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Abstract. Biochemical markers of bone turnover are oftenKey words: Bone turnover — Bone resorption — N-
measured in patients treated with antiresorptive agents ttelopeptide cross-links — Deoxypyridinoline — Bone-
monitor the effects of therapy. In order for a change in thesepecific alkaline phosphatase.

markers to clearly indicate treatment effect, the change in

the markers must exceed the amount of spontaneous varia-

tion typically seen with no treatment. Based on the mea-

sured long-term variability of markers in untreated patients, - . .

we defined a minimum significant change (MSC), that is, aAlthough millions of patients receive treatment for osteo-
change that was sufficiently large that it was unlikely to bePOrosis, itis not clear how these patients should be followex
due to spontaneous variability. We also examined thdl 2]. Longitudinal monitoring of therapy for osteoporosis
changes in markers of bone turnover in subjects treated witl$ Important because some patients do not respond well t
pamidronate to see how often observed changes in turnovéfandard doses of therapy [3—6]. For instance, patients tal
after treatment exceeded the MSC. We found that urinaryd anticonvulsants catabolize estrogen at an accelerate
markers of bone resorption are best measured on 2-hotigt€ [7], and these patients are not always optimally pro
fasting samples, because results on random urine showd@cted at standard doses of estrogen. Furthermore, the a
poor precision and less decline with therapy. We also foun@rption of bisphosphonates is poor [8], and absorption ma
that of all the markers, urinary N-telopeptide cross-linksP€ inadequate in patients with small bowel resection ol
(NTX) had the greatest decline after therapy (58%), al-hemigastrectomy. In addition, follow-up is important be-
though it also had the highest long-term variability (29.5%).Cause patients may not comply with expensive or comple;
The marker that most often showed a decline with treatmerfi’ud regimens for years if there is no feedback regarding :
that exceeded the MSC was serum bone-specific alkalin@€neficial effect. Therefore there is a need to document the
phosphatase where 74% of observed changes exceeded &S commonly prescribed for osteoporosis are producin
MSC. Other markers that often showed a decline with treatthe desired effect. ,

ment that exceeded the MSC were 2-hour fasting urine NTX _Efficacy of osteoporosis therapy can be documented b
and free deoxypyridinoline, where 57% and 48%, respecSerial measurements of bone mineral density (BMD). How-
tively, of changes in therapy exceeded the MSC. The idegfVer, Since changes in BMD can be detected only afte
marker would combine thé large decline after treatmend/€ars, there is a need for a more rapid way to demonstral

characteristic of NTX (60—70%) with the good precision of the effect of therapy. Since the currently approved therapie
bone-specific alkaline phosphatase. for osteoporosis are antiresorptive agents, it seems reaso

able to document efficacy by measuring a decrease in born
turnover. Levels of currently available biochemical markers
of bone turnover decline within weeks of initiating antire-
sorptive therapy [9-11], and these markers are reasonab
- tools for demonstrating promptly that antiresorptive therapy
Correspondence toH. N. Rosen, Division of Gerontology, iS having the desired effect [1, 2].
RA414, Beth Israel Deaconess Medical Center, 330 Brookline Although biochemical markers of bone turnover fall af-
Avenue, Boston, MA 02215, USA. ter treatment with antiresorptive therapy, there are som
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problems interpreting the changes in these markers durinPBO). Subjects treated with active drug received 30 mg of APD
treatment. First, there is spontaneous long-term variabilityn 500 ml of 5% dextrose as an intravenous infusion over 4 hours
in these markers even when no interventions are made [1220d the placebo group received an identical placebo infusion of 59
15]. In order to demonstrate efficacy of antiresorptivedeXtrose' Infusions were repeated at 3, 6, and 9 months after stuc
therapy, observed changes must systematically exceed tFatry-

changes likely to occur spontaneously. Second, the markers

differ in degree of long-term variability and the degree to\jaasurements

which they decline with antiresorptive therapy [12]. There-

fore, the extent of suppression necessary to prove antir@yrine. All specimens were assayed at the end of the study in orde
sorptive efficacy for each marker needs to be defined base@ reduce interassay variability. All urine results are reported afte
on bothits long-term variability and on the anticipated de- correction for creatinine excretion. Peptide-bound N-telopeptide
gree of suppression with antiresorptive therapy. cross-links of type | collagen (NTX) in the urine were measured by

