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ABSTRACT

Introduction: The relation between obesity and triple-negative breast cancer (TNBC) is not totally elucidated. TNBC represents
a heterogeneous group of aggressive growth neoplasms. The concepts related to the development of hormone receptor-
positive tumors cannot be directly extended to this group. To evaluate the association between obesity and TNBC, considering
as primary outcome the assessment of the incidence of this tumor subtype in this population and as secondary outcomes the
specific pathophysiology, prognosis, and treatment in this context. Methods: This was a systematic review following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses — PRISMA statement. PubMed/MEDLINE and Cochrane were the
databases used as primary paper sources. Inclusion according to titles and abstracts allowed a secondary selection by reference list
revision. The final full-text review was done on the most opportune studies identified. Results: A total of 52 articles were included.
Epidemiology: A higher frequency of obesity among TNBC patients compared to other subtypes and TNBC in obese women was
observed in the literature. It is uncertain whether premenopausal status is an aggravating factor. Pathophysiology: Several studies
identified the production of different factors by obese adipose tissue and their regulation of genes related to the expression of
stem-like cell properties, mainly leptin, IL-6, and IL-8. Prognosis: Most studies pointed out that disease-free survival and overall
survival are independent of body mass index. Treatment: Weight reduction showed no significant power in improving prognosis
but may favor primary incidence prevention. Drugs based on obesity-related pathways are still in research, and various potential
targets were raised. Conclusions: Obesity is a risk factor for TNBC. Obese-related inflammatory cytokines may contribute to tumor
development. Once TNBCis established, the prognosis does not differ according to initial body mass index changes. No target drug
for obesity-related tumorigenic pathways is currently available for clinical use.
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INTRODUCTION

The relationship between obesity and breast cancer is an old topic
of discussion and investigation. Over years of epidemiological
research and observation, it has become clear that the interaction
of body mass index (BMI) with breast tumorigenesis could not be
simplified into one unique conclusion. This binomial showed itself
to be complex and heterogeneous. Different associations were
found depending on multiple context factors such as ethnicity,
menstrual status, and anatomopathological tumor type.

The well-established association is obesity in postmenopausal
women as a risk factor for hormone receptor-positive breast
cancer. Pathophysiology justifying this influence was initially

well-understood and supposedly simple. The higher and main-
tained estrogenic synthesis, by aromatase enzyme conversion
of adrenal androgens in adipose tissue, could stimulate the
breast cells proliferation that expressed those hormone recep-
tors'. However, past decade data already point to other factors
synthesized by adipose tissue that could have a synergistic car-
cinogenic effect on the breast and other organs, as well.

The connection between triple-negative breast cancer (TNBC)
and obesity is not entirely intuitive. TNBC consists of the most
aggressive subtype and stands for 20% of breast cancer cases. The
absence of hormone or HER2 expression reflects the difficulty to
treat the cancer, as no targeted therapy has been developed to date?.
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Recently, numerous lines of research have been interested in this
subtype of tumor. Pro-inflammatory activity related to adipose
tissue has brought to light more consistent data concerning the
possibility of obesity as a risk factor for TNBC development.

This systematic review aimed to concentrate on and explore
the prior global knowledge already published in the scientific
literature about the association between obesity and TNBC.

As a primary outcome, we intended to evaluate whether the
incidence of TNBC s proportionally higher in the obese population.
As secondary outcomes, we evaluated the pathophysiology that
could explain such an association, the prognostic effect of obesity
in a patient with this tumor subtype, and the targeted treatments
that could be applied in this specific associative context.

The data presented in this article were designed to concisely
report to generalists and specialists what is known about this
issue so that they can improve their practice based on avail-
able evidence.

METHODS

This review was written following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement® (Figure 1). A systematic search was conducted to
determine relevant articles published until July 1,2022, using two

primary biomedical literature databases: PubMed/MEDLINE
and Cochrane. The following terms were used to access papers
of interest broadly: ((triple-negative breast cancer) OR (basal-
like)) AND ((BMI) OR (obesity)). No limits were placed on the
country or publication date. All types of studies, descriptives or
analytics were accepted. Studies in process or only published in
conference annals were not included.

Only articles in English were selected. Studies in which TNBC
was analyzed, among other types of breast tumor, were also con-
sidered. Studies with women across both premenopausal and
postmenopausal status were considered for analysis. Animal
model studies were also included. After the initial exclusion of
duplicates, titles and abstracts were revised, allowing the first
filtration of our bibliography, selecting the articles with probably
the highest impact for the full-text review.

A secondary selection of opportune papers for analysis was per-
formed. Additional studies were identified by reviewing the refer-
ence lists of the first listed studies that met the inclusion criteria.

After full-text evaluations, the last refinement was concluded,
finishing the selection process of adequate literature for this
topic review. This systematic review was performed from this
condensed but relevant group of articles. Thereafter, the study’s
samples, methods, results, and conclusions were qualitatively
described. No statistical analysis was conducted on these data.

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram for systematic review

articles selection.
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This article’s discussion of the relationship between obesity
and TNBC was carefully and objectively detailed based on the
most consistent data available. Aiming for a straightforward
approach, we organized epidemiology, pathophysiology, prognosis,
and interventions.

RESULTS

The primary literature search yielded 310 articles, considering
263 from PubMed, 52 from Cochrane, and the removal of five
duplicates. After the title and abstract reading, 43 studies
directly related to the association between obesity and TNBC
were selected. We added 15 other opportune studies by their
reference lists evaluation, reaching 58 articles for full-text
analyses. After reading all 58 texts, we ended up with 52 primary
studies covering epidemiology, pathophysiology, prognosis, and
treatment subtopics.

Epidemiology

There are multiple studies concerning TNBC patients’
characteristics. However, the pathophysiology of this tumor
subtype has not been elucidated yet. Therefore, populational
analyses have always been a first step in bringing to light this
disease mechanism.

