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MAF-gene tests to guide adjuvant bisphosphonate treatment in
breast cancer

Appraisal summary

Why did Health Technology Wales (HTW) appraise this topic?

Breast cancer is the most common cancer in the UK, accounting for 15% of all new cancer cases.
Bisphosphonates may be given as an adjuvant treatment after surgery to prevent bone related
conditions. Bisphosphonates have also been shown to improve disease outcomes such as
recurrence and mortality in breast cancer. However, this benefit has only been shown in studies
in those participants who are post-menopausal. As such, current guidance recommends guiding
treatment with adjuvant bisphosphonates based on menopausal status.

Menopausal status can be imprecise to determine, and biomarker measurement has been
suggested as an alternative method of assessing which groups of patients may benefit most
from treatment with bisphosphonates. One such biomarker is the MAF gene. Amplification of this
gene is believed to increase the risk of bone breast cancer metastasis. The use of
bisphosphonates in those with an amplified MAF gene may lead to poorer outcomes as the
protective effect of these drugs on the bone may direct the MAF-amplification driven metastasis
to other organs.

The MAFTEST is a class lla tool to detect MAF gene amplification, and in turn direct adjuvant
treatment with bisphosphonates. The MAFTEST was referred to HTW as a topic from the
manufacturer (InBiomotion; Barcelona, Spain).

What evidence did HTW find?

We searched for evidence that could be used to answer the review question: What is the clinical
and cost effectiveness of MAF gene tests to guide adjuvant bisphosphonate treatment in early
breast cancer?

Retrospective analyses of data from two randomised controlled trials (RCTs) were identified.
These analyses evaluated the predictive value of MAF status on the treatment effect of zoledronic
acid (AZURE; Coleman et al. 2017, Coleman et al. 2018) and sodium clodronate (NSABP B-34;
Paterson et al. 2021).

For participants with MAF-negative tumours, both studies generally showed benefit of
bisphosphonates on invasive disease-free/disease-free survival, overall survival, bone
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metastasis and non-bone metastasis outcomes. Where reported, these benefits in outcomes
were irrespective of menopausal status, meaning that the population in which benefit is shown
includes those who are pre-menopausal, who may not receive bisphosphonates according to
current guidelines. The statistical significance of observed effects was very variably reported
across studies (see Tables 1to 5).

Results for participants with MAF-positive tumours was mixed. The AZURE study retrospective
analysis showed significant harm in the MAF-positive non post-menopausal participant group,
with reduced disease-free and overall survival for those participants treated with
bisphosphonates compared to control. Authors reported that these poor outcomes were largely
driven by extra-skeletal metastasis. However, these results were not replicated in the NSABP B-
34 retrospective analyses. This study reported some benefits of bisphosphonate use in those
who were MAF-positive, with reduced rates of bone metastasis at 7 and 9 year follow ups,
although results were not statistically significant at 9 year follow up. No significant effect was
reported for non-bone metastasis in the NSABP B-34 study, but findings generally favoured the
intervention.

Although the studies we identified used data from large, multicentre RCTs, they were
retrospective and no prospective evidence evaluating the use of MAF status as a patient
stratification tool to direct adjuvant bisphosphonate treatment compared to menopausal status
was found.

One published economic evaluation was identified in the review (Carapinha et al. 2025). Ten-year
budget impact estimates for the UK suggested that treatment decisions for adjuvant zoledronic
acid were overall less costly when guided by MAF testing instead of menopausal status.

We conducted a new cost-utility analysis to estimate the cost effectiveness of MAF testing to
guide adjuvant bisphosphonate treatment decisions in early breast cancer in Wales. We used
evidence identified in our effectiveness review for each bisphosphonate. We estimated that
treating everyone identified as MAF-negative, irrespective of menopausal status, is likely to be
cost effective compared with usual care. This strategy was estimated to be more expensive and
more effective than treatment decisions guided by menopausal status, with incremental cost-
effectiveness ratios (ICERs) between £1,665 and £8,767. ICER estimates were below the cost-
effectiveness threshold in 89% to 99% of probabilistic sensitivity analyses. However, the cost-
effectiveness conclusion changed when we only modelled testing for the post-menopause
subgroup or restricted the modelled time horizon to 10 years.

What was the outcome of HTW's appraisal?

HTW is a national body working to improve quality of care in Wales. We collaborate with partners
across health, social care, and industry to issue independent guidance that informs
commissioning within Wales health and social care. We are supported by an Assessment Group,
who ensure our work adheres to high standards of methodological and scientific rigour, and an
Appraisal Panel, who consider evidence within the Welsh context and produce HTW guidance.
More details on our appraisal process, the Assessment Group, and the Appraisal Panel can be
found on the HTW website.

In this case, the HTW Assessment Group considered the evidence presented in this evidence
appraisal report and concluded there was sufficient evidence for the development of guidance.
Evidence Appraisal Report 072 (EAR072) follows below and provides full details for this topic.
More comprehensive details of the HTW Guidance and HTW Appraisal Panel considerations can
be found on the HTW website.
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1. Purpose of the Evidence Appraisal Report

This report aims to identify and summarise evidence that addresses the following question:
What is the clinical and cost effectiveness of the MAF-gene tests to guide adjuvant
bisphosphonate use in breast cancer?

Evidence Appraisal Reports are based on rapid systematic literature searches, with the aim of
identifying the best published evidence on the clinical and cost effectiveness of health and social
care technologies and models of care and support. Researchers critically evaluate this evidence.
The draft Evidence Appraisal Report is reviewed by experts and by Health Technology Wales
multidisciplinary advisory groups before publication.

2. Context

Breast cancer is the most common cancer in the UK, accounting for 15% of all new cancer cases
(NICE 2024a). Each year over 2,000 people living in Wales are diagnosed with breast cancer (PHW
2019). Some people with breast cancer may need treatment after surgery and this is termed
adjuvant treatment.

Bisphosphonates are a group of drugs that are used to treat and prevent bone related conditions,
including osteoporosis, bone disease and metastatic bone cancer. They do this by inhibiting
osteoclast activity and bone resorption (the breakdown of bones). In breast cancer, they have
been used historically to reduce bone loss and fracture risk in those who are post-menopausal.
Results from studies assessing the wider benefits of adjuvant bisphosphonates on oncological
outcomes in both pre- and post-menopausal populations have been mixed. However, significant
reductions in recurrence, distant recurrence, bone recurrence and breast cancer mortality have
been found in those who are post-menopausal only, with no effect shown on these outcomes in
participants who are pre-menopausal (Early Breast Cancer Trialists' Collaborative Group 2015). It
is proposed that this difference in efficacy between groups may be due to an inhibitory effect of
reproductive hormones on drug efficacy.

2.1 Guidelines

Current guidelines base adjuvant bisphosphonate recommendations on menopausal status. The
National Institute for Health and Care Excellence (NICE) recommends bisphosphonates
(zoledronic acid or sodium clodronate) be offered as adjuvant therapy to those who are post-
menopausal with node-positive invasive breast cancer and considered for those with node-
negative invasive breast cancer and a high risk of recurrence (NICE 2025a). The NICE committee
agreed that further research was needed to determine the long-term survival benefits, as well as
the groups of people most likely to benefit from adjuvant bisphosphonates. In 2022 NICE
published a surveillance report (NICE 2022) to examine the impact of new published evidence on
these guidelines. Amongst the evidence identified in the updated review conducted by NICE were
the two studies included in the current EAR, which report retrospective analyses of RCTs to
assess the use of the MAF biomarker in directing treatment decisions (Coleman et al. 2017,
Paterson et al. 2021); with the current EAR also identifying a longer 10 year follow up of one of the
trials (Coleman et al. 2018). The decision of the surveillance review was not to update the current
guidelines. NICE noted that they would keep track of emerging prospective evidence on MAF
diagnostic testing and evidence regarding whether it could predict outcomes in people with early
and locally advanced breast cancer on adjuvant bisphosphonates.
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Recommendations to consider the use of adjuvant bisphosphonates in people with early breast
cancer who are post-menopausal are echoed in the American Society of Clinical Oncology (ASCO)
(Eisen et al. 2022) and European Society of Medical Oncology (ESMO) (Coleman et al. 2020)
guidelines.

Experts stated that most patients in Welsh clinical practice receive zoledronic acid, but choice
is likely influenced by clinical guidelines, patient preferences and logistical considerations. It is
noted that the use of bisphosphonates to prevent cancer recurrence is currently an off-label use.
The Medicines and Healthcare products Regulatory Agency outlines prescribers responsibilities
regarding the use of off-label or unlicensed medicines (MHRA 2014).

3. Health technology

Given the imprecise nature and complexity of defining menopause, and that it is a process that
occurs over years, professional guidelines have highlighted the potential use of biomarkers,
rather than menopausal status, to direct treatment and identify those patient subgroups that
may benefit the most from treatment with adjuvant bisphosphonates (Coleman et al. 2020, Eisen
et al. 2022).

The MAF gene (v-maf avian musculoaponeurotic fibrosarcomaoncogene homolog) has been
suggested as one such biomarker. Amplification of the MAF gene increases the risk of breast
cancer metastasis, specifically bone metastasis (Pavlovic et al. 2015). Those with breast cancer
and an amplified MAF gene (around 20%) may be unsuitable for adjuvant bisphosphonate
treatment as the protective effect of these drugs on the bone may direct the MAF-amplification
driven metastasis to other organs, which may have a negative impact on outcomes.

The MAFTEST (InBiomotion, Barcelona, Spain) is a class lla tool to detect MAF gene amplification.
It is proposed that MAF gene amplification status, as assessed by the MAFTEST, may be used as
a patient stratification tool (rather than menopausal status) to direct adjuvant bisphosphonate
treatment in early breast cancer. MAF amplification is assessed from tumour tissue samples by
the MAFTEST Fluorescence In Situ Hybridisation (FISH) using the MAF probe. The mean MAF copy
number per nucleus is scored and where this is more than 2.5 the MAF gene is deemed to be
amplified (MAF-positive).

4, Effectiveness

We searched for evidence that could be used to answer the review question: What is the clinical
and cost effectiveness of MAF gene tests to guide adjuvant bisphosphonate treatment in early
breast cancer?

For details on the methodology used to identify evidence for this report, refer to Appendix 1.

To note, this review was restricted specifically to evidence related to the ability of MAF status, as
assessed by the MAFTEST, to direct bisphosphonate treatment. Evidence related to the wider
prognostic value of MAF status in breast cancer was not included.

4.1 Overview

Three publications were identified in the effectiveness review. These reported results of
retrospective analyses assessing the predictive value of MAF status on bisphosphonate
treatment effect in two large multicentre randomised controlled trials (RCTs) evaluating

EARO72 Page 4 of 79 October 2025




zoledronic acid (AZURE) (Coleman et al. 2017, Coleman et al. 2018) and oral sodium clodronate
(NSABP B-34) (Paterson et al. 2021). A systematic review of studies on breast cancer biomarkers
that correlate with bisphosphonate treatment efficacy was also identified but is not reported in
the EAR as only one relevant study, already included in the EAR, was identified. Full
characteristics of the RCTs are given in Appendix Table Al.

The AZURE RCT recruited 3,360 participants from 174 centres worldwide who were randomised to
standard adjuvant systemic treatment alone or with the bisphosphonate zoledronic acid. The
study recruited participants with confirmed invasive stage Il or Il breast cancer of any sub-type.
The retrospective analysis reported here assessed the predictive value of MAF status on
bisphosphonate treatment effect, and included patients from UK sites with a sample suitable for
MAF testing (n = 865). The retrospective analysis reported outcomes for invasive disease-free
survival (IDFS), overall survival (0S), time to bone metastasis as first DFS recurrence, non-bone
metastasis and osteonecrosis of the jaw events (a known side-effect of high dose
bisphosphonate treatment). Predictive analyses were reported separately for pre/non-post
menopausal (<5 years since last menses) and post-menopausal (>5 years since last menses)
participant sub-groups.

The NSABP B-34 RCT recruited 3,311 patients from 162 sites in Canada and the United States, and
in contrast to the AZURE study, recruited participants with operable stage | to Ill breast cancer
(rather than Il to Ill only). Participants were randomised to adjuvant systemic treatment with the
bisphosphonate oral sodium clodronate or placebo and 1,883 participants were included in the
MAF predictive analysis. Outcomes reported include disease-free survival (DFS), overall survival,
recurrence-free interval, and bone and non-bone metastasis. The NSABP B-24 retrospective
analysis also reported results for participant sub-groups based on age (<49 years and >50 years)
and menopausal status (pre- and post-menopausal). Analyses assessing the predictive value of
MAF status on treatment effect used multivariate modelling to adjust for age group and no
information about how menopausal status was determined was reported. Therefore, sub-group
analyses based on age groups (<49 years and >50 years) are reported in this review. Authors state
that those aged 49 years or younger in the trial would likely be clinically classified as pre-
menopausal.

Both studies found approximately 20% of the participant populations to have MAF-positive
tumours. The AZURE retrospective analysis (Coleman et al. 2017, Coleman et al. 2018) reported
that although MAF-positive status was unaffected by age and axillary lymph node status it was
more common with poor histological grade, and for oestrogen-receptor-negative and larger
tumours. The NSABP B-34 retrospective analysis (Paterson et al. 2021) also reported that more
participants with MAF-positive tumours had high grade, oestrogen-receptor-negative, and HER2
positive tumours than MAF-negative participants. Authors note that this means MAF-positive
participants were more likely to have undergone chemotherapy and less likely to have received
endocrine treatments.

Some experts noted that the different study populations in the AZURE (people with stage Il to IlI
breast cancer) and NSABP B-32 (people with stages | to Ill) analyses may have implications on
results and the application of MAF testing to direct adjuvant bisphosphonate use in clinical
practice. They note that the different populations introduce different risk profiles and that
bisphosphonates may have a more pronounced effect in higher-risk populations due to the
greater likelihood of bone metastasis (potentially explaining the differences in results between
the studies). Experts note that the AZURE study better reflects the UK population who are offered
adjuvant bisphosphonates (post-menopausal, node-positive or node negative with a high risk of
recurrence, which would exclude most people with stage | disease). One expert stated, however,
that the biological relationship between MAF status and treatment response appears consistent
across early and higher-stage populations, and that this is confirmed using multivariate
analyses and staging as a potential confounder within the studies included. The predictive
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analyses assessing the impact of MAF status on zoledronic acid treatment effect in the AZURE
study was performed using a Cox proportional hazards model adjusted for minimisation factors
previously shown to impact prognosis (node status, grade, T stage) (Coleman et al. 2018). The
NSABP B-32 study states that the predictive analyses used multivariate modelling adjusted for
age, nodal status, hormone receptor status, histological grade, and pathological tumour size
(Paterson et al. 2021).

Both the AZURE and NSABP B-34 studies reported using pre-specified sample handling and
standard operating methodology and the same scoring to determine MAF status, with slight
variations noted. For example, the AZURE study states that the mean MAF copy number per
nucleus was scored in 20 nuclei from the region of the tumour with the highest amplification,
with a further 30 nuclei scored if the mean copy number was between 2.0 and 3.0 after counting
the 20 cells. In the NSABP B-34 analysis (Paterson et al. 2021) the mean MAF copy number was
established from 50 nuclei in the tumour region with the highest amplification. Also, the NSABP
B-34 study (Paterson et al. 2021) used full-tissue sections, whereas the AZURE study used tissue
microarray (TMA) samples (Coleman et al. 2017, Coleman et al. 2018), however, did require two
evaluable cores per sample. Both studies scored participants as MAF-positive if the mean
number of MAF copies per nucleus was 2.5 or more. One expert noted that the differences in
nuclei count and section format are minor and not clinically meaningful, falling within accepted
pathology practice provided assay quality control is satisfied. However, another expert noted
concern in the different scoring methods used and the influence on results obtained.

Hazard ratios (HRs) are reported for each outcome in sections 4.2 to 4.7 with 95% confidence
intervals (Cls). Event numbers for each outcome are reported in Table A2, where available.

4.2 Invasive disease-free survival/disease-free survival

4.2.1 Zoledronic acid (Retrospective analysis of AZURE RCT)

The retrospective analysis to assess the predictive value of MAF status on bisphosphonate
treatment effect from the AZURE RCT data reported IDFS outcomes as the primary disease
endpoint (Coleman et al. 2017, 2018). IDFS was defined as death from any cause, invasive
ipsilateral breast tumour recurrence, local or regional invasive recurrence, distant recurrence,
invasive contralateral breast cancer or secondary primary invasive cancer (non breast, but
excluding basal-cell or squamous skin cancers).

At 7 years post randomisation, treatment with zoledronic acid was associated with longer IDFS
compared to control treatment across all MAF-negative participants at this follow up (HRips
ZOL/CONTROL = 0.74 95% Cl 0.56-0.98, p = NR). The benefits observed were similar between non
post-menopausal and post-menopausal participants (HRiprs ZOL/CONTROL = 0.79 95% CI 0.56-
110, p = NR and HRprs ZOL/CONTROL = 0.64 95% C1 0.39-1.06, p = NR, respectively). This association
between zoledronic acid and improved IDFS in MAF-negative participants remained at 10 year
follow up (HRiprsZOL/CONTROL = 0.75,95% Cl 0.58-0.97, p = 0.026). Authors report this association
was irrespective of menopausal status.

At 7 years, for MAF-positive participants overall, zoledronic acid was not associated with longer
IDFS compared to control (HRpprs ZOL/CONTROL =134 95% Cl 0.83-2.14, p =NR). Analysis
incorporating menopausal status showed a detrimental effect on IDFS of treatment with
zoledronic acid (HRiprs ZOL/CONTROL = 2.47 95% Cl 1.23-4.97, p = NR) for non post-menopausal
(<50 years) MAF-positive participants. This was consistent with findings at the 10 year follow up
for this group (HRiprsZOL/CONTROL = 2.31, 95% ClI 1.18-4.52, p = 0.01). The authors report that the
adverse IDFS outcomes for MAF-positive non-post menopausal participants found at 10 years
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was largely driven by an increase in extra-skeletal recurrences in this patient sub-group (section
4.6).

For post-menopausal MAF-positive participants, the observed benefit of zoledronic acid on IDFS
at 7 years was similar to MAF-negative post-menopausal participants (HRiprs ZOL/CONTROL = 0.74
95% Cl 0.35-1.58 and HRiprs ZOL/CONTROL = 0.64 95% Cl 0.39-1.06, respectively), although authors
state that there was an insufficient number of events in this group for a definitive analysis.

4.2.2 Sodium clodronate (Retrospective analysis of NSABP B-34 RCT)

The retrospective analysis of the NSABP B-34 trial by Paterson et al. (2021) reported disease-free
survival, defined as time from randomisation to local, regional, or distant recurrence,
contralateral breast cancer, second primary cancer or death from any cause before breast cancer
recurrence.

MAF-negative participants in the sodium clodronate trial group showed improved disease-free
survival (DFS) compared to placebo at 5 years (HRors CLODRONATE/PLACEBO =0.7 95% CI
0.51-0.94, p = 0.02). This outcome was not significant at longer 7 and 9 year follow ups (HRoes
CLODRONATE/PLACEBO = 0.83 95% CI 0.64 - 1.07, p = 0.47 and HRprs CLODRONATE/PLACEBO = 0.93
95% Cl1 0.74 - 1.16, p = 0.52, respectively).

In MAF-positive participants overall, sodium clodronate was not associated with longer DFS at
any time point. This is a similar pattern of findings to those in the AZURE retrospective analysis,
where there was an association between longer IDFS in MAF-negative participants treated with
bisphosphonates, but not in in MAF-positive participants.

For MAF-negative participants 49 years of age or less there was a 2% reduction in the rate of DFS
events in the sodium clodronate trial group compared to placebo (HRors
CLODRONATE/PLACEBO = 0.98 95% Cl 0.63 - 1.51, p = NR). For the corresponding MAF-positive (< 49
years) participant group there was a 27% reduction in the rate of DFS events (HRopes
CLODRONATE/PLACEBO = 0.73 95% CI 0.36 - 1.43, p = NR). This finding differs from results in the
AZURE analysis, which reported significantly poorer IDFS in MAF-positive non post-menopausal
participants (10 years - HR 2.31 95% CI 1.18-4.52, p = 0.01).

For MAF-negative participants over 50 years of age the rate of DFS events is reduced further to
9% (HRorsCLODRONATE/PLACEBO = 0.91 95% CI 0.7 - 118, p = NR), however for MAF-positive
participants over 50, the rate of DFS events increased by 23% (HRprsCLODRONATE/PLACEBO = 1.23
95% CI (0.75 - 2.04, p = NR).

