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Pre-diagnostic beta-blocker use and head- and
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Abstract N
B-blockers have been reported to exhibit potential anticancer effects in various cancer studies. However, few clinical studies |
concerning head and neck cancer have been conducted. We hypothesized that B-blockers could decrease the incidence of head
and neck cancer. Therefore, we investigated the association between B-blocker treatment and head and neck cancer incidence.

Between January 2006 and December 2015, we selected 12,127 patients with head and neck cancer for this nationwide study
using data from the Korean Health Insurance Review and Assessment Service. The patients were matched 1:5 with 60,635 control
participants according to age, sex, and, region. Logistic regression analysis was used to estimate the odds ratios (ORs) and 95%
confidence intervals (Cls) of cancer associated with B-blocker treatment. In the analysis, a crude (simple), adjusted model (adjusted
model for age, sex, income, region of residence, hypertension, diabetes, and hyperlipidemia) was used.

The OR for head and neck cancer incidence was not lower in the B-blocker cohort (OR: 1.18; 95% ClI: 1.105-1.26), especially for
the oral cavity (OR: 1.165; 95% ClI: 1.013-1.340), hypopharynx (OR: 1.555; 95% CI: 1.232—1.963), nasopharynx (OR: 1.251; 95%
Cl: 1-1.564), and paranasal sinus (OR: 1.378; 95% Cl: 1.027-1.849). The duration of B-blocker use was not related to head and neck
cancer incidence.

This study did not provide evidence that B-blockers can decrease the risk of head and neck cancer.

Abbreviations: Cls = confidence intervals, ICD-10 = International Classification of Diseases, 10th edition, IL = interleukin, NHID =
National Health Information Database, NHIS = National Health Insurance Service, ORs = odds ratios, VEGF = vascular endothelial

growth factor.

Keywords: adrenergic beta-antagonists, head and neck neoplasm, incidence

1. Introduction

B-blockers are used for various indications, particularly cardiac
arrhythmias, cardioprotection after myocardial infarction,
hypertension, migraine, and tremor, by inhibiting the sympa-
thetic actions of catecholamine hormones (i.e., epinephrine and
norepinephrine). These diverse indications reflect the abundance
of B-adrenergic receptors in the body. B-blockers were prescribed
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more frequently for hypertension therapy in recent studies
(10.8%, range 8-75%) than in previous studies.!! The
prescription rate of secondary-prevention medications for post-
acute coronary syndrome was 67.4% for B-blockers.””! Addi-
tionally, once B-blockers are prescribed, patients tend to use them
for a long time."!

Experimental evidence shows that malignant cell lines express
B-adrenergic receptors and that sympathomimetic neurotrans-
mitters may affect carcinogenesis through these receptors.[*-¢!
These neurotransmitters are suggested to have a major impact on
secondary tumor growth and to contribute to metastasis,
induction of angiogenesis mediated via vascular endothelial
growth factor (VEGF) and interleukin (IL)-6, and tissue
invasion,!”~10!

Given that B-blockers are considered safe, cheap, and effective,
potential concomitant beneficial effects of their use for cancer
would be of interest. However, evidence from epidemiological
and clinical studies has been inconclusive. Several studies’ results
have indicated that B-blockers could improve survival outcomes
and reduce cancer risk, specifically of melanoma, ovarian, and
prostate cancer.["1'7131 Others suggested that there is no
meaningful evidence of an association between B-blocker use
and cancer.'"*131 However, data on the effect of B-blockers on
head and neck cancer are sparse.!'!1!

We hypothesized that B-blockers could decrease the incidence
of head and neck cancer. Therefore, we conducted a population-
based case-control study to examine whether the use of
B-blockers is associated with the incidence of head and neck
cancer.
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General characteristics of participants.

Control HN cancer
(N=60635) (N=12127) P value
Age 60.38+13.24 60.45 + 13.28 .57
Sex (male/female) 45669/14966 9177/2950 .40
Income of lower 20% 14133 (23.31) 3045 (25.11) <.001
Place (urban) 27094 (44.68) 5308 (43.77) .06
Diabetes 8243 (13.59) 2012 (16.59) <.001
Hypertension 18449 (30.43) 4006 (33.03) <.001
Hyperlipidemia 12742 (21.01) 2345 (19.34) <.001
[B-blocker user/non-user 5663 (9.34) 1332 (10.98) <.001
/54972 (90.66) /10795 (89.02)
Duration of B-blocker use <.001
<1yr 3503 (5.78) 812 (6.7)
12 yr 838 (1.38) 182 (1.5)
2-3yr 573 (0.94) 166 (1.37)
3-5yr 749 (1.24) 172 (1.42)
Subsite .99
Oral cavity 13873 (22.88) 2787 (22.98)
Oropharynx 9015 (14.87) 1798 (14.83)
Hypopharynx 4564 (7.53) 919 (7.58)
Larynx 16491 (27.2) 3296 (27.18)
Salivary gland 7728 (12.75) 1546 (12.75)
Nasopharynx 6059 (9.99) 1212 (9.99)
Paranasal sinus 2905 (4.79) 569 (4.69)

HN=head and neck.

