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Abstract

Context.——Evaluation of HER2 gene amplification by fluorescence in situ hybridization 

(FISH) was changed by recent American Society of Clinical Oncology/College of American 

Pathologists (ASCO-CAP) guidelines.

Objective.——To determine frequencies and assess patterns of HER2 protein expression for 

each ASCO-CAP guideline FISH category among 7526 breast cancers accrued to our consultation 

practice.

Design.——We retrospectively reevaluated the HER2 FISH status of breast cancers in our 

consultation practice according to ASCO-CAP FISH guidelines, and documented HER2 protein 

levels in each category.

Results.——According to new guidelines, 17.7% of our consultation breast cancers were “ISH-

positive” with HER2:CEP17 FISH ratios ≥2.0 and average HER2 gene copies per cell ≥4.0 (group 

1); 0.4% were “ISH-positive” with ratios ≥2.0 and average copies <4.0 (group 2); 0.6% were 

“ISH-positive” with ratios <2.0 and average copies ≥6.0 (group 3); 4.6% were “ISH-equivocal” 

with ratios <2.0 and average copies ≥4.0 and <6.0 (group 4); and 76.7% were “ISH-negative” 

with ratios <2.0 and average copies <4.0 (group 5). However, only groups 1 (HER2 amplified) 

and 5 (HER2 not amplified) agreed with our previously reported status, and only these groups 

demonstrated the expected immunohistochemistry status, over-expression and low expression, 

respectively. Groups 2 and 4 breast cancers lacked overexpression, whereas group 3 was not 

significantly associated with either increased or decreased HER2 expression.

Conclusions.——Although the status of approximately 95% of our cases (groups 1 and 5) is not 

affected by the new guidelines, those of the other 5% (groups 2–4) conflict with previous HER2 
gene amplification status and with HER2 status by immunohistochemistry.
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The human epidermal growth factor receptor type 2 (HER2) gene, also known as the neu 
oncogene and avian erythroblastosis oncogene B2 (ERBB2), was first shown to be amplified 

in approximately 20% to 30% of human breast cancer specimens by Southern hybridization 

using arginase (ARG1) as an internal control gene and with a HER2:ARG1 ratio greater 

than or equal to 2.0 defined as gene amplification.1 Those women whose breast cancers 

contained HER2 amplification, especially those whose cancers had greater than 5-fold 

amplification, had worse disease-free survival (DFS) and overall survival (OS).1 Additional 

studies with other control genes—for example, myeloperoxidase (MPO)—used the same 

ratio of 2.0 or greater for amplification, and also found an association with worse DFS and 

OS.2 In addition, a direct relationship between HER2 amplification and increased expression 

(overexpression) of mRNA and protein was demonstrated.2,3 These early studies of HER2 
gene amplification, performed with Southern hybridization, required frozen tissue. Because 

clinical specimens are available predominantly as fixed, paraffin-embedded tissue blocks, 

the development of alternative techniques, such as fluorescence in situ hybridization (FISH), 

was highly desirable for evaluation of this alteration in clinical samples. Early studies of 

HER2 by FISH3–6 compared the number of HER2 gene signals per tumor cell nucleus 

with the number of copies of an internal control on the same chromosome, predominantly 

chromosome 17 centromere (CEP17), to assess amplification using the same 2.0 HER2 
ratio, as previously established by Southern hybridization, which similarly showed the 

correlation of amplification with shorter DFS and OS in breast cancer patients.6

Clinical trials of HER2-targeted therapies, including initial studies of trastuzumab7–11 and 

lapatinib12 as well as subsequent trials of pertuzumab13,14 and trastuzumab emtansine,15 

selected women whose breast cancers had HER2 overexpression, as determined by 

immunohistochemistry (IHC 3+), or HER2 gene amplification, as determined by FISH 

(HER2:CEP17 ratio ≥2.0), as eligible for trial enrollment. These trials all demonstrated 

significant improvements in progression-free survival or DFS/OS for trial participants 

receiving targeted therapy in addition to standard chemotherapy regimens.

New guidelines for HER2 testing have been recently formulated by a committee that 

represents the American Society of Clinical Oncology (ASCO) and the College of 

American Pathologists (CAP). Although there were few recommendations for changes in 

the established standards for IHC testing, significant changes were made in guidelines for 

HER2 testing by FISH. However, no data were provided with these guidelines regarding 

the impact of these changes or the proportion of breast cancer patients whose status could 

be affected by these changes. We retrospectively reevaluated HER2 gene amplification and 

expression status in our consultation practice to determine what proportion of breast cancers 

are in each of these ASCO-CAP guidelines’ categories and to assess the patterns of protein 

overexpression for each of these categories.

