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Abstract

Background: Tumor necrosis factor-alpha (TNF-a) is a pro-inflam-
matory cytokine implicated in the pathogenesis and progression of
various cancers, including breast cancer. Elevated TNF-a levels have
been associated with cancer progression, metastasis, and treatment
outcomes. This systematic review aimed to synthesize existing evi-
dence on the relationship between TNF-o levels and breast cancer.

Methods: A systematic search of observational studies published from
inception to June 2024 was conducted in PubMed, ScienceDirect, Sage
Journals, and Google Scholar to identify studies examining TNF-a. lev-
els in breast cancer patients compared to healthy controls, as well as
its association with metastasis, response to chemotherapy, and survival
outcomes. Inclusion criteria were applied to select eligible studies, re-
sulting in nine studies that met the criteria for this review.

Results: Eight eligible studies reported that breast cancer patients
exhibited higher TNF-a levels than healthy controls. Two studies in-
dicated that TNF-o levels were elevated in patients with metastatic
breast cancer. Additionally, two studies found that patients with high-
er TNF-a levels tended to have a poorer response to chemotherapy.
One study revealed that patients with elevated TNF-a levels had a
lower mean survival time.

Conclusions: Elevated TNF-a levels are significantly associated
with breast cancer progression, metastasis, and poorer treatment
outcomes. These findings underscore the potential of TNF-a as a
biomarker for breast cancer prognosis and therapeutic response.
Further research is warranted to explore the underlying mechanisms
and validate TNF-o as a target for therapeutic intervention in breast
cancer management.
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Introduction

Inflammation plays a crucial role in cancer development and
progression by inducing genetic and epigenetic changes that
alter cellular pathways responsible for maintaining normal
homeostasis [1]. Various inflammatory mediators such as cy-
tokines, free radicals, and growth factors contribute to genetic
mutations in tumor suppressor genes, DNA methylation, and
post-translational modifications, ultimately fueling tumor pro-
gression [1]. Chronic inflammation has been recognized as a
hallmark of cancer, influencing tumor response to treatment
and promoting tumor progression in various cancers [2]. Even
in cancers without preceding inflammation, tumor-elicited in-
flammation, inflammatory secretions, and infiltrating immune
cells play critical roles in cancer initiation, promotion, and
progression to metastasis [3]. The inflammatory microenvi-
ronment, comprising inflammatory cells and signaling mole-
cules, is essential for the malignant progression of transformed
cells [4]. Inflammatory responses affect cancer development,
including DNA replication, tumor cell survival, angiogenesis,
metastasis, and immune evasion [5].

In breast cancer, inflammation significantly influences the
disease’s development and progression. Inflammatory processes
have been linked to various aspects of breast cancer, including
migration, invasion, metastasis, and treatment response [6]. The
inflammatory microenvironment in breast cancer, characterized
by inflammatory cytokines and immune cells, can promote tu-
mor growth and metastasis [7]. Infiltration of macrophages pro-
ducing cytokines into the tumor microenvironment is associated
with increased angiogenesis, metastasis, and decreased survival
in breast cancer patients [8]. Molecular mechanisms, such as the
tumor necrosis factor-alpha (TNF-a)-IKK-YAP/p65-HK2 sign-
aling axis, drive inflammation-driven migration in breast cancer
cells, linking inflammation to metastasis [9]. The upregulation
of sialylated N-glycans and integrins is associated with breast
cancer brain metastasis, emphasizing the role of glycomics in
metastatic spread [10]. Additionally, inflammation and specific
signaling pathways, such as the A20/TNFAIP3-CDC20-CASP1
axis, promote inflammation-mediated metastatic disease in
triple-negative breast cancer [11]. The chemokine (CC motif)
ligand (CCL)28 activates the mitogen-activated protein kinases
(MAPK) pathway, leading to increased proliferation and metas-
tasis of breast cancer cells [12].

