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Abstract

Background: In early breast cancer (EBC), the adjuvant use of bisphosphoedte®s the incidence of bone
metastases but only appears to improve overall recurrence and survpastinenopausal patients. The
mechanisms underlying these observations remain unclear. To atlisesse tested the recently identified
bone relapse biomarker, MAF gene gain (MAF+) in primary tumours fvomen included in the AZURE trial

(ISRCTN79831382) to determine the prognostic value of MAF and itsnpal to predict the effects of

adjuvant zoledronic acid (ZOL) on disease outcomes.

Methods: The AZURE trial is an academic, prospective, open label, randomised fhaséitentre, parallel-
group trial, performed ir8360 women with stage Il/lll breast cancer to receive standard adjuvantmsyste
therapy alone or with ZOL every 3-4 weeks for 6 doses, then 3r@higothereafter to complete 5 years
treatment. Consenting patients were randomised on a 1:1 basis usinijah agtomated 24-hour computer-
generated telephone randomisation system that included a minimisation pratessok into account the
number of involved axillary lymph nodes, clinical tumour stage, oestriagaEptor status, type and timing of
systemic therapy, menopausal status, statin use and treating centrerifiiy gndpoint was disease
recurrence. MAF was detected in breast tumours in tissue microarragtfusing a validated (MAF/D16Y3
FISH test, MAFTEST (Inbiomotion, Spain) in a blinded fashion by a centratdadyg (Targos, Germany). A
copy number cubff >2.5 was preset to define a MAF+ve tumour. Multivariate analyses of disease outcomes
by MAF status were performed in control and ZOL patients separatedy intention to treat basis according
to a pre-specified analysis plan. Interactions between MARHRd menopausal status on effects of ZOL were
also evaluated.

Findings. Of the 1769 AZURE patients who donated primary tumour sampks, (49%) had 2 FISH
evaluable cores of which 184 (21%) were MAe+MAF+ve tumours were more likely to be of higher grade,
ER-ve and Her2+. At a median follow-up of 84 months, MAF was not fstinin control patients for
invasive disease free (IDFS) or overall (OS) survival, but in ZOL treatgenps those with a MARe tumor
had better IDFS (HB-s=0.52 [0.36-0.75] and OS (H§3=0.48 [0.31-0.75]). In patients with MA¥e tumours,
ZOL was associated with improved IDFS (jgR=0.74 [0.56-0.98]). However in patients with MAFe-
tumours, ZOL did not improve disease outcomes and, in the 119 MAlpatients who were not
postmenopausal at randomisation, ZOL was associated with much eutcsenes (HRrs=2.47 [1.23-4.97]
and HRy<=2.27 [1.04-4.93]). The interactions between disease outcomes, ZOLdiseeanpausal status were
driven largely by an excess of extraskeletal recurrences (E-IDFS) in rwaiitle MAF+ve tumours who
initiated ZOL before the development of menopalie:f,prs=6.92, [2.44-19.6])

Interpretation: FISH evaluation of MAF in EBC segregates patients likely to benefit fromvaajuzOL
(MAF-ve) from those who may be harmed (not postmenopausdt#é and merits further investigation as a
potential companion diagnostic.

Academic grant support, and study drug were provided by Novartisalx{8ummit, New Jersey). Biomarker
measurements and statistical analyses were funded by Inbiomotion (Barc&bain).



I ntroduction

Meta-analysis of clinical trials has shown that adjuvant bisphosphoraigscially zoledronic acid [ZOL] or
clodronate) reduce bone metastases and improve survival in postmexqadiesits with early breast canter
The AZURE study of adjuvant zoledronic acid in early breast canasttive first study to identify the benefits
of adjuvant bisphosphonatés postmenopausal womeand prompted the confirmatory meta-analysis of this
subgroup findind, In addition, marked heterogeneity according to menopausal stahss iiates of recurrence
outside bone was seen, with an increase in extraskeletal metastases in vionvegrevnot postmenopausal at
study entry. However, despite recapitulation of these clinical observatipnsdimical animal models of bone
metastasésthe biological mechanisms underpinning these apparent interactions beweternt effects and
menopausal status are unknown.

There are many clinical, pathologic and molecular biomarkers that have beew assdss prognosis in early
breast cancer although none, with the possible exception of estrogptorestatus, are useful to specifically
identify patients at high risk for bone metastases. Gene profiles that peaifically predict for bone
recurrencéwere first described a decade ago but none are currently used in clinical phactieens of
predicting treatment benefits, menopausal status (and by association agedraraaeded in clinical practice
guidelines for selection of patients likely to benefit from adjuvasphpsphonaté. However, the imprecise
definition and timing of menopause, makes this a somewHatutlifcriterion on which to select patients most
likely to benefit. Recently, using a proteomic discovery platform,diexpression of GIPC1 and CAPG
proteins by primary tumoamwas shown to predict benefit from adjuvant ZOL in early breast cAmtewever,

to date, there are no confirmatory datasets supporting the clinical application afistosery and the
reproducibility of thee analyses awaits confirmation. Thus, there is currently no biomarlsaidot patients
for treatment with adjuvant ZOL.

To address this, the recently identified early breast cancer boneeréliapsarker, MAF gene gain (MAF%)

was tested retrospectively in the large prospectively randomized AZU&RE tof standard adjuvant therapy

+/- ZOL in high risk early breast cancer. Overexpression of MAF, adrgtisn factor of the AP-1 family and
encoded within the 16q arm, supports the molecular processes thattlaffertetastatic course from the
primary site to distal colonizatiBnMAF regulates the expression of a set of genes that collectively support
several steps of breast cancer cell metastasis through a series of celfru®and niche-related functidns
Collectively, these observations suggest that MAF accumulation (MAF gaingenadje the identification of
patients at high risk of metastasis. In this report, we have determinguiogpeostic value of MAF and its
potential to predict the effects of ZOL on disease outcomes.

Methods

Study Design and patients

3360 patients from 174 centres were recruited between September 20@arahd2006 to the AZURE study.
Eligibility criteria have been reported previouslybut, in summary, patients had to have histologically
confirmed invasive breast cancer of any subtype with either pathologinathyved axillary lymph node
metastasis or a T3/T4 primary tumour treated with curative intentr Egioplete resection of the primary
tumour was necessary or had to be planned if patients were treated withunaotadhemotherapy. Patients
had to be age >18 with a Karnofsky performance status index >80 and neither pregnant or breast-feeding to be
eligible. Patients were not eligible if there was clinical or imaging evidence oftdisttastases prior to study
entry, current or recent (previous year) use of bisphosphonates-exipting bone disease likely to require
bone-targeted treatment.

All patients gave written informed consent and, in the United Kingdom edljitional specific consent to use
of biological materials (primary tumour and blood samples was requ@stients could participate in the main
trial alone if they so chose. Prior to randomisation, haematological, aadahepatic function tests were
required. Staging imaging tests were performed in accordance witlutiosial protocols. The full protocol
may be viewed Fﬁttp://ctru.leeds.ac.uk/Azulte

The outcome data for the AZURE study have been previously repdaad the planned final analysis data-
lock’was used for the analyses described below

Procedures

Eligible patients were randomized to receive (neo) adjuvant chemotherdjmy andocrine therapy +/- ZOL

4mg iv every 3-4 weeks for 6 doses, then 3 monthly x 8Gantbnthly x 5 to complete 5 years treatment.
Calcium and vitamin D oral supplements were recommended for allubpcts during the first six months on
study, and continued thereafter at the discretion of the treating physicignthgouse of adjuvant systemic


http://ctru.leeds.ac.uk/Azure

treatments and loco-regional radiotherapy were given in accordance stwitldlard protocols at each
participating institution.

The follow-up schedule was similar in both arms of the studyiraidded clinical assessment, adverse event
monitoring and haematological, renal and hepatic function test measureReutise follow-up imaging was

not mandated, with investigations for possible recurrence clinically directei@eased appropriate by the
treating physician. The date of recurrence was defined as the date onrelhjzde was first suspected, to
reduce the risk of ascertainment bi&.% of recurrences were independently validated by either on-site or
telephone-based monitoring. Subjects were followed up on an annual thasisoapletion of the 5-year
treatment phase (ZOL or control) for both disease and relevant safetyirdadp

Of the 3360 patients accrued in the trial, primary tumour tissue blockscakeeted from 1762710 (65%)
patients treated at participating sites in the UK. Site participation in the collectiammofit blocks was
encouraged but not mandatory and, for logistical reasons, restricted to UK sites

All tumour blocks were sent to Sheffield for tissue microarray (TNAhstruction where the location of
invasive tumour within the tissue blocks was indicated by a singlestbpadhologist as guide to the
technician extracting the tissue cores for construction of the TMAs. Quadruplicaseofd mm in diameter of
each of the tumour tissue sample were arranged in 4 sets of 13 TMAsddiples each). All analyses are
restricted to study participants who gave specific patient consent for tbétisseie samples.

The MAF biomarker analysis was completed on TMAs from primary tusa@ample handling, methodology,
scoring and statistical analyses were pre-specified in a study chartstaistical analysis plan. 5 um thick
tissue sections were cut from each TMA block, orientated to ensure correlatiothe/iTMA map to allow
identification of each tissue core and mounted ontoefugst plus glass slides (Thermo Fisher Scientific).
TMA slices were first analyzed using haematoxylin and eosin (H&E) stpiioirdetermine the presence of
evaluable tumour MAF amplification was then assessed using a validated (MAF/D16Z3) FISH test
MAFTEST, (Inbiomotion, Barcelona, Spain). A central laboratory (Targoteddtar Pathology, Kassel,
Germany) validated the assay for analytic and diagnostic performance, esthblisbptance criteria, included
appropriate quality controls for each assay, and performed the analyaeblinded fashion. The previously
described immunohistochemical (IHC) test for MA#as found to perform sub-optimally on the TMA samples
available, presumably due to epitope decay in the >10 years since fixatimrentcconsidered further in this
report.

Briefly, TMA sections were deparaffinated in Xylene (2x for 10 miejyydrated in ethanol series, washed
with water and pretreated at 98°C for 15 min. Samples were digestedepdim jPoseidon Tissue Digestion
Kit, Kreatech, Amsterdam, Netherlands) for 30 min, dehydrated in ethanol seriddgexhdAfter adding 10 pl
of MAF/D16Z3 probe (Inbiomotion), slides were denatured at 80t pdaced overnight in a hybridizer at
37°C. After hybridization, FISH slides were washed in Wash Buffer | at ff2°Z min and then Wash Buffer
Il (both Poseidon Tissue Digestion Kit, Kreatech) for 1 min at roonpeeature. After dehydration and air-
drying, slides were incubated with 15 pl of DAPI solution (0.Ggmh) and stored at 4°C in the dark until
scoring.

Mean MAF copy number per nuclei was scored by blinded central laboramgnmel in 20 nuclei from
regions of the tumour with the highest amplification. If MAF meapycoumber was between 2.0 and 3.0, an
additional 30 nuclei were scored. Replica cores were scored until 2 FISH amplificalties were obtained
for each tumour. The highest value of MAF amplification in 2 evaluable leanop a patient was chosen for
statistical analysis. The tumours on TMAs were FISH analysed only oncenwithptimization and no
repetitions allowed by protocol. A patient was considered as positive for MAkfiaation when at least one
of the replicas had a mean number of MAF copies per nuclei equal or high@rihdhe copy number cut-off
>2.5 was predefined for MAF positivity (MAF+ve) based on studies in a retrospective cBlamd set at a level
thatwas unlikely to be artificially influenced by rapid proliferation.

