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ABSTRACT

Background: Globally, infections account for 10% of new cancer cases, and cancer can compromise the immune system,
increasing the risk of infections. With advances in cancer treatment, widespread use of immunotherapy, and prolonged
survival of cancer patients, the coexistence of tuberculosis (TB) and cancer is becoming increasingly common in clinical
settings.

Aim: This review aims to explore the interaction between tuberculosis (TB) and tumors, particularly lung cancer (LC), and to
identify appropriate clinical management approaches.

Results: LC patients with a history of TB have higher adjusted risk ratios for both all-cause and cancer-specific 3-year mortality
compared to those without a history of TB. TB may elevate the risk of developing tumors through mechanisms such as chronic
inflammation, altered immune responses, and DNA damage. Conversely, cancer patients, whether due to the disease itself or im-
mune dysfunction caused by anti-tumor treatments, may be more susceptible to TB. The coexistence of TB and tumors presents
significant challenges in clinical management, making the development of treatment strategies and quality-of-life improvements
crucial.

Conclusion: There is a close relationship between TB and cancer, with TB potentially serving as a risk factor for cancer, and
cancer influencing susceptibility to TB. Effective clinical management is essential to enhance treatment strategies and improve
the quality of life for patients with both TB and cancer.

1 | Introduction with Mtb, with approximately 5%-10% of TB infections progress-
ing to active TB [2]. TB remains a major global health issue, espe-
Tuberculosis (TB), a chronic infectious disease caused by cially multi-drug resistant tuberculosis (MDR-TB), with treatment
Mpycobacterium tuberculosis (Mtb), is the second deadliest in- success rates typically below 60%. The risk of potential TB infec-
fectious disease after COVID-19. China ranks third among the tion due to MDR strains is twice as high in children as that in
30 high-burden countries, accounting for 7.4% of the global TB adults [3, 4]. China has the second highest burden of MDR-TB,
cases [1]. An estimated quarter of the world's population is infected presenting an urgent challenge in controlling its spread [5, 6].
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In 2020, cancer was the second leading cause of death globally,
resulting in nearly 10 million deaths (approximately one-sixth of
all deaths) [7]. Lung cancer (LC) is the leading cause of cancer-
related death worldwide. In 2022, China reported approximately
871000 new LC cases and 767000 new LC deaths, ranking first
among malignant tumors in the country [8]. LC is a heteroge-
neous disease primarily classified into two subtypes: small-cell
lung cancer (SCLC) and non-small-cell lung cancer (NSCLC)
[9]. As of 2023, the 5-year survival rate for SCLC is 12%, while
NSCLC has a relatively higher 5-year survival rate of approxi-
mately 22% [10].

Worldwide, 10% of new cancer cases are attributed to infections,
and cancer can affect the immune and other systems, increasing
the risk of infections [11]. With advancements in cancer treat-
ment, widespread application of immunotherapy, and prolonged
survival of cancer patients, the coexistence of TB and cancer
is becoming increasingly common in clinical settings [12]. In
the case of LC, studies have categorized coexistence into three
causes: TB increasing LC risk, LC leading to TB reactivation, and
coincidental coexistence of two common diseases [13]. Previous
studies have indicated that pulmonary tuberculosis (PTB) is as-
sociated with an increased risk of cancer incidence [14-20], mor-
tality, and poor prognosis [21, 22]. Meanwhile, related literature
suggests an increased risk of TB in cancer patients [23-27]. TB
may be a risk factor for cancer development, primarily through
chronic inflammation and immune dysfunction. At the same
time, cancer may increase individual susceptibility to TB.

While existing literature primarily focuses on individual aspects
of TB and cancer—such as epidemiology, clinical management,
and molecular mechanisms—the interaction between these two
diseases, especially the immune and molecular pathways that
drive their coexistence, remains insufficiently explored. This
study aims to address this gap by providing a comprehensive
review of the bidirectional relationship between TB and cancer.
Specifically, we will examine how TB may contribute to cancer
development and how cancer, in turn, heightens susceptibility
to TB. By integrating these perspectives, this review offers new
insights that will enhance our understanding of the complex in-
terplay between these diseases and its implications for clinical
practice and future research.

