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Abstract
Introduction: People with tuberculosis experience long-term health effects beyond cure, including chronic
respiratory diseases. We investigated whether tuberculosis is a risk factor for subsequent lung cancer.
Methods: We searched PubMed, Scopus, Cochrane, Latin American and Caribbean Health Sciences
Literature and the Scientific Electronic Library Online for cohort and case–control studies providing effect
estimates for the association between tuberculosis and subsequent lung cancer. We pooled estimates
through random-effects meta-analysis. The study was registered in PROSPERO (CDR42020178362).
Results: Out of 6240 records, we included 29 cohort and 44 case–control studies. Pooled estimates
adjusted for age and smoking (assessed quantitatively) were hazard ratio (HR) 1.51 (95% CI 1.30–1.76,
I2=81%; five studies) and OR 1.74 (95% CI 1.42–2.13, I2=59%; 19 studies). The occurrence of lung
cancer was increased for 2 years after tuberculosis diagnosis (HR 5.01, 95% CI 3.64–6.89; two studies),
but decreased thereafter. Most studies were retrospective, had moderate to high risk of bias, and did not
control for passive smoking, environmental exposure and socioeconomic status. Heterogeneity was high.
Conclusion: We document an association between tuberculosis and lung cancer occurrence, particularly in,
but not limited to, the first 2 years after tuberculosis diagnosis. Some cancer cases may have been present
at the time of tuberculosis diagnosis and therefore causality cannot be ascertained. Prospective studies
controlling for key confounding factors are needed to identify which tuberculosis patients are at the highest
risk, as well as cost-effective approaches to mitigate such risk.

Introduction
Tuberculosis is a major health problem worldwide. Although the incidence is slowly declining, an
estimated 10 million cases and 1.5 million tuberculosis deaths occurred in 2020 [1]. Its morbidity burden
extends beyond cure, since people successfully treated for tuberculosis experience health problems in the
long term. Tuberculosis has been associated with subsequent lung function impairment and other
respiratory conditions such as bronchiectasis and COPD [2, 3]. All-cause mortality is significantly higher
in people treated for tuberculosis compared to the general population [4].

The association between tuberculosis and lung cancer has received special interest. There were 2.2 million
new cases and 1.8 million deaths from lung cancer in 2020 [5]. Chronic inflammation can promote tumour
growth in different types of cancer and chronic inflammation in the lung has been hypothesised to promote
carcinogenesis [6]. Chronic bronchitis and emphysema have been associated with increased risk of lung
cancer, independently of tobacco use [7]. Inflammation from pulmonary tuberculosis has also been
suspected to contribute to lung cancer development, but studies on the association between an episode of
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tuberculosis and subsequent lung cancer have shown mixed results. Some found a positive association,
while others did not [8, 9].

A 2009 systematic review of epidemiological studies on the subject found a significant increased risk of
lung cancer among people with previous tuberculosis, especially for adenocarcinoma [10]. However, most
included studies had a case–control design. During the past decade, several cohort studies assessing this
relationship have been published. Still, establishing a causal relationship between tuberculosis and lung
cancer is challenging, as it is difficult to control for cofounding due to shared risk factors, especially
smoking [11]. It is also problematic to ascertain the absence of lung cancer upon tuberculosis diagnosis, at
the start of the follow up. Therefore, reverse causation needs to be considered, the more so because lung
cancer facilitates activation of latent tuberculosis infection [12].

We appraised in a systematic review the now available evidence that evaluates the association between
tuberculosis and subsequent lung cancer occurrence and mortality.

Methods
We conducted a systematic review and meta-analysis. The population, exposure, comparator, outcome
framework was filled out as follows. Population: any population; exposure: tuberculosis; comparator:
subjects without tuberculosis; outcomes: lung cancer diagnosis (the main outcome) and lung cancer
mortality (the secondary outcome). The protocol was prospectively registered in PROSPERO (ID number:
CDR420178362). We used the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020
checklist to report our findings (appendix 1).

