%
=
a
a
tm

JNCI] Natl Cancer Inst (2021) 113(2): djaa090

doi: 10.1093/jnci/djaa090
First published online July 6, 2020
Article

Body Mass Index and Tumor-Infiltrating Lymphocytes in
Triple-Negative Breast Cancer

Giuseppe Floris (), MD, PhD,"* Francois Richard (%), PhD,>* Anne-Sophie Hamy (), MD, PhD,>*

Lynn Jongen (), PhD,** Hans Wildiers, MD, PhD,*” Jan Ardui, MD,® Kevin Punie, MD,*> Ann Smeets, MD, PhD,*’
Patrick Berteloot, MD,® Ignace Vergote (), MD, PhD,*® Diane De Croze, MD,? Didier Meseure, MD,®

Anne Salomon, MD, PhD,® Marick Laé, MD,® Fabien Reyal, MD, PhD,? Elia Biganzoli, PhD,***

Patrick Neven, MD, PhD,*®* Christine Desmedt (), PhD>**

Department of Imaging and Pathology, Laboratory of Translational Cell & Tissue Research and University Hospitals Leuven, KU Leuven, 3000 Leuven, Belgium;
2Laboratory for Translational Breast Cancer Research, Department of Oncology, KU Leuven, 3000 Leuven, Belgium; >Lab Residual Tumor and Response to Treatment,
Université Paris-Descartes, Paris, France; “Department of Oncology, KU Leuven, 3000 Leuven, Belgium; *Department of General Medical Oncology, University Hospitals
Leuven, KU Leuven, 3000 Leuven, Belgium; ®Department of Gynecology and Obstetrics, University Hospitals Leuven, KU Leuven, 3000 Leuven, Belgium; "Department of
Surgical Oncology, University Hospitals Leuven, KU Leuven, 3000 Leuven, Belgium; ®Department of Pathology, Institut Curie, Paris, France; °Department of Pathology,
Centre Henri Becquerel, INSERM U1245, UNIROUEN, University of Normandie, Rouen, France and and *°Unit of Medical Statistics, Biometry and Bioinformatics “Giulio
A. Maccacaro,” Department of Clinical Sciences and Community Health & Data Science Research Center (DSRC), University of Milan, Fondazione IRCCS Istituto
Nazionale Tumori, Milan, Italy

tAuthors contributed equally to this work.

*Correspondence to: Christine Desmedt, Laboratory for Translational Breast Cancer Research, Department of Oncology, KU Leuven, Herestraat 49, box 810, 3000
Leuven, Belgium (e-mail: christine.desmedt@kuleuven.be).

Abstract

Background: High levels of stromal tumor-infiltrating lymphocytes (sTIL) are associated with increased pathological complete
response (pCR) rate and longer survival after neoadjuvant chemotherapy in triple-negative breast cancer (TNBC) patients.
Here, we evaluated the value of sTIL in predicting pCR and explored prognosis in TNBC patients treated with neoadjuvant
chemotherapy according to body mass index (BMI). Methods: sTIL were scored centrally on pretreatment biopsies from 2
retrospective series of nonunderweight TNBC patients (n =445). sTIL and BMI were considered as binary (sTIL: <30.0% vs
>30.0%; BMI: lean vs overweight and obese) and continuous variables. Associations with pCR (ypT0/isNO) were assessed using
logistic regression, and associations with event-free survival and overall survival were assessed using Cox regressions.
Results: 236 (53.0%) patients were lean and 209 (47.0%) overweight and obese. pCR was achieved in 181 of 445 (41.7%) patients.
Median sTIL was 11.0%, and 99 of 445 (22.2%) tumors had high sTIL. A statistically significant interaction between sTIL and
BMI, considered as categorical or continuous variables, for predicting pCR was observed in the multivariable analysis
(Pinteraction = -03 and .04, respectively). High sTIL were statistically significantly associated with pCR in lean (odds ratio [OR] =
4.24, 95% confidence interval [CI] = 2.10 to 8.56; P < .001) but not in heavier patients (OR = 1.48, 95% CI = 0.75 to 2.91; P = .26) in
the multivariable analysis. High sTIL were further associated with increased event-free survival in lean (hazard ratio [HR] =
0.22,95% CI = 0.08 to 0.62; P = .004) but not in heavier patients (HR = 0.53, 95% CI = 0.26 to 1.08; P = .08). Similar results were
obtained for overall survival. Conclusion: BMI is modifying the effect of sTIL on pCR and prognosis in TNBC patients treated
with neoadjuvant chemotherapy.

