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ABSTRACT

Objectives: To determine the diagnostic yield of testing 
multiple blocks for HER2 in cases of multifocal breast 
carcinoma.

Methods: We identified 246 consecutive cases of multifocal 
invasive breast carcinoma in which HER2 was tested on 
more than 1 tumor focus. We performed an audit of all cases 
with respect to tumor size, grade, and histologic type.

Results: HER2 status was concordant between multiple foci 
in 230 (93.5%) of 246 cases, with the largest focus having 
the most positive HER2 result in 242 (98.4%) of 246 cases. 
We did not find a single case in which a smaller focus 
demonstrated a more positive HER2 status unless this focus 
was either higher grade or different histologically.

Conclusions: Our findings support the evaluation of HER2 
on the largest focus, with additional testing on smaller foci 
having a different histologic type or higher grade.

Based on phenotypic and clonality studies, multifo-
cal invasive breast carcinoma may arise from intratumoral 
spread of a single clone or, less commonly, as synchronous 
independent primary tumors.1-5 The incidence of multifocal 
breast carcinoma is rising, in part due to advances in preop-
erative imaging.6 The prognostic significance of multifocal-
ity is unclear at this time. Although multifocality correlates 
with a higher disease burden,7-9 current evidence supports 
conventional staging according to the largest single invasive 
focus.10,11

The human epidermal growth factor gene (ERBB2) on 
chromosome 17 encodes a receptor tyrosine kinase onco-
protein; both gene and protein are commonly called HER2. 
When overexpressed in breast cancer, HER2 is of prognostic 
and predictive significance, warranting routine clinical testing 
by immunohistochemistry and/or in situ hybridization.12-14 
In multifocal tumors, the HER2 status is most commonly 
determined by testing the largest (ie, highest stage) invasive 
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tumor focus.14,15 Whereas hormone receptors tend to show 
only minor differences between multiple tumor foci,5,16 the 
significance of HER2 differences between foci is less certain.

Although the handling of multifocal tumors is not 
addressed in the current (2007) American Society of Clini-
cal Oncology (ASCO)/College of American Pathologists 
(CAP) guidelines,14 the CAP Cancer Protocol recommends 
testing HER2 in additional smaller foci if they are of differ-
ent histologic type or grade and reporting these findings as 
“additional pathologic findings.”15 The evidence supporting 
the HER2 practice guidelines is conflicting. In a small subset 
of cases, there may be significant heterogeneity among tumor 
foci17,18; however, testing all tumor foci in every case does 
not appear to be an efficient approach.5,16 The purpose of this 
study is to audit retrospectively the diagnostic yield of testing 
multiple blocks for HER2. A secondary aim is to assess the 
effectiveness of the current testing guidelines in the setting of 
multifocal disease.

Materials and Methods

Case Selection

In accordance with the protocol approved by the research 
ethics board of Mt Sinai Hospital, we conducted a search 
for cases of breast carcinoma between 2006 and 2011 in 
which multiple tumor blocks were tested for HER2. Cases 
were included if there was a clearly reported new diagnosis 
of breast carcinoma with multifocal ipsilateral invasive foci 
and if multiple foci were tested from the same excisional (ie, 
wire localization, “lumpectomy,” or mastectomy) specimen. 
For this purpose, any ipsilateral foci exceeding 0.1 cm in the 
greatest dimension separated by normal breast tissue (either 
by gross or microscopic report) were considered independent 
foci. All cases reporting more than 1 independent focus were 
considered to have “multifocal” carcinoma. Core biopsy 
specimens, microinvasive foci, and blocks from metastases 
(eg, axillary lymph nodes and other organs) were excluded. 
Also excluded were cases in which testing was performed on 
a tumor recurrence or previously treated cancer (eg, neoadju-
vant cases). A total of 246 consecutive cases meeting these 
criteria were identified.

