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Sequential analysis of biochemical markers of
bone resorption and bone densitometry in
multiple myeloma

The major clinical features of multiple
myeloma (MM) are painful osteolytic
destructions and pathological fractures.

In collaboration with other cells in the bone
marrow the myeloma cells induce increased
osteoclast activation and osteoclastic bone
resorption, whereas the effects on the
osteoblasts are more complex.1-4 Bone dis-
ease in MM is usually assessed by radi-
ographs of the skeleton. Radiographs are
useful in diagnosing of osteolytic lesions,
but do not give information on ongoing
degradative activity.

Biochemical markers of bone metabolism
include assays for estimating bone resorp-
tion and assays for estimating bone forma-
tion. A histomorphometric study has shown
that these markers reflect ongoing bone
resorption and bone formation in patients
with MM.5 The markers of bone resorption
have also been explored in a few clinical

studies of patients with MM. Most of these
studies have been cross-sectional studies
showing that these markers are elevated in
MM,6 or longitudinal studies showing that
they provide prognostic information on sur-
vival.7-9 Follow-up measurements or regis-
tration of the bone disease were not includ-
ed in these studies. Studies with sequential
measurements of markers of bone resorp-
tion have either included few patients,10,11

been short-term studies with no follow-up
registration of bone morbidity,12,13 or have
addressed the biochemical response to dif-
ferent treatment strategies.14-17 Recently, we
have shown that elevated pre-treatment
levels of the C-terminal telopeptide of col-
lagen type I (ICTP) in serum and of the N-
terminal telopeptide of collagen type I (NTx)
in urine are predictive of early progression
of bone disease in patients treated with
standard chemotherapy.18 No study, howev-

Background and Objectives. Bone lesions often occur in multiple myeloma (MM), but
no tests have proven useful in identifying patients with increased risk. Bone marker assays
and bone densitometry are non-invasive methods that can be used repeatedly at low cost.
This study was performed to evaluate these methods in predicting bone events in MM
patients.

Design and Methods. Thirty newly diagnosed MM patients were enrolled. Serum C-ter-
minal telopeptide (ICTP) and urinary N-terminal telopeptide (NTx) of collagen I were meas-
ured for assessment of bone resorption, and serum C-terminal (PICP) and N-terminal (PINP)
propeptides of procollagen I, bone-specific alkaline phosphatase, and osteocalcin were
measured to estimate bone formation. Dual energy X-ray absorptiometry (DEXA) was used
to assess bone mineral density (BMD) of the lumbar spine, hip, and whole body. Serum and
urine samples were collected every 6 weeks, DEXA-scans performed every 3 months, and
skeletal radiographs were done every 6 months as well as when indicated.

Results. Serum ICTP and urinary NTx were predictive of progressive bone events. Mark-
ers of bone formation, bone mineral density assessments, and M component measurements
were less informative. In Cox analysis, ICTP showed the highest predictive value, but should
be replaced with NTx in patients with nephropathy. Pretreatment low lumbar BMD was
predictive of early vertebral fractures.

Interpretations and Conclusions. Sequential DEXA-scans showed heterogeneous local
BMD changes, and our data do not support routine use of sequential DEXA-scans. How-
ever, lumbar DEXA-scans at diagnosis can identify patients with increased risk of early ver-
tebral collapses. Sequential analyses of serum ICTP and urinary NTx are useful for moni-
toring bone damage.
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er, has shown whether these markers provide relevant
information for daily clinical practice concerning the
development of bone disease over time in patients with
MM.

Bone mineral density (BMD) can be assessed by dual
energy X-ray absorptiometry (DEXA). Our preliminary
experience with DEXA has shown that BMD of the lum-
bar spine is often diminished in MM patients at diag-
nosis, whereas BMD of the hip is rarely affected.19 Fur-
thermore, a low BMD in the lumbar spine correlated to
the severity of the radiological findings at diagnosis.19

Sequential BMD measurements in MM have only been
reported in a few studies,20-24 and these studies indicate
that DEXA can provide important information con-
cerning bone disease in MM.

We hypothesized that clinical and radiological bone
lesions are preceded by a period of increased bone
resorption and loss of bone mass. In the present study
we explored the clinical usefulness of biochemical
markers of bone metabolism and DEXA in predicting
bone events and disease progression in patients with
MM.

Design and Methods

Patients
Thirty consecutive patients with newly diagnosed

symptomatic MM were enrolled in this study from
1992 to 1997. There were 15 women (median 71 years,
range 44-83) and 15 men (median 70 years, range 51-
80). Most patients had advanced disease according to
the Durie & Salmon staging system (stage II: 8 patients;
stage III: 22 patients).25 Twenty-two patients had the
IgG isotype, four patients the IgA isotype, three patients
had light chain disease, and one patient non-secreto-
ry disease. Ten patients presented with hypercalcemia
(serum calcium corrected for serum albumin ≥ 2.60
mmol/L), and four patients had serum creatinine levels
above 120 mmol/L. 

Two patients had normal radiographic findings of the
skeleton. All other patients had lytic bone lesions,
pathological fractures, or both.

None of the patients had received treatment with
corticosteroids or bisphosphonates before entry into
the study. Other exclusion criteria were previous or
concomitant secondary malignant disease, liver dis-
ease, and rheumatic disease. All patients were treated
with cyclic melphalan-prednisone (MP) given every 6
weeks until maximal response was obtained (at least 8
cycles) or until treatment failure. In the case of pro-
gressive disease after initial response, treatment with
MP was re-instituted. Second-line chemotherapy
included intravenous anthracycline and vincristine
(VAD or NOP). None of the patients received high-dose

chemotherapy, and none was treated with prophylac-
tic bisphosphonates. Bisphosphonates, glucocorticoids
and hyperhydration were used for treatment of hyper-
calcemia. 

The study was approved by the local ethics commit-
tee, and performed in accordance with Helsinki Decla-
ration II.