Through extensive sample studies, including initially its
different subtypes, breast cancer incidence showed itself to be
directly related to obesity frequency, and over years of detailed
research comparing individual characteristics between breast
cancer subtypes, TNBC alone also presented a frequent association
with obesity in concordance with general tendency.

Millikan et al. found an increasing waist-hip ratio positively
associated with basal-like tumors, even though no relation was
observed with BMI“. After that, several studies pointed to a
higher frequency of obesity among TNBC patients compared to
other subtypes or obesity as a significant risk factor for TNBC*2,
Somali et al., Enger et al., and Maiti et al., found no relationship
between obesity and TNBC*.

Pierobon’s meta-analysis with 3,845 patients diagnosed with
TNBC, which evaluated breast cancer, obesity, and menopausal
status, concluded that this association between obesity and
TNBC was only valid for women with premenopausal status™.
This corroborated a previous study by Gaudet, which comprised
women under 56 years old and restricted its conclusion of TNBC
increased risk by obesity only to premenopausal status’. Also,in a
pooled analysis of 34 studies comprising 35,568 patients, of which
1,997 had TNBC, Yang et al. identified an association between
obesity and breast cancer confined to TNBC cases in women
younger than 50 years old®. An epidemiological difference was
then established with the protective effect obesity imposes over
hormone receptor-positive tumors in premenopausal women™.
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Concerningracial differences in this context, Siddharth et al.
suggested a higher frequency of obesity among African-American
women compared to European-American ones as one of the factors
that could explain the TNBC earlier onset and more advanced
stage at diagnosis in that population. Other factors related would
be a genetic risk, low income, and inadequate screening.

InTable 1, we listed and summarized the main epidemiological
studies that evaluated the association between TNBC and obesity. It is
observed that the correlation is positive in the majority of the studies
(8 out of 11), with a particular emphasis on the premenopausal period.

Pathophysiology

Obesity has already been linked to the development of different
types of cancer. Concerning TNBC, a couple of articles examined
molecular factors and pathways that may favor this tumor’s
emergence in obese patients, as summarized in Figure 2. Most
of these studies are in vivo research using TNBC cells inoculated
in animal models.

The main primary changes in an obese organism described
as possible triggers for TNBC tumorigenesis are adipose tissue
mechanical stress and hypoxia, with adipocyte death and
consequent systemic inflammation. A second pathway recurrently
explored is the high leptin levels observed in obese individuals,
being directly associated with TNBC severity'>'",

Adipose tissue is responsible for inflammatory cytokines
release, including IL-6,1L-8,1L-12, CCL2, and IL-1B". Leptin and
IL-6 are related to increased macrophage migration to adipose
tissue and their subtype change from type 1 to type 2. Type 2
macrophages secrete IL-6 (dependent on NADPH oxidase 2
activity), IL-8, TGF-B, and EGF. Also, leptin stimulates T cell
release of IL-2 and IFN-y**2.,

Leptin, IL-2, and IFN-y from T cells, IL-6, and TNF-a. (through
glycoprotein 130) from type 2 macrophages can activate STAT3/
JAK2, NF-«xB, and Wnt/EZH2'"***. These transcription factors
regulate the expression of NANOG, SOX2, and OCT4 — genes
that are shown to induce stem-like properties in TNBC cells,
including renewal capacity'®*.

In addition, obese individuals present low natural killer (NK)
cell number and activity that have already been associated with
poor prognosis in TNBC? NK cells play a role against tumor cells’
survival, and chronically elevated leptin levels can decrease leptin
receptor sensibility, resulting in the downregulation of cytotoxic
activity®. Naik et al. described this immune pathway by which
obesity could favor TNBC progression®.

Teslow et al. reported that inflammation and reactive oxygen
species derived from the obesity context can regulate splicing
factor serine/arginine-rich splicing factor 2 (SRSF2), which
augments the expression of methyl-CpG-binding domain variant
2 (MBD2-v2) that is another inductor of NANOG overexpression®.
Additionally, Kolb et al. presented that inflammation enhances the
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Table 1. Previous articles that evaluated the association of triple-negative breast cancer incidence with obesity.