Tumor necrosis factor-alpha (TNF-a) is a well-document-
ed pro-inflammatory cytokine upregulated in breast cancer. High
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Table 1. Eligibility Criteria for This Review

Criteria Inclusion Exclusion

Study design Observational studies (cross-sectional, case-control, cohort) ~ Non-observational studies (e.g.,
reviews, editorials, case reports)

Language Published in English or Indonesian Published in other languages without an available
translation

Population Human studies including breast cancer patients and healthy Non-human studies or studies without a well-

controls with matched age and relevant demographics

Outcome reporting Studies that directly assess TNF-a levels

about breast cancer with sufficient data

defined control group/matched population

Studies lacking TNF-a measurements
or missing relevant data

TNF-a: tumor necrosis factor-alpha.

levels of TNF-a have been associated with breast cancer recur-
rence [13]. In breast cancer, TNF-a influences the inflammatory
profile of stromal cells, such as cancer-associated fibroblasts
(CAFs) and mesenchymal stem cells (MSCs), by promoting
the expression of inflammatory chemokines like CCL2, C-X-
C motif chemokine ligand 8 (CXCLS), and CCL5, which are
pro-tumorigenic [14]. TNF-a is linked to lymph node involve-
ment and enhances tumor cell metastasis, promoting cancer
progression [15]. TNF-a increases breast cancer stem-like cells
by upregulating TAZ expression via the non-canonical nuclear
factor kappa B (NF-kB) pathway, maintaining a stem cell-like
phenotype [13]. In breast cancer cells, TNF-a confers resistance
to apoptosis by activating the NF-kB pathway and upregulat-
ing antiapoptotic proteins like B-cell lymphoma 2 (Bcl-2), pro-
moting cell survival and tumorigenic potential [16]. TNF-a’s
pro-inflammatory and pro-tumorigenic effects in breast cancer
underscore its significance in driving cancer progression and in-
fluencing the tumor microenvironment.

The role of TNF-a in breast cancer spans various stages of
tumorigenesis, including cellular transformation, promotion,
survival, proliferation, invasion, angiogenesis, and metastasis
[17]. Studies have linked TNF-a to lymph node involvement
and enhanced tumor cell metastasis in breast cancer, high-
lighting its pro-tumorigenic properties [15]. TNF-a promotes
tumor growth through a positive feedback loop involving
TNFR1/NF-kB/p-STAT3/HBXIP/TNFR1, shedding light on
its growth-promoting mechanisms in breast cancer [18]. TNF-
o’s role in breast cancer progression, metastasis, and treatment
response is mediated by its effects on stem cell-like properties,
apoptosis resistance, gene regulation, adhesion molecules, in-
flammation, and metastasis [19, 20].

Notwithstanding significant strides in breast cancer investi-
gation and care, the disease remains a chief global health prob-
lem with high morbidity and mortality. In cancer development
and progression, inflammation has a major role to play among
the inflammatory cytokines; TNF-a has drawn much attention
due to its potential implications in cancer biology. TNF-a is
known to affect tumor growth, metastases, as well as the im-
mune response against cancers, making it an interesting bio-
marker for understanding breast cancer dynamics. Nevertheless,
the existing literature on TNF-a and breast cancer varies widely
and at times displays contradictions; this makes it necessary to
comprehensively synthesize all evidence available. This review
aims to clarify the relationship between TNF-a levels and breast

cancer by systematically reviewing the available studies, thereby
providing insights that could improve diagnostic and prognostic
techniques, consequently guiding therapeutic interventions.

Materials and Methods

A systematic search was performed to investigate the associa-
tion between TNF-a levels and breast cancer, adhering to the
guidelines outlined in the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 framework.
The search strategy targeted observational studies published in
reputable databases, including PubMed, ScienceDirect, Sage
Journals, and Google Scholar, up to June 2024. A combination
of keywords and medical subject headings (MeSH) terms such
as “tumor necrosis factor alpha,” “TNF-a,” “breast cancer,”
“breast carcinoma,” “metastasis,” “chemotherapy response,”
and “survival” was utilized, with Boolean operators (AND, OR)
applied to refine the results. Studies were included if they were
observational, published in English or Indonesian, and directly
examined the relationship between TNF-a and breast cancer. To
ensure comparability, included studies needed to have control
groups matched for key demographic factors, particularly age.
Studies were excluded if they involved non-human subjects,
lacked relevant data on TNF-a levels in breast cancer patients,
or did not provide adequate information on control group char-
acteristics to minimize selection bias (Table 1).

