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Abstract
Expression of human epidermal growth factor receptor 2 (HER2) in breast cancer defines a subset of patients (w15%-
20%) who are candidates for anti-HER2 therapies, most notably, trastuzumab, pertuzumab, antibody drug conjugates
(eg, T-DM1), and tyrosine kinase inhibitor (TKI) drugs (eg, lapatinib and neratinib), all of which have dramatically
changed the prognosis for this aggressive subtype of breast cancer. A roundtable meeting of the Breast Cancer
Therapy Expert Group (BCTEG) was convened in March 2018 in an effort to discuss and clarify, from the perspective of
the practicing community oncologist, recent developments in the diagnosis and treatment of HER2-positive (HER2þ)
breast cancer. Members of the group selected 4 key topics for discussion prior to the meeting, including diagnosis of
HER2þ disease, and its treatment in the neoadjuvant, adjuvant, and metastatic settings. Approved testing methods,
such as immunohistochemistry and fluorescence in situ hybridization, are used to demonstrate overexpression and/or
amplification of HER2 in breast tumors, and established clinical guidelines are used to appropriately define treatment
plans for patients with HER2þ disease. The panel acknowledges a range of treatment options now available for
treatment of HER2þ breast cancer in the neoadjuvant, adjuvant, and advanced/metastatic settings, although it is
noted that many controversies remain, including the optimal sequence of therapies, the most appropriate treatment(s)
for subsets of patients with HER2þ disease (eg, hormone receptor-negative or -positive/HER2þ), and uncertainties
surrounding the diagnosis and definition of HER2þ disease. The current report summarizes the discussion of the
BCTEG panel on this topic.
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HER2D Breast Cancer Roundtable Discussion
About the Breast Cancer Therapy
Expert Group (BCTEG)

The BCTEG is a group of expert physicians and clinical re-
searchers who have dedicated their careers to the treatment of pa-
tients with breast cancer. The purpose of the group is to meet
periodically to discuss important developments related to breast
cancer management, with a particular emphasis on new findings
and/or areas where guidance from established bodies, such as the
National Comprehensive Cancer Network (NCCN) and the
American Society for Clinical Oncology (ASCO) may be unre-
solved, or less well-established. The goal is to elicit the group’s
opinions on a given topic as it relates to their own clinical practices,
and more importantly, how this might impact busy oncologists in
the community setting, where breast cancer is only one of many
tumor types encountered. Importantly, this article is not intended
to replace any existing guidance, nor to be an exhaustive review of
the topic(s) in question. Rather, it is intended to present a concise
synopsis of the relevant data in the area, and summarize the opinion
of the expert group, as gleaned from the meeting discussion.

Meeting Objectives and Role of
Funding Sources

In previous meetings, the group has addressed issues related to
endocrine therapy in early stage breast cancer, and the use of cyclin-
dependent kinase 4 and 6 (CDK 4/6) inhibitors in patients with
metastatic breast cancer.1,2 A third BCTEG meeting was convened
in March 2018 with the goal of conducting an informal roundtable
discussion on issues that arise in clinical decision-making for pa-
tients with human epidermal growth factor receptor 2-positive
(HER2þ) breast cancer. An unrestricted educational grant for this
activity was provided by Puma Biotechnology, Daiichi Sankyo, and
Caris Life Sciences, with additional support from Total Health
Conferencing, a medical education company. The faculty members
of the BCTEG were selected by Total Health Conferencing on the
basis of their expert experience on this topic, and were compensated
by Total Health Conferencing for their participation. The faculty
and Total Health Conferencing jointly selected the main topics and
general outline for the discussion. It is recognized that many of the
panelists may have relationships with corporate entities, both related
and unrelated to the topic in question; content of the discussions,
and any expert opinions presented herein, is intended to be based
on the panelists own expert clinical experience and insight, and is
understood not to be influenced by any corporate relationship or
interest.

Introduction: Brief Overview of
Current HER2-directed Therapies

Approximately 15% to 20% of primary breast tumors over-
express the HER2 receptor, and the incorporation of HER2-
targeted therapies into breast cancer treatment has changed the
natural history of what was once considered to be one of the most
aggressive subtypes of breast cancer. HER2-positivity (HER2þ) also
provides a unique predictive marker of response to HER2-directed
therapy. The appropriate use of HER2-directed treatment begins
with an accurate determination of HER2þ or HER2-negative
(HER2�) status, using immunohistochemistry and/or in situ hy-
bridization (ISH). Trastuzumab, a humanized monoclonal antibody
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(mAb) directed against the HER2 protein, has been in routine use
for HER2þ breast cancer since 1998, and has been shown to
improve the endpoints of progression-free survival (PFS) and overall
survival (OS) in the metastatic setting. Trastuzumab is also well-
established as the standard of care for HER2þ disease in the adju-
vant setting on the basis of large randomized studies that have
documented improvements in disease-free survival (DFS) and OS,
and the drug was approved for this purpose in 2006. Pertuzumab,
another humanized mAb, inhibits the dimerization of HER2 pro-
tein with other receptors in the HER2 family, and has been in use
since 2012 in the metastatic setting (in combination with docetaxel
and trastuzumab), and was approved in the neoadjuvant and
adjuvant setting in 2017, for HER2þ breast cancer. Other approved
HER2-targeted therapies in the metastatic setting include
trastuzumab-emtansine (T-DM1), an antibody-drug conjugate
consisting of trastuzumab and a cytotoxic agent (emtansine), and
lapatinib, a tyrosine kinase inhibitor (TKI) drug with dual activity at
the HER2 and epidermal growth factor receptor (EGFR) signaling
pathways. In 2017, neratinib, a pan-HER TKI was approved in
early breast cancer for extended adjuvant treatment. The goal of this
BCTEG meeting was to provide community oncologists with
guidance on accurate diagnosis and treatment of HER2þ breast
cancer, to reinforce standard treatment recommendations where the
data are clear, and to provide their expert opinion in areas where
established guidance and/or clinical trial data are not as clear.