Studies

Country

Sample size

Study design

Main findings

Odds ratio or
p-value

Risk of bias

Case-control (two

Body mass index was not

No association was

Low cut point

Engeretal.” U.S.A. 1’217824;'358%; groups: pre and associated with TNBC, found regarding regarding
postmenopause) including BMI>27 BMI BMI>27
Elevated WHR was
associated with WHR 0.77-0.83: Higher incidence
increased risk of basal- OR 2.3 (95%Cl %F basal-like
Milikan et al4 US.A 1,424 cases; Case-control like breast cancerin pre | 1.5-3.5)/>0.84: OR tUMOrs amon
: T 225 basal-like and postmenopausal 2.3(95%Cl 1.4-3.6) African- 9
women compared to (referent to Americans
luminal A cases and controls)
controls.
Obesity was present
in 49.6% of those with No analysis
Vona-Davis et 620 cases; Retrospective triple-negative tumors B .
al.s U.SA. 117 TNBC cohort butin only 35.8% of p=0.0098 acc;)urgn‘nr%lio:ge
those with non-triple- group
negative tumors.
Compared with luminal Overweight: Higher incidence
. . A cases, triple-negative OR 1.82 (95%ClI 9
B 2,544 cases; Prospective A . of TNBC
Kwan et al. U.S.A. 588 TNBC cohort cases tended more likely | 1.03-3.24)/Obese: amona African-
to be overweight or OR 1.97 (95%ClI Amgericans
obese if premenopausal 1.03-3.77)
Triple-negative breast
. . cancer is associated with | No association was Reducgd
- 176 cases, Retrospective - ; population,
Maiti et al.’s U.S.A. a higher prevalence of found regarding X
86 TNBC cohort - retrospective
the metabolic syndrome BMI stud
but not with higher BMI| y
Women with TN tumors spec;LwJ;(;rwere
. 476 cases were more likely to be OR 1.89 (95%ClI .
6 ! -
Trivers et al. U.S.A. 135 TNBC Case-control obese than normal/ 1.22-2.92) ava|labtl)e onl);z
underweight onasu seto
eligible cases
Differences
Association in women omuslgtéidoyns
35 568 cases- Pooled analysis <50 years between OR 1.80 (95%ClI %eii ns and’
Yang et al.? U.S.A. 1 ’997 TNBCI 34 studies/Case obesity and breast 1.42-2.29)/ metﬂods of
! control cancer confined to TNBC p=0.000002 - ;
cases collecting risk
factors, and
marker data
Biased observed
Larger body sizle among OR 1.67 (95%C] findings f;lorv )
. premenopausal women - - unmeasured ris
Gaudetetal?® U.S.A. 890 cases; Case-control was associated with 1.22-2.28)/p=0,026 factors, staining
246 TNBC . : . (compared to -
higher risk of luminal B luminal A) obtained
and TNBC by asingle
pathologist
The case-case and case- | (o0 C35€: OR 1.2
control comparisons (95%C1 1.03-1.4)/
) 10 24,479 cases; | Systematic review npar p=0.003
Pierobon et al. . showed a significant .
3,845 TNBC | and meta-analysis S Case-control:
association between 959
TNBC and obesity OR 1.43 (95%C|
1.23-1.65)/p=0.913
Continue...
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Table 1. Continuation.

Odds ratio or

Studies Country | Samplesize ‘ Study design Main findings e Risk of bias
No significant difference Patients with
) unknown
was observed in terms menopausal
Somali et 3l Turkey 882 cases; Retrospective of BMI between 0=0.08 status, >50
132 TNBC cohort postmenopausal and
. years old were
premenopausal patients -
: considered
in the TNBC group
postmenopausal
Obese premenopausal Pre: OR 1.82 Case-case
women had anincreased | (95%Cl 1.32-2.51)/ comparison
2,659 cases; risk of TNBC while p=0.004 should not be
1 1 1 _ _
Chenetal. U.S.A. 1,275 TNBC Case-case-control obese postmenopausal Post: OR0.74 extended to
women had a reduced (95%C1 0.54-1)/ a cancer-free
risk of TNBC p=0.032 population

U.S.A.: United States of America; TNBC: triple-negative breast cancer; BMI: body mass index; Cl: confidence interval; WHR: waist-hip ratio; OR: odds ratio.

upregulation of angiopoietin-like 4 (ANGPTL4) in adipocytes. This
condition leads to angiogenesis and progression of breast cancer".

High levels of leptin and leptin receptor activity have
also been shown to promote Serpine-1 gene expression that
codifies serine protease inhibitors in vascular epithelial cells.
Through binding vitronectin, this protein favors the detach-
ment of cancer cells, facilitating metastasis. Leptin knockdown
resulted in a diminution of metastasis®.

Athird pathway described by which obesity could be associated
with TNBC development is chronic hyperglycemia. D'Esposito et
al. showed that TNBC cells become more invasive when cultivated
with adipocytes and even more when exposed to a hyperglycemic
environment. Hyperglycemia increases CCL5 produced by
adipocytes that bind to CCR5, which activates STAT3/JAK2,
mTOR, and p38MAP kinase. CCL5 presence in adipose tissue
was associated with lymph node positivity and metastasis”. In
concordance, Dietze et al. showed that hyperglycemia through
induced hyperinsulinemia and IGF-1 raise could activate AKT/
mTOR cascade, resulting in elevated glucose uptake by the cell
ending on the Warburg effect®.

Prognosis

Previously, it has already been shown that obesity appears to be
afactor in poor prognosis for breast cancer in general. Ewertz et
al.,in alarge sample Danish study with 18,967 patients, revealed
an increase in metastasis and death frequency in obese patients
with breast cancer compared to non-obese ones; however, cancer
subtypes were not discriminated®.

Despite a general investigation of obesity and breast cancer
development, researchers have been specifically interested in
evaluating the influence of obesity according to each cancer
subtype. In the last decade, a couple of studies were dedicated to
analyzing if obesity could or could not be confirmed as a possible
factor for a poor prognosis in TNBC. The results found were not
always homogeneous.

In a systematic review and meta-analysis including nine
studies comprising 4,412 TNBC patients, Mei et al. concluded
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that disease-free survival (DFS) and overall survival (OS) were
independent of BMI®. This was consistent with other studies
not included in this meta-analysis®*. It is valid to point out
that Dawood et al. and Tait et al. analyzed their sample by
menopausal status and still found no significant influence of
BMI over TNBC prognosis between pre and postmenopausal
groups®**. Schmidt et al., however, presented similar results
but with a 70% postmenopausal sample®. Also, Mowad et al.,
despite findinglarger tumor size and grade staging, DFS and OS
remained indifferent among obese and non-obese individuals®.

In counterpoint, some authors found a positive association
between obesity and TNBC’s poor prognosis, including DFS and
0S. Through these studies, attention should be taken to Turkoz
et al. presenting an all-premenopausal sample and Loi et al. a 74%
one*?, Also, Hao et al., Bao et al., and Al Jarroudi et al. found a
worse prognosis exclusively among the premenopausal group® .
However, Choi et al. described no difference according to
menopausal status, comprising only 50 patients*. Chen et al.,
independent of menopausal status, similarly presented a decrease in
DFS and OS in the obese group and were the first, to our knowledge,
toinclude in the analyses the abdominal circumference, not only
the weight, finding a worse prognosis in the group with both
general obesity associated with central obesity™.

