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Currently no objective clinical tools exist to identify early breast cancer patients who may benefit from bisphosphonate treatment. Two 
landmark studies evaluated bisphosphonate use, AZURE and NSABP B-34, and were not conclusive in defining adjuvant bisphosphonate
benefit for the early breast cancer. 

• 2014 AZURE: 3,360 stage II–III breast cancer patients studied.

CONCLUSION: No benefit when zoledronic acid added to standard treatments in the adjuvant setting. 

• 2012 NSABP B-34: 3,323 stage I-III breast cancer patients studied.

CONCLUSION: No benefit from clodronate treatment for DFS, OS or metastasis.

A meta-analysis was subsequently conducted by the EBCTCG to further evaluate adjuvant bisphosphonate benefit. The EBCTCG study 
conclusions served as the basis for the CCO/ASCO and ESMO clinical practice guidance on the use of adjuvant bisphosphonates. 

• 2015 Early Breast Cancer Trialists' Collaborative Group (EBCTCG) A meta-analysis of 18,766 breast cancer patients. 

CONCLUSION: Adjuvant bisphosphonates reduce the rate of breast cancer recurrence and improve breast cancer survival with a definite benefit only in women 
who were post-menopausal when treatment began. 

Introductory Abstract: 
MAF Amplification Clinical Utility in Early Breast Cancer Adjuvant Treatment 
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Background
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1. Ref: https://pubmed.ncbi.nlm.nih.gov/25035292/

2. Ref:  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4970583/

Cancer Care Ontario/ASCO and ESMO Guidelines support bisphosphonate use for post-menopausal, or hormone suppressed women, 
albeit warns that cessation of menses does not necessarily denote the absence of ovarian cancer

The AZURE and NSABP B-34 studies aimed to show but did not reach their primary endpoint to demonstrate bisphosphonate utility in
early breast cancer.

3. Ref:  https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60908-4/fulltext



The discovery of a novel breast cancer biomarker, called MAF, has the potential to objectively guide bisphosphonate use in the
adjuvant setting, independent of menopausal status. A MAF gene FISH assay was validated and published in 2015 and subsequently
studied in secondary analyses with AZURE and NSABP B-34 study samples to assess whether MAF can identify early breast cancer patients
who benefit from bisphosphonates.

• 2015 Journal of National Cancer Institute: A novel biomarker call MAF emerged in a study suggesting that MAF could be a mediator of breast cancer bone 
metastasis. 

CONCLUSION: Results from study suggested that the MAF gene (16q23), is a mediator of breast cancer bone metastasis, might be useful to select patients at risk             
of bone relapse. 

• 2017 MAF-AZURE: A secondary analysis was conducted to retrospectively test MAF amplification in 1,739 primary tumor samples, and to understand the effect of
MAF amplification on treatment outcomes with adjuvant zoledronic acid in early breast cancer.

CONCLUSION: MAF status in AZURE can predict likelihood of benefit from adjuvant zoledronic acid and merits further investigation as a potential companion 
diagnostic.

• 2021 MAF-NSABP B-34 A secondary analysis was conducted to retrospectively test MAF in 1,883 primary tumor samples.

CONCLUSION: Bisphosphonates addition to adjuvant treatment increases time to relapse and OS in MAF (-) tumors independent of menopausal status.

Introductory Abstract: 
MAF Amplification Clinical Utility in Early Breast Cancer Adjuvant Treatment 
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Conclusions

AZURE and NSABP B-34 secondary studies indicate that the MAF biomarker can serve as a predictive biomarker of response to 
bisphosphonates independent of menopausal status.

Adjuvant treatment with bisphosphonates should be restricted to those patients with MAF (-) tumors as determined by a MAF FISH test.

Findings
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4.  Ref: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681582/

5. Ref: https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(17)30603-4/fulltext

6.  Ref: https://academic.oup.com/jncics/advance-article/doi/10.1093/jncics/pkab054/6287690



Potential harm for MAF(+)

+

–

The Development of MAF Clinical Evidence 
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2012

Lancet Oncology (Ref 2)
NSABP B-34 Oral Clodronate for Adjuvant 
Treatment of Operable Breast Cancer 

MAF is a novel tool, backed by clinical evidence, with the potential to 
guide bisphosphonate use in adjuvant breast cancer.

