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Abstract 

Background Breast cancer patients of American Society of Clinical Oncology and the College of American Patholo-
gists (ASCO/CAP) Group 2 were all HER2-negative according to the 2018 guideline, not HER2-positive as defined in 
the 2013 guideline.

Methods We aims to elucidate the unique clinicopathological features of ASCO/CAP Group 2 patients by comparing 
with classic HER2-nonamplified cancers, and reveal the efficacy of the former to anti-HER2 therapy. The clinicopatho-
logical features, treatment and prognosis information of 99 patients between 2014 and 2018 were collected. HER2 
status was re-defined using the updated recommendations.

Results Of the 99 ASCO/CAP Group 2 tumors, 25.5% (25/99) tumors were immunohistochemical (IHC) 0/1+ and 
74.7% (74/99) tumors were IHC 2+. According to the updated 2018 guideline, all of them were HER2 negative. 
When compared to ASCO/CAP Group 5, patients of ASCO/CAP Group 2 displayed higher ratio of histological grade 
3 (P = .03), high Ki67 proliferation index (P = .03) and pN3 (more than 9 lymph nodes metastasis, P = .02), and lower 
estrogen receptor (ER) positivity (P = .04). There was no statistical difference in the survival of patients received anti-
HER2 therapy and patients not received anti-HER2 therapy.

Conclusions Patients of ASCO/CAP Group 2 did not received apparent benefit from anti-HER2 treatment. Although 
according to the updated guidelines and latest reports, HER2 is negative, but when compared with classic HER2-non-
amplified cancers, patients of this group seemed to be more aggressive. We suggest that this group still be regarded 
as an independent category, in order to accumulate more cases in the future to expand the scope of research.
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Background
The gene for human epidermal growth factor receptor 
2 (HER2) is located on the long arm of chromosome 17 
and encodes a transmembrane growth factor receptor 
with tyrosine kinase activity. Overexpression or amplifi-
cation of HER2 occurs in approximately 15–20% of inva-
sive breast cancers and is associated with poor prognosis 
[1–3]. As a well-established therapeutic target, HER2-
directed therapies, such as trastuzumab, pertuzumab, 
and other anti-HER2 agents, have dramatically improved 
breast cancer-specific outcomes in HER2-positive breast 
cancers. However, the corresponding significant costs 
and potential toxicities cannot be ignored [4]. Therefore, 
it is critical to accurately assess HER2 status of breast 
cancers, and to correctly identify patients who might 
benefit from targeted therapy, while sparing patients who 
would not.

Immunohistochemical (IHC) analysis and dual-probe 
fluorescence in  situ hybridization (FISH) are the two 
assays commonly used to test HER2 status in breast can-
cer specimens. The American Society of Clinical Oncol-
ogy and College of American Pathologists (ASCO /CAP) 
have periodically issued detailed guidelines and updates 
for conducting and interpreting HER2 tests.

The 2013 guidelines determine breast cancers with a 
FISH dual-probe HER2/CEP17 ratio of 2 or greater as 
amplified, irrespective of HER2 copy number [4]. Conse-
quently, breast cancer with average HER2 signal < 4.0 per 
cell and HER2/CEP17 ratio ≥ 2.0 are reported as HER2 
positive. Based on the subsequent studies, the updated 
2018 HER2 testing guidelines do not report this category 
as HER2 positive directly, but call for additional work-up 
[5] and the final HER2 status would be highly depend on 
IHC results. According to subsequent published works, 
breast cancer of this category, different from the clas-
sic biologically HER2-positive cases, are predominantly 
HER2 negative by IHC [6, 7]. As a result, breast cancers 
with average HER2 signal < 4.0 per cell and HER2/CEP17 
ratio ≥ 2.0 will be mostly classified as HER2 negative 
(without amplification) finally.

This pattern often occurs with low average number of 
HER2 copies (< 4) and loss of chromosome 17 copy num-
ber due to true monosomy (loss of a chromosome 17), 
loss of portion of chromosome 17, or genetic alterations 
that impair the CEP17 binding [8]. ASCO/CAP Group 2 
tumors with monosomy of chromosome 17 (m17) have 
not been studied extensively. There is still debate over 
the features of breast cancer with m17, with some argu-
ing for a worse outcome and less responsiveness to anti-
HER2 targeted therapy [9]. The purpose of this study 
is to explore the clinicopathological profile of breast 
cancers of ASCO/CAP Group 2 and to provide infor-
mation for clinical management. By comparing them 

with classic HER2 negative group (ASCO/CAP Group 
5, average HER2 signal < 4.0 per cell and HER2/CEP17 
ratio < 2.0), we hope to provide some insights into their 
actual similarity to HER2-negetive breast cancers. For the 
sake of simplicity, in the following, ASCO/CAP Group 2 
and ASCO/CAP Group 5 were denoted as Group 2 and 
Group 5, respectively.

Materials and methods
Sample collection
After obtaining approval from the local Institutional 
Review Boards and the local research ethics committees 
of the authors’ institutions, breast cancers in the Depart-
ment of Pathology in Fudan University Shanghai Can-
cer Center between 2014 and 2018 were retrieved and 
reviewed.

