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A B S T R A C T

Purpose
The optimal method to assess human epidermal growth factor receptor 2 (HER2) status remains
highly controversial. Before reporting patient HER2 results, American Society of Clinical Oncology
(ASCO)/College of American Pathologists (CAP) guidelines mandate that laboratories demon-
strate � 95% concordance to another approved laboratory or methodology. Here, we compare
central laboratory HER2 assessed by fluorescence in situ hybridization (FISH) and quantitative
reverse transcriptase polymerase chain reaction (RT-PCR) using Oncotype DX in lymph node–
negative, chemotherapy-untreated patients from a large Kaiser Permanente case-control study.

Patients and Methods
Breast cancer specimens from the Kaiser–Genomic Health study were examined. Central FISH
assessment of HER2 amplification and polysomy 17 was conducted by PhenoPath Laborato-
ries (ratios � 2.2, 1.8 to 2.2, and � 1.8 define HER2 positive, HER2 equivocal, and HER2
negative, respectively). HER2 expression by RT-PCR was conducted using Oncotype DX by
Genomic Health (normalized expression units � 11.5, 10.7 to � 11.5, and � 10.7 define HER2
positive, HER2 equivocal, and HER2 negative, respectively). Concordance analyses followed
ASCO/CAP guidelines.

Results
HER2 concordance by central FISH and central RT-PCR was 97% (95% CI, 96% to 99%). Twelve
percent (67 of 568 patients) and 11% (60 of 568 patients) of patients were HER2 positive by
RT-PCR and FISH, respectively. HER2-positive patients had increased odds of dying from breast
cancer compared with HER2-negative patients. Polysomy 17 was demonstrated in 12.5% of all
patients and 33% of FISH-positive patients. Nineteen of 20 FISH-positive patients with polysomy
17 were also RT-PCR HER2 positive. Although not statistically significantly different, HER2-
positive/polysomy 17 patients tended to have the worst prognosis, followed by HER2-positive/
eusomic, HER2-negative/polysomy 17, and HER2-negative/eusomic patients.

Conclusion
There is a high degree of concordance between central FISH and quantitative RT-PCR using Oncotype
DX for HER2 status, and the assay warrants additional study in a trastuzumab-treated population.

J Clin Oncol 28:4300-4306. © 2010 by American Society of Clinical Oncology

INTRODUCTION

The human epidermal growth factor receptor 2 gene
(HER2) is reportedly amplified in 20% to 25% of
human breast cancers; however, recent data suggest
that it may be amplified in 10% to 11% of lymph
node–negative disease.1,2 HER2 gene amplification
and protein overexpression is a prognostic marker
for aggressive disease and an important predictive

marker for specific therapies, including trastuzumab
(Herceptin; Genentech, South San Francisco, CA)
and lapatinib (Tykerb; GlaxoSmithKline, London,
United Kingdom).3,4 The US Food and Drug Ad-
ministration (FDA) has approved two immunohis-
tochemical (IHC) assays and three fluorescent in
situ hybridization (FISH) assays for HER2 assess-
ment; however, considerable debate persists about
which assay is best for establishing HER2 status.5
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The American Society of Clinical Oncology (ASCO) and the
College of American Pathologists (CAP) developed guidelines for
laboratory evaluation of HER2 status.6 These enumerate require-
ments for HER2 analyses and recommend either using IHC assays for
initial evaluation of HER2 status followed by reflex testing by FISH of
some IHC categories or the primary use of FISH in initial testing. Even
with these guidelines, concern remains about the accuracy of HER2
testing.6-10 Two independent cooperative groups reported that up to
20% of locally performed HER2 assays reported as positive could not
be confirmed by central laboratories.9,10

HER2 gene amplification is highly associated with mRNA over-
expression and increased protein levels, and small studies have com-
pared mRNA expression by reverse transcriptase polymerase chain
reaction (RT-PCR) with FISH.1,11,12 Quantitative RT-PCR by the
Oncotype DX assay (Genomic Health, Redwood City, CA) quantifies
gene expression using RNA extracted from fixed paraffin-embedded
tumor tissue and has been shown to be 95% concordant with IHC.13,14

