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ABSTRACT  There is uncertainty regarding whether patients with cancer should be screened for latent
tuberculosis infection (LTBI). We performed a systematic review and meta-analysis to estimate the relative
incidence of tuberculosis (TB) in cancer.

We searched MEDLINE and Embase for studies published before December 21, 2016. We included
studies that evaluated the incidence of TB in patients with solid cancers and haematological malignancies
relative to a reference group (study control or general population). A pooled estimate of the incidence rate
ratio (IRR) was obtained using standard meta-analysis methods.

The search strategy identified 13 unique studies including 921 464 patients with cancer. The IRR of TB
for adult patients with cancer was 2.61 (95% CI 2.12-3.22; 12:91%). In haematological cancers, the IRR
was 3.53 (95% CI 1.63-7.64; 12:96%); and in solid cancers in adults, it was 2.25 (95% CI 1.96-2.58;
I’=91%). The highest IRR was found in children with haematological malignancies or solid cancers (IRR
16.82, 95% CI 8.81-32.12; I*=79%).

Considering the limited duration of maximum immunosuppression in cancer and reduced cumulative
lifetime risk of TB because of reduced life expectancy, children, but not adults, appear to be at a sufficient
level of risk to warrant systematic screening for LTBI.

This article has supplementary material available from erj.ersjournals.com
Received: Jan 23 2017 | Accepted after revision: May 26 2017

Support statement: C.C. Dobler was supported by an Australian National Health and Medical Research Council
fellowship (APP1090198). The funder had no role in study design, data collection, data analysis, data interpretation, or
writing of the manuscript. The corresponding author had full access to all data in the study and had final responsibility
for the decision to submit for publication. Funding information for this article has been deposited with the Crossref
Funder Registry.

Conflict of interest: None declared

Copyright ©ERS 2017

https://doi.org/10.1183/13993003.00157-2017 Eur Respir J 2017; 50: 1700157


http://crossmark.crossref.org/dialog/?doi=10.1183/13993003.00157-2017&domain=pdf&date_stamp=
http://orcid.org/0000-0002-5460-0189
mailto:c.dobler@unsw.edu.au
http://ow.ly/lpSQ30dxyam
http://ow.ly/lpSQ30dxyam
https://doi.org/10.1183/13993003.00157-2017
erj.ersjournals.com
http://www.crossref.org/services/funder-registry/
http://www.crossref.org/services/funder-registry/

TUBERCULOSIS | C.C. DOBLER ETAL.

Introduction

Tuberculosis (TB) is one of the major infectious causes of disease and death globally [1]. There is
currently a renewed interest in screening and treatment of latent tuberculosis infection (LTBI), as a
possible means to achieve control of the global tuberculosis epidemic [2]. In most infected people, TB
remains clinically asymptomatic and microbiologically inactive (latent). However, in approximately 5 to
10% of latently infected persons, the infection will cause active TB at some point during their lifetime [3].
The risk of TB reactivation is increased in persons with immunocompromising conditions, such as HIV
infection [4], chronic renal failure [5] or diabetes mellitus [6], and in persons on immunocompromising
medications, such as tumour necrosis factor-o. (TNF-a) inhibitors [7, 8]. The World Health Organization
(WHO) recommends targeted screening of high risk groups in high or upper middle income countries
with a TB incidence of <100 per 100 000 per year [9], as preventive TB treatment can significantly reduce
the risk of TB reactivation [10].

Patients with solid cancers and haematological malignancies are immunocompromised because of the
disease itself, and as a consequence of chemotherapy. It is therefore reasonable to assume that the risk of
TB reactivation would be increased in people with cancer, and consider LTBI screening and treatment in
this group. There is, however, a paucity of information on whether patients with cancer should be screened
for LTBI. The British National Institute for Health and Care Excellence (NICE) recommendations state
that people who “have a haematological malignancy”, “are having chemotherapy” and “have had a
gastrectomy” (for gastric cancer or other reasons) are at increased risk of developing TB, but they do not
provide any specific screening and treatment recommendations for these groups [11]. Joined guidelines of
the American Thoracic Society (ATS) and the Centers for Disease Control and Prevention (CDC),
endorsed by the Council of the Infectious Diseases Society of America (IDSA), identify persons with
“some hematologic disorders (e.g., leukemias and lymphomas)” and “other specific malignancies (e.g.,
carcinoma of the head or neck and lung)” as high risk, and recommend the consideration of treatment of
LTBI in these groups [12]. The evidence that has informed these guidelines was derived from an informal
synthesis of individual studies conducted from the 1950s to 1970s that had important methodological
limitations: the frequency of TB among patients with cancer was expressed as a proportion (cumulative
incidence) rather than an incidence rate; thus not adjusting for the observation period/ time at risk.
Relative risk estimates were calculated by dividing the cumulative incidence of TB in a cancer cohort by an
incidence rate (per year) in the general population [13], or were not calculated at all [14].

A recently published systematic review and meta-analysis by Cheng et al. [15] on the risk of TB in patients
with cancer also had significant methodological limitations. That analysis did not exclude studies that
contained information on cumulative incidence of TB only, and used annual country-specific TB
incidence rates that were unadjusted for potential confounders obtained from WHO for comparison [15].
Comparing the cumulative incidence of TB in patients with cancer (in one included study cumulated over
a study period of 25 years [16]) with an annual TB incidence in the general population would have
resulted in overestimation of the risk of TB in patients with cancer. Equally, using the general population
as a comparator group, without any adjustment for potential confounders, particularly age, would have
resulted in overestimation of the risk of TB in patients with cancer. The authors’ conclusion of the study
that individuals living in the United States with haematologic, head and neck, and lung cancers would
benefit from targeted LTBI screening and therapy thus has to be questioned.