Stromal tumor-infiltrating lymphocytes (sTIL) have been exten- epidermal growth factor receptor 2 (HER2)-positive breast can-
sively studied during the last decade in early breast cancer (1). cers as compared to estrogen receptor (ER)-positive breast
These are generally quantified using a standardized method on tumors (3, 4). A pooled analysis of sTIL in TNBC patients treated
hematoxylin and eosin-stained whole tissue sections (2). sTIL with adjuvant chemotherapy in the context of clinical trials
are more prevalent in triple-negative (TNBC) and human confirmed the prognostic role of sTIL in these patients and the
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excellent survival observed for patients with at least 30% sTIL at
diagnosis (5). A recent analysis further confirmed the prognostic
value of sTIL in systemically untreated patients with early stage
TNBC (6). Additionally, a large pooled analysis has demon-
strated that higher levels of sTIL predict pathological complete
response (pCR) to neoadjuvant chemotherapy in patients from
all molecular subtypes (TNBC, HER2-positive, and ER-positive/
HER2-negative) but longer survival only in TNBC and HER2-
positive breast cancer (4). Of note, in light of the consistent find-
ings in TNBC, sTIL have now been integrated in the new World
Health Organization classification of breast tumors, and their
evaluation has been recommended by the St Gallen
International Consensus Guidelines 2019 (7) for TNBC.

Recent experimental and human data have revealed impor-
tant differences in the tumor immune microenvironment
according to the adiposity of the subject (8-10). Wang et al. (8)
demonstrated that the age-related deterioration of the T lym-
phocytes is exacerbated by obesity and mediated by leptin,
which is present at high levels in obese subjects. Consistent
results were observed in mice, nonhuman primates, and
humans. Specifically, obesity was associated with a decreased
proliferative capacity and an increased expression of the ex-
haustion markers PD-1, LAG3, and TIM3 of the CD8" cytotoxic
T-cell compartment. These observations could potentially ex-
plain the improved survival observed in obese, compared with
lean, melanoma, non-small cell lung carcinoma and renal cell
carcinoma patients treated with checkpoint inhibitors (11-14).
Besides the intriguing differences observed for the CD8" cyto-
toxic T cells, 2 recent studies highlighted the remodeling that
macrophages undergo in the adipose tissue of obese women
and obese breast cancer patients (9, 10). Springer et al. (10) re-
cently analyzed macrophages in the mammary tissue from non-
cancer patients and observed that obesity was associated with
an increase in density of M2-biased macrophages. Tiwari et al.
(9) analyzed macrophages present in TNBC and observed that
obesity was associated with the presence of pro-inflammatory
macrophages, which unlike the pro-inflammatory M1 macro-
phages are protumorigenic. These 2 studies therefore provide
evidence regarding the impact of adiposity on the plasticity of
macrophages, an effect that might also potentially differ accord-
ing to the presence or not of cancer.

The proportion of women who are overweight or obese has
been increasing over the past decades and is at least 50% in
most industrialized countries, reaching even 64% in the United
States according to the latest estimates (15). So far, the predic-
tive and prognostic values of sTIL have never been investigated
according to the patient’s body mass index (BMI). Here, we in-
vestigated whether BMI would modify the effect of sTIL to pre-
dict pCR in TNBC patients treated with neoadjuvant
chemotherapy and explored the prognostic value of sTIL in this
series according to BMI.

