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L arge clinical trials have demonstrated significant benefits of 
combining chemotherapy with hormonal therapy in the ad-
juvant treatment of women with node-negative, estrogen re-

ceptor–positive (N−/ER+) breast cancer.1,2 Hormonal treatment with 
tamoxifen alone after surgery in this population has been shown to re-
duce the 10-year likelihood of distant recurrence to 15%.1 Depending 
on disease and tumor characteristics, adding chemotherapy can fur-
ther reduce recurrence risk in some N−/ER+ patients, although others 
derive no added benefit from adjuvant chemotherapy.3,4 

The 21-gene Oncotype DX Recurrence Score reverse transcriptase 
polymerase chain reaction assay can reliably predict individual recur-
rence risks among N−/ER+ patients based on gene expression in the 
tumor tissue.5-7 The assay has been incorporated into National Com-
prehensive Cancer Network (NCCN) and American Society of Clini-
cal Oncology (ASCO) treatment guidelines for N−/ER+ patients with 
HER2-negative tumors8,9 and has allowed oncologists to move from 
population-based to individualized estimates of recurrence risk, reduc-
ing unnecessary chemotherapy treatment among patients with low pre-
dicted recurrence risk.10-14 

In node-positive, estrogen receptor–positive (N+(1-3)/ER+) breast 
cancer, however, NCCN and ASCO guidelines recommend treat-
ment with both hormonal therapy and chemotherapy for most HER2-
negative cancers, although recent research suggests that up to 40% of 
these patients may remain disease-free without chemotherapy.8,9,15 In a 
recent analysis of the TransATAC study, results of the 21-gene assay 
were significantly associated with time to distant recurrence and pro-
vided significant prognostic value beyond that provided by Adjuvant! 
Online in both N− and N+(1-3)/ER+ cancers.7 In addition, an analysis 
of the SWOG-8814 clinical trial confirmed the lack of benefit of che-
motherapy in women with N+(1-3)/ER+ disease who had low recur-
rence scores (<18).15 

Better predictions of recurrence risk could help oncologists indi-
vidualize treatment recommendations. Eliminating chemotherapy for 
patients unlikely to benefit from it might both decrease costs and im-
prove quality of life.11,16-18 We built a decision-analytic model to predict 
cost-effectiveness and cost savings of using the 21-gene assay Onco-

type DX in women with early-
stage N+(1-3)(N1a-N1c)/ER+ 
HER2-negative breast cancer; 
the cost-effectiveness and cost 
savings were compared with the  
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Objective: To assess impact on health outcomes 
and healthcare expenditures of adopting a 
21-gene assay for women with early-stage, mini-
mally node-positive, estrogen receptor–positive 
(N+(1-3)/ER+) HER2-negative breast cancer.

Study Design: We adapted a deterministic 
decision-analytic model to estimate costs and 
quality-of-life outcomes associated with chemo-
therapy, adverse events, supportive care, recur-
rence, and second primary cancers for usual care 
compared with care determined by the 21-gene 
assay recurrence score, where 71% and 54% of 
women, respectively, were treated with adjuvant 
chemotherapy. Model input data were based on 
national statistics, published literature, physician 
surveys, and Medicare Part B prices. 

Methods: Annual numbers of events were multi-
plied by quality-adjusted life-years (QALYs) lost 
and costs to estimate net health and economic 
impacts of each strategy. Analyses were from a 
managed care payer perspective for the US 
population.

Results: Patients receiving the assay were pre-
dicted to gain 0.127 QALY and save $4359 annu-
ally from avoiding chemotherapy, adverse events, 
supportive care, and secondary primary tumors. 
For a 2-million member plan, net gains were 4.44 
QALYs/year and savings were $13,476/year. Cost 
savings were greater for the Medicare population. 
Although overall results were sensitive only to re-
duced impact of testing and chemotherapy costs, 
they were still highly cost-effective (incremental 
cost-effectiveness ratio <$20,000/QALY). 

Conclusions: Use of a 21-gene assay in patients 
with early-stage N+(1-3)/ER+ HER2-negative 
breast cancer may improve health outcomes and 
add no incremental cost, thereby providing 
valuable insight for health plans, the Centers for 
Medicare & Medicaid Services, and clinicians 
regarding coverage policies and treatment 
decisions. 
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cost of treating this early-stage breast cancer according to cur-
rent US guidelines.