In a study of the efficacy of bisphosphonates in preventELISA using the Osteomark kit from Ostex International (Seattle,
ing thyroid hormone-induced bone loss [16], we had theWA) by a method previously described in detail [13]; using this
opportunity to follow several markers of bone turnover overr}[‘g\r}%‘; mgrg‘tﬁgggﬁyeg\éf Salsiﬁ’wﬁlzetehgygg'rmgg Ckrict’sff(')'r'gks
a l—?/earbperlod |n3pat|entﬁ trtleat?]d with pamldrgnate (.APD etra Biosystems (Mountain View, CA), using a method previ-
or placebo every 3 months. In the current study we INVeSg, g}y described in detail [17]; with this method the intrassay CV is
tigated the spontaneous variability of these markers and the 6-9.9%. Free deoxypyridinoline (-DPD) was measured by
degree of suppression of bone turnover observed after bELISA with the Pyrilinks-D kit from Metra Biosystems, using a
sphosphonate treatment. We also examined the likelihoothethod previously described in detail [18]; this method has ar
that treatment with bisphosphonate would result in a deintraassay CV of 4.3-8.4%. Urinary creatinine was measured b
crease in a marker sufficiently great that it can be clearlystandard automated methodology.

attributed to therapy rather than to spontaneous V{jlriab”ityBlood. All serum specimens were stored at —=70°C after collection

and were assayed at the end of the study in order to reduce inte

assay variability. Bone-specific alkaline phosphatase (BSAP) wa

measured by EIA with the Alkphase-B kit from Metra Biosystems

i using a method previously described in detail [19]; the intraassa)

Subjects CV is 3.9-5.8% with this method. Serum osteocalcin was mea
o ] ) ] ] sured by immunoradiometric assay (IRMA) using the Immutopics

Fifty-five patients who had papillary carcinoma of the thyroid and kit from Nichols which measures both intact and the N-terminal

were taking stable suppressive doses of thyroxine were recruiteghidfragment (San Juan Capistrano, CA); the intraassay CV for thi

for a study of bone loss. Subjects were excluded if there wasnethod is 3.6-5.3%. PTH assays were performed with the Allegrc

clinical evidence for bony metastases by radioiodine scanning or ifmmunoradiometric assay kit from Nichols (San Juan Capistrano

they had elevations of serum alkaline phosphatase. Subjects wealifornia); the intraassay CV for this assay is 1.8-3.4%. 25 Hy-

accepted only if they had been on suppressive doses of thyroxingroxyvitamin D was measured by radioimmunoassay (RIA) using

for at least 6 months, and if they were free of medical conditionsa kit from INCSTAR (Stillwater, MN); the intraassay CV for this

that might alter bone metabolism, such as Paget's disease, hypeissay is 5.6—6.7%.

and hypoparathyroidism, myeloma, renal or hepatic failure, renal  All assays were performed by a technician who was unaware o

tubular acidosis, malabsorption, or Cushing’s syndrome. Subjectthe treatment group. Measurements of -PYD, f-DPD, and BSAF

were screened for these conditions by a history, physical examiwere performed at Metra Biosystems; all other assays were pe

nation, and measurement of complete blood count and seruformed in the GCRC core laboratory.

chemistries during a screening visit to the General Clinical Re-

search Center (GCRC) at Beth Israel Deaconess Medical Center.

Subjects were recruited without regard for racial, social, economicgtatistical Analysis

or other status. This protocol was approved by the Beth Israe?

Hospital Committee on Clinical Investigations, and written in-

formed consent was obtained from all subjects. Among the 55 " -ne turnover over time was computed by paiteest with a

subjects, 40 agreed to hospital admission for periodic timed colggnferroni correction for multiple comparisons. Coefficient of

lection of samples, allowing us to collect both random (late after- 4 rjation (CV) for a population was computed as SD/mean of all
noon) and 2-hour fasting urine. Since one of the goals of our stud

Yalues at baseline for the PBO group. Long-term intraindividual

was to compare the utility of random and 2-hour fasting urinecy; \yas computed for each of the 19 PBO subjects as the SD/mez
collections, these 40 subjects form the basis for the current analyss measurements from baseline and months 1. 2. and 3. The me:

sis. Additional details concerning these subjects and other aspeq g-term intraindividual CV was computed as the mean of all the

of the protocol are described elsewhere [16]. individual CVs. The minimum significant change (MSC) of a
marker was defined as a change that was sufficiently large that |
was unlikely to be due to spontaneous variation. This minimum

