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Abstract

Introduction: Biochemical response to bisphosphonate therapy can be assessed using either a decrease in bone
turnover marker beyond the least significant change (LSC) or a reduction to within a reference interval (RI). We
compared the performance of these target responses and determined whether response was related to the type of
bisphosphonate, compliance and baseline bone turnover markers.

Methods: Biochemical responses to three oral bisphosphonates were assessed in an open, controlled trial
comprising 172 postmenopausal osteoporotic women (age 53-84 years), randomized to alendronate, ibandronate
or risedronate, plus calcium and vitamin D supplementation for two years. The LSC for each marker was
derived within the study population whereas RIs were obtained from a control group of healthy premenopausal
women (age 35-40 years).

Results: Over 70% of women achieved a target response for serum CTX and PINP, irrespective of the approach
used. The percentage decrease at 12 weeks was greater for women with baseline PINP above the RI -63%
(difference 13%, 95%CI 0 to 27.1, P=0.049) and good compliance -67% (difference 15.9%, 95%CI 6.3 to 25.5,
P=0.001). Responders had a greater increase in spine bone density compared to non-responders; for example
6.2% vs. 2.3%, (difference 3.9%, 95%CI 1.6 to 6.3, p=0.0011) for PINP LSC. The magnitude of change in bone
markers was greater with ibandronate and alendronate than risedronate.

Conclusions: Both approaches to response identified similar proportions of women as responders. Non-
responders had smaller increases in BMD and we suggest that biochemical assessment of response is a useful

tool for the management of women with postmenopausal osteoporosis.

Key words: postmenopausal osteoporosis, bone turnover markers, variability, bisphosphonate

Mini Abstract (50 words)

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

medication.



Introduction
Oral bisphosphonates are the most commonly used medications for the treatment of osteoporosis [1] . They are

an effective treatment for osteoporosis as they reduce bone turnover, increase bone mass and reduce fracture rate
[2] . Randomized controlled trials of alendronate, risedronate and ibandronate have reported their effect on
fracture risk reduction [3-8] . In the UK, guidance from the National Institute for Health and Care Excellence
(NICE) recommends alendronate as the first choice of treatment; if patients are unable to comply or are

intolerant of alendronate then risedronate or ibandronate are considered as alternative treatments.

Bone resorption markers decrease earlier and usually by a greater magnitude than bone formation markers in
response bisphosphonate treatment [9-11] . There is comparative evidence that alendronate results in a greater
reduction in bone turnover markers (BTMs) than risedronate [12] and that ibandronate results in an earlier

response, but a reduction of similar magnitude to alendronate [13] .

Pre-treatment levels and changes in BTMs appear to relate to outcomes such as improvement in bone mineral
density (BMD) and reductions in fracture risk. For example, higher baseline markers are associated with a
greater increase in BMD and greater reduction in non-vertebral fractures with treatment [14, 15] . The evidence
relating changes in BTMs to fracture risk has recently been summarised by Vasikaran et al [9] . More than 20
prospective studies of the use of bone markers to predict fracture were reviewed and most reported that at least
one BTM was significantly associated with fracture risk, particularly the bone resorption markers. High levels of
BTMs may predict fracture risk independently from BMD in postmenopausal women [16] . A subsequent study
indicates that change in PINP can account for 60% of the fracture risk reduction with zoledronic acid treatment

[17].

In clinical practice, it is useful to identify patients who fail to respond to treatment so that adherence can be
reviewed, causes of non-response can be elucidated and alternative treatments considered. Poor persistence and
poor compliance with dosing instructions might underlie a failure of treatment. Patients may be taking the
treatment correctly but have poor absorption or unidentified underlying medical conditions that are increasing

bone turnover [9, 18] .



The International Osteoporosis Foundation (IOF) has proposed that failure to respond to treatment might be
defined as two or more incident fragility fractures or by lack of BTM response and a significant decrease in
BMD [19] . The BTM working group of the IOF and International Federation of Clinical Chemistry (IFCC)
describe two ways of monitoring response to treatment using BTM [9] . Firstly there is the least significant
change approach (LSC) signifying the minimum change in BTM that can be attributed to treatment effect rather
than random variation of the marker (usually with 95% certainty). This is most commonly expressed as a
percentage change [20, 21] or alternatively as absolute units [22] ; the target for treatment with bisphosphonates
being to reduce the bone markers by at least the LSC. The second approach is that the target for treatment is to
decrease the BTM to the lower half of the premenopausal reference interval (RI) [9, 23] . However not all

women are above the RI mean before starting treatment.

The aims of this study were to 1) to compare two approaches (LSC and RI) for identifying women that reach the
target response to oral bisphosphonate therapy, 2) to identify determinants of response and 3) to determine if

reaching the target response for bone markers is associated with change in bone mineral density.

Methods

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

administered bisphosphonates. The effects of the treatments on bone density results and fracture history have
recently been published [24] . Healthy premenopausal women were also recruited to act as a parallel control and

reference group.