+ Benefit for post-menopausal women

– No benefit for clodronate 

Lancet Oncology (Ref 3)
EBCTCG Meta-Analysis: Adjuvant Bisphosphonate 
Treatment in Early Breast Cancer: Meta-Analyses of 
Individual Patient Data
• Adjuvant bisphosphonate reduces the rate of 

breast cancer recurrence and improves survival 

2015

Journal NCI (Ref 4)
MAF Gene Expression and Breast Cancer 
Bone Metastasis
• MAF gene (16q23) as a mediator 

of bone metastasis 
• May help identify patients who benefit from 

bisphosphonates

2017

Lancet Oncology (Ref 5)
AZURE Effect of MAF Amplification on Treatment 
Outcomes with Adjuvant Zoledronic Acid in Early 
Breast Cancer
• MAF can predict benefit from adjuvant 

zoledronic acid, independent of menopause status
• MAF merits further investigation as a 

potential companion Dx

2014 2016 2018 2019 2020 2021

ESMO Annals of Oncology (Ref 9)
Bone Health in Cancer: ESMO Clinical 
Practice Guidelines 
“MAF is a transcription factor that is 
amplified in around 20% of bone 
metastases has been shown in one study 
to predict disease benefits with 
zoledronate in those with normal MAF 
status and harm, especially in younger 
patients and in those with MAF (+) 
amplification. Validation of these results 
are awaited before this biomarker can be 
considered for routine use.”

ASCO (Ref 12)
NSABP B-34 MAF Confirmatory 
Study Abstract

Clodronate addition to adjuvant treatment 
increases time to relapse and 
OS in MAF(-) tumors independent of 
menopausal status 

+ Benefit for post-menopausal women

Lancet Oncology (Ref 1)
AZURE Adjuvant Zoledronic in Early 
Breast Cancer Patients 

+ Benefit for post-menopausal women

– No benefit for zoledronic acid 

SABCS 2016
AZURE Effect Of MAF Amplification on Treatment 
Outcomes with Adjuvant Zoledronic Acid in Early 
Breast Cancer

+ Benefit for MAF(-)

– Potential harm for MAF(+)

SABCS 2018
Long Term Survival Benefits of Adjuvant Zoledronic 
Acid Associated with MAF Status of Primary Tumor

+ Benefit for MAF(-)

– Potential harm for MAF(+)

Journal Bone Oncology (Ref 11)
AZURE Benefits and Risks of Adjuvant Treatment with 
Zoledronic Acid (ZOL) in Stage II/III Breast Cancer 
• 10-year follow-up outcomes improved with ZOL 

in MAF(-) women 
79% women with a MAF(-) tumor, ZOL improved 
IDFS and OS irrespective of menopause

ZOL did not improve disease outcomes in  
MAF(+) tumors

JNCI Cancer Spectrum (Ref 6)
B-34 Benefits and Risks of Adjuvant 
Treatment with Clodronate (CLO) in 
Stage I/III Breast Cancer
• MAF B-34 study confirms the findings 

of MAF AZURE trial
• Improved DFS and OS in MAF(-) 

patients, independent of meno. status
• CLO did not improve disease outcomes 

in MAF(+) tumors

+ May help identify patients who benefit
from bisphosphonates 

+ Benefit for MAF(-) independent of menopause 
status

–

+ Benefit for MAF(-)

– No benefit for MAF(+)

+
–
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Bisphosphonates

The Challenge: 
Bisphosphonate Benefit is Limited to Post-Menopausal Breast Cancer Patients 
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The information that follows will demonstrate how the novel MAF biomarker may be valuable as an objective tool 
to identify patients who are most likely to benefit from bisphosphonate use in the adjuvant setting.

Despite a body of evidence demonstrating 
the benefits of bisphosphonates…

• Bisphosphonates are not regulatory 
approved for use in adjuvant treatment for 
early breast cancer patients. 
 Lack of approval may limit 

reimbursement in some countries 
requiring patients pay out of pocket. 

• Bisphosphonates are approved for 
palliative control of bone metastasis 
of breast cancer patients.

• The emergence of the EBCTCG meta-
analysis in 2015 and subsequent ESMO 
and CCO/ASCO guidance demonstrates 
the benefit of bisphosphonates. However, 
recommended use is only in post-
menopausal women with an unclear 
clinical definition

• Currently, bisphosphonate adjuvant 
treatments offer protective benefits 
from relapse, but are only recommended 
for post-menopausal patients. 

