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Abstract
Purpose To investigate the discordance between original
and central laboratories in estrogen receptor (ER) status, in
tumors originally deemed to be ER-negative, and in HER2
status in a diverse population-based sample.
Methods In a follow-up study of 1785 women with Stage
I–III breast cancer diagnosed between 2005 and 2007 in the
Detroit and Los Angeles County SEER registry catchment
areas, participants were asked to consent to reassessment of
ER (in tumors originally deemed to be ER-negative) and
HER2 status on archival tumor samples approximately four
years after diagnosis. Blocks were centrally prepared and
analyzed for ER and HER2 using standardized methods
and the guidelines of the American Society of Clinical
Oncology and the College of American Pathologists.
Analyses determined the discordance between original and
central laboratories.

Results 132 (31%) of those eligible for ER reassessment
and 367 (21%) eligible for HER2 reassessment had archival blocks reassessed centrally. ER discordance was only
6%. HER2 discordance by immunohistochemistry (IHC)
was 26%, but ﬁnal HER2 results—employing FISH in
tumors that were IHC 2? at the central laboratory—were
discordant in only 6%. Half of the original laboratories did
not perform their own assays.
Conclusions Discordance between original and central laboratories in two large metropolitan areas was low in this
population-based sample compared to previously reported
patient samples. Centralization of testing for key pathology
variables appears to be occurring in many hospitals. In addition, quality improvement efforts may have preceded the
publication and dissemination of specialty society guidelines.
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article (doi:10.1007/s10549-016-4061-z) contains supplementary
material, which is available to authorized users.

Introduction

& Jennifer J. Griggs
jengrigg@umich.edu
1

University of Michigan, 2800 Plymouth Rd., Building 16,
116W, Ann Arbor, MI 48109, USA

2

Keck School of Medicine, University of Southern California,
2001 N. Soto St 318E, Los Angeles, CA 90089, USA

3

Wayne State University School of Medicine, 320 E. Canﬁeld,
Detroit, MI 48201, USA

4

The Ohio State University, 2001 Polaris Parkway, Columbus,
OH 43240, USA

5

Kaiser Permanente Southern California, Research &
Evaluation, 100 S Los Robles, Pasadena, CA 91101, USA

Keywords Breast cancer  Estrogen receptor  HER2 
SEER registry  Pathology

Decisions regarding systemic treatment of invasive breast
cancer in the adjuvant setting incorporate stage and tumor
characteristics, particularly estrogen receptor (ER) and
progesterone receptor (PR) status, and the presence or
absence of human epidermal growth factor 2 (HER2) [1].
Accurate assessment of these key biologic characteristics is
thus critically important in the delivery of optimal care.
With respect to hormone receptor status, false-negative
results are particularly detrimental as they lead to omission
of beneﬁcial endocrine therapy [2–5] and may prompt a
recommendation for adjuvant chemotherapy in a patient in
whom the risk–beneﬁt ratio is unfavorable. ER status is
currently measured using immunohistochemistry (IHC) [6].
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Concerns have been raised about variation in hormone
receptor testing both in the United States and internationally
[7, 8]. Studies of patients enrolled in clinical trials indicate
that misclassiﬁcation of ER status may be a widespread
problem, with the percentage of false-negative tumors being
as high as 77% in one study [3]. In addition, misclassiﬁcation
of tumors has been identiﬁed in 20–63% of laboratories [9].
In contrast, false-positive ER results are much less common
(\3%) [3, 9]. The prevalence of false-negative ER results in
population-based samples across diverse laboratories and
practice settings has been understudied.
Accurate assessment of HER2 status is similarly
essential in treatment decision-making for patients with
breast cancer. False-negative HER2 status may lead to
omission of anti-HER2-directed therapy, and, conversely,
false-positive HER2 results may lead to needless administration of costly and prolonged treatment with no beneﬁt.
Methods for assessing HER2 status include IHC for
quantiﬁcation of protein expression and ﬂuorescent in situ
hybridization (FISH) for measurement of gene ampliﬁcation. Current joint guidelines of the American Society of
Clinical Oncology (ASCO) and the College of American
Pathologists (CAP) specify that tumors with equivocal IHC
(2?) results should be tested for HER2 gene ampliﬁcation
with FISH [10–12].
Compelling studies have indicated that HER2 testing
has been poorly standardized. Variations in HER2 results
may occur at multiple steps in the assessment process
[11–13]. Discordance between local and central laboratory
testing in patients in clinical trials has been reported to be
as high as 20% for IHC and 12% for FISH [11, 12, 14–17].
As with assessment of ER, there is limited information
about the quality of HER2 assessment in patients who are
not enrolled in clinical trials.
In this context, we chose to investigate the discordance
in ER and HER2 results between the originating laboratories and central laboratories in a diverse population-based
sample of women who were not participating in clinical
trials. Because the rate of false-positive ER results is
extremely low [3, 9], we reassessed the ER status of only
those tumors originally identiﬁed as ER-negative; all
tumors were reassessed for HER2 status.

