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Background: The 21-gene assay (the Oncotype DX Breast Recurrence Score® test) is a validated multigene assay which produces 
the Recurrence Score® result (RS) to inform decisions on the use of adjuvant chemotherapy in human epidermal growth factor 
receptor 2-negative (HER2-), hormone receptor positive (HR+) early invasive breast cancer. A model-based economic evaluation 
estimated the cost-effectiveness of the 21-gene assay against the use of clinical risk tools alone based on the latest evidence from 
prospective studies.
Methods: The proportion of patients assigned to chemotherapy conditional on their RS result was obtained from retrospective data 
from the Clalit registry. The probability of distant recurrence with endocrine and chemo-endocrine therapy conditional on RS result 
was obtained from TAILORx and NSABP B-20 trials. The cost-effectiveness of the 21-gene assay compared to using clinical risk tools 
alone was estimated in terms of cost per quality-adjusted life-year (QALY) over a lifetime horizon.
Results: The 21-gene assay was more effective (0.17 more quality-adjusted life years) at a lower cost (-£519) over a lifetime 
compared to clinical risk alone. The model results were sensitive to assumptions around the magnitude of benefit of chemotherapy in 
the high RS result subgroup. Other assumptions underpinning the model, such as the proportion of patients assigned to chemotherapy 
in the low and mid-range RS result subgroups and long-term distant recurrence probabilities, had a smaller impact on the results.
Conclusion: The analysis showed that the cost-effectiveness of the 21-gene assay is sensitive to assumptions for chemotherapy 
sparing for patients with RS 0–25 whose outcomes with endocrine therapy are no worse compared to chemotherapy-assigned patients, 
and a chemotherapy benefit in the RS 26–100 group. Future studies need to incorporate a wider set of tumour profiling tests other than 
the 21-gene assay to allow a direct comparison of their cost-effectiveness.
Keywords: cost-effectiveness, multigene assay, breast cancer, chemotherapy, the Oncotype DX test, 21-gene assay

Background
Breast cancer accounts for up to 25% of all malignancies in the world and represents the most common cause of cancer- 
related mortality in women.1,2 Over 55,000 cases of breast cancer are diagnosed in the UK annually.3 Breast cancer is 
often described by stage of development linked to invasive tumours of increasing severity. Early-stage invasive breast 
cancer refers to tumours that are either stage 1, 2 or 3A.

The standard of care for early invasive breast cancer is breast-conserving surgery or mastectomy followed by adjuvant 
treatment for the prevention of metastases.4,5 Over 70% of all breast cancer tumours are human epidermal growth factor 
receptor 2-negative (HER2-) and hormone receptor positive (HR+),6 and this subset of patients, when treated appropriately, 
has the highest survival rate amongst the different molecular subtypes.7 Targeted endocrine treatment significantly reduces the 
risk of distant recurrence of this type of breast cancer.8

The addition of adjuvant chemotherapy can further reduce the risk of distant recurrence in a minority of HR+/HER2- 
patients.9–12 However, the risk of chemotherapy-related toxicity needs to be weighed against the likelihood of long-term benefit of 
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treatment.13,14 Gene expression profiling of tumours using multigene assays (MGAs) can estimate the risk of distant recurrence 
and in some cases predict chemotherapy benefit, thus supporting decisions on the use of chemotherapy. The 21-gene assay (the 
Oncotype DX Breast Recurrence Score® test, Exact Sciences, Madison, WI, USA) assesses the expression of 21 genes in tumor 
tissue and reports a Recurrence Score® (RS®) result along with an estimate of the risk of distant recurrence and likely 
chemotherapy benefit.15,16 The prognostic and predictive ability of the 21-gene assay has been explored in several large-scale 
prospective randomised studies,17–20 and this level of evidence has led to its inclusion in clinical guidelines and adoption in clinical 
practice.21 Recently, an alternative RS result cut-point of 25 has been applied for node-negative patients in the prospective 
randomised controlled trial TAILORx, which demonstrated no statistically significant difference in distant recurrence-free interval 
between patients with an RS result between 11–25 randomised to chemo-endocrine therapy or endocrine therapy alone.15

The use of the 21-gene assay is recommended by NICE in the UK as an option for guiding adjuvant chemotherapy 
decisions in node-negative early breast cancer with intermediate clinical risk.22 This recommendation was on the basis of 
an economic model informed by a bespoke analysis of TransATAC dataset and estimated reduction in the use of 
chemotherapy based on routinely collected data from the UK. The analysis presented in this manuscript aimed to 
build upon the methods and findings of the NICE model to estimate the cost-effectiveness of the 21-gene assay compared 
to decisions based on clinical risk estimating tools alone using new RS cut-points which define the threshold for 
chemotherapy benefit for node-negative early breast cancer reported in the TAILORx trial.