2. Materials and methods

2.1. Study population and data collection

During the study period, the Big Data Research Group of the Korean
Society of Otorhinolaryngology—Head and Neck Surgery consis-
tently reviewed and confirmed the results of the extracted data. The
institutional review board of Korea University Ansan Hospital
approved this study (Institutional Review Board no. AS16113).
The Korean National Health Insurance Service (NHIS) reported
claims data of patients. We used the National Health Information
Database (NHID) operated by the Korean NHIS, a government-
affiliated agency under the Korean Ministry of Health and Welfare
that administers and supervises all medical activities in Korea.®!
All Korean citizens and registered foreigners, approximately
50,000,000 persons, are enrolled and receive medical services from
the NHIS. Retrospective medical data for patients of all ages were
extracted from the NHID from January 2006 to December 2015.
The NHIS contains information on the patients’ demographics,
medical service use, medication, transaction information, deduc-
tions, and claims. When a physician is consulted at a medical
facility in the Republic of Korea, the physician is required to assign
a code according to the most appropriate diagnosis. These codes
must be based on the International Classification of Diseases, 10th
edition (ICD-10), which is designed by the World Health
Organization to efficiently manage diseases and health problems.
Therefore, all such records of medical services conducted in the
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Republic of Korea will be assigned these diagnostic codes and
stored in the NHID.

2.2. Participant selection

Based on the above information, a patient diagnosed at a hospital
during the study period with a diagnostic code (ICD-10) for head
and neck cancer (nasopharynx: C11; oral cavity: C00, 02-06;
oropharynx: C01, 09, 10; hypopharynx: C12, 13; larynx: C32) was
defined as a head and neck cancer patient. When the patient was also
registered in the Korean cancer registration system, we regarded the
patient as a head and neck cancer participant. All participants
diagnosed accordingly (n=12,127) were included in this study.
Control participants (n=60,635) were matched 1:5 according to
age, sex, and region of residence. The systemic diseases investigated
were hypertension (code I10 and received anti-hypertensive
medication), diabetes (codes E11-14 with anti-diabetic medication),
and hyperlipidemia (code E78). Ultimately, 12,127 head and neck
cancer patients and 60,635 control subjects were enrolled in the
study. Each cohort was also divided into 2 groups: B-blocker users
and non-users. B-blocker users were defined as those who were
prescribed B-blockers more than 2 times within 6 months before
head and neck cancer registration. The index date was set as the
initial date of the first treatment for prescriptions with more than 2
treatments. B-blocker non-users were defined as those who had not
been prescribed B-blockers during the study period.

2.3. Statistical analyses

Statistical analyses were conducted using SAS software version 9.3
(SAS Institute, Cary, NC). Paired ¢ test and Chi-square test were used
to compare the general characteristics between the 2 groups. Logistic
regression analysis was used to estimate the odds ratios (ORs) and
95% confidence intervals (Cls) of the incidence of head and neck
cancers associated with B-blockers treatment. In this analysis, a
crude (simple), adjusted model (adjusted model for age, sex, income,
region of residence, hypertension, diabetes, and hyperlipidemia) was
used. P values less than .05 indicated statistical significance.

3. Results

Age, sex, and region of residence were equivalent in both groups.
In contrast, low income, comorbidities (hypertension, diabetes,
and hyperlipidemia), and the use of B-blockers were significantly
higher in the head-and-neck-cancer group than in the control
group (Table 1). The risk of total head and neck cancer incidence
was not lower in the B-blocker user group than in the B-blocker
non-user group (OR: 1.180; 95% CI: 1.105-1.260). The
duration of B-blocker use was not associated with the risk of
total head and neck cancer (Table 2). Table 3 shows the

Incidence and adjusted odds ratios of total head and neck cancer stratified by duration of -blocker use.

