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Abstract

Background: High body mass index (BMI) has been associated with worse clinical outcomes
in patients with early-stage breast cancer (BCJ, and its negative effects could be mediated by
hyperglycemia/diabetes. However, the prognostic impact of high BMI in early-stage HER2-
positive [HER2+) BC patients remains controversial.

Methods: We conducted a retrospective study to investigate the impact of baseline BMI or
glycemia on relapse-free survival (RFS) and overall survival (0S) in patients with surgically
resected, stage I-lll HER2+ BC treated with standard-of-care, trastuzumab-containing
adjuvant biochemotherapy. The optimal BMI and glycemia cut-off values for RFS were
identified through maximally selected rank statistics. Cox regression models were used to
assess the impact of BMI, glycemia and other relevant variables on clinical outcomes.
Results: Among 505 patients included in the study, a BMI cut-off of 27.77 kg/m? was identified
as the best threshold to discriminate between patients with low BMI (n=390; 77.2%) or high
BMI (n=115; 22.8%]). At multivariable analysis, higher BMI was associated with significantly
worse RFS [hazard ratio 2.26; 95% confidence interval (Cl): 1.08-4.74, p=0.031] and worse 0S
(hazard ratio 2.25, 95% CI 1.03-4.94, p=0.043) in the whole patient population. The negative
impact of high BMI was only observed in patients with hormone receptor (HR)-negative/
HER2+ BC (hazard ratio 2.29; 95% Cl: 1.01-5.20; p=0.047), but not in patients with HR-positive
(HR+)/HER2+ BC (hazard ratio 1.36; 95% Cl: 0.61-3.07, p=0.452]. By contrast, hyperglycemia
(=109 mg/dl] at baseline was associated with a trend toward significantly worse RFS at
multivariable analysis only in patients with HR+/HER2+ BC (hazard ratio 2.52; 95% CI: 0.89-
7.1; p=0.080).

Conclusions: High BMI is associated with worse clinical outcomes in early-stage HR-/HER2+
BC patients treated with trastuzumab-containing adjuvant biochemotherapy, while baseline
hyperglycemia could be a predictor of worse RFS in HR+/HER2+ BC patients. Prospective
studies are needed to investigate if modifying patient BMI/glycemia during treatment can
improve clinical outcomes.
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Introduction

Human epidermal growth factor receptor 2-posi-
tive (HER2+) breast cancer (BC) accounts for
approximately 20-25% of breast neoplasms and
is characterized by an aggressive biologic and
clinical behavior as a result of HER2 signaling-
induced stimulation of tumor cell growth, prolif-
eration and metastatization.l»2 However, the
introduction of anti-HER2 targeted therapies,
including trastuzumab, pertuzumab, lapatinib
and the antibody—drug conjugate trastuzumab
emtansine (T-DMJ1) in the last two decades has
remarkably improved clinical outcomes in
patients with both early-stage (i.e. increased
tumor cure rates and overall survival) and
advanced (i.e. survival prolongation) HER2+
BC.37 Trastuzumab, a humanized monoclonal
antibody that binds HER2 extracellular domain,
inhibits the oncogenic signaling downstream of
HER2 by preventing HER2 dimerization and
phosphorylation.® In early-stage HER2+ BC,
combining trastuzumab with (neo)adjuvant
anthracycline/taxane-based chemotherapy
remarkably improved patient relapse-free survival
(RFS) and overall survival (OS),*° and trastu-
zumab-based biochemotherapy combinations
have become standard systemic treatments in this
setting.10

Overweight and obesity, as defined as a body
mass index (BMI) =25kg/m? and =30kg/m?,
respectively, are established risk factors for BC
development.!! In addition, increasing evidence
points to an association between high adiposity
and worse clinical outcomes in BC patients,
including an increased rate of tumor recurrences
and lower patient survival.l12-15 A large, prospec-
tive cohort study recently examined the impact of
BMI on the outcome of patients with early-stage
BC on the basis of the PAM50 gene expression
subtype, showing that class II/III obesity at diag-
nosis (i.e. BMI=35kg/m?2) is associated with sig-
nificantly higher risk of disease recurrence and
death in women with luminal A disease, but not
in patients with luminal B, basal-like or HER2-
enriched BC subtypes.!® Consistent with these
data, other studies showed an association between
high BMI and worse prognosis in patients with
hormone receptor positive (HR+) HER2-
negative (HER2-) BC.1417