Statistical analysis

Following eligibility confirmation, patients were randomised by the treating clitéeath on a 1:1 basis, using
a central automated 24-hour computer-generated telephone minimisatiem sgsensure the concealment of
the next treatment assignment based at the Clinical Trials Research Unit (CTRU)sitynofdreeds, to either
standard adjuvant therapy alone (control) or with zoledronic acid mdratiey (ZOL), Novartis
Pharmaceuticals, Summit, New Jersey, USA. To reduce possible imbalandamaur and treatment
characteristics, a minimisation process was used that took into accountrtherraf involved axillary lymph
nodes, clinical tumour stage, oestrogen receptor status, type and timintgofisytherapy, menopausal status,
statin use and treating centre.




The primary endpoint of the AZURE trial was disease free survival (Ofefijjed as distant recurrence, any
invasive loco-regional recurrence except for ipsilateral operable relapse withiservad breast, and death
without recurrence. As described more fully in previous regdrisyasive DFS (IDFS) was added as a key
secondary endpoint to reflect the international standard definition forreace that had emerged since the
trial began® and is the primary disease endpoint assessed in this report. &gcendpoints included overall
survival (OS) defined as death from any cause after randomisaticn tdirnone metastases and subgroup
analyses based on variables included in the randomisation including menopausal lstagtady is registered
as an International Standard Randomised Controlled Trial, number ISRCTNKB2831

For this report, our hypothesis was that MAF status would have poteatisd as a prognostic factor for
disease recurrence, especially in bone and as a predictive factor for eegpomsjuvant ZOL. The
relationships in the control group were specified as the primarpoantdwith those in the ZOL group
exploratory. IDFS, OS, time to first IDFS event in bone (as first event oryairae) and time to first IDFS
event not in bone endpoints, all defined as in the main $tudere assessesh all patients in the AZURE
safety population with an evaluable MAFTEST. Subsequently, because diséam®es by menopausal status
had been pre-specified analyses in the AZURE protocol and reportedrirathestudy reports? interactions
between MAFve and effects of ZOL on disease outcomes by menopausal status wepeeedpecified in the
statistical analysis plan (SAP).

The SAP was defined before any data analysis was performed. All statistidgbes were performed at the
Clinical Trials Research Unit, University of Leeds where the AZURE clinical trial dagais held on behalf of

the trial sponsor, the University of Sheffield. All statistical analyses wenducted using SAS statistical

software version 9.4. The SAP may be found in appendix p2-4.

The prognostic value of MAF status for IDFS and OS were investigated Kiaplgn-Meier survival curves,
whilst the time to first IDFS event in bone endpoirts@ssessed using a cumulative incidence function curve
utilising a Fine and Gray approach. Differences in outcomes betweentpatith MAF+ve or MAF-ve
tumours were compared using multivéie modelling in control patients onlZ¢x’s proportional hazards) to
adjust for the AZURE minimisation factors described above (excludingnigezentre) Hypothesis testing was
two-sided at a 5% significance level. No adjustments have been maddtiplicity.

For the predictive analyses, the response to zoledronic acid treatment was tegt@dngooontrol and ZOL
groups. A predictive analysis, assessing the interaction of MAF stdtusreatment allocation, was performed
using a Cox proportional hazards nrebdOnly minimization factors identified as statistically significant in the
prognostic analysis were included in the model to reduce potentialttiwgrfin addition, predictive analyses
were carried out for patients who were unequivocally post-menopausgegrs since last men3est trial
entry separately to patients winere not post-menopausal (pienopausal, <5 years since menopause and
meropausal status unknown), given the significant heterogeneity of treaeffent between established post-
menopausal patients and all other patients observed in the AZURE trial as & whole

Additional exploratory analyses were conducted for IDFS in all patiersiag a Cox proportional hazards
model including the prognostic factors specified for the predictive dsaliyse model included a three-way
interaction term between MAF, menopausal status and treatment. Sengtialyses were conducted
including all prognostic factors as specified in the prognostic analgsighfs model. Because of the
complexity of defining menopause and in recognition that it is a biologiocgkss that occurs over years, the
model was also fit withge as a surrogate for the menopausal status term; with an arbitrgsyiud{f > or
<50 at randomization.

Role of the Funding Source

The AZURE trial was sponsored by the University of Sheffield and atadgrant support provided by
Novartis, supplemented by the infrastructure of the National Cancer Redéstwebrk. Novartis funded the
sample collection but had no input in the study design, analysis orretaipn of data, nor in writing of the
report. Inbiomotion had no involvement in the AZURE study desigrgata analysis bulM and JT did
provide input into the statistical analysis plan, commented on therietation of the data and reviewed and
approved the manuscript as co-authors. Biomarker measurementsatistica analyses were funded by
Inbiomotion. The corresponding author had full access to all of #te and the final responsibility for
publication.

Results

The primary tumours froml739 patients had been processed between August 2003 and February 2006
according to routine local laboratory standard operating procedures anifl&sepFepared in 2007 and 2008
from representative tumour blocks sent to the University of Sheffgdtions from the TMAs were sent to the



independent laboratory (TARGOS) for all analyses. Despite marking of the tineals by an experienced
pathologist before TMA constructiponly 3978 out of 6326 TMA cores (63%) had sufficient invasive tumo
confirmed on an H&E stained slide within each individual cord-f&H analysis The MAFTEST FISH assay
was performed on adjacent sections and could be reliably assesselingcttmthe stringent quality standards
of the independent laboratory (TARGOS)2067 of 3978 (56%) tissues cores with sufficient invasive tumour.
To reduce the impact of tumour heterogeneity in such small fragnoénthe original tumour, duplicate
evaluable results from each patient were mand&@slof 173 patients $0%) providing primary tumour for
assessment had 2 evaluable FISH results atitese 184 of 865 patients (21%) had a MA¥s-tumour

The median follow-up was 84.6 (IQR 72.0-95.8) months. 28&pts in this biomarker subset had experienced
an IDFS event (147 control, 135 ZQl§0 a first IDFS event in bone (39 control, 21 ZOL) and 193 an OS
event (L02 control,91 ZOL). The proportions of MAFTEST analyzed patients with an IDFS oe@®t were
similar to the main study; 5 year IDFS probabilities for the ZOL and contrd egspectively in this biomarker
population were 74% (95%CI 69.8-78.3) and 73.7% (95%CI 69.6-77.8) compared Tth% (95%CI 73.0-
77.2) and 73.9% (95%CI 71.7-76.0) in the overall study popaulatio

Patient characteristics in those patients with TMA cores evaluable for MAF gainsiveilar to the entire
cohort of patients included in AZURE (Table 1). More patients with MAFtumours had high grade, ER
negative and HR2 positive tumours than did those with MAF-ve tumours (Table 2)aAssult of these
factors, patients with MAF#e tumours were more likely to have received taxanes and trastuzumab @nd les
likely to require endocrine treatments than for the whole groupfréfaency of MAF+e tumours was similar
across menopausal subsets and. &j@en the heterogeneity of the prognostic factors in the baseline
demographics, results are reported using the multiviari@ox modelling.

Pre-specified analyses
Relationships between MAF status and prognosis

In the control patient group, 118 of 360 MAF-ve (33%) and 2%d¥18F+ (34%) experienced an IDFS event
and MAF was not prognostic for IDFS (HR:0.92, 95%CI 0.59-1.Mbwever, this result is not fully
representative of the data as the impact of MAF status on disease outcome wdasoftensignificantly
influenced by menopausal status at randomization, test for interaction &Py menopause, Chi7.34,
P=0.009 (Figure 1)in postmenopausal women, the hazard ratio for IDFSgdRfor MAF-ve/MAF+ve was
0.47 [95%CI 0.25-0.88], suggesting MAF is indeed prognostidDFS in this group of patients. However, in
contrast, for non-postmenopausal women, s for MAF-ve/MAF+ve was 1.58 [95%CI 0.82-3.03].
Lymph node involvement, tumour stage, ER status and histologica grece found to be significant in the
prognostic analysis and are included in the predictive analysis modelling.

In ZOL patients, MAF provided prognostic information, with worse IDRSVIAF+ve tumors (Figure 1).
(HRpgs for MAF-ve/MAF+ve = 0.52 [95%CI 0.36-0.75] and J§or MAF-ve/MAF+ve =0.48 [95%CI 0.31-
0.75] (figure Appendix page)l

There were insufficient bone events (13 bone only and 6 bone thigh sites in MAF+ve47 bone only and
bone with other sites in MANe) in this sample set to reliably assess the relationships between MAFastdtus
relapse in bone.

Relationships between MAF status and treatment effects

There was an IDFS MAF/treatment interaction for patients ovgfa#t.55, p=0.03; this result however is
convolutedby the interaction between menopausal status and MAF fioutige prognostic analysis above. In
subgroup analyses for IDFS there was a MAF/treatment interactiorofepostmenopausal patien$=0.23,
p=0.002), but not for postmenopausal patiegftsq.09, p=0.76).

In patients with MAFve tumours, treatment with ZOL was associated with improved IDFS compared
control patients HRprs ZOL/CONTROL=0.74 95%CI 0.56-0.98) (Figure 2). The group sizesnher of
events and hazard ratios for the pre-planned menopausal subagibegploratory age analyses are shown in
Figure 3. Treatment benefits with ZOL compared to control were siimiéapective of menopausal status or
age

In patients with MAFve tumours the findings are more complex (Figure 3). Overall, zoledroidadat not
appear to improve IDFS (HRsZOL/CONTROL=1.34 [95%CI 0.83-2.14]). There was, howevagnificant
heterogeneity of the treatment effect by menopause (hypothesis tastdep additional analysedh women
who were not postmenopausal at the start of treatment, there were clear affeetseon IDFS (HRrs
ZOL/CONTROL=2.47 [95% CI 1.23-4.97]). In postmenopausaien, there were insufficient events, from
the subset of MAF+ve tumourdHRprsZOL/CONTROL for MAF+ve postmenopausal women=0.74 [95%ClI



0.35-1.58]) to establish a definitive relationship between MAF statusraeatinent effect, lthough the point
estimate for the hazard ratio (albeit with wider confidence intervals) was stmithiat seen in MAF-ve
women.