Methods
Subject identiﬁcation and recruitment
for assessment of ER status and HER2 status
We conducted a population-based study of women between
the ages of 21 and 79 who were diagnosed with a ﬁrst
breast cancer (Stages 0–III) between June 2005 and
February 2007 and who were reported to the registries of

123

the Detroit and Los Angeles County Surveillance, Epidemiology, and End Results (SEER) program. Details of
the sampling and survey methods have been previously
described [18, 19]. Only women with Stages I–III are
included in the analytic sample for this study.
A follow-up study was conducted with these participants
an average of four years after diagnosis, at which time
study participants were asked to provide HIPAA authorization and informed consent for abstraction of their breast
cancer medical records and provision of a tumor sample for
reassessment ER and HER2 status.
The institutional review boards at the University of
Michigan, the University of Southern California, Wayne
State University, and participating hospitals approved the
study. Laboratory and treating hospitals and providers were
de-identiﬁed by the SEER Registries according to
requirements of the SEER program.
Data collection
ER status and HER2 data were obtained from the SEER
registries. Medical record information collected by trained
abstractors was used if HER2 data were missing from the
SEER registry. The method(s) for HER2 assessment (IHC,
FISH, and both) and results were abstracted. The dataset
was merged with SEER and survey data from the time of
the original (baseline) survey, including tumor characteristics and educational attainment, marital status, employment status, insurance status and type, and income.
Archival tumor specimen retrieval
Formalin-ﬁxed parafﬁn-embedded (FFPE) tissue samples
were obtained from consenting patients for whom tissue was
available. In Los Angeles, a SEER Registry pathologist
selected a representative tissue block for reassessment;
whenever possible, this was the same tumor block that was
used for the original diagnosis. In Detroit, pathologists at each
of the laboratories selected representative whole tissue sections that contained cancer representing areas that resembled
the original diagnostic tumor sections. If applicable, blocks
were prepared at the Pathology Core Facility within the
Department of Pathology at the Ohio State University Wexner
Medical Center. They were thereafter returned to the SEER
sites and then to the laboratories by SEER personnel.
Detailed descriptions of the sample processing for IHC
(for ER and HER2 status) and for FISH (for HER2) are
provided in the Appendix in Supplementary material.
Central reassessment of ER status
ER expression was recorded as the percentage of staining
cells and was classiﬁed as a dichotomous variable (present

Breast Cancer Res Treat

or absent) using two threshold values: (1) C1% staining
cells or (2) C10% staining cells. Tumor cells were scored
for the nuclear expression of ER using the Allred scoring
schema, where score intensity (0–3) and the proportion of
immunoreactive cells (0, none; 1, \1%; 2, 1–10%; 3,
10–33%; 4, 33–66% and 5, [66%) were summed. Tumors
were considered ER-positive if the Allred score was 2 or
greater.
Central reassessment of HER2 status by IHC
Two pathologists at the Ohio State University Wexner
Medical Center performed the HER2 assessments and
assigned an IHC score of 0, 1?, 2?, or 3? in concordance
with the ASCO-CAP Guidelines of 2007 [11].

intervals (CI), as appropriate, were calculated for ER and
HER2 (IHC, FISH, and overall HER2 results).

