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Abstract

Background: Studies have shown that antibodies targeting the intracellular (ICD) or extracellular domains (ECD) of human
epidermal growth factor receptor 2 (HER2) are equivalent when traditional methods are used. We describe a new method
to quantify ICD and ECD expression separately and assess the prognostic value of domain-specific HER2 results in patients
who received adjuvant trastuzumab therapy.

Methods: We measured HER2 protein expression with quantitative immunofluorescence (QIF) in tissue microarrays (TMA)
using two different antibodies targeting the ICD (CB11 and A0485) and ECD (SP3 and D8F12). We assessed the prognostic
value of ICD and ECD expression in 180 patients from a clinical trial of adjuvant chemotherapy followed by trastuzumab
(HeCOG 10/05). We performed an exploratory univariate domain-specific, disease-free survival (DFS) analysis and compared
DFS functions with Kaplan-Meier estimates. All statistical tests were two-sided.

Results: HER2 ICD expression by QIF showed slightly higher sensitivity to predict ERBB2 (HER2) gene amplification than
ECD expression, which was more specific and had higher positive predictive value. In the HeCOG 10/05 trial specimens,
15% of cases showed discordant results for ICD and ECD expression. High ECD was statistically associated with longer DFS
(log-rank P =.049, HR = 0.31, 95% CI = 0.144 to 0.997), while ICD status was not. Among patients with low ECD, there was no
difference in DFS by ICD status. However, when ICD was high, high ECD was statistically associated with longer DFS (log-
rank P =.027, HR = 0.23, 95% CI = 0.037 to 0.82) compared with low ECD.

Conclusion: Quantitative measurements of HER2 ICD and ECD expression in breast cancer suggest a subclassification of
HER2-positive tumors. Trastuzumab-treated patients with high ECD showed better DFS than patients with low ECD. This
suggests differential benefit from trastuzumab therapy based on HER2 ECD expression.

Guidelines issued in 2013 by the American Society of Clinical
Oncology (ASCO) and the College of American Pathologists (CAP)
consider qualitative, chromogen-based immunohistochemistry
(IHC) as a primary assay to determine human epidermal growth

factor receptor 2 (HER2) status in breast cancer. The IHC equivo-
cal cases (eg, 2+) require further testing by single or dual probe
in situ hybridization (ISH/FISH) (1). In the United States (2),
there are several different HER2 antibodies in common usage in
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pathology labs including antibodies for both the cytoplasmic or
intracellular domain (ICD) and the extracellular domain (ECD).
The performance of some of these antibodies (4B5, CB11 tar-
geting the ICD and SP3 targeting the ECD) has been compared
using conventional IHC and a high concordance has been shown
between the antibodies, independent of their target epitope (3,4).
A more recent study also identified high concordance between
ICD and ECD assays using chromogenic IHC (5). There are con-
flicting reports on the sensitivity and specificity to predict HER2
gene amplification with different antibodies (6, 7).

The high concordance in HER2 status assessment by anti-
bodies that target the ICD and ECD respectively is somewhat
surprising considering that there are well known mechanisms
that can lead to the cleavage of ECD or to the expression of a
truncated HER2 protein that lacks the ECD. Lack of HER2 ECD
expression has been shown as one of the mechanisms of resist-
ance to trastuzumab therapy (8). These observations have
potential clinical implications because there are distinct HER2-
targeted therapies in the clinic that are directed to either the
ICD (eg, HER2 kinase inhibitors) or the ECD (HER2 targeting anti-
bodies) (9). The failure of chromogenic IHC studies to observe
discordance in HER2 ICD and ECD expression may relate to
methodological limitations. Some studies did not examine ICD
and ECD expression simultaneously on the same cases, but no
studies have used quantitative methods of standardization. The
standard IHC test is semiquantitative and is subject to consider-
able interobserver variation, which could also limit its ability to
distinguish discordance between ICD and ECD levels because of
limited dynamic range and substantial noise in the measure-
ments (10). In this study we systematically examined ICD and
ECD expression on the same cases using two different antibod-
ies directed against the ICD and ECD, respectively, and applying
an established quantitative immunofluorescence (QIF) method.
We assessed the sensitivities and specificities of the different
domain-specific antibodies compared with FISH and routine
clinical THC results and also tested the prognostic value in a
cohort of trastuzumab-treated patients.

