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Abstract

Background There is an urgent need for individualized
treatment of malignant bone disease (MBD), as the clinical
benefit from bone-targeted therapies is moderate. We
assessed the predictive value of the bone formation marker
procollagen type I N-propeptide (PINP) for skeletal mor-
bidity in patients with MBD receiving pamidronate.
Methods Seventy patients with advanced MBD were ran-
domized to receive pamidronate 60 mg (n =35) or 90 mg
(n=35) every 3 weeks for six cycles in a double-blind
study. PINP was analyzed at baseline and before each
administration of pamidronate, using a validated ELISA.
Serum PINP concentrations were compared with pain
response (visual analog scale VAS, composite pain score)
and skeletal morbidity (skeletal-related events, SRE) using
Student’s T-test, Wilcoxon rank-sum and log-rank test,
respectively.

Results Patients with >20% pain reduction in the VAS
had lower baseline PINP concentrations when compared to
patients with <20% VAS response (P <0.0001). A high
baseline serum PINP concentration (highest tertile versus
lower two tertiles) was significantly associated with a
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shorter duration of pain response (P < 0.0001) and a shorter
time interval to first SRE (P < 0.008). Sensitivity of a low
baseline PINP serum concentration for freedom from SRE
at 1 year from randomization was 75% (15 out of 20
patients), while specificity was 82% (27 out of 33 patients).
Conclusions Serum PINP has been shown to be a signifi-
cant predictor for skeletal morbidity in patients with MBD
on pamidronate treatment. Prospective validation of PINP
in patients with MBD to assess the prognosis or individual-
ize bone-targeted treatment is justified.
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Introduction

Bone is the most frequent, typically the first, and often the
only site of metastasis in patients with advanced solid
tumors [1]. The incidence of bone metastases depends on
the primary tumor, but is particularly high in patients with
advanced breast or prostate cancer, developing in up to
80% of these patients [2]. Type I collagen is formed by
three polypeptide chains and comprises up to 90% of total
protein in bone. It is synthesized as the large, soluble pre-
cursor molecule procollagen I by the osteoblasts [3]. Pro-
collagen type I is converted into collagen type I by the
action of procollageneses, which cleave the N- and C-ter-
minal propeptides, followed by spontaneous alignment of
the collagen monomers to form microfibrils and finally col-
lagen fibrils [3]. Collagen is again broken down into small
peptides by the action of lysosomal enzymes produced by
osteoclasts. There are three types of bone metastasis (osteo-
lytic, osteosclerotic and mixed), each reflecting the tumor
effects on bone physiology. In osteolytic metastases, bone
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resorption is increased but fails to stimulate bone formation
adequately [3].

Skeletal morbidity from malignant bone disease (MBD)
includes severe pain, hypercalcemia, pathologic fracture,
and spinal cord or nerve compression. Skeletal pain is the
most common cause of cancer-related pain and is severe
and debilitating in two-thirds of patients [2]. Treatment of
MBD has been substantially improved by the use of bis-
phosphonates, and treatment effects include improved pain
score, increased bone mineral density and a reduction in
secondary skeletal events [4, 5]. As new treatment options
such as denosumab [6] enter the clinical stage, it will be of
special interest to individualize bone-targeted treatment in
these patients. Although several markers provide informa-
tion on the current status of bone metabolism [7-10], there
are no clinical data validating these markers for individual-
ized treatment in patients with MBD. Recently, procollagen
type I N-propeptide (PINP) has been validated for analysis
in human serum [11]. While NTX is a marker of bone
resorption, PINP is a marker of bone formation and has not
been studied in patients with MBD and associated bone
pain so far. In this study, serum PINP was analyzed in a
prospective series of patients with MBD receiving bis-
phosphonate treatment. The reasons to study PINP were
first promising reports on PINP to characterize bone metab-
olism [12] and tumor spreading to the bone [13] in patients
with invasive breast cancer, and detect bone metastases in
patients with prostate cancer [14]. The aim of the present
study was to assess the predictive value of PINP for pain
response and skeletal-related events (SRE) in patients with
osteolytic MBD, with the hypothesis that PINP serum con-
centrations might serve as a surrogate marker for antire-
sorptive treatment response.

