Original Reports

Cancer Genomics

Genomic Characterization and Prognostic Significance of

Human Epidermal Growth Factor Receptor 2—-Low, Hormone
Receptor—Positive, Early Breast Cancers From the BIG 1-98
and SOFT Clinical Trials

Stephen J. Luen, MD, PhD'?; Lauren C. Brown, MD'%; Courtney T. van Geelen, MSc, PhD?
Patrizia Dell'Orto, ScD**
Marco Colleoni, MD™®

; Olivia Biasi, DSc*®; Alan S. Coates, MD®
; Gini F. Fleming, MD'' @ ; Prudence A. Francis, MD'?

; Richard D. Gelber, PhD”
; Meredith M. Regan, ScD'?

Sherene Loi, MD, PhD'?

DOI https://doi.org/10.1200/P0-24-00599

PURPOSE

METHODS

RESULTS

CONCLUSION

To investigate whether hormone receptor—positive, human epidermal growth
factor receptor 2—low (HR+HER2-low) versus HR+HER2-zero early breast
cancers have distinct genomic and clinical characteristics.

This study included HR+, HER2-negative early breast cancers from patients
enrolled in the phase III, randomized BIG 1-98 and SOFT clinical trials that had
undergone tumor genomic sequencing. Tumors were classified HR+HER2-low
if they had a centrally reviewed HER2 immunohistochemistry (IHC) score of 1+
or 2+ with negative in situ hybridization and HR+HER2-zero if they had an
HER2 IHC score of 0.

A total of 1,795 tumors were evaluable for this study (BIG 1-98 n = 520, SOFT
n = 1,275). The frequency of HER2-low tumors was 37% and 21% in the
postmenopausal BIG 1-98 and premenopausal SOFT cohorts, respectively.
There were no significant differences in clinicopathologic variables between
HER2-low and HER2-zero groups which was consistent across both trials.
There was no significant difference in risk of distant recurrence for patients with
HER2-low tumors versus HER2-zero tumors (5-year % distant recurrence-free
94.0% v 92.8%, P = .61, in BIG 1-98; 89.4% v 92.7%, P = .31, in SOFT, re-
spectively). Somatic genomic profiles were similar with the exception of
MAP3K1 mutations which were more frequent in HER2-zero tumors (BIG 1-98
19% Vv 5%, SOFT 11% v 6%). Both ERBB2 copy number and ERBB2 gene ex-
pression abundance were significantly higher in HER2-low tumors compared
with HER2-zero tumors; however, the absolute difference was small. Corre-
lation between ERBB2 copy number values and gene expression was modest
(r=0.17).

In two large clinical trials with centrally reviewed HER2 IHC, our findings do not
support HER2-low breast cancer as a distinct clinical or biologic entity among
HR+HER2- early breast cancers. Absolute differences in median ERBB2 copy
number levels or gene expression are small and of unclear biologic relevance.

; Peter Savas, MD, PhD'?
; Beat Thirlimann, MD®®,

; Roswitha Kammler, BA®

; Giuseppe Viale, MD** () ; and

ACCOMPANYING CONTENT
Data Sharing
Statement

Data Supplement

Accepted December 18, 2024
Published January 24, 2025

JCO Precis Oncol 9:¢2400599
© 2025 by American Society of
Clinical Oncology

’

INTRODUCTION

Human epidermal growth factor receptor 2 (HER2)-low
breast cancer is a recently described entity defined as tumors
with a HER2 immunohistochemistry (IHC) score of 1+ or 2+
and nonamplified on in situ hybridization (ISH).! This def-
inition was initially used for clinical trial patient selection
and is now established in clinical practice after demon-
stration of significant clinical benefit from the anti-HER2
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antibody-drug conjugate (ADC), trastuzumab deruxtecan
compared with standard chemotherapy in previously treated
advanced breast cancer, leading to US Food and Drug Ad-
ministration approval.? This is a significant development in
HER2-directed therapeutics because it lowers the ERBB2
expression threshold for prediction of benefit, where ad-
juvant trastuzumab has previously failed.> Furthermore, a
significant proportion of breast cancers are HER2-low
ranging from approximately 40% in triple-negative breast
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CONTEXT

Key Objective

To determine whether hormone receptor—positive, human epidermal growth factor receptor 2—low (HR+HER2-low) breast
cancers have distinct clinical or genomic differences compared with HR+HER2-zero breast cancers.