Methods
Systematic Literature Review Update
The model was informed by an update of the systematic literature reviews (SLRs) reported in the UK National Institute 
for Health and Care Excellence (NICE) diagnostic guidance on tumour profiling tests in early breast cancer (DG34).22 An 
update of the NICE SLRs was performed to identify clinical and economic peer-reviewed evidence (from March 2017 to 
April 2020) for the 21-gene assay in HR+/HER2- early breast cancer. A detailed description of the search and data 
extraction methodology is described in the SLR update protocol available from the authors of the article upon request.

Model Structure
The cost-effectiveness of the 21-gene assay was assessed using a decision-analytic model developed in Microsoft Excel® 

and Visual Basic for Applications®. The model consisted of a decision-tree which stratified the model population 
according to genomic risk and assigned chemo-endocrine therapy or endocrine therapy alone (Figure 1). A Markov 
model simulated the lifetime treatment pathway in early breast cancer using 6-month cycles (Figure 2). The analysis was 
conducted from the perspective of the UK National Health Service (NHS) and personal social services according to the 
reference case set by the National Institute for Health and Care Excellence.23 The model population consisted of people 
with newly diagnosed early invasive HR+/HER2-, node-negative or micrometastatic breast cancer.

The Markov model consisted of four health states: “distant recurrence-free”, “distant recurrence”, “acute myeloid 
leukemia (AML)” and “death”. All patients were assumed to start in the recurrence-free health state and could experience 
disease recurrence depending on their genomic and clinical risk, as well as the assigned adjuvant treatment. The model 
included a separate health state to represent AML, which can be a long-term adverse event (AE) of chemotherapy.24,25 

The key assumptions used in the model are summarised in Table 1.
The base case analysis followed a lifetime horizon with all future costs and outcomes discounted at a rate of 3.5% 

per year. Costs were presented in 2020 Pound Sterling, with unit costs published in previous years uplifted using the 
Hospital and Community Health Services (HCHS) index.26

Clinical Inputs
The distribution of RS results and distant recurrence-free intervals (DRFI) with endocrine therapy conditional on the RS result 
were obtained from TAILORx and NSABP B-20 RCTs15,16 and converted to 6-month transition probabilities using standard 
formulas assuming a constant hazard over time. The hazard rate for distant recurrence was assumed to be time-independent in 
line with assumptions used in models reported NICE DG3422 and Ward et al,24 which were used in previous appraisals of the 
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21-gene assay in the UK. Probability of distant recurrence with chemotherapy in the RS 11–25 group was estimated by 
applying the hazard ratio (HR) reported in TAILORx to the hazard rate with endocrine therapy. Given that patients in the low 
and high RS groups were not randomised in TAILORx, the HR reported in a re-analysis of NSABP B-20 informed the 
probability of distant recurrence with chemotherapy for RS 0–10 and endocrine therapy for RS 26–100 groups. Due to the 

Figure 1 Diagram of the decision-tree part of the model. The square node represents the decision whether to use tumour profiling tests, and which MGA to use. The circle 
nodes are chance nodes representing the distribution of genomic risk and chemotherapy assignment. The triangle nodes are the terminal nodes for the decision tree and the 
point at which patients enter the Markov portion of the model.

Figure 2 Markov model diagram representing the four health states.
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retrospective nature of the re-analysis of NSABP B-20, the assumed chemotherapy benefit in the high RS group was subject to 
uncertainty. The sensitivity of the model results was tested using the upper limit of the range for this value. Chemotherapy 
assignment conditional on RS group (using RS cut-offs which are consistent with the TAILORx study) was based on 
a population of LN0 patients enlisted in the Clalit registry, which was assumed to be representative of the UK population.27 

