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Abstract: Introduction: HER2 overexpression/amplification occurs in 15-20% breast cancers (BC) and is associated
with worse prognosis. The addition of anti-HER2 treatment to neoadjuvant chemotherapy significantly improves the
pathological complete response (pCR) rate. Changes in HER2 status after neoadjuvant treatment (NAT) have been
reported and may affect prognosis. The aim of this study was to assess the efficacy of NAT in patients with HER2+
BC and its influence on HER2 status and associated prognostic impact. Methods: Retrospective chart review and
pathologic evaluation of all consecutive patients with HER2+ BC (defined as IHC 3+ or IHC 2+ confirmed by SISH)
submitted to NAT between 2010-2015 in three Portuguese Hospitals. Results: One hundred eight female patients
were included; 40 with stage Il, 68 with stage lll. Hormone receptors were positive in 70. pCR (ypTO/isNO) was
achieved in 48 patients (44%). With a median follow-up of 52 months, there were 5 disease free survival (DFS)
events among pCR patients and 19 among non-pCR (P = 0.02). Of the 60 patients with residual disease at surgery,
52 remained HER2+ and 8 (13%) lost HER2 overexpression/amplification. 5y-DFS and 5y-0OS was 70% and 84%,
respectively, for patients whose residual tumors remained HER2+, and 21% and 50% for patients whose residual
tumors became HER2 negative (P = 0.02 and < 0.001). Discussion: We confirmed the negative prognostic impact of
NAT-induced HER2 loss on residual tumor leading to worse DFS and OS. Despite the retrospective design and small
sample size, these results suggest that it is important to retest HER2 after NAT, to better refine patient outcome.
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Introduction

The human epidermal growth factor receptor 2
(HER2) is overexpressed in 15%-20% of breast
cancers (BC) and is associated with worse
prognosis. The introduction of anti-HER2 treat-
ment had a major impact on the outcome of
patients with HER2-positive (HER2+) breast
cancer, both in early and advanced stages [1,
2]. Neoadjuvant treatment (NAT) is the stan-
dard of care for locally advanced breast cancer.
In earlier stages of disease, NAT allows higher
rates of breast-conserving surgery. In the neo-
adjuvant setting, the addition of trastuzumab
and, more recently, pertuzumab, to chemother-

apy significantly improves the pathological com-
plete response (pCR) rate compared to chemo-
therapy alone [3, 4]. pCR after neoadjuvant
treatment (NAT) is a surrogate for overall sur-
vival (0S), in particular in HER2-positive and tri-
ple negative breast cancer [5-7].

Changes in the expression of hormonal and
HER2 receptors on tumor samples from surgi-
cal specimens obtained after neoadjuvant che-
motherapy (NACT), compared with initial biopsy,
have been reported [8, 9]. However, frequency
of discordance in HER2 expression/amplifica-
tion and the prognostic impact of such discor-
dance remains unclear [10, 11].
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Table 1. Characteristics of patients, tumors and neoadjuvant treatment regimens

Loss of HER2 after neoadjuvant treatment

Age
Clinical Stage

Grade

Hormonal Receptor Status

Biopsy
HER2 Status
Neoadjuvant CT regimen

Neoadjuvant anti-HER2 regimen

Median (range)

52 years [30-82]

Stage Il 40 (37%)
I1A 16
IIB 24
Stage llI 68 (63%)
A 31
B 33
e 4
2 65 (60.2%)
3 43 (39.8%)
HR positive (ER and/or PR) 70 (64.8%)
ER+/PR+ 32
ER+/PR- 35
ER-/PR+ 3
HR negative (ER and PR) 38 (35.2%)
ER 67 (62%)
1-9% 7
10-40% 9
> 40% 51
PR 35 (32.4%)
1-9% 4
10-40% 15
> 40% 16
IHC 3+ 100 (92.6%)
IHC 2+/SISH+ 8 (7.4%)
Anthracyclines and Taxanes 102 (94.4%)
Anthracyclines without Taxanes 3(2.8%)
Non-anthracyclines 3(2.8%)
Yes 90 (83.3%)
Trastuzumab 87
Trastuzumab + Pertuzumab 3

No

18 (16.7%)

