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Head and neck cancer associated with increased
rate of pulmonary tuberculosis in a population-
based cohort study
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Abstract N\
The objective of this study was to examine the incidence and hazard ratio (HR) of pulmonary tuberculosis in patients with head and |
neck cancer in Taiwan.

This population-based retrospective cohort study was conducted to analyze the database of the Taiwan National Health Insurance
Program. There were 2522 subjects aged 20 to 84 years with newly diagnosed head and neck cancer as the head and neck cancer
group between 2000 and 2012, and 10,064 randomly selected sex- and age-matched subjects without any cancer as the noncancer
group. The incidence of pulmonary tuberculosis at the end of 2013 was estimated in both groups. A multivariable Cox proportional
hazards regression model was used to estimate the HR and 95% confidence interval (Cl) for pulmonary tuberculosis being
associated with head and neck cancer.

The overall incidence of pulmonary tuberculosis was 2.86-fold greater in the head and neck cancer group than that in the
noncancer group (4.70 vs 1.64 per 1000 person-years, 95% Cl, 2.53-3.24). After adjusting for confounding factors, the adjusted HR
of pulmonary tuberculosis became 2.90 for the head and neck cancer group (95% Cl, 2.11-3.99), compared with the noncancer
group. In addition, male (adjusted HR 2.27, 95% Cl, 1.29-4.00) and age (increase for 1 year, adjusted HR 1.06, 95% Cl, 1.05-1.08)
were associated with pulmonary tuberculosis.

Head and neck cancer is significantly associated with 2.90-fold increased hazard of pulmonary tuberculosis in Taiwan, compared

with the general population.

Abbreviation: |CD-9 code = International Classification of Diseases, Ninth Revision, Clinical Modification.
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1. Introduction

Tuberculosis remains to be a major public health problem
worldwide due to its high infectivity and mortality. WHO
reported that there were about 1.3 million deaths caused by
tuberculosis in 2012."" To date, many risk factors for
tuberculosis have been identified, including diabetes mellitus,
splenectomy, appendectomy, cancer, and others.[>=!

Two case-series studies have shown that about 3.1% to 6.6%
of patients with head and neck cancer could have pulmonary
tuberculosis.””®! In Cheng et al’s meta-analysis of 6 studies
conducted in the United Sates, head and neck cancer was the
second common cancer, after hematologic malignancies, to be
associated with developing active tuberculosis.[®! However, no
such a study is available in Taiwan.

Tuberculosis remains to be highly prevalent in Taiwan. In Pan
et al’s cohort study in Taiwan, the standardized incidence ratio of
tuberculosis among the healthcare workers was 1.93 (95%
confidence interval [CI], 1.2-2.9) from 2006 to 2012, compared
with the general population.”! According to the report of Ministry
of Health and Welfare in Taiwan, head and neck cancer remained
to be the leading cause of cancer deaths in 2015, including oral
cancer (the 5th) and nasopharyngeal cancer (the 15th).[!

On the basis of the above review, we think that could be a link
between pulmonary tuberculosis and head and neck cancer. If
patients with head and neck cancer are at risk for developing
pulmonary tuberculosis, periodic screening for pulmonary
tuberculosis is an important strategy among these patients.
Thus, early detection and early treatment of pulmonary
tuberculosis can be performed. Therefore, we conducted a
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population-based retrospective cohort study to examine the
incidence and hazard ratio (HR) of pulmonary tuberculosis in
patients with head and neck cancer compared with the general
population in Taiwan.

2. Methods

2.1. Study design and data source

This population-based retrospective cohort study was conducted
to analyze the database of the Taiwan National Health Insurance
Program. Taiwan is an independent country where >23 million
residents live on.!"' ! The insurance program was set up in March
1, 1995. The enrollment rate was >99.6% of 23 million residents
living in Taiwan at the end of 2015.13% The details of the program
have been written in previous studies.®>”! This study was
approved by the Research Ethics Committee of China Medical
University and Hospital in Taiwan (CMUH-104-REC2-115).