The proportion of patients who received chemotherapy based on assessment of clinical risk alone was obtained from NICE 
DG34 based on the National Cancer Registration and Analysis Service (NCRAS).22 The baseline probability of distant 
recurrence without genomic risk information was based on the distant recurrence-free intervals from TAILORx with 
adjustment using the HR from NSABP B-20 reflecting the underlying distribution of RS results that these patients would 
have had if the 21-gene assay had been used. The probability of developing AML was applied to chemotherapy-treated 
patients only based on a meta-analysis by Petrelli et al.28 Short-term AEs of chemotherapy were informed by the TACT trial 
(Table S1).29 No excess breast cancer-related mortality was assumed in the recurrence-free health state and all-cause 
probability of death was derived from UK life tables for females in 2016–18 (Table S2).30 Probability of death after distant 
recurrence of breast cancer was derived from the abemaciclib and fulvestrant arm of the MONARCH 2 trial.31 The probability 
of death in the AML health state was based on the CPX-351 treatment group of Study 301 reported in the NICE technology 

Table 1 Key Assumptions in the Cost-Effectiveness Model

Parameter/Category Assumption

Structural assumptions

Probability of distant recurrence The hazard rate of distant recurrence is assumed to be constant over the 10-year period after surgery 

and estimated from reports of RCTs or observational studies. This hazard rate is assumed to fall by 50% 
after 10 years, based on assumptions used in the NICE model in DG34.22 This hazard rate is then 

extrapolated over a patient’s remaining lifetime.22

Probability of local recurrence 10.5% of patients who experience a distant recurrence have previously experienced a local recurrence 

based on de Bock et al59

Probability of AML Patients assigned to chemotherapy can move to the AML health state at any point before or after disease 

progression. The increased risk of AML persists after chemotherapy has been discontinued

Clinical input assumptions

Effect of chemotherapy conditional on 

RS result

The treatment effect of chemotherapy was obtained from TAILORx trial (RS 11–25) and NSABP B-20 

trial (RS 0–10 and 26–100)15,16

Effect of chemotherapy in prognostic 

only scenario

Chemotherapy benefit was assumed to be the same as in the 21-gene assay arm for patients with the 

same underlying genomic risk. In the scenario with distant recurrence-free interval derived from 

TransATAC, the HR of 0.76 was applied irrespective of clinical or genomic risk, based on assumption used 
in the NICE model in DG3422

Cost assumptions

Cost of the 21-gene assay Cost of using the 21-gene assay was based on the NHS list price due to the confidential nature of 

commercial agreements between manufacturers and NICE

Cost of chemotherapy in early breast 

cancer

Applied as a one-off cost as all chemotherapy regimens are <6 months in duration

Distribution of treatments in 

metastatic breast cancer

The distribution of chemotherapy, endocrine and CDK4/6 inhibitor treatments used in metastatic breast 

cancer was based on a survey of four breast cancer specialists in the UK

HRQoL assumptions

Utility decrement for chemotherapy A one-off utility loss of 0.038 is applied to all patients assigned to chemotherapy to reflect utility lost due 

to IV administration and adverse events

Abbreviations: AML, acute myeloid leukemia; HR, hazard ratio; HRQoL, health-related quality of life; NICE, National Institute for Health and Care Excellence; RCT, 
randomized controlled trial; RS, Recurrence Score.
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appraisal of liposomal cytarabine-daunorubicin for AML in the UK.32 Full details of clinical inputs and sources can be found 
in Table S3.

Subgroup Analysis Inputs
Inputs for the node-negative clinical low and intermediate-risk subgroups were obtained from the bespoke analysis of 
TransATAC in DG34, which reported genomic risk distributions and 10-year distant recurrence-free interval (DRFI) for 
low-risk patients (Nottingham Prognostic Index (NPI) ≤ 3.4) and intermediate-risk patients (NPI>3.4). RS result 
distributions and probability of chemotherapy in patients with micrometastatic tumour node involvement were obtained 
from the SEER database.33 Where specific inputs for patients with micrometastatic nodal involvement were not available, 
node-negative population inputs were used due to similarities in clinical characteristics and treatment modality. This 
assumption was validated with clinical experts.