In the metastatic setting, Niikura et al. reported
that patients with discordant HER2 status
between primary tumor and metastases had
shorter overall survival than patients with con-
cordant HER2 status (hazard ratio [HR) = 0.43;
P = 0.003) [12]. Mittendorf et al. [10] reported
a 32% loss of HER2 amplification after NACT
plus trastuzumab and Guarneri et al. [11] loss
of HER2 expression in 40% of patients after
NACT alone and in 14.7% of patients after NACT
plus trastuzumab. In both studies patients with
HER2+ tumors at diagnosis but no HER2 ampli-
fication/overexpression in residual disease had
worse disease free survival (DFS) compared to
those who maintained HER2+ residual disease
[10, 11].
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The aim of this study was to evaluate HER2
overexpression and/or amplification in patients
with HER2+ BC undergoing NACT, with or with-
out anti-HER2 treatment (tras-tuzumab and/or
pertuzumab), both in the biopsy at diagnosis
and in the surgical specimen collected after
NAT and determine the prognostic impact of
loss of HER2 overexpression/amplification.

Patients and methods

Patients with HER2+ non-metastatic BC treat-
ed with NACT +/- anti-HER2 antibody were
eligible

Clinical and demographic characteristics inclu-
ding age, TNM stage, date of diagnosis, tumor
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Table 2. pCR rate and tumor response by clinical factors,
change in HER2 status after neoadjuvant treatment

between groups of patients. Hazard
ratio and confidence intervals were cal-

pCR Non-pCR

p-value

Characteristics
n % n %

x? test

culated using Cox analysis. Statistical
significance was defined if P < 0.05.

Response to NAT® 48 444 60 55.6

Hormonal Receptor Status®

HR Positive 28 40 42 60

HR Negative 20 526 18 474
Grade

2 26 40 39 60

3 22 512 21 488
Clinical Stage

1] 27 675 13 325
1] 21 309 47 69.1
Neoadjuvant anti-HER2©

Yes 41 456 49 544

No 7 389 11 611
HER2 loss®@

Yes 8 133

No 52 86.7

0.25

<0.001

Results

0.21

We performed a retrospective chart
review and pathologic evaluation study
of all consecutive patients with HER2+
BC treated with NAT between 2010
and 2015 in three Portuguese Hospi-
tals (Hospital Beatriz Angelo, Hospital
da Luz and Instituto Portugués de
Oncologia de Lisboa Francisco Gentil).

0.6 Patients characteristics

One hundred and eight female pati-
ents with a median age of 52 years
old (range 30-82) were identified and
included in this analysis. Sixty-five tu-
mors were grade 2 and 43 were grade

a. NAT: neoadjuvant treatment; b. hormone receptor status defined as
positive if > 1% tumor cell staining; c. anti-HER2 treatment with Trastu-
zumab (n = 87) or Trastuzumab + Pertuzumab (n = 3); d. Her2 loss
refers to absent HER2 overexpression or amplification in residual tumor

at surgery after neoadjuvant treatment.

biomarkers status, neoadjuvant systemic ther-
apy, date and type of surgery, pathological res-
ponse and follow-up data were recorded.

A dedicated breast cancer pathologist reviewed
all tumor biopsies and surgical specimens.
Histological type and grade, Ki67 and hormone
receptors (HR) expression, HER2 status (over-
expression and amplification) and response to
NAT were evaluated.

HER2 status was determined in diagnostic
biopsies and surgical specimens after NAT by
immunohistochemically (IHC) or Silver in situ
hybridization (SISH) and was considered posi-
tive if IHC 3+ or IHC 2+ confirmed by SISH
(HER2/CEP17 ratio = 2.0 or HER2 copy number
> 6.0 signals/cell). Complete pathological res-
ponse was defined as ypTO/is NO. Hormone
receptors positive (HR+) was defined as stain-
ing in more than 1% of tumor cells.

Statistical analysis was performed using SPSS
version 25. Clinical characteristics between
groups were compared using x? test (or Fisher
exact test, when appropriate). Survival was es-
timated using the Kaplan-Meier method and
log-rank test was used to compare survival
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3; 70 were HR+ (estrogen receptor
and/or progesterone receptor). HER2
status at diagnosis was positive by
IHC (3+) in 100 patients and amplified
by SISH in 8 patients. Forty patients
had TNM stage Il disease and 68 had
stage lll. These results are summarized in Table
1.

Treatment and tumor response

All patients were treated with NAT (Table 1).
The majority were treated with antracycline and
taxane-based chemotherapy plus the anti-
HER2 agent trastuzumab (T): anthracyclines/
taxanes 102, anthracyclines/non-taxanes 3,
non-antracyclines regimen 3; T in 90. Only 18
patients did not receive T in the neoadjuvant
setting; in contrast, 3 patients received dual
anti-HER2 blockage with T and pertuzumab (P)
included in a clinical trial.