2.2. Identification of participants

Subjects aged 20 to 84 years who had been newly diagnosed with
head and neck cancer between 2000 and 2012 were assigned as
our head and neck cancer group, including oral cavity, lip,
oropharynx, nasopharynx, and hypopharynx (International
Classification of Diseases, Ninth Revision, Clinical Modification,
ICD-9 codes 140-149). To increase the statistical power, for each
subject with head and neck cancer, approximately 4 randomly
selected subjects without any cancer were assigned to the
noncancer group. The index date was defined as the date of
diagnosing head and neck cancer. The head and neck cancer
group and the noncancer group were matched in terms of sex, age
(every S-year interval), comorbidities, and the year of the index
date. Subjects with history of pulmonary tuberculosis before the
index date were excluded from the study (Fig. 1).
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2.3. Potential comorbidities

The potential comorbidities were included as follows: alcohol-
related disease, chronic kidney disease, chronic obstructive
pulmonary disease, diabetes mellitus, gastrectomy, pneumoconi-
osis, as well as chronic liver disease including cirrhosis, hepatitis B
infection, hepatitis C infection, and other chronic hepatitis. All
comorbidities were diagnosed with ICD-9 codes. The accuracy of
ICD-9 codes has been tested in previous studies.>5~*8!

2.4. Major outcome

The major outcome was a new diagnosis of pulmonary
tuberculosis that usually needed treatment (ICD-9 codes 010,
011, 012, and 018) during the follow-up period. Therefore, all
subjects with pulmonary tuberculosis were discovered after
cancer diagnosis. All study subjects were followed up with until
they were diagnosed with pulmonary tuberculosis, death, or until
the end of 2013.

2.5. Statistical analysis

The distributions of sex, age, and comorbidities were compared
between the head and neck cancer group and the noncancer group
via a x> test for categorized variables and a ¢ test for continuous
variables. The incidence of pulmonary tuberculosis was estimated
as the number of pulmonary tuberculosis events identified during
the follow-up period, divided by the total follow-up person-years
for each group. All variables were included in a univariable model.
Next, variables that were found to be statistically significant in a
univariable model were further included in a multivariable model.
A multivariable Cox proportional hazards regression model was
used to estimate the HR and 95% CI for the risk of pulmonary
tuberculosis associated with head and neck cancer along with other
comorbidities. All analyses were performed by SAS software

A cohort from people enrolled in the Taiwan
National Health Insurance Program
N=1000000

N2
Subjects with newly diagnosed
head and neck cancer
in 2000-2012 (n=2673)

Excluding subjects with
pulmonary tuberculosis (n=116)
before index date, under 20
years or more than 84 years
(n=35)

Head and neck cancer subjects
without pulmonary tuberculosis
at baseline (n=2522)

2
Subjects without any cancer
in 2000-2012

Using the same exclusion
criteria as the head and
neck cancer group
Approximately 1:4
frequency matched with
sex-, age-, comorbidities,
and the year of index
date

Non-cancer subjects without
pulmonary tuberculosis at baseline
(n=10064)

Totally, 2522 head and neck cancer subjects and
10064 comparison subjects in the study cohort.
Follow-up until new diagnosis of pulmonary
tuberculosis, or until the end of 2013

Figure 1. Flow chart revealing the selection process of study’s subjects.
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Baseline characteristics between head and neck cancer group and noncancer group.

Head and neck cancer, N=2522

Noncancer, N=10,064

Variable n (%) n (%) P
Sex .99
Female 328 (13.0) 1309 (13.0)
Male 2194 (87.0) 8755 (87.0)
Age group () .81
20-39 358 (14.2) 1480 (14.7)
40-64 1726 (68.4) 6838 (68.0)
65-84 438 (17.4) 1746 (17.3)
Age (y), mean (standard deviation)” 52.9 (12.3) 52.4 (12.6) 10
Baseline comorbidities
Alcohol-related disease 326 (12.9) 1286 (12.8) .84
Chronic kidney disease 4 (1.63) 164 (1.63) .99
Chronic liver disease 456 (18.1) 1802 (17.9) .84
Chronic obstructive pulmonary disease 264 (10.5) 1056 (10.5) 97
Diabetes mellitus 236 (9.36) 936 (9.30) .93
Gastrectomy 4 (0.16) 12 0.12) .62
Pneumoconiosis 21 (0.83) 71 0.71) .50

Data are presented as the number of subjects in each group with percentages given in parentheses, or the mean with standard deviation given in parentheses.

