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IMPORTANCE Given conflicting results regarding the prognosis of erb-b2 receptor tyrosine
kinase 2 (ERBB2; formerly HER2 or HER2/neu)–low breast cancer, a large-scale, nationally
applicable comparison of ERBB2-low vs ERBB2-negative breast cancer is needed.

OBJECTIVE To investigate whether ERBB2-low breast cancer is a clinically distinct subtype
in terms of epidemiological characteristics, prognosis, and response to neoadjuvant
chemotherapy.

DESIGN/PARTICIPANTS/SETTING This retrospective cohort study was conducted using the
National Cancer Database, including 1 136 016 patients in the US diagnosed with invasive
breast cancer from January 1, 2010, to December 31, 2019, who had ERBB2-negative disease
and had immunohistochemistry results available. ERBB2-low tumors were classified as having
an immunohistochemistry score of 1+, or 2+ with a negative in situ hybridization test. Data
were analyzed from November 1, 2021, through November 30, 2022.

EXPOSURES Standard therapy according to routine clinical practice.

MAIN OUTCOMES AND MEASURES The primary outcomes were overall survival (OS), reported
as adjusted hazard ratios (aHRs), and pathologic complete response, reported as adjusted
odds ratios (aORs), for ERBB2-negative vs ERBB2-low breast cancer, controlling for age, sex,
race and ethnicity, Charlson-Deyo Comorbidity Index score, treatment facility type, tumor
grade, tumor histology, hormone receptor status, and cancer stage.

RESULTS The study identified 1 136 016 patients (mean [SD] age, 62.4 [13.1] years; 99.1%
female; 78.6% non-Hispanic White), of whom 392 246 (34.5%) were diagnosed with
ERBB2-negative and 743 770 (65.5%) with ERBB2-low breast cancer. The mean (SD) age
of the ERBB2-negative group was 62.1 (13.2) years and 62.5 (13.0) years for the ERBB2-low
group. Higher estrogen receptor expression was associated with increased rates of
ERBB2-low disease (aOR, 1.15 per 10% increase). Compared with non-Hispanic White
patients, of whom 66.1% were diagnosed with ERBB2-low breast cancer, fewer non-Hispanic
Black (62.8%) and Hispanic (61.0%) patients had ERBB2-low disease, although in
non-Hispanic Black patients this was mediated by differences in rates of triple-negative
disease and other confounders. A slightly lower rate of pathologic complete response was
seen in patients with ERBB2-low disease vs patients with ERBB2-negative disease on
multivariable analysis (aOR, 0.89; 95% CI, 0.86-0.92; P < .001). ERBB2-low status was also
associated with small improvements in OS for stage III (aHR, 0.92; 95% CI, 0.89-0.96;
P < .001) and stage IV (aHR, 0.91; 95% CI, 0.87-0.96; P < .001) triple-negative breast cancer,
although this amounted to only a 2.0% (stage III) and 0.4% (stage IV) increase in 5-year OS.

CONCLUSIONS AND RELEVANCE This large-scale retrospective cohort analysis found minimal
prognostic differences between ERBB2-low and ERBB2-negative breast cancer. These
findings suggest that, moving forward, outcomes in ERBB2-low breast cancer will be driven
by ERBB2-directed antibody-drug conjugates, rather than intrinsic differences in biological
characteristics associated with low-level ERBB2 expression. These findings do not support
the classification of ERBB2-low breast cancer as a unique disease entity.
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E rb-b2 receptor tyrosine kinase 2 (ERBB2; formerly HER2/
neu)–positive breast cancer was first defined as breast
cancer with an amplification of ERBB2 leading to ERBB2

overexpression.1 ERBB2 is clinically assessed with immunohis-
tochemistry (IHC), with expression scored from 0 to 3+, and/or
with in situ hybridization (ISH), which can detect ERBB2 am-
plification. ERBB2-positive cancers are currently defined as
those with high expression (3+) via IHC or ERBB2 amplifica-
tion via ISH. The precise classification of ERBB2-positive breast
cancer has evolved to align with tumors predicted to respond
to ERBB2-targeted therapies such as trastuzumab, constitut-
ing about 15% of all breast cancers.2 Although approximately
50% to 60% of all breast cancers exhibit a low level of ERBB2
expression via IHC, cancers with low expression benefit from
standard ERBB2-targeted therapies.3-7 The paradigm of ERBB2
classification has recently shifted with the development of
antibody-drug conjugates such as trastuzumab-deruxtecan
(T-DXd), which has demonstrated efficacy in patients with
ERBB2-low breast cancer, defined as 1+ ERBB2 expression via
IHC or 2+ with negative ISH.8,9 This has led to renewed inter-
est in the subgroup of ERBB2-low breast cancer because greater
understanding of the biological characteristics of this patient
population could yield additional therapeutic approaches.