2 | Cancer Risk in Tuberculosis Patients:
Epidemiology and Mechanisms

2.1 | Epidemiology of Cancer in Tuberculosis
Patients

Numerous epidemiological studies have shown that TB pa-
tients face a higher risk of cancer development, along with in-
creased mortality and poorer survival outcomes [17] (Table 1).
Specifically, there is a notable association between PTB and LC,
with preexisting active PTB increasing the risk of LC. Liao et al.
revealed that LC patients with a history of TB have increased
adjusted risk ratios for all-cause and cancer-specific 3-year mor-
tality, compared to those without TB history [22]. This finding
underscores that a TB history not only raises the risk of LC but
also impacts the long-term prognosis of LC patients [21]. In
China, the incidence of lung cancer in patients with pulmonary

tuberculosis was 2.6%, and it was 9.95% in the elderly [28].
Further studies considering factors such as age and sex found
that younger PTB patients are more likely to develop LC than
older PTB patients, and female PTB patients have a higher risk
of dying from LC than males [18, 29]. Therefore, regular chest
X-ray or chest CT examinations for young female patients with
PTB to prevent LC are particularly important.

2.2 | Mechanisms Through Which Tuberculosis
Contributes to Cancer Development

The mechanisms by which TB induces cancer are multifaceted
and involve chronic inflammation, altered immune responses,
DNA damage, tissue remodeling, changes in gene expression,
and regulation of the tumor microenvironment. These mecha-
nisms promote cancer development and progression.

2.2.1 | Role of Reactive Oxygen Species in
Mtb-Induced LC

Mtb infection triggers host cell responses and significantly in-
creases reactive oxygen species (ROS) and nitric oxide levels in
macrophages and alveolar epithelial cells [30-33]. Mitochondrial
ROS play a crucial role in this process by damaging mitochon-
drial membranes and exacerbating lung inflammation, and
fibrosis [34]. These changes involve ROS-induced damage to
chromosomal integrity and mitochondrial DNA, which leads to
lung tissue reconstruction and dysfunction. ROS play a key role in
LC development, with excessive ROS causing DNA damage, pro-
ducing mutagenic mediators such as peroxynitrite and increasing
cellular genetic instability [35, 36]. Additionally, increased ROS
levels may be associated with idiopathic pulmonary fibrosis by
stimulating the release of danger-associated molecular patterns
[37]. Mitochondrial DNA damage also leads to dysfunction in the
electron transport chain, resulting in mitochondrial dysfunction,
apoptosis of alveolar epithelial cells, and development of pul-
monary fibrosis, providing a biological basis for LC formation
[38, 39]. Studies have also shown that ROS can upregulate the
expression of oncogenes Jun and Fos, affecting cell proliferation
and cycle regulation. Activation of Jun/Fos leads to the inhibi-
tion of P21 expression, causing cell cycle alterations, accelerat-
ing cell division rates, and shortening DNA repair time, thereby
significantly increasing the likelihood of cellular carcinogenesis
[40-43]. Researchers are exploring methods to reduce LC risk
by lowering ROS levels or improving Mtb infection treatments,
including the use of antioxidants and the development of more ef-
fective anti-TB drugs or vaccines. However, the current research
still faces limitations in sample size, long-term follow-up, and
multivariable analysis. Future research needs to consider how
genetic background, lifestyle, and environmental factors interact
with Mtb infection and affect LC risk.

2.2.2 | Chronic Inflammation From Mtb Infection
and Its Role in Cancer Development

Chronic inflammation induced by Mtb infection is crucial for
LC development. Mtb infection typically leads to the forma-
tion of granulomas in the lungs, with the center containing
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Methods
Meta-analysis
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1335 patients

and Caribbean
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Country/Region
Latin American

(Continued)

Cabrera-Sanchez (2022)

Liao (2023)
Liao (2023)

Abbreviations: HR, hazard ratio; IRR, incidence rate ratio; RR, relative risk; SIR, standardized incidence rate.

Author (year)

TABLE 1

mycobacteria, surrounded by myeloid and lymphoid cells.
Granuloma characteristics, such as caseous necrosis, cavity for-
mation, and fibrosis, can lead to lung scarring. Approximately
20% of PTB patients who receive initial treatment develop lung
scarring, with scar tissue accounting for 30%-57% of lung scar
cancer cases [44]. Inflammatory cytokines produced during
this process may lead to an imbalance in cell proliferation and
apoptosis, thereby promoting tumor development.

Research on the relationship between Mtb infection and LC
risk dates back to the early 20th century, initially focusing on
pathology, and recently delving into molecular and cellular bi-
ology. Many epidemiological studies have shown a correlation
between Mtb infection and LC incidence, but the specific causal
relationship remains to be explored. T cells and macrophages
play key roles during Mtb infection. T cells produce interferon-y
(IFN-vy) to respond to Mtb infection, whereas activated macro-
phages release inflammatory cytokines, ROS, prostaglandins,
and proteases to eliminate bacteria [45]. Although this complex
immune response helps to control Mtb, it may also lead to lung
tissue damage. Repeated tissue necrosis, regeneration, and dam-
age episodes may cause disordered cell proliferation and angio-
genesis, increasing LC risk [46, 47].

