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Background: Human epidermal growth factor receptor 2 (HER2)-positive invasive breast cancer (BC)
accounts for 15-20% of all cases, requiring HER2-targeted neoadjuvant therapy (NAT). Despite the success
of trastuzumab and other HER2-targeted treatments, many patients still experience inadequate responses,
highlighting the need for more accurate and accessible biomarkers to predict treatment outcomes. Serum
HER?2 (sHER?2) levels, as a non-invasive biomarker, have shown promise in monitoring treatment response;
however, the role of sSHER2 dynamics during treatment remains underexplored. The aim of this study was
to investigate the potential of sSHER2 dynamics as a predictor of pathological complete response (pCR) in
HER2-positive BC patients undergoing NAT.

Methods: This retrospective study analyzed 120 HER2-positive BC patients who underwent standard NAT
followed by surgery at Fudan University Shanghai Cancer Center (FUSCC). sHER?2 levels were measured at
three time points: baseline, after the second cycle of therapy (C2), and at surgery. Logistic regression analysis
was used to assess the association between changes in sSHER? levels and the achievement of pCR. The study
also examined the influence of other clinicopathological factors such as estrogen receptor (ER) status, Ki67,
and tissue HER2 (¢tHER?2) levels on pCR.

Results: During NAT, sHER2 levels showed a significant decline, with a more pronounced reduction
observed in patients achieving pCR. The greatest reduction in sSHER? levels after C2 was strongly associated
with pCR. Both univariate and multivariate analyses identified significant reductions in sHER2 levels after
C2 and ER-negative status as independent predictors of pCR. Notably, sHER2 changes from baseline to C2
demonstrated a stronger predictive value for pCR compared to changes observed later in treatment.
Conclusions: Our study confirms that reductions in sSHER?2 levels after C2 are a strong indicator of
favorable treatment response in HER2-positive BC patients undergoing NAT. Monitoring sHER2 dynamics
early in treatment can serve as a useful, non-invasive biomarker to predict pCR and may guide therapeutic

decisions in clinical practice.
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Introduction

Breast cancer (BC) is one of the most commonly
diagnosed malignant diseases in females worldwide (1).
Significant advancements in clinical research have ushered
BC management into the era of individualized precision
medicine (2-5). Human epidermal growth factor receptor
2 (HER2) is a key oncogenic driver in BC, activating
downstream tyrosine kinase signaling (6). HER2-positive
BC accounts for approximately 15% to 20% of all BCs
and is associated with a more aggressive phenotype (7).
Since the introduction of trastuzumab, clinical outcomes
for HER2-positive BC have improved significantly, thanks
to the development of additional HER2-targeting agents
over the past decades (8-15). However, despite these
advancements, some patients continue to experience
inadequate responses to current therapies due to primary
or acquired resistance (16).

Neoadjuvant therapy (NAT) has emerged as an effective
systemic treatment strategy that facilitates early assessment
of therapeutic response (17-19). Pathological complete
response (pCR) serves as a strong surrogate endpoint,
with patients achieving pCR after NAT demonstrating
significantly better clinical outcomes compared to those
who do not (19). Despite the substantial improvements
in outcomes for HER2-positive patients through HER2-
targeted NAT; up to 50% of patients still exhibit residual
disease (20). In the era of precision medicine, individualized
treatment based on tumor biology and NAT response
represents a new therapeutic approach, with numerous
factors studied alongside advancements in genomic and
transcriptomic sequencing (21,22). However, the high costs
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of these techniques and the lack of reliable pCR predictors
for clinical application hinder the identification of effective
interventions, underscoring the need for more accurate and
convenient response assessments at this stage (23).

Despite the emergence of new markers defined in recent
years, HER2 amplification remains the most reliable
predictor of treatment response in HER2-positive BC
(24-26). Tissue HER2 (tHER2?) and serum HER2 (sHER?2)
levels, which reflect local and systemic HER2 expression,
respectively, have been focal points in research on HER2-
positive BC treatment. HER2 amplification in tissue can
be assessed through immunohistochemistry (IHC) and
in situ hybridization (ISH) (27,28). Previous studies have
confirmed that patients with HER2 amplification exhibit
higher pCR rates and longer disease-free survival (DFS)
after NAT, and low HER2 THC scores may correlate with
reduced pCR rates (29-31). The extracellular domain of
HER2 (HER2-ECD) can be shed into the bloodstream,
resulting in sHER2, which generates a 95 kDa constitutively
active truncated HER2 receptor on the cell membrane (32).
As a readily accessible and noninvasive method, several
clinical studies have reported significant correlations
between sHER?2 levels, prognosis, and trastuzumab
resistance (33,34).