For OS, a similar relationship between treatmemnopause and MAF was seen. There were fewer deaths in
patients with MAF-ve tumours treated with ZOL (ZBL events in321 [18%)] patients; CONTROL76 events

in 360 patients [2%]; (HRos ZOL/CONTROL=0.78 [95%CI 0.55-1.10]). In patients with MAF+ve twrs

no effect of ZOL on OS was seen (ZOL 34 events in 99 [34%)] psti©@ONTROL 26 events in 85 patients
[31%]; HRos ZOL/CONTROL=1.11 [95%CI 0.66-1.86]). However there is a cleaeesdyeffect of ZOL in
non-postmenopausal women with MAFeHumours (ZOL24 events in 66 [36%)] patients; CONTROL 9 events

in 55 patients [16%]HRosZOL/CONTROL=4.64 [95%CI 1.33-16.25]) compared with a numericatfieial
treatment effect on OS ((ZOL 10 events in 33 [30%)] patients; CONTROL 17same3D patients [57%}Ros
ZOL/CONTROL=0.62 [95%CI 0.27-1.48]) in postmenopausal womitn MAF+ve tumours

In 190 patients with an IDFS event, this was at an extraskeletal site (92 ce®Z@L). When compared with
the control group, treatment with ZOL in non-postmenopausal wonmid MAF+ve tumours was associated
with a marked increase in relapse (Figure 4) at extraskeletal sites. The extrasREIStastimates at 60
months for MAF +ve tumors were 5.7% 95%Cl 1.5-14.2%) for obrgatients and 38.8% (95%CI 27.1-
50.3%) for ZOL patients, HRprs ZOL/CONTROL =6.92, 95%CI| 2.44-19.6). ZOL had no effect on
extraskeletal recurrences in non-postmenopausal patients with MAEmers; the extraskeletal IDFS
estimates at 60 months for MAF -ve tumors w8 95%Cl 13.5-23.1%) for control patients and 19.8%
(95%CI 14.8-25.5%) for ZOL patients (kHRsZOL/CONTROL=0.81, 95%CI 0.57-1.13).

Additional exploratory analyses

The menopausal subgroup analyses indicated that menopausal statusmizatimh was playing a role in
how MAF influences IDFS disease outcomes. The cox model specifiethefopredictive analyses did not
include any parameters for menopausal status; an exploratory Cox moditetas better understand any
potential interactions. The likelihood ratio test for the three-way interatgiom between MAF, menopausal
status and treatment yieldg & of 5.71 (P=0.017, 1DF), The model allows a hypothesis tesieterdgeneity
of the treatment effect by menopause for MAF subgroups; Wald heteitygé&hi square statistics: 6.98
(P=0.008, 1DF) and 0.38 (P=0.539, 1DF) for MAE-&and MAF-ve patients respectively.

Hazard Ratios (with 95%CIs) are presented using non-postmenopausal patients with MAFve tumours
as the reference group (Table 3). The individual hazard ratios arnsteahsvith the prescribed analysis that
IDFS outcome is independent of menopausal status when patients are treatZ@withhere is however
heterogeneity in IDFS outcomes by menopausal status in addition to MAF istatontrol patients. MAR#e
postmenopausal control patients have significamigrse IDFS outcome in contrast to MA¥e non-
postmenopausal patisn (HR non-post/post: 0.26, 95%CI 12-0.56). Interestingly non-postmenopausal
patients with MAF+ tumours appear to have a béB&S than do those that are MAle-(HR MAF+ve/MAF-
ve: 0.63, 95%CIl 0.33-1.20)

The exploratory model was fit using age as a surrogate for menogtatsial with an arbitrary cyieint of >

or <50 at randomization (Table 4). There is no difference in the retatfpn of the results in IDFS when using
age as a surrogate marker for menopause with a similar beneficial effedfomzatients with MAFve
tumours (Figure 3). Sensitivity analyses for the exploratory @oxlel including all AZURE minimization
factors were conducted and made no interpretable difference to the estimates (detevmpot s

Discussion

Using an independent specialist biomarker laboratory and a pre-defineoff,cliinded to patient

demographic, treatment and outcome data, we have shown that wopgunumber of the MAF transcription
factor encoded by MAF gene with a precisely developed MAF/D16Z3 FISHedstqed on archival primary
breast tumours in tissue microarray format is able to predict treatre@efitband harm from adjuvant
zoledronic acidTo our knowledge, this is the first time a biomarker has been descthibedan potentially

identify patients who may benefit from treatment with an adjuvant biggtonate.

The tissues used in this study were collected from patients taking plaet pnospectively randomized AZURE
trial designed to evaluate the effects of adjuvant ZOL on disease outcomsiagenll/Ill breast cancer; the
primary results from this trial have been reported previotiShe tissues had been fixed in paraffin for >10
years and the FISH test performed on 1mm cores within TMA forn@atechnically much more challenging
exercise than would be the case if the MAFTEST could have been performedtemporary tissue sections.
Of note one third of cores had insufficient tumor in the cut sectiamefTMA block. All of these factors
explain the attrition in patients with a MAFTEST result for the pre-planned statisticgb@anabDespite tlse



technical challenges in obtaining a reliable confirmed FISH test on relatively old paraffed@sabfixed
tissues in TMA formatour findings show that adjuvant ZOL improved disease outcontbe ii9% of patients
with a <2.5 MAF copy number (MAKe) and importantly, unlike in the study as a whole, this beneficial
treatment effect was independent of menopausal status at stuglyseggresting that the use of adjuvant
bisphosphonates could be extended to the 80% of premenopausal womanviiiE ve tumour, equivalent to
around 16% of the early breast cancer population.

Conversely, the use of adjuvant ZOL in women with a gairMAF gene (MAF+e tumours) was not
associated with treatment benefit and in women who were not postmealogiatine start of treatment, the use
of ZOL in the context of a MAF#e tumour was associated with more frequent extra-skeletal spread, resulting
in significantly worse IDFS and OSindings were similar when age < or > 50 years was used as a surrogate

for menopause. Our data strongly suggest that such women stuulecaive an adjuvant bisphosphonate.
There are limitations to our study. Firstly, this is a retrospective apaj/siata from a prospective randomised
clinical trial and requires confirmation in another data-set. Secondly, because adntpéex interactions
between MAF, bisphosphonate treatment and menopause, the mimMb&F evaluable patients is relatively
small to assess outcome reliably in some of the subgroups of int€hestly, although we mandated
assessment of MAF on two tissue cores per patient to reduce the impaobaf heterogeneityevaluation of
routine tissue sections may reveal grehgerogeneity of expression than we could identify in replicate TMA
cores.

The use of adjuvant bisphosphonates in early breast cancer and seleappropriate patients remain areas of
controversy. Following the findings of treatment benefits with adjgvZOL in young women receiving
ovarian suppression therapy for ER+ breast caheed the positive findings in a pre-planned subset analysis
by menopause within the AZURE trflah hypothesis was generated that adjuvant bisphosphonate efficacy is
related to levels of reproductive hormones at the time of treatmi@atiam. This hypothesis was rigorously
tested by a large individual patient meta-analysis conducted by the Early Baga®er Trialists Collaborative
Group (EBO'CG)". Data were collected from 18,766 women randomized in adjuvant bispmagphmials
There were no demonstrable benefits of adjuvant bisphosphonatesmenmpausal women, but in 11,767
postmenopausal women, highly significant reductions in bone esmar (RR=0.72; 95%CI| 0.60-0.86,
2p=0.0002) and breast cancer mortality (0.82; 95%CI 0.73-0p038.202) were seen. These results have led to
supportive clinical guideliné§ and recommendations by both European and American expert groups to
incorporate adjuvant bisphosphonates into routine clinical *éarowever, despite the clinically important
effects on breast cancer mortality, global acceptance has been slowt olugan the opinion that these
benefits relate only to a subset of patients that is somewhat imprecite definition and also that the
mechanistic explanation for the findings are unélear

Our findings should be considered as hypothesis generating buty cleggest that the beneficial effects of
ZOL on the underlying breast cancer are associated with the presence edrapidied MAF gene within the
primary tumour.On the contrary, MAF¥e tumours in non post-menopausal women experience a worse
outcome with ZOL. In these younger, not postmenopausal wornrene, skem to be two distinct populations,
MAF-ve who, like older MAFve patients, benefit from zoledronic acid and MA#E+or whom use of
zoledronic acid in the presence of reproductive hormones appears tlatgtithe emergence of extra-skeletal
metastatic disease and worse survival, resultirayriet nil effect in the non-postmenopausal subgroup both in
the biomarker cohort and the AZURE study population as a whAdlgitional mechanistic studies addressing
the importance of MAF in cancer metastasis are in progress. It is Hugieitheése investigations may provide
some biological insights into the differential effects of bisphosphooatélésease outcomes according to MAF
status and menopause and help us understand how tumour binéaggents that influence the metastatic
niche and the endocrine milieu, that influence both host and tumour cefiiofusy all interact. Additionally,
evaluation of MAF in another large randomized trial of adjuvant bisphogspd®ns required before our
findings could be considered for routine clinical practice. This is plammdadke place in 2018 using the
NSABP B342tumor bank and data set of patients randomized to either treatmetteviital bisphosphonate,
clodronate or placebo.

In this study of 865 patients and a median follow-up of 84 nsorittere were still only 60 IDFS events in
bone, making interpretation of any relationships between MAF and boneerelapdiable. We were thus
unable to confirm the prognostic capability of MAF proposed by Pavlevial® In this evaluation of the
AZURE study population, MAF amplification was associated with otheeragvbiological characteristics such
as ER negativity, high grade and Her2 positivity, but was unable to me®tnitary objective of providing
clinically useful independent bone metastasis prognostic information in thelcpopulation as a whole.
Although MAF+ve tumours were associated with worse disease outcomes in the subsstnudropausal
breast cancer patients in the control group, these findings are fictestifto recommend its use in the
assessment of risk prognosis in routine practice. Because bone relajsaly typcur late in the follow-up of



patients with early breast cancer, further evaluation is planned mbwalkipatients have completed 10 years of
follow-up; thisis anticipated to increase the number of bone events by around ahe @tiner data sets are
thus likely to be necessary to assess whether the originally desalbgdnship between MAR# tumouss
and the development of bone metastases holds true. However, we believe the clingstlimMAF relates to
the predictive capabilities described rather than potential use as another prognostic factor.

The heterogeneity in IDFS by menopause for women with M&Esmours within the control arm cannot be
adequately explained by imbalance in other prognostic factors. Other tharhtaesiogss of larger T2-4
tumours (72% versus 62%n the MAFve non-postmenopausal and postmenopausal control populations
respectively, the clinical and pathologic characteristics of this younger WAspulation appear similar.

Collectively, our observations point to MAF as a potential molecular targetdqerévention or treatment of
metastases from breast caficédthough required for metastasis, MAF is a very challenging pharngicalo
target because of its nuclear localization and lack of a catalytic domain. Disseetimadetiof genes that are
transcriptionally regulated by MAF may lead to the identification of potentially tadgefabteins that are
necessary for metastasis\mongst the genes transcriptionally regulated by MAF are potentially targetable
proteins that contribute to support bone metastdsis

In conclusion, our findings suggest thdAF status may become a clinically useful biomarker for treatment
selection. FISH testing for MAF copy number may allow better and more precise seletjgatients for
adjuvant treatment with ZOL. MAFe patients are likely to represent almost 80% of breast cancers who could
benefit from the use of adjuvant ZOL. On the other hand, seddwe presence of a MA#atumour appears to

be associated with adverse disease outcomes when patients are treated with Hishesp especially if
treatment is initiated before menopause is complete - such patients with i@lAlmours should avoid
exposure to bisphosphonates in the adjuvant setting.
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Legendsto Figures

Figurel: Impact of MAF copy number on invasive disease free suiiidaS). Hazard ratios (HR) and 95%
confidence intervals (Cl) based on Cox multivariable analysis shown sepdoatebntrol and zoledronic acid
treated patients and by menopausal subgroup

Figure 2: IDFS by randomized treatment allocation (zoledronic acid or control) in MAF Ei§ttive patients.
Output fran Cox multivariable model shown to adjust for differences in the mstgnfactors between groups.