Reviewers independently screened titles and abstracts to
identify eligible studies, and discussions resolved disagree-
ments. The selected studies were organized using the Men-
deley Reference Manager to ensure efficient data handling.
Extracted information included the study title, author details,
demographics (such as age, sex, and study location), methodo-
logical approaches, and key findings. If necessary, the authors
of original publications were contacted to provide additional
data or clarify unclear points.

To assess the quality and reliability of the included stud-
ies, the Revised Risk of Bias Assessment Tool for Nonrand-
omized Studies of Interventions (ROBANS 2) was employed.
RoBANS 2 is an updated framework designed to evaluate the
risk of bias in nonrandomized studies, such as cohort, case-
control, and cross-sectional studies. It refines the original
RoBANS tool by incorporating additional bias domains and
improving assessment reliability. Each reviewer independently
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Figure 1. PRISMA flowchart. PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

evaluated the studies for potential bias, and any discrepancies
in assessments were resolved collectively. Data from the se-
lected studies were analyzed to examine the relationship be-
tween TNF-o and breast cancer, focusing on correlation coefti-
cients, statistical significance, and P values. The findings were
then synthesized qualitatively to identify patterns and trends
across studies, offering a comprehensive understanding of how
TNF-o contributes to breast cancer progression, metastasis,
and treatment outcomes. This systematic approach ensures the
robustness of the analysis and provides a valuable foundation
for future research on the role of TNF-a in breast cancer.

Results

A search was conducted across multiple electronic databases,
yielding many articles. For instance, an initial search on Pub-

Med identified 865 articles. To refine the results, a filter for
observational studies was applied, reducing the number of ar-
ticles to 37. These articles were then meticulously reviewed for
relevance to the research focus and evaluated based on the pre-
determined inclusion and exclusion criteria. From the database
searches, 15 articles were deemed potentially eligible based on
their titles. After duplicate records were removed and full-text
reviews were performed, studies that did not report outcomes
related to breast cancer and TNF-a were excluded [21, 22].
After all, nine articles fulfilled all inclusion criteria and were
included in the systematic review. This thorough screening and
selection process is summarized in the final study flow dia-
gram (Fig. 1).

A total of nine studies met the eligibility criteria for this
systematic review, involving a combined sample of 1,607
women, of which 918 were breast cancer patients and 689 were
healthy controls. The studies were geographically diverse, with
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Table 2. Risk of Bias Assessment Using Revised

(RoBANS 2)

Risk of Bias Assessment Tool for Nonrandomized Studies of Interventions

Study index number

No. Domain

1 2 3 4 5 6 7 8 9
1 Comparability of the target group Low  Low Low Unclear Low Low Low Unclear High
2 Target group selection High Low Low Low Low High Low  Unclear Low
3 Confounders Low Low Low Unclear Unclear Low Low Low Unclear
4 Measurement of exposure Low Low Low Low Low Low Low Low Low
5 Blinding of assessors Low Low Low Low Low Low Low Low Low
6 Outcome assessment Low Low Low Low Low Low Low Low Low
7 Incomplete outcome data Low Low Low Low Low Low Low Low Low
8 Selective outcome reporting Low Low Low Low Low Low Low Low Low

Overall results High Low Low

Some concern  Some concern High Low

Some concern High

two conducted in Indonesia [23, 24] and one each in China
[25], France [26], Turkey [27], Greece [28], Saudi Arabia [29],
Iran [30], and Iraq [31]. Seven studies employed a case-control
design [24-29, 31], while two studies used a cross-sectional
design [23, 30]. The mean age of participants ranged from 37.4
years to 61.3 years in the breast cancer group and 34.7 years to
57.2 years in the healthy control group, with the youngest par-
ticipant being 20 years old and the oldest being 80 years old.
Regarding demographic characteristics, five studies reported
that the breast cancer group had a slightly higher mean age
than the healthy control group, while one study found that the
control group had a marginally higher mean age. Two studies
provided statistical analyses indicating no significant differ-
ences in mean age between the groups with respect to TNF-a
levels. The remaining two studies did not report specific age
data; however, their analyses confirmed that there were no sig-
nificant differences in age between breast cancer patients and
healthy controls. It is noteworthy that one study did not include
a healthy control group.