Methods

HER2 Standardization Tissue Microarray (YTMA263)

The HER2 standardization tissue microarray (TMA) was built
extracting 0.6 mm cores from 80 formalin-fixed paraffin-embed-
ded (FFPE) breast carcinomas seen at Yale Pathology between
1998 and 2011. Results from CLIA-certified IHC and FISH were
extracted from the pathology reports. As internal controls, we
included in the TMA samples from 10 breast cancer cell lines
with known HER2 copy number and 10 histospots containing
nontumor breast tissue. Cases were arranged in columns accord-
ing to their HER2 status to facilitate validation (Supplementary
Figure 1, available online). Four replicate TMAs were built using
tumor cores that were at least 3mm apart from each other.

Antibodies, Quantitative Immunofluorescence
and IHC

Fresh TMA cuts were deparaffinized at 60°C for 20 minutes,
then incubated twice in xylene for 20 minutes. Rehydration
was performed using ethanol. Antigen retrieval was carried as
recommended by the manufacturers with citrate buffer pH 6.0
(CB11, A0485 and SP3) or EDTA buffer pH 8.0 (D8F12) at 97°C
for 20 minutes in a pressure-boiling container (PT Module,

Lab Vision, Thermo Scientific, Waltham, MA). Endogenous
peroxidase activity was blocked with 2.5% hydroxyl peroxide
in methanol for 30 minutes, followed by blocking with 0.3%
bovine serum albumin in 0.1mol/L of Tris-buffered saline for
30 minutes at room temperature. Four commercially avail-
able primary anti-HER2 antibodies were used (CB11, A0485,
SP3 and D8F12) (Supplementary Table 1, available online).
Slides were then incubated overnight at 4°C with each HER2
primary antibody using at least five different concentrations/
dilutions and with cytokeratin at 1:100 dilution (monoclonal
mouse anti-human cytokeratin, clone AE1/AE3; polyclonal
rabbit anti-cow cytokeratin, wide spectrum screening, Dako,
Glostrup, Denmark). Sections were incubated for one hour at
room temperature with Alexa 546-conjugated goat anti-rabbit/
anti-mouse secondary antibodies (Molecular Probes, Eugene,
OR, USA) diluted 1:100 in mouse/rabbit EnVision amplification
reagent (Dako). Cyanine 5 (Cy5) directly conjugated to tyra-
mide (Perkin-Elmer, Waltham, MA, USA) at 1:50 dilution was
used for target antibody detection. ProLong mounting medium
(ProLong Gold; Molecular Probes) with 4,6-diamidino-2-phenyl-
indole (DAPI) was used to stain nuclei. Additionally, two serial
sections from YTMA263 were stained for CB11, as well as for
SP3 using chromogenic IHC. The slides were subjected to the
same deparaffinization, antigen retrieval,and blocking proto-
col mentioned above and incubated overnight in HER2 primary
antibody solution. Sections were then incubated in mouse/rab-
bit EnVision amplification reagent (Dako) for one hour at room
temperature. Chromogenic staining was performed (Liquid
DAB + Substrate Chromogen, Dako), followed by counterstain
with Tacha’s hematoxylin (Biocare Medical, Concord, CA, USA)
for three minutes and dehydration with ethanol and xylene.
Finally, slides were coverslipped using Cytoseal 60 (Thermo
Scientific, Waltham, MA).

Fluorescence Measurement and Scoring

QIF was performed using the AQUA method as previously shown
by our group (11-13). Briefly, the QIF score of HER2 in the tumor
compartment was calculated by dividing the HER2 compart-
ment pixel intensities by the area of cytokeratin positivity. QIF
scores were normalized to the exposure time and bit depth at
which the images were captured, allowing scores collected at
different exposure times to be comparable. All acquired histo-
spots were visually evaluated and cases with staining artifacts
or less than 2% tumor (cytokeratin staining) were excluded from
the analysis.

Antibody Titration

To optimize the titer for each HER2 antibody, we stained the
standardization TMA (YTMA263) using at least five dilutions
covering more than one order of magnitude in serial sections.
The antibodies were tested at different dilutions ranging from
1:50 up to 1:50 000. Titration curves for each antibody using the
average scores were plotted. We calculated the average of the
highest 10% and lowest 10% of spots, their difference and ratio.
Linear regression coefficients (R?) were calculated for each titer
as a measure of reproducibility. A regression-based curve was
plotted for each antibody. We defined the objectively optimal
antibody titer as the one that had the highest dynamic range
of signal with the highest R? (Supplementary Table 1, available
online). Fresh TMA cuts were stained using optimized titers for
one ICD (CB11) and one ECD (SP3) antibody.
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Diagnostic Test Evaluation for Prediction of HER2
Gene Amplification

