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Risk of head and neck cancer after chronic pancreatitis
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Background: To evaluate the relation of head and neck cancer to chronic pancreatitis by analyzing
Taiwan’s National Health Insurance Research Database.

Methods: We identified 11,237 patients with chronic pancreatitis as the case cohort, which was propensity
score matched with another 11,237 patients without chronic pancreatitis by sex, age, index year, and
comorbidities. We followed both cohorts between January 1, 2000, and December 31, 2011 to measure the
incidence of head and neck cancer.

Results: Compared with patients without chronic pancreatitis, those with chronic pancreatitis were
associated a greater risk of head and neck cancer [adjusted HR (aHR) =1.31, 95% confidence interval (CI):
1.07-1.60] and had a higher incidence of head and neck cancer (log-rank test, P<0.001). The experimental
event rate of head and neck cancer for the chronic pancreatitis cohort was 1.90% (213/11,237) and control
event rate of head and neck cancer for the non-chronic pancreatitis cohort was 1.60% (180/11,237),
respectively. Therefore, the chronic pancreatitis cohort had a 0.30% of absolute risk increase and
approximately 333 of number needed to harm for the development of head and neck cancer, respectively.
Compared with the individuals without chronic pancreatitis and any other comorbidity, the risk of head and
neck cancer for the chronic pancreatitis patients without comorbidities was 2.79 folds and the risk increased
to 4.32, 3.33, 3.22, 4.44, and 5.78 folds in the presence of any one, any two, any three, any four, and more
than five comorbidities, respectively.

Conclusions: Chronic pancreatitis is related to an increased risk of head and neck cancer, and the presence
of comorbidity increases the risk more. It requires more studies to find more co-existing risk factors or
comorbidities to recommend a screening program for the CP patients. Moreover, it needs more studies to
ascertain the pathogenesis for the aforementioned association and the limited knowledge of the patients'

smoking habits and alcohol drinking is the major limitation of this observational study.
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Introduction

Head and neck cancer (HNC) ranks as the seventh among
the top common cancers globally, and approximately half
a million cases are diagnosed annually (1). HNC consists
of primary cancers originating from the paranasal sinuses,
nasal cavity, salivary glands, oral cavity, pharynx, and larynx.
Oral and laryngeal cancers are the commonest subtypes of
HNGCs, and Taiwan had an annual incidence of 22/100,000
for oral and pharyngeal cancers in 2011 (2). Tobacco and
alcohol have been well-recognized to be closely associated
with the development of HNCs (3). The incidence of
HNC varies substantially by sex, age, ethnic, environment,
socioeconomic situation, and comorbidities, such as male
sex and low socioeconomic status are reportedly associated
with increased risks of HNC (4). Studies have shown that
not only the direct healthcare costs but also indirect costs
due to substantial work loss are typically higher for patients
with HNC (5). Therefore, recognizing high risk individuals
for the development of HNC is important to ensure the
successful prevention, detection, and management of this
type of cancer.

Chronic pancreatitis (CP) can result in endocrine
or exocrine insufficiency due to chronic progressive
inflammation and irreversible pancreas damage (6). Heavy
alcohol consumption, which is observed in approximately
70-80% of CP patients, is the most common etiology of
CP (7). The positive correlation between smoking and CP
is also highly consistent with a dose-dependent effect in
epidemiologic studies (6). The clinical diagnostic standard
for CP mainly depends on image findings of irreversible
pancreas damage, such as calcifications, stones, and duct
stricture or dilatation (8,9). The reported prevalence of
CP ranges between 3 and 42 per 100,000 population, and
investigations of chronic pancreatitis have mainly focused
on the functional insufficiency of the pancreas, pancreatic
cancer, chronic pain, and alcohol abstinence (9,10).

Chronic pain, the commonest symptom of CP, can
profoundly decrease mental and physical quality of life
(11,12). Therefore, most clinicians overlook the risk
of HNC and deviate to the management of pancreatic
insufficiency, abdominal pain, and the psychological effects
of CP (6,10,12-15). The Taiwan government has provided
the citizens with habits of tobacco or betel nut consumption a
nationwide screening program for oral cancer since 2004 (16).
Some CP patients with the aforementioned habits might
have received oral cancer screening. However, there was
no nationwide implementation of screening program for
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HNC in Taiwan and no literature has studied the risk
of HNC for the CP patients. An evidence-based survey
must be conducted to assess the risk of HNC in patients
with CP. With the hypothesis that CP is associated with
the development of HNC, we analyzed Taiwan’s National
Health Insurance Research Database (NHIRD) to assess the
aforementioned association. However, we cannot ascertain
the pathogenesis in this population-based observational
study.