* 2
X test.
¥ t-Test comparing subjects with head and neck cancer and without any cancer.

version 9.2 (SAS Institute Inc., Cary, NC). The results were
considered statistically significant when 2-tailed P values were
<.05.

3. Results

3.1. Baseline characteristics of the study population

Table 1 reveals the baseline characteristics of the study population.
There were 2522 subjects in the head and neck cancer group and
10,064 subjects in the noncancer group, with similar distributions
of sex and age. The mean ages (standard deviation) of the study’s
subjects were 52.9 (12.3) years for the head and neck cancer group
and 52.4 (12.6) years for the noncancer group, without statistical
significance (¢ test, P=.1). There were no significant differences of
comorbidities between the head and neck cancer group and
noncancer group (x” test, P>.03).

3.2. Incidence of pulmonary tuberculosis in the study
population stratified by sex, age, and follow-up period

Table 2 reveals that the overall incidence of pulmonary
tuberculosis was 2.86-fold greater in the head and neck cancer
group than that in the noncancer group (4.70 vs 1.64 per 1000

person-years, 95% CI, 2.53-3.24). As stratified by sex and age,
the incidences of pulmonary tuberculosis were all higher in the
head and neck cancer group than those in the noncancer group.

During the first 6 months of follow-up, the head and neck
cancer group had a higher incidence of pulmonary tuberculosis
than the noncancer group (14.1 vs 1.4 per 1000 person-years,
incidence rate ratio 10.1, 95% CI, 8.8-11.6). Even after 6 months
of follow-up, the head and neck cancer group still had a higher
incidence of pulmonary tuberculosis than the noncancer group
(3.64 vs 1.66 per 1000 person-years, incidence rate ratio 2.20,
95% CI, 1.92-2.51).

Using the Kaplan-Meier model, we have revealed that the
cumulative incidence of pulmonary tuberculosis was higher in the
head and neck cancer group than that in the non-head and neck cancer
group (3.74% vs 1.70% at the end of follow-up; P <.001; Fig. 2).

3.3. Association of pulmonary tuberculosis with head and
neck cancer and comorbidities

Table 3 reveals the HR of pulmonary tuberculosis associated with
head and neck cancer and comorbidities. After adjusting for
confounding factors including sex, age, chronic obstructive
pulmonary disease, and diabetes mellitus, the multivariable Cox

Incidence of pulmonary tuberculosis estimated by sex and age between head and neck cancer group and noncancer group.

Head and neck cancer Noncancer

Variable N Event Person-years Incidence” N Event Person-years Incidence” IRR' (95% ClI)
Al 2522 56 11,918 4.70 10,064 124 75,591 1.64 2.86 (2.53-3.24)
Sex

Female 328 4 1966 2.03 1309 9 10,179 0.88 2.30 (1.61-3.29)

Male 2194 52 9952 5.23 8755 115 65,412 1.76 2.97 (2.61-3.39)
Age group ()

20-39 358 2 1933 1.03 1480 4 11,840 0.34 3.06 (2.14-4.37)

40-64 1726 36 8471 4.25 6838 67 52,487 1.28 3.33 (2.88-3.85)

65-84 438 18 1513 1.9 1746 53 11,264 4.7 2.53 (1.89-3.37)

" Incidence rate: per 1000 person-years.
“IRR (incidence rate ratio): head and neck cancer versus noncancer (95% Cl)
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Figure 2. Kaplan-Meier model reveals that the head and neck cancer group
had a higher cumulative incidence of pulmonary tuberculosis than the
noncancer group (3.74% vs 1.70% at the end of follow-up; P <.001).

proportional hazards regression model revealed that the adjusted
HR of pulmonary tuberculosis was 2.90 for the head and neck
cancer group (95% CI, 2.11-3.99), compared with the noncancer
group. In addition, male (adjusted HR 2.27, 95% CI, 1.29-4.00)
and age (increase for 1 year, adjusted HR 1.06, 95% CI, 1.05-
1.08) were associated with pulmonary tuberculosis.