Assays and biochemistry
Serum and urine samples were taken at diagnosis

after rehydration but before the start of treatment,
and thereafter every 6 weeks before each treatment
course. Samples were taken between 8 and 9 a.m. and
serum was stored at -80°C. Urine samples were taken
as a second-void spot urine after an overnight fast
and stored at -20°C.

The C-terminal telopeptide of collagen type I (ICTP)
in serum was analyzed by a radioimmunoassay (RIA)
from Orion Diagnostica (Oulunsalo, Finland). The assay
employs rabbit polyclonal antibodies detecting a cross-
linked fragment liberated by metalloproteinase activ-
ity from the C-terminal telopeptide region of type I
collagen.26-28 A normal range for ICTP of 1.0 to 4.9 µg/L
was established based on analysis of serum samples
from 135 healthy individuals (aged 40-75 years). Intra-
and interassay imprecisions, expressed as a coefficient
of variance (CV), were below 6% and 8%, respective-
ly. 

The N-terminal telopeptide of collagen type I (NTx)
in urine was measured by an ELISA inhibition assay29

from Ostex (Seattle, WA, USA). The assay employs a
mouse monoclonal antibody (MoAb) 1H11 that recog-
nizes an epitope embedded in the N-telopeptide
pyridinoline region of human type I collagen. Intra-
and interassay CVs were 5% and 12%, respectively.
NTx results were expressed as nmol bone collagen
equivalent per mmol creatinine. The normal reference
range was 10 to 130 nmol/mmol.

The N-terminal propeptide of procollagen type I
(PINP) in serum was measured by a RIA from Farmos
Diagnostica (Oulunsalo, Finland). The assay employs
polyclonal rabbit antibodies detecting the intact
amino-terminal propeptide of procollagen type I.30 The
intra- and interassay CVs were 4% and 5%, respec-
tively. The normal reference range was 20 to 98 µg/L.

The C-terminal propeptide of procollagen type I
(PICP) in serum was measured by a RIA from Farmos
Diagnostica (Oulunsalo, Finland). The assay detects the
carboxy-terminal propeptide of procollagen type I, a
trimeric globular protein with a molecular weight of
100,000 Da.31 The intra- and interassay CVs were 3%
and 5%, respectively. The normal reference range was
50 to 210 µg/L.

Osteocalcin in serum was measured by a RIA modi-
fied from Price & Nishimoto32 using rabbit antisera
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against bovine osteocalcin. Intact purified bovine
osteocalcin was bought from the Procter & Gamble
Company (Cincinnati, OH, USA). Intra- and interassay
CVs were 5% and 10%, respectively. The normal ref-
erence range was 4.2 to 80.6 µg/L.

Total alkaline phosphatase activity (ALP) in serum
was measured spectrophotometrically using p-nitro-
phenylphosphate as a substrate. Bone isoenzyme alka-
line phosphatase activity (boneALP) was determined by
lectin-precipitation.33 Intra- and interassay CVs for ALP
were 3% and 5%, and for boneALP 5% and 7%,
respectively. The normal reference range for boneALP
was 4 to 113 U/L.

Serum and urinary M component, serum calcium,
albumin, creatinine, liver transaminases, β2-microglob-
ulin (β2m), blood hemoglobin, leukocyte and platelet
counts were measured using routine methods.

Bone densitometry
Bone mineral density (BMD, g/cm2) of the whole

body, lumbar spine (L1-L4, antero-posterior view), and
hip was measured by dual energy X-ray absorptiome-
try (DEXA) using a Hologic QDR-1000 scanner. The
right hip was routinely examined except in three
patients with either an osteosynthesis or hip prosthe-
sis, in whom the left hip was examined. Collapsed lum-
bar vertebrae identified by the radiographs were
excluded from analysis. A mean BMD value of the non-
collapsed vertebrae (L1-L4) was calculated in these
patients.

Sequential DEXA scans of whole body, lumbar spine,
and hip were performed every 3 months for 24-30
months of follow-up or until death. BMD changes over
time were expressed in percentages of baseline BMD. 

In our laboratory the in vivo precision of the whole
body measurements is 1%. The precision of antero-
posterior BMD measurements of individual lumbar ver-
tebrae is 0.6%, whereas the precision for the femoral
neck is 1.0%.

Data from 289 healthy Danish volunteers (181
females and 108 males) aged 21-79 years were used
for calculation of Z scores, which for each patient rep-
resent the number of standard deviations above or
below the statistical mean for age- and sex-matched
individuals.

Bone radiology and follow-up assessment
The severity of the bone disease at diagnosis was

assessed by radiographs of the whole skeleton and
scored semi-quantitatively.19 The skeleton was divided
into seven separate regions: cranium, cervical spine,
thoracic spine, lumbar spine, pelvis, long bones, and
other bones. Other bones comprised the ribs, sternum,
clavicles, scapulae, and mandible. Each region was
scored for lytic lesions according to the following stag-

ing system: no lesion was assigned score 0; one small
(<10mm) lesion score 1; one large (>10mm) lesion
score 2; multiple small lesions score 3; and multiple
mixed small/large or large lesions score 4. The scores
were added to give an overall osteolysis score. Simi-
larly, a fracture score was calculated by adding scores
for vertebral collapses and non-vertebral pathological
fractures. Vertebral fractures were scored according
to the degree of deformity (crushed, wedged or bicon-
cave): less than 20% collapse was considered not
pathological and assigned score 0; 20-40% collapse
was given score 1; 40-60% collapse score 2; >60%
collapse score 3. A non-vertebral fracture was assigned
score 1.

The whole skeleton was re-examined every 6 months
and when indicated by symptoms. A bone event was
defined as follows: 1) development of new osteolytic
lesions or more than 25% growth of existing lesions;
2) vertebral or non-vertebral pathological fractures.
Progression of osteolyses normally defines progression
of MM.34 However, when observed alone without oth-
er signs of disease progression, new vertebral collaps-
es or progression of vertebral collapses of the thoracic
or lumbar spine are not diagnostic of disease progres-
sion in a patient with MM.34 Therefore, we registered
separately vertebral collapses of the thoracic or lum-
bar spine as a vertebral fracture, and other fractures
or osteolytic lesions as an osteolytic event.

