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Abstract:

Introduction: Patients with diffuse large B-cell lymphoma (DLBCL) have an increased risk of reactivating latent
tuberculosis infection (LTBI) into active tuberculosis (TB) during chemotherapy or hematopoietic stem cell trans-
plantation. However, extensive testing for LTBI among all patients is not practical, especially in regions with
limited health resources. Objective: This study aimed to identify risk factors associated with an increased risk
of LTBI among patients with newly diagnosed DLBCL and to determine the prevalence of LTBI in these patients.
Materials and Methods: A retrospective cohort study of patients with newly diagnosed DLBCL was conducted
at Chiang Rai Prachanukroh Hospital from September 2020 to June 2023. All patients were screened for LTBI
using interferon-release assays (IGRAs), either the QuantiFERON-TB Gold In-Tube (QFT) or T-SPOT.TB (T-SPOT)
tests, after DLBCL diagnosis and before the start of treatment. Data were collected from medical records.
Generalized linear models were used to estimate the adjusted risk ratio (RR) and 95% confidence interval (CI)
for LTBI risk factors. Results: A total of 127 patients with newly diagnosed DLBCL were enrolled, with a mean
age of £9.17 years. Among them, 17 patients had IGRAs-proven LTBI, resulting in a prevalence of 13.39%. The
results showed that household contact with TB significantly increased the risk of LTBI (adjusted RR: 3.24, 95%CI:
1.561-6.14). Conclusion: Patients with newly diagnosed DLBCL patients who had household contact with TB had
a significantly higher risk of LTBI. These findings highlight the importance of targeted LTBI screening among
patients with newly diagnosed DLBCL, particularly those with household contact with TB.
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Introduction

Tuberculosis (TB) is a widespread communicable
disease that remains a serious public health issue with
high morbidity and mortality." According to the World
Health Organization (WHO), Thailand is a high-inci-
dence country for TB with an estimated incidence rate
of 157 per 100,000 population in 2023.*° Chiang Rai
is among the top ten provinces with a high incidence
of TB, with a TB notification rate of 137 per 100,000
cases.”™ Latent tuberculosis infection (LTBI) is defined
as a state of persistent Mycobacterium tuberculosis (M.
tuberculosis)-specific T cell responses without clinical
evidence of TB.” Approximately one-third of the global
population is infected with M. tuberculosis, and most
infected individuals exhibit no signs or symptoms of
TB.*” The incidence of LTBI in Thailand and Chiang
Rai Province is unknown but is presumed to be rela-
tively high, particularly among high-risk populations
such as healthcare workers and prisoners.”® Although
individuals with LTBI do not transmit the disease, 5%
to 10% may develop active TB during their lifetime."*""
The risk of TB reactivation is increased among patients
with lymphoma due to malnutrition and diminished
immune functioning, both as a direct consequence of

2-13 .
1% Patients

the disease and as a result of chemotherapy.
with lymphoma have a significantly higher risk of
developing TB, with an estimated relative risk of 2 to 40
times that of the general population."® The WHO has
published guidelines for the programmatic management
of LTBL'® which provide a comprehensive approach to
LTBI screening using either the tuberculin skin test (TST)
or interferon-gamma release assays (IGRAs), treatment,
and management. These guidelines prioritize screening
among individuals at the highest risk of developing
active TB, including people living with human immu-
nodeficiency virus (HIV), infants and children under
five years of age with household exposure to pulmonary
TB, and other at-risk HIV-negative populations such as
patients initiating anti-tumor necrosis factor (TNF) therapy,

patients undergoing dialysis, individuals preparing

for organ or hematopoietic stem cell transplantation and
patients with silicosis.””

The Thai Lymphoma Study Group (TLSG) reported
that diffuse large B-cell lymphoma (DLBCL) is the most
common subtype of non-Hodgkin lymphoma (NHL),
accounting for 58.1% of cases.” Patients with DLBCL
have an increased risk of TB due to immune deficien-
cies that impaired the body’s ability to fight TB and
the potential reactivation of LTBI during chemotherapy
or hematologic stem cell transplantation.”* Currently,
no studies or official recommendations exist for LTBI
screening among patients with DLBCL. However,
extensive LTBI testing for all patients is not practical,
especially in regions with limited healthcare resources.
This study aimed to identify factors associated with LTBI
in patients with newly diagnosed DLBCL to facilitate

effective screening and determine the prevalence of

LTBI among these patients.

