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ABSTRACT

Purpose. A major challenge in treating early-stage hor-
mone receptor (HR)� breast cancer is selecting women
who, after initial surgery, do not require chemotherapy.
Better prognostic and predictive tests are needed. The
21-gene assay is the only widely commercially available
gene signature that can be performed on formalin-fixed
paraffin-embedded tissue.

Methods. We conducted a review of the literature sup-
porting the prognostic and predictive ability of the 21-
gene assay in HR� node-negative and node-positive
breast cancer patients in chemotherapy-/endocrine-
treated and untreated populations.

We considered: (a) How accurate is the recurrence
score (RS) as a prognostic factor for distant recurrence?
(b) How accurate is the RS as a predictive factor for ben-
efit from systemic therapy? (c) How does the RS com-
pare with other prognostic/predictive factors such as

tumor size, tumor grade, patient age, and integrated de-
cision aids such as Adjuvant! Online? (d) How do pa-
tients and physicians view the 21-gene assay? (e) What
are the cost implications of the 21-gene assay?

Results. The 21-gene assay: (a) provided accurate
risk information; (b) predicted response to cyclo-
phosphamide, methotrexate, and 5-fluorouracil and
to cyclophosphamide, doxorubicin, and 5-fluoroura-
cil chemotherapy; (c) added additional information to
traditional biomarkers; (d) was viewed positively by
both physicians and patients; and (e) fell within the cost-
effectiveness values in North America.

Conclusion. This assay may be offered to patients with
node-negative HR� breast cancer to assist in adjuvant
treatment decisions. Data are accumulating to support
the use of the 21-gene assay in HR� node-positive pa-
tients. The Oncologist 2010;15:447–456

INTRODUCTION

A major challenge in the treatment of early-stage hormone-
receptor (HR)� breast cancer is the selection of women
who, after initial surgery, do not require chemotherapy.
There are a number of international guidelines for the adju-

vant treatment of node-negative HR� breast cancer patients
based on standard clinicopathological features [1–3]. There
is also the software program Adjuvant! Online (AOL),
which projects outcomes at 10 years based on clinicopath-
ological features and therapy [4, 5].
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There are three commercially available prognostic tests
based on gene expression technology. The 21-gene assay
(OncotypeDX; Genomic Health, Inc., Redwood City, CA)
and the H/I assay (AvariaDx, Carlsbad, CA) use real-time
reverse transcriptase polymerase chain reaction (RT-PCR)
to quantify mRNA in formalin-fixed, paraffin-embedded
tissue. MammaPrint (Agendia BV, Amsterdam, The Neth-
erlands) uses DNA microarray technology (labeled patient
mRNA hybridized to DNA sequences from known genes
on a customized microarray chip) to identify mRNA in
fresh or frozen tumor tissue. The analytical validity and
other aspects of each test have been reviewed elsewhere
[6–10].

The subject of this review is the widely commercially
available 21-gene assay, an RT-PCR assay that measures
the gene expression of 16 cancer-related and five control
genes in paraffin-embedded tissue. Based on the level of
expression of each gene, a recurrence score (RS) is calcu-
lated with a 95% confidence interval. An RS �18 is con-
sidered low risk, whereas an RS �18 and �31 is considered
intermediate risk and an RS �31 is considered high risk for
distant recurrence at 10 years [11, 12].

We specifically wanted to address the clinical utility of
the 21-gene assay as a diagnostic test for prognosis and pre-
diction of response to therapy. We conducted a review of
the literature in order to examine the following questions.

1. How accurate is the RS as a prognostic factor for dis-
tant recurrence?

2. How accurate is the RS as a predictive factor for ther-
apeutic benefit to systemic therapy?

3. How does the RS compare with other prognostic/
predictive factors such as tumor size, tumor grade, patient
age, and integrated decision aids such as AOL?

