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Abstract

Introduction Biochemical response to bisphosphonate therapy can be assessed usiagdeithease in bone
turnover marker beyond the least significant change (LSC) or a reductigthito a reference interval (RIWe
compared the performance of these target responses and determined \ebptireser was related to the type of
bisphosphonate, compliance and baseline bone turnover markers

Methods Biochemical responses to three oral bisphosphonates were assessed in eonbdied trial
comprising 172 postmenopausal osteoporotic women5a@d years)randomized to alendronate, ibandronate
or risedronate, plus calcium and vitamin D supplementation for twey€&€he LSC for each marker was
derived within the study population whereas RIs were obtained fromt@lcgroup of healthy premenopausal
women (age 35-40 years).

Results Over 70% of women achieved a target response for serum CTX BidiPéspective of the approach
used. The percentage decrease at 12 weeks was greater for women with bdbi#ird®ve the Rl -63%
(differencel3%, 95%CI 0 to27.1, P=0.049 and good compliance -67% (difference 15,9%Cl 6.3 to 25.5,
P=0.001) Responders had a greater increase in spine bone density comparedesponaers; for example
6.2% vs. 2.3%, (difference 3.9%, 95%CI 1.6 to 6.3, p=0.paxIPINP LSC. The magnitude of change in bone
markers was greater with ibandronate and alendronate than risedronate.

ConclusionsBoth approaches to response identified similar proportions of women aadespdon-
responders had smaller increases in BMD and we suggest that biochemical assésesmorise is a useful

tool for the management of women with postmenopausal osteoporosis.

Key words. postmenopausal osteoporosis, bone turnover markers, variabilitypfigumate

Mini Abstract (50 words)

We used bone turnover markers to identify women who respondegtmbjhonate treatment for osteoporosis
Response was more likely with alendronate and ibandrahate risedronate. There was a greater decrease in
bone markers if baseline bone turnowerkers were higher and if the patient took more than 80% of her

medication.



Introduction
Oral bisphosphonates are the most commonly used medications for the trieaf osteoporos[l] . They are

an effective treatment for osteoporosis as they reduce bone turimavease bone mass and reduce fracture rate
2] . Randomized controlled trials of alendronate, risedronate and ibandronate loatedrdpr effect on

fracture risk reducti08] In the UK, guidance from the National Institute for Health and Care Excellence
(NICE) recommends alendronate as the first choice of treatment; if patientsaite to comply or are

intolerant of alendronate then risedronate or ibandronate are considered as altegadtnents.

Bone resorption markers decrease earlier and usually by a greater ohagiméto bone formation markers in

response bisphosphonate treatnjertIP- There is comparative evidence that alendronate results in a greater

reduction in bone turnover markers (BTMs) than risedrofidle §nd that ibandronate results in an earlier

Pre-treatment levels and changes in BTMs appear to relate to outsachess improvement in bone mineral

response, but a reduction of similar magnitude to alendrobgte [

density (BMD) and reductions in fracture risk. For example, higher basslarkers are associated with a

greater increase in BMD and greater reduction in non-vertebral fracturesegtmen{14{|15 . The evidence

relating changes in BTMs to fracture risk has recently been summbyidéasikaran et ] . More than 20
prospective studies of the use of bone markers to predict fracture wereaeaed most reported that at least
one BTM was significantly associated with fracture risk, particularly tine lpbesorption markers. High levels of
BTMs may predict fracture risk independently from BMD in postmeansgl wome . A subsequent study

indicates that change in PINP can account for 60% of the fracture riskioedwith zoledronic acid treatment

|

In clinical practice, it is useful to identify patients who fail to respond to treatmeh&sadherence can be
reviewed, causes of non-response can be elucidated and alternativenieatmsidered. Poor persistence and
poor compliance with dosing instructions might underlie a failuresatitnent. Patients may be taking the

treatment correctly but have poor absorption or unidentified undgnhgadical conditions that are increasing

bone turnove [IflS .




The International Osteoporosis Foundation (IOF) has proposed that faitesptmd to treatment might be
defined as two or more incident fragility fractures or by lack of BEkponse and a significant decrease in
BMD . The BTM working group of the IOF and International Federation of Cliita&mistry (IFCC)
describe two ways of monitoring response to treatment using ﬂMEQstly there is the least significant
change approach (LSC) signifying the minimum change in BTM thabeattributed to treatment effect rather
than random variationfahe marker (usually with 95% certainty). This is most commontyessed as a

percentage chan or alternatively as absolute un : the targetdr treatment with bisphosphonates

being to reduce the bone markers by at least the LSC. The secorachppriiat the target for treatment is to

decrease the BTM to the lower half of the premenopausal referenceuirfiRiv [9||23 . However not all

women are above tHel mean before starting treatment.