Another systematic review published in 2014 focused on lung cancer only, and evaluated the prevalence of
TB in those patients [17]. It was not the goal of that review to establish causality (the authors were aware
that there is a bidirectional causal link between lung cancer and TB [18]).

There remains considerable uncertainty about whether patients with cancer should be screened for LTBI,
with the intention to offer preventive treatment, if there is evidence of LTBI. The risk of TB in cancer
patients remains imprecisely quantified, despite the need for contemporary evidence to inform guidelines
and public health policy on LTBI screening and treatment in this setting. We have consequently
performed a systematic review and meta-analysis to estimate the relative incidence of TB in people with
cancer (solid cancers as well as haematological malignancies) in comparison to the general population.

Methods

Search strategy and selection criteria

We searched the electronic databases MEDLINE, including Epub Ahead of Print, In-Process & Other
Non-Indexed Citations (1946 to December 21, 2016) and Embase (1947 to December 21, 2016), through
OVID for studies that examined the risk of TB in cancer (solid tumours and haematological
malignancies). The search strategy was discussed and agreed upon by the authors, and advice was sought
from an experienced research librarian. The following search terms were used to identify citations relevant
to (1) tuberculosis, (2) risk and (3) cancer, respectively: (1) tuberculosis, Mycobacterium tuberculosis; (2)
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risk, incidence, probability, proportion, frequency; and (3) neoplasm, cancer, malignancy, tumour,
carcinoma, oncology and metastases. The detailed search strategy is available in the supporting
information (S1 Appendix). Articles resulting from these searches and relevant references cited in those
articles were reviewed. In addition, we screened reference lists of systematic reviews, literature reviews and
meta-analyses identified through the search. Articles published in any language were included.

Eligible studies evaluated the incidence of TB in patients with cancer, relative to a reference group (control
group specified for the study, or general population with or without adjustment for potential confounding
factors), allowing for estimation of the relative risk of TB in cancer. We included studies reporting on
pulmonary, as well as extra-pulmonary TB. A diagnosis of TB could either have been based on
microbiological results, or symptoms and chest radiographic findings consistent with TB. Studies were
included that reported on solid cancers or haematological malignancies in any age group. Studies that
reported on the risk of TB in patients who received a stem cell transplant were excluded. We excluded
cross-sectional (prevalence) studies, studies that used cumulative incidence (incidence proportion) without
adjustment for the time at risk, studies in which a diagnosis of TB preceded the cancer diagnosis and
studies in which the temporal relationship between TB and cancer was not specified. Furthermore, we
excluded studies that only examined the risk of TB in pre-defined subgroups of cancer patients that were
considered to have an increased pre-test probability of TB infection (e.g. because of abnormal chest
radiographs). Abstracts, editorials, case reports, conference abstracts, systematic reviews, literature reviews
and meta-analyses were not included. Three reviewers (C.C. Dobler, K. Cheung and ]. Nguyen)
independently screened titles and abstracts and then the full text of papers identified as potentially eligible
by at least one reviewer. Disagreements between the reviewers were resolved by discussion. This systematic
review follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines for reporting meta-analyses and systematic reviews of observational studies [19].

Data analysis
Three reviewers (C.C. Dobler, K. Cheung and ]. Nguyen) independently extracted data from included
studies onto a standardised data sheet. Variables recorded from each article included the following:

Publication year, country, study design, number of patients, incidence of TB in the cancer group, incidence
of TB in the reference group (i.e. a control sample or applicable general population statistic), time of
follow-up, demographic and clinical characteristics of patients, previous TB (based on history, chest
radiographs, etc.), prevalence of LTBI based on the tuberculin skin test (TST) or interferon gamma release
assay (IGRA) and treatment of LTBI, type of cancer, information on chemotherapy and TB definition for
the purpose of the study. Risk of bias in the included studies was evaluated using the Newcastle-Ottawa
Quality Assessment Scale for Cohort Studies [20].

For studies in which an IRR was not specifically reported, the IRR was calculated by dividing the
incidence of TB in cancer patients by the incidence of TB in the reference group. If not reported, a 95%
CI for the IRR was determined, assuming the frequency of observed cases followed a Poisson distribution
[21]. We accepted hazard ratios (HRs), the ratio of the hazard (i.e. the “instantaneous” rate) in cancer
patients compared to a control group or the general population, as estimates of IRRs [22]. For studies that
reported a crude IRR, as well as an adjusted or standardised IRR, we included the adjusted or standardised
IRR (alRR and standardised incidence ratio (SIR), respectively) in the meta-analysis. We used
DerSimonian and Laird random effects meta-analyses [23] with the Comprehensive Meta-Analysis v3.0
software (Biostat, Englewood, NJ, USA) to estimate pooled IRRs and 95% ClIs. We assessed the magnitude
of heterogeneity using the I’ statistic, and tested for its statistical significance using the Q-statistic.
Subgroup analysis was pre-specified for age groups (adults versus children), as well as for any specific solid
tumours or haematological malignancies.

As there was a maximum of one event (TB diagnosis) per patient or control in the included studies, the
IRR expressed the relative risk for TB, and the terms were thus used interchangeably.

Results

The search strategy identified 11 006 unique citations, of which 42 were included for full-text review and
13 studies met the inclusion and exclusion criteria, involving a total of 921464 patients with cancer
(figure 1). Table 1 summarises the characteristics of the included studies [24-36].