Cases that meet the following criteria were enrolled: 
1. HER2 status had been tested by both IHC and FISH; 
2. Both in-house and consultation invasive breast cancer 
with average HER2 signal < 4.0 per cell and HER2/CEP17 
ratio ≥ 2.0 (Group 2), including primary, metastatic and 
recurrent cases; 3. In-house and primary invasive breast 
cancer with modified radical surgery and no neoadju-
vant therapy prior to surgery, and with average HER2 
signal < 4.0 per cell and HER2/CEP17 ratio < 2.0 (Group 
5). Totally, there were 40,201 in-house patients of breast 
cancers from 2014 to 2018. A total of 99 cases of Group 
2 and randomly screened 374 cases of Group 5 were 
enrolled finally. Group 2 consists of 67 in-house cases 
and 32 consultation cases. Clinical and pathological fea-
tures, including patient’s age, histological subtype, grade, 
tumor size, lymph node status, treatments and follow-up 
information were obtained from patient clinical histories 
and pathology reports. The IHC and FISH slides of HER2 
testing were re-evaluated by two breast pathologists sep-
arately. Tumor stage of primary invasive breast cancer 
without preoperative treatment was evaluated according 
to the 8th edition of the American Joint Committee on 
Cancer (AJCC) staging system [10].

Morphology observation
The surgical specimens of 441 in-house tumors, includ-
ing 67 cases of Group 2 and 374 cases of Group 5, were 
routinely processed and sectioned into 4-μm sections 
and stained with hematoxylin-eosin. All of the 32 con-
sultation tumors were submitted as HE slides with either 
representative paraffin blocks or unstained slides. The 
tumors examined in this study were reviewed by two 
breast pathologists separately. The histological type was 
characterized based on the World Health Organization 
histologic classification of breast tumors (2019 version) 
[11]. A modified Bloom and Richardson score scheme 
[12] was used to determine the histological grade of 
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invasive carcinomas. Morphological features such as 
histological subtype, tumor grade, lymph node status 
were all observed. Six patients of metastatic or recurrent 
breast cancer in Group 2 were excluded prior to grading 
and AJCC staging. Pathological responses to neoadjuvant 
chemotherapy were evaluated by the systems of Miller-
Payne (MP). MP Grade 1–4 are categorized as partial 
pathological response (pPR) and MP grade 5 as patho-
logical complete response (pCR) [13].

Immunohistochemical procedures and evaluation
All 473 cases were immunohistochemically assessed 
for estrogen receptor (ER), progesterone receptor (PR), 
HER2, and Ki67. All of the antibodies used in this study 
were from Roche Ventana. The staining was performed 
with the Ventana BenchMark ultra autostainer (Ventana 
Medical System Inc., Roche, Tuscon, AZ, USA) and the 
Ventana Ultra View Universal DAB detection kit. The 
scoring criterion from the ASCO/CAP [5] was used to 
reevaluate HER2 status. Staining was considered positive 
for ER and PR when the nuclear staining was observed 
in 1% or more of the tumor cells [14]. The Ki67 labeling 
index was determined by counting the number of Ki67-
positive cancer nuclei from a total of 1000 cancer cells. 
Ki67 values of 30% or above could be considered as high 
proliferation [15].

According to the 2013 St Gallen recommendations 
[15], all tumors were further classified into the follow-
ing immunohistochemical surrogate subtypes. Luminal 
A-like subtype: ER positive, PR positive, HER2 negative 
and Ki-67 low. Luminal B-like HER2 negative subtype: 
ER positive, HER2 negative, with Ki-67 high or PR nega-
tive or low; Luminal B-like HER2 positive subtype: ER 
positive, HER2 positive with any PR or Ki-67. HER2 over-
expression subtype: HER2 gene amplification or protein 
over-expression, with both ER and PR negative. Triple 
negative subtype (TNBC): both hormonal receptors and 
HER2 negative. The cut-off point of Ki67 index and PR 
low was set to 20% according to the recommendation of 
2013 St. Gallen International Expert Consensus.

Fluorescence in situ hybridization (FISH)
Formalin fixed paraffin-embedded tissue specimens 
were sectioned into 4-μm slides for HER2 FISH test-
ing. Hematoxylin and eosin (H&E) stained sections were 
evaluated to label the invasive carcinoma. FISH analyses 
were performed using the FDA approved PathVysion 
HER2 DNA probe kit (Abbott Molecular, Des Plaines, IL, 
USA). HER2 and CEP17 signals were manually counted 
and analyzed independently by two certified patholo-
gists. Each person individually counted 30 cells from two 
non-overlapping areas and calculated the corresponding 
HER2/CEP17 ratios. If their counts are comparable, an 

average was used to determine the final copy numbers; 
otherwise, the counts would be repeated. Chromosome 
17 monosomy (m17) is defined as average CEP17 signal 
per nucleus less than 1.4 [16].

