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Purpose: To compare the cost-effectiveness of the tumor subtyping assays Mammostrat® and 

Oncotype DX® for assessing risk of recurrence in early-stage breast cancer and the potential 

benefit of adjuvant chemotherapy.

Methods: Cost-effectiveness analysis from a US third-party payer perspective. A 10 year 

Markov model was developed to estimate costs and effects of using each method of risk 

assessment. The percentages of patients assessed as high, moderate, or low risk were obtained 

from multicenter, prospective, randomized controlled trials. The analysis simulated the 

experience of women progressing through various model states representing clinical treatments 

and subsequent disease. Published recurrence data for Mammostrat® were adjusted appropriately 

to account for differences between definitions and samples of Oncotype DX® and Mammostrat® 

in the original clinical trials. Cost and utility data were obtained from previously published 

studies. Sensitivity analyses examined how base-case results might differ when input values 

and assumptions varied.

Results: Base-case costs for women assessed using Mammostrat® were $15,782, compared with 

$18,051 for women assessed with Oncotype DX®. Thus, cost savings of $2,268 resulted from 

using Mammostrat®. Both Mammostrat® and Oncotype DX® resulted in similar life years (9.880 

and 9.882) and quality-adjusted life years (7.935 and 7.940), respectively. Sensitivity analyses 

demonstrated that the assumptions made about recurrence are the key drivers of model results.

Discussion: Cost savings associated with the use of Mammostrat® instead of Oncotype DX® are 

largely due to the difference in cost between the two tests. Since survival and quality-adjusted 

life years were similar using either assay, Mammostrat® has economic advantages for women 

with early-stage breast cancer.
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Introduction
Clinical trials have shown that tamoxifen and chemotherapy have clinical benefit for 

women with early-stage, node-negative, estrogen receptor–positive breast cancer.1–3 

However, as the likelihood of cancer recurrence in patients treated with tamoxifen 

alone is only approximately 15% at 10 years, many women do not achieve benefit from 

chemotherapy yet experience associated side effects. Thus, tools such as Adjuvant! Online 

(Adjuvant! Inc, San Antonio, TX, USA) and tumor subtyping assays such as InSight® Dx 

Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA), MammaPrint® 

(Agendia, Irvine, CA, USA), and Oncotype DX® (Genomic Health, Inc, Redwood City, 

CA, USA) have emerged as prognostic and predictive options to help clinicians and 

patients estimate the recurrence risk and potential benefit of adjuvant chemotherapy.
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A number of published cost-effectiveness analysis (CEA) 

studies for available assays stratify patients with early-stage 

breast cancer according to risk of disease recurrence.4–11 

Previous CEA studies have used a non–tissue-based risk 

assessment tool such as Adjuvant! Online as the comparator 

(control) group.12 However, only one published study directly 

compared the health economics of one assay to another: Yang 

et al13 concluded that MammaPrint® is a more cost-effective 

assay compared with Oncotype DX® at a willingness-to-pay 

threshold of $50,000 per quality-adjusted life year (QALY).

The objective of this study was to compare the cost-

effectiveness of Oncotype DX® and Mammostrat®, an immu-

nohistochemistry bioassay consisting of five biomarkers 

weighted with an algorithm that produces a risk score inde-

pendent of tumor proliferation and grade. This analysis is 

of particular interest because both assays are commercially 

available and have potential to provide additional clini-

cally meaningful information to the physician and patient. 

Additionally, both Mammostrat® and Oncotype DX® were 

developed and validated using clinical samples from patients 

enrolled in the same studies from the National Surgical Adju-

vant Breast and Bowel Project (NSABP) commonly referred 

to as the NSABP B14 and B20 trials.1–3,14–17

Methods
Study design
A 10 year Markov model was developed using the TreeAge 

visual modeling tool (TreeAge Software, Inc, Williamstown, 

MA, USA) to compare Mammostrat® and Oncotype DX® with 

respect to the costs and effectiveness of using each method 

to assess the risk of breast cancer recurrence. The study was 

designed from a US third-party payer perspective.

Markov model structure
The model simulated the experience of women progressing 

through various model states representing both clinical treat-

ments and subsequent disease. These clinical pathways and 

health outcomes were assigned on the basis of probabilities 

of transitioning from each model state to states that might 

follow. The comparison took into account costs, survival, 

and quality of life over a 10 year period after entering the 

model. The length of follow-up was influenced by the avail-

able clinical data for the two assays. Costs were discounted 

3% per year.18

A woman entered the model after initial treatment 

for node-negative, estrogen receptor–positive early-stage 

breast cancer. Every woman was then assessed for risk of 

subsequent distant recurrence with one of the two methods of 

risk assessment, Mammostrat® or Oncotype DX®. The deci-

sion to treat with chemotherapy influenced the health benefits 

accruing to patients in the Mammostrat® or Oncotype DX® 

group. Over the 10 year time horizon, patients could be dis-

ease free, have disease recurrence, or have died (as shown 

in Figure 1 for the first year).

