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Effect of the HER-2/CEP17 ratio in IHC 2+/FISH-amplified breast
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Background: Human epidermal growth factor receptor-2 (HER-2) protein expression level could serve
as a predictor of pathological complete response (pCR) to neoadjuvant trastuzumab-containing regimens.
The aim of the present study was to evaluate whether pCR to neoadjuvant trastuzumab and pertuzumab
treatment is dependent on the level of the HER-2/CEP17 (chromosome enumeration probe 17) ratio in
immunohistochemistry (IHC) 2+/fluorescence in situ hybridization (FISH)-amplified breast cancer.
Methods: Patients with primary IHC 2+/FISH-amplified breast cancer who underwent neoadjuvant anti-
HER-2 dual-targeted therapies were retrospectively included between January 1, 2020 and May 30, 2021.
The primary predictive variable was HER-2/CEP17 ratio, and the primary outcome variable was pCR.
Other variables consisted of age, menopausal status, tumor-node-metastasis (TINM) stage, estrogen receptor
(ER), progesterone receptor (PgR), and Ki-67. Association between clinicopathologic variables and pCR was
evaluated using the chi-square test and logistic regression analysis.

Results: The median age of the patients was 51.78 years (25-67 years), and 50.7% of the patients were in
the premenopausal stage. The clinical stage at diagnosis was Stage III in 38 patients (55.1%). Of all patients,
40.6% patients were estrogen receptor positive, and 75.4% patients had a Ki-67 index of 230%. The overall
pCR (ypN0/isypNO) rate was 31.9%. Patients with HER-2/CEP17 ratio >6.0 had a pCR rate of 55.0%, it
was statistically higher than 22.4% in patients with HER-2/CEP17 ratio <6.0. Logistic regression analysis
confirmed the independent association between HER-2/CEP17 ratio and pCR (P=0.020, OR: 5.203, 95%
CI: 1.302-20.783).

Conclusions: A HER-2/CEP17 ratio >6.0 might be related to more achievement of pCR in the
neoadjuvant anti-HER-2 dual-targeted therapies. Further studies are needed to validate the finding.
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Introduction

Breast cancer is an aggressive malignant tumor, with a high
mortality and morbidity rate worldwide. An increase in the
expression of human epidermal growth factor receptor-2
(HER-2) is observed in 15-20% of breast cancer cases, and
therefore serves as a clinical diagnostic marker for breast
cancer (1,2). The clinical application of anti-HER-2 drugs,
such as trastuzumab, has significantly improved the survival
of patients with HER-2-positive breast cancer (3). However,
despite this progress, the prognosis of HER-2-positive
breast cancer remains poor. Recently, the introduction of
HER-2 dual-targeted therapies, such as the combination
of trastuzumab and pertuzumab, has significantly improved
invasive disease-free survival (4). HER-2 has been
considered an important clinical marker for assessing the
efficacy of drugs for treating HER-2-positive breast cancer.
However, the status of HER-2 in response to clinical
treatment with neoadjuvant pertuzumab and trastuzumab is
unclear.

Chemotherapy is widely used to treat locally advanced
breast cancer in early-stage patients, as it significantly
increases the pathological complete response (pCR), which
is an independent parameter that indicates the complete
disappearance of invasive cancer (5). Several studies have
shown that chemotherapy combined with neoadjuvant
HER-2 dual-targeted therapy has better pCR and survival
rates than therapy with neoadjuvant trastuzumab alone (5-7).

The KATHERINE study showed that in patients with
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residual tumors after chemotherapy for HER-2-amplified
breast cancer, adjuvant t-DM1 enhancement significantly
reduced the risk of recurrence and improved survival
compared with trastuzumab monotherapy (8). Therefore,
understanding the clinicopathological changes that lead
to higher pCR rates in patients receiving neoadjuvant
chemotherapy (NAC) is critical for making appropriate
treatment decisions.