However, ERBB2-low tumors are heterogeneous, consist-
ing of both hormone receptor–positive and triple-negative breast
cancer (TNBC).2,5,6 Multiple groups have undertaken studies
to define ERBB2-low tumors in terms of epidemiological and
clinicopathologic parameters; however, this has yielded con-
flicting results such as rates of ERBB2-low status among TNBC
ranging from 40.1%10 to 66.3%.11 Moreover, there are conflict-
ing reports of ERBB2-low status being associated with a
negative,5,10,11 neutral,12,13 or positive prognosis.14,15 Previous
studies have had limited geographical distribution and/or rela-
tively small sample sizes in the cohort analyzed, limiting
the power to discern a prognostic difference between ERBB2-
low and ERBB2-negative (ERBB2 expression scored as 0 via
IHC) breast cancer and the generalizability of the results. Fur-
thermore, given the known racial and ethnic disparities in breast
cancer prognosis, it is important to describe the epidemiologi-
cal characteristics of ERBB2-low breast cancer to understand
the potential association with novel antibody-drug conjugates
such as T-DXd on breast cancer disparities. Our aim was to in-
vestigate whether ERBB2-low breast cancer is a clinically dis-
tinct subtype in terms of epidemiological characteristics, prog-
nosis, and response to neoadjuvant chemotherapy.

Methods
Study Design and Data Source
This retrospective cohort study examined and compared the epi-
demiological differences and prognostic significance of ERBB2-
low vs ERBB2-negative breast cancer. We abstracted patient data
from the National Cancer Database (NCDB), the largest cancer
registry in the world, which includes data from approximately
70% of new invasive cancer diagnoses in the US.16 The data were
analyzed from November 1, 2021, through November 30, 2022.
This study was deemed exempt from review by the institu-

tional review board at the University of Chicago per 45 CFR part
46 of the Human Health Services regulations for human sub-
jects research, which defines the criteria for secondary re-
search for which consent is not required. No informed consent
was obtained because NCDB data are deidentified. The data col-
lected by the American Cancer Society/Commission on Cancer
(ACS/CoC) for the NCDB are collected passively through can-
cer registries without informed consent collected from pa-
tients. The ACS/CoC and participating hospitals exempted
the requirement of informed consent. This study followed
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline for cohort studies.17

Study Population and Covariates
Patients from the NCDB who were diagnosed with invasive
breast cancer from January 1, 2010, to December 31, 2019, that
was not classified as ERBB2 positive and who had ERBB2 IHC
results available were included. ERBB2-low cases were de-
fined as those with an IHC score of 1+, or 2+ with negative ISH
results, and ERBB2-negative cases were defined as those with
an IHC score of 0. We excluded patients with an ERBB2 IHC
score of 2+ disease who did not have documented negative ISH
results. We only included cases of invasive disease and ex-
cluded patients classified as stage 0 or with unknown stage.

The following epidemiological and clinicopathologic param-
eters were analyzed and compared between the ERBB2-low and
ERBB2-negative groups: age at diagnosis; race and ethnicity;
treatment facility type; tumor, nodal, and overall stage; tumor
histology and grade; site of metastasis (including bone, brain,
liver, and lung); quantitative estrogen receptor (ER) and pro-
gesterone receptor (PR) status; Ki-67 status determined via IHC,
Oncotype DX (Exact Sciences Corp) multigene assay score;
ERBB2 copy number and/or ERBB2/centromeric region of chro-
mosome 17 (CEP17) ratio determined via ISH; receipt of chemo-
therapy and/or hormonal therapy; and survival status. Race and
ethnicity were included in this analysis as part of a comprehen-
sive assessment of the relationship of demographic factors and
ERBB2-low status. The NCDB reported that the race and eth-
nicity information is collected from cancer program registries

Key Points
Question Do the demographics, clinicopathologic characteristics,
and prognosis differ between breast cancers with no erb-b2
receptor tyrosine kinase 2 (ERBB2; formerly HER2 or HER2/neu)
expression (ERBB2 negative) and those with low-level ERBB2
expression (ERBB2 low)?

Findings In this cohort study of 1 136 016 patients from the
National Cancer Database in the US, the proportions of ERBB2-low
breast cancer were slightly lower among Hispanic and
non-Hispanic Black patients compared with non-Hispanic White
patients. ERBB2-low status was associated with slightly improved
overall survival (�2% difference at 5 years) compared with
ERBB2-negative cancer.

Meaning The findings of this study suggest that treatment
response and long-term outcomes may be similar in ERBB2-low
and ERBB2-negative cancers and do not support the classification
of ERBB2-low breast cancer as a unique disease entity.
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from patient self-report and medical/billing records. The race
and ethnicity categories included Asian or Pacific Islander, His-
panic, Native American, Non-Hispanic Black, Non-Hispanic
White, and other. Other is a subcategory listed in the NCDB and
represents patients who were coded as Other by the local can-
cer registry. No explicitly defined racial or ethnic subgroup cat-
egorized by the NCDB was collapsed into Other. The TNM tu-
mor staging was based on pathological stage if available, except
in patients who received neoadjuvant chemotherapy (defined
as receipt of chemotherapy at least 30 days prior to surgery),
in which case clinical stage was used. Pathologic complete
response (pCR) status was also recorded for patients who re-
ceived neoadjuvant chemotherapy. As with all variables used
in our analysis, race and ethnicity were abstracted by certified
cancer registrars from the medical records for inclusion in the
NCDB. Missing covariates were inferred with multiple imputa-
tion by chained equations.18