Diagnostic Testing
Overview

Treatment of patients with HER2þ breast cancer begins with an
accurate, and ideally, unequivocal, assessment of HER2 gene
amplification and/or protein expression in the patient’s tumor bi-
opsy sample, using in situ hybridization approaches, such as fluo-
rescence in situ hybridization (FISH), chromogenic in situ
hybridization (CISH) or immunohistochemical (IHC) approaches;
the subsequent assignment of HER2 status (HER2þ or HER2�)
will then inform therapeutic decisions. An accurate determination of
HER2 status is thus critically important for optimal treatment.
Clinical guidance on the determination of HER2 status has been
provided by the ASCO-College of American Pathologists (ASCO-
CAP) panel. Guidance statements were published in 2007 and were
updated in 2013/2014, with several important changes to the
guidelines; these include changes in the recommendations for the
optimal algorithm for HER2 FISH testing, as well as the definition
of HER2þ and HER2� status.3-6 A further update to the ASCO-
CAP Guidelines was anticipated and discussed subsequent to the
meeting as described below.7,8 Some of the most important issues
raised in the discussion regarding the recent ASCO-CAP Guidelines
included the potential for distinct populations of tumor cells in the
biopsy sample, the use of alternative CEP 17 probes and the po-
tential for false positives, and situations where a second biopsy
might or might not be needed to clarify equivocal specimens; the
BCTEG discussion on these issues is outlined below.

Discussion
The group noted that the 2013/2014 guidelines update resulted

in an increase in the number of so-called “HER2-equivocal” results,
and a need for additional testing, including the use of alternative



Table 1 ASCO-CAP-Defined HER2 ISH Diagnostic Groups5,6

ISH Group
Candidate for

HER2 Treatment?
Approximate
Distribution, %

Group 1 (ISHepositive): ratio �2.0, copies �4.0 Yes w18

Group 2 (ISH-positive): ratio �2.0, copies <4.0 Benefit unclear <1.0

Group 3 (ISH-positive): ratio <2.0, copies �6.0 Benefit unclear <1.0

Group 4 (ISH-equivocal): ratio <2.0, copies �4.0 and <6.0 Benefit unclear w5.0

Group 5 (ISH-negative): ratio <2.0, copies <4.0 No w76

Abbreviations: ASCO ¼ American Society of Clinical Oncology; CAP ¼ College of American Pathologists; HER2 ¼ human epidermal growth factor receptor 2; ISH ¼ in situ hybridization.
Ratio ¼ HER2-to-chromosome enumeration probe 17 (CEP17) ratio.
Copies ¼ Average HER2 gene copies per tumor cell nucleus.
Among 7526 patients in an Academic Consultation Practice.14

Reshma Mahtani et al
probes, to resolve them. Some of these additional tests have instead
created confusion for many clinicians, particularly in cases where
IHC results are 2þ and ISH testing is not definitive, and thus the
result is considered equivocal.9-14 To address the increased fre-
quency of equivocal results, the 2013/2014 guidelines were updated
in March 2018 as the ASCO-CAP Clinical Practice Guideline
Figure 1 2018 Focused Update on HER2 Testing Guidelines for “ISH
same tissue sample used for ISH and in same lab that te

Abbreviations: CEP17 ¼ chromosome enumeration probe 17; FISH ¼ fluorescence in situ hybridizatio
situ hybridization; Neg ¼ negative; Pos ¼ positive.
Focused Update for HER2 Testing (2018 clinical update).7,8 The
focus was to clarify assessment of HER2 status by FISH, especially
regarding the ASCO-CAP FISH groups 2, 3, and 4 (Table 1).12-14

Although groups 2 and 3, previously considered “ISH positive”
represent only approximately 1% each, FISH group 4 (“HER2-
equivocal”) represents 2% to 14% of patients with breast cancer.
” Groups 2, 3, and 4.7,8 Assess IHC by using sections from the
sted FISH. Results and interpretation

n; HER2 ¼ human epidermal growth factor receptor 2; IHC ¼ immunohistochemistry; ISH ¼ in
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The approach to each of these less-frequent FISH groups has been
modified by the 2018 update (Figure 1).7,8 ASCO-CAP FISH
groups 2 and 4 breast cancers, considered “ISH-positive” and “ISH-
equivocal,” respectively, by the 2013/2014 guidelines, have been
reported to both be associated with low, not high, HER2 protein
expression,12,13 and, in the limited number of FISH group 2 pa-
tients accrued to adjuvant trastuzumab clinical trials, to show no
significant improvement in either DFS or OS with trastuzumab
therapy.13 Based on these and other outcome data, some in-
vestigators consider these breast cancers to be HER2-not-ampli-
fied.12,13 However, the 2018 clinical update recommends additional
IHC testing, as summarized below (Figure 1).7,8

