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Background: Controversy remains regarding the predictive and prognostic value of serum human
epidermal growth factor receptor 2 (HER2) in breast cancer. The purpose of this retrospective study was
to determine the clinical utility and efficacy of serum HER2 (sHER?2) in predicting treatment response
and prognosis in patients with HER2-positive breast cancer undergoing neoadjuvant chemotherapy and
trastuzumab treatment.

Methods: A total of 309 HER2-positive breast cancer patients diagnosed at Fudan University Shanghai
Cancer Center from July 2015 to January 2019 were analyzed. Baseline sHER?2 levels were obtained for
all patients and sHER2 levels were collected after 2 cycles of treatment in 208 patients. A sHER?2 level
>15 ng/mL was regarded as “high expression” and sHER2 <15 ng/mL was regarded as “low expression”.
Outcome measures of treatment efficacy and prognosis were pathological complete response (pCR) and
invasive disease-free survival (iDFS), respectively.

Results: In patients with high baseline sHER2, more were ER-negative (P=0.029), had larger tumor
size (P=0.006), more advanced clinical stage (P=0.002), higher Miller-Payne grade (P=0.024) and higher
likelihood of iDFS events (P=0.015). Patients with high sHER2 levels after 2 cycles of treatment had lower
pCR rates (P=0.038), higher Miller-Payne grade (P=0.013) and higher likelihood of iDFS events (P=0.003).
Kaplan-Meier analysis showed significant differences in iDFS between patients with high and low sHER2
levels at baseline (P=0.019) and after 2 cycles of treatment (P=0.000). Further analyses according to cancer
subtypes found baseline sHER? to be significantly correlated with the iDFS of Luminal B patients (p=0.002),
while sHER2 levels after 2 cycles of treatment was significantly correlated with the iDFS of HER2-enriched
patients (P=0.000). Univariate analysis showed significant association between iDFS and tumor size (P=0.026),
lymph node status (P=0.008), clinical stage (P=0.031), baseline sHER2 (P=0.024), overall tumor response
(P=0.011), pCR (P=0.043) and Miller-Payne grade (P=0.001). Multivariate analysis found Miller-Payne grade
(P=0.037) to be significantly associated with iDFS.

Conclusions: Our results demonstrate the clinical value of sHER?2 in a population of Chinese breast
cancer patients, suggesting that sHER2 levels after 2 cycles of neoadjuvant therapy may be more predictive

of treatment outcomes and that the prognostic value of sHER2 may be time point and subtype dependent.
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Introduction

Breast cancer is the most common type of cancer in
women. It is a heterogeneous disease which can be
classified into four molecular subtypes with unique
clinicopathologic characteristics according to the 2013 St.
Gallen consensus: Luminal A, Luminal B, HER2-enriched
and Basal-like breast cancer (1-3). In clinical application,
immunohistochemical staining of estrogen receptor (ER),
progesterone receptor (PgR), human epidermal growth
factor receptor-2 (HER2) and Ki67 is commonly used to
divide patients into four major subtypes, each with a distinct
prognosis (3). HER2-positive or HER2-amplified breast
cancer accounts for approximately 20-25% of invasive
breast cancer, and is associated with more aggressive
disease, higher risk for progression and decreased overall
survival (4,5).

Neoadjuvant chemotherapy (NAC) followed by
definitive surgery is a standard of care for locally advanced
breast cancer and an option for early-stage breast cancer to
increase the chance of breast-conserving surgery (6). The
use of NAC allows for an early assessment of treatment
effect in breast cancer patients and also provides insight
into tumor biology and differential responses to treatment.
The main goal of NAC is to achieve pathological complete
response (pCR), as past studies have shown pCR to be
associated with favorable outcomes (7-9), especially in
patients with HER2-positive breast cancer and triple
negative breast cancer (TNBC).

With numerous neoadjuvant therapy regimens available
and more treatments emerging, the prompt and accurate
identification of sensitive responders to NAC is crucial.
Unfortunately, many of the traditional biomarkers measured
prior to chemotherapy lack accuracy, and most efforts
focusing on monitoring morphological changes in tumors
are only indicative of a later stage response. In recent
decades, numerous predictors of treatment efficacy and
prognostic factors have been discovered. Studies examining
the relationship between Ki67 expression and chemotherapy
response have found breast cancer with a high Ki67
expression level to respond better to chemotherapy
(10-12). Similarly, tumor-infiltrating lymphocytes (TILs)
have also been reported to be associated with improved
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distant metastases-free survival in HER2-positive early
breast cancer, as well as increased rates of pCR with
neoadjuvant trastuzumab and chemotherapy (13,14).
However, biomarkers obtained through tissue biopsy would
be difficult to monitor repeatedly, limiting its clinical utility,
and a liquid biopsy seems more practical. Using liquid
biopsies to acquire circulating cancer-derived materials
such as circulating tumor cells (CTCs) and circulating
tumor DNA (ctDNA) has great diagnostic, predictive and
prognostic potential, but still requires further research.
Meanwhile, tumor markers such as carcinoembryonic
antigen (CEA) and cancer antigen 15-3 (CA 15-3) are
easily obtained from blood samples and commonly used
in monitoring breast cancer patients, particularly in
metastatic setting. Though the sensitivity of these markers
may be lacking, study have shown that combination of
several tumor markers can enhance the sensitivity for
detecting metastatic breast cancer and may merit further
exploration (15).