Each woman was assessed as high, moderate, or low 

risk. Depending on the risk category, a clinical decision 
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Recurrence

Death

Recurrence and death
states repeated for

each and every
chemotherapy state

Chemotherapy 

High risk

Medium risk

Low risk

Mammostrat® or
Oncotype DX®

assay

Chemotherapy 

Chemotherapy 

No
chemotherapy 

No
chemotherapy 

No
chemotherapy 

Figure 1 Sequence of disease states during the first year in the model.
Notes: In year one of the model, patients with estrogen receptor–positive, node-negative, early-stage breast cancer are evaluated for risk of recurrence using either 
Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA) or Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA). Patients in each arm are given 
a risk recurrence score of high, medium, or low. On the basis of that score, physicians and patients may elect to undergo adjuvant chemotherapy. In the first year, patients 
may have no recurrence of breast cancer, may have recurrence, or may die.
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was made for the woman either to receive chemotherapy or 

not during the first year of follow-up in the model. Women 

receiving chemotherapy might experience adverse events 

(AEs) that could be minor, major, or fatal. The sequence 

of these states and the relationship between outcomes of 

chemotherapy, AEs, disease recurrence, and mortality is 

shown in Figure 2.

Model inputs and data sources
Because the NSABP trials did not collect all the types of data 

needed for the CEA, various data sets were selected to obtain 

information to quantify variables used in the model. One set 

of values was used for the base-case CEA, and sensitivity 

analyses were conducted because considerable uncertainty 

surrounds the precise “real world” values when women are 

assessed for risk, provided treatment, and observed over time. 

These sensitivity analyses show the variation in results that 

might be due to differences in data values and model assump-

tions, as well as which variables have the largest effect on 

the results observed. The values of the variables used in the 

base-case analysis and range of values used in the sensitivity 

analyses are shown in Tables 1–5.

The model used several types of input data, includ-

ing proportions (or probabilities), costs, and utilities of 

different health states. The most extensive set of input data 

consisted of proportions of women assessed at different 

levels of risk, proportions receiving chemotherapy, prob-

abilities of AEs, and proportions experiencing recurrence 

and death.

Proportion of women assessed at each risk level
Both Mammostrat® and Oncotype DX® assign women as 

either high, moderate/intermediate, or low risk. The pro-

portion of women assigned to each risk group depends on 

which risk assessment method is used; therefore, different 

proportions were used for Mammostrat® and Oncotype DX® 

in the model. For the model to generate a fair comparison 

between Mammostrat® and Oncotype DX® for a particular 

cohort of women, the proportions used for Mammostrat® 

should be based on the same women as the proportions used 

for Oncotype DX®. This goal was accomplished by using 

10 year data reported in the NSABP B14 and B20 trials for 

Mammostrat® and Oncotype DX®.14,15

When Mammostrat® was used for risk assessment, 21% 

of women were classified as high risk, 21% as medium 

risk, and 58% as low risk. The corresponding proportions 

for Oncotype DX® were 26%, 22%, and 52%, respectively 

(Table 1).

Death due to
other causes

Death due to
cancer

Death due to
other causes

Alive with
recurrence

Alive with
recurrence

Alive without
recurrence

No recurrence

Recurrence

No toxicity

Mild toxicity

Severe toxicity

Fatal toxicity

[CLONE]

[CLONE]

[CLONE]
No

chemotherapy

Chemotherapy

Figure 2 Model structure with relationships between chemotherapy, cancer recurrence, and mortality.
Notes: In year one, patients who receive adjuvant chemotherapy may experience: 1) no toxicity or adverse events; 2) mild toxicity or adverse events; 3) severe toxicity or 
adverse events; or 4) fatal toxicity or adverse events. Each state has an assigned probability and cost. Patients who do not undergo adjuvant chemotherapy would all be assigned 
to the no toxicity or adverse event state. After completion of adjuvant chemotherapy or no adjuvant treatment, patients may then remain disease free, have recurrence of their 
disease, and die from cancer or other causes. Clone = the entire branch structure (8 red boxes) off the blue box “No toxicity” is repeated at this point.
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Table 1 Proportion of patients assessed by Mammostrat® and 
Oncotype DX® by risk group (base-case)

Input Base-case Source

Mammostrat® (high risk) 0.21 Ross et al15

Mammostrat® (medium risk) 0.21 Ross et al15

Mammostrat® (low risk) 0.58 Ross et al15

Oncotype DX® (high risk) 0.26 Tang et al17

Oncotype DX® (medium risk) 0.22 Tang et al17

Oncotype DX® (low risk) 0.52 Tang et al17

Notes: Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA); 
Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA).