Tumor development is a complex process involving changes
in the tumor microenvironment, in which chronic inflamma-
tion creates conditions conducive to tumor progression [48].
Inflammatory cytokines, such as INF-y, interleukin-1 (IL-1),
IL-2, IL-12, and tumor necrosis factor (TNF), secreted during
Mtb infection promote lung tissue inflammation [49]. The bal-
ance between cell proliferation and apoptosis is crucial for tumor
development. Inflammatory factors, such as Toll-like receptor-2
(TLR-2), IL-6, IL-17, and IL-22, which are highly expressed in
the serum of patients with TB and LC, are closely related to this
process. Studies have shown that silencing TLR2 promotes apop-
tosis, thereby affecting tumor development [50]. These findings
highlight the key role of inflammatory factors in regulating the
tumor microenvironment and cell fate. Bours et al. pointed out
that nuclear factor (NF) and IL-6 might upregulate anti-apoptotic
genes in the NF-xB pathway, influencing tumor cell survival [51].
The NF-xB pathway plays an active role in LC [52] and other re-
spiratory diseases, as well as in microbial infections, including
TB [53, 54]. These findings underscore the dual role of NF-xB sig-
naling in TB and LC pathogenesis and the potential bridging role
between these two diseases. Thus, Mtb may promote tumor devel-
opment by activating inflammatory factors. Research has shown
that chronic Mtb infection may promote the development of lung
squamous cell carcinoma, with correlations observed in mouse
models and TB patients [48]. Mtb infection leads to the prolifera-
tion and damage of lung epithelial cells [55, 56] while activating
macrophages, dendritic cells, and type II alveolar cells to release
pro-inflammatory and anti-inflammatory cytokines (such as
IL-1, IL-6, IL-17, IL-18, IL-22, TNF-a, IFN-y, and IL-10), further
promoting lung epithelial cell proliferation [57].

Interventions targeting these cytokines and signaling pathways,
such as inhibition of the NF-xB pathway, may help prevent LC
caused by TB infection. Recent studies suggest that in Mtb-infected
macrophages, the prostaglandin E2/cyclooxygenase 2 (COX-2)
signaling pathway is activated, possibly leading to immune re-
sponse dysfunction that creates a microenvironment conducive
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to Mtb survival and replication [58]. Mtb infection induces COX-2
upregulation in dendritic cells and monocytes, promoting tumor
metastasis through the p-Akt-NF-xB pathway that affects matrix
metalloproteinase-9 activity [59]. In addition to affecting tumor
metastasis, COX-2-produced prostaglandin E2 mediates apoptosis
inhibition and BCL-2 synthesis enhancement [60, 61], thereby in-
creasing the risk of DNA damage and cancer.

Long-term Mtb infection leads to sustained T cell activation fol-
lowed by functional failure, which manifests as decreased cyto-
kine production, diminished proliferation, and reduced killing
function. T-cell depletion reduces the ability of the immune sys-
tem to control infection effectively. In addition, persistent Mtb in-
fection promotes the expression of various immune checkpoint
proteins on the surface of T cells, such as Programmed Cell Death
protein-1 (PD-1), cytotoxic T lymphocyte-associated protein-4,
and mucin domain-containing protein 3 [62]. The upregulation of
these proteins further weakens the immune system's response to
Mtb infection [63]. The PD-1/PD-L1 signaling pathway can affect
innate and adaptive immunity against Mtb infection to varying
degrees. Mtb infection also leads to the upregulation of PD-1, PD-
L1, and PD-L2, reduces the production of IFN-y, and reduces the
toxicity of CD8+ T cells [64]. In addition, studies have shown that
PD-1 knockout mice show more severe TB symptoms than wild-
type mice in the Mtb infection model, accompanied by a signif-
icant increase in proinflammatory cytokines, such as TNF and
IL-1 [65]. This suggests that PD-1 plays an important role in the
regulation of immune responses and inflammation. In addition,
the overproduction of IFN-y may cause death in PD-1 knockout
mice, highlighting the complex interactions and balance between
different components of the immune system [66]. In Mtb infection
studies, mucin domain-containing protein 3 was found to inter-
act with its ligand, galectin-9, in Mtb-infected macrophages. This
interaction induces IL-1@ production and inhibits Mtb growth
[67], revealing a critical role of mucin domain-containing pro-
tein 3 in regulating macrophage responses to Mtb infection. In
the late stage of chronic Mtb infection, mucin domain-containing
protein 3 and PD-1 positive CD4+ and CD8+ T cells co-express
other T cell immunoglobulin domains. These cells produce more
anti-inflammatory cytokines, such as IL-10, while reducing the
production of pro-inflammatory cytokines such as IFN-y, TNF-«,
and IL-2, and show features of functional exhaustion [68]. This
phenomenon is closely related to the poor prognosis of various
cancers, indicating the important role of immune checkpoints in
tumor immune escape and cancer progression.