Methods
Patient and public involvement

The Taiwan National Health Insurance (NHI) program
has been launched since March 1, 1995 and has provided
over 99.6% of the 23 million residents with healthcare in
Taiwan. We used the claims data for hospitalization of the
NHI program in Taiwan, the LHID2000 (Longitudinal
Health Insurance Research Database 2000) of the NHIRD, to
conduct this retrospective nationwide cohort study (17). The
NHIRD was administered by the National Health Research
Institutes for medical research (http://nhird.nhri.org.tw/)
(18,19). We made the disease coding based on the 2001
International Classification of Diseases, Ninth revision,
Clinical Modification ICD-9-CM) for disease coding. We
identified the patients aged >20 years with newly identified
CP (ICD-9-CM: 577.1) between 2000 and 2011 as the
case cohort, and we appointed the date of CP identification
as the index date. We randomly selected the individuals
without known CP through 1:1 propensity score matching
with the study cohort by sex, age (in 5-y intervals),
occupation, urbanization level, index year, monthly income
(New Taiwan dollar; NTDs), and comorbidities as the
control cohort. The patients without known age or sex and
those with identified malignancy ICD-9-CM 140-208) were
excluded from the CP and non-CP cohorts (as Figure I). The
disease event of this study was HNC (ICD-9-CM 140-149,
161). We follow each patient from the index date to the
development of HNC, withdrawal from the NHI program
due to death or emigration, or Dec. 31, 2011. Patients
would be censored when the cause of death, either cause-
specific and non-cause-specific, could not be identified. The
death cause and the ascertainment of HNC was made based
on the data retrieval from the Death Certificate Registry
and the Catastrophic Illness Registry, respectively. The
cause of death should be reported to the Death Certificate
Registry, administered by the Ministry of the Interior, based
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Newly diagnosed chronic
pancreatitis in 1998-2010.
(n=18,077)

Excluded patients with cancer
before index date (n=624), under
20 years of age (n=112) and
missing information about age or
sex(n=4)

Unmatched (n=6,100)

\

Chronic pancreatitis cases
without cancer at baseline.
(n=11,237)
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Subjects without chronic
pancreatitis

Using the same
exclusion criteria
as the chronic
pancreatitis
cohort and 1:1
matching by the
propensity score
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Finally 11,237 controls were
selected

y

Total 22,474 chronic pancreatitis cases and control subjects in the
study cohort. Follow-up until diagnosis of head and neck cancer or
the time of subject was censored, death, or up to the end of 2011.

Figure 1 The selection process of identifying relevant subjects for the two retrospective cohort studies.

on the doctor’s certification. Patients with HNC can apply
for the exemptions of reimbursement copayment with the
Catastrophic Illness Certificate, audited by the Taiwan
Ministry of Health and Welfare (MOHW), based on the
doctors’ certification and the medical records. The coding
accuracy for the causes of death and cancer in Taiwan has
been validated previously (20,21).

The comorbidities analyzed in this study included
hyperlipidemia (ICD-9-CM 272), hypertension (ICD-9-
CM 401-405), COPD (chronic obstructive pulmonary
disease) (ICD-9-CM codes 491, 492, and 496), diabetes
(ICD-9-CM 250), CAD (coronary artery disease) ICD-9-
CM codes 410-414), alcohol-related illness ICD-9-CM
291, 303, 305, 571.0, 571.1, 571.2, 571.3, 790.3, A215, and
V11.3), stroke (ICD-9-CM 430-438), asthma (ICD-9-CM
493), and acute pancreatitis (ICD-9-CM 577.0).

Data sharing statement

We access the dataset after the approval of the Taiwan
MOHW. The contact information of MOHW includes
Address: No.488, Sec. 6, Zhongxiao E. Rd., Nangang Dist.,
Taipei City 115, Taiwan (R.O.C.); Email: stcarolwu@mohw.
gov.tw; and Phone: +886-2-8590-6848.
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Ethics statement

The NHIRD encrypted all the personal information, such
as claims information, including sex, date of birth, medical
services received, and prescriptions, by anonymous identi-
fication numbers to waive the patient consent for accessing.
This study has been approved by the Institutional Review
Board (IRB) of China Medical University (CMUH104-
REC2-115-CR4).

