
271

J Hematol Transfus Med  Vol. 35  No. 4  October-December 2025

Received 7 January 2025   Corrected 21 January 2025   Accepted 17 April 2025

Correspondence should be addressed to Piyapong Kanya, MD., Division of Hematology, Department of Internal Medicine, Chiangrai Pracha-

nukroh Hospital

Original article

Impact of active pulmonary tuberculosis on overall survival among 
adult patients with B-cell non-Hodgkin lymphoma
Piyapong Kanya1, Worarat Imsanguan2 and Piyaporn Sirijanchune2

1Division of Hematology;  2Division of Pulmonary Diseases, Department of Internal Medicine, Chiangrai Prachanukroh Hospital

Abstract:

Introduction: Patients with B-cell non-Hodgkin lymphoma (B-cell NHL) have an increased risk of developing 

active tuberculosis (TB) during treatment. Active pulmonary TB among patients with B-cell NHL often leads to 

poor outcomes.  Objective: The primary objective was to compare the 3-year overall survival (OS) of patients with 

B-cell NHL and active pulmonary TB to those without active pulmonary TB.  The secondary objective was to 

investigate the association of active pulmonary TB with mortality risk among patients with B-cell NHL.  Materials 

and Methods: A retrospective cohort was conducted on patients with newly diagnosed B-cell NHL at Chiangrai 

Prachanukroh Hospital from January 2016 to December 2023.  OS rates were estimated using the Kaplan-Meier 

method and compared between groups using the two-sided log-rank test.  Cox proportional hazards models were 

used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for risk factors associated with mortality. 

Results: A total of 415 patients were enrolled, with a mean age of 58.96 years.  Among them, 19 (4.58%) developed 

active pulmonary TB after their B-cell NHL diagnosis and during treatment.  Patients with active pulmonary 

TB had significantly worse 3-year OS compared to those without active pulmonary TB (22.39% vs. 55.11%, p 

< 0.001).  The median follow-up time was 89 weeks.  Active pulmonary TB was associated with an increased 

risk of mortality (HR, 1.80, 95%CI: 1.01-3.21).  Conclusion: Active pulmonary TB among adult patients with B-cell 

NHL is associated with worse survival outcomes and represents an independent risk factor for mortality.
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นิพนธต์น้ฉบบั

ผลกระทบของวณัโรคปอดต่ออตัราการอยู่รอดโดยรวมในผูป่้วยมะเรง็
ต่อมน�้ำเหลอืงชนิด B-cell non-Hodgkin
ปิยะพงษ ์ กญัญา1   วรรตัน ์ อิม่สงวน2 และ ปิยาภรณ ์ ศิรจินัทรช์ื่น2 
1สาขาโลหติวทิยา  2สาขาโรคระบบการหายใจ แผนกอายุรกรรม โรงพยาบาลเชยีงรายประชานุเคราะห์

บทคดัย่อ

บทน�ำ  ผูป่้วยมะเร็งต่อมน�ำ้เหลอืงชนิด B-cell non-Hodgkin lymphoma (B-cell NHL) มคีวามเสีย่งสูงทีจ่ะเป็นวณัโรคปอดระหวา่ง

การรกัษา ท�ำใหผ้ลลพัธข์องการรกัษาแย่ลง  วตัถุประสงค ์เปรียบเทยีบอตัราการอยู่รอดโดยรวมที ่3 ปี ของผูป่้วย B-cell NHL ทีเ่ป็น

วณัโรคปอดกบัไมเ่ป็นวณัโรคปอด และความสมัพนัธร์ะหวา่งวณัโรคปอดกบัความเสีย่งต่อการเสยีชวีติในผูป่้วย B-cell NHL  วสัดุ

และวธิกีาร ศึกษายอ้นหลงั ในโรงพยาบาลเชยีงรายประชานุเคราะห ์ต ัง้แต่เดือนมกราคม 2559 ถงึเดือนธนัวาคม 2566 เพือ่วเิคราะห ์

อตัราการอยู่รอดโดยรวมที ่3 ปีดว้ย Kaplan-Meier method วเิคราะหค์วามสมัพนัธร์ะหวา่งวณัโรคปอดกบัความเสีย่งต่อการเสยี

ชวีติดว้ย cox proportional hazards models  ผลการศึกษา: ผูป่้วย B-cell NHL 415 ราย อายเุฉลีย่ 58.96 ปี พบ เป็นวณัโรค

ปอด 19 ราย คิดเป็นรอ้ยละ 4.58 หลงัการวนิิจฉยัและระหวา่งการรกัษา ผูป่้วย B-cell NHL ทีเ่ป็นวณัโรคปอดมอีตัราการอยู่รอด