Search strategy and selection criteria
We searched the literature in PubMed, Scopus, Cochrane, Latin American and Caribbean Health Sciences
Literature and the Scientific Electronic Library Online using terms related to “tuberculosis” and “lung
cancer” (the full search strategy can be found in appendix 2). We manually searched the references cited in
the papers included. Full-text peer-reviewed papers reporting on cohort and case–control studies written in
English, French or Spanish and published between 1 January 1980 and 1 September 2021 were eligible for
inclusion. We withheld studies with a comparator group reporting an effect estimate for the association
between tuberculosis and lung cancer diagnosis or lung cancer mortality. Retrieved articles were uploaded
to Covidence 2.0. Title and abstract screening as well as full-text reviews were performed in duplicate by
two reviewers ( J. Cabrera-Sanchez and V. Cuba). Discrepancies about the inclusion of a study were
resolved by consensus or through discussion with a third reviewer (L. Otero).

Data extraction and risk-of-bias assessment
We extracted data using a pilot-tested standardised form in Covidence. We extracted bibliographic
information, study setting, population description, number of participants, methods to ascertain exposure
(tuberculosis)/outcomes (lung cancer diagnosis and lung cancer mortality) and results, including number of
events per exposure group and unadjusted and adjusted effect estimates of the association between
tuberculosis and subsequent lung cancer diagnosis or mortality. We used the option “merge” in Covidence
when data concerning the same study was reported in more than one paper, to treat multiple reports as one
single study. In these cases, we extracted the effect estimate based on the larger study population. Authors
were contacted by email when necessary to obtain relevant information.

To assess the risk of bias, we adapted the Newcastle–Ottawa scale for observational studies, maintaining
three domains with a total of eight items: representativeness of the study population (four items),
comparability of study groups (one item) and ascertainment of exposure (for cohorts), or outcome (for
case–control studies) (three items). The full description of the adapted Newcastle–Ottawa scale, the
rationale for adaptations and the rules used to reach the overall risk of bias judgment can be found in the
supplementary material (appendices 3 and 4). Both the data extraction and the risk of bias assessment were
accomplished independently by two reviewers and disagreements were solved with a third reviewer.

Statistical analysis
We performed a random-effects meta-analysis to pool unadjusted as well as adjusted estimates of the
association between tuberculosis and subsequent lung cancer diagnosis or lung cancer mortality. We
developed three models. In the first model, we pooled unadjusted estimates extracted from the included
studies. In models two and three, we pooled adjusted estimates. Since the variables considered for adjustment
varied widely between studies, we pre-defined (as proposed by RILEY et al. [13]) a minimum set of variables
for which studies had to adjust in order to be included in the latter models. These variables were age and
smoking, for being associated with tuberculosis and constituting the strongest widespread risk factors for
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lung cancer. Smoking could be assessed either qualitatively by smoking status categories (never-, former or
current smoker), or quantitatively, when measured by intensity, duration or cumulative amount. In the second
model, we pooled studies’ estimates adjusted for at least age and any assessment of smoking. In the third
model, we pooled estimates adjusted for at least age and any quantitative assessment of smoking. Estimates
from studies restricted to never-smokers were considered to be quantitatively adjusted for smoking.

Thus, studies could contribute to more than one model depending on the estimates reported. If a study only
reported results stratified by subgroups, we calculated a single pooled estimate. Studies that did not report
unadjusted estimates nor estimates adjusted for at least age and smoking were not included in the
meta-analyses, but are still part of the descriptive synthesis of the review, except when the data were
available to calculate risk ratios or odds ratios for use in model 1. In view of their methodological
differences, separate meta-analyses were performed for cohort and case–control studies. For cohort studies,
risk ratios, incidence rate ratios and standardised ratios were pooled together with hazard ratios (HRs). We
obtained estimates of pooled odds ratios for case–control studies.

To explore heterogeneity, we performed stratified meta-analyses. First, for all studies, stratified by overall
risk of bias (as assessed by the review team) and then, conditional on data availability, by sex, smoking
status and latency. Since effect estimates in never-smokers are free of residual confounding by active
tobacco consumption, we did a subgroup analysis restricted to that subpopulation. We performed stratified
analysis by time intervals between tuberculosis diagnosis and lung cancer detection (latency) aiming to
decrease the possibility of lung cancer being present at time of tuberculosis diagnosis and deal with reverse
causality bias. For this stratified analysis, we constructed categories accommodating the heterogeneity of
the cut-offs reported.

