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ABSTRACT

Background. Half of all breast cancers are early stage,
lymph node negative, and hormone receptor positive. A
21-gene (Oncotype DX�; Genomic Health, Inc., Red-
wood City, CA) recurrence score (RS) is prognostic for
recurrence and predictive of chemotherapy benefit. We
explored the ability of oncologists to predict the RS us-
ing standard prognostic criteria.

Methods. Standard demographic and tumor prognos-
tic criteria were obtained from patients with an avail-
able RS. Two academic pathologists provided tumor
grade, histologic type, and hormone receptor status. Six
academic oncologists predicted the RS category (low,
intermediate, or high) and provided a recommendation
for therapy. The oncologists were then given the actual
RS and provided recommendations for therapy. Analy-
sis for agreement was performed.

Results. Thirty-one cases, including nine additional
cases with variant pathology reads, were presented.
There was substantial agreement in oncologists’ ability
to discriminate between true low or true intermediate
and true high (� � 0.75; p < .0001). Predictions between
low and intermediate were not consistent. The most
common discrepancies were predictions of a low RS risk
when cases were true intermediate and predictions of an
intermediate RS risk when cases were true low. The ac-
tual RS resulted in a change in the treatment recom-
mendations in 19% of cases. Of the 186 scenarios and six
oncologists in aggregate, five fewer chemotherapy rec-
ommendations resulted with the actual RS.

Conclusions. Oncologists are able to differentiate be-
tween a low or intermediate RS and a high RS using
standard prognostic criteria. However, provision of the
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actual RS changed the treatment recommendations in
nearly 20% of cases, suggesting that the RS may reduce
chemotherapy use. This effect was observed in particular

in intermediate-risk cases. Prospective clinical trials are
necessary to determine whether decisions based on the RS
change outcomes. The Oncologist 2011;16:1359–1366

INTRODUCTION

More than 200,000 cases of breast cancer are diagnosed in the
U.S. annually [1]. Of these, about half are early-stage, lymph
node–negative, hormone receptor–positive tumors. More pub-
lic health campaigns for regular mammographic screening
have increased detection of tumors in early stages, before re-
gional or distant metastasis has occurred [2]. Although adju-
vant clinical trials have clearly demonstrated that adjuvant
chemotherapy prolongs survival for patients with early-stage
breast cancer [3], retrospective analyses of some of these trials
suggest that the benefit may be restricted to a subset of patients
with either poor or negative expression of estrogen receptor
(ER) [4] or patients with human epidermal growth factor re-
ceptor (HER)-2� breast cancer [5].

Gene-expression profiling is commonly used as both a
research tool and a clinical tool; this technology has been
used by multiple independent groups to develop gene pro-
files that are associated with breast cancer recurrence [6, 7].
One of the most widely validated gene-expression profiles,
the recurrence score (RS), is performed by Oncotype DX�

(Genomics Health, Inc., Redwood City, CA). This is a 21-
gene profile recommended by the American Society of
Clinical Oncology as a biomarker for the identification of
the risk for distant recurrence in patients with surgically
treated, ER�, stage I or II, node-negative breast cancer [8].
Additionally, its use was suggested by the St. Gallen Con-
sensus Panel [9] and the National Comprehensive Cancer
Network (NCCN) [10]. An important limitation remains
the absence of any prospective clinical studies reporting
outcomes with its use. Because studies investigating the
clinical utility of the RS and other profiles (e.g., Mam-
maPrint and the breast cancer gene expression ratio) are on-
going, it remains important to consider whether conventional
prognostic markers can suffice for providing clinical practice
recommendations instead of the use of gene profiles [11].

The RS has been repeatedly validated as a prognostic
marker [7, 12, 13] and additionally determined to be pre-
dictive of chemotherapy benefit [12, 14]. Independent ret-
rospective analyses of the National Surgical Adjuvant
Breast and Bowel Project B20 chemotherapy trial [14] and
the Southwest Oncology Group 8814 clinical trial [12] have
found that the benefit of adjuvant chemotherapy is most
clearly shown in the subset of patients whose tumors were
measured to have a “high-risk” RS.