Study characteristics

All 13 studies were observational and retrospective. Five studies were based on information from national
databases and eight were cohort studies at a single hospital site. Five studies were from Taiwan, five from
South Korea, two from South Africa, and one from the USA. Four studies included patients with different
haematological and solid cancers; one study each, reported only on the risk of TB in patients with
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Citations identified from Citations identified from
MEDLINE EMBASE
n=2467 n=10070

I |
¥

Articles from
MEDLINE and EMBASE
after duplicate removal

n=11006

Articles excluded based on
title and/or abstract
n=10964

N

Articles selected for
full text review
n=42

Articles excluded, n=29

No information on the incidence of TB in a control
group or in the general population of the study
setting (n=21)

Proportion (cumulative incidence) rather than an
incidence rate of TB, with no adjustment for
time at risk (n=3)

Selected cancer patients with an increased
pre-test probability of having TB (n=2)

Cohort consisted of patients with TB and the
prevalence of cancer was described (n=2)

TB diagnosed before or at the same time as
cancer (n=1)

v

N

Included studies
n=13

FIGURE 1 Flowchart of study selection.

different haematological or solid cancers, respectively; and seven studies included only patients with a
specific cancer type (five studies on gastric cancer, one study on lung cancer and one study on chronic
myeloid leukaemia (CML)). Two studies from South Africa focused on children (aged up to 15 years) with
different haematological and solid malignancies. Study size ranged from 257 to 855 382 participants.

A common reason for the exclusion (from this systematic review) of studies that evaluated the risk of TB
in patients with cancer after a full-text review was the lack of information on the incidence of TB in an
appropriate reference group. Furthermore, several studies were excluded because they expressed TB cases
among cancer patients as a proportion (cumulative incidence) rather than an incidence rate, with no
adjustment for the time at risk [16, 37, 38]. Two studies were excluded after full-text review because they
reported the risk of TB in cancer patients with an increased pre-test probability of having TB (based on
the assessment of clinicians [39] or chest radiographic abnormalities suspicious for TB [40]). Another
study was excluded because TB was diagnosed simultaneously with cancer in the majority of cases [41]. In
two excluded studies, the examined cohort consisted of patients with TB, and the prevalence of cancer was
described [42, 43].

Adjustments for confounding in studies included in the meta-analysis are outlined in table 1.
Relative risk of TB in patients with cancer

The overall IRR of TB among adult persons with cancer was 2.61 (95% CI, 2.12-3.22) (figure 2). There
was considerable heterogeneity between studies (Q-statistic, p<0.001, I’=91%). The pooled IRR of the two
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TABLE 1 Characteristics of included studies

Study, year of Population and setting Cancer type Cancer treatment Control/general TB cases and TB cases and Rate Adjustment for
publication population incidence in incidence in ratio potential
[ref.] cancer group control group (95% confounders
Study period Cl)
Wu 2011 [24] n=16 487 cancer patients All solid organ not specified n=65 948 205 cases out of 489 cases out alRR controls matched
2000-2007 in Taiwan (no age cancers and controls from 16 487 patients; no of 65948 1.67 for age and sex,
restriction) haematological the NHI information on controls (1.42- and IRR adjusted
Taiwan national malignancies, IRRs database without median follow-up TB incidence: 1.96) for age, sex and

Seo 2016 [25]
2008-2012

Chen 2011 [26]
1996-2009

Liu 2015 [27]
1998-2011

population (NHI
database)

n=855 382 patients with

newly diagnosed cancer
in Korea, aged 20 to

99 years, identified from
the National Health

Insurance Review
Assessment Service
(HIRA)
excluded: patients with
lung cancer

n=2984 adult cancer
patients (>18 years)
HIV+ excluded
National Taiwan
University Hospital,
Taiwan

n=1082 patients with
newly diagnosed CML,
aged 20 years and older,
identified from NHI

given for cancer
subgroups

thyroid cancer
(n=170 597), gastric
cancer (n=253 158),
hepatocellular
carcinoma (n=83512),
colon cancer
(n=77 903), breast
cancer (n=75 801),
haematological
malignancy
(n=32 026), pancreatic
cancer (n=22 822),
biliary tract cancer
(n=20 452), other
cancers (n=219 111)
haematological
malignancies
AML (n=1011), ALL
(n=276), lymphoma
(n=956), MM (n=307),
CML/CLL (n=169),
SAA/MDS (n=265)

CML

not specified

not specified

4.5% had a
haematopoietic stem
cell transplantation,

23.3% received

cancer, matched
for age and sex

General
population of

Korea aged 20 to

99 years

general
population of
Taiwan

Subjects without
CML from the
NHI database in
Taiwan, matched

time

TB incidence:

339/100 000

person-years
5745 cases out of
855 382 patients

(1589 876

patient-years of

follow-up), median
follow-up time: 1.6

years
TB incidence
361.3/100 000
person-years of
follow-up

53 cases out of
2984 patients; no
information on
median follow-up
time
TB incidence:
120/100 000 per
year
19 cases out of
1082 patients,
median follow-up
time: 3.9 years

202/100 000
person-years

230 247 cases
in the general
population
TB incidence:
125.3/100 000
person-years

number of TB
cases and size
of control
population not
given
TB incidence:
62/ 100000 in
2008
59 cases out of
10 820
matched
subjects in the

comorbidities in
multivariate

analysis
SIR TB incidence was
2.22 standardised for
(2.17- age and sex
2.27)
IRR no adjustment
1.94%
(1.48-
2.53)1
Crude controls matched
HR 3.65 by age, sex and
(2.18- comorbidities,

6.12) and HR adjusted

database in Taiwan interferon-alpha, all for age, sex and TB incidence: control cohort aHR for age, sex and
CML patients comorbidities 401/100 000 TB incidence: 3.76 comorbidities in
received at least one person-years 105/100 000 (2.24- multivariate
type of Ber-Abl person-years 6.31) analysis
tyrosine
kinase inhibitor
Continued
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TABLE 1 Continued

Study, year of Population and setting Cancer type Cancer treatment Control/general TB cases and TB cases and Rate Adjustment for
publication population incidence in incidence in ratio potential
[ref.] cancer group control group (95% confounders
Study period Cl)