Herein, we compare central laboratory HER2 assessment by FISH and
quantitative RT-PCR using Oncotype DX in patients from a large Kaiser
Permanente case-control study according to the ASCO/CAP guidelines
and explore the association between HER2 assessed by both assays and
chromosome 17 polysomy status with risk of breast cancer death.15

PATIENTS AND METHODS

Tumor Samples and Patient Clinical Data

This is a case-control study nested within a cohort of women diagnosed
with lymph node–negative breast cancer who were not treated with chemo-
therapy. Eligible women, identified using the Kaiser Permanente Northern
California Cancer Registry, were diagnosed from 1985 to 1994 and were
younger than age 75 years at diagnosis. The study was approved by the Kaiser
Permanente Institutional Review Board. Patients were excluded for inflamma-
tory carcinoma, bilateral breast carcinoma, evidence of metastasis (including
lymph nodes) at initial diagnosis, prior invasive cancer at diagnosis, or un-
known/unconfirmed tamoxifen treatment. Cohort eligibility was confirmed
by medical record review, and members were observed until breast cancer
death, contralateral breast cancer, departure from health plan (including any
death cause), or December 2002, whichever came first.15

Patient cases were patients whose first event was breast cancer death. At
each death, up to three controls were randomly selected from patients who
were alive and under follow-up for at least as long as the patient case’s time to
breast cancer death (incidence density sampling). A patient could be both a
control (up until time of death from breast cancer) and patient case. Controls
were matched to their patient case on age, race, calendar year of diagnosis, and
treatment of index breast cancer with tamoxifen.15 Eligibility and case-control
selection were performed before laboratory analyses. Tamoxifen treatment
was defined as treatment for � 3 months within 2 years of surgery and before
breast cancer recurrence. Matching on tamoxifen treatment facilitated analy-
ses stratified by tamoxifen treatment.

Pathology was conducted blinded to clinical outcome using the Notting-
ham system.16-18 Microscopic tumor size was from pathology reports. Tumors
with less than 5% carcinoma were excluded.

Central Laboratory IHC and FISH

PhenoPath Laboratories (Seattle, WA) performed and interpreted IHC
for estrogen receptor (ER) and progesterone receptor (PR) and FISH for
HER2. ER (SP1; 1:250; LabVision, Fremont, CA) and PR (636; 1:200; Dako,
Carpinteria, CA) were performed and scored by two pathologists as pub-
lished.19,20 For FISH, deparaffinized tissue sections were pretreated using a
modification of the vendor’s standard protocol and then incubated with
the FDA-approved Vysis PathVysion probe set (Abbott Diagnostics, Chi-

cago, IL). Morphometric analysis used MetaSystems image analysis system,
with Metafer software with extended focus/tile sampling (MetaSystems, Al-
tlussheim, Germany). Manual counting was performed when autofluores-
cence and/or artifact prevented sufficient cell counting. All samples with ratios
of HER2/CEP17 between 1.5 and 2.5 by morphometric analysis were scored
manually by counting more than 60 nonoverlapping cells. A ratio of more
than 2.2, 1.8 to 2.2, or less than 1.8 is positive, equivocal, or negative for
amplification, respectively. For primary concordance analysis, equivocal and
negative groups were combined.6 Polysomy 17 was defined as a CEP17 sig-
nal � three copies.21-23

Sample Preparation and Gene Expression Analysis Using

Quantitative RT-PCR by Oncotype DX

Gene expression used whole tumor sections and the Oncotype DX as-
say.24 RNA was extracted from 3 � 10 �m or 6 � 10 �m whole sections when
manual microdissection was required. Manual microdissection was per-
formed when tumor constituted less than 50% of the total epithelium or when
ductal carcinoma in situ grade and invasive carcinoma nuclear grade differed.
After DNase I treatment, total RNA content was measured, and absence of
DNA contamination was verified. Gene-specific reverse transcription was
performed followed by quantitative PCR (TaqMan) using Prism 7900HT
instruments (Applied Biosystems, Foster City, CA). The expression of 16
cancer-related genes, including ER (ESR1) and PR (PGR), were normalized
relative to five reference genes (ACTB, GAPDH, GUSB, RPLP0, and TFRC);
reference normalized expression ranged from 2 to 16 units (each 1-unit
increase reflects approximately a two-fold increase in RNA). HER2 status was
classified as negative (� 10.7 normalized expression units), equivocal (10.7
to � 11.5 units), and positive (� 11.5 units); ER status was classified as
negative (� 6.5 units) and positive (� 6.5 units), and PR status was classified
as negative (� 5.5 units) and positive (� 5.5 units; expression relative to
reference genes; log2). All cut points were prespecified.25-27

