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Background: Literature suggests that Oncotype DX (ODX) is cost-ef-
fective. These studies, however, tend to ignore clinical characteris-
tics and have not incorporated population-based data regarding the 
distribution of ODX results across different clinical risk groups. Ac-
cordingly, this study assessed the cost-effectiveness of ODX across 
strata of clinical risk groups using population-based ODX data. 
Methods: We created state-transition models to calculate costs 
and quality-adjusted life years (QALYs) gained over the lifetime for 
women with estrogen receptor (ER)–positive, HER2-negative, lymph 
node–negative breast cancer from a US payer perspective. Using 
the Connecticut Tumor Registry, we classified the 2,245 patients di-
agnosed in 2011 through 2013 into 3 clinical risk groups according 
to the PREDICT model, a risk calculator developed by the National 
Health Service in the United Kingdom. Within each risk group, we 
then determined the recurrence score (RS) distributions (<18, 18–30, 
and ≥31). Other input parameters were derived from the literature. 
Uncertainty was assessed using deterministic and probabilistic sen-
sitivity analyses. Results: Approximately 82.5%, 11.9%, and 5.6% of 
our sample were in the PREDICT low-, intermediate-, and high-risk 
groups, respectively. When combining these 3 groups, ODX had an 
incremental cost-effectiveness ratio (ICER) of $62,200 per QALY for 
patients aged 60 years. The ICERs, however, differed across clinical 
risk groups, ranging from $124,600 per QALY in the low-risk group, 
to $28,700 per QALY in the intermediate-risk group, to $15,700 per 
QALY in the high-risk group. Results were sensitive to patient age: 
the ICER for patients aged 45 to 75 years ranged from $77,100 to 
$344,600 per QALY in the PREDICT low-risk group, and was lower 
than $100,000 per QALY in the intermediate- and high-risk groups. 
Conclusions: ODX is not cost-effective for women with clinical low-
risk breast cancer, which constitutes most patients with ER-positive 
disease. 
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ABSTRACT Vignette
Ms. O, a healthy 62-year-old woman, underwent screen-
ing mammography, which showed a mass in her right 
breast; it was biopsied and found to be cancer. She un-
derwent breast-conserving surgery. Pathologic assess-
ment demonstrated a 1.4-cm, well-differentiated in-
vasive ductal carcinoma, ER-positive, HER2-negative, 
without lymph node involvement. Her medical oncolo-
gist used the PREDICT tool to estimate benefits of che-
motherapy: the 10-year overall survival would be 88.1% 
with adjuvant hormone therapy and 88.8% with adjuvant 
chemotherapy and endocrine therapy. Her oncologist 
considered Oncotype DX (ODX) testing to help chemo-
therapy decision-making. Given the current emphasis 
on value-based practice, is ODX cost-effective for some-
one like Ms. O?

Background
Adjuvant! Online (AO) and PREDICT, using clinicopath-
ological characteristics to estimate prognosis,1,2 help 
oncologists make adjuvant chemotherapy decisions. 
Over the past decade, however, evidence has shown that 
gene-expression profiling can improve decision-mak-
ing through its ability to more accurately identify pa-
tients who would benefit from chemotherapy.3,4 For in-
stance, the 21-gene assay Oncotype DX (ODX; Genomic 
Health) is widely used in practice.5 ODX provides a re-
currence score (RS) between 0 and 100, with scores cat-
egorized as low (RS<18), intermediate (18≤RS≤30), or 
high (RS≥31) risk. A body of literature has shown that 
ODX results have a substantive impact on chemotherapy 
decision-making.6,7

Several studies have reported that ODX is cost-effec-
tive for all women with ER-positive, node-negative breast 
cancer.8–13 However, several important methodologic lim-
itations may have diminished the accuracy of previous 
cost-effectiveness analyses (CEAs).14 First, these studies 
tended to combine all patients into a single group,9–11 ir-
respective of their clinical and pathologic features. Such 
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an approach, ignoring tumor characteristics when evalu-
ating ODX, is not consistent with actual clinical practice 
because it assumes that all patients would be treated with-
out consideration of their clinical characteristics. Further-
more, the likelihood that ODX changes chemotherapy de-
cision-making differs across clinical risk subgroups. Even 
in the absence of ODX, pathologic parameters are rou-
tinely collected, have well-known prognostication values, 
and could predict ODX RS.15,16 Indeed, the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines) for 
Breast Cancer do not recommend ODX for patients with 
tumors ≤5 mm.17 Yet most prior CEAs did not assess ODX 
across different risk groups.