Study Population
We recruited postmenopausal women with osteoporosis defined by dual energy x-ray absorptiometry (DXA) bone

mineral density (BMD) at the lumbar spine or proximal femur of i) T score <-2.5 or ii) T score <-1.0 plus a
prevalent non-traumatic fracture. The participants were recruited through a hospital metabolic bone clinic and
from general practice registers. Inclusion criteria were that the women were ambulatory, less than 85 years old,
more than 5 years postmenopausal and able to give informed consent. Inclusion criteria for the group of healthy
premenopausal women included ages 35 to 40 years, regular menstrual cycles and non-use of hormonal
contraception. Exclusion criteria for both groups were fracture in the previous 12 months, the use of medications
or diagnosis of any disease or medical condition known to affect bone, or a BMI outside the range of 18 to 35

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



Products Regulatory Agency (MHRA) and was carried out in accordance with the Declaration of Helsinki and the
International Conference on Harmonisation Good Clinical Practice (ICH GCP) guidelines. Written informed

consent was obtained for all individual participants included in the study.

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

bisphosphonates at the licensed dose: (i) ibandronate (Bonviva, Roche, 150 mg once a month), (ii) alendronate
(Fosamax, Merck, 70 mg once a week), or (iii) risedronate (Actonel, Warner-Chilcott, 35 mg once a week). To
minimise bias the drugs were prescribed under a coding system using a stratified block randomisation method.
Adherence was assessed using medical events monitoring system (MEMS) bottle caps (AARDEX, Zurich,
Switzerland). In keeping with usual clinical practice, participants also received calcium carbonate 3g (1200 mg
elemental calcium) and cholecalciferol 20 micrograms (800 IU) per day (Adcal D3, two tablets daily, ProStrakan)
which was initiated one week before the bisphosphonate at the baseline 1 visit. The healthy pre-menopausal

women were not prescribed any medications throughout the study.

Study Assessments

Anthropometric measurements; height (to the nearest 0.1cm), was measured using a wall-mounted stadiometer
(Seca 242, Seca, Birmingham, UK) and weight (to the nearest 0.1kg) using an electronic column scale (Seca,
Birmingham UK). Body mass index (BMI) was calculated to the nearest kg/m?. Bone mineral density (BMD,
g/cm?) of the lumbar spine (LS) and proximal femur were measured by dual energy x-ray absorptiometry (DXA)

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

Biochemistry

In the postmenopausal women receiving treatment, samples for biochemistry were collected at baseline 1 (week
-1), baseline 2 (week 0) then at 1, 2, 4, 12, 13, 48 and 96 weeks while samples were collected at baseline in the
healthy premenopausal control women. Blood was collected after an overnight fast and the sample was left to
clot for 30 minutes at room temperature before centrifugation at 2500g for 10 minutes. Second void fasting
morning urine samples were collected. Samples were stored at -80°C until analysis and all visits of individual
participants were measured in one analytical batch.

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

bone alkaline phosphatase (BoneALP) and 25hydroxyvitamin D (250HD) were measured using the IDS-iSYS



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

3%).

Statistical Analysis
Baseline demographics were reported as mean and standard deviation (SD) or median with interquartile range for

each treatment group. The mean percentage change for each BTM from baseline 1 (week -1) was calculated for
all time-points. Repeated measures ANOVA was used to compare change over time with Bonferroni post hoc
correction.

Statistical calculations were performed using MedCalc Statistical Software version 14.10.2 (MedCalc Software
bvba, Ostend, Belgium; http://www.medcalc.org; 2014) and computing package R (http://R-project.org).
Establishing least significant change: The LSC was calculated using measurements from the 12 and 13 week
visits of the treatment group (n=147). This represents the within person variability for measurements a week apart
for women on treatment. The difference between week 12 and 13 was only significant for BoneALP in the
risedronate group (difference -1.06, 95%CI -1.7 to -0.4, P<0.01).

The distribution of the measurements was positively skewed so a logjo transform was used to give an approximate
Normal distribution. LSC was then calculated on the log-transformed data as follows:

LSCjog=Z * V2 x SDgyss

where SDrus is the root-mean-square standard deviation calculated from the log-transformed data, and Z' is equal
to 1.96 for 95% confidence level. The LSC as a percentage change on the original scale is then given by:

LSC = 100 x (10*"5C10z.1)

Participants who met the target response (responders) were defined as those in whom the percentage decrease
from baseline in the concentration of a specific bone marker was greater than the LSC. Those with a decrease

less than the LSC were classified as not reaching the target response (non-responders).

Establishing premenopausal mean: We 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 mean and 95%



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

the Robust method as recommended for n<120 reference samples (CLSI C28-A3), Medcalc) [25] .

The target for response to treatment using RIs was defined as a result below the mean value for premenopausal
women and this was assessed using the available BTM result from the time-points on treatment mentioned above,
with the baseline 1 visit BTM used as the pre-treatment value. A Chi-squared test was used to compare the effect

of treatment group on the number of participants reaching the target for response.

Results

Study Population
The baseline demographics are presented in Table 1. As expected, the LS-BMD was considerably lower and all

the BTMs consistently higher in the postmenopausal women with osteoporosis than in the healthy, premenopausal
controls. In the bisphosphonate group, BTM data were available for 172 women at baseline, n=149 at 1 year and
n=94 at 2 years. Some participants were lost to follow up beyond year 1 due to a delay in ethical approval to

extend the study from one to two years [24] .

Percentage change from baseline

There was a decrease in BTMs in response to treatment with each of the three bisphosphonates over 2 years (Fig
1).