4. How do patients and physicians view the 21-gene as-
say in clinical practice?

5. What are the cost implications of the 21-gene assay?

METHODS

Data Sources and Searches
MEDLINE (from 1996) and EMBASE (from 1980) were
searched using the medical subject heading “Gene expres-
sion profiling” and the following text terms: 21-gene assay,
recurrence score, RT-PCR assay, OncotypeDX, breast neo-
plasm. Further relevant studies were identified by hand
searching the references from original and review articles.
Abstracts published in the proceedings of annual meetings
of the American Society of Clinical Oncology (ASCO) and
the San Antonio Breast Cancer Symposium were reviewed.

We calculated the test properties for some studies. The
pretest probability for a distant recurrence was extracted

from trial outcome data. If a clinical trial reported the pro-
portion of patients without a distant recurrence at 10 years
as 85%, it was estimated that all patients meeting the trial
entry criteria had a risk for distant recurrence of approxi-
mately 15%. In practice however, clinicopathological pa-
rameters and decision aids can refine risk estimates. The
usefulness of the RS was determined by the accuracy with
which it could distinguish patients who developed a distant
recurrence from those who did not. The accuracy measure
we used was the likelihood ratio (LR), that is, how likely is
a high RS among patients who develop a distant recurrence
and how likely is a high RS among patients who do not de-
velop a distant recurrence? The ratio of these two likeli-
hoods, the LR, is used in this review [13].

Study Selection
All validation studies examining the prognostic accuracy of
the RS were reviewed in addition to studies assessing pre-
diction. Studies including abstracts that allowed calculation
of the test properties were selected. We included articles
that examined populations other than the population for
which the test was intended, for example, node-positive pa-
tients, patients receiving neoadjuvant chemotherapy, and
patients assessed using other outcome measures, such as lo-
coregional failure, breast cancer death, and disease-free
survival (DFS), which should be considered when inter-
preting the study results.

HOW ACCURATE IS THE RS AS A PROGNOSTIC

FACTOR FOR DISTANT RECURRENCE?

Tamoxifen-Treated Node-Negative Patients
The National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-14 trial randomized 2,617 node-negative HR�

women in order to examine the benefit of tamoxifen versus
placebo [14]. The 21-gene assay was performed on 668 par-
affin-embedded tumor blocks from the tamoxifen arm of
the trial. The proportion of patients in the low-risk group
who were free from distant recurrence at 10 years (93.2%)
was significantly greater than the proportion in the high-
risk category (69.5%) (p � .001) [15].

A high RS was 2.5� (LR, 2.5; 95% confidence interval
[CI], 1.8–3.4) as likely to occur in a patient who developed
a distant recurrence at 10 years compared to a patient who
did not. A low RS was 2.5� (LR, 0.4; 95% CI, 0.2.–0.6) as
likely to occur in a patient who did not develop a distant
recurrence at 10 years compared to a patient who did. The
LR for the intermediate group (LR, 1.0; 95% CI, 0.5–1.5)
was 1, which suggests that the test provided little additional
information. However, it does indicate that these patients
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are not falling into the low- or high-risk category but some-
where in between.

The pretest probability for the cohort for the develop-
ment of distant recurrence at 10 years was 15%. The post-
test probabilities for high-, intermediate-, and low-risk
categories were 30.7%, 14.4%, and 6.9%, respectively,
demonstrating the ability of the test to categorize tumors ac-
cording to the risk for distant recurrence (Table 1).

The sensitivity of the RS was 76.9% (95% CI, 75.1%–
80.3%), indicating that about 77% of patients who devel-
oped a distant recurrence had a high/intermediate RS. The
specificity was 55.4% (95% CI, 54.1%–56.8%), indicating
that 55% of patients who did not have a recurrence had a
low RS.

The NSABP B-20 trial examined the benefit of concur-
rent tamoxifen and chemotherapy compared with tamox-
ifen alone in node-negative estrogen receptor (ER)� breast
cancer patients [16]. Tumor specimens from the tamoxifen-
only arm were used as a training set in the development of
the assay, and therefore the test properties and prognostic
ability were superior to what would be expected in an inde-
pendent cohort [17]. A high RS in the tamoxifen-only group
was almost five times (LR, 4.8; 95% CI, 2.5–8.6) as likely
to occur in a patient who developed a distant recurrence at
10 years compared to a patient who did not. A low RS was
five times (LR, 0.2; 95% CI, 0.0–0.5) as likely to occur in a
patient who did not develop a distant recurrence at 10 years
compared to a patient who did (Table 2). There was an over-
all pretest probability of 12%; however, the post-test prob-
abilities were 40%, 9%, and 3% for the high-, intermediate-,
and low-risk categories, respectively (Table 2). The sensi-
tivity was 84% (95% CI, 79%–98%) and specificity was
65% (95% CI, 62.8%–68.3%).