โดยรวมที ่3 ปี แย่กวา่ผูป่้วยทีไ่มเ่ป็นวณัโรคปอด  (รอ้ยละ 22.39 เทยีบกบั รอ้ยละ 55.11,  p < 0.001) วณัโรคปอดเพิม่ความเสีย่ง

ต่อการเสยีชวีติ 1.80 เท่า (HR, 1.80, 95%CI: 1.01-3.21)  สรุป วณัโรคปอดในผูป่้วยมะเร็งต่อมน�ำ้เหลอืงชนิด B-cell NHL สมัพนัธ ์

กบัอตัราการอยู่รอดทีแ่ย่ลง และเป็นปจัจยัเสีย่งต่อการเสยีชวีติอย่างมนียัส�ำคญั 

ค�ำส �ำคญั :	l วณัโรคปอด  l อตัราการอยู่รอดโดยรวม  l มะเร็งต่อมน�ำ้เหลอืงชนิด B-cell non-Hodgkin lymphoma

			   l ปจัจยัเสีย่ง

วารสารโลหติวทิยาและเวชศาสตรบ์ริการโลหติ. 2568;35:271-9.
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Introduction

Tuberculosis (TB) is a communicable disease and a 

major global health threat, leading to significant morbidity 

and mortality.1,2  Approximately one in three people 

worldwide--representing 2 to 3 billion individuals--are 

infected with Mycobacterium tuberculosis (M. tuber-

culosis), with 5% to 10% likely to develop active TB 

during their lifetime.3  In 2022, 7.5 million people were 

newly diagnosed with TB, and 1.3 million died from 

the disease.4  Globally, TB is the 13th leading cause 

of death and the second leading infectious killer after 

COVID-19.5  According to the World Health Organization 

(WHO), Thailand is considered a high-incidence country 

for TB, with an estimated TB incidence rate of 157 per 

100,000 population in 2023.6,7  The risk of developing 

active pulmonary TB is increased among individuals 

with immunocompromising conditions such as human 

immunodeficiency virus (HIV) infection,8 chronic kidney 

disease (CKD),9 diabetes mellitus10 and among those 

receiving immunosuppressive medications,11,12 particu-

larly patients with B-cell non-Hodgkin lymphoma (B-cell 

NHL).13,14 

B-cell NHL can lead to malnutrition and immune 

dysfunction, both directly due to the malignancy and as 

a result of chemotherapy.15,16  Therefore, it is reasonable 

to assume that patients with B-cell NHL are at risk of 

developing active pulmonary TB or acquiring new TB 

infections during their clinical course.17  Active pul-

monary TB in patients with cancer--particularly those 

with Hodgkin lymphoma (HL) and upper aerodigestive 

cancers--often results in poor prognosis.  The coexistence 

of TB and cancers complicates treatment and may lead 

to worse outcomes.18,19  However, no studies to date have 

specifically investigated the impact of active pulmonary 

TB on survival outcomes inpatients with B-cell NHL. 

This study aims to address this gap by conducting 

a retrospective cohort analysis to determine the impact 

of active pulmonary TB on survival and its association 

with mortality risk among patients with B-cell NHL.

Materials and Methods

Study design

This retrospective study included patients with newly 

diagnosed B-cell NHL at Chiangrai Prachanukroh Hospital 

from January 2016 to December 2023.  We evaluated 

the three-year overall survival (OS) of adult patients 

with B-cell NHL and active pulmonary TB.  This study 

protocol was approved by the Ethics Committee of 

Chiangrai Prachanukroh Hospital (EC CRH 098/67) and 

was carried out in accordance with the Declaration of 

Helsinki.

Participants

This study included patients aged 18 years or older  

having newly diagnosed B-cell according to the 2016 

of the WHO classification of lymphoid neoplasms 

criteria.20  All patients were admitted to or attended the 

outpatient clinic in Chiangrai Prachanukroh Hospital, 

Thailand.  Patients who had been diagnosed with TB 

before their B-cell NHL diagnosis were excluded from 

the study.  Data were acquired from the Chiangrai 

Prachanukroh Hospital databases.  Adult patients with 

B-cell NHL who developed active pulmonary TB during 

the course of B-cell NHL treatment were defined as 

patients with B-cell NHL and active pulmonary TB.   

Active pulmonary TB was defined as follows: (I) isolation of 

M. tuberculosis using any mycobacterial culture method; 

(II) isolation of M. tuberculosis using any molecular 

methods; (III) histopathologic examination; or (IV) a 

diagnosis of pulmonary TB by a pulmonary physician 

or infectious disease physician (ICD-10 codes A15, A16 

and A19) and prescription of anti-TB medications, such 

as isoniazid, rifampicin, ethambutol, pyrazinamide, strep-

tomycin, kanamycin or amikacin.