Statistical analysis
Descriptive statistics of the clinicopathologic features 
of the 473 tumors were calculated. All cases of Group 2 
were grouped for different cutoffs of average HER2 sig-
nals, average CEP17 signals, and HER2/CEP17 ratio, 
respectively. Various tumor characteristics were com-
pared between these groups using the Pearson chi-square 
test aiming at evaluating the relationship between differ-
ent groups. A total of 57 patients of Group 2 who were 
primary breast cancer without neoadjuvant therapy and 
underwent modified radical mastectomy were selected 
and matched with 374 patients of Group 5 for further 
comparison analysis of clinicalpathological character-
istics. The Fisher exact tests were performed when nec-
essary. All statistical tests were two-sided, and P values 
less than 0.05 were considered as significant. Disease 
free survival (DFS) was the primary end point, defined as 
local or regional recurrence, distant metastasis, or death 
from any cause. DFS and overall survival (OS) of Group 2 
were estimated using the Kaplan-Meier method. All anal-
yses were performed in SPSS (version 17.0, SPSS Com-
pany, Chicago, IL).

Results
Clinical‑pathological features
All 473 patients from group 2 and group 5 were female 
with mean and median age of 52y, 45y, respectively (range 
24-79y). The median age at diagnosis was 56 years (range 
24 to 79y) for Group 2, and 52 years (range 26 to 80y) for 
Group 5. The clinicalpathological characteristics of the 
99 patients of Group 2 were summarized in Table 1.

Most of the 81 primary breast cancer patients of Group 
2 (95.1%, 77/81) were invasive carcinoma of no special 
type (ICONST) (Table  1, Fig.  1A, D and G). The his-
tological subtype of Group 5 consisted of 370 (98.9%, 
370/374) ICONST, 3 (0.8%, 3/374) invasive micropapil-
lary carcinoma, and 1 (0.3%, 1/374) invasive lobular car-
cinoma. According to the Nottingham modification of 
the Bloom-Richardson grading system [11], 1.6% (6/374), 
55.6% (208/374) and 42.8% (160/374) of the Group 5 
tumors were histological grade 1, grade 2, and grade 3, 
respectively.

The available information including the clinico-patho-
logical characteristics, molecular findings and follow up 
information of 12 patients of Group 2 who received neo-
adjuvant therapy prior to surgery were summarized in 
Table 2. Two of them showed pCR with MP grade 5, and 
five of pPR consisting of one MP grade 4 and four MP 
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grade 3. The MP grade of the other 5 patients of Group 
2 was unknown, because three of them died during neo-
adjuvant therapy and the other two cannot be contacted 
anymore.

HER2 status determination by IHC and FISH
HER2 was negative (IHC 0, IHC 1+, Fig. 1B and E) in 25 
(25.3%, 25/99) Group 2 cases. The other 74 (74.7%, 74/99) 
Group 2 cases including 68 of primary breast cancer, 4 of 
metastatic breast cancers, and 2 of recurrence of breast 
cancer, showed equivocal HER2 immunostaining (IHC 
2+, Fig. 1H). Within the Group 5 cases, 29 (7.8%, 29/374) 
showed HER2 negative, and 345 (92.2%, 345/374) exhib-
ited equivocal HER2 immunostaining.

FISH detection showed that all 99 tumors belonged 
to Group 2 (Fig. 1C, F, I). The average HER2 signals per 
cell of Group 2 ranged from 2.2 to 4.0 with a mean and 
median of 3.3. Those of Group 5 ranged from 1.23 to 
3.95 with a mean of 2.6 and a median of 2.18. The aver-
age HER2 signals were rather higher in Group 2 than in 
Group 5 (p < 0.0001) (Fig.  2A). The average CEP17 sig-
nals per cell of Group 2 ranged from 1.0 to 1.84 with a 
mean of 1.39 and a median of 1.4. In contrast, those of 
Group 5 ranged from 1.24 to 4.54 with a mean of 2.11 
and a median of 1.94. The average CEP17 signals per cell 
were rather lower in Group 2 than in Group 5 (p < 0.0001) 
(Fig.  2B). The proportion of m17 is much higher in 
Group 2(50.5%, 50/99) than in Group 5(2.9%, 11/374) 
(p < 0.0001). In Group 2, the mean and median ratio of 
HER2/CEP17 was 2.37 and 2.3 respectively (range 2 to 
3.41). In Group 5, the mean and median ratio of HER2/
CEP17 was 1.25 and 1.1 respectively (range 0.4 to 1.94).