Table 2 Use of chemotherapy by risk group, adverse events, and 
risk of death (base-case and ranges for sensitivity analyses)

Input Base-case Low  
range

High 
range

Source

Use of chemotherapy  
(high risk)*

0.8 0.6 1.0 Assumption

Use of chemotherapy  
(medium risk)*

0.5 0.4 0.6 Assumption

Use of chemotherapy  
(low risk)*

0.1 0.0 0.2 Assumption

Chemotherapy-related  
adverse events (mild)

0.60 0.48 0.72 Yang et al13

Chemotherapy-related  
adverse events (severe)

0.05 0.04 0.06 Yang et al13

Death (due to  
chemotherapy)

0.005 Yang et al13

Death (due to  
breast cancer)

0.05 Yang et al13

Death (due to  
other causes)

Life expectancy 
tables

Arias23

Notes: Data shown are proportions of women. *Use of chemotherapy applied equally 
on the basis of risk score both for Mammostrat® (Clarient Diagnostic Services, Inc, Aliso 
Viejo, CA, USA) and Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA).

Table 3 Unadjusted and adjusted proportions of distant 
recurrence-free breast cancer after 10 years among patients 
assessed by Mammostrat® and Oncotype DX® by risk group14

Proportion recurrence-free after 10 years

Oncotype  
DX®

Mammostrat® Mammostrat® 
adjusted

Distant  
recurrence

Any  
recurrence

Distant 
recurrence

High risk
  Chemotherapy 0.881 0.85 0.892
 N o chemotherapy 0.605 0.64 0.688
Medium risk
  Chemotherapy 0.891* 0.82* 0.862
 N o chemotherapy 0.909* 0.87* 0.918
Low risk
  Chemotherapy 0.956* 0.91 0.952
 N o chemotherapy 0.968* 0.86 0.908

Notes: In one sensitivity analysis, *values were not used due to lack of statistical 
significance for 10 year recurrence-free proportions between no-chemotherapy 
versus chemotherapy groups. For that sensitivity analysis, the value used for medium 
risk Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA) patients in both 
the chemotherapy and no-chemotherapy groups was 0.90; for low risk Oncotype DX® 
patients, the value used was 0.96; and for medium risk Mammostrat® (Clarient Diagnostic 
Services, Inc, Aliso Viejo, CA, USA) patients, the value used was 0.84. Adapted with 
permission. © 2006 American Society of Clinical Oncology. All rights reserved. Paik S, 
Tang G, Shak S, et al. Gene expression and benefit of chemotherapy in women with node-
negative, estrogen receptor-positive breast cancer. J Clin Oncol. 2006;24(23):3726–3734.

Table 4 Model cost inputs (base-case and ranges for sensitivity 
analyses)

Input Base-
case 
(USD)

Low 
range 
(USD)

High 
range 
(USD)

Source

Cost of chemotherapy 19,618 14,714 24,523 Yang et al13

Mammostrat®  
test cost

2,650 Author 
correspondence*

Oncotype DX®  
test cost

4,290 US list price19,†

Cost of cancer  
recurrence

10,837 8,128 13,546 Yang et al13

Death due to  
chemotherapy cost

45,153 Yang et al13

Minor chemotherapy  
adverse event cost

2,709 2,032 3,386 Yang et al13

Severe chemotherapy  
adverse event cost

18,061 13,546 22,576 Yang et al13

Discount rate 0.03 0.03 0.05 ISPOR  
guidelines

End of life cost 34,778 Yang et al13

Notes: *Correspondence from Clarient staff to authors. †Effective July 1, 2012, the 
list price of Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA) was 
$4,290. Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA). 
Abbreviations: USD, US dollars; ISPOR, International Society for 
Pharmacoeconomics and Outcomes.