For bone resorption, serum CTX consistently showed greater reductions compared to urinary NTX during
treatment with any of the bisphosphonates. At 12 weeks, for the ibandronate group this difference was -18%,
(95% CI -29 to -8, P<0.001), alendronate -22%, (95%CI -29 to -14%, P<0.001) and risedronate -30%, (95%CI -
44 to -16, P<0.001). The magnitude of change was greater in the ibandronate and alendronate groups than in the
risedronate group (Table 2). As expected, there was an earlier decrease in bone resorption compared to bone
formation in all groups (Table 2) and the ibandronate group had a larger initial decrease in bone resorption at
week 1 (CTX-80%) compared to alendronate (difference -31%, 95%CI -42 to -20, P<0.001) and risedronate

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

Within the formation markers, serum PINP consistently showed a greater percentage decrease than either
BoneALP or OC. In the ibandronate group at week 12 the decrease in PINP (-63%) was greater than for OC
(difference -24%, 95%CI -31to -17, P<0.0001) and BoneALP (difference -26%, 95%CI -33to -20, P<0.001), for

alendronate PINP (-56%) was greater than OC (difference -20%, 95%CI -28 to -11, P<0.001) and BoneALP



(difference -24%, 95%CI -33 to -15, P<0.001) and for risedronate PINP (-48%) was greater than OC (difference
16%, 95%CI -26 to -7, P<0.001) and Bone ALP (difference 19%, 95%CI -29 to -10, P<0.001). There was no
significant difference between the change in OC and Bone ALP for any of the three treatments at week 12. At
week 48, the decrease in PINP (-71%) in the ibandronate group was still greater than OC (difference -17%,
95%CI -25to0 -20, P<0.001) and BoneALP (difference -26%, 95%CI -33 to -18, P<0.001) and was also greater
for PINP (-66%) in the alendronate group (OC difference -13%, 95%CI -21 to -5, P<0.001, BoneALP difference
-24%, 95%CI -32 to -17, P<0.001). For both ibandronate and alendronate the decrease in OC was greater than
BoneALP (difference -8%, 95%CI -16 to -1, P=0.019, difference -11%, 95%CI -19 to -4, P=0.0014
respectively). In the risedronate group the change in PINP (-51%) was greater than BoneALP (difference -16%,

95%CI -29 to -2, P=0.02).

Responder analysis - least significant change

The LSC estimates for each BTM are shown in (Table 3) and were used to calculate the number of responders at
12 and 48 weeks (there was no further change in BTM after week 48). A high proportion of women reached the
target for treatment for the serum BTMs but fewer subjects reached the target response for the urinary marker
NTX.

At 12 weeks CTX LSC classified 127/146 as responders, NTX 50/148, PINP 125/149, OC 96/148, and
BoneALP 89/149.

There was a significant difference in the proportion of women reaching the target response between the three
treatment groups at 12 weeks and 48 weeks for, CTX (12 weeks P=0.0131, 48 weeks P<0.001), NTX (12 weeks
P=0.0042, 48 weeks P=0.0028) and PINP (12 weeks, P=0.0355, 48 weeks P<0.001) and at 12 weeks for Bone
ALP (P=0.027) but not at 48 weeks (P=0.216). There was no difference in response between treatment groups
for osteocalcin at 12 weeks or 48 weeks (P=0.631, P=0.244 respectively).

The percentage change in BTM at 12 weeks for individual participants and the LSC for each BTM are shown in

Fig2.

For bone resorption markers, more women were classified as responders in the alendronate group (CTX 49/50,
NTX 23/51) than the risedronate (CTX 37/47, P=0.0075, NTX 9/47, P=0.002) and ibandronate groups (CTX
41/49, P=0.033). For the bone formation markers, more women reached the target for response in the
ibandronate group compared to risedronate (PINP 47/50 vs 36/48, P=0.0198, BoneALP 37/50 vs 23/48,

P=0.0146).



There was no effect of treatment group on LSC responders for OC. Several women had an increase in bone
markers at week 12, however, not all BTM were elevated and most had a subsequent decrease. Poor compliance
was identified in one of these women and another had a minor orthopaedic operation which would be expected

to increase BTMs, particularly PINP [26, 27] .

Responder analysis - premenopausal mean

The change in bone resorption (CTX) and bone formation (PINP) over 2 years of treatment are shown in Fig3.
These two markers were selected for the figure as they had the greatest magnitude of change and are also
recommended as the reference bone markers by the IOF-IFCC Bone Marker Standards Working Group [9, 28] .
While bone markers decreased to the lower half of the premenopausal RI for most participants during treatment,
the number of women defined as responders (BTM below the premenopausal mean) differed between the BTMs;
with 129/146 classified as responders by 12 weeks for CTX, 139/148 for NTX, 126/149 for PINP, 93/148 for OC
and 28/149 for Bone ALP,. The number of responders for all BTMs in each of the three treatment groups are
shown in Table 3. Using the RI criteria, a high proportion of women reached the target for treatment for the BTMs
with the exception of BoneALP. For NTX 139/148 (94%) women were classified as responders, however 51/148
women were below the RI mean at baseline 1 (Table 3). When these women were excluded from analysis the
proportion of responders was 90/97 (94%).