Average scores from lowest to highest were calculated to obtain a
population distribution-based cutpoint using the Joinpoint soft-
ware (version 4.04, NCI), as described (14). The software was set to
find one cutpoint, which considered the mean of all observations
for the same spot in YTMA 263 and the corresponding standard
error of the mean. The values did not include outcome infor-
mation. The cutpoint was used subsequently to calculate sen-
sitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of the quantitative HER2 protein measure-
ments. The slides stained with chromogenic IHC were scanned
and analyzed using the US Food and Drug Administration
(FDA)-approved Aperio IHC Membrane Image Analysis algorithm
(Aperio Technologies, Inc., Vista, CA). Average membrane inten-
sity scores were then profiled and analyzed with Joinpoint in the
aforementioned fashion to obtain the diagnostic test evaluation.

Prognostic Cohort

The Hellenic Cooperative Oncology Group (HeCOG) 10/05 trial (15)
was a sequential, dose-dense, three-arm breast cancer adjuvant
study performed between July 2005 and November 2008, including
990 eligible patients treated with epirubicin, paclitaxel, and cyclo-
phosphamide, methotrexate, and fluorouracil (CMF), compared
with epirubin, CMF, and either weekly paclitaxel or docetaxel.
Chemotherapy and radiation therapy (when indicated) were
followed by one year of trastuzumab in HER2-positive patients.
Patients were selected for trastuzumab treatment based on:
1) HER2 IHC 3+ with the Dako Herceptest involving the polyclonal
ICD-detecting A0485 antibody and 2) HER2 gene amplification
with FISH for cases classified as IHC 2+ with the same detec-
tion system, according to Wolff et al. (16). Before random assign-
ment, patients provided study-specific written informed consent
for participating in the trial and optionally a separate informed
consent for providing biological material for research purposes.
All clinical investigations related to the study have been con-
ducted according to the principles expressed in the Declaration
of Helsinki. The trial was included in the Australian New Zealand
Clinical Trials Registry (ANZCTR) and allocated the Registration
Number ACTRN12610000151033. A total of 705 patients with FFPE
tumor tissue samples and available clinical annotation were rep-
resented in two TMA blocks. The summarized patient and tumor
characteristics for the HeCOG 10/05 cohort from this trial are
shown in Supplementary Table 2 (available online).

Statistical Analysis

We extracted the information from 180 HER2-positive patients
that were treated with trastuzumab and performed an explora-
tory univariate domain-specific, disease-free survival (DFS)
analysis (Supplementary Figure 2, available online). DFS func-
tions were compared using Kaplan-Meier estimates, and sta-
tistical significance was determined using the log-rank test.
Statistical analysis was carried out using GraphPad Prism v6.0
software for Windows (GraphPad Software, Inc., La Jolla, CA). All
P values were based on two-sided tests, and all values under .05
were considered statistically significant.

Results

Bar charts from the automated, quantitative antibody stand-
ardization are shown in Figure 1 that illustrates the importance
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of optimizing antibody dilution. Figure 1A shows results when
too much antibody is used; the amplified population is not well
separated from the unamplified population. In Figure 1, B and
C, lower antibody concentrations improve the discrimination of
HER2 amplified and nonamplified cases. With very high dilutions
as in Figure 1D, the signal dynamic range decreases. The results
indicate that the optimal dilution for this particular antibody,
A0485,1s 1:10,000 (Figure 1C). Importantly, the optimal dilution is
different for different antibodies as illustrated on Figure 1, E and
F (see also Supplementary Table 1, available online).

When the titer is near the optimum, examination of the
distributions indicates two distinct populations corresponding
to HER2-overexpressing and HER2-normal cases, as expected.
To determine the cutpoint between normal and amplified, we
used the Joinpoint statistical software tool (14). Joinpoint analy-
sis allows the selection of a threshold in the data based on its
distribution, without any input from outcome or other external
variables, and the testing of the statistical significance of that
cutpoint. This cutpoint needs to be determined independently
for each antibody and can correspond to very different numeri-
cal values in the same data from antibody to antibody (Figure 1,
E and F). This data driven cutpoint selection for HER2 expres-
sion allows dynamic determination of the threshold that may
vary as a function of time, laboratory setting, or other less well-
characterized variables, but it represents the optimal threshold
for the given data. As such, this approach represents a method
to standardize a cutpoint over time and laboratory site because
the derivation of the cutpoint in based on the biology of the
specimens in the array, not the external variables, like antibody
concentration, autostainer platform or other variables.