Methods

Patients

We considered 2 retrospective, consecutive institutional series
of TNBC patients treated with neoadjuvant chemotherapy (UZ
Leuven, n =174; Institut Curie, n=277). At UZ Leuven, patients
were diagnosed between January 1, 2000, and August 31, 2017,
and at Institut Curie between January 1, 2002, and June 30, 2012.
The type of neoadjuvant chemotherapy was chosen as per local
guidelines at the time of diagnosis and was generally based on
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1) anthracyclines, 2) anthracyclines and taxanes, or 3) anthracy-
clines, taxanes, and platinum. In both series, TNBC was defined
as ER-negative and progesterone receptor-negative according to
American Society of Clinical Oncology and College of American
Pathologists guidelines on immunohistochemistry (IHC)-
stained slides and HER2-negative by IHC (in cases of score 0 or
1+) or by fluorescent in situ hybridization for cases with an IHC
score of 2+ or 3+ (16). pCR was defined as ypTO/is NO. BMI was
calculated from the height and weight measurements at the
time of patient diagnosis, as the weight in kilograms divided by
the square of the height in meters, and was further categorized
according to the definition from the World Health Organization:
underweight (<18.5kg/m?), lean (>18.5 and <25kg/m?), over-
weight (>25 and <30kg/m?, and obese (>30kg/m?).
Underweight patients (n=6) were excluded given their low fre-
quency and potentially adverse prognosis (17). For the main
analyses, BMI was binarized as follows: low (lean) vs high BMI
(overweight and obese). This study has been approved by the re-
spective ethics committees (UZ Leuven: No. S58586, Institut
Curie: No. 1547270).

TIL Assessment

sTIL were scored centrally by an experienced pathologist (GF)
on hematoxylin and eosin sections from pretreatment biopsies
according to the guidelines of the international TIL working
group (2). sTIL were scored on the pretreatment core needle bi-
opsy either using digitalized hematoxylin and eosin slides
(Institut Curie) or with standard light microscopy in bright field
on hematoxylin and eosin-stained sections (UZ Leuven). The
percentage of the mononuclear inflammatory infiltrate present
in the peritumoral stroma was recorded for each analyzed field.
The average value of 3 to 5 fields with 200x magnification lo-
cated at the invasive front of the tumor was obtained and used
as the actual sTIL score. In addition to considering sTIL as a con-
tinuous variable, highly infiltrated tumors were defined as at
least 30% sTIL in agreement with recent TNBC literature (5).

Statistical Analysis

Associations between categorical BMI and clinicopathological
variables were assessed using the Fisher exact test, association
between continuous sTIL and categorical BMI using Kruskal-
Wallis, and 2-sample Kolmogorov-Smirnov test. Correlation be-
tween continuous BMI and continuous sTIL was assessed using
the Spearman rank test. Associations with pCR were assessed
using logistic regression. Overdispersion was not considered
relevant when the ratio between the residual degrees of free-
dom and the variance was lower than 2. Associations with
event-free survival (EFS) and overall survival (OS) were assessed
using stratified log-rank test and Cox proportional hazard re-
gression. EFS was defined as the time from surgery to locore-
gional, distant recurrence, or death without the evidence of
recurrence, and OS was defined as the time from surgery to
death for any cause. Median follow-up, as computed using the
reverse Kaplan-Meier estimator, was 7.63 years. However, it was
curtailed at 5years to ensure the comparability of the 2-case se-
ries in consideration of the declining numerosity of patients fol-
lowed after that timepoint. Menopausal status (pre vs post),
grade (1+2 vs 3), and stage (1+ 2 vs 3) at diagnosis were consid-
ered as adjustment variables. We accounted for the center effect
by stratification or adjustment in models with categorical or
continuous variables, respectively. An interaction term was
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considered between sTIL and BMI. Proportional hazard assump-
tions were checked by analyzing the Schoenfeld residuals both
graphically and through the cox.zph function from the R survival
package. Model assumptions, outliers, and leverage effects were
checked, using the R stats package, by computing residuals and
Cook’s distances. The logistic and Cox regressions were first
assessed using sTIL and BMI as binary variables using predefined
cutoffs. Then, continuous analyses were performed, and nonlin-
ear effects were explored during the model-building phase resort-
ing to regression splines. For the continuous analyses, odds ratios
(OR) and hazard ratios (HR) were computed for a 10.0% increment
of sTIL and 1.0% increment in BMI. All P values from regressions
were based on Wald test, with the exception of the 1 provided for
the joint effects, which is from a likelihood ratio test considering
the 2 main terms, sTIL and BMI, as well as their interaction. P val-
ues were 2-sided and considered as statistically significant at the
conventional level of .05. Consistently, 95% confidence intervals
(CIs) were appropriately computed with the functions provided in
the stats, survival, and rms packages. All analyses were done us-
ingR3.5.2.

