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Keywords: Summary Patients with estrogen receptor (ER)+/human epidermal growth factor receptor (HER)2—,
Breast cancer; lymph node— breast cancer with high recurrence risk benefit from adjuvant chemotherapy in addition
Estrogen receptor; to hormonal therapy. This study compares ER, progesterone receptor (PR), and HER?2 status between
Progesterone receptor; routine immunohistochemistry (IHC)/in situ hybridization (ISH) and Oncotype DX (ODX) in 591
HER?2; cases. ODX recurrence score (RS) and clinicopathologic features were compared between ER/PR-
Immunohistochemistry; concordant and discordant cases. Hematoxylin and eosin (H&E) slides from ER discordant cases were
Oncotype DX; reexamined. Concordance was high between ODX and IHC for ER status (580/591, 98.1%) and mod-
Concordance erate for PR status (512/591, 86.6%). All 11 ER discordant cases were ER+ by IHC but ER— by ODX

and high risk by ODX. Histologically, all of these cases were grade III invasive ductal carcinoma
(IDC), except one case diagnosed as IDC with apocrine features. Although this case was grade I
and ER/PR+ by IHC, this patient received chemotherapy because of high RS. Of 79 PR discordant
cases, 60 were PR+ by IHC but PR— by ODX. Five hundred eighty-four cases had available HER2
data, with high negative agreement (580/582, 99.7%). However, both HER2+ cases by ISH were
HER2— by ODX. Mean RS was higher for ER discordant than concordant cases (48.0 versus 17.1,
P < 0.0001) and for PR discordant (IHC+/ODX—) than concordant cases (27.2 versus 16.7,
P < 0.0001) with no significant differences in recurrence or metastasis. Overall, detection was more
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sensitive by IHC, and high RS of discordant cases suggests possible risk overestimation. Therapeutic
decisions for discordant cases should continue to be based on clinicopathologic correlation and not on-

cotype alone.

© 2020 Published by Elsevier Inc.

1. Introduction

Breast cancer treatment plans can now be refined for
individuals based on biomarker status and recurrence risk.
Approximately 70% of breast cancers are estrogen receptor
positive (ER+), expressing ER alpha, which is involved in
cancer proliferation and is the target of ERa antagonists in
early stage ER+ breast cancer [1]. ER expression measured
by immunohistochemistry (IHC) is known to be a useful
predictor of prognosis and response to hormonal therapy
[2,28], with ER+ status typically conferring a better
prognosis. Other key biomarkers which characterize prog-
nosis and influence treatment of early stage breast cancer
include progesterone receptor (PR) and human epidermal
growth factor receptor 2 (HER2) [3,4]. PR expression is
associated with enhanced response to hormonal therapy
[5,6], whereas HER2 amplification is associated with worse
prognosis but offers the possibility of treatment with
HER2-targeted therapy [4,7].

In high-risk ER+ breast cancer, adjuvant chemotherapy
may increase survival and decrease cancer recurrence [8].
Oncotype DX (ODX) is a 21-gene assay which is used to
help place ER-+/HER2—/lymph node— patients into
recurrence risk categories and to predict benefit from
chemotherapy [9,10]. In addition to generating a recurrence
score (RS), ODX reports gene expression scores individu-
ally for ER, PR, and HER2 using quantitative reverse
transcription polymerase chain reaction [11]. Further,
expression of these biomarkers influences the overall ODX
RS. Of note, PR-negative status has been shown to be
closely associated with a higher ODX RS [12,13]. Thus,
discrepancies in the reporting of the status of these bio-
markers could result in faulty determination of prognosis
and lead to harmful overtreatment or inappropriate with-
holding of hormonal therapy or chemotherapy [7,14,28].
This study examines the discordance of reported biomarker
status between ODX and routine IHC/in situ hybridization
(ISH). Discordant cases are further examined to evaluate
ODX RS, patient clinicopathologic features, and histo-
pathologic features.

2. Materials and methods
2.1. Case selection and biomarker status

The use of clinicopathological and histological data in
this study was approved by the Institutional Review Board

at University Hospitals Cleveland Medical Center. Early
stage lymph node— breast cancer cases were reviewed from
University Hospitals from the years 2008—2018, including
591 cases with available ER and PR status and ODX re-
sults. Of these cases, 584 had available HER2 status by
both IHC/ISH and ODX. ER, PR, and HER2 status were
compared between routine IHC/ISH and ODX.

