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Histopathologic variables predict Oncotype
DX™ Recurrence Score

Melina B Flanagan', David ] Dabbs', Adam M Brufsky?, Sushil Beriwal® and
Rohit Bhargava®

'Department of Pathology, Magee-Women'’s Hospital of University of Pittsburgh Medical Center, Pittsburgh,
PA, USA; *Department of Medical Oncology, Magee-Women’s Hospital of University of Pittsburgh Medical
Center, Pittsburgh, PA, USA and *Department of Radiation Oncology, Magee-Women’s Hospital of University
of Pittsburgh Medical Center, Pittsburgh, PA, USA

Oncotype DX™ is a commercially available reverse transcriptase-polymerase chain reaction based assay that
provides a Recurrence Score (RS) and has been shown to provide prognostic and predictive information in
estrogen receptor-positive lymph node-negative breast cancers. Independent studies of its utility in routine
practice are lacking. Slides and surgical pathology reports from 42 cases of breast carcinomas evaluated by
Oncotype DX™ were retrospectively reviewed to determine patient age, tumor size, histologic grade, estrogen
and progesterone receptor (ER and PR) and ERBB2 (HER-2/neu) data, with ER and PR reported as a semi-
quantitative score reflecting both intensity of staining and proportion of positive cells. We show here that
Recurrence Score is significantly correlated with tubule formation, nuclear grade, mitotic count, ER
immunohistochemical score, PR immunohistochemical score, and HER-2/neu status, and that the equation
RS =13.424 1 5.420 (nuclear grade) + 5.538 (mitotic count) —0.045 (ER immunohistochemical score) —0.030 (PR
immunohistochemical score) +9.486 (HER-2/neu) predicts the Recurrence Score with an R? of 0.66, indicating
that the full model accounts for 66% of the data variability. Although the Oncotype DX™ Recurrence Score holds
potential, further validation of its independent value beyond that of histopathologic analysis is necessary

before it can be implemented in clinical decision making.
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Breast cancer is the most frequent cancer and second
most frequent cause of cancer death among women,
with an estimated 178,480 new cases and 40,460
deaths in 2007." Approximately 50% of breast
cancer cases are lymph node-negative and estro-
gen-receptor positive.” While there is a well-estab-
lished role for adjuvant chemotherapy for tumors
that are lymph node-positive, or with unfavorable
histopathologic features,®* there is limited data on
the use of adjuvant chemotherapy in ER-positive,
lymph node-negative breast cancers. Fifteen percent
of patients treated with tamoxifen alone will recur
over a 10-year period; thus, it is estimated that 85%
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would be overtreated if chemotherapy was given to
each patient in this group.®

Treatment decisions in breast cancer traditionally
have been made based on combinations of clinical
and histopathologic risk factors, which include
patient age, tumor size, histologic grade, estrogen
and progesterone receptor status, ERBB2 (HER-2/
neu) status, and lymph node status. However,
histologic grade is considered by some to be
subjective®** and as a whole these pathologic
parameters are considered insufficient to stratify
patients toward or away from adjuvant chemother-
apy.® Oncotype DX™ (Genomic Health, Redwood
City, CA, USA) is a commercial assay that is
becoming more popular and has been shown to
predict tumor recurrence in lymph node-negative
ER-positive breast cancers.

Oncotype DX™ is a reverse transcriptase polymer-
ase chain reaction assay (RT-PCR) that analyzes the
expression of 21 genes to give a distant disease
Recurrence Score (RS). These are categorized as
the Estrogen group (ER, PGR, BCL2, SCUBE2),
HER2 group (GRB7, HERZ2), Proliferation group
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(Ki67, STK15, Survivin, CCNB1, MYBL2), Invasion
group (MMP11, CTSL2), Others (GSTM1, CD68,
BAG1) and Reference group. Yet, ER, PR, and
HER2 genes are already analyzed by either protein
expression or gene amplification, and pathologists
already analyze the morphologic expression of the
proliferation genes by the mitotic count. Thus, the
assay includes molecular measures of several fea-
tures that are already examined in a standard
pathologic examination.