Statistical analysis

We analyzed the distributions of age, sex, monthly income,
urbanization level, occupation category, and comorbidities
by the chi-squared test. We compared the mean ages (SD),
frequency of medical visits (SD), and follow-up periods
(SD) between the two cohorts by the Student’s t test. We
used the Kaplan-Meier method to compare the HNC
incidence and the log-rank test to examine the differences
between the case and control cohorts. We stratified age, sex,
occupation category, urbanization level, monthly income,
and comorbidities to measure the incidence density rates
of HNC and assessed the risk of HNC by univariable and
multivariable Cox proportional hazards regression models.
The Cox model estimated hazard ratios (HRs) and 95%
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confidence intervals (Cls) after adjustment for age, sex,
frequency of medical visits, occupation, urbanization level,
monthly income, and comorbidity of hyperlipidemia,
hypertension, COPD, diabetes, CAD, alcohol-related
illness, stroke, asthma, and acute pancreatitis. The software
used for data analyses was SAS version 9.4 (SAS Institute,
Cary, NC, USA).

Results

The comparison of the demographic characteristics and
comorbidities between patients with and without CP is
shown in Table 1. This study examined CP and non-CP
cohorts, each consisting of 11,237 patients. The two cohorts
were well matched for age, sex, occupation, urbanization
level, monthly income, and comorbidity of hyperlipidemia,
hypertension, COPD, diabetes, CAD, alcohol-related
illness, stroke, asthma, and acute pancreatitis. The mean age
was 48.8+15.3 years in the CP cohort and 48.9+15.3 years
in the non-CP cohort, respectively. The mean frequency
of medical visits (medical visits/years of follow-up) was
0.31 [standard deviations (SD) =2.37] in the CP cohort and
0.13 (SD =1.33) in the non-CP cohort, respectively. Most
patients were 49 years or younger (62.9%), the majority
were male (83.2%), and the prevalence of CP decreased
with increasing age. In the study cohorts, the most common
comorbidities were alcohol-related illness (47.8%),
diabetes (34.3%), history of acute pancreatitis (31.6%),
hyperlipidemia (27.0%), and hypertension (25.2%). There
was no correlation between CP and monthly income or
urbanization level.

The cumulative incidence of HNC was higher in the
CP cohort than that in the non-CP cohort (log-rank test,
P<0.001), with an average follow-up duration of 4.87+
3.30 years for the CP cohort and 5.43+3.23 years for the
non-CP cohorts (Figure 2).

Table 2 compares the incidence densities of HNC
between both cohorts based on the stratification of their
demographic characteristics and comorbidities. Compared
with the non-CP cohort, the CP cohort had an increased
risk of INC [adjusted HR (aHR) =131, 95% CIL: 1.07—
1.60] after controlling age, sex, frequency of medical
visits, occupation, urbanization level, monthly income,
and comorbidity of hyperlipidemia, hypertension, COPD,
diabetes, CAD, alcohol-related illness, stroke, asthma,
and acute pancreatitis. The experimental event rate (EER)
of HNC for the CP cohort was 1.90% (213/11,237) and
control event rate (CER) of HNC for the non-CP cohort
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was 1.60% (180/11,237), respectively. Therefore, the
absolute risk increase (ARI) of HNC was 0.30% (EER-CER)
and the number needed to harm (NNH) was approximately
333 (1/ARI]) for the CP cohort. It should be noted that CP
was consistently related to the development of HNCs (crude
HR =1.33, 95% CI: 1.08-1.64; aHR =1.31, 95% CI: 1.06—
1.61) after excluding the possible human papilloma virus
(HPV)-related HNC with involvement of the oropharynx
sites, such as soft palate, tonsil, tonsil arch, base of tongue,
lateral wall and posterior wall (ICD-9-CM 141.0, 145.3,
145.4, 146). The EER of possible HPV-unrelated HNC for
the CP cohort was 1.70% (191/11,215) and control event
rate (CER) of HPV-unrelated HNC for the non-CP cohort
was 1.44% (161/11,218), respectively. Therefore, the ARI
of HPV-unrelated HNC was 0.26% and the NNH was
approximately 385 for the CP cohort (data not shown).

CP had a greater contribution to the sex-specific relative
risk of HNC for men (aHR =1.27, 95% CI: 1.04-1.56)
but not for women (aHR =3.69, 95% CI: 0.98-13.9).
Furthermore, CP had a greater contribution to the age-
specific relative risk of HNC for middle-aged patients (20—
49 years: aHR =1.20, 95% CI: 0.95-1.51; 50-64 years: aHR
=1.94, 95% CI: 1.24-3.01; and >65 years: aHR =0.88, 95%
CI: 0.34-2.33). Moreover, CP had a greater contribution
to the relative risk of HNC for the patients with a white-
collar job (aHR =3.12, 95% CI: 1.56-6.25), living in level
1 urbanization areas (aHR =2.23, 95% CI: 1.40-3.54), or
with a monthly income < New Taiwan Dolars (NTDs)
15,000 (aHR =1.46, 95% CI: 1.09-1.95). However, among
the occupation categories, it should be noted that blue-
collar job remained as an independent risk factor (aHR
=2.07, 95% CI: 1.42-3.00) for the development of HNC in
multivariable Cox proportional hazards regression model;
therefore, the contribution of CP to the development of
HNC was insignificant for patients with blue-collar jobs
(Table S1). The rate of HNC increased from 10.5/10,000
person-years for non-CP patients without comorbidities
to 21.4/10,000 person-years for CP patients without
comorbidities. Furthermore, the rate of HNC increased
from 35.8/10,000 person-years for non-CP patients with
comorbidities to 44.5/10,000 person-years for CP patients
with comorbidities. Notably, the contribution of CP to
the relative risk of HNC was greater for patients without
comorbidities (aHR =2.04, 95% CI: 1.10-3.77) than those
with comorbidities (aHR =1.24, 95% CI: 1.01-1.53).