3.4. Hazard ratio of pulmonary tuberculosis stratified
by head and neck cancer and comorbidities

Table 4 reveals the HR of pulmonary tuberculosis stratified by
head and neck cancer and comorbidities. To reduce the potential
confounding effects caused by comorbidities, as a reference of
subjects without any cancer and without any comorbidity, the
adjusted HR of pulmonary tuberculosis was 3.60 (95% CI, 2.45-
5.28) for subjects with head and neck cancer and without any
comorbidity.

3.5. Hazard ratio of pulmonary tuberculosis stratified
by head and neck cancer and anticancer chemotherapy
and radiation therapy

Table 5 reveals the HR of pulmonary tuberculosis stratified
by head and neck cancer and anticancer chemotherapy and
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Cox model measured hazard ratio and 95% CI of pulmonary
tuberculosis associated with head and neck cancer and comor-

bidities.

Variable

Crude

Adjusted”

HR (95% Cl)

HR (95% Cl)

Sex (male vs female)

Age (per 1)

2.04 (1.16-3.58)
1.06 (1.05-1.08)

2.27 (1.29-4.00)
1.06 (1.05-1.08)

Head and neck cancer (yes vs no)
Baseline comorbidities (yes vs no)
Alcohol-related disease 1.02 (0.70-1.62)
Chronic kidney disease 1.34 (0.43-4.20)
Chronic liver disease 1.15 (0.79-1.67)

( )

( )

2,72 (1.98-3.73)  2.90 (2.11-3.99)

Chronic obstructive pulmonary disease ~ 2.80 (1.98-3.97 1.40 (0.97- 2.03)
Diabetes mellitus 1.85 (1.22-2.81 1.25 (0.82-1.89)
Gastrectomy ™ —

Pneumoconiosis 0.91 (0.13-6.47)

“Variables which were found to be statistically significant in the univariable model were further
examined in the multivariable model. Adjusted for sex, age, chronic obstructive pulmonary disease,
and diabetes mellitus.

There was no event of pulmonary tuberculosis among subjects with gastrectomy.

radiation therapy. As a reference of subjects without any cancer
and without receiving anticancer chemotherapy and radiation
therapy, the adjusted HR of pulmonary tuberculosis was 1.26
(95% CI, 0.62-2.58) for subjects with head and neck cancer
and without receiving anticancer chemotherapy and radiation
therapy. The adjusted HR of pulmonary tuberculosis increased to
3.73(95% CI, 2.66-5.23) for subjects with head and neck cancer
and receiving anticancer chemotherapy or radiation therapy.

4. Discussion

In this population-based, retrospective cohort study, we found
that the incidence of pulmonary tuberculosis was higher in
patients with head and neck cancer, compared with those without
any cancer (4.70 vs 1.64 per 1000 person-years; Table 2). The
incidence of pulmonary tuberculosis in our study seemed to be
much higher than that in Pan et al’s study focusing on the
healthcare workers in Taiwan, who are also at risk of pulmonary
tuberculosis (470 vs 63.1 per 100,000 person-years).”! This
finding highlights that patients with head and neck cancer may
have a higher risk of developing pulmonary tuberculosis than the
general population and the healthcare workers.

After adjustment for confounding factors, we found that head
and neck cancer was significantly associated with 2.90-fold
increased hazard of pulmonary tuberculosis. To reduce the
confounding effects of comorbidities, a subanalysis revealed that
the adjusted HR of pulmonary tuberculosis was 3.60 for patients
with head and neck cancer alone and without comorbidities. This

Hazard ratio of pulmonary tuberculosis stratified by head and neck cancer and comorbidities.