Control (N=60635)

HN cancer (N=12127)

Crude OR (95% CI) Adjusted OR (95% Cl)

Total head and neck

Use of B-blocker No 54972 (90.66)
Yes 5663 (9.34)

Duration on B-blocker No use 54972 (90.66)
<1 year 3503 (5.78)
1-2 years 838 (1.38)
2-3 years 573 (0.94)
3-5 years 749 (1.24)

10795 (89.02) 1 1
1332 (10.98) 1.198 (1.125-1.276) 1.18 (1.105-1.26)
10795 (89.02) 1 1

812 (6.7) 1.18 (1.091-1.278) 1.168 (1.078-1.266)

182 (1.5) 1.106 (0.941-1.3) 1.08 (0.917-1.272)
166 (1.37) 1.476 (1.24-1.757) 1.45 (1.216-1.729)
172 (1.42) 1.169 (0.99-1.382) 1.143 (0.965-1.354)

Cl=confidence interval, HN=head and neck, OR=odds ratio.
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Incidence and adjusted odds ratios of specific head and neck cancer subsites stratified by duration of 3-blocker use.

Control (N=60635)

HN cancer (N=12127)

Crude OR (95% CI)

Adjusted OR (95% CI)

Oral cavity
Use of B-blocker No 12591 (90.76) 2492 (89.42) 1 1
Yes 1282 (9.24) 295 (10.58) 1.163 (1.017-1.329) 1.165 (1.013-1.34)
Duration on B-blocker No use 12591 (90.76) 2492 (89.42) 1 1
<1yr 787 (5.67) 184 (6.6) 1.181 (1-1.395) 1.164 (0.982-1.38)
1-2yr 188 (1.36) 40 (1.44) 1.075 (0.762-1.516) 1.093 (0.769-1.552)
2-3yr 137 (0.99) 37 (1.33) 1.365 (0.947-1.967) 1.425 (0.982-2.067)
3-5yr 170 (1.23) 34 (1.22) 1.011 (0.697-1.464) 1.042 (0.714-1.52)
Oropharynx
Use of B-blocker No 8173 (90.66) 1621 (90.16) 1 1
Yes 842 (9.34) 177 (9.84) 1.06 (0.894-1.257) 1.072 (0.898-1.281)
Duration on B-blocker No use 8173 (90.66) 1621 (90.16) 1 1
<lyr 538 (5.97) 106 (5.9) 0.993 (0.801-1.232) 1.02 (0.819-1.27)
1-2yr 120 (1.33) 22 (1.22) 0.924 (0.585-1.461) 0.901 (0.566-1.432)
2-3yr 73 (0.81) 20 (1.11) 1.382 (0.84-2.272) 1.409 (0.852-2.33)
3-5yr 111 (1.23) 29 (1.61) 1.317 (0.872-1.99) 1.304 (0.857-1.985)
Hypopharynx
Use of B-blocker No 4177 (91.52) 801 (87.16) 1 1
Yes 387 (8.48) 118 (12.84) 1.59 (1.277-1.98) 1.555 (1.232-1.963)
Duration on B-blocker No use 4177 (91.52) 801 (87.16) 1 1
<lyr 231 (5.06) 75 (8.16) 1.693 (1.291-2.221) 1.645 (1.242-2.178)
1-2yr 64 (1.4) 21 (2.29) 1.711 (1.039-2.817) 1.706 (1.015-2.868)
2-3yr 38 (0.83) 11.(1.2) 1.51 (0.768-2.966) 1.469 (0.731-2.951)
3-5yr 54 (1.18) 11.(1.2) 1.062 (0.553-2.04) 1.024 (0.522-2.007)
Larynx
Use of B-blocker No 14930 (90.53) 2895 (87.83) 1 1
Yes 1561 (9.47) 401 (12.17) 1.325 (1.179-1.489) 1.082 (0.956-1.224)
Duration on B-blocker No use 14930 (90.53) 2895 (87.83) 1 1
<lyr 962 (5.83) 233 (7.07) 1.249 (1.077-1.449) 1.078 (0.924-1.257)
12 yr 233 (1.41) 62 (1.88) 1.372 (1.034-1.821) 1.026 (0.767-1.372)
2-3yr 164 (0.99) 54 (1.64) 1.698 (1.245-2.315) 1.28 (0.929-1.763)
3-5yr 202 (1.22) 52 (1.58) 1.328 (0.976-1.805) 1.007 (0.734-1.381)
Salivary gland
Use of B-blocker No 6961 (90.08) 1389 (89.84) 1 1
Yes 767 (9.92) 157 (10.16) 1.026 (0.856—1.23) 1.177 (0.971-1.426)
Duration on B-blocker No use 6961 (90.08) 1389 (89.84) 1 1
<lyr 473 (6.12) 8 (6.34) 1.038 (0.829-1.3) 1.13 (0.894-1.427)
1-2yr 124 (1.6) 8 (1.16) 0.727 (0.442-1.197) 0.901 (0.541-1.502)
2-3yr 74 (0.96) 26 (1.68) 1.761 (1.122-2.763) 2.086 (1.311-3.321)
3-5yr 96 (1.24) 5(0.97) 0.783 (0.453-1.353) 1.059 (0.604-1.854)
Nasopharynx
Use of B-blocker No 5513 (90.99) 1098 (90.59) 1 1
Yes 546 (9.01) 114 (9.41) 1.048 (0.848-1.296) 1.251 (1-1.564)
Duration on B-blocker No use 5513 (90.99) 1098 (90.59) 1 1
<1yr 344 (5.68) 74 (6.11) 1.08 (0.833-1.4) 1.262 (0.965-1.649)
1-2yr 61 (1.01) 1(0.91) 0.905 (0.475-1.726) 1.135 (0.586-2.199)
2-3yr 62 (1.02) 8 (0.66) 0.649 (0.31-1.358) 0.78 (0.367—-1.658)
3-5yr 79 (1.3) 21 (1.73) 1.335 (0.822-2.169) 1.667 (1.01-2.75)
Paranasal sinus
Use of B-blocker No 2627 (90.43) 499 (87.7) 1 1
Yes 278 (9.57) 70 (12.3) 1.326 (1.003-1.752) 1.378 (1.027-1.849)
Duration on B-blocker No use 2627 (90.43) 499 (87.7) 1 1
<lyr 168 (5.78) 42 (7.38) 1.316 (0.926-1.87) 1.334 (0.931-1.913)
12 yr 48 (1.65) 8 (1.41) 0.877 (0.413-1.866) 0.912 (0.422-1.971)
2-3yr 25 (0.86) 10 (1.76) 2.106 (1.005-4.412) 2.263 (1.061-4.827)
3-5yr 37 (1.27) 10 (1.76) 1.423 (0.703-2.88) 1.626 (0.791-3.342)