Previously, numerous studies have shown that
clinicopathological indicators such as estrogen receptor
(ER), progesterone receptor (PgR), KI67, and tumor
infiltrating lymphocytes (TILs) independently predict
pCR in patients receiving NAC containing anti-targeted
drugs (9,10). Currently, immunohistochemistry IHC) and
fluorescence in situ hybridization (FISH) have been used
to determine HER-2 expression levels in breast cancer
tissues in clinical trials. According to the 2018 American
Society of Clinical Oncology (ASCO)/College of American
Pathologists (CAP) guidelines, all patients diagnosed with
breast cancer should undergo HER-2 testing to formulate
appropriate treatment strategies for achieving better
treatment outcomes (11). Our previous study showed that
patients with HER-2-positive (IHC 3+) breast cancer
have significantly higher pCR rates, which indicates that
the HER-2 protein expression level might serve as an
independent predictor of the NAC (12). Some studies have
also shown that the level of the HER-2/CEP17 (chromosome
enumeration probe 17) ratio correlates with pCR rates in
patients with HER-2-positive breast cancer after treatment
with NAC plus trastuzumab (13-15). However, dual HER-
2 blocking therapy is not effective in all patients with HER-
2-amplified breast cancer. Meanwhile, few studies have
investigated the relationship between the level of HER-2/
CEP17 ratio and the pCR of NAC regimens containing
trastuzumab and pertuzumab, as dual-target therapy has
become the standard neoadjuvant regimen for patients
with HER2-positive early breast cancer. Therefore, we
used FISH to analyze the relationship between the HER-
2/CEP17 ratio levels and pCR in response to HER-2
dual-blocking drugs (pertuzumab and trastuzumab). In
the present study, the HER-2/CEP17 ratio was used as a
molecular biological index to evaluate its correlation and
predictive effect on complete pathological remission after
NAC for breast cancer. We present the following article in
accordance with the STROBE reporting checklist (available
at https://gs.amegroups.com/article/view/10.21037/gs-22-
632/rc).
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Methods
Patients

To address the goal, the investigators designed a
retrospective cohort study. From January 1, 2020 to May
30, 2021, patients with histologically confirmed HER-
2-positive early or locally advanced breast cancer who
underwent NAC followed by surgery at The Affiliated
Cancer Hospital of Zhengzhou University were included in
the study. Data regarding demography, pathology, ER, PgR,
Ki-67 index, and pCR of enrolled patients was extracted and
analyzed.

The following criteria were used for patient selection:
(I) age ranging from 18 to 70 years, an Eastern Cooperative
Oncology Group score of 0-1, and a baseline left
ventricular ejection fraction of >55%; (II) confirmation
of invasive breast cancer by ultrasound-guided core
needle biopsy before chemotherapy; (III) IHC results
suggesting HER-2 (IHC 2+) and FISH results showing its
amplification to meet HER-2 positive requirements; (IV)
no distant metastases detected by imaging examination;
(V) receiving neoadjuvant regimens, including trastuzumab
and pertuzumab targeted therapy; (VI) no history of
chemotherapy, endocrine therapy, radiotherapy, or other
anticancer treatments; (VII) breast-conserving surgery
or modified radical mastectomy for breast cancer was
completed after 6 cycles of NAC with dual-targeted
therapy; and (VIII) complete clinicopathological data and
treatment data. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Ethics Committee of Henan
Cancer Hospital (No. 2017407). Individual consent for this
retrospective analysis was waived.

IHC and FISH

Formalin-fixed, paraffin-embedded surgical tissue samples
were cut into 4-pm-thick continuous slices for IHC. The
samples were positive for ER and PgR based on positive
staining for 1% or more of the nuclei. Simultaneous
negative expression of ER and PgR was defined as hormone
receptor (HR) negative, while positive expression for at least
1 receptor was defined as HR positive. The Ki-67 index was
categorized as high expression (>30%) and low expression
(<30%), with a cut-off value of 30%.

According to the updated 2018 ASCO/CAP Clinical
Practice Guidelines (11), each patient was diagnosed as
HER-2 positive based on the following criteria: IHC 0
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and IHC 1+ were defined as HER-2 negative, IHC 2+
was categorized as HER-2 borderline, and IHC 3+ was
categorized as HER-2 positive. The dual-probe FISH assay
was conducted routinely on all tumor specimens with HER-
2 (IHC 2+) for final HER-2 classification. Tumors were
considered HER-2 positive if dual-probe HER-2/CEP17
ratio was >2 or ratio <2, but with HER-2 copy number
>6 signals per cell.