Correspondence from the author states that the MAF status and age/menopausal status sub-
group analyses was reported for the complete 9 year follow up.
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Table 1 - Invasive disease-free survival/disease free survival: retrospective analysis of RCTs to assess predictive value of MAF status
on bisphosphonate treatment effect

Ref and study characteristics

Coleman et al. (2017), (2018)

Retrospective analysis - AZURE
RCT

n = 865
MAF -ve n = 681 (79%)
MAF +ve n = 184 (21%)

Non post-menopausal
n = 590 (68%)
Post-menopausal

n = 275 (32%)

Intervention - Zoledronic acid
plus standard adjuvant therapy
(n = 420)

Comparator - Standard adjuvant
therapy alone (n = 445)

LTIt Relative effect
follow up
Significant MAF status/treatment interaction overall
x2=4.55,df 1, p=0.03
Non-postmenopausal
x2=9.23, p=0.002
Postmenopausal
Invasive x2=0.09,p=076
disease-free
survival@ - Hazard ratio ZOL/CONTROL (95% Cl), p-value
7 years MAF-negative ! MAF-positive
overall 074(0.56-0.98). p =NR |4 34 (083-2.14), p = NR
Favours intervention
Nonpost-M | 079(056-110),p=NR | =47 (1237497, p=NR
Favours control
Post-M 0.64 (0.39-1.06), p = NR 0.74 (0.35-1.58), p = NR
Hazard ratio ZOL/CONTROL (95% Cl), p-value
MAF-negative MAF-positive
Invasive Overall 0.75 (0'58_9'97)’ P= 9'026 1.54 (0.96-2.47), p = 0.074
disease-free Favours intervention
survival® - Non post-M NR 231 (118-4.52), p = 0.01
Favours control
10 years
Post-M NR NR

Authors state findings in MAF-negative participants were irrespective of
menopausal status

Comments on reliability

More patients with MAF-positive
tumours had high grade, ER negative
and HER2 positive than patients with
MAF-negative tumours

Similar results found when using age
(50 years) as a cut-off point in place of
menopausal status

Sub-group sizes mean power is lost for
interaction tests/analyses.

Authors note that in MAF-positive post-
M participants the number of events
was insufficient to establish a
definitive association between
treatment effect and MAF status.

Paterson et al. (2021)

Retrospective analysis - NSABP
B-34 RCT

Disease-free
survival® -
S years

Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value

MAF-negative
0.7 (0.51-0.94), p = 0.02
Favours intervention

MAF-positive

Overall 1(0.62-161)p=1

Adherence to treatment was not
optimum. At the end of 3 year
therapeutic period, 60% (992/1647) and
56% (919/1640) of participants in the
main trial remained on placebo and
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Ref and study characteristics

n=1883
MAF-negative n = 1,515 (80.5%)
MAF-positive n = 368 (19.5%)

<49 years n = 668 (35%)
>50 years n = 1,215 (65%)

Intervention - Standard
adjuvant therapy plus oral
sodium clodronate (1,600mg
daily for 3 years) (n = 936)

Comparator - Standard adjuvant
therapy plus placebo (n = 947)

Outcome/
follow up

Disease-free
survivalb -
7 years

Overall

Relative effect

Hazard ratio CLODRONATE/PLACEBO (95% CI), p-value

MAF-negative
0.83 (0.64 - 1.07), p = 0.47

MAF-positive
1.05 (0.67 - 1.64) p = 0.83

Disease-free
survivalb -
9 years

Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value

MAF-negative

MAF-positive

Overall 0.93 (0.74-1.16), p = 0.52 1.06 (0.7 - 1.59), p = 0.79
<49 years® 0.98 (0.63 - 1.51), p = NR 0.73 (0.36 - 1.43), p = NR
>50 years® 0.91 (0.7 -1.18), p = NR 1.23 (0.75 - 2.04), p = NR

Comments on reliability

sodium clodronate study drugs,
respectively (Paterson et al. 2012).

MAF-negative subgroup considerably
largely (4 to 1) than MAF-positive
subgroup and tests of heterogeneity
lose power.

Abbreviations: Post-M, post-menopausal; non post-M, non post-menopausal; NR, not reported

@Invasive-disease free survival defined as death from any cause, invasive ipsilateral breast tumour recurrence, local or regional invasive recurrence, distant recurrence, invasive
contralateral breast cancer or secondary primary invasive cancer (non breast, but excluding basal-cell or squamous skin cancers).
bDisease-free survival defined as time from randomisation to local, regional, or distant recurrence, contralateral breast cancer, second primary cancer or death from any cause

before breast cancer recurrence.

¢ Correspondence from the author states that analyses are reported for complete 9 year follow up

Key: statistically significant effect favouring intervention highlighted in green; statistically significant effect favouring control highlighted in red. If p values were not reported in
study publications hazard ratios are deemed significant if 95% confidence intervals do not include 1.
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4.3 Overall survival

4.3.1 Zoledronic acid (Retrospective analysis of AZURE RCT)

Coleman et al. (2017), (2018) defined overall survival as death from any cause after starting
treatment. At 7 years follow up, there was a 22% reduction in rate of deaths in participants with
MAF-negative  tumours  treated with  zoledronic acid compared to control
(HRosZOL/CONTROL = 0.78 95% Cl 0.55-1.10, p = NR). This association was significant at 10 years
(HRosZOL/CONTROL = 0.69, 95% CI 0.50-0.94, p=0.019). Authors report this finding was
irrespective of menopausal status.

In contrast, for MAF-positive participants authors report no improvements in overall survival in
those participants treated with zoledronic acid, compared to control at 7 (HRosZOL/CONTROL = 1.11
95% Cl 0.66-1.86, p = NR) and 10 years (HRosZOL/CONTROL =140, 95% Cl 0.83-2.33, p = 0.204).
Indeed, for MAF-positive non post-menopausal participants, specifically, at 7 years there was an
increase in rate of death in the zoledronic acid group compared to control (7 years -
HRosZOL/CONTROL = 2.27 95% C11.04 - 4.93, p = NR; 10 years - HRosZOL/CONTROL = 2.28,95% CI 1.07-
4.82, p =0.032). This was not the case for post-menopausal MAF-positive participants (HRos
ZOL/CONTROL = 0.62 95% Cl 0.27-1.48, p = NR).

4.3.2 Sodium clodronate (Retrospective analysis of NSABP B-34 RCT)

Paterson et al. (2021) defined overall survival as time from randomisation to death from any
cause in the NSABP B-34 study. At 5 years, similar to findings from the AZURE data, fewer people
with MAF-negative tumours treated with sodium clodronate died compared to the control group
(HRosCLODRONATE/PLACEBO = 0.59 95% Cl 0.37 - 0.93, p =0.02). This significant association
remained at 7 and 9 year follow ups (HR,sCLODRONATE/PLACEBO = 0.69 95% Cl 0.48 - 1, p = 0.047
and HR,sCLODRONATE/PLACEBO = 0.74 95% Cl 0.54 - 1, p = 0.046, respectively). The benefits in OS
observed for MAF-negative participants were not observed for MAF-positive participants at any
time, and did not associate significantly with age/menopausal status.

For participants 49 years of age or younger, there was a 20% reduction in risk of death for MAF-
negative participants (HR.sCLODRONATE/PLACEBO = 0.8 95% Cl 0.42 - 1.49, p = NR) compared to
9% for MAF-positive (HR,sCLODRONATE/PLACEBO = 0.9195% Cl 0.37 - 2.17, p = NR). For participants
50 years or older, there was a 28% reduction in risk for MAF-negative participants
(HRo,sCLODRONATE/PLACEBO = 0.72 95% CI 0.51 - 1.02, p = NR), compared to 4% for MAF-positive
participants (HR.,sCLODRONATE/PLACEBO=0.96 95% ClI 0.54 - 171, p=NR) (Table 2).
Correspondence from the author states that these results are reported for complete follow up at
9 years.
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Table 2 - Overall survival: retrospective analysis of RCTs to assess predictive value of MAF status on bisphosphonate treatment effect

Ref and study characteristics

Outcome/

Relative effect

Comments on reliability

Coleman et al. (2017)
Retrospective analysis - AZURE RCT

n = 865
MAF -ve n = 681 (79%)
MAF +ve n = 184 (21%)

Non post-menopausal
n = 590 (68%)
Post-menopausal

n = 275 (32%)

Intervention - Zoledronic acid plus
standard adjuvant therapy
(n =420)

Comparator - Standard adjuvant
therapy alone (n = 445)

follow up

Hazard ratio ZOL/CONTROL (95% Cl), p-value

Overall MAF-negative MAF-positive
survival? -7 Overall 0.78 (0.55-1.10), p = NR 1.11 (0.66-1.86), p = NR
years 2.27 (1.04 - 4.93), p = NR
Non post-M NR Favours control
Post-M 0.62 (0.27-1.48), p = NR
Hazard ratio ZOL/CONTROL (95% Cl), p-value
MAF-negative MAF-positive
Overall OGRS, DS OTE o (0.83-2.33),p = 0.204
Overall Favours intervention
ival? -1 - =
surviva 0 Non post-M 2.28 (1.07-4.82), p = 0.032
years NR Favours control
Post-M NR

Authors state findings in MAF-negative participants were irrespective of
menopausal status

Paterson et al. (2021)

Retrospective analysis - NSABP B-
34 RCT

n =1883
MAF-negative n = 1,515 (80.5%)
MAF-positive n = 368 (19.5%)

<49 years n = 668 (35%)
>50 years n = 1,215 (65%)

Intervention - Standard adjuvant
therapy plus oral sodium
clodronate (1,600mg daily for 3
years) (n = 936)

Overall
survivalb -5
years

Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value

MAF-negative
0.59 (0.37 - 0.93), p = 0.02
Favours intervention

MAF-positive

Overall 1.39 (0.71-27),p = 0.34

Overall
survivalb - 7
years

Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value

MAF-positive

MAF-negative
0.69 (0.48 - 1), p = 0.047

Overall . .
Favours intervention

1.26 (0.7 - 2.28), p = 0.44

Overall
survivalb - 9
years

Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value

MAF-negative
0.74 (0.54 - 1), p = 0.046

MAF-positive

Overall 1.01(0.62 - 1.67), p = 0.96

Adherence to treatment was
not optimum. At the end of 3
year therapeutic period, 60%
(992/1647) and 56% (919/1640)
of participants in the main
trial remained on placebo and
sodium clodronate study
drugs, respectively (Paterson
et al. 2012).

MAF-negative subgroup
considerably largely (4 to 1)
than MAF-positive subgroup
and tests of heterogeneity lose
power.
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Ref and study characteristics Outcome/ Relative effect

Comments on reliability

follow up

Favours intervention
Comparator - Standard adjuvant <49 0.8 (042 ~149). b = NR 081 (05T = 2T R
therapy plus placebo (n = 947) years® 8(042-149), p = 91(0.37 - 2.17), p =
>50 _ _ _
T 0.72 (0.51-1.02), p = NR 0.96 (0.54 - 1.71), p = NR

Authors report that the benefits observed in MAF-negative participants were
not associated significantly with age/menopausal status

Abbreviations: Post-M - post-menopausal; non post-M - non post-menopausal; NR - not reported

aQverall survival defined as death from any cause after starting treatment
bOverall survival defined as time from randomisation to death from any cause
¢Correspondence from the author states that analyses are reported for complete 9 year follow up

Key: statistically significant effect favouring intervention highlighted in green; statistically significant effect favouring control highlighted in red. If p values were not reported in

study publications hazard ratios are deemed significant if 95% confidence intervals do not include 1.
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4.4 Recurrence-free interval

4.4.1 Sodium clodronate (Retrospective analysis of NSABP B-34 RCT)

Paterson et al. (2021) reported recurrence-free interval outcomes, defined as time from
randomisation to local, regional, or distant breast cancer recurrence, not including contralateral
breast cancer and death from breast cancer. At 5 years, treatment with sodium clodronate in
MAF-negative participants was associated with significant benefit in recurrence-free interval
(HRrri CLODRONATE/PLACEBO = 0.67 95% Cl 0.45 - 0.98, p = 0.04). The statistical significance of
this association did not remain at longer 7 and 9 year follow ups.

There was no significant association reported between treatment and recurrence-free interval in
MAF-positive participants at any time (Table 3).

For MAF-negative participants 49 years of age or less there was a 6% increase in rate of
recurrence in the sodium clodronate trial group compared to placebo (HRgs
CLODRONATE/PLACEBO = 1.06 95% CI 0.64 - 1.76, p = NR). In MAF-positive participants in the same
age group there was a 40% reduction in rate (HRrriCLODRONATE/PLACEBO = 0.6 95% Cl 0.26 - 1.31,
p = NR). For MAF-negative participants over 50 years of age there is a 15% reduction in rate of
recurrence (HRgrr CLODRONATE/PLACEBO = 0.85 95% CI 0.58 - 1.23, p = NR), compared to 4% in the
corresponding MAF-positive participants (HRzr CLODRONATE/PLACEBO = 0.96 95% CI 0.5 - 1.84,
p = NR).
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Table 3 - Recurrence-free interval: retrospective analysis of RCTs to assess predictive value of MAF status on bisphosphonate

treatment effect

Ref and study characteristics

Outcome/

Relative effect

Comments on reliability

Paterson et al. (2021)

Retrospective analysis - NSABP
B-34 RCT

n =1883
MAF-negative n = 1,515
(80.5%)
MAF-positive n = 368 (19.5%)

<49 years n = 668 (35%)
>50 years n = 1,215 (65%)

Intervention - Standard
adjuvant therapy plus oral
sodium clodronate (1,600mg
daily for 3 years) (n = 936)

Comparator - Standard
adjuvant therapy plus placebo
(n = 947)

follow up

Recurrence-free
interval® - 5 years

Overall

Hazard ratio CLODRONATE/PLACEBO (95% CI), p-value

MAF-negative
0.67 (0.45 - 0.98), p = 0.04
Favours intervention

MAF-positive
0.83 (0.46 - 1.49), p = 0.53

Recurrence-free
interval® -7 years

Overall

Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value

MAF-negative
0.82 (0.59 - 1.14), p = 0.24

MAF-positive
0.78 (0.45 - 1.35), p = 0.37

Recurrence-free
interval®- 9 years

Overall

Hazard ratio CLODRONATE/PLACEBO (95% ClI), p-value

MAF-negative
0.91(0.67 -1.23), p = 0.53

MAF-positive
0.81(0.49 -1.35), p = 0.42

<49 years®

1.06 (0.64 - 1.76), p = NR

0.6 (0.26 - 1.31), p = NR

>50 years®

0.85 (0.58 - 1.23), p = NR

0.96 (0.5 - 1.84), p = NR

Abbreviations: NR - not reported.

cancer.

bCorrespondence from the author states that analyses are reported for complete 9 year follow up

Key: statistically significant effect favouring intervention highlighted in green; statistically significant effect favouring control highlighted in red

@Recurrence-free interval defined as time from randomisation to local, regional, or distant breast cancer recurrence, not including contralateral breast cancer and death from breast
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4.5 Bone metastasis

4.5.1 Zoledronic acid (Retrospective analysis of AZURE RCT)

Coleman et al. (2018) reported bone-IDFS, defined as time to bone metastasis as first DFS
recurrence. MAF-negative participants treated with zoledronic acid had significantly improved
bone invasive disease-free survival than controls (HRgprsZOL/CONTROL = 0.65, 95% Cl 0.45-0.94,
p = 0.022) at 10 years, irrespective of menopausal status. Results for MAF-positive participants
were not reported for this outcome.

4.5.2 Sodium clodronate (Retrospective analysis of NSABP B-34 RCT)

Paterson et al. (2021) reported bone metastasis-free interval outcomes from the NSABP B-34
retrospective analysis. In contrast to findings from the AZURE retrospective analysis, Paterson et
al. (2021) found no association between treatment with oral sodium clodronate and bone
metastasis-free intervals in MAF-negative participants. For MAF-positive participants, there was
a significant benefit shown in bone-metastasis with treatment with sodium clodronate
compared to controls at 7 years (HRemCLODRONATE/PLACEBO = 0.33 95% CI 0.11 - 0.98, p = 0.046) ,
although not at the earlier 5 year follow up (HRemCLODRONATE/PLACEBO = 0.44 95% Cl 0.14 - 1.39,
p = 0.16) and later 9 year follow up (HRsmCLODRONATE/PLACEBO = 0.4 95% CI 0.15 - 1.06, p = 0.06).
The reduced rate of bone metastasis shown did not seem to correspond to increased non-bone
metastasis in MAF-positive participants in this trial (see section 4.6).

There was a 32% increase in rate of bone metastasis in MAF-negative participants 49 years of
age or less (HRemCLODRONATE/PLACEBO =1.32 95% CIl 0.6 - 3.03, p = NR) and a 66% decrease for
MAF-positive participants of the same age group (HRsm CLODRONATE/PLACEBO = 0.34 95% CI 0.05
- 1.37, p = NR). In participants over 50 years of age there was a 39% reduction in rate of bone
metastasis for MAF-negative participants (HRemCLODRONATE/PLACEBO = 0.61 95% CI 0.32 - 1.15)
and 58% for MAF-positive participants (HRsmCLODRONATE/PLACEBO = 0.42 95% CI 0.1 - 1.35,
p = NR).
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Table 4 - Bone metastasis: retrospective analysis of RCTs to assess predictive value of MAF status on bisphosphonate treatment effect

Ref and study characteristics Outcome/follow up Relative effect Comments on

reliability

Coleman et al. (2017)

Retrospective analysis - AZURE RCT

n =865
— = 0,
m;’z +‘<Z?\'_?§l((7§;; Hazard ratio ZOL/CONTROL (95% Cl), p-value
h ° Bone invasive MAF-negative MAF-positive
Non post-menopausal n = 590 (68%) IR Overall e b DS NR
survival® - 10 years Favours intervention

Post-menopausal n = 275 (32%)

Intervention - Zoledronic acid plus Authors state findings were irrespective of menopausal status

standard adjuvant therapy (n = 420)

Comparator - Standard adjuvant
therapy alone (n = 445)

Paterson et al. (2021) i
Bone metastasis-

: Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value Authors report that
free interval -

Retrospective analysis - NSABP B-34 MAF-negative MAF-positive exploratory analyses
RCT 5 years Overall | 0.89 (0.47 - 1.17), p = 071 0.44 (014 - 1.39), p = 0.16 were conducted for
bone and non-bone
n =1883 metastasis outcomes
MAF-negative n = 1,515 (80.5%) and low event numbers
MAF-positive n = 368 (19.5%) may impact power to
Bone metastasis- Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value detect statistically

<49 years n = 668 (35%)
>50 years n = 1,215 (65%)

significant

free interval - MAF-negative MAF-positive e
associations.

7 years 0.33 (0.11- 0.98), p = 0.046

Overall 0.79 (0.46 - 1.37), p = 0.4 Favours intervention
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Ref and study characteristics Outcome/follow up Relative effect Comments on

reliability

Intervention - Standard adjuvant

therapy plus oral sodium clodronate : = »
(1,600mg daily for 3 years) (n = 936) Bone metastasis- Hazard ratio CLODRONATE/PLACEBO (95% ClI), p-value

free interval - MAF-negative MAF-positive
Comparator - Standard adjuvant 9 years Overall _ 0.82 (0.5-1.34),p =043 0.4 (015 - 1.06), p = 0.06
therapy plus placebo (n = 947) <49 years 1.32 (0.6 - 3.03), p = NR 0.34 (0.05-1.37),p = NR
>50 years® | 0.61(0.32-1.15), p=NR 0.42 (0.11-1.35), p = NR

Abbreviations: NR = Not reported

2Bone disease-free survival defined as time to bone metastasis as first disease free survival recurrence
bCorrespondence from the author states that analyses are reported for complete 9 year follow up

Key: statistically significant effect favouring intervention highlighted in green; statistically significant effect favouring control highlighted in red
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4.6 Non-bone metastasis

4.6.1 Zoledronic acid (Retrospective analysis of AZURE RCT)

For non post-menopausal MAF-negative participants treated with zoledronic acid there was a
19% reduction in rate of non-bone metastasis (reported as extra-skeletal invasive disease-free
survival) at 5 years (HRe-prsZOL/CONTROL = 0.81 95% Cl 0.57 - 1.13, p = NR). For MAF-positive non
post-menopausal participants treated with zoledronic acid there was a marked increase in
relapse at extra skeletal sites (HReiprsZOL/CONTROL =6.92 95% Cl 2.44 - 19.6, p = NR). This
association remained at 10 years (HRe-orsZOL/CONTROL = 4.57, 95% Cl 1.66-12.57, p = 0.003).