Materials and methods

Study design

A retrospective cohort study of newly diagnosed
DLBCL patients was conducted at Chiang Rai Pracha-
nukroh Hospital from September 2020 to June 2023.
Data were collected from medical records and obtained
from the Chiang Rai Prachanukroh Hospital databases.
The study protocol was approved by the Ethics Com-
mittee of Chiang Rai Prachanukroh Hospital (EC CRH
075/66 In) and was carried out in accordance with the
Declaration of Helsinki.
Participants

This study included patients aged 18 years or older
who had been newly diagnosed with DLBCL according
to the WHO 2016 classification of lymphoid neoplasms
criteria.”® All patients were screened for LTBI using
IGRAs after DLBCL diagnosis and before the start of
treatment, specifically with the QuantiFERON-TB Gold
In-Tube (QFT) or T-SPOT.TB (T-SPOT) tests. Screening
for LTBI in adults using IGRAs has shown moderate

25

sensitivity (81-90%) and high specificity (95-99%)
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Patients with prior TB infection were excluded from the
study. DLBCL patients with a positive QFT or T-SPOT
test result were classified as having LTBI, while those
with negative results were classified as not having LTBL
A household contact with TB was defined as a person
who shared the same enclosed living space with a
patient with pulmonary TB for one or more nights or for
frequent or extended daytime periods during the three
months before the start of current treatment.” The risk
ratio of IGRA-proven LTBI in DLBCL is unknown. How-
ever, solid cancers and hematologic malignancies are
known to increase the risk of LTBI by approximately 1-2
times.”” Based on this data, we used a risk ratio of 2
for IGRA-proven LTBI in DLBCL. Sample size calculation
was performed using a Cox proportional hazards model
with a significance level (Qt) of 0.05, a power of 85%,
and a sample loss rate of 20%, resulting in a required
sample size of at least 94 patients.
Objective

The primary objective was to identify risk factors
associated with an increased risk of LTBI among
patients with newly diagnosed DLBCL. The secondary
objective was to determine the prevalence of LTBI in
these patients.
Statistical analysis

Statistical analysis was performed using a STATA,
Version 14. Descriptive statistics were used to present
the data, including numbers and percentages for cate-
gorical variables. The mean and standard deviation (SD)
were used for normally distributed continuous variables,
while the median and interquartile range (IQR) were
used for non-normally distributed continuous variables.
Categorical variables were compared using the exact
probability test as appropriate. The t-test was used
for comparison of normally distributed data, and the
Wilcoxon rank-sum (Mann-Whitney) test was used for
non-normally distributed data. Univariate analysis and
generalized linear models were used to estimate the
crude relative risk (RR) and adjusted RR, respectively,

along with the 95% confidence interval (CI) for the risk

factors of LTBI among patients with newly diagnosed
DLBCL. All variables with statistical significance from
the univariate analysis were selected for multivariate
analysis. A p-value of 0.05 was considered statistically

significant.

Results

The study included 127 patients with newly diag-
nosed DLBCL with a mean age of 59.17 years, between
September 2020 and June 2023. The majority of cases
comprised patients with DLBCL, not otherwise specified
(NOS), accounting for 81 of 127 patients (63.78%). All
patients with newly diagnosed DLBCL were screened
for LTBI using IGRAs with either the QFT or T-SPOT
tests. Data collection was comprehensive, without
any missing data. Among them, 17 patients had
IGRAs-proven LTBI, resulting in a prevalence of 13.39%.
The prevalence of LTBI was significantly higher among
males than females [13 (76.47%) vs. 54 (49.09%), p-value
= 0.040], among those with household contact with TB
(6 (29.41%) vs. 1 (0.91%), p-value < 0.001], and those
with absence of a Bacillus Calmette-Guérin (BCG) scar
[5(29.41%) vs. 6 (5.45%), p-value = 0.007]. Table 1 sum-
marizes the clinical characteristics of DLBCL patients
with and without LTBI. No differences were observed
between the groups regarding their baseline clinical
characteristics, comorbidities (including diabetes, HIV
and chronic kidney disease), and laboratory results.

Risk factors for LTBI among patients with DLBCL
are shown in Table 2. Univariate analysis indicated
that the risk factors associated with LTBI in DLBCL
patients included male gender (crude RR: 2.91, 95%CI:
1.00-8.44), household contact with TB (crude RR: 8.40,
95%CI: 4.41-16.02) and absence of a BCG scar (crude
RR: 4.40, 95%CI 1.90-10.18). However, multivariate
regression analysis of male, household contact with
TB and absence of a BCG scar showed that the only
risk factor associated with significantly increased risk

of LTBI was household contact with TB (adjusted RR:
3.24, 95%CI: 1.51-6.14).
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Table 1 Clinical characteristics of diffuse large B-cell lymphoma patients with latent tuberculosis infection (LTBI).