Given the concerns surrounding the potential clinical
value of sHER2 and the underexplored dynamics of
sHER2 levels during HER2-targeted NAT (35,36), we
retrospectively investigated changes in sHER?2 levels in
HER2-positive BC patients treated with NAT. We also
dynamically assessed the relationship between these changes
and treatment efficacy. We present this article in accordance
with the STROBE reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-24-432/rc).

Methods
Clinical coborts and variables

A retrospective analysis was conducted on 120 patients
with HER2-positive BC (BC) without distant metastasis at
baseline, diagnosed at Fudan University Shanghai Cancer
Center (FUSCC) from 2018 to 2021. The flowchart is
presented in Figure 1. All participants underwent standard
neoadjuvant chemotherapy (NAC) combined with
trastuzumab-based HER2-targeted treatment, followed
by either mastectomy or breast-conserving surgery. HER2
overexpression was identified using an IHC score of 3+ or
ISH positivity. Data collection included social information,
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Diagram for patients and specimens

Eligible HER2-positive patients enrolled in standard
NAC with trastuzumab at FUSCC from 2018 to 2021
(N=263)

No tissue available
(N=0)

A

Surgery tissue available
(N=263)

No baseline serum available
1 (N=23)

y

Baseline serum available
(N=240)

| No serum after C2 available
1 N=73)

A

Serum after C2 available
(N=167)

| No serum at surgery available
“1 (N=47)

A

Serum at surgery available
(N=120)

Figure 1 Diagram for patients and specimens. Eligible HER2-
positive patients were enrolled in standard NAC with trastuzumab
at FUSCC from 2018 to 2021. Patients with available surgical
tissue and serum samples at baseline, after C2, and at surgery were
included in the study. C2, cycle 2; FUSCC, Fudan University
Shanghai Cancer Center; HER2, human epidermal growth factor
receptor 2; NAC, neoadjuvant chemotherapy.

clinicopathological characteristics, responses to NAC,
and associated outcomes. pCR was defined as ypT0/is
ypNO, indicating the absence of invasive cancer in both the
breast and axillary nodes, regardless of ductal carcinoma
in situ, post-NAC. Baseline evaluations consisted of clinical
examinations, laboratory tests, and imaging techniques
such as ultrasound, mammography, computed tomography
(CT) scans of the chest, magnetic resonance imaging
(MRI) of the breast or brain, and nuclear imaging methods
including emission computed tomography (ECT) and
positron emission tomography/CT (PET/CT). Treatment
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response was assessed after every two therapy cycles via
clinical and imaging evaluations. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the Ethical Review
Community of FUSCC (No. 050432-4-2108%), and all
patients signed informed consent forms in accordance with
institutional guidelines.

Tissue and serum HER?2 detection

Prior to initiating NAT;, all patients underwent primary
tumor biopsies for diagnostic confirmation, including IHC
and fluorescence in situ hybridization (FISH) tests. Serum
HER2 (sHER2) levels were measured at three points:
baseline, post-second treatment cycle (C2), and during
surgery.

IHC analysis of paraffin-embedded tumor samples
was performed using the SP3 antibody (Thermo Fisher
Scientific, Waltham, MA USA) and scored based on the
American Society of Clinical Oncology (ASCO)/College of
American Pathologists (CAP) 2018 guidelines (28) (scores:
0/1+, 2+, 3+). FISH was conducted using PathVysion HER-
2 DNA Probe Kit (Abbott Molecular) with probes for
HER2/neu and centromere 17. The HER2/CEP17 ratio
and HER2 copy number were evaluated following ASCO/
CAP 2018 standards.

Peripheral blood samples were collected to measure
sHER? levels. Plasma was freshly processed immediately
after collection to maintain accuracy. Baseline levels
were recorded before starting NAT, with additional
measurements taken after two therapy cycles and at surgery
when applicable. sHER2 concentrations were analyzed
using the ADVIA Centaur CP Immunoassay System
(Siemens, Germany), ensuring high precision with intra-
assay variation <5% and inter-assay variation <10%.

Neoadjuvant treatment

A total of 120 patients received trastuzumab-based NAC.
Most patients (n=88) underwent the PCH regimen, which
included paclitaxel (80 mg/m’ on days 1, 8, 15), carboplatin
[area under the curve (AUC) =2 on days 1, 8, 15], and
trastuzumab (loading dose 4 mg/kg and maintenance dose
2 mg/kg on days 1, 8, 15, 22), administered every four
weeks for 4-6 cycles. Smaller groups of patients received
alternative chemotherapy protocols: 25 patients were
treated with the TCH regimen (docetaxel 75 mg/m’ on
day 1, carboplatin AUC =5 on day 1, and trastuzumab
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with an 8 mg/kg loading dose and 6 mg/kg maintenance
dose every three weeks for six cycles); 4 patients received
the TH regimen (docetaxel 100 mg/m’ on day 1 and
trastuzumab with the same dosing schedule as TCH every
three weeks for four cycles); and 3 patients were treated
with the ddEC-PH regimen (epirubicin 90 mg/m’ and
cyclophosphamide 600 mg/m’ on day 1 every two weeks
for four cycles, followed by paclitaxel 80 mg/m’ on days 1,
8, 15 and trastuzumab 4 mg/kg loading dose and 2 mg/kg
maintenance dose on the same days, administered every
three weeks for four cycles).

