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breast carcinoma with micropapillary features
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The 2013 American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) recommenda-
tions for HER2 testing contain a recommendation for pathologists with respect to invasive micropapillary
carcinoma. The guidelines suggest that HER2 immunohistochemical staining that is intense but incomplete and
would be considered 1+ may actually be HER2-amplified by fluorescence in situ hybridization. Thus, pathologists
should consider reporting the immunohistochemistry as equivocal (2+) and employ an alternative testing
methodology. This recommendation is based largely on one paper wherein the authors tested a series of 22
micropapillary carcinomas that were considered 1+ by immunohistochemistry and identified HER2 amplification
in one case (5%). In order to assess for a possible discordance between HER2 immunohistochemistry and
fluorescence in situ hybridization, we evaluated a series of invasive carcinomas with micropapillary features
using both methodologies. As described by the WHO, invasive carcinomas with micropapillary features have
small, hollow, or morula-like clusters of cells surrounded by clear stromal spaces. All cases had HER2
immunohistochemistry and fluorescence in situ hybridization performed, and for cases with equivocal
fluorescence in situ hybridization results, an alternative Chromosome 17 probe (RAI1) was employed. All
assays were scored according to the 2013 ASCO/CAP guidelines. Specifically for this study, immunohistochem-
istry was scored irrespective of the presence of micropapillary features. Overall, we identified HER2 amplification
in 21 (47%) of the cases assayed, with the corresponding immunohistochemistry being 1+ (n=9), 2+ (n=11), and
3+ (n=1). The ASCO/CAP recommendation that this morphology may deviate from the typical staining pattern is
highlighted, as we found that 43% of cases with micropapillary features and HER2 staining that would otherwise
be scored as 1+ were HER2-amplified by fluorescence in situ hybridization. This study supports the ASCO/CAP
recommendation that pathologists should consider reporting immunohistochemistry in this morphology as
equivocal and perform reflex testing using in situ hybridization.
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HER2 (ERBB2) expression in breast carcinoma is an
established predictive biomarker for response to
anti-HER2 therapies. As such, laboratories are
charged with the accurate assessment of HER2 by
either of two FDA-approved testing modalities,
which include immunohistochemistry and in situ
hybridization. The American Society of Clinical
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Oncology and the College of American Pathologists
(ASCO and CAP) have provided guidelines that aim
to improve concordance between laboratories and
that attempt to minimize pre-analytical, analytical,
and post-analytical variabilities.! Each iteration of
the ASCO/CAP guidelines is an evolution that
attempts to ensure that HER2 testing correctly
identifies patients who may derive a benefit from
HER2-targeted therapy while avoiding the possibility
of false-positives.

Tumor morphology has an important role in the
updated ASCO/CAP guidelines, with recommenda-
tions included for situations in which the histopatho-
logic features may suggest a possible discordance in
HER?2 testing.! For example, an alternate HER2 test
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should be considered when Grade 1 tumors have an
initial HER2-positive result. Similarly, if an initial
HER2 test on a core needle biopsy is negative, a new
HER?2 test should be considered on the excision if the
tumor is Grade 3. The ASCO/CAP 2013 guidelines
suggest that micropapillary carcinoma with HER2
immunohistochemistry staining that is intense but
incomplete (basolateral or U-shaped) and would be
considered 1+ may actually be HER2-amplified by
fluorescence in situ hybridization. Thus, it is recom-
mended that pathologists consider reporting these
specimens as equivocal (2+) and perform an alter-
native testing methodology. This recommendation is
based largely on a study by Vingiani et al,> wherein
the authors tested a series of 22 micropapillary
carcinomas that were considered 1+ by HercepTest
and subsequently identified HER2 amplification in
5% of cases. We sought to evaluate this possible
discordance between immunochistochemistry and
fluorescence in situ hybridization in a series of
invasive carcinomas with micropapillary features that
had both testing methodologies performed.