Additionally, Maehle et al. described a better prognosis for
their obese negative hormone receptor group than the non-
obese one, considering that the sample was 75% composed of
postmenopausal women and TNBC individuals were not isolated™.

Treatment

Since there is no available well-established target therapy
for TNBC, modifiable risk factors, such as weight intervention,
have been a source of interest in the last years for prevention or
even cancer progression impairment.

Eliassen et al., in alarge prospective cohort study within the
Nurses  Health Study, including 87,143 postmenopausal patients
followed up for 24 years, observed an increased risk for general
breast cancer associated with weight gain since the age of 18
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years. This pointed to weight maintenance or loss as a possible
prevention method. However, TNBC was not evaluated separately®.

Enger et al. precisely found a tendency of risk increase of breast
cancer by weight gain during the menace restricted to hormone
receptor-positive tumors. Hormone receptor-negative tumor
risk was independent of weight change, and physical activity
frequency was also evaluated. Weight loss or physical activity
after diagnosis was not evaluated™.

First, in vivo studies showed reverse TNBC progression and
delayed tumor latency in obese mice submitted to weight loss on
alow-fat diet. This phenomenon was associated with a reduction
in kinases (PKC-a, PKDI, PKA, and MEK3) and an increase in
AMPKa activity**+.

However, studies with TNBC patients did not show that
clear correlation. In a 518 Chinese patients study, weight loss
was associated with higher tumor recurrence and mortality
than stable weight®. In a second study with 173 patients, weight
change — gain orloss — did not correlate with Ki67 or pathologic
complete response change during neoadjuvant chemotherapy*.
In counterpoint, Wang et al. described JAK/STAT3-regulated fatty
acid B-oxidation as critical for cancer stem cell self-renewal and
chemoresistance, which could be more evident in obese patients®.

Finally, some authors tested therapeutic drug alternatives for
TNBC related to obesity pathophysiology. Otvos et al., in a mouse
xenograft model for TNBC, found a significant average survival

increase by subcutaneous Allo-aca (a leptin receptor antagonist)

administration compared to conventional intraperitoneal

cisplatin®. Similarly, Gourgue et al. described a reduction in

TNBC growth with apelin antagonist F13A. This substance

reduces apelin activity, an adipokine increased in adipose tissue

of obese mouse tumors®.

Naiket al,, in an extensive discussion about immune pathways
related to TNBC development and progression in obese organ-
isms, suggested some hypothetical points of possible therapeu-
tic interventions to be studied:

1) PD-1/PD-L1 suppression, since in a study with 250 patients,
obese ones got the major benefit of this intervention than lean
individuals. Being PD-L1 a mark of immunosuppression, it
becomes a possible target for blocking;

2) Adoptive NK cell therapy, since obese have low NK cell number
and activity;

3) Inhibition of IL-6 or its receptor related to a tumorigenic
pathway;

4) Inhibition of CCL2/CCR2 and CSF/CSF-1R related to
macrophage type 2 polarization and accumulation, also
favoring stem cell properties development;

5) Blocking of myeloid-derived suppressor cells that also express
PD-L1 and are stimulated by obesity-related cytokines; and

6) TGF-Plblockingsinceitsincrement in obese individuals hinders
a sustained effective T cell response against tumor cells*.

Figure 2. Pathways linking obesity and breast cancer development (created with BioRender).
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DISCUSSION

After some years of research and many studies focused on
exploring the specific effect of obesity on TNBC development
and progression, we are beginning to identify concordant results
that point to the establishment of initial consistent knowledge
on this topic. In the past, breast cancer was considered a unique
disease. Today, we understand that different subtypes make
breast cancer notably a heterogeneous disease.

Concerning TNBC, the majority of studies agree that obesity
is arisk factor for tumor development. Just one study focused on
evaluating menopausal status directly, and it suggested that this
association is limited to the premenopausal period". The authors
gave no hypothesis to explain why the prejudicial effect of obesity
would be reduced after menopause, especially considering its
supposed independence from hormone influence.

A temporality bias, however, could be a reasonable hypothesis.
TNBC presents itself as an early-onset tumor, possibly based on
the significant influence of genetic factors. Thereby, incidence at
older ages would naturally be lower, as most susceptible individuals
had already developed and manifested it at a younger age. Also, a
higher incidence of obesity and TNBC among African-Americans
should be considered as a possible bias regarding the influence
of confounding genetic and social factors in this population.*’

Mamidi et al. identified the main pathways activated
in premenopausal women with TNBC in a whole genome
transcriptome analysis, including unfolded protein response,
endoplasmic reticulum stress, B cell receptor, and autophagy
signaling®. Despite that, more investigation should be conducted
to explain the possible influence of hormonal status on these
specific mechanisms. As for hormone receptor-positive breast
cancer, it is valid that the opposite association is observed: obe-
sity showed itself as a protective factor among premenopausal
women. Potischman et al. suggested that in premenopausal
wormen, obesity is associated with a more significant number of
anovulatory cycles, thus, lower estradiol levels and less incidence
of hormone-dependent tumors®.

Inflammation is a new focus of interest for all diseases
epidemiologically associated with obesity. Pathophysiology studies
revealed a world of obesity-related inflammatory and genetic
cascades that could justify developing cancers independently
of estrogen, such as TNBC. Almost all of the articles consisted
of invivo research and elucidated different pathways that could
be more investigated to offer new potential therapeutic targets.

Studies related to obesity and TNBC prognosis presented
conflicting findings. The authors do not exclude possible bias
considering the aggressiveness of this tumor subtype. Once
this cancer is established, its progression is possibly little or
nothing different comparing an obese or not-obese environment.
However, some authors found a worse prognosis, especially in
premenopausal groups. This condition may be associated with
significant incidence of TNBC in premenopausal obese women.
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Concerning the still absence of specific treatment, lifestyle modi-
fiable factors have been evaluated. Sun et al. pointed to the mainte-
nance of an optimal body weight as a valuable primary prevention
for TNBC — the only clear, effective measure currently available®.