HER2 Testing
The cases selected represented tumors tested from intra-

mural material and referral material; however, all cases were 
tested for HER2 at the same central reference laboratory using 
licensed and validated reagents and methods. HER2 interpre-
tation was performed by a group of 3 reference pathologists 
(M.C.C., J.B.M., and 1 other). Although the actual antibody 
used for HER2 immunohistochemistry varied during the 
period investigated (including CB11 [Vector Laboratories, 

Burlingame, CA], A0485 [DAKO Canada, Burlington, Can-
ada], and SP3 [Epitomics, Burlingame, CA]), for any given 
case of multifocal tumor, the same method was used for all 
tumor blocks. Cases that were equivocal by HER2 immuno-
histochemistry were retested by fluorescence in situ hybrid-
ization (FISH) in the same central laboratory (Vysis probes; 
Abbott Laboratories, Des Plaines, IL).

Data Collection
All pathology reports and HER2 testing results were 

obtained, including the original report from the referring 
institution where applicable. The following data elements 
were recorded for each focus of invasive tumor: size, Not-
tingham histologic grade, histologic type (and other histologic 
features if available), hormone receptor status, and HER2 
results. When cases were tested by confirmatory FISH, the 
ratio of HER2 signals to the chromosome 17 centromeric 
probe (CEP17) was also recorded. Although the ASCO/CAP 
guidelines14 consider a HER2/CEP17 ratio between 1.8 and 
2.2 “equivocal,” earlier trastuzumab trials considered a ratio 
of more than 2.0 eligible for treatment.19 In our comparison 
of HER2 status between foci tested by FISH, a HER2/CEP17 
ratio of more than 2.0 was considered “positive,” and a ratio 
of up to 2.0 was considered “negative.” Thus, all cases could 
be classified as “concordant”—all foci having the same HER2 
status—or “discordant”—with at least 1 focus being HER2 
positive while other foci were HER2 negative. For all dis-
cordant cases, H&E-stained slides and corresponding HER2 
immunohistochemistry slides were retrieved and reviewed by 
the authors (G.C.B. and M.C.C.) to confirm the accuracy and 
completeness of the reported data. Descriptive statistics were 
used to examine the data.

Results

Features of Multifocal Invasive Breast Carcinomas

A total of 246 cases of ipsilaterally multifocal invasive 
breast carcinoma were included in the analysis. The main 
characteristics of these cases are summarized in ❚Table 1❚. 
Of all cases, 198 (80.5%) had 2 foci, 33 (13.4%) had 3 foci, 
and 15 (6.1%) had 4 or more foci of invasive tumor. In cases 
with more than 2 foci, not every focus was necessarily tested 
for HER2. Our selection criteria identified all cases in which 
2 tumor foci were present, and both tumor foci were tested. 
Depending on referring requests, a varying selection of blocks 
was tested in cases with 3 or more tumor foci. Overall, 2 
blocks were tested in 219 (89.0%) cases, 3 blocks in 20 
(8.1%) cases, and 4 or more in 7 (2.8%) cases. In some cases 
(74/246), testing of the additional focus or foci would be rec-
ommended under the CAP Cancer Protocl.15 The reason for 
testing in the remaining cases was unknown (see Discussion).
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With respect to histologic type, 196 (79.7%) cases were 
invasive ductal carcinomas (of no special type) at all foci. In 
11 of these, there were varying histologic patterns of invasive 
ductal carcinoma at different foci (eg, solid glandular growth 
vs mixed glandular or scirrhous features). One of these 11 
cases had a discordant HER2 result (see below). In 17 cases, 
there were multifocal invasive lobular carcinomas at all foci, 
whereas in 4 cases, the tumor was of another special type at 
all foci. A total of 29 (11.8%) cases had different histologic 
types at different foci: 18 cases had both invasive ductal and 
invasive lobular carcinoma, and 11 cases had both invasive 
ductal carcinoma and a special-type carcinoma (including 
tubular, mucinous, metaplastic, medullary, and invasive papil-
lary carcinoma).