None of the Group 2 tumors were HER2 IHC 3+. 
According to the guideline of 2018 ASCO/CAP, all Group 
2 tumors were determined as HER2 negative. There is 

Table 1 Clinico-pathological characteristics of 99 patients of 
ASCO/CAP Group 2

Characteristics Value (%)

Primary breast cancer 93 (93.9%)

 With neoadjuvant therapy 12 (12.9%)

 Without neoadjuvant therapy 81 (87.1%)

Recurrent or metastatic breast cancer 6 (0.6%)

 Metastasis 4 (66.7%)

 Recurrence 2 (33.3%)

Age (range 24-79y,median 56y) a

 ≤ 50 43 (46.2%)

 > 50 50 (53.8)

Histological subtype b

 ICONST 77 (95.1%)

 Mixed ICONST and invasive micropapillary carcinoma 1 (1.2%)

 Mixed ICONST and mucinous carcinoma 1 (1.2%)

 Matrix producing carcinoma 1 (1.2%)

 Invasive carcinoma with neuroendocrine differentiation 1 (1.2%)

Histological grade b

 G2 28 (34.6%)

 G3 53 (65.4%)

Pathologocal stage b

 T1 37 (45.7%)

 T2 34 (42.0)%

 T3 3 (3.7%)

 Non-available 7 (8.6%)

Lymph node stage b

 pN0 39 (48.1%)

 pN1 21 (25.9%)

 pN2 13 (16.0%)

 pN3 4 (4.9%)

 Non-available 4 (4.9%)

AJCC staging b

 I 25 (30.9%)

 II 32 (39.5%)

 III 15 (18.5%)

 Non-available 9 (11.1%)

ER a

 Positive 73 (78.5%)

 Negative 20 (21.5%)

PR a

 Positive 64 (68.8%)

 Negative 29 (31.2%)

HER2-IHC a

 Negative (0,1+) 25 (26.9%)

 Equivocal (2+) 68 (73.1%)

Ki67 a

 > 30% 43 (46.2%)

 ≤ 30% 50 (53.8%)

Immunohistochemical surrogate subtype a

 Lumina A-Like 25 (26.9%)

 Lumina B-Like 48 (51.6%)

a Primary breast cancer with neoadjuvant therapy
b Primary breast cancer without neoadjuvant therapy

Table 1 (continued)

Characteristics Value (%)

 TNBC 20 (21.5%)

Surgery b

 Modified radical mastectomy 57 (70.4%)

 Simple mastectomy +Sentinel lymph node biopsy 12 (14.8%)

 Conservative surgery +Sentinel lymph node biopsy 8 (9.9%)

 Non-available 4 (4.9%)

anti-HER2 therapy a

 Yes 48 (51.%)

 No 43 (46.2%)

 Non-available 2 (2.2%)
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no doubt that 374 tumors of the classic negative group 
(Group 5) were HER2 negative.

Immunohistochemical surrogate subtype based on IHC 
and FISH
ER was positive in 78.5% (73/93) of the primary breast 
cancers of Group 2 (Table 1) and in 87.2% (326/374) cases 
of Group 5 (Table 3), respectively. The positive rate of PR 
of Group 2 and Group 5 was 68.8% (64/93) and 75.4% 
(282/374), respectively. The Ki67 index was high in 45.2% 
cases (42/93) of Group 2 and 30.7% (115/374) cases of 
Group 5. Most cases of Group 2 were of a luminal sub-
type (luminal A-like, 26.9%, 25/93; luminal B-like, 51.6%, 

48/93), whereas the triple negative subtype accounted 
for 21.5% (20/93) of the primary breast cancers. Luminal 
subtype (luminal A-like, 28.6%, 107/374; luminal B-like, 
59.1%, 221/374) was also the main subtype of Group 5. 
The proportion of triple negative subtype (12.3%, 46/374) 
was lower than that of Group 2. Since neither the Group 
2 nor Group 5 HER2 genes were amplified, there was no 
HER2 overexpression subtype in either group.

Treatment and clinical follow‑up information
The follow-up information of twelve patients of Group 2 
who received neoadjuvant therapy prior to surgery was 
summarized in Table  2. Modified radical mastectomy 

Fig. 1 Example of invasive carcinoma of no special type with HER2 immunostaining 0, 1+, and 2+ and corresponding fluorescence in-situ 
hybridization images. A, D, G, H&E-stained section of invasive carcinoma of no special type (original magnification ×20). B, E, H invasive carcinoma 
of no special type displayed HER2 IHC 0，1+ and 2+, respectively (original magnification ×20). C fluorescence in-situ hybridization image 
corresponding to A and B exhibited normal HER2 signals with HER2 (red)/CEP17 (green) ratio of 2.7 and average HER2 signal of 2.5. F fluorescence 
in-situ hybridization image corresponding to D and E displayed HER2 (red)/CEP17 (green) ratio of 4.5 and average HER2 signal of 2.5. I fluorescence 
in-situ hybridization image corresponding to G and H displayed HER2 (red)/CEP17 (green) ratio of 2.8 and average HER2 signal of 2.8
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was conducted in 7 (58.3%, 7/12) of the 12 patients after 
neoadjuvant therapy. Three patients died during neoad-
juvant therapy without any surgery. Subsequent treat-
ment after initial neoadjuvant therapy for two patients 
was unknown owing to loss of contact. Two (2/7, 28.6%) 
of the 7 patients that received modified radical mastec-
tomy had metastases to axillary lymph nodes. Follow-up 
information was available for the 12 patients and 3 of 
them died. Two of the 3 patients died from lung metas-
tasis 16 months after their initial diagnosis. The other one 
showed distant metastases at the time of initial diagno-
sis and survived for 20 months. None of the remaining 9 
patients dies and the follow-up time ranged from 20 to 
44 months, with a mean and median of 25 and 32 months. 
In addition to the above-mentioned distant metastasis in 
3 patients, another one emerged upper supraclavicular 
lymph nodes and bone metastasis at the time of initial 
diagnosis. The other 8 patients survived without distant 
metastasis.