Results
Sample characteristics
Figure 1 shows the original sample eligibility and the
number of patients who provided consent and for whom we
obtained tissue for repeat ER and HER2 testing. The
original sample selected from the SEER registries included
3252 patients. After exclusions and non-respondents, the
analytic sample numbered 1785 patients.
Patient sample for central ER assessment

Central reassessment of HER2 status by FISH
Using image analysis as described in the Appendix in
Supplementary material, results were deﬁned into three
groups: ‘‘ampliﬁed’’ (positive by FISH), ‘‘not ampliﬁed,’’
(negative by FISH) or ‘‘equivocal’’ for each specimen.
Measures
The primary outcome measure was discordance between
ER status and HER2 status of the primary tumor at the
original laboratory and the central laboratories (University
of Michigan for ER and The Ohio State University for
HER2). As described above, only tumors originally
reported to the SEER registries as being ER-negative were
reassessed for ER status. Two pathologists at each central
site reviewed the slides, and the pathologists at the two
sites were available to resolve any discrepancies between
pathologists.
Statistical analyses
The demographic and disease characteristics of the patients
in whom we successfully obtained tissue for repeat ER and
HER2 assessment were compared with those in whom we
did not. The percentage of tumors retrieved according to
laboratory among consenting patients were also calculated.
The dependent variable was a binary indicator of test discordance between the originating laboratory and the central
laboratory. ER status and HER2 status were considered
discordant if the results of the test determined by the
originating laboratory differed from the result of the testing
at the central laboratory. We calculated both discordance
for HER2 by IHC and overall HER2 status using the
combination of IHC and FISH. The percentage of discordant results with standard errors (SE) or 95% conﬁdence

Of the 1785 patients, 428 had tumors that were ER-negative and comprised the analytic sample for ER reassessment. Of these 428, we obtained consent and tumor
specimens for 132 patients (31% of the analytic sample).
Consent and retrieval were signiﬁcantly higher (40%)
among non-Hispanic whites compared with Hispanic
(26%) and black (34%) women (p value = 0.038) (data
not shown). There were no differences in consent/tissue
retrieval according to any of the other demographic or
clinical variables. Characteristics of the patient sample are
shown in Table 1. The 132 patients were treated in 48
hospitals; the tumor samples originated from 20 laboratories, and retrieval varied signiﬁcantly according to laboratory (p \ 0.001).
Patient sample for central HER2 assessment
Of the 1785 patients who considered as the analytic sample, 964 (54.0%) provided consent for medical record
review and tumor reassessment of HER2 status. HER2
status was available for 761 (78.9%) of these 964 patients
(42% of the entire eligible sample of patients). Tumor
specimens were available for central review from 367
(48.2%) (20.5% of the entire eligible sample). Consent,
medical record, and tumor retrieval were signiﬁcantly
higher in women with higher levels of educational attainment (p = 0.006), in non-Hispanic white women
(p \ 0.01), and in women with higher levels of income
(p \ 0.001) (data not shown). There were no differences in
consent, medical record, or tumor retrieval according to
other demographic or clinical factors. The characteristics
of the ﬁnal patient sample are shown in Table 2. The 367
patients received care in 83 hospitals; their tumor samples
originated from 44 laboratories. Retrieval varied signiﬁcantly according to laboratory (p \ 0.001).
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Original sample selected by the SEER
registries, n = 3252