Objectives

The primary outcome of this study was the three-year 

OS of patients with B-cell NHL and active pulmonary TB 

compared to those without active pulmonary TB.  The 

OS was measured from the date of B-cell NHL diagnosis 

to the date of death from any cause.  The secondary 
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outcome was the association of active pulmonary TB 

with mortality risk among patients with B-cell NHL.

Statistical analysis 

Statistical analyses were performed using STATA, 

version 14 (StataCorp LLC, College Station, TX, USA). 

Descriptive statistics were used to present the data, 

with numbers and percentages for categorical variables. 

The mean and standard deviation (SD) were used to 

describe normally distributed continuous variables, while 

the median and interquartile range (IQR) were used to 

describe non-normally distributed continuous variables. 

Categorical variables were compared using the exact 

probability test as appropriate.  The t-test was used to 

compare normally distributed data, and the Wilcoxon 

rank-sum (Mann-Whitney) test was used to compare 

non-normally distributed data.  The OS rates were 

estimated using the Kaplan-Meier method and compared 

between risk groups using the two-sided log-rank test. 

The multivariate Cox proportional hazards regression 

model was used to calculate the hazard ratio (HR) and 

its 95% confidence interval (CI) for risk factors asso-

ciated with all-cause mortality among patients with 

newly diagnosed B-cell NHL. A p-value of < 0.05 was 

considered statistically significant.

Results

The study included 415 patients with a mean age of 

58.96 years who were newly diagnosed with B-cell NHL 

between 2016 and 2023, without prior pulmonary TB. 

Most cases were diffuse large B-cell lymphoma (DLBCL), 

accounting for 265 patients (63.86%).  Nineteen patients 

(4.58%) developed active pulmonary TB after their B-cell 

NHL diagnosis and during treatment.  Among these, 

13 were diagnosed with DLBCL.  Table 1 summarizes 

the clinical characteristics of patients with B-cell NHL 

with and without active pulmonary TB.  No differences 

were noted regarding age, sex, B-cell NHL subtype, Ann 

Arbor stage of lymphoma and comorbidities (including 

diabetes mellitus, HIV and CKD) between the groups.

Patients with B-cell NHL and active pulmonary 

TB exhibited poorer performance status according to 

Eastern Cooperative Oncology Group (ECOG) scores 

(II-IV) compared to those without active pulmonary TB 

(15 [78.95%] vs. 185 [46.72%], p = 0.008).  Moreover, 

patients with B-cell NHL without active pulmonary TB 

had a lower International Prognostic Index (IPI) score 

(0-I) compared to those with active pulmonary TB (132 

[33.33%] vs. 2 [10.53%], p = 0.044).

In terms of B-cell NHL treatment, no differences 

were noted regarding the use of rituximab-based 

therapy, radiation therapy and surgery between the 

groups.  According to complete blood count results, 

no significant differences were observed concerning 

mean hemoglobin (Hb) levels, median white blood cell 

(WBC) count, median absolute neutrophil count and 

mean platelet count between the groups.

In the survival analysis using a multivariate Cox 

regression model, Table 2 shows that the following 

variables were independent risk factors for mortality: 

active pulmonary TB (HR 1.80, 95%CI: 1.01-3.21), high 

IPI score (4-5) (HR 1.32, 95%CI: 1.09-1.60), HIV (HR 1.87, 

95%CI: 1.03-3.40) and CKD (HR 1.51, 95%CI: 1.00-2.56).  

Additionally, Figure 1 reveals significantly worse survival  

among patients with B-NHL and active pulmonary 

TB compared to those without active pulmonary TB. 

Patients with B-cell NHL and active pulmonary TB demon-

strated a notably lower three-year OS rate compared to 

those without active pulmonary TB (22.39% vs 55.11%, p 

< 0.001).  The median follow-up time for this analysis 

was 89 weeks. 

Discussion

This study highlights that the coexistence of active 

pulmonary TB among adult patients with B-cell NHL 

is associated with worse survival rates.  Patients with 

B-cell NHL may carry latent tuberculosis infection (LTBI), 

where the bacteria remain dormant in the body without 

causing active disease.  However, if the immune system 

becomes compromised due to the disease itself or as 
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Table 1  Clinical characteristics of newly diagnosed B-cell nonHodgin lymphoma (NHL) patients with and without 

active pulmonary tuberculosis (TB) 

Factors
Patients with B-cell 

NHL 415 (100 %)
Patients with B-cell 
NHL with active TB

19 (4.58 %) 