Eighty-one patients of Group 2 were primary breast 
cancer without preoperative treatment. Thirty-eight 
patients (46.8%, 38/81) had lymph node metastasis and 
4 of them displayed more than 9 lymph nodes involve-
ment, with a mean positive lymph node number of 15. 
Two patients exhibited metastasis nearly in all exam-
ined lymph nodes. Follow-up information was available 
for all 81 patients. Fifteen patients had encountered dis-
ease progression (recurrence or metastasis). Thirteen 
of them (86.7%, 13/15) presented lung, bone, brain, 
liver or upper supraclavicular lymph nodes metastases 
with postsurgical intervals of 1 to 111 months (mean 
of 35 months, and median of 12 months) and three of 
them (3/13) exhibited chest wall recurrence simulta-
neously. Two patients (13.3%, 2/15) encountered chest 

wall recurrence 5 and 10 months after their initial sur-
gery, respectively. Five patients (6.2%, 5/81) died. The 
overall survival time ranged from 16 to 144 months, 
with a mean and median of 39 and 32 months.

The remaining six patients of Group 2 were in dis-
ease progression of breast cancer. Four patients were 
metastatic breast cancers and three of them died. The 
overall survival time was 28 months, 34 months and 
111 months, respectively. The only one who is alive 
had survived for 188 months. The other two patients 
of Group 2 were in the state of recurrence of breast 
cancer. They are alive and survived for 34 months and 
89 months, respectively.

Statistical analysis results
Correlation of clinico‑pathological features with average 
HER2 signals, average CEP17 signals and HER2/CEP17 ratio 
of group 2 tumors
We performed the χ2 analyses on the 99 Group 2 
tumors to evaluate the correlation between the clini-
cal-pathological characteristics and the average HER2 
signals, average CEP17 signals and HER2/CEP17 ratio 
(Supplementary Table  1). The cutoff of average HER2 
signals, average CEP17 signals and HER2/CEP17 ratio 
were defined as 3.3, 1.4 and 2.5, respectively. Patients 
with average HER2 signals greater than 3.3 were 
younger than those with average HER2 signals less 
than 3.3 (P = .04). More than 3 lymph node metastasis 
occurred more common for patients with HER2/CEP17 
ratio > 2.5 than those with HER2/CEP17 ratio ≤ 2.5 
(P = .05). The relationship between other features (e.g. 
age, histological grade, pathologic stage, etc.) and aver-
age HER2 signals, average CEP17 signals and HER2/
CEP17 ratio was not statistically significant.

Fig. 2 Average HER2 signals and average CEP17 signals of two ASCO/CAP groups. The average HER2 copy number of ASCO/CAP group 2 was 
significantly higher than that of ASCO/CAP group 5 (p < 0.0001, A), while the average CEP17 copy number was significantly lower than ASCO/CAP 
group 5 (p < 0.0001, B)
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Correlation of clinico‑pathological features between group 
2 and group 5
Analysis of the correlation of clinical-pathological fea-
tures between 374 patients of Group 5 and 57 primary 
breast cancer patients of Group 2 who underwent modi-
fied radical mastectomy without neoadjuvant therapy 
were conducted and summarized in Table 2. Histological 
grade, lymph node metastasis, ER expression and Ki67 

level had significant difference between the two groups 
(Fig. 3A-D). Compared to HER2 classical non-amplifica-
tion tumors (ASCO/CAP Group 5), patients of Group 2 
exhibited higher histological grade than those of Group 5 
(P = .03). More than 9 lymph nodes metastasis was more 
common to be seen in Group 2 tumors than in Group 5 
tumors (7.0% vs. 1.1%, P =  .02). Positive ratio of ER was 
lower in Group 2 tumors than in Group 5 tumors (77.2% 
vs 87.2%, P = .04). Group 2 tumors exhibited higher ratio 
of Ki67 high level than Group 5 tumors (45.6% vs 30.7%, 
P = .03). Twelve patients of Group 2 were of TNBC sub-
type (21.1%, 12/57). The TNBC ratio in Group 5 was 
much lower (12.3%, 46/374), though the difference was 
not statistically significant (P = .13).