Results

Patient Characteristics

We considered 451 TNBC patients treated with neoadjuvant che-
motherapy from 2 retrospective, consecutive institutional series
(Supplementary Figures 1 and 2, available online). After excluding
underweight patients (n=6), 236 of 445 (53.0%, 95% CI = 48.4% to
57.7%), 132 of 445 (29.7%, 95% CI = 25.4% to 33.9%), and 77 of 445
(17.3%, 95% CI = 13.8% to 20.8%) patients were lean, overweight,
and obese, respectively. Taken together, overweight and obese
patients represented 209 of 445 (47.0%, 95% CI = 40.0% to 54.0%)
patients. The patient and tumor characteristics are summarized
in Table 1. Median age at diagnosis was 49years, and 183 of 438
(41.8%, 95% CI = 37.2% to 46.4%) were postmenopausal. Median
sTIL was 11.0%, and 99 of 445 (22.2%, 95% CI = 18.4% to 26.1%)
tumors had high sTIL (defined as >30.0%; Figure 2,A). pCR was
achieved in 181 of 445 (40.7%, 95% CI = 36.1% to 45.2%) of the
patients. For the EFS and OS endpoints, 118 and 90 events were
recorded at 5years, respectively, with 2 deaths without evidence
of recurrence. Of these 445 patients, 433 (97.3%) had complete
clinicopathologic characteristics for multivariable analyses.

Association Between BMI and Clinicopathologic
Characteristics

BMI was showing association with menopausal status (P < .001),
tumor size (P < .001), and stage (P = .008) (Table 1). BMI was not
showing association with categorical sTIL. There was also no
association when considering binary BMI and continuous sTIL
(P = .48 and P = .84 from the Kruskal-Wallis and Kolmorgornov-
Smirnoff tests, respectively; Figure 1), or when considering both
as continuous variables (Spearman rho = -0.047; P = .32). We
further explored the associations considering the 3 main BMI
categories (lean, overweight, and obese) and reported these in
Supplementary Table 1 (available online) and Supplementary
Figure 2 (available online).

Association of sTIL With pCR According to BMI

It has previously been demonstrated that increased levels of
sTIL are predicting pCR to neoadjuvant chemotherapy in TNBC

patients (4). Here, we evaluated whether BMI is modifying this
effect. We first considered the predefined cutoffs for both sTIL
(<30.0% vs >30.0%) (5) and BMI (lean vs overweight and obese).
A stable pCR rate was observed in patients with low sTIL tumors
across the BMI groups, with 67 of 184 (36.4%, 95% CI = 29.5% to
43.4%) lean and 55 of 162 (34.0%, 95% CI = 26.7% to 41.2%)
heavier patients having a pCR (Figure 2,A). However, in patients
with high sTIL tumors, we observed a higher pCR rate in lean
patients, with 38 of 52 (73.1%, 95% CI = 61.0% to 85.1%) patients
having a pCR as opposed to only 21 of 47 (44.7%, 95% CI = 30.5%
to 58.9%) in heavier patients. Similar results were seen when ex-
ploring the 3 BMI categories (Supplementary Figure 2C, available
online), with 16 of 35 (45.7%, 95% CI = 29.2% to 62.2%) over-
weight and 5 of 12 (41.7%, 95% CI = 13.8% to 69.6%) obese
patients achieving a pCR in the high sTIL group (Supplementary
Figure 2, available online). On the contrary, a stable pCR rate
was observed in the low sTIL group across the BMI categories,
with 33.0% (32 of 97, 95% CI = 23.6% to 42.3%) in overweight and
35.4% (23 of 65, 95% CI = 23.8% to 47.0%) in obese patients
(Figure 2,A). Regression analyses revealed a statistically signifi-
cant interaction between sTIL and BMI for predicting pCR in
multivariable analysis (Pinteraction = -03) (Figure 2, B and C). sTIL
were showing association with pCR in lean but not in heavier
patients in multivariable analysis (ORjean = 4.24, 95% CI = 2.10 to
8.56; P < .001; and ORgyerweight and obese = 1.48, 95% CI = 0.75 to
2.91; P = .26).