ASCO-CAP FISH group 3 breast cancers, considered “ISH-
positive” by the 2013/2014 guidelines, have been reported to
contain at least 2 subgroups of tumor cells, one of which has neither
HER2 protein overexpression nor HER2 gene amplification and
another subgroup which has both.12,13 The diagnostic criteria for
making this distinction have been described and differ from the
2018 Clinical Practice Guideline Focused Update.7,8 The 2018
Clinical Practice Guideline Focused Update recommends additional
testing as outlined in Figure 1 below. The use of IHC, as recom-
mended in Figure 1, is expected to distinguish the majority
(approximately 75% to 80%) of the HER2-not-amplified, low-
expression breast cancers in ASCO-CAP FISH group 3 from the
smaller subgroup (approximately 20% to 25%) of ASCO-CAP
FISH group 3 breast cancers which have both HER2-amplifica-
tion and HER2 protein overexpression. Those cases in ASCO-CAP
FISH group 3 with HER2 IHC 2þ immunostaining can be sepa-
rated into “HER2-negative” and “HER2-positive” using alternative
control probes as described elsewhere.13-16

ASCO-CAP FISH group 4 is the most numerous and, therefore,
the most important of these 3 less frequent FISH groups.12,13 The
2013/2014 guidelines considered these breast cancers to be “HER2-
equivocal,” and this was the basis for the use of “alternative control”
chromosome 17 genomic probes in place of CEP17 (“Chromosome
Enumeration Probe,” chromosome 17 centromere) to re-assess the
HER2 gene status with the potential to “up-grade” these “HER2-
equivocal” breast cancers to “HER2-positive.”17-20 This “upgrade”
was reported when the ratio determined with any of these chro-
mosome 17 alternative control probes, usually (LIS1, TP53,
D17S122, RAI1, SMS, RARA), (HER2/control probe ¼ ratio) was
greater than 2.0. Although this strategy has been popular both in
academic and commercial testing laboratories, it ignores the po-
tential for known genomic variation, especially heterozygous de-
letions in p-arm genomic sites that lead to false-positive ratios
(HER2/control > 2.0). Therefore, this approach can lead to a sig-
nificant number of false-positive assessments of HER2 status.16

Notably absent from the updated guidelines are recommendations
for either the use of the alternative control chromosome 17 genomic
probes, nor the potential for false positives.7,8 Additional testing for
ASCO-CAP FISH group 2, 3, and 4 breast cancers with a repeat
immunohistochemistry assay of IHC2þ is recommended as per
Figure 1.

The term HER2 “equivocal” status was originally applied in the
2007 ASCO-CAP guidelines to breast cancers that showed IHC 2þ
HER2 protein immunostaining by immunohistochemistry (Figure
1), largely because a variable proportion of these breast cancers,
- Clinical Breast Cancer June 2020
ranging from 0% to 97%, do have HER2 gene amplification by
FISH and should, therefore, not be automatically considered
“HER2-positive.”21 The view of HER2 IHC 2þ as “equivocal” has
been maintained through current guidelines, but does not address
the fact that from 0% to 12.5% of IHC 0 breast cancers also show
HER2 gene amplification by FISH, as do from 0% to 66.2% of
IHC 1þ breast cancers. Likewise, on average only approximately
85% to 92% of HER2 IHC 3þ breast cancers actually show HER2
gene amplification by FISH.21 Although some have made the
argument that this level of “equivocal” information from IHC alone
is not sufficient for clinical management of patients with breast
cancer in any of these IHC categories,22 this view is clearly not
shared by the majority of the ASCO-CAP guidelines committee
members.23

The “HER2 equivocal” label has also been applied by the ASCO-
CAP guidelines committee to HER2 determinations by FISH,
although the group discussed that definition of “HER2 equivocal”
status has changed over the years. In 2007, “HER2 equivocal” by
FISH meant breast cancers with an HER2/CEP17 ratio between 1.8
and 2.2; whereas in 2013/2014 and 2018 “HER2 equivocal” is now
applied to breast cancers with an average of from 4.0 to < 6.0
HER2 gene copies per tumor cell and a HER2-to-CEP17 ratio
of < 2.0. It is not clear why either of these would be considered
“equivocal.” Published data for the latter categorization clearly
demonstrate that essentially all of these breast cancers are
“HER2-not-amplified,”13,14 have a significant association with low
(IHC 0/1þ) HER2 protein expression, and have an outcome in the
absence of HER2-targeted therapy that is not distinguishable from
“HER2-not-amplified” patients with breast cancer in the Breast
Cancer International Research Group 005 clinical trial of sequential
(ACT) versus concurrent (TAC) chemotherapy.13 The reason
approximately one-half of the “HER2-equivocal” breast cancers have
been reported by some17-20 as “HER2-positive” is instead related to
heterozygous deletions in the alternative control probe sites used to
re-calculate a HER2-to-control ratio for an assessment > 2.0.16