The aims of this study were to 1) to compare two approach&s &h8RI) for identifying women that reach the
target response to oral bisphosphonate therapy, 2) to identify deternaihaggponse and) 3o determine if

reaching the target response for bone markers is associated with chaoige iniheral density.

M ethods

Study Design
The TRIO study comprised a 2-year, open-label, parallel, randomisedldotérvention trial of three orally

administered bisphosphonates. The effects of the treatments erdbwosity results and fracture history have
recently been publish . Healthy premenopausal women were also recruited to act as a paralldlaahtro

reference group.

Study Population
We recruited postmenopausal women with osteoporosis defined byndugy &-ray absorptiometry (DXA) bone

mineral density (BMD) at the lumbar spine or proximal femur of §core_<-2.5 or ii) T score ¥0 plus a
prevalent non-traumatic fractur& he participants were recruited through a hospital metabolic bone clinic and
from general practice registers. Inclusion criteria were that the womeramérdatory, less than 85 years old,
more than 5 years postmenopausal and ablev&irgfiormed consent. Inclusion criteria for the group of healthy
premenopausal women included ages 35 to 40 years, regular mengtleal @ndnon-use of hormonal
contraception.Exclusion criteria for both groups were fracture in the previousdr#ttms, the use of medications

or diagnosis of any disease or medical condition known to affect borzeBMI outside the range @B to 35

kg/m?. The study was approved by the Sheffield Research Ethics Committéeedviédicines and Healthcare



Products Regulatory Agency (MHRA) and was carried out in accordarttéheiDeclaration of Helsinki and the
International Conference on Harmonisation Good Clinical Practice (ICH GG&8liges. Written informed

consent was obtained for all individual participgintiuded in the study

Study interventions
In this open-label study, the women with osteoporosis were ranednics receive one of three oral

bisphosphonates at the licensed dose: (i) ibandronate (Bonviva, Rochragldtce a month), (ii) alendronate
(Fosamax, Merck, 70 mg once a week), or (iii) risedronate (Actorain&-Chilcott, 35 mg once a week). To
minimise bias the drugs were prescribed under a coding systemastingified block randomisation method
Adherence was assessed using medical events monitoring system (MEMS) hstiAARDEX, Zurich,
Switzerland). In keeping with usual clinical practice, participants also received calgibonate 3g (1200 mg
elemental calcium) and cholecalciferol 20 micrograms (800 IU) per day (B8calvo tablets daily, ProStrakan)
which was initiated one week before the bisphosphonate at the baseline ITkisihealthy pre-menopausal

women were not prescribed any medications throughout the study.

Study Assessments

Anthropometric measurements; height (to the nearest 0.1as)neasured using a wall-mounted stadiometer
(Seca 242, Seca, Birmingham, UK) and weight (to the nearest 0.1kg)arsielectronic column scale (Seca
Birmingham UK). Body mass index (BMI) was calculated to the nearéstkBone mineral density (BMD
g/cn?) of the lumbar spine (LS) and proximal femur were measurethalyenergy x-ray absorptiometry (DXA)

using a Discovery A densitometer (Hologic Inc, Bedford, MA).

Biochemistry
In the postmenopausal women receiving treatpsamples for biochemistry were collected at baseline 1 (week

-1), baseline 2 (week 0) then at 1, 2, 4, 12, 13, 48 and 8kswehile samples were collected at baseline in the
healthy premenopausal control womé3iood was collected after an overnight fast and the sample was left to
clot for 30 minutes at room temperature before centrifugation at Z60Q§ minutes. Second void fasting
morning urine samples were collected. Samples were stored at -80°C alysisaand all visits of individual
participants were measured in one analytical batch.

The C-telopeptide of type | collagen (CTX)-mid osteocalcin (OC), intact pro-collagen | N-propeptide (PINP),

bone alkaline phosphatase (BoneALP) aBdydroxyvitamin D (250HD) were measured using the IDS-iSYS



automated immunoassays (Immunodiagnostic Systems, Boldon, UK)nfEn-assay coefficients of variation
(CVs) were 6.5%, 5.0%, 7.2%, 3.5% and 6.7% respectivalg.excluded subjects with a baseline CTX result
below the limit of detection for the assay (0.033 pg/L n=3). The Néplige of type | collagen (NTX) was
measured in urine by an automated competitive immunoassay (Vitros B@i;Climical Diagnostics, High
Wycombe UK ; inter-assayCV 6%). The NTX was expressed as a ratio to urinary creatinine concentration
measured by the dry slide method (Vitros 250, Ortho Clinical Diagnoktigh, Wycombe, UKinter-assayCV
3%).

Statistical Analysis

Baseline demographics were reported as mean and standard deviation (SDanmwitednterquartile range for
each treatment group. The mean percentage change for each BTMafsehmel (week 1) was calculated for
all time-points. Repeated measures ANOVA was used to compare change evertkirBonferroni post hoc
correction.