Neoadjuvant treatment vegimen

All patients received a 6-cycle neoadjuvant regimen
comprising a dual-targeted therapy that included trastuzumab
at the loading dose of 8 mg/kg, followed by a 6 mg/kg
dose and pertuzumab at the loading dose of 840 mg/kg,
followed by a 420 mg/kg dose; both drugs were administered
once every 3 weeks. The majority of patients received
TCbHP regimen (containing paclitaxel 75 mg/m’, day 1
plus carboplatin, area under the curve=6, day 1, once every
3 weeks) and PHP regimen (containing albumin paclitaxel
125 mg/m’, days 1/8/15, once every 3 weeks). A small
number of patients received the NAC regimen THP
containing docetaxel (80-100 mg/m’) once every 3 weeks.
All patients eventually underwent surgery after 6 cycles of
NAC. The surgical procedure was chosen by the surgeon
according to the specific condition of the patient. The pCR
was described as the absence of histological evidence of
malignancy in both primary and metastatic lymph nodes of
patients with breast cancer postoperatively or the presence of
only carcinoma iz situ components (ypT0/isNO).

Statistical analysis

The primary outcome variable was pCR. The primary
predictive variable was the HER-2/FISH ratio treated
as a dichotomized variable with a cut-off value of 6, as
determined from a previous report (13). Other variables
included age (<50 vs. >50 years), menopausal status, tumor-
node-metastasis (TNM) stage, ER, PgR, and Ki-67 index.
Association between clinicopathologic variables and pCR
was firstly analyzed using y’-test or Fisher’s exact probability
method, the significant variables were then evaluated in
logistic regression model to determine the independence.
Spearman’s rank correlation test was used to analyze the
correlation between different HER-2/CEP17 ratios and
pCR rates. All statistical analyses were performed using
Statistical Package for the Social Sciences 20.0. Statistical
significance was set at two-sided P<0.05.
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Results
Patient and tumor characteristics

Sixty-nine women with HER2 THC 2+/FISH-negative
breast cancer were included in this study, and their
clinicopathological characteristics and treatment details
are provided in Table 1. The mean age was 51.78 years
(25-67 years). Of these patients, 35 (50.7%) were
premenopausal. Clinical stages at diagnosis were Stage 11
for 31 patients (44.9%) and Stage III for 38 patients (55.1%).
Among all patients, 40.6% (28/69) were ER positive, 52.2%
(36/69) were PgR positive, and 75.4% (52/69) had a Ki-67
index of 230%.

Association between clinicopathological parameters and the
PpCR rate

In this study, postsurgical pathology showed that 22 patients
(31.9%) achieved pCR, while 47 patients (68.1%) did
not. The results of the y’-test between the pCR rate and
the clinicopathological parameters are shown in Table 2.
The pCR rate of patients with a high level of HER-2/
CEP17 ratio (26) was 55% compared with 22.4% in
patients with low levels of HER-2/CEP17 ratio (<6)
(P=0.008). In the subgroup analysis, the pCR rates were
19.5% and 50% in the ER-negative and ER-positive patient
groups, respectively. The pCR rates of lymph node-negative
and lymph node-positive patients were 63.2% and 20%,
respectively. The univariate analyses revealed that pCR
was prominently interrelated with clinical tumor staging
(P=0.040), clinical lymph node staging (P=0.001), American
Joint Committee on Cancer TNM staging (P=0.008), and
Ki-67 index (P=0.080) (Table 2).

Predictive value of the HER-2/CEP17 ratio regarding
pCR

Overall, NAC based on the dual anti-HER-2 therapy had
a pCR rate of 31.9% in ypT0/isNO and 43.5% in ypT0/is.
Patients who responded to trastuzumab-based neoadjuvant
treatment had a median ratio of 5.65 (range, 1.88-14.90),
whereas those who did not respond had a median ratio of 2.5
(range, 1.27-11.20, P<0.01) (Figure I). According to the cut-
off value of 6, patients were categorized into the low HER-
2/CEP17 ratio group (<6) and the high HER-2/CEP17
ratio group (>6). Patients in the high HER-2/CEP17 ratio
group achieved pCR in 11 of 20 cases (55%), which was
significantly higher than those in the low HER-2/CEP17
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ratio group (11749, 22.4%, P=0.008) (Table 2). Interestingly,
7 of 10 (70.0%) ER-positive tumors with a HER2/CEP17
ratio >6 achieved pCR, while 7 of 18 (38.89%) with a low
ratio (<6) achieved pCR. We also observed that within
the ER-negative tumors, 4 of 10 (40.0%) cancers with
HER2/CEP17 ratio >6 achieved pCR, while only 4 of 31
(12.9%) tumors with a low ratio had a pCR (Figure 2). In
the multivariate logistic regression analyses, a significant
improvement in the pCR rate of tumors was found in the
high HER-2/CEP17 ratio group [odds ratio (OR): 5.203,
95% confidence interval (CI): 1.302-20.783, P=0.02].