Assessment of the prognostic and predictive factors, 
the potential benefits and side effects of the treatment

Biological 
therapy Chemotherapy Endocrine 

therapy Radiotherapy

Assessment and 
treatment of bone loss

Follow-up

Hormone receptor + 
and HER2 + disease

Hormone receptor + 
and HER2 - disease

Hormone receptor -
and HER2 + disease

Hormone receptor -
and HER2 - disease

Managing complications

Person with suspected 
breast cancer

Diagnosis, assessment, 
and Staging

Primary systemic and neoadjuvant therapy

Post-operative assessment

Patient with early or locally advanced breast cancer

Surgery to 
the breast

Surgery to 
the axilla

Imaging assessment

Pathological assessment

Patient with advanced breast cancer

MAF biomarker test to guide 
selection of bone-related treatment

Current Breast Cancer Treatment Options

TherapyAdjuvant therapy 
planning

Cancer-related 
fatigue Lymphoedema Uncontrolled 

local disease

Denosumab

Brain 
metastases

Bone 
metastases

Bone related 
treatments
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2. Ref:  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4970583/1. Ref: https://pubmed.ncbi.nlm.nih.gov/25035292/

The Challenge: 
Endpoint Not Met For Zoledronic Acid and Clodronate DFS and OS

In 2012 and 2014, two landmark studies (AZURE & NSABP B-34) were conducted to understand the benefit of Zoledronate 
and Clodronate respectively for early breast cancer adjuvant treatment. Both studies failed to meet their endpoint.

AZURE was an open-label, multicenter, randomized, controlled 
phase 3 study in 3,360 women with stage II-III breast cancer

• 3,360 patients followed up for median of 84 months

• 1:1 zoledronic acid versus standard treatment

• DFS HR 0.93, 95% CI (0.82-1.06); P=0.3

• OS HR 0.93, 95% CI (0.81-1.08); P=0.37

NSABP B-34 was a multi-center, randomized, double-blind, placebo-
controlled pivotal study in 3,323 women with stage I-III breast cancer

• 3,311 patients followed up for median 90.7 months

• 1:1 clodronate versus placebo

• DFS HR 0.91, 95% CI 0.78–1.07; P=0.27

• OS HR 0.84, 95% CI 0.67–1.05; P=0.13

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021



The Challenge:
Bisphosphonate Meta-Analysis Study Concludes Benefit in Limited Population
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3. Ref:  https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60908-4/fulltext
2015 EBCTCG Adjuvant 

bisphosphonate treatment in early 
breast cancer: meta-analyses of 

individual patient data

Adjuvant bisphosphonates 
reduce the rate of breast 

cancer bone recurrence and 
improve breast cancer 
survival ONLY in post-
menopausal women. 

Pre-MP: BC Survival

Post-MP: Bone Recurrence

Post-MP: BC Survival

Pre-MP: Bone Recurrence
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The novel MAF marker is 
mentioned in the ESMO 2020 

Guidance

“MAF is a transcription factor that is 
amplified in around 20% of bone 

metastases. MAF has been shown in 
one study to predict disease benefits 
with zoledronate in those with normal 
MAF status and harm, especially in 
younger patients and in those with 

MAF amplification. Validation of these 
results are awaited before this 

biomarker can be considered for 
routine use.” 

The Challenge: 
Limited Adjuvant Bisphosphonate Guidance Emerges

CCO/ASCO and ESMO guidelines on 
the adjuvant use of bisphosphonates 
is limited to post-menopausal breast 

cancer patients, albeit warn the lack of 
objectiveness in certain circumstances 

when defining such hormonal state.

US Guidelines

EU Guidelines

7.  Ref: https://ascopubs.org/doi/10.1200/JCO.2016.70.7257

8. Ref: https://pubmed.ncbi.nlm.nih.gov/26681681/

9. Ref: https://www.annalsofoncology.org/action/showPdf?pii=S0923-7534%2820%2939995-6

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - June 2021 8
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• De novo unbiased screening approach

• cMAF gene identified out of the 300 genes 
→ cMAF gene encodes for MAF nuclear protein 

• Studied across three technologies: FISH, IHC 
and RNA expression

• Analytical validation to assess sensitivity, specificity and 
reproducibility

• Retrospective clinical validation in >900 samples including 
a cohort of 560 retrospective breast cancer patients 
representing 4 subtypes 

MAF Discovery 
Strategy, Analytical 
and Retrospective 
Clinical Validation 

MAF FISH Test Validation

MAF FISH test technical and analytical validation 
performed at an independent CRO
 Targos Molecular Pathology GmbH (Germany)

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021



MAF Biology: 
Underlying Biology Findings and MAF Application in Breast Cancer
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“MAF is a mediator of breast cancer bone metastasis,” 
suggesting the biomarker may have a role in our understanding and management of breast cancer. 

4.  Ref: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4681582/ 10. Ref: https://onlinelibrary.wiley.com/doi/10.1002/path.5292

Underlying Biology MAF Application in Breast Cancer

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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4. Ref: https:/academic.oup.com/jnci/article/107/12/djv256/2457717

Results suggest that MAF is a mediator of breast cancer bone 
metastasis. 16q23 gain or MAF overexpression in tumors may 
help to select patients at risk of bone relapse.