By contrast, the impact of BMI on the prognosis
of HER2+ BC patients remains controversial. A
large retrospective analysis showed an increased
risk of distant metastases and death in obese

versus normal/underweight HER2+ BC patients,
and in particular in the subgroup of HR—/HER2+
patients, but not in patients with HR+/HER2+
disease.!® However, this study included patients
diagnosed with HER2+ BC in the pre-trastu-
zumab era, who did not receive adjuvant trastu-
zumab therapy. Therefore, findings of this study
more likely reflect the impact of overweight/obe-
sity on the natural history of surgically resected
HER2+ BC, rather than the effect of BMI on the
efficacy of trastuzumab-based (neo)adjuvant bio-
chemotherapy. Post-hoc analyses of prospective
trials, which evaluated the prognostic impact of
BMI in the trastuzumab era, showed conflicting
results. On the one hand, the NSABP B-31
study!® and, more recently, the HERA trial?°
failed to find a significant association between
baseline BMI categories and patient RFS or OS.
On the other hand, an analysis of the three-arms,
randomized, phase III trial N9831 found that
overweight/obese patients have significantly lower
disease-free survival when compared with patients
with normal weight, with a statistically significant
difference only in patients who did not receive
trastuzumab (control arm) and in patients treated
with adjuvant trastuzumab after the completion
of taxane-based chemotherapy, but not in patients
receiving concomitant paclitaxel-trastuzumab,
which represents the standard-of-care (with or
without anthracyclines) adjuvant therapy for sur-
gically resected HER2+ BC.2!

Obesity is often part of a more complex clinical
scenario, known as metabolic syndrome, in which
high BMI and dyslipidemia coexist with glucose
intolerance/diabetes and systemic inflammation.
Since diabetes, which is part of the metabolic syn-
drome spectrum, has been also associated with
increased BC risk and worse BC patient progno-
sis,?2 clarifying the specific contribution of high
BMI and hyperglycemia on patient outcomes in
this clinical setting is a hard goal. Interestingly, a
recent sub-analysis of the AL TTO study revealed
a negative impact of diabetes on the clinical out-
comes of early-stage HER2+ BC patients treated
with single (trastuzumab, lapatinib) or dual (tras-
tuzumab plus lapatinib) anti-HER2 therapies in
combination with preoperative chemotherapy.23

The aim of the present study was to investigate
the prognostic role of high BMI and of hypergly-
cemia, in a consecutive series of early-stage
HER2+ BC patients treated with trastuzumab-
containing adjuvant biochemotherapy at our
Institution. We also evaluated the impact of BMI
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and glycemia on the clinical outcomes of patients
with HR-/HER2+ BC and HR+/HER2+ BC,
as well as the potential impact of the interaction
between BMI and glycemia on patient RFS.

Materials and methods

Study population

This was a monocentric, retrospective study that
included consecutive patients diagnosed with
stage I-III HER2+ BC and treated with surgery
followed by adjuvant trastuzumab-containing
biochemotherapy at Fondazione IRCCS Istituto
Nazionale dei Tumori (Milan, Italy) between
January 2008 and September 2018. Patients were
considered eligible if they fulfilled all the follow-
ing criteria: (1) women with pathologically/cyto-
logically confirmed diagnosis of HER2+ BC, as
defined by an immunohistochemistry (IHC)
score for HER2 of 3+ or by i situ hybridization
(ISH) indicative of HER2 gene amplification in
patients with an equivocal (2+) HER2 score;?*
(2) age =18years; (3) treatment with adjuvant
trastuzumab for at least three, consecutive, every-
21-day cycles (9 weeks); (4) available information
about baseline (i.e. within 30 days from the initia-
tion of adjuvant treatment) weight and height; (5)
available data regarding patient outcomes, includ-
ing RFS, distant metastasis-free survival (DMFS)
and OS.

Baseline glycemia was evaluated as part of routine
blood chemistry analyses performed within
30days before the initiation of adjuvant treat-
ment, that is, between surgery and the initiation
of adjuvant therapy. Since breast surgery is a low-
morbidity surgery?> and it is not followed by sig-
nificant weight loss,2® the time window in which
we measured BMI and glycemia in patients
included in this study can be reliably considered
representative of these values as evaluated at sur-
gery and/or at treatment initiation.

Patient blood samples were collected in the morn-
ing after at least 8h of overnight fasting. All
patients were followed-up until death, loss of con-
tact, or time of data lock (1 March, 2020). HR
status was assessed by IHC. HR+ BC was defined
as equal to or higher than 1% of tumor cells stain-
ing positive for estrogen receptor (ER) and/or
progesterone receptor (PgR).%7

The study protocol was approved by the Local
Ethics Committee of Fondazione IRCCS Istituto

Nazionale dei Tumori (INT 170/20). Patient
data were collected according to the ethical prin-
ciples for medical research involving human sub-
jects adopted in the Declaration of Helsinki.
Patients alive at the time of data collection and/or
analysis signed an informed consent form for the
use of their personal data for research purposes.
The Ethics Committee also authorized the collec-
tion and analysis of data from patients who were
not alive when the study was conducted; in the
latter case, no additional consent forms were
required for the analysis of these data, except for
a general consent form that all patients sign when
they start a treatment at our Institution, in which
they authorize the use of data collected as per
clinical practice for research purposes.

Statistical analysis

RFS was defined as the time between surgery and
tumor recurrence or patient death from any
cause, whichever occurred first. DMFS was
defined as the time between surgery and the first
occurrence of tumor relapse in one or more dis-
tant sites (i.e. outside the breast and draining
lymph nodes). OS was defined as the time
between surgery and patient death from any
cause.

Descriptive statistics were used to analyze and
report patients’ characteristics. The distribution
of categorical or continuous variables (patient- or
tumor-related) in the two BMI groups was evalu-
ated through the Chi-squared or Wilcoxon test,
respectively.