MATERIALS AND METHODS

Study Cohort

All primary breast cancer cases accrued to our University of Southern California (Los 

Angeles, California) Breast Cancer Analysis Laboratory consultation practice from April 

1999 until September 2015 that had both HER2 gene amplification status determined 
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by FISH and HER2 protein level determined by IHC were eligible for inclusion in this 

study. Metastatic breast cancers and other primary malignancies analyzed for HER2 status 

were excluded. We also excluded primary breast cancer cases that were not assigned a 

unique HER2 gene amplification status, particularly 86 breast cancers with HER2 genomic 

heterogeneity.16 These 86 cases with HER2 genomic heterogeneity (1.1%) in our practice 

during this period were not included because they could not be uniquely assigned to 

an individual gene amplification category. These cases were considered to have both 

HER2-amplified and HER2–not amplified geographically separate areas of breast carcinoma 

present in the same biopsy specimen, as we have described elsewhere.16,17 The University of 

Southern California Institutional Research Board approved analyses of the laboratory data. 

All HER2 FISH and IHC results were evaluated by a board-certified pathologist.

HER2 Gene Amplification by FISH

HER2 gene amplification was determined using the Abbott-Molecular Inc (Des Plaines, 

Illinois), formerly Vysis Inc (Downers Grove, Illinois), PathVysion HER2 FISH assay, 

according to the package insert as described.16–18 Our laboratory’s interpretation of these 

FISH results was initially based on an approach submitted to the US Food and Drug 

Administration (FDA) as part of the approval process for the Oncor INFORM HER FISH 

assay using a ratio of average HER2 gene copy number divided by the average CEP17 

determined in at least 20 nonoverlapping tumor cell nuclei, which was a modification 

permitted from an original requirement of 100 tumor cell nuclei.6

Those breast cancers with a ratio greater than or equal to 2.0 were considered “amplified,” 

with one exception. Because patients with primary, node-negative invasive breast cancers 

having an average HER2 gene copy number per nucleus less than 4.0 had an OS and a 

DFS indistinguishable from those whose breast cancers lacked HER2 gene amplification,6 

we also required an average HER2 gene copy number greater than or equal to 4.0 to be 

classified as “amplified” as described elsewhere.19

Breast cancers with an average HER2 copy number per tumor cell to CEP17 ratio that was 

lower than 2.0 were considered “not amplified.”17,19 However, breast cancers that had a 

HER2 FISH ratio lower than 2.0 but an average HER2 gene copy number of 6.0 or greater, 

especially those greater than 8.0, were evaluated with alternative control probes to exclude 

the possibility that CEP17 alpha satellite DNA had become part of the HER2 amplicon, 

leading to increased CEP17 copy number with a consequential reduced ratio. Such cases 

were considered to have actual HER2 amplification, if use of an alternative control gene on 

the same chromosome led to a HER2 FISH ratio greater than or equal to 2.0. A formalized 

strategy using alternative control probes on the same chromosome, described by Troxell and 

others,20 is the approach we prefer.21

We do not have an “equivocal” interpretation.19 We resolve the status of breast cancers 

with HER2 FISH ratios within 10% of the 2.0 cutoff as required by the FDA and the 

manufacturer’s package insert. This involves the scoring at least 40 additional tumor cell 

nuclei by each of two different clinical laboratory scientists with reassessment of the FISH 

ratio; those having a ratio lower than 2.0 in both separate assessments are considered not 

amplified.
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Our original HER2 status was compared with the HER2 status required by the new ASCO-

CAP guidelines,22 and also with expression of HER2 protein determined by IHC.

HER2 Protein Expression by IHC

HER2 protein expression was determined with one of two different immunohistochemical 

assays: our laboratory-developed 10H8 HER2 assay17,18 or the FDA-approved HercepTest 

(Dako, Carpinteria, California).16,18 The HercepTest is used for those referred cases 

requesting a determination of HER2 protein by IHC, whereas the 10H8-HER2 IHC assay 

is used routinely for most cases. Although HER2 expression by 10H8-IHC is significantly 

more accurate for assessment of HER2 status as determined with molecularly characterized 

specimens,18 these two IHC assays provide similar categorization of expression levels—with 

10H8-IHC 3+ showing a stronger association with HER2 gene amplification by FISH—but 

a slightly higher false-negative (IHC 0 or 1+ with gene amplification) rate, as described 

elsewhere.16–19 The subjective microscopic scoring of tumor cells is interpreted similarly, 

with both assays scored 0, 1+, 2+, and 3+, depending on the proportion of tumor cells and 

the intensity of immunostaining, as described in the package insert and elsewhere.16–19

