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Abstract
The impact of the Oncotype Dx (ODX) breast cancer assay on adjuvant chemotherapy (ACT)
treatment decisions has been evaluated in many previous studies. However, it can be difficult to
interpret the collective findings, which were conducted in diverse settings with limited sample
sizes. We conducted a systematic review and meta-analysis to synthesize the results and provide
insights about ODX utility. Studies, identified from PubMed, Embase, ASCO, and SABCS, were
included if patients had ER+, node –, early-stage breast cancer, reported use of ODX to inform
actual ACT decisions. Information was summarized and pooled according to: (1) distribution of
ODX recurrence scores (RS), (2) impact of ODX on ACT recommendations, (3) impact of ODX
on ACT use, and (4) proportion of patients following the treatment suggested by the ODX RS. A
total of 23 studies met inclusion criteria. The distribution of RS categories was 48.8 % low, 39.0
% intermediate, and 12.2 % high (21 studies, 4,156 patients). ODX changed the clinical-
pathological ACT recommendation in 33.4 % of patients (8 studies, 1,437 patients). In patients
receiving ODX, receipt of ACT were: 28.2 % overall, 5.8 % low, 37.4 % intermediate, and 83.4 %
high. High RS patients were significantly more likely to follow the treatment suggested by ODX
versus low RS patients RR: 1.07 (1.01–1.14). The pooled results are consistent with most
individual studies to date. The increased proportion of intermediate scores relative to original
estimates may have implications for the clinical utility and cost impacts of testing. In addition, low
versus high RS patients were significantly more likely to follow the ODX results, suggesting a
tendency toward less aggressive treatment, despite a high ODX RS. Finally, there was a lack of
studies on the impact of ODX on ACT use versus standard approaches, suggesting that additional
studies are warranted.
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Introduction
Historically, the decision to treat estrogen-receptor-positive, lymph node-negative, breast
cancer patients with adjuvant chemotherapy (ACT) has been guided by clinical and
pathological factors, in conjunction with clinician and patient preferences [1, 2]. In the
absence of ACT, ~15 % of patients have a recurrence within 5 years [3]. However, under the
traditional clinical-pathological decision-making approach, between 75 and 92 % of women
receive ACT [2, 4, 5]. These findings suggest that 60–77 % of patients may be exposed to
chemotherapy toxicity and cost with little or no clinical benefit. For this reason, there is a
need for better methods to evaluate the recurrence risk and inform ACT treatment decisions.
Gene-expression profiling (GEP) is an emerging clinical strategy intended to meet this need
by using genomic information to inform risk prediction and treatment selection [6–8].

Several retrospective analyses of clinical trials have shown that GEP testing can provide
prognostic and predictive information for patients with estrogen-receptor-positive, lymph
node-negative early-stage breast cancer [8–11]. The Oncotype DX™ (ODX) breast cancer
assay is the most common GEP in the United States, and was developed by Genomic Health
(Redwood City, CA) [12]. The ODX test evaluates the expression levels of 21 genes (16
cancer-related genes and 5 reference genes), which have been shown to be associated with
tumor proliferation, invasion, and estrogen signaling [13]. Information about the quantitative
levels of gene expression is combined in a mathematical algorithm, along with clinical-
pathological data, to provide a recurrence score (RS) that has been demonstrated to be
significantly correlated with the likelihood of breast cancer recurrence within 10 years of
initial diagnosis [9, 14, 15]. The impact of ODX testing on disease-free and overall survival
is currently being evaluated in a prospective clinical trial, but primary results are not
expected until 2017 [9, 16, 17]. In the meantime, both American Society of Clinical
Oncology (ASCO) and National Comprehensive Cancer Network (NCCN) clinical
guidelines recommend the use of ODX in certain situations, and Genomic Health reports the
sales of over 200,000 tests since entering the United States market in 2004 [1, 18, 19].