Factors Total patients with Patients with Patients with p-value
DLBCL DLBCL and LTBI = DLBCL without LTBI
127 (100%) 17 (13.39%) 110 (86.61%)

Age (years) mean (+SD) 59.17 (+14.10) 56.29 (+12.04) 59.61 (+14.39) 0.369
Male 67 (52.76) 13 (76.47) 54 (49.09) 0.040
B symptoms 98 (77.17) 12 (70.59) 86 (78.18) 0.637
Household contact with tuberculosis 6 (4.72) 5 (29.41) 1(0.91) < 0.001
Absence of a BCG scar 11 (8.66) 5 (29.41) 6 (5.4b) 0.007
ECOG performance status

- 0-1 score 63 (49.61) 11 (64.71) 52 (47.27) 0.141

- 2-4 score 64 (50.39) 6 (35.29) 58 (52.73) 0.203
Bulky disease or lesion > 7.5 cm 21 (16.54) 3 (17.65) 18 (16.36) 1.000
Ann Arbor stage

-1 52 (40.94) 8 (47.06) 44 (40) 0.384

- -1V 75 (59.06) 9 (52.94) 66 (60) 0.605
DLBCL subtype

- Activated B-cell 37 (29.13) 5 (29.41) 32 (29.09) 1.000

- Germinal center B-cell 9 (7.09) 2 (11.76) 7 (6.36) 0.345

- Not otherwise specified 81 (63.78) 10 (58.82) 71 (64.55) 0.787
International Prognostic Index

- Low (0-1 score) 43 (33.86) 8 (47.06) 35 (31.82) 0.272

- Low intermediate (2 score) 18 (14.17) 4 (23.53) 14 (12.73) 0.262

- High intermediate (3 score) 39 (30.71) 2 (11.76) 37 (33.64) 0.091

- High (4-5 score) 27 (21.26) 3 (17.65) 24 (21.82) 1.000
Comorbidity

- Diabetes mellitus 11 (8.66) 2 (11.76) 9 (8.18) 0.642

- HIV infection 5(3.94) 1 (5.88) 4 (3.64) 0.619

- Chronic kidney disease 34 (26.77) 4 (23.53) 30 (27.27) 1.000
Elevated serum lactate dehydrogenase 78 (61.42) 9 (52.94) 69 (62.73) 0.438
Hemoglobin (g/dl) mean (+SD) 10.79 (+2.24) 11.68 (+2.38) 10.65 (+2.19) 0.080
White blood cell (x10°%/L) median (IQR) 8.30 (6.10-11.21) 9 (6.70-9.90) 8.25 (5.90-11.21) 0.407
Neutrophil (%) median (IQR.) 68 (60-80.50) 63 (56.70-79.80) 68 (61.20-80.50) 0.486
Lymphocyte (%) median (IQR.) 20 (9.20-27) 21 (9.90-28.50) 19.85 (9.20-26.10) 0.846
Platelet (x10”/L) median (IQR.) 311 (237-386) 291 (241-395) 314 (237-38b) 0.876

BCG, Bacillus Calmette-Guérin; ECOG, Eastern Cooperative Oncology Group; DLBCL, diffuse large B-cell lymphoma; International

Prognostic Index score including age more than 60 years, performance status assessment using ECOG Score 2-4, Ann Arbor stage

-1V, extranodal involvement more than 1 site and serum lactate dehydrogenase more than upper normal limit; HIV, Human

immunodeficiency virus; SD, standard deviation; IQR, interquartile range.
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Table 2 Risk factors for latent tuberculosis infection (LTBI) among patients with diffuse large B-cell lymphoma

Univariate Multivariate
Crude RR 95%CI Adjusted RR 95%CI

Age

< 40 years (reference) 1 -

40-60 years 0.86 0.22-3.33

> 60 years 0.86 0.22-3.33
Male 2.91 1.00-8.44 1.27 -0.47-2.17
B symptoms 0.71 0.27-1.85
Household contact with tuberculosis 8.40 4.41-16.02 3.24 1.51-6.14
Absence of a BCG scar 4.40 1.90-10.18 2.73 0.68-3.62
ECOG performance status 2-4 score 0.54 0.21-1.36
Bulky disease or lesion > 7.5 cm 1.08 0.34-3.44
Ann Arbor stage [-II 1.28 0.53-3.10
DLBCL subtype

Activated B-cell 1.23 0.560-3.02

Germinal center B-cell 1.23 0.50-3.02

Not otherwise specified (reference) 1 -
International Prognostic Index 0-2 score 2.60 0.97-6.94
Comorbidity

Diabetes mellitus 1.41 0.37-5.37

HIV 1.52 0.25-9.33

Chronic kidney disease 0.84 0.29-2.40

RR, relative risk; CI, confidence interval;, BCG, Bacillus Calmette-Guérin; ECOG, Eastern Cooperative Oncology Group;

DLBCL, diffuse large B-cell lymphoma; LTBI, latent tuberculosis infection; International Prognostic Index score including age

more than 60 years, performance status assessment using ECOG Score 2-4, Ann Arbor stage II-IV, extranodal involvement more

than 1 site and serum lactate dehydrogenase more than upper normal limit; HIV, Human immunodeficiency virus.

