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Obesity is adversely associated with breast cancer (BC) risk (par-
ticularly in postmenopausal women) and with BC prognosis (1,
2). In a meta-analysis, our group showed that women who were
obese at BC diagnosis had a higher risk of total mortality and
mortality from BC, regardless of their menopausal status, when
compared with normal weight women; the summary relative
risk of total mortality was 1.35 (95% confidence interval [CI] ¼
1.24 to 1.47) and 1.35 (95% CI ¼ 1.24 to 1.47; 22 studies) for mor-
tality from BC (3). More recently, in a literature-based meta-
analysis, we reported that the pooled hazard ratios (HRs) for
disease-free survival and overall survival (OS) in obese vs non-
obese were worse in all immunohistochemically defined BC
subtypes, although prognostic effects were smaller in the triple-
negative subtype (HR¼ 1.23, 95% CI ¼ 1.08 to 1.40; P ¼ .002) for
OS and a HR of 1.15 (95% CI ¼ 1.05 to 1.26; P ¼ .03) for disease-
free survival (4).

Given the aggressiveness of triple-negative BC (TNBC), prog-
nostic and predictive markers that could guide development of
future targeted interventions have been sought. The presence
of stromal tumor-infiltrating lymphocytes (sTILs) in TNBC has
been identified as a prognostic factor and also as a predictor of
response to chemotherapy (5) and immunotherapy (6).

In this issue of the Journal, Floris et al. (7) evaluate the im-
pact of body mass index (BMI) at diagnosis on the association of
sTILs with outcomes in TNBC patients receiving neoadjuvant
chemotherapy. Although BMI was not associated with the ex-
tent of sTILs (measured categorically or continuously), there
was a statistically significant interaction of BMI with the associ-
ation of sTILs and pathologic complete response (pCR); higher
levels of sTILs (measured categorically as >30% vs <30%, or con-
tinuously) were statistically significantly associated with higher
pCR. Higher sTILs were also associated with statistically signifi-
cantly better event-free survival and OS in lean (BMI < 25 kg/m2)
but not in overweight or obese (BMI > 25 kg/m2) individuals.
These observations provide evidence of an impact of obesity (as
reflected by BMI) on the association of sTILs with chemotherapy
response and outcomes in TNBC.

Interestingly, a similar BMI-related pattern has been seen by
Barba et al. (8), who studied the impact of BMI on the

association of phosphorylated c-H2X, which is formed as a re-
pair mechanism in response to DNA double-strand breaks, with
pCR in TNBC. Higher levels of c-H2AX (potentially reflecting en-
hanced DNA repair leading to chemotherapy resistance) were
associated with reduced pCR in lean subjects but not in obese
individuals. The authors discussed obesity-associated meta-
bolic changes (eg, higher insulin and glucose, altered adipo-
kines) and/or increases in oxidative stress leading to greater
DNA damage as potentially contributing to this BMI effect.

What does the loss (or reduction) of a beneficial effect of
high sTILs in overweight or obese individuals with TNBC who
are receiving chemotherapy tell us? In considering this ques-
tion, it is important to note that the interaction reported by
Floris et al. (7) was quantitative rather than qualitative. That is,
high (vs low) sTILs still seemed to be associated with enhanced
pCR rates in overweight and obese (45% vs 34%), but the degree
of enhancement was less than in lean individuals (73% vs 36%)
(7). This may reflect the presence of other inflammatory
changes, apart from sTILs, in the tumor microenvironment in
overweight and obese patients that were driving tumor growth
and reducing response to chemotherapy, reducing effects of
sTILs. These changes may include higher levels of inflammatory
cytokines, increased infiltration of other inflammatory cells (in-
cluding macrophages), and/or altered function of inflammatory
cells in obese and overweight individuals (9). An alternate ex-
planation could be that changes in systemic physiology in over-
weight and obese individuals, such as higher insulin and
related growth factors, may have stimulated growth of tumor
cells directly, reducing chemotherapy response independent of
TILs.

In mouse models, obesity appears to be a mediator of im-
mune dysfunction, an effect that is at least partially driven by
higher levels of leptin, leading to increased T-cell activation, T-
cell dysfunction, and upregulation of PD-1 expression in T cells
(10–13). Interestingly, leptin levels are correlated with PD-1 ex-
pression on CD8þ T cells (R¼ 0.43; P ¼ .001) in healthy obese
individuals. A similar pattern has been seen in patients with
melanoma where a 1.57-fold increase in mean PD-1 expression
in obese vs nonobese has been observed (P ¼ .019) (10). These
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observations suggest a biologic basis for preclinical and clinical
reports that obesity is associated with greater tumor respon-
siveness to checkpoint blockade (10,14,15). In metastatic mela-
noma patients receiving immunotherapy, obesity (vs normal
weight) has been associated with higher OS (HR¼ 0.54, 95% CI ¼
0.34 to 0.86) and progression-free survival (HR¼ 0.63, 95% CI ¼
0.41 to 0.95) (14). Similar results have been observed in a
patient-level meta-analysis of clinical trials with the immune
checkpoint inhibitor atezolizumab in metastatic lung cancer;
improvement in OS was greatest in obese patients, particularly
those with highest PDL-1 expression (HR¼ 0.36, 95% CI ¼ 0.21 to
0.62) (15).

Because it is unknown whether obesity may affect the re-
sponse to checkpoint inhibitors in TNBC, analysis of BMI
effects in phase III clinical trials involving PD-L1 or PD-1 inhibi-
tors such as atezolizumab in the Impassion130 trial (16) and
pembrolizumab in the KEYNOTE- 355 trial (17) is warranted. It
would also be important to investigate the addition of check-
point inhibitors to neoadjuvant chemotherapy in TNBC across
BMI categories to determine whether these agents could re-
store the association of sTILs with response in overweight and
obese individuals.

The report by Floris et al. (7) is an important addition to the
literature. It underscores the complexity of the contribution of
obesity to BC, and it expands the “hypothesis space” regarding
potential mechanisms by which obesity may impact BC out-
comes. Ideally, the observations reported in this paper will
lead to the testing of interventions that will enhance BC
outcomes.
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