A subset of the cases was referred for confirmatory 
HER2 testing only. As such, hormone receptor status was 
available for 211 (85.8%) of 246 cases. Of these 211 cases, 
estrogen receptor (ER) was positive in at least 1 focus in 180 
(85.3%), low positive in 4 (1.9%), and negative in 27 (12.8%). 
Of the 211 cases, progesterone receptor (PR) was positive 
in 154 (73.0%), low positive in 11 (5.2%), and negative in 
46 (21.8%). Overall, ER and PR results were concordant 
between foci in 205 (97.2%) of 211 cases. Three of the 6 dis-
cordant cases also showed discordant HER2 results between 
tumor foci (see below).

Audit of Discordant Cases
Of all cases, only 16 (6.5%) had discordant HER2 results 

between blocks tested. The features of these cases are sum-
marized in ❚Table 2❚. Testing of the largest focus yielded the 
most positive HER2 result in 242 (98.4%) of 246 cases. In 3 

❚Table 1❚
Characteristics, Including HER2 Results, of 246 Multifocal 
Breast Carcinoma Cases in Which More Than 1 Block  
Was Tested for HER2a

Case Characteristics	 Value

Total No. of cases	 246 (100.0)
Number of invasive foci	
   2	 198 (80.5)
   3	 33 (13.4)
   4 or more	 15 (6.1)
Size of tumor foci, cm	
   Largest focus (of 246 cases)	 2.1 ± 1.3
   Second-largest focus (of 246 cases)	 1.1 ± 0.7 
   Third-largest focus (of 48 cases)	 0.8 ± 0.5 
   Fourth-largest focus (of 15 cases)	 0.6 ± 0.3 
Histologic types	
   Ductal (no special type), all foci	 196 (79.7)
   Invasive lobular, all foci	 17 (6.9)
   Other special type, all foci 	 4 (1.6)
   >1 Foci with different types 	 29 (11.8)
Focus having the highest grade	
   Largest focus 	 237 (96.3)
   Smaller focus	 9 (3.7)
Number of blocks tested	
   2	 219 (89.0)
   3	 20 (8.1)
   4 or more	 7 (2.8)
Testing of multiple blocks recommended by current 
protocol?	
   Yes	 74 (30.1)
   No	 172 (69.9)
HER2 results (IHC ± FISH)	
   Negative, all foci 	 196 (79.7)
   Positive, all foci	 31 (12.6)
   Equivocal, all foci	 3 (1.2)
   Discordant results between blocks	 16 (6.5)

FISH, fluorescence in situ hybridization; IHC, immunohistochemistry.
a Values are presented as number (%) or mean ± SD.

❚Table 2❚
Audit of 16 Cases of Multifocal Breast Carcinoma in Which HER2 Status Differed Between Multiple Blocks Tested

Discordant Case 	 No. of Tumor	 No. of HER2-	 HER2 Positive in	 HER2 Positive in	 Difference in 
No. (n = 16)	 Foci Tested	 Positive Foci	 Largest Focus?	 Highest-Grade Focus?	 Histologic Type?

1	 2	 1	 Yes	 Yes	 Yes
2	 2	 1	 Yes	 Yes	 Yes
3	 2	 1	 Yes	 Yes	 No
4	 2	 1	 Yes	 Yes	 No
5	 2	 1	 Yes	 Yes	 No
6	 2	 1	 Yes	 Yes	 No
7	 2	 1	 Yes	 Yes	 No
8	 2	 1	 Yes	 ND	 Yes
9	 2	 1	 Yes	 ND	 Yes
10	 2	 1	 Yes	 ND	 No
11	 2	 1	 Yes	 ND	 No
12	 4	 1	 Yes	 ND	 No
13	 2	 1	 No	 ND	 Yesa

14	 2	 1	 No	 ND	 Yesa

15	 2	 1	 No	 ND	 Yesa

16	 2	 1	 NDb	 NDb	 Nob

ND, no difference in tumor size or grade.
a Cases 13 to 15 were HER2 positive in the smaller focus, but foci were of different histologic types.
b In case 16, both foci had the same size, grade, and histologic features.
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of the remaining 4 discordant cases (cases 13-15), 2 different 
tumor foci showed different histologic types, with the smaller 
focus having the most positive HER2 result. The fourth 
discordant case (case 16) was of 2 tumor foci with the same 
size, grade, and histologic type and ER/PR status (see also 
FISH results below). The largest tumor focus did not have the 
highest grade in all 246 cases (there were 9 HER2-concordant 
cases in which the smaller tumor had a higher grade). Never-
theless, in our series of all discordant cases with a difference 
in histologic grade, the tumor focus with the highest grade 
was also the largest.