There was a difference in the proportion of women reaching the target for response between the treatment groups
for CTX (48 weeks P=0.025), NTX (12 weeks P=0.031) and PINP (12 weeks P=0.014, 48 weeks P=0.006). When
using the RI approach the number classified as responders at 12 weeks was higher in the alendronate group
(51/51) compared to the risedronate group (41/47) for NTX (P=0.027) and 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 response. For CTX (week 12), 127/146
women were classified as responders by LSC, 129/146 were responders by RI, with 117 by both criteria. For PINP
(week 12), 125 of the 149 women reached the LSC target and 126 reached the RI target, with 115 classified as a
responder by both methods. Using LSC, 110 women were classified as responders and by RI, 115 for both PINP

and CTX.



To determine if a target response at 12 weeks was concordant over time, the number of responders at 12 weeks
and 96 weeks was calculated for those women that participated for the 2 years of the study (n=94). For all three
treatments there was no significant difference between the proportions of responders at 12 weeks compared to 96
weeks for CTX or PINP by either approach for target response. The proportion of women reaching the target for
response by LSC criteria for CTX was 86% at 12 weeks and 72% at 96 weeks (P=0.0309) and for PINP 84% at
12 weeks and 77% at 96 weeks (P=0.271). . By the RI criteria CTX response was 86% at 12weeks and 74% at
96weeks (P=0.066) and PINP response was 85% at 12 weeks and 79% at 96 weeks (P=0.343). . There were no
significant effects of treatment group other than for CTX by LSC in the risedronate group with 77% responders
at 12 weeks and 47% at 96 weeks (P=0.031), the RI approach for CTX in 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, around 10% of women were below the
premenopausal mean before commencement of treatment. This proportion was higher for NTX (34%) and OC
(22%) but lower (3%) for bone ALP. At the second baseline visit, after calcium and vitamin D supplementation,
the proportion of women below the mean increased to 20% for CTX but did not change for PINP.

There was no effect of baseline CTX value on the percentage change in CTX at 12 weeks. Women with baseline
CTX above the upper limit of the RI had a change in CTX of mean -74% (95%CI -80 to -68, n=35), compared
to -74% (95%CI -78 to -71, n=98) for those with baseline CTX in the upper half of the RI (difference -0.1%,
95%CI-8 to 8 P=1.0), and -74% (95%CI -83 to -64, n=13) for those in the lower half of the RI at baseline
(difference 0.2%, 95%CI -13 to 13, P=1.0).

The women with baseline PINP above the upper limit of the RI had the greatest percentage decrease in PINP at
12 weeks, mean -63% (95%CI -69 to -58, n=49) compared to -52% (95%CI -57 to -48, n=84) for those with
baseline PINP in the upper half of the RI (difference 11%, 95%CI 2 to 19, P =0.0089) and -50% (95%CI -59 to -

40, n=16) for those with baseline PINP in the lower half of the RI, (difference 13%, 95%CI 0 to27, P=0.0496).

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

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



study (because 48 weeks was when the maximum bone marker response was reached) [29, 30] . The percentage
decrease in BTM at 48 weeks was significantly greater in the women with good compliance (n=104) compared
to those with poorer compliance (n=31). For CTX -79% vs -64% (difference 15%, 95%CI 5.1 to 25.2
P=0.0035), NTX -59% vs -38% (difference 21%, 95%Cl1 4.1 to 36.9, P=0.0147), PINP -67% vs -51%
(difference 16%, 95% CI 6.3 to 25.5, P=0.0013) and OC -52% vs -43% (difference 9%, 95%CI 1.7 to 17.1,
P=0.017), A similar trend was observed for bone ALP by compliance, but the difference was not statistically
significant, -42% vs -37% (difference 5%, 95%CI -1.8 to 12.5, P=0.139). Three women did not meet the target
for treatment by either LSC or RI approach for PINP or CTX. Two of these had poor compliance at 48 weeks

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

Response and changes in Bone Density
The percentage change in both lumbar spine (LS) and proximal femur BMD at 96 weeks was greater in those

who reached the LSC target for CTX (81/89 subjects) compared to those failing to reach the target response, LS
6.0% (SD 4.2) vs 1.3%, (3.7) difference 4.7% (95%CI 1.7 to 7.8) P=0.0028, 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) vs 1.0% (2.6) difference 2.2% (95%CI 0.02 to
4.4) P=0.048. However there was no significant difference in the percentage change in BMD at spine or
proximal femur for classification by CTX RI; LS difference 2.5% (95%CI -0.5 to 5.5) P=0.100, FN difference

1.7% (95%CI -0.7 to 4.2) P=0.151, TH difference 1.1 (-1.1 to 3.2) P=0.327.

The percentage change in LS BMD at 96 weeks was greater for those who had reached the target response in
PINP by 12 weeks defined by LSC, mean 6.2%, (SD 4.1), n=78 compared to those not reaching the target
response, mean 2.3%, (SD 3.6), n=14, (difference 3.9%, 95%CI 1.6 to 6.3 P=0.0011). Similar changes were
found for RI classification of responder, mean 6.2% (SD 4.1), n=79 compared to non-responder mean 2.5% (SD
4.1), n=13 for PINP (difference 3.7%, 95%CI 1.3 to 6.1, P=0.0033). The changes in femoral neck (FN) and
total hip (TH) BMD were not significantly higher in the responders by either LSC or RI method for PINP.

There was no relationship between the baseline 1 CTX or PINP and the percentage change in BMD.



Discussion

The proportion of women treated with oral bisphosphonates that reached the target response for BTM was high,
regardless of the definition used. For the two bone turnover markers recommended as reference standards by
the IOF-IFCC (CTX and PINP), the proportion reaching the target response ranged from 70 to 100%, by LSC

and premenopausal RI methods.