Materials and methods

After obtaining Institutional Review Board approval,
invasive carcinomas with micropapillary features
were identified over a 9-month time frame and were
culled from routine sign out of HER2 tests in a
reference laboratory. A series of 45 cases of invasive
carcinoma with micropapillary features was identi-
fied, with all cases having dual test results for both
HER2 immunohistochemistry and fluorescence
in situ hybridization. Primary HER2 testing was the
reason for submission to the lab in 47% (21/45) of
cases with an additional 13% (6/45) submitted for
second opinion testing, or dual testing for results of 0
or 3+. The remaining 18 cases (40%) were submitted
for reflex HER2 fluorescence in situ hybridization
following an equivocal immunohistochemistry result
from the originating facility. Our laboratory performs
HER2 immunohistochemistry using the DAKO Her-
cepTest and HER2 fluorescence in situ hybridization
using the HER2 IQFISH pharmDx test (Carpinteria,
CA); all tests were performed according to the
manufacturer’s instructions and all fluorescence
in situ hybridization cases were scored according
to the 2013 ASCO/CAP guidelines. Equivocal fluor-
escence in situ hybridization cases were reflexed to a
laboratory-developed assay as our group has pre-
viously described,® which utilizes a dual probe set
(Agilent, Santa Clara, CA) targeting RAI1 as a
different control locus on the short arm of chromo-
some 17 as well as a HER2 probe. The results of the
reflex fluorescence in situ hybridization assay are
interpreted using the HER2/RAI1 ratio (>2 is ampli-
fied, <2 is non-amplified). A subset of the cases
included in this study was referred for HER2
fluorescence in situ hybridization testing because of
either equivocal immunohistochemistry results or
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client preference that fluorescence in situ hybridiza-
tion be the primary testing methodology. For cases
that were received for fluorescence in situ hybridiza-
tion testing, a corresponding HercepTest was per-
formed on residual slides solely on a research basis.
The remaining cases were identified from client
cases submitted for HercepTest. The clinically
reported HercepTests were scored according to the
2013 ASCO/CAP guidelines and adherence to the
recommendation for those with micropapillary fea-
tures was followed. In reporting these cases, the
micropapillary features were denoted in a comment,
the material was scored as equivocal, and reflex
testing with HERZ fluorescence in situ hybridization
was performed. Specifically for this study, the
HercepTest material was reviewed and scored by
two breast pathologists (EG and EDK) who were
blinded to the fluorescence in situ hybridization
results. The ASCO/CAP key recommendation relat-
ing to this specific morphology was exempted from
this scoring process, and cases were scored irrespec-
tive of morphology using the guidelines as follows: a
positive (3+) HER2 test requires that >10% of
invasive tumor cells display strong and circumfer-
ential membrane staining, whereas a negative (0)
HER2 test is defined as no staining observed or
membrane staining that is incomplete, faint/barely
perceptible, and within <10% of the invasive tumor
cells. Cases are scored as (1+) if there is incomplete
membrane staining that is faint/barely perceptible
and within >10% of invasive tumor cells, whereas
equivocal (2+) cases include those with weak to
moderate complete membrane staining in >10% of
invasive tumor cells.

Results

A total of 45 cases with micropapillary features were
identified, representing 29 core needle biopsies and
16 resection specimens (one representative slide
each). The percentage of micropapillary features
present ranged from 30 to 100%, with tumors being
either Nottingham Grade 2 or Grade 3 (n=13 and
n=232, respectively). The FDA-approved probe set
(HER2 IQFISH pharmDx) identified 18/45 (40%) as
HER2-non-amplified, whereas the corresponding
HercepTest for this group included scores of 0
(n=3), 1+ (n=8), and 2+ (n=7). The FDA-approved
probe set identified 14/45 (31%) as HER2-amplified
(n=4 by copy number >6 with copy numbers of 6.0,
6.5, 6.5, and 7.3; n=10 by ratio with HER2/CEN-17
ratios of 2.1 to >2.6), whereas the corresponding
HercepTest results for this group included scores of
1+ (n=7), 2+ (n=6), and 3+ (n=1). The FDA-
approved probe set identified 13/45 (29%) as HER2
equivocal with reflex testing to the alternative probe
set. This alternate probe set identified five of
these cases as non-amplified with corresponding
HercepTest results of 1+ (n=1) and 2+ (n=4). The
reflex probe test identified seven cases as amplified



(HER2/RAI1 ratio ranging from 2.0 to 2.5) with
corresponding HercepTest results of 1+ (n=2) and
2+ (n=5). One case could not be resolved with the
reflex probe set owing to an apparent deletion of the
RAI1 probe (RAI1 copy number of 1.2). Overall, we
identified HER2 amplification in 21/45 (47%) of the
cases assayed, with the corresponding immunohis-
tochemistry being 1+ (n=9), 2+ (n=11), and 3+
(n=1).