Even though obesity seems to favor the development of TNBC,
studies investigating weight loss as a possible factor for tumor control
after diagnosis did not reach concordant conclusions; tumor stage,
chemotherapy side effects, or diet may influence weight loss. Further
investigation in more homogeneous groups is necessary to differen-
tiate cases in which diet and consequent weight loss could be used
to break the disease from those in which weight loss occurs due to
advanced tumoritselfor palliative treatment. Weight loss could con-
tribute to the reduction of hormones and inflammatory cytokines
that eventually figure as stimulants for tumor cell perpetuation.

The impact of physical activity still needs to be specifically
better evaluated for TNBC. Few studies analyzed it as a risk
reducer for this tumor incidence. No consistent evidence has been
observed, as it was reported by The Women’s Health Initiative
concerning breast cancer in general®.

The complexity of inflammatory pathways and immune
system regulation is a current challenge and an opportunity for
improving or developing treatment for different types of cancer.
Little literature is currently available, but specific targets for
obese-related environmental factors seem promising, including
leptin, IL-6, PD-1/PD-L1, and NK cells.

As a qualitative review, we emphasize that this study presents
the risk of bias related to a subjective joint analysis of articles.
The absence of a meta-analysis weakens the power of its evi-
dence. Results remain based on the global impression of a team
of experts over a systematic selection of studies.

CONCLUSIONS

There is consistent evidence supporting obesity as a risk factor for
TNBC.Inflammatory cytokines related to an obese environment
may contribute to tumor development. It is uncertain if the
premenopausal status is a worsening factor. Obese patients with
already diagnosed TNBC have a similar prognosis to t non-obese
ones, and their weight loss does not seem to be a disease course
modifier. Few target drugs directed to obesity-related tumorigenic
pathways began to be tested and showed initial encouraging
results. More investigations concerning the pathophysiology and
new treatment possibilities need to be performed.

AUTHORS' CONTRIBUTIONS

LLI: data curation, formal analysis, visualization, writing - original
draft, writing - review & editing. SRM: investigation, software, writ-
ing - review & editing. JRF: funding acquisition, resources, super-
vision, validation. EB: funding acquisition, project administration,
resources. SMO: conceptualization, metholody, project administration.




lervolino LL, Moraes SR, Filassi JR, Baracat EC, Masili-Oku S

REFERENCES

REFERENCES

1.

w

a1

Cleary MP, Grossmann ME. Minireview: obesity and
breast cancer: the estrogen connection. Endocrinology.
2009;150(6):2537-42. https://doi.org/10.1210/en.2009-0070

Foulkes WD, Smith IE, Reis-Filho JS. Triple-negative breast
cancer. N Engl J Med. 2010;363(20):1938-48. https://doi.
org/10.1056/NEJMral001389

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BMJ. 2009;339:b2535. https://
doi.org/10.1136/bm;j.b2535

Millikan RC, Newman B, Tse CK, Moorman PG, Conway K,
Dressler LG, et al. Epidemiology of basal-like breast cancer.
Breast Cancer Res Treat. 2008;109(1):123-39. https://doi.
org/10.1007/s10549-007-9632-6

Vona-Davis L, Rose DP, Hazard H, Howard-McNatt M, Adkins
F, Partin ], et al. Triple-negative breast cancer and obesity in a
rural Appalachian population. Cancer Epidemiol Biomarkers
Prev. 2008;17(12):3319-24. https://doi.org/10.1158/1055-9965.
EPI-08-0544

6. Trivers KF, Lund MJ, Porter PL, Liff JM, Flagg EW, Coates RJ, et

10.

11.

al. The epidemiology of triple-negative breast cancer, including
race. Cancer Causes Control. 2009;20(7):1071-82. https://doi.
0rg/10.1007/s10552-009-9331-1

Kwan ML, Kushi LH, Weltzien E, Maring B, Kutner SE, Fulton
RS, et al. Epidemiology of breast cancer subtypes in two
prospective cohort studies of breast cancer survivors. Breast
Cancer Res. 2009;11(3): R31. https://doi.org/10.1186/bcr2261

Yang XR, Chang-Claude ], Goode EL, Couch F], Nevanlinna
H, Milne RL, et al. Associations of breast cancer risk factors
with tumor subtypes: a pooled analysis from the Breast
Cancer Association Consortium studies. J Natl Cancer Inst.
2011;103(3):250-63. https://doi.org/10.1093/jnci/djq526

Gaudet MM, Press MF, Haile RW, Lynch CF, Glaser SL,
Schildkraut ], et al. Risk factors by molecular subtypes of
breast cancer across a population-based study of women 56
years or younger. Breast Cancer Res Treat. 2011;130(2):587-97.
https://doi.org/10.1007/s10549-011-1616-x

Pierobon M, Frankenfeld CL. Obesity as a risk factor for
triple-negative breast cancers: a systematic review and meta-
analysis. Breast Cancer Res Treat. 2013;137(1):307-14. https://
doi.org/10.1007/s10549-012-2339-3

Chen L, Cook LS, Tang MTC, Porter PL, Hill DA, Wiggins
CL, et al. Body mass index and risk of luminal, HER2-
overexpressing, and triple negative breast cancer. Breast
Cancer Res Treat. 2016;157(3):545-54. https://doi.org/10.1007/
510549-016-3825-9

. Picon-Ruiz M, Morata-Tarifa C, Valle-Goffin JJ, Friedman

ER, Slingerland JM. Obesity and adverse breast cancer
risk and outcome: mechanistic insights and strategies for
intervention. CA Cancer J Clin. 2017;67(5):378-97. https://doi.
org/10.3322/caac.21405

. Somalil, Ustaoglu BY, Tarhan MO, Yigit SC, Demir L, Ellidokuz

H, et al. Clinicopathologic and demographic evaluation of
triple- negative breast cancer patients among a Turkish
patient population: a single center experience. Asian Pac

14.