Final accrued sample, n = 2498

Excluded, n = 754
• Physician refusal, n = 20
• Patient too ill, n = 59
• Reported never having had cancer, n = 23
• Non-English, non-Spanish speaking, n = 17
• Non-invasive cancer n = 635
Non-respondents, n = 691
• Could not be located, n = 354
• Located but did not respond, n = 337
Could not be matched to SEER Registry, n = 22

ER Reassessment

Time 1
Respondents, n = 1785

Ineligible for reassessment of ER status
ER-positive or ER unknown, 1357

Time 1 analytic sample, n = 428
ER-negative, invasive breast cancer

Non-respondents, n = 200

HER2 Reassessment

Non-respondents, n = 821

Time 2
Provided consent for medical record review and
tumor reassessed for HER2 status, n = 964

Information on HER2 status not available
• Medical records not available, n = 61
• HER2 status not indicated in record, n = 142

Time 2
Provided consent to have
tumor reassessed for ER status, n = 228

Record available and HER2 result
available in record, n = 761

Tumor specimen not available, n = 96

Tumor specimen not available, n = 394

Central laboratory result for ER, n = 132

Central laboratory result for HER2, n = 367

Figure. Derivation of analytic samples with reasons for exclusion.

Fig. 1 Derivation of analytic samples with reasons for exclusion

Discordance between Original and Central
Laboratories
ER results
Of the 132 samples deemed to be ER-negative at the
original laboratories that were adequate for repeat IHC
assessment, 8 (6.0%, SE ± 2.1%) were ER-positive by the
central laboratory. Of these, one had an Allred score of 3,
three an Allred score of 4, two an Allred score of 5, one an
Allred score of 7, and one an Allred score of 8.
HER2 results
Of the 367 tumors obtained for repeat HER2 assessment,
immunohistochemistry was performed on all but 48 at the
original laboratories. In the remaining 48, only FISH was
performed. IHC was performed using automated
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microscopy and image analysis with the Automated Cellular Imaging System (ACIS, DAKO) [20, 21] in 32 cases.
Of the 24 samples in which the IHC results were 2?, FISH
was performed according to guidelines in all but three
(12.5%) of samples at the original laboratories.
Discordance between original and central
laboratory HER2 results
When the central laboratory results of IHC and FISH were
combined using the recommended HER2 assessment
algorithm across the entire sample of 367, only 22 of the
(6.0%, SE ± 2.4%) of the tumors had discordant results
between the original and the central laboratories as shown
in Table 3. Of these, 19 (86.4%, SE ± 14.3) were determined to be HER2-positive (originally reported as HER2negative), and three of the 22 (13.6%, SE ± 14.3) were
determined to be HER2-negative (originally reported as
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Table 1 Sample characteristics for ER reassessment at central laboratory, N = 132
N

Table 2 Sample characteristics for HER reassessment at central
laboratory, N = 367

%

Age group (years) missing, n = 1

N

%

Age group (years) missing, n = 1

\40

14

11

\40

39

11

40–49

28

21

40–49

126

21

50–59

43

33

50–59

180

33

60–69

32

24

60–69

155

24

70?

14

11

70?

107

11

Comorbid conditions
None

Comorbid conditions
None

61

46

250

46

One

39

30

One

180

30

Two or more

32

24

Two or more

178

24

Stage I

53

40

Stage I

292

40

Stage II

60

45

Stage II

235

45

Stage III

19

14

Stage III

76

14

Grade 1

1

1

ER and/or PR?