The full-length HER2 protein is a 185 kDa
transmembrane receptor composed of an internal tyrosine
kinase domain, a short transmembrane domain and an
extracellular domain (ECD) (16). The ECD of the HER2
protein can be cleaved from the surface by metalloproteases
and detected in the peripheral blood as serum HER2
(sHER?2) (17,18). Elevated sHER2 levels (>15 ng/mL) have
been observed in 3-15% of primary breast cancer and up to
46% in metastatic breast cancer (MBC), studies have shown
that increased sHER?2 levels are usually associated with poor
prognosis (19-30). Serum HER2 can be measured serially
and may be used to monitor on-treatment response, predict
relapse, or provide a real-time assessment of HER? status at
metastatic presentation (31,32).

However, controversy remains regarding the predictive
and prognostic value of sHER?2 levels in breast cancer, with
contradicting results from different studies (19-30,33,34). It
is yet unclear as to whether sHER? levels predict treatment
efficacy and prognosis in patients with HER2-positive
breast cancer undergoing neoadjuvant treatment. Thus, the
purpose of this retrospective study was to investigate the
association between serum HER2 and pCR and invasive
disease-free survival (iDFS) in HER2-positive breast
cancer patients undergoing neoadjuvant chemotherapy and
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trastuzumab treatment.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-802).

Methods
Study population

In this retrospective study, 309 patients with histologically
proven HER2-positive early or locally advanced breast
cancer who were diagnosed from July 1, 2015 to January
23, 2019 at Fudan University Shanghai Cancer Center
(FUSCC) were analyzed. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by ethics committee of
FUSCC (No. 050432-4-1212B) and individual consent
for this retrospective analysis was waived. Clinical data
were retrospectively collected from the electronic medical
records system.

Eligible patients were women over 18 years old,
diagnosed with histologically confirmed HER2-positive
breast cancer, who were treated with neoadjuvant
chemotherapy and trastuzumab before surgery. Core
needle biopsy of primary tumor was conducted for each
patient before neoadjuvant treatment. HER2 positivity was
defined as immunohistochemistry (IHC) 3+ or fluorescence
in situ hybridization (FISH) positive of the primary tumor.
Clinicopathologic information including age, menstrual
status, primary tumor size (cT, ypT), regional lymph node
status (cN, ypN), ER status, PgR status, HER2 status and
Ki67 expression was collected. Patients with incomplete
clinicopathological information or without sHER2 data
were excluded from this study. Patients were assessed at
baseline through clinical examination, laboratory tests,
ultrasound (including breast, axillary, supraclavicular,
abdominal organs and cardiac ultrasound), mammography,
chest computed tomography (CT), breast magnetic
resonance imaging (MRI), brain CT or MRI, emission
computed tomography (ECT) or positron emission
tomography/computed tomography (PET/CT). Treatment
efficacy was assessed after every 2 cycles of treatment
through clinical examination and imaging-based evaluation
(including ultrasound, breast MRI and other necessary
methods). Tumor lesions and lymph nodes were assessed
according to the Response Evaluation Criteria in Solid
Tumours (RECIST) guidelines (version 1.1) (35). Patients
underwent definitive surgery after completing neoadjuvant
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chemotherapy and surgical specimens were assessed by
pathologists for pathological response.

Detailed information regarding the patients’ neoadjuvant
treatment, surgical method and adjuvant treatment was
also collected. Post-surgery, patients were treated as
needed with adjuvant chemotherapy, anti-HER2 therapy,
radiotherapy and endocrine therapy according to clinical
guidelines. Follow-up visits were scheduled at 3-month
intervals from the date of surgery for the first 2 years, then
at 6-month intervals from the date of surgery for years 3 to
5, and then annually afterwards. Follow-up included clinical
examination, ultrasound (breast, axillary, supraclavicular and
liver) and laboratory tests at each visit, while mammography
and CT was recommended annually. Other exams were
added if deemed necessary.

In this study, using the clinicopathologic surrogate
definitions of intrinsic subtypes of breast cancer (3), patients
who were ER-positive, HER2-positive with any Ki67 and
PgR was classified as “Luminal B-like (HER2-positive)”
and referred to as “Luminal B”; patients who were HER2-
positive, ER-negative and PgR-negative was classified as
“HER2 positive (non-luminal)” and referred to as “HER2-
enriched”.

Study endpoints

The primary endpoint of this study was iDFS, defined as
the time from the date of primary surgery to the date of
breast cancer recurrence, distant metastasis, second primary
invasive cancer or death. Subjects who had not experienced
iDFS events at the time of analysis were censored using
the last assessment date. The secondary end point was
pCR, defined as the absence of residual invasive cancer in
the breast and lymph nodes (ypT0/is, ypNO). In this study,
iDFS was used to measure prognosis and pCR was used to
measure treatment efficacy.