Table 3 shows the combined effects of CP and
comorbidity on the development of HNC. The overall
incidence density rates of HNC in the CP cohort
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Table 1 Comparison of demographic characteristics and comorbidities between patients with chronic pancreatitis and controls

Chronic pancreatitis

Variables P value
Yes (N=11,237), n (%) No (N=11,237), n (%)
Age, years 0.79

20-49 7,062 (62.9) 7,012 (62.4)

50-64 2,202 (19.6) 2,231 (19.9)

>65 1,973 (17.6) 1,994 (17.7)

Mean (SD)? 48.8 (15.3) 48.9 (15.3) 0.80
Medical visits frequency, mean (SD)* 0.31 (2.37) 0.13 (1.33) 0.001
Sex 0.67

Female 1,883 (16.8) 1,859 (16.5)

Male 9,354 (83.2) 9,378 (83.5)

Occupation 0.99

White collar 1,585 (14.1) 1,580 (14.1)

Blue collar 4,145 (36.9) 4,147 (36.9)

Others* 5,507 (49.0) 5,510 (49.0)

Urbanization level' 0.99

1 (highest) 2,225 (19.8) 2,219 (19.8)

2 3,447 (30.7) 3,437 (30.6)

3 1,865 (16.6) 1,857 (16.5)

4 (lowest) 3,700 (32.9) 3,724 (33.1)

Monthly income (NTDs) 0.56

<15,000 5,508 (49.0) 5,511 (49.0)

15,000-19,999 1,075 (9.57) 1,030 (9.17)

>20,000 4,654 (41.4) 4,696 (41.8)

Comorbidity

Hyperlipidemia 3,036 (27.0) 2,978 (26.5) 0.38

Hypertension 2,829 (25.2) 2,740 (24.4) 0.17

COPD 623 (5.54) 574 (5.11) 0.15

Diabetes 3,857 (34.3) 3,858 (34.3) 0.99

CAD 1,026 (9.13) 989 (8.80) 0.39

Alcohol-related illness 5,371 (47.8) 5,378 (47.9) 0.93

Stroke 721 (6.42) 740 (6.59) 0.61

Asthma 358 (3.19) 309 (2.75) 0.05

Acute pancreatitis 3,552 (31.6) 3,551 (31.6) 0.99

Chi-square test examined categorical data; $, t test examined continuous; T, Urbanization was categorized into four levels according to
the population density of the residential area, with level 1 as the most urbanized and level 4 as the least urbanized; ¥, Other occupations
included primarily retired, unemployed, or low-income populations.
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Figure 2 Cumulative incidence of head and neck cancer in patients

with chronic pancreatitis and controls.

without any comorbidity and non-CP cohort without
any comorbidity were 3.29 and 1.05 per 10,000 person-
years, respectively. Compared with the non-CP individuals
without any other comorbidity, the risk of developing
HNC in CP increased from 2.79 (95% CI: 1.66-4.67)
when no comorbidities existed to 4.32 (95% CI: 2.49-7.49),
3.33 (95% CI: 1.87-5.93), 3.22 (95% CI: 1.79-5.79), 4.44
(95% CI: 2.39-8.25), and 5.78 (95% CI: 2.77-12.1) in the
presence of any one, any two, any three, any four, and five
or more comorbidities, respectively. In addition to only
chronic pancreatitis (aHR =2.79, 95% CI: 1.66-4.67),
among the comorbidities, multivariable analysis identified
that only hypertension (aHR =3.53, 95% CI: 2.12-5.89),
only CAD (aHR =5.50, 95% CI: 1.26-24.0), and only
alcohol-related illness (aHR =4.27, 95% CI: 2.37-7.70)
were the independent risk factors for HNC. Although
there was no case of HNC in those patients with only acute
pancreatitis, approximately 2.2% (156/7,103) of the patients
with history of acute pancreatitis, either accompanied by or
not accompanied by other comorbidities, finally developed
HNC, including 76 cases in the 3,552 CP patients with
history of acute pancreatitis and 80 cases in the 3,551 non-
CP patients with history of acute pancreatitis. Although
there was no case of HNC in those patients with only
COPD, approximately 1.3% (15/1,197) of the patients with
COPD, cither accompanied by or not accompanied by
other comorbidities, finally developed HNC, including 8
cases in the 623 CP patients with COPD and 7 cases in the
574 non-CP patients with COPD.
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Discussion