The risk of bias assessment using the ROBANS 2 indicated
that three studies had a high risk of bias [24, 30, 31], three had
some concerns [23, 25, 27], and three had a low risk of bias
[26, 28, 29] (Table 2).

A closer examination of each study reveals a consist-
ent trend in the association between TNF-a levels and breast
cancer characteristics. In the study by Moaiedi et al, a cross-
sectional analysis of 50 subjects showed that TNF-o mRNA
expression was higher in patients without surgery compared to
controls, although this increase was not statistically significant
[30]. In contrast, Gharib et al demonstrated in a case-control
study of 200 participants that breast cancer patients had sig-
nificantly elevated serum TNF-a levels compared to healthy
women [29]. Similarly, Papadopoulou et al reported markedly
higher TNF-a serum levels in breast cancer patients relative to
controls and further linked high TNF-a levels with larger tumor
size, poor differentiation, increased lymph node involvement,
and shorter mean survival [28]. Berberoglu et al observed that
patients exhibited significantly higher TNF-a levels than con-
trols, and noted a significant reduction in TNF-a following
chemotherapy, which correlated with clinical response [27].

A study from Indonesia found a significant negative correla-
tion between TNF-a levels and clinical response in 38 patients
undergoing anthracycline-based neoadjuvant chemotherapy,
suggesting that elevated TNF-o may predict a poorer response
to treatment [23]. Another study from Indonesia reported a sta-
tistically significant association between serum TNF-a levels
and metastases in a cohort of 50 patients [24]. In a large-scale
case-control study conducted in France, involving 453 breast
cancer patients and 453 controls, higher TNF-a levels were
significantly associated with an increased risk of breast cancer
after adjustment for confounders [26]. Study in China dem-
onstrated that patients with stage III breast cancer had signifi-
cantly higher serum TNF-a levels compared to healthy con-
trols, with TNF-a correlating significantly with clinical tumor
stage and lymph node metastasis [25]. Lastly, Mohammed in
Iraq observed that while TNF-a levels were significantly el-
evated in patients with ductal carcinoma and those with lymph
node metastasis, there was no significant difference in TNF-a
levels between metastatic and non-metastatic groups in a study
of 90 participants [31].

Overall, the results consistently demonstrated that breast
cancer patients had higher TNF-a levels than healthy controls,
as reported in eight studies [24-31]. Additionally, two studies
highlighted that TNF-a. levels were particularly elevated in pa-
tients with metastatic breast cancer [25, 28], and one study did
not find a significant association between TNF-a levels and the
presence of metastasis [31]. Furthermore, two studies identi-
fied a correlation between high TNF-a levels and a negative
response to chemotherapy [23, 27]. Lastly, one study found
that patients with elevated TNF-a levels had a lower mean
survival time. A summary of the included studies is shown in
Table 3 [23-31].

Discussion

The strength of the positive association between TNF-a lev-
els and breast cancer incidence appears well supported, as
three of the supporting studies had a low risk of bias, two
had some concerns, and only two were rated as high risk. The
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Table 3. Summary of Included Studies

No. Study details Subject characteristics Results

1 Moaiedi et al, N =50 (32 women with breast The mRNA expression of TNF-o was high in breast cancer
2021 [30], Iran, cancer, 18 healthy control) patients without surgery in comparison to healthy controls,
cross-sectional but not significant (P > 0.05), whereas, its mRNA expression

of TNF-a was low in patients with surgery in comparison
to healthy controls, but not significant (P > 0.05).
Median age was 42 years (28 - 60 years)
in the breast cancer group and 45 years
(36 - 53 years) in the control group.

2 Gharib et al, 2022 N =200 (100 women with early or TNF-o was significantly higher in breast cancer
[29], Saudi Arabia, locally advanced breast cancer and 100 patients compared to healthy controls.
case-control healthy women) from 20 to 80 years.