Materials and Methods
Patients and study treatment

Between October 1993 and April 1996, 70 patients with
advanced MBD were randomized to receive iv. pamidro-
nate 60 mg (n=35) or 90 mg (n=35) for six 3-weekly
cycles in a double-blind, single-institution, prospective
study. Eligibility criteria were proven malignancy, malig-
nant osteolytic bone disease by radiological imaging, WHO
pain score >2, modified WHO analgesic score >2, serum
creatinine <350 pmol/l and written informed consent. Prior
bisphosphonate treatment was permitted, but had to be
finished at least 2 months before enrolment. Radiotherapy
for intractable bone pain was allowed, provided it was
given to <25% of bone lesions. Radiotherapy to a
single painful indicator lesion was not permitted. Concom-
itant systemic antineoplastic treatment was permitted and
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documented. The protocol has been approved by the ethics
committee, and written informed consent was obtained
from all patients. Data on pain score [15], bone resorption
markers [10] and pharmacoeconomics [16] have been pub-
lished previously. All patients have deceased, with the
cause of death being directly related to the underlying can-
cer in 65 patients, concomitant cardiac disease in two
patients and intercurrent pneumonia in a single patient.
Pain assessment was repeated every 3 weeks. Serum con-
centrations of PINP, bone alkaline phosphatase and stan-
dard hematology and biochemistry were taken at baseline
and every 3 weeks before administration of pamidronate.
Skeletal-related events (SRE), defined as either pathologic
bone fracture (vertebral and nonvertebral), spinal cord com-
pression, surgery to bone or radiation to bone [including
radioisotopes]) were assessed for each patient. Before each
infusion and 3 weeks after the last infusion, treating oncol-
ogists recorded each ECOG performance status (PS), WHO
pain score (grade 0=no pain, grade 1=mild, grade
2 = moderate, grade 3 = severe, grade 4 = intractable pain)
and analgesic medication (0 = no analgesics, 1 = mild
analgesics (e.g. paracetamol), 2 = nonsteroidal anti-inflamma-
tory drugs, 3 = opiods (e.g. tramadol, codein), 4 = opiates)
[15].

Analysis of procollagen type I N-propeptide

Serum samples were stored at —70°C until analysis. Total
PINP concentrations were measured on fasting serum at
baseline and every 3 weeks before administration of
pamidronate, using the Elecsys 2010 automated analyzer
(Roche Diagnostics, Basel, Switzerland) as described pre-
viously [11]. Diagnostic kits were kindly provided by
Roche Diagnostics, Basel. The assay detects both intact
mono- and trimetric forms of PINP [17]. More specifically,
a biotinylated antibody is incubated with 20 pl of serum,
and a second ruthenium-labeled antibody is added together
with streptavidin-coated microparticles. These microparti-
cles are magnetically captured onto the surface of an elec-
trode, inducing chemiluminescence emission detected by a
photomultiplier. Light emission is quantified and compared
to a calibration curve, which is generated by a 3-point cali-
bration. The within-run and between-run (total) imprecision
(CVs) were <2.3% and <5.3%, respectively. The lower
limit of quantification (LLQ) was 5 pg/l, and the reference
range or cut-off value 95 pg/l.

Statistical analysis

Clinical endpoints were pain response, pain response dura-
tion and time to first SRE. Changes of performance status,
pain scores and analgesics were classified as improvement
or deterioration if the value increased or decreased by one
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level on at least two consecutive visits or by >2 categories.
WHO pain score, analgesic medication and PS were added
together and expressed as a percentage of the total maxi-
mum score (PPA score) [18]. Pain response was defined as
>20% reduction in pain intensity on the VAS (VAS
response) or in PPA score (PPA response) from baseline on
at least two consecutive visits [15, 18]. By doing so, PPA
score could be used to control for any effect of systemic
treatment or analgesic medication on pain response. Dura-
tion of pain response was defined as the time period
between the onset of pain response until pain intensity
exceeding baseline level or until discontinuation of the
study treatment. The study has a power of 80% to detect a
20% difference in pain intensity measured after three infu-
sions (= 0.05, standard deviation 15 mm on the VAS)
[18]. Changes of VAS from baseline were analyzed by the
Wilcoxon rank-sum test. PINP serum concentrations at
baseline, changes of PINP concentrations after 12 weeks
(corresponding to four treatment cycles) (in %) and maxi-
mum PINP-changes over the entire study treatment (in %)
were compared with pain response using Spearman correla-
tion analysis. Additionally, PINP serum concentrations
were prospectively categorized into tertiles and compared
with pain response using z’-test. Duration of pain response
and time from randomisation to first SRE were calculated
according to the Kaplan—-Meier product limit method, and
the difference between patients with low or high baseline
PINP concentrations was analyzed using the log-rank test.
Multivariate logistic regression analysis was performed to
test the independent predictive value of baseline PINP con-
centrations on pain response (by VAS and PPA score),
including the following covariates: Patient gender, age, per-
formance score, diagnosis, treatment group (pamidronate
60 or 90 mg infusions), concomitant treatment (chemother-
apy, endocrine treatment) and baseline bone alkaline phos-
phatase. All tests of significance are two-sided; P < 0.05 is
considered to be significant. All statistical analyses were
performed using STATA 10.1 software (STATA Corp,
College Station, Texas, U.S.).