Statistical Analyses

Analyses were conducted by Kaiser Permanente. For concordance anal-
ysis, only unique patients were included. Equivocal samples from both meth-
ods were excluded (ASCO/CAP guidelines).6 Measures of agreement include
overall concordance (number of samples that agree divided by the total num-
ber of samples) and � statistics (agreement adjusted for chance).28 Exact 95%
CIs for the concordance statistic were calculated using the F-distribution
method using the FREQ procedure in SAS (SAS Institute, Cary, NC).29 Per-
cent positive agreement was calculated as the number of samples positive by
both assays divided by the number of samples positive by the FISH assay.
Percent negative agreement was calculated similarly.

Outcome analyses were performed on all patients and separately in
patients who were and were not treated with tamoxifen. Odds ratios (ORs) for
breast cancer death associated with HER2 status and breast cancer subtypes
were calculated by conditional logistic regression using maximum likelihood
estimation. HER2 status by FISH and hormone receptor (HR) status by IHC
were compared with HER2 and HR status by RT-PCR. P values using the
likelihood ratio test and 95% Wald CIs for the OR were calculated. All statis-
tical tests were performed at the two-sided � � .05 significance level.

RESULTS

Patient Characteristics

Of the 402 patient cases and 989 controls identified as eligible,
234 patient cases and 631 controls who were eligible after chart review
met matching case-control criteria and had tumor blocks. Two hun-
dred twenty patient cases and 570 controls (647 unique patients) were
RT-PCR evaluable; a subset of 203 patient cases and 490 controls (568
unique patients) had sufficient tumor for FISH. Data are presented for
the evaluable 568 unique patients. Patient demographics and clinical
characteristics are listed in Table 1. Patient cases and controls, as

HER2 Assessment: Comparison of FISH and RT-PCR
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expected, were similar by matching factors. One third of patients were
treated with adjuvant tamoxifen (not all ER-positive patients received
tamoxifen because this cohort includes patients from the 1980s).
Compared with controls, patient cases more commonly had larger/
more poorly differentiated tumors. HER2-positive tumors were more
commonly moderately or poorly differentiated than HER2-equivocal
and HER2-negative tumors by both methods (Table 1).

Distribution of HER2

Among the 568 evaluable patients, 12% and 11% were HER2
positive by quantitative RT-PCR and FISH, respectively (Appendix
Fig A1, online only). There were more equivocal results by RT-PCR
than FISH (15% v 2%, respectively). The majority (87%) of the 88
RT-PCR–equivocal samples were FISH negative (Appendix Fig A2,
online only). This relatively high number of RT-PCR–equivocal sam-
ples has been noted among ER-positive patients.30 Appendix Table A1
(online only) presents cross-tabulated results for HER2 status by FISH
and RT-PCR.

Concordance Between FISH and RT-PCR

Central FISH and RT-PCR concordance was 97% (95% CI, 96%
to 99%), percent positive agreement was 98% (95% CI, 90% to 99%),
and percent negative agreement was 97% (95% CI, 95% to 99%; Table
2). Lacking a gold standard, the terms percent positive agreement and
percent negative agreement are preferred by the FDA over sensitivity
and specificity.31 We conducted additional analyses of concordance
excluding FISH-equivocal results, treating equivocal results by RT-
PCR as negative, and excluding equivocal results by both assays. In all
cases, concordance for these comparisons was 97% (95% CI, 95% to
98%; Appendix Tables A2 and A3, online only).

The distribution of FISH HER2/CEP17 ratio compared with
central RT-PCR HER2 is shown in Figure 1. Spearman rank correla-
tion of the relationship between the two assays is 0.45. One observa-
tion was FISH HER2 positive but RT-PCR HER2 negative.