There are currently no biomarkers for early breast cancer 
patient populations at risk of bone metastasis. Identification 
of mediators of bone metastasis could be of clinical interest.

• The MAF gene associated with bone metastasis was 
subjected to gain and loss of function validation in 
breast cancer cells (MCF7, T47D, ZR-75, and 4T1) and 
in mouse models, its downstream mechanism validated 
and tested in clinical samples. 

• A multivariable Cox cause-specific hazard model with 
competing events (death) was used to test the 
association between MAF amplification (16q23) and 
bone metastasis. All statistical tests were two-sided.

16q23 gain encoding the transcription factor MAF mediates 
breast cancer bone metastasis through the control of genes that 
mediate metastasis including PTHrP.

• 16q23 gain (hazard ratio (HR) for bone metastasis = 14.5, 
95% confidence interval (CI) = 6.4 to 32.9, P < .001) as well 
as MAF overexpression (HR for bone metastasis = 2.5, 95% 
CI = 1.7 to 3.8, P < .001) in primary breast tumors were 
specifically associated with risk of metastasis to bone but not 
to other organs.

MAF may be relevant in guiding clinical decisions for patients at risk of bone relapse in breast cancer. 

Abstract: How MAF Works
2015 JNCI MAF Oncogene Expression Article

Background Findings

Conclusions

Model illustrates how 
MAF  (16q23) DNA 
genomic gain identifies 
breast primary tumors 
that will metastasize to 
the bone. 

ER = estrogen receptor. 

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021



MAF Underlying Biology: 
From Latency to Overt Bone Metastasis in Breast Cancer

“MAF is a transcription factor 

that regulates the expression 

of genes that collectively may 

support several steps of 

breast cancer cell metastasis, 

particularly to bone… results 

imply that MAF transcriptionally 

controls functions required for 

bone metastasis…”

10. Ref: https://onlinelibrary.wiley.com/doi/10.1002/path.5292

12
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MAF FISH Development Strategy: 
Assay Technical and Validation Priorities 
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• Tissue assay developed and validated for clinical studies
• Technical requirement files ready for CE mark
• Proprietary key MAF reagents for standardization 
• MAF able to predict risk of bone metastasis/distant 

disease relapse

• Gene amplification adapted to routine FISH technologies

• FISH assay analytically and clinically validated 

• Clinical Validation using archived specimens with AZURE and 
NSABP-B34 trials

Assay Technical Product Profile

Assay Validation Parameters

• Different probes analyzed

• Lot-to-lot variation

• Intra-assay-repeatability
(same run, same person evaluates)

• Inter-assay-repeatability 
(separate runs, same person evaluates)

• Stability of the biomarker/storage

• Intermediate precision-
2 separate technicians performing assay

• Probe concentration, hybridization temperature

• Defined assay methodology 

• Defined scoring procedures

MAF FISH Assay Results

• Hybridizing on cMAF gene locus

• Out of 300 genes, MAF was identified individually as 
significantly associated with risk of bone relapse

• FISH probe set developed by (Kreatech-Leica Biosystems)

Controls and quality assurance methods completed
- ICH Q2(R1) guideline
- FDA guidance for industry “Bioanalytical Method Validation
- EMA In Vitro Diagnostic Medical Devices Directive 

(IVDD-98/79/EC)

• Prospective Clinical Validation using fully annotated patient 
specimens from the AZURE and NSABP-B34 clinical trials

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - June 2021



MAF FISH Assay Overview:
Standard FISH Assay Workflow for Use in Routine Molecular Testing Lab 
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Total FISH analysis turnaround time around 2 days

MAF FISH interpretation 
scoring cutoffs: 

• MAF(+) means MAF copy number ≥ 2.5 signals/nuclei
• MAF(-) means MAF copy number < 2.5 signals/nuclei
• Non evaluable if no control (green signals) visible

Tissue Fixation

• Formalin fix
• Paraffin embed

Tissue Processing

• Process overnight

Tissue Sectioning 
& Deparaffinization 

• Cut 4 µm slice
• Deparaffination
• Air dry 

FISH Sample 
Preparation

• FISH staining   
protocol

• Digestion
• Dry

Hybridization 

• MAF test probe set 
(16q23)/D16Z3 

• MAF FISH hybridize 
overnight at 37C

Wash 

• Wash
• DAPI stain

Interpret and 
Report Results

• Scan slide for 
localization of high 
amplification areas

• Count MAF red  
and control green 
signals in 50 cells.