Health-Related Quality of Life and Cost Inputs
Health-related quality of life (HRQoL) was applied in two ways in the model: (i) health state utility values multiplied by the 
number of cycles spent in each health state; (ii) one-off decrements to account for loss in HRQoL due to administration of 
chemotherapy in early breast cancer, chemotherapy-related AEs and local recurrence. The main source of utilities was a study 
of 361 breast cancer patients in Sweden which reported utility values in recurrence-free and distant recurrence states.34 It was 
assumed that local recurrence was associated with a one-off utility loss of 0.108 based on Campbell et al.35 The utility level in 
AML was obtained from the NICE appraisal of liposomal cytarabine-daunorubicin for untreated acute myeloid leukemia.32 

Health state utilities were adjusted for background morbidity using age-specific general population utilities in the UK.36 

A utility decrement of 0.038 based on Campbell et al was applied to all patients receiving chemotherapy to reflect the loss in 
utility associated with treatment administration and AEs.35

Cost of the 21-gene assay was based on the list price reported in NICE DG34.22 The true opportunity cost of MGA testing for 
the NHS includes a confidential discount negotiated with NICE in UK, therefore a 20% discount for the list price was explored in 
a scenario analysis. No specific unit cost was sought for clinical risk alone as it was assumed that the cost of using clinical risk tools 
such as NHS PREDICT apply to both in the MGA and non-MGA strategy in the model. Acquisition cost of chemotherapy was 
obtained from eMIT37 and BNF Online.38 The distribution of chemotherapy regimens used in node-negative HR+/HER2- early 
breast cancer in the UK was obtained from clinical expert opinion in the absence of published data. Although this distribution was 
assumed to reflect UK clinical practice, in reality the choice of chemotherapy regimen may vary substantially. For example, the 
use of anthracycline may be avoided for patients at lower risk of breast cancer recurrence due to the associated risk of AML.39 

A scenario analysis examine the effect of a decrease in the use of anthracycle-based regimen by 30%, and assignment of this 
patient group to a taxane-only regimen (TC), with a corresponding adjustment of the probability of AML by 30%, assuming no 
excess risk of AML associated with a taxane-only regimen based on the findings from the Petrelli et al meta-analysis.28 Other costs 
of chemotherapy (administration, follow-up visits and monitoring) were estimated using the method in Ward et al.24 The dosage 
and frequency of chemotherapy regimens were obtained from published UK guidelines and combined with unit costs.40–43 The 
method for costing supportive medications was based on Hall et al.25 The investigator of this study (Dr. Peter Hall) was consulted 
to identify any changes to the use of aprepitant and filgrastim in current practice in the UK since the publication of the Hall et al 
study. Based on advice from Dr. Hall, it was assumed that aprepitant was used in 20% of all anthracycline or taxane chemotherapy 
cycles. Filgrastim 5 units per chemotherapy cycle was assumed in 20% of anthracycline chemotherapy cycles, and in every cycle 
with taxane chemotherapy or accelerated epirubicin, cyclophosphamide and paclitaxel (EC90/P).

Due to the short duration of treatment (less than 6 months), the cost of chemotherapy was applied in the first cycle of 
the Markov model. All patients were assumed to receive ongoing adjuvant endocrine therapy. The method of estimating 
the cost of endocrine therapy is consistent with the approach used in Ward et al.24 A summary of chemotherapy and 
endocrine therapy cost calculations is reported in Tables S4 and S5. Drug unit costs are reported in Table S6.

Non-drug costs of managing metastatic breast cancer were obtained from NICE TA563.44 Subsequent chemotherapy 
treatments were informed by UK guidelines for the management of metastatic breast cancer,45 published UK real-world 
data on distribution of treatments46 and length of treatment informed by TA563.44 The use of CDK4/6 inhibitors was 
informed by clinical expert opinion as few published studies on their use in metastatic breast cancer in the UK exist. The 
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cost of treatments for distant recurrence is reported in Table S7. The cost of AML was split into the initial cost of 
treatment applied in the first 6 months and maintenance treatment cost applied in every cycle thereafter until death, based 
on cost estimates from Zeidan et al.47

Analytical Approach
The modelling analysis estimated absolute costs, life-years (LY) and quality-adjusted life-years (QALYs) gained, and 
incremental cost-effectiveness ratios (ICER) for the 21-gene assay compared to clinical risk tools alone. Subgroup 
analyses included patients with low and intermediate clinical risk of recurrence and patients with micrometastatic 
tumours. Uncertainty analyses were carried out in the form of one-way sensitivity analyses, a probabilistic sensitivity 
analysis and scenario analyses. One-way sensitivity analyses for individual parameter values were represented in tornado 
diagrams. For ease of interpretation, one-way analyses were carried out on net monetary benefit (NMB), which is defined 
as: NMB = incremental QALYs x willingness-to-pay threshold (WTP) - incremental cost, assuming a WTP of 
£20,000 per QALY. Probabilistic analyses were interpreted using a scatter plot on a cost-effectiveness plane and a cost- 
effectiveness acceptability frontier. Acceptability curves demonstrated the percentage of simulations with an ICER below 
£20,000 per QALY, which corresponds to a cost-effective use of health and social care resources according to NICE. 
Plausible ranges and distributions for all parameters included in uncertainty analyses are reported in Table S3.