Patient BMI was calculated for all patients using
the following formula: BMI=weight (kg)/height?
(m2). Maximally selected rank statistics were used
to estimate the best BMI and glycemia cut-points
to divide patient population in two subgroups
according to the risk of recurrence.?8

Survival curves were represented through the
Kaplan—Meier method, and survival distributions
were compared with the log rank test. Median
follow-up time was calculated using the reverse
Kaplan—Meier method. Patients who had not
undergone disease recurrence or death at the time
of data cut-off and analysis were censored at the
last date of follow-up.

The impact of different prognostic factors on
RFS and OS was first assessed at univariate anal-
ysis. Factors showing a statistically significant
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association with the risk of disease recurrence or
patient death (p<<0.1) were included in a multi-
variable Cox proportional hazard model to assess
their independent association with survival.

A p-value of 0.05 was set as the significance
threshold for all statistical analyses, with the
exception of univariate survival analyses, for
which we used a threshold of 0.1 with the aim of
reducing the chances to miss potentially relevant
variables to be subsequently evaluated at multi-
variable analysis. R software (Version 3.5.3) and
RStudio software (Version 1.2.5033) were used
for statistical analyses.

Results

Patient characteristics

Patient and tumor characteristics are summarized
in Table 1. Of 505 patients included in this study,
312 (61.8%) were underweight or normal weight,
122 (24.2%) were overweight and 71 (14%) were
obese. Median baseline glycemia was 93 mg/dl
(range: 68-176 mg/dl). Regarding tumor charac-
teristics, the majority of patients had HR+/
HER2+ BC (n=330; 65.3%), absence of lymph
node involvement (n=304; 60.2%), tumors of
ductal histotype (n=441; 87.7%), histological
grade 3 (n=341; 68.9%) and high (=20%) Ki-67
expression (7=400; 90.7%).

All patients received adjuvant trastuzumab in
combination with standard cytotoxic chemother-
apy, with a median number of 18 triweekly trastu-
zumab cycles administered (range: 4-19).
Adjuvant chemotherapy consisted of concomitant
or sequential anthracycline-taxane (71.7%), tax-
ane-alone (16.4%) and anthracycline-alone
(10.3%) chemotherapy (Supplemental Table 1).

Impact of baseline BM[ and glycemia on clinical
outcomes

With a median follow-up of 76.7 (72.4-81.8)
months, 55 tumor relapse events (10.8%)
occurred, including 48 distant recurrences and
seven local recurrences. Overall, 35 death events
occurred. Median RFS and OS were not reached
at the time of data lock and analysis. Positive
lymph node status was associated with significantly
worse RFS and OS, while there was trend toward
an association between HR-negative biology, or
high tumor grade (G3), and worse patient RFS,

but not with worse OS (Supplemental Figure 1).
Finally, clinical tumor stage was not associated
with RFS or OS (Supplemental Figure 1).

The maximally selected rank statistics method
identified a value of 27.77kg/m?2 as the cut-off
level of BMI associated with the most significant
differences between RFS Kaplan—Meier curves.
Based on this cut-off, 390 (77.2%) patients were
classified as low-BMI patients (<27.77 kg/m?),
while 115 (22.8%) patients were classified as
high-BMI (=27.77 kg/m?) patients. We found no
significant differences, in terms of HR status, size
of primary tumor, lymph node involvement,
Ki-67 score, tumor grade or perivascular inva-
sion, between patients with high versus low BMI
(Supplemental Table 2). Conversely, high-
BMI patients were significantly older than low-
BMI patients, and were more likely to have higher
baseline blood glucose and triglyceride concen-
tration (Supplemental Table 2).

Patients with high BMI had significantly worse
RFS (p=0.024, log rank test) and a trend toward
worse OS (p=0.081, log rank test) when com-
pared with low-BMI patients (Figure la, b). In
high-BMI wversus low-BMI patients, 5-year RFS
rate was 84.6% [95% confidence interval (CI):
78.0-91.9%] wersus 90.1% (95% CI: 86.9-
93.3%) (Figure la), while 5-year OS rate was
90.4% (95% CI: 84.6-96.6%) versus 96.0% (95%
CI: 93.9-98.2%), respectively (Figure 1b). As for
distant tumor recurrences, 5-year DMFS trended
to be worse in patients with high BMI when com-
pared with patients with low BMI (85.7%, 95%
CI: 79.2-92.7% wversus 90.9%, 95% CI: 87.8—
94.1%, respectively; p=0.056) (Supplemental
Figure 2).

Then, we investigated the potential impact of base-
line glycemia, as evaluated as a dichotomous vari-
able, on patient outcomes. The maximally selected
rank statistics method identified 109mg/dl as the
blood glucose threshold associated with the most
significant separation of RFS Kaplan—Meier
curves. With this threshold, patients with higher
baseline glycemia (=109mg/dl) had significantly
worse RFS when compared with patients with low
(<109 mg/dl) baseline glycemia (5-year RFS rate:
80.3% and 93.6%, respectively; 95% CI: 68.9—
93.6% and 91.0-96.3%, respectively; p=0.015)
(Figure 1¢). On the other hand, we found no sta-
tistically significant association between patient
glycemia and OS (p=0.2) (Figure 1d).
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Table 1. Patient characteristics.

