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Introduction

Lung cancer exhibits a high incidence and causes 
considerable mortality worldwide (1). Epidemiological 
studies regarding the incidence of lung cancer have 
supported a possible association between other lung diseases 
and lung cancer (2-9). Existing lung diseases such as asthma, 
pneumonia, chronic obstructive pulmonary disease, and 
pulmonary tuberculosis (TB) may increase the risk for 

lung cancer, and many studies have sought to clarify these 
relationships (10-13).

Pulmonary TB is an infectious disease with a high global 
disease burden. TB incidence in South Korea remains 
high relative to that of other high-income countries (14). 
Pulmonary TB is a chronic inflammatory reaction of 
pulmonary parenchyma that causes irreversible fibrosis and 
scarring, accompanied by an impaired immune response. It 
has been hypothesized that the pathological mechanism of 
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pulmonary TB increases the risk for lung cancer (3,5,8,9). 
Several epidemiologic studies have supported a causal link 
between pulmonary TB and the incidence of lung cancer, 
but none have investigated whether pulmonary TB increases 
the incidence of lung cancer in an age-related manner (7-9).

Studies on the effects of pulmonary TB are important 
in that they can provide epidemiological evidence for the 
prevention of disease occurrence and support national 
efforts to manage pulmonary TB. In this study, we 
investigated how risk for lung cancer after pulmonary TB 
may change according to age using Korean cohort data.

Methods

We used data from the National Health Insurance Service–
National Sample Cohort (NHIS-NCS), which is a 
population-based cohort. A representative sample cohort 
was randomly selected of approximately 1 million people, 
comprising 2.2% of the entire South Korean population 
in 2002. The sampling method was systematic stratified 
random sampling with proportional allocation within each 
stratum. The cohort was followed for 11 years until 2013. 
The cohort data included demographic information, as well 
as data on medical treatments, prescriptions, and general 
health examinations (15).

The TB group included all patients aged ≥20 years 
in 2003 who had a new diagnosis of pulmonary TB 
[International Classification of Diseases code (ICD)-10 
A15, A16, A19] during the period from 2003 to 2013. And it 
was further confirmed whether two or more TB treatments 
were prescribed for >28 days within 90 days after the first 
diagnosis of tuberculosis. We excluded subjects who had a 
diagnosis of TB but did not meet the medication criterion. 
The latent tuberculosis (LTBI) was defined with the ICD-
10 R76. To ensure included patients were only those with 
new-onset TB, we excluded subjects who had a diagnosis 
of TB in 2002 and those who had a past history of TB. 
Similarly, we excluded subjects who had a diagnosis of lung 
cancer (ICD-10 C33, C34) in 2002. Finally, we excluded 
subjects who had lung cancer before they were diagnosed 
with TB to focus on the temporal relationship between 
TB and development of lung cancer. The index date of TB 
patients was defined as the earliest recorded TB diagnosis 
between 2003 and 2013. The control group consisted of 
five control subjects for each case of TB, matched for sex 
and age; these control subjects had no records of TB during 
the period from 2002 to 2013. The same index date was 
assigned to each of the matched controls. All subjects were 

followed up from the index date until the development of 
lung cancer, death, or the end of the year 2013 (Figure 1).

The sex, age, household income, and smoking status of 
each subject were acquired from the NHIS-NCS database 
for analyses of factors potentially associated with an 
increased risk for lung cancer. Age was used to stratify the 
subjects into four groups at the time of enrollment in the 
study: <50, 50–59, 60–69, and ≥70 years. Household income 
levels were used to stratify the subjects into three groups at 
the time of enrollment in the study: lower (30%), middle 
(40%), higher (30%). Smoking statuses (current, former, 
or never) were obtained from the most recent health 
examinations at the time of enrollment.

To compare the risk for lung cancer according to the 
interval since TB diagnosis, follow-up periods were defined 
as follows: lung cancer development within 1 year after TB 
diagnosis, 1–3.9 years after TB diagnosis, 4–6.9 years after 
TB diagnosis, and ≥7 years after TB diagnosis. To compare 
the risk for lung cancer within 1–3.9 years after TB 
diagnosis between subjects in the TB and control groups, 
we excluded subjects who developed lung cancer or died, 
as well as those who were diagnosed with TB within 1 year 
before the end of the study.

We used Pearson’s chi-square test to examine differences 
in characteristics between TB and control groups. The Cox 
proportional hazards model was used to calculate the crude 
and adjusted hazard ratios (HRs) of lung cancer; adjustments 
included sex, age, household income, and smoking status. 
Survival time was defined as time from index date until lung 
cancer development, death, or the end of the year 2013. 
The incidence rate ratios (IRRs) and adjusted HRs were 
compared according to the interval since TB development. 
Age-adjusted HRs for lung cancer after TB diagnosis were 
obtained by stratification based on the age at enrollment 
in the study. SAS software (version 9.4; SAS Institute Inc., 
Cary, NC, USA) was used for statistical analyses. The study 
was reviewed by the Institutional Review Board of Kangwon 
National University Hospital (IRB No. KNUH-2016-05-
005).