Bone disease was considered in regression when par-
tial or complete recalcification of osteolytic lesions
was observed.

Evaluation of the radiographs was performed blind-
ly by one of the authors (JEK).

Efficacy of treatment and response criteria
The EBMT criteria for evaluating disease response

and progression were applied.34 Complete remission
was not observed in any of the patients.

Statistical analysis
Data are presented as mean ± SEM or median

(range) depending on whether their distribution was
normal or non-normal. One-way and repeated meas-
ures analysis of variance (ANOVA), with the Kruskal-
Wallis or the Mann-Whitney U-test as non-paramet-
ric alternatives, were used for analysis of differences
between groups. The prognostic significance of labo-
ratory data and clinical variables in predicting bone
events was tested by the Cox proportional hazard
model including time-dependent variables. Laborato-
ry values were entered as continuous variables (cont)
and when appropriate also as categorical variables
(cat) with the upper (or lower) reference limit as the
cut-point. The predictive value of the biochemical
markers was tested in four settings: (i) pre-treatment
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(base-line) level (cont/cat), (ii) the presence of an ele-
vated level at a random time-point (cat), (iii) the pres-
ence of elevated levels in two consecutive measure-
ments (cat), and (iv) as time-dependent variables
(cont). The predictive value of BMD data were tested
as (i) baseline Z scores, and (ii) time-dependent vari-
ables as per cent changes. 

The most significant manifestation of each variable
was included in the model. Significant prognostic fac-
tors were entered by forward selection. A p value less
than 0.05 was considered statistically significant.

Because some variables (ICTP and osteocalcin) are
dependent on renal function, we performed Cox analy-
sis in two steps. First, we analyzed data for all patients
including creatinine clearance values as an independ-
ent factor. Secondly, we analyzed data for patients
with an estimated creatinine clearance greater than 50
mL/min, which involved excluding 4 patients from the
analysis. Statistical analysis was performed using the
SPSS 10.0/PC computer program (SPSS Inc. Chicago, IL,
USA).

Results

Disease response to chemotherapy
Twenty-eight patients could be evaluated for

response to treatment and their follow-up measure-
ments analyzed. One patient was lost to follow-up and
another patient died unexpectedly at home soon after
the first admission. Thirteen patients fulfilled the cri-
teria for partial response or minor response. Six

patients had no change, and nine patients had pri-
mary progressive disease. Eleven patients with respon-
sive disease and four patients with no change later
had progressive disease.

The patients were followed for up to 30 months with
a median observation time of 24 months. Bone events
were registered in 24 patients. Osteolytic events,
defining progression of multiple myeloma, were
observed in 18 patients, and vertebral fractures were
observed in 15 patients. Nine patients had both pro-
gression of osteolytic lesions and vertebral collapses. 

Two patients with partial responses and one patient
with a minor response had some radiologically
assessed degree of healing of the lytic lesions.

Markers of bone resorption
Four patients had impaired renal function with esti-

mated creatinine clearances < 50 mL/min. These
patients had continuously elevated ICTP levels. The
data on ICTP in these patients are not shown in Fig-
ures 1-3.

Serum ICTP and urinary NTx remained normal in
patients with partial response, minor response or no
change, and no later disease progression (Figure 1,
group A). 

Patients with primary progressive disease had ele-
vated ICTP and/or NTx before development of oste-
olytic events in all but one case (Figure 1, group B). This
patient had primary progressive disease with slow but
steady progression of osteolytic lesions, increasing M
component, and anemia, but had normal ICTP and NTx
levels (case a in Figure 1). Another patient had disease

Figure 1. Serum ICTP and urinary
NTx over time in multiple myeloma
patients as a function of treatment
response. Left: four patients with
responsive disease or no change,
and with no indications of disease
progression within a follow-up peri-
od of 24 to 30 months (group A);
right: nine patients with primary
progressive disease. Time points of
registered progression of osteoly-
sis are marked by X. Data are not
shown for ICTP in three patients
with impaired renal function. The
dotted lines indicate the upper ref-
erence limits for ICTP and NTx. One
patient (case a) had osteolytic
events but normal ICTP and NTx
levels, whereas another patient
(case b) with progressive disease
and normal ICTP levels did not have
osteolytic events before his death.
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progression with increasing M component and anemia,
but no osteolytic events, until his death after 13
months. This patient had normal ICTP and only minor
elevation of NTx (case b). 

Most patients with initial response to treatment or no
change, later had disease progression (Figure 2). Four
patients had progression defined by simultaneous

increasing levels of the M component and osteolytic
events, and these patients had elevated and/or increas-
ing levels of ICTP that almost paralleled the changes in
the M component levels (Figure 2, group C). Five
patients had progression defined by increasing M-com-
ponent levels but did not develop osteolytic events, and
these patients had normal levels of ICTP and NTx (Fig-

Figure 2. Serum M component,
serum ICTP, and urinary NTx
levels over time in multiple
myeloma patients with pro-
gressive disease after initial
response to treatment or no
change. Left: four patients with
progression defined by simulta-
neous increasing M component
levels and osteolytic events
(group C); middle: Five patients
with progression defined by
increasing M component levels
but without osteolytic events
(group D); right: five patients
with progression defined by
osteolytic events but without
increments of M component
levels until later in the disease
course (group E). Time points
of observed osteolytic events
are marked by X. The dotted
lines indicate the upper refer-
ence limits for ICTP and NTx.

Figure 3. The levels of mark-
ers of bone resorption (ICTP
and NTx), and of bone forma-
tion (osteocalcin, PINP, PICP,
and boneALP), in 28 multiple
myeloma patients over time.
The continuous line (----)
shows levels in 10 patients
with no osteolytic events
within an observation period
of 24 months, and the inter-
rupted line (- - -) 18 patients
with osteolytic events. Values
are shown as mean ± SEM.
The dotted lines indicate the
upper normal reference levels
for the parameters.