Statistical Methods

Counts and percentages were used to summarize the study data. Within each of the 5 

ASCO-CAP FISH groups, the χ2 test for goodness of fit was used to test the hypothesis of 

equal proportions in each of the 4 IHC categories, that is, 0, 1+, 2+, and 3+. Asymptotic 

distribution of the Wald statistic for the Spearman correlation coefficient23 was used to test 

the association of HER2 FISH ratio and average HER2 gene copy number per tumor cell.23

RESULTS

Distribution of Primary Breast Cancers According to ASCO-CAP FISH Groups

The current ASCO-CAP guidelines22 assess HER2 gene amplification status by using a 

formalized separation of breast cancer into 5 different groups, with 3 of these groups 

designated as “in situ hybridization (ISH) positive,” 1 as “ISH equivocal,” and 1 as “ISH 

negative” (Figure 1). Breast cancers with HER2:CEP17 ratios greater than or equal to 

2.0 are divided in two groups: one with an average HER2 gene copy number per tumor 

cell of 4.0 or greater (group 1), and one with an average HER2 gene copy number per 

tumor cell lower than 4.0 (group 2)—both classified as “ISH positive.” Breast cancers with 

HER2:CEP17 ratios lower than 2.0 are separated into 3 additional groups: one with an 

average HER2 gene copy number per tumor cell of 6.0 or greater (group 3), also classified 

as “ISH positive”; another with an average HER2 gene copy number per tumor cell of 4.0 

or greater but lower than 6.0 (group 4), classified as “ISH equivocal”; and one with breast 

cancers containing an average HER2 gene copy number per tumor cell lower than 4.0 (group 

5), classified as “ISH negative.” Therefore, according to the ASCO-CAP guidelines,22 breast 

cancers in groups 1, 2, and 3 are interpreted as “ISH positive,” group 4 as “ISH equivocal,” 

and group 5 as “ISH negative” (Figure 1). Breast cancers in ISH group 4 must be subjected 

to a reflex test, such as IHC (same specimen), or tested with an alternative ISH chromosome 

17 probe, such as retinoic acid receptor alpha (RARA),20 or a new test should be performed 

with a new specimen, if available, to complete assessment of HER2 status.22
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Accordingly, of the 7526 primary breast cancers analyzed in this report, 1328 had a HER2 
FISH ratio of 2.0 or higher and an average HER2 gene copy number per tumor cell of 

4.0 or greater (1328 of 7526; 17.7%); 31 had a HER2 FISH ratio of 2.0 or higher but an 

average HER2 gene copy number per tumor cell lower than 4.0 (31 of 7526; 0.4%); 48 had 

a HER2 FISH ratio lower than 2.0 and an average HER2 gene copy number per tumor cell 

of 6.0 or greater (48 of 7526; 0.6%); 345 had a HER2 FISH ratio lower than 2.0 but an 

average HER2 gene copy number per tumor cell of 4.0 or greater but lower than 6.0 (345 

of 7526; 4.6%); and 5774 had a HER2 FISH ratio lower than 2.0 but an average HER2 
gene copy number per tumor cell lower than 4.0 (5774 of 7526; 76.7%; Figures 2 through 4; 

Table 1). Because HER2 gene amplification is correlated with HER2 protein overexpression, 

we also characterized each ASCO-CAP FISH group according to the distribution of HER2 

protein expression determined by IHC with two different IHC assays used routinely in our 

laboratory.

Association of Average HER2 Gene Copy Number per Tumor Cell as Well as HER2 FISH 
Ratios With HER2 Protein Expression

As expected, among the 7526 breast cancers in this study there was a significant association 

between increasing average HER2 gene copy number per tumor cell determined by FISH 

and increasing HER2 protein expression determined by IHC (P=.01; Table 2). Likewise, 

there was also a significant association between increasing HER2 FISH ratios (ratio of 

average HER2 gene copy number per tumor cell to CEP17) and increasing HER2 protein 

expression determined by IHC (P= .009; Table 2).

HER2 Protein Expression by IHC According to ASCO-CAP FISH Groups

At least one immunohistochemical assay result was available for 7526 breast cancers, 7029 

by 10H8 IHC, 693 by HercepTest IHC, and 196 by both IHC assays. Similar significant 

associations were demonstrated with each IHC assay individually or with both IHC assays 

combined as presented here. The distribution of combined IHC results by ASCO-CAP 

guidelines group is summarized below and in Table 3.