METHODS
Overview

We adapted a deterministic decision-analytic model (Fig-
ure) to estimate the cost-effectiveness of adopting the 21-
gene assay in treatment decisions for women with N+(1-3)/
ER+ HER2-negative early-stage breast cancer, comparing 
outcomes for 2 scenarios: usual care, in which chemotherapy 
treatment decisions reflected historical standards based on 
US NCCN guidelines; and genomic assay testing, in which 
decisions were modified based on assay results. The model fol-
lowed women from being disease free to living with nonpro-
gressed and progressed disease, and then to death either from 
disease or other causes. Model inputs were obtained from pub-
lished literature, national statistics, randomized clinical trials, 
Medicare part B prices, and surveys of breast cancer patients 
and medical oncologists. 

Patients in the model faced risks of being diagnosed with 
N+(1-3)/ER+ HER2-negative breast cancer with varying re-
currence risks; being tested with the 21-gene assay; receiving 
chemotherapy; experiencing adverse events, second primary 
cancers, or distal recurrence; and dying within a 30-year time 
horizon (Table 1). Outcomes of interest were incremen-
tal quality-adjusted life-years (QALYs, per patient and total 
plan), costs (per patient, per member per month, and total 
plan), and incremental cost-effectiveness associated with the 
use of the assay in adjuvant chemotherapy treatment deci-
sions. Patients in both usual care and testing strategies either 
received chemotherapy followed by hormonal therapy or 
hormonal therapy alone. The single difference between usual 
care and assay testing strategies was that fewer patients in the 
testing group received chemotherapy, which in turn affected 
costs and quality-of-life decrements associated with chemo-
therapy and related adverse events, supportive care, and sec-
ond primary cancers. 

We evaluated the model for a hypothetical cohort of 2 
million total health plan members with an age distribution 

representative of the US population, 
estimating results for all women with 
N+(1-3)/ER+ HER2-negative breast 
cancer. We also evaluated the model for 
a subset of those 65 years and older. We 
did not address assay use among patients 
with N- or HER2+ tumors. Analyses 
were from a payer (managed care) per-
spective, and annual risks were based on 
average risks over a 30-year time horizon. 

Models were developed and analyzed using Microsoft Office 
Excel 2003 (Redmond, WA).

Data
Table 1 shows parameter estimates used in the determinis-

tic decision-analytic model. We used 2004-2005 SEER*STAT 
data to estimate an age-adjusted incidence of early-stage 
N+(1-3)/ER+ breast cancer of 9.74 diagnoses per 100,000 
population and a 90% prevalence of HER2-negative tumors, 
using an age distribution representative of the US popula-
tion and a mean age of diagnosis of 62 years.19 We considered 
women to be N+ if they had 1-3 positive nodes based on evi-
dence that most N+ patients receiving the assay had <3 posi-
tive nodes.21 Diagnosed patients in usual care were assumed 
to be treated according to national guidelines that recom-
mended adjuvant chemotherapy treatment for all N+(1-3)/
ER+ patients.8 Because some patients may refuse chemother-
apy and oncologists may not recommend chemotherapy in all 
cases (eg, among N1a patients with only 1 positive node), 
we assumed that 71% of women in usual care would receive 
chemotherapy treatment.20

In the testing strategy, we assumed that 20% of diagnosed 
patients would be tested with the assay. Among these patients, 
we estimated a 24% relative reduction in chemotherapy use 
associated with assay results based on data from a survey of 
oncologists who used the assay in this patient population.21 
Compared with the 71% uptake in usual care, 54% [(1.0 – 
0.24 x 71%)] of tested women would receive chemotherapy 
treatment. A post hoc analysis of the same survey showed 
a 31% relative reduction in chemotherapy for patients 65 
years and older; we thus assumed a 49% chemotherapy rate 
[(1.0 – 0.31) x 71%)] among a subset of tested women in this 
age group.26 We assumed that the decrease in chemotherapy 
associated with assay testing occurred only in patients with 
low recurrent score,7,15 so disease recurrence rates did not dif-
fer between strategies. Age-specific all-cause mortality was 
estimated based on national statistics, and for age- and dis-
ease-specific mortality we used SEER estimates of overall age-
specific breast cancer mortality.19,39 These estimates were used 
to calculate total QALYs lost with each strategy. 

