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Background and Objectives. Skeletal involvement is typi-
cal of multiple myeloma (MM) and its occurrence increas-
es with the progression of the disease. We performed a
study to evaluate the clinical importance of osteocalcin
(bone gla-protein, BGP) and bone alkaline phosphatase
(b-AP) as indices of osteoblastic activity, and deoxypyri-
doline (DPD) as a marker of bone resorption.

Design and Methods. Fifty-two MM patients, 39 patients
with monoclonal gammopathy of undetermined signifi-
cance (MGUS), and 30 normal controls entered the study.
Of the 52 MM patients, 10 showed lytic lesions at stan-
dard X-rays and 42 did not; 21 were untreated and 31 had
been treated with chemotherapy (combined with bispho-
phonates in 15). Of these last, 12 had progressive dis-
ease and 19 were in plateau phase.

Results. DPD levels were higher in MM patients than in
patients with MGUS or healthy controls (p=0.0001 and
p=0.0008, respectively). No statistical differences were
seen between patients with MGUS and healthy controls.
BGP serum levels were significantly lower in MM patients
than in MGUS patients (p=0.001) or healthy controls
(p=0.001). b-AP was significantly higher in MGUS
patients than in MM patients (p=0.04). Biochemical
parameters were analyzed in a continuous fashion and
after dichotomization into low and high values with
respect to normal ones. Abnormal high values of DPD
showed statistically significant correlations with presence
of osteolysis (p=0.008), advanced stage (p=0.03) and
abnormal β2-microglobulin (β2M) values (p=0.03), while
DPD as a continuous variable correlated significantly only
with the presence of osteolysis (p=0.02). In contrast, nei-
ther BGP nor b-AP showed statistical correlations with the
presence of lytic lesions, or with other clinical or labora-
tory parameters. In 15 patients followed with serial con-
trols, modifications of DPD levels reflected bone disease
status well. Of the 42 patients without radiologic evidence
of skeletal lesions, 15 had abnormal DPD values. Spinal
magnetic resonance imaging (MRI) showed initial lytic
lesions in 10 of them.

Interpretation and Conclusions. Biochemical markers of
bone metabolism are useful in evaluating and monitoring
skeletal involvement in MM patients. They may help clin-
icians to identify: 1) from among patients without radio-

logic evidence of lytic lesions, those who deserve more
accurate radiologic examinations (namely MRI); 2) from
among asymptomatic patients, and in association with
spinal MRI, those patients at higher risk of progression
who might benefit from early treatment.
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Multiple myeloma is characterized by a clonal
proliferation of plasma cells, typically affecting
the structure of bone. In fact, nearly 75% of

patients at diagnosis have skeletal involvement with
bone pain, lytic lesions, or pathologic fractures, and
almost all patients run into skeletal events during the
history of their disease. An uncoupled process between
osteoclastic and osteoblastic activities has been hypoth-
esized as the pathogenetic mechanism of bone disease.
The osteoclastic activity at the beginning of the disease
is counterbalanced by osteoblastic reaction, but during
the course of the disease overwhelms it, resulting in
overt osseous breakdown.1 Bisphosphonates, alone or in
association with chemotherapy, have proved to be very
effective in ameliorating skeletal lesions and in reduc-
ing the incidence of skeletal events.2 However, it is
sometimes difficult to establish the best time to start
administering these drugs. Several studies, in fact, have
demonstrated that even in asymptomatic early stage
patients, without any clinical or radiologic evidence of
skeletal disease, bone metabolism may be altered.3 Fur-
thermore, there is a recent tendency for increasing num-
bers of patients to come to the attention of the physi-
cian in early stages and for these patients the indica-
tions for starting chemotherapy are equivocal. On the
other hand, the population of asymptomatic first stage
MM patients is not homogeneous, since the time to pro-
gression of disease ranges from a few months to some
years.4 Moulopoulos et al. have demonstrated that,
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among asymptomatic patients, those who showed
abnormal MRI patterns of the spine had a higher prob-
ability of progression than those without any radiologic
evidence of disease.5 Thus, more accurate staging of bone
disease is necessary in order to identify patients who
deserve early treatment.6 A complete standard skeletal
radiograph is the routine approach in spite of its poor
sensitivity. MRI can demonstrate minimal bone lesions in
50% of patients with no lytic lesions at X-rays, but its
use as a screening test is limited by its cost. Several stud-
ies have demonstrated that urinary and serum markers
of bone metabolism are good alternatives to radiologic
screening tests because of their specificity and reliabil-
ity in reflecting osteoblastic and osteoclastic activity.3,7-