Knowledge Generated

Using ERBB2 immunohistochemistry (IHC) expression and tumor genomic data from 1,795 patients from the randomized,
phase Ill, premenopausal SOFT and postmenopausal BIG 1-98 clinical trials, we found no significant differences in clinical
and genomic driver alterations between HR+HER2-low breast cancers compared with HR+HER2-zero breast cancers.
These data do not support HER2-low breast cancer as a distinct biologic entity among HR+ breast cancers.

Relevance

Among HR+ breast cancers, HER2-low status as determined by IHC (HER2-low v HER2-zero) is currently a biomarker to
determine eligibility for HER2-directed antibody-drug conjugate therapy (trastuzumab deruxtecan); however, it does not

define distinct clinical or biologic entities.

cancers to approximately 60% in HR+ breast cancers.*> Our
research focuses on the genomic and clinical features of the
HER2-low subgroup among HR+ early breast cancers.

Questions remain as to whether the HER2-low subgroup
has its own distinct clinical and molecular features or
whether it simply fits into the known spectrum of clinical
subtypes or intrinsic subtypes. For clinical outcomes of
HER2-low disease, the largest pooled analysis of patients
undergoing neoadjuvant chemotherapy demonstrated
lower pathologic complete response rates in hormone
receptor—positive, HER2-low (HR+HER2-low) tumors
compared with HR+HER2-zero tumors (17.5% v 23.6%);°
however, this was not confirmed in a separate pooled anal-
ysis.* For survival outcomes, no significant difference has
been demonstrated between HR+HER2-low and HR+HER2-
zero tumors in several large pooled analyses and cohort
studies.*™®

Regarding molecular features, a small number of studies
have investigated gene expression differences between
HR-+HER2-low and HR+HER2-zero tumors. In an analysis
of The Cancer Genome Atlas Breast, no significant difference
in PAM50 classification was observed between HR+HER2-
low and HR+HER2-zero subgroups with similar rates of
luminal A (65.9% v 69.9%, respectively) and luminal B
classifications (25.4% v 21.2%, respectively).” In addition,
several studies have demonstrated significantly higher
ERBB2 transcript abundance in HR+HER2-low tumors
compared with HR+HER2-zero tumors; however, the ab-
solute difference appears to be small.>? There is also higher
expression of luminal-related genes in HR+HER2-low tu-
mors compared with HR+HER2-zero tumors,®> consistent
with a separate finding of significant positive association of
increasing estrogen receptor (ER) expression by IHC with
increasing HER2-low frequency.* For differences in genomic
alterations between HR+HER2-low and HR+HER2-zero
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tumors, in a subset of a pooled analysis comparing 268
HR+HER2-low with 129 HR+HER2-zero tumors, a lower
frequency of TP53 mutations was observed in HER2-low
tumors (25% v 38%, respectively); however, no difference
was observed for PIK3CA mutations (29% v 24%, respec-
tively).® In a more recently published paper of 1,039 tumors
from patients with HER2-negative metastatic breast cancer
(mBC), 67.9% of whom had ER-positive cancers, there was
no significant difference in the frequency of genomic al-
terations with the exception of a higher rate of ERBB2
hemideletions in HER2-zero tumors.'®

In this study, we sought to investigate clinical and genomic
differences between HR-+HER2-low and HR-+HER2-zero
early breast cancers to determine whether these are truly
distinct biologic entities, using genomic sequencing data
from two large randomized phase III clinical trials, BIG 1-98
and SOFT, both with central pathologic review of HER2 IHC
status and patients who have not been exposed to previous
endocrine therapies.

METHODS
Patients

This study includes patients with HR+HER2- early breast
cancers who were enrolled in the phase III, randomized
postmenopausal BIG 1-98 (ClinicalTrials.gov identifier:
NCT00004205) and premenopausal SOFT (ClinicalTrials.gov
identifier: NCT00066690) clinical trials. In these studies,
patients were randomly assigned to adjuvant endocrine
therapy (ET) treatment arms. Details of these trials have
been previously reported.* 4 This study includes patients
from these clinical trials whose collected tumor samples had
undergone genomic sequencing and had evaluable HER2
status by IHC as reviewed centrally (HER2-low v HER2-
zero). Details of these translational research data sets,



ULTIUITIIU UTTATGULLTIZGUULTT UL LA LUVY DDLU 11 DI | JU diHiu OuUlL |

including patient selection, have been previously reported
for BIG 1-98'% and SOFT."” All patients provided written
informed consent. Ethics committees and relevant health
authorities approved the protocol.