Take-Away Points
By providing better predictions of recurrence risk, a 21-gene assay in patients with early-
stage N+(1-3)/ER+ HER2-negative breast cancer has the potential to significantly improve US 
healthcare quality at no additional payer cost.

n	 Our model predicted that the substantial savings in chemotherapy-related costs would 
outweigh the cost of the test itself and that patients would experience substantial quality-of-
life gains associated with reductions in chemotherapy. 

n	 These results provide insight for health plans, the Centers for Medicare & Medicaid Ser-
vices, and clinicians when establishing coverage policies and making treatment decisions.
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tiemetic regimens.7,15,28-30,32,35-37 We estimated an 85% minor 
adverse event rate to account for the higher rates of chemo-
therapy-induced nausea and vomiting seen in patients receiv-
ing some newer regimens and the almost-universal alopecia 
occurrence seen in patients receiving other regimens.35,40 We 
estimated the probability of major adverse events based on 
published literature indicating that risk of these events among 
N+ breast cancer patients ranges between 20% and 35%,33,34 
and we assumed an average incidence of 30%. 

We estimated a 2.7% probability of second primary 
cancer based on the assumption of a 20-year survival time 
among diseased patients without recurrence or second pri-
mary cancer and a 13.6/10,000 person-years absolute excess 
risk of second primary nonbreast cancer after treatment (20 
 13.6/10,000 = 2.72%).34,38 Use patterns of chemotherapy-
related supportive care (including treatment with granu-
locyte colony-stimulating factor, granulocyte-macrophage 
colony-stimulating factor, erythropoietin, and antiemetics) 

We categorized chemotherapy-related adverse events into 
minor events, major events, fatal events, and second primary 
cancers. Minor adverse events were defined as grade <2 (mild 
or moderate), where applicable, of the following: chemo-
therapy-induced nausea and vomiting; neutropenia; throm-
bocytopenia; diarrhea; alopecia; cardiovascular-functional 
(defined as any cardiovascular event that was asymptomatic, 
transient, or responded to treatment); phlebitis; infection; 
hemorrhagic cystitis; fever; and weight gain or loss. When 
these adverse events were grade >3 (severe, life threatening, 
or fatal), they were considered major, as were neurosensory 
or neuromotor toxicity, arthralgia, myalgia, granulocytope-
nia, hypersensitivity reaction, thromboembolic event, ovar-
ian failure, cognitive dysfunction, congestive heart failure, 
and febrile neutropenia. Any such minor or major events 
that caused death were considered separately as fatal events. 

The incidence of minor adverse events was based on pub-
lished reports of key trials of anthracycline therapy and an-

n  Figure. Schematic of Decision-Analytic Cost-Effectiveness Model of a 21-Gene Assay for Minimally Node- 
Positive Breast Cancer Recurrence Riska
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QALY indicates quality-adjusted life-year. 
aModel was evaluated for a hypothetical cohort of 2 million total health plan members with an age distribution representative of the US population, 
and analyses were from a payer (managed care) perspective.
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were based on a 2007 survey of medical oncologists in pri-
vate oncology practices.27

Valuing Outcomes. The numbers of annual disease diag-
noses, Oncotype DX tests, and adverse events associated with 
each strategy were estimated as the products of event inci-
dence and plan population estimates for each age group. The 
total annual numbers of events were multiplied by their as-
sociated QALYs lost and costs (Table 2) to estimate the net 
health and economic impact of each strategy. All QALY and 
cost estimates were discounted at 3% per year.

Health-Related Quality of Life. Estimates of QALYs lost 
associated with each episode of chemotherapy treatment were 
based on an analysis that evaluated the survival benefit re-
quired by a cohort of patients with early-stage breast cancer 
before they would be willing to have chemotherapy42 and on 
an economic analysis of targeted chemotherapy use among 
women with early-stage breast cancer.17 We applied 0.5 QALY 

lost over the course of a lifetime for each patient who received 
chemotherapy, assuming that this decrement encompassed 
the health-related quality-of-life effects associated with all 
chemotherapy-related supportive care and adverse events ex-
cept for chemotherapy-related second primary cancers. 

We computed QALYs lost associated with secondary pri-
mary tumors and disease recurrence using a decision-analytic 
modeling approach, in which we incorporated disease-specific 
mortality, health-related quality-of-life weights, and mortal-
ity from other causes.19,39 On the basis of assumptions from 
previous economic analyses of chemotherapy use in breast 
cancer,16,17 we weighted the years of survival with a utility of 
0.9 for women without recurrence or other tumor and 0.7 for 
those with either event, adjusted at a 3% annual discount rate 
and assuming a 2-year average survival time after diagnosis 
with recurrence or second tumor.45,46 We applied the resulting 
9.1 QALY decrement to recurrent breast cancer as well as to 

n Table 1. Population Characteristics and Event Probabilities in a Decision-Analytic Model of a 21-Gene Assay 
for Determining Adjuvant Chemotherapy Decisions for Early-Stage N+(1-3)/ER+ Breast Cancera