Statistical Analysis
We first performed descriptive statistics to compare clinico-
pathologic and epidemiological features between ERBB2-low
and ERBB2-negative subgroups, using a χ2 test to compare cat-
egorical variables and an unpaired t test to compare continu-
ous variables. A multivariable logistic regression analysis was
used to quantify the independent association of these features
with low-level ERBB2 expression, and adjusted odds ratios
(aORs) were reported with significance and 95% CIs computed
via Wald statistic. A similar logistic regression model was for-
mulated to examine the association of ERBB2-low status with
sites of metastatic disease. Overall survival (OS) was defined as
the time from date of diagnosis to the last follow-up or death.
Kaplan-Meier curves for OS were calculated for ERBB2-low vs
ERBB2-negative breast cancer, stratified by receptor subtype and
stage group. Multivariable Cox proportional hazards regres-
sion models were fit to examine the independent prognostic
value of ERBB2-low breast cancer. For patients who received
neoadjuvant therapy, a multivariable logistic regression analy-
sis was used to examine the association of ERBB2-low status
with pCR. All multivariable analyses controlled for age, sex, race
and ethnicity, Charlson-Deyo Comorbidity Index score, treat-
ment facility type, tumor grade and histology, and quantita-
tive ER and PR status (except for analyses in the TNBC sub-
group). Models for survival in the entire cohort and prediction
of ERBB2-low status included overall stage group, and models
for pCR included T and N stage groups. Statistical analysis was
performed using Python, version 3.7.5 (Python Software Foun-
dation), using the statsmodels, version 0.13.2, and lifelines, ver-
sion 0.27.1. The code used for data extraction and statistical
testing is publicly available.19 All statistical tests were 2-sided
with a significance threshold of P < .05.

Results
Epidemiological and Clinicopathologic Features of Patients
With ERBB2-Low Breast Cancer
We identified 1 136 016 patients (mean [SD] age, 62.4 [13.1]
years; 99.1 female; 78.6% non-Hispanic White), comprising

392 246 patients (34.5%) diagnosed with ERBB-negative and
743 770 (65.5%) with ERBB2-low breast cancer who met the
criteria for study inclusion (Table 1 and eFigure 1 in Supple-
ment 1). As shown in Table 1 and eTable 1 in Supplement 1,
99.1% of patients were female, and the mean (SD) age at pri-
mary diagnosis was 62.1 (13.2) years for the ERBB2-negative
group and 62.5 (13.0) years for the ERBB2-low group.

Compared with non-Hispanic White patients, of whom
66.1% had ERBB2-low breast cancer, Native American patients
had a higher proportion of ERBB2-low disease (2270 [70.0%]),
while the proportions were lower in non-Hispanic Black (62.8%)
and Hispanic (61.0%) patients. The proportion of ERBB2-low
diagnoses was lower at academic or research centers (61.8%)
than at community cancer programs (66.5%), comprehensive
community cancer programs (67.5%), or integrated network can-
cer programs (67.1%). Fewer ductal tumors were ERBB2 nega-
tive (33.6%) compared with lobular (36.8%) or mucinous (46.4%)
tumors. Most metaplastic (64.0%) and medullary (50.2%) can-
cers and sarcomas (67.8%) were ERBB2 negative. A higher rate
of ERBB2-low disease was seen in hormone receptor–positive
cancers (TNBC, 51.5% for ERBB2-low compared with 58.6%
for ER-negative, PR-positive cancers; 66.1% for ER-positive,
PR-negative cancers; and 69.1% for ER-positive, PR-positive can-
cers). This was also reflected in the subset of patients with quan-
titative ER and PR testing results, which were higher in ERBB2-
low (mean [SD], 82.5% [31.1%] ER expression, 56.4% [39.7%]
PR expression) compared with ERBB2-negative (mean [SD],
70.8% [40.2%] ER expression, 49.8% [42.2%] PR expression)
cancers. Among the high-grade tumors (ie, grade 3), only 59.8%
were ERBB2 low, compared with 67.8% of intermediate- and
low-grade tumors.

Given the potential confounding effects of clinicopatho-
logic factors, we conducted a multivariable logistic regres-
sion analysis to examine the independent association of
ERBB2-low status with age, sex, race and ethnicity, Charlson-
Deyo Comorbidity Index score, treatment facility type, recep-
tor status, stage, grade, and tumor histology (Table 2). In-
creased ER expression was associated with a higher likelihood
of ERBB2-low status (aOR, 1.15 per 10% increase; 95% CI, 1.15-
1.15; P < .001), but a lower likelihood of ERBB2-low was seen
with increased PR expression (aOR, 0.95 per 10% increase; 95%
CI, 0.95-0.95; P < .001). This may in part be associated with
patients with weak ER or strong PR expression, who were less
likely to have ERBB2-low breast cancer (eFigure 2 in Supple-
ment 1). Most nonductal histological tumors were associated
with lower proportions of ERBB2-low breast cancer than duc-
tal cancers, including lobular (aOR, 0.73; 95% CI, 0.72-0.74;
P < .001), mucinous (aOR, 0.51; 95% CI, 0.49-0.52; P < .001),
and metaplastic (aOR, 0.53; 95% CI, 0.50-0.56; P < .001) can-
cers. Compared with non-Hispanic White patients, non-
Hispanic Black (aOR, 1.01; 95% CI, 1.00-1.03; P = .06), and Asian
or Pacific Islander patients (aOR, 1.02; 95% CI, 0.99-1.04;
P = .15) had similar rates of ERBB2-low disease. Native Ameri-
can (aOR, 1.22; 95% CI, 1.13-1.32; P < .001) patients had higher
proportions of ERBB2-low disease, whereas Hispanic pa-
tients had lower proportions (aOR, 0.85; 95% CI, 0.83-0.86;
P < .001). In a separate multivariable logistic regression analy-
sis to examine the association of sites of metastasis with
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Table 1. Baseline Patient Demographics and Clinicopathologic Characteristics