Results
SLR Update
The results of the SLR update are reported in the Online Supplement.

Base Case Cost-Effectiveness Results
The 21-gene assay was found to be dominant compared to clinical risk alone, meaning that it generated more QALYs at 
a lower total cost over a lifetime (Table 2). The use of the 21-gene assay was associated with a reduction in the use of 
chemotherapy from 27% to 16% (Figure 3), which translated into a reduction in the mean cost of chemo-endocrine 
therapy (including short and long-term chemotherapy AEs) of £791. Effective targeted treatment of patients with a high 
risk of recurrence was expected to generate more life-years and QALYs over a lifetime and reduce the cost of treating 
local and distant recurrence by £2279 compared to clinical risk alone. The breakdown of cost by category and QALYs by 
health state are reported in Table 3.

Table 2 Incremental Cost-Effectiveness of the 21-Gene Assay and Other 
MGAs Compared to Clinical Risk Alone

Comparator Clinical Risk Alone The 21-Gene Assay

Absolute values

Total cost £20,258 £19,739
Total life-years 16.43 16.63

Total QALYs 12.70 12.86

Incremental values (21-gene assay vs clinical risk alone)

Total cost - -£519
Total life-years - 0.20

Total QALYs - 0.17

ICER per LY - 21-gene assay dominant
ICER per QALY -

Abbreviations: ICER, incremental cost-effectiveness ratio; LY, life years; QALY, quality-adjusted life-year.
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Subgroup Analyses
In subgroup analyses, the 21-gene assay was dominant compared to clinical risk alone in the intermediate clinical risk 
subgroup and was expected to be cost-effective in the micrometastatic subgroup. The ICER in the low clinical risk group 
was £63,922 (Table 4).

Scenario Analyses
Several additional analyses were conducted to test the model results with more conservative assumptions. The use of 
TransATAC DRFI data for patients treated with endocrine therapy alone instead of TAILORx/NSABP B-20 produced an 
ICER of £1578 if the 21-gene assay is assumed to identify a large group of patients who do not benefit from the addition 
of chemotherapy based on the conclusions from TAILORx, and £209,867 if the model assumes a chemotherapy benefit 

Figure 3 Proportion of patients assigned to chemo-endocrine therapy after using the 21-gene assay and clinical risk alone.

Table 3 Breakdown of Cost and QALYs Compared to Clinical Risk Alone

Cost/QALY Category Absolute Value Incremental Value

21-Gene Assay Clinical Risk Alone 21-Gene Assay vs Clinical Risk Alone

Costs
Genomic tests £2580 £0 £2580

Chemo-endocrine therapy £1225 £1850 -£625
Short-term AEs £170 £284 -£114

Recurrence-free £1332 £1325 £7

Local recurrence £239 £283 -£44
Distant recurrence £12,142 £14,377 -£2235

AML £74 £127 -£53

Terminal care £1977 £2012 -£36
QALYs by health state
Recurrence-free 12.574 12.354 0.220

Distant recurrence 0.296 0.352 −0.055
AML 0.000 0.001 −0.001

Short-term AEs −0.006 −0.010 0.004

Abbreviations: AE, adverse event; AML, acute myeloid leukemia; QALY, quality-adjusted life-year.
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regardless of underlying clinical or genomic risk, which was assumed in the NICE DAR (which did not include the 
findings from the TAILORx study in their analysis). A scenario was conducted to test the assumed magnitude of 
chemotherapy benefit predicted by the 21-gene assay. Assuming a more conservative treatment effect of chemotherapy 
based on the upper range for the hazard ratio for distant recurrence in the RS 26–100 group from NSABP B-20 (changing 
HR from 0.27 to 0.62) resulted in an ICER of £21,694 per QALY compared to clinical risk alone. Increasing the 
proportion of patients with low or mid-range RS results assigned to chemotherapy by 20% led to an increase in the ICER, 
although it remained below the NICE threshold. An assumption of no excess risk of distant recurrence after 15 years 
(consistent with NICE DAR) reduced the incremental cost savings from £519 to £290. A full summary of scenario 
analysis results is included in Table 5.