The 2013/2014 ASCO-CAP guidelines for HER2 testing
formally approved the use of “alternative control” probes to resolve
the HER2 status of breast cancers that were considered “HER2-
equivocal” using FISH (Figure 1). A number of investigators have
described their use of several different alternative genomic sites (p-
arm: LIS1, TP53, D17S122, RAI1, SMS; q-arm: TOP2A, RARA) as
alternative controls, instead of CEP17 centromere, to resolve FISH
“HER2-equivocal” breast cancers into either “HER2-positive” or
“HER2-negative” based on the ratio determined using these alter-
native control sites (eg, HER2/control < 2.0, is “HER2-negative”;
HER2/control � 2.0, is “HER2-positive”).17-20 The group dis-
cussed published evidence that selection of genomic sites occa-
sionally deleted in some cancers (eg, TP53) could lead to substantial
differences in the estimate of HER2 gene amplification rates.24,25

These findings led to the selection of genomic sites, such as the
chromosome 17 centromere that are seldom lost, as control probes
for FISH.26-28 Although some in the group had previously advo-
cated the use of alternative probes for confirmation of HER2 status
by FISH in selected circumstances15,29 after publication of the
2013/2014 ASCO-CAP guidelines use of these probes was
expanded to include assessments of breast cancers considered
“HER2-equivocal” by FISH in the guidelines. It was noted,
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however, that use of these alternative controls was limited to situ-
ations in which a lack of heterozygous deletion of the control site in
the particular breast cancer to be analyzed could be shown, and
primarily to confirm “HER2-equivocal” breast cancers as “HER2-
not-amplified.” The group notes that published data showing
alternative control genomic sites, particularly those on the p-arm of
chromosome 17, experience a high rate of heterozygous deletion are
available, as is an approach to evaluation of individual breast cancers
using these probes by FISH.16

ASCO-CAP HER2 FISH group 2 breast cancers (Figure 1) are
HER2-not-amplified because they are significantly associated with
low HER2 protein expression (IHC 0/1þ),13,14 and patients with
these cancers accrued to the BCIRG-006 trial of adjuvant trastu-
zumab showed no significant benefit from adjuvant trastuzumab
with chemotherapy treatment compared with chemotherapy
alone.13,14 The ASCO-CAP clinical practice update, nevertheless,
recommends a repeat IHC assay to confirm that the tumor is not
IHC 3þ before assignment to “HER2-negative” status. Accord-
ingly, these patients are not recommended for HER2-targeted
therapies because the patients’ cancers lack the therapeutic target
of HER2 gene amplification. Among ASCO-CAP HER2 FISH
group 4 breast cancers, the group’s perspective is more controversial,
as it contrasts with guideline recommendations, based on currently
available published data. These group 4 cancers (Figure 1), however,
as described earlier, have frequently and erroneously been classified
as “HER2-positive” owing to the use of alternative control probes
from genomic sites, particularly chromosome 17 p-arm sites, that
have frequent heterozygous deletions (approximately 50% of
“equivocal” breast cancers).16 The group felt that only rarely would
an additional biopsy be useful in these clinical settings because
experience indicates that it is highly likely that the same laboratory
analyzing 2 different biopsy specimens from the same cancer will
obtain the same assay result. By comparison the group felt there is
likely to be more variability in between-laboratory results for the
same cancer. As such, if there is uncertainty about the HER2 status,
the group recommends a second opinion, with re-assessment by a
second laboratory, before re-biopsy.
Table 2 Key Data: Neoadjuvant Therapy in HER2D Disease

NeoSphere:38 Multicenter open-label phase II trial (N ¼ 417); showed that the primar
addition of neoadjuvant pertuzumab to docetaxel and trastuzumab in patients with locall
positive (HER2þ) breast cancer. Although, as a phase II study not designed to detect d
progression-free survival (PFS) and disease-free survival (DFS) with pertuzumab doceta
primary results for pCR. Additional insight was provided by inclusion of an arm (Arm C)
When analyzed by estrogen receptor (ER) status, pCR for ERþ was 5.9%; pCR for ER�

trastuzumab. These data may be useful for patients with comorbidities who cannot to

KRISTINE:39 Open-label, phase III study (N ¼ 444); neoadjuvant T-DM1 plus pertuzum
Results for the primary endpoint, pCR, showed a significant benefit of TCHP over T-DM
able to undergo breast conserving surgery (BCS). pCR rates in the ERþ/HER2þ and E
37.9% and 72.4% vs. 53.8%, respectively), although there were fewer serious adverse
maintained longer.

TRYPHAENA:40 Patients with operable, locally advanced, or inflammatory breast canc
standard chemotherapies (FEC [fluorouracil, epirubicin, cyclophosphamide] or TCHP [d
ventricular systolic dysfunction [LVSD]). pCR rates ranged from 57% to 66% with the 3 r
to increase cardiac dysfunction observed with these regimens, including LVSD.