 
Model Parameter

 
Estimate

Value for Sensitivity 
Analyses

 
Reference

Mean age at diagnosis (US population) 62 y 72 y —

Population size 2,000,000 — —

Time horizon 30 y — —

Annual discount rate 3% — —

Incidence of N+(1-3)/ER+ breast cancer  
(per 100,000 population)

9.74 — 19

Proportion of HER2-negative tumors 90% — 19

Proportion with assay testing 20% 10%-60% —

Percentage receiving chemotherapy with:

    Usual care 71% —  8, 20

    Assay testing (base case) 54%b 43%-60%c 10, 11, 13, 14, 21-25

    Assay testing (age 65+) 49%d — 26

Probability of completing chemotherapy  
regimen at specified dose

95% — 27

Probability of chemotherapy-related: 7, 15, 28-37 

    Minor adverse event 85% —

    Major adverse event 30% —

    Fatal adverse event 0.5% —

    Second primary cancer 2.7% — 38

Probability of disease-related deathe Age specific — 19

Probability of death from other causese Age specific — 39

N+(1-3)/ER+ indicates node-positive, estrogen receptor–positive. 
aModel population consisted of managed care health plan members with an age distribution representative of the US population. 
bReflects a 24% reduction in chemotherapy use compared with usual care: 71%  [1.0 – 0.24] = 54%. 
cReflects a 15% to 40% reduction in chemotherapy use compared with usual care: 71%  [1.0 – 0.15] = 60%; 71%  [1.0 – 0.40] = 43%. 
dReflects a 31% reduction in chemotherapy use compared with usual care: 71%  [1.0 – 0.31] = 49%. 
eMortality estimates used in model to estimate total lifetime quality-adjusted life years lost associated with chemotherapy, chemotherapy-related sup-
portive care and adverse events, second primary cancers, and recurrence. Age-specific all-cause mortality was based on national statistics; age- and 
disease-specific mortality used SEER (Surveillance Epidemiology and End Results) estimates of overall age-specific breast cancer mortality.
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second primary nonbreast cancers based on assuming that this 
average value encapsulates the highly varying survival rates 
associated with such cancers. We did not assume quality-of-
life or survival decrements associated with assay testing.

Costs. We estimated costs of Oncotype DX testing and 
direct medical costs associated with chemotherapy-related 
drugs and administration, adverse events, and supportive care 
in the treatment of primary and recurrent breast cancer and 
second primary cancers. The assay cost was based on a US 
unit price of $3975, effective July 1, 2009. To determine per 
episode chemotherapy drug and administration costs, we con-
sidered treatment patterns reported by oncologists for com-
mon injectable and oral chemotherapy regimens27 and each 
regimen’s 2008 Medicare Part B average sales price (ASP). 
Assuming that 95% of recommended doses would be re-
ceived27 and adding 6% for over-ASP costs, we estimated a 
final per unit chemotherapy cost of $13,360 ([$13,267  95%] 
 [1+6%]; Table 2). 

Chemotherapy-related adverse event and supportive care 
costs per treatment episode ($8047 and $4283, respective-
ly) were estimated based on per event costs from a recent 
economic analysis of adjuvant chemotherapy17 and on 2008 
Medicare Part B ASP and were weighted by event inci-
dence.7,15,27-38 We estimated costs of distant recurrence based 
on assumptions from published cost-effectiveness and cost-
of-illness analyses.41,44 We defined distant recurrence costs as 
direct medical costs of chemotherapy drugs and administra-
tion, all visits, laboratory tests and imaging, hospitalizations, 

and end-of-life care, for an estimated total cost of $40,162. 
All costs were adjusted to 2009 dollars using the Consumer 
Price Index.47 

One-way sensitivity analyses were conducted to evalu-
ate the impact of key model assumptions on outcomes. We 
varied the proportion of patients tested from 10% to 60% 
and the reduction in chemotherapy treatment associated 
with use of the assay from 15% to 40%,10,11,13,14,22-25 as well 
as all costs associated with adjuvant chemotherapy treat-
ment (±25% of base case estimate). We also conducted an 
analysis for a Medicare population, for whom we applied 
a model start age of 72 years to represent the mean age of 
diagnosis and a 31% reduction in chemotherapy associ-
ated with assay testing; all other estimates (eg, disease in-
cidence) for this scenario remained consistent with those 
in the base case.