Table 5 Utility inputs (base-case and ranges for sensitivity analyses)

Input Base-
case

Low 
range

High 
range

Source

Early-stage breast  
cancer utility

0.98 0.74 1.00 Yang et al13

Cancer recurrence utility 0.75 0.56 0.94 Yang et al13

Mild chemotherapy adverse  
event utility

0.80 0.60 1.00 Yang et al13

Severe chemotherapy  
adverse event utility

0.70 0.53 0.88 Yang et al13

Proportion receiving chemotherapy  
and related adverse events
Whereas the proportions assessed at different levels of risk by 

Mammostrat® and Oncotype DX® were based on actual data 

for similar samples of women, no such data were available 

for the proportion of women at each risk level who received 

chemotherapy. Therefore, the model used assumptions about 

these proportions.

These values reflect the intent of both methods of risk 

assessment to distinguish between women who would likely 

benefit from chemotherapy (high risk women) and those who 

would not (low risk women). Therefore, most women (80%) 

assessed at high risk were assumed to receive chemotherapy, 

whereas only a small proportion (10%) of low risk women 

received chemotherapy in the base-case. Intermediate risk 

women were treated at a rate between those at high and low 

risk (Table 2).
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The probability of AEs was based on inputs from 

Yang et al,13 ranging from 0.6 for mild adverse events to 0.05 

for severe adverse events.

Proportions and probabilities of recurrence
The model can generate a fair comparison between 

Mammostrat® and Oncotype DX® only if the estimates of 

recurrence for women assessed by these assays are based 

on the same definition of recurrence. The data available for 

Oncotype DX® are based on distant recurrence after 10 years, 

but the data for Mammostrat® patients are reported for any 

recurrence over the same time period. To conduct an equitable 

CEA, recurrence data from the literature for Mammostrat® 

were adjusted to account for this difference (Table 3)15 using 

methodology described in the supplementary materials.

A fair comparison between Mammostrat® and Oncotype 

DX® also requires that the estimates of recurrence for women 

assessed by Mammostrat® and Oncotype DX® be based on 

the same cohort of women. However, the sample of women 

used for obtaining estimates for Mammostrat® in the B14 

and B20 studies was somewhat different from the sample 

used for Oncotype DX®. Specifically, the sample used for 

Mammostrat® was smaller than the sample used for Oncotype 

DX® because the paraffin-block trial samples were initially 

used in the development and validation of the Oncotype 

DX® test, which depleted 20% of the blocks in B14 and 

30% in B20.15

As a result of the sample differences, women assessed 

by Mammostrat® had characteristics that differed from 

those of women assessed by Oncotype DX®. The most 

relevant aspect of this difference between the B20 samples 

is the overall 10 year recurrence rate: as stated explicitly in 

Paik et  al,14 the Kaplan–Meier estimate of the proportion 

without any recurrence at 10 years among women assessed 

with Oncotype DX® was 90.1% for those receiving chemo-

therapy and 83.5% for those treated with tamoxifen alone; 

the comparable figures reported by Ross et al15 for women 

assessed with Mammostrat® were 88% and 83%. Although 

small, these differences do show that the sample on which the 

Oncotype DX® analysis was based had lower recurrence. This 

difference is a function of the sample, not the risk-assessment 

tool. Therefore, further adjustment beyond that described 

in the previous paragraphs was required to compensate for 

differences in the characteristics of the samples, as explained 

in the supplemental materials.

Table 3 shows the proportions of women recurrence-free 

after 10 years as reported by Paik et al14 and Ross et al,15 as 

well as the adjusted proportions for Mammostrat® used for 

the base-case analysis. The unadjusted proportions taken 

directly from the Paik et al14 and Ross et al15 studies were 

used for one sensitivity analysis.

Proportions and probabilities of death
The model assumed that death was potentially due to one of 

three causes: 1) AEs due to chemotherapy (0.005); 2) cancer 

recurrence (0.05); or 3) any other cause (life expectancy 

tables) (Table 2).

Resource use and costs
Unit costs were based on data from Yang et  al.13 The US 

payer cost for Mammostrat® was set at $2,650 and for 

Oncotype DX® at $4,290 (based on the latest public informa-

tion on test pricing) (Table 4).19

Quality of life and utilities
The utility used to adjust survival for quality of life ranged 

from 0–1, with 0 representing death and 1 representing 

perfect health (Table 5). Utilities for toxicity from chemo-

therapy, recurrence-free states, and recurrence states were 

based on values obtained for a literature review performed 

by Yang et al.13

Model outputs
Each cycle of the model was a period of 1 year. During each 

cycle, the model captured costs associated with the particular 

state a woman occupied during that cycle, and these were 

tabulated to obtain the total cost for the woman over 10 

years. Similarly, the model tracked the number of years the 

woman was alive during the 10 year period, called life years 

(LYs). Each year alive in a particular state was weighted by 

the utility assigned to that state to obtain QALYs, which were 

summed over the full time horizon.