Using the cutpoints defined by the dynamic cutpoint selec-
tion method, the diagnostic performance of ICD and ECD anti-
bodies for prediction of HER2 gene amplification (using the
pathology report as the criterion standard) is presented in
Table 1. The ICD antibodies showed somewhat higher sensitiv-
ity (94.1% and 90.9% for CB11 and A0485, respectively) than ECD
antibodies (88.2% and 90.6% for SP3 and D8F12, respectively).
Conversely, ECD antibodies showed higher specificity for predic-
tion of HER2 gene amplification (98.4% and 92.0% for SP3 and
D8F12, respectively) than ICD antibodies (85.5% and 87.3% for
CB11 and A0485, respectively). Positive predictive value was
also higher for ECD antibodies (96.8% and 87.9% for SP3 and
D8F12 vs 78.1% and 81.1% for CB11 and A0485, respectively).
Comparable results were observed using conventional chromo-
genic THC, although specificities and PPVs were lower (Table 1;
Supplementary Figure 3, available online).

In the HER2 standardization array, 10 out of 95 histospots
(10.5%) showed discordant HER2 results with QIF (high ICD /
low ECD score). The R-squared (R? for ECD vs ICD was 0.73 (not
shown). A representative case is shown in Figure 2. In panel A,
HER2 ICD fluorescent signal is clearly detected in the tumor. In
panel B, the same tumor area shows reduced signal for HER2
ECD. In panels C and D, chromogenic IHC on the same case
shows intense complete/diffuse membranous staining for HER2
ICD (eg, score 3+) and weak focal positivity for ECD (eg, score
1+). A plot of the QIF scores from each case with each antibody
illustrates the discordance (Figure 3A).

Prognostic Value of Domain-Specific Quantitative
HER2 Expression

To examine the prognostic importance of low vs high ECD and
ICD expressions, respectively, we performed QIF on TMAs from
the HeCOG 10/05 clinical trial. In this three-arm trial, patients
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Figure 1. Standardization of human epidermal growth factor receptor 2 (HER2) protein measurement using automated, quantitative immunofluorescence. HER2 anti-
body assays directed against the intracellular (ICD) and extracellular (ECD) domains were tested in a HER2 standardization tissue microarray. A-D) Distribution of
HER2 A0485 (ICD) scores at different dilutions. Two populations and clustering of amplified cases (black) can be observed when the optimized titer is reached (C). E-F)
Distribution of HER2 CB11 (ICD) and SP3 (ECD) scores at their optimized titer. The red dotted line shows the Joinpoint cutpoint for each assay. AU = arbitrary units of

fluorescence; QIF = quantitative immunofluorescence.

were randomly assigned to receive either three cycles of dose-
dense epirubicin followed by three cycles of three-weekly pacli-
taxel followed by three cycles of CMF (Arm A), or three cycles
of epirubicin followed by three cycles of CMF, followed by nine
cycles of weekly docetaxel (Arm B) or nine cycles of weekly
paclitaxel (Arm C). Trastuzumab was administered for one year
to HER2-positive patients; trastuzumab was often initiated sev-
eral months after completion of chemotherapy. At the end, 180
HER2-positive cases received trastuzumab, and of those, both
HER2 ICD and ECD QIF scores were available in 159 cases.
Figure 3B shows that, about 15% of cases (n = 24) have
discordant results and demonstrate high ICD but low ECD

expression. ICD status was not associated with DFS (log-rank
P = .67, HR = 0.81, 95% CI = 0.315 to 2.11) (Figure 4A). In con-
trast, ECD-high status was statistically significantly associated
with longer DFS in these trastuzumab-treated patients (log-rank
P = .049, HR = 0.31, 95% CI = 0.144 to 0.997) (Figure 4B). There
was no difference in DFS when ICD-low patients were compared
with ICD-high/ECD-low patients (log-rank P = .27, HR = 0.5,
95% CI = 0.14 to 1.7) (Figure 4C). However, when ICD was high,
high ECD was statistically significantly associated with longer
DFS (log-rank P = .027, HR = 0.23, 95% CI = 0.037 to 0.82, per-
cent DFS = 94.1) compared with low ECD (percent DFS = 83.3)
(Figure 4D). ECD levels in ICD-high patients were not associated