Although the Oncotype DX™ assay is a potentially
useful tool for the stratification of breast cancer
patients toward or away from chemotherapy, the
assay costs over $3,000."® Additionally, correlates of
many of the genes it measures are already analyzed
in a standard pathology examination. To date, there
have been no studies by researchers independent of
Genomic Health which examine the relationship
between histopathologic variables and the Oncotype
DX™ Recurrence Score. We therefore examined
42 cases of breast cancer from the files of
Magee-Women’s Hospital and analyzed the relation
between the clinical/histopathologic variables
(patient age, tumor size, tubule formation, nuclear
grade, mitotic figures, ER immunohistochemical
score, PR score, and HER-2/neu) and the Recurrence
Score.

Materials and methods

Forty-two cases of breast carcinomas that had
Oncotype DX™ performed were obtained from the
pathology files of Magee-Women’s Hospital of
University of Pittsburgh Medical Center. All cases
were ER-positive and node-negative except for 1
ER-negative case that had Oncotype Dx™ performed
for unknown reasons. All H&E tumor slides and
reports were reviewed. The tumors were graded
according to the Elston and Ellis modification of the
Nottingham grading system''* using a Nikon
eclipse 50i scope with a 0.55 mm high power field
(HPF) diameter. The assignment of points for mitotic
count was as follows: 1 point (0—8 mitotic figures/10
HPFs), 2 points (9—18 mitotic figures/10 HPFs) and 3
points (19 or more mitotic figures/10 HPFs)."*

ER, PR, and HER-2/neu data was obtained from
pathology reports. Immunohistochemistry for ER
and PR was performed using the 6F11 and 1A6
antibodies, respectively, and IVIEW detection on the
Benchmark XT (Ventana, Tucson, AZ, USA). At our
institution, ER and PR results are reported using a
semi-quantitative immunohistochemical score (pre-
viously described as ‘H-score’) which details the
percentage of positive cells showing none, weak,
moderate, or strong staining.’® The score is given as
the sum of the percent staining multiplied by an
ordinal value corresponding to the intensity level
(0 =none, 1=weak, 2=moderate, 3 =strong). With
four intensity levels, the resulting score ranges from
0 (no staining in the tumor) to 300 (diffuse intense
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staining of the tumor). HER-2/neu protein was
analyzed and scored using CB11 antibody and basic
DAB detection on Benchmark XT (Ventana). HER-2/
neu was considered positive with either 3+
immunoreactivity or amplification by FISH (with a
ratio of HER2 to chromosome 17 centromeric region
> 2.2, using PathVysion Vysis dual color FISH by
Vysis Inc, Downers Grove, IL, USA).

Oncotype DX™ Recurrence Score was obtained
from medical records. The RS classifies tumors into
three risk categories: low (0—17) intermediate (18—
30) and high (31-100).°> The RS was correlated with
clinico-pathologic variables using the Pearson pro-
duct-moment correlation coefficient (r) and coeffi-
cient of determination (r?) for continuous variables
(patient age, tumor size, ER immunohistochemical
score, PR immunohistochemical score) and the
Spearman’s rank order correlation coefficient
(r, and r2) for ordinal variables (tubule formation,
nuclear grade, mitotic figures, and HER-2/neu
status), with a two-tailed p-value of <0.05
considered significant. Multiple linear regression
analysis was performed to model the prediction
of the Oncotype DX™ RS by the same variables
using a stepwise approach, with an entry probability
of .05 and removal probability of 0.1. Models were
also created to include Nottingham Grade
or Nottingham Score rather than the individual
components, and models were tested for interac-
tions between variables. All data analyses were
performed using SPSS version 11.5 (SPSS Inc.,
Chicago IL, USA).

This study was approved by the Institutional
Review Board of University of Pittsburgh Medical
Center.

Results

Median patient age was 58 years (range, 33-82).
Median tumor size was 1.3cm (range, 0.2-3.5).
Fifteen cases were Nottingham Grade 1, 19 were
Nottingham Grade 2, and eight were Nottingham
Grade 3.

Table 1 shows the mean values or frequencies of
each variable for low, medium, and high RS
categories.