452

78

Grade 2

26

20

ER-/PR-

128

22

Grade 3

101

79

Less than $20,000

20

15

$20,000 to $69,000

63

48

32

24

None

8

6

Other

83

Medicaid
Medicare

Stage

Stage

Histologic grade, missing, n = 4

Hormone receptor status, missing, n = 28

Income, missing, n = 17

$70,000 or more
Insurance status

Grade 1

119

1

Grade 2

229

20

Grade 3

218

79

100

15

Income
Less than $20,000
$20,000 to $69,000

237

48

63

$70,000 or more

187

24

19

14

Missing

84

14

22

17

None

39

6

21

16

Other

357

63

Education, missing, n = 1
Not HS graduate

Histologic grade, missing, n = 12

Insurance status, missing = 3

HS graduate

24

18

Medicaid

58

14

Some college

54

41

Medicare

151

17

College graduate

32

24

88

16

Not married/partnered

53

40

HS graduate

113

18

Married/partnered

79

60

Some college

219

41

College graduate

180

24

87

67

43

33

258
350

40
60

Marital status

Not HS graduate

Employment status, missing, n = 2
Employed
Not employed
Race/ethnicity

Education, missing, n = 8

Marital status
Not married/partnered
Married/partnered
Employment status, missing, n = 15

Black

44

34

Hispanic

34

26

Employed

351

67

Non-Hispanic White

52

40

Not employed

242

33

2

2

Black

119

34

Hispanic

133

26

Non-Hispanic White

343

40

13

2

Other

HER2-positive). Seven cases with positive FISH results at
the original laboratories were negative (0 or 1?) by IHC at
the central laboratory and thus not evaluated for gene
ampliﬁcation by FISH at the central laboratory.

Race/ethnicity

Other
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Table 3 Summary of discordant HER2 results at original and central
laboratories
Original
IHC

Central
FISH

0
0–1?
a

Interpretation
FISH

Original

Central

2?

2.37

–

?

2?

2.01

–

Equivocal

?
?

–
–

0–1?

?

–

2.9

0
1?

2?

2.93

0
0

?

3?

1?

?

–

3?

0

?

–

3

3?

2?

?

–

0

?

–

0

?

–

11.42

1.54

3?

0

?

–

3?

1?

?

–

3?

1?

?

–

3?

2?

1.8

?

–

2?

0.9

?

–

?

–

?
?

–
–

3?

9.08

4.0a
NA
NA

0
2.59
6.4

2?
0

0.83
2.53

0–1?

2?

3?

199

37

1

237

2?

23

11

4

38

3?

12

6

26

44

234

54

31

Total

Original laboratory

–

3?
3?

Central laboratory

IHC

2.5
2?

2–3?

Table 4 Agreement between original laboratory and central laboratory IHC results in the 319 tumors with IHC at the original
laboratories

NA

1.2

2?

–

?

NA

6.89

1?

?

–

NA

2.6

1?

?

–

IHC immunohistochemistry, FISH ﬂuorescent in situ hybridization
a

Performed using Automated Cellular Imaging System, ACIS (image analysis of IHC)

Bolded text indicates concordance; 26% (4.8) of results were
discordant

case and one HER2-equivocal case out of 237 that were
negative at the original laboratory.

Discussion
In summary, in women with invasive breast cancer drawn
from population-based samples in two SEER catchment
areas between 2005 and 2007, the proportion of ER-negative tumors with discordant results at the central laboratory was only 6%. For HER2, in contrast, reassessment at a
central laboratory identiﬁed IHC discordance in 26% of
samples. When IHC followed by FISH testing was performed using ASCO-CAP guidelines, however, HER2
discordance dropped to only 6%.
ER discordance