The model as described was run as a Monte Carlo simula-

tion 100 times, and the mean values for total costs, LYs, and 

QALYs were calculated and reported in the results section.

Sensitivity analyses
A series of one-way sensitivity analyses were performed to 

examine the impact of changing the value of a single variable 

or set of related variables. These variables were: 1) use of 

chemotherapy by risk group; 2) proportion of chemotherapy 

patients experiencing AEs; 3) costs; and 4) utility values. We 

performed a sensitivity analysis on the 10 year risk of recur-

rence based on the unadjusted values as described in this 

Methods section. For an additional sensitivity analysis we 

used the unadjusted proportions, taking into account statisti-

cal significance between chemotherapy and no chemotherapy 

groups. Where there was no statistical significance, the 
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average proportion for the two groups was calculated and used 

for both treatment groups. Table 3 shows the values for the 

recurrence-free proportions used in the sensitivity analyses.

Results
The CEA results are presented in two parts: 1) results of 

the base-case analysis; and 2) important findings from the 

sensitivity analyses.

Base-case
In the base-case, the cost of care over a 10 year period for 

women assessed using Mammostrat® was $15,782, com-

pared with a cost of $18,051 when Oncotype DX® was used. 

Thus, cost savings of $2,268 were associated with the use of 

Mammostrat®. The use of Mammostrat® and Oncotype DX® 

resulted in similar LYs and QALYs, with Oncotype DX® 

resulting in only 0.002 additional LYs and 0.005 additional 

QALYs (Table  6). No incremental cost-effectiveness 

ratio was calculated because Mammostrat® costs less than 

Oncotype DX®.

Sensitivity analyses
One-way sensitivity analyses involving costs, utilities, and 

percentages/probabilities were conducted. Sensitivity analy-

ses involving costs affected only the cost results, and those 

involving utilities affected only the QALY results.

Analyses involving chemotherapy  
and recurrence costs
As chemotherapy costs increased, the overall costs associ-

ated with both Mammostrat® and Oncotype DX® increased, 

slightly more so for Oncotype DX®. Thus, Mammostrat® 

showed increasing cost savings. The opposite occurred when 

chemotherapy costs decreased, but Mammostrat® still showed 

cost savings of $2,083 at the low end of the chemotherapy 

cost range used for the sensitivity analyses.

Increases in recurrence costs had an effect opposite to 

that of chemotherapy costs; as recurrence costs increased, the 

difference between Mammostrat® costs and Oncotype DX® 

costs decreased, but Mammostrat® still showed cost savings 

of $2,222 at the high end of the recurrence cost range used for 

the sensitivity analyses. Decreasing recurrence costs resulted 

in greater cost savings.

Varying the costs of mild and severe AEs across the 

range of values in the sensitivity analyses had a much smaller 

impact on Mammostrat® and Oncotype DX® costs, with 

Mammostrat® maintaining a cost saving between $2,249 at the 

low end of AE costs and $3,020 at the high end of AE costs. 

When the discount rate was increased to 5% without other 

changes to the base-case cost values, use of Mammostrat® 

showed a slightly greater cost savings of $2,284.

Analyses involving utilities
Most sensitivity analyses involving utilities had very little 

effect on the resulting QALYs. Varying the utilities assigned 

to AEs and to cancer recurrence changed the QALYs for 

Mammostrat® or Oncotype DX® by 0.01 in most cases, with 

no change in the resulting difference between Mammostrat® 

and Oncotype DX®.

Lowering or raising the utility of the initial state decreased 

or increased the QALYs for both Mammostrat® and Onco-

type DX® more than changing utilities of recurrence, but the 

difference in QALYs between Mammostrat® and Oncotype 

DX® remained approximately 0.01.

Analyses involving percentages and probabilities
Two different sensitivity analyses were undertaken using 

sets of recurrence-free proportions that differed from the 

base-case (Table 7). The first used the unadjusted proportion 

as reported for Mammostrat® by Ross et al. In this calcula-

tion, 10 year costs associated with the use of Mammostrat® 

increased from the base-case to $16,253 and the QALYs 

decreased to 7.92. Oncotype DX® results were the same 

as in the base-case because nothing for Oncotype DX® 

was changed in this analysis. For the second sensitivity 

analysis, taking into account statistical significance between 

chemotherapy and no chemotherapy groups, costs for both 

Mammostrat® and Oncotype DX® decreased and QALYs 

for both increased, compared to their base-case values. For 

Mammostrat®, 10 year costs were $14,794, approximately 

$2,800 less than the Oncotype DX® costs of $17,580. QALYs 

increased to 7.97 for Mammostrat®, 0.01 higher than the 

Table 6 Model results (base-case)

10 year cost Incremental cost LY Incremental LY QALY Incremental QALY

Mammostrat® $15,782 9.880 7.935
Oncotype DX® $18,051 $2,268 9.882 0.002 7.940 0.005

Notes: Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA); Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA). Costs are shown in US dollars.
Abbreviations: LY, life year; QALY, quality-adjusted life year.
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Oncotype DX® value of 7.96. In this second sensitivity 

analysis, Mammostrat® dominated Oncotype DX®.