ER and PR status were determined by IHC on biopsy
specimens following the 2018 American Society of Clin-
ical Oncology/College of American Pathologists (ASCO/
CAP) guidelines. The antibodies used for IHC are listed in
Table 1. All IHC markers were assessed by light micro-
scopy. Scoring of immunostained slides was done accord-
ing to the percentage of tumor cells exhibiting nuclear (ER
and PR) and membrane (HER2) staining. Tumors were
considered positive for ER or PR if there was at least 1% or
more staining in tumor nuclei. HER2 status by IHC/ISH
was evaluated using contemporaneous ASCO/CAP guide-
lines. Quantitative single-gene scores for ER, PR, and
HER?2 were reported by ODX as positive if the ER score
was >6.5, PR score was >5.5, and HER?2 score was >11.5.
HER2 status was reported as negative if the HER2 score
was <10.7, and equivocal if the HER2 score was between
10.7 and 11.4.

2.2. Clinicopathologic and histologic features

Clinicopathologic features were compared between ER
and PR discordant and concordant cases including age,
ODX RS, chemotherapy, hormonal therapy, recurrence, and
metastasis. ODX RS ranges from 0 to 100 and is defined as
low risk if 0—17, intermediate risk if 18—30, and high risk
if 31—100 [9,11]. Tumor type and grade were evaluated for
ER and PR discordant cases. Tumor grade was determined
using the Nottingham modification of Bloom-Richardson
system [15]. H&E slides from excision specimens of ER
discordant cases were reexamined to assess amount of
tumor, stroma, and other potentially discriminating

Table 1  Antibodies used for immunohistochemistry.
Antibody Clone Dilution Source
Estrogen receptor SP1 Predilute Ventana
Progesterone receptor 1E2 Predilute Ventana
HER2 4B5 Predilute Ventana

Abbreviation: HER2, human epidermal growth factor receptor 2.
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features, including tumor infiltrating lymphocytes, necrosis,
and tumor heterogeneity.

2.3. Statistical analysis

Statistical analysis of ER/PR concordant and discordant
clinicopathologic features was done using the IBM Statis-
tical Package for Social Sciences (SPSS version 22 for
Windows, IBM SPSS Inc, Chicago, IL). T-test or one-way
ANOVA was performed for numerical data (ODX RS and
age) and the > analysis for categorical data (chemo-
therapy, recurrence, and metastasis). P < 0.05 was
considered statistically significant.

3. Results

3.1. ER concordance

Overall concordance of ER status between ODX and
IHC was high (Table 2). Of the 591 cases, 580 cases, or
98.1%, were concordant for ER status. A total of 11 cases
were discordant for ER status, and all of these cases were
ER+ by IHC but ER— by ODX.

3.2. PR concordance

Concordance was moderately high for PR status with
512 of 591 cases, or 86.6% of cases, concordant between
IHC and ODX (Table 3). Of the 79 PR discordant cases, 60
cases were PR+ by IHC but PR— by ODX, whereas 19
were PR— by IHC and PR+ by ODX.

3.3. ER and PR clinicopathologic features

Outcomes and clinicopathologic  features were
compared between ER/PR concordant and discordant cases
including age, ODX RS, local recurrence and metastasis,

Table 2 ER status by immunohistochemistry and Oncotype
DX.

Oncotype ER+ Oncotype ER—
IHC ER+ 579 11
IHC ER— 0 1

Abbreviations: IHC, immunohistochemistry; ER, estrogen receptor.

Table 3 PR status by immunohistochemistry and Oncotype
DX.