RESULTS
Table 3 shows the results of the base case analysis evalu-

ating QALYs and cost outcomes for the assay testing strategy 
compared with the status quo in a 2-million member plan, of 
whom 175 (2,000,000  [9.74/100,000]  90% = 175) patients 
would be diagnosed with early-stage N+(1-3)/ER+ HER2-neg-
ative breast cancer and 35 (175  20%) would be tested annu-
ally. The model predicted that each of these women receiving 
the assay would, over the course of 1 year, gain 0.085 QALY 
from avoiding chemotherapy and 0.042 QALY from the reduc-

n Table 2. Cost and Quality-of-Life Inputs in a Decision-Analytic Model of a 21-Gene Assay for Determining Adju-
vant Chemotherapy Decisions for Early-Stage N+(1-3)/ER+ Breast Cancera

 
Variable

Base Case  
Estimate

Range for  
Sensitivity Analyses

 
Reference

Per patient net lifetime QALY gains associated  
with chemotherapy and cancer events

    Chemotherapy −0.5 — 17, 38, 41, 42

    Recurrence −9.1 —

    Second primary cancer caused by chemotherapy −9.1 —

Per patient annual costs (2009 dollars)

    Assay $3975 — Genomic Health, Inc.

    Chemotherapy drugs and administration           $13,360a ±25% Centers for Medicare & 
Medicaid Servicesb

    Chemotherapy-related adverse eventsc $8047 ±25% 17, 38

    Chemotherapy-related supportive cared $4283 ±25% Centers for Medicare & 
Medicaid Servicesb,43

    Distant recurrence $40,162 —  41, 44

QALY indicates quality-adjusted life-year. 
aModel population consisted of managed care health plan members with an age distribution representative of the US population. 
bMedicare Part B Average Sales Price + 6%, estimated as average costs among plans and not adjusted for plan discounts and member cost sharing. 
cIncludes weighted costs of minor, major, and fatal adverse events and second primary nonbreast cancers. 
dIncludes treatment with granulocyte colony-stimulating factor, granulocyte-macrophage colony-stimulating factor, erythropoietin, and antiemetics.
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tion in chemotherapy-related secondary primary tumors, for a 
net annual gain of 0.127 QALY per tested patient. 

The testing strategy would also result in annual cost sav-
ings of $4359 per patient tested, including $2267 in avoided 
chemotherapy, $727 in avoided supportive care, and $1365 in 
avoided adverse events. With the cost of the assay included, 
testing would result in annual total net savings of $384 per 
patient tested. For a 2-million member plan and compared 
with the status quo of treating 71% of eligible patients, use 
of the assay in treatment decisions was predicted to result in a 
total of 4.44 QALYs gained and $13,476 saved each year, with 
savings of $0.0006 per member per month or $6 per eligible 
N+(1-3)/ER+ HER2-negative member per month. 

Overall, the assay testing strategy was predicted to increase 
QALYs and to be cost neutral with respect to cost saving. 

These results were not sensitive to changes in input estimates 
of the proportion of patients tested, to a greater reduction in 
chemotherapy associated with assay testing, or to higher costs 
associated with adjuvant chemotherapy treatment. In addi-
tion, QALY gains and cost savings were greatest when the 
rates of testing were increased, when there was a greater re-
duction in chemotherapy associated with assay testing, and 
when chemotherapy-related costs were increased. 

For example, when we varied the proportion of patients 
tested between 10% and 60%, the predicted total plan 
QALYs gained ranged between 2.22 and 13.33 and total plan 
savings ranged between $6738 and $40,427, but there was no 
change in per patient QALY gains or costs saved. Increasing 
the impact of testing to a 40% reduction in chemotherapy 
increased net annual QALYs gained to 7.44 and cost savings 

n Table 3. Annual QALY Gains and Cost Saving Associated With Use of a 21-Gene Assay in Adjuvant Chemotherapy Decisions 
for Early-Stage N+(1-3)/ER+ Breast Cancer in a US Managed Care Plan (N = 2,000,000), Compared With Usual Carea,b 

Parameter Variations for One-Way Sensitivity Analyses

Assay Utilization 
Among 

 N+(1-3)/ER+ 
Patients

Reduction in  
Chemotherapy With 

Assay Testingc
 

Treatment Costsd Medicare  
Population 

 (31% Reduction in 
Chemotherapy)c

 
Variable BC 

Low 
(10%)

   High                              
    (60%)

Low 
(15%)

High 
(40%)

Low:  
BC [−25%]