Serum HER?2 detection

Peripheral blood was used for sHER2 measurement.
Baseline sHER2 was obtained from each patient before
treatment was started, and in patients who underwent
further testing, sHER2 was also obtained after 2 cycles of
neoadjuvant therapy.

The concentration of sHER2 was measured on
ADVIA Centaur CP Immunoassay System (Siemens,
Germany). The cut-off value of sSHER2 level, 15 ng/mL,
is used as reference top-limit in clinical application and
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is the recommended cutoff value according to the Food
and Drug Administration and various manufacturer’s
recommendations for breast cancer (36). Our review of
past studies has shown that the cut-off value of sHER2 was
set at 15 ng/mL in most studies and a recent meta-analysis
reported the same results (37). In addition, in our previous
study (38), we found that patients with sHER2 >15 ng/mL
had lower progression-free survival than those with sHER?2
<15 ng/mL. Therefore, sHER2 >15 ng/mL was regarded as
“high expression” and sSHER2 <15 ng/mL was regarded as
“low expression” in this study.

Neoadjuvant treatment

The majority of patients received PCH (paclitaxel
80 mg/m’, day 1, 8, 15 plus carboplatin AUC =2, day 1, 8,
15 plus trastuzumab 4 mg/kg loading dose and 2 mg/kg
maintenance dose, day 1, 8, 15, 22 every 4 weeks for 4 to
6 cycles) neoadjuvant therapy. Small numbers of patients
received other chemotherapy regimens such as: TCH
(docetaxel 75 mg/m’, day 1 plus carboplatin AUC =5, day
1 plus trastuzumab 8 mg/kg loading dose and 6 mg/kg
maintenance dose, day 1 every 3 weeks for 6 cycles); TH
(docetaxel 100 mg/m’, day 1 plus trastuzumab 8 mg/kg
loading dose and 6 mg/kg maintenance dose, day 1 every
3 weeks for 4 cycles); PCH-ECH (paclitaxel 80 mg/m’,
day 1, 8, 15 plus carboplatin AUC =2, day 1, 8, 15
plus trastuzumab 4 mg/kg loading dose and 2 mg/kg
maintenance dose, day 1, 8, 15, 22 every 4 weeks for
4 cycles, followed by epirubicin 90 mg/m’, day 1 plus
cyclophosphamide 600 mg/m’, day 1 plus trastuzumab
6 mg/kg, day 1 every 3 weeks for 4 cycles); ddEC-PH
(epirubicin 90 mg/m’, day 1 plus cyclophosphamide
600 mg/m’, day 1 every 2 weeks for 4 cycles, followed by
paclitaxel 80 mg/m’, day 1, 8, 15 plus trastuzumab 4 mg/kg
loading dose and 2 mg/kg maintenance dose, day 1, 8,
15 every 3 weeks for 4 cycles) and ddEC-TH (epirubicin
90 mg/m’, day 1 plus cyclophosphamide 600 mg/m’, day 1
every 2 weeks for 4 cycles, followed by docetaxel 100 mg/m’,
day 1 plus trastuzumab 8 mg/kg loading dose and 6 mg/kg
maintenance dose, day 1 every 3 weeks for 4 cycles).

Statistical analysis

Patient clinicopathological variables were summarized for
all participants using standard descriptive statistics. Pearson
chi square test was performed to compare qualitative
variables.
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Logistic regression analyses were performed to
determine the relationship between pCR and patient
clinicopathological variables, Cox regression was used for
the univariate and multivariate analysis of iDFS. Variables
found to be significant in univariate analysis were included
into multivariate analysis. Factors such as clinical primary
tumor size (¢T), clinical regional lymph node status (cN),
overall tumor response and Miller-Payne Grade were
not analyzed individually because some groups had very
low numbers of patients. Such factors were categorized
into larger groups for the univariate and multivariate
survival analysis. Hazard ratios were obtained using Cox
proportional hazards regression models, with hazard ratio
(HR) >1 reflecting a shortened iDFS. A two-tailed P value
less than 0.05 was considered as statistically significant.
Kaplan-Meier plots were produced for survival endpoint.
All statistical analysis was performed using SPSS 24.0
software (SPSS, Chicago, IL, USA).

Results
Patients and disease characteristics

In total, 309 HER2-positive patients with baseline sHER?2
levels were retrospectively analyzed. The patients’ baseline
sHER2 levels and disease characteristics are summarized
in Table 1. The median age of the patients at diagnosis was
50 years, 147 patients (47.57%) were <50 years of age
and 115 patients (50.16%) were premenopausal at time
of diagnosis. 81 patients (26.21%) were stage II and 228
patients (73.79%) were stage III at diagnosis. 148 patients
(47.90%) were classified as Luminal B subtype, while 161
patients (52.10%) were classified as HER2-enriched subtype.

After neoadjuvant treatment, the 268 patients (86.73 %)
underwent mastectomy, while 41 patients (13.27%)
underwent breast conserving surgery.