Protocol significant change was defined here as two times (2x) the mea

. ) long-term intraindividual CV; any decline in turnover that was

Subjects were admitted to the GCRC between 3 p.m. and 8 p.m. gfreater than 2xCV had a 92% chance of being too great to be du

study month 0 and were instructed to void for a collection of to spontaneous variability. All calculations were performed using

random urine. Subjects were NPO (except for water) from 8 p.mthe SAS statistical program (SAS Institute; Carey, NC).
until 6 a.m., when they were instructed to void and then drink 0.5

liter of water. At 8 a.m. on dal a blood sample and a 2-hour

fasting urine sample were obtained. Blood was collected on ice angagits

allowed to clot for 30 minutes, then centrifuged at +4°C, at 3000

RPM for 5 minutes. The serum was then separated into aliquot§ub-ectS

and frozen at —70°C. The urine was separated into aliquots an |

frozen at —20°C. Repeat admissions for collection of blood and . .

urine, as above, were at months 1, 2, 3, and 12 after study entn@f the 40 subjects, 21 were in the APD group and 19 were
Subjects on suppressive doses of thyroxine were then randoni? the PBO group. Mean age of subjects in the APD grour

ized in a double-blind fashion to receive either APD or placebowas 43.2 £ 2.3, and in PBO group was 46.4 + IP8= ns

Materials and Methods

esults are reported as mean + SEM. The significance of change



H. N. Rosen et al.: Follow-up With Markers of Bone Turnover

Table 1. Coefficients of variation for the biochemical markers of
bone turnover in untreated patients

Population CV at Long-term intraindividual

Marker baseline (%) CV (%)
Serum
BSAP? 28.8 7.3
Osteocalcin 32.1 11.6
Random urine
NTXP 72.6 26.2
f-DPD° 36.6 13.3
f-PYR 34.1 12.7
2-Hour fasting
NTXP 57.2 27.0
f-DPD° 26.0 10.3
-PYRY 30.9 11.2

2Bone-specific alkaline phosphatase

P N-telopeptide cross-link of type | collagen/creatinine
¢ Free deoxypyridinoline/creatinine

9 Free pyridinoline deoxypyridinoline/creatinine

T DEOXYPYRIDINOLINE

PYRIDINOLINES

% OF BASELINE

s 6 7 8 9 10 11 12

STUDY MONTH
Fig. 1. Mean creatinine-corrected 2-hour fasting urine NTX, free
deoxypyridinoline (DPD), and free total pyridinolines (PYR) after
treatment with intravenous pamidronate every 3 months. Mea
NTX and DPD at all timepoints differ significantly from baseline
(P < 0.05). Mean PYR differs significantly from baseline only at
month 1.

365
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DEOXYPYRIDINOLINE
90+ "

80 NTX

704
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30
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STUDY MONTH
Fig. 2. Mean creatinine-corrected random urine NTX, free deoxy-
pyridinoline (DPD), and free total pyridinolines (PYR) after treat-
ment with intravenous pamidronate every 3 months. Mean NTX a

all timepoints differs significantly from baselin® & 0.05). Mean
DPD and PYR differ significantly from baseline only at month 1.

4

markers are listed in Table 1. Not surprisingly, these were
much smaller than the CVs for the overall population. Long-
term CVs were larger for random than for fasting urine
markers, but these differences were not statistically signifi
cant. The long-term CVs for NTX were significantl
0.05) higher than for DPD for both fasting and random
urines. The long-term CV of BSAP (7.3%) was significantly
lower than the CV of all other marker® « 0.05).

Changes in Markers After Treatment With APD

Changes in markers after treatment with APD are illustratec
in Figures 1-3. Markers of bone resorption fell most dra-
matically at month 1, and gradually rose towards baseline
by month 3 (Figs. 1-2). In contrast, markers of bone for-

ation fell more slowly, and reached their nadir at month 3
Fig. 3).

The decline in 2-hour fasting markers was greater anc
less variable than that for random markers (Figs. 1-2)
Mean 2-hour fasting NTX fell by 58.2% at month 1,
whereas mean random NTX fell by only 16%. Similarly,
mean 2-hour fasting DPD fell by 19.3% at month 1, wherea:

for the difference). There were 15 women and 6 men in theandom DPD fell by only 13.3%. In addition to mean ran-

APD group and 14 women and 5 men in the PBO grd@ip (

dom urine markers showing less decline, changes in randol

ns for the difference). At study entry there were nourine markers were less representative of known changes |

significant differences between the groups in mean heightyone resorption after treatment with APD. Mean 2-hour

weight, calcium intake, levels of PTH, and 25(OH), br

fasting NTX and DPD fell maximally at month 1, and

any of the measured biochemical markers of bone turnovegradually rose, but were still significantly below baseline, at

(data not shown).