Another important limitation of prior CEAs is the 
lack of population-level information regarding the distri-
bution of RS in actual clinical practice. Of the few studies 
reporting incremental cost-effectiveness ratios (ICERs) 
separately by different clinicopathological risk sub-
groups,12,13,18 all used the distributions derived from clin-
ical trials, which may not reflect real-world distributions. 
Furthermore, the most frequently cited data are more 
than 20 years old and do not include HER2 information.4 
Thus, the generalizability of the results from these CEAs 
to the contemporary population is unclear. For example, 
researchers analyzed data from community practice and 
found that ODX is likely to have a high ICER,19 highlight-
ing the consideration of real-world implementation in 
ODX economic evaluation.

Accordingly, we incorporated prevalence data from 
a population-based study into a model-based CEA of 
ODX-directed chemotherapy. We analyzed data from a 
population-based study of patients diagnosed with breast 
cancer in Connecticut between 2011 and 2013,20 and clas-

sified them into 3 clinical risk groups using a validated 
prediction tool that does not include gene expression pro-
filing information. We then assessed ODX cost-effective-
ness by comparing clinicopathological information plus 
ODX versus clinicopathologic information alone in all pa-
tients and further stratified by each clinical risk subgroup. 
We also varied age from 45 to 75 years since the cost-ef-
fectiveness of ODX is likely to vary by age. Given that the 
TAILORx trial showed that endocrine therapy alone and 
chemotherapy followed by endocrine therapy had similar 
efficacy in women who had RS of 11 to 25,21 we also con-
ducted sensitivity analyses categorizing RS≤25 as the low-
risk group, 26≤RS≤30 as the intermediate-risk group, and 
RS≥31 as the high-risk group. Our findings could provide 
novel insights regarding the value and utility of ODX.

Methods

Overview
We developed time-dependent state-transition mod-
els to calculate expected costs and quality-adjusted life 
years (QALYs) gained over a lifetime horizon associated 
with ODX use. The specification of strategies is summa-
rized in a decision tree that allocated a patient cohort 
to 1 of 4 strategies, either with or without ODX testing  
(Figure 1). If ODX testing was not provided, we assumed 
that either all or none of the patients were receiving che-
motherapy. If ODX testing was performed, we allowed 
either the low RS group or the low and intermediate RS 
groups to be spared chemotherapy. Furthermore, the 
chemotherapy decision-making was in conjunction with 
risk classification provided by PREDICT, a free online tool 
developed by the National Health Service in the United 
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Figure 1. Specification of strategies. 
Abbreviation: RS, recurrence score.
aSimilar models were applied to the PREDICT intermediate- and high-risk groups.
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Kingdom that integrates clinicopathological informa-
tion to help with chemotherapy decision-making.22 This 
tool has been externally validated2,23 and is broadly used 
worldwide.24 

The starting age of the patient cohort was 60 years, 
given that the median age at breast cancer diagnosis in 
the United States is 62 years.25 We created 3 hypotheti-
cal cohorts of 60-year-old women diagnosed with estro-
gen receptor (ER)–positive, HER2-negative, lymph node 
(LN)–negative breast cancer according to the PREDICT 
risk classification. Per PREDICT classifications, the low-, 
intermediate-, and high-risk groups had a PREDICT ab-
solute 10-year survival benefit from chemotherapy of 
<3% (chemotherapy was not recommended), 3% to 5% 
(chemotherapy discussed as a possible option), and >5% 
(chemotherapy recommended), respectively. Costs were 
measured in 2015 USD, and an annual discount rate of 
3% was applied to costs and QALYs.26 We assumed a will-
ingness to pay of $100,000 per QALY, based on the com-
monly used threshold in the United States.27

Model Structure 
The schematic view of the Markov model is summa-
rized in Figure 2. Patients entered the model in the re-
currence-free state and remained in that state until they 
developed congestive heart failure (CHF), distant recur-
rence (DR), or acute myeloid leukemia (AML), or died 
of other diseases. We included CHF and AML because 
chemotherapy increases the risk of these conditions.28,29 
Following the model developed by the National Institute 
for Health and Care Excellence (NICE),18 we assumed a 
proportion of patients entering the DR state previously 
experienced a local recurrence, and no transition proba-
bilities were used in or out of this state. 