Results

Seventy patients were enroled into the study, and 35
patients were randomized to each treatment group. Patient
characteristics have been described previously [15]. Sev-
enty-one percent of the patients in the 60 mg group and
77% of the patients in the 90 mg group received the full
course of six pamidronate infusions, with a mean of 5.2
pamidronate infusions in both groups (range one to six
infusions). The main reason for premature discontinuation
of pamidronate was disease progression. More details of
treatment adherence and tolerability have been published

previously [15]. Mean baseline PINP was 229 pg/l (range
19-1033 pg/l). PINP serum concentrations are outlined
according to treatment groups and selected patient charac-
teristics in Table 1. Baseline PINP concentrations were not
significantly different between categories of pamidronate
dose, malignant disease, age, gender or performance score,
but there was a significant difference for concomitant treat-
ment (Table 1). The distribution of breast cancer,
myeloma and “other tumors” was not significantly different
between the treatment groups. Median percentage
change between baseline serum PINP concentrations and

Table 1 Procollagen type I N-propeptide (PINP) serum concentra-
tions according to treatment groups and selected patient characteristics

P-value
(Student’s T)

Mean baseline
PINP serum
concentration in
ng/l (95%-CI)

Covariate N (%)

Treatment group
Pamidronate 60 mg 35 (50) 209 (154-264)

Pamidronate 90 mg 35 (50) 248 (170-326) 0.21

Patient gender
Male

Female

14 (20) 249 (119-380)

56 (80) 223 (172-274) 0.32
Patient age

36 (51) 221 (163-280)

34 (49) 237 (159-315) 0.37

Baseline ECOG performance status

>60 years

<60 years

0-1 32 (46) 196 (140-251)
2-4 38 (54) 259 (184-335) 0.09
Diagnosis

Breast cancer 41 (59) 252 (187-317)

Multiple myeloma 16 (23) 148 (54-242)

Other tumors 13 (18) 261 (155-368) 0.161
Concomitant antineoplastic therapy

Chemotherapy 49 (70) 254 (192-317)

Hormonal treatment 5(7) 214 (96-332)

No antineoplastic therapy 16 (23) 146 (89-203) 0.004

Best treatment response
PR or SD

Progressive disease

29 (41) 202 (131-273)
41 (59) 249 (185-314) 0.16
Pain response by VAS at week 12
>20% 34 (50) 146 (111-181)
<20% 34 (50) 323 (242-404)
Pain response by PPA score at week 12
>20% 17 (29) 169 (79-259)
<20% 41 (71) 598 (161-289) 0.16

<0.0001

PR partial response, SD stable disease, CI confidence interval
1 analysis-of-variance
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Fig. 1 Waterfall plot of the percentage change of serum PINP concen-
trations between baseline and week 12 (i.e. after four pamidronate
treatment cycles); bars are separately marked for patients experiencing
a skeletal-related event (SRE) and those not experiencing a SRE at any
time

PINP concentration at week 12 was —50% (95%-CI —61%
to —28%, P =0.02,), while median maximum percentage
change of PINP concentration was —59% (95%-CI —70%
to —41%, P=0.01). Mean PINP percentage change
between baseline and week 12 was not significantly differ-
ent between treatment groups (P = 0.40), nor was maxi-
mum PINP percentage change (P =0.13). Mean PINP
percentage change between baseline and week 12 was not
significantly different between PPA responders and nonre-
sponders (P =0.55), nor was maximum PINP percentage
change (P = 0.26). Patients with >20% VAS response had
significantly lower baseline PINP concentrations when
compared to patients with <20% VAS response (Table 1).
Similarly, patients with >20% PPA response had lower
baseline PINP concentrations when compared to patients
with <20% PPA response (Table 1). The percentage change
of PINP levels between baseline and week 12 is outlined in
Fig. 1.