Group 1 (Ratio .>2.0, Average HER2 ≥4.0; “ISH Positive”).——The vast majority 

(1038 of 1328; 78.2%) of breast cancers in this group had IHC 2+ or IHC 3+ 

immunostaining when analyzed by either 10H8 or Her-cepTest IHC (Table 2). Breast 

cancers with IHC 0/1+ were less frequent (290 of 1328; 21.8%). Among these breast 

cancers, previously reported as “HER2 amplified” in our consultation practice, there was 

a statistically significant increased frequency of tumors with IHC 2+/3+ status (P < .001; 

group 1 in Figures 1 and 2; Table 3).

Group 2 (Ratio .>2.0, Average HER2 <4.0; “ISH Positive”).——In contrast to 

ASCO-CAP group 1 above, most group 2 breast cancers had IHC 0 or IHC 1+ 

immunostaining (23 of 31; 74.2%), with relatively few showing IHC 2+ (8 of 31; 25.8%) 

and none (0%) showing IHC 3+ immunostaining (Table 3). In these breast cancers, 

previously reported as “HER2 not amplified” through our consultation practice, there was 

a statistically significant increased frequency of tumor with IHC 0/1+low-expression status 

(P= .02; group 2 in Figures 1 and 2; Table 3).
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Group 3 (Ratio <2.0, Average HER2 >6.0; “ISH Positive”).——Among the 48 breast 

cancers in this group, most (37; 77.1%) had IHC 0 or 1+ low HER2 expression; however, 

4 (8.3%) were IHC 3+(P, .001; Figure 3; Table 3). Breast cancers in this group had been 

reported as either “HER2 amplified” (group 3A; 8 of 48; 16.7%; Table 3) or as “HER2 
not amplified” (group 3N; 40 of 48; 83.3%; Table 3). Separation of these cases according 

to the reported HER2 amplification status by FISH demonstrated that those reported as 

“amplified” (16.7%) had on average 12.3 HER2 gene copies per tumor cell, whereas those 

reported as “not amplified” (83.3%) had on average only 6.8 HER2 gene copies per tumor 

cell. In addition, the 8 breast cancers originally reported as HER2 amplified (Figure 3; Table 

3, group 3A) were predominantly (75%) IHC 2+ or 3+, whereas the 40 reported as HER2 
not amplified (Table 3, group 3N), using alternative control gene probes on chromosome 

17 with previously described criteria,17,20,21 were predominantly (87.5%) IHC 0/1þ, with 

no IHC 3+cases (Figures 1 and 2, C and H [group 3N]). These subgroup distributions were 

different from one another in terms of HER2 protein expression by IHC (P <.001; Table 3). 

Although the “amplified” (group 3A) breast cancers were predominantly (75%) associated 

with IHC 2+/3+ immunostaining, the association was not statistically significant from the 

perspective of a deviation from an equal distribution across all 4 IHC categories, probably 

related to the small sample size (n = 8). This was consistent with the reported status of these 

two different subgroups but was inconsistent with the ASCO-CAP guidelines’ assignment of 

all of these cases to a single “ISH-positive” category (group 3).

Group 4 (Ratio <2.0, Average HER2 .>4.0 and <6.0; “ISH Equivocal”).——
Similar to group 2 above and group 5 below, few breast cancers in ASCO-CAP group 4 had 

IHC 2+(n=35; 10.1%) or IHC 3+(n=3; 0.9%) immunostaining, whereas most (n = 307; 89%) 

had IHC 1+ or IHC 0 immunostaining (group 4 in Figures 1 and 2, D and I; Table 3). This 

group, like groups 2 and 5, was significantly (P =.001) associated with IHC 0/1+ low–HER2 

expression status (Figures 1 [group 4] and 2, D and I). None of the breast cancers in this ISH 

group were previously reported by us to be HER2 “equivocal” by FISH in our consultation 

practice. All were reported as “HER2 not amplified.”

Group 5 (Ratio <2.0, Average HER2 <4.0; “ISH Negative”).——As expected, most 

breast cancers in this group had IHC 0 or IHC 1+ immunohistochemical staining status (n = 

5566; 96.4%; Table 3), whereas only 197 (3.4%) showed IHC 2+ immunostaining and fewer 

(n = 11; <1%) had IHC 3+ scores (Figures 1 [group 5] and 2, E and J). This ASCO-CAP 

FISH group of breast cancers had all been reported as “HER2 not amplified” in our practice 

and were significantly associated with low expression (IHC 0/1+; P <.001; Table 3).