ADAPT:41 Patients with hormone receptor-positive HER2þ early breast cancer (N¼ 376
therapy, or trastuzumab with endocrine therapy. pCR rates were 40.5% and 45.8% w
trastuzumab and endocrine therapy. The results demonstrate clinically meaningful pCR
population of patients.
The term “HER2 genetic heterogeneity” has been used in a
guideline from the College of American Pathologists (CAP) to
indicate a pattern of carcinoma cells, which individually have a
HER2/CEP17 ratio > 2.0, scattered among a larger HER2-negative
tumor cell population.30 Using this definition has led to high re-
ported rates of HER2 genetic heterogeneity by FISH ranging from
14% to 26% in breast cancers.31,32 The group discussed that breast
cancers conforming to this definition do not show true “heteroge-
neity,” but instead may be representative of a highly proliferative,
HER2-non-amplified breast carcinoma tumor population, with a
significant number of tumor cells going through the cell cycle in
preparation for cell division. Tumor cells in the G2-phase of the cell
cycle have had their entire genome doubled, including HER2;
however, like other centromeres, CEP17 remains single until late
M-phase, leading to an individual tumor cell with a HER2/CEP17
ratio > 2.0. Importantly, such tumor cells would not be HER2-
amplified. By comparison, some members of the BCTEG have
previously described true “HER2 genetic heterogeneity” as a state in
which there are 2 different populations of carcinoma cells, usually
geographically distinct from one another, with one population
showing HER2 gene amplification (eg, ASCO-CAP FISH group 1)
and the other population showing a lack thereof (eg, ASCO-CAO
FISH group 5).12,14,33,34 According to this characterization, the
rate of HER2 genomic heterogeneity among patients is low,
approximately 1% among breast cancers and up to 2% in gastric
adenocarcinomas.12,14,33,34

Neoadjuvant Therapy for HER2þ

Disease
Overview

The goal of neoadjuvant therapy in HER2þ disease is to increase
the chance for breast conserving surgery (BCS), if desired, to reduce
the extent of axillary surgery by down-staging involved axillary
nodes, and to determine whether there is an in vivo response to
HER2-directed therapy, as patients who achieve a pathologic
complete response (pCR) can anticipate a higher probability of
avoiding both disease recurrence and death from breast cancer.35-37
y endpoint, pathologic complete response (pCR) was significantly improved with the
y advanced, inflammatory, or early-stage human epidermal growth factor receptor 2-
ifferences in survival outcomes, 5-year results from NeoSphere also showed better
xel and trastuzumab as compared with docetaxel and trastuzumab in support of the
which received only pertuzumab and trastuzumab, which had a pCR rate of 16.8%.
was 27.3%, this result was similar to the observed pCR of 29% with docetaxel and
lerate concurrent chemotherapy.

ab was compared with TCHP (docetaxel, carboplatin, trastuzumab, and pertuzumab).
1 þ pertuzumab (55.7% vs. 44.4%; P ¼ .02), and significantly more women were
R�/HER2þ subgroups also favored TCHP over T-DM1 þ pertuzumab (44.8% vs.
events with T-DM1þ pertuzumab, and quality of life and physical function were also

er (N ¼ 225) were treated with pertuzumab and trastuzumab in combination with
ocetaxel/carboplatin]) as neoadjuvant therapy to assess cardiac tolerability (left
egimens assessed, and the addition of pertuzumab to these regimens did not appear

) were randomized to 12 weeks of neoadjuvant T-DM1 alone, T-DM1 with endocrine
ith T-DM1 alone and with endocrine therapy, respectively, versus 6.7% with
rates with 12 weeks of neoadjuvant T-DM-1 without systemic chemotherapy, in this
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There are 2 landmark trials in the neoadjuvant setting, which the
group considered in their discussions, NEOSPHERE and TRY-
PHAENA, and results of these trials are detailed in Table 2.38,40

Both of these trials demonstrated that the addition of pertuzumab
to trastuzumab therapy, or ‘dual HER2 blockade’, improved the
rate of pCR over trastuzumab alone (Table 2). Other important
data also considered in the neoadjuvant treatment of HER2þ dis-
ease is also summarized in Table 2.39,41

Discussion
The group indicated that neoadjuvant therapy should be

considered and discussed for patients with early stage HER2þ dis-
ease, and was in general agreement with current indications for
neoadjuvant dual HER2 blockade with trastuzumab and pertuzu-
mab, specifically in tumors of greater than 2 cm in diameter or with
lymph node-positive (LNþ) disease. The group also agreed that
currently there is a need for biomarkers to delineate which patients
may, or may not, benefit from this treatment. It was thought that
the overall uptake of neoadjuvant therapy was high for surgeons
treating HER2þ disease, particularly for T1c and larger, or LNþ

tumors, but this is also dependent on the institution. For patients
with stage 1 disease, the approach of upfront surgery followed by 12
weeks of paclitaxel and trastuzumab, followed by 1 year of trastu-
zumab could be considered, based on the results of the APT Trial.42

As such, for patients with T1a, b, c node-negative tumors, some
panelists felt it was important to perform surgery first, in order to
determine whether a clinically node-negative patient had pathologic
LN involvement or not, as neoadjuvant therapy would constitute
overtreatment for the latter patient.

Members were more varied, however, in terms of their utilization
of carboplatin as a component of the neoadjuvant regimen (ie,
TCHP [docetaxel, carboplatin, trastuzumab, and pertuzumab])
citing concerns over mainly hematologic toxicity and fatigue; some
panelists also questioned the overall contribution of carboplatin to
the response/efficacy of the regimen. It was suggested that results
from the APHINITY trial (see below) made clinicians more
comfortable giving less therapy in the neoadjuvant setting to
selected subgroups of patients. Some participants also noted that the
TRAIN-2 data from the ASCO 2017 meeting had made them more
comfortable to use less anthracyclines, as pCR rates with or without
anthracyclines were similar in this study.43 Also, whereas the
availability of aggressive neoadjuvant regimens was seen as impor-
tant for some subsets (eg, younger patients) significant adverse
Table 3 Key Data: Adjuvant Therapy for HER2D Disease

APHINITY:44 Large, multicenter, randomized, double-blind, placebo-controlled trial (N
trastuzumab in the adjuvant setting for patients with nonmetastatic invasive human epi
invasive disease-free survival (DFS) was 0.81 (95% confidence interval [CI], 0.66-1.00;
effect was observed across subgroups, higher risk patients with lymph node positivity
disease (HR, 0.76; 95% CI, 0.56-1.04; P ¼ .08) had the most pronounced effect.