Finally, 4 factors with P<0.05 were analyzed by the
multivariate analysis. Patients with a higher HER-2/CEP17
ratio (>6) were more likely to reach pCR after NAC, while
clinical lymph node staging of N1-3 were less likely to
reach pCR (OR: 0.099; 95% CI: 0.023-0.430, P=0.002). In
contrast, patients with ER-negative breast cancer were less
likely to reach pCR after NAC. Therefore, these factors
were independent positive prognostic factors (Table 3).

Discussion

Breast cancer is a heterogeneous disease with various
phenotypes, and approximately 20-25% of invasive breast
cancers show amplification or overexpression of the HER-2
gene (16). Both early and metastatic breast cancers that meet
the HER-2-positive criteria should be treated with regimens
containing anti-HER-2 drugs. Preoperative neoadjuvant
therapy with anti-HER-2 drugs in patients with locally
advanced HER-2-positive breast cancer not only reduces
the size of primary and axillary lymph node metastases,
which provides patients with surgical opportunities to
improve prognosis, but also identifies patients who could
benefit from treatment or those who have poor responses
(8,17). By using the HER-2-positive breast cancer treatment
drug trastuzumab, and its combination with other drugs,
the prognosis of patients with HER-2-positive breast
cancer has greatly improved (18). Therefore, timely and
accurate detection and evaluation of breast cancer treatment
options and prognosis assessment are extremely important,
especially for the development of individualized anti-HER-
2-positive targeted therapeutic regimens and the evaluation
of drug efficacy. In the present study, we assessed the effect
of the HER-2/CEP17 ratio detected by FISH on the pCR
rate in IHC 2+/FISH-amplified breast cancers treated with
the NAC combination of trastuzumab and pertuzumab. We
found that, among the 69 IHC 2+/FISH-amplified breast
cancers, tumors with a HER-2/CEP17 ratio of >6 showed
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Table 1 Patient characteristics

Characteristic N (n=69) %
Age (years)

<50 31 44.9

>50 38 55.1
Menopausal status

Postmenopausal 34 49.3

Premenopausal 35 50.7
Clinical tumor staging

cT1 2 2.9

cT2 52 75.4

cT3 10 14.5

cT4 5 7.2
Clinical lymph node staging

cNO 19 27.5

cN1 16 23.2

cN2 17 24.6

cN3 17 24.6
AJCC stage*

A 17 24.6

1IB 14 20.3

A 15 21.7

1B 5 7.2

e 18 26.1
ER status

Positive 28 40.6

Negative 41 59.4
PgR status

Positive 36 52.2

Negative 33 47.8
Ki67 index

>30% 52 75.4

<30% 17 24.6
HER-2/CEP17 ratio

High level (=6) 20 29.0

Low level (<6) 49 71.0

Table 1 (continued)
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Table 1 (continued)

Characteristic N (n=69) %

Chemotherapy regimens

TCbHP 57 82.6
PHP 8 11.6
THP 4 5.8
RECIST-based treatment
response
CR 26 37.7
PR 39 56.5
SD 4 5.8

Pathologic response of the primary tumor
pCR (T0/is) 30 43.5
Non-pCR 39 56.5
Pathologic response of the primary tumor and lymph node
pCR 22 31.9
Non-pCR 47 68.1

*, according to AJCC Cancer Staging Manual, Eighth Edition
(2019). AJCC, American Joint Committee on Cancer; ER,
estrogen receptor; PgR, progesterone receptor; HER-2, human
epidermal growth factor receptor-2; CEP17, chromosome
enumeration probe 17; TCbHP, docetaxel, carboplatin,
trastuzumab, and pertuzumab; PHP, albumin paclitaxel,
trastuzumab, and pertuzumab; THP, docetaxel, trastuzumab,
and pertuzumab; RECIST, Response Evaluation Criteria in Solid
Tumors; CR, complete response; PR, partial response; SD,
stable disease; pCR, pathological complete response.

a higher tendency to achieve pCR compared with tumors
with a HER-2/CEP17 ratio of <6.