Variable Event Person-years Incidence” Adjusted HR" (95% CI)
Head and neck cancer Comorhidities*
No No 75 63,363 1.18 (Reference)
No Yes 49 12,268 4.01 1.87 (1.28-2.72)
Yes No 40 9910 414 3.60 (2.45-5.28)
Yes Yes 16 2008 7.47 3.49 (1.99-6.14)

" Incidence rate: per 1000 person-years.
T Adjusted for sex and age.
* Comorbidities including chronic obstructive pulmonary disease and diabetes mellitus.
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Hazard ratio of pulmonary tuberculosis stratified by head and neck cancer and anticancer chemotherapy and radiation therapy.

Variable Event Person-years Incidence” Adjusted HR" (95% CI)
Head and neck cancer Anticancer chemotherapy or radiation therapy
No No 122 75,329 1.62 (Reference)
Yes No 8 3540 2.26 1.26 (0.62-2.58)
Yes Yes 48 8379 5.73 3.73 (2.66-5.23)

" Incidence rate: per 1000 person-years,
" Adjusted for sex, age, chronic obstructive pulmonary disease, and diabetes mellitus.

finding indicates that even in the absence of comorbidities, head
and neck cancer alone remains to be significantly associated with
the risk of pulmonary tuberculosis.

We also found that the incidence was particularly high during
the first 6 months of follow-up, but the risk of pulmonary
tuberculosis remained to persist even after 6 months. According
the above discussion, we suggest that periodic screening for
pulmonary tuberculosis is an important strategy among patients
with head and neck cancer in Taiwan, particularly during the first
6 months of follow-up and those comorbid with any comorbidity.

Although the underlying mechanisms of the association
between pulmonary tuberculosis and head and neck cancer
cannot be completely elucidated in an observational study, we
summarize the recent literature as follows. First, Pressoir et al
reported that 30.9% of cancer patients had malnutrition.™**! In
the meanwhile, malnutrition may potentially contribute to
tuberculosis.*%*!! Therefore, cancer-related malnutrition sub-
stantially causes cancer patients to be more susceptible to
pulmonary tuberculosis. Second, immune defects caused by the
underlying cancer itself or by treatment-related factors including
anticancer chemotherapy and radiation therapy may also
increase the host’s susceptibility to pulmonary tuberculosis.!**>3!
That can partially explain why the adjusted HR of pulmonary
tuberculosis was high for patients with head and neck cancer and
receiving anticancer chemotherapy or radiation therapy (adjusted
HR 3.73; Table 5).

5. Limitation

The study has several limitations. First, due to the inherent
limitation of the database, some risk factors for head and neck
cancer, including alcohol consumption, cigarette smoking, and
betel quid chewing,'**! were not recorded. However, we included
alcohol-related disease and chronic obstructive pulmonary
disease for adjustment, but the limitation related to betel quid
chewing cannot be overcome. Second, due to the same limitation,
there were not images or reports of chest x-ray. We were unable
to determine whether patients had a reactivation of latent
tuberculosis or a new infection of tuberculosis, but we think that
a new diagnosis of pulmonary tuberculosis usually means that
treatment is needed. This point has been mentioned in section of
major outcome. Third, although the adjusted HR of pulmonary
tuberculosis was 1.26 for subjects with head and neck cancer
alone and without receiving anticancer chemotherapy and
radiation therapy, it did not reach statistic significance (95%
CI, 0.62-2.58). Somebody may think that anti-cancer chemo-
therapy and radiation therapy, not head and neck cancer itself,
has the link with pulmonary tuberculosis. To the contrary, we
think that it is due to the event number too small to reach statistic
significance (only 8 events of pulmonary tuberculosis in the sub-
group, Table 5). Fourth, head and neck cancer includes cancer

from oral cavity, lip, oropharynx, nasopharynx, or hypophar-
ynx. Subgroup analysis is required for these specific diseases, and
then their specific contribution to pulmonary tuberculosis can be
evaluated. Due to the outcome number being not large enough,
we were unable to make such an analysis. However, it indicates a
further direction for this issue.