Next-Generation Sequencing

The included tumor samples from BIG 1-98 (n = 538 of 8,010
randomly assigned) underwent testing using the Foundation
Medicine Ts5a panel, and tumor samples from SOFT (n =
1,276 of 3,066 randomly assigned) underwent testing using
targeted DNA-sequencing using a customized hybridization
capture panel for recurrent breast cancer genes (n = 1,257)
and/or whole-exome sequencing (WES; n = 82). A list of
target genes for the customized panel is available in the
Data Supplement (Table S1).** Details on variant and copy
number analysis have been previously published and include
detection of short variants (point mutations, insertions,
deletions), copy number alterations (amplifications, de-
letions), and selected fusions.!>*7

Gene Expression Analysis

Gene expression data were available for a subset (n = 190
patients) from the BIG 1-98 trial. Formalin-fixed paraffin-
embedded tumor samples underwent gene expression
profiling using the Illumina Whole-Genome DASL HT bead
array assay. Data were log base 2—transformed and nor-
malized using the Illumina GenomeStudio Software Package.
Only gene expression values for ERBB2 were used in this
analysis.

HER2-Low Status

Tumors were classified as HR+HER2-low if they had a
centrally reviewed HER2 IHC score of 1+ or 2+ with negative
ISH or HR+HER2-zero if they had an HER2 IHC score of 0.
Central assessment of HER2 IHC was used for both the BIG 1-
98 and SOFT cohorts using the polyclonal HercepTest.'92°
Samples were excluded if HER2 was amplified by ISH or IHC
status was unavailable; six tumor samples from SOFT were
categorized on the basis of only local IHC assessment. In
total, 520 and 1,275 samples were evaluable for this analysis
from BIG 1-98 and SOFT, respectively (Fig 1). ER IHC,
progesterone receptor (PgR) IHC, Ki-67 IHC, and grade were
also centrally reviewed. In BIG 1-98, fluorescence in situ
hybridization (FISH) was performed on a subset of tumors
scored as HER2 IHC 2+ or 3+ or IHC 1+ with 250% im-
munoreactive cells or that were not assessable with IHC for
technical reasons (eg, staining failure or detachment of the
tissue section from slides during the assay).

Statistical Analysis
Comparisons between HER2-low and HER2-zero groups
were performed using chi-squared tests (categorical vari-

ables) and t-tests and Mann-Whitney Wilcoxon tests
(for normally and non-normally distributed continuous
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variables, respectively). For time-to-event analyses, the
primary end point used was distant recurrence-free interval
(DRFI). This is defined as the time from random assignment
to recurrence at a distant site. Patients without a distant
recurrence were censored at the date of last follow-up or
death. Multivariable Cox proportional hazards regression
models were used to assess associations of HER2-low status
with DRFI and treatment-by-HER2-low status interaction.
For BIG 1-98, the Cox model was stratified by treatment
assignment and adjusted by tumor size, nodal status, and
grade. For SOFT, the Cox model was stratified by nodal status
and (neo)adjuvant chemotherapy receipt and adjusted by
treatment assignment. The Kaplan-Meier method estimated
the distribution of DRFI and 8-year freedom from distant
recurrence. For assessment of genomic driver alteration
frequency by HER2-low status, comparisons were per-
formed using chi-squared tests and P values were adjusted
for multiple testing using the false discovery rate method,
with q values < 0.1 deemed significant. For all other tests,
P values < .05 were deemed to be statistically significant.
For BIG 1-98, patient samples were previously selected for
genomic sequencing using a case-cohort—like selection
approach. Full details on the statistical methods for the case-
cohort—like selection approach in the BIG 1-98 translational
study and the calculation of sampling weights have been
previously published.’>*¢ Therefore, all analyses including
calculation of frequencies, comparison tests, and time-to-
event analyses were performed using sampling weights
using the generalized Horvitz-Thompson weighted method
(inverse probability weighting).>*

RESULTS
Patient Characteristics

Tumors that had undergone genomic testing and were
evaluable for HER2-low status included 1,275 patient’s tu-
mors from the premenopausal SOFT clinical trial,’” and 520
patient’s tumor’s from the post menopausal BIG 1-98
clinical trial (Fig 1A).> Nineteen tumors were excluded from
the analysis (HER2-positive by FISH or IHC [n = 17], un-
available HER2 IHC status [n = 2]). Patient and tumor
characteristics of the evaluable SOFT and BIG 1-98 patient
cohorts are shown in Table 1.