The correlation between Oncotfype DX™ Recur-
rence Score (using the full range from 0-100) and
other variables is detailed in Table 2. In a univariate
model, tubule formation (1-3), nuclear grade (1-3),
mitotic count (1-3), ER immunohistochemical score,
PR immunohistochemical score, and HER-2/neu
status (amplified vs non-amplified) are significantly
correlated with the Oncotype DX™ Recurrence Score
(Table 2). Similarly, both the Nottingham Score and
Nottingham Grade, which are composite scores of
the tubule formation, nuclear grade, and mitotic
count, are significantly correlated with the Recur-
rence Score. Figures 1 and 2 show the correlation
between the Recurrence Score and the Nottingham
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Table 1 Means and frequencies of variables for Oncotype DX™ Recurrence Score categories
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Oncotype DX™ Recurrence Score

Low n=19) Interm (n=15) High (n=38)
Age (mean) 57.63 60.93 52
Tumor size (mean) 1.34 1.46 1.43
Tubule formation [no. (%)]
1 3 (15.8) 1 (6.7) 0 (0)
2 6 (31.6) 6 (40.0) 0 (0)
3 10 (52.6) 8 (53.3) 8 (100)
Nuclear grade [no. (%)]
1 1 (5.26) 0 (0) 0 (0)
2 15 (78.95) 10 (66.67) 1 (12.5)
3 3 (15.79) 5 (33.33) 7 (87.5)
Mitotic count [no. (%)]
1 19 (100) 14 (38.89) 3 (8.33)
2 0 (0) 0 (0) 4 (50)
3 0 (0) 1 (6.67) 1 (12.5)
ER immunohistochemical score (mean) 240.53 226.33 115.88
PR immunohistochemical score (mean) 149.47 135.87 41.5
HER-2/neu amplified [no. (%)] 1(5.3) 3 (20) 3 (37.5)

Table 2 Univariate correlation of variables with Oncotype DX™
Recurrence Score

r r P
Age —0.12 0.01 0.46

Tumor size 0.06 0.00 0.69

Tubule formation® 0.32 0.10 0.04*
Nuclear grade® 0.52 0.27 <0.01*
Mitotic count® 0.52 0.27 <0.01*
ER immunohistochemical score —0.58 0.34 <0.01*
PR immunohistochemical score -0.44 0.20 <0.01*
Her-2/neu status® 0.37 0.14 0.02*
Nottingham score (1-9) 0.56 0.31 <0.01*
Nottingham grade (1-3) 0.59 0.35 <0.01*

*Significant at the P<0.05 level.
E'Spearman’s rank order correlation coefficient ry and r? used.

Grade and the ER immunohistochemical score,
respectively.

In a multiple linear regression model, nuclear
grade, mitotic count, ER immunohistochemical
score, PR immunohistochemical score, and HER-2/
neu status are significantly correlated with the
Oncotype DX™ (Table 3). This model forms the
regression equation: RS =13.424+5.420 (nuclear
grade) +5.538 (mitotic count) —0.045 (ER immuno-
histochemical score) —0.030 (PR immunohisto-
chemical score) 4+ 9.486 (HER-2/neu), with an R of
0.813 and R? of 0.66, indicating that the full model
accounts for 66% of the data variability. Patient age
and tumor size were not significant predictors of
Oncotype DX™ RS in either the univariate or
multivariate models. Of all models created, which
included using the full Nottingham Score or Grade
instead of the components, this model had the
highest R*. No potential interactions between any of
the variables were significant.
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Figure 1 Correlation of the Oncotype DX™ Recurrence Score with
Nottingham Grade: the Pearson product-moment correlation
coefficient r=0.59, and coefficient of determination r*>=0.35
(P<0.01).

Discussion

Currently, the decision to use adjuvant chemother-
apy in breast cancer treatment is based primarily on
the tumor size and lymph node status. Adjuvant
chemotherapy has a well-established role tumors
that are lymph node-positive, or tumors with
unfavorable features such as lymphovascular space
invasion, high nuclear or histologic grade, HER-2/
neu overexpression and negativity for estrogen and
progesterone receptors;** however, there is limited
data on the use of adjuvant chemotherapy in ER-
positive, lymph node-negative breast cancers. Based
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Figure 2 Correlation of the Oncotype DX™ Recurrence Score with
ER immunohistochemical score: the Pearson product-moment
correlation coefficient r = —0.58, and coefficient of determination
1*=0.34 (P<0.01).