The overall effect of simultaneously varying input values 

of all the variables across the ranges used for sensitivity 

analyses produced the scatterplot shown in Figure 3. Out of 

100 Monte Carlo simulations, Mammostrat® was less costly 

than Oncotype DX® in every case, with savings between 

$1,800 and $2,550. Mammostrat® resulted in lower QALYs 

than Oncotype DX® in all but two simulations, but the dif-

ferences never exceeded 0.01 QALY.

Discussion
The US health care system is undergoing tremendous pres-

sures to improve quality and lower costs.20 Although CEA 

is not explicitly used to guide decisions about allocation 

of health care resources, there is concerted effort to utilize 

comparative effectiveness research to aid coverage and reim-

bursement decisions.21

New breast cancer cases exceed 200,000 per year in the 

US.22 Therefore, the wide use of proprietary assays for an 

early-stage, estrogen receptor–positive breast cancer popula-

tion can represent significant costs to healthcare payers. This 

study’s objective was to respond to growing interest from 

payer, policymaker, and clinical communities to compare 

the effectiveness of breast cancer assays that aim to provide 

health benefits and achieve overall cost savings.

While the use of CEA is not yet mandated as part of tech-

nology assessments and US third-party payer reimbursement 

Table 7 Model results (sensitivity analyses)

Assay 10 year cost Incremental cost QALY (for Mammostrat®  
and Oncotype DX®)

Incremental QALY

Mammostrat® unadjusted recurrence
  Mammostrat® 16,253 7.92
  Oncotype DX® 18,051 1,789 7.94 0.02
Recurrence set equal for groups with and without chemotherapy when the difference not statistically significant
  Mammostrat® 14,794 7.97
  Oncotype DX® 17,580 2,786 7.96 -0.01

Notes: Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA); Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA). Costs are shown in US dollars.
Abbreviation: QALY, quality-adjusted life year.
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Figure 3 Incremental effectiveness of Mammostrat® versus incremental cost (compared to Oncotype DX®).
Notes: Incremental cost (Mammostrat® (Clarient Diagnostic Services, Inc, Aliso Viejo, CA, USA) cost – Oncotype DX® (Genomic Health, Inc, Redwood City, CA, USA) cost) 
in US dollars is shown along the X-axis, and incremental effectiveness in QALYs is shown along the Y-axis. The two quadrants that would normally be shown corresponding 
to positive values of incremental cost have been omitted because Mammostrat® costs less than Oncotype DX® in every case.
Abbreviation: QALY, quality-adjusted life year.
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decisions, numerous peer-reviewed published studies have 

established that existing proprietary breast cancer assays 

are cost-effective when compared with non–tissue-based 

risk assessment tools to guide decisions about whether to 

treat with adjuvant chemotherapy.4–11,13 Even so, the cost-

effectiveness of an assay generally means that a healthcare 

payer would bear an increased cost to achieve gains in 

effectiveness.

Our analysis using base-case inputs demonstrated that 

differences between outcomes (disease recurrence, LYs, and 

QALYs) were negligible across both groups (9.880 versus 

9.882 LYs and 7.935 versus 7.940 QALYs for Mammostrat® and 

Oncotype DX®, respectively [Table 6]). When put in perspec-

tive, a difference in LYs of 0.002 between groups is approxi-

mately 1 day over a period of 10 years; a difference in QALYs 

of 0.005 is approximately 2 days over a 10 year period.

However, cost savings associated with the use of 

Mammostrat® instead of Oncotype DX® are approximately 

equivalent to the differences in costs between the two tests. In 

a health plan with 10,000 women using an assay to assess risk 

of recurrence, the use of Mammostrat® compared with Onco-

type DX® might produce a cost saving of $22,680,000, based 

on the mean per-woman cost savings of $2,268 demonstrated 

by Mammostrat® in the base-case.