DISCUSSION

Amplification and overexpression of HER2 is an established therapeutic target in breast 

carcinomas. Although mutations24 in the HER2 gene may prove to be responsive to 

small-molecule kinase inhibitors, currently patients whose breast carcinomas have HER2 
amplification/overexpression are the only patients approved by regulatory authorities to 

be selected for HER2-targeted therapies. Several companion diagnostic assays have been 

approved to characterize breast cancers’ HER2 status. Some companion diagnostic tests, 

especially IHC assays, are reported to have variability in terms of test accuracy.18,25 This 
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variability led the ASCO and the CAP to convene a panel to make recommendations related 

to HER2 testing, including the interpretation of assay results. The ASCO-CAP guidelines, 

initially published in 2007,25 have been recently revised.22

Previously, the ASCO-CAP guidelines required a change in the HER2:CEP17 ratio from the 

FDA-approved FISH ratio of 2.0 to 2.2 for the establishment of HER2 gene amplification 

status. Although the acceptable FISH ratio in the revised, current guideline is, once again, 

2.0, the ASCO-CAP committee has now recommended separation of HER2 status into 5 

FISH groups based on a combination of the 2.0 FISH ratio and the average HER2 gene copy 

number per tumor cell. These 5 HER2 FISH groups are then each categorized as HER2 “ISH 

positive,” HER2 “ISH negative,” or HER2 “ISH equivocal” for patient selection to targeted 

therapies.22 Because these definitions differ from our own previous decision-making process 

related to HER2 gene amplification status, we decided to reevaluate the HER2 gene status 

of patients referred to our consultation practice for determination of HER2 status by 

FISH. We compared HER2 gene amplification status determined by FISH according to the 

requirements of the FDA, as modified6,19–21 and summarized in the Materials and Methods, 

with the current 2013/2014 ASCO-CAP guidelines,22 using 7526 breast cancers from our 

consultation practice to determine the impact on patient classifications. We found that only 2 

of the 5 ASCO-CAP ISH groups—group 1 and group 5—had clear HER2 protein expression 

patterns in the manner that would be predicted for HER2 “ISH-positive” (overexpression) 

and HER2 “ISH-negative” (low expression) groups, respectively (Table 4).

Group 2, characterized as “ISH-positive” by ASCO-CAP guidelines, was significantly 

associated with low HER2 expression, as was group 4 (“ISH-equivocal”), which strongly 

suggests neither of these groups contains cases with HER2 gene amplification, as previously 

reported6,19 (Table 4).

Group 3—also “ISH-positive” according to the ASCO-CAP guidelines—although 

significantly associated with low HER2 protein expression (Table 3), contains a small 

subgroup (approximately 17%) of breast cancers that we have previously characterized as 

HER2 amplified. This ASCO-CAP FISH group is composed of breast cancers that were 

previously reported in our consultation practice as HER2 not amplified (40 of 48; 83.3%) 

as well as others that were HER2 amplified (8 of 48; 16.7%). Because we have considered 

cases in this group with high HER2 gene copy number and high CEP17 copy number to 

have a HER2 amplicon that includes alpha-satellite DNA of CEP17, we have routinely 

used an approach for characterization of HER2 status, described by Troxell et al,20 that 

involves the use of alternative control gene loci (RARA and Smith-Magenis Syndrome) on 

chromosome 17 considered sufficiently remote from the HER2 locus to likely be uninvolved 

in the HER2 amplicon. This strategy leads to designations of HER2 not amplified breast 

cancers that are significantly correlated with low HER2 protein expression, supporting our 

interpretation that the ASCO-CAP guidelines’ ISH group 3 is composed of two different 

subgroups of breast cancer, one HER2 amplified and the other HER2 not amplified.

Although our findings conflict with the ASCO-CAP guidelines for 3 of the 5 FISH 

groupings (Table 4), the 2 groups for which our FISH and IHC results are concordant 

represent nearly 95% of breast cancers in our consultation practice, indicating disagreements 
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between our consultation practice diagnoses and the ASCO-CAP guidelines are limited 

to approximately 5% of breast cancer patients. Because one of the limitations of this 

study is the lack of long-term clinical follow-up information, additional studies will be 

required to confirm that the clinical behaviors of groups 2 and 4 are those of HER2 not 

amplified, HER2 low-expression breast cancer patients, with regard to both prognosis and 

response to targeted therapy. Likewise, outcome information for group 3 will be required 

to confirm that this group of breast cancer patients represents both HER2 not amplified, low-

expression breast cancer patients and a smaller subpopulation of HER2 amplified, HER2 

overexpression breast cancer patients. Nevertheless, our findings raise serious questions 

about the validity of 3 of the 5 ASCO-CAP guidelines’ FISH groupings newly instituted—