2.2.3 | Mtb-Induced EGFR Mutations and Epiregulin
Production in LC

Epidermal growth factor receptor (EGFR) is a transmembrane
protein involved in various biological processes, including cell
proliferation, apoptosis, and survival [69]. EGFR activation
regulates tumor cell behavior through downstream signaling
pathways such as extracellular signal-regulated kinase and p38
MAPK [70]. These pathways regulate cell proliferation, differ-
entiation, migration, and survival. Abnormal EGFR activation
or mutation can lead to sustained activation of these signaling
pathways, promoting tumor development and progression. The
overall EGFR mutation rate in Asian patients with lung adeno-
carcinoma is 51.4%, with a rate of 50.2% in China [71]. A study in

Korea found that 183 (39%) of 477 lung adenocarcinoma patients
had EGFR mutations, and 100 (21%) had TB lesions. The EGFR
mutation frequency was significantly higher in the TB group
than in the non-TB group (p <0.05), and TB-associated LC pa-
tients receiving EGFR-TKIs treatment had poorer treatment re-
sponse and survival rates (p <0.05) [72].

Mtb infection affects LC development through complex mo-
lecular mechanisms. Experimental studies [48] have shown
that Mtb-infected macrophages can induce DNA damage and
produce epiregulin, which may act as an extracellular survival
and growth factor promoting tumor development, especially in
squamous metaplasia and tumor formation. Moreover, epireg-
ulin expression is associated with lymph node metastasis and
shortened survival in NSCLC, and the invasiveness of NSCLC
cell lines with activating EGFR mutations can be reduced by
silencing epiregulin or by using antibody treatments [73, 74].
Thus, Mtb-induced EGFR mutations and epiregulin production
may play an important role in LC development.

2.2.4 | Role of Mtb Protein Tyrosine Phosphatase in LC
Development

Mtb can secrete various effector proteins into host cells, interfering
with host cell signaling pathways and biological functions, pro-
moting pathogen survival in host cells, and ultimately leading to
host cell pathology [75]. Mtb effector protein tyrosine phosphatase
(PtpA) can be secreted into host cells, bind to ubiquitin molecules,
and be activated by them, thereby dephosphorylating host p-JNK
and p-p38, inhibiting JNK/p38 signaling pathway activation, and
suppressing host immune function. PtpA can also competitively
bind to the ubiquitin-interacting domain of the host adapter pro-
tein TAB3, blocking the ubiquitin chain-mediated transmission of
NF-xB signaling by TAB3, and inhibiting innate immunity [76].

Further research revealed that the PtpA host interaction protein
TRIM27 (a ubiquitin ligase) can act as a host restriction factor,
inhibiting Mtb survival in macrophages. However, PtpA can an-
tagonize TRIM27-mediated antibacterial immunity by binding
to the RING domain of the TRIM27 protein [77]. Recent stud-
ies indicate [55] that the Mtb effector protein PtpA can regulate
host cell immunity and cell behavior, affecting immune signals
in the cytoplasm and entering the nucleus to inhibit specific
genes such as GADD45A, promoting lung cancer cell prolifer-
ation and migration. This effect also enhances tumorigenicity
in nude mice, primarily through PtpA DNA binding rather than
through phosphatase activity. Mtb affects host cell signaling and
immune function through the effector protein PtpA, potentially
promoting tumor development.

3 | Tuberculosis Risk in Cancer Patients:
Epidemiology and Mechanisms

3.1 | Epidemiology of Tuberculosis in Cancer
Patients

Globally, cancer is considered an independent risk factor for
TB, particularly in China, India, and Indonesia, with respi-
ratory system malignancies being the most common [78].

50f 14



Studies have found that cancer patients receiving immune
checkpoint inhibitors (ICIs) have an eight-fold higher inci-
dence of TB than ordinary patients [38]. Various studies have
reported a higher risk of TB in patients with different cancer
types and stages (Table 1). A study in Taiwan noted that pa-
tients with LC undergoing surgery and chemotherapy had a
significantly increased TB risk [24]. Patients with head and
neck cancer have a three-fold higher TB risk than the general
population [27].