Statistical analysis

The associations between sHER2 changes and NAT
outcomes were evaluated using univariate and multivariate
logistic regression analyses. Continuous variables were
expressed as mean * standard deviation or median
(interquartile range, 25-75 percentiles) and analyzed
using either the Student’s #-test or the Wilcoxon rank-
sum test. Categorical variables were reported as counts
and percentages and analyzed with chi-square tests or
Fisher’s exact tests. Statistical analyses and curve plotting
were conducted using SPSS software (version 25.0, SPSS,
Chicago, IL, USA) and R software (version 4.1.2). A P value

of less than 0.05 was considered statistically significant.

Results

Patient characteristics

A total of 120 patients with HER2-positive BC who
underwent trastuzumab-based NAT followed by surgery
at FUSCC between 2018 and 2021, without evidence of
distant metastasis, were included in this analysis. Of these,
60 patients (50%) achieved a total pathological complete
response (tpCR). Significant differences are observed
in clinical T (P=0.04), pathological T (P<0.001) and N
(P<0.001) status. Regarding hormone receptor expression,
the pCR group has a higher proportion of ER-negative
patients (P=0.002), and HER2+/HR~ subtypes (P=0.003).
Lower Ki-67 levels are associated with a higher likelihood
of achieving pCR (P<0.001) (Tuble 1).

Additionally, we focused on HER2 expression in both
tissue and serum. Our findings revealed that the pCR
group exhibits elevated baseline sHER2 levels, along with
increased HER2 copy numbers and HER2/CEP17 ratios.
However, these differences are not statistically significant

© AME Publishing Company.

Wang et al. Assessing NAT response through sHER2 dynamics

(Figure 2A4,2B).

sHER?2 dynamics during NAT

Furthermore, we assessed the continuous changes in
sHER? levels throughout the NAT process, comparing the
pCR and non-pCR groups at key time points: baseline, after
cycle 2 (C2), and at surgery. In the pCR group, a significant
and progressive decline in sHER? levels is observed from
baseline to after C2 (P<0.001), and from after C2 to at
surgery (P=0.009), indicating a strong therapeutic response
to NAT. In the non-pCR group, the reductions are less
pronounced. The differences between baseline and C2, as
well as between after C2 and at surgery, were statistically
significant (P<0.001 and P=0.01, respectively), indicating
a more moderate reduction compared to the pCR group
(Figure 34).

Furthermore, a more precise calculation of the relative
changes in sSHER?2 levels for each patient was performed
during the baseline-to-after C2, baseline-to-at surgery,
and after C2-to-at surgery phases, respectively, controlling
for the influence of preceding sHER2 levels. Significant
reductions in sHER? levels over time from baseline to C2
were observed in the pCR group compared to the non-
pCR group (P=0.003). However, possibly due to the limited
extent of sSHER2 decline or the sample size, no significant
difference between the pCR and non-pCR groups was
observed from baseline to surgery (P=0.06) and from C2 to
surgery (P=0.46) (1able 1, Figure 3B).

The predictive value of sHER2 dynamics regarding pCR

In the previous analysis, we found that ER status, Ki-
67 levels, and changes in sHER2 from baseline to after
C2 were strongly associated with pCR. We further
investigated whether these variables could predict pCR. In
the univariate analysis, changes in sHER2 from baseline to
C2 are strongly predictive of pCR in both univariate [odds
ratio (OR) 10.324, 95% confidence interval (CI): 2.057—
51.806, P=0.005] and multivariate analysis (OR 8.470, 95%
CI: 1.608-44.612, P=0.01). ER-positive status is also an
independent predictor of pCR, with significant findings in
both univariate (OR 0.311, 95% CI: 0.147-0.656, P=0.002)
and multivariate analysis (OR 0.340, 95% CI: 0.158-0.735,
P=0.006) (1able 2). The longitudinal changes in sHER2
levels from baseline to after C2 and at surgery are shown
separately for ER-negative and ER-positive groups,
demonstrating a significant decrease (ER-negative: baseline
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Table 1 Patient characteristics stratified by pCR and non-pCR status