ExteNET:45 Large, randomized, double-blind, placebo-controlled, phase III trial (N ¼ 28
DFS in patients with HER2þ disease following trastuzumab-based adjuvant therapy (HR,
of neratinib appeared to be most pronounced in patients with hormone receptor posit

KATHERINE:46 Large, randomized, open-label, phase III trial of patients with residual
completion of trastuzumab-based neoadjuvant therapy (N ¼ 1486); T-DM1 significantly
0.39-0.64; P < .001). Notably, most patients in the study (>80%) had not received p
published subsequent to the Breast Cancer Therapy Expert Group meeting.
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events such as infertility, ovarian failure, and alopecia were noted as
important concerns that should temper the use of anthracyclines in
these populations. Lastly, the group discussed whether they had
used the trastuzumab-emtansine conjugate T-DM1 in the neo-
adjuvant setting, based on the encouraging results of the KRISTINE
trial, which showed better tolerability for T-DM1 þ pertuzumab,
albeit with lower pCR rates, when compared with TCHP.39 In
general it was agreed that, at present, T-DM1 would not be used for
neoadjuvant therapy outside of a clinical trial.

Adjuvant Therapy for HER2þ

Disease
Overview

One year of adjuvant trastuzumab has been the standard of care
since 2006 for patients withHER2þ, operable disease.More recently,
however, pertuzumab has been approved for use in combination with
trastuzumab (dual HER2 therapy) in the adjuvant setting, based on
the results of the APHINITY trial, which are detailed in Table 3.44

Because pertuzumab has also been approved for use in the neo-
adjuvant setting as described above, some patients will have already
been exposed to this therapy, which could influence treatment de-
cisions. Extended adjuvant therapy with the TKI neratinib is also an
option for treatment, based on the results of the ExteNET trial
(Table 3).45 The availability of these newer treatment options in the
adjuvant setting raises questions about how best to utilize them and
for which patients. For example, whether the patient experienced a
pCR in the neoadjuvant setting, whether the tumor is estrogen
receptor-positive (ERþ) or -negative (ER�), nodal status of the pa-
tient, and the extent of LN involvement are all factors that can be
considered. Following the in person meeting of the BCTEG, results
from the KATHERINE trial were presented and published.46 This
phase III trial randomized patients that had received neoadjuvant
HER2-targeted therapy plus chemotherapy and had residual disease
1:1 to T-DM1 or trastuzumab for 14 cycles. The primary endpoint
was invasiveDFS, whichwas significantly improvedwith the use of T-
DM1 compared with trastuzumab (hazard ratio [HR], 0.50; 95%
confidence interval [CI], 0.39-0.64; P < .001). It should be noted
that although some patients had received neoadjuvant pertuzumab in
the study, the majority had not.

Discussion
The group discussed general considerations about adjuvant

treatment, whether they would consider adjuvant pertuzumab if a
¼ 4805); examining the use of pertuzumab in combination with docetaxel and
dermal growth factor receptor 2-positive (HER2þ) disease. The hazard ratio (HR) for
P ¼ .045) and favored the addition of pertuzumab over placebo. Whereas treatment
(unstratified HR, 0.77; 95% CI, 0.62-0.96; P ¼ .02) or estrogen receptor-negative

40); extended adjuvant therapy with neratinib significantly improved 2-year invasive
0.73; 95% CI, 0.57-0.92; P < .01) at a median 5-year follow-up. Treatment effect
ive-disease (HR, 0.60; 95% CI, 0.43-0.83; P ¼ .06).

invasive cancer (detected in resected breast specimen or axillary node) following
improved the primary endpoint of invasive disease free survival (HR, 0.50; 95% CI,
ertuzumab as neoadjuvant HER2-drected therapy. Formal results of this study were
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patient had received neoadjuvant pertuzumab (ie, trastuzumab
alone vs. trastuzumab þ pertuzumab), the use of chemotherapies in
the adjuvant setting, and the incorporation of extended adjuvant
neratinib. For patients with high-risk breast cancer, including ER�

or LNþ breast cancer, a full year of pertuzumab was generally
considered and discussed with patients, in view of the APHINITY
data (Table 3). There was considerable discussion of whether to
continue dual HER2 therapy for 1 year in the adjuvant setting
following the use of neoadjuvant pertuzumab. The group agreed
that further follow-up data from APHINITY are needed, as are
further analyses to define those subgroups of patients who most
benefit from continued pertuzumab. There was also considerable
discussion of pCR definition; whereas pCR has been strictly defined
as no invasive disease in breast and axillary nodes, it was suggested
that clinicians should use judgment when evaluating the amount of
residual disease and the percentage cellularity (eg, 30% vs. 1%)
when deciding whether to continue pertuzumab. The group refer-
enced the Residual Cancer Burden (RCB) index developed by
Symmans et al at MD Anderson Cancer Center, which showed that
both RCB0 (pCR) and RCB-I (limited residual disease) had
favorable outcomes.37 There was some divergence of opinion on the
topic of continuing dual HER2 therapy (pertuzumab and trastu-
zumab); many of the group suggested they were comfortable with
trastuzumab alone in the adjuvant setting for patients who had
achieved a pCR after dual HER2 therapy in combination with
chemotherapy in the neoadjuvant setting, citing that these patients
seem to do quite well with trastuzumab alone. Others in the group,
however, noted that those who achieve a pCR might, in fact, benefit
the most from continuing dual HER2 therapy, as it could be argued
that their disease has already shown sensitivity to the treatment. The
lack of consensus highlights some of the current uncertainties in the
adjuvant treatment for HER2þ disease, and the group agrees that
shared physician-patient decision-making is best applied in such
instances, with consideration of patient preferences and comorbid-
ities. The group also acknowledged the difficulty in defining ‘high-
risk’ patients, but when in doubt, the group suggested the criteria
for high-risk disease, as defined in the individual trials, should be
used; there was general consensus that T2 and LNþ tumors would
be considered high risk. In subsequent post-meeting discussions,
many in the group felt that T-DM1 in the adjuvant setting for
patients that do not achieve a pCR represents a new standard of
care, based on the KATHERINE data. It should be noted, however,
that T-DM1 was not directly compared with trastuzumab/pertu-
zumab in KATHERINE; thus, whether further trastuzumab/per-
tuzumab might also be of comparable benefit for patients not
achieving pCR will require further study.

With respect to the use of chemotherapy, some participants
noted that they tried to avoid the use of chemotherapy in the post-
surgical setting, and give all neoadjuvant chemotherapy upfront, as
patients seem to tolerate it less well after surgery, and it can cause
delays in subsequent treatment. Also, in selected cases, for example,
an older patient with less disease burden, it was suggested by some
in the group that pertuzumab and/or trastuzumab might be used
without chemotherapy in combination with hormonal therapy.
Data to consider in this regard includes the NeoSphere study, where
subgroup C was treated with trastuzumb and pertuzumab alone
without chemotherapy, and the pCR for this group was 16.8%
overall; by hormone receptor status, the ERþ pCR rate was 5.9%
and the ER� pCR rate was 27.3%. These results are very similar to
the observed pCR of 29% with docetaxel and trastuzumab. How-
ever, the group was clear in acknowledging that this was, overall, a
largely understudied population at present, and emphasized that
further study will be needed to support the approach, and it should
not be used routinely.

With regard to the use of extended adjuvant neratinib, some
panelists felt that patients with minimal responses in the neo-
adjuvant setting may be more sensitive to TKIs, and for these pa-
tients with residual disease post neoadjuvant therapy, neratinib
might be a reasonable option based on the results of the ExteNET
trial. In this trial, 1 year of neratinib after completion of 1 year of
adjuvant trastuzumab demonstrated an improvement in DFS, with
an absolute benefit of 4.4% in the ERþ/HER2þ patients, and no
benefit in the ER� patients. It should be noted that 80% of patients
initiated therapy within 1 year of completion of trastuzumab, and
for those that were ERþ, it was given in combination with endo-
crine therapy. The authors also note data presented at ASCO 2018,
subsequent to the meeting, suggesting the apparent lack of benefit
in ER� tumors may have been related to the delayed timing of
initiation of neratinib. A general consensus of the group was to
consider a year of extended adjuvant neratinib and hormonal
therapy for patients with ERþ/HER2þ tumors who are considered
at considerable risk of relapse. The group would note, however, that
extended adjuvant neratinib has not been studied in patients who
have received pertuzumab in the adjuvant setting.

Another point of discussion on the topic of adjuvant therapy was
the case of a previously HER2þ surgical sample being found to be
HER2� post-surgery. It was noted that, in this scenario, one could
assume either 1 of 2 possibilities; first, the HER2 testing results were
in error in one of the tissue samples, or secondly, a clonal selectionmay
have occurred in the context of neoadjuvant treatment selection
pressure. In this case, it was suggested the HER2 testing result should
be confirmed in both samples to exclude the former (more likely)
possibility. From a pathology perspective, it was noted that loss (or
gain) of HER2-gene-amplication is overall, an infrequent event
(w1% or less of cases), whereas errors in testing are more frequent.

Treatment of Metastatic Disease in
HER2þ Patients
Overview

This portion of the discussion was focused on the addition of
newer HER2-targeted therapies, such as pertuzumab and T-DM1,
which have dramatically improved outcomes for patients with
metastatic HER2 disease. Novel therapies, which are currently
under investigation in this setting, were also discussed (see below),
as was the significant unmet need of treatment for brain metastases
(see below), a frequent site of relapse/progression in HER2þ pa-
tients. The most important data considered by the group in the
advanced/metastatic setting for HER2þ disease, which have shaped
the current standard of care, are the CLEOPATRA and EMILIA
trials, which are summarized in Table 4.47,48

Discussion
The group first considered what might be the optimal sequence

of therapies for patients with metastatic disease, and whether the
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Table 4 Key Data: Therapy for Metastatic/Advanced HER2D Disease

CLEOPATRA:47 Randomized, double-blinded, placebo-controlled trial (N ¼ 808); examined the impact of adding pertuzumab (or placebo) to trastuzumab and docetaxel in
patients with human epidermal growth factor receptor-positive (HER2þ) metastatic breast cancer who had not received previous chemotherapy or anti-HER2 therapy for
metastatic disease. The hazard ratio (HR) for median overall survival significantly favored the addition of pertuzumab over placebo with an increase in survival of 15.7 months
(HR, 0.68; 95% confidence interval [CI], 0.56-0.84; P < .001).