A number of studies have suggested that the ODX test provides better risk discrimination
relative to clinical-pathological approaches, and may result in improved clinical outcomes.
Further, these improved outcomes may be achieved cost-effectively and may even decrease
direct medical costs [9, 15, 20, 21]. There is uncertainty about each of these impacts, and
there may be even greater uncertainty when ODX is used in routine clinical practice [7, 22].
For example, if patients and physicians in community settings do not follow the ACT
treatment course suggested by the ODX RS, or if the ODX test performs poorly, the health
benefits of testing could be attenuated, or there could be clinical harm (relative to standard
clinical-pathological decision making strategies). Furthermore, if the ODX test has little to
no impact on clinical decision-making in routine clinical practice, the high cost of testing
(currently about $4,000) may be incurred without a commensurate health benefit [21].

Many studies have evaluated ODX and its impact on ACT treatment decisions [21, 23–45].
However, it can be difficult for patients, clinicians, and other stakeholders to collectively
interpret these findings because the studies were conducted in a variety of different settings,
and many include small sample sizes. We conducted a systematic review and meta-analysis
to help stakeholders navigate and interpret the ODX literature. Our objective was to provide
new insights about the clinical utility of ODX in community practice by summarizing and
synthesizing the current ODX evidence base.
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Methods
This study was performed in accordance with the PRISMA statement for the conduct of
meta-analyses [46]. Below, we address each of the 12 methods-based items specified in the
PRISMA group's 2009 statement document [46].

Literature search strategy
We searched MEDLINE and EMBASE electronic databases using the terms: “ODX”, “21-
gene profile”, and “Chemotherapy” to identify potential studies for inclusion in the analysis.
Additionally, we conducted computerized searches of abstracts presented at the Annual
Meetings of the ASCO and San Antonio Breast Cancer Symposium (SABCS) using the
same search terms. The references in all reviewed articles were screened to identify
additional studies that were not identified by our search strategy. The included MEDLINE,
EMBASE, and ASCO studies were published in English between June of 2005 and March
of 2012. The included SABCS studies were published between January of 2008 and March
of 2012, the full range of electronic abstracts available at the time of this analysis.

Selection criteria
All studies included in our pooled analyses met the following inclusion criteria: (1) patients
had estrogen-receptor-positive, lymph-node-negative, and early-stage breast cancer; (2)
reported use of ODX RS to inform clinical ACT decisions; and (3) reported outcomes of
interest, including: distribution of ODX RS; impact of ODX on ACT recommendations;
impact of ODX on ACT use; and proportion of patients following the treatment suggested
by the ODX RS.

Several studies that we identified using the inclusion criteria above were updates of earlier
publications, and involved the same patient population. In such cases, we only included the
most recent publication results in our analyses.

Data extraction
Data were extracted from each publication by two abstractors (JR, JC) using a data
abstraction form developed in Microsoft Excel (Redmond, WA, 2011). For each publication,
we recorded: first author's name; publication date; total number of patients in the study
sample; proportion with high, intermediate, and low RS; study sponsor; study setting (e.g.,
academic medical center, community practice, etc.); study country; study design
(randomized, prospective observational, and retrospective observational); proportion of
clinicians changing ACT recommendations after receiving ODX RS; proportion of patients
receiving ACT after receiving ODX RS; and the proportion following the treatment
suggested by the ODX RS. In cases where information was not presented, the article's
corresponding author was contacted to obtain the information. We classified variables as
“not reported” in cases where they were not provided by the publication or author.

Statistical methods
We conducted pooled analyses to evaluate: the proportion ODX classified as high,
intermediate, and low-recurrence risk; proportion receiving ACT by ODX RS classification;
overall proportion receiving ACT after ODX testing; proportion of clinicians changing ACT
recommendation after ODX testing (relative to recommendation based on clinical-
pathological factors only); rate ratio (RR) for high versus low, high versus intermediate, and
intermediate versus low ODX recurrence risk patients receiving ACT; and RR for patients
following ODX test recommendation for ACT in those classified as high versus low
recurrence risk. For the latter analyses, the RR was abstracted directly from publications, or
calculated using the reported count data. In the analysis of the proportion of patients
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following the ODX RS treatment “recommendation”, we assumed that the patients with high
RS were recommended to receive ACT, and low RS were not recommended to receive
ACT.