Kim 2008 [28] n=1809 cancer patients gastric cancer n=1132 (62.6%) had  n=1809 controls, 11 cases out of 5 cases out of IRR controls matched

2001 in a tertiary hospital in
South Korea

median age 58 years
(range, 15-90)

excluded: HIV+, silicosis,

immunosuppressive
therapy other than
corticosteroids for
cancer treatment

Huang 2011 [29]
2000-2006

n=2177 cancer patients
at Cancer Center of
Taipei Veterans General
Hospital, Taiwan
median or mean age
and age range were not
specified;
excluded: prior
gastrectomy, prior TB
treatment, active TB
within 6 months before
the diagnosis of gastric
cancer and receiving
anti-TB treatment,
concurrent TB with
gastric cancer treatment
(+/-2 months)
n=2684 patients who
underwent gastrectomy
for gastric cancer, at a
tertiary referral hospital
in South Korea;
excluded: diagnosis of
concurrent pulmonary
TB, on TB treatment for
3 months before
gastrectomy

Kim 2014 [30]
2003-2009

(n=663),
liver cancer (n=382),
lung cancer(n=348),
colon cancer (n=277)
and breast cancer
(n=139)

IRRs can be
calculated for cancer
subgroups based on
information provided

gastric cancer
(subtypes:
adenocarcinoma,
signet cell carcinoma,
mucinous
adenocarcinoma,
GIST, others)

gastric cancer:
adenocarcinoma
(81%), signet-ring cell
carcinoma (17%),
mucinous
adenocarcinoma (2%),
mixed carcinoma
(0.4%), GIST (0.1%)

surgery, n=757
(41.8%) had
chemo therapy,
of gastric cancer
patients, 459 out of
663 (69%) had
gastrectomy

not specified

Information on
chemotherapy was
not available

patients
attending the
same hospital
during the same
time period for
the
treatment of
hypertension, or
benign breast or
gynaecological
tumours
general
population in
Taiwan in 2006

General
population of
South Korea

1809 patients,
median follow-up
time 29 (range 0-

47) months

TB incidence:
307/100 000
person-years

44 cases out of
2177 patients (5578
person-years),
follow-up time
ranged from 0 to
10 years
Crude incidence:
788/100 000
person-years
Standardised
incidence:

134.3 (80.9-187.6)/

100 000
person-years

35 cases out of
2684 patients,
median duration of
follow-up: 4 years
Crude incidence:
327/100 000
person-years
Age-standardised
incidence:
404/100 000
person-years

1809 patients 4.69

TB incidence:  (1.52-
77/100 000 14.46)

person-years

for age, sex and
comorbidities,
and IRR adjusted
for sex,
comorbidity and
presence of old
healed TB

TB incidence: SIR TB incidence was
63.7/100 000 2.1 standardised for
population in (1.57- age and sex
2006 2.84)1
TB incidence SIR 5.2 TB incidence was
in the general  (4.08-  standardised for
population: 6.62) age
78/100 000 in
2010

Continued
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TABLE 1 Continued

Study, year of
publication
[ref.]

Study period

Population and setting

Cancer type

Cancer treatment

Control/general
population

TB cases and
incidence in
cancer group

TB cases and
incidence in
control group

Rate

ratio

(95%
cl)

Adjustment for
potential
confounders

Choi 2015 [31]
2001-2008

n=1935 patients with
early gastric cancer
stage |A, aged 24 to
88 years, identified from
the database of the
Center for Gastric
Cancer of the National
Cancer Center, Korea;
excluded: cases with TB
before or within
3 months after
gastrectomy
n=36 972 patients newly
diagnosed with gastric
cancer, aged 20 years
and older, identified from
the NHI database in
Taiwan;
excluded: patients
whose diagnosis of TB
occurred before
enrolment, patients who
were diagnosed with TB
within 30 days of the
diagnosis of gastric
cancer
n=1776 patients who
underwent gastrectomy
for gastric cancer, aged
20 to 89 years, at a
tertiary referral hospital
in Seoul, South Korea;
excluded: patients who
received chemotherapy
after gastrectomy,
patients who had a
history of previous
gastrectomy, patients
who were treated for TB
within 6 months before
surgery or developed TB
within 2 months after
surgery, patients who
visited the hospital only
once after surgery

Fang 2015 [32]
2000-2011

Jung 2016 [33]
2007-2009

gastric cancer, stage

IA

gastric cancer

gastric cancer

77.3% had a
gastrectomy and
22.7% had an
endoscopic resection
of the gastric cancer

66.9% of patients had
major surgery, 52.2%
received
chemotherapy, 14.3%
received radiotherapy

Patients who
received
chemotherapy after
gastrectomy were
excluded

General
population of
Korea in the

same age group
as the patients
with gastric
cancer

36 972 subjects
identified from
the NHI
database,
matched by age,
sex and
presence of
comorbidities

General
population of
South Korea

31 cases out of
1935 patients (9272
patient-years of
follow-up), median
follow-up time:
4.9 years
TB incidence:
334/100 000
person-years

521 cases out of
36 972 patients;
no information on
median follow-up
time
TB incidence:
523/100 000
person-years

16 cases out of
1776 patients
(7152.5
patient-years),
mean duration of
follow-up: 4 years
TB incidence:
423.7/100 000
person-years

TB incidence:
87/100 000 in
2013

640 cases out
of 36 972
matched

subjects in the

control cohort

TB incidence:

344/100 000
person-years

TB incidence:

89.4/100 000

person-years
in 2008

IRR
whole
cohort

3.84%
(2.70-
5.46)1

Crude
HR 1.50
(1.33-
1.68)
aHR
1.59
(1.41-
1.79)

SIR
2.22
(1.27-
3.60)