6. Strength

The strength of the study is that it contained a large number of
cancer patients and comparison subjects to increase its statistical
power. Although cancer has been known as a risk factor for
tuberculosis, yet little research focuses on the association between
pulmonary tuberculosis and head and neck cancer alone. Even
though not a novel topic, this study confirms that patients with
head and neck cancer have a higher risk of pulmonary
tuberculosis than patients without any cancer.

7. Conclusions

We conclude that the incidence of pulmonary tuberculosis is
higher in patients with head and neck cancer in Taiwan,
compared with the general population. The incidence is
particularly high during the first 6 months of follow-up. Head
and neck cancer is significantly associated with 2.90-fold
increased hazard of pulmonary tuberculosis. Even in the absence
of comorbidities, the risk of pulmonary tuberculosis still exists in
patients with head and neck cancer alone.

References

[1] WHO. Global TB Report. Geneva: WHO; 2013.

[2] Davies PD. Risk factors for tuberculosis. Monaldi Arch Chest Dis
2005;63:37-46.

[3] Lai SW, Wang IK, Lin CL, et al. Splenectomy correlates with increased
risk of pulmonary tuberculosis: a case-control study in Taiwan. Clin
Microbiol Infect 2014;20:764-7.

[4] Lai SW, Lin CL, Liao KF, et al. Increased risk of pulmonary tuberculosis
among patients with appendectomy in Taiwan. Eur J Clin Microbiol
Infect Dis 2014;33:1573-7.

[5] Lin HF, Liao KF, Chang CM, et al. Anti-diabetic medication reduces risk
of pulmonary tuberculosis in diabetic patients: a population-based
cohort study in taiwan. Kuwait Med J 2017;49:22-8.

[6] Cheng MP, Abou Chakra CN, Yansouni CP, et al. Risk of active
tuberculosis in patients with cancer: a systematic review and meta-
analysis. Clin Infect Dis 2017;64:635-44.

[7] Papac RJ. Medical aspects of head and neck cancer. Cancer Invest
1985;3:435-44.

[8] Paiva D, Curioni OA, Souza RP, et al. Prevalence of alterations in chest
computerized tomography in patients with head and neck cancer. Rev
Col Bras Cir 2015;42:356-9.

[9] Pan SC, Chen YC, Wang JY, et al. Tuberculosis in healthcare workers: a
matched cohort study in Taiwan. PLoS One 2015;10:¢0145047.

[10] Ministry of Health and Welfare Taiwan. 2015 Statistics of Causes Of
Death. Available at: http://www.mohw.gov.tw/EN/Ministry/Index.aspx
(accessed August 1, 2017).


http://www.mohw.gov.tw/EN/Ministry/Index.aspx
http://www.md-journal.com

Lai et al. Medicine (2017) 96:43

[11] Liao KF, Huang PT, Lin CC, et al. Fluvastatin use and risk of acute
pancreatitis:a population-based case-control study in Taiwan. Biomedi-
cine (Taipei) 2017;7:17.

[12] Lai SW, Lin CL, Liao KF. Risk of contracting pneumonia among patients
with predialysis chronic kidney disease: a population-based cohort study
in Taiwan. Biomedicine (Taipei) 2017;7:20.

[13] Yu CC, Chien CT, Chang TC. M2 macrophage polarization modulates
epithelial-mesenchymal transition in cisplatin-induced tubulointerstitial
fibrosis. Biomedicine (Taipei) 2016;6:5.

[14] Ooi H. Bedside pleuroscopy in Taiwan: a great vision for critically-ill
patients and intensivists. Biomedicine (Taipei) 2016;6:13.

[15] Maa MC, Leu TH. Src is required for migration, phagocytosis, and
interferon beta production in Toll-like receptor-engaged macrophages.
Biomedicine (Taipei) 2016;6:14.

[16] Lin WC, Lin CH. Multidetector computed tomography in the evaluation
of pediatric acute abdominal pain in the emergency department.
Biomedicine (Taipei) 2016;6:10.

[17] Chang LC, Yu YL. Dietary components as epigenetic-regulating agents
against cancer. Biomedicine (Taipei) 2016;6:2.