We calculated the mean proportion and 95 % confidence interval (CI) classified by ODX as
high, intermediate, and low by weighting study outcomes by total sample size for the study.
Similar approaches were used to calculate the mean proportion receiving ACT and
proportion of clinicians changing their ACT recommendation after ODX testing. We
calculated the pooled RR and 95 % CI by weighting study outcomes by sample size.

In the analyses of the association between ODX classification and receipt of ACT, a RR of 1
indicates a lack of association between RS classification and receipt of ACT, a RR greater
than 1 indicates a greater probability of receiving ACT relative to the referent group, and an
RR less than 1 indicates a lower probability of receiving ACT relative to the referent group.

In the analysis of the proportion of patients following the ODX RS treatment
“recommendation”, a HR of 1 indicates an equal proportion of patients classified as high and
low by ODX following the ACT recommendation, a HR of greater than 1 indicates a greater
proportion of patients classified as high by ODX following the ACT recommendation, and a
HR less than 1 indicates a greater proportion of patients classified as low by ODX following
the ACT recommendation. We did not compare low versus intermediate risk or high versus
intermediate risk as the treatment implications of intermediate risk classification are
somewhat uncertain, as has been previously discussed [7, 22, 47].

Assessment of heterogeneity
We initially calculated the pooled RR estimates with a fixed effects model. In pooled
analyses where the fixed effects p value for the I2 statistic was less than 0.10 (indicating
significant heterogeneity across studies), we reported the pooled estimate using a random
effects model.

Assessment of publication bias
Each pooled analysis outcome was qualitatively assessed for publication bias using funnel
plots. These plots illustrate the relationship between the effect size and standard error in the
studies included in the given analysis. We assessed the publication bias by examining
whether study outcomes were symmetrically distributed around the pooled effect estimate in
the funnel plot. Asymmetric distribution of study outcomes above or below the pooled
estimate can indicate that the pooled estimate includes studies with disproportionately
positive or negative findings [48].

We did not assess the methodological quality of the included publications, as the quality
assessment in meta-analysis is controversial, and results can be misleading [49, 50].

For all tests, a p value lower than 0.05 was considered statistically significant. All statistical
tests were two-sided. All statistical analyses were carried out using RevMan 5.0 software
(Copenhagen, Denmark, 2008).

Results
Study characteristics

Our MEDLINE electronic database search identified a total of 102 studies, and 14 met
inclusion criteria. Our EMBASE identified a total of 11 studies, but only 1 was not already
identified in MEDLINE. Additionally, our search of ASCO meeting abstracts (2005–2012)
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identified 19 abstracts, and 3 met inclusion criteria and were unique studies that were not
early reports of those identified through MEDLINE and EMBASE searches. Our SABCS
meeting abstract search identified 42 abstracts, and 5 met inclusion criteria and were unique
studies that were not early reports of those from our MEDLINE and EMBASE searches, or
already captured through our ASCO abstract search. After we applied our inclusion criteria,
we were left with 21 studies that were included in our analysis. Additional information about
this search strategy is illustrated in flowchart form in Figs. 1 and 2.

Table 1 lists the 23 unique studies identified by our search strategy, as well as key study
characteristics, and the analyses to which they contributed. The median sample size in the
included studies was 135 (IQR: 77–258), 15 (65 %) were published in peer-reviewed
journals (vs. conference abstracts), 16 (76 %) were conducted in the United States, and 17
(74 %) were conducted at academic medical centers.

Twenty-one studies and 4,156 patients were included in our pooled analysis of the
distribution of ODX RS classifications (Tables 2, 3, 4). Among these studies, the mean
proportion classified as low, intermediate, and high risk were 48.8, 39.0, and 12.2 %,
respectively.

Eight studies and 1,437 patients were included in our pooled analysis of the proportion of
patients, where ODX test results changed clinical-pathological ACT physician
recommendation (Table 5). Among these studies, ODX changed physician recommendation
in 33.4 % of patients.