Statistical calculations were performed using MedCalc Statistical Software versiorR(MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org; 2014) and computing packgd RR-project.org)
Establishing least significant changehe LSC was calculated using measurements from the 12 and k3 wee
visits of the treatment group (n=147). This represents the withsopeariability for measurements a week apart
for women on treatmentThe difference between week 12 and 13 was only significant foe&dn in the
risedronate group (difference -1.06, 95%Cl -1.7 to -0.4,0230.

The distribution of the measurements was positiskewed so a lagtransform was used to give an approximate
Normal distribution. LSC was then calculated on the log-transformed datioasfo

LSCjog=Z * V2 x SDgyss

whereSDrusis the root-mean-square standard deviation calculated from the log-traedfdata, and Z' is equal
to 1.96 for 95% confidence levelhe LSC as a percentage change on the original scale is then given by:
LSC = 100 x (10*"5C10z.1)

Participants who met the target respo(responders) were defined as those in whom the percentage decrease
from baseline in the concentration of a specific bone marker was greaténeha®C. Those with a decrease

less than the LSC were classified as not reaching the target response (nodems3pon

Establishing premenopausal medie established RIs from 87 premenopausal women who were vitamin D

replete (250HD >50nmol/L)The reference data for each BTM was presented as the geometric meafand 95



RI. All data were log transformed. The 95%I was calculated for each marker as the mean + 1.96 SD. (using

the Robust method as recommended for n<120 reference samples (CLSI pmé&lc)ﬁ .

The target for response to treatment using RIs was defined as eébetgultthe mean value for premenopausal
women and this was assessed using the available BTM result from theoiim®&eon treatment mentioned above,
with the baseline 1 visit BTM used as the pre-treatment value. AdCiaired test was used to compare the effect

of treatment group on the number of participants reaching the targesfamse.

Results

Study Population
The baseline demographics are presented in Tabds Expected, the LS-BMD was considerably lower and all

the BTMs consistently higher in the postmenopausal women with ostesigptihan in the healthy, premenopausal
controls. In the bisphosphonate group, BTM data were availablg Bowhmen at baseline, h49 at 1 year and

n=94 at 2 years. Some participants were lost to follow up beyond yaa o a delay in ethical approval to

extend the study from one to two ye .

Percentage change from baseline

There was a decrease in BTMs in response to treatment with eachtokthbisphosphonates over 2 years (Fig
1).

For bone resorption, serum CTX consistently showed greater reductimoparea to urinary NTX during
treatment with any of the bisphosphonates. At 12 weeks, for therdoeate group this difference was -18%,
(95% CI -29 to -8, P<0.001), alendronate -22%, (95%CI -294%0; P<0.001) and risedronate -30%, (95%CI -
44 to -16, P<0.001). The magnitude of change was greater ihahdronate and alendronate groups than in the
risedronate group (Table 2). As expected, there was an earlier decreaseresbguteon compared to bone
formation in all groups (Table 2) and the ibandronate group had a iitgerdecrease in bone resorption at
week 1 (CTX-80%) compared to alendronate (difference -31%, 95%CI -2 t®<0.001) and risedronate

(difference -45%, 95%CI -25 to -3, P=0.0087).

Within the formation markers, serum PINP consistently showed a gpsatemtage decrease than either
BoneALP or OC. In the ibandronate group at week 12 the decreaséRn(#8B%) was greater than for OC
(difference 24%, 95%CI -31to -17, P<0.0001) and BoneALP (differer&a¥6, 95%ClI -33to -20, P<0.001), for

alendronate PINP (-56%) was greater than OC (differe2@,95%ClI -28 to -11, P<0.001) and BoneALP



(difference 24%, 95%CI -33 to -15, P<0.001) and for risedronate PINP (-48%) weatgr than OC (difference
16%, 95%Cl -26 to -7, P<0.001) and BoneALP (difference 19%Cl -29 to -10, P<0.001). There was no
significant difference between the change in OC and BoneALP forfahg three treatments at week 14
week 48, the decrease in PINP (-71%) in the ibandronate group wasestiirghan OC (differencé 7%,

95%CI -25to0 20, P<0.001) and BoneA® (difference 26%, 95%CI -33 to -18, P<0.001) and was also greater
for PINP (-66%) in the alendronate group (OC differed@®6; 95%ClI -21 to -5, P<0.001, BoneALP difference
-24%, 95%CI -32 to -17, P<0.001). For both ibandronate and alendronatketihease in OC was greater than
BoneALP (difference -8%®5%CI -16 to -1, P=0.019, differenc&®6, 95%CI -19 to -4, P=0.0014
respectively). In the risedronate group the change in PIBIR4-was greater than BoneALP (differend&%,

9594CI -29 to -2, P=0.02).