Characteristics pCR (n=60) Non-pCR (n=60) P value
Age (years) 49.78+9.78 48.87+10.83 0.63
BMI (kg/m?) 22.86 (21.37, 25.65) 23.16 (21.20, 25.24) 0.70
Height (cm) 159.18+4.59 160.52+4.44 0.11
Weight (kg) 60.04+9.07 59.86+7.84 0.91
BC family history 0.41
Negative 51 (42.5) 54 (45.0)
Positive 9 (7.5) 6 (5.0)
cT 0.04
| 12 (10.0) 2(1.7)
Il 28 (23.3) 33 (27.5)
I 7 (5.8) 7 (5.8)
\Y 13 (10.8) 18 (15)
cN 0.12
0 8(6.7) 15 (12.5)
[ 38 (31.7) 32 (26.7)
I 6 (5) 10(8.3)
I 8(6.7) 3(2.5)
Clinical stage 0.36
| 1(0.8) 0 (0)
I 33 (27.5) 28 (23.3)
1l 26 (21.7) 32 (26.7)
pT <0.001
0 60 (50.0) 13 (10.8)
I 0 (0) 39 (32.5)
Il 0 (0) 7 (5.8)
I 0(0) 1(0.8)
PN <0.001
0 60 (50.0) 27 (22.5)
I 0 (0) 23 (19.2)
Il 0 (0) 3(2.5)
M 0 (0) 7 (5.8)
Pathological stage <0.001
0 60 (50.0) 0 (0)
| 0(0) 24 (20.0)

Table 1 (continued)

© AME Publishing Company. Gland Surg 2025;14(2):207-218 | https://dx.doi.org/10.21037/gs-24-432



212

Table 1 (continued)

Wang et al.

Assessing NAT response through sHER2 dynamics

Characteristics pPCR (n=60) Non-pCR (n=60) P value
Il 0 (0) 25 (20.8)
I 0(0) 11092
ER 0.002
Negative 40 (33.3) 23 (19.2)
Positive 20 (16.7) 37 (30.8)
PR 0.08
Negative 44 (36.7) 35 (29.2)
Positive 16 (13.3) 25 (20.8)
Ki-67 <0.001
Low 0 (0) 10 (8.3)
High 60 (50.0) 50 (41.7)
Molecular subtype 0.003
HER2+/HR- 39 (32.5) 23 (19.2)
HER2+/HR+ 21 (17.5) 37 (30.8)
HER2 status IHC score >0.99
o 5(4.2) 5(4.2)
3+ 55 (45.8) 55 (45.8)
FISH 0.13
Negative 0 (0) 3 (2.5)
Positive 59 (49.2) 57 (47.5)
Unknown 1(0.8) 0 (0)
HER2 copy number/nucleus 20 (17.5, 20) 17.5 (14, 20) 0.08
HER2/CEP17 8 (5.8824, 8.75) 7 (4.125, 8.1875) 0.11
Baseline sHER2 level (ng/pL) 17.45 (12.75, 28.5) 15 (12.6, 20.025) 0.18
sHER?2 level after C2 (ng/pL) 11.5 (9.625, 13.2) 11.7 (10, 12.75) 0.70
sHER2 level at surgery (ng/uL) 10.69+2.34 10.59+2.19 0.81
sHER2 change from baseline to C2 (ng/pL) 0.370+0.240 0.238+0.240 0.003
sHER2 change from baseline to surgery (ng/uL) 0.395+0.280 0.303+0.255 0.06
sHER2 change from C2 to surgery (ng/plL) 0.0614+0.200 0.0868+0.171 0.46
Local therapy >0.99
Breast-conserving surgery 5(4.2) 4 (3.3)
Mastectomy 55 (45.8) 56 (46.7)

Table 1 (continued)
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Table 1 (continued)
Characteristics pPCR (n=60) Non-pCR (n=60) P value
Axillary surgery 0.09
SLNB 14 (11.7) 7 (5.8)
ALND 46 (38.3) 53 (44.2)
Neoadjuvant therapy regimen 0.71
PCH 44 (36.7) 44 (36.7)
TCH 12 (10) 13(10.8)
TH 3 (2.5) 1(0.8)
ddEC-PH 1(0.8) 2(1.7)
Efficacy after C2 0.06
Partial response 55 (45.8) 48 (40)
SD 4 (3.3 12 (10)
PD 0 (0) 0 (0)
Unknown 1(0.8) 0(0)
MP grade <0.001
5 60 (50.0) 10 (8.3)
4 0 (0) 21 (17.5)
3 0 (0) 18 (15)
2 0 (0) 8 (6.7)
Unknown 0 (0) 3(2.5)
Data are presented as mean + standard deviation or median (IQR) or n (%). “+” indicates positive status, and “~” indicates negative