Figure 3: Impact of MAF copy number (based on Cox multivariable anplysieffects of adjuvant zoledronic
acid on invasive disease free survival (IDFS) split by menopausal sfposmenopausalor not
postmenopausal) and age (<50 or >50)

Figure 4: Cumulative risk for first IDFS recurrence not in bone imamwho were not postmenopausal at trial
entry by treatment allocation (zoledronic acid or control) for patients widlr MISH+ (A) or MAF FISH-

(B) tumours. Cumulative incidence function figures do not adjustdiiferences in the prognostic factors
between groups. Death and local/contralateral invasive disease are considered fam ghisr@nd point. First
IDFS events that were in bone are considered a competing risk.
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Table 1: Clinical and tumour characteristics of test population and overall AZURRBdpalation

FISH evaluableresult Tumour Provided AZURE population

Variable

(n=865)

(n=1739)

(n=3359)

M enopausal Status
Non post-menopausal
Post-menopausal

Age
<40
40-49
50-59
60-69
70+

Lymph nodeinvolvement
0

1-3

>4

Unknown

Tumour stage
T1
T2
T3
T4
TX

ER status
ER positive
ER negative
ER unknown

Systemic therapy plan
Endocrine therapy (ET)
Chemotherapy (CT)
ET and CT

Anthracyclines
Yes
No

Taxanes
Yes
No

HER2 status

Positive

Negative

Unknown / Not measured

Histological grade
1

2

3

Not specified

PR status
Positive

Negative
Unknown

590 (68.2%)
275 (31.8%)

87 (10.1%)
299 (34.6%)
281 (32.5%)
162 (18.7%)
36 (4.2%)

2 (0.2%)
563 (65.1%)
300 (34.7%)

0 (0%)

274 (31.7%)

475 (54.9%)
99 (11.4%)
17 (2.0%)
0 (0.0%)

689 (79.7%)
171 (19.8%)
5 (0.6%)

46 (5.3%)
166 (19.2%)
653 (75.5%)

794 (91.8%)
71 (8.2%)

126 (14.6%)
739 (85.4%)

93 (10.8%)
250 (28.9%)
522 (60.3%)

61 (7.1%)
333 (38.5%)
467 (54.0%)

4 (0.5%)

308 (35.6%)
159 (18.4%)
398 (46.0%)

1192 (68.5%)
547 (31.5%)

198 (11.4%)
571 (32.8%)
580 (33.4%)
332 (19.1%)
58 (3.3%)

17 (1.0%)
1122 (64.5%)
598 (34.4%)

2 (0.1%)

577 (33.2%)

901 (51.8%)

214 (12.3%)
47 (2.7%)
0 (0.0%)

1388 (79.8%)
341 (19.6%)
10 (0.6%)

89 (5.1%)
339 (19.5%)
1311 (75.4%)

1604 (92.2%)
135 (7.8%)

267 (15.4%)
1472 (84.6%)

186 (10.7%)
503 (28.9%)
1050 (60.4%)

147 (8.5%)

748 (43.0%)

820 (47.2%)
24 (1.4%)

633 (36.4%)
350 (20.1%)
756 (43.5%)

2318 (69.0%)
1041 (31.0%)

384 (11.4%)
1108 (33.0%)
1126 (33.5%)
628 (18.7%)
113 (3.4%)

62 (1.8%)
2075 (61.8%)
1211 (36.1%)

11 (0.3%)

1065 (31.7%)
1717 (51.1%)
456 (13.6%)
117 (3.5%)
4 (0.1%)

2634 (78.4%)
705 (21.0%)
20 (0.6%)

152 (4.5%)
719 (21.4%)
2488 (74.1%)

3132 (93.2%)
227 (6.8%)

775 (23.1%)
2584 (76.9%)

415 (12.4%)
1251 (37.2%)
1693 (50.4%)

285 (8.5%)
1439 (42.8%)
1552 (46.2%)

83 (2.5%)

1423 (42.4%)
806 (24.0%)
1130 (33.6%)
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Table 2: Relationships between MAF status and clinical and tumour characteristingidayised treatment allocation

Variable

Standard Treatment

Standard treatment +

(n=445) Zoledronic acid (n=420) All patients (n=865)
Negative Positive Negative Positive Negative Positive
(n=360) (n=85) (n=321) (n=99) (n=681) (n=184)

M enopausal status
Non post-menopausal
Post-menopausal

Age (years)
<40

40-49
50-59
60-69

70+

Tumour stage
T1
T2
T3
T4

Lymph node status
0

1-3

>4

ER status
ER positive
ER negative
ER unknown

Systemic therapy plan
Endocrine therapy (ET)
Chemotherapy (CT)
ET and CT

Anthracyclines
Yes
No

Taxanes
Yes
No

HER?2 status
Positive
Negative

253 (70.3%) 55 (64.7%)
107 (29.7%) 30 (35.3%)

43 (11.9%) 5 (5.9%)
124 (34.4%) 28 (32.9%)
112 (31.1%) 33 (38.8%)
63 (17.5%) 17 (20.0%)
18 (5.0%) 2 (2.4%)

111 (30.8%) 31 (36.5%)
200 (55.6%) 40 (47.1%)
43 (11.9%) 12 (14.1%)
6 (1.7%) 2 (2.4%)

2(0.6%) 0 (0%)
231 (64.2%) 58 (68.2%)
127 (35.3%) 27 (31.8%)

308(85.6%)
50 (13.9%)
2 (0.6%)

24 (6.7%)
50 (13.9%)
286 (79.4%)

325 (90.3%)
35 (9.7%)

49 (13.6%)
311 (86.4%)

39 (10.8%)
116 (32.2%)

Unknown / Not measured 205 (56.9%)

Histological grade
1

2

3

Not specified

PR status
Positive

Negative
Unknown

34 (9.4%)

55 (64.7%)
29 (34.1%)
1 (1.2%)

2 (2.4%)
29 (34.1%)
54 (63.5%)

79 (92.9%)
6 (7.1%)

17 (20.0%)
68 (80.0%)

17 (20.0%)
18 (21.2%)
50 (58.8%)

3 (3.5%)

158 (43.9%) 21 (24.7%)
168 (46.7%) 60 (70.6%)
0(0.0%) 1 (1.2%)

133 (36.9%) 25 (29.4%)
53 (14.7%) 28 (32.9%)
174 (48.3%) 32 (37.6%)

216 (67.3%)
105 (32.7%)

24 (7.5%)
118 (36.8%)
109 (34.0%)
61 (19.0%)

9 (2.8%)

100(31.2%)

179 (55.8%)

37 (11.5%)
5 (1.6%)

0 (0%)
214 (66.%)
107 (33.3%)

264 (82.2%)
57 (17.8%)
0 (0.0%)

16 (5.0%)
54 (16.8%)
251 (78.2%)

297 (92.5%)
24 (7.5%)

44 (13.7%)
277 (86.3%)

20 (6.2%)
85 (26.5%)
216 (67.3%)

21 (6.5%)
137 (42.7%)
161 (50.2%)

2 (0.6%)

121 (37.7%)
46 (14.3%)
154 (48.0%)

66 (66.7%)
33 (33.3%)

15 (15.2%)
29 (29.3%)
27 (27.3%)
21 (21.2%)
7 (7.1%)

32 (32.3%)
56 (56.6%)
7 (7.1%)
4 (4.0%)

0 (0%)
(60 (60.6%)
39 (39.4%

62 (62.6%)
35 (35.4%)
2 (2.0%)

4 (4.0%)
33 (33.3%)
62 (62.6%)

93 (93.9%)
6 (6.1%)

16 (16.2%)
83 (83.8%)

17 (17.2%)
31 (31.3%)
51 (51.5%)

3 (3.0%)
17 (17.2%)
78 (78.8%)

1 (1.0%)

29 (29.3%)
32 (32.3%)
38 (38.4%)

469 (68.9%) 121 (65.8%
212 (31.1%) 63 (34.2%)

2(0.3%) 0 (0.0%)
445 (65.3%) 118 (64.1%
234 (34.4%) 66 (35.9%)
61 (19.0%) 21 (21.2%)

9(2.8%)  7(7.1%)

211 (31.0%) 63 (34.2%)
379 (55.7%) 96 (52.2%)
80 (11.7%) 19 (10.3%)
11 (1.6%) 6 (3.3%)

2(0.3%) 0 (0%)
445 (65.3%) 118 (64.1%
234 (34.4%) 66 (35.9%)

572 (84.0%) 117 (63.6%
107 (15.7%) 64 (34.8%)
2(0.3%) 3 (1.6%)

40 (5.9%) 6 (3.3%)
104 (15.3%) 62 (33.7%)
537 (78.9%) 116 (63.0%

622 (91.3%) 172 (93.5%
59 (8.7%) 12 (6.5%)

93 (13.7%) 33 (17.9%)
588 (86.3%) 151 (82.1%

59 (8.7%) 34 (18.5%)
201 (29.5%) 49 (26.6%)
421 (61.8%) 101 (54.9%

55 (8.1%) 6 (3.3%)
295 (43.3%) 38(20.7%)
329 (48.3%) 138 (75.0%

2(0.3%) 2 (1.1%)

254 (37.3%) 54 (29.3%)
99 (14.5%) 60 (32.6%)
328 (48.2%) 70 (38.0%)
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Table 3: Comparison of IDFS outcomes between non postmenopausal MAF FISH negutdlepopulation

and other groups classified by menopausal status, MAF FISH status dantttriea

Patient Group Hazard ratio Lower 95% CI Upper 95%

n= (number of events) (HR)* Cl

M AF- ve Control post-meno 1.25 0.80 1.95
e n=107 (35)

M AF-ve Zol post-meno 0.85 0.53 1.36
e n=105 (29)

M AF-ve Zol non post-meno 0.83 0.59 1.15
e n=216 (61)

M AF+ve Zol post-meno 1.72 0.90 3.29
e n=33(12)

M AF+ve Zol non post-meno 1.61 1.06 2.44
e nN=66 (33)

M AF+ve Control post-meno 2.68 1.53 4.68
e n=30 (18)

M AF+ve Control non post-meno 0.63 0.33 1.20

e n=55(11)

All compared with MAF-ve Control non post-menopausal groupZ83), number of events=83
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Table 4: Impact of MAF FISH status on IDFS by age (<50 or >50) in zoledronic acid and control patients.

Patient Group Hazard ratio (HR)* Lower 95% CI | Upper 95% CI
n= (number of events)
Zoledronic acid patients < age 50 0.473 0.281 0.797
e n=142 (41) vs 44 (23)
Zoledronic acid patients > age 50 0.533 0.719 0.890
e Nn=179 (49) vs 55 (22)
Control patients < age 50 1.410 0.666 2.985
e n=167 (55) v83(8)
Control patients > age 50 0.673 0.407 1.114
e n=193(63) vs 52 (21)

*HR for patients with MAF FISH negative / MAF FISH positive tumours
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Figure 3
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Figure 4
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Abstract

Background: In early breast cancer (EBC), the adjuvant use of bisphosphoedte®s the incidence of bone
metastases but only appears to improve overall recurrence and survpastinenopausal patients. The
mechanisms underlying these observations remain unclear. To atlisesse tested the recently identified
bone relapse biomarker, MAF gene gain (MAF+) in primary tumours fvomen included in the AZURE trial

(ISRCTN79831382) to determine the prognostic value of MAF and itsnpal to predict the effects of

adjuvant zoledronic acid (ZOL) on disease outcomes.