High:  
BC 25%

No. of patients with N+(1-3)/ER+ 175 175 175 175 175 175 175 175

No. of N+(1-3)/ER+ patients tested  
with Oncotype DX 

35 18 105 35 35 35 35 35

Adverse events avoided 6% 6% 6% 4% 9% 6% 6% 7%

QALYs gained with use of Oncotype DX

    Chemotherapy related 0.085 0.085 0.085 0.053 0.142 0.085 0.085 0.111

    Recurrence relatede 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

    Second primary cancer related 0.042 0.042 0.042 0.026 0.070 0.042 0.042 0.014

   Total per patient QALYs gained 0.127 0.127 0.127 0.080 0.212 0.127 0.127 0.125

    Total population QALYs gained 4.44 2.22 13.33 2.79 7.44 4.44 4.44 4.40

Costs incurred (saved) per patient tested

    Oncotype DX $3975 $3975 $3975 $3975 $3975 $3975 $3975 $3975

    Chemotherapy drugs ($2267) ($2267) ($2267) ($1423) ($3794) ($1700) ($2834) ($2976)

    Supportive care ($727) ($727) ($727) ($456) ($1216) ($545) ($909) ($954)

    Adverse events ($1365) ($1365) ($1365) ($857) ($2285) ($1024) ($1707) ($1792)

    Recurrence $0 $0 $0 $0 $0 $0 $0 $0

   Total per patient costs (saved)  ($384) ($384) ($384) $1239 ($3321) $706 ($1474) ($1747)

   Total population costs (saved) ($13,476) ($6738) ($40,427) $43,445 ($116,445) $24,738 ($51,689) ($61,267)

Costs per QALY gained Cost saving with net  
QALY gain

$15,578/
QALY

Cost saving 
with net 

QALY gain

$5567/
QALY

Cost saving with net  
QALY gain

BC indicates base case; N+(1–3)/ER+, node-positive, estrogen receptor–positive; QALY, quality-adjusted life-year.  
aPopulation age distribution representative of US population.  
bChemotherapy use: in usual care 71%; 24% reduction (54% rate) among women tested with Oncotype DX.  
cPercentage reduction in chemotherapy rate from 71% in usual care; 15% reduction = 60% chemotherapy rate; 40% reduction = 43% rate; 31% reduction 
(Medicare) = 49% rate.  
dVaried cost parameters included costs of chemotherapy drugs, supportive care, adverse events, and recurrence. Cost of Oncotype DX test was not varied.
eDisease recurrence rates equivalent between usual care and testing strategies (reduction in chemotherapy among tested patients occurred in those with low 
recurrence risk).
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to more than $116,000. Use of the assay was associated with 
any cost accrual rather than savings only when the reduction 
in chemotherapy associated with assay use was reduced to 
15% and when chemotherapy-related costs were 25% lower 
than those in the base case. However, in both cases there 
were still QALY gains and the incremental cost-effectiveness 
ratios (ICERs) were low at $15,578 and $5567 per QALY, 
respectively. 

When testing was limited to women 65 years and older (eg, 
to represent the Medicare population) and there was a 31% 
reduction in chemotherapy associated with assay testing, net 
QALY gains remained almost the same at 4.40 but cost sav-
ings more than quadrupled to $61,267. 

DISCUSSION
Interventions to improve health are often evaluated with 

regard to their cost and effectiveness, and most interventions 
require increased expenditures in exchange for improved 
health.48 The cost per year of life gained for the last 4 de-
cades of medical spending in the United States was $30,000 
to $85,000,49 and a frequently cited threshold value for cost-
effectiveness is $50,000 per QALY.50-52 The incremental cost-
effectiveness of the Oncotype DX assay for use in early-stage 
N+(1-3)/ER+ HER2-negative breast cancer appears to fall 
well below this level and indeed improves health while be-
ing either cost neutral or cost saving. That is, a health plan 
using the assay for patients with 1 to 3 positive nodes would 
experience improved quality outcomes among its members at 
essentially zero incremental cost.

Opportunities to improve health at no incremental cost 
are rare. A systematic review of the cost-effectiveness liter-
ature found that fewer than 1 in 5 interventions were cost 
saving,48 and another analysis found that only 4 of 18 widely 
recommended quality measures saved money.53 Our results 
suggest that the 21-gene assay, on the other hand, not only 
provides marginal cost savings to payers but also offers vital 
quality improvement to patients, who could avoid toxicities 
such as nausea and vomiting, ovarian failure, new primary tu-
mors, or cognitive dysfunction.