The most common comorbidities observed in patients with
CP included alcohol-related illness and history of acute
pancreatitis (7Tzble 1). Our findings support that alcohol
consumption may be the main cause of CP, although
NHIRD had no information on lifestyle or dietary habits.
In addition to alcohol-related illness and history of acute
pancreatitis, our findings support the association of CP
with diabetes, hyperlipidemia, hypertension, and CAD
(22,23). The possible pathogenesis for the aforementioned
association may be related to alcohol consumption and the
development of diabetes with consequent atherosclerosis.

CP remained closely associated with the development
of HNC after controlling age, sex, frequency of medical
visits, occupation, urbanization level, monthly income, and
comorbidities of hyperlipidemia, hypertension, COPD,
diabetes, CAD, alcohol-related illness, stroke, asthma, and
acute pancreatitis in Cox proportional hazards regression
models (7able 2). The cause of CP varies in different Asia-
pacific countries (24,25). CP would develop in 10% of
patients with initial diagnosis of acute pancreatitis and 36%
of patients with recurrent attacks of acute pancreatitis,
respectively (26). Furthermore, the course CP may be
insidious without prior history of acute pancreatitis (27).
We therefore control for acute pancreatitis in the matching
and the analysis. However, CP was consistently related to
the development of HNC (aHR =1.31, 95% CI: 1.07-1.59)
even though we did not consider acute pancreatitis as a
confounding factor in multivariable analysis (data not
shown). We did not include the patients with pre-existing
malignancy into our cohorts, and the selection bias remains
debated about the exclusion or inclusion of the patients with
pre-existing malignancy. Excluding patients with malignancy
may underestimate the risk of HNC for CP since the CP
cases will have had more cancers due to tobacco smoking,
alcohol dinking, or hereditary liability. However, including
patients with pre-existing malignancy will also raise the
concern of underestimating the risk of HNC for CP since
the CP cases may have died of more competing factors,
including malignancy, before the development of HNC.

CP had a greater contribution to the development of
HNC for male or middle-aged patients. Our findings
were consistent with the literature in showing that CP had
a greater contribution to the development of HNC for
patients with low incomes (28,29). However, occupation and
urbanization level could not consistently reflect the actual
socioeconomic status of the individuals to demonstrate
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Table 2 Comparison of the incidence densities of head and neck cancer in patients with and without chronic pancreatitis according to their

demographic characteristics and comorbidities

Chronic pancreatitis

Compared to control

Variables Yes No
Events PY Rate* Events PY Rate* Crude HR (95% Cl)  Adjusted HR'(95% CI)
All 213 54,670 39.0 180 61,043 29.5 1.32 (1.09, 1.62)** 1.31 (1.07, 1.60)**
Sex
Female 9 9,115 9.87 3 10,438 2.87 3.44 (0.93, 12.7) 3.69 (0.98, 13.9)
Male 204 45,555 44.8 177 50,604 35.0 1.28 (1.05, 1.57)* 1.27 (1.04, 1.56)*
Age, years
20-49 154 36,854 41.8 138 39,363 35.1 1.19 (0.95, 1.50) 1.20 (0.95, 1.51)
50-64 54 10,175 51.1 32 12,209 26.2 1.94 (1.25, 3.01)* 1.94 (1.24, 3.01)*
>65 7 7,641 9.16 10 9,471 10.6 0.87 (0.33, 2.28) 0.88 (0.34, 2.33)
Occupation
White collar 30 8,178 36.7 11 9,161 12.0 3.06 (1.53, 6.10)** 3.12 (1.56, 6.25)**
Blue collar 79 20,547 38.5 87 21,763 40.0 0.96 (0.71, 1.31) 0.96 (0.71, 1.30)
Others? 104 25,945 40.1 82 30,119 27.2 1.48 (1.11, 1.98)* 1.46 (1.09, 1.95)*

Urbanization level®

1 (highest) 53 10,663  49.7 27
2 64 17,110 374 66
3 33 9,395 35.1 32
4 (lowest) 63 17,503  36.0 55

Monthly income (NTDs)