A nested case–control study was conducted by Habel et
al. [18] to determine the degree to which the RS could pre-
dict the risk for breast cancer–specific mortality among
HR� node-negative patients. A case was a patient whose
first event was death from breast cancer. At each case’s
death, up to three controls were randomly selected from the
patients alive and under follow-up, matched for age, race,
tamoxifen treatment, year of diagnosis, and treating hospi-
tal. The relative risks for the RS were calculated with regard
to an increment of 50 units. For the 55 cases and 150 con-
trols who had been treated with tamoxifen, the risk for death
was positively associated with the RS (relative risk [RR],
7.6; 95% CI, 2.6–21.9).

The association between the RS and locoregional recur-
rence was studied in 895 tamoxifen-treated patients from
the NSABP B-14 and B-20 trials, 355 placebo-treated pa-
tients (from the NSABP B-14 trial), and 424 chemotherapy
plus tamoxifen–treated patients (from the NSABP B-20

trial). Locoregional recurrence was significantly associated
with the RS in tamoxifen-treated patients (p � � .00001),
with locoregional recurrence rates of 4.3%, 7.2%, and
15.8% in the low, intermediate, and high RS groups, respec-
tively. The RS was significantly associated with locoregional
recurrence in placebo-treated patients (p � .022) and in ta-
moxifen plus chemotherapy–treated patients (p � .028) [19].

Untreated Node-Negative Patients
In a study by Esteva et al. [20] in 149 node-negative patients
who did not receive systemic therapy and had a minimum
follow-up of 5 years, there was no significant difference ob-
served in the 10-year distant recurrence-free survival
(DRFS) rate among RS groups. However, both HR� and
HR� patients were included in the final analysis.

The RS was examined in 355 patients from the placebo
arm of the NSABP B-14 trial [21]. The DRFS rates at 10
years were 85.9%, 62.2%, and 68.7% for the low, interme-
diate, and high RS groups, respectively. Habel et al. [18]
also included HR� patients not treated with tamoxifen. The
risk for breast cancer death was associated with the RS (RR,
4.1; 95% CI, 2.1–8.1), but not as strongly as for the tamox-
ifen-treated patients, which likely relates to the inclusion of

Table 2. Test properties for the 21-gene assay performed
on 227 patients treated with tamoxifen only from the
NSABP B-20 study

Pretest
probability,
%

Risk category,
likelihood
ratio (95% CI)

Post-test
probability,
% (range)

12 High, 4.8 (2.5–8.6) 39.7 (25.4–54.0)

12 Intermediate, 0.7
(0.05–1.6)

9.2 (0.6–17.6)

12 Low, 0.2 (0.0–0.5) 3.2 (0.1–6.4)

Abbreviations: CI, confidence interval; NSABP, National
Surgical Adjuvant Breast and Bowel Project.

Table 1. Test properties calculated for the 21-gene assay
performed on 668 tumor blocks from the NSABP B-14
trial

Pretest
probability,
%

Risk category,
likelihood
ratio (95% CI)

Post-test
probability,
% (range)

15 High, 2.5 (1.8–3.4) 30.7 (23.8–37.7)

15 Intermediate, 1.0
(0.5–1.5)

14.4 (8.4–20.5)

15 Low, 0.4 (0.2–0.6) 6.9 (4.0–9.7)

Abbreviations: CI, confidence interval; NSABP, National
Surgical Adjuvant Breast and Bowel Project.
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genes in the RS that are weakly prognostic but highly pre-
dictive of tamoxifen benefit.