3.2 | Tuberculosis Susceptibility in Lung Cancer
Patients

3.2.1 | Role of Tumor-Associated Macrophages in Mtb
Susceptibility in LC

The immune system plays a critical role in lung cancer develop-
ment and involves macrophages, dendritic cells, NK cells, and
T cells. Tumor-associated macrophages (TAMs) exert immuno-
suppressive effects in the LC immune microenvironment. Once
LC patients are infected with Mtb, TAMs on the surface of PD-L1
bind to inhibitory receptors on T cells, leading to effector T cell
exhaustion and production of immunosuppressive factors such
as IL-10, TGF-f, and CXCLS, reducing CD8+ T cell infiltration,
thus inhibiting the immune response to Mtb and the adaptive
immune response [79, 80]. Additionally, Mtb can prevent lyso-
some and phagosome fusion in macrophages, allowing them to
survive and replicate in macrophages, ultimately leading to ac-
tive TB in LC patients [81]. NK cells, as the first line of defense
for monitoring and clearing tumor cells, often experience dys-
function or frequency reduction in LC patients, inhibiting NK
cell toxicity toward infections and increasing susceptibility to
active TB in LC patients [82].

3.2.2 | Impact of Antitumor Treatments on
Tuberculosis Susceptibility in Lung Cancer Patients

From another perspective, taking LC as an example, antitumor
treatment may increase the risk of developing active TB, with
immunotherapy, chemotherapy, radiotherapy, and targeted
therapy potentially increasing TB susceptibility or causing
reactivation.

Immunotherapy has become increasingly important in the
treatment of advanced LC and NSCLC, as it significantly
prolongs the overall survival of patients. Immunotherapy
has become the standard first- and second-line treatment for
advanced lung cancer. However, ICI treatment may lead to
immune-related adverse events, with incidence rates ranging
from 54% to 76% [83]. Recent studies have indicated that LC
patients receiving ICI treatment may experience TB reacti-
vation or rapid TB progression. A systematic comprehensive
description identified that PD-1 and PD-L1 blocking immu-
notherapy in cancer patients increased the risk of TB reacti-
vation, with an estimated TB incidence rate 35 times higher
than that in the general population and a high mortality rate
of approximately 22.2% [84]. Zaemes et al. assessed the asso-
ciation between ICI use and TB development, reporting 16
LC patients developing active TB during PD-(L)1 inhibitor

treatment, with a median time to TB recurrence of 6.3 months
after starting ICI treatment [28].

3.2.3 | Mechanisms of Tuberculosis Reactivation
During Cancer Immunotherapy

Based on this phenomenon, two potential mechanisms for TB
reactivation in the context of cancer immunotherapy have been
summarized in the existing literature: (1) immune suppression-
induced immune therapy infection, where the balance between
the host immune response and pathogen invasion affects disease
outcome and progression after Mtb infection. Day et al. described
[85] the relationship between Mtb-specific CD4+ T cell PD-1 ex-
pression and human TB bacterial load, using peripheral blood
samples from LTBI and TB patients, and found significantly
higher PD-1 expression levels on Th1+CD4 T cells in smear-
positive TB patients compared to smear-negative TB and LTBI pa-
tients, with levels decreasing after completing anti-TB treatment.
These data suggested a close association between Mtb-specific
CD4+ T cell PD-1 expression and Mtb infection. Therefore,
Th1+ CDAT cell function suppression by ICIs provides favorable
conditions for LTBI reactivation. (2) Immune disorder-induced
immune therapy infection, differing from the previous TB re-
activation mechanism, is due to excessive inflammation caused
by immune checkpoint inhibition, leading to different infection
reactivation patterns. Research has shown that PD-1/PD-L1 axis
disruption leads to an excessive inflammatory state conducive to
mycobacterial growth. Studies in transgenic mice and monkeys
have found that PD-1 gene deletion or anti-PD-1 antibody treat-
ment increased susceptibility to Mtb, leading to decreased sur-
vival and increased bacterial load [86, 87]. Additionally, studies
using human three-dimensional cell culture models have indi-
cated that PD-1 inhibition may accelerate Mtb growth through
excessive TNF-a secretion, activating Mtb infection [88].

These studies suggest that PD-1 blockade negatively impacts
host-Mtb interactions even without any immune suppression, fa-
voring pathogen proliferation rather than host control. In-depth
research on these mechanisms is important for preventing and
managing the risk of TB reactivation during ICIs treatment.