Patients with B-cell 
NHL without TB

396 (95.42 %) 
p-value

Age (years) mean (±SD) 58.96 (±13.18) 60.32 (±20.48) 58.90 (±12.77) 0.647 

Male 183 (44.10) 10 (52.63) 173 (43.69) 0.484

B-cell NHL subtype
- Diffuse large B-cell lymphoma (DLBCL)
- Marginal zone lymphoma
- Follicular lymphoma 
- Primary DLBCL of the CNS
- Small lymphocytic lymphoma
- Mantle cell lymphoma
- Burkitt’s lymphoma
- Another subtype

265 (63.86)
49 (11.81)
33 (7.95)
18 (4.34)
15 (3.61)
8 (1.93)
8 (1.93)

19 (4.58)

13 (68.42)
2 (10.53)

0 
2 (10.53)
1 (5.26)

0
1 (5.26)

0

252 (63.64)
47 (11.87)
33 (8.33)
16 (4.04)
14 (3.54)
8 (2.02)
7 (1.77)

19 (4.80)

0.809
1.000
0.385
0.196
0.511
1.000
0.315
1.000

Ann Arbor stage 
- I-II 
- III-IV 

178 (42.89)
237 (57.11)

7 (36.84)
12 (63.16)

171 (43.18)
225 (56.82)

0.383
0.642

ECOG performance status 
- 0-I
- II-IV

215 (51.81)
200 (48.19)

4 (21.05)
15 (78.95)

211 (53.28)
185 (46.72)

0.005
0.008

International Prognostic Index score
- Low (0-1score)
- Low intermediate (2 score)
- High intermediate (3 score)
- High (4-5 score)

134 (32.29)
93 (22.41)

116 (27.95)
72 (17.35)

2 (10.53)
5 (26.32)
6 (31.58)
6 (31.58)

132 (33.33)
88 (22.22)

110 (27.78)
66 (16.67)

0.044
0.778
0.817
0.116

Comorbidity
- Diabetes mellitus 
- HIV 
- Chronic kidney disease

50 (12.05)
28 (6.75)
81 (19.52)

4 (21.05)
2 (10.53)
7 (36.84)

46 (11.62)
26 (6.57)
74 (18.69)

0.267
0.372
0.071

B-cell NHL treatment
- Rituximab-based therapy
- Radiation therapy
- Surgery

 
150 (36.14)
73 (17.59)
38 (9.41)

 
5 (26.32)
4 (21.05)
3 (16.67)

 
145 (36.62)
69 (17.42)
35 (9.07)

 
0.467
0.756
0.234

Hemoglobin (g/dl) mean (±SD) 11.14 (±2.23) 10.66 (±2.15) 11.16 (±2.23) 0.338

White blood cell (x109/L) median (IQR) 7.80 (6.00-10.60) 6.10 (5.60-9.50) 7.95 (6.1-10.60) 0.172 

Absolute neutrophil count (x109/L) median (IQR) 4.89 (3.15-6.91) 4.26 (2.40-5.70) 4.90 (3.19-6.95) 0.205

Platelet (x109/L) mean (±SD) 276.24 (±121.83) 266.74 (±119.70) 276.69 (±122.06) 0.728 

B cell NHL;  B-cell nonHodgin lymphoma;  CNS, Central nervous system;  other subtypes of B-cell NHL include primary
mediastinal B-cell lymphoma, lymphoplasmacytic lymphoma, High-grade B-cell lymphoma and B-cell lymphoma, unclassifiable 
with features intermediate between DLBCL and classical HL;  IPI, International Prognostic Index score includes age more than 
60 years, performance status assessment using ECOG scores 2-4, Ann Arbor stages III-IV, extranodal involvement more than 1 
site and serum lactate dehydrogenase (LDH) more than upper normal limit;  HIV, Human immunodeficiency virus
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Table 2  Survival analysis between patients with newly diagnosed B-cell nonHodgin lymphoma (NHL) with and 

without active pulmonary tuberculosis (TB) 

Univariate Multivariate

HR 95%CI HR 95%CI

Active pulmonary TB 2.52 1.43-4.46 1.80 1.01-3.21

Age 
< 40 years
40-49 years (reference)
50-59 years
> 60 years 

1.00
1

1.01
0.99

0.99-1.01
-

1.00-1.01
0.98-1.00

1
1.00

-
0.99-1.01

Male 1.44 1.05-1.99 1.32 0.94-1.83

International Prognostic Index (IPI) score
- Low (0-1score) (reference)
- Low intermediate (2 score)  
- High intermediate (3 score)
- High (4-5 score)