16.

17.

18.

19.

20.

21.

22.

24.

26.

J Cancer Prev. 2013;14(10):6013-7. https://doi.org/10.7314/
apjcp.2013.14.10.6013

Enger SM, Ross RK, Paganini-Hill A, Carpenter CL, Bernstein
L. Body size, physical activity, and breast cancer hormone
receptor status: results from two case-control studies. Cancer
Epidemiol Biomarkers Prev. 2000;9(7):681-7. PMID: 10919738.

5. Maiti B, Kundranda MN, Spiro TP, Daw HA. The association of

metabolic syndrome with triple-negative breast cancer. Breast
Cancer Res Treat. 2010;121(2):479-83. https://doi.org/10.1007/
510549-009-0591-y

Siddharth S, Sharma D. Racial disparity and triple-negative breast
cancer in african-american women: a multifaceted affair between
obesity, biology, and socioeconomic determinants. Cancers
(Basel). 2018;10(12):514. https://doi.org/10.3390/cancers10120514

Zheng Q, Banaszak L, Fracci S, Basali D, Dunlap SM, Hursting
SD, et al. Leptin receptor maintains cancer stem-like properties
in triple negative breast cancer cells. Endocr Relat Cancer.
2013;20(6):797-808. https://doi.org/10.1530/ERC-13-0329

Sultana R, Kataki AC, Borthakur BB, Basumatary TK, Bose
S. Imbalance in leptin-adiponectin levels and leptin receptor
expression as chief contributors to triple negative breast
cancer progression in Northeast India. Gene. 2017;621:51-8.
https://doi.org/10.1016/j.gene.2017.04.021

Kolb R, Zhang W. Obesity and breast cancer: a case of inflamed
adipose tissue. Cancers (Basel). 2020;12(6):1686. https://doi.
org/10.3390/cancers12061686

Dietze EC, Chavez TA, Seewaldt VL. Obesity and triple-
negative breast cancer: disparities, controversies, and biology.
Am ] Pathol. 2018;188(2):280-90. https://doi.org/10.1016/j.
ajpath.2017.09.018

Tiwari P, Blank A, Cui C, Schoenfelt KQ, Zhou G, Xu Y, et
al. Metabolically activated adipose tissue macrophages
link obesity to triple-negative breast cancer. ] Exp Med.
2019;216(6):1345-58. https://doi.org/10.1084/jem.20181616

Tian W, Wang L, Yuan L, Duan W, Zhao W, Wang S, et al. A
prognostic risk model for patients with triple negative breast
cancer based on stromal natural killer cells, tumor-associated
macrophages and growth-arrest specific protein 6. Cancer Sci.
2016;107(7):882-9. https://doi.org/10.1111/cas.12964

. Laue T, Wrann CD, Hoffmann-Castendiek B, Pietsch D, Hiibner

L, Kielstein H. Altered NK cell function in obese healthy humans.
BMC Obes. 2015;2:1. https://doi.org/10.1186/s40608-014-0033-1

Naik A, Monjazeb AM, Decock J. The obesity paradox in cancer,
tumor immunology, and immunotherapy: potential therapeutic
implications in triple negative breast cancer. Front Immunol.
2019;10:1940. https://doi.org/10.3389/fimmu.2019.01940

. Teslow EA, Mitrea C, Bao B, Mohammad RM, Polin LA, Dyson

G, et al. Obesity-induced MBD2_v2 expression promotes tumor-
initiating triple-negative breast cancer stem cells. Mol Oncol.
2019;13(4):894-908. https://doi.org/10.1002/1878-0261.12444

Sabol RA, Bowles AC, Coté A, Wise R, O'Donnell B, Matossian
MD, et al. Leptin produced by obesity-altered adipose stem
cells promotes metastasis but not tumorigenesis of triple-
negative breast cancer in orthotopic xenograft and patient-
derived xenograft models. Breast Cancer Res. 2019;21(1):67.
https://doi.org/10.1186/513058-019-1153-9

Mastology 2024;34:e20230035


https://doi.org/10.1210/en.2009-0070
https://doi.org/10.1056/NEJMra1001389
https://doi.org/10.1056/NEJMra1001389
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.1007/s10549-007-9632-6
https://doi.org/10.1007/s10549-007-9632-6
https://doi.org/10.1158/1055-9965.EPI-08-0544
https://doi.org/10.1158/1055-9965.EPI-08-0544
https://doi.org/10.1007/s10552-009-9331-1
https://doi.org/10.1007/s10552-009-9331-1
https://doi.org/10.1186/bcr2261
https://doi.org/10.1093/jnci/djq526
https://doi.org/10.1007/s10549-011-1616-x
https://doi.org/10.1007/s10549-012-2339-3
https://doi.org/10.1007/s10549-012-2339-3
https://doi.org/10.1007/s10549-016-3825-9
https://doi.org/10.1007/s10549-016-3825-9
https://doi.org/10.3322/caac.21405
https://doi.org/10.3322/caac.21405
https://doi.org/10.7314/apjcp.2013.14.10.6013
https://doi.org/10.7314/apjcp.2013.14.10.6013
https://doi.org/10.1007/s10549-009-0591-y
https://doi.org/10.1007/s10549-009-0591-y
https://doi.org/10.3390/cancers10120514
https://doi.org/10.1530/ERC-13-0329
https://pubmed.ncbi.nlm.nih.gov/?term=Borthakur+BB&cauthor_id=28414093
https://doi.org/10.1016/j.gene.2017.04.021
https://doi.org/10.3390/cancers12061686
https://doi.org/10.3390/cancers12061686
https://doi.org/10.1016/j.ajpath.2017.09.018
https://doi.org/10.1016/j.ajpath.2017.09.018
https://doi.org/10.1084/jem.20181616
https://doi.org/10.1111/cas.12964
https://doi.org/10.1186/s40608-014-0033-1
https://doi.org/10.3389/fimmu.2019.01940
https://pubmed.ncbi.nlm.nih.gov/?term=Dyson+G&cauthor_id=30636104
https://doi.org/10.1002/1878-0261.12444
https://doi.org/10.1186/s13058-019-1153-9

Association between obesity and triple-negative breast cancer: a systematic qualitative review

27.