Among the tumors from the postmenopausal BIG 1-98
HR+HER2- cohort, 203 (37% [24.4% IHC 1+, 12.2% IHC 2+])
were classified as HER2-low and 317 (63%) were classified as
HER2-zero (Figs 1B and 1C). Among the tumors from the
premenopausal SOFT cohort, 274 (21% [18.0% IHC 1+, 3.5%
IHC 2+]) were classified as HER2-low and 1,001 (79%) were
classified as HER2-zero (Figs 1B and 1C).

Clinicopathologic Associations With HER2-Low Status
The association between HER2-low status and clinico-

pathologic variables is summarized in Figure 2 and the Data
Supplement (Table S2). There were no significant differences
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FIG 1. (A) Diagram demonstrating the number of tumors that were evaluable for this analysis from the post-
menopausal BIG 1-98 and premenopausal SOFT clinical trial genomic subsets. (B) Bar chart displaying the proportion
of evaluable tumors that were determined to be HER2-low in BIG1-98 and SOFT. (C) Bar chart displaying the
proportion of evaluable tumors with corresponding HER2 IHC score in BIG 1-98 and SOFT. HER2 IHC assessment was
performed in the central laboratory. IHC, immunohistochemistry; HER2, human epidermal growth factor receptor 2.

in tumor size or lymph node status by HER2-low status in
either cohort. ER expression was significantly lower in
HER2-zero tumors compared with HER2-low tumors from
SOFT (median, 95% [IQR, 90-99] v 99% [IQR, 90-99],
respectively, P < .001), but not in tumors from BIG 1-98
(median, 90% [IQR, 85-95] v 95% [IQR, 90-99], respec-
tively, P = .23; Fig 2A). There was no significant difference in
PgR expression by HER2-low status in either cohort. The
distribution of tumor grade was significantly lower in HER2-
zero tumors compared with HER2-low tumors from BIG 1-
98 (17% v 29% grade 3, respectively, P = .003), but the grade
distributions did not differ in tumors from SOFT (19% v 22%
grade 3, P = .13; Fig 2C). Similarly, Ki-67 levels were sig-
nificantly lower in HER2-zero tumors compared with
HER2-low tumors from BIG 1-98 (median, 14% [IQR, 6-20]
v 16% [IQR, 10-25], respectively, P < .001), but not in the
SOFT cohort (median, 17 [IQR, 11-23] v 17.5% [IQR, 12-24],
P = .11; Fig 2D). There was no significant association between
the proportion of HER2-low tumors and increasing age
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categories within either pre- or postmenopausal cohorts
(Fig 3A).

We next evaluated associations between HER2-low status
and risk of distant recurrence. There was no significant
difference in the risk of distant recurrence for HER2-low
tumors compared with HER2-zero tumors in BIG-198
(multivariable hazard ratio [HR], 0.89 [95% CI, 0.58 to0 1.38];
P = .61; 5-year distant recurrence-free (%) 94.0% v 92.8%,
respectively) or in SOFT (multivariable HR, 1.23 [95% CI,
0.20 to 1.84]; P = .31; 5-year distant recurrence-free (%)
89.4% v 92.7%, respectively; Figs 3B and 3C). An exploratory
analysis of BIG 1-98 demonstrated no significant difference
in efficacy of letrozole compared with tamoxifen between
HER2-low and HER2-zero tumors in BIG 1-98 (Piy: = .24)
and no significant difference in efficacy for the addition of
ovarian function suppression to tamoxifen compared with
tamoxifen alone between HER2-low and HER2-zero tumors
in SOFT (P, = .36; Data Supplement, Fig S1). There was no
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TABLE 1. Patient and Tumor Characteristics for the Population That is Evaluable for This Analysis

Clinicopathological Variable

BIG 1-98 (n = 520) SOFT (n = 1,275)

Age group, years, No. (%)