Table 3 Multiple linear regression analysis prediction of the
Oncotype DX™ Recurrence Score

B Std. error P
(Constant) 13.424 6.803 0.06
ER immunohistochemical score —0.045 0.016 0.01
Nuclear grade 5.420 2.556 0.04
HER-2/neu status 9.486 3.210 0.01
PR immunohistochemical score —0.030 0.013 0.03
Mitotic count 5.538 2.681 0.05

R=0.813, R*=0.66.

on the likelihood of distant recurrence in patients
treated with tamoxifen alone, it is estimated that
85% of these patients would be overtreated if
chemotherapy were given to each one.” There are
currently no consensus guidelines for the use of
chemotherapy in this subgroup due to the lack of
diagnostic assays that will predict high risk of
recurrence.

Oncotype DX™ (Genomic Health Inc. Redwood
City, CA, USA) is a commercial assay that has been
shown to predict tumor recurrence in node-negative
ER-positive breast cancers. It is an RT-PCR assay that
analyzes the expression of 21 genes (16 cancer
related and five control genes) to give a distant
disease Recurrence Score ranging from 0-100. The
RS score was created using training sets and a
proprietary analytic method.” The Oncotype DX™
RS was originally validated in 668 lymph
node-negative, ER-positive breast cancer patients
receiving tamoxifen in NSABP trial B-14, where a
multivariate analysis of patient age, tumor size,
tumor grade, HER-2 /neu status, hormone receptor
status, and RS demonstrated that only tumor grade
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and Recurrence Score were significant predictors of
distant recurrence, and the RS was also significantly
correlated with the relapse-free interval and overall
survival.® The RS was subsequently validated as a
predictive marker for response to chemotherapy and
tamoxifen in 651 patients on NSABP B-20 and 645
patients on NSABP B-14."°

Conventional clinical and histopathologic factors
for risk assessment in breast cancer include patient
age, tumor size, histologic grade, estrogen and
progesterone receptor status, HER-2/neu status,
and lymph node status. These have been combined
into numerous prognostic indicators, including the
Nottingham Prognostic Index, St Gallen criteria,
NIH consensus guidelines, and Adjuvant! Online.
The Nottingham histologic grade is the most
common grading system, and takes into account
tubule formation, nuclear grade, and mitotic count,
each scored from 1-3." Histologic grade is almost
universally accepted by clinicians, included in
consensus guidelines,* and used in treatment deci-
sion making. The advantages of the Nottingham
Grade (either as a composite score or decomposed
into subsets of its three components) are that it is
simple to determine, inexpensive, and has been
shown repeatedly to have prognostic value in breast
carcinoma.'*"”'® However, histologic grade is
considered by some to have poor reproducibility,
particularly for nuclear pleomorphism and mitotic
count.®"* A standard pathology examination also
includes analysis of estrogen and progesterone
receptor status for the prediction of therapeutic
response to hormone therapy, and HER-2/neu status
by immunohistochemistry in conjunction with
fluorescence in situ hybridization to assess potential
response to Herceptin®™.

Despite the complexity of the derivation of the
Recurrence Score, the biologic basis for this scoring
is intuitive. The six gene groups analyzed are
categorized as the Estrogen group (ER, PGR, BCL2,
SCUBE?2), HER2 group (GRB7, HERZ2), Proliferation
group (Ki67, STK15, Survivin, CCNB1, MYBL2),
Invasion group (MMP11, CTSL2), Others (GSTM1,
CD68, BAG1) and Reference group. Yet, estrogen and
progesterone receptor and HER-2/neu genes are
already analyzed by protein expression, or gene
amplification (HER-2) in a standard surgical pathol-
ogy examination. In addition, mitotic count, which
is the morphologic expression of the proliferation
genes, is one of the components of the Nottingham
grading.

Given the correlation between clinico-pathologic
variables and clinical outcomes, and given that the
Oncotype DX™ RS has been shown to have pre-
dictive value in a subset of breast cancer patients,
we hypothesized that histopathologic risk factors
would be significant predictors of the Oncotype
DX™ Recurrence Score. In our analysis of 42 breast
cancer cases, the Nottingham Score and Grade (as
well as their components: tubule formation nuclear
grade, mitotic count), ER immunohistochemical