Correlation between sHER?2 levels and clinicopathological
parameters

The comparison between high baseline sHER2 and low
baseline sHER2 patients regarding clinicopathological
parameters is listed in Table 2. High sHER2 levels at
baseline was associated with tumor size (P=0.006), clinical
stage (P=0.002), ER status (P=0.029), breast cancer subtype
(P=0.029), mastectomy (P=0.003), Miller-Payne grade
(P=0.024).

Out of the overall 309 patients, 208 patients were further
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Table 1 Patient Characteristics
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Patient Characteristics N=309 Percentage (%)
Age group

<50 years 147 47.57

>50 years 162 52.43
Menstrual status

Premenopausal 155 50.16

Postmenopausal 154 49.84
cT

T 12 3.88

T2 108 34.95

T3 122 39.48

T4 67 21.68
cN

NO 21 6.80

N1 155 50.16

N2 88 28.48

N3 45 14.56
Clinical stage

Il 81 26.21

11l 228 73.79
ER status

Negative 161 47.90

Positive 148 52.10
PgR status

Negative 218 29.45

Positive 91 70.55
Subtype

Luminal B 148 47.90

HER2-enriched 161 52.10
Overall tumor response

CR 24 7.77

PR 279 90.29

SD 5 1.62

PD 1 0.32
pCR

Yes 134 43.37

No 175 56.63

Table 1 (continued)
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Table 1 (continued)
Patient Characteristics N=309

Percentage (%)

Miller-Payne Grade

1 13 4.21
2 12 3.88
3 53 17.15
4 60 19.42
5 139 44.98
NA 32 10.36
iDFS events
No 281 90.94
Yes 28 9.06
Surgery
Breast conserving 41 13.27
Mastectomy 268 86.73

According to AJCC Cancer Staging Manual, Eighth Edition
(2017): cT, clinical primary tumor size; cN, clinical regional lymph
nodes. ER, estrogen receptor; PgR, progesterone receptor;
HER2, human epidermal growth factor receptor 2; CR, complete
response; PR, partial response; SD, stable disease; PD,
progressive disease; pCR, pathological complete response; NA,
not available; iDFS, invasive disease-free survival.

tested for sHER2 levels after 2 cycles of neoadjuvant
treatment. When divided into high and low sHER2 cohorts
according to sHER?2 levels, high sHER2 expression after
2 cycles of neoadjuvant therapy was found to be associated
with pCR (P=0.038) and Miller-Payne grade (P=0.013). No
statistical relationship was observed between the sHER?2
levels after 2 cycles of neoadjuvant therapy and other
variables including age, menstrual status, tumor size, nodal
status, ER status, PgR status, breast cancer subtype, overall
tumor response nor surgical method.

The predictive value of sHER?2 in regard to pCR

In this study, postsurgical pathology revealed that 134
patients (43.37%) achieved pCR, while 175 patients
(56.63%) were non-pCR and had residual disease. As shown
in Table2, high sHER? levels at baseline was not associated
with pCR (P=0.159), but high sHER2 levels after 2 cycles
of neoadjuvant treatment was found to be associated with
a lower pCR rate (P=0.038). Logistic regression confirmed
pCR to be significantly correlated with sHER?2 levels after
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Table 2 Clinicopathological variables and serum HER2 levels at baseline and after 2 cycles of treatment in the study cohort
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Baseline sHER2 levels (N=309)

sHER? level after 2 cycles of treatment (N=208)

Low High Low High
P value P value
N % N % N % N %

Total 145 46.93 164 53.07 177 85.10 31 14.90

Age group 0.252 0.321
<50 years 74 23.95 73 23.62 80 38.46 17 8.17
>50 years 71 22.98 91 29.45 97 46.63 14 6.73

Menstrual status 0.23 0.102
Premenopausal 78 25.24 77 24.92 86 41.35 20 9.62
Postmenopausal 67 21.68 87 28.16 91 43.75 11 5.29

cT 0.006 0.209
T 6 1.94 6 1.94 5 2.40 0 0.00
T2 63 20.39 45 14.56 64 30.77 7 3.37
T3 55 17.80 67 21.68 70 33.65 13 6.25
T4 21 6.80 46 14.89 38 18.27 11 5.29

cN 0.053 0.172
NO 13 4.21 8 2.59 6 2.88 2 0.96
N1 81 26.21 74 23.95 95 45.67 11 5.29
N2 33 10.68 55 17.80 52 25.00 10 4.81
N3 18 5.83 27 8.74 24 11.54 8 3.85

Clinical stage 0.002 0.943
Il 50 16.18 31 10.03 41 19.71 7 3.37
M 95 30.74 133 43.04 136 65.38 24 11.54

ER status 0.029 0.424
Negative 66 21.36 95 30.74 89 42.79 18 8.65
Positive 79 25.57 69 22.33 88 42.31 13 6.25

PgR status 0.282 0.969
Negative 98 31.72 120 38.83 125 60.10 22 10.58
Positive 47 15.21 44 14.24 52 25.00 9 4.33