We developed funnel plots and performed the Egger test to assess publication bias. Meta-analysis was
done with the meta package version 4.16-2 using R Studio version 4.0.3. Effect measures were calculated
with STATA 15.0 (Stata Corp, College Station, TX, USA) and OpenEpi (Centers for Disease Control and
Prevention, Atlanta, GA, USA) when studies did not report them directly, but data to do so were available.

Results
The search yielded 6240 records, 5106 of which we screened after removing duplicates (figure 1). We
excluded 4718 records and retained 127 for retrieving the full text. 62 reports fulfilled the inclusion criteria
and were included. We identified 18 eligible records from citation searching. Hence, we included a total of
80 records and 73 unique studies. Lung cancer diagnosis was reported in 62 studies: 19 were cohort
studies [8, 9, 14–30 ] and 43 were case–control studies [31–72]. Lung cancer mortality was reported in 13
studies: 12 were cohort studies [9, 26, 73–82] and one was a case–control study [83]. Two studies [9, 26]
reported both outcomes. Appendix 5 indicates the number of studies included in the different meta-analysis
models that pooled the estimates of associations of tuberculosis with subsequent lung cancer diagnosis or
mortality. 46 studies originated from Asia, predominantly from China, Taiwan and South Korea (appendix 6);
16 came from North America (USA and Canada); 10 from Europe; and one from Africa. No studies were
conducted in Oceania, Latin America or the Caribbean. Only 39 out of 62 and three out of 13 studies
addressing diagnosis or mortality, respectively, adjusted somehow for smoking. 12, 25 and 25 studies had
low, moderate and high risk of bias, respectively, for the main outcome. Four, one and eight studies were
at low, moderate and high risk of bias, respectively, for the secondary outcome. A full description of the
included studies and their risk of bias across different domains can be found in the supplementary material
(appendices 7 and 8).

Sample sizes ranged from 6699 to 15 219 024 (median 29 641, interquartile range (IQR) 304 977) in
cohort studies and from 144 to 91 301 (median 1212, IQR 1983) in case–control studies reporting the main
outcome. Sample size in studies reporting the secondary outcome ranged from 515 to 1 607 710 (median
19 497, IQR 39 782) in cohort studies and was 1046 in one case–control study. For lung cancer diagnosis,
the minimum length of follow-up in cohort studies was 3.8 years and the maximum was 18.5 years
(median 8 years, IQR 4 years); for lung cancer mortality, the minimum was 2 years and the maximum
25 years (median 10 years, IQR 7 years). In most cohort studies, lung cancer was detected under routine
medical care and coupled to tuberculosis diagnosis through record linkage or by using registries, except in
one study [25], where chest radiography was performed systematically as part of the study’s follow-up.

Individual results reported in the included studies are tabulated in appendix 9. Results from the
meta-analysis are summarised in table 1. For lung cancer diagnosis, among cohort studies, the pooled
adjusted hazard ratio for persons with a tuberculosis history versus nonexposed individuals was 1.87 (95%
CI 1.29–2.70, I2=94%; figure 2) in model 2 and 1.57 (95% CI 1.20–2.07, I2=74%; figure 3) in model 3.
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2020 flowchart. LILACS: Latin American and Caribbean Health
Sciences Literature; SciELO: Scientific Electronic Library Online.

TABLE 1 Pooled estimates of the association between tuberculosis and subsequent lung cancer diagnosis or mortality

Model 1# Model 2¶ Model 3+

Studies n Pooled estimate§

(95% CI)
Studies n Pooled estimate§

(95% CI)
Studies n Pooled estimate§

(95% CI)

Cohort studies
Lung cancer diagnosis 8ƒ 2.96 (2.28–3.83) 7 1.77 (1.41–2.22) 5 1.51 (1.30–1.76)
Adenocarcinoma NA 3 2.00 (0.93–4.31) 3 2.00 (0.93–4.31)
Small cell carcinoma NA 3 0.88 (0.34–2.26) 3 0.88 (0.34–2.26)
Squamous cell carcinoma NA 3 2.01 (1.00–4.03) 3 2.01 (1.00–4.03)

Lung cancer mortality 7 2.97 (2.14–4.11) 2 1.62 (1.18–2.21) NA
Case–control studies
Lung cancer diagnosis 41 2.00 (1.65–2.41) 23 1.76 (1.41–2.19) 19 1.74 (1.42–2.13)
Adenocarcinoma 10 2.27 (1.46–3.52) 8 1.96 (1.20–3.21) 6 1.51 (0.92–2.48)
Small cell carcinoma 4 2.26 (1.13–4.52) 3 1.50 (0.95–2.39) 2 2.05 (0.42–10.03)
Squamous cell carcinoma 3 4.51 (2.75–7.39) 4 2.43 (1.34–4.41) 3 2.23 (0.85–5.86)