28.

29.

32.

36.

39.

D’Esposito V, Liguoro D, Ambrosio MR, Collina F, Cantile M,
Spinelli R, et al. Adipose microenvironment promotes triple
negative breast cancer cell invasiveness and dissemination
by producing CCL5. Oncotarget. 2016;7(17):24495-509. https://
doi.org/10.18632/oncotarget.8336

Ewertz M, Jensen MB, Gunnarsdéttir KA, Hejris I, Jakobsen
EH, Nielsen D, et al. Effect of obesity on prognosis after early-
stage breast cancer. J Clin Oncol. 2011;29(1):25-31. https://doi.
0rg/10.1200/JC0.2010.29.7614

Mei L, He L, Song Y, Lv Y, Zhang L, Hao F, et al. Association
between obesity with disease-free survival and overall survival
in triple-negative breast cancer: a meta-analysis. Medicine
(Baltimore). 2018;97(19):e0719. https://doi.org/10.1097/
MD.0000000000010719

. AdemuyiwaFO, Groman A, O’Connor T, Ambrosone C, Watroba

N, Edge SB. Impact of body mass index on clinical outcomes
in triple-negative breast cancer. Cancer. 2011;117(18):4132-40.
https://doi.org/10.1002/cncr.26019

. Dawood S, Lei X, Litton JK, Buchholz TA, Hortobagyi GN,

Gonzalez-Angulo AM. Impact of body mass index on survival
outcome among women with early stage triple-negative breast
cancer. Clin Breast Cancer. 2012;12(5):364-72. https://doi.
org/10.1016/j.clbc.2012.07.013

Mowad R, Chu QD, Li BDL, Burton GV, Ampil FL, Kim RH.
Does obesity have an effect on outcomes in triple-negative
breast cancer? ] Surg Res. 2013;184(1):253-59. https://doi.
org/10.1016/j.js5.2013.05.037

3. Tait S, Pacheco JM, Gao F, Bumb C, Ellis MJ, Ma CX. Body mass

index, diabetes, and triple-negative breast cancer prognosis.
Breast Cancer Res Treat. 2014;146(1):189-97. https://doi.
0rg/10.1007/s10549-014-3002-y

. Schmidt G, Schneider C, Gerlinger C, Endrikat J, Gabriel L,

Stroder R, et al. Impact of body mass index, smoking habit,
alcohol consumption, physical activity and parity on disease
course of women with triple-negative breast cancer. Arch
Gynecol Obstet. 2020;301(2):603-9. https://doi.org/10.1007/
s00404-019-05413-4

5. Turkoz FP, Solak M, Petekkaya I, Keskin O, Kertmen N,

Sarici F, et al. The prognostic impact of obesity on molecular
subtypes of breast cancer in premenopausal women. ] BUON.
2013;18(2):335-41. PMID: 23818343.

Loi S, Milne RL, Friedlander ML, McCredie MRE, Giles GG,
Hopper JL, et al. Obesity and outcomes in premenopausal and
postmenopausal breast cancer. Cancer Epidemiol Biomarkers
Prev. 2005;14(7):1686-91. https://doi.org/10.1158/1055-9965.
EPI-05-0042

37. Hao S, Liu Y, Yu KD, Chen S, Yang WT, Shao ZM. Overweight

as a prognostic factor for triple-negative breast cancers in
chinese women. PLoS One. 2015;10(6):e0129741. https://doi.
org/10.1371/journal.pone.0129741

38. Bao PP, Cai H, Peng P, Gu K, Su Y, Shu XO, et al. Body mass

index and weight change in relation to triple-negative breast
cancer survival. Cancer Causes Control. 2016;27(2):229-36.
https://doi.org/10.1007/s10552-015-0700-7

AlJarroudiO,AbdaN, SeddikY, BrahmiSA, Afqir S. Overweight:
is it a prognostic factor in women with triple-negative breast
cancer? Asian Pac ] Cancer Prev. 2017;18(6):1519-23. https://
doi.org/10.22034/APJCP.2017.18.6.1519

40.

41.

42.

44.

46.

47.

48.

49.

Choi Y, Park SK, Ahn KJ, Cho H, Kim TH, Yoon HK, et al.
Being overweight or obese increases the risk of progression
in triple-negative breast cancer after surgical resection. ]
Korean Med Sci. 2016;31(6):886-91. https://doi.org/10.3346/
jkms.2016.31.6.886

Chen HL, Ding A, Wang ML. Impact of central obesity on
prognostic outcome of triple negative breast cancer in Chinese
women. Springerplus. 2016;5:594. https://doi.org/10.1186/
s40064-016-2200-y

Maehle BO, Tretli S. Pre-morbid body-mass-index in breast
cancer: reversed effect on survival in hormone receptor
negative patients. Breast Cancer Res Treat. 1996;41(2):123-30.
https://doi.org/10.1007/BF01807157

. Eliassen AH, Colditz GA, Rosner B, Willett WC, Hankinson

SE. Adult weight change and risk of postmenopausal breast
cancer. JAMA. 2006;296(2):193-201. https://doi.org/10.1001/
jama.296.2.193

Sundaram S, Le TL, Essaid L, Freemerman AJ, Huang M]J,
GalankoJA, et al. Weight loss reversed obesity-induced HGF/c-
Met pathway and basal-like breast cancer progression. Front
Oncol. 2014;4:175. https://doi.org/10.3389/fonc.2014.00175

. Qin Y, Sundaram S, Essaid L, Chen X, Miller SM, Yan F, et al.