Because the RS is derived from the expression of genes

that measure ER, progesterone receptor (PR), HER-2, and
proliferation, it was hypothesized that oncologists could
predict the RS by assessing standardized immunohisto-
chemical measures of ER, PR, and proliferation (grade).
Therefore, we sought to determine whether academic on-
cologists specializing in the treatment of breast cancer,
when presented with standard prognostic and predictive cri-
teria as determined by academic breast pathologists, could
identify patients independently determined to be high risk
by means of the RS. Additionally, this study sought to deter-
mine whether knowledge of the RS would affect oncologists’
recommendations for or against adjuvant chemotherapy in ad-
dition to hormonal therapy.

METHODS

Using an institutional review board–approved protocol, pa-
tients from the Rochester, MN and Jacksonville, FL cam-
puses of the Mayo Clinic with an available Oncotype DX�

test result or who had the test performed at another institu-
tion but reviewed at these campuses were identified by con-
ducting an electronic patient record database query. The
medical records from these patients were reviewed to iden-
tify those patients with hormone receptor–positive, lymph
node–negative invasive breast cancer. Tumor slides from
these cases were reviewed by two academic breast pathol-
ogists who were blinded to previous pathology interpreta-
tions, the actual RS, and each other’s analysis. Histologic
type, Nottingham grade, and percentage ER� and PR�

were recorded. Hormone receptor positivity was reported
as 0%, 1%–10%, 11%–50%, 51%–90%, or �90%.

Patient characteristics, including patient age, tumor
size, percentage ER� and PR�, and HER-2/neu status, were
presented to six academic oncologists from various institu-
tions for review. While being blinded to the actual RS, re-
viewers were asked to predict each patient’s RS category as
representing either low (RS, 0–17), intermediate (RS, 18–
30), or high (RS, 31–100) risk.

Additionally, each oncologist was queried as to their en-
thusiasm for recommending chemotherapy (reported as yes
or no) in addition to hormonal therapy. Three weeks later,
the case order was randomly mixed and then the clinical
characteristics were provided along with the RS to the on-
cologists, with the question regarding their recommenda-
tion (yes or no) for chemotherapy in addition to hormonal
therapy. In those cases in which there was a discrepancy be-
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tween the pathologists’ interpretations (e.g., in terms of tu-
mor grade or percentage ER�), an “alternate read” was
provided along with the primary read. These alternate reads
were scrambled, along with the primary reads, as individual
cases. This study was conducted in 2006. Patient character-
istics were summarized using descriptive statistics (medi-
ans and ranges for continuous variables and counts and
frequencies for categorical variables). Agreement among
the six oncologists as well as between each oncologist and
the actual RS risk group (low or intermediate versus high)
was assessed via � statistics [15].

To assess the effect on chemotherapy recommendations
associated with being given the actual RS, the pairs of chemo-
therapy recommendations (without and with being given the
actual RS) for individual cases for each oncologist were en-
tered into a repeated measures general estimation equation
(GEE) analysis [15]. To assess the effect of clinical character-
istics and the actual RS risk group on the likelihood of a
chemotherapy recommendation change, the change in chemo-
therapy recommendation (yes versus no) was modeled using
logistic regression. Variables included in the model were on-
cologist, age (as a continuous variable), histology (ductal ver-
sus lobular), grade (I versus II of III), tumor size (as a
continuous variable), HER-2/neu status, ER� (�50% versus
�50%), PR� (�10% versus �10%), and actual Oncotype
DX� RS risk group (low versus intermediate versus high).
Categories of grade, percentage ER�, and percentage PR�

were collapsed because of small sample sizes in some catego-
ries. Interaction between each clinical characteristic and on-
cologist was assessed in a separate model that contained a
main effect for the oncologist, a main effect for the clinical
characteristic being investigated, and an interaction effect be-
tween oncologist and the clinical characteristic. Because the
interaction effect was not statistically significant in any model,
no interaction effects between the oncologist and clinical char-
acteristics were included in the multivariate model.

In all logistic regression models, model fit was assessed
via the deviance. p-values � .05 were considered statisti-
cally significant throughout.

RESULTS

Thirty-one distinct cases were identified with characteris-
tics of these tumors outlined in Table 1. The median age of
the patients was 53 years (range, 42–82 years). All cases
were either ductal or lobular histology, with lobular com-
prising 23% of cases. All but two cases were HER-2/neu�.
The median actual RS was 14 (range, 7–74) and the RS risk
was classified as low in 18 (58%), intermediate in 10 (32%),
and high in three (10%) cases. Cases presented to the sur-
veyed oncologists are displayed in Table 2.