• Calculate the mean 
copy number of 
MAF signals/cell

• Report 

24 Hours 12 Hours 2 Hours 2 Hours 12 Hours 30 Minutes 30 Minutes

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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Inbiomotion has developed a single-gene based test (MAF) to improve 
breast cancer outcomes and expand the clinical utility of zoledronic 
acid and/or clodronate

• In 2020, more than 700,000 women suffered breast 
cancer in US and EU*.

• Currently, no diagnostic tools are available to stratify 
patients who will benefit from bisphosphonates 
adjuvant therapy.

By excluding those patients that should not 
be treated with zoledronic acid or clodronate

2By identifying patients that will benefit
from zoledronic acid and/or clodronate 
in adjuvant treatment of early-stage 
breast cancer

1

Inbiomotion delivered 
two large sets of 
prospective-retrospective data 
confirming the clinical utility of MAF test as a 
predictive biomarker of response to bisphosphonates. 

MAF Test Promising Results: 
Predicting Response to Adjuvant Treatment in Breast Cancer Patients

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021

* Source: GLOBOCAN 2020



MAF Test: 
Clinical Validation Strategy
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Clinical Validation of MAF is based on the secondary analysis of two pivotal prospective clinical trials to 

retrospectively evaluate the MAF amplification in patient’s tumor samples with the following study aims:

Clinical hypothesis to test
MAF(-) early breast cancer patients benefit from adjuvant 
bisphosphonate treatment

Clinical validation
Hypothesis generating trial: AZURE (NCT00072020)
Chemotherapy and/or Hormone Therapy with or without 
Zoledronate to treat Women With Stage II/III Breast Cancer

Confirmatory trial: NSABP-B34 (NCT00009945)
Clodronate With or Without Chemotherapy and/or Hormonal 
Therapy to treat Women With Stage I/II Breast Cancer

• Primary objective: DFS (IDFS) in MAF(-)

• Secondary objective: OS in MAF(-)

• Additional secondary/exploratory objectives: 
DFS/OS in MAF(+), bone metastasis, non-
bone metastasis

Clinical objectives of
both studies

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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Prospectively Collected Tumor Samples
• AZURE: Phase 3, randomized, controlled clinical study
• Retrospective testing 
• 1,769 out of 3,360 patients recruited donated tumor tissue (52.4%)
• 13 TMAs (≈150 patient samples each)
• 4 replica of each TMA using different tissue cores: 6,326 cores (≈4 x patient)
• 84 months median clinical follow-up

H&E Analysis FISH Assay

• Targos validated MAF FISH assay 
(cMAF/D16Z3)

• 2,067 FISH evaluable cores (56%)
• 865 patients (49%) with 2 FISH 

evaluable cores (26% AZURE patients)
• 567 patients non-evaluable by FISH in 

any of the 4 replicates (32%)

Based on a hypothesis 
that the MAF is a 
relevant biomarker to 
predict bone 
metastasis and 
relapse, the following 
clinical validation was 
conducted 
to predict response to 
bisphosphonates 
utilizing the MAF as a 
clinical guide.   

• 6,326 tumor tissue cores
• 3,978 evaluable (63%) +
• 2,348 non-evaluable

MAF Test Clinical Validation: 
AZURE Clinical Trial - Study Design with MAF Test

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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Findings: 
AZURE MAF Test Clinical Study Results

MAF(-) patients benefit; MAF(+) no benefit (patients harmed) 

The initial pivotal AZURE trial outcome was not positive. 
Although some patients seemed to benefit but overall, the 
trial outcome was not significant.

A prospective-retrospective study was conducted with 
original AZURE study tumor samples. The analysis of MAF 
was conducted retrospectively

ITT patients
IDFS HR = 0ꞏ93, (0ꞏ82-1ꞏ05)
OS HR= 0ꞏ93, (0ꞏ81-1ꞏ08)

Post-menopausal patients
IDFS HR = 0ꞏ77, (0ꞏ63-0ꞏ96)
OS HR = 0ꞏ81 (0ꞏ63–1ꞏ04)

MAF(-) patients (79%)
IDFS HR = 0ꞏ74, (0ꞏ56–0ꞏ98)
OS HR= 0ꞏ78, (0ꞏ55–1ꞏ10)
10 years follow-up 
(Coleman, JBO 2018) Ref 11
IDFS HR = 0ꞏ75, (0ꞏ58–0ꞏ97)
OS HR = 0ꞏ69, (0ꞏ50–0ꞏ94)

MAF(+) 
non-post-menopausal patients
IDFS HR = 2ꞏ47, (1ꞏ23–4ꞏ97)
OS HR = 2ꞏ27, (1ꞏ04–4ꞏ93)

1. Ref: https://pubmed.ncbi.nlm.nih.gov/25035292/ 5. Ref: https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(17)30603-4/fulltext