Several studies have confirmed that a high HER-2/
CEP17 ratio is associated with a high pCR rate in HER-
2-positive breast cancer after NAC. Singer et al. studied
114 patients with HER-2-positive breast cancer who
received neoadjuvant anti-HER-2-targeted therapy and
chemotherapy (13). The study pooled and analyzed the
relationship between HER-2 gene amplification and post-
NAC pCR rate in the enrolled patients. The median HER-
2/CEP17 ratio in patients who achieved pCR in that
study was 7 compared with 3.82 for patients who did not
achieve pCR when defined as ypT0/isNO. The pCR rates
were higher in patients with a HER-2/CEP17 ratio of >6
compared with patients with a HER-2/CEP17 ratio of <6
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Table 2 Univariate analysis of the association between different factors and pCR (n=69)

Pathological evaluation, n (%)

Characteristics X P value
pCR (n=22) Non-pCR (n=47)

Age (years) 0.004 0.952
<50 10 (32.3) 21 (67.7)
>50 12 (31.6) 26 (68.4) 0.189 0.664

Menopausal status
Postmenopausal 10 (29.4) 24 (70.6)
Premenopausal 12 (34.3) 23 (65.7)

Clinical tumor staging 4.226 0.040
cT1-2 21 (38.9) 33 (61.1)
cT3-4 1(6.7) 14 (93.3)

Clinical lymph node staging 11.808 0.001
cNO 12 (63.2) 7 (36.8)
cN1-3 10 (20.0) 40 (80.0)

TNM AJCC stage* 7.059 0.008
Il 15 (48.4) 16 (51.6)
11l 7(18.4) 31 (81.6)

ER status 7.121 0.010
Positive 14 (50.0) 14 (50.0)
Negative 8 (19.5) 33 (80.5)

PgR status 1.701 0.192
Positive 14 (38.9) 22 (61.1)
Negative 8 (24.2) 25 (75.8)

Ki67 index 3.065 0.080
>30% 20 (38.5) 32 (61.5)
<30% 2(11.8) 15 (88.2)

HER-2/CEP17 ratio 6.929 0.008
High level (=6.0) 11 (65.0) 9 (45.0)
Low level (<6.0) 11 (22.4) 38 (77.6)

*, according to AJCC Cancer Staging Manual, Eighth Edition (2019). pCR, pathological complete response; TNM, tumor-node-metastasis;
AJCC, American Joint Committee on Cancer; ER, estrogen receptor; PgR, progesterone receptor; HER-2, human epidermal growth factor

receptor-2; CEP17, chromosome enumeration probe 17.

(82.8% ws. 38.3%, P<0.001). Patients with a HER-2/CEP17
ratio of >6 were more likely to achieve pCR after NAC
than those with a HER-2/CEP17 ratio of <6 (OR: 5.08,
95% CI: 1.86-13.90, P=0.002). Arnould et 4/. summarized
the amplification of the HER-2 gene and postoperative
pathology in 93 patients with HER-2-positive breast cancer
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who received neoadjuvant anti-HER2-targeted therapy
and chemotherapy, and found that the pCR rate after NAC
was higher than that in patients with low amplification
(56% vs. 22%, P<0.005) (14). Greenwell ez 4l’s findings
also supported those results. In their study, Greenwell
et al. pooled and analyzed the HER-2/CEP17 ratio to
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Figure 1 The median (range) HER-2/CEP17 ratios in
preoperative biopsy specimens from patients who did not achieve
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postoperative pathology in 10,181 patients with HER-2-
positive breast cancer who received NAC in the National
Cancer Database (15). The results showed that the HER-
2/CEP17 ratio was significantly higher in patients who
achieved pCR after NAC (P<0.001). The pCR rate also
increased with an increase in the HER-2/CEP17 ratio. In
accordance with the present results, a previous study also
demonstrated that HER-2/CEP17 ratios were relatively
high in patients with HER-2/CEP17-positive breast cancer
receiving neoadjuvant therapy with trastuzumab; this was
associated with a significantly higher probability of achieving
pCR by fixing the cut-off ratio at 6 to differentiate between
a high-level ratio and low-level ratio, regardless of the
absence or presence of ductal carcinoma in situ (DCIS) (13).
In the present study, 55% of patients with HER-2/CEP17
ratios >6 achieved pCR, which was significantly higher than
the 22.4% of patients with HER-2/CEP17 ratios <6 who
achieved pCR.