score, PR immunohistochemical score, and HER-2/
neu status are significantly correlated with the
Oncotype DX™ RS. The Recurrence Score can be
predicted with the regression equation RS =13.424
+5.420 (nuclear grade) +5.538 (mitotic count)
—0.045 (ER immunohistochemical score) —0.030
(PR immunohistochemical score)+9.486 (HER-2/
neu). This full multivariate model accounts for
66% of the data variability. Thus, RS is fairly well
predicted by a combination of nuclear grade, mitotic
count, ER immunohistochemical score, PR immu-
nohistochemical score, and HER-2/neu status,
where the RS is directly proportional to the nuclear
grade, mitotic count, and HER-2/neu status, and
inversely proportional to the ER immunohistochem-
ical score and PR immunohistochemical score.
Although we are describing a multivariate model
of the Oncotype DX™ RS, it is instructive to examine
the univariate relationship between the Nottingham
Grade and the RS. Figure 1 and Table 4 show the
distribution of cases by Nottingham Grade and
Recurrence Score, and Table 5 details those cases
which appear discordant, i.e. cases that are Notting-
ham Grade 1 but do not have a low risk RS,
Nottingham Grade 2 cases but do not have a
intermediate risk RS, and cases that are Nottingham
grade 3 but do not have a high risk RS. Interestingly,
the range of Recurrence Scores for Nottingham
Grade 1 cases is 7-21, for Grade 2 is 4—47, and for

Table 4 Relationship between Oncotype DX™ Recurrence Score
and Nottingham Grade

Nottingham Grade Oncotype DX™ Recurrence Score

Low Interm. High Total
1 10 5% 0 15
2 9* 9 37 21
3 0 1° 5 6
Total 19 15 8 42

Low risk: 0-17, intermediate risk: 18-30, high risk: 31-100.
#Discordant cases are further described in Table 5.

Table 5 Analysis of discordant cases

Prediction of Oncotype DX™ Recurrence Score
MB Flanagan et al

Grade 3 is 30—-86. Thus, for Grade 1 cases, the 5 that
had an intermediate Recurrence Score rather than
low were still in the lowest range of the intermediate
category (score of 19-21). Additionally, for Grade 3
cases, the one that had an intermediate Recurrence
Score rather than high was in the highest range of
the intermediate category (score of 30). Grade 2
cases, on the other hand, have a wide range of
Recurrence Scores that appear unpredictable. It is
worth noting that there were no two-step discre-
pancies, that is, there were no cases that were
Nottingham Grade 1 and high RS, and none that
were Nottingham Grade 3 and low RS.

Clearly the holy grail of breast cancer research is
to find prognostic markers that can reliably predict
survival and response to therapies, thus allowing
individualized therapy for each patient so all
receive the maximal therapeutic benefit with mini-
mal toxicity. Histopathologic markers have been
criticized as being subjective and insufficient to
fully stratify patients; yet, the molecular markers
which have been developed are either still in
research phases and/or very expensive.'® The most
recent ASCO guidelines for use of tumor markers in
breast cancer include, for the first time, a lengthy
discussion of multiparameter gene expression ana-
lysis, including the Oncotype DX™ assay. They
indicate that Oncotype DX™ ‘may’ be used to
individualize breast cancer treatment and to predict
those patients who would benefit most from adju-
vant tamoxifen or chemotherapy.*

The most salient question is whether the addi-
tional information given by molecular testing in-
dependently of traditional histopathologic markers
is enough to justify the expense. The few studies
that have actually compared the traditional markers
to newer molecular ones have found that they
perform similarly. Eden et al** showed that the
conventional markers of the Nottingham Prognostic
Index performed similarly to gene expression mar-
kers (by van’t veer?') for predicting metastasis-free
survival. Similarly, in an analysis of breast
cancer patients treated with cyclophosphamide,

Nottingham RS No. of cases Explanation

Grade

1 Intermediate 5 Recurrence scores for these five cases (range, 19-21) are in the lower end of the
intermediate category. All have grade 2 nuclei. One case has a very low ER
immunohistochemical score (110) and one case has a very low PR
immunohistochemical score (1)

2 Low 9 These nine cases have a high mean ER immunohistochemical score (221), high mean
PR immunohistochemical score (166), and all are HER-2/neu negative

2 High 3 These three cases have a low mean ER immunohistochemical score (143.3), a low
mean PR immunohistochemical score (58.3) and two cases are HER-2/neu positive.
The one HER-2/neu negative case has the lowest ER immunohistochemical score