Responder analysis - least significant change

The LSC estimates for each BTM are shown in (Table 3) and were¢aisaltulate the number of responders at
12 and 48 weeks (there was no further change in BTM after weeld48@yh proportion of women reached the
target for treatment for the serum BTMs but fewer subjects reachedrget response for the urinary marker
NTX.

At 12 weeks CTX LSC classified 127/146 as responders, NTX 50/148, BA5IR49, OC 96/148, and
BoneALP 89/149

There was a significant difference in the proportion of womechiag the target response between the three
treatment groups at 12 weeks and 48 weeks for, CTX (12 we€k8131, 48 weeks P<0.00NTX (12 weeks
P=0.M42 48 weeks P=0.0028) and PINP (12 weeks, P=0.0355, 48 Wwe#kB801) and at 12 weeks for Bone
ALP (P=0.027) but noat 48 weeks (P=0.216). There was no difference in response bdt&agnent groups
for osteocalcin at 12 weeks or 48 weéiR=0.631, P=0.244 respectively)

The percentage change in BTM at 12 weeks for individual participants ah8¢héor each BTM are shown in

Fig2.

For bone resorption markers, more women were classified as respionitheralendronate group (CTX 49/50,
NTX 23/51) than the risedronate (CTX 37/47, P=0.0075, NTX 9/48,002) and ibandronate groups (CTX
41/49, P=0.033). For the bone formation markers, more womehe#he target for response in the
ibandronate group compared to risedronate (PINP 47/50 vs 36/481B80BbneALP 37/50 vs 23/48,

P=0.0146)



There was no effect of treatment group on LSC responders foB&@ral women had an increase in bone
markers at week 1however, not all BTM were elevated and most had a subsequent decieagecompliance

was identified in one of tleewomen and another had a minor orthopaedic operation which woebpbketed

to increase BTMs, particularly PI :

Responder analysis - premenopausal mean

The change in bone resorption (CTX) and bone formation (PINP)2oyears of treatment are shown in Fig3.

These two markers were selected for the figure as they had thesgremgnitude of change and are also

recommended as the reference bone markers by the IOF-IFCC Bone Baheards Working Group |[28] .

While bone markers decreased to the lower half of the premenopddealmost participants during treatment,
the number of women defined as responders (BTM below the premesabpsan) differed between the BTMs;
with 129/146 classified as responders by 12 weeks for CTX, 13981 #8lX, 126/149 for PINP, 93/148 for OC
and 28/149 for Bone ALP,. The number of responders for all8ih each of the three treatment groups are
shown in Table 3. Using th@l criteria, a high proportion of women reached the target for treatorahiefBTMs
with the exception of BoneALP. For NTX 139/148 (94%) womerevetaissified as responders, however 51/148
women were below thRI mean at baseline 1 (Table 3). When these women were excluded fatysisathe
proportion of responders was 90/97 (94%).

There was a difference in the proportion of women reaching thettfmr response between the treatment groups
for CTX (48 weeks P=0.025NTX (12 weeks P=0.031) and PINP (12 weeks P=0.014, 48 iRek906). When
using the RI approach the number classified as responders at 12waekbkigher in the alendronate group
(51/51) compared to the risedronate group (41/47) for NTX (P=0a&¥higher in the ibandronate group (48/50)

compared to risedronate (36/48) for PINP (P=0.0073),

There was concordance between the approaches to determine target responsexX weze® 12),127/146
women were classified as responders by | X¥146 were respondeby RI, with 117 by both criteridcor PINP
(week 12), 125 of the 149 women reached the LSC target anetd@ted the RI target, with 115 classified as a
responder by both methods. Using LSC, 110 women were classifiespasiders and by RI, 115 for both PINP

and CTX.



To determine if a target response at 12 weeks was concordant ovehémember of responders at 12 weeks
and 96 weeks was calculated for those women that participated for thies 2fydee study (n=94). For all three
treatments there was no significant difference between thenticopoof responders at 12 weeks compared to 96
weeks for CTX or PINP by either approach for target responke proportion of women reaching the target for
response by LSC criteria for CTX was 86% at 12 weeks and 72% at 96 (#®&ek0309) and for PINP 84% at
12 weeks and 77% at 96 weeks (P=0.27By the RI criteria CTX response was 86% at 12weeks and 74% at
96weeks (P=0.066) and PINP response was 85% at 12 weeks arad 96%eeks (P=0.343). . There were no
significant effects of treatment group other than for CTX by LS@énrisedronate group with 77% responders
at 12 weeks and 47% at 96 weeks (P=0.031), the RI approa&ir®rin the risedronate group had 80%

responders at 12 weeks and 60% at 96 weeks (P=0.159).