Input Parameters 
From the Connecticut Tumor Registry, we identified 
all women with ER-positive, HER2-negative, LN-neg-
ative breast cancer diagnosed in 2011 through 2013, 
and their clinicopathological information. We classified 
them into 60 categories by age (30–39, 40–49, 50–59, 
60–69, and ≥70 years), tumor grade (1, 2, and 3), and 
tumor size (0–10, 11–20, 21–30, and >30 mm). The 10-
year breast cancer mortality reduction attributed to 
taxane-based chemotherapy regimen for these 60 cate-
gories was abstracted from the PREDICT website.22 Pa-
tients were then categorized into PREDICT low-, inter-
mediate-, and high-risk groups based on the expected 
benefit of chemotherapy, as per PREDICT. We abstract-
ed ODX results from medical records, amended pathol-
ogy reports, genetic-expression profile testing logs, and 
Genomic Health reports. 

Among patients who received ODX testing, we de-
termined the proportion of 3 RS categories, conditional 
on the 3 PREDICT risk groups. We assumed the chemo-
therapy regimen was AC-T (4 cycles of doxorubicin/cy-
clophosphamide every 3 weeks followed by 12 cycles of 
weekly paclitaxel), and 25% of all patients treated with 
chemotherapy would receive granulocyte colony-stim-
ulating factor (G-CSF) pegfilgrastim (on average 2 cy-
cles) for the secondary prevention of febrile neutrope-
nia.18 For patients who did not receive ODX testing, we 
assumed that the relative risk (RR) of DR attributed to 
AC-T was 0.58 compared with those receiving no adju-
vant chemotherapy.30 For patients who received ODX 
testing, we assumed that chemotherapy did not reduce 
DR for the low RS group.4 Therefore, the intermediate 
and high RS groups had a low risk of DR when receiving 
chemotherapy. We assumed that the RR was identical 
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Figure 2. Schematic of the state transition model. 
Abbreviations: AML, acute myeloid leukemia; BC, breast cancer; CHF, congestive heart failure.
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for the intermediate and high RS groups. We calibrated 
the RR for these 2 RS risk groups so that the overall RR 
of DR attributed to AC-T was 0.58. For instance, the RR 
of the intermediate and high RS risk groups was 0.31 in 
the PREDICT low-risk group and 0.55 in the PREDICT 
high-risk group. Other probability parameters, such as 
CHF- or AML-related probabilities28,29 and costs of ODX 
testing,31,32 chemotherapy,33 and treatment for breast 
cancer recurrence, CHF, AML, and terminal care, were 
derived from prior literature. Utility weights for each 
health state were abstracted from the literature13,18,34–36 
and then age-adjusted at 5-year increments using pre-
viously reported trends.37–39 Detailed information re-
garding model assumptions and all model parameters, 
including fitted distributions, is presented in supple-
mental eAppendix 1 and eTable 1 (available with this 
article at JNCCN.org).  

Sensitivity Analyses
We performed one-way sensitivity analyses on the vari-
ables within clinically plausible ranges of our baseline 
estimates (supplemental eTable 1), and tested patients 
aged 45 to 75 years. We also integrated the results from 
the TAILORx trial to explore the ICERs of ODX, assuming 
no chemotherapy benefit for patients with RS≤25 (sup-
plemental eTable 2). We conducted sensitivity analyses 
to reflect real-world chemotherapy use patterns (supple-
mental eTable 3). Although ODX testing might be able to 
reduce chemotherapy,40 the literature suggests that ODX 
decreases chemotherapy use in the clinically high-risk 
group but increases chemotherapy use in the clinically 
low-risk group.41,42 Probabilistic sensitivity analyses were 
conducted using beta distributions for probability pa-
rameters and utility estimates, and gamma distributions 
for cost estimates.43 The distributions of input param-

eters were drawn 1,000 times, and acceptability curves 
were created. The models were programmed using the R 
statistical programming language.44 We also evaluated, 
in the absence of ODX, the cost-effectiveness of chemo-
therapy use for each clinical risk subgroup. Such analy-
ses could examine whether the results projected by our 
models were consistent with the chemotherapy recom-
mendations by the PREDICT tool.  

Results
Between 2011 and 2013, there were 4,281 women di-
agnosed with ER-positive, HER2-negative, LN-nega-
tive breast cancer in the Connecticut Tumor Registry. 
Based on PREDICT estimates, 82.5%, 11.9%, and 5.6% 
were in the clinically low-, intermediate-, and high-risk 
groups, respectively (Table 1). Among them, 2,245 pa-
tients (54.6%) received ODX testing. The distribution of 
3 clinical risk groups did not differ substantially between 
patients with and without ODX testing (P=.61). Among 
those in the PREDICT low-risk group and who received 
ODX testing, 64.9% had RS<18 and 3.2% had RS≥31. In 
contrast, among those in the PREDICT high-risk group, 
33.0% had RS<18 and 30.4% had RS≥31.