Node-Positive Disease Treated with Tamoxifen
The Southwest Oncology Group (SWOG) 8814 study ran-
domized 1,477 postmenopausal women with HR� node-
positive breast cancer to tamoxifen alone or anthracycline-
based chemotherapy— cyclophosphamide, doxorubicin,
and 5-fluorouracil (CAF)—plus tamoxifen. The 21-gene
assay was performed on 40% of the trial population (148
tamoxifen-treated patients and 219 chemotherapy plus ta-
moxifen–treated patients). For the patients treated with ta-
moxifen alone, the 10-year DFS rates were 60%, 49%, and
43% for the low, intermediate, and high RS categories (p �
.017). The continuous RS was prognostic in the first 5 years
(HR, 5.55; 95% CI, 2.32–3.28; p � .0002 for a 50-point dif-
ference), but not beyond 5 years (HR, 0.86; 95% CI, 0.27–
2.74; p � .80) [22].

Node-Negative and Node-Positive Patients
Treated with Anastrozole or Tamoxifen
The RS was examined in 1,231 postmenopausal, chemo-
therapy-untreated women randomized to either anastrozole
or tamoxifen in the Arimidex, Tamoxifen, Alone or in
Combination (ATAC) trial. There were 872 women with
node-negative disease (432 tamoxifen-treated patients and
440 anastrozole-treated patients) and 306 women with
node-positive disease (152 tamoxifen-treated patients and
154 anastrozole-treated patients). The treatment arms were
combined and the 9-year distant recurrence rates for women
with node-negative disease were 4%, 12%, and 25% for the
low, intermediate, and high RS groups, respectively (p �
.001), and for those with node-positive disease, the 9-year dis-
tant recurrence rates were 17%, 28%, and 49% (p � .001) for
the low, intermediate, and high RS groups, respectively [23].

Node-Negative or Node-Positive Disease Treated
with Chemotherapy Followed by
Hormonal Therapy
The E2197 trial included 2,885 evaluable patients with zero
to three positive nodes treated with four cycles of doxoru-
bicin and cyclophosphamide or four cycles of docetaxel and
cyclophosphamide followed by hormonal therapy for 5
years. There was no difference in the DFS rate between
treatment arms at 76 months [24]. The RS was examined in
776 patients from that trial [25]. Test properties for the
node-negative (n � 189) and node-positive (n � 198), hu-
man epidermal growth factor receptor (HER)2� HR� cases
are shown in Table 3. Because the 5-year reported DFS rate
for this group was 90% and the follow-up for this study was
6.3 years, a pretest probability of recurrence was estimated at
10%–20%. The low RS group (node negative and node posi-
tive) had an excellent outcome, with a post-test probability of
5.5%–11% depending on the pretest probability used.

HOW ACCURATE IS THE RS AS A FACTOR

PREDICTIVE OF THERAPEUTIC BENEFIT?

Adjuvant Chemotherapy Benefit in
Node-Negative Patients Receiving Tamoxifen
The RS was assessed in 651 patients from the NSABP B-20
trial to determine if it could predict the magnitude of benefit
from cyclophosphamide, methotrexate, and 5-fluorouracil
(CMF) [17]. Patients in the tamoxifen-only arm with a high
RS had a DRFS rate of 60.5% (95% CI, 46.2%–74.8%).
Chemotherapy in addition to tamoxifen led to a higher
DRFS rate of 88.1% (95% CI, 82.0%–94.2%). In contrast,
patients treated with tamoxifen only who had a low RS had
a DRFS rate of 96.8% (95% CI, 83.3%–92.3%) and the ad-
dition of CMF did not change this significantly (95.6%;
95% CI, 92.7%–98.6%).