contrary to previous classification schemes established by the manufacturers and the FDA—

without prior published data.
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Figure 1. 
Schematic diagram of the “Algorithm for evaluation of human epidermal growth factor 
receptor 2 (HER2) gene amplification by in situ hybridization (ISH) assay of the invasive 
component of a breast cancer specimen using a dual-signal (HER2 gene) assay (dual-probe 
ISH)” as published by the American Society of Clinical Oncology/College of American 
Pathologists (ASCO-CAP) guidelines committee,22 modified here by introduction of the 
groups 1 to 5 to identify the various ASCO-CAP fluorescence in situ hybridization (FISH) 
categories used in this analysis. Breast cancers with HER2:CEP17 ratios of 2.0 or greater 
are divided into two groups: one with an average HER2 gene copy number per tumor 
cell greater than/equal to 4.0 (ISH-positive, or our group 1) and one with an average 
HER2 gene copy number per tumor cell lower than 4.0 (ISH-positive, or our group 2). 
Breast cancers with HER2:CEP17 ratios lower than 2.0 are separated into three additional 
groups: one with an average HER2 gene copy number per tumor cell of 6.0 or greater 
(ISH-positive, or our group 3 [N or A]); another with an average HER2 gene copy number 
per tumor cell of 4.0 or greater but less than 6.0 (ISH-equivocal, or our group 4); and 
one with breast cancers containing an average HER2 gene copy number per tumor cell 
lower than 4.0 (ISH-negative, or our group 5). Therefore, according to the ASCO-CAP 
guidelines,22 breast cancers in groups 1, 2, and 3 are interpreted as “ISH positive,” group 
4 as “ISH equivocal,” and group 5 as “ISH negative.” This figure has been modified 
from Figure 3 of the previously published article by Wolff et al,22 Recommendations for 
human epidermal growth factor receptor 2 testing in breast cancer: American Society of 
Clinical Oncology/College of American pathologists clinical practice guideline update. Arch 
Pathol Lab Med. 2014;138(2):241–256, with permission from the Archives of Pathology & 
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Laboratory Medicine. Copyright 2014 College of American Pathologists. (*) Observed in a 
homogeneous and contiguous population.
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Figure 2. 
Fluorescence in situ hybridization (FISH) for HER2 gene status (A through E) and 
immunohistochemical staining for HER2 protein status (F through J) are illustrated 
with cases representing each of the American Society of Clinical Oncology/College of 
American Pathologists (ASCO-CAP) guidelines for in situ hybridization (ISH) algorithm 
groups 1 to 5. The ASCO-CAP guidelines’ algorithm ISH groups are compared with 
observed HER2 gene amplification status by FISH, and HER2 protein expression status by 
immunohistochemical staining with either the Dako HercepTest or our laboratory-developed 
10H8 immunohistochemistry (IHC) assay. A, ASCO-CAP group 1 breast cancer with 
HER2 gene amplification by FISH, consistent with the ASCO-CAP guidelines’ designation 
of “ISH positive” (and consult practice designation of “HER2 amplified”). The average 
HER2 gene copy number for this case was 28.8 copies per tumor cell, with an average 
of 4.45 chromosome 17 centromere (CEP17) copies per tumor cell and a HER2:CEP17 
FISH ratio of 6.47. The HER2 signals are sufficiently numerous and are not captured in 
a single plane of focus in this photomicrograph, so they appear here as orange clusters 
of intranuclear signals. Consultation case number C17984. HER2 gene (orange) and 
CEP17 (green) are identified using the Abbott-Molecular PathVysion HER2 DNA probe 
kit (Vysis LSI HER-2/neu SpectrumOrange/CEP17 SpectrumGreen) FISH assay. B, ASCO-
CAP group 2 breast cancer, previously reported in consultation with a lack of HER2 
gene amplification by FISH, contradicts the ASCO-CAP guidelines’ designation of “ISH 
positive.” The average HER2 gene copy number for this breast cancer was 3.4 copies per 