Group C Group D Group E

0 6 12 18 24 30

0 6 12 18 24 30

S
er

u
m

 M
 c

o
m

p
o

n
en

t
S

er
u

m
 IC

T
P

U
ri

n
ar

y 
N

tx

0 6 12 18 24 30
Months

S
er

u
m

 IC
T

P

S
er

u
m

 P
IN

P

S
er

u
m

 P
IC

P

Months

S
er

u
m

 b
o

n
eA

L
P

S
er

u
m

 O
st

eo
ca

lc
in

U
ri

n
ar

y 
N

T
x

0 6 12 18 24 30 0 6 12 18 24

0 6 12 18 24 30

0 6 12 18 24 30

0 6 12 18 24

0 6 12 18 24

80

60

40

20

0

14
12
10
8
6
4
2
0

600

500

400

300

200

100

0

600

500

400

300

200

100

0

600

500

400

300

200

100

0

14
12
10
8
6
4
2
0

14
12
10
8
6
4
2
0

80

60

40

20

0

80

60

40

20

0

0 3 6 9 12 15

0 3 6 9 12 15

0 3 6 9 12 15

0 3 6 9 12 15

0 3 6 9 12 15

0 3 6 9 12 15

12

8

4

0

90

60

30

0

250

200

150

100

50

0

125

100

75

50

25

0

120

80

40

0

300

200

100

0



haematologica 2004; 89(5):May 2004572

N. Abildgaard et al.

ure 2, group D). Five patients had disease progression
defined by osteolytic events whereas the M component
levels were stable until several months later (Figure 2,
group E). These patients had elevated levels of ICTP, but
not consistently elevated levels of NTx.

Patients with osteolytic events had higher levels of
ICTP and NTx than did patients without osteolytic
events (Figure 3). Patients with no osteolytic events
responded to 6 months of MP treatment with a sig-
nificant 33 % decrease in serum ICTP (p<0.05) and a
46 % decrease in urinary NTx (p<0.05).

Markers of bone formation
The serum levels of PINP, PICP, ostecalcin, and

boneALP are shown in Figure 3. PINP showed more
differentiated serum levels and changes over time than
did PICP, osteocalcin, and boneALP. Few patients had
elevated levels of PINP, and elevated levels of PICP,
osteocalcin, and boneALP were seldom observed.
Patients with osteolytic events had higher levels of
osteocalcin, PINP, and boneALP at 3 months and there-
after than did patients with no events (p<0.05).

Bone densitometry
The changes in bone mineral density (BMD) as a

function of response patterns are shown in Figure 4.
Patients with primary progressive disease had sig-

nificantly decreasing lumbar spine BMD (p<0.01), hip
BMD (p<0.01), and whole body BMD (p<0.01) as com-
pared with patients with treatment response or no
change. Patients with treatment response or no
change did not have BMD changes over time in the
lumbar spine, but patients who responded to treat-
ment had significantly declining hip and whole body
BMD as compared with patients with no change
(p<0.05). Declining BMD in patients fulfilling criteria

for partial or minor response were also seen for dif-
ferent specified areas within the scanned hip region
(femoral neck, trochanter, inter-trochanter, and Ward´s
triangle). However, as illustrated by the high SEM val-
ues in Figure 4, there were profound individual differ-
ences within the different response groups. Further-
more, several patients had a mixed BMD response to
treatment, most often seen as increasing lumbar spine
BMD during the same months as hip BMD was declin-
ing. In three patients the opposite pattern was noticed.

Three patients had X-ray evidence of partial healing
of osteolytic lesions after 6 and 12 months. Lumbar
spine BMD increased markedly within a few months in
these patients, as illustrated in Figure 5. As shown, hip
BMD changes did not reflect the positive bone bal-
ance in these 3 patients.

Figure 4. Changes in lumbar spine, hip, and whole body bone mineral density (BMD) changes over time in 28 multi-
ple myeloma patients shown according to their patterns of response to pulse melphalan-prednisone treatment: 13
patients had minor or partial response (---), 6 patients had no change (- - -), and 9 patients had primary progressive
disease (---- ---- ----). Patients with progressive disease had declining BMD as compared with the other groups (p<0.01).
Patients with responsive disease had declining hip and whole body BMD as compared with patients with no change
(p<0.05).

Figure 5. Left: lumbar spine BMD changes during the first
year of treatment with pulse melphalan-prednisone in
three multiple myeloma patients who responded to treat-
ment as shown by regression of lytic lesions at radi-
ographic examination after 6 and 12 months. DEXA-
scans were performed every 3 months. Right: hip BMD
changes in the same three patients.
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Whole body BMD decreased significantly over time
in patients who experienced osteolytic events in com-
parison with patients without osteolytic events. The
change in whole body BMD at 12 months was –2.5±
0.6% in patients that developed osteolytic events vs.
0.16±0.7% in patients with no osteolytic events
(p<0.01). 

Prediction of bone events
In univariate analysis, a number of factors were sig-

nificantly predictive for the development of bone
events (osteolytic events and vertebral fractures) (Table
1). Baseline Durie and Salmon stage III disease, high
serum β2 microglobulin, and severe skeletal disease
were correlated with a higher risk of new bone events.
Furthermore, elevated ICTP, NTx, and osteocalcin lev-
els as time-dependent variables were predictive for
development of new bone events. No significant pre-
dictive information was obtained from the measure-
ments of serum M component, PINP, PICP, boneALP, or
from the lumbar, hip, and whole body BMD changes
over time.

In patients with normal renal function, ICTP showed
the strongest significance and was the only factor to
enter the multivariate Cox model. Inclusion of any oth-
er factor did not improve the model. An increment of
serum ICTP by one unit (5 to 6 µg/L) observed in a
patient over time, results in an approximately 18%
increase in the relative risk of future bone events. The
model is illustrated in Figure 6.