With respect to HER2 immunohistochemistry in the
HER2-amplified subset, only one of the HER2-ampli-
fied tumors had a 3+ corresponding HercepTest; all
other HER2-amplified tumors had either weak or only
moderate intensity staining. Of the 11 amplified cases
that were scored as 2+, staining was non-uniform,
weak to moderate, and deposited along the cell
membrane at the apical surface, the lateral surface,
or at the periphery of the morula. The nine fluores-
cence in situ hybridization-amplified cases that had a
corresponding 1+ HercepTest are detailed in Table 1
and Figure 1. With respect to tumor morphology, the
cases that were not 100% micropapillary had a
component of invasive ductal carcinoma, NOS. The
HercepTest score within these different morphologies
was similar, meaning that no particular component
was of a higher immunohistochemistry score.

Discussion

We found that HER2 protein localization in invasive
carcinoma with micropapillary features deviates
from the typical circumferential pattern that is often
seen in invasive breast carcinomas of no special
type. This phenomenon has been appreciated by
others, with the first report of this finding from
Vingiani et al, who identified one case of HERZ2
amplification in a series of 22 that were 1+ by
immunohistochemistry.? In a recent study evaluating
HER2 expression in 52 cases of micropapillary
carcinoma, Yang et al found that, in a number of
HER2-amplified cases, although HER2 protein
expression was detected at the cell-cell and baso-
lateral membranes, it was not detected along the
cytoplasmic membrane facing the stroma.’ In their
series, they found that of those cases that were 1+ by
immunohistochemistry (n=25), one was HER2-
amplified and an additional two cases were equivocal
by fluorescence in situ hybridization. Notably, all of
the cases in their study that had 2+ HER2 expression
by immunohistochemistry (n=12) were amplified by
fluorescence in situ hybridization. These studies
suggest that it may be possible to miss patients who
are indeed HER2-positive if using immunohistochem-
istry and not having an awareness of the altered
immunoreactivity associated with this morphology.
Incomplete membrane staining has been recog-
nized as an important characteristic in gastric
carcinoma where HER2 expression tends to be
basolateral rather than circumferential.® For this
reason, HER2 positivity (3+) in gastric cancer has
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been defined as ‘strong complete, basolateral, or
lateral membranous reactivity in >10% of tumor
cells’ for the purpose of some clinical trials.” As this
pattern of incomplete expression is also present in
some cases of micropapillary carcinoma associated
with HER2 amplification, our study provides addi-
tional support for the ASCO/CAP recommendation
that an alternate testing methodology be considered
in cases of micropapillary carcinoma with intense
but incomplete expression of HER2.! Furthermore,
the current study suggests that immunoreactivity
may even be weak in cases that are HER2-amplified.

In micropapillary carcinomas, cell clusters are
often separated from the extracellular matrix by a
clear clefted space in which the apical surface of the
cluster is oriented toward the basement membrane.
This peculiar architecture is thought to be due in
part to altered expression and subcellular localiza-
tion of proteins controlling cell polarity, as well as to
mutations in the genes encoding these proteins.?
Notably, mutations in genes involved in cell polarity
(FMN2), ciliogenesis (DNAH9), and cytoskeletal
organization (UBR4, PTPN21) have been identified
in micropapillary carcinomas, although at a rela-
tively low frequency.® LIN7A has been identified as a
gene that is upregulated in micropapillary carcino-
mas and that may be responsible for altered
apicobasal polarity in these neoplasms.® Interest-
ingly, LIN7A appears to be required for HER2
localization and maintenance at the basolateral
surface of cells, and has also been implicated in
promoting a proliferative and invasive phenotype in
cell lines and animal models.?19

Previous studies have shown that a subset of
micropapillary carcinomas tend to cluster as Lumi-
nal B using gene expression profiling,®!! and this
molecular subtype can demonstrate HER2 gene
amplification as well as high expression of genes
related to proliferation.'"'? HER2 protein expression
by immunohistochemistry has been observed in
micropapillary carcinomas and ranges from 12.5 to
95% of cases in the studies reviewed.?'3-17 This
wide range of reported HER2 expression in micro-
papillary carcinomas may partly be due to variability
in HER2 scoring, as a subset of these studies was
performed before either the 2007 or 2013 ASCO/CAP
guidelines were in place.