Baseline BTM

For the two recommended reference markers CTX and PINP, at6thdf women were below the
premenopausal mean before commencement of treatment. This propaedibigher for NTX (34%) and OC
(22%) but lower (3%) for bone ALP. At the second baseline visit, afteilucaand vitamin D supplementation,
the proportion of women below the mean increased to 20% for Gt Hith not change for PINP.

There was no effect of baseline CTX value on the percentage change in CX¥edks. Women with baseline
CTX above the upper limit of the RI had a change in CTX of mean -74%E9530 to -68, n=35), compared
to -74% (95%CI -78 to -71, n=98) for those with baseline CTX in gpeuhalf of the RI (difference -0.1%
95%CI-8 to 8 P=1.0), and -74% (95%CI -83 to -64, n=13) fos¢hn the lower half of thRl at baseline
(difference 0.2%, 95%CI -13 to 13, P=1.0).

The women with baseline PINP above the upper limit oRhlad the greatest percentage decrease in PINP at
12 weeks, mean -63% (95%CI -69 to -58, n=49) compare®%6 (85%CI -57 to -48, n=84for those with
baseline PINP in the upper half of tRé(differencel1%, 95%CI 2 tal9, P =0.008%and 50% (95%CI -59 to -

40, n=16) for those with baseline PINP in the lower half oRhédifferencel3%, 95%CI 0to27, P=0.0486).

Compliance
Drug accountability was recorded using medical events monitoring syStEMS) bottle caps (AARDEX,

Zurich, Switzerland). Good compliance was defined as more than 80% cocepdiger the first 48 weeks of the



study (because 48 weeks was when the maximum bone marker eeg@@Eneached )29"30 . The percentage

decrease in BTM at 48 weeks was significantly greater in the wortiery@od compliance (n=104) compared
to those with poorer compliance (n=3For CTX -79% vs -64% (difference 15%5%Cl 5.1 to 25.2
P=0.0035), NTX -59% vs38% (difference 21%05%Cl 4.1 to 36.9P=0.0147), PINP -67% vs -51%
(difference 16%, 95% CI 6.3 to 25.5, P=0.0013) and OC -52% 9% (dBference 9%, 95%Cl 1.7 to 17.1,
P=0.017), A similar trend was observed for bone ALP by complidndehe difference was not statistically
significant -42% vs 37% (difference 5%95%CI -1.8 to 12.5, P=0.139T hree women did not meet the target
for treatment by either LSC or RI approach for PINP or CTX.0 Bivthese had poor compliance at 48 weeks

(less than 50%) the third did not have compliance data available.

Response and changesin Bone Density
The percentage change in both lumbar spine (LS) and proximal femuraBS¥weeks was greater in those

who reached the LSC target for CTX (81/89 subjects) compared ®ftilisg to reach the target response, LS
6.0% (SD 4.2) vs 1.3%, (3.7) difference 4.7% (95%CI 1.7 toF=8)0028, FN 3.2% (3.4) vs 0.6% (3.1)
difference 2.6% (95%CI 0.07 to 5.1) P=0.044, TH 3.2% (3.0).0% (2.6) difference 2.2% (95%CI 0.02 to
4.4) P=0.048. However there was no significant difference in thergageechange in BMD at spine or
proximal femur for classification by CTX RI; LS difference 2.5% (95%5 to 5.5) P=0.100, FN difference

1.7% (95%CI -0.7 to 4.2) P=0.151, TH difference 1.1 (-1.3.%) P=0.327.

The percentage change in LS BMD at 96 weeks was greater for thosaavheached the target response in
PINP by 12 weeks defined by LS@ean 6.2%, (SD 4.1), n=78 compared to those not reaching the target
responsemean 2.3%, (SD 3.6), n=1@lifference 39%, 95%CI 1.6 to 6.3 P=0.0011). Similar changes were
found forRI classification of responder, mean 6.2% (SD 4.1), n=79 compared to nondesp@an 2.5% (SD
4.1), n=13 for PINP (difference 34, 95%CI 1.3 to 6.1, P=0.0033Yhe changes in femoral nedkl) and

total hip (TH) BMD were not significantly higher in the responders by either b6RI method for PINP.

There was no relationship between the baseline 1 CTX or PINP and the perchatagein BMD.



Discussion

The proportion of women treated with oral bisphosphonates that reiiehtetiget response for BTM was hjgh
regardless of the definition used-or the two bone turnover markers recommended as reference stdndards
the IOF-IFCC (CTX and PINP), the proportion reaching the target respanged from 70 to 100%y LSC

and premenopauskll methods.