When patients with creatinine clearance < 50
mL/min were included, the predictive value of serum
ICTP was diminished, and urinary NTx levels in combi-
nation with Durie & Salmon disease stage formed the
most descriptive model (Table 1).

In the search for possible different predictive factors
for vertebral fractures and progressive osteolysis, we
subsequently analyzed predictive factors for these
types of events.

Prediction of vertebral fractures
Factors predicting collapse of thoracic or lumbar ver-

tebrae within the first 12 months were related to pre-

Figure 6. Cox model presentation of the predictive value
of serum ICTP in multiple myeloma patients with creati-
nine clearances above 50 mL/min. The curves estimate
the cumulative probability of a bone event in patients
with different serum levels of ICTP (p=0.001).

Table 1. Parameters with significant predictive value for
bone events in 28 newly diagnosed multiple myeloma
patients treated with standard chemotherapy.

β hazard ratio p

Univariate analysis*
Baseline data
D & S stage III, categorical 5.83 0.005
Serum β2-microglobulin, mg/L 1.08 0.011
Osteolysis score 1.14 0.007

Time dependent variables
Serum ICTP, ug/L 1.16 0.02
Urinary Ntx, nmol/mmol creat 1.005 0.03

Serum ICTP, ug/L# 1.18 0.001
Serum osteocalcin, µg/L# 1.026 0.033

Multivariate analysis°
Urinary Ntx, nmol/mmol creat 0.004 1.004 0.036
D & S stage III, categorical 0.955 3.2 0.014

Multivariate analysis#

Serum ICTP, µg/L 0.167 1.181 0.001

*Log-rank test; °Cox proportional hazard model; #analysis excluding four patients
with creatinine clearance less than 50 mL/min are excluded; D& S,
Durie& Salmon. The hazard ratio for a variable is the relative risk corresponding
to the increment by 1 unit for the variable. The unit for stage is the step from
D& S stage II to stage III of the disease.

Table 2. Parameters with significant predictive value for
vertebral fractures within the first year from diagnosis in
28 multiple myeloma patients treated with standard
chemotherapy.

β hazard ratio p

Univariate analysis*
Baseline data
Serum ICTP, µg/L 1.22 0.009
Urinary Ntx, nmol/mmol creat 1.008 0.018
Serum β2-microglobulin, mg/L 1.14 0.001
Vertebral fracture score 1.37 0.003 
Lumbar spine BMD, Z-score 0.63 0.016

Multivariate analysis**
Vertebral fracture score 0.367 1.33 0.001
Serum β2-microglobulin, mg/L 0.16 1.172 0.001

*Log-rank test; °Cox proportional hazard model.
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therapy characteristics (Table 2). Elevated baseline ICTP
and NTx had prognostic value, but as time-dependent
variables these markers did not give significant infor-
mation. Pre-therapy lumbar spine rarefaction, exten-
sive bone disease, and high β2microglobulin were also
predictive of early fractures. Patients who experienced
early vertebral fractures had lumbar osteopenia at
diagnosis, in contrast to patients who did not have
early fractures (lumbar spine BMD Z-scores (mean ±
SEM): –1.39 ± 0.34 vs. 0.15 ± 0.33; p < 0.01). Verte-
bral fracture score and β2microglobulin entered the
multivariate analysis, and these two parameters pro-
vided the best model for predicting early vertebral col-
lapse (Table 2).

Eight of 20 observed patients had at least one ver-
tebral fracture episode after one year of treatment.
These late vertebral collapses were significantly pre-
dicted by the factors in Table 3. Time-dependent ele-
vated levels of ICTP and NTx, and loss of whole body
BMD were predictive of late fractures.

Prediction of osteolytic events
Table 4 summarizes the factors predictive for pro-

gression of lytic bone lesions. The biochemical mark-
ers of bone resorption were superior to other factors
for predicting progressive osteolysis.

Discussion

Serum ICTP and urinary NTx significantly predicted
progressive bone disease, and thus also disease pro-
gression according to EBMT criteria.34 From a clinical
point of view, it is important to know whether these
parameters provide information for daily practice by
using upper normal reference values as cut-offs for
identifying a patient with an increased risk of devel-
oping progressive bone disease. This information could
allow re-institution or alteration of chemotherapy, and
institution or intensification of bisphosphonate treat-
ment. Thus, another important observation of this
study was that the M component in itself did not pro-
vide information concerning bone degradative activi-
ty in all patients. In spite of a declining or stable M
component, the myeloma clone can be metabolically
and/or proliferatively active within the bone marrow
compartment. 

In our cohort of patients, ICTP and NTx were supe-
rior to the M component in predicting osteolytic
events. Progression of bone osteolysis was preceded by
elevated ICTP in almost all patients, whereas NTx lev-
els were not consistently elevated. All patients with
elevated ICTP and increased NTx over time showed
progression of bone lesions within the following
months. These observations indicate that ICTP and NTx
are useful parameters for monitoring ongoing bone
damage. However, it should be emphasized that our
cohort of patients is rather small, and therefore, our
findings need confirmation by a larger study. Moreover,
all our patients were treated with MP as first line ther-
apy, and our data and conclusions may not be appli-
cable to patients treated with VAD or high-dose
chemotherapy.

Unlike the markers of bone resorption, the markers
of bone formation were within the normal range in
almost all patients. This finding is in accordance with
earlier studies and supports the general assumption
that osteoblastic function is inhibited in MM.1 How-
ever, our observation that levels of markers of bone
formation were higher in patients with progressive
osteolysis than in patients with no progression is
somewhat in contrast to what might be expected, as
is our finding that time-dependent increasing levels of
osteocalcin and PINP significantly predicted osteolyt-
ic events. Theoretically, at least two factors might
explain our observations. Firstly, trabecular microfrac-

Table 3. Parameters with significant predictive value for
vertebral fractures occurring later than 1 year after diag-
nosis in 28 multiple myeloma patients treated with stan-
dard chemotherapy.