This comparative analysis leans heavily on data from 

two seminal treatment studies in early-stage breast cancer – 

NSABP B14 and B20 – for which the performances of both 

assays were analyzed. Differences between the definitions 

of recurrence-free survival outcomes and the samples used 

for the two studies meant that adjustments were necessary to 

obtain comparable data. The results of our sensitivity analysis 

demonstrate that the assumptions made about posttreatment 

recurrence are the primary drivers of model results.

There are several limitations to our study. We relied on 

aggregated data for reporting risk assessments, recurrence 

rates, and outcomes of patients from the B14 and B20 studies 

evaluated with Mammostrat® and Oncotype DX®. A direct 

comparison of precisely the same patients tested using both 

assays is not available at this time. Furthermore, as the B14 

and B20 studies did not include information about how a third 

assay, MammaPrint®, would classify patients into risk groups, 

this assay was not included in the current CEA.

We also relied on adverse event and mortality rates, 

costs, and utility values from previous studies. However, we 

believe that using published data is appropriate, especially 

when applied similarly to both arms of the model. Overall, 

all assays in this oncology space would benefit from an 

increase in prospective and/or registry data to add clarity on 

patient health benefits following assay results and treatment. 

Such data would also reduce uncertainty surrounding the 

physician treatment choice following assay results. The 

uncertainty in the data used in this CEA, although a limitation 

of this study, was addressed through the sensitivity analyses, 

which showed a high degree of consistency in the results.

To our knowledge, this is the first comparative CEA 

of Mammostrat® versus Oncotype DX®, two assays used 

clinically to assist physicians and patients with chemotherapy-

related treatment decisions in early-stage breast cancer. We 

found that survival and QALYs were similar when using either 

assay; however, costs were lower for patients assessed using 

Mammostrat®. When the quality and efficacy of alternative 

health care interventions are roughly equivalent, decision 

makers can rely on budget impact analyses to guide decisions 

about their use.
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Supplementary materials
Both Mammostrat® and Oncotype DX® assess risk of distant 

recurrence for women after treatment for early-stage breast 

cancer. Each method of risk assessment has its associated 

costs, and each is intended to identify women who would 

benefit most from chemotherapy and those who could pos-

sibly avoid unnecessary chemotherapy because they would 

not likely benefit from it.

Adjustments to ensure comparable 
definitions of recurrence
The analysis of the cost-effectiveness of Mammostrat® com-

pared with Oncotype DX® involves modeling the experience 

of women after early-stage breast cancer through progres-

sion of treatment and possible distant recurrence. Although 

the data available in the literature for Oncotype DX® (Paik 

et al1) indicate the proportion of women with or without 

distant recurrence after 10 years, the available data for 

Mammostrat® (Ross et al2) are presented in terms of any 

recurrence of breast cancer, which does not use the same 

definition. To conduct the cost-effectiveness analysis 

(CEA), the measurement of outcomes must be the same 

for both methods of risk assessment, and this requires 

adjusting the Mammostrat® data available in the litera-

ture that show proportions of women without any recur-

rence, in order to estimate proportions without distant 

recurrence.

To estimate the proportion of women assessed by 

Mammostrat® who are free of distant recurrence, an 

amount must be added to the proportion that are free of any 

recurrence. The amount of this increase can be approximated 

by using data reported by Paik et al.1 The data are reported 

separately for women who receive chemotherapy and those 

who do not, so that the appropriate amount of adjustment is 

calculated separately for each group.

For women receiving chemotherapy
In the Paik et al1 sample, the proportion of women receiv-

ing chemotherapy who were recurrence-free after 10 years 

was 90.1%, whereas the proportion of women receiving 

chemotherapy who were distant recurrence-free was 

92.2%. The numerical amount of the difference between 

the distant recurrence-free proportion and the recurrence-

free proportion was 2.1% (92.2% minus 90.1%) for 

women receiving chemotherapy. Therefore, this amount 

(2.1%) needs to be added to the proportion of women 

assessed using Mammostrat® who receive chemotherapy 

and are recurrence-free after 10 years in order to estimate 

the proportion receiving chemotherapy who are distant 

recurrence-free.

For women not receiving chemotherapy
In the Paik et al1 sample, the proportion of women not receiv-

ing chemotherapy who were recurrence-free after 10 years 

was 83.5%, whereas the proportion of women not receiving 

chemotherapy who were distant recurrence-free was 87.8%. 

The numerical amount of the difference between the distant 

recurrence-free proportion and the recurrence-free proportion 

was 4.3% (87.8% minus 83.5%) for women not receiving 

chemotherapy. Therefore, this amount (4.3%) needs to be added 

to the proportion of women assessed using Mammostrat® who 

do not receive chemotherapy and are recurrence-free after 10 

years in order to estimate the proportion not receiving chemo-

therapy who are distant recurrence-free.