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021

MAF
biomarker
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Findings: 
AZURE MAF Clinical Study Trial Results 

MAF(-) patients benefit; MAF(+) no benefit patients harmed 

Significant increase in non-skeletal metastasis in MAF positive patients

Endpoint MAF
MAF -

MAF +

MAF -

MAF +

MAF -

MAF +

IDFS

DFS

OS

ZOL HarmZOL Benefit

HR

HR
HR= 0.75 (0.58-0.97)

HR= 1.54 (0.96-2.47)

HR= 0.77 (0.59.1.01)

HR= 1.54 (0.94-2.52)

HR= 0.69 (0.50-0.94)

HR= 1.4 (0.83-2.33)

11. Ref: https://www.sciencedirect.com/science/article/pii/S2212137418302628?via%3Dihub

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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Findings: MAF Test Results Independent of Menopausal Status
AZURE MAF Test Clinical Study Results

5. Ref: https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(17)30603-4/fulltext

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021



MAF Test Clinical Validation Confirmatory Study
MAF Confirmatory Study NSABP B-34

MAF(-) patients benefit; MAF(+) no benefit 

The NSABP-B34 trial outcome was not positive. While 
some patients benefited overall the trial outcome was 
not significant and the primary endpoint not met.

A prospective-retrospective study was conducted with original 
NSABP B-34 study tumor samples. The analysis of MAF was 
conducted retrospectively to confirm the previously generated 
hypothesis.

21

ITT patients
DFS HR = 0ꞏ91, (0ꞏ78–1ꞏ07); p=0ꞏ27
OS HR= 0ꞏ84, (0ꞏ67–1ꞏ05); p=0ꞏ13

>60 years 
(Post-menopausal) patients
DFS HR = 0ꞏ90 (0ꞏ74–1ꞏ09)
OS HR = 0ꞏ80, (0ꞏ61–1ꞏ04), p=0ꞏ094

MAF(-) patients (80.5%)
DFS HR = 0ꞏ70, (0ꞏ51-0ꞏ94), p=0ꞏ02
OS HR= 0ꞏ59, (0ꞏ37–0ꞏ93), p=0ꞏ02

MAF(+) patients
DFS HR = 1ꞏ00 (0ꞏ62, 1ꞏ61), p= 1ꞏ00
OS HR = 1ꞏ39 (0ꞏ71, 2ꞏ70), p= 0ꞏ34

2. Ref: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4970583/

MAF
biomarker

6. Ref: https://academic.oup.com/jncics/advance-article/doi/10.1093/jncics/pkab054/6287690

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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6. Ref: https://academic.oup.com/jncics/advance-article/doi/10.1093/jncics/pkab054/6287690

MAF Test Clinical Validation: 
NSABP-B34 Clinical Validation Confirmatory Study Design

The NSABP B-34 MAF study found increased time to relapse and OS in 
MAF(-) tumors – independent of menopausal status.

Study objectives
• Primary: DFS
• Key secondary: Overall survival
• Secondary: Skeletal metastasis, relapse free survival 

and non-skeletal metastasis

Study samples
• 3,311 accrued patients with 90.7 months median follow-up
• 2,533 (out of total 3,311, 77%) tumor samples 

prospectively collected available for MAF test analysis
• All evaluable samples were assayed with MAF test; 

No preselection of samples
• Fully anonymized tumor samples identified only by a 

coded number

Analysis
• MAF test analysis centralized in Targos Molecular 

Pathology (Kassel, Germany)
• Protocol and SAP sent to FDA prior to study start to 

ensure the prospective nature of the study

The Clinical Utility of a MAF Biomarker to Guide Adjuvant Bisphosphonate Treatment in Early Breast Cancer - August 2021
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MAF Clinical Validation Summary Data:
Results MAF NSABP-B34 Study

MAF demonstrated significant impact on DFS and OS in MAF(-) patients. 
Conclusion: These results are evidence towards introducing MAF testing into clinical practice.

MAF (-) patients with adjuvant treatment with clodronate 
have a significant benefit in 5 year OS (HR 0.59 p=0.024).

MAF ‐
MAF +
MAF ‐
MAF +
MAF ‐
MAF +

DFS

OS

RFI

CLO HarmCLO Benefit

HR= 0.70 (0.51, 0.94) p= 0.0199

HR= 1.00 (0.62, 1.61) p= 0.9985

HR= 0.59 (0.37, 0.93) p= 0.0244

HR= 1.39 (0.71, 2.70) p= 0.3366

HR= 0.67 (0.45, 0.98) p= 0.0416

HR= 0.83 (0.46, 1.49) p= 0.5321

Hazard Ratio
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6. Ref: https://academic.oup.com/jncics/advance-article/doi/10.1093/jncics/pkab054/6287690
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MAF Clinical Validation Summary Data:
Results in AZURE and NSABP-B34 Studies

MAF demonstrated significant impact on DFS and OS in MAF(-) patients. 
Conclusion: These results are evidence towards introducing MAF testing into clinical practice.