Oncotype PR+ Oncotype PR—
IHC PR+ 471 60
IHC PR— 19 41

Abbreviations: IHC, immunohistochemistry; PR, progesterone
receptor.

and treatment with chemotherapy. Mean ODX RS was
significantly higher for ER discordant cases than for ER
concordant cases (48.0 + 11.8 versus 17.1 + 9.1,
P < 0.0001) with 90.0% of patients with ER discordant
tumors receiving chemotherapy versus 20.7% of those with
ER concordant tumors (Table 4). Similarly, mean ODX RS
was higher in [IHC+/ODX— PR discordant cases than in PR
concordant cases (Table 4; 27.2 + 10.7 versus 16.7 + 9.5,
P < 0.0001). However, mean ODX RS of IHC—/ODX+
PR discordant cases (16.1 + 4.2) was not significantly
different from mean ODX RS of PR concordant cases
(Table 4). Despite significantly higher RS, recurrence and
metastasis were not significantly different between ER/PR
discordant and concordant cases (Table 4).
Clinicopathologic features of hormone receptor discor-
dant cases were further examined individually (Table 5,
Table 6). For ER discordant cases (Table 5), patients were
treated with chemotherapy in all but one case and hormonal
therapy in all but two cases with available data. All ER
discordant cases were grade III invasive ductal carcinoma
(IDC), except case 446 which was diagnosed as grade I
IDC with apocrine features. This case was discordant for
both ER and PR status, testing positive by IHC but negative
by ODX for both. Despite low tumor grade and positive
hormone receptor status by IHC, this patient received
chemotherapy because of a high ODX RS of 36. Further, all
ER discordant cases had ODX RS designating high recur-
rence risk, ranging from 36 to 72. ER signal by IHC was
generally low in ER discordant cases, with no ER staining
intensities reported as strong, although percentage of tumor
cells with ER staining was as high as 75%. Low ER posi-
tivity (<10%) was seen in 3/11 ER discordant cases (Table
5). Similarly, PR discordant cases generally had low PR
signal, but percentage of tumor cells stained was as high as
95% in 3 cases (Table 6). Interestingly, all 3 of these cases
were lobular (2 cases) or had a component of lobular (1
case). Additionally, recurrence occurred in 5 PR discordant
cases. Of these, 4 did not receive chemotherapy, although
nearly half of the IHC+/ODX— PR discordant cases
received chemotherapy. A total of 8 patients with PR
discordant tumors did not receive hormonal therapy.

3.4. Histopathologic features

On examination of H&E slides from ER discordant case
excision specimens sent for ODX testing, several histo-
logical features potentially contributing to discordant ER
results were identified (Fig. 1A—E), whereas 2 cases (case
241, not shown, and case 373, Fig. 1 F) showed mainly
highly extensive invasive tumor. Case 446 (Fig. 1 A)
showed predominantly stroma and few tumor cells with
apocrine features. Case 271 (not shown) similarly showed
predominantly stroma. Case 581 (Fig. 1 B) was character-
ized by significantly heterogeneous tumor with areas of
clear cytoplasm, eosinophilic cytoplasm, and chon-
dromyxoid material. Three cases (250, 228, and 221;
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Table 4 Clinicopathologic comparison summary of ER and PR concordant and discordant cases.

Age (year, mean £+ SD) Oncotype score (mean = SD) Recurrence Metastasis Chemotherapy
ER Concordant 60.4 £ 10.2 17.1 £ 9.1 21 3.7%) 15 (2.7%) 118 (20.7%)
N = 580
ER Discordant 564 £ 7.5 48.0 = 11.8 1 (10.0%) 0 (0.0%) 9 (90.0%)
N =11
ER Comparison 0.194 <0.0001 0.321 1.0 <0.0001
P
PR Concordant 59.9 £ 10.5 16.7 £ 9.5 17 34%) 15 (3.0%) 98 (19.5%)
N = 512
PR Discordant (IHC + /ODX—) 62.8 & 6.2 27.2 £10.7 5 (8.6%) 0 (0.0%) 26 (44.1%)
N = 60
PR Discordant (IHC—/ODX + ) 62.8 + 10.7 16.1 £ 4.2 0 (0.0%) 0 (0.0%) 3 (15.8%)
N =19
PR Comparison 0.075 <0.0001 (<0.0001%) 0.094 0.305 <0.0001
P