Subtype 0.029 0.424
Luminal B 79 25.57 69 22.33 88 42.31 13 6.25
HER2-enriched 66 21.36 95 30.74 89 42.79 18 8.65

Overall tumor response 0.784 0.626
CR 12 3.88 12 3.88 15 7.21 2 0.96
PR 131 42.39 148 47.90 160 76.92 28 13.46
SD 2 0.65 3 0.97 2 0.96 1 0.48
PD 0 0.00 1 0.32 0 0.00 0 0.00

Table 2 (continued)
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Table 2 (continued)
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Baseline sHER2 levels (N=309)

sHER2 level after 2 cycles of treatment (N=208)

Low High Low High
P value P value
N % N % N % N %
pCR 0.159 0.038
No 76 24.60 99 32.04 96 46.15 23 11.06
Yes 69 22.33 65 21.04 81 38.94 8 3.85
Miller-Payne grade 0.024 0.013
1 8 2.59 5 1.62 6 2.88 0 0.00
2 0 0.00 12 3.88 5 2.40 4 1.92
3 23 7.44 30 9.71 29 13.94 10 4.81
4 28 9.06 32 10.36 36 17.31 7 3.37
5 71 22.98 68 22.01 83 39.90 7 3.37
NA 15 4.85 17 5.50 18 8.65 3 1.44
iDFS events 0.015 0.003
No 138 44.66 143 46.28 166 79.81 24 11.54
Yes 7 2.27 21 6.80 11 5.29 7 3.37
Surgery 0.003 0.080
Mastectomy 117 37.86 151 48.87 151 72.60 30 14.42
Breast conserving 28 9.06 13 4.21 26 12.50 1 0.48

According to AJCC Cancer Staging Manual, Eighth Edition (2017): cT, clinical primary tumor size; cN, clinical regional lymph nodes.
sHER2, serum human epidermal growth factor receptor 2; ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal
growth factor receptor 2; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; pCR, pathological

complete response; NA, not available; iDFS, invasive disease-free survival.

2 cycles of neoadjuvant therapy (P=0.043), but not with
baseline sHER2? levels (P=0.160). Interestingly, when we
further analyzed the predictive value of sHER?2 levels in
different subtypes, we found that only the sHER2 after 2
cycles of neoadjuvant treatment in HER2-enriched breast
cancer was statistically significant (P=0.005). Details are
listed in Tuble 3.

Previous studies by Witzel er /. had reported that a
decrease in sHER2 levels (>20%) during treatment of
HER2-positive breast cancer was significantly associated
with higher pCR rates (25,26) in patients undergoing
neoadjuvant treatment and longer progression free survival
(PFS) in metastatic breast cancer patients (39). Study by
Mazouni et al. suggested decrease in sHER2 (>9%) to be
predictive of pCR (40). On this basis, we further evaluated
the decrease of sHER2 after neoadjuvant treatment and its
relations to treatment efficacy and patient prognosis, but no
significant association was found between the decrease in

© Gland Surgery. All rights reserved.

sHER?2 levels (>20% and >9%) after 2 cycles compared to
baseline and patient pCR (P=0.871 and 0.967, respectively).
Receiver operating characteristic (ROC) curve analysis was
also used to search for a suitable cut-off level for decrease in
sHER?2 levels to predict pCR but did not yield satisfactory
results.

The prognostic value of sHER?2 in regard to iDFS

The median follow-up duration was 23.3 months. At the
time of analysis, 28 patients (9.06%) had experienced iDFS
event, the overall median iDFS was 20.8 months.
Kaplan-Meier analysis of the overall patients showed
significant differences in iDFS between the low baseline
sHER? and high baseline sHER? cohorts (log-rank =5.524,
P=0.019) (Figure 1A). Interestingly, when we further
evaluated the patients according to breast cancer subtypes,
Luminal B patients showed significant difference in iDFS
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Table 3 Logistic Regression results of pCR in relations to sHER? levels
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Subtype HR 95% Cl P value
Baseline sHER2 (N=309)
Overall 0.723 0.460-1.136 0.160
Luminal B 0.530 0.265-1.058 0.072
HER2-enriched 0.782 0.417-1.469 0.445
sHER?2 after 2 cycles of neoadjuvant treatment (N=208)
Overall 0.412 0.175-0.971 0.043
Luminal B 1.004 0.284-3.547 0.995
HER2-enriched 0.185 0.056-0.609 0.005