TB incidence was
standardised for
age

controls matched
by age, sex and
comorbidities,
and HR adjusted
for age, sex and
comorbidities in
multivariate
analysis

TB incidence was
standardised for
age and sex

Continued
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TABLE 1 Continued

Study, year of Population and setting Cancer type Cancer treatment Control/general TB cases and TB cases and Rate Adjustment for
publication population incidence in incidence in ratio potential
[ref.] cancer group control group (95% confounders
Study period Cl)

Alhashimi 1988 n=257 cancer patients lung cancer all patients received residents of 3 cases out of 257 number of TB IRR used the same or
[34] (89 (35%) with latent TB chemotherapy with Washington, DC, patients; no cases and size  15.00% a similar age
1975-82 infection based on or without USA, >45 years information on of control (4.84- group in the

TST>10 mm) without radiotherapy, median follow-up population not  46.51)1 general
isoniazid prophylaxis, corticosteroid time given population for
mean age 58.5 years therapy or both TB incidence: TB incidence: comparison
(range 40-69 years) 1100/100 000/year 73/100 000/

VA Medical Center, year
Washington DC, USA

Wessels 1992 n=278 patients registered haematological and not specified general 13 cases out of 278  TB incidence: SIR used the same or
[35] in the Tygerberg solid (excluding brain population of patients (277.5 360/100 000 11.53 a similar age
1983-1990 Hospital's children’s tumours) South Africa and patient-years of among (6.69- group in the

cancer registry the Western follow-up); no children aged 19.85)q general

(below the age of Cape in 1986 information on below 15 years population for

15 years); median follow-up comparison
excluded: children with time
brain tumours and those TB incidence:
who died within 6 weeks 4150/100 000
of cancer diagnosis person-years of
follow-up
Stefan 2008 [36] n=625 children (0-15 haematological and not specified general 57 cases out of 625  TB incidence: IRR used the same or
1991-2005 years old) undergoing solid population of patients; no 407/100 000/ 22.44 a similar age
cancer therapy at South Africa information on year among (17.31- group in the
Tygerberg Hospital, aged 0-15 years median follow-up children aged ~ 29.10)" general
located in a Cape Town time 0-15 years population for
area with high TB Crude incidence: comparison

prevalence;
mean age at cancer
diagnosis was 5.1 years
(median 3.8, range
0-15);
excluded: children who
completed TB treatment
before the cancer
diagnosis

9135/100 000/year

TB: tuberculosis; NHI: National Health Insurance; IRR: incidence rate ratio; alRR: adjusted incidence rate ratio; SIR: standardised incidence ratio; CML: chronic myeloid leukaemia; CLL:
chronic lymphocytic leukaemia; SAA: severe aplastic anaemia; MDS: myelodysplastic syndrome; HR: hazard ratio; aHR: adjusted hazard ratio; GIST: gastrointestinal stromal tumour; TST:
tuberculin skin test.*: IRR was not specified in the original study, but was calculated by dividing the incidence of TB in cancer patients by the incidence of TB in the reference group.

7. Confidence interval was estimated using the Poisson assumption.
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Rate Lower Upper Rate ratio and
Study Type of cancer ratio  limit  limit 95% ClI
Wu (2011) Haematological and solid ~ 1.67 1.42 1.96 .
Seo (2016) Haematological and solid ~ 2.22 217 2.27 .
Chen (2011) Haematological 1.94 1.48 254 .
Liu (2015) CML 3.76 224 631 —.—
Kim (2008) Solid 4.69 1.52 14.47 ——
Huang (2011) Gastric 211 1.57 284 .
Kim (2014) Gastric 520 4.08 6.62 .
Fang (2015) Gastric 159  1.41 179 .
Choi (2015) Gastric 3.84 270 5.46 .
Jung (2016) Gastric 222 132 374 B
Alhashimi (1988)  Lung 15.00 4.84 46.51 — .
Total (95% Cls) 2,61 212 3.22 ‘

0.01 0.1 1 10 100

Q value = 116; df (Q)=10; p<0.001; 12=91%; Tau?=0.086 Decreased risk Increased risk

FIGURE 2 Forest plot of relative risk of tuberculosis in all adult cancer studies. CML: chronic myeloid
leukaemia.

studies performed in children with haematological and solid malignancies was 16.82 (95% CI 8.81-32.12;
Q=5, df=1, p=0.030; I’=79%) (figure 3).

Subgroup analysis in adult cancer patients

Separate analysis of haematological malignancies and solid tumours (excluding studies that did not present
measures of effect size for these two groups separately) yielded an IRR of 3.53 (95% CI 1.63-7.64; Q=82,
df=3, p<0.001; P=96%) (figure 4) for haematological malignancies, and an IRR of 2.25 (95% CI 1.96-2.58;
Q= 341, df=29, p<0.001; P=91%) (figure 5) for solid cancers.

Of the solid tumours for which data was available from at least three studies, lung cancer had an IRR of
6.14 (95% CI 1.97-19.20; ’=76%) (figure 6a), gastric cancer had an IRR of 2.63 (95% CI 1.96-3.52;
IP=93%) (figure 6b), breast cancer had an IRR of 2.17 (95% CI 1.98-2.38; PP=0%) (figure 6¢), liver cancer
had an IRR of 2.02 (95% CI 0.83-4.91; ’=83%) (figure 6d) and colon cancer had an IRR of 2.00 (95% CI
1.16-3.43; I’=75%) (figure 6e).

Effect of surgery, chemotherapy and/or radiotherapy on TB risk

The majority of reviewed studies provided no detailed information on the number of patients with cancer
who had undergone surgery, chemotherapy and/or radiotherapy, and the temporal relationship between
treatment and a diagnosis of TB.