Survival analysis of clinico‑pathological parameters 
of ASCO/CAP group 2 patients
We performed Kaplan–Meier analyses to evaluate the 
clinico-pathological features on outcomes of 81 primary 
breast cancers without neoadjuvant therapy prior to sur-
gery (Supplementary Table 2). Overall survival of patients 
with ratio of HER2/CEP17 ≤ 2.5 was superior to that of 
patients with HER2/CEP17 > 2.5 (P = .007, Fig.  4F). The 
difference in DFS between the two groups was not sta-
tistically significant (P = .36, Fig.  4E). Patients with PR 
positive displayed a significantly better DFS than those 
with PR negative (P = .002) (Fig. 4C). There is no signifi-
cant survival differences between patients with PR posi-
tive and those with PR negative in terms of OS (P = .21, 
Fig.  4D). Survival of patients with ER positive seemed 
better than that of patients with ER negative, but it was 
not statistically significant (P = .05(DFS and OS)). Differ-
ence between other clinico-pathological features and sur-
vival did not reach statistically significant.

Correlation of anti‑HER2 therapy with patients’ prognosis 
and survival analysis
Usage of anti-HER2 therapy was known for 79 patients 
of the 81 cases of primary breast cancer without neoad-
juvant therapy. Forty-one patients (50.6%, 41/81) were 
primary breast cancer received anti-HER2 therapy after 
initial surgery. Six of them (14.6%, 6/41) exhibited disease 
progression and 1 (1/6) died. Of the other 38 patients 
that without anti-HER2 therapy, 9 patients (23.7%, 
9/38) showed disease progression and 4 (10.5%, 4/38) of 
them died. Treatment after surgery of two patients was 
unknown for out of contact.

Of the 12 patients with neoadjuvant therapy prior to 
surgery, 7 (58.3%, 7/12) of them received anti-HER2 neo-
adjuvant therapy. One (14.3%. 1/7) of them died. None 
of them exhibited disease progression. Of the 5 patients 
without anti-HER2 neoadjuvant therapy, 2 patients (40%, 
2/5) died and occurred disease progression.

Table 3 Comparison of clinico-pathologic features between 
374 patients of ASCO/CAP group 5 and 57 primary breast cancer 
patients of ASCO/CAP group 2 who underwent modified radical 
mastectomy without neoadjuvant therapy

Characteristics Group 2 Group 5 p
HER2/CEP17 ≥ 2; 
HER2 copy<4 
n = 57(%)

HER2/CEP17 < 2; 
HER2 copy<4 
n = 374(%)

Age (year) 0.73

  ≤ 50 27 (47.4) 168 (44.9)

  > 50 30 (52.6) 206 (55.1)

Histologic grade 0.03

 G1 0 6 (1.6)

 G2 22 (38.6) 208 (55.6) 0.03

 G3 35 (61.4) 160 (42.8)

Pathologic stage 0.79

 T1 20 (39.2) 131 (35.0)

 T2 28 (54.9) 224 (59.9%)

 T3 3 (5.9) 19 (5.1)

Lymph node status 0.02

 pN0 20 (35.1) 150 (40.1)

 pN1 20 (35.1) 136 (36.4)

 pN2 13 (22.8) 84 (22.5)

 pN3 4 (7.0) 4 (1.1)

AJCC staging 0.84

 I 9 (17.6) 64 (17.1)

 II 27 (52.9) 213 (57.0)

 III 15 (29.4) 97 (25.9)

ER 0.04

 Positive 44 (77.2) 326 (87.2)

 Negative 13 (22.8) 48 (12.8)

PR 0.16

 Positive 38 (66.7) 282 (75.4)

 Negative 19 (33.3) 92 (24.6)

Ki67 0.03

 ≥ 30% 26 (45.6) 115 (30.7)

 < 30% 31 (54.4) 259 (69.3)

Immunohisto-
chemical surrogate 
subtype

0.12

 Lumina A-Like 18 (31.6) 107 (28.6)

 Lumina B-Like 27 (47.4) 221 (59.1)

 TNBC 12 (21.1) 46 (12.3)
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Of the 6 patients who were in stage of metastasis 
or recurrence of breast cancer, 4 (66.7%, 4/6) of them 
received anti-HER2 neoadjuvant therapy. Two of them 
(50.0%, 2/4) died with other metastasis. The other two 
patients without anti-HER2 were still alive.

The correlation between anti-HER2 therapy and the 
prognosis of patients was not statistically significant 
(Supplementary Table 3). We performed further Kaplan–
Meier analyses to evaluate the potential influence of 
anti-HER2 therapy on outcomes of 81 primary breast 
cancers without neoadjuvant therapy prior to surgery. 
The 5-year DFS of patients with anti-HER2 therapy and 
that of patients without anti-HER2 therapy is 36.8, 81.8%, 
respectively. The 5-year OS of the above two groups were 
almost the same (88.9% VS 88.4%). The present study 
did not disclose significant survival differences between 
patients with anti-HER2 therapy and patients without 
anti-HER2 therapy either in terms of DFS (P = .95) or OS 
(P = .70) (Supplementary Table 3, Fig. 4A and B).