Our base-case analyses revealed that strategy 1 (no 
ODX testing and no patients receiving chemotherapy) in-
curred the lowest cost, followed by strategy 2 (ODX test-
ing and chemotherapy for patients with RS≥31; Table 2). 
When we combined all 3 PREDICT risk groups, the ICER 
for ODX testing (in comparison with no ODX testing) was 
$62,200 per QALY. The ICER, however, differed substan-
tially across PREDICT risk groups. For the PREDICT low-
risk group, the ICER for ODX testing was $124,600 per 
QALY. In contrast, for women in the PREDICT intermedi-
ate- and high-risk groups, the ICER for ODX testing was 
$28,700 and $15,700 per QALY, respectively. 

Table 1.  Distributions of Risk Groups and RS Among Patients With ER-Positive, HER2-Negative,  
LN-Negative Breast Cancer 

Clinical Risk 
Groupa

Patients, n (%)
ODX Not 

Performed, n (%)
ODX

Performed, n (%)

P Valueb(N=4,281) (N=2,036) (N=2,245)
Low 3,530

(82.5%)
1,703

(83.6%)
1,827

(81.4%)
RS<18 1,185 (64.9%)

.607

18≤RS≤30 583 (31.9%)

RS≥31 59 (3.2%)

Intermediate 510
(11.9%)

207
(10.2%)

303
(13.5%)

RS<18 117 (38.6%)

18≤RS≤30 119 (39.3%)

RS≥31 67 (22.1%)

High 241
(5.6%)

126
(6.2%)

115
(5.1%)

RS<18 38 (33.0%)

18≤RS≤30 42 (36.5%)

RS≥31 35 (30.4%)

Abbreviations: ER, estrogen receptor; LN, lymph node; RS, recurrence score; ODX, Onctotype DX.
aAccording to PREDICT estimations; 10-year breast cancer mortality reduction with chemotherapy is <3%, 3%–5%, or >5% for low-, intermediate-, or high-risk groups, respectively.
bMantel-Haenszel chi-square test between ODX not performed and ODX performed; Cramer’s v=0.05, indicating a negligible relationship with risk groups between the 2 groups with and 
without receiving ODX testing.
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The ICERs for ODX testing increased with increas-
ing age (Figure 3). For women in the PREDICT low-risk 
group, the ICER for ODX testing varied from $77,100 per 
QALY for women aged 45 years to $244,400 per QALY for 
women aged 75 years. In contrast, for women in the in-
termediate PREDICT risk group, the ICER varied from 
$17,600 per QALY for women aged 45 years to $80,300 per 
QALY for women aged 75 years. Among the women in the 
PREDICT high-risk group, the ICER ranged from $9,300 
to $44,700 per QALY.

Deterministic sensitivity analyses where individ-
ual model parameters varied within a plausible range 
showed that the ICER stratified by age was robust (sup-
plemental eTables 4 and 5). Sensitivity analyses using the 
TAILORx risk classification scheme showed that 92% of 
the PREDICT low-risk group had RS≤25 (supplemental 
eTable 6). Because ODX did not provide additional val-
ues for these patients, ODX was not cost-effective for the 
PREDICT low-risk group, with an ICER of $115,900 per 
QALY. Similar to our base-case analyses, ODX is cost-ef-
fective for the PREDICT intermediate-risk and high-risk 
groups. Sensitivity analyses integrating real-world che-
motherapy use patterns produced similar results (sup-
plemental eTable 7). The cost-effectiveness acceptabili-
ty curves according to probabilistic sensitivity analyses 
showed that at willingness to pay of $100,000 per QALY, 
ODX testing had an 18.4% probability of being cost-ef-
fective among PREDICT low-risk patients. For the PRE-

DICT intermediate-risk group, there was a 55.1% prob-
ability that ODX testing and chemotherapy for patients 
with RS≥18 would be the most cost-effective. Among the 
PREDICT high-risk patients, ODX testing and chemo-
therapy for patients with RS≥18 would be cost-effective 
with probability 96.6% (Figure 4). 