Corresponding results for post-menopausal participants were not reported.

4.6.2 Sodium clodronate (Retrospective analysis of NSABP B-34 RCT)

Treatment with oral sodium clodronate was not significantly associated with non-bone
metastasis-free intervals compared to placebo for MAF-negative or MAF-positive participants at
any follow up (Table 5).

Although there was a reduced rate of bone metastasis reported for MAF-positive participants
treated with sodium clodronate (section 5.5), this did not correspond to an increase in non-bone
metastasis in this participant group. Results for MAF-positive participants 49 years of age or
younger showed a 36% reduction in rate of non-bone metastasis (HR\-
smCLODRONATE/PLACEBO = 0.64 95% Cl 0.17 - 2.06, p = NR). Authors do note that analyses for bone
and non-bone metastasis outcomes were exploratory and that low event numbers may have
impacted power to detect statistically significant associations.

4.7 Safety/adverse events

In the AZURE RCT, at 10 year follow up (Coleman et al. 2018), authors report 30 confirmed cases of
osteonecrosis of the jaw (ONJ) in the zoledronic trial group (n =1,681). The cumulative incidence
of ONJ was 1.8%. (95% ClI 1.2 - 2.5). There were no reports of atypical femoral fracture in this RCT.
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Table 5 - Non-bone metastasis: retrospective analysis of RCTs to assess predictive value of MAF status on bisphosphonate treatment
effect

Ref and study characteristics Outcomes/follow Relative effect Comments on

up reliability

Coleman et al. (2017), (2018)
Extra-skeletal Hazard ratio ZOL/CONTROL (95% CI), p-value
Retrospective analysis - AZURE RCT invasive disease- MAF-negative MAF-positive
free survival - 6.92 (244 -19.6), p = NR
n =865 5 years Non post-M | 081(0.57-113), p = NR Favm(Jrs control) i

MAF -ve n = 681 (79%) Post-M NR NR

MAF +ve n = 184 (21%)

Non post-menopausal n = 590 (68%)
Post-menopausal n = 275 (32%)

Intervention - Zoledronic acid plus Extra-skeletal Hazard ratio ZOL/CONTROL (95% Cl), p-value
standard adjuvant therapy (n = 420) invasive disease- MAF-negative MAF-positive
. free survival - Non post-M | NR 4.57 (1.66-12.57), p = 0.003
Comparator - Standard adjuvant 10 years Favours control
therapy alone (n = 445) Post-M NR NR
Paterson et al. (2021) Non-bone .
metastasis-free Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value Exploratory analyses
Retrospective analysis - NSABP B-34 RCT | interval - MAF-negative MAF-positive were conducted for
5 years Overall 0.7 (0.42 - 117), p = 0.17 0.7 (0.31-1.55), p = 0.38 bone and non-bone
n=-1883 metastasis outcomes
N . o and authors report that
MAF-negative n = 1,515 (80;5/’) Non-bone Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value ERERNR N taatiTy el ot SR T}
MAF-positive n = 368 (19.5%) metastasis-free MAF-negative MAF-positive impact power to detect
interval - Overall 0.82 (0.52 -1.28), p = 0.38 0.6 (0.28 -1.26), p = 0.17 statistically significant

<49 years n = 668 (35%)

7 years . L.
>50 years n = 1,215 (65%) y associations.
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Ref and study characteristics Outcomes/follow Relative effect Comments on

up reliability

Intervention - Standard adjuvant

T I | sodi lod . Non-bone Hazard ratio CLODRONATE/PLACEBO (95% Cl), p-value
{ Ge(r)z:)[z PdUaSiIOF?mSg ;L;r;)c(?‘ _rc;r;aG)e metastasis-free MAF-negative MAF-positive
’ gdailytor3y - interval - overall 0.73 (0.48 - 1.1), p = 013 0.62 (0.3 - 1.27), p = 0.19
a - - - =
Comparator - Standard adjuvant 9 years =f9yearst | 0770038 Lih,p=NR_| 064(017_206),p= e
therapy plus placebo (n = 947) SE0ERS .74 (0.44-123),p - .57(0.23 -1.32),p =

Abbreviations: Post-M - post-menopausal; non post-M - non post-menopausal; NR - not reported
aCorrespondence from the author states that analyses are reported for complete 9 year follow up

Key: statistically significant effect favouring intervention highlighted in green; statistically significant effect favouring control highlighted in red. If p values were not reported in
study publications hazard ratios are deemed significant if 95% confidence intervals do not include 1.
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4.8

Ongoing studies

No ongoing studies were identified from searches.

4.9

EARO72

Certainty of the evidence

No studies were identified that directly compared the MAFTEST as a patient stratification
method with menopausal status or age. In the absence of such studies, we have identified
and reported studies comparing outcomes from bisphosphonate use in people with MAF-
positive and MAF-negative breast cancer. Although the evidence found is based on
participants recruited and treated as part of RCTs, the analyses reported here were carried
out retrospectively and only included subgroups of the original trial populations.

Adherence to treatment in the NSABP B-34 trial was not optimum with 44% and 40% of
participants discontinuing the treatment and placebo interventions, respectively, by the end
of the three year therapeutic period. Approximately 30% of participants randomised to the
zoledronic acid group in the AZURE study discontinued the treatment.

Failure rates of the MAFTEST are uncertain. Failure rates reported from the retrospective
studies might not reflect real-world use, but the rates for contemporary clinical practice are
unknown. Experts contacted by HTW noted that providers should share the basis of the test,
including the testing technology, validated sensitivity and specificity and description of any
limitations.

Paterson et al. (2021) suggests that differences in harm reported in MAF-positive
participants between the AZURE study, evaluating zoledronic acid, and the NSABP B-34
study, evaluating sodium clodronate, may be due to differences in pharmacological potency.
Authors state that although sodium clodronate and zoledronic acid both act on osseous
stroma and not on tumour cells and are considered clinically equi-efficacious, difference in
pharmacological potency may account for the harm seen in MAF-positive patients in AZURE;
though authors do note that this is conjecture at this point.

The zoledronic acid treatment regimen delivered in the AZURE study is more intense than
regimens delivered in clinical practice.

Characteristics of the participant populations differ between the two included studies; the
AZURE analysis included participants with stage Il and Ill breast cancer and the NSABP B-34
analysis included participants with stage | to Ill breast cancer (see section 4.1).

Authors from both studies note that due to the size of MAF-positive participant sub-groups
and numbers of events some heterogeneity tests of interactions between MAF status,
treatment effect and menopausal status lose power.

Safety outcomes reported refer to adverse events from zoledronic acid in the AZURE trial and
do not relate to the safety of using MAF status as a patient stratification tool to direct
bisphosphonate use. Given the scope of this EAR (and that it did not include RCTs of
bisphosphonates generally, where they did not report results based on MAF status), the
reporting of safety events related to the use of bisphosphonates is very limited.
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5. Cost effectiveness

5.1 Economic literature review

One publication was identified in the economic review (Table 6). Carapinha et al. (2025) reported
a budget impact analysis directly applicable to the UK NHS. However, we identified some
potentially serious limitations that could impact its conclusions.

The study used a decision tree and Markov model to estimate the costs of alternative strategies
for the use of adjuvant zoledronic acid in early-stage breast cancer. The effectiveness of
treatment was informed by the retrospective analysis of the AZURE RCT, discussed in Section 4.
The analysis took the perspective of the healthcare payer in several different countries, including
the UK, over a 10-year time horizon. Costs were identified via a systematic literature search and
applied to resource use informed by expert opinion.

The objective of the study was a budget impact analysis to compare the current use of
menopausal status against the use of MAF testing, as eligibility criteria for bisphosphonate
treatment. However, the total costs of these strategies were not reported or compared against
each other. Instead, results were reported for several subgroups, defined by age, testing and
treatment status. The incremental cost savings reported for MAF testing compared with current
practice could easily be misinterpreted. Rather than a comparison of strategy-level costs, the
reported savings of €787 to €1,317 per person were derived from costs for people identified as MAF-
negative under the testing strategy versus the total cohort under current practice. We estimated
total and incremental strategy costs using the reported prevalence of menopause and MAF
status and UK subgroup results (Table 6). Based on our estimates, the MAF testing strategy saved
£440 per person compared with current practice. Cost savings were greater per person pre-
menopause (£960 versus £326 post-menopause), but this subgroup made up the minority of the
modelled population (<20%).

A general limitation of the study was a lack of transparency in its reporting. It was unclear how
the 10-year event rates applied in the analysis had been estimated. Subgrouping by age and
menopausal status also appeared to be used interchangeably, despite post-menopause being
defined in the AZURE RCT as more than five years since menses. Fewer people included in the
MAF analysis were classed as post-menopausal (31%) than those aged 50 years or older (55%)
(Coleman et al. 2018), indicating that membership of these subgroups differed. It is unclear how
this might have impacted modelled outcomes. Limited information was given on the derivation
of costs applied in the analysis and we cannot assess whether these accurately reflected UK
practice. Unit costs and resource use were not reported. Nor were sources attributed to each cost
input. The same resource use was modelled across all country settings, despite noted real-world
differences. We do not know where the single expert, who defined the resources needed to
manage breast cancer and downstream recurrences, was located. However, the majority of study
authors had Spanish affiliations.

It is likely that not all relevant costs were captured in the analysis. A lifetime horizon was not
considered, despite modelled differences in long-term outcomes including mortality, and it is
unclear whether adverse events, such as ONJ, were modelled. The discount rate of 3% applied to
future costs differs from the rate typically applied in the UK. The impact of each strategy on
patients’ quality of life was not considered. The study described limited sensitivity analysis,
suggesting that uncertainty around the chosen inputs was not fully explored. Results from
deterministic sensitivity analysis were only reported for Sweden and strategy-level costs were
not reported.
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Table 6 - Summary of included economic studies: Carapinha et al. (2025)

Study details

| Study population and design

Data sources

Results

Quality assessment

Author and year:
Carapinha et al.
(2025)

Country:
Denmark,
Finland,
Germany, Italy,
Norway, Spain,
Sweden, UK and
USA

Type of
economic
analysis: Budget
impact

Perspective:
Healthcare payer

Currency: Euros
(converted to UK
pounds @)

Price year: 2024

Time horizon: 10
years

Discounting: 3%

Potential
conflict of
interest: Study
funded by
MAFTEST
manufacturer

EARO72

Population: Women diagnosed
with early-stage breast cancer
eligible for adjuvant
bisphosphonate therapy

Intervention (MAF testing):
Use of zoledronic acid guided
by MAF status

Comparator (current
practice): Use of zoledronic
acid guided by menopausal
status

Study design

A decision tree captured
testing and treatment
decisions, followed by a
Markov model to capture long-
term disease progression and
mortality

Source of baseline and
effectiveness data:
10-year recurrence and
death rates estimated for
each treatment group in
AZURE (control or
zoledronic acid) by MAF
status, and age above or
below 50 years.

Source of resource use
and cost data:

Resource use informed by
one expert’s opinion. Costs
identified via systematic
search. However, individual
inputs and cost sources not
reported.

Base case costs (per person)
Incremental, all countries:

Pre-menopause: MAF testing saves

€1,317 (£1,105) versus current
practice

Post-menopause: MAF testing saves
€787 (£660) versus current practice

Subgroup costs, UK:®

e Pre-menopause (<50 years), MAF+,

Pre-menopause (<50 years),
untreated (12): €65,495 (£54,936)
Post-menopause (>50 years),
treated (9): €65,709 (£55,115)

untreated (4): €64,598 (£54,183)

Pre-menopause (<50 years), MAF-,

treated (7): €64,283 (£53,919)

Post-menopause (>50 years), MAF+,

untreated (2): €66,613 (£55,873)

Post-menopause (>50 years), MAF-,

treated (5): €64,969 (£54,494)

HTW estimates for UK, weighted for

82% post-menopause and 79% MAF-:
Current practice (subgroups 9 & 12):

£55,083

MAF testing (subgroups 2,4, 5, & 7):

£54,643
Incremental: MAF testing saves
£440 versus current practice

Deterministic sensitivity analysis
Not reported for comparison of MAF
testing versus current practice.
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Applicability
Directly applicable

Limitations

Potentially serious limitations were
identified:

e Lack of clarity in results reported.

e Total cohort-level results were not
reported for each strategy. HTW
estimated total UK costs for MAF testing
versus current practice using reported
subgroup results.

e Greater cost savings reported for MAF
testing versus current practice were
based on a comparison of costs for the
tested MAF- subgroup versus the total
untested cohort. Exclusion of MAF+
subgroup costs will overestimate
savings for the intervention strategy.

e Unclear how 10-year event rates reported
for each subgroup were derived from, or
related to, hazard ratios reported by
Coleman et al. (2018).

e Effectiveness inputs were informed by
retrospective analysis of a single RCT.

e Interchangeable use of classification by
menopausal status or age above and
below 50 years.

e Higher percentage of modelled cohort
classified as post-menopause (82%)
than AZURE population (31%, Coleman et
al. (2018)).
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Study details

| Study population and design

Data sources

Results

Quality assessment

e Adverse events, such as ONJ, did not
appear to be considered.

e The source of cost inputs was unclear
and individual cost and resource use
inputs were not reported.

e Test costs were not reported.

e The same resource use was applied to
all country settings, despite real-world
variation noted by authors. Unknown
whether expert opinion reflected UK
management of breast cancer.

e Limited deterministic sensitivity
analysis and no probabilistic sensitivity
analysis. Uncertainty in estimated
budget impact of MAF testing strategy
versus current practice was not
explored.

e A10-year horizon will not capture all
relevant costs.

e 3% discounting will overestimate cost
savings in later years compared with a
3.5% discount rate, which is typically
considered in the UK.

e Quality of life was not considered.

Abbreviations: MAF, v-maf avian musculoaponeurotic fibrosarcomaoncogene homolog; MAF+, MAF amplified; MAF-, not MAF amplified; ONJ, osteonecrosis of the jaw; RCT: randomised

controlled trial

@ Carapinha et al. (2025) reported adjusting costs to a common currency and year using online currency conversion factors. We converted results to UK pounds using historical rates
from the date and source cited (Xe 2025). We did not adjust results reported for ‘all countries’ using purchasing price parities to maintain consistency with this methodology.
bResults are not presented for subgroups 1, 3, 6, 8,10 and 11 because they were not relevant to the proposed MAF testing strategy or current practice
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5.2 HTW economic analysis

HTW developed a new cost-utility analysis to estimate the cost effectiveness of MAF gene tests
to guide adjuvant bisphosphonate treatment in early breast cancer in Wales. We used a cohort-
level decision tree and partitioned survival model to estimate the total costs and quality-
adjusted life years (QALYs) of the following strategies:

e Usual care: adjuvant bisphosphonate treatment decisions guided by menopausal status
e Intervention: adjuvant bisphosphonate treatment decisions guided by MAF status

A decision tree (Figure 1) captured testing and adjuvant bisphosphonate treatment decisions
under each strategy. MAF status was determined using the MAFTEST and we considered the use
of two bisphosphonates, zoledronic acid and sodium clodronate, in line with NICE (2025a)
guidelines. Under usual care, no testing was undertaken, MAF status was unknown and
bisphosphonate treatment was given to people who were post-menopausal. Under the
intervention strategy, everyone was tested and anyone identified as MAF-negative was given
bisphosphonates, irrespective of menopausal status.

A partitioned survival model was then used to capture disease progression and mortality over a
lifetime horizon, using 6-monthly cycles. Everyone entered the model in an alive without
progressed disease health state (Figure 2). The likelihood of moving from this health state to
progressed disease or death depended on MAF status and whether bisphosphonate treatment
had been given. We also modelled the incidence of ONJ events among people treated with
bisphosphonates.

Among the modelled cohort, 20% were MAF-positive and 45% were post-menopausal at baseline
(Coleman et al. 2017, Paterson et al. 2021). The modelled likelihood of being MAF-positive was the
same irrespective of menopausal status.

Stage | to lll breast cancer

45% 55%
Post-menopause Not post-menopause
80% 20% 80% 20%
MAF- MAF+ MAF- MAF+ Status unknown
without testing
A b h N
Usual care Treat Treat Do not treat Do not treat
Intervention Treat Do not treat Treat Do not treat

Figure 1 - Short-term decision tree for bisphosphonate treatment decisions
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L »

Alive without progressed Alive without progressed
disease, treated with disease, not treated with
bisphosphonates bisphosphonates

: L4 hd

Alive Wlt.h progressed Dead
disease

Figure 2 - Long-term modelled health states

We performed separate analyses for zoledronic acid and sodium clodronate, informed by the
studies identified in the effectiveness review (Coleman et al. 2017, Coleman et al. 2018, Paterson
et al. 2021). Table 7 summarises the key clinical inputs used in each analysis. In the base case,
overall and progression-free survival without bisphosphonate treatment were modelled for the
MAF-negative subgroup using exponential survival distributions. Survival estimates were
adjusted using hazard ratios for the MAF-positive subgroup and/or those that received
bisphosphonate treatment. Bisphosphonate treatment effects were defined by MAF status and
effect estimates were applied if statistically significant. Bisphosphonate treatment was
assumed to have no further effects on survival after 9.5 years, reflecting the approximate median
follow-up of the effectiveness studies. The incidence of bisphosphonate-related ONJ was
modelled over the first five years and assumed to occur at a constant rate. In later years, life
tables from the general population in Wales (Office for National Statistics 2024) were used to
model mortality when this exceeded the risk estimated by the extrapolated overall survival
curves.

Table 7 - Summary of key clinical inputs for base case analyses

Zoledronic acid analysis Sodium clodronate analysis

Input Source Input Source

Cohort profile

Age, post-menopause Same in both analyses 55 years Assumption
Age, not post-menopause Same in both analyses 45 years Assumption
Post-menopause (%) Same in both analyses 45% Coleman et al.
] (2017), Paterson
MAF+ (%) Same in both analyses 20% et al. (2021)

Determination of MAF status

Paterson et al.

H o, H o,
Test failure (%) Same in both analyses 5% (2021) 2
Progression-free survival without treatment
Coleman et al. Paterson et al.
Event rate: MAF- 0.056 (2017) 0.025 (2021)
. Coleman et al. Paterson et al.
Hazard ratio: MAF+ v MAF- 1.00 (2017) 1.39 (2021)

EARO72 Page 26 of 79 October 2025




Zoledronic acid analysis Sodium clodronate analysis

Input Source Input Source

Overall survival without treatment

Coleman et al. Paterson et al.
Event rate: MAF- 0.034 (2017) 0.015 (2021)
Hazard ratio: MAF+ v MAF- 1.00 Assumption 1.59 Paterson et al.

(2021)

Treatment effect on progression-free survival

Coleman et al. 02210 €18 STV

Hazard ratio, MAF- b 0.75 1.00 at 7 years Paterson et al.

(20iz) 1.00 total follow up (2021)
. Coleman et al. Paterson et al.
c
Hazard ratio, MAF+ 1.00 (2018) 1.00 (2021)

Treatment effect on overall survival

0.59 at S years

0.69 at 7 years Paterson et al.

Hazard ratio, MAF-P 0.69 Colletzln et el

(e 0.74 total follow up (el
. Coleman et al. Paterson et al.
c
Hazard ratio, MAF+ 1.00 (2018) 1.00 (2021)

Osteonecrosis of the jaw (ONJ)

Cumulative incidence 1.8% Cole(r;\&ns;et al. Same in both analyses

Abbreviations: IDFS, invasive disease free survival; MAF, v-maf avian musculoaponeurotic fibrosarcomaoncogene
homolog; MAF+, MAF amplified; MAF-, not MAF amplified; v, versus

a2% to 5% failure rate reported for samples stored for less than one year; 5% applied in base case as a conservative
assumption.

bTreatment effects extrapolated between reported time points. See Appendix 7, Section 2.2.4 for detail.

¢Treatment modelled for MAF+ post-menopause subgroup only under usual care

We modelled health-related utilities following the approach from the NICE NG101 model for
bisphosphonate treatment in early and locally advanced breast cancer (NICE 2025a, evidence
review G). Health state utilities were defined before and after disease progression and for the last
year of life for people who died from cancer (Essers et al. 2010, NICE 2025a, evidence review G).
We did not apply utility decrements to MAF testing or bisphosphonate treatment. However, a one-
off utility decrement was applied to the incidence of ONJ (Lamond et al. 2015, NICE 20253,
evidence review G). In the base case, we adjusted utilities for age using EQ-5D estimates from the
general population (Hernandez Alava et al. 2022).