1
1.41
1.32
1.45

-
1.27-1.55
1.20-1.46
1.26-1.66

1
1.46
1.20
1.32

-
0.96-1.37
0.99-1.44
1.09-1.60

Comorbidity 
- Diabetes mellitus 
- HIV 
- Chronic kidney disease

1.21
1.81
2.11

0.78-1.89
1.04-3.13
1.47-3.05

1.87
1.51

1.03-3.40
1.00-2.56

B-cell NHL Treatment
- Rituximab-based therapy
- Radiation therapy
- Surgery

0.73
0.66
0.96

0.51-1.06
0.42-1.03
0.56-1.67

HR, hazard ratio;  CI, confidence interval;  TB, tuberculosis;  IPI, International Prognostic Index scores include age more than 
60 years, performance status assessment using Eastern Cooperative Oncology Group (ECOG) scores 2-4, Ann Arbor stage III-IV, 
extranodal involvement more than 1 site and serum lactate dehydrogenase (LDH) more than upper normal limit;  HIV, Human 
immunodeficiency virus; B cell NHL; B-cell non-Hodgin lymphoma

Log rank p<0.001
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Figure 1  Kaplan-Meier survival analysis for patients with B-cell nonHodgin lymphoma (NHL) and active pulmo-

nary tuberculosis (TB) and matched cohort without active pulmonary TB.
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a consequence of chemotherapy, LTBI can reactivate, 

leading to active TB.21,22  In this study, 4.58% of patients 

with B-cell NHL developed active pulmonary TB during 

the course of B-cell NHL treatment, consistent with 

previous reports indicating that 2% to 4% of lymphoma 

patients develop TB.23,24  Patients with hematologic 

malignancies possess a higher risk of active pulmonary  

TB compared to the general population25-28 due to 

underlying immunological deficiencies that facilitate the 

emergence of infections.29-31  Alterations in the T-helper 

1 cell response or those caused by chemotherapy, often 

associated with high dose corticosteroids or hematopoietic 

stem cell transplantation, lead to an impaired immune 

response that particularly promotes the progression from 

LTBI to active pulmonary TB.32-34

Patients with B-cell NHL exhibiting poorer perfor-

mance status are often debilitated due to the disease 

process, coexisting comorbidities or the cumulative 

effects of prior treatments.  This deterioration reflects a 

reduction in metabolic and reparative reserves essential 

for effective host defense and recovery from infections 

and cellular stress, as well as compromised cellular 

immunity, which increases their susceptibility to active  

pulmonary TB.35-37  A higher IPI score indicates an 

adverse prognosis driven by aggressive disease biology, 

frequently leading to the secretion of immunosuppres-

sive cytokines such as transforming growth factor-beta 

(TGF-β) and interleukin-10 (IL-10).  These cytokines 

suppress immune surveillance, impairing the ability to 

respond effectively to both tumors and opportunistic 

infections such as active pulmonary TB.38-40

The survival rates of patients with B-cell NHL can 

vary based on several factors including WHO sub-

types,41 IPI scores,42 initial chemotherapy regimens43 

and comorbidities such as HIV and CKD.8,9,44  In our 

study, we found that the majority of cases comprised 

patients with DLBCL stages III to IV without active 

pulmonary TB.  Among all patients, the three-year OS 

rate of 55.11% was consistent with previous studies 

reporting the three-year OS rates for DLBCL ranging 

from 50 to 85%, depending on IPI scores.45,46  Patients 

with B-cell NHL and active pulmonary TB had a three-

year OS rate of only 22.39%, significantly shorter than 

those without active pulmonary TB.  Active pulmonary 

TB increased mortality risk (HR 1.8, 95%CI: 1.01-3.21) 

compared to those without active pulmonary TB.  Few 

studies have investigated the survival rate of patients 

with lymphoma and active pulmonary TB.  However, 

our results aligned with previous studies, indicating  

that active TB in patients with NHL or with HL 

increased mortality rates and resulted in poor survival.18,24 

Similarly, previous studies have reported that the survival 

of cancer patients, especially those with aerodigestive 

cancer, lung cancer and hematologic malignancies, was 

significantly shorter among those with active pulmonary 

TB compared to those without.19,47,48  Moreover, a high 

IPI score of 4 to 5, HIV and CKD also increased mortality 

risk in B-cell NHL.  The IPI is a scoring system used to 

predict the prognosis, especially in DLBCL, which is the 

most common subtype of B-cell NHL.  A high IPI score 

(4-5) indicates a worse prognosis.49,50  CKD can worsen 

prognosis and increase mortality risk among patients 

with B-cell NHL due to several factors, such as impaired 

immune function.  CKD can also limit treatment options, 

affecting efficacy, and leading to additional complications 

such as cardiovascular disease, electrolyte imbalances 

and anemia.51,52  Additionally, HIV can increase mortality 

risk among patients with B-cell NHL due to several 

reasons, including impaired immune function, a higher 

risk of opportunistic infections and drug interactions 

between antiretroviral therapy and chemotherapy that 

complicate treatment plans.53,54 

Thus, active pulmonary TB among adult patients 

with B-cell NHL is associated with worse survival rates 

and constitutes an independent risk factor for mortality. 