<15,000 104 25,932 401 82

15,000-19,999 20 3,435 58.2 16

>20,000 89 25,303 35.2 82
Comorbidity®

No 28 13,088 21.4 16

Yes 185 41,582 44.5 164

12,231 22.1 2.24 (1.41, 3.57)™ 2.23 (1.40, 3.54)*

18,941 34.9 1.08 (0.76, 1.52) 1.06 (0.75, 1.50)
10,485 30.5 1.15(0.71, 1.87) 1.15(0.71, 1.87)
19,385 28.4 1.27 (0.89, 1.83) 1.27 (0.88, 1.82)
30,129 27.2 1.48 (1.11, 1.98) 1.46 (1.09, 1.95)*
3,834 41.7 1.39 (0.72, 2.68) 1.48 (0.76, 2.86)
27,079 30.3 1.16 (0.86, 1.57) 1.16 (0.86, 1.57)
15,213 10.5 2.02 (1.09, 3.73)* 2.04 (1.10, 3.77)*
45,829 35.8 1.25 (1.01, 1.54) 1.24 (1.01, 1.53)"

PY, person-years; rate’, incidence rate, per 10,000 person-years; crude HR*: relative hazard ratio. Adjusted HR': adjusted hazard ratio
controlling for age, sex, medical visits frequency, occupation, urbanization level, monthly income, and comorbidity of hyperlipidemia,
hypertension, COPD, diabetes, CAD, alcohol-related illness, stroke, asthma, and acute pancreatitis. Comorbidity®: patients with any one
of the following comorbidities were classified as the comorbidity group: hyperlipidemia, hypertension, COPD, diabetes, CAD, alcohol-

related illness, stroke, asthma, and acute pancreatitis. *, P<0.05; **,

P<0.01; **, P<0.001; T, Urbanization was categorized into four levels

according to the population density of the residential area, with level 1 as the most urbanized and level 4 as the least urbanized; ¥, other
occupations included primarily retired, unemployed, or low-income populations.

their close associations with HNC in CP patients. CP
had a greater contribution to the development of HNC
for patients without comorbidities than for patients with
comorbidities even though the absolute risk of HNC was

© Annals of Translational Medicine. All rights reserved.

greater in the patients with comorbidities. Moreover,
the risk of HNC for the CP cohort increased with the
incremental follow-up duration irrespective shorter follow-
up duration in the CP cohort (Figure 2). Notably, the risk
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Table 3 Joint effects for head and neck cancer between chronic pancreatitis and head and neck cancer-associated risk factors

Variable N No. of events Rate”  Adjusted HR' 95% ClI
None 2,420 16 1.05 1 (Reference)
Only chronic pancreatitis 8,622 145 3.29 2.79 (1.66, 4.67)*
Only hyperlipidemia 147 1 1.03 0.90 (0.12, 6.79)
Only hypertension 9,229 186 4.26 3.53 (2.12, 5.89)**
Only COPD 76 0 0.00 - -

Only diabetes 644 6 1.56 1.36 (0.53, 3.49)
Only CAD 73 2 4.33 5.50 (1.26, 24.0)
Only alcohol-related iliness 1,180 37 5.59 4.27 (2.37, 7.70)*
Only stroke 44 0 0.00 - -

Only asthma 29 0 0.00 - -

Only acute pancreatitis 10 0 0.00 - -
Chronic pancreatitis with any one comorbidity 2,580 63 4.90 4.32 (2.49, 7.49)
Chronic pancreatitis with any two comorbidities 2,378 43 3.84 3.33 (1.87, 5.93)***
Chronic pancreatitis with any three comorbidities 2,116 38 3.74 3.22 (1.79, 5.79)**
Chronic pancreatitis with any four comorbidities 1,231 28 517 4.44 (2.39, 8.25)*
Chronic pancreatitis with five or more comorbidities 528 13 6.60 5.78 (2.77,12.1)™

Rate’, per 1,000 person-years; Adjusted HR': multivariable analysis incorporating age, sex, medical visits frequency, occupation,

urbanization level, and monthly income. *, P<0.05; ***, P<0.001.

or the rate of HNC for CP patients was particularly high in
men, middle-aged patients, and patients with comorbidities.
All these findings support CP was related to an increased
risk of HNC in this observational study and indicate that
enhancing HNC screening programs may be critical in
male, middle-aged, and low-income patients with CP.
Among the comorbidities, our findings identified
hypertension, CAD, and alcohol-related illness were
associated with the development of HNC (Table 3).
Cardiovascular disease (CVD) may share common
molecular and genetic pathways with the pathogenesis of
malignancy (30). First, inflammatory atherosclerotic plaque
can enhance inflammatory signaling and gene expression
for carcinogenesis. Second, atherosclerosis increases
reactive oxygen species formation, inflammation, and
proliferation of vascular smooth muscle cell. Third, fatty
acid synthase is abundant in atherosclerotic plaque and is
overexpressed in malignant tumors. Diabetes is thought to
be associated with the development of HNC because insulin
promotes carcinogenesis and hyperglycemia promotes
tumor growth (31). However, our results were consistent