If sufficient data were available, adjustments would be 

made separately for each of the three levels of risk. However, 

the data available (from Paik et al1) only allow for separate 

adjustments for women receiving chemotherapy and women 

not receiving chemotherapy, without distinction for risk level. 

Therefore, the numerical amount of the adjustment to ensure 

comparable definitions of recurrence for women receiving 

chemotherapy was added to the proportion of women receiv-

ing chemotherapy who were recurrence-free for all three 

risk levels, and the numerical amount of the adjustment 

for women not receiving chemotherapy was added to the 

proportion of women not receiving chemotherapy who were 

recurrence-free for all three risk levels. These adjustments 

are shown in Table 3.

Adjustments to compensate  
for sample differences
Although the adjustments described above account for the 

differences in the definitions of recurrence used in the litera-

ture, this process by itself and without any other adjustments 

would only be adequate to ensure that the proportions are 

comparable if the group of women included in the research 

reported by Ross et al2 were identical to the group included 

in the research reported by Paik et al.1 However, the samples 

upon which the data were based were not identical, and addi-

tional adjustments are needed to compensate for potential bias 

that might be introduced by differences in the characteristics 

of the two samples.

The sample of women from the NSABP trial that was 

used for Mammostrat® studies was smaller than the sample 

that the Oncotype DX® studies used. Although the CEA 

uses data from the B14 and B20 trials because these are the 
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most comparable data sets available for Mammostrat® and 

Oncotype DX®, the characteristics of the patients assessed by 

Mammostrat® and Oncotype DX® were somewhat different 

because the samples were different. The most relevant 

aspect of this difference in the samples from B20 is the 

overall 10-year recurrence rates: as stated explicitly in Paik 

et al,1 the Kaplan–Meier estimate of the proportion without 

any recurrence at 10 years was 90.1% for those receiving 

chemotherapy and 83.5% for those treated with tamoxifen 

alone among women assessed with Oncotype DX®, but the 

comparable figures reported by Ross et al2 were 88% and 

83% for women assessed with Mammostrat®. Although these 

differences may be small, they do show that the sample upon 

which the Oncotype DX® clinical analysis was based had 

lower recurrence. This difference is a function of the samples, 

not of the risk assessment tool. Therefore, an adjustment is 

needed to compensate for the differences in the characteristics 

of the samples. As with the adjustment for definitions, the 

appropriate amount of adjustment is calculated separately 

for women receiving chemotherapy and those not receiving 

chemotherapy.

For women receiving chemotherapy
The proportion of women receiving chemotherapy who were 

recurrence-free after 10 years was 88.0% for the Ross et al2 

sample and 90.1% for the Paik et al1 sample. The difference 

between the recurrence-free proportion for the Paik et al1 

sample and the recurrence-free proportion for the Ross et al2 

sample was 2.1% (90.1% minus 88.0%) for women receiv-

ing chemotherapy. Therefore, this amount (2.1%) needs 

to be added to the proportion of women assessed using 

Mammostrat® who receive chemotherapy and are recurrence-

free after 10 years in order to compensate for the fact that 

the sample used for Mammostrat® assessment had a lower 

overall recurrence-free proportion than did the Oncotype 

DX® sample.

For women not receiving chemotherapy
The comparable proportions for this subgroup of women 

in the Ross et al2 sample was 83.0%, compared with 83.5% 

in the Paik et  al1 sample. The difference between the 

recurrence-free proportion for the Paik et  al1 sample and 

the recurrence-free proportion for the Ross et  al2 sample 

was 0.5% (83.5% minus 83.0%) for women not receiv-

ing chemotherapy. Therefore, this amount (0.5%) needs 

to be added to the proportion of women assessed using 

Mammostrat® who do not receive chemotherapy and are 

recurrence-free after 10 years in order to compensate for 

the fact that the sample used for Mammostrat® assessment 

had a lower overall recurrence-free proportion than did the 

Oncotype DX® sample.

As was done for the adjustment to ensure comparable 

definitions, the numerical amount of the adjustment for 

women receiving chemotherapy was added to the proportion 

of women receiving chemotherapy who were recurrence-free 

for all three risk levels, and the numerical amount of the 

adjustment for women not receiving chemotherapy was added 

to the proportion of women not receiving chemotherapy who 

were recurrence-free for all three risk levels. These adjust-

ments are shown in Table 3 of the manuscript.
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