These results emphasize the importance of monitor-

ing and early diagnosis of pulmonary TB in patients 

with B-cell NHL, particularly in regions with high TB  

prevalence.  Targeted LTBI screening and treatment in 

these patients could potentially improve outcomes by 

preventing the reactivation of TB during immunosup-

pressive therapies.55-57 
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Conclusion

Active pulmonary TB among adult patients with 

B-cell NHL was associated with worse survival rates 

and constitutes an independent risk factor for mortality.

Acknowledgement

The authors would like to thank the Department 

of Medicine and the Department of Human Resources 

of Chiangrai Prachanukroh Hospital, Thailand for the 

data contribution.

Competing interests: This study has no competing 

interests

Funding: This study has been fully supported by Chi-

angrai Prachanukroh Hospital, Thailand

Reference
1.	 Raviglione M, Sulis G.  Tuberculosis 2015: Burden, Challenges and 

Strategy for Control and Elimination.  Infect Dis Rep. 2016;8:6570.

2.	 Dheda K, Barry CE 3rd, Maartens G.  Tuberculosis. Lancet. 

2016;387:1211-26. 

3.	 World Health Organization.  2015 Global Tuberculosis Report. 

Geneva, Switzerland: WHO, 2015.

4.	 World Health Organization.  2023 Global Tuberculosis Report. 

Geneva, Switzerland: WHO, 2023.

5.	 World Health Organization.  2022 Global Tuberculosis Report. 

Geneva, Switzerland: WHO, 2022.

6.	 Global tuberculosis report 2024.  Geneva: World Health Orga-

nization; 2024.

7.	 Division of Tuberculosis.  National Tuberculosis Control Programme 

Guideline, Thailand 2021.  Bangkok: Division of Tuberculosis; 2021.

8.	 Getahun H, Gunneberg C, Granich R, Nunn P.  HIV infection- 

associated tuberculosis: the epidemiology and the response.  Clin 

Infect Dis. 2010;50(Suppl 3):S201-7. 

9.	 Dobler CC, McDonald SP, Marks GB.  Risk of tuberculosis in dialysis 

patients: a nationwide cohort study.  PLoS One. 2011;6:e29563.

10.	 Dobler CC, Flack JR, Marks GB.  Risk of tuberculosis among 

people with diabetes mellitus: an Australian nationwide cohort 

study.  BMJ Open. 2012;2:e000666.

11.	 Dobler CC. Biologic Agents and Tuberculosis.  Microbiol Spectr. 

2016;4.

12.	 Dobler CC.  Biological agents and tuberculosis: risk estimates and 

screening strategies.  Int J Rheum Dis. 2015;18:264-7.

13.	 Cheng MP, Abou Chakra CN, Yansouni CP, Cnossen S, Shrier I, 

Menzies D, et al.  Risk of Active Tuberculosis in Patients with 

Cancer: A Systematic Review and Meta-Analysis.  Clin Infect 

Dis. 2017;64:635-44. 

14.	 Wu CY, Hu HY, Pu CY, Huang N, Shen HC, Li CP, et al.  Aerodi-

gestive tract, lung and haematological cancers are risk factors 

for tuberculosis: an 8-year population-based study.  Int J Tuberc 

Lung Dis. 2011;15:125-30. 

15.	 Mancuso S, Mattana M, Carlisi M, Santoro M, Siragusa S. 

Effects of B-Cell Lymphoma on the Immune System and Immune 

Recovery after Treatment: The Paradigm of Targeted Therapy. 

Int J Mol Sci. 2022;23:3368.

16.	 Bourke CD, Berkley JA, Prendergast AJ.  Immune Dysfunction 

as a Cause and Consequence of Malnutrition.  Trends Immunol. 

2016;37:386-98.

17.	 Dobler CC, Cheung K, Nguyen J, Martin A.  Risk of tuberculosis 

in patients with solid cancers and haematological malignancies: a 

systematic review and meta-analysis.  Eur Respir J. 2017;50:1700157. 

18.	 Roy P, BalaK, Biswas J, Ahmed J, Bir R, Yadav V, et al. 

Active Tuberculosis Risk Associated with Malignancies: A4-Year 

Retrospective Study in aTertiary Care Hospital.  South Asian J 

Cancer 2024;00:00.

19.	 Hung CL, Su CC, Ou CY.  Impact of active pulmonary tuberculosis 

on the prognosis of patients with upper aerodigestive cancers: 

An 8-year observational study in a nationwide cohort.  J Infect 

Public Health. 2022;15:1540-5. 