© Annals of Translational Medicine. All rights reserved.

with the literature reported from Taiwan in showing that
diabetes had no relation to the development of HNC
after adjustment for potential confounders (32). The main
metabolites of alcohol, including ethanol and acetaldehyde,
have been deemed as class I carcinogens and alcohol can
act as a solvent for tobacco to enhance carcinogenesis (3).
COPD was not associated with development of HNC in our
study, and we acknowledge that COPD cannot completely
represent smoking status, frequency, and duration to clarify
the association between tobacco smoking and risk of HNC.

Although no literature to date have evaluated the relation
of CP to HNC;, we postulate the possible mechanisms for
their association. First, CP and HNC share both tobacco
and alcohol as the risk factors. Alcohol consumption is the
main cause of CP, and there is a dose-dependent association
between smoking and CP (6). Most HNCs, except oral
cavity cancer and those in women or younger patients, are
attributed to tobacco or alcohol use (33). Second, CP can
provide inflammatory mediators, such as ROS and reactive
nitrogen species, to enhance the process of inflammation-
associated carcinogenesis (34). ROS can cause genomic
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mutation and serve as signaling molecules for tumor cell
proliferation and angiogenesis.

Our population-based cohort study had several
advantages. First, it used a longitudinal database to observe
approximately 1,000,000 residents of Taiwan over 12 years
in order to examine the relation of CP to the development
of HNC. Our study with a large sample size and 12-year-
long follow-up resulted in high statistical power and low
selection bias. Second, more than 99.6% of Taiwan’s
residents have been covered by the NHI program and our
findings provided the generalization in Taiwan.

Our study had several limitations. First, the inherently
unavailable information of the patients' smoking habits and
alcohol drinking is the major limitation of this retrospective
study. However, we have tried our best to adjust the
potential tobacco-associated diseases, such as COPD, CAD,
stroke, and asthma, in assessing the association between
HNC and CP. We also controlled alcohol-associated illness,
the commonest comorbidity for the CP patients, during
our analysis. Among the CP patients, approximately 23.3%
(2,615/11,237) had comorbidities and the risk of HNC was
notably higher in the presence of comorbidity. Moreover,
most of the comorbid diseases may be related to either
smoking or drinking although the cases and controls are
matched. We could not estimate the risk of HNC for the
CP patients who were not smokers or drinkers. However,
compared with the individuals without chronic pancreatitis
and any other comorbidity, the risk of developing HNC
was consistently greater in the patients with only CP
accompanied by no comorbidity (aHR =2.79, 95% CI:
1.66-4.67). We therefore acknowledge the requirement
of more studies to find more co-existing risk factors or
comorbidities to recommend a screening program for the
CP patients since the NNH was greater than 300 based
on our findings. Second, the NHIRD lacked information
on human papillomavirus infection and the tumor-staging
for HNC. Furthermore, the asymptomatic or mildly
symptomatic CP could be missed diagnoses or under-
estimated in NHIRD. For the United States between 1973
and 2003, the annual incidence of smoking-related HNC,
mostly arising in the oral cavity, larynx, or hypopharynx,
has declined at a rate of 1.85% annually; whereas the annual
incidence of HPV-related HNC, frequently arising in
the oropharynx, has increased at a rate of 0.8% annually
(35,36). By the contrast, the incidence of HNC, either
HPV-associated or HPV-unassociated, in Taiwan has
increased between 1995-2009 (2). Moreover, it has been
estimated that the trend for the increasing incidence of

© Annals of Translational Medicine. All rights reserved.
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oral and oropharyngeal cancer in males will continue and
then start to decline after 2025 and that of hypopharyngeal
cancer will reach to plateau after 2030 (37). Anyway, CP
was consistently related to the development of HNCs after
including or excluding the possible HPV-related HNC
although we could not provide the information of HPV
infection based on our database. Third, there might be
surveillance bias in our study because of more opportunities
to access oral cancer screening, medical referrals or visits
for the patients with CP to find more HNC. However,
CP was consistently related to the development of HNC
in multivariable analysis after adding frequency of medical
visits to be the confounding factor for adjustment. Fourth,
we could not individually validate the coding accuracy,
but the government have statutorily audited all insurance
claims and diagnosis codes for insurance claims. Moreover,
the diagnosis of common chronic diseases and healthcare
resource utilization have been reported to be substantially
concordant between NHIRD and a survey of patient self-
reports (38). Finally, our observational cohort study could
not confirm the pathogenesis for the aforementioned
association between CP and HNC. We acknowledge
that our retrospective study is subject to the deficiency
of some potential confounding factors. It needs more
studies to ascertain the pathogenesis for the association
between CP and HNC. It is hard to separate risk factors
for CP and HNC because both of them share several
etiologies, particularly for the habits of tobacco smoking
and alcohol drinking. However, our findings support the
close association between CP and HNC. It is argued about
recommending a randomized controlled trial (RCT) on a
disease of HPV-unrelated HNC with a declining incidence.
However, it still should be considered to conduct a RCT
on HPV-related HNC since our findings shows that CP
was consistently related to the development of HNCs after
including or excluding the possible HPV-related HNC.