Oral bisphosphonate therapy results in an early decrease in bone resorption markers and a later decrease in bone
formation markers, as expected, as these processes are coupled [10] . The magnitude of the changes we
observed were similar to those reported in other studies [9, 12, 13, 31] . The effects of ibandronate and
alendronate on the bone resorption markers are similar to each other [13] and greater than seen with risedronate
[12] . The greater, early decrease for ibandronate is likely to be due to the monthly dose regimen, because
patients receive a larger first dose in comparison to the other two bisphosphonates.

The clinical characteristics of bisphosphonates may relate to their individual profiles [32] , the two most
important properties being the affinity to bone mineral and the inhibitory effects on osteoclasts. The
antiresorptive effects of nitrogen containing bisphosphonates result from their inhibition of farnesyl
pyrophosphate synthase (FPPS) a key enzyme for osteoclast function. Risedronate exhibits high enzyme
binding which results in strong inhibition of FPPS, and has only a moderate affinity to bone mineral. Although
the reduction in BTM is less for risedronate than other bisphosphonates it is effective for the prevention of all
fracture types. The lower mineral affinity may enable a wider distribution within bone [32] . Alendronate and

ibandronate are less effective inhibitors of FPSS but have stronger mineral binding affinity.

The proportion of women classified as reaching the target for response differed between markers. There were
fewer responders with NTX by the LSC method, although there were more responders using the RI approach,
this was also true when those in below the premenopausal mean for NTX at baseline were excluded from the
analysis. Urine NTX is more variable than serum assays, and the measurement of creatinine adds to the ‘noise’,
and increases the LSC [27, 33] . 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 Hannon et al for NTX [20, 34], but some
were higher than reported by others [20, 21] . Differences between studies include the participants that the LSC

is calculated from, and type of assay. It has also been proposed that for monitoring treatment in clinical practice



a one-sided probability of 0.05 is appropriate as the direction of change in BTM is known, and some consider a
probability of 80% to be adequate [9, 35] .

Bone ALP did not identify as many women as reaching the LSC response as other bone formation markers. It
is not known why bisphosphonates result in a greater decrease in PINP and OC than bone ALP, but this is a
consistent finding. It might relate to changes in the maturity of the osteoblast population, as bone ALP is
expressed early in osteoblast differentiation. It is also notable that using the premenopausal mean RI method,
bone ALP identified few responders. This may be because the age-related increase 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 higher PINP at baseline. Bauer et al proposed
that bisphosphonates may be more effective in women with elevated BTM at baseline. In the fracture
intervention trial (FIT) alendronate reduced the risk of non-spine fracture only for those women who were in
the highest 2 tertiles for PINP at baseline when compared to placebo treated women [14] . We 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 that is somewhat higher than zero due to
continued modelling of bone, whereas CTX can be supressed to zero. Some of this may be hidden by the use of

percentage changes while the absolute changes within the categories are likely to be quite different.

We observed a clear link between compliance with treatment and BTM change. We have previously used the
electronic caps monitoring approach to estimate compliance and found it related to response to raloxifene
therapy [30] . The IMPACT study found that adherence to risedronate therapy was positively associated with
bone turnover marker change and that good bone resorption marker response (CTX or NTX) was associated

with lower risk of non-vertebral fracture [36] .

We observed that those that reached the target for response for PINP had a greater increase in lumbar spine
BMD than those that failed to reach the target for treatment, whichever method was used. This finding is in
keeping with other publications linking change in BTM to change in BMD, with alendronate and estrogen
therapy [37] , as well as with an evaluation of the use of NTX in clinical practice with risedronate and

alendronate [38] .



The two methods of assessing BTM response have limitations. The LSC approach requires that a sample be
taken before starting therapy. This could be overlooked or the patient may have low turnover due to previous
treatment. In these cases, then the RI approach is particularly useful. However, this also has its limitations.
Some untreated women were already in the lower half of the RI for some of the bone markers at baseline. These
women will likely have a lesser BTM response. If the 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 BTM response is a useful trigger for further
evaluation, to review compliance and investigate for additional causes of high turnover. There may be clinical
situations where BTM would be expected to increase (such as starting an aromatase inhibitor), where

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

Conclusion

Bone turnover markers can be a useful tool to evaluate response to bisphosphonate treatment. Both LSC and
premenopausal RI approaches can identify those that reach the target for response and are associated with BMD
change. Bone turnover markers reflect different aspects of the bone remodelling cycle and so response to

treatment differs between markers, which needs to be considered in their interpretation.
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Tables
Table 1. Baseline data for the three treatment groups and premenopausal women. Data shown as mean (SD)

and for BTM as median [interquartile range].

Table 2. The percentage change from baseline 1 (week -1) in bone turnover markers for the 3 treatment groups
shown as mean with 95% confidence interval (CI), (note: week 12a is the mean value for 12 and 13 weeks). The
percentage change at each visit was compared to baseline by repeated measures ANOV A with Bonferroni post

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

Table 3: Responder analysis for least significant change (LSC) and reference interval (RI) methods. The
number of women with a decrease in BTM greater than LSC, data shown as n/total n (%). The number of
women with BTM below the premenopausal RI geometric mean (GM), data presented as n/total n (%). The
number of women who were below the RI mean at baseline 1 (week -1) for each treatment group are shown.
Week 12a is the average for visits at weeks 12 and 13. (Data log transformed. Reference interval Robust method

CLSI C28-A3)

Figure legends
Figure 1. The percentage change from baseline (mean and standard error of the mean) for a) bone resorption
markers and b) bone formation markers for the three bisphosphonate treatments (ibandronate, alendronate,

risedronate) over 2 years.