Fourteen studies and 3,104 patients contributed to our pooled analysis of the proportion of
low, intermediate, and high-risk patients receiving ACT after receiving their ODX RS
classification. In these studies, the mean proportion of low, intermediate, and high-risk
patients that received ACT were 5.8, 37.4, and 83.4 %, respectively.

Lastly, 14 studies and 1,900 patients contributed to our analysis of the ratio of patients
following the treatment pathway suggested by the low versus high RS classification. In this
analysis, we found that low-risk patients were significantly more likely to follow the
treatment suggested by ODX (no ACT) versus high-risk patients (receive ACT), RR: 1.07
(1.01–1.14).

Discussion
We performed a systematic review and meta-analysis on the use and impact of the ODX
breast cancer assay in early-stage breast cancer. The review focused on the proportion ODX
patients classified as high, intermediate, and low-recurrence risk, the overall, and category-
specific proportion of patients receiving ACT, the proportion of clinicians changing their
ACT recommendation after ODX testing, the comparative use of ACT across categories,
and the likelihood that patients received the treatment recommendation suggested by the
ODX test. Our review yielded 23 studies (spanning 7 years) for inclusion in our pooled
analyses. In addition to increasing the precision in the point estimates for these outcomes, a
number of relevant observations warrant further discussion.

Our pooled results for the impact of ODX on ACT recommendations are consistent with
most individual studies to date. However, the proportion of intermediate RS results is nearly
twofold higher than reported in the ODX development studies by Paik et al. [9, 17], which
may have implications for the clinical utility and cost impacts of testing. That is, the
treatment decision suggested by the ODX test and the clinical and economic impact for
ODX is most clear for the high and low-risk score patients. The data and suggested
treatment strategy for intermediate patients are less clear and will likely remain so until the
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TailorRx study reports in 2017 [16]. Therefore, if high and low-risk patients opt against
ODX, the impact of testing may be attenuated. This distributional shift may reflect patients
that are high and low risk by traditional clinical-pathological approaches opting against
ODX testing because they believe it will not change their ACT treatment decision. Another
interesting result was that low RS patients were significantly more likely to follow the
treatment suggested by ODX relative to high RS patients RR: 1.07 (1.01–1.14). This finding
suggests a tendency toward less aggressive treatment, despite a high ODX RS. Finally, there
was a lack of studies on the impact of ODX on ACT use versus standard approaches,
suggesting that additional studies are warranted.

There have been a number of reviews of GEP outcomes in early-stage breast cancer [8, 51].
However, none to date have included statistical pooling of data from the literature.
Marchionni et al. [8, 52] have reviewed the evidence on GEP in early- stage breast cancer,
focusing on the ODX, MammaPrint, and Breast Cancer Profiling (BCP or H/I ratio) test.
They found that the ODX test is the furthest along the validation pathway, but further
evidence is needed to understand the relationship between predicted risk and observed risk
(i.e., the impact of the test on real world clinical outcomes—a sentiment we share) [8, 52].
Other reviews have come to similar conclusions regarding the evidence in support of GEP
testing and ODX breast cancer testing, specifically that there is good supporting evidence
for both accurate risk stratification and the prediction of chemotherapy benefit, but further
prospective evidence is desired to fully evaluate the clinical utility [6, 53].

Our systematic review and meta-analysis have several limitations that should be noted. First,
we were unable to adjust for potential patient-level confounders (e.g., stage, race/ethnicity,
and histology) in our pooled analyses, as our data were at the study level. These covariates
likely influence the decisions to undergo testing and follow test recommendations, and
should be evaluated in future studies. Another limitation is that our included studies were
predominantly conducted in urban academic medical centers in the United States, and
therefore may not be representative of practice in other clinical and geographic settings, or
generalizable to other countries. Future studies should include patients across a broader
array of settings and countries to facilitate the comparison, and provide more readily
generalizable results. Our inclusion criteria, which limited our dataset to studies with
information on ODX score and chemotherapy use, has the potential to bias the sample used
to inform the distribution of ODX scores for patients undergoing testing. However, it is
unlikely to contribute substantial bias because the inclusion criteria does not relate to the
underlying patient population, but rather the study design, i.e., the data elements collected
and the data collection time points. Lastly, many of the studies included in our analysis were
abstracts from the ASCO and SABCS annual meetings. Though these are among the most
distinguished breast cancer conferences, and submissions are reviewed, it is possible that
average study quality is lesser than that of the peer-reviewed literature. However, because
the majority of our outcomes utilized simple counts, it is unlikely that our pooled analyses
were substantially impacted by any potential abstract issues.

