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H I G H L I G H T S

• Bone marker data paired with pain scores from a large prospective randomised trial.
• No correlation seen between NTx or Cystatin C and pain response.
• Reduction in NTx concentrations seen 4 weeks after ibandronate.
• No change NTx after radiotherapy suggesting a different mechanism of action to ibandronate.
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A B S T R A C T

Background: The Radiotherapy IBandronate (RIB) trial compared single dose radiotherapy and a single infusion of
ibandronate in 470 bisphosphonate naïve patients with metastatic bone pain from prostate cancer randomised
into a non-inferiority two arm study. Results for the primary endpoint of pain score response at 4 weeks showed
that the ibandronate arm was non-inferior to single dose radiotherapy.
Patients and method: In addition to pain assessments including analgesic use made at baseline, 4, 8, 12, 26 and 52
weeks, urine was collected at baseline, 4 and 12 weeks. It was subsequently analysed for urinary N-telopeptide
(NTx) and cystatin C. Linear regression models were used to compare the continuous outcome measures for
urinary markers within treatment arms and baseline measurements were included as covariates. Interaction
terms were fitted to allow for cross-treatment group comparisons.
Results: The primary endpoint of the RIB trial was worst pain response at 4 weeks and there was no treatment
difference seen. Urine samples and paired pain scores at 4 weeks were available for 273 patients (radiotherapy
168; ibandronate 159)
The baseline samples measured for the RIB trial had an average concentration of 193 nM BCE/mM creatinine
(range of 7.3–1871) compared to the quoted normal range of 33 nM BCE/mM creatinine (3 to 63). In contrast the
average value of Cystatin C was 66 ng/ml (ranges ND – 1120 ng/ml) compared to the quoted normal range of
62.9 ng/ml (ranges 12.6–188 ng/ml). A statistically significant reduction in NTx concentrations between base-
line and 4 weeks was seen in the ibandronate arm but not in the radiotherapy arm. No correlation between pain
response and urinary marker concentration was seen in either the ibandronate or radiotherapy cohort at any time
point.
Conclusion: NTx was significantly raised compared to the normal range consistent with a role as a biomarker for
bone metastases from prostate cancer. A significant reduction in NTx 4 weeks after ibandronate is consistent with
its action in osteoclast inhibition which was not seen after radiotherapy implying a different mode of action for
radiation. There was no correlation between bone biomarker levels and pain response.
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1. Introduction

The Radiotherapy IBandronate (RIB) trial compared single dose
radiotherapy and a single infusion of ibandronate in 470 bisphosphonate
naïve patients with prostate cancer who had metastatic bone pain [1]
with accrual between April 2003 and November 2009. This was a non-
inferiority two arm study with the primary endpoint of pain response at
4 weeks. There was little difference in worst pain response at 4 weeks
(ibandronate 49.5 % vs. RT 53.1 %; p= 0.49), or 12 weeks (ibandronate
56.1 % vs. RT 49.4 %; p = 0.24). RIB is the only randomised trial to
directly compare radiotherapy with bisphosphonates for pain relief from
metastatic bone pain in prostate cancer where, unlike in breast cancer
[2] and myeloma [3] there is very little data on their efficacy.

At present, there are no good predictive biomarkers for response of
metastatic bone pain to current therapies. In the RIB trial, pain assess-
ments and urine samples were collected to explore a potential role for
bone biomarkers in this setting. The purpose was to examine the cor-
relation between urinary N-telopeptide (NTx) and cystatin C [4,5] with
pain response score. These two biomarkers were chosen as NTx is a
marker of osteoclastic activity and cystatin C is a potential biomarker
with osteoclastogenic activity [6].

2. Patients and method

Details of the RIB trial are described elsewhere. [1] Following
baseline measurements pain assessments including analgesic use were
made at 4, 8, 12, 26 and 52 weeks post-baseline with quality of life and
urine sample collections at 4 and 12 weeks.

Pain response was measured by the Brief Pain Inventory (BPI)
incorporating analgesic use which was scored between 1 and 3, based on
the strongest pain medication taken at each time point and also using the
Effective Analgesic Score (EAS), as described by Mercadante et al [7].
This also takes into account patient pain score and the type and dose of
pain medication used, expressed as a morphine equivalent (mg). [1] This

endpoint (on a continuous scale 0 to 150), was considered more sensi-
tive to changes over time for a given patient than the BPI. Response was
defined by a score of zero at the time point of interest or a reduction of
20 % or more from baseline.

Urine samples were collected at the treating centre and sent by post
to the trial co-ordinator at Mount Vernon Cancer Centre. They were
centrifuged to remove any cellular and precipitated material and were
aliquoted into ~5 ml samples and stored at <− 60 ◦C. Samples were
initially stored at the Gray Laboratories, Mount Vernon Hospital
Northwood, and with the laboratory transfer moved to the Oxford
Institute for Radiation Oncology, Oxford University where the marker
analyses were undertaken.