Table 3. Test properties for the node-negative (n � 189) and node-positive (n � 198) subsets of the E2197 trial

Recurrence score Pretest probability, % Likelihood ratio Post-test probability, %

High risk, node-negative HR� HER-2�

patients (n � 189)

High 10–20 1.6 17.9–28.5

Intermediate 10–20 1.3 14.8–24.2

Low 10–20 0.5 6.4–11.1

Node-positive HR� HER-2� patients
(n � 198)

High 10–20 3.7 29.3–48.2

Intermediate 10–20 1.2 11.6–29.7

Low 10–20 0.5 5.5–11.6

Abbreviations: HER, human epidermal growth factor receptor; HR, hormone receptor.
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Adjuvant Chemotherapy in Node-Positive
Patients Receiving Tamoxifen
As previously discussed, Albain et al. [22] studied the RS
in a subset of patients from the SWOG 8814 study to de-
termine if there were node-positive patients who did not
benefit from chemotherapy. The high RS group appeared
to benefit more from CAF (HR, 0.59; 95% CI, 0.35–1.01)
than from tamoxifen alone. The addition of chemother-
apy in the high RS group resulted in a statistically signif-
icant higher DFS rate— 43% (95% CI, 28%–57%) versus
55% (95% CI, 40%– 67%). There was a trend toward a
lack of CAF benefit in the low RS group (HR, 1.02; 95%
CI, 0.54 –1.93); however, for both the low and interme-
diate RS groups (HR, 0.72; 95% 0.39 –1.31) the CIs were
wide and benefit cannot be ruled out entirely in these
groups.

Prediction of Response to
Neoadjuvant Chemotherapy
Gianni et al. [26] studied the gene expression profiles of
pretreatment core biopsies of 89 patients with locally ad-
vanced breast cancer who received neoadjuvant paclitaxel
and doxorubicin. The RS was positively associated with the
likelihood of a pathological complete response (p � .005)
[26].

Prediction of Response to Tamoxifen in
Node-Negative Patients
Paik et al. [21] examined the ability of the RS to predict ta-
moxifen benefit, comparing the DRFS by RS group in the
placebo and tamoxifen-only arms of the NSABP B-14
study. There were 645 evaluable specimens (355 placebo
treated and 290 tamoxifen treated). Patients in the interme-
diate- and low-risk groups benefited from tamoxifen, but
those in the high risk group derived little benefit (Table 4).

HOW DOES THE 21-GENE ASSAY COMPARE WITH

OTHER PROGNOSTIC/PREDICTIVE FACTORS?

AOL and the 21-Gene Assay
The 21-gene assay generates an estimate of the risk for distant
recurrence (metastatic disease). In contrast, risk estimates gen-
erated by AOL include all causes of recurrence (local, re-
gional, contralateral, and distant recurrence). As a result,
recurrence risks are generally higher with AOL than with the
21-gene assay [27]. Bryant reclassified 668 patients from the
tamoxifen-only arm of the NSABP B-14 study using AOL
(Fig. 1) [28]. Patients classified by both tests as low risk had a
10-year distant recurrence rate of 5.6% (95% CI, 2.5%–9%). If
AOL classified a patient as intermediate/high risk and the 21-
gene assay reclassified them as low risk, the 10-year recur-
rence rate was 8.9% (95% CI, 4%–14%). The CIs here are
wide and suggest that there may be patients who would benefit
from additional therapy. If both tests classified a patient as
high risk, the 10-year recurrence rate was 30.7% (95% CI,
24%–38%). If AOL classified a patient as low risk, but the 21-
gene assay indicated intermediate to high risk, the 10-year re-
currence rate was 12.9% (95% CI, 7%–19%).

The prognostic utility of the RS compared with an algo-
rithm similar to AOL but modified for outcome at 5 years
and referred to as the Integrator was examined using 465
patients from the Eastern Cooperative Oncology Group
E2197 trial [29]. There was poor concordance between pre-
dictions made by the RS and by the Integrator using either
risk group or risk percentile classification for comparison
and using both local and centrally determined tumor grade.
In a proportional hazards regression model that included
only the RS and the Integrator risk percentiles, only the RS
remained statistically significant, and the RS by Integrator
interaction term was significant, indicating that the RS was
independent of Integrator risk. There was a fourfold higher
RR for recurrence for a patient classified as low risk by the

Table 4. Predictive ability of the 21-gene assay using specimens from the placebo (n � 355) and tamoxifen-treated (n �
290) arms of the NSABP B-14 study

RS group

Placebo Tamoxifen

Pretest
probability,
%

Risk category,
likelihood ratio
(95% CI)

Post-test
probability, %
(range)

Pretest
probability,
%

Risk category,
likelihood ratio
(95% CI)[K]