3.2.4 | Radiotherapy and Tuberculosis Susceptibility in
Lung Cancer

Radiotherapy is one of the traditional methods of cancer treat-
ment, acting on tumor cells through ionizing radiation, dam-
aging cell DNA, causing DNA single- or double-strand breaks
and cell apoptosis, and achieving therapeutic purposes.
Studies have shown that radiotherapy affects the patient's im-
mune system by altering the number, balance, and interaction
of immune cells, inducing tumor immunity, participating in
immunosuppression, or promoting anti-tumor effects [89, 90].
Choi et al. found that [91] this infection might be related to
radiation-induced damage, as radiotherapy may promote im-
munosuppression by polarizing immunogenic macrophages
to immunosuppressive phenotypes and inducing lymphocyte
apoptosis. TB occurrence results from host and Mtb inter-
actions, with opportunistic infections occurring when “the
enemy” is strong and “we” are weak.
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3.2.5 | Chemotherapy and Tuberculosis Risk in
Cancer Patients

Traditional chemotherapy drugs inhibit cancer cell growth
through various mechanisms, including inducing DNA
breaks, interfering with DNA and RNA synthesis, affecting
mitosis, and producing ROS by damaging mitochondria and
slowing, stopping, or killing cancer cell growth [92]. However,
these drugs may also have side effects on normal immune
cells, leading to suppressed host immune responses [93]. A
Saudi Arabian study on 203 cancer patients found that [94]
approximately 13% of patients receiving chemotherapy had
Mtb infection, with 3.9% having active TB, particularly in el-
derly patients with solid tumors. This infection mechanism
may result from the inherent immunosuppressive properties
of cancer, immune system suppression due to chemotherapy,
and other host factors, collectively increasing patient suscepti-
bility to TB and cancer, and weakening local infection defense
mechanisms, making it difficult to effectively clear infections
[95]. This finding suggests that targeted screening plans are
necessary to prevent the coexistence of TB and cancer in can-
cer patients with a high TB activation risk.

3.2.6 | Targeted Therapy and Tuberculosis Reactivation
in Lung Cancer

Targeted therapy, an important biological therapy, provides a
more precise and effective cancer treatment approach by tar-
geting molecular targets driven by positive genes. For example,
in lung cancer, common targets include EGFR mutations, ALK
gene rearrangements, and other oncogene-driven changes, such
as ROS1, BRAF, NTRK, MET, and KRAS [96]. These targeted
therapies can act directly on tumor cells and induce immune
changes in the tumor microenvironment. In lung adenocarci-
noma patients with EGFR mutations or ALK rearrangements,
first-line targeted therapy is a routine treatment. For instance,
EGFR mutations are very common in lung adenocarcinoma,
with significant differences in prevalence in different regions,
such as approximately 15% in Europe and up to 62% in Asia
[71, 97]. Common targeted drugs such as cetuximab mediate
antibody-dependent cell-mediated cytotoxicity in tumors, acti-
vate adaptive and innate immune responses, and bind to CD16
receptors on EGFR, NK cells, and dendritic cells, causing im-
mune stimulation, potentially leading to immunosuppression
[93, 98]. Reports of PTB induced by targeted therapy are limited.
Existing case studies [99, 100] indicate that EGFR-TKI-treated
EGFR-mutant NSCLC patients may develop PTB or PTB reac-
tivation, possibly related to non-TB lesion area Mtb reactivation
caused by LC or increased opportunistic infection risk due to
tumor treatment-induced immunosuppression.

4 | Clinical Management of Cancer Patients With
Tuberculosis

Treatment of TB combined with cancer often faces the follow-
ing challenges: treatment sequence, drug interactions, adverse
reactions, and prognosis. Treatment plans vary for different can-
cer stages. For example, in the case of LC, early-stage LC-PTB
is treated surgically, whereas late-stage LC-PTB is primarily

treated with chemotherapy, immunotherapy, and targeted
therapy.

During the surgical treatment of early stage LC-PTB, issues such
aswhether anti-TB treatment increases surgical risk, the optimal
duration of preoperative anti-TB treatment, and postoperative
anti-TB treatment duration need to be addressed. Clinical evi-
dence suggests that using a strengthened four-drug regimen for
2weeks in drug-sensitive TB patients can significantly reduce
active Mtb in sputum [101, 102]. Sputum smear conversion time
may be extended by a high initial sputum bacterial load and cav-
itary lesions. The limited literature on the surgical treatment of
LC-PTB suggests that tumor resection surgery after 2-3weeks of
anti-TB treatment or simultaneous anti-TB treatment and adju-
vant chemotherapy post-surgery usually does not increase post-
operative risk [103, 104]. Therefore, for patients with early stage
LC-PTB, surgery remains the preferred treatment, with anti-TB
drug therapy initiated as soon as possible after surgery. All pa-
tients (except those with diabetes, immune system suppression,
or defects) completed a six-month course. These studies provide
important references for the complex interactions between PTB
and LC in terms of clinical management and surgical outcomes.