Table 1. (Continued)

Total (N=505)

Total (N=505)

AGE (years)
<35
35-49
50-64
=65
Median (Range)

HR*
Negative
Positive

ER"
Negative
Positive

PgR"
Negative
Positive

Lymph node involvement
No
Yes

pT
1
2
3-4
X

HER2 (IHC)
2+
3+

Ki-67#
<20%
=20%

Gradex

19 (3.7)

156 (30.9)
215 (42.6)
115 (22.8)

55.38 (25.13-81.75)

175 (34.7)
330 (65.3)

183 (36.2)
322 (63.8)

291 (57.6)
214 (42.4)

304 (60.2)
201 (39.8)

329 (65.1)
154 (30.5)
15 (3.0)
71(1.4)

142 (28.1)
363(71.9)

41(9.3)
400 (90.7)

154 (31.1)
341 (68.9)

305 (70.¢6)
127 (29.4)

(Continued)

Histology

Ductal

Lobular

Mixed

Other
Glycemiaxxx

Median (Range)
BMI

<25

25-30

=30

Median (Range)
Triglycerides##

<150mg/dl

=150mg/dl
Adjuvant CT

A+T

T

A

Other

Trastuzumab, number of cycles

Mean

Median (range)

441 (87.3)
18(3.6)
18(3.6)
28 (5.5)

93 (68-176)

312 (61.8)
122 (24.2)
71 (14.0)

23.67 (16.41-43.28)

224.(92.6)

18(7.4)

362 (71.7)
83 (16.4)
52(10.3)
8(1.4)

17.29
18 (4-19)

Data are presented as n (%) except where otherwise noted.
“Defined positive if >1% of tumor cells express hormone

receptors.

#Missing data for 64 patients.

*Missing data for 10 patients.

*Missing data for 73 patients.

»*Missing data for 87 patients.

#*Missing data for 263 patients.

A, anthracycline-based CT; A+T, anthracycline-taxane
combination Cl, confidence interval; CT; BMI, body mass

index; CT, chemotherapy; ER, estrogen receptors; HR,

hormone receptors; IHC, immunohistochemistry; PgR,

progesterone receptors; PVI, peritumoral vascular

invasion; T, taxane-based CT.

Factors independently associated

with patient prognosis

Factors associated with an increased risk of BC
recurrence at univariate analysis were: high BMI
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Figure 1. Relapse-free survival and overall survival according to BMI and glycemia categories. Kaplan-Meier curves of (a] RFS
and (b) OS in the whole population by BMI category. Kaplan-Meier curves of (c] RFS and (d) OS in the whole population by glycemia

category.

Patients censored at the time of data cut-off and analysis are indicated in survival curves with the “I” symbol.
Low BMI: <27.77 kg/m2; High BMI = 27.77 kg/m2. Low glycemia: <109 mg/dl; High glycemia: =109 mg/dL.
BMI, body mass index; OS, overall survival; RFS, relapse-free survival.

(hazard ratio 1.88;95% CI: 1.08-3.27, p=0.027),
high baseline glycemia (hazard ratio 2.61; 95% CI
1.17-5.81, p=0.019), lymph node involvement
(hazard ratio 3.85; 95% CI: 2.15-6.89, p<<0.001)
and high tumor grade (hazard ratio 1.79; 95% CI:
0.92-3.46, p=0.086), while positive HR status
(i.e. ER/PgR expression) correlated with better
RFS (hazard ratio 0.62; 95% CI: 0.37-1.06,
p»=0.078) (Table 2, upper part). Multivariable
analysis confirmed an independent association
between high BMI and an increased risk of tumor
recurrence (hazard ratio 2.26; 95% CI: 1.08-4.74,

p»=0.031); positive lymph node status was also
independently associated with worse RFS (hazard
ratio 2.29; 95% CI: 1.12-4.72, p=0.024). On the
other hand, baseline glycemia did not show an
independent association with the risk of disease
relapse (hazard ratio 1.58; 95% CI: 0.66-3.81,
p»=0.308) (Table 2, lower part).

Since baseline BMI and glycemia are not indepen-
dently distributed (Supplemental Table 2), and
since we cannot exclude that the impact of each of
these variables on RFS is at least in part mediated
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Table 2. Univariate and multivariable Cox proportional hazards model for RFS.