Nine of the 16 discordant cases had invasive ductal car-
cinoma at all foci tested, with 1 of 9 cases showing different 
morphologic patterns. The remaining 7 of 16 cases had differ-
ent histologic types at different foci (4 with ductal and lobular 
carcinomas and 3 with a ductal carcinoma and a special-type 
carcinoma [1 mucinous and 2 with medullary features]). 
Three of the 16 cases had a different ER/PR status at each 
focus (cases 1, 2, and 7), and all 3 cases also had differences 
in either histologic type or grade between foci.

HER2 Discordance in “Equivocal” Cases
In 3 of the 16 discordant cases, the final HER2 status was 

equivocal by FISH in at least 1 focus. In case 13, a smaller 
focus (invasive ductal carcinoma) was unequivocally HER2 
positive, whereas the larger focus (invasive lobular carcinoma) 
was equivocal by immunohistochemistry and retested by FISH 
with a HER2/CEP17 ratio of 1.8. In the other case (case 12), 
the largest of 4 foci was equivocal by immunohistochemis-
try and retested by FISH with a HER2/CEP17 ratio of 2.1, 
whereas the 3 smaller foci were unequivocally HER2 negative.

One additional case (case 16) showed a discrepancy in 
which the most positive HER2 result was not in a larger focus 
or in one with a different grade or histologic type. In fact, this 
case consisted of 2 foci of the same size (1.2 cm), grade (3/3), 
and histologic type (no special type) and hormone receptor 
status. Both foci were tested by FISH, with HER2/CEP17 
ratios of 1.8 and 2.3. In our tabulated summary, we considered 
a FISH ratio of more than 2.0 as HER2 positive.

Discussion

This series of 246 cases shows that in most (93.5%) cases, 
testing more than 1 block from multifocal invasive breast car-
cinoma does not improve the diagnostic yield with respect to 
HER2 determination. The largest focus was representative of 
the most positive HER2 status in more than 98% of cases. 
By selecting additional blocks according to size, grade, and 
histologic type, the tumor focus with the most positive HER2 
status would be correctly identified in 100% of our cases. By 
contrast, our audit shows that the routine testing of multiple 

(or all) foci for HER2—irrespective of size or other param-
eters—is relatively common and not without its proponents.17

Although not addressed specifically in the 2007 testing 
guidelines from the ASCO/CAP,14 the CAP Cancer Proto-
col15 recommends determining HER2 status from the larg-
est tumor focus unless other foci have a different histologic 
type or grade. To our knowledge, our clinical case series is 
currently the largest to provide direct evidence supporting 
this practice and supplements prior evidence based on tissue 
microarrays from multifocal tumors.5 Although our series was 
not performed prospectively, cases were selected consecutive-
ly and irrespective of the reason for testing. Almost 70% (n = 
172) cases in our series were tested for an unknown reason (or 
as routine)—that is, multiple foci were not selected for testing 
based on clinicopathologic features. As such, there is a high 
likelihood that the overall case selection is representative of a 
range of multifocal tumors.

A modified version of the testing protocol ❚Table 3❚ fully 
accounted for the most positive HER2 result in all cases of 
our series. Nevertheless, we accept that heterogeneity can be 
an unpredictable phenomenon and that—rarely—scattered 
smaller HER2-amplified foci can exist. A recent prospective 
study of 113 multifocal breast carcinomas of similar histo-
logic type17 showed that 4 (3.5%) of 113 cases had the most 
positive HER2 result in a smaller tumor focus. However, 
the histologic features and grades of the major and minor 
foci were not reported. Although some authors may contend 
that any differences between foci support testing of multiple 
blocks,17 our series shows that pathologists’ judgment plays a 
role in selecting those cases most likely to show differences 
in HER2 expression.