Variability of Assays

month 3; these changes reflect the known effects of al
intravenous dose of APD on bone resorption. Mean randor
urine DPD was no different from baseline at months 2 anc
3, so random DPD did not reflect effects of bisphosphonate
at months 2 and 3.

The population CVs for the markers in the PBO group are  Among all the markers, the greatest decline with treat-

listed in Table 1. In general, the population CV for randomment was in 2-hour fasting NTX; this decline (58.2%) was

markers was higher than the CV for fasting markers. Amonggsignificantly (P < 0.05) greater than the decline in 2-hour

markers of bone formation, BSAP had the lowest populafasting DPD (19.3%).

tion CV (28.8%). Among the resorption markers, 2-hour Based on long-term CV for each marker, one can define

fasting DPD had the lowest population CV (26.0%). a minimum change in response to therapy that is greate
Mean long-term intraindividual CVs for biochemical than the change expected from spontaneous variability. W
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1104 Table 2. Changes in bone turnover after treatment with APD that
exceeds spontaneous variation

100w
Minimum significant % of results

g0{ I Marker change (MSC) (%) that exceed MSC*
W
Z ool I BEAR J Serum
i 13 \% BSAP 14.6 74
2 OSTEQCALGN Osteocalcin 23.2 35
o0 Random urine
g 60 NTXP 52.4 50
° f-DPD° 26.6 24
& 50, f-PYRY 25.4 14
2-Hour fasting
0 NTXP 54.0 57
a0 f-DPD° 20.6 48
o 1 2 3 4 5 6 7 8 & 10 11 12 f-PYR? 22.4 57
STUDY MONTH * After treatment with APD, markers of turnover decline. How-

Fig. 3. Mean serum BSAP and osteocalcin by Nichols (osteocal-ever, in some individuals the decline could be explained by ran.
cin) after treatment with intravenous pamidronate every 3 monthsgom variability. Only if the marker declines more than the MSC
Mean BSAP and osteocalcin at all time points differ significantly (see Methods for details) can we be confident that the observe
from baseline P < 0.05). decline is really due to treatment effect. The Table shows the
percentage of patients whose markers declined more than the MS
after treatment with APD; i.e., the percentage of patients in whorr
the decline in markers was too great to be explained by randon

defined this minimum significant change (MSC) as beingg,%rl%%g%'esgse i:]eétafﬁgdletans

twice the long-term CV of the marker; a change greater than
the MSC would have a 92% likelihood of being due to
treatment effect rather than to spontaneous variability. The

percent MSC for each marker is listed in Table 2, along Withmarker that showed the greatest likelihood of a significant

the percent of changes for each marker that actually e Ahan ; ;
' ; ; ge after antiresorptive therapy was BSAP, because
ceeded the MSC. Since the maximum change for resorptio S low long-term variability.

mgrléﬁgsn agsirnargg(fre t?cf)rinrgg;/fenrgt:ﬁ Qigcgsegggrtr}enln\lﬂoggh We observed that urinary markers of bone resorption ha
ges o ; >C Bliter precision and greater fall after therapy when mea
1 month is given. Since the maximum change for formatio ured on 2-hour fasting samples than when measured ¢
markers after a dose of APD is after 3 months, the chang

. : ‘random samples (Figs. 1-2). This observation is expecte
in formation markers that exceeded the MSC at 3 months ipeca 5e there is a known diurnal variation in markers o

given. Although mean DPD fell more modestly than NTX, pone ™ mover [14, 15, 21]. When urine is collected ran-

the low long-term CV for DPD resulted in a small MSC, so ; gt

. ; e ' 2~ domly, the diural variation adds to the long-term CV. Ob-
the number of patients showing significant changes was ]uﬁ(;iousxl/y it would be most convenient for cligicians and pa-
slightly, but not significantly better for NTX than for DPD. e niqor these tests to be ordered without regard to the tim

So, NTX declines more than DPD after treatment, but P P .
large decline in NTX is needed to be sure the decline is du f day the patient is seen. Unfortunately, it is less likely that

to treatment and not to spontaneous variability. Therefore eaningful information will result from random measure-

: . ; ments of urinary markers of bone resorption, and therefort
2-hour fasting NTX and DPD gave useful information about ¢ 5, rement of these markers should be ordered on 2-ho
treatment efficacy in a similar percentage of individuals.

Despite the modest drop in BSAP with therapy, BSAPfastlng samples. However, it is possible that spot fasting

. il samples might be as accurate as the timed 2-hour fastin
yielded the greatest number of significant changes becau : : "
of the low MSC. %%mples, although this was not directly studied.