<35 123 (10)
35-39 236 (19)
40-44 5 (<1) 383 (30)
45-49 28 (6) 390 (31)
50-54 75 (15) 140 (110)
55-59 109 (26) 3 (<)
60-64 113 (20)
265 190 (32)
Menopausal status at trial random assignment, No. (%)
Postmenopausal 520 (100) 0 (0)
Premenopausal 0 (0) 1,275 (100)
Tumor size, No. (%)
<2 cm 299 (64) 833 (65)
>2 cm 234 (36) 421 (33)
Unknown 5 (<1) 21 (17)
Nodal status, No. (%)
Positive 289 (36) 431 (34)
Negative 249 (64) 84 (66)
Unknown 0 3(<1)
Grade, No. (%)
1 74 (21) 312 (25)
2 293 (57) 715 (56)

3 17 (22) 248 (19)
Unknown 2 (<1) 1 (<1)
ER expression, median (IQR) 95 (90-99) 95 (90-99)
PgR expression, median (IQR) 70 (10-90) 90 (70-99)
Ki-67 expression, median (IQR) 15 (8-23) 17 (11-23)

NOTE. Numbers in brackets are percentages of each population with the exception of age where the numbers in brackets represent the age range.
For BIG 1-98, the proportions displayed are weighted proportions. ER expression, PgR expression, and grade are all centrally assessed values.

Abbreviations: ER, estrogen receptor; PgR, progesterone receptor.

significant outcome differences according to young versus
very young (>40 years v <40 years) in the premenopausal
SOFT cohort.

Genomic Associations With HER2-Low Status

We next assessed for differences in frequencies of genomic
driver alterations by HER2-low status using genes that were
altered at a frequency of at least 5% in either cohort. Overall
frequencies of genomic driver alterations were similar be-
tween HER2-low and HER2-zero tumors in both cohorts
(Fig 4, Data Supplement, Table S3). Mutations in MAP3K1
were the only alteration that was at a lower frequency in
HER2-low tumors compared with HER2-zero tumors in
both BIG 1-98 (5% v 19%, q = 0.002) and SOFT (6% v 11%,
q = 0.080). Mutations in BRCA2 were significantly more
frequent in HER2-low tumors compared with HER2-zero
tumors in SOFT (9% v 5%, q = 0.078), but not in BIG 1-98
(4% v 1%, q = 0.22). Amplifications in FGFR1 were
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significantly more frequent in HER2-low tumors compared
with HER2-zero tumors in SOFT (15% v 9%, q = 0.073), but
was not in BIG 1-98 (11% v 7%, q = 0.55). Whole-genome
copy number profiles did not appear to be different between
HER2-low and HER2-zero tumors (Data Supplement,
Fig S2).

Genomic copy number of ERBB2 between HER2-low and
HER2-zero tumors using copy number segmentation data
was then assessed. HER2-low tumors had significantly
higher ERBB2 copy number segmentation values than
HER2-zero tumors in both BIG 1-98 (median LogR 0.30 v
0.22, P <.001) and SOFT (median LogR 0.03 v 0.00, P < .001);
however, absolute differences were small with a significant
overlap of values (Fig 5A). Similarly, significantly higher
ERBB2 copy number segmentation values were observed
with increasing ERBB2 IHC values in both BIG1-98 (P < .001)
and SOFT (P < .001), again with only small absolute differ-
ences between groups (Data Supplement, Fig S3). Given the
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FIG 2. (A) Box plots demonstrating centrally assessed % tumor ER IHC expression by HER2-low status. (B) Box plots demonstrating centrally
assessed % tumor PgR IHC expression by HER2-low status. (C) Bar plot demonstrating the proportion of tumors classified as centrally assessed
grade one, two, three, or unknown by HER2-low status. (D) Box plots demonstrating centrally assessed % Ki-67 IHC expression by HER2-low status.
ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; PgR, progesterone receptor.

small absolute differences in values, we considered it un-
likely that HER2-low tumors had a globally increased tumor
ERBB2 copy number compared with HER2-zero tumors;
however, heterogeneous tumor cell increase in ERBB2 copy
number may be possible. Concordant with this, a subsample
of 73 tumors from SOFT, which had undergone WES and had
allele-specific copy number data available, demonstrated no
significant difference in integer copy number of ERBB2
between HER2-low and HER2-zero tumors (P = .85) and
between ERBB2 IHC groups (P = .84; Data Supplement, Fig
S4). In the BIG 1-98 cohort with available ERBB2 IHC per-
centage tumor staining data (n = 203), there was a high level
of heterogeneous staining in the HER2-low group (Data
Supplement, Fig S5).