When only IHC test results were considered, discordance was much higher (Table 4). Among the 319 patients
in whom IHC was performed, the overall discordance was
26.0% (95% CI 21.2–41.8%). In tumors that were negative
(0 or 1?) at the original laboratory, the discordance was
16%. In the 38 tumors that were 2?, most (71.1%) were
negative (0 or 1?) at the central laboratory, leading to
29.9% discordance. (As described above, according to the
ASCO-CAP guidelines, FISH was not performed in these
tumors at the central laboratory.) The discordance among
tumors that were 3? at the original laboratory was 41%
(six were 2?, and 12 were 0 or 1?).
For 237 cases in which IHC was 0 or 1? at the original
laboratory, 37 (15.6%) were 2? by IHC at the central
laboratory. These were evaluated using FISH according to
guidelines; one of these cases was positive for overampliﬁcation (FISH ratio 2.37), and one was equivocal (FISH
ratio 2.01). All of the other 2? cases were FISH-negative.
Altogether, reassessment by the central laboratory applying
the ASCO-CAP guidelines identiﬁed one HER2-positive
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In those tumors that were deemed to be ER-positive at the
central laboratory, none of the tumors had a score of B3
using the Allred scoring system. This suggests that the
discordance between the central and original laboratories
was not due merely to differences in the cut-off used to
classify tumors as ER-positive. In addition, we cannot
attribute discordance between the original and the central
laboratory results to pre-analytic factors, such as sample
ischemic time, because all of our samples were archival
specimens. The literature does suggest, however, that most
errors in ER assessment occur in the analytic phase
[9, 22, 23]. One explanation for the difference in ER status
between the original and the central laboratories is
heterogeneity in ER expression within tumors [24].
The discordance between the original and central laboratories in our study was substantially lower than in a
previously reported study of patients enrolled on clinical
trials [3] but is similar to that in a cohort study conducted
by Ma and colleagues of women diagnosed between 1994
and 1998 enrolled in the multicenter Women’s
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Contraceptive Reproductive Experiences (CARE) Study
[25]. In the CARE study, a convenience sample of patients
reported to the Los Angeles and Detroit Surveillance,
Epidemiology, and End Results registries between 1994
and 1998 had their tumors reassessed for ER and PR at a
central laboratory. Among 316 tumors reported to the
SEER registries as being ER-negative, 28 (8%) were
deemed to be ER-positive upon reassessment at a single
laboratory [25].
We identiﬁed that some degree of centralization of ER
assessment has taken place given that only 20 laboratories
performed ER assays in patients receiving care at 48 hospitals; this may explain the low discordance in our sample.
Another explanation for the low discordance in our
study compared with many of the previous reports may be
due to improvements in the quality of laboratory procedures during the timeframe in which our patient sample,
and that of Ma and colleagues [25], was diagnosed and
treated, improvements that preceded published recommendations. The high percentage of discordance in patients
enrolled in a large cooperative group trial cited above [3],
which motivated our population-based study, enrolled
patients between 1998 and 2003, while the quality
improvement program demonstrating interlaboratory variation in ER assessment began in 1994 with published
results in 2000 [9]. Systematic problems in ER assessment
were well publicized before the guidelines were published
[26].
HER2 discordance
For HER2 reassessment, the discordance between the
original laboratories and the central laboratory was 26% for
patients whose tumors were tested with IHC and was
highest among tumors that were 2? (71%) and 3? (41%).
Further, when the HER2 guidelines were applied, which
recommend FISH testing for gene ampliﬁcation in tumors
that are 2? by IHC, the overall HER2 discordance
decreased to only 6%. The majority of cases (all but 2 of
the 22) that were discordant were positive at the original
laboratory but deemed to be negative by the central laboratory. Most studies investigating HER2 discordance have
done so in patients participating in clinical trials of trastuzumab [14–16, 27]. Such trials require that tumor
expression of HER2 by IHC be 3 ? . Our ﬁndings
demonstrated higher discordance among patients whose
tumors were originally deemed to be 3 ? by IHC (41%)
than in these study participants, where the discordance
between original and central laboratories for IHC 3 ? is
20%–25% [14–16, 27]. However, it is possible that the
higher false-positive rate observed in our study could be
confounded by pre-analytic factors, such as tissue handling,
intratumoral heterogeneity, or protein degradation that