Weight loss reduces basal-like breast cancer through kinome
reprogramming. Cancer Cell Int. 2016;16:26. https://doi.
0rg/10.1186/s12935-016-0300-y

Bao], BorjaN,Rao M, HuthJ, Leitch AM, Rivers A, et al. Impact
of weight change during neoadjuvant chemotherapy on
pathologic response in triple-negative breast cancer. Cancer
Med. 2015;4(4):500-6. https://doi.org/10.1002/cam4.388

Wang T, Fahrmann JF, Lee H, Li Y], Tripathi SC, Yue C, et al.
JAK/STAT3-regulated fatty acid P-oxidation is critical for
breast cancer stem cell self-renewal and chemoresistance.
Cell Metab. 2018;27(1):136-50.e5. https://doi.org/10.1016/j.
cmet.2017.11.001

Otvos Jr L, Kovalszky I, Riolfi M, Ferla R, Olah J, Sztodola A,
et al. Efficacy of a leptin receptor antagonist peptide in a
mouse model of triple-negative breast cancer. Eur J Cancer.
2011;47(10):1578-84. https://doi.org/10.1016/j.ejca.2011.01.018

Gourgue F, Mignion L, Van Hul M, Dehaen N, Bastien E, Payen
V, et al. Obesity and triple-negative-breast-cancer: Is apelin a
new key target? J Cell Mol Med. 2020;24(17):10233-44. https://
doi.org/10.1111/jemm.15639

. Mamidi TKK, Wu J, Tchounwou PB, Miele L, Hicks C. whole

genome transcriptome analysis of the association between
obesity and triple-negative breast cancer in caucasian women.
Int ] Environ Res Public Health. 2018;15(11):2338. https://doi.
org/10.3390/ijerph15112338

. Potischman N, Swanson CA, Siiteri P, Hoover RN. Reversal

of relation between body mass and endogenous estrogen
concentrations with menopausal status. J Natl Cancer Inst.
1996;88(11):756-8. https://doi.org/10.1093/jnci/88.11.756

. Sun H, Zou J, Chen L, Zu X, Wen G, Zhong J. Triple-negative

breast cancer and its association with obesity. Mol Clin Oncol.
2017;7(6):935-42. https://doi.org/10.3892/mco0.2017.1429

3. Irwin ML, McTiernan A, Manson JE, Thomson CA, Sternfeld

B, Stefanick ML, et al. Physical activity and survival in
postmenopausal women with breast cancer: results from the
women’s health initiative. Cancer Prev Res (Phila). 2011;4(4):522-
9. https://doi.org/10.1158/1940-6207.CAPR-10-0295

© 2024 Brazilian Society of Mastology

This is an open access article distributed under the terms of the Creative Commons license.

Mastology 2024;34:e20230035



https://doi.org/10.18632/oncotarget.8336
https://doi.org/10.18632/oncotarget.8336
https://doi.org/10.1200/JCO.2010.29.7614
https://doi.org/10.1200/JCO.2010.29.7614
https://doi.org/10.1097/MD.0000000000010719
https://doi.org/10.1097/MD.0000000000010719
https://doi.org/10.1002/cncr.26019
https://doi.org/10.1016/j.clbc.2012.07.013
https://doi.org/10.1016/j.clbc.2012.07.013
https://doi.org/10.1016/j.jss.2013.05.037
https://doi.org/10.1016/j.jss.2013.05.037
https://doi.org/10.1007/s10549-014-3002-y
https://doi.org/10.1007/s10549-014-3002-y
https://doi.org/10.1007/s00404-019-05413-4
https://doi.org/10.1007/s00404-019-05413-4
https://doi.org/10.1158/1055-9965.EPI-05-0042
https://doi.org/10.1158/1055-9965.EPI-05-0042
https://doi.org/10.1371/journal.pone.0129741
https://doi.org/10.1371/journal.pone.0129741
https://doi.org/10.1007/s10552-015-0700-7
https://doi.org/10.22034/APJCP.2017.18.6.1519
https://doi.org/10.22034/APJCP.2017.18.6.1519
https://doi.org/10.3346/jkms.2016.31.6.886
https://doi.org/10.3346/jkms.2016.31.6.886
https://doi.org/10.1186/s40064-016-2200-y
https://doi.org/10.1186/s40064-016-2200-y
https://doi.org/10.1007/BF01807157
https://doi.org/10.1001/jama.296.2.193
https://doi.org/10.1001/jama.296.2.193
https://doi.org/10.3389/fonc.2014.00175
https://pubmed.ncbi.nlm.nih.gov/?term=Sundaram+S&cauthor_id=27042159
https://doi.org/10.1186/s12935-016-0300-y
https://doi.org/10.1186/s12935-016-0300-y
https://doi.org/10.1002/cam4.388
https://doi.org/10.1016/j.cmet.2017.11.001
https://doi.org/10.1016/j.cmet.2017.11.001
https://pubmed.ncbi.nlm.nih.gov/?term=Kovalszky+I&cauthor_id=21353530
https://pubmed.ncbi.nlm.nih.gov/?term=Riolfi+M&cauthor_id=21353530
https://doi.org/10.1016/j.ejca.2011.01.018
https://doi.org/10.1111/jcmm.15639
https://doi.org/10.1111/jcmm.15639
https://doi.org/10.3390/ijerph15112338
https://doi.org/10.3390/ijerph15112338
https://doi.org/10.1093/jnci/88.11.756
https://doi.org/10.3892/mco.2017.1429
https://doi.org/10.1158/1940-6207.CAPR-10-0295