Discussion
The determination of HER2 status is of the utmost 
importance for breast cancer patients, for the reason of 
impressive improved clinical outcome of patients who 

received anti-ERBB2 therapies in metastatic and adjuvant 
settings [16–18], as well as in the neoadjuvant setting 
[19, 20]. Currently, the dual-probe fluorescence in  situ 
hybridization is a validated and well-accepted method for 
ERBB2 testing. HER2 gene status is evaluated by deter-
mining the HER2 gene copies per chromosome 17 cen-
tromere. However, HER2/CEP17 ratio as a diagnostic 
criterion is influenced by the copy number of chromo-
some 17 and the impact of this on treatment decisions is 
unknown. Abnormalities in chromosome 17 are common 
in breast cancer with monosomy 17 reported to be much 
less than polysomy 17 [21].

It is not entirely clear that breast cancers of Group 2 
are definitely amplified in a biologically relevant man-
ner, or whether this finding is merely an artifact of test-
ing methodology and interpretation. The HER2 FISH 
results frequently occur in the setting of true monosomy 
(loss of a chromosome 17), a portion loss of chromo-
some 17, or genetic alterations that impair CEP17 bind-
ing [8]. Patients of Group 2 even have been defined as 
monosomy 17 directly in previous study [22]. Due to the 
differences in sample size, types of materials examined, 
case selection criteria and methods used to define mono-
somy, the prevalence for monosomy 17 varied greatly in 

Fig. 3 Differences in clinical pathology parameters between ASCO/CAP group 2 and ASCO/CAP group 5. A The proportion of grade 3 in ASCO/CAP 
group 2 was significantly higher than that of ASCO/CAP group 5 (P = .03), while no case of grade 1 was found in ASCO/CAP group 2. B Compared 
to ASCO/CAP group 5, ASCO/CAP group 2 showed much higher incidence of N3 (> 9 lymph node metastasis) (P = .02). C ER positivity was more 
common to seen in ASCO/CAP group 5 than that in ASCO/CAP group 2 (P = .04). D Nearly half (45.6%) patients of ASCO/CAP group 2 displayed 
high Ki67 level (> 30%). The proportion was significantly higher than that of ASCO/CAP group 5 (P = .03)
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previous studies (0–38%) [23–32]. The exact overall inci-
dence of monosomy 17 is actually unknown and few data 
on monosomy are presented in the literature. Breast can-
cer of Group 2 is rare with reported incidence of about 
0.4–1.4% [6, 33–37]. In our study, 67 patients (0.8%) 
from 8544 in-house breast cancer patients with FISH 
results were enrolled. There are very few data on the 

clinicopathological characteristics of the breast cancers 
patients of Group 2 due to the low incidence.

Compared to the previous study [6], patients of Group 
2 in our study exhibited higher histological grade, higher 
lymph node positive rate, and lager tumor size. More 
than half (65.4%) of our patients were of high histologi-
cal grade, which is 22% higher than the reported [6]. The 

Fig. 4 Kaplan-Meier analysis of DFS and OS of 81 ASCO/CAP group 2 primary breast cancer without neoadjuvant therapy. Patients of ASCO/CAP 
group 2 did not obtain apparent benefit from anti-HER2 therapy, either in terms of DFS (A, P = .95) or OS (B, P = .70). DFS of patients with PR positive 
was superior to that of patients with PR negative (C, P = .002). Patients with ratio of HER2/CEP17 ≤ 2.5 displayed a significantly better OS than those 
with ratio of HER2/CEP17 > 2.5 (F, P = .007)
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percentage (49.4%, 38/77) of lymph node metastases in 
our study was also higher than the reported (38.5%) [6]. 
There was no low grade patient in our study. While low 
grade was seen in up to 14.2% patients of other study 
the reported [6]. These discrepancies may be explained 
by two main factors: (1) the bias of patient selection. We 
only enrolled patients with both FISH and IHC results in 
our study, and most of them were HER2 IHC 2+. That 
is to say, a considerable number of patients with HER2 
IHC negative (0/1+) were not included in our study. 
Whereas patients with higher HER2 protein expression 
was reported to be associated with poor prognosis indict-
ors [18]. (2) Different number of patients. We included 
99 cases, almost five times the number of patients in the 
previous study [6].

The ASCO/CAP recommendation updated in 2018 
redefined the interpretation criteria in order to achieve 
the most accurate HER2 status identification (positive 
or negative) based on the conjunction of IHC and FISH 
results. The final HER2 status of Group 2 cases would 
be highly dependent on the IHC results. Except HER2 
IHC 3+, both HER2 IHC negative (0/1+) and equivocal 
(2+) cases would be classified as HER2 negative. How-
ever, patients of this group showed HER2 IHC negative 
or equivocal with IHC negative cases dominantly [6, 7, 
34–36]. In our study, 25 (25.3%, 25/99) primary breast 
cancers of Group 2 were IHC negative. All the remain-
ing (74.7%, 74/99) exhibited IHC 2+. The proportion 
of IHC 2+ in our study was much higher than reported 
in previous reports [6, 7, 34–36]. That is because the 
patients with IHC 2+ account for the majority of patients 
who received FISH testing in our institution. Given 
that IHC3+ is extremely rare in this group of patients, 
if encountered, you need to be alert to false positive or 
misinterpretation. Based on the above-mentioned expla-
nation, patients meeting Group 2 criteria were mainly 
HER2 non-amplification.