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; IHC+/ODX—, discordant cases that are PR+ by immunohistochemistry and PR— by
Oncotype DX; IHC—/ODX+, discordant cases that are PR— by immunohistochemistry and PR+ by Oncotype DX; SD, standard deviation.
# Statistically significant difference in mean oncotype score between PR concordant and IHC+/ODX— PR discordant cases by Bonferroni post hoc

analysis.
Table 5 ER discordant case clinicopathologic features.
Case Age Breast Breast Hormonal Chemo Recurrence Mets ODX ER ER PR PR ER PR
index cancer cancer therapy score (IHC) intensity (IHC) intensity (ODX) (ODX)
type grade
195 48 IDC III yes yes no no 38 5 w-m 0 NA 5.8 4.6
241 60 IDC I yes yes no no 72 5 w-m 30 w 29 2.6
250 54 IDC III yes yes no no 46 35 w-m 45 w 5.1 33
221 52 IDC III yes yes no no 5l 20 m 0 NA 54 32
228 46 IDC I yes no yes no 40 75 m 70 S 5.8 6.5
(refused)
271 60 IDC 1 = = = = 40 40 m 25 m 6.0 54
418 66 IDC 1T no yes no no 49 60 m 0 NA 5.6 32
373 59 IDC III no yes no no 67 10 w 0 NA 4.2 32
446 70 IDC with I yes yes no no 36 30 w-m 5 w 6.0 3.8
apocrine
features
581 50 IDC III yes yes no no 40 55 w-m <1 w 5.8 32
646 55 IDC 1T yes yes no no 49 30 w 2 w 5.3 4.3

Abbreviations: IDC, invasive ductal carcinoma; chemo, chemotherapy treatment; -, data unavailable; mets, metastasis; ODX, Oncotype DX; ER, estrogen
receptor; PR, progesterone receptor; IHC, percentage of stained cells by immunohistochemistry; w/m/s, weak/moderate/strong staining intensity; NA, not
applicable; ER/PR (ODX), estrogen receptor and progesterone receptor score by Oncotype DX.

Fig. IC—E) showed numerous tumor infiltrating lympho-
cytes. One of these excision specimens (case 228) had
widespread background necrosis, and the excision of case
221 had areas of focal necrosis. Three of the excision
specimens (cases 195, 418, and 646) were unavailable to be
viewed as they were cases from outside hospitals.

3.5. HER2 concordance and clinicopathologic
features

A total of 584 cases had available HER?2 results for both
ODX and IHC/ISH with high concordance for HER2—

cases (580/582, 99.7% concordant). Of the 582 HER2—
cases by IHC/ISH, the 2 discordant cases were HER2
equivocal by ODX. One of these cases, case 258 (Table 7),
had an ODX HER2 score of 10.8 which is near the
threshold for being called HER2 negative. Additionally, 2
cases were HER2+ by ISH, and both of these cases were
HER2— by ODX (Table 7). One of these cases, case 669
had insufficient tumor to perform IHC and ISH on biopsy,
but on excision, this case was group 3 HER2+ by 2018
ASCO/CAP guidelines as the HER2:CEP17 ratio was <2,
and the HER2 copy number was >6 by 2 observers with
IHC 2+. The other case, case 240, was group 1 HER2+ by