Post-test
probability, %
(range)

High 25 1.4 (1.1–1.8) 31.6 (27.0–37.9) 15 2.5 (1.8–3.4) 30.7 (23.8–37.7)

Inter 25 1.8 (1.6–2.1) 37.9 (34.6–40.8) 15 1.0 (0.5–1.5) 14.4 (8.4–20.5)

Low 25 0.5 (0.3–0.6) 14.2 (9.9–17.3) 15 0.4 (0.2–0.6) 6.9 (4.0–9.7)

Abbreviations: CI, confidence interval; NSABP, National Surgical Adjuvant Breast and Bowel Project; RS, recurrence
score.
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Integrator, but with a high RS. In addition, for patients with
a low RS and classified as high risk by the Integrator, the
RR was 3.15-fold higher. Both tests provided information
that was independent of and in addition to the other. Data
from the ATAC trial showed that the RS and AOL were in-
dependent predictors of distant recurrence and relapse, but
the correlation was weak between the tests (r � 0.234) [23].

Multivariate Analyses Examining the RS in
Models with Clinicopathological Factors
In multivariate models from the NSABP B-14 trial includ-
ing the RS, age at surgery, tumor size, tumor grade (mod-
erate and high), HER-2 amplification, and ER, the RS and
high tumor grade were significant predictors of distant re-
currence [15]. In the E2197 subset, the RS was a significant
predictor of recurrence for node-positive and node-negative
patients and for the HER-2� subset [29]. In Cox propor-
tional hazards models for recurrence, when the linear RS,
centrally determined tumor grade, HER-2 expression level,
tumor size, age, and number of positive nodes were exam-
ined, only two to three positive nodes, young age, and grade
remained significant predictors, and there was a trend to-
ward significance for the RS (HR for a 50-point difference
in RS, 2.12; 95% CI, 0.97–4.65; p � .06, linear trend test).
However, the RS was a significant predictor when locally
determined grade was used (HR, 3.13; 95% CI, 1.60–6.14;
p � .0009). In a model with only HER-2� patients, the RS
was not predictive, regardless of whether the tumor grade

was determined locally or centrally. In the Habel et al. [18]
study, in models with the RS, tumor size, and tumor grade,
only the RS and tumor size retained statistical significance
as predictors of breast cancer mortality. In patients treated
without tamoxifen, tumor grade, tumor size, and the RS
were all significant predictors of breast cancer mortality
when included in one model [18]. In 872 postmenopausal
women with node-negative disease who received no che-
motherapy and were randomized to anastrozole or tamox-
ifen, a model adjusted for age and treatment and including
centrally determined tumor grade found tumor size (p �
.001) and the RS (p � .001) to be significant predictors of
recurrence [23].

Preliminary data suggest that combining routine clinical
and centrally tested immunohistochemical (IHC) markers
into a single composite prognostic risk profile might be
more powerful than any single marker [30–32]. Using mul-
tivariate proportional hazards regression, the transATAC
group built a model based on IHC staining for ER, proges-
terone receptor, HER-2, and Ki67 (IHC4). The RS and
IHC4 contributed equivalent information to routine clinical
data (age, tumor grade, tumor size, and treatment). Concor-
dance between the IHC4 and RS was high (� � 0.70) [30].

HOW DO PATIENTS AND PHYSICIANS VIEW THE

21-GENE ASSAY IN CLINICAL PRACTICE?
In a prospective multicenter study, 89 patients were as-
sessed prior to and after the 21-gene assay [33]. Patient sat-

Figure 1. Risk for breast cancer recurrence as determined by Adjuvant! Online and the modified risk for breast cancer recurrence
using the 21-gene assay. Shown is a determination of the risk for breast cancer recurrence by Adjuvant! Online for 668 patients
from the tamoxifen-only arm of the NSABP B-14 study and reclassification by OncotypeDX and recurrence at 10 years.