Oral bisphosphonate therapy results in an early decrease in bonqioasorarkers and a later decrease in bone

formation markers, as expected, as these processes are rimrle'th[e magnitude of the changes we

observed were similar to those reported in other styd|g< 93"31 . The effects of ibandronate and

alendronate on the bone resorption markers are similar to eact @nd greater than seen with risedronate
. The greater, early decrease for ibandronate is likely to be due to thielyrdse regimen, because
patients receive a larger first dose in comparison to the other two hifpmases.

The clinical characteristics of bisphosphonates may relate to their individdb&sp , the two most
important properties being the affinity to bone mineral and the inhybéfibects on osteoclasts. The
antiresorptive effects of nitrogen containing bisphosphonates result feimmthibition of farnesyl
pyrophosphate synthase (FPPS) a key enzyme for osteoclast furRisearonate exhibits high enzyme
binding which results in strong inhibition of FPPS, and has only a ratedaffinity to bone mineralAlthough

the reduction in BTM is less for risedronate than other bisphosphonatedettis/effor the prevention of all
fracture types. The lower mineral affinity may enable a wider digiwifouvithin bone . Alendronate and

ibandronate are less effective inhibitors of FPSS but have stronger minenadtffahity.

The proportion of women classified as reaching the target for respiffiesecdbetween markers. There were
fewer responders with NX by the LSC method, although there were more responders usiRj dpgproach
this was also true when those in below the premenopausal meanXaatNaseline were excluded from the
analysis Urine NTX is more variable than serum assays, anthtagurement of creatinine adds to the ‘noise’,

and increases the LﬂF . The LSC values were calculated using a two tailed approach and were

comparable with those of Fink et al for PINP CTX and NTX, and Haehahfor NTX 20" 34] , but some

were higher than reported by otk 20"21 . Differences between studies include the participants that the LSC

is calculated from, and type of assay. It has also been proposeat tmatrfitoring treatment in clinical practice



a one-sided probability of 0.05 is appropriate as the direction of chaBeMns known, and some consider a

probability of 80% to be adequa‘te BH| .

Bone ALP did not identify as many women as reaching the LSC respooieeabone formation markers. It
is not known why bisphosphonates result in a greater decrease in PIRRZdhdn bone ALP, but this is a
consistent finding. It might relate to changes in the maturity of the dag¢@opulation, as bone ALP is
expressed early in osteoblast differentiation. It is also notable that using menppausal mean Rl method,
bone ALP identified few responders. This may be because the age-ietagade in bone formation markers is

greater with bone ALP than with other bone formation markers.

There was a greater change in PINP at 12 weeks for those with Rig\feiat baseline. Bauer et al proposed
that bisphosphonates may be more effective in women with elevated BTddedinie. In the fracture
intervention trial (FIT) alendronate reduced the risk of non-spine fractlydar those women who were in

the highes® tertiles for PINP at baseline when compared to placebo treated enV[/e are not aware of

a previous report of baseline PINP predicting PINP response. We don’t have any explanation as to why baseline
CTX did not predict CTX response. It may be that PINP has a floor thanisvghat higher than zero due to
continued modelling of bone, whereas CTX can be supressed toSmre of this may be hidden by the use of

percentage changes while the absolute changes within the categories are likajuite Hifferent.

We observed a clear link between compliance with treatment and BTM chdedeve previously used the
electronic caps monitoring approach to estimate compliance and found it telegsgdonse to raloxifene
therapy . The IMPACT study found that adherence to risedronate therapy was glgsitdsociated with
bone turnover marker change and that good bone resorption markerse$fd X or NTX) was associated

with lower risk of non-vertebral fractur@ .

We observed that those that reached the target for response for PINP éaigaigecrease in lumbar spine
BMD than those that failed to reach the target for treatment, whichetbodthvasused. This finding is in
keeping with other publications linking change in BTM to change in Biiih alendronate and estrogen

therapy , as well as with an evaluation of the use of NTX in clinical practice witdnisate and

alendronat .



The two methods of assessing BTM response have limitations. The L8faappequires that a sample be

taken before starting therapy. This could be overlooked or the patierftavayow turnover due to previous
treatment. In these cases, thenRhapproach is particularly useful. However, this also has its limitations.
Some untreated women were already in the lower half dRLlier some of the bone markers at baseline. These
women will likely have a lesser BTM respondéthe baseline marker (e.g. CTX) is low then another bone

marker (e.g. PINP) could be measured for comparison.

In women with typical postmenopausal baseline turnover, a lack of B§pbnse is a useful trigger for further
evaluation, to review compliance and investigate for additional causes dtimgiver. There may be clinical
situations where BTM would be expected to increase (such as starting an aremhétbéee), where

maintaining BTM at baseline levels could represent a reasonable response to bistedptmtment.