Log-rank test p

Baseline data
Vertebral fracture score 0.003

Time-dependent variables:
Whole body BMD, % changes 0.04
Urinary Ntx, nmol/mmol creat 0.014
Serum ICTP, µg/L* 0.025
Serum osteocalcin, µg/L* 0.029

*four patients with creatinine clearances less than 50 ml/min were excluded.

Table  4. Parameters with significant predictive value for
progressive osteolysis in 28 newly diagnosed multiple
myeloma patients treated with standard chemotherapy.

Log rank test p

Baseline data
D&S stage III, categorical 0.022
Osteolysis score  0.011

Time-dependent variables:
Serum ICTP, µg/L* 0.001
Urinary Ntx, nmol/mmol creat 0.02
Serum osteocalcin, µg/L* 0.007
Serum PINP, µg/L 0.01
BMD whole body, % changes 0.021

*four patients with creatinine clearance less than 50 ml/min were excluded;
D&S, Durie& Salmon.



tures in different areas of the skeleton may be a con-
sequence of increased bone degradative activity and
precede development of lytic lesions, and these
microfractures might induce healing by formation of
new bone matrix by osteoblasts. Secondly, it is possi-
ble that pathological bone remodeling may occur at
different steps at the same time in varying parts of
the skeleton. Locally, high concentrations of myeloma
cells in micro- or macro-myelomas may produce a
strong osteoclast-stimulating response and concomi-
tant osteoblast inhibition in the vicinity,35,36 hereby pro-
ducing local osteolysis, whereas the bone remodeling
process in other less myeloma infiltrated areas of the
bone marrow may be balanced at the same time.

Indeed, our densitometry data suggest that the bone
involvement can evolve heterogeneously in different
parts of the skeleton. Thus, we observed a variable
BMD response to treatment in many patients. For
instance, in a single patient, the lumbar spine BMD
increased by nearly 10% over 12 months, whereas the
hip BMD declined by 10% over the same period. The
opposite pattern was observed in other patients,
although the most common observation was increas-
ing lumbar BMD, while hip BMD declined (Figure 4).
Due to evolution of the myeloma clone,37 two or more
sub-clones may proliferate simultaneously in a given
patient, one being chemosensitive and the other being
less responsive or resistant to treatment. This could
explain a differential BMD response to treatment in
different parts of the skeleton.

Vertebral collapses are common in MM. Many
patients have early vertebral collapses within the first
weeks or months after starting treatment. In our
cohort patients with multiple vertebral collapses and
a high serum β2microglobulin were particularly at risk.
Furthermore, lumbar spine rarefaction at diagnosis
was correlated with an increased risk of early fracture.
A DEXA scan at diagnosis may be of value for assess-
ing fracture risk, particularly in patients with no or
few vertebral fractures.

Unlike early vertebral collapses, vertebral fractures
occurring later in the course could be predicted by
time-dependent parameters. Elevated NTx, ICTP, and
declining whole body BMD over time are bad prog-
nostic factors that theoretically can be affected by
intensified chemotherapy  and treatment with bis-
phosphonates. Surprisingly, we did not observe any
predictive value of lumbar spine BMD changes. A pos-
sible explanation for this is the rather limited number
of patients examined.

The sequential DEXA scans gave information on the
dynamics of the bone disease in MM. Changes in local
BMD were individual and did not always correspond to
traditional criteria of response to treatment

An unexpected finding was that patients with no

change in disease had better preserved whole body
and hip BMD after one year than did patients with
responsive disease. Patients with no change in disease,
termed primary stable disease by some, may have low-
er metabolic and bone remodeling activity along with
lower proliferative activity. It is a common observation
that these patients often have a rather indolent course
and often a good prognosis. However, it is somewhat
unexpected that hip and whole body BMD of respon-
ders decrease more than in patients with no change
disease. Nevertheless, the same observation was made
in an earlier study by Mariette et al.21 In line with our
findings, these authors observed that patients with
responsive disease had a 4.1% increase in lumbar spine
BMD after 12 months but a concomitant 3% decrease
in whole body BMD (-1.8% in our study). The authors
suggest a redistribution of whole body calcium in
responsive patients. Calcium might be actively
resorbed from the appendicular skeleton and used for
recalcification of the remodeling space of the axial
skeleton from where myeloma cells disappear during
treatment. The simultaneous decline in hip BMD
observed by us, which the same authors also reported
in another study,20 could be explained by differences in
the remodeling process in cancellous and cortical
bone. However, we observed that patients with no
change disease had increasing lumbar spine BMD
without having declining whole body BMD. So, anoth-
er factor within the biology of MM may be of impor-
tance.

Overall, lumbar spine BMD in patients with non-pro-
gressive disease increased by 2.6% after 1 year of
treatment. This observation is in accordance with some
earlier studies,20-22 whereas another study showed a
significant mean decline of 6.6%.23 However, in this
latter study by Diamond et al.23 the patients examined
had all been treated with pulse melphalan and pred-
nisolone for 1 to 12 years prior to the study, so the
authors did not have the opportunity to observe an
early response to the start of treatment. By including
newly diagnosed MM patients, Mariette et al.21 found
that patients with responsive disease had a 4.1%
increase in their lumbar spine BMD after 12 months.

Diamond et al.23 proposed that steroids may induce
declining BMD over time. They found that the cumu-
lative dosage of administered prednisolone was a sig-
nificant predictor for the loss of lumbar spine BMD, as
observed in their study. In the long term, the use of
prednisolone might very well influence the bone
remodeling process and contribute to bone loss but, as
stated above, we did not observe lumbar spine bone
loss during cyclic prednisolone treatment during the
first 2 years of follow-up.