Methods: The AZURE trial is an academic, prospective, open label, randomised fhaséitentre, parallel-
group trial, performed ir8360 women with stage Il/lll breast cancer to receive standard adjuvantmsyste
therapy alone or with ZOL every 3-4 weeks for 6 doses, then 3r@higothereafter to complete 5 years
treatment. Consenting patients were randomised on a 1:1 basis usinijah agtomated 24-hour computer-
generated telephone randomisation system that included a minimisation pratessok into account the
number of involved axillary lymph nodes, clinical tumour stage, oestriagaEptor status, type and timing of
systemic therapy, menopausal status, statin use and treating centrerifiiy gndpoint was disease
recurrence. MAF was detected in breast tumours in tissue microarragtfusing a validated (MAF/D16Y3
FISH test, MAFTEST (Inbiomotion, Spain) in a blinded fashion by a centratdadyg (Targos, Germany). A
copy number cubff >2.5 was preset to define a MAF+ve tumour. Multivariate analyses of disease outcomes
by MAF status were performed in control and ZOL patients separatedy intention to treat basis according
to a pre-specified analysis plan. Interactions between MARHRd menopausal status on effects of ZOL were
also evaluated.

Findings. Of the 1769 AZURE patients who donated primary tumour sampks, (49%) had 2 FISH
evaluable cores of which 184 (21%) were MAe+MAF+ve tumours were more likely to be of higher grade,
ER-ve and Her2+. At a median follow-up of 84 months, MAF was not fstinin control patients for
invasive disease free (IDFS) or overall (OS) survival, but in ZOL treatgenps those with a MARe tumor
had better IDFS (HB-s=0.52 [0.36-0.75] and OS (H§3=0.48 [0.31-0.75]). In patients with MA¥e tumours,
ZOL was associated with improved IDFS (jgR=0.74 [0.56-0.98]). However in patients with MAFe-
tumours, ZOL did not improve disease outcomes and, in the 119 MAlpatients who were not
postmenopausal at randomisation, ZOL was associated with much eutcsenes (HRrs=2.47 [1.23-4.97]
and HRy<=2.27 [1.04-4.93]). The interactions between disease outcomes, ZOLdiseeanpausal status were
driven largely by an excess of extraskeletal recurrences (E-IDFS) in rwaiitle MAF+ve tumours who
initiated ZOL before the development of menopalie:f,prs=6.92, [2.44-19.6])

Interpretation: FISH evaluation of MAF in EBC segregates patients likely to benefit fromvaajuzOL
(MAF-ve) from those who may be harmed (not postmenopausdt#é and merits further investigation as a
potential companion diagnostic.

Academic grant support, and study drug were provided by Novartisalx{8ummit, New Jersey). Biomarker
measurements and statistical analyses were funded by Inbiomotion (Barc&bain).



I ntroduction

Meta-analysis of clinical trials has shown that adjuvant bisphosphoraigscially zoledronic acid [ZOL] or
clodronate) reduce bone metastases and improve survival in postmexqadiesits with early breast canter
The AZURE study of adjuvant zoledronic acid in early breast canasttive first study to identify the benefits
of adjuvant bisphosphonatés postmenopausal womeand prompted the confirmatory meta-analysis of this
subgroup findind, In addition, marked heterogeneity according to menopausal stahss iiates of recurrence
outside bone was seen, with an increase in extraskeletal metastases in vionvegrevnot postmenopausal at
study entry. However, despite recapitulation of these clinical observatipnsdimical animal models of bone
metastasésthe biological mechanisms underpinning these apparent interactions beweternt effects and
menopausal status are unknown.

There are many clinical, pathologic and molecular biomarkers that have beew assdss prognosis in early
breast cancer although none, with the possible exception of estrogptorestatus, are useful to specifically
identify patients at high risk for bone metastases. Gene profiles that peaifically predict for bone
recurrencéwere first described a decade ago but none are currently used in clinical phactieens of
predicting treatment benefits, menopausal status (and by association agedraraaeded in clinical practice
guidelines for selection of patients likely to benefit from adjuvasphpsphonaté. However, the imprecise
definition and timing of menopause, makes this a somewHatutlifcriterion on which to select patients most
likely to benefit. Recently, using a proteomic discovery platform,diexpression of GIPC1 and CAPG
proteins by primary tumoamwas shown to predict benefit from adjuvant ZOL in early breast cAmtewever,

to date, there are no confirmatory datasets supporting the clinical application afistosery and the
reproducibility of thee analyses awaits confirmation. Thus, there is currently no biomarlsaidot patients
for treatment with adjuvant ZOL.

To address this, the recently identified early breast cancer boneeréliapsarker, MAF gene gain (MAF%)

was tested retrospectively in the large prospectively randomized AZU&RE tof standard adjuvant therapy

+/- ZOL in high risk early breast cancer. Overexpression of MAF, adrgtisn factor of the AP-1 family and
encoded within the 16q arm, supports the molecular processes thattlaffertetastatic course from the
primary site to distal colonizatiBnMAF regulates the expression of a set of genes that collectively support
several steps of breast cancer cell metastasis through a series of celfru®and niche-related functidns
Collectively, these observations suggest that MAF accumulation (MAF gaingenadje the identification of
patients at high risk of metastasis. In this report, we have determinguiogpeostic value of MAF and its
potential to predict the effects of ZOL on disease outcomes.

Methods

Study Design and patients

3360 patients from 174 centres were recruited between September 20@arahd2006 to the AZURE study.
Eligibility criteria have been reported previouslybut, in summary, patients had to have histologically
confirmed invasive breast cancer of any subtype with either pathologinathyved axillary lymph node
metastasis or a T3/T4 primary tumour treated with curative intentr Egioplete resection of the primary
tumour was necessary or had to be planned if patients were treated withunaotadhemotherapy. Patients
had to be age >18 with a Karnofsky performance status index >80 and neither pregnant or breast-feeding to be
eligible. Patients were not eligible if there was clinical or imaging evidence oftdisttastases prior to study
entry, current or recent (previous year) use of bisphosphonates-exipting bone disease likely to require
bone-targeted treatment.

All patients gave written informed consent and, in the United Kingdom edljitional specific consent to use
of biological materials (primary tumour and blood samples was requ@stients could participate in the main
trial alone if they so chose. Prior to randomisation, haematological, aadahepatic function tests were
required. Staging imaging tests were performed in accordance witlutiosial protocols. The full protocol
may be viewed Fﬁttp://ctru.leeds.ac.uk/Azulte

The outcome data for the AZURE study have been previously repdaad the planned final analysis data-
lock’was used for the analyses described below

Procedures

Eligible patients were randomized to receive (neo) adjuvant chemotherdjmy andocrine therapy +/- ZOL

4mg iv every 3-4 weeks for 6 doses, then 3 monthly x 8Gantbnthly x 5 to complete 5 years treatment.
Calcium and vitamin D oral supplements were recommended for allubpcts during the first six months on
study, and continued thereafter at the discretion of the treating physicignthgouse of adjuvant systemic


http://ctru.leeds.ac.uk/Azure

treatments and loco-regional radiotherapy were given in accordance stwitldlard protocols at each
participating institution.

The follow-up schedule was similar in both arms of the studyiraidded clinical assessment, adverse event
monitoring and haematological, renal and hepatic function test measureReutise follow-up imaging was

not mandated, with investigations for possible recurrence clinically directei@eased appropriate by the
treating physician. The date of recurrence was defined as the date onrelhjzde was first suspected, to
reduce the risk of ascertainment bi&.% of recurrences were independently validated by either on-site or
telephone-based monitoring. Subjects were followed up on an annual thasisoapletion of the 5-year
treatment phase (ZOL or control) for both disease and relevant safetyirdadp

Of the 3360 patients accrued in the trial, primary tumour tissue blockscakeeted from 1762710 (65%)
patients treated at participating sites in the UK. Site participation in the collectiammofit blocks was
encouraged but not mandatory and, for logistical reasons, restricted to UK sites

All tumour blocks were sent to Sheffield for tissue microarray (TNAhstruction where the location of
invasive tumour within the tissue blocks was indicated by a singlestbpadhologist as guide to the
technician extracting the tissue cores for construction of the TMAs. Quadruplicaseofd mm in diameter of
each of the tumour tissue sample were arranged in 4 sets of 13 TMAsddiples each). All analyses are
restricted to study participants who gave specific patient consent for tbétisseie samples.

The MAF biomarker analysis was completed on TMAs from primary tusa@ample handling, methodology,
scoring and statistical analyses were pre-specified in a study chartstaistical analysis plan. 5 um thick
tissue sections were cut from each TMA block, orientated to ensure correlatiothe/iTMA map to allow
identification of each tissue core and mounted ontoefugst plus glass slides (Thermo Fisher Scientific).
TMA slices were first analyzed using haematoxylin and eosin (H&E) stpiioirdetermine the presence of
evaluable tumour MAF amplification was then assessed using a validated (MAF/D16Z3) FISH test
MAFTEST, (Inbiomotion, Barcelona, Spain). A central laboratory (Targoteddtar Pathology, Kassel,
Germany) validated the assay for analytic and diagnostic performance, esthblisbptance criteria, included
appropriate quality controls for each assay, and performed the analyaeblinded fashion. The previously
described immunohistochemical (IHC) test for MA#as found to perform sub-optimally on the TMA samples
available, presumably due to epitope decay in the >10 years since fixatimrentcconsidered further in this
report.

Briefly, TMA sections were deparaffinated in Xylene (2x for 10 miejyydrated in ethanol series, washed
with water and pretreated at 98°C for 15 min. Samples were digestedepdim jPoseidon Tissue Digestion
Kit, Kreatech, Amsterdam, Netherlands) for 30 min, dehydrated in ethanol seriddgexhdAfter adding 10 pl
of MAF/D16Z3 probe (Inbiomotion), slides were denatured at 80t pdaced overnight in a hybridizer at
37°C. After hybridization, FISH slides were washed in Wash Buffer | at ff2°Z min and then Wash Buffer
Il (both Poseidon Tissue Digestion Kit, Kreatech) for 1 min at roonpeeature. After dehydration and air-
drying, slides were incubated with 15 pl of DAPI solution (0.Ggmh) and stored at 4°C in the dark until
scoring.

Mean MAF copy number per nuclei was scored by blinded central laboramgnmel in 20 nuclei from
regions of the tumour with the highest amplification. If MAF meapycoumber was between 2.0 and 3.0, an
additional 30 nuclei were scored. Replica cores were scored until 2 FISH amplificalties were obtained
for each tumour. The highest value of MAF amplification in 2 evaluable leanop a patient was chosen for
statistical analysis. The tumours on TMAs were FISH analysed only oncenwithptimization and no
repetitions allowed by protocol. A patient was considered as positive for MAkfiaation when at least one
of the replicas had a mean number of MAF copies per nuclei equal or high@rihdhe copy number cut-off
>2.5 was predefined for MAF positivity (MAF+ve) based on studies in a retrospective cBlamd set at a level
thatwas unlikely to be artificially influenced by rapid proliferation.