Frequency of Predicted RS Risk by Oncologists
Figure 1 demonstrates the percentage of RS risk groups pre-
dicted by each oncologist along with the actual percentage
of RS risk groups. The percentages of predicted RS risk
groups were in the range of 39%–77%, 16%–52%, and 3%–
10% for the low-, intermediate-, and high-risk groups, re-
spectively, for the six oncologists. There was a high level of
agreement among oncologists (� � 0.75; p � .0001) in pre-
dicting actual low or intermediate risk versus high risk.
However, there was, at best, a moderate level of agreement
between each oncologist and the actual RS risk level (range,
0.22–0.48) (low or intermediate versus high). The most fre-
quent types of discrepancies were predicting a patient’s risk

Table 1. Clinical characteristics

Characteristic Total (n �31)

Age, years

40–49 11 (36%)

50–59 11 (36%)

60–69 4 (13%)

70–79 4 (13%)

80–89 1 (3%)

Histology

Ductal 24 (77%)

Lobular 7 (23%)

Nottingham grade

I 9 (29%)

II 18 (58%)

III 4 (13%)

Tumor size

�1 cm 7 (23%)

�1 cm to �2 cm 19 (61%)

�2 cm 5 (16%)

Estrogen receptor positivity

1%–10% 2 (7%)

11%–50% 1 (3%)

51%–90% 9 (29%)

�90% 19 (61%)

Progesterone receptor positivity

0% 2 (7%)

1%–10% 2 (7%)

11%–50% 3 (10%)

51%–90% 8 (26%)

�90% 16 (52%)

Human epidermal growth factor receptor 2/neu status

Positive 2 (7%)

Negative 29 (94%)
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to be intermediate when the true RS indicated a low risk (31
of 80 total discrepancies) and predicting a patient’s risk to
be low when the true RS indicated an intermediate risk (29
of 80 total discrepancies) (Table 3). In considering patients
separately by actual RS risk group, the percent agreement
between the actual and predicted scores was excellent for
low-risk patients (low or intermediate versus high, 100%),
moderate for intermediate-risk patients (low or intermedi-

ate versus high, 87%), and poor for high-risk patients (low
or intermediate versus high, 33%).

Recommendation for Chemotherapy
Based on the clinical data without the RS, five oncologists
recommended chemotherapy in 16%–23% of the 31 cases,
with one oncologist recommending chemotherapy in 52%
of the 31 cases. Oncologists generally followed the rule of

Table 2. Summary of 31 cases (original pathology read)