pCR, pathological complete response; sHER2, serum human epidermal growth factor receptor 2; HR, hazard ratio; Cl, confidence interval;
HER2, human epidermal growth factor receptor 2.
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Figure 1 Invasive disease-free survival (iDFS) according to serum HER2 (sHER?2) levels. High: sHER2 >15 ng/mL; Low: sHER2
<15 ng/mL. Baseline sHER2 levels and iDFS in (A) overall patients; (B) Luminal B subtype patients; (C) HER2-enriched subtype patients;
sHER?2 levels after 2 cycles of neoadjuvant treatment and iDFS in (D) overall patients; (E) Luminal B subtype patients; (F) HER2-enriched
subtype patients.
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(log-rank =9.506, P=0.002) (Figure 1B), while there was no
significant difference between the two cohorts in HER2-
enriched patients (log-rank =0.127, P=0.722) (Figure 1C). In
addition, in our analysis of the 208 patients with subsequent
data regarding sHER?2 levels after 2 cycles of treatment,
we observed a significant difference in iDFS between the
low sHER2 and high sHER2 cohorts (log-rank =14.353,
P=0.000) (Figure 1D). Evaluation according to subtypes
revealed that there was no significant difference in iDFS
between the two cohorts in Luminal B patients (log-
rank =1.770, P=0.183) (Figure 1E), but found significant
difference in HER2-enriched patients (log-rank =13.977,
P=0.000) (Figure 1F). Similarly, we evaluated the decrease
of sHER?2 after neoadjuvant treatment and its relations to
patient prognosis, but no significant association was found
between the decrease of sHER2 and patient iDFS (P=0.213).

In our initial analysis of clinicopathological variables and
sHER? levels (Table 2), high sHER2 levels at baseline and
after 2 cycles of neoadjuvant treatment were found to be
associated to iDFS events (P=0.015 and 0.003, respectively).
Cox proportional hazard regression was then used to
explore prognostic factors associated with iDFS and our
results are shown in Tzble 4. We observed a significant
association between iDFS and tumor size (P=0.026), lymph
node status (P=0.008), clinical stage (P=0.031), baseline
sHER? (P=0.024), overall tumor response (P=0.011), pCR
(P=0.043) and Miller-Payne grade (P=0.001) in univariate
analysis. When we further corrected these factors in
multivariate analysis, the results revealed that patients
with higher Miller-Payne grade experienced significantly
longer iDFS than their counterparts (HR =0.374, 95% CI:
0.148-0.945, P=0.037). Baseline sHER2? levels proved to be

insignificant in multivariate analysis.

Discussion

HER?2 is an important therapeutic target in breast cancer,
and current clinical guidelines strongly advocate the usage
of anti-HER? treatment and chemotherapy in the treatment
of HER2-positive patients. Serum HER2 has been proposed
as a promising prognostic and predictive biomarker for
HER2-positive patients, but evidence regarding sHER?2
remains controversial and inconclusive.

In the adjuvant setting, results from North Central
Cancer Treatment Group Adjuvant Trial N9831 showed
that elevated baseline sHER2 level was a prognostic
biomarker associated with shorter disease-free survival
(DFS) and a high sHER? level at recurrence was predictive
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of shorter survival (30). Similarly, Reix ez 4/. observed that
DEFES was shorter in patients with elevated sHER?2 levels
(215 ng/mL) compared to those with low sHER2 levels. In
addition, an increase in sHER2 was found to be useful in
some cases to detect recurrences at an early stage (41). A
study by Lee et 4l. of 436 stage I-11I breast cancer of varying
subtypes showed that high levels of sHER2 at diagnosis
were associated with shorter DFS in hormone receptor+/
HER2-, hormone receptor+/HER2+ and hormone
receptor-/HER2+ patients, suggesting sHER?2 to be a useful
prognostic factor in operable breast cancer (32). But in said
study, only 8 patients out of 268 patients with hormone
receptor+/HER2- tumors had elevated sHER2 levels and
the evidence may be insufficient for us to conclude that
sHER? is a useful prognostic factor in hormone receptor+/
HER2- breast cancer.

In MBC, patients with metastases were more likely
to have elevated sHER2 levels than patients without
metastases, and elevated sHER2 levels were found to
be correlated with parameters associated with tumor
aggressiveness (41). Multiple studies have suggested that
elevated sHER2 and a lack of decline after treatment is
associated with poorer survival, and that sHER2 may be a
useful surveillance biomarker for detecting early signs of
recurrence and to predict the fate of metastases (31,41-46).
However, contrary evidence does remain from a pooled
analysis of four MBC trials of trastuzumab that found no
clear relationship between baseline sHER? levels and tumor
response, no significant relationship between decline in
sHER?2 levels and tumor, and that disease progression could
not be reliably predicted by rising sHER2 levels in the
majority of patients (34).

The value of sSHER2 in the neoadjuvant setting also
remains inconclusive. While some studies have found
elevated baseline sHER2 levels to be associated with a
better response to trastuzumab-based treatment (25,47),
others did not find significant difference in mean baseline
sHER?2 values between the pCR group and non-PCR
group (40). In neoadjuvant trials of large operable or
locally advanced HER2-positive breast cancer, results
from the GeparQuattro and GeparQuinto trials found
that both an elevated sHER2 level (>15 ng/mL) and a
significant reduction of sHER2 between two successive
blood draws (a decrease of >20% measured before and after
NAC) were significantly associated with higher pCR after
chemotherapy and anti-HER2 treatment (trastuzumab and
lapatinib) (25,26). A small prospective trial by Mazouni ez al.
of 39 patients observed no significant difference in baseline
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Table 4 Univariate and multivariate survival analysis of factors associated with invasive disease-free survival (N=309)