The model captured costs of MAF testing, bisphosphonate treatment, follow up and the
management of ONJ and progression events. Costs from standard NHS sources were
supplemented with costs from the literature and inflated to 2023/24 prices where needed.

The manufacturer provided a cost of £600 per patient for the MAFTEST. We inflated the cost of
testing to account for the possibility that MAF status was not always successfully determined.
In the effectiveness studies, MAF status was determined for 50% (Coleman et al. 2017) to 78%
(Paterson et al. 2021) of participants. However, long storage times between the original RCT
periods and the retrospective analyses might explain a large proportion of these failures.
Samples stored for less than a year had lower failure rates (2% to 5%) (Paterson et al. 2021). The
real-world failure rate for tests performed on fresh samples is unknown. However, a
representative of the manufacturer reported that failure rates are expected to be very low, in line
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with other FISH tests used in contemporary clinical practice. We applied a 5% test failure rate in
the base case, which was varied in scenario analysis.

We estimated the cost of bisphosphonate treatment using regimens defined in NICE NG101 and
the AZURE and NSABP B-34 RCTs (Table 8). NICE reported that zoledronic acid is given using a
less intense regimen in clinical practice than in the AZURE RCT (NICE 202543, evidence review G).
Experts contacted by HTW confirmed that this is true for Welsh clinical practice. We followed
NICE’s modelling approach in our base case by applying the cost of the less intense regimen,
despite effectiveness being informed by the more intense regimen. We tested the higher regimen
cost in scenario analysis.

Table 8 - Bisphosphonate treatment costs by regimen

Drug Regimen Cost detail Total cost
Zoledronic |AZURE: 4 mg given intravenously, every 19 doses (£4.86 each) £2,980
acid three to four weeks for the first six doses, |19 outpatient attendances

every three months for eight doses, and | (£152 each)
every six months for five doses to
complete five years of treatment

Zoledronic |NICE NG101: 4 mg given intravenously, 6 doses (£4.86 each) £941
acid every six months for three years 6 outpatient attendances (£152

each)
Sodium NSABP B-34 and NICE NG101: 1,600 mg 3 years’ supply (£2.9 daily) £3,382
clodronate |given orally, every day for three years 3 GP visits (£45 each)

Abbreviations: GP, general practitioner

Full detail and cost sources given in Appendix 7, Section 2.3

We applied costs to the incidence of ONJ events and follow up for people without progressed
disease based on NICE (20254, evidence review G). Alternative cost estimates and frequencies of
follow up were tested in scenario analysis.

One-off costs were applied to disease progression assuming that 69% of progression events were
metastatic recurrences (NICE 2025a, evidence review G). The cost of recurrence is uncertain
because treatment approaches vary between different breast cancer subtypes and new
treatment options become available frequently. We identified four possible sources for the costs
of metastatic and non-metastatic recurrence (Table 9). In the base case we applied the most
recent costs from NICE NG101 (NICE 2025a, evidence review T). These estimates do not reflect the
full range of treatment options available for recurrence. However, their use might be considered
conservative. If we have underestimated the cost of recurrence, by using the lowest estimates
identified, this would bias our analysis in favour of usual care. Alternative cost estimates were
tested in scenario analysis.
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Table 9 - Identified recurrence cost estimates

NICE NG101
(NICE 20254,
evidence review G)

NICE DGSS8
(NICE 2024b)

NICE NG101
(NICE 2025a,
evidence review T).

Carapinha et al.
(2025)

Publication year

2018

2024

2025

2025

Price year

2015/16

2022/23

Assumed current
prices

2024

Original source
of estimate

NICE estimates

Karnon et al. (2007)
Suri et al. (2017)

NICE estimates

Author estimates

Clinical scenario

Recurrence type

Non-metastatic

Recurrence after
surgery * adjuvant
bisphosphonates
for MO breast
cancer

Locoregional,

Recurrence after
adjuvant
chemotherapy
and/or endocrine
therapy £
bisphosphonates
for ER+/PR+, HER-,
LN+ early breast
cancer (1-3 nodes)

Local recurrence

Recurrence after
neoadjuvant
chemotherapy for
HER2+ breast
cancer

Non-metastatic

Recurrence after
adjuvant
bisphosphonates
for early-stage
breast cancer

Locoregional

Treatment

Non-metastatic

100% surgery,
24% radiotherapy,
100% drug therapy:

Not specified

89% surgery,
67% radiotherapy,
34% drug therapy:

regional, or recurrence recurrence
contralateral
recurrence
Metastatic Distant recurrence |Distant metastases |Metastatic Distant recurrence
recurrence

Not specified

Reported cost

docetaxel or
paclitaxel and 27
cycles of
trastuzumab and
pertuzumab 2@

group receiving
ribociclib and
letrozole

35% radiotherapy,
56% drug therapy:
18 cycles of
docetaxel and
trastuzumab

6 cycles of 18 cycles of
docetaxel or docetaxel and
paclitaxel and 27 trastuzumab
cycles of
trastuzumab and
pertuzumab?
Metastatic 6 cycles of Lifetime cost for 19% surgery, Not specified

Non-metastatic |£79,752° £16,494 £13,271 €29,424
Metastatic £73,606 £117,482 £12,023 €35,949
HTW cost input Re-estimated © Inflated No update applied Converted ¢
Non-metastatic |[£95,008 £17,205 £13,271 £24,680
Metastatic £77,009 £122,545 £12,023 £30,153

Abbreviations: ER+, oestrogen receptor positive; HER2+, human epidermal growth factor receptor 2 positive; LN+,
lymph node positive; MO, no metastases; PR+, progesterone receptor positive; %, with or without.
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NICE NG101 NICE DG58 NICE NG101 Carapinha et al.

(NICE 20254, (NICE 2024b) (NICE 2025a, (2025)
evidence review G) evidence review T).

@ NICE reported drug costs for cycles 1to 6 and subsequent cycles, labelled ‘until disease progression’. However,
they did not report the duration of treatment or method of modelling further disease progression. Costs presented
assuming a total of 18 cycles of trastuzumab and pertuzumab. Includes 5 cardiac monitoring scans.

b Locoregional £77,294 (18% of all recurrences), £83,610 regional (5%), £82,870 contralateral (8%).

¢ Costs re-estimated using resource use from NICE and updated unit costs from eMIT, British National Formulary
and the National Cost collection for the NHS assuming a body surface area of 1.75m?2 (Appendix 7, Section 2.3).

d Costs converted to UK pounds using historical rates from the date and source cited by the authors (Xe 2025).

Our analysis took the perspective of the UK NHS and personal social services (PSS). We modelled
a lifetime horizon and discounted future costs and benefits at an annual rate of 3.5%. Cost
effectiveness was determined using a threshold for incremental cost-effectiveness ratios
(ICERs) of £20,000 per QALY gained. Table 10 summarises the key modelling assumptions and
uncertainties. Appendix 7 details the full methods and results of the analysis.

Table 10 - Summary of key modelling assumptions and uncertainties

Assumption Rationale / uncertainties

Testing

5% of tests fail to determine MAF status MAF status was not determined for 22% to 50% of RCT
participants. However, delays between the RCTs and
retrospective analyses might have caused higher failure
rates than might be expected in clinical practice. It is
unclear what failure rates would be in practice, without
long storage times. The manufacturer reported that failure
rates are expected to be very low, similar to other FISH
tests in practice.

Under the intervention strategy, treatment
decisions are made in direct accordance
with MAF testing outcomes

The NHS incurs no additional training
costs to implement MAF testing

Outcomes without bisphosphonate treatment

Overall and progression-free survival can |Available evidence does not support more granular
be modelled without breaking the cohort analysis.
down by nodal status

Overall and progression-free survival can Limited evidence to support more granular analysis.
be modelled independent of menopausal Investigated in scenario analysis.
status

Overall and progression-free survival differ | Prognostic analyses reported by Paterson et al. (2021) and
by MAF status Coleman et al. (2017)

Overall and progression-free survival follow | Simplifying assumption made in NICE NG101. Exponential
an exponential survival distribution distributions appear to give a reasonable fit to survival or
cumulative incidence plots from Coleman et al. (2017),
Coleman et al. (2018) and Paterson et al. (2021). However,
alternative survival distributions were tested in scenario
analysis, with parameters approximated from digitised
plots.

Bisphosphonate treatment
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Assumption Rationale / uncertainties

Bisphosphonates would be recommended
for all post-menopausal participants of
AZURE and NSABP B-34 as usual care

Zoledronic acid is given six-monthly for Experts contacted by HTW confirmed that a less intense

three years regimen is used in clinical practice than was tested in
AZURE.

The effectiveness of zoledronic acid is Modelling follows approach taken in NICE NG101. Higher

similar when given six-monthly for three regimen cost applied in scenario analysis to align cost and
years to the more intense regimen tested | effect inputs. Effectiveness of less intense regimen

in AZURE unknown by MAF status.

The effectiveness of bisphosphonates in Effectiveness studies either did not assess or did not find
the MAF-negative subgroup does not differ |statistically significant differences in treatment effects by
by menopausal status menopausal status in the MAF-negative subgroup.

However, these studies might not have been sufficiently
powered to evaluate these interactions.

ONJ incidence is the same with zoledronic |Modelling follows approach taken in NICE NG101.
acid or sodium clodronate

The risk of ONJ is constant over five years | Simplifying assumption based on cumulative incidence
plot in Coleman et al. (2018)

The risk of progression and mortality Uncertainty in long-term effectiveness of

events is the same after 9.5 years, bisphosphonates. Modelling follows approach taken in
regardless of whether a person was treated |NICE NG101, to assume no further effects after median
with bisphosphonates follow up of evidence.

Recurrence costs reported in NICE (2025a, |Identified cost estimates for recurrence events varied
evidence review T) are a reasonable widely and it is unclear which are the most appropriate for
reflection of current treatment approaches |our analysis. Experts contacted by HTW reported

for recurrence in the modelled population |considerable variation in treatment and increasing
availability of options. NICE (2025a, evidence review G)
gave the most detailed cost estimates but treatment
approaches might have changed since their derivation in
2018.

Abbreviations: MAF, v-maf avian musculoaponeurotic fibrosarcomaoncogene homolog; ONJ, Osteonecrosis of the
jaw

5.2.1 Cost-effectiveness results
Table 11 summarises the results of the base case analysis.

For the post-menopause subgroup, testing resulted in fewer people receiving bisphosphonate
treatment compared with usual care. Treatment was avoided for people identified as MAF-
positive forwhom treatment had no impact on long-term outcomes. The cost of bisphosphonates
and bisphosphonate-related ONJ therefore decreased in this subgroup and small QALY gains
were estimated from the incidence of fewer ONJ events.

For the not post-menopause subgroup, testing enabled the treatment of people identified as
MAF-negative, who would not receive treatment under usual care. Bisphosphonate-related costs
therefore increased in this subgroup, but cost offsets and QALY gains were also estimated from
improved survival outcomes.

Overall, the intervention strategy was estimated to have higher total costs and higher total QALYs
than usual care. The intervention strategy was estimated to cost £625 to £1,647 more per person
than usual care and provide 0.19 to 0.38 additional QALYs. The corresponding ICERs of £1,665 to
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£8,767 per QALY gained suggested the intervention strategy was cost effective compared with
usual care.

The ICER was lower in the analysis for zoledronic acid than sodium clodronate. This was driven
by a lower cost estimated for bisphosphonate treatment with zoledronic acid and more
favourable model inputs estimated from the retrospective analysis of AZURE than NSABP B-34.
However, the available evidence does not support a comparison of effectiveness or cost
effectiveness between these bisphosphonates.

Table 11 - Summary of base case results

Incremental ICER
Costs QALYs (cost per QALY)

Analysis / Strategy

Zoledronic Acid

Usual care £14,286 1.42 - - -

Intervention £14,912 11.80 £625 0.38 £1,665

Sodium clodronate

Usual care £12,040 13.81 - - -

Intervention £13,687 13.99 £1,647 0.19 £8,767

Abbreviations: ICER, incremental cost effectiveness ratio; QALY, quality-adjusted life-year

The cost-effectiveness conclusion did not change in the majority of sensitivity analyses
conducted. The intervention strategy was cost effective compared with usual care in 89% to 99%
of estimates from probabilistic sensitivity analysis (PSA). One-way sensitivity analysis showed
that the treatment effect of bisphosphonates on overall survival was most influential to ICER
estimates. Baseline overall survival, health state utilities and the costs of MAF testing and
sodium clodronate were also influential. In a threshold analysis, we estimated that the
intervention strategy remained cost effective compared with usual care as long as MAF status
could be determined for at least 22% of people tested.

The cost-effectiveness conclusion only changed in two of the scenarios tested. When we
restricted the modelled time horizon to 10 years, ICER estimates increased to £2,291-£24,745 per
QALY gained, crossing our threshold for cost effectiveness. This indicates that uncertainties
around long-term outcomes could be important for the conclusions of the analysis. When we
restricted testing to the post-menopause subgroup and the rest of the cohort was managed in
the same way as usual care (i.e. no testing or treatment), the ICER estimate approached £500,000
per QALY gained in the zoledronic acid analysis. This indicates that for zoledronic acid, the
bisphosphonate that experts reported is most used in Wales, the cost effectiveness of MAF
testing relies on treatment uptake for people who would not usually receive it (i.e. MAF-negative
and not post-menopause).
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6. Organisational considerations

e The use of bisphosphonates to prevent cancer recurrence is currently an off-label use of
these drugs.

e Experts contacted by HTW reported that zoledronic acid is more commonly used in Welsh
clinical practice than sodium chlodronate. They also reported that the administration of
zoledronic acid requires considerable time and resources. The proposed use of MAF testing
to guide treatment decisions would increase the number of people receiving
bisphosphonates.

e Currently the Welsh Government funds all genomic tests listed in the National Genomics
Test Directory (NHS England). Gene testing to assess MAF gene amplification is not currently
listed in this directory but a submission could be made for its inclusion. One expert noted
that if the MAFTEST was delivered by, for example, Cell Path, then individual health boards
would need to cover the cost of the test, which may introduce equity concerns across health
boards.

e The MAFTEST has been added to the portfolio of cellular and digital pathology services
offered by Source LDPath, a part of Source BioScience, as part of a commercial service
provision, available to provide outsourced testing for the NHS.

e Experts were not aware of any use of the MAFTEST currently in the NHS.

e Experts noted that the MAFTEST would utilise primary breast tumour samples already
collected during routine procedures (either diagnostic needle biopsy or surgical specimen)
and therefore no additional biopsies would be needed.
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7. Patient, carer and family considerations

HTW conducted a literature search for qualitative papers on patient experiences with breast
cancer, bisphosphonate treatment and the impacts of secondary bone diseases. 9 papers were
found. No papers on patient experiences with MAF testing to guide bisphosphonate treatment
were found. Additionally, no papers on patient trust in gene testing to guide treatments were
found.

7.1 Patient understanding of the risks associated with bisphosphonates

As with all medication, taking bisphosphonates is not without risks. While they don’t usually
cause too many side effects, some patients can go on to develop serious concerns (Cancer
Research UK 2023a). The NHS in Wales defines consent to treatment as ‘voluntary and informed’,
meaning that the person must be given all the information about what treatment involves,
including the benefits and risks, and must have capacity to understand what they are consenting
to (NHS 111 Wales 2025).

The extent to which patients with various conditions, including breast cancer, understand the
risks associated with taking bisphosphonates is examined by Bauer et al. (2012) for patients in
Germany and by Assari et al. (2024) for patients in Saudi Arabia. Bauer et al. (2012) found that
most patients reported learning of the risks associated with their medication from the package
and information leaflet included, with just over half of breast cancer patients going on to receive
information on risks from their oncologist. Oral bisphosphonates must be taken exactly as
prescribed with instructions to reduce the likelihood of developing side effects. If this is not
adequately explained to patients beforehand, it may lead to non-compliance and an increase in
the number of patients who experience side effects. Patient awareness varied according to type
of side effect, with awareness of osteonecrosis of the jaw, at 32%. Bauer et al. (2012) also note the
importance of patient awareness when it comes to engaging in other treatments while taking
bisphosphonates, such as tooth extractions. In their study, only 47% of patients on
bisphosphonates spoke to their dentists about the medication when undergoing tooth
extraction and 80% of cases went ahead despite recommendations of a medication break
between 3 to 6 months before extraction.

Assari et al. (2024) showed similar patient awareness of the risk of developing osteonecrosis of
the jaw, at 34.5%. However, the authors note that other studies show awareness is much higher,
and discuss the roles of study populations, geographical locations, survey instruments
employed, and educational support provided, in differences in reported levels of patient
awareness of side effects. Assari et al. (2024) also note that a lack of patient understanding can
itself contribute to development of side effects, such as osteonecrosis of the jaw.

7.2 Breast cancer patient experiences and preferences regarding
bisphosphonate treatment

Two studies considering patient experiences and preferences regarding bisphosphonate
treatment within breast cancer were found.

Nelson et al. (2013) conducted qualitative assessments of patients involved in the ZICE RCT
based in Velindre Cancer Centre in Wales. Patients from this trial were given bisphosphonate
treatment either orally or via IV and took part in qualitative interviews.
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Patients expressed a majority preference for treatment via oral tablets. This was due primarily
because of the inconvenience of attending a healthcare setting associated with IV treatment.
Other reasons for preferring oral medication were discomfort around needles and negative
previous experiences with needles (such as difficult venous access), a perception that oral
medication is more ‘normal’ and more ‘effective, would lead to less disruptions to daily life.
Patients with previous experience of difficulty swallowing tablets and keeping to an oral
medication schedule expressed a preference for intravenous therapy (V) treatment, and many
patients expressed no preference.

During treatment with bisphosphonates, patients experienced gastric side effects including
diarrhoea, indigestion, reflux and nausea, not associated with treatment method. These caused
patients to experience general discomfort and pain, interruptions to daily life, weariness of
recurrence and a reluctance to engage in usual activities, preferring to stay at home. Some
patients experienced flu-like symptoms, including bodily aches and pains, for a short period. No
patients had any dental problems as a result of the bisphosphonate treatment, although it did
prevent them from accessing unrelated dental care in some cases.

Patients reported experiencing ‘unbearable’ levels of bone pain before commencing treatment
with bisphosphonates. All patients reported noting a significant reduction in pain following
treatment commencement, although not all patients attributed this to the bisphosphonates, but
believed that other treatments they were on, such as radiotherapy, contributed to the reduction
in pain. Those receiving IV bisphosphonates noted a ‘wearing off’ of the ability to reduce pain by
the fourth week of treatment. IV bisphosphonate administration was also associated with
increased tiredness or weariness, particularly the day after treatment.

Similarly, Fallowfield et al. (2011) considered UK breast cancer patients experiences and
preferences regarding bisphosphonate treatment. They found that patients were mostly
satisfied with their treatment in both groups. For oral medication, patient adherence was
affected by forgetting to take a tablet or choosing not to. Patients reported delaying or missing a
tablet due to wanting to eat and other inconveniences. For intravenous medication, few patients
missed appointments. Those who did reported transport difficulties, joint pains and scheduling
conflicts. Some patients were required to travel significant distances to attend appointments
but complained of the difficulties on route and for the waiting times in clinics. Regarding
preferences, 22% patients on oral therapy thought they would prefer IV and 26% on IV expressed
a preference for oral, however it should be noted that neither group had experience of the other,
and as such could not directly compare.

Bone pain scores were taken at baseline, 3 and 6 months. Patients in both groups reported relief
from their bone pain. There was only one exception, which was interference with sleep. Patients
receiving IV bisphosphonate treatment who had reported bone pain as disrupting their sleep at
baseline, did not do so at 3 or 6 months, whereas it remained a problem for some of the patients
inthe oral group. The authors note that while oral treatment can be perceived as more convenient
for patients, as IV treatment requires hospital attendance every 3-4 weeks and is more closely
associated with the onset of flu-like symptoms, oral treatments do require patients to take the
medication with water while standing up, on an empty stomach, and to remain upright for half
an hour, which can cause patients some inconvenience. They note that preferences remain
individual and patient choice should form a part of decision making.

7.2.1 Quality of life impacts of medication related osteonecrosis of the jaw

Five studies were found considering the experiences of patients who developed osteonecrosis of
the jaw as a result of bisphosphonate treatment. Of these, two were conducted on patients with
unspecified cancers, one with patients with head and neck cancer, and two with both cancer
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patients and osteoporosis patients. Osteonecrosis of the jaw is a painful infection of the jaw
bones that leads to necrosis. Patients experience pain, swelling, gum infections, exposed bone in
the mouth, loosening of teeth, poor healing of the gums especially after dental work, numbness
or a feeling of heavinessin the jaw, bad breath, impaired speech, problems swallowing and eating
and the need for frequent medical and dental evaluations and treatments (Cancer Research UK
2023b).