Lung cancer mortality 1 2.86 (1.87–4.45) NA NA

NA: not applicable (no study reporting this estimate). #: unadjusted estimates of lung cancer and previous tuberculosis; ¶: adjusted for age and any
assessment of smoking; +: adjusted for age and quantitatively assessed smoking; §: hazard ratio for cohort studies and odds ratio for case–control
studies; ƒ: studies from Taiwan used the same database and duplication of information was possible, so we considered only the cohort with the
largest sample size [14].
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There exists heterogeneity, but six out of seven studies that controlled for smoking documented a positive
association. Among case–control studies, the pooled adjusted odds ratio was 1.76 (95% CI 1.41–2.19,
I2=79%; figure 2) in model 2 and 1.74 (95% CI 1.42–2.13, I2=59%; figure 3) in model 3. Moderate
heterogeneity was found, with 20 out of 23 studies included in model 2 documenting a positive association
between tuberculosis and subsequent lung cancer diagnosis. The pooled model 2 estimate for lung cancer
mortality subsequent to tuberculosis was significant in cohort studies (HR 1.62, 95% CI 1.18–2.21;
I2=68%; appendix 10). The pooled estimates of the associations between tuberculosis and specific lung
cancer subtypes (table 1) are generally in line with the overall results above, but lack precision.

We restricted stratified analyses (table 2) to the main outcome, lung cancer diagnosis, due to the small
number of studies (n=2) eligible for inclusion in adjusted models of the secondary outcome. The estimates
in the risk of bias strata differ between themselves, but still remain broadly in line with the nonstratified

Cohort studies

An et al. (2020)

Everatt et al. (2016)

Hong et al. (2016)

Littman et al. (2004)

Oh et al. (2020)

Shiels et al. (2011)

Yeo et al. (2021)

Hazard ratio HR (95% CI) Weight %

4.18 (3.15–5.55)

2.04 (1.66–2.51)

1.38 (1.31–1.46)

1.00 (0.65–1.54)

1.71 (0.86–3.40)

1.97 (1.46–2.65)

1.34 (1.22–1.47)

14.5

16.2

18.6

11.2

7.0

14.2

18.2

Random effects model

I2=92%, p<0.01 

1.77 (1.41–2.22) 100.0

0.2 0.5 1 2 5

Decreases risk Increases risk

Case–control studies
Odds ratio OR (95% CI) Weight %

Alavanja et al. (1992)

Bodmer et al. (2012)

Brenner et al. (2001)

Brenner et al. (2010)

Koshiol et al. (2010)

Kreuzer et al. (2001)

Kreuzer et al. (2002)

Liang et al. (2009)

Lim et al. (2011)

Lo et al. (2013)

Osann et al. (2000)

Park et al. (2010)

Ramanakumar et al. (2006) study II

Ramanakumar et al. (2006) study I

Raspanti et al. (2016)

Samet et al. (1986)

Schwartz et al. (1996)

Wang et al. (2009)

Wu et al. (1995)

Wu-Williams et al. (1990)

Yang et al. (2015)

Zatloukal et al. (2003)

Zheng et al. (1987)

2.00 (0.99–4.05) 4.1

0.90 (0.78–1.04)

3.80 (2.69–5.37)

2.60 (0.72–9.43)

0.96 (0.62–1.48)

1.20 (0.20–7.12)

1.61 (0.77–3.37)

4.70 (1.64–13.50)

1.58 (0.95–2.62)

2.48 (1.45–4.25)

1.80 (0.21–15.27)

2.56 (1.85–3.55)

0.90 (0.48–1.68)

2.70 (0.99–7.34)

2.30 (1.50–3.52)

1.40 (0.69–2.86)

2.10 (0.61–7.22)

2.43 (0.82–7.20)

1.96 (1.06–3.64)

1.30 (0.95–1.79)

1.52 (1.13–2.04)

1.75 (1.01–3.04)

1.50 (1.22–1.84)