Case

Clinical data ODX

Age Histology Size (cm) Grade ER PR HER-2/neu RS

1 48 Lobular 1.1 II �90% 11–50% Neg 14

2 55 Ductal 1.2 II �90% �90% Neg 14

3 42 Ductal 1.1 III �90% �90% Neg 14

4 48 Lobular 0.8 II �90% �90% Neg 10

5 63 Ductal 2.4 II �90% �90% Neg 15

6 52 Lobular 2.3 II �90% 0% Neg 14

7 51 Ductal 1.5 III �90% 51–90% Neg 22

8 46 Ductal 0.8 III �90% �90% Neg 12

9 49 Ductal 1.0 II 51%–90% 51–90% Neg 20

10 47 Lobular 0.6 I �90% �90% Neg 19

11 53 Ductal 2.4 II �90% �90% Neg 12

12 50 Ductal 1.2 II �90% �90% Neg 11

13 43 Ductal 0.9 II �90% 51%–90% Neg 14

14 53 Ductal 1.0 I 51%–90% �90% Neg 13

15 56 Lobular 1.8 II 51%–90% �90% Neg 12

16 48 Ductal 1.5 I �90% 51%–90% Neg 10

17 51 Ductal 1.1 III 1%–10% 0% 3� 74

18 77 Lobular 1.0 II �90% 51%–90% Neg 15

19 77 Ductal 0.7 II 51%–90% 1%–10% Neg 27

20 58 Ductal 1.3 I �90% 51%–90% Neg 19

21 64 Ductal 0.6 I �90% �90% Neg 8

22 57 Ductal 1.3 II �90% �90% Neg 40

23 73 Lobular 2.7 II 51%–90% 11%–50% Neg 24

24 62 Ductal 1.7 II �90% 51%–90% Neg 32

25 49 Ductal 1.6 I 51%–90% �90% Neg 19

26 82 Ductal 1.9 I 51%–90% �90% Neg 14

27 57 Ductal 1.2 II �90% �90% Neg 7

28 48 Ductal 1.5 II 1%–10% 11%–50% Heteroa 21

29 48 Ductal 0.6 I 51%–90% �90% Neg 12

30 60 Ductal 1.1 I 51%–90% 51%–90% Neg 22

31 70 Ductal 3.6 II 11%–50% 1%–10% Neg 23
a HER-2 for this case was read as 2� by immunohistochemistry; fluorescence in situ hybridization studies showed “HER-2/
neu to D17Z1 ratio of 3.4, 10% population with amplification . . . most of the remaining nuclei had HER-2/neu duplication
with 2–3 copies of the chromosome 17 centromere and 3–10 copies of the HER-2/neu gene.”
Abbreviations: ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; Neg, negative; ODX, Oncotype
DX�; PR, progesterone receptor; RS, recurrence score.
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almost never (eight of 115, 7%) recommending chemother-
apy in predicted low-risk cases and always (14 of 14, 100%)
recommending chemotherapy in predicted high-risk cases.
Predictions of intermediate risk were associated with che-
motherapy recommendations in 25 of 57 (44%) cases.

When given the RS, the same five oncologists recom-
mended chemotherapy in 10%–19% of the 31 cases, with
one oncologist recommending chemotherapy in 58% of the
31 cases. Overall, 19% of the cases involved changes in
management, with the most frequent change being from yes
to no (Table 4) when given the RS. There were two cases
(RSs of 14 and 32) in which five of the six oncologists
changed their chemotherapy recommendation (Table 2)
(case #6 and #24), three cases (RSs of 14, 22, and 40) in
which four of six oncologists changed their chemotherapy
recommendation (cases #3, #7, and #22), and 15 cases in
which no oncologist changed their chemotherapy recom-
mendation. When given the actual RS risk groups, oncolo-
gists recommended chemotherapy in 10 of 108 (9%) low-

risk cases, 15 of 60 (25%) intermediate-risk cases, and 17 of
18 (94%) high-risk cases. In total, after being given the RS,
there were five fewer recommendations for chemotherapy
(47 recommendations when not given the RS versus 42 rec-
ommendations when given the RS in 186 scenarios). There
was no significant association (p � .63) between a chemo-
therapy recommendation and the predicted or actual RS.

In the repeated measures GEE analysis of the chemo-
therapy recommendation without and with being given the
RS, there was no significant within-oncologist effect on the
chemotherapy recommendation when given the RS (p-
value � .56). The only significant parameter in the model
was that of the one oncologist who recommended chemo-
therapy in substantially more cases than the other five on-
cologists without and with being given the RS (p-value �
.0001).

In modeling the likelihood of a change in chemotherapy
recommendation (Table 5), age, grade (I versus II or III),
tumor size, and high RS risk were significantly associated
with the likelihood of a change in chemotherapy recom-
mendation (all p-values � .05). Higher age and grade I were
associated with a lower likelihood of a change in chemo-
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Figure 1. Percentage of predicted and actual Oncotype DX� (ODX) recurrence score (RS) risk groups by oncologists.

Table 3. Types of discrepancies in predicting Oncotype
DX� recurrence score

Type of discrepancy
Total
(n �186)

No discrepancy 106 (57%)

Actual, low; predicted, intermediate 31 (16.7%)

Actual, intermediate; predicted, low 29 (15.6%)

Actual, intermediate; predicted, high 8 (4.3%)

Actual, high; predicted, low 9 (4.8%)

Actual, high; predicted, intermediate 3 (1.6%)

Table 4. Types of changes in chemotherapy
recommendation

Type of change Total (n �186)

No change 151 (81.2%)

Changed yes to no 20 (10.8%)

Changed no to yes 15 (8.1%)
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therapy recommendation, whereas larger tumor size and
high RS risk were associated with a greater likelihood of a
change in chemotherapy recommendation.

To explore this further, four oncologists were surveyed
again 6 weeks after the initial analysis with the same cases
in an unplanned fashion. When comparing these responses
with those provided earlier, changes in the predicted RS
risk were seen in 15% of cases, resulting in changes in the
chemotherapy recommendation in 10% of cases. These
data suggest that some of the changes observed may be as-
sociated with random day-to-day practice variability in pre-
scribing patterns. Studies are needed to further characterize
these types of variation in clinical practice and determine
whether or not adherence to practice guidelines will im-
prove patient outcomes.