HER2 Expression and Breast Cancer Death

Among all patients, by FISH (OR � 1.95; 95% CI, 1.19 to 3.19)
and RT-PCR (OR � 1.72; 95% CI, 1.04 to 2.84), HER2-positive
patients had increased odds of breast cancer death compared with
HER2-negative patients. OR estimates and overlapping 95% CIs for
the comparisons by FISH and RT-PCR are shown in Figure 2. By both
assays, equivocal patients did not have significantly different odds of
dying from breast cancer compared with HER2-negative patients
(FISH: OR � 0.84; 95% CI, 0.22 to 3.13; RT-PCR: OR � 0.66; 95% CI,
0.40 to 1.09). Similar results were obtained in the groups that did and
did not receive tamoxifen (Fig 2).

We explored the relationship between breast cancer death and
breast cancer subtypes defined as combinations of HER2 and HR

Table 2. HER2 Concordance Excluding Equivocal Results
(2007 ASCO/CAP Guidelines)

Oncotype DX Status

Central FISH
Positive

Central FISH
Negative

Total No.
of Patients

No. of
Patients %

No. of
Patients %

Oncotype DX positive 55 98 11 3 66
Oncotype DX negative 1 2 408 97 409
Total 56 419 475

NOTE. Percentages are column percentages. FISH HER2 status is used as
the denominator. Concordance is 97% (95% CI, 96% to 99%); � is 89% (95%
CI, 83% to 95%).

Abbreviations: HER2, human epidermal growth factor receptor 2; ASCO,
American Society of Clinical Oncology; CAP, College of American Patholo-
gists; FISH, fluorescence in situ hybridization.

Table 1. Patient Demographics and Baseline Clinical Characteristics

Demographic or Clinical
Characteristic

Patient
Cases

(n � 203)
Controls
(n � 365)

Total Patients
for Concordance

Analysis
(N � 568)

No. % No. % No. %

ER status and Tam treatment
strata�

ER positive, Tam � yes 50 25 114 31 164 29
ER positive, Tam � no 105 52 216 59 321 57
ER negative, Tam � yes 9 4 2 � 1 11 2
ER negative, Tam � no 39 19 33 9 72 13

Age, years
� 40 16 8 14 4 30 5
40-49 40 20 77 21 117 21
50-59 56 28 100 27 156 27
� 60 91 45 174 48 265 47

Race
White (non-Hispanic) 159 78 299 82 458 81
White (Hispanic) 5 3 10 3 15 3
Black 19 9 25 7 44 8
Asian 20 10 31 8 51 9

Menopausal status
Premenopausal 59 29 88 24 147 26
Postmenopausal 135 67 261 72 396 70
Missing 9 4 16 4 25 4

Adjuvant Tam
No 144 71 249 68 393 69
Yes 59 29 116 32 175 31

Tumor size, cm
� 1.0 46 23 122 33 168 30
� 1.0-2.0 87 43 166 45 253 45
� 2.0-4.0 67 33 74 20 141 25
� 4.0 3 1 3 1 6 1

Tumor grade† (all patients)
Well 23 11 111 30 134 24
Moderate 84 41 175 48 259 46
Poor 96 47 79 22 175 31

Tumor grade† (HER2 positive
by FISH)

Well 1 3 2 8 3 5
Moderate 12 34 10 40 22 37
Poor 22 63 13 52 35 58

Tumor grade† (HER2 positive
by RT-PCR)

Well 2 6 4 13 6 9
Moderate 15 42 14 45 29 43
Poor 19 53 13 42 32 48

NOTE. Percentages may not sum to 100% exactly as a result of rounding.
Abbreviations: ER, estrogen receptor; Tam, tamoxifen; HER2, human epider-

mal growth factor receptor 2; FISH, fluorescence in situ hybridization; RT-PCR,
reverse transcriptase polymerase chain reaction.

�ER status by RT-PCR. The concordance between ER by RT-PCR and ER by
immunohistochemistry is 96%.

†Tumor grade as assessed by pathologist 1.
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status (assessed by RT-PCR or FISH/IHC). HR-positive, HER2-
negative status is the reference category for all comparisons. Al-
though the 95% CIs are wide and overlap, the point estimates trend
toward HR-negative/HER2-positive patients having the worst prog-
nosis (OR � 4.21 by IHC/FISH and 3.91 by RT-PCR), followed by
HR-negative/HER2-negative patients (OR � 2.13 by IHC/FISH
and 2.42 by RT-PCR), HR-positive/HER2-positive patients (OR �
1.58 by IHC/FISH and 1.79 by RT-PCR), and HR-positive/HER2-
negative patients.