A significant negative correlation was found between
baseline PINP serum concentrations and maximum pain
response assessed either by the VAS (r=-0.59,
P <0.0001) or by the PPA score (r = —0.30, P =0.02). The
time course of pain response as assessed either by the VAS
or the PPA score is compared between patients with a low
or high baseline PINP concentration in Fig. 2. A significant
negative correlation was found between baseline PINP
serum concentrations and duration of pain response
(r=—-0.46, P=0.0001). Accordingly, a high baseline
serum PINP concentration (highest when compared to the
lower two tertiles) was significantly associated with a
shorter duration of pain response (Fig. 3). After three treat-
ment cycles or approximately 2 months of treatment, the
proportion of patients with ongoing pain response was 18%
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Fig. 2 Time course of pain response [pain intensity (a) and pain fre-
quency (b) on the VAS] as a percentage change from baseline +SEM
for patients with a low baseline PINP serum concentration (lowest ter-
tile) compared to patients with a high baseline PINP serum concentra-
tion (higher two tertiles)
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Fig. 3 Kaplan—-Meier curves for the duration of pain response.
Patients with low baseline PINP serum concentrations (lowest tertile)
compared to patients with high baseline PINP serum concentrations
(higher two tertiles)

in patients with a high baseline PINP concentration when
compared to 45% in patients with a low PINP concentration
(P < 0.0001).
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Table 2 Predictors for pain
response by the VAS using
univariate and multivariate
logistic regression analysis

OR Odds-ratio, Ref reference,
CI confidence interval,

PS performance score,

PINP N-telopeptide of type I
collagen, VAS visual-

Pain response by the VAS Univariate Multivariate
Covariate OR (95%-CI) P-value OR (95%-CI) P-value
Baseline PINP serum concentration
Low tertile 2.8 (1.0-8.3) .05 3.0 (0.9-10.2) .08
Higher two tertiles Ref Ref
Baseline bone alkaline phosphatase
Low tertile 2.6 (0.9-7.3) .08 1.9 (0.5-7.2) 0.35
Higher two tertiles Ref Ref
Patient gender
Female Ref Ref
Male 1.4 (4-4.7) .55 1.4 (.2-10.3) 73
Patient age
<60 years Ref Ref
>60 years 1.0 (.4-2.6) 1.0 75 (:2-2.5) .65
ECOG-PS
0-1 3.9 (1.4-10.7) .009 5.1 (1.4-18.1) .01
2-4 Ref Ref
Primary diagnosis
Breast cancer Ref Ref
Multiple myeloma 4.1 (1.1-14.8) .03 2.1 (.4-12.0) .38
Others 1.01 (.2-5.14) .99 .6 (.06-6.2) .68
Randomisation
60 mg pamidronate Ref Ref
90 mg pamidronate 1.1 (4-2.9) 24 1.3 (.4-4.0) .67
Anticancer treatment
None Ref Ref
Chemotherapy 1.6 (.5-5.3) 41 2.3 (.5-10.7) .30
Endocrine treatment 2.3 (.3-17.8) 44 2.1 (.2-24.5) .56

analog-scale

In the multivariate logistic regression model, no signifi-
cant predictors were found for PPA response, nor for the
duration of pain response. ECOG-PS <2 and a low base-
line PINP concentration were favorable predictors of VAS-
response (Table 2). The predictive value of baseline PINP
concentrations was independent of other covariates such as
bone alkaline phosphatase, patient gender, age, disease
entity, specific anticancer treatment such as endocrine treat-
ment or chemotherapy, and pamidronate treatment group.
Forty-five out of the 70 patients (64%) experienced a SRE,
including radiotherapy in 37 cases, surgery to the bone in
three cases, pathological fractures in four cases and radio-
isotope treatment in a single case. Randomization to the
90 mg pamidronate treatment group, age < 60 years and a
low baseline serum PINP concentration were independent
favorable predictors for a longer time interval to first SRE.
Kaplan—Meier curves for the time-to-first-SRE in patients
with a high when compared to those with a low or interme-
diate baseline serum PINP concentration are shown in
Fig. 4. At 6 months from randomisation, the proportion of
patients with no SRE was 20% in patients with a high