As a secondary analysis, we compared the strategy 
of chemotherapy for all patients with the strategy of no 
chemotherapy (Table 2). The ICER of chemotherapy was 
$69,500 and $28,100 per QALY for the intermediate- and 
high-risk group, respectively. For the low-risk group, che-
motherapy use incurred higher costs but lower QALY com-
pared with no chemotherapy use. These findings were 
aligned with the clinical recommendations that chemo-
therapy not be recommended for the low-risk group, be 
discussed as a possible option for the intermediate-risk 
group, and be recommended for the high-risk group. 

Discussion
We found that among women with ER-positive, 
HER2-negative, LN-negative breast cancer, ODX testing 
is cost-effective for those with a clinical intermediate or 
high risk of DR but not for those at low risk of DR. Given 
that most women in our population-based sample were 
classified as low risk, our study suggests that clinico-
pathologic information needs to be incorporated in ODX 
testing decision-making. Because screening mammog-
raphy is a common practice in the United States, a high 

Table 2. Costs, Effectiveness, and Cost-Effectiveness of Providing Oncotype DX
Strategy Oncotype DX Chemotherapy Mean Cost ($) Mean QALY ICER ($/QALY) ICER ($/QALY)a

All patients

Strategy 1 No No patients 25,000 8.875 – –

Strategy 2 Yes If RS≥31 28,900 8.939 62,200 N/A

Strategy 3 Yes If RS≥18 32,600 8.970 118,400 N/A

Strategy 4 No All patients 36,600 8.872 Dominatedb Dominatedb

PREDICT low-risk group

Strategy 1 No No patients 24,400 8.976 – –

Strategy 2 Yes If RS≥31 28,000 9.005 124,600 N/A

Strategy 3 Yes If RS≥18 31,600 9.032 134,500 N/A

Strategy 4 No All patients 36,300 8.925 Dominatedb Dominatedb

PREDICT intermediate-risk group

Strategy 1 No No patients 26,900 8.503 – –

Strategy 2 Yes If RS≥31 31,900 8.679 28,700 N/A

Strategy 3 Yes If RS≥18 36,200 8.722 100,000 N/A

Strategy 4 No All patients 37,600 8.658 Dominatedb 69,500

PREDICT high-risk group

Strategy 1 No No patients 29,200 8.068 – –

Strategy 2 Yes If RS≥31 34,400 8.400 15,700 N/A

Strategy 3 Yes If RS≥18 38,200 8.469 55,100 N/A

Strategy 4 No All patients 38,900 8.414 Dominatedb 28,100

Abbreviations: ICER, incremental cost-effectiveness ratio; N/A, not applicable; QALY, quality-adjusted life-year; RS, recurrence score. 
aComparisons only between with and without chemotherapy.
bA “dominated” strategy costs more money and has fewer QALYs than a combination of alternative strategies.
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Figure 3. ICER of Oncotype DX testing by clinical risk group and age. 
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, 
quality-adjusted life year.

proportion of patients have breast cancer detected early 
with favorable tumor characteristics.45,46 

To estimate prevalence or distributions of RS, popu-
lation-based studies are preferable to randomized con-
trolled trials (RCTs) because of the external validity con-
sideration.14 Based on our population-based study, only 
3% of patients who were classified as low-risk patients (ac-
cording to their PREDICT estimation) had RS≥31. Our re-
sults differed substantially from those of post hoc analyses 
of a subset of participants enrolled in an RCT47 that found 
that approximately 15% of the low-risk group (based on 
AO estimation) had RS≥31 (supplemental eTable 8). This 
profound difference could lead CEAs to have an opposite 
conclusion. Although our classifications differed from 
those in the RCT (PREDICT vs AO), prior CEAs using prev-
alence or proportion information from RCTs may not be 
able to infer population estimates, because participants in 
RCTs could not represent the general population. 

Our study has several important policy and prac-
tice implications. First, we showed that combining all 
patients and ignoring commonly used clinical risk fac-
tors—an approach used by most prior analyses—the 
overall cost-effectiveness is overestimated. When we 
considered all patients in aggregate, the ICER of ODX 
is $62,200 per QALY, which is below the generally used 
$100,000 per QALY threshold. Yet when we analyzed ODX 
in discrete risk strata, inferences regarding cost-effec-
tiveness varied substantially. Our findings indicate that 
ODX testing is cost-effective for select rather than for all 
patients. Building on the NCCN Guidelines, which rec-
ommend ODX if tumor size is >5 mm, our results suggest 
that additional risk stratification tools such as PREDICT 
can further inform estimates of cost-effectiveness and 
overall clinical benefit.17 