6.9

6.0

2.1

5.5

1.3

3.9

2.7

5.1

5.0

0.9

6.1

4.5

2.9

5.6

4.1

2.2

2.6

4.5

6.2

6.3

4.9

6.7

Random effects model 1.76 (1.41–2.19) 100.0

0.1 0.5 1 2 10
I2=79%, p<0.01

FIGURE 2 Forest plots showing the association between tuberculosis and subsequent lung cancer diagnosis in
studies with adjustment for age and any assessment of smoking (model 2). HR: hazard ratio.
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results reported earlier. Results by sex were comparable for men and women. The estimates in
never-smokers were significant in both cohort and case–control studies and close to the earlier-obtained
estimates in the models including studies that adjusted for smoking. We observed that the risk of lung
cancer diagnosis was high in the first years after tuberculosis diagnosis (table 2 and appendix 11), but
decreased and became moderate-to-weak over time.

Out of the 19 cohort studies reporting the main outcome, 10 did not perform stratified analysis according
to the interval between tuberculosis diagnosis and detection of lung cancer nor exclude lung cancer cases
detected in the first years of follow-up. Those that did so used variable cut-off points, which constrained
our stratified pooled analysis by latency. The pooled hazard ratio adjusted for smoking and age for patients
that developed cancer beyond 2 years of tuberculosis diagnosis from the only two studies reporting such
effect estimate [17, 25] was 1.44 (95% CI 1.06–1.96; table 2). When we pooled study estimates that
excluded lung cancer cases detected within 1 [15] or 2 years [17, 25] of tuberculosis diagnosis the pooled
hazard ratio was 1.47 (95% CI 1.10–1.97) (appendix 12). Among the two cohort studies [18, 79] that
reported adjusted results for the secondary outcome (lung cancer mortality), one [79] excluded patients
who died within the first 2 years of follow-up alongside patients with unconfirmed suspected malignancy
(or with recent weight loss) at enrolment. Its adjusted hazard ratio for tuberculosis and death from lung
cancer was 2.01 (95% CI 1.40–2.89).

Cohort studies

Random effects model

Everatt et al. (2016)

Hong et al. (2016)

Littman et al. (2004)

Shiels et al. (2011)

Yeo et al. (2021)

I2=81%, p<0.01

Hazard ratio HR (95% CI)

2.04 (1.66–2.51)

 1.38 (1.31–1.46)

1.00 (0.65–1.54)

1.97 (1.46–2.65)

1.34 (1.22–1.47)

Weight %

19.6

29.9

8.8

14.0

27.8

1.51 (1.30–1.76) 100.0

0.5 1 2

Decreases risk Increases risk

Case–control studies

Random effects model

Brenner et al. (2001)

Brenner et al. (2010)

Koshiol et al. (2010)

Kreuzer et al. (2001)

Kreuzer et al. (2002)

Liang et al. (2009)

Lim et al. (2011)

Lo et al. (2013)

Osann et al. (2000)

Ramanakumar et al. (2006) study II

Ramanakumar et al. (2006) study I

Samet et al. (1986)

Schwartz et al. (1996)

Wang et al. (2009)

Wu et al. (1995)

Wu-Williams et al. (1990)

Yang et al. (2015)

Zatloukal et al. (2003)

Zheng et al. (1987)

I2=59%, p<0.01

Odds ratio OR (95% CI)

1.74 (1.42–2.13)

3.80 (2.69–5.37)

2.60 (0.72–9.43)

0.96 (0.62–1.48)

1.20 (0.20–7.12)

1.61 (0.77–3.37)

4.70 (1.64–13.50)

1.58 (0.95–2.62)

2.48 (1.45–4.25)

1.80 (0.21–15.27)

 0.90 (0.48–1.68)

2.70 (0.99–7.34)

1.40 (0.69–2.86)

2.10 (0.61–7.22)

2.43 (0.82–7.20)

1.96 (1.06–3.64)

1.30 (0.95–1.79)

1.52 (1.13–2.04)

1.75 (1.01–3.04)

 1.50 (1.22–1.84)

Weight %

100.0

8.7

2.1

7.6

1.2

4.6

2.8

6.8

6.4

0.8

5.6

3.1

4.8

2.2

2.7

5.6

9.0

9.3

6.3

10.4

0.1 0.5 1 2 10

Decreases risk Increases risk

FIGURE 3 Forest plots showing the association between tuberculosis and subsequent lung cancer diagnosis in
studies with adjustment for age and quantitatively assessed smoking (model 3). HR: hazard ratio.
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Funnel plots of the main outcome do not indicate small-study effects (appendix 13). Egger test was not
significant for the main outcome in cohort (p=0.61) and case–control studies (p=0.37). These analyses
were not performed for the secondary outcome due to the small number of included studies. The Grading
of Recommendations, Assessment, Development and Evaluation (GRADE) assessment of the evidence
(appendix 14) reveals overall low certainty for cohort studies and very low certainty for case–control studies.