Characteristic

Participants, %a

P valueb
Total
(N = 1 136 016)

ERBB2-negative status
(n = 392 246)

ERBB2-low status
(n = 743 770)

Age, mean (SD), y

<40 4.1 4.5 3.9

<.001

40-49 13.9 14.2 13.8

50-59 22.5 22.5 22.5

60-69 28.8 28.4 28.9

70-79 20.9 20.8 20.9

≥80 9.8 9.6 10.0

Sex

Female 99.1 99.3 99.0
<.001

Male 0.9 0.7 1.0

Race and ethnicity (9325c)

Asian 3.7 3.6 3.7

<.001

Hispanic 5.6 6.3 5.2

Native American 0.3 0.2 0.3

Non-Hispanic Black 11.3 12.1 10.8

Non-Hispanic White 78.6 77.1 79.5

Otherd 0.5 0.6 0.5

Facility type (46 482c)

Academic or research 30.6 34.1 28.8

<.001
Community cancer program 7.2 7.0 7.3

Comprehensive community
cancer program

41.4 39.0 42.6

Integrated network cancer program 20.8 19.9 21.3

Charlson-Deyo Comorbidity Index score

0 82.0 82.2 81.9
.003

≥1 18.0 17.8 18.1

Grade (48 845c)

1 26.1 24.4 27.0

<.0012 47.3 44.6 48.7

3 26.6 31.0 24.3

Tumor histological characteristics

Ductal 77.7 75.5 78.9

<.001

Ductal and lobular 5.3 5.2 5.3

Inflammatory 0.2 0.2 0.1

Lobular 11.7 12.4 11.3

Medullary 0.1 0.2 0.1

Metaplastic 0.5 1.0 0.3

Mucinous 2.0 2.7 1.6

Paget disease 0.1 0 0.1

Papillary 0.3 0.3 0.3

Sarcoma 0 0 0

Tubular 0.6 0.5 0.6

Other 1.6 2.0 1.4

T stage (96 912c)

0 0.3 0.3 0.3

<.001

1 65.2 64.3 65.7

2 27.3 27.8 27.1

3 5.0 5.4 4.8

4 2.1 2.2 2.1

N stage (134 296c)

0 72.2 72.8 71.9

<.001
1 21.6 21.0 21.9

2 4.0 3.9 4.1

3 2.2 2.3 2.2

(continued)
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ERBB2 expression in patients with stage IV disease, ERBB2-
low status was associated with slightly lower rates of brain
metastases (aOR, 0.88; 95% CI, 0.81-0.96; P < .001; eTable 2
in Supplement 1).

Prognosis of ERBB2-Negative vs ERBB2-Low Breast Cancer
Within our cohort, 109 588 patients received neoadjuvant che-
motherapy, and 99 783 had pathological outcomes available

in order to compare rates of pCR (eTable 3 in Supplement 1).
Overall, of 39 688 ERBB2-negative patients, 9372 (23.6%) ex-
perienced pCR compared with 9812 (16.3%) of 60 095 ERBB2-
low patients. In the total hormone receptor–positive subset,
the pCR rate was 11.5% in ERBB2-negative and 8.9% in ERBB2-
low patients. The difference was similar in the TNBC subset,
with a pCR rate of 33.4% in ERBB2-negative and 30.2% in
ERBB2-low patients. Similar results were found on multivari-

Table 1. Baseline Patient Demographics and Clinicopathologic Characteristics (continued)

Characteristic

Participants, %a

P valueb
Total
(N = 1 136 016)

ERBB2-negative status
(n = 392 246)

ERBB2-low status
(n = 743 770)

Stage

I 59.7 58.8 60.2

<.001
II 27.2 27.5 27.1

III 8.7 9.1 8.5

IV 4.4 4.6 4.3

Bone metastasis at diagnosis (11 995c)

No 97.7 97.7 97.7
.13

Yes 2.3 2.3 2.3

Brain metastasis at diagnosis (12 354c)

No 99.8 99.7 99.8
<.001

Yes 0.2 0.3 0.2

Liver metastasis at diagnosis (12 270c)

No 99.3 99.3 99.4
<.001

Yes 0.7 0.7 0.6

Lung metastasis at diagnosis (12 403c)

No 99.0 99.0 99.1
.001

Yes 1.0 1.0 0.9

ERBB2/CEP17 ratio (793 991),
mean (SD)