AZURE Hypothesis-Generating Study NSABP-B34 Confirmatory Study

Invasive disease-free survival

Overall survival

Disease-free survival

Overall survival

MAF(-) patients with adjuvant treatment with zoledronic acid 
have a significant benefit in 10 year OS (HR 0.69 p=0.019).

MAF(-) patients with adjuvant treatment with clodronate 
have a significant benefit in 5 year OS (HR 0.59 p=0.024).
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6. Ref: https://academic.oup.com/jncics/advance-article/doi/10.1093/jncics/pkab054/62876905. Ref: https://www.thelancet.com/journals/lanonc/article/PIIS1470-2045(17)30603-4/fulltext

12. Ref: https://ascopubs.org/doi/abs/10.1200/JCO.2020.38.15_suppl.513



Impact
Potential to save >14,000 lives/year (US/EU)

25

MAF Clinical Utility: 
MAF Significantly Impacts DFS and OS in Early Breast Cancer

MAF may be relevant in guiding clinical decisions for patients at risk of bone relapse in breast cancer. 

Early breast cancer patients (Stages I-III)

MAF test

MAF-

BPS Treatment

CLO
3.3% reduction relapse
2.1% reduction deaths

MAF+

CLO
No clinical benefit

Clinical Utility

MAF biomarker was validated following the guidance from a seminal 
publication on the use of archived specimens in evaluation of 
predictive biomarkers (Ref 13). MAF allows selection of early-stage 
breast cancer patients benefiting from adjuvant bisphosphonate 
treatment

Treat: MAF(-) patients (OPT-IN)
ꞏ   Patients eligible for clodronate adjuvant treatment, in early 

breast cancer, including non-post-menopausal patients currently 
not recommend in guidelines.

No Treat: MAF(+) patients (OPT-OUT)
• Patients not eligible for clodronate adjuvant treatment, 

in early breast cancer. 
• Post-menopausal patients who do not benefit or may be 

harmed.

NO BPS Treatment

80% 20%
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•.

13. Ref: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2782246/pdf/djp335.pdf



Endpoint
MAF

Subgroup

% Pts
with event
Control

% Pts
with event

Tx
ARR*

% Pts
Avoiding event

after Tx.
MAF ‐ 13.05% 9.75% 3.31% 25.34%
MAF + 24.83% 23.84% 0.99% 3.97%
MAF ‐ 6.14% 4.01% 2.13% 34.72%
MAF + 10.37% 12.65% ‐2.28% ‐22.04%

DFS 17.40% 16.30% 1.10% 6.32%
OS 9.70% 8.90% 0.80% 8.25%
DFS 20.90% 21.80% ‐0.90% ‐4.31%
OS 12.10% 11.80% 0.30% 2.48%
DFS 15.80% 13.40% 2.40% 15.19%
OS 8.70% 7.50% 1.20% 13.79%

All Pts
MAF (+) and 

MAF (‐)

B‐34 Trial
Stage I‐II

Clodronate 5y
OS

DFS

EBCTCG**
Metanalysis
Stage I‐III

BPS 5y

Pre‐Menop

Post‐Menop

MAF Clinical Utility: 
Study Subgroup Summary 

26

MAF(-) patients benefit from ZOL and CLO treatment by reducing DFS and OS 
events, while MAF(+)s provide no benefit or are harmed by the treatment. 

*  ARR: Absolute Response rate
** Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
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6.  Ref:  https://academic.oup.com/jncics/advance-article/doi/10.1093/jncics/pkab054/6287690

3. Ref: https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(15)60908-4/fulltext



Cost/Benefit of MAF test stratification:
Patients Considered for Bisphosphonates by MAF Test Saves Costs 
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MAF may be relevant 
in guiding clinical 
decisions 
• Higher percentage of patients 

may benefit of 
Bisphosphonates treatment

• MAF allows treatment for 
MAF- non-post-menopausal 
patients, currently excluded by 
guidelines. Contrary, MAF+ 
positive post-menopausal 
women may avoid harm –
currently in guidelines 

Patient with early or locally advanced breast cancer
(Stage I to III without bone metastasis)