Statistical analysis

Following eligibility confirmation, patients were randomised by the treating clitéeath on a 1:1 basis, using
a central automated 24-hour computer-generated telephone minimisatiem sgsensure the concealment of
the next treatment assignment based at the Clinical Trials Research Unit (CTRU)sitynofdreeds, to either
standard adjuvant therapy alone (control) or with zoledronic acid mdratiey (ZOL), Novartis
Pharmaceuticals, Summit, New Jersey, USA. To reduce possible imbalandamaur and treatment
characteristics, a minimisation process was used that took into accountrtherraf involved axillary lymph
nodes, clinical tumour stage, oestrogen receptor status, type and timintgofisytherapy, menopausal status,
statin use and treating centre.




The primary endpoint of the AZURE trial was disease free survival (Ofefijjed as distant recurrence, any
invasive loco-regional recurrence except for ipsilateral operable relapse withiservad breast, and death
without recurrence. As described more fully in previous regdrisyasive DFS (IDFS) was added as a key
secondary endpoint to reflect the international standard definition forreace that had emerged since the
trial began® and is the primary disease endpoint assessed in this report. &gcendpoints included overall
survival (OS) defined as death from any cause after randomisaticn tdirnone metastases and subgroup
analyses based on variables included in the randomisation including menopausal lstagtady is registered
as an International Standard Randomised Controlled Trial, number ISRCTNKB2831

For this report, our hypothesis was that MAF status would have poteatisd as a prognostic factor for
disease recurrence, especially in bone and as a predictive factor for eegpomsjuvant ZOL. The
relationships in the control group were specified as the primarpoantdwith those in the ZOL group
exploratory. IDFS, OS, time to first IDFS event in bone (as first event oryairae) and time to first IDFS
event not in bone endpoints, all defined as in the main $tudere assessesh all patients in the AZURE
safety population with an evaluable MAFTEST. Subsequently, because diséam®es by menopausal status
had been pre-specified analyses in the AZURE protocol and reportedrirathestudy reports? interactions
between MAFve and effects of ZOL on disease outcomes by menopausal status wepeeedpecified in the
statistical analysis plan (SAP).

The SAP was defined before any data analysis was performed. All statistidgbes were performed at the
Clinical Trials Research Unit, University of Leeds where the AZURE clinical trial dagais held on behalf of

the trial sponsor, the University of Sheffield. All statistical analyses wenducted using SAS statistical

software version 9.4. The SAP may be found in appendix p2-4.

The prognostic value of MAF status for IDFS and OS were investigated Kiaplgn-Meier survival curves,
whilst the time to first IDFS event in bone endpoirts@ssessed using a cumulative incidence function curve
utilising a Fine and Gray approach. Differences in outcomes betweentpatith MAF+ve or MAF-ve
tumours were compared using multivéie modelling in control patients onlZ¢x’s proportional hazards) to
adjust for the AZURE minimisation factors described above (excludingnigezentre) Hypothesis testing was
two-sided at a 5% significance level. No adjustments have been maddtiplicity.

For the predictive analyses, the response to zoledronic acid treatment was tegt@dngooontrol and ZOL
groups. A predictive analysis, assessing the interaction of MAF stdtusreatment allocation, was performed
using a Cox proportional hazards nrebdOnly minimization factors identified as statistically significant in the
prognostic analysis were included in the model to reduce potentialttiwgrfin addition, predictive analyses
were carried out for patients who were unequivocally post-menopausgegrs since last men3est trial
entry separately to patients winere not post-menopausal (pienopausal, <5 years since menopause and
meropausal status unknown), given the significant heterogeneity of treaeffent between established post-
menopausal patients and all other patients observed in the AZURE trial as & whole

Additional exploratory analyses were conducted for IDFS in all patiersiag a Cox proportional hazards
model including the prognostic factors specified for the predictive dsaliyse model included a three-way
interaction term between MAF, menopausal status and treatment. Sengtialyses were conducted
including all prognostic factors as specified in the prognostic analgsighfs model. Because of the
complexity of defining menopause and in recognition that it is a biologiocgkss that occurs over years, the
model was also fit withge as a surrogate for the menopausal status term; with an arbitrgsyiud{f > or
<50 at randomization.

Role of the Funding Source

The AZURE trial was sponsored by the University of Sheffield and atadgrant support provided by
Novartis, supplemented by the infrastructure of the National Cancer Redéstwebrk. Novartis funded the
sample collection but had no input in the study design, analysis orrétiipn of data, nor in writing of the
report. Inbiomotion had no involvement in the AZURE study designdata analysis butM and JT did
provide input into the statistical analysis plan, commented on th@rietation of the data and reviewed and
approved the manuscript as co- autthE)marker measurements and statlstlcal analyses were funded by
Inbiomotion.trbiometien A i v

corresponding author had fuII access to aII of the data and the final n@dpyrier publ|cat|on

Results

The primary tumours froml739 patients had been processed between August 2003 and February 2006
according to routine local laboratory standard operating procedures anifl&sepFepared in 2007 and 2008
from representative tumour blocks sent to the University of Sheffggdtions from the TMAs were sent to the



independent laboratory (TARGOS) for all analyses. Despite marking of the tineals by an experienced
pathologist before TMA constructiponly 3978 out of 6326 TMA cores (63%) had sufficient invasive tumo
confirmed on an H&E stained slide within each individual cord-f&H analysis The MAFTEST FISH assay
was performed on adjacent sections and could be reliably assesselingcttmthe stringent quality standards
of the independent laboratory (TARGOS)2067 of 3978 (56%) tissues cores with sufficient invasive tumour.
To reduce the impact of tumour heterogeneity in such small fragnoénthe original tumour, duplicate
evaluable results from each patient were mand&@slof 173 patients $0%) providing primary tumour for
assessment had 2 evaluable FISH results and of tt&&ef 865 patients (21%) had a MA¥s-tumour

The median follow-up was 84.6 (IQR 72.0-95.8) months. 28&pts in this biomarker subset had experienced
an IDFS event (147 control, 135 ZQl§0 a first IDFS event in bone (39 control, 21 ZOL) and 193 an OS
event (L02 control,91 ZOL). The proportions of MAFTEST analyzed patients with an IDFS oe@®t were
similar to the main study; 5 year IDFS probabilities for the ZOL and contrd egspectively in this biomarker
population were 74% (95%CI 69.8-78.3) and 73.7% (95%CI 69.6-77.8) compared Tth% (95%CI 73.0-
77.2) and 73.9% (95%CI 71.7-76.0) in the overall study popaulatio

Patient characteristics in those patients with TMA cores evaluable for MAF gainsiveilar to the entire
cohort of patients included in AZURE (Table 1). More patients with MAFtumours had high grade, ER
negative and HR2 positive tumours than did those with MAF-ve tumours (Table 2)aAssult of these
factors, patients with MAF#e tumours were more likely to have received taxanes and trastuzumab @nd les
likely to require endocrine treatments than for the whole groupfréfaency of MAF+e tumours was similar
across menopausal subsets and. &j@en the heterogeneity of the prognostic factors in the baseline
demographics, results are reported using the multivigri@ox modelling.

Pre-specified analyses
Relationships between MAF status and prognosis

In the control patient group, 118 of 360 MAF-ve (33%) and 2%d¥18F+ (34%) experienced an IDFS event
and MAF was not prognostic for IDFS (HR:0.92, 95%CI 0.59-1.Mbwever, this result is not fully
representative of the data as the impact of MAF status on disease outcome neasofdue significantly
influenced by menopausal status at randomization, test for interaction &Py menopause, Chi7.34,
P=0.009 (Figure 1)in postmenopausal women, the hazard ratio for IDFSHdRfor MAF-ve/MAF+ve was
0.47 [95%CI 0.25-0.88], suggesting MAF is indeed prognostidDFS in this group of patients. However, in
contrast, for non-postmenopausal women, s for MAF-ve/MAF+ve was 1.58 [95%CI 0.82-3.03].
Lymph node involvement, tumour stage, ER status and histologica grece found to be significant in the
prognostic analysis and are included in the predictive analysis modelling.

In ZOL patients, MAF provided prognostic information, with worse IDRSVIAF+ve tumors (Figure 1).
(HRpgs for MAF-ve/MAF+ve = 0.52 [95%CI 0.36-0.75] and J§or MAF-ve/MAF+ve =0.48 [95%CI 0.31-
0.75] (figure Appendix page)l

There were insufficient bone events (13 bone only and 6 bone thigh sites in MAF+ve47 bone only and
bone with other sites in MANe) in this sample set to reliably assess the relationships between MAFastdtus
relapse in bone.

Relationships between MAF status and treatment effects

There was an IDFS MAF/treatment interaction for patients ovgfa#t.55, p=0.03; this result however is
convolutedby the interaction between menopausal status and MAF fioutige prognostic analysis above. In
subgroup analyses for IDFS there was a MAF/treatment interactiorofepostmenopausal patien$=0.23,
p=0.002), but not for postmenopausal patiegftsd.09, p=0.76).

In patients with MAFve tumours, treatment with ZOL was associated with improved IDFS compared
control patients HRprs ZOL/CONTROL=0.74 95%CI 0.56-0.98) (Figure 2). The group sizesnher of
events and hazard ratios for the pre-planned menopausal subagibegploratory age analyses are shown in
Figure 3. Treatment benefits with ZOL compared to control were siimiéapective of menopausal status or
age

In patients with MAFve tumours the findings are more complex (Figure 3). Overall, zoledroidadat not
appear to improve IDFS (HRsZOL/CONTROL=1.34 [95%CI 0.83-2.14]). There was, howevagnificant
heterogeneity of the treatment effect by menopause (hypothesis tastdep additional analysedh women
who were not postmenopausal at the start of treatment, there were clear affeetseon IDFS (HRrs
ZOL/CONTROL=2.47 [95% CI 1.23-4.97]). In postmenopausaien, there were insufficient events, from
the subset of MAF+ve tumoursHRprsZOL/CONTROL for MAF+ve postmenopausal women=0.74 [95%ClI



0.35-1.58]) to establish a definitive relationship between MAF statusraeatinent effect, lthough the point
estimate for the hazard ratio (albeit with wider confidence intervals) was stmithiat seen in MAF-ve
women.