status. ALND, axillary lymph node dissection; BC, breast cancer; BMI, body mass index; cN, clinical nodal stage; cT, clinical tumor
stage; ddEC-PH, dose-dense epirubicin, cyclophosphamide, followed by paclitaxel, and trastuzumab regimen; ER, estrogen receptor;
FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; IQR, interquartile
range; MP grade, Miller-Payne grade; PCH, paclitaxel, carboplatin, and trastuzumab regimen; PD, progressive disease; PR, progesterone
receptor; pCR, pathological complete response; pN, pathological nodal stage; pT, pathological tumor stage; SD, stable disease; SLNB,
sentinel lymph node biopsy; TCH, docetaxel, carboplatin, and trastuzumab regimen; TH, docetaxel and trastuzumab regimen.

to after C2, P<0.001; after C2 to surgery, P=0.002; ER-
positive: baseline to after C2, P=0.001; after C2 to surgery,
P=0.006) and exhibiting a similar trend between the two
groups (Figure 3C). We further compared sHER2 changes
between ER-negative and ER-positive patients and found no
significant differences between the two groups (Figure 3D).
Other variables including HER?2 signal number/nucleus,
HER2/CEP17, sHER2 change from baseline to at surgery,
sHER2 change from after C2 to at surgery, PR, and Ki67
do not show consistent or significant associations with pCR.

These results indicate that a reduction in sHER2 levels
from baseline to after C2, and ER status are strongly

© AME Publishing Company.

associated with achieving pCR.

Discussion

NAT is a crucial treatment approach for patients with
HER2-positive BC (37,38). While previous studies on
sHER?2 detection have primarily focused on advanced-
stage disease, the results have often been conflicting and
complex (35,36,39). Previous study has suggested that low
sHER?2 levels after two cycles of NAT are associated with
achieving pCR (40). This raises an important question: Can
the relative dynamics of sHER2 provide early insights into
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treatment efficacy for patients undergoing NAT?

Our study included patients undergoing NAT with
sHER? levels measured at three consecutive stages, and
we evaluated the value of sHER2 changes throughout the
treatment phases. Our study demonstrates the predictive
value of sHER2 dynamics in achieving pCR in HER2-
positive BC patients receiving NAT. Specifically, our
findings underscore the pivotal role of early sHER2
reductions after the second cycle, in predicting therapeutic
response.

One of the most notable observations was the significant
and progressive decline in sHER2 levels in the pCR
group compared to the non-pCR group, particularly from
baseline to C2. This early decline in sHER2 may serve as
an important biomarker for monitoring treatment efficacy,
as patients with greater reductions in sHER2 during this
early phase were more likely to achieve pCR. In contrast,
the non-pCR group exhibited less pronounced reductions
in sHER2, especially from C2 to surgery, suggesting that
these patients might benefit from alternative or additional
therapeutic strategies to enhance treatment response. These
findings are consistent with prior studies that have reported
the predictive value of sHER2 monitoring in clinical
outcomes (41,42).

Furthermore, the logistic regression analysis further
supports the utility of sHER2 changes as a predictive
marker. The significant association between a reduction in
sHER? from baseline to C2 and pCR, even after adjusting
for confounding factors in multivariate analysis, underscores

© AME Publishing Company.

the importance of early treatment monitoring.

The clinical implications of these findings are substantial.
First, the ability to predict pCR early in the NAT process
could guide treatment decisions and optimize therapeutic
strategies. Patients showing a marked early decline in
sHER?2 levels could continue with standard HER2-targeted
regimens, while those with less pronounced reductions may
warrant treatment intensification or the incorporation of
alternative therapies. Furthermore, our findings suggest that
monitoring sHER2 dynamics could help identify patients
who may benefit most from dual HER2-targeted therapy,
given the higher pCR rates observed in these patients.

However, this study has certain limitations. The sample
size, particularly in subgroup analyses, may limit the
generalizability of the findings. Additionally, while we
identified significant associations between sHER2 dynamics
and pCR, the mechanistic basis for these changes warrants
further investigation. It is also important to note that while
sHER?2 changes provide valuable predictive insights, they
should be considered alongside other established biomarkers
and clinical factors when making treatment decisions.