Results

A total of 3,776 patients were diagnosed with pulmonary 
TB and received at least two anti-TB medications during 
the study period. Table 1 shows the basic characteristics of 
the matched subjects. The TB group had low household 
income (P<0.001) and a higher prevalence of smoking 
(P=0.024). During the study period, 86 of the 3,776 TB 
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patients were diagnosed with lung cancer, whereas 108 
of the 18,880 controls were diagnosed with it (Tables 2,3). 
The IRR in pulmonary TB patients was 12.26 within  
1 year and 3.33 at 1–3.9 years after TB diagnosis, compared 
to the control group. However, there were no statistically 
significant differences between groups at 4–6.9 years and  
≥7 years after TB diagnosis.

There was an increased risk for lung cancer in 
pulmonary TB patients compared to controls (adjusted 
HR, 4.18; 95% CI, 3.15–5.56). Sex, age, and smoking status 
were all significant risk factors for lung cancer, but there 
were no significant differences in household income after 
adjusting for sex, age, smoking status, and TB diagnosis 
(Table 4). The risk for lung cancer was higher in men than 
in women (adjusted HR, 2.35; 95% CI, 1.60–3.46) and in 
current smokers than in never smokers (HR, 2.00; 95% CI, 
1.43–2.78), and significantly increased with age. Relative 

to patients <50 years of age, the risks were HR 5.67 (95% 
CI, 3.46–9.29), 12.76 (95% CI, 8.31–19.59), and 15.87 
(95% CI, 9.89–25.47) in patients aged 50–59, 60–69, and 
≥70 years, respectively (Table 4). However, the HRs after 
pulmonary TB were 9.85 (95% CI, 4.57–21.23), 7.14 (95% 
CI, 3.63–14.05), 3.32 (95% CI, 2.12–5.19), 2.57 (95% CI, 
1.40–4.72), respectively. As age increased, the adjusted 
HR of lung cancer gradually decreased after diagnosis of 
pulmonary TB (Table 5).

Discussion

This was a large prospective study of an NHIS-NCS 
cohort. We compared 3,776 pulmonary TB patients 
with 18,880 control subjects matched by age and sex and 
prospectively analyzed the incidence of lung cancer after 
diagnosis of active pulmonary TB over an 11-year period. 

Figure 1 Flow chart of the study selection process.

Subjects aged 20 years and older in 2003 (n=749,051)

Individuals with a history of TB 

(n=18,523)

Individuals with cancer in 2002 

(n=7,353)

Smoking information unknown 

(n=203,495)

Cancer free and no previous history of tuberculosis in 2002 

(n=519,680)

Tuberculosis diagnosis code 

was found but tuberculosis 

drug condition was not satisfied 

(n=4,708)

Individuals who were diagnosed 

with tuberculosis in 2003–2013 

(n=3,776)

No TB records in 2003–2013 

matched for sex and age 

(n=18,880)

Individuals who were diagnosed 

with tuberculosis in 2002 (n=519)

Individuals who were not diagnosed 

with tuberculosis in 2003–2013 

(n=510,677)
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The HR of lung cancer was 4.18 in pulmonary TB patients 
compared to controls. Male sex, older age, and current 
smoking were independent risk factors for the diagnosis 
of lung cancer. Socioeconomic status was a risk factor 
in univariate analyses, but this association was lost after 
adjusting for age, sex, and smoking status. More elderly 
patients had a diagnosis of lung cancer after TB infection, 
but younger patients had a higher risk for lung cancer.

Temporal analyses of lung cancer incidence showed 
that the risk for lung cancer was greatest within 1 year 
after pulmonary TB diagnosis and was significantly higher 
within 4 years after diagnosis; however, the risk was similar 
to that of controls at >4 years after diagnosis. This is 
consistent with Wu et al., who showed that pulmonary TB 
was associated with an increased risk for lung cancer in a 
Taiwanese cohort (8,9). By contrast, Hong et al. analyzed 
the risk for lung cancer in Korean patients with pulmonary 
TB, with and without a history of smoking, and reported 
that risk was independent of TB (16). Unlike the previous 

studies, we performed analyses on an annual basis, and 
found that the HR of lung cancer decreased each year after 
pulmonary TB diagnosis. At >4 years after pulmonary TB 
diagnosis, the risk was not statistically significant, but this 
might have been affected by the low number of patients. If 
there was a sufficient number of patients, we believe that 
higher risk of developing lung cancer in a pulmonary TB 
patient would have been significant after 4 years (8).