Abbreviations: CI, confidence interval; NSABP, National Surgical Adjuvant Breast and Bowel Project.
Based on data from Bryant J. Toward a more rational selection of tailored adjuvant therapy. Data from the National Surgical

Adjuvant Breast and Bowel Project. Presented at the Primary Therapy of Early Breast Cancer – 9th International Conference, St
Gallen, Switzerland, January 26–28, 2005.
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isfaction was high. There was a significant reduction in
conflict over treatment decisions, reduction in anxiety
scores, greater patient satisfaction, and increased confi-
dence with their choice of adjuvant therapy after taking the
test. About 76% of medical oncologists involved in their
care also found that the assay increased their confidence in
treatment recommendations [34].

A number of studies reported significant changes in the
recommendation for adjuvant treatment with the use of the
RS [35–38]. Ben-Baruch et al. [36] found that knowledge of
the RS led to 58% of patients initially offered chemotherapy
being treated with hormonal treatment only, whereas 12%
of patients initially offered hormonal treatment were treated
with chemotherapy. Erb et al. [37] found a reduction in che-
motherapy administration to node-negative HR� breast
cancer patients from 55% to 25% after the RS was intro-
duced. Interviews conducted on 163 stage I/II breast cancer
patients who had completed adjuvant chemotherapy found
that health literacy affected retention of information about
the RS but not the desire for information regarding the test
[39].

WHAT ARE THE COST IMPLICATIONS OF THE

21-GENE ASSAY?
Hornberger et al. [40] conducted a cost–utility analysis us-
ing the RS in patients classified as having a low or high risk
for distant recurrence based on National Comprehensive
Cancer Network (NCCN) (http://www.nccn.org) risk crite-
ria. Two scenarios were considered, involving patients with
node-negative ER� early breast cancer expected to receive
5 years of hormonal therapy; that is, patients classified as
either (a) high risk (tumor size �1 cm or, for smaller tu-
mors, if associated with high risk features) or (b) low risk by
the NCCN risk criteria. The RS was then used to reclassify
these patients independently based on results from the
NSABP B-14 trial data. The assumption was that all pa-
tients assigned as intermediate/high risk by the RS would
undergo chemotherapy and all patients assigned as low risk
by the RS would not receive chemotherapy. Both taxane-
containing and nontaxane-containing regimens were con-
sidered. Cost estimation included the cost of the drug,
infusion, patient time, use of colony-stimulating factors
(CSFs), and management of chemotherapy-related side ef-
fects. The analysis considered survival, quality of life, and
costs from a societal perspective. At baseline values, the RS
applied to 100 potential patients predicted a quality-ad-
justed survival time that was 8.6 years longer with overall
costs that were lower by US$202,828 (survival time 1.02
months longer and cost saving of $2,028.20 per patient).

Lyman et al. [41] incorporated the extended validation
results for predictive accuracy into an economic model to

guide the use of adjuvant systemic therapy in patients with
node-negative HR� early-stage breast cancer. Three adju-
vant treatment strategies were compared: (a) treat all pa-
tients with chemotherapy followed by tamoxifen, (b) treat
all patients with tamoxifen alone, and (c) treat patients by
RS-guided therapy, with low-risk patients receiving tamox-
ifen only and intermediate- and high-risk patients receiving
chemotherapy plus tamoxifen. RS-guided therapy was
found to be associated with an individual life expectancy
that was 2.2 years longer than with tamoxifen alone, and
was associated with a life expectancy similar to that seen
with the chemotherapy plus tamoxifen strategy. An esti-
mated net cost savings of $2,256 per patient with RS-
guided therapy was seen, compared with chemotherapy
plus tamoxifen, with an incremental cost-effectiveness ra-
tio of $1,944 per life-year saved, compared with tamoxifen
alone. Cost estimation included five commonly used adju-
vant chemotherapy regimens (doxorubicin and cyclophos-
phamide [AC] � 4; dose-dense [dd] AC � 4 with CSF; AC
plus paclitaxel [AC-T] � 8; dd AC-T � 8 with CSF, do-
cetaxel, doxorubicin, and cyclophosphamide [TAC] � 6
with CSF). The estimated cost saving was likely an under-
estimation because only drug cost was included in the anal-
ysis, and no indirect costs associated with chemotherapy
were considered.