Table 6 PR discordant case clinicopathologic features.
Case Discordance Age Breast Breast Hormonal Chemo Recurrence Mets ODX ER ER PR PR ER PR
index cancer cancer therapy score  (IHC) intensity (IHC) intensity (ODX) (ODX)
type grade
241 [HC+/ODX—- 60 IDC I yes yes no no 72 5 w-m 30 w 2.9 2.6
250 [HC+/ODX—- 54 IDC I yes yes no no 46 35 w-m 45 w 5.1 33
271 IHC+/ODX—- 60 IDC I = = = = 40 40 m 25 m 6 54
446 [HC+/ODX—- 70 IDC I yes yes no no 36 30 w-m 5 w 6 3.8
646 [HC+/ODX—- 55 IDC I yes yes no no 49 30 w 2 w 5.3 4.3
190 [HC+/ODX—- 61 ILC II yes no no no 21 95 S 20 w 11.9 32
63 [HC+/ODX—- 55 IDC II yes yes no no 25 95 = 10 = 10.3 54
29 IHC+/ODX—- 58 IDC I yes yes no no 30 90 = 1 = 10.5 3.6
142 IHC+/ODX—- 67 ILC II yes yes no no 22 99 = 8 = 9.8 5.2
43 [HC+/ODX— 53 IDC III yes yes no no 30 95 = 40 = 10.2 3.2
30 IHC+/ODX—- 63 IDC-L II yes yes no no 20 100 = 1 10.7 5.1
33 IHC+/ODX—- 71 IDC II yes no yes no 23 90 S 1 = 9.5 5
124 [HC+/ODX—- 62 IDC I yes yes no no 37 90 = 3 = 10.4 32
6 [HC+/ODX—- 68 IDC I yes no no no 18 95 S 2 m 11.3 5.2
165 IHC+/ODX—- 64 IDC 11 yes yes no = 26 95 = 5 = 10.9 32
239 [HC+/ODX— 58 IDC II yes yes no no 33 95 S 5 m 12 3.8
243 IHC+/ODX—- 65 ILC IT yes no no no 16 90 S 10 w-m 10.7 54
222 IHC+/ODX—- 61 IDC 11 yes yes no no 38 85 m 10 m 7.6 53
274 IHC+/ODX— 66 IDC-L 1II yes no (refused) yes no 22 90 S 5 w 8.8 49
254 [HC+/ODX—- 74 ILC IT yes no yes no 31 95 S 50 m 10 32
291 IHC+/ODX—- 63 IDC I yes no no no 24 99 S 70 m 10.1 32
322 [HC+/ODX—- 64 ILC IT yes no no no 23 95 S 20 m 8.3 5.2
323 IHC+/ODX—- 67 IDC IT yes no no no 12 95 S 10 s 12.5 4.3
301 IHC+/ODX—- 66 IDC I yes no no no 21 95 S 5 m 8.7 53
339 IHC+/ODX—- 56 IDC IT yes yes no no 22 95 S 50 m 11.4 4.1
341 IHC+/ODX—- 67 IDC II yes yes no no 20 95 S 40 m 10.9 4.7
351 IHC+/ODX—- 63 ILC I yes no no no 22 95 S 5 m 9.3 54
398 [HC+/ODX— 55 IDC I no no (refused) no no 29 95 S 20 w-m 10.2 4.8
430 IHC+/ODX—- 69 ILC IT yes no no no 24 80 S 10 S 10.2 5.2
440 IHC+/ODX—- 60 IDC II yes no no no 34 90 S 10 S 6.8 3.6
492 [HC+/ODX—- 61 IDC I yes yes no no 34 95 S 10 m 9 5.1
497 IHC+/ODX—- 70 IDC I yes yes yes no 47 95 S 60 w-m 10.2 4.9
499 IHC+/ODX—- 74 ILC II yes no no no 22 95 S 95 S 7.9 5.1
523 [HC+/ODX—- 76 IDC IT yes no no no 43 90 S 5 m-S 9.7 32
452 [HC+/ODX—- 60 IDC II yes yes no no 26 90 S 15 w-m 9.3 4.3
531 IHC+/ODX—- 66 IMC II yes no no no 19 95 = 2 = 11.3 33
545 [HC+/ODX—- 78 ILC IT yes no no no 15 95 S 30 s 10.6 5.3
563 [HC+/ODX—- 62 IDC II yes no no no 17 95 S 25 m-s 11.3 54
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Fig.1 H&E slide features of excision specimens from IHC/ODX ER discordant cases. A (original magnification x 100), case 446, shows
prominent stroma, few tumor cells, and apocrine features. B (x 100), case 581, shows heterogeneous tumor with chondromyxoid material.
C (x 400), case 250, shows numerous lymphocytes. D (x 400), case 228, shows numerous lymphocytes with background necrosis. E
(x 100), case 221, shows lymphocytic infiltration with areas of focal necrosis. F (x 400), case 373, shows extensive invasive tumor. IHC,

immunohistochemistry; ER, estrogen receptor.