Kyrgidis et al. (2012) considered quality of life in breast cancer patients with osteonecrosis of the
jaw in Greece. They found decreased quality of life in patients with osteonecrosis of the jaw for
pain, swallowing, senses and social eating, and that severity is linked to stage of necrosis.

In their literature review, Bensi et al. (2021) found a decrease in patient self-reported quality of
life with osteonecrosis of the jaw due to bisphosphonate treatment in both oncology and
osteoporosis. They found that pain is a primary driver of decreased quality of life. This is worse
for patients at stages 2 and 3 osteonecrosis, due to worsening of the symptoms. Surgery, even if
it doesn’t lead to full recovery, improves quality of life across all stages of osteonecrosis. They
also found that patients with cancer experience more frequent and severe stages of
osteonecrosis of the jaw than osteoporosis.

The study by de Cassia Tornier et al. (2021) compared self-reported quality of life in cancer
patients (41 of which had breast cancer) without osteonecrosis of the jaw to those with
osteonecrosis of the jaw in Germany. They found that physical functioning (such as ability to do
daily activities and hobbies) was lower for those with osteonecrosis of the jaw than those
without, as was general health and oral health. While psychological functioning scores were
poorer for patients with osteonecrosis of the jaw than those without, they were not statistically
significant.

Capocci et al. (2017) also found that osteonecrosis of the jaw decreased quality of life in their
study with patients in Italy. They go on to note that these decreases in quality of life are taking
place for patients who are already debilitated from their primary illness and are both physical
and psychological in nature.

Additionally, Miksad et al. (2011) found that cancer patients with medication related
osteonecrosis of the jaw experience worse quality of life for pain, eating discomfort, self-
consciousness, unsatisfactory diet, interrupted meals, irritability, and decreased life
satisfaction. The authors note that osteonecrosis of the jaw is difficult to cure, and it can
therefore mean that otherwise healthy cancer survivors will go on to suffer long-term reduced
quality of life. They advocate for this to be considered in decisions around prescribing
bisphosphonate treatments within cancer.

7.3 Equality, diversity and inclusion considerations

Assari et al. (2024) showed no significant association between age, gender and awareness of the
risk of osteonecrosis of the jaw. However, educational level was shown to significantly affect the
awareness of side effects of the medication, including osteonecrosis of the jaw.

Capocci et al. (2017) found that gender, marital status, route of administration (oral or IV), therapy
timing or active principle (zoledronic acid / risedronate/ alendronate / denosumab /
ibandronate) does not influence the physical symptoms experienced by patients with
bisphosphonate related development of osteonecrosis of the jaw, but that age, educational level,
location of the necrosis in the jaw and the stage of necrosis does.
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8. Conclusions

This review summarised evidence on the clinical and cost effectiveness of the MAFTEST to guide
adjuvant bisphosphonate use in people with early breast cancer.

The literature search identified three papers reporting retrospective analyses of two RCTs
evaluating the predictive value of MAF status on treatment effect after bisphosphonate use in
early breast cancer. The AZURE RCT (Coleman et al. 2017, Coleman et al. 2018) evaluated zoledronic
acid and the NSABP B-34 RCT (Paterson et al. 2021) evaluated oral sodium clodronate.

Both studies showed improved invasive disease-free/disease-free survival in MAF-negative
participants treated with bisphosphonates. The retrospective analysis of the AZURE RCT data
reported a significant benefit only at 10 years follow up (HR 0.75, 95% CI 0.58 to 0.97, p = 0.026)
and in the NSABP B-34 analysis this effect was only significant at 5 years (HR 0.7, 95% Cl 0.51 to
0.94, p = 0.02), not at later 7 and 9 year follow ups. Both studies also showed that significantly
fewer MAF-negative participants died in the treatment groups compared to control; effects
reported were significant at the 10 year follow up following treatment with zoledronic acid in the
AZURE analysis (HR 0.69, 95% CI 0.50 to 0.94, p = 0.019) and at all 5,7 and 9 year follow ups in the
sodium clodronate NSABP B-34 RCT (HR 0.59, 95% CI 0.37 to 0.93, p = 0.02; HR 0.69, 95% Cl 0.48 to
1,p = 0.047;and HR 0.74,95% Cl 0.54 to 1, p = 0.046, respectively). Authors reported findings in MAF-
negative participants were irrespective of menopausal status.

For MAF-positive participants the findings in both studies show no benefit of bisphosphonates
on invasive disease-free/disease-free survival compared to control. Indeed, in the AZURE
retrospective analysis for the MAF-positive non post-menopausal subgroup there were
significantly worse invasive disease-free survival and overall survival outcomes at 10 years (HR
2.31,95% Cl 118 to 4.52, p = 0.01 and HR 2.28, 95% CI 1.07 to 4.82, p = 0.032, respectively) for those
participants treated with bisphosphonates compared to control. Findings were not significant at
the 7 year follow up. These results were not replicated in the NSABP B-34 retrospective analysis,
where no significant effects in terms of harm to MAF-positive participants randomised to
sodium clodronate were reported.

The NSABP B-34 study reported improved recurrence-free intervals in MAF-negative participants
treated with sodium clodronate; this was significant at the 5 year follow up (HR 0.67, 95% ClI 0.45
to 0.98, p = 0.04), but not at longer 7 and 9 year follow ups. However, when looking at subgroups
based on age (<49 and >50 years) MAF-negative participants younger than 49 years showed
slightly reduced recurrence-free intervals (HR 1.06, 95% Cl 0.64 to 1.76, p = NR), compared to MAF-
negative participants older than 50 (HR 0.85, 95% Cl 0.58 to 1.23, p = NR) and MAF-positive
participants (<49 years HR 0.6, 95% Cl 0.26 to 1.31, p = NR; >50 years HR 0.96, 95% CI 0.5 to 1.84,
p = NR).

The AZURE retrospective analyses showed benefit of bisphosphonates on bone invasive-disease
free survival in MAF-negative participants, irrespective of menopausal status (HR 0.65, 95% Cl
0.45 to 0.94, p =0.022). Results for MAF-positive participants were not reported. No such
significant benefit was shown in the NSABP B-34 analysis for MAF-negative participants.
However, significant benefits were shown for MAF-positive participants at 7 (HR 0.33, 95% CI 0.11
to 0.98, p = 0.046) and 9 year (HR 0.4, 95% CI 0.15 to 1.06, p = 0.06) follow ups. In the NSABP B-34
analyses the reduction in rates of bone metastasis reported did not seem to correspond to
increased rates of non-bone metastasis in this study (see paragraph below).

Authors of the AZURE retrospective analysis report that the poor outcomes seen for invasive
disease-free survival and overall survival in non-post menopausal MAF-positive participants
were largely driven by increased rates of extra-skeletal metastasis in this group. At both 5and 10
year follow ups there was much greater likelihood of non-bone metastasis in those participants
allocated to zoledronic acid compared to controls (HR 6.92,95% Cl 2.44t019.6, p = NR and HR 4.57,
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95% Cl 1.66 to 12.57, p = 0.003, respectively). These findings of increased non-bone metastasis in
MAF-positive non post-menopausal participants were not replicated in the NSABP B-34 analyses
(Paterson et al. 2021), with this group of participants actually showing a 36% reduced rate of non-
bone metastasis (HR 0.64, 95% Cl 0.17 to 2.06, p = NR). Paterson et al. (2021) do note that
exploratory analyses were conducted for bone and non-bone metastasis outcomes and that low
event numbers may have impacted power to detect statistically significant associations.

Overall findings tend to show benefit of bisphosphonates in MAF-negative participants,
regardless of menopausal status. There is no such benefit in MAF-positive participants for
disease free and overall survival outcomes, with the AZURE study actually showing significant
harm caused in non-post menopausal MAF-positive participants, largely driven by non-bone
metastasis. These findings agree with suggestions that the protective effect of bisphosphonates
may drive MAF-amplified bone to extra-skeletal sites. However, the results were not replicated in
the NSABP B-34 analysis and so definitive conclusions may be difficult to make regarding the
underlying mechanisms or processes accounting for AZURE study findings.

To note, no prospective evidence was identified, with only retrospective analyses of RCTs included
in the review. Furthermore, in both studies, due to the size of the MAF-positive participant
subgroups and numbers of events some heterogeneity tests of interactions between MAF status,
treatment effect and menopausal status lose power. The participant characteristics of the
studies also differ, with the AZURE analyses including participants with stage Il and Il breast
cancer and the NSABP B-34 analyses including participants with stages | to Ill.

One published budget impact analysis was identified in the economic review (Carapinha et al.
2025). Ten-year estimates for the UK suggested that MAF testing to guide treatment decisions
for adjuvant zoledronic acid was overall less costly than decisions based on menopausal status.
However, the analysis had limitations and no studies were identified that considered the use of
sodium clodronate.

We developed a new cost-utility analysis to compare adjuvant bisphosphonate treatment
decisions in early breast cancer, made with and without MAF testing. We performed separate
analyses for each bisphosphonate, informed by the retrospective analyses of the AZURE and
NSABP B-34 RCTs. Compared with usual care decisions guided by menopausal status, we
estimated that testing everyone and treating everyone identified as MAF-negative, irrespective
of menopausal status, is likely to be cost effective compared with usual care. This strategy was
estimated to increase costs by £625-£1,647 and provide 0.2-0.4 additional QALYs per person,
corresponding to an ICER of £1,665—£8,767 per QALY gained. At least 89% of PSA estimates were
cost effective. However, the cost-effectiveness conclusion was less certain when testing was only
modelled for the post-menopause subgroup or the time horizon was restricted to 10 years.
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Appendix 1 - Evidence review methods

We searched for evidence that could be used to answer the review question: What is the clinical
and cost effectiveness of MAF gene tests to guide adjuvant bisphosphonate treatment in early
breast cancer?

The criteria used to select evidence for the appraisal are outlined in Appendix 2. These criteria
were developed following comments from the Health Technology Wales (HTW) Assessment Group
and UK experts.

The systematic search followed HTW’s standard rapid review methodology. A search was
undertaken of Medline, Embase, CINAHL, KSR Evidence, Cochrane Library, and the International
Network of Agencies for Health Technology Assessment (INAHTA) HTA database. Additionally,
searches were conducted of key websites and clinical trials registries. The searches were carried
out 1-9 May 2025. Update searches of Medline, Embase, CINAHL, KSR Evidence, Cochrane Library,
and INAHTA HTA database were undertaken on 14 July 2025 and 14 October 2025. At the same time
as the update searches, forward citation tracking of the included studies used within this review
was conducted in Scopus.

Appendix 3 gives details of the search strategy used for Medline. Search strategies for other
databases are available on request. Appendix 4 summarises the selection of articles forinclusion
in the reviews of effectiveness and economic evidence.

An additional search for patient-related literature was run on 27 May - 3 June 2025. The full
search report is available on request. Appendix 5 summarises the selection of articles for
inclusion in the patient, carer and family considerations section.
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Appendix 2 - Inclusion and exclusion criteria for evidence included in the review

Population

Intervention

Comparison/
Comparators

Outcome measures

Study design

EARO72

Inclusion criteria

People with breast cancer (stages | - III)

Exclusion criteria

People with stage IV breast cancer

MAF gene tests to direct adjuvant use of bisphosphonates

Tests for other genes

Bisphosphonate treatment without MAF gene testing
Bisphosphonate treatment directed by menopausal status and
age

Disease-free survival/Invasive disease-free survival
Overall survival

Bone and non-bone metastasis

Need for further treatment

Recurrence rate

Mortality rate

Safety/adverse events

Health related QoL

Resource use

Economic outcomes

We will prioritise the following study types, in the order listed:
e Systematic reviews of randomised controlled trials.
e Randomised controlled trials.
e Non-randomised comparative trials.

To note, prospective RCTs will be prioritised (e.g. where the intervention is described as ‘MAF gene tests to direct adjuvant use of

bisphosphonates’); however, studies will also be included where outcomes from bisphosphonate use in MAF positive and negative

people with breast cancer is reported, for example from retrospective analyses.
e Single-arm (no control group) trials that report any relevant outcome.

We will only include evidence from “lower priority” sources where this is not reported by a “higher priority” source. This could be

because higher priority evidence:
e Does not cover all relevant populations

e Does not compare the technology of interest to all relevant comparators

e Does not cover all outcomes of interest
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Search limits

Publication status

Subgroup analysis

EARO72

Inclusion criteria Exclusion criteria

e Reports over short-term follow up periods, and longer follow up data is required to facilitate decision making.
Where relevant and well-conducted systematic reviews exist we will use these by:
e Reporting or adapting their reported outcome measures where these are fully relevant to the scope of our review, and appropriate

synthesis methods have been used
e Using these reviews as a source of potentially relevant studies where the review cannot be used as a source of outcome data

We will prioritise systematic reviews in terms of the sources of evidence they include, using the order described above.

English language only. No date limits applied

We will include evidence from studies that are published in full.

We will only include evidence from conference abstracts if there are critical gaps in the fully published evidence.

We will include details of any ongoing trials that have a planned completion or reporting date within 24 months of the date searches are
carried out. We will only include trials of a design that is likely to add to the existing evidence in terms of certainty; for example, if we
report evidence from randomised controlled trials in the EAR, we will only report details of ongoing trials if they also use a randomised
design.

Where the evidence allows, we will report outcomes separately according to list any factors identified as potentially influential on
outcomes such as:

Menopausal status

Nodal involvement

Adjuvant/cancer treatment induced osteoporosis

Demographics e.g. age

Disease stage/risk classification

Dare received alongside/in addition to the intervention (e.g. hormonal therapy versus chemotherapy)

Place in treatment pathway
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Appendix 3 - Medline strategy

Ovid MEDLINE(R) ALL 1946 to October 13,2025

Breast cancer

1 | exp Breast Neoplasms/ 37421
((breast* or mammar*) adj10 (neoplasm* or cancer* or tumo?r* or carcinoma* or

2 | adenocarcinoma* or sarcoma* or leiomyosarcoma* or dcis or duct* or infiltrat* or 502386
intraduct*® or lobul* or medullary or tubular)).tw,kf.

3 [lor2 562527

MAF gene

4 | exp Maf Transcription Factors/ 1277
(MAF* adj5 (enhanc* or amplif* or overexpress* or over express* or express* or bind* or

5 | positive or negative or status or gene or genes or oncogene or oncogenes or proto* or a4
protein* or variant* or biomarker* or transcription factor* or nuclear factor*)).tw,kf.

6 | ((musculo* or muscolo*) adj5 (fibrosarcom* or fibro sarcom* or oncogene*)).tw,kf. 282

7 | (cmaf or"c maf"' or vmaf or "v maf").tw,kf. 857

s (rpafa or "maf a" or mafb or "maf b" or maff or "maf f' or mafg or "maf g" or mafk or "maf 2354
k").tw,kf.

9 | MAF.kf. 329

10 | or/4-9 5550

Breast cancer AND MAF gene

11 [3and10 102

Breast cancer AND bone-targeted therapy AND biomarkers

12 | (bone* adj1 target* adj1 (agent* or therap* or treatment*)).mp. 594

13 | (biomarker* or biological marker*).mp. 929066

14 | 3and 12 and 13 23

Final search set plus limiters

15| Mor14 122

16 | limit 15 to english language 122

17 | exp Animals/ not Humans/ 5383920

18 |16 not 17 121
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Appendix 4 - Flow diagram outlining selection of relevant evidence
sources
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Appendix 5 - Flow diagram outlining selection of relevant evidence
sources from the PPI literature search
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Appendix 6 - Full sources of evidence and outcome data

Table A1 - Retrospective analyses of randomised controlled trials: design and characteristics

Study
reference/s

Coleman et
al. (2017)
7-year follow

up

Coleman et
al. (2018)
10-year
follow up

Study characteristics

Retrospective analysis -
AZURE RCT

Total n = 3360
Participants inc. in MAF
retrospective analysis -
n =865
MAF +ve n = 184 (21%)
MAF -ve n = 681 (79%)

Stage /111

n = 174 international
centres

NB. Tumour samples for MAF
analysis donated by
participants recruited from
UK sites only

Intervention & Comparator |Eligibility criteria

Standard adjuvant therapy
plus zoledronic acid

(4mg iv every 3-4 weeks for
6 doses, then 3 x monthly x
8 and 6 monthly x 5 to
complete 5 years of
treatment)

Standard adjuvant therapy
alone

> 18 years

Histologically confirmed
invasive breast cancer of
any subtype

Pathologically involved
axillary lymph node
metastasis or a T3/T4
primary tumour treated with
curative intent

Karnofsky performance
status index > 80

Exclusions:
Pregnant/breast feeding

Evidence of distant
metastasis

Current or within one year
use of bisphosphonates

Pre-existing bone disease
likely to require bone-
targeted treatment

Outcomes/endpoints

Primary:

Main RCT - Disease free
survival

MAFTEST retrospective
analysis - Invasive disease
free survival

Secondary

Overall survival

Time to bone metastasis
Subgroup analyses based on
variables included in
randomisation, inc.
menopausal status

Comments

No placebo comparator

n = 865 participants
included in MAF analysis are
those with evaluable
samples out of the n =1769
participants who donated
samples.

Of the n = 1681 participants
randomised to receive
zoledronic acid 16 (1%)
participants did not receive
the allocated treatment and
484 (29%) discontinued
treatment for reasons other
than death or in the absence
of distant metastasis. Of

n = 1679 allocated to the
control group 20 (1%)
received zoledronic acid
during the 5-year treatment
period in the absence of a
disease-free survival event
(Coleman et al. 2014).

Paterson et
al. (2021)

Protocol for
RCT available

Retrospective analysis -
NSABP B-34 Placebo-RCT

Total n = 3311
Participants inc. in MAF
analysis - n =1883

Standard adjuvant therapy
plus oral sodium clodronate
(1600mg daily for 3 years)

Standard adjuvant therapy
plus placebo

Histologically confirmed
operable breast cancer

No evidence of metastasis

Primary:
Disease free survival

Secondary:
Overall survival
Recurrence free survival

Of n = 2496 samples
donated, MAF analysis
results were available for
n = 1883 (78%). In 77 no
tumour cells were found,
and in 536 the MAFTEST
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Study

Study characteristics

Intervention & Comparator |Eligibility criteria

Outcomes/endpoints

Comments

reference/s

(Paterson et
al. 2012)

MAF +ve n = 368 (19.5%)
MAF -ve n = 1515 (80.5%)

n = 162 centres
Canada and United States

Physically suitable to
undergo 3 years of
treatment with sodium
clodronate or placebo

Exclusions:

Any relevant renal, hepatic,
or non-malignant bone
disease

Previous history of
malignant disease or
bisphosphonate use

Bone metastasis-free
interval

Non-bone metastasis-free
interval

failed. Noted in the paper as
being due to long storage
times (15-19 years) so may
not be an issue if
contemporary samples are
taken to be tested.

Adherence to treatment was
not optimum. At the end of 3
year therapeutic period, 60%
(992/1647) and 56%
(919/1640) of participants in
the main trial remained on
placebo and sodium
clodronate study drugs,
respectively (Paterson et al.
2012).

Abbreviations: AZURE, Adjuvant Zoledronic Acid to Reduce Recurrence; NSABP, National Surgical Adjuvant Breast and Bowel Project; RCT, randomised control trial
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Table A2 - Outcome events in participant subgroups

Outcome

AZURE retrospective analysis -
Zoledronic acid?

| MAF-negative, n events (%)

Treatment, n = 321

Control, n = 360

MAF-positive, n events (%)

Treatment, n = 99

Control, n = 85

NSABP B-34 retrospective analysis -
Sodium clodronate®

Treatment, n = 749

Control, n =766

Treatment, n =187

Invasive disease-free survival (IDFS) 90 (28) 118 (32.7) 45 (45.5) 29 (34.0)
Overall survival 57 (18) 76 (21) 34 (34) 26 (31)
Recurrence-free interval Outcome not assessed in RCT

Bone IDFS NR NR NR NR
Extra-skeletal IDFS NR NR NR NR

Control, n =181

Disease-free survival 150 (20) 158 (20.6) 50 (26.7) 48 (26.5)
Overall survival 75 (10) 98 (12.8) 33 (17.6) 35(19.3)
Recurrence-free interval 67 (8.9) 74 (9.7) 28 (15) 36 (19.9)
Bone metastasis-free interval 31(4.) 34 (4.4) 6(3.2) 16 (8.8)
Non-bone metastasis 42 (5.6) 52 (6.8) 13 (7) 21 (11.6)

Abbreviations: NR, not reported
@ Reported for 7 year follow up

bCorrespondence from the author states that these results are reported for complete follow up at 9 years
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Appendix 7 - HTW cost utility analysis

1. Background and objective

A cost-utility analysis was performed to estimate the cost effectiveness of MAF gene tests to
guide adjuvant bisphosphonate treatment in early breast cancer in Wales.