There is undoubtedly bias in our study population
as the material is largely from a reference laboratory
and this material is enriched for equivocal cases that
needed reflex fluorescence in situ hybridization or
an alternative method of testing. However, this series
highlights a not uncommon discordance between
immunohistochemistry and fluorescence in situ
hybridization in the setting of invasive carcinomas
with micropapillary features. The current study and
studies by others have found that a subset of
micropapillary carcinomas with HER2 amplification
have incomplete membranous staining that would be
scored as 1+ or 2+ by immunohistochemistry.2® To
put these numbers into perspective with respect to
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= ?E HER2 testing in our laboratory, the statistics for a
23l 2 2 o4, < = 2 < 1-year period using the 2013 ASCO/CAP guidelines
;‘i 2| 2 2 Z o Z 2z Z Z demonstrated the following: an FDA-approved dual
EEE probe set (cases solely tested with fluorescence
in situ hybridization) identified 252/1242 (20.4%)
N B of cases as HER2-amplified, 92/1242 (7.4%) as
E Sif <« - - - o« < - equivocal, 886/1242 (71.3%) as HER2-non-ampli-
«5813 3 3 2% 3 3 3 3 fied, and 12/1242 (0.9%) as indeterminate. These
T8 g rates of amplified, equivocal, and non-amplified are
=& R similar to those published by other reference
- laboratories and are similar to rates obtained in
%5.850 < PR “ < o clinical trials with centralized testing. During this
TEIE|Z 2 2 N8 3 3 3 B same time course, stand-alone immunohistochemis-
= Q% try testing identified 195/1684 (11.6%) as positive
(3+), 495/1684 (29.4%) as equivocal (2+), and
S B 994/1684 (59%) as negative (0 to 1+). During that
588 time, a single case was scored as indeterminate for
g L2 3 3 R B « J 4 3 HER2 immunohistochemistry. Dual testing (both
¢ § immunohistochemistry and fluorescence in situ
S hybridization) was performed in 411 cases. Of those
N e cases with dual testing, 20/411 (4.9%) were scored as
SASE (0 to 1+), with the corresponding fluorescence in situ
g 95| BN B B B B hybridization identifying 3/20 (15%) as HER2-
ZEE amplified, 1/20 (5%) as fluorescence in situ hybri-
SRS dization equivocal, and 16/20 (80%) as non-ampli-
. fied. Of those dual tested, 373/411 (90.8%) were
- _E equivocal (2+) by immunohistochemistry, with the

X o] =~ ) . . . © 7. .
) A N q on - © @ o~ corresponding fluorescence in situ hybridization
g JEZ | Y A T T identifying 65/373 (17.4%) as HER2-amplified, 27/
. 3 373 (7.2%) as equivocal, and 281/373 (75.3%) as
=] o o non-amplified. Dual testing identified 18/411 (4.4%)
< & “ :é % E = as positive (3+) by immunohistochemistry, with the
= w| &3 = £ £ E = corresponding fluorescence in situ hybridization
& £l2g & 2% 5 48% B & % identifying 15/18 (83.3%) as amplified and 3/18
= g2 é‘é § £ Bg55E g% £ £ (16.7%) as mnon-amplified. When the immuno-
'§ | E 2 ig é g ig?g g B Tt Egﬂ E ’g histochemistry score was nega_tive‘ (0 or 1+), the ra‘te
9 S| £E5g =& = & 238255845 of HER2 amplification identified in the micropapil-
= =| E55% £3 g EEEEgS B8 lary morphology group with the FDA-approved
& 5| EEZ g%;%;;’ gg;%g v %j% probe set was 55% (5/9 with ratios ranging from
3 S| £2 8858988858055 838% 2.1 to 2.3 and average HERZ2 copy numbers ranging

g T | TAEREZEEEER8EES3aE 22 & from 4.1 to 7.2).