Pulmonary TB was an independent risk factor for the 
diagnosis of lung cancer. Diagnostic codes and use of anti-
TB drugs were used to reduce errors in the identification 
of pulmonary TB patients. We also included smoking 
history, which was not included in some cohort studies, 
and measured the independent risks of lung cancer due to 
smoking and pulmonary TB, separately.

The association between TB and cancer has attracted 
attention for several years and remains controversial. 
Simultaneous occurrence of both TB and cancer in the 
same organ causes a diagnostic dilemma, as it is difficult 
to determine whether TB is the cause of lung cancer or 
whether lung cancer is the cause of TB. The association 
between TB and cancer can occur in several ways (17). 
Chronic TB infections cause the accumulation of genomic 
changes, and exposure to growth factors can cause multistep 
cellular transformation, leading to dysplasia and malignant 
squamous cell carcinoma (18). Human susceptibility to 
TB is also associated with polymorphisms of several genes 
related to innate immunity and the inflammatory response, 
such as toll-like receptors, tumor necrosis factors, and 
inducible nitric oxide; notably, these genes are associated 
with cancer susceptibility (19-21). We tested whether TB 
may be the cause of lung cancer, and concluded that a 
diagnosis of pulmonary TB was a significant risk factor for 
lung cancer for several years, and that the risk gradually 
decreased after treatment.

However, pulmonary TB could be a complication of lung 
cancer, and pulmonary TB and lung cancer may coexist. TB 
is a known complication in cancer patients. The diagnosis 
of lung cancer may be delayed when TB and cancer coexist. 
The risk for lung cancer was greatest within 1 year after 
diagnosis of pulmonary TB.

We also found that risk for lung cancer was higher 
in younger patients with pulmonary TB than in elderly 
patients with pulmonary TB. Both lung cancer and 
pulmonary TB exhibit age-dependent characteristics and 
risk factors (22,23). Younger patients with pulmonary TB 
have common risk factors for both diseases and may develop 
coexistent lung cancer (17). Wu et al. mentioned that TB 

Table 1 Basic characteristics between cohorts with and without 
tuberculosis

Variables
Tuberculosis, n (%) P 

valueYes No

Sex 0.999

Female 1,554 (41.15) 7,770 (41.15)

Male 2,222 (58.85) 11,110 (58.85)

Age group (years) 0.554

<50 2,178 (57.68) 10,902 (57.74)

50–59 529 (14.01) 2,771 (14.68)

60–69 649 (17.19) 3,222 (17.07)

≥70 420 (11.12) 1,985 (10.51)

Household income <0.001

Lower 30% 995 (26.35) 4,231 (22.41)

Middle 40% 1,513 (40.07) 7,186 (38.06)

Upper 30% 1,268 (33.58) 7,463 (39.53)

Smoking status 0.024

Never smoker 2,279 (60.35) 11,837 (62.70)

Ex-smoker 321 (8.50) 1,542 (8.17)

Current smoker 1,176 (31.14) 5,501 (29.14)

Total 3,776 (16.67) 18,880 (83.33)

P value from Pearson’s χ2 test.
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Table 2 Temporal association of lung cancer incidence between tuberculosis and control patients

Variables
Tuberculosis (n=86) No tuberculosis (n=108)

n Person-years IR n Person-years IR IRR HR (95% CI)

<1 year 50 3,711 1,347.35 20 18,192 109.94 12.26 12.68 (7.54–21.33)

1–3.9 years 27 8,536 316.31 42 44,168 95.09 3.33 3.42 (2.11–5.55)

4–6.9 years 4 5,478 73.02 30 28,581 104.96 0.70 0.73 (0.25–2.05)

≥7 years 5 2,698 185.32 16 14,307 111.83 1.66 1.69 (0.62–4.65)

Adjusted for sex, age, household income, smoking status. IR, incidence rate; IRR, incidence rate ratio; HR, hazard ratio; CI, confidence 
interval.

Table 3 Temporal association of lung cancer incidence between tuberculosis and control patients

Variables
Tuberculosis (n=86) No tuberculosis (n=108)

IRR HR (95% CI)
Total Lung cancer Total Lung cancer

<1 year 3,776 50 18,880 20 12.26 12.68 (7.54–21.33)

1–1.9 years 3,388 9 17,387 12 3.86 4.15 (1.74–9.88)

2–2.9 years 3,012 11 15,533 17 3.34 3.34 (1.56–7.15)

3–3.9 years 2,652 7 13,749 13 2.80 2.83 (1.13–7.12)

4–4.9 years 2,342 1 12,194 10 0.52

5–5.9 years 1,982 2 10,293 14 0.74

6–6.9 years 1,659 1 8,676 6 0.87

7–7.9 years 1,320 4 6,934 9 2.35

≥8 years 999 1 5,309 7 0.76

Adjusted for sex, age, household income, smoking status. IR, incidence rate; IRR, incidence rate ratio; HR, hazard ratio; CI, confidence 
interval.

plays an important role in the formation of subsequent lung 
cancer in all age groups, especially in the younger patients. 
That study reported IRR 3.47 under 60 years old and IRR 
of 1.55 over 60 years old. But there was no explanation 
for why (8). We did not find that reason either. Further 
studies with additional variables, histologic examination, 
and genetic testing are necessary to fully analyze the risk for 
lung cancer in young patients with TB.