1.3 (1.3) 1.3 (2.2) 1.3 (1.0) .73

ERBB2 copies (1 050 922c), mean (SD) 2.7 (4.2) 2.4 (4.7) 2.8 (4.0) <.001

Receptor status (7217c)

ER positive, PR positive 75.8 69.2 79.3

<.001
ER positive, PR negative 9.7 9.8 9.6

ER negative, PR positive 0.8 1.1 0.7

ER negative, PR negative 13.6 19.9 10.3

Percentage ER positive (860 499c),
mean (SD)

78.1 (35.2) 70.8 (40.2) 82.5 (31.1) <.001

Percentage PR positive (860 403c),
mean (SD)

53.9 (40.8) 49.8 (42.2) 56.4 (39.7) <.001

Percentage Ki67 positive (997 909c),
mean (SD)

24.6 (26.8) 27.6 (30.1) 22.8 (24.5) <.001

Oncotype Dx score (853 587c)

High (≥26) 12.5 12.4 12.6

<.001Intermediate (11-25) 62.5 61.6 62.9

Low (0-10) 25.0 26.1 24.5

Receipt of chemotherapy (13 635c)

Yes 34.5 37.2 33.0
<.001

No 65.5 62.8 67.0

Receipt of hormonal therapy (26 355c)

Yes 73.3 67.4 76.4
<.001

No 26.7 32.6 23.6

Abbreviations: CEP17, centromeric chromosome 17; ER, estrogen receptor;
ERBB2, erb-b2 receptor tyrosine kinase 2; PR, progesterone receptor.
a Percentages reflect the number of participants missing, as shown in the left

column.
b P values are listed for a χ2 test for categorical variables and a 2-sided t test for

continuous variables.

c Indicates number of patients for whom data were missing.
d Other is a subcategory listed in the National Cancer Database (NCDB) and

represents patients who were coded as such by the local cancer registry. No
explicitly defined racial or ethnic subgroup categorized by the NCDB was
collapsed into this category.
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able analysis: ERBB2-low status was associated with a slightly
reduced likelihood of pCR (aOR, 0.89; 95% CI, 0.86-0.92) com-
pared with ERBB2-negative status; P < .001) (Table 3). A simi-
lar effect size was seen in patients with ERBB2 1+ (aOR, 0.89;
95% CI, 0.85-0.92; P < .001) and ERBB2 2+ (aOR, 0.89; 95%
CI, 0.84-0.93; P < .001) status when separating ERBB2-low into
these 2 groups. The effect size was also similar when analysis
was repeated with just TNBC (aOR, 0.89; 95% CI, 0.85-0.93;
P < .001) or just hormone receptor–positive cancers (aOR, 0.92;
95% CI, 0.86-0.98; P = .008).

At the time of survival analysis, the median (IQR) fol-
low-up was 54 (33-80) months with 831 645 (84.2%) patients
with known survival status. On multivariable analysis of the
entire cohort for whom survival was available (n = 987 934),
ERBB2-low status was positively associated with survival,
although the difference was minimal (aHR, 0.98; 95% CI,
0.97-0.99; P < .001). Given the possible interactions among
ERBB2-low status, tumor stage, and receptor status, multi-
variable analysis was repeated separately by stage and recep-
tor subtype (Figure). Associations were seen between ERBB2-
low status and survival for stages II to IV TNBC and stages III
to IV hormone receptor–positive cancer, although these dif-
ferences were also small (Table 4). Associations with the low-
est aHRs were seen for stage III TNBC (median OS difference,
6.5 months; aHR, 0.92; 95% CI, 0.89-0.96; P < .001) and stage
IV TNBC (median OS difference, 1.7 months; aHR, 0.91; 95%
CI, 0.87-0.96; P < .001), but this represented only a 2.0% (stage
III) and 0.4% (stage IV) improvement in 5-year OS, respec-
tively. Splitting ERBB2-low into ERBB2 2+ and 1+ was associ-
ated with a greater survival benefit with ERBB2 2+ for all sub-
groups of stage and receptor status (eTable 4 in Supplement 1).

Association of ERBB2-Low Status With ISH Results
It is known that there is great variability in stratifying the
ERBB2-low from ERBB2-negative subtype by IHC.21 Thus,
we assessed differences between ERBB2 copy number and
ERBB2/CEP17 ratio to examine if the results of ISH testing
results differ between ERBB2-negative and ERBB2-low pa-
tients to aid in selecting patients for ERBB2-low–directed thera-
pies (eFigure 3 in Supplement 1). Optimal cutoffs for copy num-
ber and ratio were selected (maximizing Youden’s index). The
optimal ERBB2/CEP17 ratio of greater than 1.09 was associ-
ated with a sensitivity of 76.6% for ERBB2-low disease and
a specificity of 36.8%, while an ERBB2 copy number of greater
than 2.01 had a sensitivity of 61.1% and specificity of 58.2%.
Performance characteristics at other cutoffs were also evalu-
ated (eTable 5 in Supplement 1).