It is a frequently held assumption that the “most positive” 
result determines the “most correct” treatment, even when this 
is present in much smaller foci. Yet the evidence supporting 
this assumption remains unclear since major clinical trials of 
targeted treatment have not taken multifocality or heterogene-
ity into account.19

The strongest clinical evidence to date suggests that small 
subpopulations showing higher-level HER2 within an other-
wise HER2-negative tumor are not of clinical significance.20,21 

❚Table 3❚
Proposed Criteria for Testing of Tumor Foci in Multifocal 
(Ipsilateral) Invasive Breast Carcinomaa

	 Testing of Multifocal Invasive Breast Carcinoma for HER2

Largest Focus	 Other Foci

Test 1 representative block	 If same size as largest focus
	 If higher grade
	 If different histologic type

aIn our series, these criteria identified the focus of the most positive HER2 status in 
all cases.
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However, a subpopulation with lower-level HER2 within an 
otherwise HER2-positive tumor may actually have adverse 
prognostic significance in the setting of chemotherapy treat-
ment.22 Additional work is needed to determine the preva-
lence and significance of small HER2-positive subpopulations 
in multifocal disease, particularly when the tumor is best clas-
sified as HER2 negative by classic criteria.

Conclusions

In most multifocal invasive breast carcinomas, a single 
block from the largest tumor focus is sufficiently representa-
tive of HER2 status. Testing of multiple blocks should be 
performed when there are histologic differences or a higher 
grade within smaller tumor foci. Our findings support a test-
ing approach similar to that of the 2007 ASCO/CAP HER2 
guidelines14 and CAP Cancer Protocol.15

Address reprint requests to Dr Chang: Dept of Pathology and 
Laboratory Medicine, Mount Sinai Hospital, 600 University Ave, 
6-500, Toronto, ON M5G 1X5, Canada; e-mail: mchang2@
mtsinai.on.ca. 
     
    This study was presented in abstract form at the 102nd 
Annual Meeting of the United States and Canadian Academy  
of Pathology; March 5, 2013; Baltimore, MD. 
    We acknowledge the assistance of Laya Baby, Bonnita 
Bowden, Chriselle Solante, and Maria Mendes. We also 
acknowledge the contributions of Frances P. O’Malley, MB, to the 
HER2 testing program at our institution.

References
	 1.	 Dawson PJ, Baekey PA, Clark RA. Mechanisms of multifocal 

breast cancer: an immunocytochemical study. Hum Pathol. 
1995;26:965-969.

	 2.	 Teixeira MR, Pandis N, Bardi G, et al. Discrimination 
between multicentric and multifocal breast carcinoma by 
cytogenetic investigation of macroscopically distinct ipsilateral 
lesions. Genes Chromosomes Cancer. 1997;18:170-174.

	 3.	 Middleton LP, Vlastos G, Mirza NQ, et al. Multicentric 
mammary carcinoma: evidence of monoclonal proliferation. 
Cancer. 2002;94:1910-1916.

	 4.	 Brommesson S, Jönsson G, Strand C, et al. Tiling array-CGH 
for the assessment of genomic similarities among synchronous 
unilateral and bilateral invasive breast cancer tumor pairs. 
BMC Clin Pathol. 2008;8:6.

	 5.	 Choi Y, Kim EJ, Seol H, et al. The hormone receptor, human 
epidermal growth factor receptor 2, and molecular subtype 
status of individual tumor foci in multifocal/multicentric 
invasive ductal carcinoma of breast. Hum Pathol. 2012;43:48-
55.

	 6.	 Houssami N, Ciatto S, Macaskill P, et al. Accuracy and 
surgical impact of magnetic resonance imaging in breast 
cancer staging: systematic review and meta-analysis in 
detection of multifocal and multicentric cancer. J Clin Oncol. 
2008;26:3248-3258.