The mean TNF-a level was 42.15 + 18.76 pg/mL
in the patient group compared to 5.54 + 2.32 pg/
mL in the control group (¢ =19.26, P <0.0001).

3 Papadopoulou et al, N =101 (56 women with primary The serum levels of TNF-a were significantly higher in
2010 [28], Greece, breast cancer and 45 healthy women). patients with primary breast cancer than in the control
case-control group (19.18 pg/mL, IQR: 12.04 - 32.51 pg/mL vs.

7.92 pg/mL, IQR: 4.41 - 12.14 pg/mL, P <0.001).
The mean age was 61.3 years (33 - 88 The AUC’s diagnostic significance of TNF-a in breast
years) in the breast cancer group and 57.2  cancer was 0.848 (95% CI: 0.774 - 0.923, P < 0.001).
years (31 - 82 years) in the control group.
Statistically significantly elevated levels of TNF-a
were found in larger tumors (P = 0.038), poorly
differentiated tumors (P = 0.011), and in patients with
more than three positive lymph nodes (P = 0.046).
A marginal trend towards higher values of TNF-a
was found in invasive tumors (P =0.069) and in
advanced-stage carcinomas (P = 0.062).
The mean survival time was 44 = 2 months (95% CI: 39 - 48
months) in patients with low levels of TNF-a (< 21.55 pg/
mL; n=31) and 35 + 4 months (95% CI: 28 - 42 months) in
patients with high levels of TNF-o (> 21.55 pg/mL; n = 25).

4 Berberoglu et al, N =32 (20 women with locally advanced ~TNF-a in breast cancer patients was higher than healthy
2004 [27], Turkey, breast cancer and 12 healthy women). group (15.9 £ 0.9 pg/mL vs. 5.8 = 1.7 pg/mL, P <0.0001).
case-control

Median age was 45 years (30 - 75 years)  TNF-a was reduced significantly after chemotherapy

in the breast cancer group and 43 years both in partial and complete response.

(37 - 66 years) in the control group.
There was a significant correlation between the type of response
and the relative change in TNF-a values (r = -0.62, P = 0.004).

5 Adrian et al, 2023 N = 38 women with breast cancer Most participants with high TNF-a levels had a negative
[23], Indonesia, who received anthracycline-based response to chemotherapy, while those with low
cross-sectional neoadjuvant chemotherapy and never TNF-a levels had a positive response (P < 0.001).

received chemotherapy before (20
participants were < 50 years old).
The statical analysis showed a significant association
between TNF-a levels and the clinical response to
chemotherapy, which showed r = -0.606 and P < 0.001.
6 Efendi et al, 2022 N = 50 women with breast cancer There is a statistically significant association

[24], Indonesia,
cross-sectional

between serum TNF-a levels and the incidence
of breast cancer metastases (P = 0.009)
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Table 3. Summary of Included Studies - (continued)

No. Study details Subject characteristics

Results

The mean age was 48.8

years (29 - 65 years).

N =906 (453 women with breast
cancer and 453 control from

the general population).

7 Fontvieille et al,
2022 [26], France,
case-control

The case and control groups have
a mean age of 38.7 years

N =140 (110 women with breast
cancer and 30 healthy women).

8 Ma et al, 2017 [25],
China, case-control

Age range from 35 to 65 years in
the breast cancer group and 28 to
57 years in the healthy group.

N =90 (59 women with breast
cancer and 31 healthy women).

9 Mohammed et al, 2022
[31], Iraq, case-control

The mean age was 37.4 years in the

breast cancer group and 34.7 years in

the control group (25 - 61 years).

In the fully adjusted model, TNF-a was positively associated
with breast cancer risk (OR per SD increment = 1.32 (1.11
- 1.58); OR Q4 vs. Q1=2.03 (1.26 - 3.26), P=0.0006).

The serum TNF-a levels of stage I1I carcinoma
patients were significantly higher than those
in the healthy controls (P < 0.001).

Serum TNF-a levels also correlated with clinical tumor
stage and lymph node metastasis (P <0.001).