Conclusions

In conclusion, our study demonstrates that early reductions
in sSHER? levels after C2, are strongly predictive of pCR
in patients with HER2-positive BC undergoing NAT.
Monitoring sHER2 dynamics could provide clinicians
with valuable insights into treatment efficacy and guide
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of sHER? levels measured at three time points—baseline, after C2, and at surgery for pCR and non-pCR groups. (B) Relative changes in
sHER? levels (%) in (baseline - after C2)/baseline, (baseline - at surgery)/baseline, and (after C2 - at surgery)/after C2, for pCR and non-
pCR groups. (C) The continuous changes of sSHER? levels measured at three time points—baseline, after cycle 2 (C2), and at surgery for
ER-negative and ER-positive groups. (D) Relative changes in sHER?2 levels (%) in (baseline - after C2)/baseline, (baseline - at surgery)/
baseline, and (after C2 - at surgery)/after C2, for ER-negative and ER-positive groups. ***, P<0.001; **, P<0.01; *, P<0.05; ns, not significant.

C2, cycle 2; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; pCR, pathological complete response; sHER2, serum

HER2; tHER?2, tissue HER2.

Table 2 Logistic regression results of pCR

Univariate analysis

Multivariate analysis

Characteristics

Odds ratio (95% CI)

P value Odds ratio (95% ClI) P value

HER2 signal number range/nucleus
HER2/CEP17

sHER2 change from baseline to C2
sHER2 change from baseline to surgery
sHER2 change from C2 to surgery

ER (positive versus negative)

PR (positive versus negative)

KI67 (low versus high)

1.042 (0.992-1.094)
1.088 (0.976-1.212)
10.324 (2.057-51.806)
3.644 (0.918-14.460)
0.475 (0.067-3.345)
0.311 (0.147-0.656)
0.509 (0.236-1.098)
0.000 (0.000-Inf)

0.10
0.13
0.005 8.470 (1.608-44.612) 0.01
0.07
0.46
0.002 0.340 (0.158-0.735) 0.006
0.09

0.99

Cl, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; pCR, pathological complete response;
PR, progesterone receptor; sHER2, serum human epidermal growth factor receptor 2.
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more personalized therapeutic approaches. Further studies
with larger cohorts are needed to validate these findings
and explore the underlying mechanisms that drive the
relationship between sHER2 dynamics and therapeutic
response.

Acknowledgments

None.

Footnote

Reporting Checklist: The authors have completed the
STROBE reporting checklist. Available at https://
gs.amegroups.com/article/view/10.21037/gs-24-432/rc

Data Sharing Statement: Available at https://gs.amegroups.
com/article/view/10.21037/gs-24-432/dss

Peer Review File: Available at https://gs.amegroups.com/
article/view/10.21037/gs-24-432/prf

Funding: This work was supported by grants from the
National Natural Science Foundation of China (No.
82072919).

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://gs.amegroups.
com/article/view/10.21037/gs-24-432/coif). The authors
have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the
Ethical Review Community of Fudan University Shanghai
Cancer Center (FUSCC) (No. 050432-4-2108%), and all
patients signed informed consent forms in accordance with
institutional guidelines.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the

© AME Publishing Company.

Wang et al. Assessing NAT response through sHER2 dynamics

original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024.
CA Cancer J Clin 2024;74:12-49.

2. Harbeck N, Penault-Llorca F, Cortes J, et al. Breast
cancer. Nat Rev Dis Primers 2019;5:66.

3. Jiang YZ, Liu Y, Xiao Y, et al. Molecular subtyping and
genomic profiling expand precision medicine in refractory
metastatic triple-negative breast cancer: the FUTURE
trial. Cell Res 2021;31:178-86.

4. Crimini E, Repetto M, Aftimos P, et al. Precision medicine
in breast cancer: From clinical trials to clinical practice.
Cancer Treat Rev 2021;98:102223.

5. Goutsouliak K, Veeraraghavan J, Sethunath V, et al.
Towards personalized treatment for early stage HER2-
positive breast cancer. Nat Rev Clin Oncol 2020;17:233-50.

6. Marchio C, Annaratone L, Marques A, et al. Evolving
concepts in HER2 evaluation in breast cancer:
Heterogeneity, HER2-low carcinomas and beyond. Semin
Cancer Biol 2021;72:123-35.

7. Lin NU. Brain metastases in HER2-positive breast cancer.
Lancet Oncol 2013;14:185-6.

8. Choong GM, Cullen GD, O'Sullivan CC. Evolving
standards of care and new challenges in the management
of HER2-positive breast cancer. CA Cancer J Clin
2020;70:355-74.

9. Cortés J, Kim SB, Chung WP, et al. Trastuzumab
Deruxtecan versus Trastuzumab Emtansine for Breast
Cancer. N Engl ] Med 2022;386:1143-54.

10. Bartsch R, Berghoff AS, Furtner J, et al. Trastuzumab
deruxtecan in HER2-positive breast cancer with
brain metastases: a single-arm, phase 2 trial. Nat Med
2022;28:1840-7.