Table 4 Cost-Effectiveness of the 21-Gene Assay Vs Clinical Risk Alone, Model Subgroups

Subgroup/Comparator Incr. Cost Incr. QALYs ICER per QALY

Node-negative (base case analysis) -£519 0.17 Dominanta

Node-negative, low clinical risk £2046 0.03 £63,922

Node-negative, intermediate clinical risk -£1356 0.21 Dominant

Micrometastatic £1408 0.10 £14,897

Note: aThe 21-gene assay is more effective and less costly vs clinical risk alone. 
Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year.

Table 5 Results of Scenario Analyses, 21-Gene Assay vs Clinical Risk Alone

Parameter/Assumption Incremental 
Cost

Incremental 
QALYs

ICER per 
QALY

Base case -£519 0.17 Dominanta

Clinical inputs
Predicted chemotherapy benefit in RS 26–100 group set to HR=0.62 £1161 0.05 £21,694

% assigned to chemotherapy with RS 0–25 increased by 20% £645 0.15 £4262
DRFI from TransATAC instead of TAILORx/B-20 (different chemotherapy benefit 

across RS subgroups)

£144 0.09 £1578

DRFI from TransATAC instead of TAILORx/B-20 (same chemotherapy benefit across 
subgroups)

£1530 0.01 £209,867

No reduction in rate of distant recurrence after 10 years -£654 0.18 Dominant

No excess risk of distant recurrence after 15 years -£290 0.16 Dominant
Utility inputs
Recurrence-free utility from Farkkila et al60 -£519 0.17 Dominant

Distant recurrence utility from Farkkila et al -£519 0.16 Dominant
Distant recurrence utility from Yousefi et al61 -£519 0.18 Dominant

Distant recurrence utility from Ibarrondo et al62 -£519 0.18 Dominant

Local recurrence disutility from Lidgren et al34 -£519 0.17 Dominant
Chemotherapy utility decrement from Ibarrondo et al -£519 0.17 Dominant

Cost inputs
Price discount of 20% for the 21-gene assay -£1035 0.17 Dominant
Use of anthracycline-based regimens decreased by 30% -£425 0.17 Dominant

Cost of distant recurrence reduced by 50% £599 0.17 £3566

Cost of treating chemotherapy AEs reduced by 50% -£462 0.17 Dominant
Cost of G-CSF reduced by 50% -£436 0.17 Dominant

Note: aThe 21-gene assay is more effective and less costly vs clinical risk alone. 
Abbreviations: AE, adverse event; DRFI, distant recurrence-free interval; HR, hazard ratio; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-year; RS: 
Recurrence Score.
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Uncertainty Analyses
Results of one-way sensitivity analyses are presented in Figure 4. The hazard ratio for chemotherapy vs endocrine 
therapy in the high RS result subgroup was the largest driver of uncertainty in the model. Other parameters which had an 
impact on the model results were the discount rate applied to outcomes, distant recurrence probability with endocrine 
therapy in the high RS result subgroup and the hazard ratio in the low RS result subgroup. Other parameters had a minor 
impact on the results.

Probabilistic sensitivity analysis results are reported in Figure 5. The cloud of points representing the combined 
parametric uncertainty in the model was distributed across the north-east quadrant (the 21-gene assay is more effective 
but also more costly than clinical risk alone) and the south-east quadrant (the 21-gene assay is both more effective and 
less costly). The 21-gene assay was dominant in 72% of the simulations. Based on acceptability curves (Figure 6), the 
21-gene assay had a probability of being cost-saving or cost-effective of 97% at the WTP of £20,000 per QALY.

Discussion
Interpretation of Results
This cost-effectiveness analysis combined the most up-to-date evidence for the impact of MGA use on chemotherapy 
decisions and long-term outcomes in HR+/HER2-, node-negative or micrometastatic early breast cancer. This was the 
first cost-effectiveness analysis which incorporated the treatment effect of chemotherapy according to RS result cut-offs 
reported in the TAILORx and NSABP B-20 prospective trials.15,16