Changes from Alternate Reads
In nine of 31 cases, the breast pathologists differed in their
interpretation of the histologic findings. In one case, they
differed in their interpretation of histology (ductal versus
lobular); in four cases, they differed in their interpretation
of grade (I versus II); and in eight cases, they differed in
their interpretation of ER� (51%–90% versus �90%). Ad-
ditionally, in eight cases, differences in percentage PR�

were reported. The alternative pathology reads were asso-
ciated with a change in a given oncologist’s predicted RS in
19 of 54 (54%) scenarios. Eighteen changes were from low
risk to intermediate risk or vice versa, and one change was
from intermediate risk to high risk. The alternative pathol-
ogy reads were associated with seven changes in the che-
motherapy recommendation within the cumulative 54 cases
(13%).

DISCUSSION

This case series demonstrates that academic breast oncolo-
gists may be reasonably accurate at using standard prognos-
tic criteria to distinguish high-risk patients from low- or
intermediate-risk patients as determined by the RS. High
agreement was observed among oncologists in predicting
the Oncotype DX� RS, especially when designating an RS
of low or intermediate versus high risk. There still remains
significant inability to discern low- from intermediate-risk
cases, as evidenced by the large number of discrepancies
that occurred.

In this analysis, most oncologists did not recommend
chemotherapy for predicted low RS patients, whereas they
always recommended chemotherapy for predicted high RS
patients. Predicted intermediate scores led to wide variabil-
ity in treatment recommendations, but most oncologists did
not recommend chemotherapy in patients whom they felt to
be at intermediate risk. These practice patterns were also
seen in a retrospective review of 285 patients in which RS
and chemotherapy decisions were recorded in a multi-
center, community-based, health care system [16]. In the
current study, the added information of the actual RS
changed the chemotherapy recommendation in 19% of
cases, resulting in an overall decrease of five clinical sce-
narios for which chemotherapy would be recommended.
Cases with alternative pathology reads were associated
with changes in predicted RS risk in over one third of sce-
narios and were associated with changes in the chemother-
apy recommendation in �10% of cases.

Others have performed similar analyses. Acs et al. [17]
recently presented their findings on 154 patients with early-
stage, ER� breast cancer and an available RS in which sur-
gical oncologists, medical oncologists, and pathologists
were asked to estimate the risk for recurrence. Risk esti-

Table 5. Logistic regression model of likelihood of
change in chemotherapy recommendation

Odds ratio estimates

Effect
Point
estimate

95% Wald
confidence limits

Oncologist

#1 versus #6a 0.690 0.127 3.754

#2 versus #6 1.881 0.391 9.052

#3 versus #6 2.490 0.526 11.784

#4 versus #6 1.000 0.195 5.131

#5 versus #6 1.391 0.282 6.870

Agea 0.801 0.693 0.927

Histology: ductal versus
lobular

0.623 0.143 2.711

Grade: I versus II or IIIb 0.109 0.018 0.652

Tumor sizeb 16.110 3.218 80.638

HER-2/neu status:
negative versus positive

1.260 0.027 58.659

ER positivity: �50%
versus �50%

0.026 �0.001 0.944

PR positivity: �10%
versus �10%

1.192 0.117 12.143

Actual ODX RS

High versus lowb 82.650 8.959 762.496

Intermediate versus
low

6.463 1.682 24.841

Model fit: deviance � 117.7 (degrees of freedom � 171;
p-value � .9994).
a Oncologist #6 was chosen as being the most accurate in
predicting the actual RS.
b p-value � .05.
Abbreviations: ER, estrogen receptor; HER-2/neu, human
epidermal growth factor receptor 2; ODX, Oncotype
DX�; PR, progesterone receptor; RS, recurrence score.
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mates agreed with the RS 54% of the time, with the most
common discrepancy being overestimation (32%). Using
the assumption that patients with a low- or intermediate-
risk RS do not benefit from chemotherapy, and are thus “over-
treated,” they concluded that 82% and 69% of patients would
unnecessarily receive chemotherapy without and with the use
of the RS, respectively (p � .03). Lo et al. [18] recently re-
ported the results of RS predictions and treatment recommen-
dations before and after the RS was obtained from 17 medical
oncologists in 89 patients. Oncologists changed the treatment
recommendation in 32% of cases after knowing the RS results.
Similar to the current study findings, the greatest change was
from a pretreatment recommendation of chemotherapy to a
post-test recommendation of hormonal therapy alone. The au-
thors allowed an answer of “equipoise,” reflecting neither su-
periority nor inferiority for either treatment choice. If one
assumes that an answer change to equipoise reflects ambigu-
ous conclusions of superiority but no actual treatment change,
then the percentage of treatment recommendations changed
by the RS may be 26%, close to our findings.