Discussion
This cohort study is, to our knowledge, the first to use the NCDB
in over 1 million patients diagnosed with ERBB2-low or ERBB2-
negative breast cancer and reflects the geographic and ethnic
distribution typically seen in the disease within the US.22 Simi-
lar to prior studies,10,11 we found that ERBB2-low status is more
frequent in hormone receptor–positive than triple-negative dis-
ease. Previous studies5,10 have also reported a higher rate of

Table 2. Multivariable Analysis for Epidemiological and Demographic
Factors Associated With ERBB2-Low Statusa

Variable
ERBB2-low status,
aOR (95% CI) P value

Age, per 10 y 0.98 (0.98-0.98) <.001

Sex

Female 1 [Reference] NA

Male 1.00 (0.98-1.03) .68

Charlson-Deyo Comorbidity Index

0 1 [Reference] NA

≥1 1.01 (1.00-1.01) .14

Facility type

Community cancer program 1 [Reference] NA

Comprehensive community
cancer program

1.07 (1.05-1.09) <.001

Academic or research 0.83 (0.81-0.84) <.001

Integrated network
cancer program

1.04 (1.02-1.06) <.001

Receptor, per 10% expression

Estrogen 1.15 (1.15-1.15) <.001

Progesterone 0.95 (0.95-0.95) <.001

Race and ethnicity

Asian or Pacific Islander 1.02 (0.99-1.04) .15

Hispanic 0.85 (0.83-0.86) <.001

Native American 1.22 (1.13-1.32) <.001

Non-Hispanic Black 1.01 (1.00-1.03) .06

Non-Hispanic White 1 [Reference] NA

Otherb 0.84 (0.80-0.89) <.001

Stage

I 1 [Reference] NA

II 1.11 (1.10-1.12) <.001

III 1.12 (1.11-1.14) <.001

IV 1.00 (0.98-1.02) .91

Grade

1 1 [Reference] NA

2 1.02 (1.01-1.03) <.001

3 1.04 (1.03-1.06) <.001

Tumor histology

Ductal 1 [Reference] NA

Lobular 0.73 (0.72-0.74) <.001

Ductal and lobular 0.85 (0.84-0.87) <.001

Mucinous 0.51 (0.49-0.52) <.001

Papillary 0.95 (0.88-1.03) .23

Tubular 0.99 (0.94-1.05) .75

Inflammatory 1.00 (0.91-1.11) .99

Medullary 0.94 (0.85-1.04) .25

Metaplastic 0.53 (0.50-0.56) <.001

Paget disease 1.24 (1.04-1.48) .02

Sarcoma 0.5 (0.38-0.67) <.001

Other 0.85 (0.82-0.87) <.001

Abbreviations: aOR, adjusted odds ratio; ERBB2, erb-b2 receptor tyrosine
kinase 2; NA, not applicable.
a Analysis performed with logistic regression in all 1 136 016 patients, with

imputation for missing values.
b Other is a subcategory listed in the National Cancer Database (NCDB) and

represents patients who were coded as such by the local cancer registry. No
explicitly defined racial or ethnic subgroup categorized by the NCDB was
collapsed into this category.
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Table 3. Multivariable Analysis Incorporating ERBB2 Expression for Probability
of Pathologic Complete Response After Neoadjuvant Chemotherapya

Variable pCR, aOR (95% CI) P value
ERBB2 via immunohistochemistry

ERBB2 negative 1 [Reference] NA

ERBB2 low 0.89 (0.86-0.92) <.001

Age, per 10 y 0.85 (0.84-0.86) <.001

Sex

Females 1 [Reference] NA

Males 0.99 (0.85-1.15) .89

Charlson-Deyo Comorbidity Index

0 1 [Reference] NA

≥1 0.92 (0.89-0.96) <.001

Facility type

Community cancer program 1 [Reference] NA

Comprehensive community cancer program 1.13 (1.04-1.24) .004

Academic or research 1.15 (1.05-1.25) .002

Integrated network cancer program 1.21 (1.11-1.33) <.001

Expression, per 10% increase

ER 0.91 (0.91-0.92) <.001

PR 0.88 (0.87-0.89) <.001

Race and ethnicity

Asian or Pacific Islander 0.99 (0.91-1.08) .86

Hispanic 0.98 (0.92-1.04) .55

Native American 0.83 (0.62-1.12) .23

Non-Hispanic Black 0.85 (0.82-0.89) <.001

Non-Hispanic White 1 [Reference] NA

Otherb 0.96 (0.77-1.20) .72

T stage

1 1 [Reference] NA

2 0.71 (0.68-0.74) <.001

3 0.46 (0.43-0.49) <.001

4 0.39 (0.36-0.43) <.001

N stage

0 1 [Reference] NA

1 0.72 (0.7-0.75) <.001

2 0.66 (0.62-0.72) <.001

3 0.71 (0.65-0.77) <.001

Grade

1 1 [Reference] NA

2 1.06 (0.94-1.2) .35

3 2.1 (1.86-2.37) <.001

Tumor histology

Ductal 1 [Reference] NA

Lobular 0.45 (0.39-0.52) <.001

Ductal and lobular 0.54 (0.46-0.63) <.001

Mucinous 0.45 (0.24-0.86) .01

Papillary 1.14 (0.66-1.96) .64

Tubular 0.51 (0.07-3.79) .51

Inflammatory 0.69 (0.52-0.91) .008

Medullary 1.25 (0.86-1.81) .23

Metaplastic 0.24 (0.2-0.29) <.001

Paget disease 0.57 (0.17-1.93) .36

Sarcoma 0.19 (0.06-0.64) .007

Other 1.29 (1.16-1.43) <.001

Abbreviations: aOR, adjusted odds
ratio; ER, estrogen receptor; ERBB2,
erb-b2 receptor tyrosine kinase 2;
NA, not applicable; pCR, pathologic
complete response; PR, progesterone
receptor.
a Analysis performed with logistic

regression in 99 784 patients
receiving neoadjuvant
chemotherapy, with imputation
for missing values.