Another important implication of our study is the as-
sociation between age and cost-effectiveness. We found 
that the ICERs for women aged 75 years were approx-
imately 4 times higher than those for women aged 45 
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Figure 4. Cost-effectiveness acceptability curve for women with 
ER-positive, HER2- negative, LN-negative early-stage breast cancer. 
Strategy 1: No ODX and patients did not receive adjuvant chemo-
therapy 
Strategy 2: ODX and patients with high RS received adjuvant 
chemotherapy 
Strategy 3: ODX and patients with high and intermediate RS re-
ceived adjuvant chemotherapy 
Strategy 4: No ODX and all receiving adjuvant chemotherapy 
Abbreviations: ER, estrogen receptor; LN, lymph node; ODX, On-
cotype DX; QALY, quality-adjusted life year.

years, demonstrating the substantial variability in the 
cost-effectiveness of ODX when considering variation in 
life expectancy and utility weights based on age. We fol-
lowed the recommendations for practices in decision 
modeling48 and conducted age-specific CEAs, the results 
of which may inform alternative decisions regarding ODX 
provision to each subgroup. For instance, for the clinical 
low-risk group, incorporating age changes the ICER from 
cost-effective for women aged ≤50 years to cost-ineffec-
tive for women >70 years. Research also suggested that for 
patients aged ≥75 years, ODX use increased, yet chemo-
therapy use remained stable from 2008 to 2011,49 calling 
into question the potential benefits for older women.

There are important limitations to consider. First, al-
though we have built a relatively comprehensive model, 
our simulation is still a simplification of reality. However, 
our comparisons between the groups with and without 
chemotherapy were consistent with the clinical chemo-
therapy recommendations, demonstrating the validity of 
our model. Sensitivity analyses also confirm the robust-

http://www.jnccn.org/content/17/1/39/suppl/DC1
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ness of our conclusions. Second, the RS distributions con-
ditional on clinicopathologic characteristics were derived 
from patients in the Connecticut Tumor Registry who had 
received ODX testing. Our distributions may not reflect 
the distributions in the United States, and patients not re-
ceiving ODX testing may have different RS distributions. 
For countries where the use of screening mammography is 
low, the RS-PREDICT joint distributions may differ, which 
may change the ICER of ODX. Future research using na-
tionally representative data and exploring how screening 
mammography prevalence may influence cost-effective-
ness of ODX is needed. Third, we used PREDICT online 
to classify 3 risk groups. Future research using AO for risk 
classification could be undertaken; however, we would be 
surprised if the distributions differed substantially given 
that these 2 prediction tools used similar prognostic fac-
tors. Our model did not include Ki67 or progesterone re-
ceptor (PR) assessment. Ki67 is neither routinely evaluated 
nor part of the College of American Pathologists guide-
lines.50,51 Including this information, however, would like-
ly increase ICERs. In contrast, PR-negative tumors tend-
ed to have higher RS than PR-positive tumors52; ODX may 
be cost-effective for patients with PR-negative, PREDICT 
low-risk breast cancer. We did not include other genomic 
profiling, such as IHC4 and MammaPrint.53 For instance, 
researchers have been developing publicly available pro-
grams to evaluate genomic data.54 Such prognostic clas-
sifiers, having lower cost and accuracy than ODX, might 
make ODX less cost-effective (see supplemental eFigure 
1). Fourth, because of the absence of information regard-
ing chemotherapy use percentages conditional on each 
clinical risk strata and RS score, we assumed all patients 
or none received chemotherapy in our base-case analyses. 
Although sensitivity analyses modeling chemotherapy 
practice patterns reached similar results, future research 
is warranted. Finally, the role of ODX in the neoadjuvant 
chemotherapy setting is unknown and thus worth further 
investigation.

Conclusions
Our study suggests that ODX testing is cost-effective 
for patients with intermediate- and high-risk ER-posi-
tive, HER2-negative, node-negative breast cancer, but 
not for low-risk. Because clinicopathologic information 
is available in current practice, it could and should be 
integrated into ODX testing and chemotherapy deci-
sion-making processes. The CEAs ignoring clinicopath-
ologic information are problematic, not only because 
they depart from clinical practice but also because they 
result in inappropriate conclusions. Although RCTs are 
urgently needed to provide efficacy/effectiveness esti-
mates, it is also important to have incidence and preva-
lence estimates from population-based data, preferably 
from nationwide data sets. Future research is warrant-
ed to understand how to optimize utility of ODX test-
ing and chemotherapy for patients with breast cancer 
across varied risks of DR. 
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