In conclusion, our data suggest that assays for serum
ICTP and urinary NTx may be useful in clinical practice
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for monitoring ongoing bone damage in myeloma
patients, and thus be useful in predicting  disease pro-
gression. Elevated levels of ICTP and NTx indicate
insufficient disease control and increased risk of pro-
gressive bone events. Owing to a higher sensitivity, the
ICTP assay seems preferable. However, the ICTP assay
has a limited value in patients with impaired renal
function, and in these patients the urinary NTx assay
should be preferred. Patients with smoldering myelo-
ma and MM patients with normal radiographs form
subgroups in which the assays might be particularly
useful. Elevated levels of the markers of bone resorp-
tion may suggest the opportuneness of initiating anti-
myeloma therapy in patients with smoldering myelo-
ma and bisphosphonate treatment in patients without
lytic bone disease. Our study did not include patients

treated with prophylactic bisphosphonates, and the
study cannot answer whether the assays could be used
for individualized dose titration of bisphosphonates in
MM patients. Further studies on the use of these mark-
ers in multiple myeloma are warranted.

NA, KB, JLN, LH designed the trial and analyzed the results. NA
drafted the paper. NA, KB, EFE, LH performed all the biochemical
analyses. KB, EFE performed DEXA scans. JEK analyzed the radi-
ographs.  NA, KB, JEK, EFE, JLN, LH revised the paper and gave final
approval of the version to be submitted. Nurse Hanne Lysgaard is
very much appreciated for her skilful assistance. Kirsten Hald and
Vibeke E. Jensen are kindly thanked for excellent technical assistance.

The study was supported by grants from the Institute of Experi-
mental Research, Aarhus University, from the Frits, Georg, and Marie
Cecilie Gluds Foundation, and from Fonden til Lægevidenskabens
Fremme.

The authors reported no potential conflicts of interest.
Manuscript received December 17, 2004. Accepted March 3, 2004.

References

1. Bataille R, Chappard D, Marcelli C,
Dessauw P, Sany J, Baldet P, et al. Mech-
anisms of bone destruction in multiple
myeloma: the importance of an unbal-
anced process in determining the severi-
ty of lytic bone disease. J Clin Oncol 1989;
7:1909-14.

2. Bataille R, Chappard D, Marcelli C, Rossi
JF, Dessauw P, Baldet P, et al. Osteoblast
stimulation in multiple myeloma lacking
lytic bone lesions. Br J Haematol 1990;
76:484-7.

3. Pearse RN, Sordillo EM, Yaccoby S, Wong
BR, Liau DF, Colman N, et al. Multiple
myeloma disrupts the TRANCE/ osteopro-
tegerin cytokine axis to trigger bone
destruction and promote tumor progres-
sion. Proc Natl Acad Sci USA 2001; 98:
11581-6.

4. Yaccoby S, Pearse RN, Johnson CL, Bar-
logie B, Choi Y, Epstein J. Myeloma inter-
acts with the bone marrow microenvi-
ronment to induce osteoclastogenesis
and is dependent on osteoclast activity. Br
J Haematol 2002;116:278-90.

5. Abildgaard N, Glerup H, Rungby J, Ben-
dix-Hansen K, Kassem M, Brixen K, et al.
Biochemical markers of bone metabolism
reflect osteoclastic and osteoblastic
activity in multiple myeloma. Eur J
Haematol 2000;64:121-9.

6. Corso A, Arcaini L, Mangiacavalli S, Astori
C, Orlandi E, Lorenzi A, et al. Biochemical
markers of bone disease in asymptomatic
early stage multiple myeloma. A study on
their role in identifying high risk patients.
Haematologica 2001;86:394-8.

7. Abildgaard N, Bentzen SM, Nielsen JL,
Heickendorff L. Serum markers of bone
metabolism in multiple myeloma: prog-
nostic value of the carboxy-terminal
telopeptide of type I collagen (ICTP).
Nordic Myeloma Study Group (NMSG). Br
J Haematol 1997; 96:103-10.

8. Carlson K, Larsson A, Simonsson B, Tures-
son I, Westin J, Ljunghall S. Evaluation of
bone disease in multiple myeloma: a
comparison between the resorption
markers urinary deoxypyridinoline/crea-

tinine (DPD) and serum ICTP, and an eval-
uation of the DPD/osteocalcin and
ICTP/osteocalcin ratios. Eur J Haematol
1999;62:300-6.

9. Fonseca R, Trendle MC, Leong T, Kyle RA,
Oken MM, Kay NE, et al. Prognostic val-
ue of serum markers of bone metabolism
in untreated multiple myeloma patients.
Br J Haematol 2000;109:24-9.

10. Elomaa I, Virkkunen P, Risteli L, Risteli J.
Serum concentration of the cross-linked
carboxyterminal telopeptide of type I col-
lagen (ICTP) is a useful prognostic indica-
tor in multiple myeloma. Br J Cancer
1992;66:337-41.

11. Withold W, Arning M, Schwarz M, Wolf
HH, Schneider W. Monitoring of multiple
myeloma patients by simultaneously
measuring marker substances of bone
resorption and formation. Clin Chim Acta
1998;269:21-30.

12. Peest D, Deicher H, Fett W, Harms P,
Braun HJ, Planker M, et al. Pyridinium
cross-links in multiple myeloma: correla-
tion with clinical parameters and use for
monitoring of intravenous clodronate
therapy: a pilot study of the German
Myeloma Treatment Group (GMTG). Eur J
Cancer 1996;32A:2053-7.

13. Pecherstorfer M, Seibel MJ, Woitge HW,
Horn E, Schuster J, Neuda J, et al. Bone
resorption in multiple myeloma and in
monoclonal gammopathy of undeter-
mined significance: quantification by uri-
nary pyridinium cross-links of collagen.
Blood 1997;90:3743-50.

14. Carlson K, Simonsson B, Ljunghall S.
Acute effects of high-dose chemothera-
py followed by bone marrow transplan-
tation on serum markers of bone metab-
olism. Calcif Tissue Int 1994;55:408-11.

15. Elomaa I, Risteli L, Laakso M, Lahtinen R,
Virkkunen P, Risteli J. Monitoring the
action of clodronate with type I collagen
metabolites in multiple myeloma. Eur J
Cancer 1996;32:1166-70.