The promising results of this analysis must be considered in 
light of its potential limitations. Our estimate of the net reduc-
tion in chemotherapy associated with assay testing is based on 
a single published study for the general N+(1-3)/ER+ popula-
tion21 and on a separate analysis26 for the >65-year age group. 
However, these estimates are consistent with those found in 
studies of N−/ER+ patients, which have shown that incorporat-
ing assay results into clinical practice changed treatment deci-
sions in 21% to 44% of cases.10,11,13,14,22-25 In sensitivity analyses, 
we evaluated results when estimated reductions in chemother-

apy were 15% (smaller than the lowest published estimate) and 
still found that use of the assay would be highly cost-effective.

Our model used an age distribution representative of the 
US population for estimating breast cancer incidence, yet we 
applied the model to a potentially younger managed care pop-
ulation.54,55 Our estimates of breast cancer incidence (which is 
higher among older persons) may thus overestimate the inci-
dence in a managed care population for the model base case 
and underestimate it in the Medicare/Medicare Advantage 
scenario. Although this difference would cause our model to 
slightly overestimate total plan cost savings in the base case 
and underestimate them in the Medicare/Medicare Advan-
tage scenario, it would not impact per patient results or over-
all conclusions of cost savings with net QALY gains.

We used a payer perspective and did not account for indi-
rect costs (such as lost work, decreased productivity, and trav-
el time) that may be associated with chemotherapy treatment 
and cancer recurrence, nor did we take into account the costs 
associated with oncologists’ time and resource expenditures 
in managing chemotherapy treatment (eg, all office visits and 
laboratory tests during a course of chemotherapy treatment)56 
or adverse events. We also used clinical trial data to estimate 
costs of treatment, hospitalization, and medications associ-
ated with adverse events, yet such costs are often greater in 
noncontrolled settings and may have increased in recent years 
because of the use of more expensive treatments and tech-
nology. The results of our model may thus underestimate the 
total cost savings associated with 21-gene assay testing when 
considered from a societal perspective and can be considered 
a conservative estimate of the assay’s cost-effectiveness in 
N+(1-3)/ER+ patients.57

Finally, it has been shown elsewhere that treatment inten-
sity was decreased among some N+(1-3)/ER+ patients with 
intermediate recurrent score results10,21; however, we chose to 
model change in chemotherapy use only among those with 
low recurrent score results to provide a conservative estimate 
of the benefits gained from the assay’s use in this population. 
When we conducted sensitivity analyses to address the im-
pact of this assumption, decreasing the proportion of tested 
patients who received chemotherapy after assay testing from 
54% to 42% resulted in greater population-wide QALY gains 
(7.44 vs 4.44) and cost savings ($116,445 vs $13,476). In this 
way, the results of our model may again underestimate the 
benefits associated with use of the assay.

On the other hand, it is possible that we overestimated the 
benefits gained when reducing chemotherapy use among pa-
tients with low recurrent scores. Specifically, a key model as-
sumption is that there is no difference in survival for patients 
with low recurrent scores regardless of whether these patients 
received adjuvant chemotherapy. To evaluate how results 
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and conclusions would vary if there were a small benefit of 
such treatment, we conducted a one-way sensitivity analysis 
in which chemotherapy provided survival gains equivalent 
to its related QALY losses. We found with this scenario that 
QALY gains for the total population would decrease from 4.44 
to 1.47, but our original conclusion of cost savings with net 
QALY gains would remain constant.

Further, we may have overestimated plan costs of chemo-
therapy drugs and supportive care because Medicare Part B 
ASP estimates do not incorporate plan discounts or member 
cost sharing, and we may have also overestimated the inci-
dence of chemotherapy-related minor adverse events, the 
rates of which have been reported in some analyses to have 
been reduced in recent years.58 However, when we tested 
these assumptions by decreasing costs by 25% and decreas-
ing chemotherapy-related adverse event rates by 50%, assay 
testing was still predicted to be highly cost-effective (ICER 
<$10,000 per QALY). We also assumed there would be no 
quality-of-life decrement associated with assay testing (eg, 
from anxiety provoked while waiting for test results or from 
a result indicating elevated recurrence risk). However, evi-
dence indicates that decision anxiety is lower with routine use 
of the test,12 and even if such a decrement did exist, it would 
likely be small and have minimal impact on our conclusions. 

We used unpublished survey data to estimate practice pat-
terns of chemotherapy-related supportive care.27 We conducted 
one-way sensitivity analyses to specifically evaluate the impact 
of using such data on model results, and we found that even 
extreme differences in these values did not change conclusions 
regarding the cost-effectiveness of the assay’s use in this popula-
tion. Specifically, doubling the final cost input values resulted 
in an almost 3-fold increase in net cost savings, while halving 
them resulted in a positive yet small ICER of $1364 per QALY.