Table 1. Diagnostic test evaluation for prediction of HER2 gene amplification for intracellular and extracellular domain antibodies in a HER2 standardization tissue microarray*

Chromogenic immunohistochemistry

Quantitative immunofluorescence

PPV, % (95% CI) NPV, % (95% ClI)

Sensitivity, % (95% CI) Specificity, % (95% CI)

PPV, % (95% CI) NPV, % (95% ClI)

Specificity, % (95% CI)

Sensitivity, % (95% CI)

Antibody

96.6 (80.4 to 99.8)

63.4 (46.9 to 77.4)

65.1 (49.0 to 78.5)

96.3 (79.1 to 99.8)

96.4 (86.4 to 99.4)
94.1 (82.8 to 98.5)
93.9 (84.4 to 98.0)
94.9 (82.1 to 98.4)

78.0 (62.0 to 88.9)
81.1(64.3 to 91.4)
96.8 (81.5 to 99.8)
87.9 (70.9 to 96.0)

85.5 (73.7 to 92.7)
87.3 (74.9 to 94.3)
98.4 (90.3 to 99.9)
92.0 (79.9 to 97.4)

94.1 (78.9 to 99.0)
90.9 (74.5 to 97.6)
88.2 (71.6 to 96.2)
90.6 (73.8 to 97.5)

CB11

92.7 (79.0 to 98.1)

76.5 (58.4 to 88.6)

82.6 (68.0 to 91.8)

89.7 (71.5 t0 97.3)

A0485

SP3

D8F12

* HER2 intracellular domain assays: CB11 and A0485; HER2 extracellular domain assays: SP3 and D8F12. Diagnostic test evaluation using chromogenic immunohistochemistry was performed only for CB11 and SP3 assays. Values

positive predictive value.

negative predictive value; PPV =

human epidermal growth factor receptor 2; NPV =

confidence interval; HER2 =

are shown in percentages with 95% confidence intervals in parenthesis. CI
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ICD ECD

100 um 100 um

Figure 2. Domain-specific human epidermal growth factor receptor 2 (HER2)
measurement reveals differential expression of the protein’s intracellular (ICD)
and extracellular domain (ECD) in breast cancer cases. A-B) Representative pic-
tures of a breast cancer case from the HER2 standardization tissue microarray
show intense ICD signal (CB11) in the tumor in (A), while having lower ECD sig-
nal (B) (SP3) in the same area. C-D) depict the difference in chromogen deposi-
tion using the ICD and ECD assays in the same tumor. More intense signal is
observed for HER2 ICD than for ECD. Scale bars = 100 pM.

with age, grade, size, histotype, node status, or estrogen recep-
tor status (not shown). The limited number of patients in the
ICD-high group precluded any multivariable analysis of DFS.
ECD and ICD were not associated with overall survival in trastu-
zumab-treated patients (not shown). Neither ECD nor ICD levels
were associated with survival in HER2-negative patients in the
HeCOG 10/05 (n = 462, data not shown).

Discussion

Here we describe a method of objective, automated, and quanti-
tative standardization of HER2 antibodies that can be performed
in clinical FFPE samples to maintain a reproducible distribu-
tion-based cutpoint between normal and high HER2. Using
population-based cutpoints, we determined that HER2 antibod-
ies targeting the ICD have higher sensitivity for prediction of
HER2 gene amplification, while antibodies binding the ECD have
higher specificity and positive predictive value. These results
were observed in assays performed using QIF and chromogenic
IHC. We also show that a subset of HER2-positive patients from
a randomized, prospective cohort of sequential chemotherapy
and trastuzumab possess discordant ICD-high/ECD-low expres-
sion. In those patients, HER2 ICD status was not associated with
differences in survival, while ECD-high patients had longer DFS.
Also, ICD-high/ECD-low status was not associated with benefit
in DFS, while ECD-high status in ICD-high patients was asso-
ciated with longer DFS. Our findings suggest that differential,
quantitative, domain-specific HER2 measurement might deter-
mine benefit from adjuvant trastuzumab treatment.