Chromosome 17 Polysomy Status and

HER2 Amplification

Among all patients, seventy-one patients (12.5%) showed
chromosome 17 polysomy (polysomy 17; Table 3). Among FISH
HER2-positive patients, 33% showed polysomy 17. In FISH-negative
patients, 10% showed polysomy 17. Among FISH-positive patients
with polysomy 17, 19 of 20 were RT-PCR HER2 positive. The majority
of FISH-negative polysomy 17 patients were RT-PCR HER2 negative
(32 of 49 patients; 65%), but rare patients (four of 49 patients; 8%)
were RT-PCR HER2 positive.

Breast Cancer Death: Chromosome 17 Polysomy

Status and HER2 Amplification

By FISH, we evaluated polysomy status and breast cancer death
(Fig 3). Compared with HER2-negative, chromosome 17 eusomic
patients, HER2-positive patients with polysomy 17 had 2.77 times
(95% CI, 1.21 to 6.33 times) the odds of dying from breast cancer;
HER2-positive, chromosome 17 eusomic patients had 1.78 times
(95% CI, 0.97 to 3.25 times) the odds of dying from breast cancer; and
HER2-negative, polysomy 17 patients had 1.50 times (95% CI, 0.83 to
2.72 times) the odds of dying from breast cancer. Similar results were
obtained when HER2 status was measured by RT-PCR, although the
results were not statistically significant (OR � 2.14, 1.41, and 1.22 for
HER2-positive, polysomy 17; HER2-positive, chromosome 17 euso-
mic; and HER2-negative, polysomy 17 patients, respectively, com-
pared with HER2-negative, chromosome 17 eusomic patients).

DISCUSSION

HER2 positivity in breast cancer has a significantly worse prognosis
with an increased risk of recurrence, and large randomized trials have
established trastuzumab as the standard of care in patients with early
HER2-positive breast cancer, who are also suitable for treatment with
chemotherapy.1,2 Accurate and precise measurement of HER2 status
is of marked therapeutic importance, and new methodologies for
HER2 assessment must be rigorously compared with the current
measurement standards.6 The primary objective of this study was to
determine the HER2 concordance using central quantitative RT-PCR
by Oncotype DX and central FISH in a large cohort of patients with
early breast cancer with long follow-up (� 8 years).

Overall, there was a high level of concordance between quantita-
tive RT-PCR and FISH (97%; 95% CI, 96% to 99%), and the number
of discordant samples was small. There was an imbalance in the dis-
tribution of the HER2-discordant tumors between central FISH and
central RT-PCR. FISH-negative but RT-PCR–positive tumors were
more common than FISH-positive but RT-PCR–negative tumors.
Importantly, there was only a single tumor that was FISH positive
(low-level amplification) but RT-PCR negative. The causes of these
discordances are likely multifactorial. True biologic differences be-
tween RNA levels and DNA gene amplification offer one possibility.5

Sources of analytic variability are another possibility; not all FISH or
RT-PCR assays are the same.32 Differences in RNA extraction, reverse
transcription, PCR protocols, instruments, primer/probe selection,
and reagent manufacturing can contribute to assay variation. The
Oncotype DX assay uses controls, calibrators, reference ranges (for
quantitative single-gene ER, PR, and HER2 results), and normaliza-
tion to address differences in RNA quality.14,33,34,35 The variability
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Fig 1. Distribution of human epidermal growth factor receptor 2 (HER2): reverse
transcriptase polymerase chain reaction (RT-PCR; cycle threshold) by central
laboratory fluorescence in situ hybridization (FISH; ratio). Blue squares indicate
HER2 negative by RT-PCR, gray squares indicate HER2 equivocal by RT-PCR, and
gold plus signs indicate HER2 positive by RT-PCR. Note that only one HER2
FISH-positive patient is RT-PCR negative. FISH diagnostic categories were as
follows: negative, ratio of less than 1.8; equivocal, ratio of 1.8 to 2.2; and positive,
ratio of more than 2.2. RT-PCR diagnostic categories were as follows: negative,
less than 10.7 normalized expression units; equivocal, 10.7 to less than 11.5
units; and positive, � 11.5 units.