Pathological complete response (pCR) defined
as ypTO/is NO was achieved in 48 patients
(44%): 28 of 70 (40%) with HR+ disease and
20 of 38 (53%) with HR negative (HR-) disease
(P = 0.2, 2 test), and in 26 of 65 (40%) with
grade 2 tumor and 22 of 43 (51%) with grade 3
(P = 0.25, x? test). pCR was achieved in 27 of
40 (68%) with stage Il and 21 of 68 (31%) with
stage Il (P < 0.001, x? test) and in 41 of 90
(46%) after chemotherapy + T/P and 7 of 18
(39%) after chemotherapy alone (P = 0.6, x?
test). Relationship between tumor response to
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Figure 1. Kaplan-Meier disease-free survival curves according pCR status af-
ter neoadjuvant treatment. DFS curves according to pCR (ypTO/isNO) status,
comparison by log-rank test with 95% ClI for the hazard rate (HR) and p-value.
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Figure 2. Kaplan-Meier overall survival curves according pCR status after
neoadjuvant treatment. OS curves according to pCR (ypTO/isNO) status,
comparison by log-rank test with 95% CI for the hazard rate (HR) and p-value.

4 relapses and 1 non-BC
related death (73 yo patient
who died of an acute ische-
mic stroke) among 48 (10%)
patients who obtained a pCR
and 16 relapses and 3 non-
BC related deaths (67 yo
patient who died of a trau-
matic brain injury with sub-
dural hemorrhage; 56 yo wo-
man who died with a Klatskin
tumor and 73 yo woman with
a death of unknown cause)
among 60 (32%) patients with
residual disease (no pCR) (HR
= 0.34 95% Cl (0.13-0.92), P
= 0.03, log-rank test). The
median disease-free survival
(DFS) has not been reached
in either group (Figure 1).

Fifteen deaths were obser-
ved; 3 deaths (2 from breast
cancer) among 48 (6%) pa-
tients who obtained a pCR
and 12 (9 from breast can-
cer) among 60 (20%) patients
with residual disease (HR =
0.32 95% CI (0.09-1.12), P =
0.06, log-rank test). The medi-
an overall survival (0S) has
not been reached in either
group (Figure 2).

Among patients with residual
disease after NAT, the b5y-
DFS was 70% in patients
whose residual tumors rema-
ined HER2+ (14 DFS events)
and 21% in patients who-

NAT and tumor grade, TNM stage and anti-
HER2 treatment are shown in Table 2.

Sixty patients had residual disease at surgery.
In 8 (13%) of them the residual tumor did not
have HER2 overexpression/amplification (Table
2). Loss of HER2 was more frequent among HR-
tumor (5 of 18, 28%) than HR+ tumor (3 of 42,
7%) (P = 0.045, Fisher exact test).

Survival analysis

With a median follow-up of 52 months there
were 20 relapses and 24 disease-free events:
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se residual tumors became

HER2 negative (5 DFS events)
(HR = 0.33 95% CI (0.12-0.91), P = 0.02, log-
rank test) (Figure 3). Similarly, 5y-0OS was 84%
for patients whose tumors remained HER2+ (8
deaths) and 50% for patients whose residual
tumors became HER2 negative (4 deaths) (HR
= 0.17 95% CI (0.05-0.57), P < 0.001, log-rank

test) (Figure 4, Supplementary Data).
Discussion

NAT is commonly used as initial treatment of
early BC and may change the tumor character-
istics and biomarkers expression. Indeed, sev-
eral studies reported discordances between
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Figure 3. Kaplan-Meier disease-free survival curves according to residual tu-
mor HER2 status after neoadjuvant treatment (no pCR patients). DFS curves
according to loss of HER2 overexpression/amplification after neoadjuvant
treatment in patients with residual disease, comparison by log-rank test with
95% Cl for the hazard rate (HR) and p-value.

—MHER2+

" ‘—I_‘—\,_\_\-L'
Loss of HER2-censored

08 ~+~HER2+censored

HER2 Status after
NAT

1Loss of HER2

06

04

Overall Survival

HR=0.17
(95% C10.05-0.57)
p<0.001

02

00
0 200 40,0 60,0 800 1000

Time (month)

Figure 4. Kaplan-Meier overall survival curves according to residual tumor
HER2 status after neoadjuvant treatment (no pCR patients). OS curves ac-
cording to loss of HER2 overexpression/amplification after neoadjuvant
treatment in patients with residual disease, comparison by log-rank test with
95% ClI for the hazard rate (HR) and p-value.