baseline PINP concentration when compared to 74% in
patients with a low PINP concentration (P < 0.008). Sensi-
tivity of a low baseline PINP serum concentration for no
SRE at 1 year from randomization was 75% (15 out of 20
patients), specificity 82% (27 out of 33 patients), with 17
patients censored for sensitivity analysis (death before
12 months from randomisation without any SRE). More
patients with a favorable pain response as assessed by the
PPA score were free from SRE at 6 (75 vs. 45%) and
12 months (33% vs. 8%), but this did not reach statistical
significance (P = 0.14 by the log-rank test).

Discussion

The skeleton is the preferred site of metastases for many
solid tumors, with the prevalence for MBD being highest in
breast and prostate cancer (65-75%) followed by thyroid
(60%), lung (40%) and bladder cancer (30—40%) [19]. We
showed for the first time that baseline PINP serum concen-
trations are predictive for early pain response and skeletal
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Fig. 4 Kaplan—-Meier curves for the time to first skeletal-related event
(SRE), including pathologic fracture, spinal cord compression and
surgery to the bone or radiation to the bone (including radioisotopes).
Patients with low baseline PINP serum concentrations (lowest tertile)
compared to patients with high baseline PINP serum concentrations
(higher two tertiles)

outcome (SRE) in patients with advanced MBD on antire-
sorptive treatment, and this was independent of other covar-
iates such as patient gender, age, primary diagnosis and
pamidronate treatment group (Table 2). These results are of
particular interest, as the unselective use of bone-targeted
agents puts patients at risk for severe morbidity, and indi-
vidualized treatment is urgently needed. The reasons for
choosing PINP over other bone turnover markers were the
fact that PINP in serum has been shown to strongly corre-
late with metastatic spread in osseous metastatic breast can-
cer [20] and that it has been suggested that serum bone
formation markers might exhibit less intra-individual vari-
ability when compared to urinary markers [21]. In the study
by Pollmann and colleagues, baseline serum samples of 51
patients with metastatic breast cancer undergoing chemo-
therapy were investigated [20]. Overall, baseline levels of
PINP were significantly higher in patients with bone metas-
tases when compared to those without bone metastases
(92.8 pg/l vs. 63.2 ng/l, P =0.04) and showed a close cor-
relation with treatment response. Importantly, osteocalcin
and CTX did not show a similar sensitivity for the surveil-
lance of bone metastases in this study [20]. Leary and col-
leagues studied CTX and PINP levels in patients with
osteoporosis and nonosteoporotic individuals to assess
long-term stability of the analytes and compare individual
patient responses following antiresorptive treatment [22].
This study validated PINP as a predictor for antiresorptive
treatment in osteoporosis, and confirmed excellent long-
term precision in samples stored at —70°C [22]. Further-
more, the advantage of using a bone formation marker from
serum such as PINP includes its ease of sampling and
analysis, and its high sensitivity to changes in bone turn-
over, as shown in the present study and in former reports
[23]. A potential disadvantage of bone turnover markers
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from serum includes its vulnerability to circadian variability
that is at least in part compensated by urine sampling over
several hours.

Along with analgesics, bisphosphonate therapy is a
major factor contributing to the preservation of mobility,
social functioning and quality-of-life in patients with pro-
gressive MBD [24-40]. By doing so, bisphosphonates have
been shown to reduce opioid-resistant bone pain and main-
tain it at lower levels over the course of progressive MBD
[31]. At present, amino-bisphosphonates are recommended
for patients with metastatic bone disease from breast can-
cer, and zoledronic acid for patients with other solid tumors
as primary disease, to prevent, reduce and delay cancer-
related skeletal complications in these patients [41].
Although zoledronic acid is seen as more effective in terms
of bone remineralization in comparison with pamidronate,
zoledronic acid and pamidronate showed similar activity in
pain response and prevention of SRE in patients with pros-
tate cancer [42] and multiple myeloma [43]. In patients
with osteolytic bone metatases from breast cancer, zoled-
ronic acid was more effective than pamidronate 90 mg in
reducing SRE in some studies [44], but not in others [45].
Therefore, pamidronate is still a viable treatment option for
patients with MBD.