Odds Ratios (95% CI)
0 1 2 3 4 5

All patients

RT-PCR: Pos v Neg

Hormone therapy

RT-PCR: Pos v Neg

RT-PCR: Equiv v Neg

FISH: Pos v Neg

FISH: Equiv v Neg

RT-PCR: Equiv v Neg

FISH: Pos v Neg

FISH: Equiv v Neg

No hormone therapy

RT-PCR: Pos v Neg

RT-PCR: Equiv v Neg

FISH: Pos v Neg

FISH: Equiv v Neg

Fig 2. Forest plot of human epidermal growth factor receptor 2 (HER2)
univariate analyses. Odds ratios of breast cancer death for HER2 status as
assessed by reverse transcriptase polymerase chain reaction (RT-PCR) and
fluorescence in situ hybridization (FISH). A higher odds ratio is associated with a
worse outcome. Pos, positive; Neg, negative; Equiv, equivocal.
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(standard deviation) contributed by instruments, operators, reagents,
and day-to-day variation for RT-PCR using Oncotype DX is less than
0.5 expression units.14,36 Sources of preanalytic variability (eg, delay to
fixation, choice of fixative, or duration of fixation) may also play a role,
and their impact in HER2 assessment by FISH is well described.37,38

The use of the equivocal range is mandated by the ASCO/CAP
guidelines for the reporting of HER2 results.5,24 Consistent with the
reported literature, in this study, there were 2% FISH-equivocal tu-
mors in contrast to 15% RT-PCR–equivocal tumors.39 The majority
of RT-PCR–equivocal tumors were negative by central FISH. This is
dissimilar to the recently reported results from Eastern Cooperative
Oncology Group trial E2197 comparing HER2 by RT-PCR and IHC
(N � 755), where overall concordance was 95% (95% CI, 92% to
96%) and only 3% (26 of 755 tumors) of RT-PCR tumors compared
with 23% (175 of 755 tumors) of IHC tumors were equivocal.6,40 One
explanation for this difference may be the inverse relationship be-
tween HER2 and ER protein levels in breast cancer.41,42 This Kaiser
Permanente cohort is primarily ER positive (77%), whereas in E2197,
there were fewer ER-positive tumors (53%); this may suggest that
tumors with equivocal levels of HER2 mRNA seem to be more fre-
quent among ER-positive than ER-negative patients (Appendix Fig
A2).30,41,43 This study suggests that RT-PCR HER2-equivocal pa-
tients seem to be similar to HER2-negative patients with respect to
grade and clinical outcomes; hence, it would be reasonable to con-

sider them as HER2 negative. Comparing FISH to RT-PCR, when
RT-PCR–equivocal patients are considered negative, the concor-
dance remains high at 97% (Appendix Tables A2 and A3). Of note,
ASCO/CAP guidelines recommend use of FISH for determination of
HER2 status in equivocal patients.

The significance of HER2 status should be considered in terms of
prognosis and prediction of treatment benefit. As previously reported
for patients not treated with trastuzumab, HER2 positivity by both
methods was a weakly prognostic factor in the present chemotherapy-
and trastuzumab-naive cohort; HER2-positive patients had increased
odds of dying from breast cancer compared with HER2-negative
patients.44-46 By both assays, the HER2-equivocal patients did not
have significantly different odds of dying from breast cancer com-
pared with HER2-negative patients. These results were independent of
tamoxifen treatment. Although HER2 positivity has been associated
with tamoxifen resistance in HR-positive patients, we could not di-
rectly examine this question because patient cases and controls were
matched on tamoxifen therapy.41 We observed a slightly stronger
association between HER2 status and risk of breast cancer death
among patients treated with tamoxifen compared with those not
treated with tamoxifen (Fig 2). Consistent with reported observations
regarding the intrinsic subtypes of breast cancer, in this cohort, HR-
negative/HER2-positive patients tended to have the worst prognosis,
followed by HR-negative/HER2-negative (triple-negative) patients,
HR-positive/HER2-positive patients, and finally, HR-positive/HER2-
negative patients.47 This relationship was similar between patients
who were and were not treated with tamoxifen.