Discussion
This systematic review and meta-analysis found moderate pooled effect estimates for being diagnosed with
lung cancer after a tuberculosis episode: adjusted for age and smoking, a hazard ratio of 1.51 (95% CI
1.30–1.76) in cohort studies and an odds ratio of 1.74 (95% CI 1.42–2.13) in case–control studies. In
addition, we found a compatible pooled hazard ratio of 1.62 (95% CI 1.18–2.21) of dying from lung
cancer. The pooled hazard ratios and odds ratios for lung cancer occurrence remained consistent with the
overall result in a stratified meta-analysis by risk of study bias and sex, and when restricted to
never-smokers. The hazard ratio was positive for incidence of adenocarcinoma and squamous cell
carcinoma diagnosis but not of small cell carcinoma. Importantly, in cohort studies we found, adjusted for
age and smoking, a substantially increased occurrence of being diagnosed with lung cancer within the first
2 years after tuberculosis diagnosis (HR 5.01, 95% CI 3.64–6.89) that waned after year two (HR 1.44,
95% CI 1.06–1.96) and disappeared after 4 years.

TABLE 2 Stratified pooled analysis of the association between tuberculosis and subsequent lung cancer diagnosis

Model 1# Model 2¶ Model 3+

Studies n Pooled estimate§ (95% CI) Studies n Pooled estimate§ (95% CI) Studies n Pooled estimate§ (95% CI)

Cohort studies
Risk of biasƒ

Low 4 2.27 (1.58–3.26) 4 2.16 (1.35–3.44) 3 1.72 (1.25–2.38)
Moderate 7 3.68 (2.57–5.27) 2 1.38 (1.31–1.46) 1 1.38 (1.31–1.46)
High 1 5.86 (3.03–11.37) 1 1.00 (0.65–1.54) 1 1.00 (0.65–1.54)

Sex
Male 4 1.95 (1.43–2.67) 2 1.59 (1.12–2.26) 2 1.59 (1.12–2.26)
Female 3 2.37 (1.92–2.92) 1 1.49 (1.28–1.74) 1 1.49 (1.28–1.74)

Smoking statusƒ

Never-smokers 1 2.45 (2.21–2.72) 2 1.69 (1.21–2.38) 2 1.69 (1.21–2.38)
Latency periodƒ

Up to 1 year 1 12.5 (7.17–21.73) 2 8.50 (4.09–17.67) 2 8.50 (4.09–17.67)
Up to 2 years NA 2 5.01 (3.64–6.89) 2 5.01 (3.64–6.89)
Up to 5 years 2 7.69 (4.79–12.34) NA NA
⩾2 years NA 2 1.44 (1.06–1.96) 2 1.44 (1.06–1.96)
⩾4 years NA 2 0.82 (0.53–1.26) 2 0.82 (0.53–1.26)
⩾5 years 2 2.36 (0.90–6.19) NA NA
⩾7 years 2 1.61 (0.88–2.95) 1 1.69 (0.62–4.65) 1 1.69 (0.62–4.65)
⩾10 years NA 2 1.15 (0.40–3.29) 2 1.15 (0.40–3.29)

Case–control studies
Risk of biasƒ

Low 5 1.92 (0.82–4.51) 2 0.91 (0.79–1.04) 1 0.96 (0.62–1.48)
Moderate 15 1.89 (1.38–2.58) 10 1.94 (1.48–2.55) 10 1.94 (1.48–2.55)
High 21 2.18 (1.83–2.59) 11 1.87 (1.47–2.39) 8 1.48 (1.16–1.87)