EMILIA:48 Randomized, open-label, international study; patients (N ¼ 991) with locally advanced or metastatic HER2þ disease who had received prior therapy with
trastuzumab and a taxane were randomly assigned to T-DM1 or to capecitabine and lapatinib. T-DM1 significantly improved progression-free survival over capecitabine/
lapatinib in the primary analysis (HR, 0.65; 95% CI, 0.55-0.77; P < .001). Significant improvement in the endpoint of overall survival was also observed at both the first (HR,
0.62; P ¼ .0005) and second interim analyses (HR, 0.68; P < .001); treatment benefit was seen regardless of line of therapy and included patients with a disease-free
interval of <6 months following prior adjuvant or neoadjuvant trastuzumab.
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approach might differ for a patient with hormone-receptor-positive
(HRþ)/HER2þ versus HR�/HER2þ patients. For patients with
newly diagnosed metastatic disease, it was noted that the usual
sequence of therapies depends on ER positivity; most experts
advocated the approach taken in the CLEOPATRA trial (regardless
of ER status); specifically taxane-based chemotherapy in combina-
tion with trastuzumab and pertuzumab for 3 to 4 months, after
which, in ERþ patients, chemotherapy is discontinued and hor-
monal “maintenance” therapy is started (with continuation of dual
HER2 therapy). In the second-line setting, there was agreement
regarding the use of T-DM1 in patients that had received prior
therapy with trastuzumab, pertuzumab, and a taxane. Another op-
tion cited in the metastatic setting was capecitabine/lapatinib, a
standard option for recurrence after trastuzumab49; however, the
group acknowledged that the optimal sequence of therapies after
those used in CLEOPATRA and EMILIA is less clear at present.
The group notes NCCN guidance, which also cites trastuzumab/
capecitabine, trastuzumab lapatinib, and trastuzumab/vinorelbine as
options in this setting.

Discussion of the many novel therapies currently under investi-
gation for HER2þ disease, such as tucatinib, DS8201a, margetux-
imab, and CDK 4/6 inhibitors, was limited, other than to
acknowledge the many promising clinical trials underway in this
area, which will likely expand treatment options even further in the
near future. The presence of tumor infiltrating lymphocytes was also
noted as an overall positive prognostic indicator, and the group
discussed the potential for utilizing immuno-oncologic approaches
in patients with HER2þ disease. Also discussed was the coming
availability of biosimilars, including biosimilars of trastuzumab;
some of these agents are under investigation in randomized, phase
III comparative trials with the reference product.50,51 Clinicians
need to be apprised of the unique regulatory issues and consider-
ations which will surround the approval and subsequent incorpo-
ration of biosimilars into clinical practice, as well as alternative
treatment modalities which are on the horizon for HER2þ disease
(eg, subcutaneous trastuzumab), which may further expand treat-
ment options and/or access to HER2-directed therapies in the near
future.

The final portion of the discussion was focused on unmet needs in
HER2þ disease, most notably the occurrence of brain metastases, as
some series have reported occult brain metastases in as many as one-
third of HER2þ patients. It was suggested by some in the group that
brain disease can be controlled if captured early enough, and that
there could be a benefit of imaging the brain in HER2þ patients
before significant symptoms such as seizure and/or severe headache
occur. Most in the group, however, were not regularly screening for
- Clinical Breast Cancer June 2020
brain metastases in the absence of symptoms, as per guidelines that
do not recommend routine screening. Some of the more promising
treatments under investigation for brain metastases that were cited
included tucatinib (eg, NCT02614794), intrathecal trastuzumab
(eg, NCT01325207), T-DM1 (eg, NCT03190967), neratinib (eg,
NCT01494662), and immunotherapeutic approaches (eg,
NCT01782274). Although not discussed at the meeting, it should
be noted that, in February 2018, the NCCN updated its central
nervous system treatment guidelines for metastatic breast cancer,
which now includes concurrent treatment with neratinib and
capecitabine (Level 2A) and neratinib with paclitaxel (Level 2B).35

Conclusions
The BCTEG recognizes a diversity of treatment options for pa-

tients with HER2þ breast cancer in the neoadjuvant, adjuvant, and
advanced/metastatic settings, and recognizes a number of other
promising therapies under investigation, particularly in the
advanced/metastatic setting, where additional treatment options are
needed once patients have failed all conventional HER2-directed
therapies. Much of the present meeting’s discussion was centered
on lingering controversies in HER2 diagnostic methods, and cur-
rent guidance from ASCO-CAP for definitively establishing
HER2þ status. Overall, the group felt that whereas a large majority
of patients can be broadly grouped into either positive (“treat”) or
negative (“do not treat”) status (Table 1), a collaborative effort is
urgently needed among academic researchers, medical oncologists,
pathologists, and diagnostic laboratories to determine how to best
assign and/or resolve status (and therefore treatment options) for the
smaller, but still significant numbers of patients with “equivocal”
HER2 results.
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