[18] Chan CY, Lien CH, Lee MF, et al. Quercetin suppresses cellular
migration and invasion in human head and neck squamous cell
carcinoma (HNSCC). Biomedicine (Taipei) 2016;6:15.

[19] Wen Y], Yin MC. The anti-inflammatory and anti-glycative effects of
rosmarinic acid in the livers of type 1 diabetic mice. Biomedicine 2017;
7:37-41.

[20] Liang YC, Hu JC, Li PY, et al. Torenia concolor Lindley var. formosana
Yamazaki extracts improve inflammatory response and lipid accumula-
tion via PPARs activation. Biomedicine 2017;7:29-36.

[21] Yin MC. Inhibitory effects and actions of pentacyclic triterpenes upon
glycation. Biomedicine (Taipei) 2015;5:13.

[22] Yao HT, Yang YC, Chang CH, et al. Protective effects of (—)-epi-
gallocatechin-3-gallate against acetaminophen-induced liver injury in
rats. Biomedicine (Taipei) 2015;5:15.

[23] Wu IC, Lin CC, Hsiung CA. Emerging roles of frailty and inflammaging
in risk assessment of age-related chronic diseases in older adults: the
intersection between aging biology and personalized medicine. Biomedi-
cine (Taipei) 2015;5:1.

[24] Wu CY, Huang HM, Cho DY. An acute bleeding metastatic spinal tumor
from HCC causes an acute onset of cauda equina syndrome. Biomedicine
(Taipei) 2015;5:18.

[25] Tien N, Sung Y], Yi C, et al. The medical diagnostic approaches
with phylogenetic analysis for rare Brucella spp. diagnosis in Taiwan.
Biomedicine (Taipei) 2015;5:9.

[26] Su KP. Nutrition, psychoneuroimmunology and depression: the
therapeutic implications of omega-3 fatty acids in interferon-alpha-
induced depression. Biomedicine (Taipei) 2015;5:21.

[27] Liu WH, Liu TC, Mong MC. Antibacterial effects and action modes of
asiatic acid. Biomedicine (Taipei) 2015;5:16.

[28] Liu SP, Hsu CY, Fu RH, et al. Sambucus williamsii induced
embryonic stem cells differentiated into neurons. Biomedicine (Taipei)
2015;5:3.

[29] Liu JC, Shen WC, Shih TC, et al. The current progress and future
prospects of personalized radiogenomic cancer study. Biomedicine
(Taipei) 2015;5:2.

[30] Lin YJ, Ho TJ, Lin TH, et al. P-coumaric acid regulates exon 12 splicing
of the ATP7B gene by modulating hnRNP A1l protein expressions.
Biomedicine (Taipei) 2015;5:10.

[31] Ho TF, Chang CC. A promising “TRAIL” of tanshinones for cancer
therapy. Biomedicine (Taipei) 2015;5:23.

[32] Ministry of Health and Welfare Taiwan. 2016 Taiwan Health and
Welfare Report. Available at: http:/www.mohw.gov.tw (accessed
August 1, 2017).

Medicine

[33] Kuo SC, Lai SW, Hung HC, et al. Association between comorbidities and
dementia in diabetes mellitus patients: population-based retrospective
cohort study. J Diabetes Complications 2015;29:1071-6.

[34] Lai SW, Liao KF, Liao CC, et al. Polypharmacy correlates with increased
risk for hip fracture in the elderly: a population-based study. Medicine
2010;89:295-9.

[35] Chen HY, Lin CL, Lai SW, et al. Association of selective serotonin
reuptake inhibitor use and acute angle-closure glaucoma. J Clin
Psychiatry 2016;77:¢692—6.

[36] Tsai TY, Lin CC, Peng CY, et al. The association between biliary tract
inflammation and risk of digestive system cancers: a population-based
cohort study. Medicine 2016;95:e4427.

[37] Chu CS, Lin CC, Peng CY, et al. Does pyogenic liver abscess increase the
risk of delayed-onset primary liver cancer? Evidence from a nationwide
cohort study. Medicine 2017;96:¢7785.

[38] Hsu F-G, Sheu M-], Lin C-L, et al. Use of zolpidem and risk of acute
pyelonephritis in women: a population-based case-control study in
Taiwan. J Clin Pharmacol 2017;57:376-81.