Presently, a multitude of bone turnover markers have
been described, and some of them have been tested in clini-
cal studies of bisphosphonates in MBD [8, 9, 46]. In the
phase III study by Body and colleagues, the effect of oral
ibandronate 50 mg/day (n =137) and iv. zoledronic acid
4 mg every 4 weeks (n = 138) on bone markers was com-
pared [46]. The primary outcome of this study was mean
percentage change in serum levels of cross-linked C-termi-
nal telopeptide of type I collagen (S-CTX) after 12 weeks
of study treatment. As a result, both oral ibandronate and
intravenous zoledronic acid decreased S-CTX levels to a
similar amount (mean 76% vs. 73%, respectively). Serum
PINP concentrations were also assessed in the latter study,
and again both oral ibandronate and intravenous zoledronic
acid decreased PINP levels to a similar amount (mean 47%
vs. 39%, respectively). No difference in bone pain was
found between the two treatment groups in the study by
Body and colleagues, but the individual association
between bone turnover markers and pain response was not
outlined. Vinholes and colleagues analyzed various bone
resorption markers including PINP and CTX in 32 patients
undergoing treatment with i.v. pamidronate 90 mg or clodr-
onate 1’500 mg for hypercalcemia of malignancy [23].
Both serum PINP and urinary CTX showed the most
extended drops until approximately day 7 after the adminis-
tration of the bisphosphonate, followed by a gradual
increase in the marker. Pamidronate was more effective in
suppressing PINP and CTX concentrations [23]. In a more
recent study by Agrawal and colleagues, 14 patients with
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locally advanced breast cancer and no evidence for bone
metastases received monthly fulvestrant and sequential
analysis of bone-specific alkaline phosphatase, PINP and
CTX [47]. No significant changes in bone markers were
found over a period of 18 months, and this was related to a
prolonged therapeutic benefit from fulvestrant [47]. Pres-
ently, there is very limited data on the predictive value of
bone turnover markers for pain response in patients receiv-
ing bisphosphonate treatment, and the use of markers of
bone resorption has mainly been limited by their assess-
ment in urine samples. Accordingly, the use of bone mark-
ers for individualizing bone-targeted treatment cannot yet
be recommended in clinical routine, but the large ongoing
BISMARK study (BISphosphonate therapy directed by
bone resportion MARKers) is actually addressing the issue
of using bone resorption markers in the timing of bis-
phosphonate treatment [48].

The limitations of the present study include the different
doses of pamidronate that might have influenced study
results, potential stability issues with regards to PINP bio-
analysis, heterogeneity introduced by the different tumor
types, potential circadian variability of serum PINP concen-
trations [49], a potential bias due to the fact that 77% of the
patients received nonpamidronate anticancer treatment, and
the fact that zoledronic acid is frequently given in place of
pamidronate for MBD in these days. With regards to the
first point, serum PINP concentrations were not different
between treatment groups, and the original publication
showed no difference in pain response between the higher
and lower dose of pamidronate [15]. With regards to the
second point, medium-term stability data have been pub-
lished for PINP in samples stored at —80°C by Garnero and
colleagues [11], and final results of time—concentration data
of serum PINP support the internal validity for the results
as reported in this study. With regards to the third point,
heterogeneity introduced by including various tumor types
has been limited as the study only included patients with
osteolytic MBD, and the fact that a potential predictor for
the treatment of MBD should have some general applicabil-
ity in patients with cancer. Circadian variability of PINP
serum concentrations has been described by Ahmad and
colleagues [49] in 14 patients with osteoporosis. In the
study by Ahmad and colleagues, serum PINP concentra-
tions varied with the activity of endogenous parathyroid
hormone and followed a circadian rhythm [49]. To account
for nonpamidronate anticancer treatment, potential predic-
tive markers of skeletal morbidity underwent multivariate
logistic regression analysis as outlined in Table 2. With
regards to the last point, pamidronate has been shown to be
equally effective in treating pain from MBD in patients with
advanced prostate cancer [42] and myeloma [43], while
there are some controversial results for the superiority of
zoledronic acid in patients with MBD from breast cancer

[44, 45]. In conclusion, this study shows that serum PINP is
a significant predictor for skeletal morbidity in patients
with MBD on pamidronate treatment. Prospective valida-
tion of PINP in patients with MBD to assess the prognosis
or individualize bone-targeted treatment is justified.
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