Cl=confidence interval, HN=head and neck, OR=odds ratio.

incidences of the 7 head and neck cancer types (oral cavity,  notuse B-blockers, patients who underwent B-blocker treatment
oropharynx, hypopharynx, larynx, salivary gland, nasopharynx,  did not exhibit lower risks of cancer in the oral cavity (OR: 1.1635;
and paranasal sinus) according to the use of B-blockers and the  95% CI: 1.013-1.340), hypopharynx (OR: 1.555; 95% CI:
duration of B-blocker use. Compared with the patients who did ~ 1.232-1.963), nasopharynx (OR: 1.251; 95% CI: 1-1.564), and
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paranasal sinus (OR: 1.378; 95% CI: 1.027-1.849). In addition,
the duration of B-blocker use was not related to the risk of the 7
head and neck cancer types.

4. Discussion

We could not find a preventive effect of B-blockers for head and
neck cancer. On the contrary, the risk of head and neck cancer
incidence was not lower in 8-blocker users than in 3-blocker non-
users. Additionally, the duration of B-blocker use was not
associated with the risk of head and neck cancer. Moreover,
B-blocker use did not lower cancer incidence in any head and
neck cancer types. Thus, the hypothesis that -blocker use, which
interferes with the norepinephrine via blocking B-adrenergic
receptor, decreases the risk of head and neck cancer could not be
confirmed.