How much variation in treatment recommendations can
be attributed to chance alone is not well understood. Studies
have shown that the practice patterns of medical oncolo-
gists in managing patients with early-stage breast cancer
vary and are often discordant with national guidelines [19,
20]. Based on repeated measures GEE analysis of chemo-
therapy recommendations, the effect of being given the RS
on an oncologist’s chemotherapy recommendation was not
statistically significant (i.e., the change within a given on-
cologist in the chemotherapy recommendation was not
larger than that attributed to random fluctuation in an on-
cologist’s recommendation).

These data lead to several important observations. First,
conventional prognostic criteria are useful to identify the
risk for distant recurrence as assessed by the RS. As ex-
pected, the trend to recommend against chemotherapy in
predicted scenarios of low RS risk and to recommend che-
motherapy in predicted scenarios of high RS risk did not
significantly change after being given an actual low and
high RS. However, differences emerged in the frequency of
chemotherapy recommendation when not given the RS ver-
sus being given the RS in the intermediate-risk group (44%
versus 25%; p � .035). Thus, up to 19% of patients would
have been misclassified and not received chemotherapy,
with clinically important implications.

A recent economic analysis of the Oncotype DX� test con-
cluded that the RS can actually augment the classification
made by the NCCN system. In that study [21], 28% of patients
stratified by the NCCN criteria as low risk were reclassified by
the RS as intermediate or high risk. Conversely, almost 50% of
patients classified as high risk were reclassified by the RS as

low risk. Assuming that these newly classified patients would
not receive chemotherapy, RS testing would increase the qual-
ity-adjusted life-years by 8.6 years and produce a 5% decline
in overall health care–associated costs. These results suggest
that the clinical utility of the RS is in reducing costs, morbidity,
and mortality of chemotherapy without changing outcome.
Our data show similar results in the number of cases predicted
to be low risk reclassified to intermediate or high risk (20%),
but no predicted high-risk cases were truly low risk by the On-
cotype DX� RS.

There are several limitations to this study. The relatively
low number of cases studied is a reflection of the lack of
national consensus on the use of the RS at the time of the
study. The issues of experience and expertise are important
to note. The ability to generalize the current findings to set-
tings outside tertiary-care cancer centers with dedicated
breast oncologists and highly experienced breast patholo-
gists is likely limited. Even though two well-experienced
breast pathologists, blinded to outcomes, read the cases,
this study demonstrated that even slight differences in the
quantification of hormone receptor expression may change
the predicted RS and chemotherapy recommendation. To a
lesser extent, this may also be true of small differences in
histologic grade. But even considering this, minor changes
in pathologic reads were associated with changes in the pre-
dicted RS risk in 54% of cases and resulted in a change in
the chemotherapy recommendation in 13% of cases. This
underscores the issue that even minor discrepancies in
pathologic reads can change clinical decisions in an impor-
tant number of clinical scenarios.

Finally, it should be noted that the RS is weighted using
information regarding HER-2 and proliferation genes (e.g.,
Ki-67). Although the oncologists in this study were pro-
vided information regarding HER-2 (standard immunohis-
tochemistry [IHC] and fluorescence in situ hybridization
[FISH] if appropriate), they were not provided with an im-
munhistochemical marker of molecular grade (Ki-67).
Therefore, it is possible that the addition of this information
may have further improved the ability of academic oncolo-
gists to discriminate among RS categories. Notably, only
two cases were considered HER-2� by standard IHC and/or
FISH criteria, and the current NCCN guidelines do not rec-
ommend using the RS for tumors that are HER-2�.

CONCLUSION

In summary, this case series demonstrates that academic
breast oncologists interpreting standard prognostic criteria
provided by an academic breast pathologist may be able to
distinguish high- from low- or intermediate-risk patients as
identified by the RS. However, the observation of a man-
agement change in �20% of cases after the addition of the
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RS suggests that it may be an important tool for better stan-
dardization of chemotherapy recommendations, especially
in the intermediate-risk group. Prospective clinical trial
data are necessary to further define its utility in improving
patient outcomes.
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