We also demonstrated that patients with higher HER-
2/CEP17 ratios in HER-2-positive breast tumors showed
a significantly higher probability of pCR after combined

pCR

B Non-pCR

Ratio =6
M pCcR

aAnebou Y3
43

ansod 43

Figure 2 Pie chart of pCR based on ER expression and HER-2/CEP17 ratio classification. ER, estrogen receptor; pCR, pathological

complete response; HER-2, human epidermal growth factor receptor-2; CEP17, chromosome enumeration probe 17.
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Table 3 Multivariate analysis of factors affecting the pCR of
neoadjuvant chemotherapy for IHC 2+/FISH-amplified breast
cancer

Variables OR 95% Cl P value
ER status

Negative 1

Positive 4.036 (1.094-14.890)  0.036
Ki67 index

<30% 1

>30% 3.439 (0.611-19.346)  0.161

Clinical lymph node staging
cNO 1
cN1-3 0.099 (0.023-0.430) 0.002

HER-2/CEP17 ratio
Low level 1

High level 5.203 (1.302-20.783) 0.020

pCR, pathological complete response; IHC, immunohistochemistry;
FISH, fluorescence in situ hybridization; OR, odds ratio; ClI,
confidence interval; ER, estrogen receptor; HER2, human
epidermal growth factor receptor-2; CEP17, chromosome
enumeration probe 17.

neoadjuvant treatment with trastuzumab and pertuzumab,
which was in line with the findings of previously published
studies (19). In the present study, we found that pCR
(defined by ypT0/isNO) occurred in only 22 of 69 patients
(31.9%) when pertuzumab + NAC based on trastuzumab
was used, and even with the relatively non-restrictive
definition of pCR (ypT0/isNO), only 43.5% (30/69) of
patients achieved pCR. This value was relatively lower than
the pCR rate reported in the NeoALTTO study (51.3%)
and Train-2 study (68%) (20,21). Several factors could
explain this difference. First, all patients included in the
present study had IHC 2+/FISH-amplified breast cancers,
which were confirmed to be less likely to achieve pCR
than THC 3+ breast cancers investigated in our previous
study (19.3% wvs. 31.4%) (12). Second, our study included a
relatively large number of locally advanced Stage III patients
(38769, 55.1%) and patients with N3 stage tumors (24.6%,
17/69) and T3-4 stage tumors (21.7%, 15/69). Moreover,
in our current study, the ER-positive status was a predictor
of pCR in IHC 2+/FISH-amplified breast cancers, which
was in contrast with the findings of most clinical studies to
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the best of our knowledge. This result could be explained
by the fact that 10 of the 28 ER-positive patients had a high
HER-2/CEP17 ratio, while only 10 of the 41 ER-negative
patients had a high HER-2/CEP17 ratio, which could be
due to the limited number of cases.

In the present study, we analyzed the HER-2/CEP17
ratio in IHC 2+/FISH-amplified breast cancers treated
with neoadjuvant therapy containing pertuzumab and
trastuzumab. Our findings indicated that a HER-2/CEP17
ratio of >6 is significantly more likely to achieve pCR.
Recently, the KATHERINE study showed that, among
patients with HER-2-positive early breast cancer without
pCR after neoadjuvant therapy, adjuvant T-DM1 therapy
was associated with a 50% lower risk of invasive breast
cancer recurrence than trastuzumab therapy alone (7). The
widespread application of T-DMI1 in neoadjuvant therapy
in the future can possibly further improve the pCR rate of
HER-2-positive patients with high HER-2/CEP17 ratios and
even provide survival benefits. Furthermore, it would be of
great interest to investigate in larger studies whether higher
pCR rates or survival benefits could be obtained by adding
a new generation of targeted drugs, such as T-DM1 and
DS8201, to pertuzumab and trastuzumab-based NAC (17).

To the best our knowledge, our real-world research based
on the level of the HER-2/CEP17 ratio to predict the pCR
of patients with HER-2-positive breast cancer following
NAC is the first study to focus on IHC 2+/FISH-amplified
breast cancer treated with neoadjuvant pertuzumab and
trastuzumab therapy. The present study, however, has
several limitations. First, because of the limited number of
specific cases in this study, the influence of different regions,
different age groups, and different races on the outcome
could not be determined. Second, the relevant data require
a large number of long-term, multicenter investigations
and evaluation of clinical efficacy so that the application
and clinical potential of the targeted drugs can be evaluated
more effectively and accurately (21,22). Third, the sample
size was not calculated before the study, there might be
some undetected predictors, and more researches were
needed.

Conclusions

A HER-2/CEP17 ratio >6.0 might be related to more
achievement of pCR in the neoadjuvant anti-HER-2 dual-
targeted therapies. Further studies are needed to validate
the finding.
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