2. Methods
2.1 Model approach

We compared the following strategies to guide adjuvant bisphosphonate treatment decisions in
stage | to lll breast cancer:

e Usual care: decisions guided by menopausal status
e Intervention: decisions guided by MAF status

We considered the use of two bisphosphonates, zoledronic acid and sodium clodronate, as
recommended by NICE (2025a). In the intervention strategy, MAF status was determined using
the MAFTEST, where MAF-positive indicates MAF amplification. This was the only test identified
in the effectiveness review.

A cohort-level model was developed in Microsoft Excel to estimate the total costs and quality-
adjusted life years (QALYs) of each strategy. The model structure is shown in Figure 3, Figure 4
and Figure 5.

A decision tree captured adjuvant bisphosphonate treatment decisions for each strategy (Figure
3). Under usual care, no MAF testing was undertaken and MAF status remained unknown for all
individuals. Following NICE guidance, people classified as post-menopausal were given
bisphosphonates and the remainder of the cohort were not. Under the intervention strategy, MAF
testing was undertaken for the whole cohort and anyone identified as MAF-negative was given
bisphosphonates, irrespective of menopausal status.

A partitioned survival model then captured long-term disease progression and mortality over the
remaining time horizon (Figure 4). We estimated overall and progression-free survival over 6-
monthly cycles. Everyone entered the partitioned survival model in an alive without progressed
disease health state. The probability of transitioning from this health state to progressed disease
or death was dependent on MAF status and whether or not they received bisphosphonate
treatment (Figure 5). We also modelled the risk of osteonecrosis of the jaw (ONJ) for people
treated with bisphosphonates.

We applied costs and health-related utilities to health-state occupancy and the incidence of
events. The analysis took the perspective of the UK NHS and personal social services (PSS) over
a lifetime horizon. We discounted future costs and benefits at a rate of 3.5% annually. We
assessed cost effectiveness using a threshold of £20,000 per QALY gained for incremental cost-
effectiveness ratios (ICERSs).
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Stage | to lll breast cancer

45%

55%

Post-menopause

Not post-menopause

80% 20% 80% 20%
MAF- MAF+ MAF- MAF+
b A A Y
Usual care Treat Treat Do not treat Do not treat
Intervention Treat Do not treat Treat Do not treat

Status unknown
without testing

Figure 3 - Short-term decision tree for bisphosphonate treatment decisions
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Figure 4 - Illustration of lifetime partitioned survival model

Figure 5 - Long-term modelled health states
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2.2 C(Clinical data

Clinical model inputs were informed by the studies identified in the effectiveness review (Section
4 of the main report) and supplemented with data from NICE NG101 where needed. We performed
two separate analyses, with treatment effects informed by either Coleman et al. (2017) and
Coleman et al. (2018) or Paterson et al. (2021), because of differences in the populations and
treatments studied in the AZURE and NSABP B-34 RCTs. Table A6 and Table A7 summarise the
clinical model inputs applied in each analysis.

2.2.1 Cohort profile

The target population was people with stage | to Ill breast cancer. However, the characteristics of
the modelled cohorts reflected the participants included in each effectiveness study (Table A1,
Table A3).

Table A3 - Characteristics of populations included in MAF analyses

Characteristic Coleman et al. (2017) Paterson et al. (2021)
(n = 865) (n = 1,883)
RCT AZURE NSABP B-34
Inclusion criteria for staging Il or Il I, 11 orlll
Age 45% up to 49 years? 35% up to 49 years
55% at least 50 years?® 65% at least 50 years
Post-menopausal 32% 54%
Nodal involvement Negative: <1% Negative: 76%
1to 3: 65% 1to 3:17%
4 or more: 35% 4 or more: 7%
Tumour stage / size T1: 32% Up to 2 cm: 67%
T2: 55% 21to4.0cm: 29%
T3:11% 4.1cm or larger: 4%
T4: 2%
Histological grade 1:7% Low: 21%
2:38% Intermediate: 41%
3: 54% High: 37%
Unknown: 2%
Hormone receptor status ER+: 80%, ER-: 20% (1% unknown) | ER+ and/or PR+: 77%
PR+: 36%, PR-: 18% (46% unknown) |ER-and PR-:23%
HER2 status HER2+: 11% Not tested
HER2-: 26%
Unknown: 60%
Systemic therapy Endocrine: 5% Endocrine only: 28%
Chemotherapy: 19% Chemotherapy only: 21%
Both: 75% Both: 47%
None: 3%

Unknown: 1%

MAF+ 21% 20%

Abbreviations: ER-: oestrogen receptor negative; HER2+, human epidermal growth factor receptor 2 positive; NSABP,
National Surgical Adjuvant Breast and Bowel Project; MAF, v-maf avian musculoaponeurotic
fibrosarcomaoncogene homolog; MAF+, MAF amplified; PR+, progesterone receptor positive; RCT, randomised
control trial.

a Of participants younger than 50 years, most were aged 40 to 49 years.
b Of participants aged 50 or older, most were aged 50 to 59 years.
Percentages may not sum to 100% due to rounding
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The vast majority of participants included in the AZURE analysis reported by Coleman et al. (2017)
and Coleman et al. (2018) were node positive (99.8%). By contrast, only 24% of participants in the
NSABP B-34 analysis by Paterson et al. (2021) were node positive. This difference is important
because nodal involvement is one of several factors that can influence survival. The strength of
recommendations for adjuvant bisphosphonate treatment also differs by nodal status (NICE
2025a):

e Offer bisphosphonates (zoledronic acid or sodium clodronate) as adjuvant therapy to
postmenopausal women with node-positive invasive breast cancer (NICE NG101, 1.12.1)

e Consider bisphosphonates (zoledronic acid or sodium clodronate) as adjuvant therapy
for postmenopausal women with node-negative invasive breast cancer and a high risk of
recurrence (NICE NG101,1.12.2)

We do not know how many participants with node-negative disease in the AZURE and NSABP B-
34 analyses would be deemed to be at high risk of recurrence. We assumed that it was
appropriate to consider adjuvant bisphosphonate treatment for everyone in the retrospective
analyses and our modelled cohort. Neither effectiveness study reported outcomes by nodal
status, so we could not model these subgroups separately. This is a [imitation of our analysis.

We modelled subgroups separately by menopausal status. In AZURE, post-menopause was
defined as more than five years since menses (Coleman et al. 2018). Menopausal status was not
identified prospectively in NSABP B-34 and Paterson et al. (2021) did not specify the definition
applied in their analysis. Patient characteristics were not reported by menopausal status but age
is likely to differ between these groups. In the base case, we assumed starting ages of 55 years
for the post-menopausal subgroup and 45 years for the not post-menopausal subgroup. This
parameter influenced background mortality and age-dependent utility adjustments, and was
varied in sensitivity analysis.

Despite differences in study populations, the prevalence of MAF amplification was similar in
Coleman et al. (2017) and Paterson et al. (2021). Around 20% of participants were MAF-positive.
Both studies investigated differences between MAF-positive and MAF-negative groups at
baseline. Results indicated statistically significant associations between MAF status and
disease characteristics such as histological grade and oestrogen receptor status, which
influence choice of systemic therapy (Table A4). However, no associations were reported between
MAF status and age, menopausal status or nodal status. We therefore assumed that the
prevalence of MAF amplification was the same in the post-menopausal and not post-
menopausal subgroups.

Table A4 - Associations between MAF status and patient or therapy characteristics

Characteristic Coleman et al. (2017) Paterson et al. (2021)

Age No association No association

Menopausal status No association No association reported @

Nodal status No association reported? No association

Tumour stage / size | No association reported?@ MAF+ more common with larger
tumours

Histological grade MAF+ more likely to have high grade MAF+ more common with high grade

Hormone receptor MAF+ more likely to be ER- MAF+ more common if ER-

status

HER2 status MAF+ more likely to be HER2+ HER2 status not tested
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Characteristic Coleman et al. (2017) Paterson et al. (2021)

Systemic therapy MAF+ more likely to have taxanes® or MAF+ more likely to have
trastuzumab and less likely to have chemotherapy and less likely to have
endocrine therapy endocrine therapy

Abbreviations: ER-: oestrogen receptor negative; HER2+, human epidermal growth factor receptor 2 positive; MAF, v-
maf avian musculoaponeurotic fibrosarcomaoncogene homolog; MAF+, MAF amplified.

@Characteristics reported by MAF status appeared to be similar. However, authors did not explicitly state there was
no difference between groups.
b Taxanes are a type of chemotherapy drug

2.2.2 Success of MAF testing

We captured the possibility that not all MAF testing successfully determines MAF status for use
in treatment decision making. We assumed that if MAF status could not be determined, people
would be managed in the same way as usual care. We therefore did not explicitly model outcomes
for these people, but instead captured failure rates within the cost of testing (Section 2.3).

Coleman et al. (2017) reported that 56% of tissue cores could be reliably assessed using the
MAFTEST and that 50% of participants had the two assessable results required for the study.
Paterson et al. (2021) reported that 77.8% of the MAFTESTs performed produced evaluable results.
However, the success rates observed in these studies may be lower than expected in clinical
practice because of the delay between the RCTs and the retrospective MAF analysis. Most test
failures in Paterson et al. (2021) were because of long storage times. The failure rate among
samples stored for less than one year was 2% to 5%, mostly because of a lack of tissue for
analysis.

A representative of the manufacturer reported that MAFTEST failure rates are expected to be very
low in contemporary clinical practice, when performed on fresh, good quality samples using
validated laboratory procedures. They reported that failure rates were expected to be similar to
other FISH tests and that MAF status should be determined for the vast majority of patients.

We applied a 5% failure rate in the base case and tested alternative values in sensitivity analysis.

2.2.3 Survival without bisphosphonate treatment

We refer to the survival rates modelled for people not treated with bisphosphonates as baseline
survival. In the base case, we modelled overall and progression-free survival using exponential
survival distributions as in the NICE NG101 model (NICE 2025a, evidence review G). We tested
alternative survival distributions in sensitivity analysis.

Survival and nodal status

We did not alter baseline survival by nodal status because this was not supported by the
available evidence. However, we noted that survival estimates from AZURE came from a primarily
node-positive population; while survival estimates from NSABP B-34 include more people with
node-negative disease.
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Survival and menopausal status

We did not alter baseline survival by menopausal status in our base case analysis. Though the
effectiveness studies conducted subgroup analyses by menopausal status, baseline survival
rates were not fully reported by menopausal status. In the base case, we applied overall survival
rates to both post-menopausal and not post-menopausal subgroups. In sensitivity analysis, we
applied subgroup-specific rates where these could be estimated.

Survival and MAF status

The effectiveness studies investigated MAF status as a prognostic indicator of survival
outcomes (Table A5). We therefore considered whether baseline survival should be modelled
dependent on MAF status. For the control group, Paterson et al. (2021) reported statistically
significant differences in several outcomes by MAF status. Coleman et al. (2017) only evaluated
invasive disease free survival (IDFS) and reported a significant result for the post-menopausal

group only.

In the base case analysis, we estimated baseline survival for the MAF-negative group and applied
hazard ratios for the MAF-positive group reported from the control arm of each study. We
estimated baseline survival from the AZURE analysis using 5-year follow-up results reported by
Coleman et al. (2017), because event numbers were not reported by Coleman et al. (2018). We
tested alternative estimates of baseline survival in sensitivity analysis.

Table A5 - Hazard ratios for outcomes in the control group for MAF-positive versus
MAF-negative

Outcome Coleman et al. (2017) Paterson et al. (2021)
Mean (95% Cl) @ Mean (95% Cl)

Modelled outcomes

Progression-free IDFS: DFS:

survival e Overall: not statistically significant |1.39 (1.01 to 1.92)

e Not post-menopausal: not
statistically significant

e Post-menopausal: 2.13 (1.14 to 4.00)

Overall survival Not reported 1.59 (1.59 to 2.33)

Not modelled, information only

RFI Not reported 1.88 (1.27 to 2.77)
Bone metastases Not reported 2.03 (1.13 to 3.68)
Non-bone metastases |Not reported 1.81 (1.09 to 3.00)

Abbreviations: Cl, confidence interval; DFS, disease free survival; IDFS, invasive disease free survival; MAF, v-maf
avian musculoaponeurotic fibrosarcomaoncogene homolog; MAF+, MAF amplified; RFI, recurrence free interval

@Coleman et al. (2017) reported the hazard ratio for MAF-negative versus MAF-positive: 0.47 (0.25 to 0.88). Values
inverted by HTW.
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2.2.4 Effectiveness of adjuvant bisphosphonate treatment by MAF status

We modelled the effectiveness of bisphosphonate treatment by applying hazard ratios to
baseline survival. We obtained hazard ratios for overall and progression-free survival by MAF
status. We also considered associations between treatment effects and menopausal status
where this was reported.

Zoledronic acid

We modelled the effectiveness of zoledronic acid based on Coleman et al. (2018) because this
study reported the longest available follow up. The median follow up in this study was 117 months
(approximately 9.8 years).

For the MAF-negative group, treatment was reported to improve overall and progression-free
survival irrespective of menopausal status. We therefore applied the same hazard ratios to all
people treated in the MAF-negative group. For the MAF-positive group, we only modelled
treatment for the post-menopausal group under usual care. We assumed that treatment had no
effect on overall or progression-free survival in this group because no statistically significant
differences were reported for the overall MAF-positive group at seven or 10 years, or the post-
menopausal MAF-positive group at seven years (Coleman et al. 2017, Coleman et al. 2018).

Sodium clodronate

We modelled the effectiveness of sodium clodronate based on Paterson et al. (2021). The median
follow up in this study was 109 months (approximately 9.1 years).

For the MAF-negative group, treatment was reported to improve overall and progression-free
survival at five years. This effect remained statistically significant at later time points for overall
survival but not for progression-free survival. Paterson et al. (2021) reported that there was no
significant association between overall survival benefits and menopausal status but did not
report a breakdown for DFS at five years. We therefore applied the same hazard ratios to all people
treated in the MAF-negative group. For the MAF-positive group, we modelled no treatment effects
on overall or progression-free survival because no statistically significant differences were
reported at any time point.

We applied hazard ratios reported by Paterson et al 2021 at five years, seven years and total follow
up. We linearly interpolated the hazard ratios between each time point.

Long-term effectiveness

It is unknown whether the effectiveness of bisphosphonates continues beyond the periods
covered by Coleman et al. (2018) and Paterson et al. (2021). Results from Paterson et al. (2021)
suggest that effectiveness diminishes over time. In the base case, we assumed that treatment
had no effect after 9.5 years, reflecting the median follow up of the effectiveness studies. In
sensitivity analysis, we assumed effects that were statistically significant at the end of each
study’s follow up continued for the remainder of the modelled horizon.
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2.2.5 Osteonecrosis of the jaw (ONJ)

We modelled the risk of ONJ events for people treated with bisphosphonates. Model inputs were
informed by results reported for zoledronic acid (Coleman et al. 2018). We assumed that the risk
of ONJ was the same for all bisphosphonates in our base case and tested a lower risk for sodium
chlodronate in sensitivity analysis, as modelled in NICE NG101 (NICE 2025a, evidence review G).

Coleman et al. (2018) reported the cumulative incidence of ONJ over 10 years of follow up. However,
most events happened in the first five years, corresponding to the period of treatment with
zoledronic acid in AZURE. In total there were 30 cases of ONJ among 1,681 patients, including four
cases after relapse in the bone and bisphosphonate treatment given in the metastatic setting.
We modelled the incidence of ONJ based on all 30 events (1.8%) in the base case, but excluded
the four metastatic cases in sensitivity analysis (1.5%). We made a simplifying assumption that
the incidence of ONJ occurred at a constant rate over the first five years of the modelled horizon.

2.2.6 Life tables

We captured background mortality using 2017-2019 life tables for Wales (Office for National
Statistics 2024). Life tables estimate the annual probability of death in the general population,
given a person’s age and sex. We used these age-specific probabilities, in conjunction with the
overall survival curves described above, to estimate the proportion of deaths from disease-
specific or other causes. Life tables were used to model total deaths in later life where
probabilities exceeded those estimated from the extrapolated overall survival curves.

Table A6 - Clinical inputs used in zoledronic acid analysis

Input

Subgroup status

Mean

Sampling @

Source

Coleman et al. (2017), Paterson et al. (2021)

Annual event rate, MAF-

MAF+ 20% 552, 2,196; beta | Weighted average across studies
Post-menopause 45% 948, 1,167; beta |Weighted average across studies

Age (years) Coleman et al. (2017)
Post-menopause 55 5.5; normal |Assumption based on categorical data
Not post-menopause 45 4.5; normal |Assumption based on categorical data

osphonates

20, 340; beta

Coleman et al. (2017)

118 events in 360 patients over 84.6 months

HR, MAF+ v MAF-

Annual event rate, MAF-

Fixed

12, 348; beta

No statistically significant difference
Coleman et al. (2017)

76 events in 360 patients over 84.6 months

HR, MAF+ v MAF-

Progression-free survival HR:

Fixed

Not reported
Coleman et al. (2018)

MAF-

MAF- 0.75 0.1; lognormal |IDFS, 95% Cl: 0.58 to 0.97
MAF+, post-menopause 1 Fixed No statistically significant difference
MAF+, not post-menopause N/A N/A Treatment not modelled for this group

0.1; lognormal

Coleman et al. (2018)
95% Cl: 0.50 to 0.94

MAF+, post-menopause

Fixed

No statistically significant difference
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Input Mean

Sampling @

Source

MAF+, not post-menopause Treatment not modelled for this group

Osteonecrosis of the jaw (ONJ)

Cumulative incidence 1.8%

30, 1,651; beta

Coleman et al. (2018)
30 events in 1,681 patients

Annual rate, years 1to 5 0.0036

Derived from cumulative incidence,
assuming constant rate over five years

applicable

Abbreviations: Cl: confidence interval; HR, hazard ratio; IDFS, invasive disease free survival; MAF, v-maf avian
musculoaponeurotic fibrosarcomaoncogene homolog; MAF+, MAF amplified; MAF-, not MAF amplified; N/A, not

@ Alpha and beta parameters reported for beta distribution and standard error for normal or lognormal distribution.
Parameters approximated from other reported data where unknown and rounded for presentation only.

Table A7 - Clinical inputs used in sodium clodronate analysis

Input Mean

Subgroup status

Sampling @

Source

Coleman et al. (2017), Paterson et al. (2021)

Progression-free survival without bisph

Annual event rate, MAF- 0.025

MAF+ 20% 552, 2,196; beta | Weighted average across studies
Post-menopause 45% 948, 1,167; beta |Weighted average across studies

Age (years) Coleman et al. (2017)
Post-menopause 55 5.5; normal |Assumption based on categorical data
Not post-menopause 45 4.5; normal |Assumption based on categorical data

osphonates

19, 747; beta

Paterson et al. (2021)

157 events in 766 patients over 109 months

HR, MAF+ v MAF- 1.39
Overall survival without bisphosphonat

Annual event rate, MAF- 0.015

0.2; lognormal

11,755; beta

95% Cl: 1.01 to 1.92
Paterson et al. (2021)

95 events in 766 patients over 109 months

HR, MAF+ v MAF- 1.59

sodium cl

Progression-free survival HR:

0.2; lognormal

odronate

95% Cl: 1.59 to 2.33
Paterson et al. (2021)

Overall survival HR: sodium clodronate

MAF- at 5 years 0.70 0.1; lognormal |DFS, 95% Cl: 0.51 to 0.94

MAF- at 7 years 1 Fixed No statistically significant difference
MAF- at total follow up 1 Fixed No statistically significant difference
MAF+, post-menopause 1 Fixed No statistically significant difference
MAF+, not post-menopause N/A N/A Treatment not modelled for this group

Paterson et al. (2021)

Osteonecrosis of the jaw (ONJ)

Cumulative incidence 1.8%

MAF- at 5 years 0.59 0.1; lognormal |95% Cl: 0.37 to 0.93

MAF- at 7 years 0.69 0.1; lognormal |95% Cl: 0.48 to 1.00

MAF- at total follow up 0.74 0.1; lognormal |95% Cl: 0.54 to 1.00

MAF+, post-menopause 1 Fixed No statistically significant difference
MAF+, not post-menopause N/A N/A Treatment not modelled for this group

30, 1,651; beta

Coleman et al. (2018)

Assumed the same as zoledronic acid

Annual rate, years 1to 5 0.0036

Assumed the same as zoledronic acid
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Mean Sampling®  Source

Abbreviations: Cl: confidence interval; DFS, disease free survival, HR, hazard ratio; MAF, v-maf avian
musculoaponeurotic fibrosarcomaoncogene homolog; MAF+, MAF amplified; MAF-, not MAF amplified; N/A, not
applicable

@ Alpha and beta parameters reported for beta distribution and standard error for normal or lognormal distribution.
Parameters approximated from other reported data where unknown and rounded for presentation only.