Discussion

This study highlights the significant association
between household contact with TB and the risk of
LTBI among patients with newly diagnosed DLBCL.
Implementing targeted LTBI screening and preventive
measures in this high-risk population is crucial for
reducing TB morbidity and improving patient out-
comes. The strengths of this study include its focus on
patients with DLBCL, which is the most common
hematologic malignancy and the most frequent subtype
of NHL. However, the study has limitations, including
the absence of data collection on some potential risk
factors for LTBI, such as smoking status, occupational

or workplace exposures, and history of BCG vaccination.

There are two diagnostic tests for LTBI: the TST and
the two techniques of IGRAs, which measure in vitro
the release of interferon-gamma (IFN-Y) produced by
T-lymphocytes against the stimulation of highly specific
antigens of M. tuberculosis: QFT and T-SPOT. For
T-SPOT, the process is more protracted because prior
separation of the lymphocyte is required, whereas for
QFT, only a simple ESISA is needed.*® Currently, no
gold standard test exists for diagnosing LTBI, and it is
estimated that approximately 20% to 30% of the world’s
population is infected with M. tuberculosis.”® The two
main tests used for LTBI screening are the IGRAs and
the TST. Both tests have their strengths and limitations,

and their accuracy can vary based on factors such as
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the patient’s immune status and the prevalence of TB
in the population.” In this study, only 13.39% of DLBCL
patient exhibited IGRAs-proven LTBI. Several reasons
may explain the low detection rate of LTBI using IGRA
among DLBCL patients. Active lymphoma can lead to
low immune responses, a reduced number of lympho-
cytes, and the need for chemotherapy. In particular,
corticosteroid use can suppress the immune system,
leading to false-negative results.” However, the use
of IGRA for screening LTBI in DLBCL patients proved
effective in identifying those at risk. This supports the
recommendation of IGRAs or TST as a reliable method
for LTBI screening in high-risk populations, as endorsed
by the WHO."

In our study, household contact with TB was found
to be a significant risk factor for LTBI among patients
with DLBCL, with a three-fold higher risk compared to
the general population. This suggests that close contact
with patients with TB is a critical route of transmission,
particularly for immunocompromised individuals such
as those with DLBCL. Household contact with TB
increases the risk of LTBI due to prolonged exposure to
infectious agents, as the bacteria are inhaled through
aerosols, especially in enclosed spaces.®” This data is
consistent with previous studies that identified house-
hold contacts with TB patients as a high-risk group for
LTBI. Research has shown that prolonged exposure to
TB patients increases the risk of LTBI, with additional
factors such as exposure to an index case with a high
bacterial load (e.g., cavitation on chest radiograph or
a high sputum smear grade), sharing a bedroom and
frequent interactions with TB patients contributing to
the risk. *® Additionally, this is particularly relevant for
DLBCL patients, who are already immunocompromised
and more susceptible to infections.”* The univariate
analysis identified male sex as a risk factor for LTBI,
although this association did not persist in the adjusted

analysis. However, some studies report that males are

more likely to develop LTBI than females."™ The higher
risk is attributed to the fact that men often engage in
outdoor activities that carry a higher risk.“* While the
absence of a BCG scar was identified as a risk factor
in the univariate analysis, it did not remain significant
in the adjusted analysis. Several studies have found
that BCG vaccination is associated with a lower risk
of LTBL** and the absence of a BCG scar has been
linked to an increased occurrence of LTBL® The BCG
vaccine may decrease the risk of LTBI primarily because
it provides early protection against M. tuberculosis.”
However, most studies report that the protective effect
of BCG vaccination lasts for only 10 to 15 years.”™
Prevention of active TB disease by screening and
treating LTBI is a critical component of the WHO End
TB Strategy.” These findings highlight the importance
of targeted LTBI screening among patients with newly
diagnosed DLBCL, particularly those with household

contact with TB. Further research is needed to refine

screening recommendations for this high-risk group.

Conclusion
Newly diagnosed DLBCL patients with household
contact with TB had a significant association with LTBL
These findings highlight the importance of targeted
LTBI screening in newly diagnosed DLBCL patients,

particularly those with household contact with TB.
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