15 Markers of bone resorption, peptide fragments or pyri-
dinium, can be assayed in the serum8-10,12-14,16 or in the
urine.10-13,14 Markers of bone formation are osteocalcin
and bone specific alkaline-phosphatase. All these mark-
ers have been widely reported as good, sensitive tests for
identifying skeletal involvement in multiple myeloma
and, in some cases, even as prognostic factors for sur-
vival.9,14 It is not known, however, how they should be
used in routine clinical practice, whether they should be
used as an alternative to or in combination with radio-
logic examinations, particularly for monitoring bone dis-
ease. To our knowledge, only one study12 uses these bio-
chemical markers in monitoring bone turnover in
patients with multiple myeloma.

The aims of this study were: 1) to evaluate the use-
fulness of serum and urine markers of bone metabolism
in identifying bone involvement in patients with multi-
ple myeloma, particularly in the early stages; 2) to inves-
tigate the correlations between these markers and oth-
er clinical and laboratory parameters; 3) to determine
their role in monitoring bone disease during the course
of myeloma.

Design and Methods

Patients
Fifty-two patients with multiple myeloma and 39 with

MGUS were examined. Patients were diagnosed accord-
ing to the criteria published for MGUS and myeloma.17

The MM patients, 37 males and 15 females, had a
median age of 58 years (range 31-82). Their character-
istics, collected at time of examinations, are reported in
Table 1. All patients were characterized by serum and
urine electrophoresis. The types of M-component (MC)
were: 34 patients IgG, 14 IgA and 4 light chain. Patients
were staged according to Durie and Salmon as follows:
26 stage I, 9 stage II, and 17 stage III. Standard X-rays
showed lytic lesions in 1O patients whereas 42 were
negative. Of the 52 MM patients 21 were untreated,
and 31 had been treated with chemotherapy (15 in com-
bination with bisphophonates). Of these last, 12 showed
progressive disease and 19 were in plateau phase.

Of 39 MGUS patients with a median age of 58 (31-
77) years, 18 were males and 21 females. Thirty-five
had IgG gammopathy, 3 IgA and 1 IgM. Thirty normal

controls were included: 14 males and 16 females with
a median age of 37 years (range 28-57). None had a his-
tory of serious disease, nor had any fractures. None was
taking any drug affecting bone metabolism.

Biochemical assays
Serum and urine samples were all taken in the same

morning, 4-6 weeks after the last chemotherapy or last
administration of bisphosphonates. Blood specimens
were collected on ice, separated within 1 hour and
immediately frozen at –20°C. Second void urine, col-
lected by 10.00 AM was collected on ice and rapidly
processed and stored at –20°C.

Free deoxypyridinoline was measured by a competi-
tive ELISA (Pyrilinks-DTM) obtained from Metra Biosys-
tems (Mountain View, CA, USA). The deoxypyridinoline
values were corrected for variations in urine concentra-
tion by dividing the deoxypyridinoline value (nM) by the
creatinine value (nM) of each sample.

Serum bone-specific alkaline phosphatase was ana-
lyzed with a non-isotopic immunoassay (Alkphase-BR)
from Metra Biosystems (Mountain View, CA, USA). The
bone-specific alkaline phosphatase assay measures
enzyme activity in serum with a high specificity. Bone
alkaline phosphatase (b-AP) is bound by a monoclonal
antibody and phosphatase activity is measured by
adding p-nitrophenyl phosphate substrate.

Competitive immunoassays (Novocalcin®) from Metra
Biosystems (Mountain View, CA, USA) were used to
measure osteocalcin. The assay directed against intact
human osteocalcin showed a high specificity.