Conclusion

Bone turnover markers can be a useful tool to evaluate response to higptadspreatment. Both LSC and
premenopausd&kl approaches can identify those that reach the target for response and@ateasaith BMD
change. Bone turnover markers reflect different aspects of the boneetingpclycle and so response to

treatment differs between markers, which needs to be considered intirgirdtation.
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Tables
Table 1. Baseline data for the three treatment groups and premenopausal womeshoatas mean (SD)

and for BTM as median [interquartile range].

Table 2. The percentage change from baselirfereek -1) in bone turnover markers for the 3 treatment groups
shown as mean witd5% confidence interval (Cl), (noteveek 12a is the mean value for 12 and 13 wedks)
percentage change at each visit was compared to baseline by repeated measursvRNB®Wnferroni post

hoc correction (*P<0.05, **P<0.001)

Table 3: Responder analysis for least significant change (LSC) and referenceli(fraethods. The

number of women with a decrease in BTM greater than LSC, data stsowtotal n (%)The number of

women with BTM below the premenopausal Rl geometric mean (GM), data feetsasm/total n (%). The
number of women who were below the RI mean at baseline 1 (weék €gch treatment group are shown.
Week 12a is the average for visits at weeks 12 and 13. (Data log traedfdreference interval Robust method

CLSI C28-A3)

Figurelegends
Figure 1. The percentage change from baseline (mean and standard error of théomapbone resorption
markers and b) bone formation markers for the three bisphosphiestaents (ibandronate, alendronate,

risedronate) over 2 years.

Figure 2 The percentage change from baseline in bone resorption (CTX, NTXpaaddrmation (PINP, OC,
BoneALP) markers at 12 weeks for each treatment greufbfindronate (lbn)o Alendronate (Ald), x

Risedronate (Ris)]. The shaded area represents the LSC thresteddHdBTM.

Figure 3. Bone Markers Reference Interval.

Figure 3. Box and whisker plots of the absolute values for boneptiEso(CTX) and bone formation (PINP).
The box represents the interquartile range, the middle line is the median ardstkers show the range of the
data for the three bisphosphonates (Ibandronate, Alendronate ancdRételliThe premenopausedference

interval is shown by the horizontal dashed lines and geometric mean as solid line,
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Table 1. Baseline data for the three treatment groups and premenopausal Wwoata shown as mean (SD) and
for BTM as median [interquartile range].

Ibandronate Alendronate Risedronate Premenopausal
n 57 57 58 87
Age 66.9 (7.2) 67.8 (7.8) 66.8 (6.7) 37.9 (1.7)
Height (cm) 159.8 (6.9) 160.1 (5.3) 160.7 (6.0) 164.6 (6.5)
Weight (kg) 67.4 (10.8) 66.3 (10.2) 69.1 (9.4) 67.1 (11.0)
LS BMD g/cn? 0.796 (0.117) 0.788 (0.104) 0.812 (0.084) 1.092 (0.117)
CTX ug/L 0.68 [0.45-0.87]| 0.64 [0.46-0.80]| 0.59[0.44-0.77]| 0.32[0.23-0.41]
NTX nmol/mmol Cr | 53.9 [35.8-70.2]| 42.9[31.6-55.6]| 39.6[32.3-55.8]| 36.8 [26.8-46.4]
PINP pg/L 49.9 [39.2-61.6]| 46.2[35.3-56.8]| 44.0[34.5-50.5]| 29.0[22.2-34.9]
OC ug/L 25.9[20.4-32.9]| 24.5[19.3-31.8]| 23.3[17.9-29.4]| 18.2[14.5-22.1]
BoneALP pg/L 18.5[16.1-27.0]| 19.5[14.7-24.2]| 18.8[16.6-24.1]| 9.6[7.9-11.9]
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Table2 The percentage change from baselifereek -1) in bone turnover markers for the 3 treatment grisigi®wn
as the mean witl®5% confidence interval (Cl), (noteveek 12a is the mean value for 12 and 13 weeksg
percentage change at each visit was compared to baseline 1 by repeatedsddd®@¥A with Bonferroni post hoc
correction (*P<0.05, *P<0.001)