many nontumor cells, such as stromal cells, cartilage, or
inflammatory cells in the excision slide sent for ODX
testing may introduce a large amount of nontumor RNA
into the sample being tested and contribute to discordance
of reported biomarker status between routine IHC and
ODX. Previous work has shown that the presence of in-
flammatory cells and increased stromal cellularity in sam-
ples sent for oncotype testing may lead to artificially
elevated ODX RS in low-grade breast cancer [16]. Addi-
tionally, consistent with our findings in ER discordant
cases, a similar study of HER2 status concordance between
fluorescence in situ hybridization (FISH) and ODX impli-
cated heterogeneous HER2 amplification by FISH and
small amounts of invasive tumor in the tissue sent for ODX
testing as features related to discrepancy in HER2 status
[17]. Further, as THC is typically performed on biopsies,
whereas ODX testing is typically performed on excision

specimens, and tumor heterogeneity may further amplify
discrepancies in results when testing tumor from different
specimen types. Preanalytical issues may contribute to
discordance of measured biomarker status such as differ-
ences in how well these different specimen types are fixed
and biopsy site changes because of fibrosis and inflamma-
tion. Discordance may also be related to differences in the
tests themselves as ODX uses qRT-PCR, whereas THC
works by detecting protein expression.

In this study, we identified higher detection rates of ER
and PR expression by IHC compared with ODX as more
biomarker-discordant cases were positive by THC and
negative by ODX rather than IHC-negative and ODX-
positive. Similar findings implicating higher sensitivity of
biomarker detection by IHC relative to ODX have been
reported [2,18—20], although one study found that
discordant cases were more commonly ER— by IHC and
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Table 7 HER?2 discordant case clinicopathologic features.

Case HER2 (IHC/ISH), HER2 (IHC/ISH), HER2  Chemo Recurrence Mets ODX ER  ER PR PR ER PR
index Biopsy Excision (ODX) score (IHC) intensity (IHC) intensity (ODX) (ODX)
258 IHC: 14 (—) NA 10.8 (eq.) yes no no 30 100 s <l w 125 34
339 IHC: 0 (—) NA 11.4 (eq.) yes no no 22 95 S 50 m 114 4.1
240 IHC: 2+ ISH: HER2:CEP17 8.2 (—) — no no 30 95 s 80 s 8.3 6.2

ISH: HER2:CEP17 ratio 2.7; HER2

ratio 3.8; HER2  copy number 4.9;

copy number 5.5; CEP17 copy

CEP17 copy number 1.8 (+)*

number 1.5 (+)*
669 -° IHC: 2+ 94 (—) yes no no 35 100 s 5 m 125 54

ISH: HER2:CEP17
ratio 1.6; HER2
copy number 6.5;
CEP17 copy
number 4.1 (+)*

Abbreviations: HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization; (—), HER2 negative; (++),
HER?2 positive; (eq.), HER2 equivocal; ER/PR/HER2 (ODX), estrogen receptor/progesterone receptor/HER2 score by Oncotype DX; chemo, chemo-
therapy treatment; -, data unavailable; mets, metastasis; w/m/s, weak/moderate/strong staining intensity by IHC.

# HER? status is shown based on 2018 guidelines.

® Case 669 had insufficient tumor to perform IHC and ISH on biopsy.

ER+ by ODX [21]. These differences could be related to
variations in IHC protocols as the previously mentioned
study used less sensitive antibodies and tissue microarray
analysis, which involves performing IHC on smaller
samples. Further, concordance of reported biomarker sta-
tus in this study between IHC and ODX was high for ER
status (98.1%) and slightly lower for PR status (86.6%), a
finding consistent with several other studies reporting ER
concordance ranging from 91 to 100% and slightly lower
PR concordance ranging from 88 to 94.2% [2,18—21]
(Table 8).

Two cases in our study were HER2+ by ISH, and both
of these cases were HER2— by ODX. HER2+ cases are not
usually sent for ODX testing; however, these cases were
because one of the cases (case 669) had insufficient tumor
in the biopsy specimen for IHC and ISH testing, whereas
the other case (case 240) was HER2 equivocal by IHC on
the biopsy specimen and was sent for ODX testing before
ISH results could be obtained. ISH results on the excision

Table 8 IHC/Oncotype DX hormone receptor status
concordance in other studies.
Study Number of ER PR

cases concordance  concordance
Neely et al. 610 98.9% 90%
Kraus et al. 464 98.9% 94.2%
Park et al. 265 98.9% 91.3%
O’Connor et al. 80 100% 94%
Badve et al. 776 91% 88%
Present study 591 98.1% 86.6%

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; IHC,
immunohistochemistry.

were HER2+ with a HER2:CEP17 ratio of 2.7 and HER2
copy number 4.9, but by ODX analysis of the same block,
the tumor scored strongly negative for HER2. This
discrepancy may be due, at least in part, to features
observed on reexamination of the excision specimen
including abundant fibrosis, tumor infiltrating lymphocytes,
and heterogeneity.