The laboratory analysts were blind to treatment arm, pain score and
response. Urinary N-telopeptide was measured using Osteomark NTx
with an ELISA kit from Alere (cat. no. X9006) [8] which included
standards and QC samples. Urinary Cystatin C was measured using an
ELISA kit from R & D Systems (cat. no. DSCTC0) and QC samples pre-
pared from Quantikine® immunoassay control groups (cat. no. QC23)
[9]. Creatinine measurements were used as a normalisation factor for
the measurement of urinary Cystatin C and Osteomark NTx.

Linear regression models were fitted with baseline measures
included as covariates to compare the continuous outcome measures for
urinary markers within treatment arms from baseline to 4 weeks. Cross-
treatment arm comparisons were made using linear regression models
with interaction terms between the treatment group (Radiotherapy or
Ibandronate) and each of the urinary markers and, where applicable,
pain measurements. Where it was deemed appropriate, the scales of the
continuous urinary markers were changed to aid interpretation and
presented alongside 95 % confidence intervals and P-values using a
threshold of 0.05 for statistical significance. Analyses of treatment
groups were conducted according to intention-to-treat and included
participants with at least one follow-up time point. Where appropriate,
crossovers between treatment arms that occurred during the RIB trial
were considered to further investigate treatment effects. Controls were

Fig. 1. Consort diagram of subset.
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based on normal ranges which were provided by the manufacturer of the
assay kits; urinary N-telopeptide quoted in men (mean age 56 years,
range 31–87) [8] and Cystatin C from ‘apparently healthy volunteers’
[9]. All analyses were conducted in Stata 16 [10].

3. Results

A total of 470 patients with metastatic bone pain were prospectively
randomised in the RIB trial to receive either 8 Gy single dose radio-
therapy (235) or a single dose intravenous infusion of 6 mg ibandronate
(235).

Urine samples for both time points and paired pain scores at 4 and 12
weeks were available for 273 patients (radiotherapy 168; ibandronate
159) as shown in Fig. 1, reflecting the considerable attrition rate in this
population of patients.

There was greater inter-patient variability in the urine

Table 1
Mean change in urinary markers from baseline to 4 weeks, by treatment arm.

Ibandronate
N=168

Radiotherapy
N=158

NTx
[BCE]

Baseline 1995.7 3040.8
4 weeks 1238.3 2822.7
Mean change (95
% CI)

− 757.3 (− 443.6 –
− 1071.1)

− 218.1 (− 493.2 –
929.6)

Ibandronate
N=40

Radiotherapy
N=142

Cystatin C Baseline 0.06 0.05
4 weeks 0.07 0.06
Mean change (95
% CI)

0.01 (0.004 – 0.03) 0.003 (0.01 – − 0.02)

Fig. 2. Scatter plot of NTx [BCE] by Mercadante pain score change from 4 weeks to baseline, by treatment arm.

Fig. 3. Scatter plot of Cystatin C by Mercadante pain score change from 4 weeks to baseline, by treatment arm.
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concentrations of N-telopeptides of type-1 collagen (NTx) than there was
for Cystatin C, with no correlation between concentration of NTx and
Cystatin C measured in the urine samples. The average concentrations of
NTx measured in healthy male volunteers by the supplier of the kits is
33 nM BCE/mM creatinine with a range of 3 to 63 nM/Mm creatinine
[8] . The baseline samples measured for the RIB trial had an average
concentration of 193 nM BCE/mM creatinine with an evaluable range of
7.3–1871 nM BCE/mM creatinine which extended far beyond the range
of healthy volunteers. In contrast the quoted average concentrations of
Cystatin Cmeasured in apparently healthy volunteers is 62.9 ng/ml with
ranges of 12.6–188 ng/ml [9] and the baseline samples from this study
had average values of 66 ng/ml with ranges from ND to 1120 ng/ml and
the vast majority of samples falling within the range measured in
apparently healthy volunteers, see Supplementary Figs. 1 and 2.

The mean change in urinary markers from baseline to 4 weeks, by
treatment arm is shown in Table 1. A statistically significant reduction in
NTx concentrations between baseline and 4 weeks was seen in the
ibandronate arm (− 0.5 nM BCE/mM, 95 % CI 0.36–0.61, P< 0.001) but
was not seen in the radiotherapy arm (− 0.05 nM BCE/nM, 95 % CI
− 0.19 – 0.09, P = 0.47). No significant change was seen in Cystatin C
concentrations between baseline and 4 weeks for either arm.

Overall, there was no strong relation between pain response and
urinary marker concentration in either the ibandronate or radiotherapy
cohort at any time point, see Figs. 2 and 3. There was evidence of an
interaction between NTx[BCE] per 100 units and treatment arm for
Mercadante pain score at 4 weeks (P= 0.03), but this was no longer seen
when the NTx concentrations were normalised to serum creatinine as
shown in Table 2. No effect was seen when the same analysis was un-
dertaken with the Effective Analgesia Score (EAS) pain score. Further
subgroup analysis showed a marginal association between NTx [BCE]
and Mercadante pain score at 4 weeks among patients treated with
Ibandronate, with there being a decrease in pain per 100 unit decrease in
NTx [BCE] at 4 weeks from baseline (− 0.10, 95 % CI − 0.21 – 0.01, P =

0.08).