ERBB2 gene expression was then assessed between HER2-
low and HER2-zero tumors using a subset of tumors with
gene expression data available from BIG 1-98 (n = 190;
Fig 5B). HER2-low tumors had significantly higher ERBB2
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gene expression values than HER2-zero tumors in this
subset (median 0.07 v —0.18, P < .001); however, again,
absolute differences were small with a significant overlap of
values between the subgroups. Similarly, significantly in-
creasing ERBB2 gene expression values were observed with
increasing ERBB2 IHC values in this subset (P = .002; Data
Supplement, Fig S6). Given the high levels of overlap in
ERBB2 gene expression values between these groups, it did
not appear that the subgroups defined by ERBB2 IHC cap-
tured distinct ERBB2 expressing groups, at least at the
transcriptional level. Correlation between ERBB2 copy
number values and gene expression values was modest at
best (r = 0.17; Fig 5C).

DISCUSSION

In this analysis of 1,795 HR+HER2- early breast cancers
from the BIG 1-98 and SOFT randomized phase III clinical
trials of adjuvant ET in postmenopausal and premenopausal
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FIG 3. (A) Bar plot demonstrating the proportion of HER2-low tumors and HER2-zero tumors by age groups in BIG 1-98. (B) Bar plot
demonstrating the proportion of HER2-low tumors and HER2-zero tumors by age group in the premenopausal SOFT cohort. (C) Kaplan-
Meier estimate of DRFI by HER2-low status in the postmenopausal BIG 1-98 cohort. (D) Kaplan-Meier estimate of DRFI by HER2-low
status in the SOFT premenopausal cohort. The HR characterizes HER2-low relative to HER2-zero. HR, hazard ratio; DRFI, distant
recurrence-free interval; HER2, human epidermal growth factor receptor 2.

patients, respectively, we investigated differences in geno-
mic profiles between HR+HER2-low and HR+HER2-zero
tumors. We found similar genomic profiles between
HR+HER2-low and HR+HER2-zero tumors, suggesting that
these are not distinct entities at the genomic level. The only
exception to this was mutations in MAP3K1, which were
found at higher frequencies in HR+HER2-zero tumors, but
were not exclusive to HR+HER2-zero tumors. These results
are similar to a recently published cohort that included
patients with HER2-negative mBC." While we observed
that ERBB2 copy number value was significantly higher in
HR+HER2-low tumors compared with HR+HER2-zero
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tumors, the absolute difference between these entities was
small with large overlaps in the range of values between the
two groups, suggesting that these categories do not make up
distinct subgroups at the ERBB2 copy number level. In a
subset of tumors in postmenopausal BIG 1-98 with ERBB2
gene expression data, we found similar findings which have
been demonstrated in other published cohorts.>? In this
small subset, the correlation between ERBB2 copy number
and gene expression was poor among these tumors, sug-
gesting that expression of ERBB2 may be influenced by
other factors beyond gene copy number. Alternatively, it
is possible that these small differences may be due to
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FIG 4. (A) Plot demonstrating the frequency of genomic alteration in HER2-low versus HER2-zero tumors in the postmeno-
pausal BIG 1-98 trial cohort. (B) Plot demonstrating the frequency of genomic alteration in HER2-low versus HER2-zero tumors in
the premenopausal SOFT trial cohort. HER2, human epidermal growth factor receptor 2.

heterogeneous ERBB2 copy number gains in tumor sub-
populations which cannot be clearly defined in bulk
sequencing data.

From a clinical perspective, we observed higher median ER
expression in HER2-low tumors compared with HER2-zero
tumors in SOFT; however again, the absolute difference was
small (median 99% v 95%). This is consistent with other
studies which have demonstrated higher expression in lu-
minal genes in HER2-low tumors and a higher frequency of
HER2-low tumors with increasing ER IHC expression.*>
There were no other differences in clinicopathologic vari-
ables between the HR+HER2-low and HR-+HER2-zero
subgroups, including the risk of distant recurrence after an
8-year median follow-up. Interestingly, the frequency of
HR+ HER2-low tumors was higher in the postmenopausal
BIG 1-98 cohort than our premenopausal SOFT cohort;
however, the frequencies may be influenced by differences in
each trial’s eligibility criteria, and confirmation in other data
sets is required.