tumor cell, with an average of 1.2 CEP17 copies per tumor cell and a HER2:CEP17 FISH 
ratio of 2.8. Consultation case number C20890. HER2 gene (orange) and CEP17 (green) 
are identified using the Abbott-Molecular PathVysion HER2 DNA probe kit (Vysis LSI 
HER-2/neu SpectrumOrange/CEP17 SpectrumGreen) FISH assay. C, ASCO-CAP group 3 
breast cancer, one of our “group 3N” cases, was reported to have a lack of HER2 gene 
amplification by FISH in consultation, contrary to the ASCO-CAP guidelines’ designation 
of “ISH positive.” This breast cancer had an average of 6.6 HER2 gene copies per tumor 
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cell and an average of 3.9 CEP17 copies, with a HER2:CEP17 FISH ratio of 1.69. HER2 
gene (orange) and CEP17 (green) are identified using the Abbott-Molecular PathVysion 
HER2 DNA probe kit (Vysis LSI HER-2/neu SpectrumOrange/CEP17 SpectrumGreen) 
FISH assay. Consultation case number C18756. D, ASCO-CAP group 4 breast cancer, 
designated as “ISH equivocal” by ASCO-CAP but reported in our consultation practice as 
“HER2 not amplified” by FISH. This breast cancer had an average HER2 gene copy number 
of 5.3 HER2 gene copies per tumor cell, an average CEP17 copy number of 3.0 per tumor 
cell, and therefore had a HER2:CEP17 FISH ratio of 1.77. The use of retinoic acid receptor 
alpha (RARA) gene probe as an alternative CEP17 control demonstrated an average of 
3.3 RARA copies per tumor cell, providing a HER2:RARA ratio of 1.6. Similarly, using 
the Smith-Magenis Syndrome (SMS) region FISH probe as an alternative control, there 
were 2.9 copies per tumor cell, providing a HER2:SMS ratio of 1.8. Consultation case 
number C18137. HER2 gene (orange) and CEP17 (green) are identified using the Abbott-
Molecular PathVysion HER2 DNA probe kit (Vysis LSI HER-2/neu SpectrumOrange/
CEP17 SpectrumGreen) FISH assay. E, ASCO-CAP group 5 breast cancer, consistent 
with the guidelines’ designation of “ISH negative,” which was reported as “HER2 not 
amplified” by FISH in our consultation practice. The case had an average HER2 gene 
copy number of 2.65 per tumor cell, a CEP17 average of 2.05 copies per tumor cell, and 
a HER2:CEP17 ratio of 1.29. Consultation case number C18066. HER2 gene (orange) 
and CEP17 (green) are identified using the Abbott-Molecular PathVysion HER2 DNA 
probe kit (Vysis LSI HER-2/neu SpectrumOrange/CEP17 SpectrumGreen) FISH assay. F, 
ASCO-CAP group 1 breast cancer case with HER2 protein overexpression, IHC 3+, both 
by the Dako HercepTest (illustrated) and our laboratory-developed 10H8-HER2 (data not 
shown) immunohistochemical assays. This breast cancer, corresponding to A above, is an 
ASCO-CAP FISH group 1 case consistent with the ASCO-CAP guidelines’ designation 
of “ISH positive.” Consultation case number C17984. G, ASCO-CAP group 2 breast 
cancer, corresponding to the breast cancer in B above, with HER2 protein expression 
determined as IHC 1+ with the HercepTest (illustrated) and the 10H8-HER2 IHC assay (not 
shown), contradicts the ASCO-CAP guidelines’ designation of “ISH positive.” Consultation 
case number C20890. H, ASCO-CAP group 3 breast cancer with low HER2 protein 
expression by the HER2 10H8-IHC (IHC 0) immunohistochemical assay. This breast cancer, 
corresponding to C above, was reported as not amplified, contrary to the ASCO-CAP 
guidelines’ designation of “ISH positive.” Consultation case number C18756. I, ASCO-CAP 
group 4 breast cancer, corresponding to D above, had low HER2 protein expression by 
both the 10H8-IHC HER2 assay (IHC 0, data not shown) and the Dako HercepTest (IHC 
1+), as illustrated. Consultation case number C18137. J, ASCO-CAP group 5 breast cancer, 
corresponding to E above, with low HER2 protein expression by IHC with both the Dako 
HercepTest (IHC 1+, as illustrated) and 10H8-IHC (IHC 0, data not shown), consistent 
with the ASCO-CAP guidelines’ designation of “ISH negative.” Consultation case number 
C18066. A normal immunoglobulin G (IgG)–negative control was performed for each of 
the immunohistochemical assays used in F through J and showed a lack of any staining; 