2.3 Resource use and costs

To reflect the perspective of the analysis, we only included costs relevant to the UK NHS and PSS.
The model captured costs of MAF testing, bisphosphonate treatment, follow up, and
management of adverse events and progression. We did not capture the costs of initial systemic
therapies because MAF testing has no impact on the choice of these therapies. Costs sourced
from the literature were inflated to 2023/24 prices where needed, using the NHS cost inflation
index (Jones et al. 2025).

MAF testing

The manufacturer reported that testing costs £600 per patient with the MAFTEST. We inflated
this cost to account for the modelled percentage of tests that do not determine MAF status.
Experts contacted by HTW confirmed that testing would be performed on tissue samples
obtained from the primary breast tumour during routine procedures. No additional biopsies
would be needed. We therefore did not apply any costs for biopsy in our analysis because these
would be the same in both strategies.

Bisphosphonate treatment

Table A8 shows the costs of bisphosphonate treatment applied in the model. We estimated drug
costs by applying unit costs from eMIT (Table A14) to the following treatment regimens from NICE
(20254, evidence review G):

e Zoledronic acid: 4 mg given intravenously, every six months for three years
e Sodium clodronate: 1,600 mg every day for three years

The zoledronic acid regimen applied in our base case does not match the AZURE RCT. In AZURE,
zoledronic acid was given every three to four weeks for the first six doses, every three months for
eight doses, and every six months for five doses to complete five years of treatment (Coleman et
al. 2017). The NICE NG101 committee noted that the AZURE regimen was more intense than the
regimen used in clinical practice. They also noted that the effectiveness of zoledronic acid was
similar in AZURE and trials testing less intense 6-monthly schedules (NICE 2025a, evidence
review G). Effectiveness data for the less intense regimen of zoledronic acid are not available by
MAF status, so this cannot be modelled.

Experts contacted by HTW confirmed that most people treated with bisphosphonates in Wales
receive six doses of zoledronic acid over three years. We therefore applied the lower regimen cost
in the base case and the higher regimen cost in sensitivity analysis. However, the mismatch
between costs and effectiveness is a limitation of our base case analysis.

We applied a higher administration cost to zoledronic acid than sodium clodronate because of
the greater resource use needed for intravenous infusions. We assumed that each dose of
zoledronic acid required an outpatient attendance, while sodium clodronate required annual GP
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visits (NICE 2025a, evidence review G). These costs were obtained from the National Cost
Collection for the NHS and Personal Social Services Research Unit (PSSRU; Jones et al. (2025)).

Table A8 - Annual costs of bisphosphonate treatments

Zoledronic Acid (AZURE)  Zoledronic Acid (NICE NG101) Sodium clodronate
Year Description Cost Description Cost Description Cost
1 8 doses given £1,255 2 doses given £314 365-day supply, GP visit |£1,127
2 4 doses given £627 2 doses given £314 365-day supply, GP visit |£1,127
3 3 doses given £471 2 doses given £314 365-day supply, GP visit |£1,127
4 2 doses given £314 No treatment £0 No treatment £0
5 2 doses given £314 No treatment £0 No treatment £0
Total |19 doses given £2,980 |6 doses given £941 Three year’s supply £3,382
Abbreviations: GP, general practitioner

ONJ

The cost of ONJ was sourced from NICE NG101 (NICE 2025a, evidence review G). This cost is
associated with uncertainty because the original estimate came from the US healthcare system.
We applied a median cost estimate in our base case and estimated sampling parameters from
the interquartile range originally reported by Najm et al. (2014).

In an earlier NICE technology appraisal for denosumab for the treatment of bone metastases
from solid tumours, ONJ costs were estimated based on maxillofacial procedures (Ford et al.
2013). We re-estimated this cost for use in sensitivity analysis, using the latest National Cost
Collection for the NHS.

Follow up

We modelled follow up for people without progressed disease based on NICE NG101 (NICE 2025a,
evidence review G). NICE modelled outpatient appointments every three to six months in the first
three years, every six to 12 months in years four and five, and annually for the remainder of the
time horizon. In the first five years, where NICE reported a range of frequencies, we applied the
mid-point in the base case and the upper and lower bounds in sensitivity analysis. We applied
the cost of a consultant led, non-admitted, face to face follow-up attendance in the medical
oncology service from the National Cost Collection for the NHS.

Disease progression

The cost of subsequent treatment was modelled for people who experience disease progression.
One-off event costs were applied at the time of progression. We assumed that 69% of disease
progression events were metastatic recurrences, based on the NICE NG101 bisphosphonate
model (NICE 202543, evidence review G). This percentage was varied in sensitivity analysis based
on the relative numbers of distant recurrence and other events reported as first event in Paterson
et al. (2021) (63% to 74%). Coleman et al. (2017) and Coleman et al. (2018) did not report distant
recurrence event numbers.
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The cost of recurrence is uncertain because there is considerable variation in the treatment of
different breast cancer subtypes and rapid evolution in the availability of new treatment options.
We identified four possible sources for recurrence costs (Table A9). Variation in these estimates
is likely to relate to differences in target populations and changes in management practices over
time, among other factors.

In the base case, we applied the most recent costs identified from NICE NG101 (NICE 2025a,
evidence review T). This might be considered a conservative approach because they were the
lowest of the identified costs and underestimation of recurrence costs would favour the usual
care strategy in our analysis.

In sensitivity analyses, we based recurrence costs on Carapinha et al. (2025), NICE DG58 (NICE
2024b) or the NICE NG101 bisphosphonate model (NICE 2025a, evidence review G). We used
contemporary unit costs (Table A14) to re-estimate the cost of management detailed in NICE
(202543, evidence review G), as follows:

e Recurrence events: 18% locoregional, 5% regional, 8% contralateral and 69% distant

e For locoregional, regional or contralateral recurrence, 42% have a mastectomy and the
remaining 58%, who originally had a mastectomy, have a major breast procedure. Breast
reconstruction is performed at the time of mastectomy or a later time. Everyone receives
adjuvant chemotherapy (docetaxel or paclitaxel) and monoclonal antibodies
(trastuzumab and pertuzumab) and 24% receive radiotherapy.

e Lymph node clearance is performed for regional recurrence.

e Distant disease is treated with chemotherapy (docetaxel or paclitaxel) and monoclonal
antibodies (trastuzumab and pertuzumab).

e Patients treated with trastuzumab have five cardiac monitoring scans: 80%
echocardiograms, 10% multi-gate acquisition (MUGA) scans and 10% cardiac MRI scans.

NICE did not specify cycle length or total duration of drug therapy. Monoclonal antibody costs
were labelled as applying ‘until disease progression’ but it was not clear how this was modelled.
We assumed that monoclonal antibodies would be given for a total of 18 cycles, equivalent to
approximately one year’s treatment over 21-day cycles. We may underestimate the cost of
recurrence for people who continue treatment in subsequent years or overestimate the cost for
people who end treatment earlier. We noted updates made to NICE NG101 since this modelling
was performed in 2018, including the option for some patients to consider radiotherapy delivered
over five or 15 fractions. We also tested this in sensitivity analysis.

We did not capture the cost of managing adverse events related to radiotherapy or drug therapy.

Table A9 - Disease progression cost estimates

NICE NG101 NICE DG58 NICE NG101 Carapinha et al.
(NICE 2025a, (NICE 2024b) (NICE 2025a, (2025)
evidence review G) evidence review T)
Publication year 2018 2024 2025 2025
Price year 2015/16 2022/23 Assumed current  |2024
prices
Original source of | NICE estimates Karnon et al. (2007) | NICE estimates Author estimates
estimate Suri et al. (2017)

EARO72 Page 64 of 79 October 2025




NICE NG101
(NICE 20254,
evidence review G)

NICE DG58
(NICE 2024b)

NICE NG101
(NICE 2025a,
evidence review T)

Carapinha et al.
(2025)

Clinical scenario

Recurrence type

Non-metastatic

Recurrence after
surgery * adjuvant
bisphosphonates
for MO breast
cancer

Locoregional,

Recurrence after
adjuvant
chemotherapy
and/or endocrine
therapy £
bisphosphonates
for ER+/PR+, HER-,
LN+ early breast
cancer (1-3 nodes)

Local recurrence

Recurrence after
neoadjuvant
chemotherapy for
HER2+ breast
cancer

Non-metastatic

Recurrence after
adjuvant
bisphosphonates
for early-stage
breast cancer

Locoregional

Treatment

Non-metastatic

100% surgery,
24% radiotherapy,
100% drug therapy:

Not specified

regional, or recurrence recurrence
contralateral
recurrence
Metastatic Distant recurrence |Distant metastases |Metastatic Distant recurrence
recurrence

89% surgery,
67% radiotherapy,
34% drug therapy:

Not specified

Reported cost

Non-metastatic

docetaxel or
paclitaxel and 27
cycles of
trastuzumab and
pertuzumab?@

£79,752°b

group receiving
ribociclib and
letrozole

£16,494

6 cycles of 18 cycles of
docetaxel or docetaxel and
paclitaxel and 27 trastuzumab
cycles of
trastuzumab and
pertuzumab?
Metastatic 6 cycles of Lifetime cost for 19% surgery, Not specified

35% radiotherapy,
56% drug therapy:
18 cycles of
docetaxel and
trastuzumab

£13,271

€29,424

Metastatic
Adjusted cost®

Non-metastatic

£73,606

£100,674

£117,482

£17,205

£12,023

£13,271

€35,949

£24,680

Metastatic

Re-estimated cost¢

Non-metastatic

£92,916

£95,008

£122,545

N/A

£12,023

N/A

£30,153

N/A

Metastatic

£77,009

N/A

N/A

N/A

Abbreviations: ER+, oestrogen receptor positive; HER2+, human epidermal growth factor receptor 2 positive; LN+,
lymph node positive; MO, no metastases; N/A, not applicable; PR+, progesterone receptor positive.

@ NICE reported drug costs for cycles 1to 6 and subsequent cycles, labelled ‘until disease progression’. However,
they did not report the duration of treatment or method of modelling further disease progression. Costs presented
assuming a total of 18 cycles of trastuzumab and pertuzumab and 5 cardiac monitoring scans.

b Locoregional £77,294 (18% of all recurrences), £83,610 regional (5%), £82,870 contralateral (8%).

¢ Costs inflated to current prices where needed. Carapinha et al. (2025) results converted to UK pounds using
historical rates from the date and source cited by the authors (Xe 2025).
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NICE NG101 NICE DG58 NICE NG101 Carapinha et al.

(NICE 20254, (NICE 2024b) (NICE 2025a, (2025)
evidence review G) evidence review T)

d Costs re-estimated in Table A10 to Table A13 using updated unit costs from eMIT, British National Formulary and
the National Cost collection for the NHS (Table A14), assuming a body surface area of 1.75m2 (Sacco et al. 2010)

Table A10 - Re-estimation of NICE (2025a, evidence review G) cost for locoregional

recurrence
Treatment component Cost per Percentage Average-cost
component per patient
MGJOF breast procedure, unilateral or £5.815 42%
bilateral
Surgery De!ayed breasF reconstruction, £14.996 42% £16.510
unilateral or bilateral
Ma‘stectomy W.Ith reconstruction, £13.395 58%
unilateral or bilateral
Preparation £1,180
Radiotherapy 24% £1,560
Delivery, 20 fractions £5,320
Deliver simple parenteral £A18
chemotherapy
Deliver subsequent elements of
Drug therapy: chemotherapy cycle £426
rug NeTapy: Py cy 100% £6,875
y Docetaxel or paclitaxel® £19
Trastuzumab £1,222
Pertuzumab, 2 doses £4,790
Deliver complex parenteral £508
chemotherapy
E;:I% tzhgaepy: Docetaxel or paclitaxel? £19 100% £4,164 per cycle
Trastuzumab £1,222
Pertuzumab £2,395
Deliver simple parenteral £A18
Drug therapy: chemotherapy
* 0o,
cycle 7 to 18 Trastuzumab £1,222 100% R
Pertuzumab £2,395
Echocardiogram, 5 scans £580 80%
Cardiac MUGA, 5 scans £1,885 10% £893
monitoring
Cardiac MRI, 5 scans £2,400 10%
Total cost £95,079
Abbreviations: MRI, magnetic resonance imaging; MUGA, multi-gated acquisition
@ Assumed equally likely
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Table A11 - Re-estimation of NICE (2025a, evidence review G) cost for regional

recurrence
Treatment component Cost per Percentage Average.cost
component per patient
Major breast procedure with lymph £7.331 42%
node clearance
Surgical De!ayed breasF reconstruction, £14.996 42% £17.146
procedures unilateral or bilateral
Ma.stectomy w_lth reconstruction, £13,395 58%
unilateral or bilateral
Preparation £1,180
Radiotherapy 24% £1,560
Delivery, 20 fractions £5,320
Deliver simple parenteral £418
chemotherapy
Deliver subsequent elements of
Drug therapy: chemotherapy cycle £426
rug LNeTapy: Py ¢y 100% £6,875
Y Docetaxel or paclitaxel@ £19
Trastuzumab £1,222
Pertuzumab, 2 doses £4,790
Deliver complex parenteral £528
chemotherapy
E;:I% ;hf;aepy: Docetaxel or paclitaxel @ £19 100% £4,164 per cycle
Trastuzumab £1,222
Pertuzumab £2,395
Deliver simple parenteral £418
Drug therapy: chemotherapy
* 0o,
cycle7to18 Trastuzumab £1,222 100% £4,035 per cycle
Pertuzumab £2,395
Echocardiogram, 5 scans £580 80%
Cardiac MUGA, 5 scans £1,885 10% £893
monitoring
Cardiac MRI, 5 scans £2,400 10%
Total cost £95,716
Abbreviations: MRI, magnetic resonance imaging; MUGA, multi-gated acquisition
@ Assumed equally likely
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Table A12 - Re-estimation of NICE (2025a, evidence review G) cost for contralateral

recurrence
Treatment component Cost per Percentage Average.cost
component per patient
Major breast procedure, unilateral £5.602 42%
only
Surgical De!ayed breast reconstruction, £14,563 42% £15.836
procedures unilateral only
Mastectomy with reconstruction, £12,701 o
- 58%
unilateral only
Preparation £1,180
Radiotherapy 24% £1,560
Delivery, 20 fractions £5,320
Deliver simple parenteral £418
chemotherapy
Deliver subsequent elements of
Drug therapy: chemotherapy cycle £426
rug LNeTapy: Py ¢y 100% £6,875
Y Docetaxel or paclitaxel@ £19
Trastuzumab £1,222
Pertuzumab, 2 doses £4,790
Deliver complex parenteral £528
chemotherapy
E;:I% ;hf;aepy: Docetaxel or paclitaxel @ £19 100% £4,164 per cycle
Trastuzumab £1,222
Pertuzumab £2,395
Deliver simple parenteral £418
Drug therapy: chemotherapy
* 0o,
cycle7to18 Trastuzumab £7,331 100% £4,035 per cycle
Pertuzumab £14,996
Echocardiogram, 5 scans £580 80%
Cardiac MUGA, 5 scans £1,885 10% £893
monitoring
Cardiac MRI, 5 scans £2,400 10%
Total cost £94,405
Abbreviations: MRI, magnetic resonance imaging; MUGA, multi-gated acquisition
@ Assumed equally likely
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Table A13 - Re-estimation of NICE (2025a, evidence review G) cost for distant

recurrence
Treatment component Cost per Percentage Average cost
component per patient
Deliver simple parenteral £418
chemotherapy
Deliver subsequent elements of £426
Er:%i;herapy: chemotherapy cycle 100% £6.875
Y Docetaxel or paclitaxel® £19
Trastuzumab £1,222
Pertuzumab, 2 doses £4,790
Deliver complex parenteral £528
chemotherapy
Drug therapy: Docetaxel or paclitaxel? £19 100% £4,164 per cycle
cycle 2to 6
Trastuzumab £1,222
Pertuzumab £2,395
Deliver simple parenteral £418
chemotherapy
Drug therapy: o
cycle7to18 Trastuzumab £7,331 100% £4,035 per cycle
Pertuzumab £14,996
Echocardiogram, 5 scans £580 80%
Cardiac MUGA, 5 scans £1,885 10% £893
monitoring
Cardiac MRI, 5 scans £2,400 10%
Total cost £77,009
Abbreviations: MRI, magnetic resonance imaging; MUGA, multi-gated acquisition
@ Assumed equally likely

Palliative care

The cost of palliative care was modelled for people who die from cancer-specific mortality. In the
base case we used an average cost of care estimated for the last three months of life for anyone
with cancer from Georghiou & Bardsley (2014). In sensitivity analysis we estimated a similar
cost, based on breast-cancer specific estimates for end of life care from Round et al. (2015). We
also tested a cost for the last year of life estimated by Carapinha et al. (2025), but their methods
of estimation are unknown.

EARO72 Page 69 of 79 October 2025




Table A14 - Cost inputs

Input

Drugs (per dose)

Zoledronic acid

Sampling?

Source

eMIT (Department of Health and Social Care
2025), BNF (Joint Formulary Committee 2025)

eMIT ; 4mg/100ml solution for infusion bags

reconstruction,
unilateral or bilateral

(4 mg) £4.86 14.876, 0.0003 (mean £4.86, SD £9.36, n 55,177)

Sodium clodronate £2.97 |2.2M,0.000001 |eMIT; 60 x 800 mg tablets (mean £88.97, SD

(1,600 mg) £2.04,n1,147)

Docetaxel £17.88 2.4 M, 0.00001 |eMIT; docetaxel 160mg/8ml solution for infusion

(assumed 75mg/m?2) ® vials (mean £17.88, SD £1.43, n 15,155)

Paclitaxel £19.46 14,101,0.001 | eMIT; paclitaxel 150mg/25ml solution for infusion

(assumed 80mg/m?3) b vials (mean £19.46, SD £26.62, n 26,387)

Trastuzumab (600 mg) | £1,222.20 Fixed BNF; 600mg/5ml solution for injection

Pertuzumab (420 mg) £2,395.00 Fixed BNF; 420mg/14ml vial

Drug administration H

Zoledronic acid £152 100, 2 NHS England (2025); deliver simple parenteral

(per dose) chemotherapy at first attendance (SB12Z,
outpatient)

Sodium clodronate £45 100, 0.5 Jones et al. (2025); GP visit, 10-minute surgery

(annually) consultation (including direct care staff costs
and qualifications)

Simple parenteral £418 100, 4 NHS England (2025); deliver simple parenteral

chemotherapy chemotherapy at first attendance (SB12Z, day
case)

Complex parenteral £528 100, 5 NHS England (2025); deliver more complex

chemotherapy parenteral chemotherapy at first attendance
(SB13Z, day case)

Subsequent elements of £426 100, 4 NHS England (2025); deliver subsequent

chemotherapy elements of a chemotherapy cycle (SB15Z, day
case)

Radiotherapy H

Radiotherapy £1,180 100, 1 NHS England (2025); preparation for Complex

preparation Conformal Radiotherapy (SC51Z, outpatient)

Radiotherapy delivery £266 100, 3 NHS England (2025); deliver a fraction of complex

per fraction treatment on a megavoltage machine (SC23Z,
outpatient)

Surgery H

Major breast procedure, £5,815 100, 58 NHS England (2025); weighted average

unilateral or bilateral JA20D/E/F, JA21A/B, elective inpatient

Major breast procedure, | £5,602 100, 56 NHS England (2025); weighted average

unilateral only JA20D/E/F, elective inpatient

Major breast procedure £7,331 100, 73 NHS England (2025); weighted average

with lymph node JA38A/B/C, JA39Z, elective inpatient

clearance

Delayed breast £14,996 100, 150 NHS England (2025); weighted average JA30Z,

JA31Z,JA34Z, JA35Z, elective inpatient
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Input Mean Sampling® Source

Delayed breast £14,563 100, 146 NHS England (2025); weighted average JA30Z,

reconstruction, JA34Z, elective inpatient

unilateral only

Mastectomy with £13,395 100, 134 NHS England (2025); weighted average JA32Z,

reconstruction, JA33Z, JA36Z, JA37Z, elective inpatient

unilateral or bilateral

Mastectomy with £12,701 100, 127 NHS England (2025); weighted average JA32Z,

reconstruction, JA36Z, elective inpatient

unilateral only

Cardiac monitoring H

Echocardiogram £116 100, 1 NHS England (2025); simple Echocardiogram, 19
years and over (RD51A)

MUGA scan £377 100, 4 NHS England (2025); RN22Z

Cardiac MR £480 100, 5 NHS England (2025); MRI scan with pre and post

contrast (RD10Z2)

Outpatient follow-up £193 100, 2 NHS England (2025); Consultant-led medical
appointment oncology service, non-admitted face-to-face,
follow-up (WFOI1A, 370)

Events H

ONJ £1,619 1517 Najm et al. (2014); median $1,667, IQR $978 to
(median) ’ $3,350 (2010 US dollars) ©

Non-metastatic £13,271 100, 133 NICE (2025a, evidence review T); £13,271

recurrence

Metastatic recurrence £12,023 100,120 NICE (20254, evidence review T); £12,023

Palliative care £9,783 100, 98 Georghiou & Bardsley (2014); £7,287 from NICE

(20254, evidence review G) (assumed 2011 prices)

Abbreviations: BNF, British National Formulary; IQR, interquartile range; MRI, magnetic resonance imaging; MUGA,
multi-gated acquisition; ONJ, osteonecrosis of the jaw; SD, standard deviation

@ All inputs sampled from gamma distributions, with alpha and beta parameters reported. Parameters
approximated from other reported data where unknown and rounded for presentation only.