The introduction of ODX testing in clinical practice is a landmark event for genomic
medicine, and portends the increasing use of GEP in oncology practice. Recently, additional
gene-expression profiles have been developed and marketed for colon, lung, and other
cancers [54, 55]. The evidence base for ODX continues to develop primarily through the
generation of smaller observational studies. Our review of these studies increases the
precision of the relevant estimates of impact and can facilitate informed decision-making. In
a broad context, the use of GEP testing holds the promise of improved risk stratification,
treatment selection, and the commensurate clinical and economic benefits that follow.
However, our enthusiasm should be measured and proceed in step with the generation and
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evaluation of high-quality supporting evidence, such that our decisions are based not on
promise, but on the critical evaluation and rational assessment of the evidence.
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Fig. 1.
Search strategy flow diagram
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Fig. 2.
Proportion following treatment ODX recommendation, assuming that high RS patients are
recommended for adjuvant chemotherapy, and low RS patients are not recommended
adjuvant chemotherapy
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Table 1

Key characteristics of all studies meeting study inclusion criteria

Study Source Academic medical center Country Total sample size

Ademuyiwa et al. [23] Journal Yes U.S. 276

Asad et al. [24] Journal Yes U.S. 85

de Boer et al. [42] Conference Yes Australia 101

Geffen et al. [25] Journal Yes Israel 135

Goodwin et al. [40] Conference Yes U.S. 105

Gregg et al. [41] Conference Mixed U.S. 244

Guth et al. [39] Conference Mixed U.S. 47

Henry et al. [26] Journal Yes U.S. 29

Holt [43] Conference No U.K. 142

Hornberger et al. [21] Journal Mixed U.S. 924

Joh et al. [28] Journal Yes U.S. 154

Kelly et al. [29] Journal Yes U.S. 309

Klang et al. [30] Journal Yes Israel 368

Lo et al. [31] Journal Yes U.S. 89

Lund et al. [32] Journal Yes U.S. 272

Moinuddin and Goodman [38] Conference No U.S. 69

Oratz et al. [33] Journal No U.S. 68

Partin and Mamounas [34] Journal Yes U.S. 169

Patel et al. [45] Conference Yes U.S. 100

Rezai et al. [44] Conference Mixed Germany 244

Tatarian et al. [35] Journal Yes U.S. 63

Tzeng et al. [36] Journal Yes U.S. 68

Wolf et al. [37] Journal Mixed Israel 300
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Table 2

Pooled mean proportion classified as low, intermediate, and high risk by the ODX assay

Study Proportion
classified low
RS (%)

Low RS
study
weight

Proportion
classified
intermediate RS
(%)

Intermediate RS
study weight

Proportion
classified high

RS (%)

High RS
study
weight

Ademuyiwa et al. [23] 51.4 0.07 39.9 0.07 8.7 0.05

Asad et al. [24] 47.0 0.02 38.0 0.02 15.0 0.03

de Boer et al. [42] 46.5 0.02 39.6 0.02 13.9 0.03

Geffen et al. [25] 50.0 0.03 38.0 0.03 12.0 0.03

Goodwin et al. [40] 39.0 0.02 46.7 0.03 14.3 0.03

Gregg et al. [41] 49.0 0.06 39.0 0.06 12.0 0.06

Guth et al. [39] 44.7 0.01 38.3 0.01 17.0 0.02

Henry et al. [26] 59.0 0.01 34.0 0.01 7.0 0.00

Hornberger et al. [21] 52.7 0.24 34.6 0.20 12.7 0.23

Joh et al. [28] 61.7 0.05 29.2 0.03 9.1 0.03

Kelly et al. [29] 52.0 0.08 39.0 0.08 9.0 0.05

Klang et al. [30] 39.7 0.07 44.6 0.10 15.8 0.11

Lo et al. [31] 42.7 0.02 47.2 0.03 10.1 0.02

Lund et al. [32] 48.9 0.07 41.5 0.07 9.6 0.05

Moinuddin and Goodman
[38]