Acknowledging the continuous distribution of both sTIL and
BMI, we further carried out an analysis where both were consid-
ered as continuous variables. There was no evidence of nonlin-
ear effects. Here, we also observed a statistically significant
interaction term between linear sTIL and BMI at the multivari-
able level (Pinteraction = -04; Figure 2, D and E). We further mod-
eled the OR of having pCR as a function of sTIL and BMI
(Figure 3). The plot shows the interaction of BMI with sTIL in
predicting pCR. It confirms that for low BMI, higher sTIL levels
are associated with higher pCR rates, whereas it is associated
with lower pCR rates for higher BMI values.

Association of sTIL With Prognosis According to BMI

We first explored the prognostic value of sTIL according to BMI
for EFS and OS, considering both as binary variables. In lean
patients, we observed a clear separation of the curves between
high and low sTIL, whereas this difference was less marked in
the overweight and obese patients (Figure 4,A). The interaction
term, however, did not reach statistical significance at the mul-
tivariable level (Pinteraction = -17; Figure 4, B and C). Nevertheless,
the confidence intervals of the 2 BMI groups (Figure 4,B) advo-
cate for a trend of an underlying interaction between BMI and
sTIL, with higher sTIL being associated with better EFS in lean
patients (HR = 0.22, 95% CI = 0.08 to 0.62; P = .004) but not in
overweight and obese patients (HR = 0.53, 95% CI = 0.26 to 1.08;
P = .08). Similar results were observed for OS (Figure 4, D-F); al-
though the interaction term did not reach statistical signifi-
cance at the multivariable level (Pinteraction = -12; Figure 4, E and
F), higher sTIL were associated with better OS in lean patients
(HR = 0.22, 95% CI = 0.07 to 0.70; P = .01) but not in overweight
and obese patients (HR = 0.65, 95% CI = 0.31 to 1.35; P = .25). A
model including pCR as covariate for the EFS and OS analyses is
reported in Supplementary Figure 3 (available online). As
expected, it showed a statistically significant protective effect of
PCR regarding EFS and OS (HR = 0.18, 95% CI = 0.10 to 0.32; P <
.001; and HR = 0.17, 95% CI = 0.09 to 0.34; P < .001 for EFS and



Table 1. Patient and tumor characteristics according to BMI
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All patients Lean Overweight and obese
Patient and tumor characteristics (n=445) (n=236) (n=209) p?
Age, No. (%) .002
<40y 110 (24.7) 73 (30.9) 37 (17.7)
41-50y 128 (28.8) 70 (29.7) 58 (27.8)
>50y 207 (46.5) 93 (39.4) 114 (54.5)
Age (continuous), y
Mean (SD) 49.4 (11.4) 473 (11.2) 51.8 (11.2) <.001
Median (IQR) 49 (41-57) 46.5 (39-54) 52 (43-59)
Range 25-84 25-84 27-79
Menopausal status, No. (%)
Pre 255 (58.2) 153 (66.2) 102 (49.3) <.001
Post 183 (41.8) 78 (33.8) 105 (50.7)
Missing 7 5 2
Tumor size (cT), No. (%)
cT1 46 (10.3) 34 (14.4) 12 (5.7) <.001
cT2 246 (55.3) 135 (57.2) 111 (53.1)
cT3 108 (24.3) 55 (23.3) 53 (25.4)
cT4a-c 13 (2.9) 4(1.7) 9 (4.3)
cT4d 32(7.2) 8(3.4) 24 (11.5)
Nodal status (cN), No. (%)
cNO 182 (40.9) 97 (41.1) 85 (40.7) .09
cN1 193 (43.4) 110 (46.6) 83(39.7)
cN2 23(5.2) 12 (5.1) 11 (5.3)
cN3 47 (10.6) 17 (7.2) 30 (14.4)
Stage, No. (%)
Stagel 19 (4.3) 15 (6.4) 4(1.9) .008
Stage II 268 (60.2) 149 (63.1) 119 (56.9)
Stage I1I 158 (35.5) 72 (30.5) 86 (41.1)
Histological grade, No. (%)
Grade 1 2(0.5) 2(0.9) 0(0.0) 07
Grade 2 48(10.9) 31(13.4) 17 (8.2)
Grade 3 390 (88.6) 199 (85.8) 191 (91.8)
Missing 5 4 1
STIL, No. (%)
<30.0% 346 (77.8) 184 (78.0) 162 (77.5) 91
30.0% 99 (22.2) 52 (22.0) 47 (22.5)
sTil (continuous), No. (%)
Mean (SD) 18.9(20.5) 18.7 (20.7) 19.2 (20.4) 48
Median (IQR) 11 (5-24) 11 (4.8-24.2) 11 (5-24)
Range 0-90 0-88 0-90
Neoadjuvant treatment, No. (%)
Anthra 57 (12.8) 32 (13.6) 25 (12.0) 73
Anthra-Tax 296 (66.5) 159 (67.4) 137 (65.6)
Anthra-Tax-Carbo 52 (11.7) 27 (11.4) 25 (12.0)
Other 40 (9) 18 (7.6) 22 (10.5)
PCR (ypT0/is NO) No. (%)
No 264 (59.3) 131 (55.5) 133 (63.6) 08
Yes 181 (40.7) 105 (44.5) 76 (36.4)