Univariate analysis Hazard ratio (95%CI) p
AGE (years) Per 1year 0.99 (0.97-1.02) 0.522
35-49 versus <35 1.18 (0.28-5.04) 0.822
50-64 versus <35 0.61(0.14-2.65) 0.505
=65 versus <35 1.42(0.33-6.19) 0.633
HR Positive versus negative 0.62(0.37-1.06) 0.078
Lymph node involvement Yes versus no 3.85(2.15-6.89) <0.001
pT T2 versus T1 1.50 (0.86-2.62) 0.154
T3-Té versus T1 2.56 (0.78-8.37) 0.121
HER2 (IHC) 3+ versus 2+ 1.14(0.62-2.10) 0.668
Ki-67 =20% versus <20% 0.64 (0.25-1.63) 0.347
Grade 3 versus 1-2 1.79 (0.92-3.46) 0.086
PVI Present versus absent 1.54 (0.82-2.89) 0.184
Glycemia High versus low 2.61(1.17-5.81) 0.019
BMI High versus low 1.88 (1.08-3.27) 0.027
Triglycerides =150mg/dl versus <150 mg/dl 1.29(0.17-10.11) 0.807
Adjuvant CT A+T versus other 1.04 (0.58-1.89) 0.891
Multivariable analysis Hazard ratio (95%CI)  p
HR Positive versus negative 0.80 (0.38-1.66) 0.540
Lymph node involvement Yes versus no 2.29 (1.12-4.72) 0.024
Grade 3 versus 1-2 2.12(0.80-5.62) 0.137
Glycemia High versus low 1.58 (0.66-3.81) 0.308
BMI High versus low 2.26 (1.08-4.74) 0.031

The p-value is indicated in bold numbers when statistically significant.

“Defined positive if >1% of tumor cells express hormone receptors.

Low BMI: <27.77 kg/m2; High BMI=27.77 kg/m2. Low glycemia: <109 mg/dL; High glycemia: =109 mg/dL.

A+T, anthracycline-taxane combination CT; BMI, body mass index; Cl, confidence interval; CT, chemotherapy; HR
hormone receptors; IHC, immunohistochemistry; PVI, peritumoral vascular invasion.

by the prognostic effect of the other variable, we
investigated if the interaction between BMI and
glycemia could at least account for the observed
association of each of these variables with the risk
of relapse. To this aim, we fitted another multi-
variable Cox model, in which we also included a
covariate accounting for the interaction between
baseline BMI and glycemia. This model con-
firmed an independent association between high
BMI and worse RFS, while glycemia, or the

interaction between BMI and glycemia, were not
associated with the risk of disease relapse
(Supplemental Table 3). Together, these data
confirm results of our previous analyses, while at
the same time indicating that the impact of BMI
on RFS is not affected by baseline glycemia.

The following factors were associated with higher
risk of death at univariate analysis: high BMI
(hazard ratio 1.85;95% CI: 0.92-3.71, p=0.085),
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Table 3. Univariate and multivariable Cox proportional hazards model for OS.

Univariate analysis Hazard ratio (95%CI) p
AGE (years]) Per 1year 1.00 (0.97-1.03) 0.847
35-49 versus <35 0.66(0.15-2.93) 0.594
50-64 versus <35 0.26 (0.05-1.24) 0.090
=65 versus <35 1.13 (0.25-5.02) 0.871
HR" Positive versus negative 0.80 (0.41-1.57) 0.518
Lymph node involvement Positive versus negative 5.67 (2.47-12.98) <0.001
pT T2 versus T1 1.55(0.77-3.11) 0.221
T3-Té versus T1 2.43(0.56-10.52) 0.234
HER?2 (IHC) 3+ versus 2+ 0.89 (0.42-1.85) 0.747
Ki-67 =20% versus <20% 0.69(0.21-2.31) 0.548
Grade 3 versus 1-2 1.90 (0.83-4.36) 0.129
PVI Present versus absent 2.60 (1.20-5.65) 0.016
Glycemia High versus low 1.93(0.63-5.81) 0.237
BMI High versus low 1.85 (0.92-3.71) 0.085
Triglycerides =150 mg/dl versus <150 mg/dl 3.42(0.38-30.61) 0.272
Adjuvant CT A+T versus other 1.10 (0.52-2.36) 0.799

Multivariable analysis

Hazard ratio (95%CI) p

Lymph node involvement Positive versus negative 4.72 (1.86-11.96) 0.001
PVI Present versus absent 1.77 (0.80-3.93) 0.161
BMI High versus low 2.25(1.03-4.94) 0.043

The p-value is indicated in bold numbers when statistically significant.

*Defined positive if >1% of tumor cells express hormone receptors.

Low BMI: <27.77 kg/m?; High BMI =27.77 kg/m?. Low glycemia: <109 mg/dl; High glycemia: =109 mg/dL.

A+T; anthracycline-taxane combination CT; BMI, body mass index; Cl, confidence interval; CT, chemotherapy; HR,
hormone receptors; IHC, immunohistochemistry; PVI, peritumoral vascular invasion.

lymph node involvement (hazard ratio 5.67; 95%
CI: 2.47-12.98, p<<0.001) and the presence of
peritumoral vascular invasion (hazard ratio 2.60;
95% CI: 1.20-5.65, p=0.016) (Table 3, upper
part). Multivariable analysis adjusting for these
covariates confirmed an independent association
between high BMI and worse OS (hazard ratio
2.25, 95% CI 1.03-4.94, p=0.043) (Table 3,
lower part).