We applied 0.5 cumulative QALY lost over the course of 
a 30-year time horizon for each patient who received chemo-
therapy treatment, based on published results that used time 
trade-off methodology to show that, on average across a co-
hort of 104 women who had received chemotherapy, the net 
survival benefit of accepting chemotherapy equaled 0.5 year. 
However, there is great variability in the value that patients 
attribute to chemotherapy treatment,59,60 and in fact estimates 
based on time trade-off methods often overestimate results 
because the “gained” years of life come at the end of the life 
span and thus would in actuality be valued less (because they 
are further in the future).61 Overestimating the QALY losses 
attributed to chemotherapy is equivalent to underestimating 
the utility attributed to chemotherapy, and we conducted a 
one-way sensitivity analysis to evaluate the impact of this as-
sumption on model results and conclusions. When the QALY 
loss was reduced to as low as 0.01 cumulative QALY lost over 

the lifetime, total population QALY gains decreased from 
4.44 to 1.528, but the model conclusions of net QALY gains 
with cost savings still did not change.

We estimated that 90% of cancers would be non-HER2 
overexpressing, although estimates of such cancers are chang-
ing and thus may be uncertain. To evaluate the impact of our 
estimate on model results, we ran the analysis when the pro-
portion of non-HER2 overexpressing cancers was set to 80% 
instead of 90%. We found that lower rates of these cancers 
would slightly reduce total population cost savings (from 
$13,476 to $11,978) and total population QALY gains (from 
4.44 to 3.95); thus, model conclusions of net QALY gains 
with cost savings would not change. 

Similarly, our estimate of a 2.7% excess risk among patients 
receiving chemotherapy may be an overestimate because it is 
based on data that include the excess risk associated not only 
with chemotherapy but also with radiotherapy and hormonal 
treatment. When we evaluated the impact of this possible 
overestimate on model results and conclusions, we found that 
the excess risk attributed to chemotherapy alone had to be as 
low as 0.5% for the assay to no longer be cost saving, and even 
when this excess risk was as low as 0.01%, the ICER was still 
low at less than $1000 per QALY gained.

Our model did not address use of the assay in the popula-
tion with the current greatest use (ie, women with N−/ER+ 
cancers), yet its value in this population has already been 
demonstrated in other analyses. One model in this population 
predicted cost savings of more than $300 per patient tested 
and average gains of 0.2 QALY compared with treatment 
decisions based on the 2004 NCCN guidelines.62 In another 
analysis, assay-guided decisions led to life expectancy gains 
and were highly cost-effective (<$2000 per life-year saved) 
when compared with a tamoxifen-only strategy, and led to 
similar life expectancy outcomes and consistent cost savings 
when compared with a tamoxifen-plus-chemotherapy strat-
egy.16 The assay was also found to be cost-effective (<$11,000 
per QALY) in Israel, where lower chemotherapy and adminis-
tration costs reduce the potential savings per patient tested.18

Our model also assumed that cancer and all-cause mor-
tality were estimated based on national statistics but did not 
incorporate one additional benefit of the Oncotype DX assay: 
once the recurrent score is known, patients’ risk of cancer-
related death is stratified into 3 categories based on the assay 
result. However, because the addition of this prognostic factor 
would not change model results (average risk of death would 
be the same across patients in both strategies), and because 
the model estimated differences in quality-adjusted survival 
between strategies, we chose to maximize model parsimony 
while maintaining clinical validity by not including this as-
pect of recurrent score results.
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CONCLUSIONS
The use of a 21-gene reverse transcriptase polymerase 

chain reaction assay in patients with early-stage N+(1-3)/
ER+ HER2-negative breast cancer has the potential to of-
fer the US healthcare system significant quality improve-
ment at no additional payer cost. Our model predicted that 
the substantial savings in chemotherapy-related costs would 
outweigh the cost of the test itself and that patients would 
experience substantial quality-of-life gains associated with re-
ductions in chemotherapy. 

Although real-world confirmation of these promising out-
comes is needed in the N+(1-3)/ER+ population (as has already 
been shown among N−/ER+ patients), these results should pro-
vide insight for US health plans, the Centers for Medicare & 
Medicaid Services, and clinicians alike in establishing cover-
age policies and in making treatment decisions for women with 
early-stage N+(1-3)/ER+ HER2-negative breast cancer. 
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