i In the current series, the majority of cases included
3 B were received for testing in a reference laboratory
E go.% 8 setting. As such, we were not able to obtain
= g §§ 2 g g8 883 2 & & 3 treatment or outcome data for these patients. Press
< SgE et al have recently published a retrospective assess-
=l AER ment of HER2 fluorescence in situ hybridization
2 ASCO/CAP 2013 guidelines as applied to the Breast
.E Cancer International Research Group (BCIRG) -005,
= = BCIRG-006, and BCIRG-007 clinical trials, which are
g £ o large cohorts with long-term clinical follow-up.'®
S é"g N e ® we S The 2013 guidelines using dual probes identify three
E “ZSDD groups as ISH-amplified (group 1 with a HER2/
S Chromsome 17 centromere ratio of >2.0 and an
7 average HER2 copy number of >4.0; group 2 has a
g < | = - - = ratio > 2.0 and an average HER2 copy number of < 4;
g o5 3 e g 3 group 3 has a ratio < 2.0 and an average HER2 copy
@) %S - g2 g2 g 8 3 8 number of >6.0). Correlating fluorescence in situ
2 S X OO O & & O hybridization results with outcome, the authors
= 3 make the point that patients in group 1 benefitted
[ ol 2 & ~ © g 2 from trastuzumab in BCIRG-006, whereas those in
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Figure 1 Examples of invasive carcinomas with micropapillary features (a and d) and corresponding HER2 immunohistochemistry stains

at x 20 (b and e) and x40 (c and f) that were scored as 1+, yet were HER2-amplified by fluorescence in situ hybridization. Note weak
staining in the apical lumens and focal weak lateral immunoreactivity.

group 2 did not show a benefit from HER2-targeted
therapy. Drawing from the data from Press et al, one
would expect that the five cases identified as
fluorescence in situ hybridization amplified by the
FDA-approved probe set and falling into group 1
(ratio>2.0 and HER2 copy number >4.0) would
derive benefit from HER2-targeted therapy. In our
series, two of the fluorescence in situ hybridization-
amplified cases fell into group 3 (ratio < 2 and HER2
copy number >6.0). Press et al found that only 55
(0.5%) of the 10468 breast cancers screened for
BCIRG-005, -006, and -007 fell into group 3, and,
overall, the authors considered the number insuffi-
cient for definitive evaluation of response in
BCIRG-005 or -006. In our study, two cases that
were fluorescence in situ hybridization equivocal by
the FDA-approved probe set (ratio < 2, average HER2
copy number >4 and <6) were found to be
amplified by an alternative chromosome 17 probe
(HER2/RAI1 with ratios of 2.1 and 2.2 and HERZ2
copy numbers of 5.2 and 4.3, respectively). Although
the ASCO/CAP 2013 guidelines suggest the possibi-
lity of resolving equivocal status with an alternative
probe, there are no clinical trials that have system-
atically evaluated response to HER2-targeted therapy
in this group of patients. That said, the equivocal
group of patients re-evaluated by Press et al (group 4,
ratio <2 with HER2 copies >4 and <6) was
accrued to BCRIG-005 to a chemotherapy arm with-
out HER2-targeted therapy and had similar outcomes
(disease-free and overall survival) to those patients
who were non-amplified (group 5, ratio <2 and
HERZ2 copies < 4.0).

2 _A'_-;:.'L?-l,,' ‘2-01.;
Y e SN
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As anti-HER2 therapy is an important treatment
option, we believe that an in situ hybridization
testing methodology should be sought in micro-
papillary carcinomas that are immunohistochemistry-
negative, given the discordance described herein.
Studies in larger cohorts and evaluation of response
to anti-HER2 therapy in patients with micropapillary
carcinoma will help to further clarify this issue.

In conclusion, this study supports the ASCO/CAP
recommendation that pathologists should consider
reporting immunohistochemistry in this morphology
as equivocal and perform reflex testing using in situ
hybridization.

Note Added in Proof

In the interim between manuscript acceptance and
publication, the ASCO/CAP draft recommendations
for the focused update to HER2 testing in breast
cancer were made available for public comment. If
these draft recommendations are implemented, 4/9
FISH amplified micropapillary carcinomas based on
the 2013 guidelines would be reclassified. Two
cases, both with a HER2/CEN17 ratio <2 and a
HERZ2 copy number between 4-6 (equivocal by 2013
guidelines), were amplified by HER2/RAI1 reflex
fluorescence in situ hybridization. According to the
draft recommendations, alternative probes will no
longer be employed and such cases would reflex
back to immunohistochemistry and be called nega-
tive due to lack of circumferential staining. Two
cases, both with HER2/CEN17 ratio < 2 with average
HER2 copy numbers >6 are considered amplified
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by the 2013 ASCO/CAP guidelines. According to the
draft recommendations, such cases would reflex to
immunohistochemistry which would be interpreted
as negative due to a lack of circumferential staining.
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