Impact of BMI and glycemia on patient RFS
according to hormone receptor status

To investigate the prognostic impact of BMI and
glycemia according to HR status, we separately

evaluated the association between BMI and the
risk of tumor relapse among patients with HR-/
HER2+ or HR+/HER2+ BC. During the study
follow-up, 25 recurrence events occurred among
175 patients with HR—/HER2+ BC, while 30
recurrence events were observed among 330
patients with HR+/HER2+ BC.

In the HR-/HER2+ BC cohort, high BMI
(=27.77kg/m?2) and positive lymph node status
were associated with significantly higher risk of dis-
ease recurrence (hazard ratio 2.52; 95% CI: 1.14—
5.55, p=0.022 and hazard ratio 3.45; 95% CI:
1.49-8.00, p=0.004, respectively), and these data
were confirmed by multivariable analysis (hazard
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Figure 2. RFS in different hormone receptor subgroups according to BMI and glycemia categories. Kaplan-Meier curves of RFS
in HR- patients by (a) BMI and (b) glycemia categories. Kaplan-Meier curves of RFS in HR+ patients by (c) BMI and (d) glycemia

categories.

The “I” symbol indicates patients censored at the time of data cut-off and analysis.
Low BMI: <27.77 kg/m2; High BMI=27.77 kg/m2. Low glycemia: <109 mg/dl; High glycemia: =109 mg/dL.

BMI, body mass index; RFS, relapse-free survival.

ratio 2.29; 95% CI: 1.01-5.20, p=0.047 and haz-
ard ratio 3.32; 95% CI. 1.42-7.78, p=0.006,
respectively) (Figure 2; Table 4). In these patients,
hyperglycemia (=109 mg/dl) was not independently
associated with patient RES (Figure 2; Table 4). By
contrast, in the HR+/HER2+ BC cohort we found
no statistically significant association between BMI
and RFS (hazard ratio 1.36; 95% CI: 0.61-3.07,
p=0.452), while hyperglycemia was associated with
worse RFS at univariate analysis (hazard ratio 2.85;
95% CI: 1.02-8.00, p=0.047), with a clear trend

toward worse RFS also at multivariable analysis
(hazard ratio 2.52; 95% CI: 0.89-7.1; p=0.080)
(Figure 2; Table 4).

Discussion

Overweight and obesity are established risk fac-
tors for BC development, and have been associ-
ated with worse prognosis in patients with
surgically resected BC.11:15 However, there is
conflicting evidence regarding the prognostic
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Table 4. Univariate and multivariable Cox proportional hazards model for RFS on the basis of HR status

(negative, positive).

Univariate analysis

HR negative (n=175)

HR positive* (n=330)

Hazard ratio (95% Cl) p Hazard ratio (95%CI) p

AGE [years)

Per 1year 1.01 (0.98-1.05) 0.501 0.98 (0.95-1.01) 0.150
Lymph node involvement

Yes versus no 3.45(1.49-8.00) 0.004 4.24 (1.89-9.54) <0.001
pT

T2 versus T1 1.92 (0.85-4.36) 0.117 1.11 (0.50-2.46) 0.794

T3-Té versus T1 2.28(0.30-17.63) 0.429 2.53 (0.59-10.86) 0.213
HER2 (IHC)

3+ versus 2+ 0.99 (0.34-2.88) 0.982 1.05 (0.49-2.24) 0.909
Ki-67

=20% versus <20% 0.35(0.08-1.54) 0.165 0.73 (0.22-2.47) 0.615
Grade

3versus 1-2 1.17 (0.35-3.91) 0.803 1.84(0.82-4.14) 0.138
PVI

Present versus absent 1.78 (0.72-4.43) 0.214 1.28 (0.53-3.12) 0.586
Glycemia

High versus low 2.53(0.71-9.08) 0.153 2.85 (1.02-8.00) 0.047
BMI

High versus low 2.52(1.14-5.55) 0.022 1.36 (0.61-3.07) 0.452
Adjuvant CT

A+T versus other 1.05 (0.44-2.52) 0.905 1.03 (0.46-2.31) 0.942
Multivariable analysis HR negative HR positive
BMI

High versus low 2.29(1.01-5.20) 0.047
Lymph node involvement

Yes versus no 3.32(1.42-7.78) 0.006 3.09 (1.15-8.27) 0.025
Glycemia

High versus low 2.52(0.89-7.1) 0.080

The p-value is indicated in bold numbers when statistically significant.
"Defined positive if >1% of tumor cells express hormone receptors.

Low BMI: <27.77 kg/m?; High BMI: =27.77 kg/m2. Low glycemia: <109 mg/dL; High glycemia: =109 mg/dL.

A+T, anthracycline-taxane combination CT; BMI, body mass index; Cl, confidence interval; CT, chemotherapy; HR,
hormone receptors; IHC, immunohistochemistry; PVI, peritumoral vascular invasion.
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impact of BMI in patients with limited-stage
HER2+ BC.

Here we showed that high BMI is an independent
predictor of worse RFS and OS in the whole pop-
ulation of patients with surgically resected, stage
I-III HER2+ BC receiving adjuvant trastu-
zumab-based biochemotherapy, as well as in the
subgroup of HR—/HER2+ BC patients, but not
in patients with HR+/HER2+ BC. We also
found that the impact of high BMI on patient
outcome is not affected by baseline glycemia, and
that hyperglycemia could be a predictor of worse
RFS specifically in the subgroup of HR+/HER2+
BC patients.