Depending on study population and polysomy 17 definition, the
frequency of polysomy 17 in breast cancer ranges from 13% to
46%.48-52 Using the common definition of � three CEP17 copies,
12.5% of tumors showed polysomy 17 by FISH.22 Consistent with
reports that patients with polysomy 17 and HER2 amplification have
clinical outcomes similar to HER2-positive patients, one third of
HER2-positive patients showed polysomy 17 and had the worst prog-
nosis. Patients with polysomy 17 without HER2 amplification (HER2
negative), often equivocal by IHC, are reported to have outcomes
similar to HER2-negative, chromosome 17 eusomic patients, and this
was observed in our cohort.23,53,54 In contrast to reports that polysomy
17 tumors without HER2 amplification invariably show no increase in
HER2 RNA levels, in this study, 9% (four of 49 tumors) did show
expression levels consistent with HER2 amplification, as previously

Table 3. Incidence of Polysomy 17 by HER2 Status (FISH and RT-PCR)

HER2 Status

Central FISH Positive Central FISH Equivocal Central FISH Negative Total RT-PCR

No. of Polysomy-
Positive Patients/

No. of HER2-
Positive
Patients�

% of
Polysomy-
Positive
Patients

No. of Polysomy-
Positive Patients/

No. of HER2-
Equivocal
Patients

% of
Polysomy-
Positive
Patients

No. of Polysomy-
Positive Patients/

No. of HER2-
Negative
Patients†

% of
Polysomy-
Positive
Patients

No. of Polysomy-
Positive Patients/

Total No.

% of
Polysomy-

Positive
Patients

RT-PCR positive 19/55� 35 1/1 100 4/11 36 24/67 36
RT-PCR equivocal 0/4 0 1/5 20 13/79 17 14/88 16
RT-PCR negative 1/1 100 0/4 0 32/408† 8 33/413 8
Total FISH 20/60 33 2/10 20 49/498 10 71/568 13

Abbreviations: HER2, human epidermal growth factor receptor 2; FISH, fluorescence in situ hybridization; RT-PCR, reverse transcriptase polymerase chain reaction.
�Patients show both polysomy and chromosome 17 amplification by FISH.
†Patients show polysomy but no chromosome 17 amplification.

Odds Ratios (95% CI)
0 1 2 3 4 5

All patients

FISH+, polysomy

FISH+, eusomic

FISH-, polysomy

Reference Group: FISH-, eusomic

Fig 3. Forest plot of polysomy 17 status and human epidermal growth factor
receptor 2 status. Odds ratios of breast cancer death for fluorescence in situ
hybridization (FISH). A higher odds ratio is associated with a worse outcome.
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described by IHC.23,55,56 This may support recent reports that stan-
dard FISH probes may misclassify rare HER2-amplified tumors as
polysomy 17 when the amplicon extends into the centrometric region
of chromosome 17.57

The strengths of this study include the large study cohort of
lymph node–negative, chemotherapy- and trastuzumab-naive pa-
tients and the use of central laboratories with standardized methods
for FISH and RT-PCR assays.14,32,36,58 Not all FISH or all RT-PCR
assays are the same.59 There are also some limitations to consider
when interpreting these study results. Because of the cohort age, only
approximately 30% of patients were treated with tamoxifen, although
this is consistent with other reported populations during this period.
HER2 IHC was not available for review. Finally, the cohort is chemo-
therapy and trastuzumab naive and thus shows prognosis with respect
to HER2 status but not prediction of trastuzumab benefit. Assessment
of HER2 status by IHC and/or FISH should continue as the approach
for making trastuzumab or lapatinib treatment decisions.14,33,34 Al-
though with regard to trastuzumab benefit, recent quantitation of
HER2 gene amplification by FISH did not correlate with trastuzumab
benefit, HER2 gene expression in a trastuzumab-treated population
has not been studied with quantitative RT-PCR and warrants fur-
ther study.22

Recent reports that patients with discordant local and central
laboratory HER2 results responded to trastuzumab highlight the need
for standardized, robust methods that are less affected by sources of
variability.6 These data show that RT-PCR is highly concordant with
high-quality, central laboratory–performed FISH and may be of use to
clinicians and pathologists who are uncertain about select HER2 assay
results obtained by FISH and IHC. Furthermore, these standardized
HER2 results may prove useful for laboratories performing manda-
tory ASCO/CAP concordance studies.58,60,61 In conclusion, this study
demonstrated a high level of concordance for HER2 between central
FISH and central RT-PCR using the Oncotype DX assay, and the assay
warrants further study in a trastuzumab-treated population.
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