In the treatment of late-stage LC-PTB, the interaction between
drugs needs to be considered. Some targeted drugs can af-
fect anti-TB drugs by regulating cytochrome P450 (CYP450)-
dependent metabolism and transport proteins, thereby altering
their in vivo levels. Additionally, different types of traditional
chemotherapy drugs can affect anti-TB drugs via various path-
ways [105-110] (Table 2). Studies have shown that some anti-
cancer platinum compounds interact with hepatic microsomal
CYP450, potentially affecting the metabolism of other drugs,
such as rifampin [111]. Paclitaxel is affected by anti-TB drugs,
with rifampin inducing CYP3A4 and P-glycoprotein (P-gp)
expression, affecting paclitaxel metabolism and efficacy, and
promoting P-gp overexpression through the CK2-HSP903-PXP-
MDRI1 signaling pathway and 14-3-3c protein interaction with
the pregnane X receptor, affecting paclitaxel efficacy [112, 113].
Therefore, interactions between anticancer drugs and anti-TB
drugs may lead to changes in drug concentrations, toxicity, and
efficacy. In clinical practice, physicians need to consider these
interactions when prescribing drugs and make appropriate ad-
justments based on the patient's specific situation.

Common adverse reactions to anticancer drugs include hema-
totoxicity, skin damage, liver damage, and gastrointestinal re-
actions. Common adverse reactions to anti-TB drugs include
gastrointestinal reactions, liver damage, rashes, and allergies.
Whether they can be used simultaneously and whether adverse
reactions will increase with concurrent use are concerns in
clinical treatment. A retrospective study [114] on chemother-
apy of late-stage LC-PTB patients found that concurrent che-
motherapy and anti-TB treatment in 33 LC-PTB patients was
safe, and PTB did not increase the risk of disease progression
and death in LC patients. A clinical study by Xie et al. [115] on
1448 lung adenocarcinoma patients found that lung adenocar-
cinoma patients with PTB receiving targeted drug treatment
(EGFR-TKI) had shorter overall survival than the simple LC
group (p<0.005), with low rates of grade 3/4 adverse reactions
in both groups. A 2021 study [116] evaluating the clinical effi-
cacy of anti-PD-(L)1 treatment in 98 patients with coexisting
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TABLE 2

Anti-
tuberculosis

Interaction

Management

An-titumor effect

Target potential

drugs

Metabolism

Anti-cancer drugs

With rifampin, consider upping

Cancerpatients:sonidegib

Smooth- ened Inducer

Rifampin

CYP3A4

Sonidegib

Sonidegib to 400-800mg daily

1day, rifampin 14 days
AUC0-24h 66% |; sonidegib

120days, rifampin 120days
AUCO0-24h 88% |; sonidegib

133 days, rifampin 14 days

AUC0-24h 80% |
In healthy subjects, AUCO-

Afatinib was increased by

TKI Inducer

Rifampin

P-gp

Afatinib

10mg, with rifampin

00/34%, Cmax|22%

Monitor for reduced paclitaxel
effectiveness in combination therapy.

CR?

Inducer

Rifampin

CYP3A4/P-gp

Paclitaxel

Abbreviations: AUC, area under the plasma concentration-time curve; bid, bis in die; Cmax, maximum plasma concentration; CR, clearance rate; PK, pharmacokinetics; qd, quaque die.

malignant tumors and different TB statuses found that the ob-
jective response rates for patients with active PTB, LTBI, and
obsolete PTB receiving immunotherapy were all greater than
70% (p>0.005). The progression-free survival (PFS) of the three
groups was 8, 6, and 6 months, respectively, with no statistical
differences (p>0.005). The overall adverse event rate of simul-
taneous anti-TB therapy and immunotherapy was 73.3%, with a
grade 3-5 adverse reaction rate of 13.3%. Current research data
indicate that for patients with LC-PTB, treatment should include
concurrent anti-TB and anticancer therapy. In combination with
chemotherapy, targeted therapy, or immunotherapy, there was
no significant increase in adverse reactions to LC progression
or death risk, aiding physicians in formulating treatment plans
to improve treatment outcomes and reduce overall patient risk.

In clinical treatment, the coexistence of TB and cancer pres-
ents significant challenges, including treatment plan selec-
tion, drug interactions, and prognosis. Patients suffering from
both TB and lung cancer must be aware of the interaction be-
tween anti-tuberculosis medications and EGFR-TKIs, such as
Osimertinib. It has been observed that tuberculosis infection
may reduce the efficacy of TKI medications, complicating
treatment outcomes [115]. Additionally, patient-derived tumor-
like cell clusters (PTCs) have emerged as a promising platform
for high-throughput in vitro screening, which facilitates the
modeling of complex drug combinations [117]. This approach
holds substantial potential for enabling personalized treatment
regimens tailored to individual patients’ needs. Effective clin-
ical management is crucial for improving treatment strategies
and enhancing the quality of life for patients with both TB and
cancer. Figure 1 outlines a clinical approach to managing this
condition.