Statistical analysis
Descriptive statistics are reported as mean and stan-

dard deviation for continuous variables and frequencies
for categorical variables. Values of BGP, DPD and b-AP
were dichotomized according to their normal values.
The associations of BGP, DPD and b-AP with the pres-

Biochemical markers in myeloma

Table 1. Clinical and laboratory characteristics of 52 MM
patients.

No. of subjects 52

Sex (male/female) 37/15

Age
Median 58
Range 31-82

Type of component
IgG 34
IgA 14
Light chain 4

Durie And Salmon stage
Stage I 26
Stage II 9
Stage III 17

Standard radiology
Normal 42
Lytic lesions 10

Treatment
Treated 31
Untreated 21
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ence of lytic lesions, phase, stage, β2-microglobulin
(β2M) and plasmacytosis were assessed by means of
logistic regression, when dichotomized values were con-
sidered. Their continuous values were compared across
levels of osteolysis, phase or stage by means of the
Kruskall-Wallis test or the Mann Whitney U test. Spear-
man’s correlation coefficient was computed for associ-
ations with β2M and plasmacytosis. Finally, the BGP,
DPD and b-AP values in MM and MGUS patients and
controls were compared by means of the Kruskall-Wal-
lis test and post-hoc Mann Whitney U test (with Bon-
ferroni correction for multiple tests).

All tests were two-tailed; p<0.05 was taken to be sta-
tistically significant. Stata 6.0 software (StataCorp, Col-
lege Station, TX, USA) was used for all computations.

Results
Comparison of mean values of urinary concentration

of deoxypyridinoline, and of serum levels of osteocalcin
and alkaline phosphatase are reported in Table 2. As
shown, DPD levels were higher in MM patients than in
MGUS patients or healthy controls (p=0.0001 and
p=0.0008, respectively). No statistical differences were
present between MGUS patients and healthy controls.
BGP values were significantly lower in MM patients than
in those with MGUS (p=0.001) or healthy controls
(p=0.001). b-AP was significantly higher in MGUS
patients than in MM patients (p=0.04).

Biochemical parameters were analyzed in a continu-
ous fashion and after dichotomization into low and high
values with respect to normal ones.  When analyzed as
a continuous variable, DPD correlated significantly only
with the presence of osteolysis (p=0.02). Abnormal high
values of DPD showed statistically significant correla-
tions with osteolysis (p=0.008), disease stage (p=0.03)
and β2M (p=0.03).

In contrast, both osteocalcin and bone alkaline phos-
phatase did not show statistical correlations with the
presence of lytic lesions, nor with other clinical or lab-
oratory parameters.

Fifteen of the 52 patients underwent four-monthly
controls for a minimum of three evaluations. Five
patients (group I) showed clinical and radiologic

improvement after chemotherapy and pamidronate giv-
en in association, three (group II) the occurrence of lyt-
ic lesions, and seven patients (group III) stable disease.
Median BGP and DPD levels of the three groups are
reported in Figure 1. As shown, the behavior of the two
parameters, in particular of DPD, reflected the bone dis-
ease status well. Since the skeletal events in group II
patients did not occur in all patients at the same time,
their median DPD and BGP values were considered only
at the time of first evaluation and at occurrence of oste-
olysis. In one of the patients with worsening bone dis-
ease, lytic lesions were detected only by MRI study.

Of the 42 patients without radiologic evidence of lyt-
ic lesions, 15 had abnormal DPD values. MRI study of the
spine in 10 of them showed initial focal osteolytic
lesions. Eleven of the 42 patients were at onset, with
early stage disease. Of these, 7 had abnormal high val-
ues of DPD levels and 5 of them had initial osteolysis at
MRI study.

One out of 5 patients with a normal MRI pattern of
the spine, but abnormal values of biochemical markers,
complained of bone pains that ameliorated with pami-
dronate treatment.

A. Corso et al.

Table 2. Comparison of values of DPD, BGP, and b-AP (mean
± S.D.).