There were potential limitations to our study. First, we 
did not consider acid-fast bacilli smear, culture, or imaging 
information at the time of diagnosis of pulmonary TB (24). 
In the definition of LTBI for cohort studies, we defined 
only with the diagnostic code without laboratory screenings, 
radiological and clinical findings of the patient. However, 
ICD-10 A16 may include the broad definition of LTBI. 
Therefore, patients with LTBI who have been treated with 
two or more TB drugs may have been included as active 

TB patients in our study cohort. Second, we did not include 
information on the histologic results of lung cancer, which 
could have strengthened the analyses (10). Third, there 
were no significant results in patients who were followed for 
more than 4 years because of the lower number of cancer 
patients (Table 3).

Despite these limitations, our study confirms an 
association between the diagnosis  of  lung cancer 
and diagnosis of pulmonary TB in a large cohort. 
Stratification by age showed that the risk for lung 
cancer was greater after diagnosis of pulmonary TB at a 
younger age. When younger patients are diagnosed with 
pulmonary TB, they should be more closely monitored 
for subsequent development of lung cancer than the 
normal population. Delayed diagnosis of lung cancer 
due to diagnosis of TB may hinder proper treatment and 
result in poor prognosis.
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Table 4 Hazard ratio of lung cancer

Variables Univariate, HR (95% CI) Multivariate model 1, HR (95% CI) Multivariate model 2, HR (95% CI)

Sex

Female 1.00 1.00 1.00

Male 2.45 (1.75–3.44) 2.28 (1.55–3.34) 2.35 (1.60–3.46)

Age group (years)

<50 1.00 1.00 1.00

50–59 5.46 (3.34–8.94) 5.62 (3.43–9.21) 5.67 (3.46–9.29)

60–69 10.90 (7.13–16.67) 12.65 (8.24–19.43) 12.76 (8.31–19.59)

≥70 11.05 (6.98–17.51) 15.46 (9.64–24.78) 15.87 (9.89–25.47)

Household income

Lower 1.00 1.00 1.00

Middle 0.62 (0.43–0.88) 0.74 (0.52–1.05) 0.74 (0.52–1.06)

Upper 0.71 (0.50–0.99) 0.73 (0.52–1.03) 0.78 (0.56–1.11)

Smoking status

Never smoker 1.00 1.00 1.00

Ex-smoker 1.01 (0.57–1.81) 0.85 (0.46–1.54) 0.80 (0.44–1.45)

Current smoker 1.89 (1.41–2.52) 2.06 (1.48–2.87) 2.00 (1.43–2.78)

Tuberculosis

No 1.00 1.00

Yes 4.10 (3.09–5.45) 4.18 (3.15–5.56)

Model 1: adjusted for sex, age, household income, smoking status; Model 2: adjusted for sex, age, household income, smoking status, 
tuberculosis. HR, hazard ratio; CI, confidence interval.

Table 5 Hazard ratio of lung cancer related to tuberculosis by age

Age group (years) Tuberculosis
Lung cancer, n (%)

Univariate, HR (95% CI) Multivariate model 1, HR (95% CI)
No Yes

<50 No 10,892 (99.91) 10 (0.09) 1.00 1.00

Yes 2,159 (99.13) 19 (0.87) 9.60 (4.46–20.64) 9.85 (4.57–21.23)

50–59 No 2,756 (99.46) 15 (0.54) 1.00 1.00

Yes 509 (96.22) 20 (3.78) 7.11 (3.64–13.88) 7.14 (3.63–14.05)

60–69 No 3,173 (98.48) 49 (1.52) 1.00 1.00

Yes 617 (95.07) 32 (4.93) 3.49 (2.24–5.45) 3.32 (2.12–5.19)

≥70 No 1,951 (98.29) 34 (1.71) 1.00 1.00

Yes 405 (96.43) 15 (3.57) 2.35 (1.28–4.32) 2.57 (1.40–4.72)

Model 1: adjusted for sex, household income, smoking status. HR, hazard ratio; CI, confidence interval.
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Conclusions

Pulmonary TB is associated with risk for lung cancer, such 
that there is a greater risk for lung cancer within 4 years 
after pulmonary TB. Patients with pulmonary TB should 
be monitored for subsequent development of lung cancer, 
particularly in younger patients.
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