670,000 patients/year (EU-27 + UK + US)*

MAF test

Treatment with bisphosphonates (BP)is beneficial

MAF(-) (80%) 536,000 patients

Non-post-menopausal
(33%) 219,760 patients

Post-menopausal 
(47%) 316,240 patients

Treatment with bisphosphonates is deleterious 
or non beneficial

MAF(+) (20%) 134,000 patientsCopy number threshold 
for positivity = 2.5

80% Breast cancer patients 20% Breast cancer patients

59%41%

New population treated 
with BP

+ Clinical benefit:
Healthcare savings 
by reducing the 
number of relapse 
and death events

– Increased drug use 
& acquisition costs

Population currently 
treated with BP 
(EU/US/NICE 

recommendations)

Non-post-menopausal
(8%) 54,940 patients

Post-menopausal 
(12%) 79,060 patients

59%41%

+ Cost savings on 
drug use and 
acquisition costs

Population currently 
excluded from treatment 
with BPS (EU/US/NICE 

recommendations)

+
–

+ Avoidance of 
BPS use (in BC).
Population currently 
treated with BPS 
(EU/US)

* Source: GLOBOCAN 2020
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MAF Test Clinical Impact: 
Reduction of Recurrence and Mortality When MAF Test is Used to                       
Select Clodronate
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Selection of MAF- patients for clodronate adjuvant treatment may avoid death of more than 6,500 patients per year*. 

Patient with early or locally advanced breast cancer
(Stage I to III without bone metastasis)

670,000 patients/year (EU-27+UK+US)**

Current clinical recommendation for 
treatment with bisphosphonates (BP)

Non-post-menopausal (<60 y.) 
274,700 patients (41%)

Patient with early or locally advanced breast cancer
(Stage I to III without bone metastasis)

670,000 patients/year (EU-27+UK US)**

MAF test selection of patients for 
treatment with clodronate

MAF (-) 32.4% 
219,760 patients

MAF(+) 8.6%
54,940 patients

MAF(+) 12.4% 
79,060 patients

MAF(-) 46.6% 
316,240 patients

Non-post-menopausal (<60 y.) 
274,700 patients (41%)

Post-menopausal (> =60 y.) 
395,300 patients (59%)

Patients selected for BP 
treatment (59%) 395,300 patients
Clinical benefit (5y)***:
• 2.4% reduction of distant 

recurrence: 9,487 patients
• 1.2% reduction in mortality: 

4,744 patients

Patients selected for BP treatment 
(80%) 536,000 patients
Clinical benefit (5y):
• 3.3% reduction of distant recurrence: 

17,688 patients
• 2.1% reduction on mortality: 

11,256 patients

MAF test clinical impact: 8,201 more patients avoid distant recurrence; 6,512 more patients survive*

Post-menopausal (> =60 y.) 
395,300 patients (59%)

* Number of patients on top of impact of current clinical guidance
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**       Source: GLOBOCAN 2020
***      Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)



2015
The introduction of MAF 
amplification discovery began 
to shed light on MAF as a 
mediator of bone metastasis 
that may identify high risk 
patients who might benefit 
from bisphosphonates.

2017
MAF was studied in a 
secondary retrospective 
analysis of the AZURE patient 
cohort, concluding that MAF 
can predict benefit from 
adjuvant zoledronate as a 
Companion Dx. 

2018
A Journal of Bone oncology 
10-year follow-up of AZURE 
demonstrated improved 
IDFS and OS was found 
independent of menopausal 
status.

2021
An NSABP B-34 confirmatory study 
data was published in JNCI Cancer 
Spectrum demonstrating MAF(-) 
tumors independent of menopausal 
status increase time to relapse and 
OS in patients receiving 
bisphosphonates as adjuvant 
treatment. 
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Conclusion: 
How MAF Biomarker Meets the Challenge

MAF may be valuable in selecting patients who will benefit from bisphosphonates in early breast cancer. 

For physicians managing early 
breast cancer patients across all 
menopausal stages, MAF is the first 
biomarker to stratify breast 
cancer patients and determine 
who will and won’t respond to 
bisphosphonates regardless of 
menopause status.

This is particularly relevant for 
young patients that have worst 
prognosis and are not currently 
included in guidelines. 

MAF test enables personalization of 
bisphosphonate adjuvant treatment
by significantly reducing the risk of 
disease relapse and increasing 
survival of early breast cancer patients 
because the MAF assay provides the 
unique benefit of delivering beneficial
treatments to those patients 
negative for MAF amplification and 
avoids unnecessary treatments to 
those MAF(+)s who will not respond 
or will be harmed by the therapy.

Physicians can be confident in 
their bisphosphonate treatment 
decision supported with MAF 
test, an objective tool to select the 
most effective adjuvant 
bisphosphonate treatment for 
breast cancer patients, and 
ultimately improve the patient’s 
clinical outcomes. 
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