In conclusion, our population-based cohort study
demonstrated that CP is related to an increased risk of
HNC, and the presence of comorbidities will increase
the risk. However, it requires more randomly-controlled
prospective and clinical trial to ascertain the association and
pathogenesis between CP and HNC. Detecting populations
at high risk for HNC is important for preventing the
development of this cancer, particularly finding more co-
existing risk factors or comorbidities to diminish the NNH
before recommending a screening program for the CP
patients. In addition to functional insufficiency of pancreas,
chronic pain, and pancreatic cancer, it should be considered
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to launch a screening program on HNC for CP patients,
particularly for those with comorbidities. We believe our
results could help the public to adopt appropriate strategies
for HNC prevention.

Strengths and limitations of this study

(I)  Our study with a large sample size and 12-year-long
follow-up resulted in high statistical power and low
selection bias.

(II) The present findings provided the generalization in
Taiwan since the National Insurance Program covered
more than 99.6% of Taiwan’s residents.

(IIT) This database had limited information on the patients'
lifestyle such as smoking habits and alcohol drinking.
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Supplementary

Table S1 Hazard ratios (HRs) of head and neck cancer in association with sex, age, and comorbidities in univariable and multivariable cox
regression models

Crude Adjusted’
Variable
HR (95% Cl) HR (95% ClI)

Sex (women vs. men) 6.43 (3.62, 11.4) 4.18 (2.32, 7.55)*
Age, years 0.99 (0.98, 1.00)** 1.01 (1.00,1 .02)*
Medical visits frequency 0.99 (0.94, 1.05) 0.98 (0.93, 1.03)
Occupation

White collar 1.00 (Reference) 1.00 (Reference)

Blue collar 1.65 (1.17, 2.33)* 2.07 (1.42, 3.00)**

Others? 1.40 (1.00,1 .96) 0.74 (0.05, 11.8)
Urbanization level'

1 (highest) 1.00 (Reference) 1.00 (Reference)

2 1.03 (0.78, 1.36) 0.91 (0.69, 1.20)

3 0.94 (0.67, 1.30) 0.85 (0.61, 1.19)

4 (lowest) 0.91 (0.69, 1.21) 0.78 (0.59, 1.04)
Monthly income (NTDs)

<15,000 1.00 (Reference) 1.00 (Reference)

15,000-19,999 1.51 (1.06, 2.16)" 2.65 (0.17, 42.4)

>20,000 0.98 (0.80, 1.21) 2.10 (1.42, 3.10)**
Comorbidity

Hyperlipidemia 1.14 (0.92, 1.42) 0.93 (0.73,1 .18)

Hypertension 0.88 (0.68, 1.13) 1.00 (0.76,1 .30)

COPD 0.93 (0.56, 1.56) 1.05 (0.61,1.80)

Diabetes 1.01 (0.90, 1.36) 1.12 (0.91,1 .40)

CAD 0.61 (0.38, 0.96)" 0.77 (0.48, 1.25)
Alcohol-related illness 3.31 (2.64, 4.15)* 3.12 (2.40, 4.06)***

Stroke 0.51 (0.27, 0.96)" 0.67 (0.35, 1.30)

Asthma 0.60 (0.27,1.33) 0.74 (0.32, 1.69)

Acute pancreatitis 1.52 (1.24, 1.86)** 0.86 (0.67, 1.09)

Crude HR, relative hazard ratio; Adjusted HR': multivariable analysis including sex, age, occupation, urbanization level, monthly income
(NTDs), and comorbidities of hyperlipidemia, hypertension, COPD, diabetes, CAD, alcohol-related illness, stroke, asthma, and acute
pancreatitis. *, P<0.05; **, P<0.01, ***; P<0.001; ', Urbanization was categorized into four levels according to the population density of
the residential area, with level 1 as the most urbanized and level 4 as the least urbanized; ¥, other occupations included primarily retired,
unemployed, or low-income populations.
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