[39] Hung SC, Lin CH, Hung HC, et al. Use of selective serotonin reuptake
inhibitors and risk of hip fracture in the elderly: a case-control study in
Taiwan. ] Am Med Dir Assoc 2017;18:350-4.

[40] Liao KF, Cheng KC, Lin CL, et al. Statin use correlates with reduced risk
of pyogenic liver abscess: a population-based case-control study. Basic
Clin Pharmacol Toxicol 2017;121:144-9.

[41] Lin CM, Liao KF, Lin CL, et al. Use of simvastatin and risk of acute
pancreatitis: a nationwide case-control study in Taiwan. ] Clin
Pharmacol 2017;57:918-23.

[42] Lin HF, Liao KF, Chang CM, et al. Statin use correlates with reduced risk
of chronic osteomyelitis: a nationwide case-control study in Taiwan.
Curr Med Res Opin 2017;12:1-3.

[43] Cheng KC, Liao KF, Lin CL, et al. Correlation of proton pump inhibitors
with pulmonary tuberculosis: a case-control study in Taiwan. Front
Pharmacol 2017;8:481.

[44] Liao KF, Lin CL, Lai SW. Population-based case-control study assessing
the association between statins use and pulmonary tuberculosis in
Taiwan. Front Pharmacol 2017;8:597.

[45] Liao KF, Lin CL, Lai SW. Nationwide case-control study examining the
association between tamoxifen use and Alzheimer’s disease in aged
women with breast cancer in Taiwan. Front Pharmacol 2017;8:612.

[46] Lin HF, Liao KF, Chang CM, et al. Use of thiazolidinediones and risk of
hip fracture in old people in a case-control study in Taiwan. Medicine
2017;96:e7712.

[47] Lai SW, Lin CL, Liao KF. Population-based cohort study investigating
the correlation of diabetes mellitus with pleural empyema in adults in
Taiwan. Medicine 2017;96:¢7763.

[48] Lai SW, Lin CL, Liao KF. Nation-based case-control study investigating
the relationship between oral corticosteroids use and pulmonary
tuberculosis. Eur J Intern Med 2017;43:53-7.

[49] Pressoir M, Desne S, Berchery D, et al. Prevalence, risk factors and
clinical implications of malnutrition in French Comprehensive Cancer
Centres. Br J Cancer 2010;102:966-71.

[50] Kant S, Gupta H, Ahluwalia S. Significance of nutrition in pulmonary
tuberculosis. Crit Rev Food Sci Nutr 2015;55:955-63.

[51] Gupta KB, Gupta R, Atreja A, et al. Tuberculosis and nutrition. Lung
India 2009;26:9-16.

[52] Safdar A, Armstrong D. Infectious morbidity in critically ill patients with
cancer. Crit Care Clin 2001;17:531-70.

[53] Rolston KV. Infections in cancer patients with solid tumors: a review.
Infect Dis Ther 2017;6:69-83.

[54] Ko YC, Huang YL, Lee CH, et al. Betel quid chewing, cigarette smoking
and alcohol consumption related to oral cancer in Taiwan. ] Oral Pathol
Med 1995;24:450-3.


http://www.mohw.gov.tw/

	Head and neck cancer associated with increased rate of pulmonary tuberculosis in a population-based cohort study
	1 Introduction
	2 Methods
	2.1 Study design and data source
	2.2 Identification of participants
	2.3 Potential comorbidities
	2.4 Major outcome
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics of the study population
	3.2 Incidence of pulmonary tuberculosis in the study population stratified by sex, age, and follow-up period
	3.3 Association of pulmonary tuberculosis with head and neck cancer and comorbidities
	3.4 Hazard ratio of pulmonary tuberculosis stratified by head and neck cancer and comorbidities
	3.5 Hazard ratio of pulmonary tuberculosis stratified by head and neck cancer and anticancer chemotherapy and radiation therapy

	4 Discussion
	5 Limitation
	6 Strength
	7 Conclusions
	References