16. Terpos E, Palermos J, Tsionos K, Anargyrou
K, Viniou N, Papassavas P, et al. Effect of
pamidronate administration on markers
of bone turnover and disease activity in
multiple myeloma. Eur J Haematol 2000;
65:331-6.

17. Clark RE, Flory AJ, Ion EM, Woodcock BE,
Durham BH, Fraser WD. Biochemical
markers of bone turnover following high-
dose chemotherapy and autografting in
multiple myeloma. Blood 2000;96:2697-
702.

18. Abildgaard N, Brixen K, Kristensen JE,
Eriksen EF, Nielsen JL, Heickendorff L.
Comparison of five biochemical markers
of bone resorption in multiple myeloma:
elevated pre-treatment levels of S-ICTP
and U-Ntx are predictive for early pro-
gression of the bone disease during stan-
dard chemotherapy. Br J Haematol 2003;
120:235-42.

19. Abildgaard N, Brixen K, Kristensen JE,
Vejlgaard T, Charles P, Nielsen JL. Assess-
ment of bone involvement in patients
with multiple myeloma using bone den-
sitometry. Eur J Haematol 1996;57:370-
6.

20. Mariette X, Khalifa P, Ravaud P, Frija J,
Laval-Jeantet M, Chastang C, et al. Bone
densitometry in patients with multiple
myeloma. Am J Med 1992;93:595-8.

21. Mariette X, Bergot C, Ravaud P, Roux C,
Laval-Jeantet M, Brouet JC, et al. Evolu-
tion of bone densitometry in patients
with myeloma treated with conventional
or intensive therapy. Cancer 1995; 76:
1559-63.

22. Roux C, Ravaud P, Cohen-Solal M, de
Vernejoul MC, Guillemant S, Cherruau B,
et al. Biologic, histologic and densito-
metric effects of oral risedronate on bone
in patients with multiple myeloma. Bone
1994;15:41-9.

23. Diamond T, Levy S, Day P, Barbagallo S,
Manoharan A, Kwan YK. Biochemical, his-
tomorphometric and densitometric
changes in patients with multiple myelo-
ma: effects of glucocorticoid therapy and
disease activity. Br J Haematol 1997; 97:
641-8.

24. Dhodapkar MV, Weinstein R, Tricot G,
Jagannath S, Parfitt AM, Manolagas SC,
et al. Biologic and therapeutic determi-
nants of bone mineral density in multiple
myeloma. Leuk Lymphoma 1998;32:121-
7.

25. Durie BG, Salmon SE. A clinical staging
system for multiple myeloma. Correlation



haematologica 2004; 89(5):May 2004

Bone markers and bone densitometry in multiple myeloma

577

of measured myeloma cell mass with
presenting clinical features, response to
treatment, and survival. Cancer 1975; 36:
842-54.

26. Risteli J, Elomaa I, Niemi S, Novamo A,
Risteli L. Radioimmunoassay for the
pyridinoline cross-linked carboxy-termi-
nal telopeptide of type I collagen: a new
serum marker of bone collagen degrada-
tion. Clin Chem 1993;39:635-40.

27. Sassi ML, Eriksen H, Risteli L, Niemi S ,
Mansell J, Gowen M, et al. Immuno-
chemical characterization of assay for
carboxyterminal telopeptide of human
type I collagen: loss of antigenicity by
treatment with cathepsin K. Bone 2000;
26:367-73.

28. Garnero P, Ferreras M, Karsdal MA, Ni-
camhlaoibh R, Risteli J, Borel O, et al. The
type I collagen fragments ICTP and CTX
reveal distinct enzymatic pathways of
bone collagen degradation. J Bone Min-
er Res 2003;18:859-67.

29. Hanson DA, Weis MA, Bollen AM, Maslan

SL, Singer FR, Eyre DR. A specific immu-
noassay for monitoring human bone
resorption: quantitation of type I colla-
gen cross-linked N-telopeptides in urine.
J Bone Miner Res 1992;7:1251-8.

30. Melkko J, Kauppila S, Niemi S, Risteli L,
Haukipuro K, Jukkola A, et al. Immunoas-
say for intact amino-terminal propeptide
of human type I procollagen. Clin Chem
1996;42:947-54.

31. Melkko J, Niemi S, Risteli L, Risteli J. Ra-
dioimmunoassay of the carboxyterminal
propeptide of human type I procollagen.
Clin Chem 1990;36:1328-32.

32. Price PA, Nishimoto SK. Radioimmunoas-
say for the vitamin K-dependent protein
of bone and its discovery in plasma. Proc
Natl Acad Sci USA 1980;77:2234-8.

33. Behr W, Barnert J. Quantification of bone
alkaline phosphatase in serum by precip-
itation with wheat-germ lectin: a sim-
plified method and its clinical plausibili-
ty. Clin Chem 1986;32:1960-6.

34. Blade J, Samson D, Reece D, Apperley J,

Bjorkstrand B, Gahrton G, et al. Criteria
for evaluating disease response and pro-
gression in patients with multiple myelo-
ma treated by high-dose therapy and
haemopoietic stem cell transplantation.
Myeloma Subcommittee of the EBMT.
European Group for Blood and Marrow
Transplant. Br J Haematol 1998; 102:
1115-23.

35. Bataille R, Chappard D, Basle M. Exces-
sive bone resorption in human plasma-
cytomas: direct induction by tumour cells
in vivo. Br J Haematol 1995;90:721-4.

36. Taube T, Beneton MN, McCloskey EV,
Rogers S, Greaves M, Kanis JA. Abnormal
bone remodelling in patients with myelo-
matosis and normal biochemical indices
of bone resorption. Eur J Haematol 1992;
49:192-8.

37. Hallek M, Bergsagel PL, Anderson KC.
Multiple myeloma: increasing evidence
for a multistep transformation process.
Blood 1998;91:3-21.

 