2P values are from the Fisher exact test and Kruskal-Wallis test when comparing categorical and continuous variables against 2 categories BMI, respectively. BMI =

body mass index; IQR = interquartile range.

0S, respectively) while keeping the same trend considering the
interaction between BMI and sTIL regarding the survival. We
further evaluated the prognostic value of sTIL according to BMI
considering both as continuous variables in Supplementary
Figure 4 (available online). The same trend is observed with a
protective effect of higher sTIL that decreases with high BMI val-
ues (Supplementary Figure 3, B and E, available online).
The interaction term did not reach statistical significance
(Pinteraction = -27 and Pinteraction = -18 for multivariable analysis of

EFS and OS, respectively; Supplementary Figure 4, available on-
line), but the observed increasing hazard ratio of sTIL with
higher BMI suggests the existence of a modifying effect of BMI
over sTIL. Similarly to Supplementary Figure 4 (available on-
line), we also reported a model including pCR as covariate for
the EFS and OS analyses in Supplementary Figure 5 (available
online). In this continuous approach, pCR was still showing a
statistically significant protective effect considering EFS and OS
(HR = 0.19, 95% CI = 0.11 to 0.34; P < .001; and HR = 0.18, 95% CI
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Figure 1. Distribution of sTIL, BMI, and pCR rates. A) Distribution of sTIL. Light and dark colour indicate low (<30.0%) and high (>30.0%) sTIL, respectively. The vertical
line indicates the median. B) Distribution of sTIL for the complete series and according to the 2 categories of BMI. Violin plots indicate the probability density of the
data, and box plots represent the median (bold line) and interquartile range (rectangle). Dots report the distribution of the observed values. BMI = body mass index;
PCR = pathological complete response; sTIL = stromal tumor-infiltrating lymphocytes.
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Figure 2. Association of sTIL with pCR according to BMI. A) pCR rate according to the 2 categories of BMI and sTIL. Low and high sTIL are depicted in light and dark col-
our, respectively. Multivariable logistic model considering both sTIL and BMI as categorical (B, C) and continuous (D, E) variables. Panels (B) and (D) represent the inter-
action effect between BMI and sTIL and panels (C, E) the effects of the adjustment variables (menopausal status, grade, stage) of the models. All reported P values are
from Wald tests, with the exception of the joint effect that reports a P value from a likelihood ratio test considering the 2 main terms sTIL and BMI as well as their inter-
action. BMI = body mass index; CI = confidence interval; OR = odds ratio; pCR = pathological complete response; sTIL = stromal tumor-infiltrating lymphocytes.

=0.09 to 0.35; P < .001 for EFS and OS, respectively), whereas the
modifying effect of BMI on sTIL remained visible.