could have occurred given the time that elapsed between
diagnosis and specimen retrieval in this study.
There is very little published work on discordance in
tumors that are originally deemed to be HER2-negative
[27–29]. In the trial by Reddy, discordance was 66% for
tumors that were HER2 IHC 0 at the original laboratory
and 46% for tumors that were IHC 1? [27]. These proportions differ from our ﬁndings for the IHC-negative
tumors, where the proportion was only 16% for 0 to 1?
tumors. Because the investigators did not present their
ﬁndings using the ASCO-CAP algorithm for ﬁnal HER2
results, it is not possible to compare an analogous discordance proportion with our own results. Additional information on tumors originally deemed to be HER2-negative
comes from an observational clinical study designed to
investigate outcomes in patients with HER2-negative
metastatic disease [28]. Of the 552 samples retrieved and
centrally reassessed for HER2 status from the 1267 study
participants (44% retrieval rate), 22 (4%) were found to be
positive for HER2 using a combination of IHC and FISH.
Discordance was seen with both IHC and FISH.
Finally, published information on discordance between
original and central laboratories is available from a community-based sample of patients with metastatic breast
cancer treated in clinical practice in two provinces in Canada
[29]. Participants diagnosed between 1999 and 2002 with
metastatic HER2-positive breast cancer had tumors reassessed at one central laboratory using both IHC and FISH.
Among tumors deemed positive by IHC at the central laboratory, concordance ranged between 79 and 90% (depending
on the HER2 IHC method used at the central laboratory).
Among tumors deemed negative by IHC at the central laboratory, concordance was high, ranging from 95 to 100%.
For FISH, the concordance was 98.5%. The discordance in
this study was thus lower than in ours.
We applied the ASCO-CAP guidelines in the design of
this study and thus do not have FISH results in the tumor
samples that were IHC 0 or 1? or tested only with FISH at
the original laboratories. As described in the Results, seven
cases with positive FISH results at the original laboratories
were negative (0 or 1?) by IHC at the central laboratory
and were thus not evaluated for gene ampliﬁcation by FISH
at the central laboratory. The application of the ASCOCAP guidelines would have led to the omission of trastuzumab in these patients if the central laboratory results
were viewed as the ‘‘gold standard’’ and if FISH had not
been performed.
As with ER testing, another explanation for our ﬁnding
of low discordance is that efforts to improve the quality of
IHC in the assessment of HER2 status appear to be
changing practice [30], and it is possible that efforts to
standardize HER2 testing were already underway at the
time our patient cohort was diagnosed in 2005–2007.
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Although the population impact of wholesale adoption
of both IHC and FISH in all samples is likely to be low if
our discordance is a true rate in population-based samples,
arguments have been made that both IHC and FISH or that
primary FISH should be done on all tumors in an effort to
avoid misclassiﬁcation of tumors and omission of trastuzumab in patients who may beneﬁt from this drug [31, 32].
In addition, the provocative ﬁnding that some patients with
low HER2 expression do indeed beneﬁt from trastuzumab
[33] and the results of NSABP B-47 could alter the interpretation of our ﬁndings if there is indeed shown to be
beneﬁt of trastuzumab in patients with low levels of HER2.
The primary limitation of this study is the lower-thanexpected patient participation/tumor retrieval and the small
sample size. Participants in this study may have had their
tumors assessed in laboratories that differ systematically
from the other laboratories, and this represents an important consideration when interpreting the ﬁndings of our
study. Laboratories were de-identiﬁed so that we were
unable to examine further on the characteristics of the
laboratory associated with tissue retrieval rate or assess the
potential bias of differential retrieval rates by laboratory
participation. Our ﬁndings may not be generalizable to
areas other than Los Angeles and Detroit, two large
metropolitan areas.
These limitations notwithstanding, the ﬁndings of this
study may indicate that progress is being made in the
quality of tumor biology evaluative testing for women with
breast cancer [34]. Such progress may be the result of
standardization in HER2 testing methods, assay validation,
and interpretation of IHC results through the use of, for
example, automated image analysis [35]. Improving the
precision of evaluative testing for cancer has the high
potential for improving the quality of care through more
accurate promulgation of treatment guidelines to individual
patients. Ongoing efforts to increase participation in laboratory certiﬁcation programs should be supported to continue to improve assessment of key pathology variables
that drive treatment decision-making in breast cancer
[12, 30].
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