Figure 2 The percentage change from baseline in bone resorption (CTX, NTX) and bone formation (PINP, OC,
BoneALP) markers at 12 weeks for each treatment group [® Ibandronate (Ibn), o Alendronate (Ald), x

Risedronate (Ris)]. The shaded area represents the LSC threshold for each BTM.

Figure 3. Bone Markers Reference Interval.

Figure 3. Box and whisker plots of the absolute values for bone resorption (CTX) and bone formation (PINP).
The box represents the interquartile range, the middle line is the median and the whiskers show the range of the
data for the three bisphosphonates (Ibandronate, Alendronate and Risedronate). The premenopausal reference

interval is shown by the horizontal dashed lines and geometric mean as solid line,



References

References
1. Russell RG (2006) Bisphosphonates: from bench to bedside. Ann NY Acad Sci 1068:367-401
2. Adachi JD, Rizzoli R, Boonen S, Li Z, Meredith MP, Chesnut CH, 3rd (2005) Vertebral fracture risk

reduction with risedronate in post-menopausal women with osteoporosis: a meta-analysis of individual patient

data. Aging Clin Exp Res 17:150-156

3. Liberman UA, Weiss SR, Broll J, Minne HW, Quan H, Bell NH, Rodriguez-Portales J, Downs RW, Jr.,
Dequeker J, Favus M (1995) Effect of oral alendronate on bone mineral density and the incidence of fractures in
postmenopausal osteoporosis. The Alendronate Phase III Osteoporosis Treatment Study Group. N Engl J Med

333:1437-1443

4. Black DM, Cummings SR, Karpf DB, et al. (1996) Randomised trial of effect of alendronate on risk of
fracture in women with existing vertebral fractures. Fracture Intervention Trial Research Group. Lancet

348:1535-1541

5. Bone HG, Hosking D, Devogelaer JP, et al. (2004) Ten years' experience with alendronate for

osteoporosis in postmenopausal women. N Engl J] Med 350:1189-1199

6. Reginster J, Minne HW, Sorensen OH, et al. (2000) Randomized trial of the effects of risedronate on
vertebral fractures in women with established postmenopausal osteoporosis. Vertebral Efficacy with

Risedronate Therapy (VERT) Study Group. Osteoporos Int 11:83-91

7. McClung MR, Geusens P, Miller PD, et al. (2001) Effect of risedronate on the risk of hip fracture in

elderly women. Hip Intervention Program Study Group. N Engl J Med 344:333-340

8. Chesnut IC, Skag A, Christiansen C, et al. (2004) Effects of oral ibandronate administered daily or

intermittently on fracture risk in postmenopausal osteoporosis. ] Bone Miner Res 19:1241-1249

9. Vasikaran S, Eastell R, Bruyere O, et al. (2011) Markers of bone turnover for the prediction of fracture
risk and monitoring of osteoporosis treatment: a need for international reference standards. Osteoporos Int

22:391-420



10. Riggs BL, Parfitt AM (2005) Drugs used to treat osteoporosis: the critical need for a uniform

nomenclature based on their action on bone remodeling. ] Bone Miner Res 20:177-184

11. Arlot M, Meunier PJ, Boivin G, et al. (2005) Differential effects of teriparatide and alendronate on

bone remodeling in postmenopausal women assessed by histomorphometric parameters. J] Bone Miner Res

20:1244-1253

12. Rosen CJ, Hochberg MC, Bonnick SL, et al. (2005) Treatment with once-weekly alendronate 70 mg
compared with once-weekly risedronate 35 mg in women with postmenopausal osteoporosis: a randomized

double-blind study. J Bone Miner Res 20:141-151

13. Emkey R, Delmas PD, Bolognese M, et al. (2009) Efficacy and tolerability of once-monthly oral
ibandronate (150 mg) and once-weekly oral alendronate (70 mg): additional results from the Monthly Oral

Therapy With Ibandronate For Osteoporosis Intervention (MOTION) study. Clin Ther 31:751-761

14. Bauer DC, Garnero P, Hochberg MC, Santora A, Delmas P, Ewing SK, Black DM (2006) Pretreatment
levels of bone turnover and the antifracture efficacy of alendronate: the fracture intervention trial. J Bone Miner

Res 21:292-299

15. Greenspan SL, Parker RA, Ferguson L, Rosen HN, Maitland-Ramsey L, Karpf DB (1998) Early
changes in biochemical markers of bone turnover predict the long-term response to alendronate therapy in

representative elderly women: a randomized clinical trial. J Bone Miner Res 13:1431-1438

16. Bauer DC, Black DM, Garnero P, Hochberg M, Ott S, Orloff J, Thompson DE, Ewing SK, Delmas PD
(2004) Change in bone turnover and hip, non-spine, and vertebral fracture in alendronate-treated women: the

fracture intervention trial. J Bone Miner Res 19:1250-1258

17. Jacques RM, Boonen S, Cosman F, Reid IR, Bauer DC, Black DM, Eastell R (2012) Relationship of
changes in total hip bone mineral density to vertebral and nonvertebral fracture risk in women with
postmenopausal osteoporosis treated with once-yearly zoledronic acid 5 mg: the HORIZON-Pivotal Fracture