	 7.	 Andea AA, Wallis T, Newman LA, et al. Pathologic 
analysis of tumor size and lymph node status in multifocal/
multicentric breast carcinoma. Cancer. 2002;94:1383-1390.

	 8.	 Coombs NJ, Boyages J. Multifocal and multicentric breast 
cancer: does each focus matter? J Clin Oncol. 2005;23:7497-
7502.

	 9.	 Weissenbacher TM, Zschage M, Janni W, et al. Multicentric 
and multifocal versus unifocal breast cancer: is the tumor-
node-metastasis classification justified? Breast Cancer Res 
Treat. 2010;122:27-34.

	10.	 Pedersen L, Gunnarsdottir KA, Rasmussen BB, et al. The 
prognostic influence of multifocality in breast cancer patients. 
Breast. 2004;13:188-193.

	11.	 Lynch SP, Lei X, Chavez-Macgregor M, et al. Multifocality 
and multicentricity in breast cancer and survival outcomes. 
Ann Oncol. 2012;23:3063-3069.

	12.	 Slamon DJ, Clark GM, Wong SG, et al. Human breast 
cancer: correlation of relapse and survival with amplification 
of the HER-2/neu oncogene. Science. 1987;235:177-182.

	13.	 Tandon AK, Clark GM, Chamness GC, et al. HER-2/neu 
oncogene protein and prognosis in breast cancer. J Clin 
Oncol. 1989;7:1120-1128.

	14.	 Wolff AC, Hammond EH, Schwartz JA, et al. American 
Society of Clinical Oncology/College of American 
Pathologists guideline recommendations for human epidermal 
growth factor receptor 2 testing in breast cancer. Arch Pathol 
Lab Med. 2007;131:18-43.

	15.	 Lester SC, Bose S, Chen YY, et al. Protocol for the 
examination of specimens from patients with invasive 
carcinoma of the breast. Arch Pathol Lab Med. 
2009;133:1515-1538.

	16.	 Garimella V, Long ED, O’Kane SL, et al. Oestrogen and 
progesterone receptor status of individual foci in multifocal 
invasive ductal breast cancer. Acta Oncol. 2007;46:204-207.

	17.	 Buggi F, Folli S, Curcio A, et al. Multicentric/multifocal 
breast cancer with a single histotype: is the biological 
characterization of all individual foci justified? Ann Oncol. 
2012;23:2042-2046.

	18.	 Boros M, Marian C, Moldovan C, et al. Morphological 
heterogeneity of the simultaneous ipsilateral invasive tumor 
foci in breast carcinoma: a retrospective study of 418 cases  
of carcinomas. Pathol Res Pract. 2012;208:604-609.

	19.	 Seidman AD, Fornier MN, Esteva FJ, et al. Weekly 
trastuzumab and paclitaxel therapy for metastatic breast 
cancer with analysis of efficacy by HER2 immunophenotype 
and gene amplification. J Clin Oncol. 2001;19:2587-2595.

	20.	 Bartlett AI, Starcynzki J, Robson T, et al. Heterogeneous 
HER2 gene amplification: impact on patient outcome 
and a clinically relevant definition. Am J Clin Pathol. 
2011;136:266-274.

	21.	 Chang MC, Malowany JI, Wood M, et al. ‘Genetic 
heterogeneity’ in HER2/neu testing by fluorescence  
in situ hybridization: a study of 2,522 cases. Mod Pathol. 
2012;25:683-688.

	22.	 Seol H, Lee HJ, Choi Y, et al. Intratumoral heterogeneity 
of HER2 gene amplification in breast cancer: its 
clinicopathological significance. Mod Pathol. 2012;25:938-
948.

Bethune_2013030127.indd   592 9/6/13   3:56 PM

 by guest on Septem
ber 16, 2016

http://ajcp.oxfordjournals.org/
D

ow
nloaded from

 

http://ajcp.oxfordjournals.org/