Treatment details were available for a number of studies in gastric cancer. A nationwide study from
Taiwan did not establish any treatment modality (gastrectomy, chemotherapy or radiotherapy) as an
independent risk factor for TB in patients with gastric cancer [32]. Another study from Taiwan found that
chemotherapy was associated with a higher risk for TB, compared to gastrectomy and palliative therapy in
patients with gastric cancer (SIR 2.91, 2.50 and 1.19, respectively) [29]. A nationwide Korean study in
patients with early gastric cancer showed that patients who underwent endoscopic resection showed no
increase in the relative risk of TB, compared to the general population; whereas patients who underwent
gastrectomy had a hazard ratio of 7.92 (95% CI 1.08-58.16) for the risk of developing TB [31]. Another
Korean study found that patients undergoing total gastrectomy had an OR of 3.48 (95% CI 1.25-9.66) for
the risk of developing TB, compared to patients who underwent subtotal gastrectomy [33].

Assessment of risk of bias of included studies

The risk of bias assessment, using the Newcastle-Ottawa Quality Assessment Scale for Cohort Studies [20],
showed that this risk was moderate to low (supplementary Table S1). Risk of bias was mainly related to
selection of the reference group (control cohort, not drawn from the same community, during the same
period as the cancer cohort), as well as the comparability of the reference group (lack of adjustment/
stratification for the most important confounders) and uncertainties regarding the reporting of follow-up.
Heterogeneity between studies for all outcomes under evaluation was high, although it was reduced during
sub-group analysis for different solid organ tumours (but remained high for most subgroups).
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Rate Lower Upper Rate ratio and
Study Type of cancer ratio limit limit 95% ClI

Wessels (1992) Haematological and solid ~ 11.53  6.69 19.85

Total (95% Cls) 16.82 8.81 32.12

Stefan (2008) Haematological and solid ~ 22.44 17.31 29.10 .

0.01 0.1 1 10 100
Q value = 5; df (Q)=1; p=0.030; 1?=79%; Tau2?=0.175 Decreased risk Increased risk

FIGURE 3 Forest plot of relative risk of tuberculosis in children with cancer.

Only one study provided a prevalence estimate of LTBI, based on the TST/IGRA in the study cohort (89/
257, 35%), and stated that five patients received LTBI treatment [34]. These patients were, however,
excluded from the analysis. No other study indicated whether participants received treatment for LTBI. Six
studies, four of which evaluated TB exclusively in gastric cancer, included information on the history of
TB treatment and/or radiological evidence of previously healed TB [28-31, 33, 34], with a prevalence of
previous TB on chest radiographs ranging from 7% [34] to 17% [28] in the study population. There was a
paucity of available information on HIV status. One paediatric study from South Africa reported that six
out of 57 children with cancer and TB (11%) were infected with HIV [36]. Two studies excluded
HIV-positive individuals [26, 28]. The remainder of the studies disclosed no information on HIV status.

Discussion

The meta-analysis showed a statistically significantly increased risk of TB in cancer patients, compared to
the general population. Most solid cancers, for which data from three or more studies were available, were
associated with an approximately two-fold increase in the risk of developing TB, compared to the general
population. This increase was significant for gastric, breast and colon cancer, but not for liver cancer (IRR
2.02; 95% CI 0.83-4.91). Lung cancer was associated with a six-fold increase in TB. The relative risk of TB
in gastric cancer (IRR 2.63, 95% CI 1.96-3.52), which is often treated with gastrectomy (associated with
malnutrition [44], a risk factor for TB [45, 46]), was not markedly different from the relative risk in other
solid cancers. The relative risk of TB in haematological cancers in adults (IRR 3.53; 95% CI 1.63-7.64) was
only moderately higher than that in adults with solid cancers (IRR 2.25; 95% CI 1.96-2.58). The highest
relative risk of TB was found in children with haematological malignancies or solid cancers (IRR 16.82,
95% CI 8.81-32.12).

To our knowledge, this is the first meta-analysis to assess the relative risk of TB in haematological
malignancies and solid cancers, among studies that include information on a comparator group (controls
or general population of the study setting and period). Although significant heterogeneity was noted
between included studies, the random effects model that was applied yields estimates that appropriately
reflect this variation (i.e. via the 95% CIs). Thus, the pooled estimate is not as important as the upper and
lower 95% CI of the estimates, in consideration of whether the relative risk is too low (based on the upper
95% CI) to warrant LTBI screening, or sufficiently high (based on the lower 95% CI) to consider LTBI
screening.

Rate Lower Upper Rate ratio and
Study Type of cancer ratio  limit  limit 95% ClI

Wu (2011) Haematological 3.09 152 6.27
Chen (2011) Haematological 1.94 1.48 254

Seo (2016) Haematological 6.67 620 7.18 .

Liu (2015) CML 3.76 224 631
Total (95% Cls) 3.53 1.63 7.64

0.01 0.1 1 10 100
Q value = 82; df (Q)=3; p<0.001; /2=96%; Tau?=0.569 Decreased risk Increased risk