Previous studies showed a statistically significant
and consistent association between high BMI and
worse clinical outcomes in patients with early-stage
luminal-type (HR+/HER2-) BC.1416,17:29 These
findings are coherent with the fact that overweight/
obese patients typically have higher average blood
insulin and IGF-1 levels, which can result in an
enhanced activation of the IR-IGFR1/PI3K/AKT/
mTORCI1 axis in cancer cells, thus potentially
bypassing ER inhibition and causing primary/
acquired HR+ BC resistance to endocrine thera-
pies.3%:31  Although the PI3K/AKT/mTORCI
pathway also contributes to the growth, prolifera-
tion and survival of HER2+ BC cells, thus estab-
lishing a potential connection between body
weight, systemic metabolism and patient out-
comes,>? the association between BMI and clinical
outcomes in HER2+ BC patients remains contro-
versial. For instance, a post-hoc analysis of the
HERA and NSABP B-31 trials failed to reveal a
significant association between overweight/obesity
and the risk of tumor relapse in surgically resected
HER2+ BC patients treated with adjuvant trastu-
zumab-containing biochemotherapy. On the other
hand, some retrospective analyses suggested that
overweight and obesity could be associated with
worse clinical outcomes in HER2+ BC
patients.!821 However, these studies were limited
by several factors, including the fact that patients
did not receive adjuvant trastuzumab,!® or that
trastuzumab was not administered concomitantly
with taxane chemotherapy,?! which actually repre-
sents the standard-of-care treatment in these
patients. When compared with results of previous
studies, the findings of our analysis, which included
quite a homogeneous cohort of early-stage HER2 +
BC patients treated with standard-of-care, adju-
vant trastuzumab-containing biochemotherapy,
are more representative of the current clinical

practice, and indicate that baseline BMI can affect
the rate of HER2+ BC relapses and the prognosis
of HER2+ BC patients also when HER2—the
oncogenic driver of most of these neoplasms—is
pharmacologically inhibited.

Excess weight is often associated with insulin
resistance, which results from systemic metabolic
adaptation to an increased blood concentration of
free fatty acids (FFAs) and other endocrine fac-
tors released by the adipose tissue.33 In turn, insu-
lin resistance causes hyperglycemia/diabetes and
compensatory hyperinsulinemia.?®> An increased
extracellular concentration of glucose can directly
fuel tumor bioenergetics and anabolism by
increasing intracellular levels of ATP and amino
acid/FA precursors; in parallel, hyperglycemia
can cause compensatory hyperinsulinemia,
which, in turn, can result in aberrant activation of
the insulin receptor (IR)-PI3K-AKT-mTORCI1
pathway, which activates anabolic processes, such
as protein synthesis and lipogenesis, and stimu-
lates HER2+ BC cell growth and proliferation.34
In addition, insulin stimulates IGF-1 biosynthesis
in the liver, thus contributing to activate the
PI3K-AKT-mTORCI1 pathway in cancer cells.?>
By activating the PI3K-AKT-mTORCI1 axis, an
increased concentration of blood insulin and
IGF-1 can finally cause HER2+ BC cell resist-
ance to anti-HER2 therapies, as convincingly
indicated by preclinical studies.3¢

To test whether the impact of high BMI on clini-
cal outcomes is at least in part mediated by over-
weight-associated hyperglycemia (and, potentially,
of hyperinsulinemia), we investigated the associa-
tion between hyperglycemia and RFS. Although
high baseline blood glucose levels were associated
with higher risk of disease recurrence, multivaria-
ble analysis did not confirm this association. We
also failed to find a significant interaction between
BMI and hyperglycemia in affecting patient RFS,
thus excluding that the impact of BMI on clinical
outcomes is influenced by baseline glycemic sta-
tus. Together, these data indicate that the impact
of BMI on the risk of tumor relapse in early-stage
HER2+ BC patients is independent of baseline
blood glucose concentration. In addition, the
observation that high BMI is associated with sig-
nificantly worse RFS and OS only in the subgroup
of HR—/HER2+ BC patients, together with the
observed trend toward an association between
hyperglycemia and worse RFS among HR+/
HER2+ BC patients, makes us hypothesize that
the impact of BMI and glycemia on clinical
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outcomes in HER2+ BC patients could be
affected by HR status (i.e. HR+ wversus HR-).

In HR+/HER2+ BC, higher extracellular glu-
cose and insulin concentration can activate the
PI3K-AKT-mTORC1 pathway regardless of
pharmacological HER2 inhibition, thus increas-
ing the risk of disease relapse after curative sur-
gery. This hypothesis is in line with results of a
post-hoc analysis of the adjuvant ALTTO trial, in
which diabetes was associated with significantly
higher risk of disease relapse only in patients with
surgically resected HR+/HER2+ BC, but not in
patients with HR—/HER2+ BC;2?3 in the same
study, the use of metformin, which lowers blood
glucose, insulin and IGF-1 concentration, was
associated with better clinical outcomes only in
diabetic patients belonging to the HR+/HER2+
BC subgroup. On the other hand, in HR—/
HER2+ BC, in which HER2 signaling in not
affected by ER signaling,3” the IGFRI1/PI3K/
AKT/mTORCI1 pathway could be intrinsically
more active (as a result of HER2-mediated onco-
genic signaling), and consequently less suscepti-
ble of being affected by environmental factors,
such as glucose- and insulin-induced activation of
growth factor-induced proliferation pathways. In
this BC subtype other metabolic factors, such as
fatty acids (FAs), could play a major role in stim-
ulating tumor cell growth and proliferation, and
in inducing resistance to anti-HER?2 therapies.