There is still controversy regarding the efficacy of 
anti-HER2 therapy in Group 2 patients. The 2013 
ASCO/CAP Guideline considered these cases as HER2 
amplified based on limited data from the HERA trials, 
which found that patients with HER2/CEP17 ratio ≥ 2.0 
and average HER2 signals per cell less than 4.0 did 
not appear to show non-responsiveness for trastu-
zumab [38]. However, in the N9831 trastuzumab trial, 
patients with HER2/CEP17 ratio greater than 2.0 and 
immunochemically negative did not receive definite 
benefit from treatment with trastuzumab [39]. Simi-
lar result could also be seen in the BCIRG-006 clinical 
trial, where patients of Group 2 did not obtain appar-
ent benefit from trastuzumab therapy, either in terms 
of DFS or in terms of OS [35]. Other studies reported 
a reduced response rate to anti-HER2 therapies, but no 

perceptible effect on the progression time [6]. A recent 
study [8] which defined HER2-amplified breast cancers 
with m17 as CEP17 signals < 1.5 per nucleus and HER2/
CEP17 ratio ≥ 2.0 showed that outcomes of such trastu-
zumab-treated patients was similar to other HER2 pos-
itive patients. However, this study did not specifically 
evaluate the patients with average HER2 copy number 
less than 4. In our study, patients of Group 2 did not 
derive improvement from anti-HER2 therapy either in 
terms of DFS or in terms of OS, which was concord-
ant with previous reports [6, 35, 39, 40]. The fact that 
Group2 patients showed poor response to anti-HER2 
therapy might be attributed to the high incidence 
of monosomy in this group. First, in addition to the 
HER2 gene, chromosome 17 contains other genes that 
are essential to breast cancer pathogenesis and DNA 
repair, including breast cancer 1 (BRCA1), topoisomer-
ase II-a (TOP2A), tumor protein P53 (TP53), etc. [41]. 
As a result, loss of chromosome 17 may have undesir-
able biologic effects on the therapeutic response. For 
instance, TOP2A had been proved associated with 
anthracycline sensitivity and therefore, loss of TOP2A 
may mediate chemoresistance and then weaken the 
therapeutic response [42, 43]. Second, in fact, the HER2 
copy number of Group 2 tumors may not increase. 
In particular, if there is no true HER2 amplification, 
genetic alterations that impair CEP17 binding may 
result in a false increase in the HER2/CEP17 ratio. In 
such case, these tumors may not respond to anti-HER2 
treatment [8]. Due to the extremely low incidence, 
there were too few clinical trials for patients of Group 
2. Although most studies suggest that this group of 
patients did not gain apparent benefits from anti-HER2 
treatment, it’s still too early to draw definitive conclu-
sions whether the latter is effective or not. Meanwhile, 
in the recent NCT02564900 clinical trial, trastuzumab 
deruxtecan (DS-8201a) demonstrated promising pre-
liminary antitumor activity in patients with HER2-low 
breast cancer [44]. With HER2-low expression tumors, 
patients of Group 2 could receive promising thera-
peutic effects from DS-8201a. Further researches are 
needed in the future.

In this study, we compared the clinicopathological 
characteristics of patients of Group 2 and Group 5 (i.e. 
classic HER2-nonamplified cancer with HER2/CEP17 
ratio less than 2.0) to determine whether there is a sig-
nificant difference between these two groups. We found 
that the average HER2 signals and the proportion of 
m17 were significantly higher in Group 2 patients than 
in Group 5 patients (p < 0.0001). Besides, compared to 
patients of Group 5, those of Group 2 exhibited higher 
proportion of histological grade 3 (P = .03) and high ki67 
level (P = .03). More than 9 lymph node metastasis was 
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more common in Group 2 than in Group 5 (P = .02). 
The ER positivity was lower in Group 2 than in Group 5 
(P = .04). Compared with the classic HER2-nonamplified 
group, patients in Group 2 seem to have different biologi-
cal behaviors. We strongly recommend that this group 
still be considered as a separate category, leaving the pos-
sibility to accumulate more cases and expand the scope of 
research in the future.

In summary, patients of ASCO/CAP Group 2 are 
extremely rare. To our knowledge, this is by far the larg-
est cohort. The efficacy of anti-HER2 therapy for this 
group is still controversial. Even though most studies 
suggest that patients of this group did not gain apparent 
benefits from anti-HER2 treatment, it’s still too early to 
draw definitive conclusions whether anti-HER2 treat-
ment was effective or not for Group 2 patients. Although 
HER2 is predominantly negative in patients of this group 
according to the updated guidelines and current reports, 
they exhibited higher rates of grade 3, pN3, high Ki67 
level, and lower ER positivity when compared to classic 
HER2-nonamplified cancers. We suggest that this group 
should still be considered as a separate category, leaving 
the possibility to accumulate more cases and expand the 
scope of research in the future.
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