20.	 Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert 

R, et al.  The 2016 revision of the World Health Organization 

classification of lymphoid neoplasms.  Blood. 2016;127:2375-90.

21.	 Cheon J, Kim C, Park EJ, Ock M, Lee H, Ahn JJ, et al. 

Active tuberculosis risk associated with malignancies: an 18-year 

retrospective cohort study in Korea.  J Thorac Dis. 2020;12:4950-9. 

22.	 Chen CY, Sheng WH, Cheng A, Tsay W, Huang SY, Tang JL, 

et al.  Clinical characteristics and outcomes of Mycobacterium 

tuberculosis disease in adult patients with hematological malig-

nancies.  BMC Infect Dis. 2011;11:324. 

23.	 Nanthanangkul S, Promthet S, Suwanrungruang K, Santong C, 

Vatanasapt P.  Incidence of and Risk Factors for Tuberculosis 

among Cancer Patients in Endemic Area: A Regional Cohort 

Study.  Asian Pac J Cancer Prev. 2020;21:2715-21.

24.	 Silva FA, Matos JO, de Q Mello FC, Nucci M.  Risk factors for 

and attributable mortality from tuberculosis in patients with 

hematologic malignances.  Haematologica. 2005;90:1110-5. 

25.	 Cliffton EE, Irani BB.  Pulmonary tuberculosis and cancer.  N Y 

State J Med. 1970;70:274-8.

26.	 Kaplan MH, Armstrong D, Rosen P.  Tuberculosis complicating 

neoplastic disease.  A review of 201 cases.  Cancer. 1974;33:850-8.

27.	 Stefan DC, Kruis AL, Schaaf HS, Wessels G.  Tuberculosis in 

oncology patients.  Ann Trop Paediatr. 2008;28:111-6. 

28.	 Kamboj M, Sepkowitz KA.  The risk of tuberculosis in patients 

with cancer.  Clin Infect Dis. 2006;42:1592-5. 

29.	 Pagano L, Caira M, Rossi G, Tumbarello M, Fanci R, Garzia MG, 

et al.  A prospective survey of febrile events in hematological 

malignancies.  Ann Hematol. 2012;91:767-74. 



Impact of active pulmonary TB on OS among adult patients with B-cell NHL 279

J Hematol Transfus Med  Vol. 35  No. 4  October-December 2025

30.	 Zumla A, Raviglione M, Hafner R, von Reyn CF. Tuberculosis.  

N Engl J Med. 2013;368:745-55.

31.	 Sánchez-Ramón S, Bermúdez A, González-Granado LI, et al. 

Primary and Secondary Immunodeficiency Diseases in Oncohae-

matology: Warning Signs, Diagnosis, and Management.  Front 

Immunol. 2019;10:586.

32.	 Brett K, Dulong C, Severn M.  Tuberculosis in People with Com-

promised Immunity: A Review of Guidelines [Internet].  Ottawa 

(ON): Canadian Agency for Drugs and Technologies in Health; 2020.

33.	 Cliff JM, Kaufmann SH, McShane H, van Helden P, O’Garra A. 

The human immune response to tuberculosis and its treatment: 

a view from the blood.  Immunol Rev. 2015;264:88-102.

34.	 Al-Anazi KA, Al-Jasser AM, Alsaleh K.  Infections Caused by 

Mycobacterium tuberculosis in Recipients of Hematopoietic Stem 

Cell Transplantation.  Front Oncol. 2014;4:231. 

35.	 Thieblemont C, Chartier L, Dührsen U, Vitolo U, Barrington SF, 

Zaucha JM, et al.  A tumor volume and performance status 

model to predict outcome before treatment in diffuse large B-cell 

lymphoma.  Blood Adv. 2022;6:5995-6004.

36.	 Dzis I, Tomashevska O, Dzis Y, Korytko Z.  Prediction of survival 

in non-Hodgkin lymphoma based on markers of systemic inflam-

mation, anemia, hypercoagulability, dyslipidemia, and Eastern 

Cooperative Oncology Group performance status.  Acta Haematol 

Pol 2020;51:34-41.

37.	 Prakash G, Sharma A, Raina V, Kumar L, Sharma MC, Mohanti 

BK.  B cell non-Hodgkin’s lymphoma: experience from a tertiary 

care cancer center.  Ann Hematol. 2012;91:1603-11.

38.	 Wang Y, Shi Q, Shi ZY, Tian S, Zhang MC, Shen R, et al.  Biological 

signatures of the International Prognostic Index in diffuse large 

B-cell lymphoma.  Blood Adv. 2024 Apr 9;8:1587-99.