11. Mamounas EP, Untch M, Mano MS, et al. Adjuvant
T-DM1 versus trastuzumab in patients with residual
invasive disease after neoadjuvant therapy for HER2-
positive breast cancer: subgroup analyses from
KATHERINE. Ann Oncol 2021;32:1005-14.

12. Cameron D, Piccart-Gebhart MJ, Gelber RD, et
al. 11 years' follow-up of trastuzumab after adjuvant
chemotherapy in HER2-positive early breast cancer: final
analysis of the HERceptin Adjuvant (HERA) trial. Lancet
2017;389:1195-205.

13. Tolaney SM, Tayob N, Dang C, et al. Adjuvant

Gland Surg 2025;14(2):207-218 | https://dx.doi.org/10.21037/gs-24-432


https://gs.amegroups.com/article/view/10.21037/gs-24-432/rc
https://gs.amegroups.com/article/view/10.21037/gs-24-432/rc
https://gs.amegroups.com/article/view/10.21037/gs-24-432/dss
https://gs.amegroups.com/article/view/10.21037/gs-24-432/dss
https://gs.amegroups.com/article/view/10.21037/gs-24-432/prf
https://gs.amegroups.com/article/view/10.21037/gs-24-432/prf
https://gs.amegroups.com/article/view/10.21037/gs-24-432/coif
https://gs.amegroups.com/article/view/10.21037/gs-24-432/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Gland Surgery, Vol 14, No 2 February 2025

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Trastuzumab Emtansine Versus Paclitaxel in Combination
With Trastuzumab for Stage I HER2-Positive Breast
Cancer (ATEMPT): A Randomized Clinical Trial. J Clin
Oncol 2021;39:2375-85.

Krop IE, Im SA, Barrios C, et al. Trastuzumab Emtansine
Plus Pertuzumab Versus Taxane Plus Trastuzumab Plus
Pertuzumab After Anthracycline for High-Risk Human
Epidermal Growth Factor Receptor 2-Positive Early
Breast Cancer: The Phase III KAITLIN Study. J Clin
Oncol 2022;40:438-48.

Modi S, Saura C, Yamashita T, et al. Trastuzumab
Deruxtecan in Previously Treated HER2-Positive Breast
Cancer. N Engl ] Med 2020;382:610-21.

Zhang Y. The root cause of drug resistance in HER2-
positive breast cancer and the therapeutic approaches

to overcoming the resistance. Pharmacol Ther
2021;218:107677.

Long-term outcomes for neoadjuvant versus adjuvant
chemotherapy in early breast cancer: meta-analysis of
individual patient data from ten randomised trials. Lancet
Oncol 2018;19:27-39.

Spring LM, Bar Y, Isakoff SJ. The Evolving Role of
Neoadjuvant Therapy for Operable Breast Cancer. ] Natl
Compr Canc Netw 2022;20:723-34.

Korde LA, Somerfield MR, Carey LA, et al. Neoadjuvant
Chemotherapy, Endocrine Therapy, and Targeted
Therapy for Breast Cancer: ASCO Guideline. J Clin
Oncol 2021;39:1485-505.

Gianni L, Eiermann W, Semiglazov V, et al. Neoadjuvant
chemotherapy with trastuzumab followed by adjuvant
trastuzumab versus neoadjuvant chemotherapy alone,

in patients with HER2-positive locally advanced breast
cancer (the NOAH trial): a randomised controlled
superiority trial with a parallel HER2-negative cohort.
Lancet 2010;375:377-84.

Wolf DM, Yau C, Wulfkuhle J, et al. Redefining breast
cancer subtypes to guide treatment prioritization and
maximize response: Predictive biomarkers across 10 cancer
therapies. Cancer Cell 2022;40:609-623.¢6.

Nielsen TO, Leung SCY, Rimm DL, et al. Assessment of
Ki67 in Breast Cancer: Updated Recommendations From
the International Ki67 in Breast Cancer Working Group. ]
Natl Cancer Inst 2021;113:808-19.

McNamara KL, Caswell-Jin JL, Joshi R, et al. Spatial
proteomic characterization of HER2-positive breast
tumors through neoadjuvant therapy predicts response.
Nat Cancer 2021;2:400-13.

Wu Y, Li L, Zhang D, et al. Prognostic Value of the Serum

© AME Publishing Company.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

217

HER?2 Extracellular Domain Level in Breast Cancer: A
Systematic Review and Meta-Analysis. Cancers (Basel)
2022;14:4551.