Individuals with ductal carcinoma showed significant
differences (P < 0.001) in the mean levels of the
TNF-a compared with healthy groups

There is a significantly increased level of TNF-a in
lymph node metastasis compared to healthy groups.

There is no significant difference in the levels of TNF-a
between the non-metastasis and metastasis groups.

TNF-a: tumor necrosis factor-alpha; IQR: interquartile range; AUC: area under the curve; Cl: confidence interval; OR: odds ratio; SD: standard devia-

tion.

main sources of bias in the high-risk studies were related to
comparability of the target group and target group selection,
which could affect the validity of the findings but are unlikely
to overturn the overall trend observed. However, the associa-
tion between TNF-a levels and metastasis remains uncertain.
While two studies reported a positive association, both had
some concerns or a high risk of bias, particularly in participant
selection and confounder control. Additionally, the one study
that did not find an association also had a high risk of bias. The
lack of correlation between TNF-a levels and metastasis in the
Iraq study may indicate that other factors influence chemo-
therapy response in that population. Chemotherapy response
in breast cancer patients is affected by multiple factors, includ-
ing the tumor microenvironment, hormone receptor status, and
proliferation indices [32, 33]. Additionally, levels of other cy-
tokines, such as interleukin (IL)-6, have been associated with
poor chemotherapy response, suggesting that TNF-a alone
may not fully predict treatment outcomes [34]. Geographic
factors, such as healthcare accessibility, also play a role, as
disparities in treatment availability and compliance can impact
chemotherapy effectiveness [35]. These variables highlight
the complexity of chemotherapy response and the need for
further research to clarify TNF-a’s role in different popula-
tions. Given these limitations, the interpretation of TNF-a as a
marker for metastasis remains inconclusive, and further stud-
ies with stronger methodological designs are needed to clarify
this relationship. Regarding TNF-a levels and chemotherapy
response, although the two supporting studies did not have
opposing findings, both had some concerns about confounder

control, making it unclear whether other factors influenced
their results. Despite this, the consistency of the findings sug-
gests that higher TNF-a levels may be associated with poorer
chemotherapy response, though further research with better
bias minimization is necessary to strengthen this conclusion.
TNF-a significantly impacts breast cancer progression and
treatment outcomes through various biological mechanisms, in-
cluding promoting tumor growth, metastasis, inflammation, and
resistance to chemotherapy. Understanding these mechanisms is
crucial for developing targeted therapeutic strategies for breast
cancer patients. This review highlighted several key findings
regarding TNF-a’s role in breast cancer. TNF-a substantially
influences breast cancer by interacting with the TNF-TNFR2
axis, which directly affects cancer cell behavior by promoting
tumorigenesis, invasion, and metastasis [1]. This cytokine alters
the tumor microenvironment, impacting disease progression and
treatment outcomes [2]. A critical mechanism by which TNF-a
affects breast cancer is through the upregulation of TAZ expres-
sion via the non-canonical NF-kB pathway, increasing the popu-
lation of breast cancer stem-like cells. These cells are known
for their role in tumor initiation, progression, and resistance to
therapy [3]. Furthermore, TNF-a is linked to genetic variations
that may elevate breast cancer risk, emphasizing its role in the
early stages of cancer development [4]. It also induces changes
in gene expression related to metastasis, which can significantly
impact treatment efficacy [5]. The involvement of TNF-a in a
positive feedback loop involving TNFRI1/NF-kB/p-STAT3/
HBXIP/TNFRI1 further highlights its role in sustaining tumor
growth and influencing treatment response [36]. Additionally,
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TNF-a regulates adhesion molecules, contributing to cancer cell
dissemination and metastasis, which are critical factors in treat-
ment outcomes [37].