Discussion

High sTIL levels have been associated with increased pCR rates
in TNBC patients treated with a different neoadjuvant chemo-
therapy regimen (4). Here, we report that BMI is modifying the
effect of sTIL in TNBC patients treated with neoadjuvant che-
motherapy. Indeed, when defining highly infiltrated tumors as
those with at least 30.0% sTIL (5), we observed a pCR rate of
73.1% in lean and 44.7% in overweight and obese patients.
These observations were further strengthened by the statisti-
cally significant interaction term that was obtained between
sTIL and BMI in the regression analyses when considering both
sTIL and BMI as categorical variables using predefined cutoffs
(Pinteraction = -03). We further repeated the analyses by consider-
ing sTIL and BMI as continuous variables to more accurately re-
flect the degree of tumor immune infiltration and the adiposity
of the patient. These analyses confirmed the statistically signifi-
cant interaction term between sTIL and BMI (Pinteraction = -04).

We also provided a continuous surface representation to visual-
ize the odds ratio for achieving pCR according to sTIL level and
BMI.

A recent study has further demonstrated that high sTIL levels
predict not only pCR in TNBC patients treated with neoadjuvant
chemotherapy but also survival in these 632 patients (4).
Additionally, a recent pooled analysis of 9 clinical trials compris-
ing 2148 patients has confirmed the strong prognostic role of sTIL
in TNBC patients treated with adjuvant chemotherapy (5). In our
series, we further observed that BMI would also modify the prog-
nostic value of sTIL. Although the interaction term was not statis-
tically significant, we observed increasing hazard ratios, both for
EFS and OS, for sTIL with increasing BMI, consistent with the un-
derlying interaction trend.

The retrospective nature of our study is a limitation that has 3
main implications. First, the neoadjuvant chemotherapy regimen
that has been administrated has varied across the years and
institutions. Second, BMI was the only measure of adiposity avail-
able for these patients. Although practical, BMI might overesti-
mate body fat in physically active individuals and underestimate
it in older individuals or in those who have lost muscle mass.
Finally, because pCR was the primary endpoint of this study, the
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Figure 3. Interaction between continuous BMI and sTIL regarding pCR. A) Contour representation of logOR for pCR according to BMI and sTIL. logOR is computed in a lo-
gistic model adjusted for menopausal status, grade, and stage. The reference for the logOR is taken at 30.0% sTIL and 20 kg/m? BMI. The scatter plot refers to the sup-
porting patients with patients achieving pCR as triangles, the others as circles. B) Surface representation of 1ogOR for pCR according to BMI and sTIL. BMI = body mass
index; OR = odds ratio; pCR = pathological complete response; sTIL = stromal tumor-infiltrating lymphocytes.

duration of the follow-up was limited in a relevant fraction of
patients, leading us to curtail the follow-up at 5years.

Overall, our results could be explained in light of a recent
study that suggests the local antitumor immune response is
suppressed in obese subjects (8). We might therefore hypothe-
size that overweight and obese TNBC patients with highly infil-
trated tumors that do not respond to neoadjuvant
chemotherapy could potentially be good candidates for immu-
notherapies based on checkpoint inhibition. A retrospective,
multicohort analysis performed in patients with metastatic
melanoma treated with immunotherapy, targeted therapy, or
chemotherapy has found that obesity, as opposed to lean condi-
tion, was associated to improved PFS and OS only in those male
patients treated with immune therapy or targeted therapy (11).
Similarly, a recent retrospective, multicenter analysis carried
out mainly in non-small cell lung carcinoma, melanoma, and
renal cell carcinoma patients provided similar findings (12).
Finally, a meta-analysis of 4 clinical trials investigating atezoli-
zumab reported an association between high BMI and improved
survival in patients with non-small cell lung carcinoma (14).
However, at this stage, no data are available for TNBC patients.

To conclude, we provide evidence that in TNBC patients
treated with neoadjuvant chemotherapy, BMI is modifying the
effect of sTIL. Because obesity has reached pandemic propor-
tions, further basic, translational, and clinical research is ur-
gently needed to disentangle the complex interaction between
breast cancer, immunity, and increased adiposity.

Funding

This work was supported by the Fondation Cancer
Luxemburg (to CD, FC/2018/07).

Notes

Role of the funder: The funders had no role in the design of the
study; the collection, analysis, and interpretation of the data;
the writing of the manuscript; and the decision to submit the
manuscript for publication.

Disclosures: The authors have no conflicts of interest to
disclose.