For OS, a similar relationship between treatmemnopause and MAF was seen. There were fewer deaths in
patients with MAF-ve tumours treated with ZOL (ZBL events in321 [18%)] patients; CONTROL76 events

in 360 patients [2%]; (HRos ZOL/CONTROL=0.78 [95%CI 0.55-1.10]). In patients with MAF+ve twrs

no effect of ZOL on OS was seen (ZOL 34 events in 99 [34%)] psti©@ONTROL 26 events in 85 patients
[31%]; HRos ZOL/CONTROL=1.11 [95%CI 0.66-1.86]). However there is a cleaeesdyeffect of ZOL in
non-postmenopausal women with MAFeHumours (ZOL24 events in 66 [36%)] patients; CONTROL 9 events

in 55 patients [16%]HRosZOL/CONTROL=4.64 [95%CI 1.33-16.25]) compared with a numericatfieial
treatment effect on OS ((ZOL 10 events in 33 [30%)] patients; CONTROL 17same3D patients [57%}Ros
ZOL/CONTROL=0.62 [95%CI 0.27-1.48]) in postmenopausal womitn MAF+ve tumours

In 190 patients with an IDFS event, this was at an extraskeletal site (92 c@®tz@L). When compared with
the control group, treatment with ZOL in non-postmenopausal wonmid MAF+ve tumours was associated
with a marked increase in relapse (Figure 4) at extraskeletal Sliesextraskeletal IDFS estimates at 60
months for MAF +e tumors were 5.7% 95%CI 1.5-14.2%) for control patients and 3894 Cl 27.1-
50.3%) for ZOL patients(HRprs ZOL/ICONTROL =6.92, 95%CI 2.44-19.6). ZOL had no effect on
extraskeletal recurrences in non-postmenopausal patients with ViAEmors the extraskeletal IDFS
estimates at 60 months for MAF -ve tumors w86 95%CI 13.5-23.1%) for control patients ah@l8%
(95%CI 14.8-25.5%) for ZOL patien(BlRprsZOL/CONTROL=0.81, 95%CI 0.57-1.13).

Additional exploratory analyses

The menopausal subgroup analyses indicated that menopausal statusmizatimh was playing a role in
how MAF influences IDFS disease outcomes. The cox model specificthefopredictive analyses did not
include any parameters for menopausal status; an exploratory Cox modi#tedatd better understand any
potential interactions. The likelihood ratio test for the three-way interatgiom between MAF, menopausal
status and treatment yieldg & of 5.71 (P=0.017, 1DF), The model allows a hypothesis tesieterdgeneity
of the treatment effect by menopause for MAF subgroups; Wald heteitygé&hi square statistics: 6.98
(P=0.008, 1DF) and 0.38 (P=0.539, 1DF) for MAF+ve and MAF-ve piatiespectively.

Hazard Ratios (with 95%CIs) are presented using non-postmenopausal patients with MAFve tumours
as the reference group (Table 3). The individual hazard ratios arnsteahsvith the prescribed analysis that
IDFS outcome is independent of menopausal status when patients are treatZ@withhere is however
heterogeneity in IDFS outcomes by menopausal status in addition to MAF istatontrol patients. MAR#e
postmenopausal control patients have significantly worse IDFS outconmnimast to MAFv¥e non-
postmenopausal patisn (HR non-post/post: 0.26, 95%CI 12-0.56). Interestingly non-postmenopausal
patients with MAF+ tumours appear to have a béB&S than do those that are MAfe-(HR MAF+ve/MAF-
ve: 0.63, 95%CIl 0.33-1.20)

The exploratory model was fit using age as a surrogate for menogtatsal with an arbitrary cyieint of >

or <50 at randomization (Table 4). There is no difference in the retatfpn of the results in IDFS when using
age as a surrogate marker for menopause with a similar beneficial effeddlfomzatients with MAFve
tumours (Figure 3). Sensitivity analyses for the exploratory @oxlel including all AZURE minimization
factors were conducted and made no interpretable difference to the esfiaétesot shown)

Discussion

Using an independent specialist biomarker laboratory and a pre-defineoff,cliinded to patient

demographic, treatment and outcome data, we have shown that wopgunumber of the MAF transcription
factor encoded by MAF gene with a precisely developed MAF/D16Z3 FISHedstqmed on archival primary
breast tumours in tissue microarray format is able to predict treatre@efitband harm from adjuvant
zoledronic acidTo our knowledge, this is the first time a biomarker has been descthiaedan potentially

identify patients who may benefit from treatment with an adjuvant biggtonate.

The tissues used in this study were collected from patients taking plaet pnospectively randomized AZURE
trial designed to evaluate the effects of adjuvant ZOL on disease outcomsiagenll/Ill breast cancer; the
primary results from this trial have been reported previotiShe tissues had been fixed in paraffin for >10
years and the FISH test performed on 1mm cores within TMA fornaatechnically much more challenging
exercise than would be the case if the MAFTEST could have been performaedtemporary tissue sections.
Of note one third of cores had insufficient tumor in the cut sectiamefTMA block. All of these factors
explain the attrition in patients with a MAFTEST result for the pre-planned statisticgb@nabDespite tlse



technical challenges in obtaining a reliable confirmed FISH test on relatively old paraffed@sabfixed
tissues in TMA formatour findings show that adjuvant ZOL improved disease outcontbe ii9% of patients
with a <2.5 MAF copy number (MAKe) and importantly, unlike in the study as a whole, this beneficial
treatment effect was independent of menopausal status at stuglyseggresting that the use of adjuvant
bisphosphonates could be extended to the 80% of premenopausal womarviiF ve tumour, equivalent to
around 16% of the early breast cancer population.

Conversely, the use of adjuvant ZOL in women with a gairMAF gene (MAF+e tumours) was not
associated with treatment benefit and in women who were not postmealogiatine start of treatment, the use
of ZOL in the context of a MAF#e tumour was associated with more frequent extra-skeletal spread, resulting
in significantly worse IDFS and OS$indings were similar when age < or > 50 years was used as a surrogate

for menopause. Our data strongly suggest that such women shuuléicaive an adjuvant bisphosphonate.
There are limitations to our study. Firstly, this is a retrospective agalf/siata from a prospective randomised
clinical trial and requires confirmation in another data-set. Secondly, because obrtiplex interactions
between MAF, bisphosphonate treatment and menopause, the mimMb&F evaluable patients is relatively
small to assess outcome reliably in some of the subgroups of int€hestly, although we mandated
assessment of MAF on two tissue cores per patient to reduce the impaobaf heterogeneityevaluation of
routine tissue sections may reveal grehgerogeneity of expression than we could identify in replicate TMA
cores.

The use of adjuvant bisphosphonates in early breast cancer and seleappropriate patients remain areas of
controversy. Following the findings of treatment benefits with adjuvZOL in young women receiving
ovarian suppression therapy for ER+ breast caheed the positive findings in a pre-planned subset analysis
by menopause within the AZURE trflah hypothesis was generated that adjuvant bisphosphonate efficacy is
related to levels of reproductive hormones at the time of treatmi@atiam. This hypothesis was rigorously
tested by a large individual patient meta-analysis conducted by the Early Baga®er Trialists Collaborative
Group (EBO'CG)". Data were collected from 18,766 women randomized in adjuvant bisphmatphmials
There were no demonstrable benefits of adjuvant bisphosphonatesmenmpausal women, but in 11,767
postmenopausal women, highly significant reductions in bone esmar (RR=0.72; 95%CI| 0.60-0.86,
2p=0.0002) and breast cancer mortality (0.82; 95%CI 0.73-RB3).002) were seen. These results have led to
supportive clinical guideliné§ and recommendations by both European and American expert groups to
incorporate adjuvant bisphosphonates into routine clinical *éaHowever despite the clinically important
effects on breast cancer mortality, global acceptance has been slowt olu@an the opinion that these
benefits relate only to a subset of patients that is somewhat imprecisedefiitdion and also that the
mechanistic explanation for the findings are unélear

Our findings should be considered as hypothesis generating buty cleggest that the beneficial effects of
ZOL on the underlying breast cancer are associated with the presence edrapidied MAF gene within the
primary tumour.On the contrary, MAF¥e tumours in non post-menopausal women experience a worse
outcome with ZOL. In these younger, not postmenopausal wornrene, skem to be two distinct populations,
MAF-ve who, like older MAFve patients, benefit from zoledronic acid and MA#E+or whom use of
zoledronic acid in the presence of reproductive hormones appears tlatgtithe emergence of extra-skeletal
metastatic disease and worse survival, resultirayriat nil effect in the non-postmenopausal subgroup both in
the biomarker cohort and the AZURE study population as a whAdlgitional mechanistic studies addressing
the importance of MAF in cancer metastasis are in progress. It is Hugtetthése investigations may provide
some biological insights into the differential effects of bisphosphooatelésease outcomes according to MAF
status and menopause and help us understand how tumour binéaggents that influence the metastatic
niche and the endocrine milieu, that influence both host and tumour wetiofus, all interact. Additionally,
evaluation of MAF in another large randomized trial of adjuvant bisphogspd®ns required before our
findings could be considered for routine clinical practice. This is plammdadke place in 2018 using the
NSABP B342tumor bank and data set of patients randomized to either treatmetteviihal bisphosphonate,
clodronate or placebo.

In this study of 865 patients and a median follow-up of 84 nsorittere were still only 60 IDFS events in
bone, making interpretation of any relationships between MAF and boneerelapdiable. We were thus
unable to confirm the prognostic capability of MAF proposed by Pavlevial® In this evaluation of the
AZURE study population, MAF amplification was associated with otheeragvbiological characteristics such
as ER negativity, high grade and Her2 positivity, but was unable to me®tnitary objective of providing
clinically useful independent bone metastasis prognostic information in thelcpapulation as a whole.
Although MAF+ve tumours were associated with worse disease outcomes in the subsstnuéropausal
breast cancer patients in the control group, these findings are fictestifto recommend its use in the
assessment of risk prognosis in routine practice. Because bone relajsaly typcur late in the follow-up of



patients with early breast cancer, further evaluation is planned mbwalkipatients have completed 10 years of
follow-up; this is anticipated to increase the number of bone everdsoloyd one third. Other data sets are
thus likely to be necessary to assess whether the originally desalbgdnship between MAR# tumouss
and the development of bone metastases holds true. However, we believe the clingstlimMAF relates to
the predictive capabilities described rather than potential use as another prognostic factor.

The heterogeneity in IDFS by menopause for women with M&Esmours within the control arm cannot be
adequately explained by imbalance in other prognostic factors. Other tharhtaesiogss of larger T2-4
tumours (72% versus 62%n the MAFve non-postmenopausal and postmenopausal control populations
respectively, the clinical and pathologic characteristics of this younger WAspulation appear similar.

Collectively, our observations point to MAF as a potential molecular targetdqrrévention or treatment of
metastases from breast caficédthough required for metastasis, MAF is a very challenging pharngicalo
target because of its nuclear localization and lack of a catalytic domain. Disseetiradetiof genes that are
transcriptionally regulated by MAF may lead to the identification of potentially tadgefabteins that are
necessary for metastasis\mongst the genes transcriptionally regulated by MAF are potentially targetable
proteins that contribute to support bone metastdsis

In conclusion, our findings suggest thdAF status may become a clinically useful biomarker for treatment
selection. FISH testing for MAF copy number may allow better and more precise seletjgatients for
adjuvant treatment with ZOL. MAFe patients are likely to represent almost 80% of breast cancers who could
benefit from the use of adjuvant ZOL. On the other hand, seddwe presence of a MA#atumour appears to

be associated with adverse disease outcomes when patients are treated with Hishesp especially if
treatment is initiated before menopause is complete - such patients with i@lAlmours should avoid
exposure to bisphosphonates in the adjuvant setting.
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Legendsto Figures

Figurel: Impact of MAF copy number on invasive disease free suiiidaS). Hazard ratios (HR) and 95%
confidence intervals (Chased on Cox multivariable analysisown separately for control and zoledronic acid
treated patients and by menopausal subgroup

Figure 2: IDFS by randomized treatment allocation (zoledronic acid or control) in MAF Ei§ttive patients.
Output fran Cox multivariablemodel shown to adjust for differences in the prognostic factovgeketgroups.