The overexpression of metalloproteinases (MMPs) induced
by TNF-a is another significant pathway driving cancer progres-
sion and metastasis. MMPs facilitate the breakdown of extracel-
lular matrix components, promoting tumor invasion and metas-
tasis [38]. These diverse biological mechanisms underscore the
complexity of TNF-a’s role in breast cancer, influencing various
stages of tumor development and response to treatment. TNF-a
promotes breast cancer progression by enhancing tumor growth,
migration, and survival of malignant cells while suppressing
adaptive immune responses and contributing to resistance to
hormonal and chemotherapeutic agents [15]. This review results
suggest that TNF-a’s ability to increase breast cancer stem-like
cells via the non-canonical NF-kB pathway plays a pivotal role
in maintaining a population of cells capable of driving tumor
recurrence and resistance to therapy [13]. Moreover, TNF-a
confers resistance to apoptosis in breast cancer cells by activat-
ing the NF-«kB pathway and upregulating antiapoptotic proteins
such as Bcl-2, promoting cell survival and enhancing the tumo-
rigenic potential of breast cancer cells [16]. The induction of
MMPs and activation of the ATM pathway by TNF-a further
facilitate tumor metastasis, highlighting its role in promoting
cancer cell invasion and dissemination [39]. TNF-a’s role in
promoting resistance to chemotherapy is significant, as it modu-
lates the expression of genes and proteins involved in treatment
resistance. By activating the NF-kB pathway, TNF-a increases
the expression of inhibitors of apoptosis proteins (IAPs) and
other factors that contribute to treatment resistance [40]. This
cytokine also influences the inflammatory profile of the tumor
microenvironment, which can lead to resistance to chemothera-
peutic agents [41]. This review also highlighted that TNF-a’s
ability to upregulate TAZ expression and maintain a stem-cell-
like phenotype in breast cancer cells contributes to resistance
against conventional therapies, as these stem-like cells are often
less responsive to treatment. This mechanism aligns with the
findings from two studies in this review, which reported that
higher TNF-a levels were associated with poor chemotherapy
response [13]. The resistance may be explained by the role of
TNF-o in promoting cancer stem-like properties, which have
been linked to enhanced survival pathways, reduced apoptosis,
and increased drug resistance mechanisms [42, 43]. These find-
ings suggest that TNF-a not only plays a role in breast cancer
progression but may also serve as a potential target to improve
chemotherapy efficacy. Understanding these mechanisms is
crucial for developing effective therapeutic strategies that can
overcome TNF-o-mediated resistance and improve treatment
outcomes for breast cancer patients.

The systematic review has important implications for clin-
ical practice and research in breast cancer. Hence, the review
confirms that breast cancer patients have elevated TNF-a lev-
els compared to those without cancer, based on results from
different geographical areas and rigorous methodology assess-
ments. In addition, there were similar findings across all stud-
ies that support the role for TNF-a as a potential biomarker for
the diagnosis and monitoring of breast cancers. The fact that
TNF-a is associated with metastasis, chemotherapy response,
and survival outcomes also suggests its potential to predict dis-

ease aggressiveness or treatment efficiency. The availability of
this information enables clinicians to utilize levels of TNF-a
as an ancillary diagnostic tool as well as a prognostic marker,
with the possibility to change treatment decisions affecting pa-
tient prognosis.

Nonetheless, some limitations need to be considered. First,
the studies included in this systematic review were retrospec-
tive and thus cannot establish evidence for causality between
high levels of TNF-a and breast cancer outcomes. Nonetheless,
utilizing ROBANS 2 ensures dependability regarding the in-
cluded studies. Second, there was enormous variation in study
design, populations recruited, and even methods used in meas-
uring TNF-a, leading to significant heterogeneity among the
studies that may have been introduced. Another limitation of
this review is the absence of studies from Western countries.
This may be due to the tendency of research in those regions to
focus on large-scale cytokine screening rather than individual
cytokines like TNF-a. As a result, relevant data from Western
populations may not have been captured within our search cri-
teria. This limits the generalizability of our findings, as differ-
ences in genetic, environmental, and lifestyle factors between
populations could influence TNF-a levels and their association
with breast cancer.

Conclusions

The findings of this review indicate that TNF-a levels tend
to be higher in breast cancer patients compared to healthy
controls. Elevated TNF-a levels have also been observed in
patients with metastatic breast cancer, though some findings
suggest no significant association. Additionally, higher TNF-a
levels have been linked to poor chemotherapy response and
reduced survival time. These results suggest a potential role of
TNF-a in breast cancer progression and treatment outcomes.
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