There have been some studies investigating the association
between B-blockers and cancer risk. The results of one study on
colorectal cancer were comparable to our findings since it did not
show a beneficial effect of B-blocker use on cancer risk."”! A
Taiwanese population-based cohort study showed that compared
with patients who did not take propranolol, patients who received
propranolol treatment did not exhibit significantly lower risks of
cancer in the hepatobiliary tract (OR: 1.10; 95% CI: 0.82-1.47),
lung (OR: 0.80; 95% CI: 0.58-1.10), skin (OR: 0.53; 95% CI:
0.22-1.24), breast (OR: 0.72; 95% CI: 0.50-1.02), uterus (OR:
0.60; 95% CI: 0.32-1.13), bladder (OR: 1.06; 95% CI: 0.58-
1.92), kidney (OR: 1.71; 95% CI: 0.77-3.84), brain (OR: 0.27;
95% CI: 0.06-1.28), and thyroid (OR: 0.77; 95% CI: 0.30-
1.94)."1 Additionally, other studies found that the use of
B-blockers in patients with cancer does not appear to have a
consistent association with cancer recurrence or survival in either
the epidemiological, clinical, or systematic review setting.[*1#15:18!
However, the previously mentioned Taiwanese population-based
cohort study showed that propranolol could decrease the risk of
head and neck cancer, including 67 patients.!*!! Moreover, some
clinical studies suggested that 3-blocker use may be associated with
improved survival outcomes in patients with cancer.'>13!
Specifically, B-blocker use may be associated with better outcomes
in specific types of cancer (e.g., melanoma and ovarian cancer),
while an opposite effect was observed in patients with endometrial,
prostate, or lung cancer. The lack of a causal relationship and
specificity between B-blocker therapy and long-term cancer
outcomes reflects the paucity of data but may also reflect the
underlying heterogeneity in the response of cancer subtypes to
B-blocker therapy modulation.*

B-adrenergic receptor expression is found on cancer and
immune cells, and activation of these receptors in different cancer
types has diverse effects on the tumor microenvironment (tumor
proliferation, migration, and invasion). Importantly, in vivo
studies that explored the effects of B-adrenergic receptor signals
suggested a key role for the f2-adrenergic receptor in modulating
tumor outcomes, and typically investigated B-blockades using
propranolol, a non-selective beta-blocker.” %! Some studies
suggested that increased expression of B2-adrenergic receptor at
the mRNA- and protein level in head and neck cancer cell lines may
inhibit tumor proliferation.>®®! Nikolaus et al showed that
propranolol reduced head and neck cancer viability, induced
apoptosis, and inhibited the production of the proangiogenic
protein VEGE.’®! However, our study focused on whether pre-
diagnostic use of B-blockers could lower head and neck cancer risk.
In fact, it has been reported that post-diagnostic -blocker use was
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associated with decreased survival in head and neck cancer."? The
results of a Taiwanese population-based cohort study indicated
that propranolol can reduce the risk of head and neck cancer,
which contrast with our results.''! However, the study analyzed
only 67 patients with head and neck cancer, whereas this study
investigated 12,127 head and neck cancer patients.

One strength of this study is the large number of study
participants (N=72,762). To our knowledge, this is the largest
study that evaluated the relationship of B-blockers for head and
neck cancer. In addition, few studies have been conducted
according to specific head and neck cancer types. Another
strength is the availability of comprehensive medical records for
each participant. A previous study questioned participants about
their history of B-blockers prescription, which could have
introduced recall bias.!"?! In this study, we extracted patients’
medical records from the NHID regarding 3-blockers treatment.
These recorded data were not distorted by their memories. The
NHID includes the entire population without exception.
Therefore, we did not overlook any participants during the
study period, while other studies were affected by significant
losses during the study period.""?! Although we did not use
randomized controlled trial methods, we matched our partic-
ipants with a control group according to age, sex, and region of
residence. Region matching was important as it could be a
determinant factor for access to medical treatment. Finally, our
study results were based on data from the entire Korean
population and were verified by a statistician for representative-
ness.

However, our study had several limitations. First, we used
health insurance claims data, which may not have been reflective
of the actual use of B-blockers by patients. However, medical
claims data are very important in Korea. If the claim codes are
incorrect, the medical claim fee cannot be paid by the NHIS.
Moreover, B-blockers cannot be prescribed to patients without
exact diagnosis codes, and patients could be rejected to private
insurance services. Claim code data are not subject to recall bias;
therefore, the associated medical data would be more accurate
than if derived from surveys or subjective data from other studies.
Moreover, the Korean cancer registration system compensates
for the possibility of misdiagnoses, even though some patients
were misdiagnosed. We also used a patient-control study design
with a large number of participants, considering the possibility of
misdiagnosis would exist in both the patient and control groups.
Second, smoking is an important risk factor for head and neck
cancers, and could, therefore, confound the association between
beta-blockers and head- and neck cancer. However, this study did
not investigate exactly head and neck cancer patients’ smoking
history. Third, we could not extract all the information from the
NHID because of security problems. Therefore, this study did not
classify beta-blockers into several categories, such as non-
selective, beta 1 selective, and beta 2 selective blocker. In
addition, this study did not investigate the association between
beta-blockers and cancer survival. Future prospective studies are
needed to validate our findings. In conclusion, our study did not
find a link between B-blocker use and a decrease in the incidence
of head and neck cancer.
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