In US labs, determination of HER2 protein status is typically
carried out in a semiquantitative fashion following ASCO/CAP
guidelines (1) using chromogenic IHC. The same assay can be
analyzed with FDA-approved automated, quantitative systems
(17,18). While ASCO/CAP provides general recommendations for
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Figure 3. Domain-specific human epidermal growth factor receptor 2 (HER2) subgrouping in breast cancer cases. Scatterplots show the HER2 intracellular (ICD [CB11])
and extracellular domain (ECD [SP3]) scores from the HER2 standardization tissue microarray (TMA) (A) and HeCOG 10/05 trial (B), along with cutpoints for each assay.
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Figure 4. Characterization of differential human epidermal growth factor receptor 2 (HER2) intracellular (ICD) and extracellular domain (ECD) expression in HER2-
positive, trastuzumab-treated patients from HeCOG 10/05. A-D) Association of differential HER2 domain expression and survival in trastuzumab-treated patients.
Kaplan-Meier graphical analysis of disease-free survival according to ICD/ECD status. Low and high groups were determined using population-based cutpoints (see
Methods). The number of patients at risk in each group and the respective log rank P values are indicated in the chart. All tests were two-sided. CI = confidence interval;

DFS = disease-free survival, HR = hazard ratio.

local IHC validation, no mention is made regarding which anti-
body-based assay should be used. A recent CAP survey (2) across
more than 1000 pathology labs across the United States revealed
that several HER2 antibodies are used to determine HER2 status
including both ICD and ECD epitopes. While high interobserver
concordance is seen (3,4), reports on sensitivity and specificity
to predict HER2 gene amplification are conflicting (6,7). The con-
flicting results may be because of antibody concentration (19),
subjectivity of semiquantitative analysis, or the limited dynamic
range of chromogenic IHC (11,20).

Here, our findings suggest that performance to predict
HER2 gene amplification using both QIF and IHC is affected by
the protein domain that is being tested. In the small 80-case
standardization set, we saw that the sensitivity to predict FISH
amplification of the antibodies was slightly lower or approxi-
mately equal for the ECD compared with ICD antibodies. In
contrast, both ECD antibodies tested were substantially more
specific for prediction of FISH amplification. While we do not
have an explanation for this observation, it is possible that
when HER2 gene amplification occurs, there is high-level



production of the protein, including both the extracellular
and cytoplasmic domain, that may outpace the cells capac-
ity to cleave or process HER2 protein. Some studies (21) have
shown that there are cases where the protein is high even in
the absence of FISH amplification. We also observed this in our
standardization array (Supplementary Figure 1, A and B, row &:
2+ NOT AMP, available online). It may be that when this occurs,
the predominant form of the protein is the p95 or cleaved form,
and this leads to the discordance.

The most meaningful endpoint of HER2 testing is not pre-
diction of HER2 gene amplification but outcome after HER2-
targeted therapies. Using our novel, standardized approach of
domain-specific HER2 testing with population-based cutpoints,
we found that 15.1% of HER2-positive, trastuzumab-treated
patients from a randomized, prospective cohort had differen-
tial expression of HER2 ICD and ECD. ECD status was found to
be predictive of better DFS with trastuzumab treatment, while
ICD status was not. This makes sense based on the mechanism
of action of trastuzumab that can only bind to the extracellular
domain of HER2.

The most important limitation of this work is that we
cannot formally prove an interaction between ECD status
and benefit from trastuzumab, because all patients received
trastuzumab. The proper way to test the hypothesis would
require access to specimens from a randomized clinical
trial between trastuzumab vs no trastuzumab or an alterna-
tive HER2-targeted therapy that does not involve the ECD.
A second potential limitation is that we assessed protein
expression in TMAs and while several studies suggest that
TMA results are representative of results from whole sec-
tion, future validation is required with conventional whole
sections. Although not yet formally tested, we have seen
similar discrepancies between ECD and ICD on traditional
sections. A third potential limitation of the work is that
QIF that is required for this test is not routinely used in
the clinical laboratory. While we realize it is important for
new tests to be amenable to adoption in an average labora-
tory, we believe many are capable of immunofluorescence
because it is currently routinely used in both renal pathology
and dermatopathology tests. Furthermore, when FISH was
proven valuable in the late 1990s, many labs proved that they
were able to adopt and validate this new fluorescence based
technology.

In summary, the extracellular domain of HER2 is not uni-
formly overexpressed in all cases with FISH amplification, while
the intracellular domain expression is almost always high.
About 15% of cases have low ECD but high ICD. These observa-
tions raise the tantalizing possibility that cancers that express
low ECD despite gene amplification (and HER2 positivity by ICD
targeted antibodies) may benefit less from therapies that tar-
get the extracellular domain (eg, trastuzumab) and more from
kinase inhibitors (eg, lapatinib) that target the intracellular
domain. We hope to have the opportunity to prospectively test
this hypothesis.
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