Discrepancies in reported HER2 status as seen in these
cases have been repeatedly demonstrated in other studies
showing high false-negative rates of HER2 detection by
ODX ¢gRT-PCR [17,18,20,22]. In a quality assurance study
of HER2 status concordance involving 843 cases, Dabbs
et al. identified 23 HER?2 equivocal cases by IHC/FISH of
which all were reported as HER2— by ODX and 36
HER2+ cases by IHC/FISH of which only 10 were re-
ported as HER2+ by ODX with 12 as HER2 equivocal and
14 as HER2— [22]. In a study of 610 cases by Neely et al. 5
cases were HER2+ by IHC/FISH, but only one of these
was reported as HER2+ by ODX, whereas 2 were reported
as HER2— and 2 as equivocal [18]. Further, 14 of their 15
HER2 equivocal cases by IHC/FISH were HER2— by ODX
[18]. Similarly, Park et al. reported 0% positive agreement
for HER2 status between routine testing and ODX [20], and
Dvorak et al. reported 50% positive agreement [17].
Possible factors contributing to the large discrepancies in
these studies are tumor features, including heterogeneity
and low tumor cellularity with extensive nontumor tissue,
which may contribute to variability in ODX results between
samples as ODX uses PCR-based methodology which
measures RNA irrespective of morphology. Thus, the
presence of nearby nontumor cells and heterogeneity could
affect the quantitative results of ODX, whereas IHC anal-
ysis is performed on morphologically intact tissue in which
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positive results can be visually confirmed to be derived
from the tumor cells. This is not the case for ODX testing
as tissue processing for RT-PCR involves homogenizing the
tissue for analysis, yielding hormone receptor location and
heterogeneity of the tissue undetectable. Discordance of
HER?2 results may also be because of where cutoffs are
applied for ISH versus ODX RT-PCR. Cutoffs are not ex-
pected to perfectly align between the 2 testing modalities,
thus borderline ISH cases may be discrepant when
compared with ODX. Variability in IHC, such as protocol
differences for cases sent from outside institutions, as well
as variability in ODX testing may also contribute to
discrepancy [17,18,20,22].

Some sources of variability in IHC results include differ-
ences in fixation, staining interpretation, or antibody clones
used. For example, previous studies show that the SP1 ER
clone is more sensitive than the 1D5 and 6F11 clones [23,24].
At our institution, we use the SP1 ER antibody clone, and
fixation time is standardized between 6 and 72 h, measures
which likely minimize variability in IHC results and optimize
IHC sensitivity. Similar to IHC, ODX RT-PCR testing also has
limitations because of preanalytical factors including variation
in probe and primer selection, reagents, RNA extraction,
reverse transcription, and PCR protocols and machines [21].
These are all factors that could contribute to discordant results
between ODX and IHC. Although each test has its limitations,
there are several advantages to using IHC rather than ODX for
ER, PR, and HER2 testing. IHC is less expensive with shorter
turnaround time, it is easier to perform, it offers better evalu-
ation of morphology, and the results of this study support that it
measures ER, PR, and HER2 expression with higher sensi-
tivity. Thus, ODX has high concordance with IHC for ER
status and moderate concordance for PR status, but IHC has
additional advantages and is clinically validated by prospective
trials for routine use in measuring ER, PR, and HER?2 status.

The discordance of biomarker status is important clini-
cally as discrepancies in results reported by IHC/FISH and
ODX impact individual patients and oncologists. Discrep-
ancies create uncertainty among clinicians about which test
results to use which could lead to suboptimal treatment.
ER, PR, and HER?2 status are strong predictors of treatment
response in women with breast cancer. Semiquantitative
IHC and FISH are the techniques validated by ASCO/CAP
to measure expression of these biomarkers, and the routine
utilization of IHC and FISH for measuring ER, PR, and
HER2 status has undergone validation in clinical trials
[25—28]. More recently, ODX RT-PCR molecular testing
reports began to include measures of ER, PR, and HER2
expression, but biomarker expression measured by ODX
RT-PCR has not been similarly validated in prospective
trials. This is important clinically as there are reported
cases of patients not receiving trastuzumab because of
negative HER?2 status by ODX and not receiving hormonal
therapy because of negative ER status by ODX despite
positive status by routine IHC/FISH testing [20]. This is
additionally problematic given that the Oncotype RS was