Univariate Multivariate
HR 95% ClI P value HR 95% ClI P value
Age group
<50 years 1 0.138
>50 years 0.563 0.264-1.204
Menstrual status
Premenopausal 1 0.259
Postmenopausal 0.648 0.305-1.378
cT
T1, T2 (T <5 cm) 1 0.026 1 0.249
T3, T4 (T>5cm) 2.996 1.139-7.881 1.936 0.629-5.954
cN
NO, N1 1 0.008 1 0.090
N2, N3 2.946 1.331-6.520 2.176 0.886-5.345
Clinical stage
Il 1 0.031 1 0.683
1] 4.878 1.157-20.560 1.454 0.241-8.783
ER status
Negative 1 0.354
Positive 0.698 0.327-1.492
PgR status
Negative 1 0.305
Positive 0.623 0.253-1.538
Subtype
Luminal B 1 0.354
HER2-enriched 1.432 0.670-3.058
Baseline sHER2
Low 1 0.024 1 0.101
High 2.683 1.139-6.318 2.075 0.868-4.958
Overall tumor response
PD&SD 1 0.011 1 0.214
PR&CR 0.152 0.035-0.655 0.382 0.084-1.742
pCR
No 1 0.043 1 0.710
Yes 0.413 0.176-0.973 0.820 0.288-2.334
Miller-Payne grade
1,2,3 1 0.001 1 0.037
4,5, NA 0.28 0.133-0.589 0.374 0.148-0.945

According to AJCC Cancer Staging Manual, Eighth Edition (2017): cT, clinical primary tumor size; cN, clinical regional lymph nodes. HR,
hazard ratio; Cl, confidence interval; ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor receptor 2;
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; pCR, pathological complete response; NA, not
available; iDFS, invasive disease-free survival.
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sHER2 levels between patients who achieved pCR and
those with residual disease, but reported that a decrease in
sHER? levels early during treatment to be associated with
pCR (40).

In this study, we attempted to evaluate the value of
sHER?2 as a predictive and prognostic factor for HER2-
positive patients undergoing neoadjuvant treatment. To our
knowledge, this study is the largest one to evaluate sHER?2
in HER2-positive breast cancer patients undergoing
neoadjuvant treatment.

Our results indicate that elevated levels of sHER2
did correlate positively with some clinicopathological
parameters related to tumor aggressiveness and poor
prognosis such as: larger tumor size, more advanced clinical
stage and negative ER status. Surprisingly, factors such as
menstrual status and lymph node status were not correlated
with sHER? levels. Linear regression found no correlation
between age and sHER2 levels. We can infer that sHER2
levels are not age-dependent, and therefore unrelated to
patient menstrual status. We also surmise that the lack of
significant correlation between sHER2 and lymph node
status may be due to the small number of lymph node
negative patients included in this study, as the majority of
patients receiving neoadjuvant treatment presented with
axillary lymph node involvement at diagnosis.

Contrary to results from previous clinical trials (25,26,40),
our study found that neither an elevated baseline sHER?2
nor a decrease in sHER? after treatment were significantly
associated with pCR. However, we found high sHER? levels
after 2 cycles of neoadjuvant treatment to be significantly
associated with pCR. There are several explanations for
the discrepancies of our results. First of all, ethnicity is a
possible factor as it may influence baseline levels of sHER2,
and Asian patients have been previously reported to have
significantly higher sHER?2 levels than other ethnicities
(28,48). Secondly, the lack of association between decrease
in sHER2 and pCR may be explained by the difference in
our time points of obtaining post-treatment sHER? levels.
In the GeparQuattro study, sHER2 was obtained before
and after treatment in patients randomized to receive 8 to
12 cycles of neoadjuvant chemotherapy and trastuzumab.
Decrease of sHER2 levels (>20%) after chemotherapy was
associated with pCR, but sHER2 levels obtained after the
end of chemotherapy showed no difference between pCR
and non-pCR patients. Similarly, in the GeparQuinto
study, sHER2 was obtained before treatment, after 4
cycles of treatment and after 8 cycles of treatment in
patients randomized to receive 8 cycles of neoadjuvant
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chemotherapy and either trastuzumab or lapatinib anti-
HER2 treatment. A decline of sHER2 levels (>20%) after
4 cycles was reported to be associated with pCR but the
GeparQuinto study did not report whether sHER?2 levels
after 4 cycles were associated with pCR. In the study by
Mazouni et al., sHER2 levels were obtained at baseline
before initial chemotherapy and before each subsequent
cycle of treatment to find the threshold value that best
predicted pCR. A decrease by 9% in sHER2 from week 3 to
6 was found to be statistically significant, while a decrease
by 9% in sHER2 from baseline to week 6 was also the best
threshold value for predicting pCR but was not statistically
significant. Finally, the difference in treatment regimens
may also be a crucial factor. The majority of patients in our
study received taxane based chemotherapy with trastuzumab
treatment, while patients of the GeparQuattro study
received trastuzumab with epirubicin/cyclophosphamide
followed by randomization to either docetaxel alone,
docetaxel in combination with capecitabine or docetaxel
followed by capecitabine. Meanwhile, patients of the
GeparQuinto study received epirubicin/cyclophosphamide
followed by docetaxel and were randomly assigned to receive
concomitant trastuzumab or lapatinib, and most notably,
patients in the study by Mazouni e #/. were randomized
to receive paclitaxel followed by fluorouracil/epirubicin/
cyclophosphamide chemotherapy alone or in combination
with trastuzumab. The differences in chemotherapy and
anti-HER? therapy may be a significant factor in explaining
why our results differed from previous studies. Interestingly,
as we mentioned above, we found elevated sHER?2 levels
after 2 cycles of neoadjuvant treatment to be associated
with pCR, suggesting that it may be a viable predictor of
tumor response in patients undergoing chemotherapy and
trastuzumab treatment. Patients undergoing neoadjuvant
treatment at FUSCC are routinely evaluated for tumor
response through physical examination and imaging
examination after every 2 cycles of treatment and sHER2
levels may be a useful biomarker to help predict treatment
efficacy and tumor response, especially in HER2-positive
patients.