EARO72

b Body surface area assumed 1.75m? (Sacco et al. 2010)

¢ Converted to UK pounds using 2010 purchasing power parities (OECD 2024) and inflated using NHS cost inflation
indices (Jones et al. 2025). Sampling parameters estimated using methods from Wan et al. (2014) to estimate
mean and standard deviation.

2.4 Health-related quality of life

As recommended in the NICE reference case, the model estimates effectiveness in terms of
QALYs. These are estimated by combining life year estimates with health-related utility values
associated with being in a particular health state and utility decrements associated with events
(Table A15).

In the base case, we followed the modelling approach from NICE NG101 (NICE 2025a, evidence
review G). Health state utilities were sourced from Essers et al. (2010) and a utility decrement for
ONJ was sourced from Lamond et al. (2015).

The progression free utility was applied to everyone entering the model. No utility decrements
were applied to MAF testing or bisphosphonate treatment. The recurrence utility was applied
following disease progression. The metastases utility was applied in the last year of life for people
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who die from cancer-specific mortality. The utility decrement for ONJ was applied as a one-off
decrement in the year of event incidence.

We adjusted utilities to capture the impact of aging on quality of life. To do this, we applied a
utility multiplier based on age-dependent EQ-5D estimates for the general population
(Hernandez Alava et al. 2022).

In sensitivity analysis, we tested applying the metastases health state utility to 69% of people
experiencing recurrence. We also tested health state utilities from NICE DG58 (NICE 2024b) and
a range of utility decrements from EQ-5D estimates for increasing severity of bisphosphonate-
associated ONJ (Miksad et al. 2011).

Table A15 - Utility inputs

Input Sampling® Source

Health-state utilities

. 269, 49 Essers et al. (2010), NICE (2025a, evidence review
Progression free 0.847 G): (0.807. 0.886)

Recurrence 0.810 158, 37 Essers et al. (2010), NICE (2025a, evidence review
G): (0.760, 0.870)

Metastases 0.484 138, 147 Essers et al. (2010), NICE (2025a, evidence review

G): (0.426, 0.542)

Utility decrements

ONJ event 0.280 72,184 NICE (20254, evidence review G), citing Lamond et
al. (2015)

Abbreviations: ONJ, osteonecrosis of the jaw

@ All inputs sampled from beta distributions with alpha and beta parameters reported. Parameters approximated
from other reported data or standard errors assumed to be 10% of the mean where none reported. Lower and upper
parameter values reported by Essers et al. (2010) assumed to be 95% confidence intervals. Values rounded for
presentation only.

3. Results

3.1 Base case results

The base case results are summarised in Table A16. The intervention strategy introduced a new
upfront cost for MAF testing compared with usual care. Subsequent changes in the use of
bisphosphonates also impacted downstream costs, survival and quality of life.

For the post-menopausal subgroup, MAF testing changed 20% of bisphosphonate treatment
decisions. Testing prevented the treatment of people identified as MAF-positive who did not
benefit from treatment. Bisphosphonate costs were consequently lowered in this group, with no
impact to long-term cancer outcomes. Reduced exposure to the risk of bisphosphonate-related
ONJ also led to small cost offsets and QALY gains.

For the not post-menopausal subgroup, MAF testing changed 80% of bisphosphonate treatment
decisions. Testing enabled the treatment of people identified as MAF-negative who could benefit
from treatment but would not receive it under usual care. Bisphosphonate costs were
consequently increased in this group, but cost offsets and QALY gains were estimated from
improved cancer outcomes. Increased exposure to the risk of ONJ led to small cost increases and
QALY losses, but improvements in cancer outcomes outweighed these negative outcomes.
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Overall we estimated higher costs and higher QALYs with the intervention than with usual care.
Upfront costs of MAF testing and bisphosphonates were the main drivers of incremental costs.
QALY gains were driven by improved survival among people who were MAF-negative and not post-
menopausal. We estimated that the intervention strategy was cost effective compared with
usual care with ICERs of £1,665 to £8,767 per QALY gained.

The cost-effectiveness estimate was better in the zoledronic acid analysis for several reasons:

e Treatment with zoledronic acid was estimated to be cheaper than sodium clodronate
e Estimates of overall and progression-free survival without treatment were worse from the
retrospective analysis of AZURE than NSABP B-34

e Estimated treatment effects were better from the retrospective analysis of AZURE than
NSABP B-34

However, there are important differences between the underlying RCTs and the effectiveness
evidence does not support a comparison of zoledronic acid against sodium clodronate.

Table A16 - Base case results for intervention versus usual care

Incremental ICER
Costs QALYs (cost per QALY)

Analysis / Strategy

Zoledronic Acid

Usual care £14,286 1.42 - - -

Intervention £14,912 11.80 £625 0.38 £1,665

Sodium clodronate

Usual care £12,040 13.81 - - -

Intervention £13,687 13.99 £1,647 0.19 £8,767

Abbreviations: ICER, incremental cost effectiveness ratio; QALY, quality-adjusted life-year

Usual care: adjuvant bisphosphonate treatment decisions guided by menopausal status
Intervention: adjuvant bisphosphonate treatment decisions guided by MAF status

3.2 Deterministic sensitivity analysis results

A series of deterministic sensitivity analyses were conducted, in which one or more input
parameters are changed, the model is re-run, and the new cost-effectiveness result is recorded.
This is a useful way to estimate uncertainty and determine the key drivers of the model results.

Increasing and decreasing parameter values by 20% in one-way sensitivity analysis suggested
that treatment effects on overall survival were most influential to ICER estimates. Baseline
overall survival, health state utilities and the costs of MAF testing and sodium clodronate were
also influential.

The conclusions of the base case analysis remained largely unchanged in scenario analysis
(Table A17), with two exceptions:

e When we restricted testing to the post-menopause subgroup, the ICER estimate in the
zoledronic acid analysis approached £500,000 per QALY gained.

e When we modelled a 10-year horizon, ICER estimates ranged from £2,291 (zoledronic acid
analysis) to £24,745 (sodium clodronate analysis) per QALY gained.
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Table A17 - Incremental cost-effectiveness ratios estimated for intervention versus usual care in deterministic scenario analysis

. Zoledronic Sodium

Modelled scenario .
acid clodronate

Base case £1,665 £8,767
Only test post-menopause subgroup; remainder of cohort managed in the same way as usual care £495,038 Dominant
Only test not post-menopause subgroup; remainder of cohort managed in the same way as usual care £1,123 £8,794
10 year time horizon £2,291 £24,745
Baseline age decreased 10 years £1,663 £8,223
Baseline age increased 10 years £1,661 £9,732
10% MAF-positive £1,595 £9,246
30% MAF-positive £1,754 £8,163
32% post-menopause (Coleman et al. 2017) £1,437 £8,778
54% post-menopause (Paterson et al. 2021) £1,906 £8,755
2% MAFTEST failures, lower rate when stored for less than one year (Paterson et al. 2021) £1,614 £8,664
50% MAFTEST failures (Coleman et al. 2017) £3,179 £11,793
Baseline survival rates estimated from Coleman et al. (2017) (Table A6) applied to both analyses £1,665 £4,575
Baseline survival rates estimated from Paterson et al. (2021) (Table A7) applied to both analyses £3,401 £8,767
Baseline survival distributions estimated from digitized plots in Paterson et al. (2021) (NSABP B-34 placebo arm): £3,710 £9,597
e DFS: MAF- exponential, modelled as in base case
e OS: MAF- Weibull, scale 39.45, shape 1.35
Baseline survival rates estimated from digitized plots in Coleman et al. (2018) (AZURE control arm): £1,718 £4,712
¢ IDFS: MAF- annual rate 0.057
e OS: MAF- annual rate 0.032
Baseline survival distributions estimated from digitized plots in Coleman et al. (2018) (AZURE control arm): £1,967 £5,292
¢ IDFS: MAF- exponential, modelled as in base case
e OS: MAF- Weibull, scale 26.14, shape 1.18
Baseline survival from Coleman et al. (2018), with no breakdown by arm, MAF or menopause (AZURE overall, median follow up 117 £1,719 £4,712
months):
e IDFS (MAF%): annual rate 0.048 (1,250/3,359)
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Modelled scenario

e OS (MAF#+): annual rate 0.032 (910/3,359)

Zoledronic
acid

Sodium
clodronate

Baseline survival from Coleman et al. (2018), by menopausal status:
o IDFS (MAF#), control only (median follow up 116.3 months, treatment effect statistically significant in overall or post-menopause
groups):
- Not post-menopause: annual rate 0.045 (411/1,156)
- Post-menopause: annual rate 0.067 (52.1% survival)
e OS (MAF#), both arms (median follow up 117 months, no statistically significant effect in overall or post-menopause groups):
- Not post-menopause: annual rate 0.030 ((910-327)/(3,359-1,041))
- Post-menopause: annual rate 0.039 (327/1041)

£1,834

£5,013

Baseline survival from no treatment arm of NG101 model at median follow up 5.6 years (NICE 2025a, evidence review G):
e DFS (MAF%): annual rate 0.046 (77.2% survival)
e OS (MAF+): annual rate 0.031 (84% survival)

£1,769

£4,839

Baseline survival from no treatment arm of NG101 model at median follow up 5.6 years, by menopausal status (NICE 20253, evidence
review G):
e DFS (MAF1):
- Not post-menopause assumed same as overall
- Post-menopause: annual rate 0.055 (73.6% survival)
e OS (MAF1):
- Not post-menopause assumed same as overall
- Post-menopause: annual rate 0.047 (76.7% survival)

£1,77

£4,847

Pooled AZURE/NSABP B-34 results from Coleman et al. (2022) poster (source not peer-reviewed). Significance of results not reported.
Applied for 9.5 years.

e MAF-, DFS: 23.82% events avoided ~ HR 0.76

e MAF-, 0S: 26.34% events avoided ~ HR 0.74

e MAF+ modelled as in base case because results unavailable by menopausal status

£2,086

£8,553

Non-significant effects of sodium clodronate on DFS modelled: HR 0.83 at 7 years and 0.93 at total follow up

£1,665

£8,495

Bisphosphonate effects maintained for lifetime horizon

£317

£4,859

ONJ half as likely with oral (sodium clodronate) versus intravenous (zoledronic acid) bisphosphonates (NICE 20253, evidence review
G)

£1,665

£8,704

Zoledronic acid regimen from AZURE (Table A8)

£3,381

£8,767

ONJ cost £4,346; average of HRG codes CA91A/B, CA93A/B, CA94Z, CA95Z (NHS England 2025)

£1,707

£8,851
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Modelled scenario Zoledronic Sodium

acid clodronate
ONJ cost £6,354; average of HRG codes CA90Z, CA91A/B, CA92A/B, CA93A/B, CA94Z, CA95Z (NHS England 2025) £1,738 £8,913
Less frequent follow up; 6-monthly in years 1to 3; annually after 3 years £1,646 £8,745
More frequent follow up; 3-monthly in years 1to 3; 6-monthly in years 4 and 5; annually after 5 years £1,684 £8,789
Follow up based on NICE DG58: 3 visits in year 1, annual visits in years 2-5 and annual mammography in years 1to 5, while £1,441 £8,728
progression free. Mammogram £65, inflated from £46.37 in 2009 prices (Campbell et al. 2011).
Follow up based on NICE TA1086: annual GP visits and annual mammography in years 1to 4. Mammogram £77, inflated from £73.79 in £1,414 £8,696
2023 prices (NICE 2025b).
74% progression events are distant, based on 15t DFS event in Paterson et al. (2021) (834/1,130) £1,668 £8,767
63% progression events are distant, based on 15t IDFS event in Paterson et al. (2021) (783/1,250) £1,662 £8,766
Recurrence costs re-estimated from NICE (2025a, evidence review G) (Table A9) Dominant £8,142
Recurrence costs re-estimated from NICE (2025a, evidence review G), with 5 fractions of radiotherapy for non-metastatic recurrence Dominant £8,145
(£94,050)
Recurrence costs inflated from NICE DG58 (Table A9) Dominant £8,078
Recurrence (Table A9) and last year of life (£11,277) costs from Carapinha et al. (2025) (Table A9) £885 £8,528
Palliative care cost: £9,807; end of life care for breast cancer, excluding lost productivity costs of informal care (£7,669, assumed 2014 £1,664 £8,765
prices in Round et al. (2015))
Health state utility for alive with progressed disease based on NICE NG101 utilities for local and metastatic recurrence and percentage £1,707 £11,457
of recurrences that are distant
Health state utilities based on NICE DG58 (recurrence free 0.824; disutility of local recurrence 0.108; metastases 0.685) and £1,749 £10,152
percentage of recurrences that are distant
Health state utilities based on NATALEE trial, reported in NICE TA1086 (recurrence free 0.7494, assumed average of on/off treatment; £1,924 £11,083
non-metastatic recurrence 0.6818; distant recurrence 0.6190) and percentage of recurrences that are distant
No age adjustment of health state utilities £1,556 £8,155
0.05 ONJ utility decrement for stage 1 ONJ (Miksad et al. 2011) £1,659 £8,706
0.61 ONJ utility decrement for stage 3 ONJ (Miksad et al. 2011) £1,674 £8,856
0.24 ONJ utility decrement, average weighted for 50% stage 1, 32% stage 2, 18% stage 3 ONJ (Miksad et al. 2011) £1,664 £8,756
Abbreviations: DFS, disease free survival; IDFS, invasive disease free survival; MAF, v-maf avian musculoaponeurotic fibrosarcomaoncogene homolog; MAF+, MAF amplified; MAF-, not
MAF amplified; MAFt, MAF+ or MAF-.
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3.3 Threshold analysis results

We ran a threshold analysis to explore uncertainty around the success of MAF testing (Figure 6).
Inthis analysis,we changed the percentage of tests that fail to determine MAF status and applied
all other inputs as in the base case analysis. We estimated that the intervention strategy was
cost effective compared with usual care up to a failure rate of 78%. This is much higher than the
rates reported from the use of archived samples in the effectiveness studies.

£40,000
£35,000 A
£30,000 -
£25,000 -
£20,000 -
£15,000 -
£10,000 -
£5,000 -

£o T T T T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

MAFTEST failures

ICER (£/QALY)

Figure 6 - ICER range estimated in threshold analysis. Dashed lines show base case
failure rate and cost-effectiveness threshold.

3.4 Probabilistic sensitivity analysis results

Probabilistic sensitivity analysis (PSA) was conducted to assess the combined parameter
uncertainty in the model. In this analysis, the mean values that were used in the base case were
replaced with values drawn from distributions around the mean. The results of 10,000 PSA runs
are summarised in Figure 7. The cost-effectiveness acceptability curves (CEACs) show the
probability of the intervention being considered cost effective across a range of cost-
effectiveness thresholds. At a threshold of £20,000 per QALY gained, the intervention was cost
effective compared with usual care in 89% to 99% of PSA estimates.

100% - E—
90% - —
80% -
70%
60% -
50% -
40% -
30% -
20% A ——Zoledronic acid

Probability cost effective

10% - ——Sodium clodronate
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£0 £20,000 £40,000 £60,000 £80,000 £100,000
Cost-effectiveness threshold

Figure 7 - Cost-effectiveness acceptability curves
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4. Discussions

4.1 Limitations
The economic analysis is subject to several limitations:

e See the discussion of limitations of the effectiveness evidence available to inform the
economic analysis, outlined in Section 4 of the main report.

e The link between MAF testing and treatment decisions have not been demonstrated in
clinical practice. We assumed that treatment decisions would be made in accordance
with test results in all cases. We modelled the potential for MAF testing to fail to produce
a result suitable to inform decision making. However, failure rates reported from the
testing of historical samples in AZURE and NSABP B-34 are unlikely to reflect testing in
clinical practice. Real-world failure rates are unknown.

e We did not capture differences in outcomes between people with and without nodal
involvement. The effectiveness evidence did not allow us to model baseline survival or
treatment effects by nodal status. However, the conclusions of the analysis did not
change when baseline survival and/or treatment effects were informed by retrospective
analyses from the AZURE (<1% node negative) or NSABP B-34 (76% node negative) RCTs.

e It is unknown whether all of the people in the post-menopausal groups of AZURE and
NSABP B-34 would have been given bisphosphonate treatment under current NICE
guidelines.

e Wedid not capture potential differences in baseline survival before and after menopause,
because of limitations of the available evidence. There is also uncertainty in the
classification of menopausal status because of imprecision in the definitions used.
Scenario analysis that aimed to capture differences in baseline survival by menopausal
status suggested that the conclusions of the analysis were unlikely to change.

e We extrapolated survival estimates from less than 10-years of follow up over a lifetime
horizon. Baseline survival and the effectiveness of bisphosphonates is uncertain after
this period. Scenario analyses restricted to a 10-year time horizon suggest that long-term
estimates can be influential to the conclusions of the analysis.

e We applied exponential survival distributions in our base case analysis, which assumes
that events happen at a constant rate over time. We tested alternative survival
distributions in scenario analysis, if these provided a better fit to digitised plots of
baseline survival. We only considered candidate distributions that were compatible with
the proportional hazards assumption (exponential, Weibull, or Gompertz). However, we
also fitted lognormal and log-logistic distributions and found that these gave similar or
worse fits than the distributions selected for modelling.

e We modelled progression-free survival using evidence for both DFS and IDFS. This
introduces uncertainty to our analysis. However, the conclusions of the analysis did not
change when survival estimates were varied in scenario analysis.

e We did not differentiate between metastases occurring in the bone or elsewhere. It is
unclear how this could impact model estimates.

e We did not model the impact of bisphosphonate treatment on bone mineral density.
Consequently, we might have underestimated the cost effectiveness of bisphosphonate
treatment and, in turn, the cost effectiveness of the intervention strategy. However, this
would not change the conclusions of our analysis.
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The AZURE RCT tested a more intense treatment regimen for zoledronic acid than is used
in clinical practice. The mismatch between regimens informing costs and effects for
zoledronic acid in our base case analysis introduces uncertainty to our cost-effectiveness
estimates. Sensitivity analysis showed the conclusions of our analysis did not change
when costs and effects were aligned to the AZURE regimen. However, the effectiveness of
the less intense regimen is unknown.

Breast cancer treatment has evolved since the NSABP B-34 and AZURE RCTs started more
than 20 years ago. For example, trastuzumab use for HER2+ cancers and aromatase
inhibitors for ER+ after menopause (Coleman et al. 2018). It is unclear how changes in
cancer treatment over time might impact survival outcomes, treatment costs, and in
turn, cost effectiveness.

There is considerable uncertainty around the cost of recurrence. Cost estimates sourced
from previous economic analysis for MAF testing and from NICE guidelines varied widely.
The costs applied in our base case do not accurately reflect the range of management
approaches relevant to people who experience recurrence after breast cancer. However,
the conclusions of the analysis did not change when recurrence costs were varied in
scenario analysis.

We did not capture correlation between parameters sampled in the PSA.
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