Trial (PFT). J Bone Miner Res 27:1627-1634

18. Naylor K, Eastell R (2012) Bone turnover markers: use in osteoporosis. Nat Rev Rheum 8:379-389



19. Diez-Perez A, Adachi JD, Agnusdei D, et al. (2012) Treatment failure in osteoporosis. Osteoporos Int

23:2769-2774

20. Hannon RA, Blumsohn A, Naylor KE, Eastell R (1998) Response of biochemical markers of bone

turnover to hormone replacement therapy: impact of biological variability. J Bone Miner Res 13:1124-1133

21. Rogers A, Glover SJ, Eastell R (2009) A randomised, double-blinded, placebo-controlled, trial to

determine the individual response in bone turnover markers to lasofoxifene therapy. Bone 45:1044-1052

22. Eastell R, Krege JH, Chen P, Glass EV, Reginster JY (2006) Development of an algorithm for using

PINP to monitor treatment of patients with teriparatide. Curr Med Res Opin 22:61-66

23. Bergmann P, Body JJ, Boonen S, Boutsen Y, Devogelaer JP, Goemaere S, Kaufman JM, Reginster J'Y,
Gangji V (2009) Evidence-based guidelines for the use of biochemical markers of bone turnover in the selection
and monitoring of bisphosphonate treatment in osteoporosis: a consensus document of the Belgian Bone Club.

Int J Clin Pract 63:19-26

24. Paggiosi MA, Peel N, McCloskey E, Walsh JS, Eastell R (2014) Comparison of the effects of three oral
bisphosphonate therapies on the peripheral skeleton in postmenopausal osteoporosis: the TRIO study.

Osteoporos Int 25:2729-2741

25. CLSI (2008) Defining, Establishing, and Verifying Reference Intervals in the Clinical Laboratory; .

Clinical and Laboratory Standards Institute; , CLSI document C28-A3.Wayne, PA:

26. Ingle BM, Hay SM, Bottjer HM, Eastell R (1999) Changes in bone mass and bone turnover following

ankle fracture. Osteoporos Int 10:408-415

27. Hannon R, Eastell R (2000) Preanalytical variability of biochemical markers of bone turnover.

Osteoporos Int 11 Suppl 6:530-S44

28. Vasikaran S, Cooper C, Eastell R, Griesmacher A, Morris HA, Trenti T, Kanis JA (2011) International
Osteoporosis Foundation and International Federation of Clinical Chemistry and Laboratory Medicine Position

on bone marker standards in osteoporosis. Clin Chem Lab Med 49:1271-1274



29. Caro JJ, Ishak KJ, Huybrechts KF, Raggio G, Naujoks C (2004) The impact of compliance with

osteoporosis therapy on fracture rates in actual practice. Osteoporos Int 15:1003-1008

30. Finigan J, Naylor K, Paggiosi MA, Peel NF, Eastell R (2013) Adherence to raloxifene therapy:

assessment methods and relationship with efficacy. Osteoporos Int 24:2879-2886

31. Miller PD, Epstein S, Sedarati F, Reginster JY (2008) Once-monthly oral ibandronate compared with
weekly oral alendronate in postmenopausal osteoporosis: results from the head-to-head MOTION study. Curr

Med Res Opin 24:207-213

32. Russell RG, Watts NB, Ebetino FH, Rogers MJ (2008) Mechanisms of action of bisphosphonates:

similarities and differences and their potential influence on clinical efficacy. Osteoporos Int 19:733-759

33. Seibel MJ (2005) Biochemical markers of bone turnover: part I: biochemistry and variability. Clin

Biochem Rev 26:97-122

34. Fink E, Cormier C, Steinmetz P, Kindermans C, Le Bouc Y, Souberbielle JC (2000) Differences in the
capacity of several biochemical bone markers to assess high bone turnover in early menopause and response to

alendronate therapy. Osteoporos Int 11:295-303

35. Vasikaran SD (2008) Utility of biochemical markers of bone turnover and bone mineral density in

management of osteoporosis. Crit Rev Clin Lab Sci 45:221-258

36. Eastell R, Vrijens B, Cahall DL, Ringe JD, Garnero P, Watts NB (2011) Bone turnover markers and
bone mineral density response with risedronate therapy: relationship with fracture risk and patient adherence. J

Bone Miner Res 26:1662-1669

37. Greenspan SL, Emkey RD, Bone HG, et al. (2002) Significant differential effects of alendronate,
estrogen, or combination therapy on the rate of bone loss after discontinuation of treatment of postmenopausal

osteoporosis. A randomized, double-blind, placebo-controlled trial. Ann Intern Med 137:875-883

38. Baxter I, Rogers A, Eastell R, Peel N (2013) Evaluation of urinary N-telopeptide of type I collagen

measurements in the management of osteoporosis in clinical practice. Osteoporos Int 24:941-947



Fig 1.

b)

% change from baseline

% change from baseline

% change from baseline

% change from baseline

-20 A

-40 4

-60

-80 A

Ibandronate

-100

012 4 12 48 96

week

-80

Risedronate

-100

012 4 12 48 96

week

Ibandronate

-40 _ I
-60
-80
10011 h T T
012 4 12 48 96
week
207 Risedronate
0 x i
207 \\I/—'I
-40 -
! h
1 —1
-60 -
-80 -
-100 TTT — h T T
012 4 12 48 96

week

201 Alendronate
(]
c
= [ e e
(]
]
©
< -204
£
2 -a0-
o
o
c -601 'I\ i !
«©
=
© .80 ' .
® —i
100 =TT kvt T T
012 4 12 48 96
week
CTX
NTX
204 Alendronate
]
£
©
2]
©
-]
€
2 a0
]
o
c -60-+
©
=
© .80+
ES
-100 TTT — h T T
012 4 12 48 96
week
Bone ALP
ocC
PINP




Fig 2.