Preclinical studies conducted in recent years
have revealed that HER2+ BC is characterized
by the activation of an epigenetic program lead-
ing to the upregulation of the de novo FA biosyn-
thesis, the so-called “lipogenic phenotype.”38:39
Fatty acid synthase (FASN) is a key lipogenic
enzyme that catalyzes the final step of FA bio-
synthesis from acetyl-CoA units. Of note, FASN
is overexpressed in more than 85% of HER2+
BCs, and its expression and activity are posi-
tively regulated at both transcriptional and post-
translational levels by HER2 and its downstream
signaling.?® Therefore, trastuzumab-induced
inhibition of HER?2 also results in reduced FASN
activity and in the downmodulation of FA bio-
synthesis, thus making trastuzumab-treated
HER2+ BC cells potentially dependent on FA
uptake from the extracellular environment.40
Most blood lipids are transported in the form of
triglycerides or phospholipids within plasma
lipoproteins. Therefore, FA uptake by cancer
cells requires the sequential activity of lipopro-
tein lipase (LPL), which hydrolyzes extracellular

triglycerides into individual FAs, and the subse-
quent uptake of FAs through CD36, a FA trans-
porter that is located in cells’ plasma membrane.
Previous reports showed a negative prognostic
impact of LPL or CD36 overexpression in BC
patients, thus suggesting a more aggressive
behavior of tumors with enhanced activation of
FA uptake from the extracellular environ-
ment.4142 More recently, CD36 overexpression
was implicated in acquired resistance to lapat-
inib in HER2+ BC cell lines, and high baseline
LPL and CD36 intratumor expression was asso-
ciated with statistically significantly worse prog-
nosis in HER2+ BC patients treated with
anti-HER2 neoadjuvant therapies.43
Mechanistically, an increased concentration of
plasma lipids (including triglycerides and FFAs),
which is frequently observed in overweight/obese
patients, could fuel HER2+ BC metabolism,
thus contributing to HER2+ BC resistance to
anti-HER?2 therapies. In our study, patients with
high BMI had significantly higher blood triglyc-
erides at baseline, as expected. However, due to
the low number of patients for whom baseline
triglyceride measurement was available, we were
unable to reliably evaluate the association
between baseline triglycerides and patient RFS
or OS in the whole patient population and, in
particular, in the subset of HR—/HER2+ BC
patients. We are now initiating a prospective
study to specifically investigate the impact of
baseline and on-treatment peripheral blood FA
and lipid profiles on the efficacy of preoperative
chemotherapy-trastuzumab therapy in HER2+
BC patients.

If validated by future studies, our results could
have clinically relevant implications, as BMI and
glycemia can be potentially modified through the
use of specific dietary or pharmacological interven-
tions. In particular, low-calorie or low-lipid diets,
or pharmacological treatments capable of reducing
blood triglyceride levels, such as statins or met-
formin,*4> could improve the efficacy of anti-
HER?2 therapies in patients with HR—/HER2+
BC, while interventions aimed at reducing blood
glucose levels, such as fasting-mimicking diets or
metformin,*6-47 could synergize with anti-HER2
therapies in HR+/HER2+ BC patients.

Strengths of this study consist in: (1) its mono-
centric design, which guarantees homogeneous
patient treatment and follow-up; (2) the high
number of patients included; (3) the long follow-
up; (4) a well-balanced distribution of clinically
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relevant patient- and tumor-related variables in
high-BMI and low-BMI patient subgroups
(Supplemental Table 2). Finally, we analyzed a
population of cancer patients homogeneously
treated with adjuvant trastuzumab-based bio-
chemotherapy, thus reflecting the clinical practice
of adjuvant treatment of HER2+ BC patients.
The following are limitations of this study: (1) the
retrospective nature; (2) the absence of a pre-
specified statistical power calculation; (3) the lack
of available data on lipid profiles from many
patients, which did not allow us to test the hypoth-
esis that the levels of blood lipids can at least in
part explain the association between high patient
BMI and worse clinical outcomes.

Conclusions

In conclusion, this is the first study to show that
high BMI is associated with worse RFS and OS in
HER2+ BC patients treated with trastuzumab-
containing adjuvant biochemotherapy according
to clinical practice. This is also the first study to
show a potentially different impact of high BMI
and hyperglycemia in patients with HR—/HER2+
BC and HR+/HER2+ BC, respectively. Further
studies are needed to confirm our findings, as
well as to investigate potential molecular mecha-
nisms at the basis of these results.
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