Univariate analysis found iDFS to be associated with
commonly accepted variables indicative of poor prognosis
such as: tumor size, lymph node status, overall tumor
response, pCR and Miller-Payne grade after treatment.
Elevated sHER2 both at baseline and after 2 cycles of
treatment was observed to be significantly associated
with shorter iDFS, and our results are in accordance with
previous reports that high levels of sHER? is associated with
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worse prognosis (41,48,49). However, a novel finding in our
study is that elevated SHER?2 levels at different timepoints
during neoadjuvant treatment may have unique prognostic
value for different subtypes of breast cancer. High sHER2
levels at baseline was associated with significant iDFS
differences in Luminal B patients, while high sHER?2 levels
after 2 cycles of treatment was associated with significant
iDFS differences in HER2-enriched patients. Not only
does this offer us more precise guidance in employing
sHER? as a prognostic factor, our results suggest that when
assessing the prognostic value of sHER2, we should further
divide HER2-positive patients into Luminal B and HER2-
enriched subtypes based upon their ER and PgR status, for
this may yield more accurate results.

Inevitably, our study has its limitations. First, our
study was performed using retrospective data rather than
prospective cohorts, and sampling bias may have been
introduced. Second, patients in this study were treated
trastuzumab concomitantly with chemotherapy. While the
majority of patients received 6 cycles of PCH neoadjuvant
treatment, a small percentage of patients underwent other
chemotherapy regimens and underwent surgery after
4-8 cycles of treatment depending on their chemotherapy
regimen. Though the majority of HER2-positive patients
respond well to chemotherapy and anti-HER2 treatment,
the different regimens and cycles of chemotherapy
may affect pCR rates. Third, current clinical guidelines
recommend trastuzumab and pertuzumab in addition to
taxane based chemotherapy for HER2 positive patients
receiving neoadjuvant chemotherapy, and whether our
results are applicable to patients undergoing dual anti-
HER? treatment remains to be explored. Finally, although
our study included a substantial sample size, with a baseline
sHER? from 309 patients and subsequent sHER?2 data from
208 patients, our results are from a single center and only
28 iDFS events were observed in overall patients. Thus,
our results should be interpreted with caution, and further
study in prospective patients will be needed to validate the
predictive and prognostic value of sHER?2 in neoadjuvant,
adjuvant and metastatic settings, especially within the
context of newer anti-HER2 therapies, such as lapatinib,
pyrotinib, pertuzumab and trastuzumab-emtansine.

Nevertheless, our study offers new insights into the
predictive and prognostic value of sHER2 levels in
neoadjuvant treatment of HER2-positive breast cancer.
The development of new technology and novel drugs has
powered the advances of individualized treatment of breast
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cancer. The phase Ib/II Fudan University Shanghai Cancer
Center TNBC umbrella (FUTURE) trial has shown
promising results in the precision treatment of refractory
metastatic patients (50), and with our plans to expand
targeted treatment to the neoadjuvant setting, the results
from this study offers clues in how to identify patients who
may benefit from novel targeted therapies.

Conclusions

Our study brings evidences to support the use of sHER?2
in the neoadjuvant treatment of HER2-positive breast
cancer patients. Our results demonstrate the predictive and
prognostic value of sHER? in a population of Chinese breast
cancer patients, suggesting that sHER2 levels after 2 cycles
may be more predictive of treatment efficacy and that the
prognostic value of sHER2 may be time point and subtype
dependent. Therefore, we would advocate the measurement
of sHER?2 levels after 2 cycles of treatment in addition to
baseline, and we also suggest categorizing HER2-positive
into Luminal B and HER2-enriched subtypes when
evaluating sHER2. As a high sHER?2 level predicts worse
prognosis, sHER2 may be used to identify and further
stratify high risk patients who may benefit from intensive
treatment and newer targeted therapies in future studies.
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