Change from Baseline, %

Change from Baseline, %

100
CTX
50
° X
xX
xx <
-50 XX
XX
%
-100 jale
T T T
Ibn Aln Ris
Treatment Group
100
PINP
50 x
o
0
o 5% X
o
XX>1<><>§<>$><<X
XX
-50 xx?j&;}x
X
-100
T T T
Ibn Aln Ris

Treatment Group

Change from Baseline, %

Change from Baseline, %

100
NTX
X
50 «
o X
0 X
xxéxx
><><><><></
.50 X X
50 xé§\xnx
KX R XX
X
-100
T T T
Ibn Aln Ris
Treatment Group
100
ocC
50
¢} xX
0 5 O
o 9 .0 XX X5
] XX
oogooooo §§§§§§§%
XX LG
-50 w oo oK
o® x
-100 1
T T T
Ibn Aln Ris

Treatment Group

Change from Baseline, %

100
BoneALP
50 - °
050 x
0
90559 ><><><><><>><<>><<><
20092 X IR X
- XX
.50 Y W ><><><x§
X
-100
T T T
Ibn Aln Ris

Treatment Group




Fig 3.

2.0
- [ Ibandronate
1 Alendronate
1.5
Risedronate
-
3 -
= 1.0
x
[ H S
0.5 v
TT T71
I ede Lia
1 12 48
week
120
100 -
N
o
2
o
=
o

-1 12 48

week

TRIO ms tables sv7 09Apr2015 (KN)



TRIO BTM Manuscript Tables:

Table 1. Baseline data for the three treatment groups and premenopausal women. Data 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/cm? 0.796 (0.117) 0.788 (0.104) 0.812 (0.084) 1.092 (0.117)
CTX pg/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 pg/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 baseline 1 (week -1) in bone turnover markers for the 3 treatment groups is shown
as the mean with 95% confidence interval (CI), (note: week 12a is the mean value for 12 and 13 weeks). The
percentage change at each visit was compared to baseline 1 by repeated measures ANOV 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 (-4to03) 4(-3to11)
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 (-70 to -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 to -67) *** -54 (-60 to -48) *** -45 (-53 to -38) ***
Alendronate
week 1 -49 (-55 to -42) *** -36 (-43 to -28) *** 7 (1to12) 2 (-2to06) 3(2t09)
week 4 -70 (-75 to -65) *** -52 (-60 to -45) *** -5(-12t0 3) -6 (-12to -1) 1(-5t07)
week 12a -81 (-84 to -78) *** -59 (-67 to -52) *** -56 (-62 to -50) *** -36 (-40 to -32) *** -32 (-37 to -27) ***
week 48 -83 (-86 to -80) *** -65 (-71 to -60) *** -66 (-71 to -61) *** -53 (-58 to -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 (-42 to -28) *** -24 (-34 to -13) *** -1 (-5t04) 0(4to4d) 3(-8tol)
week 4 -58 (-66 to -50) *** -31 (-47 to -15) *** -8 (-13 to -3) -5(9to-1) -4 (-9t00)
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 to -17) *** -51 (-62 to -41) *** -43 (-50 to -35) *** -36 (-41 to -30) ***
week 96 -63 (-72to -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 reference interval (RI) methods. The number of women with a decrease in BTM greater than
LSC, data shown as n/total n (%). The number of women with BTM below the premenopausal RI geometric mean (GM), data presented as n/total n (%). The
number of women who were below the RI mean at baseline 1 (week -1) for each treatment group are shown. Week 12a is the average for visits at weeks 12 and
13. (Data log transformed. Reference interval Robust method CLSI C28-A3)

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 pug/LL 5/49(10%) 4/50(8%) 4/47(9%)
Week 12a 41/49 (84%) 49/50 (98%) 37/47 (718%) | (0.13 to 0.81) 42/49(86%) | 48/50(96%) | 39/47(83%)
Week 48 40/45 (89%) 47/48 (98%) 31/44 (70%) 40/45(89%) | 46/48(96%) | 34/44(77%)

NTX Week-1 -67 - - - 36.1 nmol/mmol 13/5026%) | 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%) | (15to54) 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 ug/L 7/50(14%) 11/5122%) | 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(77%)

BoneALP | Week-1 -31 - - - 9.5 ug/L 1/50(2%) 3/51(6%) 0/48(0%)
Week 12a 37/50 (74%) 29/51 (57%) 23/48 (48%) | (5to 18) 11/50(22%) | 10/51(20%) 7/48(15%)
Week 48 38/46 (83%) 36/48 (75%) 30/45 (67%) 15/46(33%) | 14/48(29%) | 10/45(22%)
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