Role of the authors: GF: Integrity of the data and the accuracy of
the data analysis; Study concept and design; Acquisition, analysis,
or interpretation of data; Study supervision; Critical revision of the
manuscript for important intellectual content. FR: Acquisition,
analysis, or interpretation of data; Drafting of the manuscript;
Critical revision of the manuscript for important intellectual con-
tent; Statistical analysis. ASH: Acquisition, analysis, or interpreta-
tion of data; Critical revision of the manuscript for important
intellectual content; Administrative, technical, or material sup-
port. LJ: Acquisition, analysis, or interpretation of data; Critical re-
vision of the manuscript for important intellectual content;
Administrative, technical, or material support. HW: Acquisition,
analysis, or interpretation of data; Critical revision of the manu-
script for important intellectual content. JA: Acquisition, analysis,
or interpretation of data; Critical revision of the manuscript for im-
portant intellectual content. KP: Acquisition, analysis, or interpre-
tation of data; Critical revision of the manuscript for important
intellectual content. AS: Acquisition, analysis, or interpretation of
data; Critical revision of the manuscript for important intellectual
content. PB: Acquisition, analysis, or interpretation of data;
Critical revision of the manuscript for important intellectual con-
tent. IV: Acquisition, analysis, or interpretation of data; Critical re-
vision of the manuscript for important intellectual content. DDC:

ARTICLE




%
=
a
a
tm

152 | JNCIJ Natl Cancer Inst, 2021, Vol. 113, No. 2

e |
© _|
° \_‘H._‘_‘—‘_‘_‘;
@
o <
w O
s}
2
] < |
Q2 o
[
o
o | —— BMI high -sTIL high
< —— BMI high -sTIL low
—— BMIl low -sTIL high
—— BMIlow -sTIL low
(=] =
S Logrank P value = .003
T T T T T
0 1 2 3 4 5
Time (years)
No. At Risk
BMI high -sTIL high 47 43 36 35 35 31
BMI high -sTIL low 162 134 111 95 84 78
BMI low -sTIL high 52 51 46 44 39 37
BMIlow -sTIL low 184 161 133 115 109 98
HR (95% Cl) Pvalue
BMI low -sTIL (high vs low) —a— 0.22 (0.08- 0.62) 004
BMI high -sTIL (high vs low) —a— 0.53 (0.26-1.08) 08
| R B
050 1.0 20 40
C HR (95% CI) Pvalue
Menopause (Post vs Pre) —— 1.07 (0.73-1.56) 73
Grade (Ill vs |, II) —a— 117 (0.63-2.14) 62
Stage (Ill vs I, 1) —— 1.95 (1.31-2.91) 001
| B R
Interaction term: .17 050 1.0 20 40

Joint effect (STIL*BMI): <.001

e
- L
@« _]
o
(%]
o «© 4
et o
)
2
g < |
Nel o
[
o
~ | —— BMI high -sTIL high
© —— BMI high -sTIL low
—— BMI low -sTIL high
—— BMIlow —sTIL low
g — Logrank P value = .030
T T T T T
0 1 2 3 4 5
Time (years)
No. At Risk
BMI high -sTIL high 47 46 43 36 35 31
BMI high -sTIL low 162 149 128 110 96 87
BMI low -sTIL high 52 52 49 46 41 38
BMI low —sTIL low 184 172 151 127 119 107
HR (95% Cl) Pvalue
BMI low ~sTIL (high vs low) —a— 0.22 (0.07-0.7) o1
BMI high =sTIL (high vs low) —_— 0.65 (0.31-1.35) 25
L I
050 10 20 4.0
F HR (95% CI) Pvalue
Menopause (Post vs Pre) —— 0.99 (0.65-1.52) 97
Grade (Ill vs I, II) —a— 1.31(0.63-2.73) 47
Stage (Il vs I, Il) —— 2.28 (1.44-3.6) <.001
L I

Interaction term: .11 050 10 20 4.0

Joint effect (sTIL*BMI): .006

Figure 4. Association between sTIL and survival according to BMI. A-C) Association between sTIL and EFS according to BMI. D-F) Association of sTIL and OS according
to BML sTIL and BMI are considered as categorical variables. A, D) Kaplan-Meier curves for the 4 conditions regarding BMI and sTIL as categorical variables. EFS (B, C)
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