In the current study we found that the decline in urinary
NTX after antiresorptive therapy was more dramatic than
i i the decline in urinary-free DPD. This finding was expected
Discussion because we and others have demonstrated that peptid

bound cross-links such as NTX fall abruptly and dramati-
Biochemical markers of bone turnover reflect the effects ofcally after antiresorptive therapy, and that the fall in free
antiresorptive therapy [1, 9-11, 20]. There has been a recestoss-links is much more modest [9-11, 22]. Garnero et al
proliferation of specific markers of bone turnover, and the[9] found that 3 days after treatment with pamidronate, pep:
clinician must choose the most appropriate to follow intide-bound crosslinks declined 52—-71%, whereas free DPI
patients treated with antiresorptive agents. In this study welid not change at all. In keeping with our study [11], most
define the advantages associated with some of these mar&ther studies that have examined effects of bisphosphonat
ers. We demonstrated that currently available urinary markafter more than 3 days have found that peptide-bound cros:
ers of bone resorption measured on random urine sampléigiks fall 50-85% whereas free cross-links fall 25-40% [10,
have substantial variability that greatly limits their utility in 23]. Similarly, previous studies confirm our observation that
following patients on antiresorptive therapy, and 2-hourthe intraassay CV and the long-term CV for NTX is higher
fasting urine samples should be used to measure these maifier NTX than for free DPD [12].
ers. The greatest decline with therapy is seen with urinary Our results were somewhat surprising and a bit discon
NTX, but this advantage is offset somewhat by greater in<erting in that the best markers clearly show the effects o
traindividual variability in NTX than in other markers. The antiresorptive effect in only 50-75% of individuals on treat-
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ment. Either a reduction in long-term CV or a greater de-out the efforts of the nursing staff of the GCRC, this study would
cline with treatment would improve the performance of not have been possible.

these markers. Since we already have markers that fall dr
matically with treatment, most likely future improvements
will involve reducing the long-term CV. For instance, if the

_ This work was supported in part by a grant from The Harvard

ilgrim Health Care Foundation, a grant from Ciba-Geigy Phar-
maceuticals, and Grant #M01RR01032 from Beth Israel Hospita
General Clinical Research Center. Harold Rosen was the recipiel

evolving assay for serum NTX shows changes after treatss 5 ciinical Associate Physician Award through the GCRC.

ment similar to those for urinary NTX but with greater
precision, we would have a useful marker indeed.

There are some potential criticisms of our study. First,raferences

the NTX and osteocalcin assays were run in our GCRC core
laboratory using kits from the manufacturer, whereas the
DPD and BSAP assays were run by the manufacturer. The™
expertise of the manufacturer’s technicians who developed
an assay might have been better than that of our GCR
technician who was not instrumental in developing the as-
say; this could partially explain the fact that the long-term
intraindividual CV for NTX was higher than that of DPD. 3.
However, we do not think that the high long-term CV for
NTX reported here is due to poor technique because in our
technician’s hands the analytical intraassay CV for NTX 4
was 5.3%. Furthermore, the intraassay CV for the osteocal-
cin assay that our technician ran was 5.4-6.7%, close to the
CV in the manufacturer's package insert. In addition, the
long-term CV results we report here for NTX are similar to
results previously reported [12], suggesting that the high
CV for NTX excretion is due to substantial variability over
time. Second, we comment here only on whether an indi- 6.
vidual observed change in turnover is real or due to chance,
and we do not discuss how great the change in turnover
needs to be in order to predict effective treatment. We did 7-
not have enough subjects to comment meaningfully on the
correlation between change in turnover and change in BMD.
Third, the subjects we studied were patients with thyroid
cancer, not with osteoporosis. It is possible that the changes
in bone turnover after treatment would be greater in subjectsg.
with osteoporosis who have a tendency to have high bone
turnover [24, 25]. Lastly, though measurement of BSAP by
the MetraBiosystems EIA performed favorably in this

study, these favorable results may not be applicable to othéiO-

assays of BSAP. Further study and comparison of the dif-
ferent assays is required.

In summary, we observed that urinary markers of bone, ;
resorption must be collected in a timed fashion in the morn-
ing for results to be meaningful. Existing markers of bone
turnover show limited utility for clearly demonstrating the

effects of antiresorptive therapy because many of thea?2.

changes observed are in the range of change expected with
spontaneous long-term variation. The utility would be
greatly improved for a marker that combined the large fall
with treatment found with NTX and the long-term precision
of serum BSAP.

14.
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