5 | Conclusions

There is a strong relationship between TB and cancer in clinical
practice, particularly with TB acting as a potential risk factor for
cancer development, while cancer itself also influences suscepti-
bility to TB. To systematically analyze the co-morbidity mecha-
nisms of TB-associated lung cancer, it is crucial to explore its key
molecular networks through multi-omics integration (including
genomics, epigenomics, metabolomics, etc.). Previous studies
have shown that TB infection synergistically promotes lung car-
cinogenesis through multiple pathways. Chronic inflammation
and immune imbalance play a central role, with TB-induced per-
sistent inflammatory responses and the accumulation of reac-
tive oxygen species (ROS) leading to DNA damage. Additionally,
mycobacterial effector proteins and mutations in genes such as
EGFR contribute to the cancerous process. Current research
on the TB-associated tumor microenvironment focuses on the
PD-1/PD-L1 axis; however, the expression patterns of other
immune checkpoints, such as TIM-3, LAG-3, and TIGIT, and
their relationship with T-cell depletion, remain underexplored.
Epigenetic reprogramming further extends the mechanistic un-
derstanding, as TB may alter the malignant phenotype of lung
cancer cells by regulating key cancer-related genes (e.g., onco-
gene silencing) through DNA methylation or histone modifica-
tions [118]. Notably, the spatial correlation between tuberculous
lung scarring and ipsilateral lung carcinogenesis suggests that
structural damage to the local microenvironment (e.g., fibrosis,
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Co-existent LC and PTB

A 4
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v A 4
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1. Be aware of DDI
Anti-cancer treatment,take NSCLC as an example 2. Liver dysfunction
3. Hematotoxicity
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A
Post-surgery, continue v v v
active TB treatment; Radiotherapy Chemotherapy Targeted therapy Immunotherapy
add chemotherapy if

necessary

FIGURE1 | Management of lung cancer and tuberculosis co-existence proposal algorithm.

hypoxia, and extracellular matrix remodeling) provides import-
ant clues about the spatio-temporal evolution of TB-related lung
cancer [119]. Moreover, TB infection enhances type I interferon
(IFN-I) signaling in lung lymphocytes, with overexpression cor-
relating positively with disease severity [120]. Sustained activa-
tion of IFN-I in mouse models has been shown to exacerbate
lung tissue damage [121]. Recent studies have highlighted the
central role of plasmacytoid dendritic cells (pDCs) as key medi-
ators of immune interactions in TB-lung cancer through IFN-I
secretion, modulation of T-cell responses, and maintenance of

immune homeostasis [122-124]. However, relevant studies on
this topic remain scarce.

To address these unresolved questions, particularly the causal-
ity of the TB-lung cancer (TB-LC) relationship and the devel-
opment of targeted interventions, several types of studies are
necessary. Longitudinal cohort studies are crucial for better
understanding the temporal relationship between TB infection
and the onset of lung cancer. These studies should track indi-
viduals with TB over time to determine the impact of chronic

10 of 14

Cancer Reports, 2025



inflammation, immune imbalance, and DNA damage on lung
cancer development. Additionally, randomized controlled tri-
als (RCTs) or intervention studies should evaluate the potential
benefits of therapies targeting immune modulation or inhibit-
ing chronic inflammation in patients with TB at risk of develop-
ing lung cancer. Multi-omics approaches integrating genomic,
epigenomic, and metabolomic data will also be essential to un-
cover the molecular networks driving the TB-lung cancer in-
teraction. Further studies on the role of immune checkpoints,
including PD-1/PD-L1, TIM-3, LAG-3, and TIGIT, in the tumor
microenvironment are needed to explore their potential as ther-
apeutic targets. Finally, clinical trials assessing the safety and
efficacy of combination therapies—such as anti-TB drugs com-
bined with EGFR-TKIs—are necessary to optimize treatment
regimens for co-infected patients and address potential drug
interactions.

Although existing studies have revealed an association between
pulmonary tuberculosis and lung cancer, the causal relationship
between them is still unclear. Future studies should focus on
longitudinal cohort studies to more clearly reveal the direct im-
pact of TB on lung cancer development. At the same time, based
on the mechanisms revealed in the current study, the develop-
ment of targeted intervention strategies will be an important
direction for future research. However, it is critical that further
experimental research be conducted to elucidate the underly-
ing biological mechanisms by which tuberculosis contributes to
cancer development. This deeper understanding will be essen-
tial in improving treatment outcomes for co-infected patients.
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