however, these have not been illustrated (original magnifications ×1000 [A through E] and 

×400 [F through J]).
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Figure 3. 
A minority of American Society of Clinical Oncology/College of American Pathologists 
(ASCO-CAP) group 3 breast cancers, referred to here as “group 3A,” show HER2 gene 
amplification and HER2 protein overexpression. A, ASCO-CAP group 3 breast cancer, one 
of our group 3A cases. This breast cancer has an average HER2 gene copy number of 
23.2 per tumor cell and an average chromosome 17 centromere (CEP17) copy number of 
15.75 per tumor cell, and it therefore has a HER2 FISH ratio of only 1.47. This triple 
bandpass image shows the composite (blue/orange/green) image with HER2 gene copies 
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(orange) and CEP17 copies (green) arranged together in a limited geographic area of 
tumor cell nuclei (blue). Please note that the HER2 gene signals (orange) and CEP17 
signals (green) are aggregated together in this same limited geographic area of the nuclei, 
making assessment of individual signals challenging without the aid of single bandpass 
filters, as illustrated in B and C. HER2 gene (orange) and CEP17 (green) are identified 
using the Abbott-Molecular PathVysion HER2 DNA probe kit (Vysis LSI HER-2/neu 
SpectrumOrange/CEP17 SpectrumGreen) FISH assay. Consultation case number C20906. 
B, This single bandpass image (orange filter) shows the distribution of HER2 gene copies 
in the same tumor cell nuclei illustrated in A. HER2 gene copies (orange) are identified 
using the Abbott-Molecular PathVysion HER2 DNA probe kit (Vysis LSI HER-2/neu 
SpectrumOrange/CEP17 SpectrumGreen) FISH assay. Consultation case number C20906. 
C, This single bandpass image (green filter) shows the distribution of alpha satellite DNA of 
CEP17 (green) in the same tumor cell nuclei illustrated in A. Abbott-Molecular PathVysion 
HER2 DNA probe kit (Vysis LSI HER-2/neu SpectrumOrange/CEP17 SpectrumGreen) 
FISH assay. Consultation case number C20906. D, FISH of alternative control probes 
located on chromosome 17 remote from the HER2 locus. The use of retinoic acid 
receptor alpha (RARA) gene probe (green) in this breast cancer demonstrated an average 
of 2.55 RARA copies per tumor cell by FISH, providing a HER2:RARA ratio of 9.1. 
Similarly, using the Smith-Magenis Syndrome (SMS) region FISH probe (orange) as 
an alternative control gene probe there were 1.85 copies per tumor cell, providing a 
HER2:SMS ratio of 12.54. This breast cancer was reported as “HER2 amplified” in our 
consultation practice, consistent with the ASCO-CAP guidelines’ designation of “ISH 
positive.” RARA gene (green) and SMS (orange) are identified using the Abbott-Molecular 
Vysis Smith-Magenis Region LSI SMS SpectrumOrange/RARA SpectrumGreen probes. 
Consultation case number C20906. E, ASCO-CAP group 3 breast cancer, corresponding to 
our “group 3A” cases, with HER2 protein overexpression by immunohistochemistry (IHC; 
IHC 3+by HercepTest) consistent with the ASCO-CAP guidelines’ designation of “ISH 
positive.” Similar results were obtained with our 10H8-IHC assay (IHC 3+, data not shown). 
Consultation case number C20906 (original magnifications ×1000 [A through D] and ×400 
[E]).

Press et al. Page 15

Arch Pathol Lab Med. Author manuscript; available in PMC 2022 April 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
Distribution of average HER2 gene copy number and HER2 fluorescent in situ hybridization 
(FISH) ratios among 7526 breast cancers evaluated in an academic private practice. A, Plot 
of average HER2 gene copy number per tumor cell nucleus from lowest to highest, but 
with cases identified according to the American Society of Clinical Oncology/College of 
American Pathologists (ASCO-CAP) guidelines as groups 1 (blue), 2 (turquoise), 3 (red), 4 
(green), and 5 (no color). Please note that no color was assigned to group 5 cases because 
doing so in such a large group obscures the colors of some cases from less frequent groups, 
especially group 2. B, Plot of HER2 FISH ratios arranged from lowest to highest with 
identification of ASCO-CAP groups 1 (blue), 2 (red), 3 (brown), 4 (green), and 5 (no color). 
Please note that no color was assigned to group 5 cases because doing so in such a large 
group obscures the colors of some cases from less frequent groups, especially groups 2, 3 
and 4.
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Table 1.

Consultation Cases Arranged According to American Society of Clinical Oncology/College of American 

Pathologists Guidelines’ Fluorescence In Situ Hybridization (FISH) Groups

Group Description of FISH Category No. (%) of Cases

1 Ratio ≥2.0, HER2 average ≥4.0 1328 (17.7)

2 Ratio ≥2.0, HER2 average <4.0 31 (0.4)

3 Ratio <2.0, HER2 average ≥6.0 48 (0.6)

4 Ratio <2.0, HER2 average ≥4.0 and <6.0 345 (4.6)

5 Ratio <2.0, HER2 average <4.0 5774 (76.7)

Total 7526 (100.0)
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