39.	 Tie Y, Tang F, Wei YQ, Wei XW.  Immunosuppressive cells in 

cancer: mechanisms and potential therapeutic targets.  J Hematol 

Oncol. 2022;15:61.

40.	 Liu Y, Cao X.  Immunosuppressive cells in tumor immune escape 

and metastasis.  J Mol Med (Berl). 2016;94:509-22.

41.	 Han X, Kilfoy B, Zheng T, Holford TR, Zhu C, Zhu Y, et al.  Lym-

phoma survival patterns by WHO subtype in the United States, 

1973-2003.  Cancer Causes Control. 2008;19:841-58.

42.	 Ruppert AS, Dixon JG, Salles G, Wall A, Cunningham D, Poeschel 

V, et al.  International prognostic indices in diffuse large B-cell 

lymphoma: a comparison of IPI, R-IPI, and NCCN-IPI.  Blood. 

2020;135:2041-8.

43.	 D’Angelo CR, Hanel W, Chen Y, Yu M, Yang D, Guo L, et al. 

Impact of initial chemotherapy regimen on outcomes for 

patients with double-expressor lymphoma: A multi-center analysis. 

Hematol Oncol. 2021;39:473-82.

44.	 Wästerlid T, Mohammadi M, Smedby KE, Glimelius I, Jerkeman M, 

Bottai M, et al.  Impact of comorbidity on disease characteristics, 

treatment intent and outcome in diffuse large B-cell lymphoma: a 

Swedish lymphoma register study.  J Intern Med. 2019;285:455-68.

45.	 Sehn LH, Berry B, Chhanabhai M, Fitzgerald C, Gill K, Hoskins 

P, et al.  The revised International Prognostic Index (R-IPI) is a 

better predictor of outcome than the standard IPI for patients 

with diffuse large B-cell lymphoma treated with R-CHOP.  Blood. 

2007;109:1857-61.

46.	 Sehn LH, Gascoyne RD.  Diffuse large B-cell lymphoma: optimizing 

outcome in the context of clinical and biologic heterogeneity. 

Blood. 2015;125:22-32.

47.	 Shieh SH, Probst JC, Sung FC, Tsai WC, Li YS, Chen CY. 

Decreased survival among lung cancer patients with co-morbid 

tuberculosis and diabetes.  BMC Cancer. 2012;12:174. 

48.	 Anibarro L, Pena A.  Tuberculosis in patients with haematological 

malignancies.  Mediterr J Hematol Infect Dis. 2014;6:e2014026.

49.	 Ellin F, Maurer MJ, Srour L, Farooq U, Jerkeman M, Connors JM, 

et al.  Comparison of the NCCN-IPI, the IPI and PIT scores as 

prognostic tools in peripheral T-cell lymphomas.  Br J Haematol. 

2019;186:e24-e27.

50.	 Yang Y, Wang L, Ma Y, Han T, Huang M.  The Enhanced 

International Prognostic Index for Diffuse Large B-cell Lymphoma. 

Am J Med Sci. 2017;353:459-65.

51.	 Betjes MG, Meijers RW, Litjens NH.  Loss of renal function causes 

premature aging of the immune system.  Blood Purif. 2013;36:173-8.

52.	 Ubukata M, Hara M, Nishizawa Y, Fujii T, Nitta K, Ohta A. 

Prevalence and mortality of chronic kidney disease in lymphoma 

patients: A large retrospective cohort study.  Medicine (Baltimore). 

2018;97:e9615.

53.	 Cingolani A, Cozzi Lepri A, Teofili L, Galli L, Mazzotta V, Bal-

din GM, et al.  Survival and predictors of death in people with 

HIV-associated lymphoma compared to those with a diagnosis 

of lymphoma in general population.  PLoS One. 2017;12:e0186549.

54.	 Baptista MJ, Garcia O, Morgades M, Gonzalez-Barca E, Miralles 

P, Lopez-Guillermo A, et al.  HIV-infection impact on clinical- 

biological features and outcome of diffuse large B-cell lymphoma 

treated with R-CHOP in the combination antiretroviral therapy 

era. AIDS. 2015;29:811-8.

55.	 Taplitz R, Galasso JA, Medley K.  Implementing a Screening 

and Treatment Protocol for Latent Tuberculosis in Patients with 

Hematologic Malignancies in a Southern California Medical Center. 

Biology of Blood and Marrow Transplantation. 2015; 21: S240eS265.

56.	 Anibarro L, Pena A.  Tuberculosis in patients with haematological 

malignancies.  Mediterr J Hematol Infect Dis. 2014;6:e2014026.

57.	 Huaman MA, Sterling TR.  Treatment of Latent Tuberculosis 

Infection-An Update.  Clin Chest Med. 2019;40:839-48.