The 21-gene assay was found to be more effective and less costly compared to clinical risk alone in the HR+/HER2- 
node-negative population. It was also expected to be cost-effective in the intermediate clinical risk subgroup and the 
micrometastatic subgroup according to the accepted willingness-to-pay per QALY in the UK. The 21-gene assay was 
unlikely to be deemed cost-effective when used in the low clinical risk LN0 subgroup (defined as NPI≤3.4). 
Chemotherapy assignment in the subgroup analyses was informed by data from the Clalit registry, which was not 
stratified by clinical risk and thus included a mix of LN0 patients with low and intermediate clinical risk. It is likely that 
the 21-gene assay may have a different impact on treatment decisions for patients with varying clinical risk and with 

Figure 4 Tornado diagram representing the change in the net monetary benefit (NMB) for the 21-gene assay associated with a change of individual parameter values. 
Plausible parameter ranges were obtained from published 95% confidence intervals or constructed from reported standard errors. In the absence of reported ranges or 
standard errors, arbitrary ranges were used based on ±20% deviation from the expected value. White bars represent an increase in the parameter value and black bars 
represent a decrease in the parameter value.
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micrometastatic tumours. Therefore, the true estimate of cost-effectiveness in these subgroups is highly uncertain and 
requires additional empirical data. The use of MGAs to support chemotherapy decisions in this subgroup could be 
informed by additional analyses of existing datasets, such as TAILORx or Clalit.

Substantial uncertainty around clinical input values was observed in the sensitivity analyses. The probability of 
distant recurrence in the RS 26–100 group was informed by a re-analysis of the NSABP B-20 trial data using the updated 
cut-points based on the TAILORx study, in the absence of evidence from a randomised study. Although this retrospective 

Figure 5 Scatter diagram representing incremental costs and QALYs generated using the probabilistic sensitivity analysis. The solid line represents the NICE cost- 
effectiveness threshold of £20,000 per QALY.

Figure 6 Cost-effectiveness acceptability curve generated using the probabilistic sensitivity analysis, which represents the proportion of PSA observations below different 
thresholds of cost-effectiveness (£ per QALY). The solid line corresponds to the probability of cost-effectiveness of the 21-gene assay compared to clinical risk alone and the 
dashed line represents the probability of cost-effectiveness of the comparator.
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analysis was less methodologically robust than evidence from an RCT, it represents additional evidence of the significant 
benefit of chemotherapy in this group previously demonstrated by Paik et al.48 The upper bound for the hazard ratio in 
Geyer et al (0.62) corresponds to an ICER of £21,694 per QALY, which can be considered to be cost-effective by NICE. 
An RCT with an endocrine therapy arm for patients with RS>25 is unlikely to be conducted on safety and ethical 
grounds, leaving retrospective or prospective re-analyses or registry studies as the best source of primary data in this 
subgroup. Chemotherapy assignment in the RS 0–25 group was also highly uncertain, although increasing the assumed 
proportion assigned to chemotherapy to 20% from the base case (0% for low RS and 9% for mid-range RS) did not 
change the study conclusions. Chemotherapy assignment is unlikely to be higher than this upper bound given that 
endocrine therapy offers the same outcomes in terms distant recurrence risk as chemotherapy in this patient group.

The incremental lifetime cost savings associated with the genomic test strategy were significantly reduced if the 
probability of distant recurrence is set to zero after 15 years. In the absence of long-term follow-up studies, the model 
relied on the opinion of clinical experts to support the assumption that distant recurrence risk persists over a patient’s 
lifetime, albeit at a reduced rate after 10 years. Further consensus is required to address this source of uncertainty.

The uncertainty associated with cost and utility assumptions were tested in scenario analyses and did not change the 
study conclusions. The probabilistic analysis showed that the 21-gene assay was highly likely to be cost-effective 
compared to clinical risk alone based on the accepted willingness-to-pay threshold set by NICE.

Comparison to Published Evidence
The cost-effectiveness of the 21-gene assay in HR+/HER2- early breast cancer in the UK was assessed by NICE in DG34 
which was informed by a bespoke analysis of TransATAC.22 The NICE base case analysis concluded that the 21-gene assay 
was not cost-effective compared to using clinical risk alone if the assumption was made that the test was prognostic only, 
and applied a constant treatment effect of chemotherapy across all clinical and genomic risk groups. A scenario analysis 
with prediction of chemotherapy benefit based on Paik et al48 showed that the 21-gene assay is dominant vs clinical risk 
alone. Differences in the approach and sources made it difficult to compare the results of the current analysis to the NICE 
model. In addition, the current analysis used updated estimates of chemotherapy and distant recurrence cost based on 
clinical expert opinion and published studies to reflect current clinical practice, which further differentiated this model from 
the NICE DAR. For validation purposes, the clinical inputs used in the NICE analysis (TransATAC and chemotherapy 
assignment probabilities reported in the NICE DAR) were implemented in the current model and the results were compared, 
which showed broad alignment in conclusions between the current model and the NICE analysis.