3 Intermediate 1 Although this case has a Nottingham score of 9, it has a very high ER IHC-score (255),

high PR IHC-score (190), and is HER-2/neu negative
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methotrexate, and 5-fluorouracil, Nimeus-Malmstrom
et al*® found that gene expression data did not
improve prediction of distant recurrence above and
beyond the Nottingham Prognostic Index. Other
researchers have also concluded that although
molecular markers for breast cancer risk assessment,
including Oncotype DX™, have strong potential, as
of yet they have not been sufficiently validated for
clinical practice.** TAILORx is an ongoing prospec-
tive clinical trial specifically designed to evaluate
the utility of Oncotype DX™ in clinical decision-
making,”® and data from this will be available in the
future. Finally, the studies published to date that
demonstrate the cost effectiveness of Oncotype DX™
Recurrence Score-guided therapies have been spon-
sored by Genomic Health, the makers of the
Oncotype DX™ assay,”®?” and there has been no
independent verification of this data.

Despite the substantial efforts towards clinical
validation of Oncotype DX™, there are still several
questions that remain unanswered. For instance,
how reproducible is the RS? Is it affected by features
such as an inflammatory response adjacent to the
tumor, or tumor cellularity? Is it affected by
differences in tissue fixation techniques, such as
might be found at different hospitals? Cronin et al*®
addressed the issue of reproducibility by performing
the Oncotype DX™ assay on five levels in each of
three tissue blocks taken from different sections of
tumors. They found strong correlation in the
expression of the 16 genes both between blocks as
well as between tumor samples from the same block;
however, this study included only two patients, and
is the only published study addressing this issue.
Regarding the possible effect of inflammation on the
RS, one report suggests that in some cases a high
Recurrence Score may be more related to peritumor-
al inflammatory response rather than the tumor
itself.?® As the RS measures a group of proliferative
genes, it is not surprising that a highly proliferative
inflammatory response would elevate the RS. Given
that Oncotype DX™ testing may be performed on
excised tissue, which has inflammation as a compo-
nent of prior biopsy site changes, this artifact may be
more common than currently reported, and would
certainly be of concern. To our knowledge there are
no studies that assess the effect of tumor cellularity
on RS. Finally, there appears to be no published data
regarding the effect on RS of differences in tissue
fixation techniques.

Because Oncotype DX™ is very expensive, has
several unanswered questions related to its clinical
practicability, and has not been shown conclusively
to add wvaluable information independently of
clinical and histopathologic markers, we suggest
that rather than using the Oncotype DX™ assay
indiscriminately in every case of lymph node-
negative ER-positive breast cancer, it should be
reserved for cases where it is difficult to make a
clinical decision based on histopathology and
receptor studies. The challenge remains defining
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the best algorithm for its use. Based on the relation-
ship between Nottingham Grade and the Recurrence
Score (Figure 1 and Table 4), it appears that it is
unnecessary to perform Oncotype DX™ testing on
cases that are Nottingham Grade 1 or 3, as the
Recurrence Score in these cases for the most part
correlates with the Nottingham Grade. However, the
fact remains that at this point, even the cutoffs for
the Recurrence Score are not entirely defined; in
fact, in the TAILORx trial the Recurrence Score
ranges are different from previously defined (low:
<11, intermediate: 11-25, and high: > 25).>%?°

In addition to defining a judicious algorithm for
the use of Oncotype DX™, efforts must be focused on
developing and/or refining simple and inexpensive
risk factor assessments. For ER and PR, reporting
intensity and percentage of cells positive for a
particular stain (or using a semi-quantitative scoring
method as described above) is more useful than a
mere positive or negative report. Counting of mitotic
figures must be standardized, and nuclear pleo-
morphism should be graded uniformly.

In conclusion, we present the correlation between
histopathologic variables and the Oncotype DX™
Recurrence Score, as well as a multivariate model
that predicts the RS. We are not suggesting that this
regression equation actually be used in clinical
practice, as this study was performed on a small
group of cases and would need extensive additional
validation. We suggest, however, that rather than
performing Oncotype DX™ on all lymph node
negative ER-positive breast cancer cases, Oncotype
DX™ testing should be reserved for Nottingham
Grade 2 cases as well as equivocal cases where it is
difficult to make a clinical decision based on
histopathology and receptor studies.
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