4. Discussion

Our study hypothesis was that pain relief after treatment for painful
bone metastases with either radiotherapy or ibandronate is related to
baseline and subsequent changes in osteoclast activity as measured by
urinary levels of N-telopeptide and Cystatin C. The baseline levels of NTx

were significantly raised in all patients consistent with a role in identi-
fying those patients with bone breakdown caused by metastases. How-
ever no subsequent correlation with bone pain response was seen at
baseline or any subsequent time point.

One sub-study from a previous radiotherapy study suggested a
relationship between baseline and changes in the osteoclast marker
deoxypyridinoline and pain response [11], whilst another failed to
confirm this [12]. Analysis of the NCIC trial of reirradiation for painful
bone metastases however showed a clear correlation between urinary
markers pyridinoline and deoxypyridinoline at baseline and response,
those patients having higher levels predicting non-response to re-
irradiation [13]. The markers of bone resorption used in these older
studies, pyridinoline, deoxypyridinoline and hydroxyproline have been
criticized as relatively non-specific. Telopeptides which are direct
breakdown products of type I collagen have been shown to have greater
specificity as markers of bone resorption [3].

Cystatin C has also been shown to reflect osteoblastic activity in
prostate cancer patients with bone metastasis receiving bisphosphonates
[14]. It may also prevent tumour progression in prostate cancer by in-
hibition of lysosomal cysteine proteases and reduce cancer cell inva-
siveness through inhibition of extracellular matrix proteins [15]. Low
levels of cystatin C are associated with metastases and a worse prog-
nosis. In this population of patients with metastatic prostate cancer low
levels of Cystatin Cmight have been expected but in fact the average was
within the normal range at baseline and at 4 weeks no significant
changes seen with either ibandronate or radiotherapy. This would imply
no compensatory osteoblastic activity to either treatment intervention at
4 weeks or later time points to 12 weeks. The mechanism of action of
ibandronate is osteoclast inhibition. This was seen with a statistically
significant fall in NTx levels. The mechanism of action of radiotherapy in
pain relief when used for painful bone metastases is not well charac-
terised [16] and an effect on osteoclast activity has been proposed. The
data from this analysis would suggest this is not the case with unlike the
ibandronate arm no significant change seen in NTx levels from baseline
to 4 weeks. This is an important observation in eliciting the mechanism
of radiotherapy in pain relief from bone metastases and points to a direct
effect on tumour cells and possibly neurogenic mechanisms of pain.

The strength of this study is the correlation with data from a large
randomised trial with prospective painmeasures at fixed time points and
paired urinary samples. An important observation is the lack of osteo-
clast inhibition as identified by NTx levels in the radiotherapy arm and it
is unfortunate that PSA levels were not also measured at the relevant
time points to evaluate tumour cell activity. Radiotherapy was delivered
to sites of local pain in patients with multiple metastases which may be
an alternative explanation for the lack of reduction in NTx levels
compared to ibandronate which is a systemic treatment. A further crit-
icism would be the absence of a measure of tumour burden which might
be expected to correlate with bone marker levels.

In conclusion urinary markers NTx and Cystatin C failed to predict
for pain relief from local radiotherapy or systemic ibandronate. Whilst a
fall in NTx levels with ibandronate was seen consistent with osteoclast
inhibition no change occurred after radiotherapy implying a different
mechanism for pain relief after radiotherapy.

CRediT authorship contribution statement

P.J. Hoskin: Writing – review & editing, Writing – original draft,
Validation, Project administration, Methodology, Investigation, Fund-
ing acquisition, Conceptualization. Aman Malhi: Writing – review &
editing, Writing – original draft, Validation, Methodology, Formal
analysis. Krystyna Reczko: Writing – review & editing, Writing –
original draft, Supervision, Resources, Project administration, Data
curation. Allan Hackshaw: Conceptualisation, Funding acquisition,
Investigation, Methodology, Supervision, Writing – original draft and
final draft.

Table 2
Mean change in the EAS pain score at 4 weeks per change in urinary markers at
4 weeks from baseline, by treatment arm.

Coefficient for change in
Mercadante pain at 4
weeks

(95 %
CI)

P-
Value

Ibandronate N = 168
NTx [BCE] per 100 units –
change from baseline at 4
weeks

− 0.10 − 0.21 –
0.01

0.08

Radiotherapy N = 158
NTx [BCE] per 100 units –
change from baseline at 4
weeks

− 0.02 − 0.02 –
0.06

0.34

Ibandronate N = 142
Cystatin C per 1 unit change-
change from baseline at 4
weeks

2.0 − 23.6 –
27.6

0.88

Radiotherapy N = 142
Cystatin C per 1 unit change-
change from baseline at 4
weeks

5.4 − 18.2 –
29.1

0.65
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