Sex
Male 10 2.34 (1.81–3.03) 6 2.07 (1.57–2.71) 5 1.87 (1.31–2.66)
Female 23 2.04 (1.67–2.50) 13 1.84 (1.49–2.29) 11 1.78 (1.39–2.28)

Smoking statusƒ

Never-smokers 18 1.69 (1.20–2.36) 13 1.90 (1.51–2.39) 13 1.90 (1.51–2.39)
Latency periodƒ

1–5 years NA 2 7.20 (0.52–99.19) 2 7.20 (0.52–99.19)
⩾5 years NA 2 3.03 (1.30–7.04) 2 3.03 (1.30–7.04)
⩾10 years NA 3 1.57 (1.13–2.16) 3 1.57 (1.13–2.16)
⩾20 years NA 3 1.54 (0.97–2.44) 3 1.54 (0.97–2.44)

NA: not applicable (no study reporting this estimate). #: unadjusted estimates of lung cancer and previous tuberculosis; ¶: adjusted for age and any
assessment of smoking; +: adjusted for age and quantitatively assessed smoking; §: hazard ratio for cohort studies and odds ratio for case–control
studies; ƒ: pre-specified subgroup analysis.
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Our crude results are comparable with the overall risk ratio adjusted for smoking (1.74, 95% CI 1.48–2.03)
found in a previous review [10], which included 37 case–control and four cohort studies published
between 1966 and 2008. However, that review concluded that, while declining much in the first 5 years,
lung cancer risk ratio remained at ∼2 for >20 years after a diagnosis of tuberculosis. The overall certainty
of evidence provided by the 43 case–control studies included in our review is very low, but most of the 19
cohort studies have moderate risk of bias, good precision and consistent effect estimates. However, the
certainty of their accumulated evidence is rated low in the GRADE framework due to their observational
nature. While almost all studies included in our review report effect estimates of the association between
tuberculosis and subsequent lung cancer greater than one, there exists quite some heterogeneity that is
possibly explained by the presence of (residual) confounding. It is of note that 31 out of the 73 studies did
not even control for smoking status, while tobacco consumption increases the risk of developing lung
cancer >10-fold [84]. However, when limiting our meta-analysis to the studies that controlled at least for
smoking and age, or that selected never-smokers, we still found significant, moderately positive pooled
hazard ratios and odds ratios.

The increased risk of lung cancer thus seems to be independent of active tobacco consumption, but we
cannot exclude residual confounding by passive smoking, which has a weaker association to tuberculosis
[85]. Furthermore, the studies did generally not adjust for socioeconomic status and environmental
pollution, which have also been associated with tuberculosis and lung cancer [11]. Low socioeconomic
status is a risk factor for tuberculosis [86] and may be associated with higher exposure to environmental
pollution or occupational carcinogens. A meta-analysis found low socioeconomic status to mildly increase
the risk of developing lung cancer after adjustment for smoking [87], and the authors hypothesised that
both aforementioned exposures were overrepresented among people with lower socioeconomic status.
Unfortunately, only two studies included in our review [26, 51] adjusted jointly for the three key
confounders: age, smoking and socioeconomic status. Another limitation is that most studies did not
conclusively rule out lung cancer upon tuberculosis diagnosis. Not surprisingly, since there are no effective
screening methods to detect early or occult lung cancer, with chest radiographs lacking sensitivity and
low-dose computed tomography being plagued by false positives [88]. Notwithstanding, the likelihood that
occult cancer is present before the tuberculosis diagnoses can be high in retrospective designs and only
two included studies were prospective. Furthermore, few studies reported estimates by latency to cancer
diagnosis and among those that did, the time category cut-off points used were heterogeneous. This limited
our scope for stratified meta-analysis by latency.