Annaratone L, Sarotto I, Marchio C. HER2 in Breast
Cancer. In: Sapino A, Kulka J, editors. Breast Pathology.
Cham: Springer International Publishing; 2020. p. 151-61.
Fehrenbacher L, Cecchini RS, Geyer CE Jr, et al. NSABP
B-47/NRG Oncology Phase III Randomized Trial
Comparing Adjuvant Chemotherapy With or Without
Trastuzumab in High-Risk Invasive Breast Cancer
Negative for HER2 by FISH and With IHC 1+ or 2.
Clin Oncol 2020;38:444-53.

Perez EA, Cortés ], Gonzalez-Angulo AM, et al. HER?2
testing: current status and future directions. Cancer Treat
Rev 2014;40:276-84.

Wolff AC, Hammond MEH, Allison KH, et al. Human
Epidermal Growth Factor Receptor 2 Testing in Breast
Cancer: American Society of Clinical Oncology/College
of American Pathologists Clinical Practice Guideline
Focused Update. J Clin Oncol 2018;36:2105-22.

de Nonneville A, Houvenaeghel G, Cohen M, et al.
Pathological complete response rate and disease-free
survival after neoadjuvant chemotherapy in patients with
HER2-low and HER2-0 breast cancers. Eur J Cancer
2022;176:181-8.

Krystel-Whittemore M, Xu J, Brogi E, et al. Pathologic
complete response rate according to HER2 detection
methods in HER2-positive breast cancer treated with
neoadjuvant systemic therapy. Breast Cancer Res Treat
2019;177:61-6.

Katayama A, Miligy IM, Shiino S, et al. Predictors

of pathological complete response to neoadjuvant
treatment and changes to post-neoadjuvant HER2 status
in HER2-positive invasive breast cancer. Mod Pathol
2021;34:1271-81.

Tsé C, Gauchez AS, Jacot W, et al. HER2 shedding and
serum HER? extracellular domain: biology and clinical
utility in breast cancer. Cancer Treat Rev 2012;38:133-42.
Duchnowska R, Sperinde J, Chenna A, et al. Quantitative
HER?2 and p95HER?2 levels in primary breast cancers and
matched brain metastases. Neuro Oncol 2015;17:1241-9.
Sperinde J, Huang W, Vehtari A, et al. p9SHER2
Methionine 611 Carboxy-Terminal Fragment Is Predictive
of Trastuzumab Adjuvant Treatment Benefit in the FinHer
Trial. Clin Cancer Res 2018;24:3046-52.

Leyland-Jones B, Smith BR. Serum HER? testing in
patients with HER2-positive breast cancer: the death knell
tolls. Lancet Oncol 2011;12:286-95.

Gland Surg 2025;14(2):207-218 | https://dx.doi.org/10.21037/gs-24-432



218

36. Perrier A, Gligorov J, Lefevre G, et al. The extracellular
domain of Her2 in serum as a biomarker of breast cancer.
Lab Invest 2018;98:696-707.

37. Zuo H, Ueland PM, Midttun O, et al. Results from the
European Prospective Investigation into Cancer and
Nutrition Link Vitamin B6 Catabolism and Lung Cancer
Risk. Cancer Res 2018;78:302-8.

38.

breast cancer. Nat Rev Clin Oncol 2020;17:33-48.

39. Lennon S, Barton C, Banken L, et al. Utility of serum

HER?2 extracellular domain assessment in clinical decision

making: pooled analysis of four trials of trastuzumab in
metastatic breast cancer. J Clin Oncol 2009;27:1685-93.

Cite this article as: Wang X, Xiong M, Shao Z, Xiu B,
Zhang Q, Liu D, Chi W, Zhang L, Chen M, Ren H, Shao ZM,
Chen J, Wu J. Assessing neoadjuvant treatment response
through serum human epidermal growth factor receptor
2 (HER2) dynamics. Gland Surg 2025;14(2):207-218. doi:
10.21037/gs-24-432

© AME Publishing Company.

Oh DY, Bang YJ. HER2-targeted therapies - a role beyond

Wang et al. Assessing NAT response through sHER2 dynamics

. Zuo W], He M, Zheng H, et al. Serum HER2 levels

predict treatment efficacy and prognosis in patients with
HER?2-positive breast cancer undergoing neoadjuvant
treatment. Gland Surg 2021;10:1300-14.

. Witzel I, Loibl S, von Minckwitz G, et al. Monitoring

serum HER? levels during neoadjuvant trastuzumab
treatment within the GeparQuattro trial. Breast Cancer
Res Treat 2010;123:437-45.

. Witzel I, Loibl S, von Minckwitz G, et al. Predictive value

of HER? serum levels in patients treated with lapatinib or
trastuzumab -- a translational project in the neoadjuvant
GeparQuinto trial. Br J Cancer 2012;107:956-60.

Gland Surg 2025;14(2):207-218 | https://dx.doi.org/10.21037/gs-24-432