b Other is a subcategory listed in the
National Cancer Database (NCDB)
and represents patients who were
coded as such by the local cancer
registry. No explicitly defined racial
or ethnic subgroup categorized by
the NCDB was collapsed into this
category.
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ductal histology among ERBB2-low cases, but our study also
found associations with other subtypes, such as less frequent
ERBB2-low disease in metaplastic and medullary tumors. In
contrast to prior work,12 ERBB2-low disease was associated
with lower rates of brain metastasis. Our analysis also found
slightly lower rates of ERBB2-low disease in non-Hispanic Black
and Hispanic women. For non-Hispanic Black patients, this
difference was mediated by other known clinicopathologic
features such as higher proportions of TNBC,23,24 highlight-
ing the complex interplay between low-level ERBB2 expres-
sion and patient ancestry that deserves further study.

Whether ERBB2-low breast cancer represents a unique sub-
type is controversial20,25; multiple studies have found associa-
tions of ERBB2-low status with response to therapy and prog-
nosis. However, the size of these differences in our study and
others10,11 was small and confounded by hormone receptor sta-
tus. We found a 2.6% reduction in pCR rates in hormone re-
ceptor–positive ERBB2-low disease and a 3.2% reduction in
pCR rates among TNBC ERBB2-low patients—these reduc-
tions persisted on multivariable analysis, likely due, in part, to
the large sample size. These findings are in line with the 4.6%
lower pCR rates in ERBB2-low TNBC seen by Tarantino et al20

or the approximately 6% lower rates of pCR in hormone recep-
tor–positive ERBB2-low disease seen in multiple studies.10,15

However, the clinical significance of these differences is ques-
tionable, and the size of the differences was similar to a 10%
increase in ER expression on multivariable analysis seen in

our study (ie, the aOR for ERBB2-low vs ERBB2-negative was
0.89, similar to a 10% increase in ER expression [aOR, 0.91]).
Our data suggest that ERBB2-low status alone should not in-
fluence neoadjuvant treatment decisions with currently ap-
proved regimens in this setting but could perhaps provide
an incremental improvement in multivariable or multiomic
models for pCR.26

We also found a slight improvement in OS in ERBB2-low
breast cancer, particularly in advanced TNBC, although the size
of the difference is of questionable clinical relevance, with over-
lapping survival curves when plotted by stage and receptor
status. In a pooled analysis of 2310 patients receiving neoad-
juvant chemotherapy, Denkert et al15 found a 5.9% improve-
ment in OS in ERBB2-low TNBC, but a survival advantage was
not seen in ERBB2-low hormone receptor–positive disease.
However, most other studies have not found survival differ-
ences based on ERBB2-low status, highlighting that any prog-
nostic association of ERBB2-low status is likely subtle.5,11,27-30

Undoubtedly, the introduction of antibody-drug conjugates
will define the prognostic implications of ERBB2-low breast
cancer moving forward given the marginal nature of these
survival differences.

Whether there is a molecular basis that could explain these
subtle differences in survival and chemotherapy responsive-
ness in ERBB2-low breast cancer remains to be ascertained.
Prior studies have found that ERBB2-low cancers have an over-
representation of the luminal A molecular subtype, which is

Figure. Kaplan-Meier Plots Showing Overall Survival by Erb-b2 Receptor Tyrosine Kinase 2 (ERBB2)–Low Status in Patients With Triple-Negative
Breast Cancer (TNBC) and Hormone Receptor–Positive Breast Cancer
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Kaplan-Meier survival curves are illustrated by stage and hormone receptor status for ERBB2-low vs ERBB2-negative breast cancer.
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known to have lower rates of pCR but maintains an excellent
prognosis.5,23 Furthermore, ERBB2-low cases may be associ-
ated with the luminal androgen receptor (LAR) subtype of
TNBC, given higher rates of androgen receptor positivity among
ERBB2-low cases28 and high rates of ERBB2-enriched disease
by 50-gene signature assay (PAM50) among patients with LAR
TNBC.31 Because androgen receptor–positive TNBC has a bet-
ter prognosis but worse response to chemotherapy, further
study is needed to examine how much of the prognostic as-
sociation of ERBB2-low TNBC is attributable to enrichment
for the LAR subtype.32