validated for use in ER-+ breast cancer only [11]. Further,
ASCO/CAP guidelines recommend a cutoff of >1%
staining by IHC for reporting positive hormone receptor
status as tumors with as few as 1% positive staining confer
better prognosis with hormonal therapy than those with
<1% ER/PR staining [25]. Thus, it is critical to detect
hormone receptor status with high sensitivity for each in-
dividual patient not only to accurately predict RS and
benefit from chemotherapy treatment but also to guide
hormonal and targeted therapies. Similarly, as ER and PR
expression levels have been shown to correlate with time to
recurrence [29], an individual’s particular levels of ER and
PR expression determine their benefit from hormonal
therapy, which must be weighed with an individual’s risk
factors for experiencing side-effects of hormonal therapy.
In our study, ER expression varied from 5 to 75% in the ER
discordant (IHC+/ODX-) group.

Additionally, as PR THC provides prognostic informa-
tion for ER+ breast cancer, and PR negativity is associated
with higher ODX risk scores, our PR discordance results
suggest that IHC for PR is helpful to capture a more
complete picture of risk particularly in cases for which PR
is discordant between IHC and ODX when ODX risk score
may be falsely elevated. PR status by IHC also provides
useful information for ER— cases to determine if these
patients might still benefit from hormonal therapy.
Although ER status is a well-known and important pre-
dictor of benefit from hormonal therapy, there is evidence
that ER status alone does not adequately allow for selection
of patients who could benefit from hormonal therapy. One
study showed that PR positivity by IHC in ER— cases
further increased benefit from tamoxifen with 54% risk
reduction compared to 21% risk reduction for ER—/PR—
cases [14]. Therefore, to better select which patients should
receive hormonal therapy, both ER and PR expression
measured by IHC should be determined.

The main shortcoming of this study is that it is retro-
spective and thus not experimentally controlled to fully
elucidate the relationship between biomarker status
discordance and outcomes. Specifically, many of the ER/
PR discordant cases were high risk by ODX RS and thus
received chemotherapy which may have impacted observed
rates of recurrence and metastasis. Additionally, variability
in ODX results in this study may be because of excision
features such as those identified on ER discordant H&E
slides including marked tumor heterogeneity, necrosis,
limited tumor cellularity of the sample undergoing testing,
or presence of numerous cells with non-tumor RNA.

This study determines ER, PR, and HER2 concordance
between IHC and ODX for cases at University Hospitals
Cleveland Medical Center, providing quality assurance for
our institution as well as contributing 591 additional cases
to the literature. In comparison to similar previous studies,
our study is unique as it adds in depth analysis of clinico-
pathologic features, including age, Oncotype risk score,
treatment, recurrence, and metastasis, comparing clinical
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features and outcomes data between concordant and
discordant cases to investigate the clinical impact of
discordance. It also examines these features more closely
for each individual discordant case alongside IHC and
ODX expression values. This study also provides additional
examination of histologic features present in ER discordant
case excision specimens which may predict discordance.

In conclusion, at our institution, ODX and IHC displayed
high concordance for ER status and moderate concordance for
PR status, with more sensitive detection by IHC. HER2
concordance between ODX and IHC/ISH was high for
HER2— cases, whereas 2 HER2+ cases by ISH were both
reported as HER2— by ODX, consistent with more sensitive
detection by ISH similarly reported in other studies. High ODX
RS of discordant cases suggest possible risk overestimation
without significant differences in rates of recurrence or
metastasis between concordant and discordant cases. Our
findings suggest that discordance between IHC/ISH for ER,
PR, and HER2 and ODX parameters is rare, but does occur,
and analyzing the reasons for differences may help to explain
the discrepancy. Further study is needed to investigate the role
of specimen type in discordance, and therapeutic decisions for
discordant cases should continue to be based on clinicopath-
ologic correlation and not oncotype alone.
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