edition (AJCC6, 2002), 8" edition (AJCC8, 2016) by the
American Joint Committee on Cancer and the 7' edition of the General
Rules for the Study of Pancreatic Cancer by the Japan Pancreas
Society (JPS2016, 2016). The clinical stage of pancreatic cancer was
lower in the case group than in the reported national statistics, which
means that pancreatic cancers in the patients with hepatocellular
carcinoma were detected at an early stage

for pancreatic cancer,’** but H. pylori infection was not
assessed in this study.

At the beginning of the study, we hypothesized
that radiation exposure due to repeated radiological
examinations for HCC might increase the incidence of
pancreatic cancer. The calculated reference radiation
dose at our institution was similar to that in a previous
report.'’! There is strong epidemiological evidence that
the relationship between radiation exposure and solid
cancer induction is approximately linear for intermediate
doses of approximately 0.15-1.5 Gy, the range of doses
received by the patients in this study.' CT scans are
reported to increase the risk of solid cancers in children
and adolescents, and the risk decreases with age at first
exposure.'"?! CT-induced cancer reportedly has a variable
incubation period ranging from 1 to 30 years.!'"*
However, there is no reported evidence that radiation
exposure increases the risk of pancreatic cancer, and no
increase has yet been observed in death from pancreatic
cancer among atomic bomb survivors in Hiroshima and
Nagasaki."” In this study, the patients in the cohort received
a larger number of CT examinations than that of the
Japanese population (10.3/107° times per yeat).P!) There
was no significant relationship between pancreatic cancer
and radiation. Hence, it is unlikely that pancreatic cancer
was induced by CT examinations.

The study has some other inherent limitations. This study
was not designed to determine the reasons for the increase

in pancreatic cancer and did not include full check-ups
for smoking history and diabetes mellitus because the
patients in the cohort were treated for HCC. The study
was performed in a single high-volume center, and a
multicenter approach is required to further investigate and
confirm our results.

In conclusion, increased incidence of pancreatic cancer was
found in patients under observation for HCC in a relatively
small cohort. History of HCC or common undetlying
conditions might be a risk factor for development of
pancreatic cancer, which needs further investigation.
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