Figure 3: Impact of MAF copy numbépased on Cox multivariable analys@) effects of adjuvant zoledronic
acid on invasive disease free survival (IDFS) split by menopausal sfpbsmenopausalor not
postmenopausal) and age (<50 or >50)

Figure 4: Cumulative risk for first IDFS recurrence not in bone imamwho were not postmenopausal at trial
entry by treatment allocation (zoledronic acid or control) for patients wilr MISH+ (A) or MAF FISH-

(B) tumours. Cumulative incidence function figures do not adjustdiiferences in the prognostic factors
between groups. Death and local/contralateral invasive disease are considered fam ghierénd point. First
IDFS events that were in bone are considered a competing risk.
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Table 1: Clinical and tumour characteristics of test population and overall AZURRBdpalation

FISH evaluableresult Tumour Provided AZURE population

Variable

(n=865)

(n=1739)

(n=3359)

M enopausal Status
Non post-menopausal
Post-menopausal

Age
<40
40-49
50-59
60-69
70+

Lymph nodeinvolvement
0

1-3

>4

Unknown

Tumour stage
T1
T2
T3
T4
TX

ER status
ER positive
ER negative
ER unknown

Systemic therapy plan
Endocrine therapy (ET)
Chemotherapy (CT)
ET and CT

Anthracyclines
Yes
No

Taxanes
Yes
No

HER2 status

Positive

Negative

Unknown / Not measured

Histological grade
1

2

3

Not specified

PR status
Positive

Negative
Unknown

590 (68.2%)
275 (31.8%)

87 (10.1%)
299 (34.6%)
281 (32.5%)
162 (18.7%)
36 (4.2%)

2 (0.2%)
563 (65.1%)
300 (34.7%)

0 (0%)

274 (31.7%)

475 (54.9%)
99 (11.4%)
17 (2.0%)
0 (0.0%)

689 (79.7%)
171 (19.8%)
5 (0.6%)

46 (5.3%)
166 (19.2%)
653 (75.5%)

794 (91.8%)
71 (8.2%)

126 (14.6%)
739 (85.4%)

93 (10.8%)
250 (28.9%)
522 (60.3%)

61 (7.1%)
333 (38.5%)
467 (54.0%)

4 (0.5%)

308 (35.6%)
159 (18.4%)
398 (46.0%)

1192 (68.5%)
547 (31.5%)

198 (11.4%)
571 (32.8%)
580 (33.4%)
332 (19.1%)
58 (3.3%)

17 (1.0%)
1122 (64.5%)
598 (34.4%)

2 (0.1%)

577 (33.2%)

901 (51.8%)

214 (12.3%)
47 (2.7%)
0 (0.0%)

1388 (79.8%)
341 (19.6%)
10 (0.6%)

89 (5.1%)
339 (19.5%)
1311 (75.4%)

1604 (92.2%)
135 (7.8%)

267(15.4%)
1472 (84.6%)

186 (10.7%)
503 (28.9%)
1050 (60.4%)

147 (8.5%)

748 (43.0%)

820 (47.2%)
24 (1.4%)

633 (36.4%)
350 (20.1%)
756 (43.5%)

2318 (69.0%)
1041 (31.0%)

384 (11.4%)
1108 (33.0%)
1126 (33.5%)
628 (18.7%)
113 (3.4%)

62 (1.8%)
2075 (61.8%)
1211 (36.1%)

11 (0.3%)

1065 (31.7%)
1717 (51.1%)
456 (13.6%)
117 (3.5%)
4 (0.1%)

2634 (78.4%)
705 (21.0%)
20 (0.6%)

152 (4.5%)
719 (21.4%)
2488 (74.1%)

3132 (93.2%)
227 (6.8%)

775 (23.1%)
2584 (76.9%)

415 (12.4%)
1251 (37.2%)
1693 (50.4%)

285 (8.5%)
1439 (42.8%)
1552 (46.2%)

83 (2.5%)

1423 (42.4%)
806 (24.0%)
1130 (33.6%)
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Table 2: Relationships between MAF status and clinical and tumour characteristingidayised treatment allocation

Variable

Standard Treatment

Standard treatment +

(n=445) Zoledronic acid (n=420) All patients (n=865)
Negative Positive Negative Positive Negative Positive
(n=360) (n=85) (n=321) (n=99) (n=681) (n=184)

M enopausal status
Non post-menopausal
Post-menopausal

Age (years)
<40

40-49
50-59
60-69

70+

Tumour stage
T1
T2
T3
T4

Lymph node status
0

1-3

>4

ER status
ER positive
ER negative
ER unknown

Systemic therapy plan
Endocrine therapy (ET)
Chemotherapy (CT)
ET and CT

Anthracyclines
Yes
No

Taxanes
Yes
No

HER?2 status
Positive
Negative

Unknown / Not measured 205 (56.9%)

Histological grade
1

2

3

Not specified

PR status
Positive

Negative
Unknown

253 (70.3%) 55 (64.7%)
107 (29.7%) 30 (35.3%)

43 (11.9%) 5 (5.9%)
124 (34.4%) 28 (32.9%)
112 (31.1%) 33 (38.8%)
63 (17.5%) 17 (20.0%)
18 (5.0%) 2 (2.4%)

111 (30.8%) 31 (36.5%)
200 (55.6%) 40 (47.1%)
43 (11.9%) 12 (14.1%)
6 (1.7%) 2 (2.4%)

2(0.6%) 0 (0%)
231 (64.2%) 58 (68.2%)
127 (35.3%) 27 (31.8%)

308 (85.6%) 55 (64.7%)
50 (13.9%) 29 (34.1%)
2(0.6%) 1 (1.2%)

24 (6.7%) 2 (2.4%)
50 (13.9%) 29 (34.1%)
286 (79.4%) 54 (63.5%)

325 (90.3%)
35 (9.7%)

79 (92.9%)
6 (7.1%)

49 (13.6%)
311 (86.4%)

17 (20.0%)
68 (80.0%)

39 (10.8%)
116 (32.2%)

17 (20.0%)
18 (21.2%)
50 (58.8%)

34 (9.4%) 3 (3.5%)
158 (43.9%) 21 (24.7%)
168 (46.7%) 60 (70.6%)
0(0.0%) 1 (1.2%)

133 (36.9%) 25 (29.4%)
53 (14.7%) 28 (32.9%)
174 (48.3%) 32 (37.6%)

216(67.3%)
105 (32.7%)

24 (7.5%)
118(36.8%)
109 (34.0%)
61 (19.0%)

9 (2.8%)

100 (31.2%)

179 (55.8%)

37 (11.5%)
5 (1.6%)

0 (0%)
214 (66.%)
107 (33.3%)

264 (82.2%)
57 (17.8%)
0 (0.0%)

16 (5.0%)
54 (16.8%)
251 (78.2%)

297 (92.5%)
24 (7.5%)

44.(13.7%)
277 (86.3%)

20 (6.2%)
85 (26.5%)
216 (67.3%)

21 (6.5%)
137 (42.7%)
161 (50.2%)

2 (0.6%)

121(37.7%)
46 (14.3%)
154 (48.0%)

66 (66.7%)
33 (33.3%)

15 (15.2%)
29 (29.3%)
27 (27.3%)
21 (21.2%)
7 (7.1%)

32 (32.3%)
56 (56.6%)
7 (7.1%)
4 (4.0%)

0 (0%)
(60 (60.6%)
39 (39.4%

62 (62.6%)
35 (35.4%)
2 (2.0%)

4 (4.0%)
33 (33.3%)
62 (62.6%)

93 (93.9%)
6 (6.1%)

16 (16.2%)
83 (83.8%)

17 (17.2%)
31 (31.3%)
51 (51.5%)

3 (3.0%)
17 (17.2%)
78 (78.8%)

1 (1.0%)

29 (29.3%)
32 (32.3%)
38 (38.4%)

469 (68.9%) 121 (65.8%
212 (31.1%) 63 (34.2%)

2(0.3%) 0 (0.0%)
445 (65.3%) 118 (64.1%
234 (34.4%) 66 (35.9%)
61 (19.0%) 21 (21.2%)

9(2.8%)  7(7.1%)

211 (31.0%) 63 (34.2%)
379 (55.7%) 96 (52.2%)
80 (11.7%) 19 (10.3%)
11 (1.6%) 6 (3.3%)

2(0.3%) 0 (0%)
445 (65.3%) 118 (64.1%
234 (34.4%) 66 (35.9%)

572 (84.0%) 117 (63.6%
107 (15.7%) 64 (34.8%)
2(0.3%) 3 (1.6%)

40 (5.9%) 6 (3.3%)
104 (15.3%) 62 (33.7%)
537 (78.9%) 116 (63.0%

622 (91.3%) 172 (93.5%
59 (8.7%) 12 (6.5%)

93 (13.7%) 33 (17.9%)
588 (86.3%) 151 (82.1%

59 (8.7%) 34 (18.5%)
201 (29.5%) 49 (26.6%)
421 (61.8%) 101 (54.9%

55 (8.1%) 6 (3.3%)
295 (43.3%) 38 (20.7%)
329 (48.3%) 138 (75.0%

2(0.3%) 2 (1.1%)

254 (37.3%) 54 (29.3%)
99 (14.5%) 60 (32.6%)
328 (48.2%) 70 (38.0%)
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Table 3: Comparison of IDFS outcomes between non postmenopausal MAF FISH negutdlepopulation

and other groups classified by menopausal status, MAF FISH status dantttriea

Patient Group Hazard ratio Lower 95% CI Upper 95%

n= (number of events) (HR)* Cl

M AF- ve Control post-meno 1.25 0.80 1.95
e n=107 (35)

M AF-ve Zol post-meno 0.85 0.53 1.36
e n=105 (29)

M AF-ve Zol non post-meno 0.83 0.59 1.15
e n=216 (61)

M AF+ve Zol post-meno 1.72 0.90 3.29
e n=33(12)

M AF+ve Zol non post-meno 1.61 1.06 2.44
e nN=66 (33)

M AF+ve Control post-meno 2.68 1.53 4.68
e n=30 (18)

M AF+ve Control non post-meno 0.63 0.33 1.20

e n=55(11)

All compared with MAF-ve Control non post-menopausal groupZ83), number of events=83
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Table 4: Impact of MAF FISH status on IDFS by age (<50 or >50) in zoledronic acid and control patients.

Patient Group Hazard ratio (HR)* Lower 95% CI | Upper 95% CI
n= (number of events)
Zoledronic acid patients < age 50 0.473 0.281 0.797
e n=142 (41) vs 44 (23)
Zoledronic acid patients > age 50 0.533 0.719 0.890
e Nn=179 (49) vs 55 (22)
Control patients < age 50 1.410 0.666 2.985
e n=167 (55) v83(8)
Control patients > age 50 0.673 0.407 1.114
e n=193(63) vs 52 (21)

*HR for patients with MAF FISH negative / MAF FISH positive tumours
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