FIGURE 4 Forest plot of relative risk of tuberculosis in adults with haematological malignancies. CML: chronic
myeloid leukaemia.
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Rate Lower Upper Rate ratio and
Study Type of cancer ratio  limit  limit 95% ClI
Seo (2016) Biliary tract 134 1.09 1.64 l
Wu (2011) Bladder 138 060 3.19 —m—
Kim (2008) Breast 1.14  0.16 8.11 R S
Wu (2011) Breast 1.60 0.64 3.99 ——
Seo (2016) Breast 218 1.98 240 ]
Wu (2011) Cervical 2.00 0.66 6.10 ———
Kim (2008) Colon 9.38 235 37.50 ——
Wu (2011) Colon 1.29 081 2.04 —il—
Seo (2016) Colon 1.92 179 2.06 [ |
Kim (2008) Gastric 7.84 294 20.89 ——
Wu (2011) Gastric 0.92 0.41 205 ——
Huang (2011) Gastric 211 1.57 284 E 3
Kim (2014) Gastric 520 408 6.62 L 3
Fang (2015) Gastric 159 141 179 [ ]
Choi (2015) Gastric 3.84 270 5.46 B
Seo (2016) Gastric 251 240 2.62 ]
Jung (2016) Gastric 222 132 3.74 ——
Kim (2008) Liver 6.80 1.70 27.19 ——
Wu (2011) Liver 0.81 0.41 1.58 ——
Seo (2016) Liver 233 215 252 [ |
Alhashimi (1988)  Lung 15.00 4.84 46.51 ——
Kim (2008) Lung 7.46 1.87 29.83 —a—
Wu (2011) Lung 281 1.84 4.30 ——
Wu (2011) Nasopharynx 218 070 6.81 ———
Wu (2011) Oesophagus 6.40 1.75 23.47 ——
Wu (2011) Oral 3.52 190 6.53 ——
Wu (2011) Pancreas 1.33 0.06 31.30 ]
Seo (2016) Pancreas 3.17 270 3.72 [ ]
Wu (2011) Prostate 0.79 039 1.60 o
Seo (2016) Thyroid 152  1.41 1.63 [ |
Total (95% Cls) 225 196 258 .

0.01 0.1 1 10 100

Q value = 341; df (Q)=29; p<0.001; 12=91%; Tau?=0.074 Decreased risk Increased risk

FIGURE 5 Forest plot of relative risk of tuberculosis in adults with different solid tumours.

Children with solid cancers and haematological malignancies have a high relative risk of developing TB,
and should be considered for systematic screening and treatment of LTBI. Although both of the included
paediatric studies were conducted in South Africa, a setting with a high risk for reinfection with TB, this
should not have affected the estimated relative risk of TB, as the control population shared the same risk
of exposure. The implementation of LTBI screening and treatment, however, depending on the setting and
our recommendations, only applies to high or upper middle income countries with a TB incidence of
<100 per 100 000 per year [9].

The findings of this meta-analysis facilitate comparison with the relative risk of TB among other groups
with an increased risk of developing TB, and inform screening recommendations for latent TB infection
and TB chemoprophylaxis in patients with cancer. The upper 95% CI of the relative risk (RR) of TB in
cancer (3.22) is lower than the relative risk in groups currently targeted for LTBI screening and treatment,
such as patients with HIV (RR of 50-110 [47, 48]), contacts of patients with active TB (RR of 10.4 during
follow-up of 90 days to 2 years after initial healthcare contact, with 1.5% of all TB contacts already
diagnosed with TB at initial screening [49]), patients with chronic renal failure (RR of 7.8[5]) and patients
being treated with TNF-o inhibitors (RR 1.8-29.3 [50]). The reactivation of TB can occur at any time after
initial infection [3], and the estimated cumulative lifetime risk to develop TB is therefore important to
inform decisions about LTBI screening and treatment. In chronic conditions, such as diabetes and chronic
renal failure, the increased risk associated with the disease can be expected to last a lifetime, without any
considerable reduction in life expectancy due to the underlying disease. In cancer, however,
immunosuppressive states are more likely to be temporary (e.g. during chemotherapy). In addition, life
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al Rate Lower Upper Rate ratio and
Study Type of cancer ratio  limit  limit 95% Cl
Alhashimi [1988)  Lung 15.00 4.84 4651 ——
Kim (2008) Lung 7.46  1.87 29.83 ——
Wu (2011) Lung 281 184 430 |
Total (95% Cls) 614 197 19.20 <@
001 01 1 10 100

Q value = 8; df (Q)=2; p=0.014; /?=76%; Tau?=0.756

Decreased risk Increased risk

b) Rate Lower Upper Rate ratio and
Study Type of cancer ratio  limit  limit 95% ClI
Kim (2008) Gastric 7.84  2.94 20.89 .
Wu (2011) Gastric 092 041 2.05 -
Huang (2011) Gastric 211 157 2.84 .
Kim (2014) Gastric 520 408 662 [ ]
Fang (2015) Gastric 159 141 179 |
Choi (2015) Gastric 384 270 546 [ ]
Seo (2016) Gastric 251 240 2.62 [ |
Jung (201¢) Gastric 222 1.32 374 E B
Total (95% Cls) 263 196 352 ¢
0.01 01 1 10 100

Q value = 107; df (Q)=7; p<0.001; /?=93%; Tau?=0.132

Decreased risk Increased risk

c) Rate Lower Upper Rate ratio and
Study Type of cancer ratio limit  limit 95% ClI

Kim (2008) Breast 114  0.16 8.11 _—
Wu (2011) Breast 1.60  0.64 3.99 —
Seo (2016) Breast 218 198  2.40 B
Total (95% Cls) 217 198 2.38 ‘

Q value = 0.85; df (Q)=2; p=0.654; 1?=0%; Tau?=0.000

0.01 0.1 1 10 100

Decreased risk Increased risk

d) Rate Lower Upper Rate ratio and

Study Type of cancer ratio limit  limit 95% Cl

Kim (2008) Liver 680 170 27.19 .
Wu (2011) Liver 081 041 158 . 3
Seo (2016) Liver 233 215 252 ‘I

Total (95% Cls) 202 083 491 <o

Q value = 12; df (Q)=2; p=0.003; 12=83%; Tau?=0.469

0.01 0.1 1 10 100

Decreased risk Increased risk

e Rate Lower Upper Rate ratio and

Study Type of cancer ratio  limit limit 95% Cl

Kim (2008) Colon 9.38 235 37.50 P
Wu (2011) Colon 129 081 204 »