DPD (nM/mM creat.) BGP (ng/mL) b-AP U/L

Normal Controls 3.95 ± 1.08 7.18 ± 1.79 20.56 ± 5.46

MM 6.21 ± 2.42 4.29 ± 2.73 16. 91 ± 6.68

MGUS 3.96 ± 1.04 6.8 ± 2.33 25.53 ± 8,84

MM vs MGUS p=0.0001 p=0.001 p=0.04

MM vs Controls p=0.0008 p=0.001 NS

MGUS vs Controls NS NS NS
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Figure 1. Median BGP and DPD levels in 15 patients moni-
tored for 1 year. Five patients (group I) showed clinical and
radiological improvement after chemotherapy and
pamidronate given in association, three (group II) devel-
oped lytic lesions, and seven patients (group III) had stable
disease. The graph shows a good correlation between bio-
chemical markers and bone disease status.
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Discussion
Multiple myeloma remains an incurable disease. Thus,

the target of clinicians, at the moment, should be to
prolong event-free survival and improve the patient’s
quality of life. Myeloma-related bone disease negative-
ly affects the quality of life of patients, and is sometimes
independent of the response to therapy. Traditionally,
standard X-rays are used to evaluate bone involvement,
even though this approach is known to be insufficient
for identifying initial lytic lesions. MRI, on the other
hand, has been claimed to be able to detect lytic lesions
in 50% of patients with a negative radiologic exam, but
is quite expensive and clearly cannot be proposed for
routine screening in MM patients. 

Biochemical markers have been widely studied,
although data reported in the literature3,7-15 do not yet
give definitive and unequivocal information on either
their prognostic relevance, or their use with respect to
standard X-rays and MRI: together or as an alternative?
Bataille et al.3 reported low levels of BGP in MM patients
with extensive lytic lesions and advanced disease. In our
study, median levels of BGP in MM patients were sig-
nificantly lower than those in MGUS patients and
healthy controls. However, when statistical analysis was
performed, BGP was not significantly correlated with
the presence of osteolysis, disease stage, or other para-
meters of disease activity. Abildgaard et al.10 demon-
strated that serum bone-specific alkaline phosphatase
(bAP) and C-terminal propeptide of procollagen I (PICP)
were significantly correlated with bone disease, as eval-
uated by histomorphometric study. We did not find cor-
relations with the clinical or laboratory findings of MM
patients, but median b-AP levels were lower in MM
patients than in MGUS patients. 

In our study, the median levels of DPD were signifi-
cantly higher in MM patients than in MGUS patients or
healthy controls, as reported by others.11, 13 Abnormal
high DPD levels were strongly correlated with extent of
bone involvement, advanced disease stage, and β−
2microglobulin levels. This is consistent with the fact
that bone disease has an important role in the Durie
and Salmon staging, and that skeletal involvement is
nearly constantly present in the advanced phase of the
disease. This last is generally characterized by a high
tumor burden and by a higher level of β2M.

Fifteen patients had abnormal values of laboratory
markers without radiologic evidence of lytic lesions. In
10 (66%) of them MRI study of the spine showed early
bone involvement, and one of the remaining patients
who complained of bone pain improved with the admin-
istration of bisphosphonates. This is consistent with a
good sensitivity and reliability of biochemical bone
markers.

In the patients monitored for one year, laboratory
markers, and particularly DPD, reflected the status of
bone disease well. In fact serial determinations showed
that patients with a stable disease had essentially
unchanged values, those treated with bisphosphonates
showed a reduction of DPD and BGP levels, while those

in whom osteolysis occurred showed a striking incre-
ment of both parameters.

In conclusion, BGP and DPD are useful in evaluating
bone metabolism in MM patients. DPD can also be used
to monitor skeletal involvement. These biochemical
parameters represent a simple tool to identify: 1) from
among patients without radiologic evidence of lytic
lesions, those who deserve more accurate radiologic
examinations (namely MRI); 2) from among asympto-
matic patients, and in association with spinal MRI, those
patients at higher risk of progression who might bene-
fit from early treatment.
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Potential implications for clinical practice

We tried to define the role of biochemical markers,
their utility in defining and monitoring bone disease
in myeloma patients and their possible new role in
association with MRI study in identifying, from with-
in the group of asymptomatic patients, those who
would probably benefit from early treatment. 
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