Questions still remain as to what factors mediate ERBB2
expression in HR+ HER2-low breast cancer. Unlike in
HER2-amplified breast cancer where ERBB2 expression is
via genomic copy number amplification of ERBB2, a strong
oncogenic driver of tumor growth, our data did not identify
any genomic driver that is clearly associated with increased
ERBB2 expression in HER2-low disease. It is therefore un-
surprising that tumor ERBB2 expression without HER2
amplification is subject to dynamic change over time and
influenced by treatment selection, a finding that was
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reported in two separate studies which identified high levels
of discordance in HER2-low status between primary and
metastatic samples, particularly in HR+ tumors and with a
higher rate of conversion to HER2-low disease in the me-
tastatic setting, with the caveat that these samples might not
have been centrally reviewed.>>* On the basis of this, further
investigation into the factors mediating dynamic ERBB2
expression are warranted. Given the known poor inter-
pathologist reproducibility in HER2 IHC assessment in non—
HER2-amplified tumors,* it is prudent to exercise caution in
drawing robust conclusions on research findings without
central pathology review. Further research into more
quantitative measures of HER2 protein expression is war-
ranted and is especially relevant to treatment and resistance
to trastuzumab deruxtecan and other ADCs targeting HER2
in breast cancer and other solid tumor types.

Finally, our data support the importance of further research
toward improving patient selection biomarkers for HER2-
directed ADCs, noting that each HER2-directed ADC has
unique properties that may affect its efficacy, particularly in
HER2-low disease. For example, trastuzumab deruxtecan
has a high drug-to-antibody ratio of 8 and additional fea-
tures of a hydrolysable linker plus a membrane permeable
function of the topoisomerase inhibitor payload, rendering it
capable of on- and off-target tumor microenvironment
effects. This contrasts with T-DM1 with a lower drug-to-
antibody ratio of 2 and without additional features. A major
benefit for an IHC-based score is the ease with which it can
be applied in any pathology setting since it is already
standardized. However, HER2 IHC and scoring were initially
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designed to identify HER2-amplified disease with high
sensitivity and specificity' and have limited reproducibility
among pathologists at lower levels of IHC staining.>* Re-
cently updated ASCO-College of American Pathologists
recommendations for HER2 testing acknowledged the need
for ongoing HER2 IHC reporting, but without defining a
category as “HER2-low” at this stage given the limited data
for activity of trastuzumab deruxtecan in patients with HER2
IHC o tumors.?> In addition, they provide practical sugges-
tions to aid pathologists in accurately distinguishing HER2
IHC categories. Other new technologies may provide im-
proved granularity for assessment of HER2 protein quan-
tification in the future (eg, mass spectroscopy). Our data and
data of others suggest that there is considerable overlap in
copy number status and ERBB2 gene expression between
HR+HER2-low and HR+HER2-zero tumors, implying that
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use of the HER2-low definition by IHC may not reliably select
patients who could benefit from trastuzumab deruxtecan.
Consistent with this notion, the phase II DAISY clinical trial
recruited a cohort of heavily pretreated patients with HER2-
zero tumors and demonstrated objective response rates of
29.7%.2° In addition, the DESTINY-Breasto6 study which
included 152 patients with HER2-ultralow breast cancers
(HER2 IHC o but with faint, incomplete membrane staining
in =10% of tumor cells) demonstrated progression-free
survival (PFS) improvement with trastuzumab deruxtecan
compared with treatment of physician’s choice, consistent
with the PFS improvement observed in HER2-low tumors.>’
Given the improved overall survival benefit for trastuzumab
deruxtecan versus physician’s choice of chemotherapy in the
DESTINY-Breasto4 and DESTINY-Breasto6 studies,>?7 it
should be considered whether patients with HER2-zero
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tumors may be missing out on an effective treatment be-
cause of an inaccurate predictive biomarker.

In conclusion, this analysis of 1,795 HR+ early breast cancers
from postmenopausal BIG 1-98 and premenopausal SOFT
phase III clinical trials does not support HR+HER2-low
breast cancer as a distinct clinical or biologic entity.
Strengths of this study include robust quality clinical data
and long-term survival outcomes from two phase III, ran-
domized clinical trials and centrally determined HER2 IHC
status. Limitations include retrospective design and the fact
that tumors were evaluated in the early breast cancer rather
than advanced setting. Tumor mutation burden testing was
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