The substantially higher occurrence of lung cancer we uncovered in the first year (HR 8.50) and first
2 years (HR 5.0) following tuberculosis diagnosis, which fades out thereafter, raises the question whether
cancer latency can be that short. The results could be explained by different mechanisms. Firstly, due to
shared clinical and radiological characteristics lung cancer can initially be misdiagnosed as tuberculosis, as
illustrated by a study in Taiwan [89] that found 1% of such misclassifications. Studies that include
tuberculosis cases without bacteriological confirmation may be more prone to this error and most cohort
studies in our review selected the exposed comparison group from large national databases or tuberculosis
registries but do not clarify what percentage had bacteriological confirmation. Secondly, it is conceivable
that occult cancer triggers active tuberculosis occurrence. A recent systematic review found that lung
cancer patients are at nine-fold increased risk of developing active tuberculosis [12] and attributed most of
the excess risk to the immunosuppressive cancer treatment. Still, people with undiagnosed lung cancer
might be at increased risk of active tuberculosis due to cancer by itself having immunomodulatory effects.
Excluding lung cancer cases diagnosed within the first 2 years of tuberculosis decreases, but not totally
excludes the possibility of lung cancer prevalent cases being already present at the time of tuberculosis
diagnosis. In our pooled analysis by latency (table 2), the adjusted hazard ratio for lung cancer diagnosis
after ⩾2 years of tuberculosis was 1.44 (95% CI 1.06–1.96). However, it was not significant at ⩾7 years
and ⩾10 years. In the three cohort studies [15, 17, 25] that report adjusted stratified analysis according to
latency for lung cancer diagnosis, the risk decreased as latency increases (appendix 11).

Thirdly, surveillance bias exists if tuberculosis patients are offered, or demand, more medical imaging after
diagnosis and further lung conditions may be more likely to be diagnosed. However, regular chest
radiography does not seem to increase the diagnostic yield when screening the general population [90]. In
the prospective study by SHIELS et al. [25] included in our review, a thorough medical examination with
chest radiography was performed at baseline and all participants underwent regular repeat examinations
and chest radiography at the same interval during 5–8 years’ follow-up [91]. The overall hazard ratio for
lung cancer adjusted for age and smoking in this study was significant and decreased with time after
tuberculosis diagnosis. Temporal ambiguity in retrospective designs coupled to the scarcity of prospective
studies demonstrating a decreasing relative risk over time has been interpreted as absence of genuine
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relationship between tuberculosis and lung cancer [18]. However, a credible alternative hypothesis would
be that the risk dwindles after tuberculosis is cured, analogous to lung cancer hazard progressively
decreasing after smoking cessation.

We document a modestly increased risk of developing lung cancer after a tuberculosis episode and observe
consistency: hazard ratio and odds ratio between 1.5 and 2 in our overall and stratified analyses.
Methodological limitations of the reviewed studies warrant a plea for cautious interpretation and preclude a
causal reading, but tuberculosis being a risk factor for lung cancer is plausible and coherent. Chronic
inflammation in the lung promotes carcinogenesis, in which macrophages may play a role by producing
inflammatory cytokines and nitrogen reactive species [92]. This is illustrated by the carcinogenesis in
mycobacterium-infected rats depending on the activity of macrophages [93]. Chronic inflammation may
also damage DNA and increase mutation rates in key genes that promote malignant cell proliferation and
angiogenesis. A study in South Korean patients with pulmonary adenocarcinoma found that the presence
of pre-existing tuberculosis lesions was associated with significantly more epidermal growth factor receptor
gene mutations [94]. The fragile histidine triad diadenoside triphosphate gene, a tumour suppressor gene,
has also been found to be more frequently affected in lung cancer patients with a tuberculosis infection [95].

Evidence is growing on the long-term health consequences of having tuberculosis [96]. This review
suggests a potential higher risk of developing lung cancer, which tuberculosis program managers and
clinicians ought to be aware of. However, the finding of increased occurrence of lung cancer in the first
2 years after tuberculosis diagnosis could also indicate that some lung cancer cases may have been present
at the time of tuberculosis diagnosis, and therefore it is not possible to ascertain causality. Yet, no concrete
hard recommendations can be made relating to the programme’s organisation for routine post-cure
follow-up, screening and early detection. Notwithstanding, in particular in patients with other risk factors
for lung cancer, our result prompt sharpening up clinical suspicion during fortuitous re-encounters and
reinforcing the possible ensuing diagnostic work-up.

Questions for future research

Further basic research is recommended to better understand the biological mechanisms behind the
tuberculosis-subsequent lung cancer association. Linking routine tuberculosis programme databases and
cancer registers in countries with reliable health information systems, as well as setting up methodologically
rigorous longitudinal clinical–epidemiological studies that permit adequate control of potential confounding
factors, could enable the identification of which tuberculosis patients (if any) are at the highest risk and
for how long. Eventually, operational research will be needed to sort out how health services can
cost-effectively contribute to mitigating that risk.
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