A recently published cost-effectiveness analysis com-
pared RS-guided treatment with treatment guided by either
the NCCN guideline or St. Gallen recommendation in the
context of Japan’s health care system. It concluded that RS-
guided treatment was cost-effective, quoting incremental
cost-effectiveness ratios of US$26,065 per quality-adjusted
life year (QALY) compared with NCCN-guided treatment
and US$10,774 per QALY compared with St. Gallen–
guided treatment. Both were well under the suggested so-
cial willingness to pay for 1 life-year gained from an
innovative medical intervention in Japan of US$52,174 per
QALY [42].

DISCUSSION

There are no prospective data evaluating the 21-gene assay.
Most studies examining the prognostic and predictive accu-
racy of the test have used retrospective subsets from clinical
trials. Results from node-negative tamoxifen-treated pa-
tients in the NSABP B-14 and B-20 trials and a case cohort
study provide convincing evidence of the prognostic ability
of the RS in node-negative tamoxifen-treated patients. Re-
cent data from the SWOG 8814 and ATAC trials have dem-
onstrated that the RS can provide prognostic information
for node-positive tamoxifen-treated and aromatase inhibi-
tor–treated patients. The RS was prognostic for the chemo-
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therapy-treated node-negative and node-positive subsets in
the E2197 study.

Patients with node-negative HR� tumors with a high RS
derived more benefit from CMF chemotherapy and hor-
mones than similar patients with a low RS. Whether the in-
termediate RS group derives benefit from chemotherapy
added to hormones is being studied in a multinational pro-
spective trial. The objective of the Trial Assigning Individ-
ualized Options for Treatment (TAILORx) is to determine
whether adjuvant hormonal therapy (i.e., the experimental
arm) is noninferior to adjuvant chemohormonal therapy
(the standard arm) for patients with an intermediate RS. The
RS cutoffs were adjusted for this trial in order to allow pa-
tients with an estimated risk for distant recurrence �10% to
be randomized to chemotherapy or not in the intermediate
arm.

Recent data indicate that patients with HR� node-posi-
tive tumors with a high RS derive more benefit from CAF
chemotherapy and hormones than similar patients with an
intermediate or low RS. Whether the RS predicts benefit
from contemporary chemotherapeutic agents such as tax-
anes is uncertain. However, a higher rate of pathological
complete response in patients treated with neoadjuvant tax-
ane-based therapy suggests that this is likely [26]. For pre-
menopausal women, a limitation of the studies is that the
predictive value of the RS has not been tested for women
given the combination of ovarian suppression plus tamox-
ifen.

In multivariate models with standard clinicopathologi-
cal markers, the RS remained or trended toward being a sig-
nificant predictor of recurrence [13, 16]. The RS provided
information beyond that provided by AOL, although both
provide independent prognostic information, and they
should be used together [26, 27]. Preliminary data showed
that quantitatively similar prognostic information was pro-

vided by an IHC composite score and the RS [30]. There
was significant user satisfaction from both the patient and
physician perspectives. Decisions based on RS-guided
therapy were associated with a longer quality-adjusted sur-
vival time and superior cost-effectiveness. However, these
studies made broad assumptions about treatment decisions
that may not reflect clinical reality.

The 21-gene assay has been endorsed by ASCO for use
as a tumor marker [43], and the NCCN Breast Cancer Panel
considers it an option for patients with ER� node-negative
breast cancer as an aid to decision making regarding adju-
vant chemotherapy [1]. The Evaluation of Genomic Appli-
cations Working Group considered current data insufficient
to draw strong conclusions regarding the clinical utility of
the assay for guiding treatment decisions for patients with
early invasive breast cancer [44].

CONCLUSION

The 21-gene assay may be considered in patients with node-
negative HR� breast cancer to assist in adjuvant treatment
decisions in conjunction with traditional clinicopathologi-
cal markers. Patients with a low RS may be adequately
treated with hormonal therapy alone. Those with a high RS
are likely to benefit from chemotherapy in addition to hor-
mones. The TAILORx study should assist in directing treat-
ment decisions for the intermediate RS group. Data are
accumulating to support the use of this test in the HR�

node-positive population.
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