Seo (2016) Colon 192 179 2.06 ‘I

Total (95% Cls) 200 116 343

Q value = 8; df (Q)=2; p=0.019; /?=75%; Tau?=0.150

0.01 0.1 1 10 100

Decreased risk Increased risk

FIGURE 6 a] Forest plot of relative risk of tuberculosis in persons with lung cancer. b] Forest plot of relative
risk of tuberculosis in persons with gastric cancer. c] Forest plot of relative risk of tuberculosis in persons
with breast cancer. d] Forest plot of relative risk of tuberculosis in persons with liver cancer. e) Forest plot of
relative risk of tuberculosis in persons with colon cancer.
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expectancy is markedly reduced in many cancers, which reduces the cumulative lifetime risk of developing
TB. This has to be considered when comparing the relative risk of TB in cancer patients with that in other
immunocompromised groups. Based on these considerations, we suggest that in adult patients with cancer,
there is not a sufficiently increased risk of TB to recommend systematic screening and treatment for LTBI,
independent of other risk factors. As outlined in the WHO guidelines, the potential harms and benefits of
LTBI treatment will need to be weighed on an individual patient basis [9]. The introduction of systematic
screening and treatment of LTBI in any group needs to take into account the local context, accessibility,
equity, cost and implementation aspects [9]; however, discussion of these aspects is beyond the scope of
the present research.

The overall incidence rate (per year) of TB decreases with the time that has elapsed since the diagnosis of
cancer (associated with early treatment). This was demonstrated in the largest study that was included in
the present meta-analysis (including 855 382 patients with cancer), which showed that the relative risk of
TB was highest, immediately after the diagnosis of cancer, and gradually declined over time with a SIR of
3.70 (95% CI 3.57-3.83) for the first 6 months; SIR of 2.19 (95% CI 2.08-2.30) for months 6 to 11; SIR of
1.75 (95% CI 1.67-1.84) for months 12 to 23; and SIR of 1.43 (95% CI 1.36-1.51) for greater than
24 months after diagnosis [25]. In addition to the impaired immunity due to cancer and cancer treatment,
more intense medical follow-up and examinations early in the course of cancer disease might result in an
increase in the number of diagnosed TB cases. This might result in overestimation of the risk of TB in
cancer patients.

Considerations regarding the relative risk of TB during different periods following the diagnosis of cancer
are also relevant for interpretation of the present results. Studies with a prolonged follow-up of cancer
patients will yield a lower incidence estimate per person-years of follow-up, as the risk of TB would
decline with time elapsed since diagnosis. This risk reduction over time was especially prominent in
haematological malignancies in the aforementioned large cohort study, in which the SIR was 12.01 (95%
CI 10.81-13.30) for the first 6 months following diagnosis, and decreased to a SIR of 2.70 (2.12-3.39) for
greater than 24 months after diagnosis [25]. In the present meta-analysis, the pooled IRR in
haematological malignancies (in patients aged 15 years or above) of 3.53 (95% CI 1.63-7.64) might have
been lower than expected, because of a prolonged follow-up. The TB incidence rates showed a decline with
increased follow-up duration, reflecting the reduction in TB risk after initial diagnosis and completion of
chemotherapy [51].

One strength of our systematic review was its rigorous methodology, in terms of the inclusion only of
studies that provided an incidence rate of TB (rather than a cumulative incidence or prevalence) in
patients with cancer, as well as a TB incidence rate in a control/general population. One limitation of the
present systematic review was its inability to differentiate between risk arising from cancer per se and that
from cancer treatment. The available data also did not allow us to consider the impact of cancer stage. As
treatment modalities are chosen based on the cancer stage and expected prognosis, and the follow-up
period is shorter in patients with advanced cancer, it is very difficult, if not impossible, to establish the
independent effect of treatment modalities and cancer stage on the risk of TB reactivation from cohort
studies. As outlined above, variable follow-up times in different studies are likely to have contributed to
differences in estimates of TB risk. The included studies did not distinguish between TB caused by recent
transmission and TB secondary to reactivation, with only the latter being an indication for LTBI screening.

The use of different reference groups (ranging from matched controls to the unadjusted general population
of the study setting) could have added to the heterogeneity identified in the meta-analysis. The lowest
quality reference group was the general population of the study setting, without adjustment for potential
confounders, particularly age. This could have led to overestimation of the relative risk of TB in
populations with a higher incidence of TB among older people (the more likely scenario), or
underestimation of the relative risk of TB in populations with a higher incidence of TB among younger
people. However, only one study did not adjust for age as a potential confounder [26].

In summary, this meta-analysis showed that patients with cancer have an increased risk of developing TB,
compared to the general population. Children with solid cancers or haematological malignancies have a
high relative risk of developing TB, and should be considered for systematic screening and treatment of
LTBI, especially when they originate from settings with a high TB incidence. In adults with cancer, the
relative risk of TB was only modestly increased. The slightly increased risk, paired with the fact that, in
many instances, the risk decreases over time since the initial cancer diagnosis, and/or the cumulative
lifetime risk is reduced because of reduced life expectancy, suggests that adult patients with cancer do not
require systematic screening and treatment for LTBI, independent of other risk factors. Adults with cancer,
especially those with haematological malignancies, who have additional risk factors (such as being a
migrant from a country with a high TB burden), should be considered for LTBI screening and treatment
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on a case-by-case basis. Among the solid cancers, lung cancer has one of the highest risks of TB, but
prognosis is often poor [52], and a short mean expected survival might suggest that the benefits of LTBI
treatment do not outweigh the associated inconvenience and risks in many patients. While current
guidelines describe patients with gastrectomy as a high-risk group for TB, our analysis (which included a
number of recent studies on gastric cancer and gastrectomy) showed no marked difference in the risk of
TB in patients with gastric cancer, with or without gastrectomy, compared to patients with other solid

cancers.
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