CTX NTX PINP oC BoneALP
Ibandronate
week 1 -80 (-86 to 75) *** -65 (-72 to 58) *** -5(-8to 1) -1(-4t0 3) 4 (-3to 11)
week 4 -66 (-72 to 60) *** -59 (-66 to -51) *** | -18 (-22 to 14) *** -7 (-10to 4) * -2 (-10 to 6)
week 12a -73 (-78 to 69) *** -55 (-65 to -45) *** | -63 (-67 to 60) *** -39 (-42 to 36) *** -37 (-42 to 32) ***
week 48 -79 (-84 to 75) *** -62 (-70to -53) *** | -71 (-74 to 68) *** -54 (-58 to 49) *** -45 (-50 to 40) ***
week 96 -80 (-84 to 74) *** -65 (-72 to -58)** -72 (-76 t0 67) *** -54 (-60 to 48) *** -45 (-53 to 38) ***
Alendronate
week 1 -49 (-55t0 -42) *** | -36 (-43 to -28) *** 7 (1to 12) 2 (-2t0 6) 3(-2t09)
week 4 -70 (-75to0 65) *** -52 (-60 to 45) *** -5 (-12to 3) -6 (-12t0 1) 1(-5t07)
week 12a -81 (-84 to 78) *** -59 (-67 to 52) *** -56 (-62 to 50) *** -36 (-40 to 32) *** -32 (-37 t0 27) ***
week 48 -83 (-86 to 80) *** -65 (-71 to 60) *** -66 (-71 to 61) *** -53 (-58 t0 49) *** -42 (-47 to 37) ***
week 96 -85 (-88 to 81) *** -64 (-72 to 56) *** -68 (-73 to 64) *** -56 (-61 to 51) *** -43 (-48 to 39) ***
Risedronate
week 1 -35 (-42t0 -28) ** | -24 (-34t0 -13) ** | -1 (-51t0 4) 0 (-4 to 4) -3(-810 1)
week 4 -58 (-66 to 50) *** -31 (-47 to 15) *** -8 (-13 to 3) -5(-9to 4) -4 (-9t0 0)
week 12a -68 (-74 to 62) *** -38 (-51 to 25) *** -48 (-54 to 42) *** -32 (-36 to 28) *** -29 (-34 to 23) ***
week 48 -63 (-74 to 52) *** -35 (-52 t0 17) *** -51 (-62 to 41) *** -43 (-50 to 35) *** -36 (-41 to 30) ***
week 96 -63 (-72t0 -54 ) *** | -32 (-55 to 10) *** -54 (-61 to 46) *** -45 (-51 to 39) *** -31 (-39 to 23) ***
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Table 3: Responder analysis for least significant change (LSC) and refariemeal (Rl) methods. The number of women with a decrease in gElter than
LSC, data shown as n/total n (¥%8he number of women with BTM below the premenopausal Rl geome#dn ifGM), data presented as n/total n (%). The
number of women who were below the Rl mean at baseline 1 (weék €gch treatment group are shown. Week 12a is the averagsiferatiwveeks 12 and

13. (Data log transformed. Reference interval Robust method CLSI GP8-A

27/05/2015

BTM Visit LSC % | Ibandronate Alendronate | Risedronate | GM (RI) Ibandronate | Alendronate | Risedronate
LSC LSC LSC RI RI RI

CTX Week-1 -56 - - - 0.32 pg/L 5/49(10%) 4/50(8%) 4/47(9%)
Week 12a 41/49 (84%) 49/50 (98%) 37/47(78%) | (0.13to 0.81) 42/4986%) | 48/50(96%) | 3947(83%)
Week 48 40/45 (896) 47/48(98%) 31/44 [70%) 40/45(89%) | 46/48(96%) | 34/44(7 )

NTX Week-1 -67 - - - 36.1 nmol/mmol 13/50(26%) | 20/51(39%) | 18/47(38%)
Week 12a 18/50 (36%) | 23/51 (45%) | 9/47 (19%) | Cr (16 to 78) 47/50(94%) | 51/51(100%)| 41/47(87%)
Week 48 23/46 (50%) | 27/49 (55%) | 10/45 (22%) 43/46(93%) | 48/49(98%) | 42/45(93%)

PINP Week -1 -38 - - - 28.3 ug/L 5/50(10%) | 7/51 (14%) | 4/44 (9%)
Week 12a 47/50 (94%) | 42/51 (82%) | 36/48 (75%) | (15 to 54) 48/50(96%) | 42/51(82%) | 36/48(75%)
Week 48 46/46 (100%) | 46/49 (94%) | 37/45 (82%) 46/46(100%)| 46/49(94%) | 37/45(82%)

oC Week -1 -32 - - - 18.1 pg/L 7/50(14%) | 11/51(22%) | 15/47(32%)
Week 12a 33/50 (66%) | 35/51 (69%) | 28/47 60%) | (10 to 34) 30/50(60%) | 32/51(63%) | 31/47(66%)
Week 48 42/46 (91%) | 45/49 (92%) | 36/44(82%) 37/46(80%) | 46/49(94%) | 35/44(7Pk)

BoneALP | Week-1 -31 - - - 9.5 ng/L 1/50(2%) 3/51(6%) 0/48(0%)
Week12a 37/50 (74%) | 29/51 (57%) | 23/48 (48%) | (5to 18) 11/50Q22%) | 10/51(20%) | 7/48(15%)
Week 48 38/46 (83%) | 36/48(75%) 30/45 (67%) 1546(33%) | 14/48(29%) | 10/45(22%)

27