The inaccuracies in IHC may further decrease the ability
to accurately discern the length of survival or pCR differ-
ences associated with low-level ERBB2 expression and may
have contributed to the inconsistent prognostic associations
seen in the literature. More accurate quantification of levels
of ERBB2 expression might aid in assessing associations with
outcome. One criticism of using IHC for ERBB2 to define these
tumors is that this assay was not designed to distinguish
ERBB2-low from ERBB2-negative tumors but rather to distin-
guish the ERBB2-positive tumors that respond to traditional
monoclonal antibodies such as trastuzumab.21,33 This is fur-
ther complicated by the variability in ERBB2 scoring from in-
stitution to institution, reflected in the variability in propor-
tions of ERBB2-low tumors from study to study11,28,34 and the
lower rates of ERBB2-low diagnoses at academic centers seen
in our study. Indeed, there is a pressing need to more pre-
cisely quantify low levels of ERBB2 expression to identify pa-
tients who might benefit from potent antibody-drug conju-
gates, as reflected in the DAISY trial,35 in which even patients
classified as ERBB2-negative responded to T-DXd. Our analy-

sis of ERBB2 copy number and ERBB2/CEP17 ratio did not of-
fer promising discriminative ability for ERBB2-low disease.
However, other surrogate molecular markers such as quanti-
tative polymerase chain reaction or flow cytometry may help
to more accurately identify candidates for ERBB2-directed
antibody-drug conjugates.36

Strengths and Limitations
This study has strengths, including the large patient cohort
available for analysis, which is reflective of most cancer diag-
noses across the US. This study has several important limita-
tions that should be considered when interpreting these
results. The NCDB includes only OS data, which limits asso-
ciations of ERBB2-low status with cancer-specific prognosis,
especially in the hormone receptor–positive cohort, where sur-
vival may lag years behind recurrence. Additionally, the NCDB
lacks centralized assessment of ERBB2 status via IHC, per-
haps highlighted by the different proportions of ERBB2-low
disease in different institution types; therefore, some of the
results may be associated with regional variation in practice
of classifying cases as ERBB2 0 vs ERBB2 1+ as scored via IHC.
Our correlation of ERBB2-low status with ISH results is lim-
ited by the fact that most patients with ERBB2 expression
scored as 0 or 1+ via IHC did not have ISH performed and there-
fore must be interpreted with caution.

Conclusions
The results of this cohort study suggest that there are asso-
ciations between ERBB2 expression and hormone receptor

Table 4. Overall Survival in ERBB2-Negative vs ERBB2-Low Cancers, by Cancer Subtype and Stage

Stage

Participants, No. 5-Year OS (95% CI) Median (IQR) OS (95% CI)

aHR (95% CI)a P value
ERBB2-negative
status

ERBB2-low
status

ERBB2-negative
status

ERBB2-low
status

ERBB2-
negative status

ERBB2-low
status

Triple-negative
breast cancer

I 25 056 25 568 88.5 (88.1-89.0) 88.2
(87.7-88.6)

NR NR 1.01
(0.97-1.05)

.68

II 28 136 28 353 76.8 (76.2-77.3) 77.9
(77.3-78.4)

NR NR 0.94
(0.91-0.97)

<.001

III 9920 10 410 52.4 (51.2-53.5) 54.4
(53.3-55.5)

73.8
(64.7-82.0)

80.3
(74.5-87.8)

0.92
(0.89-0.96)

<.001

IV 4003 3850 12.7 (11.4-13.8) 13.1
(11.7-14.2)

11.6
(11.2-12.1)

13.3
(12.7-14.0)

0.91
(0.87-0.96)

<.001

Hormone
receptor–positive
breast cancer

I 164 484 348 786 92.1 (92.0-92.3) 92.1
(92.0-92.2)

NR NR 1.01
(0.99-1.02)

.24

II 70 603 159 750 86.3 (86.0-86.6) 86.5
(86.4-86.7)

NR NR 0.99
(0.97-1.01)

.36

III 20 811 46 549 74.6 (74.0-75.3) 75.6
(75.2-76.0)

131.6
(127.2-NR)

134.2
(130.3-NR)

0.97
(0.94-1.00)

.02

IV 11 211 23 509 33.4 (32.3-34.5) 34.3
(33.6-35.0)

36.7
(35.8-38.0)

39.5
(38.9-40.2)

0.96
(0.94-0.99)

.006

Abbreviations: aHR, adjusted hazard ratio; ERBB2, erb-b2 receptor tyrosine
kinase 2; NR, not reached; OS, overall survival.
a Adjusted hazard ratio is listed for a multivariable Cox proportional hazards

regression model including age, sex, Charlson-Deyo Comorbidity Index score,

facility type, race and ethnicity, grade, histological subtype, and quantitative
estrogen and progesterone receptor status (in the hormone receptor–positive
model), with imputation for missing values.
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expression and ductal tumor histological status but only
slight differences in response to treatment and prognosis.
These findings do not support classification of ERBB2-low
breast cancer as a distinct clinical subtype. Further improve-
ments are needed in molecular stratification of ERBB2
expression to understand the clinical significance of ERBB2-

low breast cancer and identify patients who can benefit from
novel therapies. Moving forward, the availability and use of
ERBB2-directed antibody-drug conjugates will likely drive
prognosis in ERBB2-low disease, rather than intrinsic differ-
ences in biology between ERBB2-low and ERBB2-negative
breast cancer.
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