A recent systematic review of economic analyses of the 21-gene assay found that assumptions regarding the treatment 
effect of chemotherapy on distant recurrence conditional on RS result had the largest impact on the ICER, alongside 
assumptions for reduction in chemotherapy use.49 Studies which assumed a differential hazard ratio for distant recurrence 
between RS result subgroups concluded that the 21-gene assay was either dominant or considered to be cost-effective 
compared to using clinical-pathologic factors alone.25,50–53 Studies which assumed a constant reduction in the rate of 
distant recurrence with chemotherapy irrespective of RS result were less likely to conclude that the 21-gene assay is cost- 
effective.54,55 This is consistent with the findings from the prognostic-only scenario in the current analysis which reported 
an ICER considerably higher than the NICE WTP per QALY threshold, and the prognostic-only base case assumed in the 
NICE DAR prior to the publication of results from the TAILORx study, which demonstrated that chemotherapy does not 
provide additional benefit to patients with RS results 11–25. This suggests that assuming a constant benefit of 
chemotherapy across all RS subgroups is not supported by the latest evidence. The assumed predictive ability of the 21- 
gene assay in the RS 26–100 subgroup relies on re-analyses of the NSABP B-20 study,16,48 and the HR in this subgroup 
remains a substantial source of uncertainty, as demonstrated in the scenario analyses reported earlier.

Study Limitations
The cost-effectiveness analysis was informed by a synthesis of different clinical data sources for chemotherapy assignment, 
DRFI and chemotherapy benefit, which inherently contributed to overall model uncertainty. Analyses of the low and 
intermediate-risk subgroups defined by NPI were informed by TransATAC as TAILORx did not report DRFI or chemotherapy 
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benefit by clinical risk subgroup, which limited the comparison between clinical risk subgroup analyses and the main analysis 
of the full LN0 population.

The NICE analysis in DG34 included parallel cost-effectiveness analyses of other MGAs used in clinical practice in 
the UK, including MammaPrint®, EPClin® and Prosigna®. Since the publication of DG34, no further studies have been 
conducted which compared multiple MGAs using the same patient cohort. The retrospective re-analysis of the 
TransATAC study data conducted by NICE remains the most relevant study of the clinical and cost-effectiveness of 
EPClin and Prosigna. A new cut-point from the MINDACT study reported 8-year DRFS for MammaPrint, which is likely 
to have a small impact on its cost-effectiveness as assessed by NICE using the 5-year cut-point from the same study. Due 
to differences in the design and characteristics of the populations across pivotal studies (TAILORx, MINDACT, 
TransATAC), a direct or indirect comparison of the cost-effectiveness of the 21-gene assay against other MGAs was 
considered to be methodologically flawed and was not attempted in analysis reported here. Adjustment based on patient 
characteristics using a validated indirect treatment comparison method using inverse probability weights or matching 
could be used to minimise bias but requires access to individual patient-level data.56,57 The feasibility of a network meta- 
analysis is constrained by differences in inclusion and exclusion criteria, cut points used to categorise patients according 
to genomic risk, randomisation methods used across the studies involved.

Recommendations for Policy and Future Research
The analysis presented here synthesised the best available evidence for the prognostic and predictive capabilities of the 
21-gene assay to guide chemotherapy in node-negative early breast cancer in the UK and contributed towards the 
evidence base for future appraisals by NICE in the UK and HTA bodies in other countries. The analysis results were 
sensitive to certain input parameters, particularly rates of distant recurrence with endocrine therapy and estimates of 
chemotherapy benefit. Further evidence for this subgroup from prospective or retrospective registry studies could help to 
reduce the plausible range around the ICER. Future studies are needed to examine the cost-effectiveness of the 21-gene 
assay in the node-positive HR+/HER2- population by incorporating evidence the RxPONDER Phase III trial which 
demonstrated that adjuvant chemotherapy had no significant benefit for distant recurrence compared to endocrine therapy 
in postmenopausal patients with 1–3 positive nodes and RS result 0–25.58
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