13, 6% of tumors [6, 13, 14].
Furthermore, two studies re-
ported worse survival rates in
patients whose tumors had
lost HER2 amplification in the
course of metastatic disease
[12, 15].

In early stage HER2+ BC,
there are conflicting data on
the loss of HER2 overexpres-
sion/amplification associated
with NAT. Several retrospec-
tive and prospective studies
did not report a significant
change in HER2 amplification
between initial biopsy and the
surgical specimen obtained
after NAT [8]. In contrast oth-
ers reported that NAT is as-
sociated with loss of HER2
amplifications in 2.3 to 43%
of patients [16, 17].

The largest study comparing
HER2 receptor status before
and after NAT by Niikura et
al. [18], reported a 21.4%
(601/2811 patients) discor-
dance of HER2 overexpres-
sion between biopsy and sur-
gical specimen after NAT. As
assessed by IHC the rate was
20.4% (499/2447), and by
FISH 8.4% (17/203). This con-
version rate was higher in
patients treated with tras-
tuzumab and chemotherapy
compared to chemotherapy
alone (24.7% vs 18.2%, P <
0.0001). In contrast, Guarneri
et al. [11] reported HER2
loss in 28% of 69 patients
treated with NAT (14.7% after

ER, PR and also HER2 status before and after
NAT [8], however the prognostic impact of these
changes is not completely clear.

In a retrospective series of HER2+ metastatic
BC reported by Niikura et al., 24% of tumors
became HER2 negative after treatment with
chemotherapy +/- anti-HER2 target therapy
[12]. Other series of metastatic HER2+ BC
reported loss of HER2 amplification in 5 to
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treatment with chemotherapy + T vs 40% with
chemotherapy alone).

Several reasons have been suggested to ex-
plain HER2 changes after NAT. These inclu-
de technical reasons, such as sampling error,
intratumoral heterogeneity, preanalytical and
analytical pitfalls, and HER2 amplification me-
thods. IHC, used in most studies, can be influ-
enced by variation in tissue processing and fix-
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ation, as well as by intra- and inter-observer
variability. In contrast, HER2 evaluation by FISH
is less likely to document discordance than
IHC. Indeed, Harris et al. reported 12% change
in HER2 overexpression by IHC but no change
by FISH analysis [19].

Although technical reasons may explain the dif-
ferences in HER2 amplification in biopsy and
surgical specimens, one study in which no NAT
was administered before surgery, no discrepan-
cies were reported between biopsy and surgi-
cal samples (concordance rate of 98.8%) [20].
These data suggest that NAT is the main rea-
son for difference of HER2 overexpression/
amplification over time with clonal selection
and development of resistance mechanisms
induced by chemotherapy and/or anti-HER2
therapies. Additionally, as the expression of ER,
PR and HER2 are highly dependent on each
other, modulating one receptor with NAT may
change the expression of other receptors as
well [21].

Whether HER2 alterations induced by NAT in
patients with primary breast cancer affect
prognosis is unclear. Some studies describe no
impact on prognosis (Guarnery et al. 2013, P =
0.063) [11], but others report worse recurrent-
free survival (RFS) in patients with tumors with
loss of HER2 amplification after NAT (Mittendorf
etal., P=0.042) [10], as observed by us.

The present study has several limitations. Itis a
retrospective series, with a small sample and
without a control cohort. Nevertheless, we
observed a small but important difference in
expression of HER2 after treatment with NAT:
13% of HER2+ tumors had no HER2 overex-
pression/amplification in the surgical specimen
removed after NAT. Furthermore, HER2 loss
was associated with worse prognosis. These
patients had a higher rate of relapse and higher
risk of death compared to patients whose
tumors remained HER2+.

Thus, we confirmed the negative prognostic
impact of NAT-induced HER2 loss on residual
tumor, leading to worse DFS and 0S. Despite
the retrospective design and small sample size,
these results suggest that it is important to
retest HER2 after NAT. The subpopulation of
tumors with loss of HER2 overexpression must
be studied further in order to better define their
prognosis and tailor subsequent adjuvant ther-
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apy. If these results are confirmed in larger
data sets, they may influence the design of
clinical trials in patients with residual tumors
after NAT for HER2+ BC.
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