36.2 0.01 46.4 0.02 17.4 0.02

Oratz et al. [33] 47.1 0.02 32.4 0.01 20.6 0.03

Partin and Mamounas [34] 53.3 0.04 37.9 0.04 8.9 0.03

Patel et al. [45] 51.0 0.03 38.0 0.02 11.0 0.02

Rezai et al. [44] 53.7 0.06 38.9 0.06 7.4 0.04

Tzeng et al. [36] 50.0 0.02 36.8 0.02 13.2 0.02

Wolf et al. [37] 36.3 0.05 44.7 0.08 19.0 0.11

Pooled Mean 49.6 – 39.4 – 13.2 –
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Table 3

Overall mean proportion receiving adjuvant chemotherapy after ODX testing

Study Proportion receiving ACT (%) Study weight

Ademuyiwa et al. [23] 31.9 0.08

Asad et al. [24] 37.6 0.03

de Boer et al. [42] 29.7 0.03

Goodwin et al. [40] 27.6 0.03

Gregg et al. [41] 28.0 0.07

Guth et al. [39] 44.1 0.01

Hornberger et al. [21] 27.6 0.28

Kelly et al. [29] 24.0 0.09

Klang et al. [30] 29.4 0.11

Lo et al. [31] 22.5 0.03

Lund et al. [32] 21.3 0.08

Moinuddin and Goodman [38] 44.9 0.02

Oratz et al. [33] 32.4 0.02

Partin and Mamounas [34] 24.9 0.05

Patel et al. [45] 22.7 0.03

Tzeng et al. [36] 32.3 0.02

Pooled mean 28.0 –
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Table 4

Pooled mean proportion of patients receiving adjuvant chemotherapy by ODX risk group

Study % High RS receiving
ACT

% Intermediate RS receiving
ACT

% Low RS receiving
ACT

Study weight

Ademuyiwa et al. [23] 96.0 47.0 9.0 0.09

Asad et al. [24] 84.6 46.9 15.0 0.03

Goodwin et al. [40] 80.0 26.5 9.8 0.03

Gregg et al. [41] 93.0 40.0 2.5 0.08

Guth et al. [39] 100.0 65.0 5.0 0.02

Hornberger et al. [21] 72.0 36.0 10.0 0.30

Kelly et al. [29] 85.0 39.0 9.0 0.10

Klang et al. [30] 93.0 33.0 0.0 0.12

Lund et al. [32] 92.3 23.9 5.3 0.09

Moinuddin and Goodman [38] 91.7 50.0 16.0 0.02

Oratz et al. [33] 78.6 31.8 12.5 0.02

Partin and Mamounas [34] 73.3 43.8 3.3 0.05

Patel et al. [45] 80.0 34.0 2.0 0.03

Tzeng et al. [36] 77.8 47.8 6.7 0.02

Pooled mean 83.4 37.4 5.8 –
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Table 5

Pooled mean proportion of physicians changing adjuvant chemotherapy recommendation after ODX testing
(vs. clinical-pathological factors only)

Study % Changing ACT recommendation after ODX test Study weight

Ademuyiwa et al. [23] 38.0 0.19

de Boer et al. [42] 22.8 0.07

Holt [43] 26.8 0.10

Joh et al. [28] 24.9 0.11

Klang et al. [30] 40.0 0.26

Lo et al. [31] 31.5 0.06

Rezai et al. [44] 30.3 0.17

Tatarian et al. [35] 42.9 0.04

Pooled mean 33.4 –
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