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Abstract In patients with monoclonal gammopathy of

undetermined significance (MGUS) the increase of bone

turnover rate can increase the risk of fracture. Thus, a

treatment normalizing this negative balance could be of

benefit in these patients. We studied 100 patients affected

by MGUS, grouped according to the presence (group A, 50

patients) or absence (group B) of vertebral fractures and/or

osteoporosis. Group A was treated with alendronate

(70 mg/weekly) plus calcium and cholecalciferol for

18 months, and group B was treated with calcium and

cholecalciferol. After 18 months, the mean bone mineral

density (BMD) of the lumbar spine and total femur had

increased by 6.1% and 1.5%, respectively, in group A. In

the nine patients of this group not taking alendronate, BMD

values of the lumbar spine and total femur decreased by

1.6% (P B 0.001 ) and 1.3% (P B 0.01), respectively. In

patients of group B, BMD increased by 1.2% at the lumbar

spine and decreased by 1.2% at the total femur. Corre-

sponding figures of those patients in the same group not

taking calcium and vitamin D supplementation were

-0.1% and -1.2%, respectively. At 18 months we

observed significant decreases of serum bone markers: the

difference between the groups was -23.2 (P B 0.0l) for

bone alkaline phosphatase, -23.6 for osteocalcin

(P B 0.0l), -35.1 for C-terminal telopeptides of collagen

type I (P B 0.00l), and -0.47 for bone sialoprotein

(P = nonsignificant). Treatment with alendronate could

lead to a significant reduction in fracture risk in MGUS

patients with skeletal fragility.
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Monoclonal gammopathy of undetermined significance

(MGUS) is a hematological disorder whose prevalence

increases with ageing. In a recent population-based study

involving residents of Olmsted County, Minnesota, Kyle

and coworkers [1] reported that the prevalence of this

condition was 3.2% in persons older than 50 years and

5.3% in those older than 70 years.

Recently, a number of studies have been undertaken in

order to evaluate the degree of skeletal involvement in

patients affected by MGUS, a disease which often precedes

multiple myeloma. Epidemiological studies, in fact, indi-

cate that such patients are at increased risk of fractures,

mainly at the axial level [2–4]. Regarding the rate of

skeletal turnover, evaluated by the measurement of bone

remodeling markers, in most studies it has been possible to

demonstrate a mean increase in skeletal resorption markers,

which may or may not be associated with a reduction of

markers reflecting bone formation [5–8]. An excess of bone

resorption also has been documented by morphometric

analysis of bone biopsies [9]. Finally, as far as we know,

there has been just one study in the literature which eval-

uates bone mineral density (BMD) in patients with MGUS.

We, in fact, have demonstrated osteoporotic values,

according to the World Health Organization classification,

in 26.2% of female patients [4].
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Recent characterization of novel molecules, such as of the

receptor activator of nuclear factor jB ligand (RANKL),

osteoprotegerin (OPG), and macrophage inflammatory pro-

tein-1a (MIP-1a), has provided new insights into the

pathophysiology of bone disease in these disorders. For

example, the mean peripheral RANKL/OPG concentration

ratio has been shown to be significantly higher in patients

with multiple myeloma, and a similar result has been docu-

mented in a relatively small group of patients with MGUS

[10, 11]. According to these results, we recently observed

that in MGUS patients with vertebral fractures the mean

RANKL/OPG ratio was significantly increased compared

with mean values in MGUS patients without fractures [4].

These data considered as a whole suggest that patients

affected by monoclonal gammopathy should be considered

at risk of fracture; moreover, it appears that the patho-

physiological mechanism of this increased risk could be

ascribed to the raised bone turnover rate, probably due to

an altered relationship of the RANKL/OPG balance at the

bone marrow level. Therefore, it seems rational that these

patients could benefit by the use of drugs that normalize the

negative balance at the level of single remodeling units,

thus decreasing the risk of fracture.

Bisphosphonates are among the drugs which have long

been utilized in the treatment of osteoporotic patients

[12–14]. They are not nowadays prescribed for MGUS

patients, while they are recommended for patients affected

by multiple myeloma [15]. The aim of our study was to

evaluate the effect of alendronate treatment together with

calcium supplements and cholecalciferol for a period of

18 months in a group of male and female osteoporotic

MGUS patients.

Materials and Methods

Patients

In January 2002, we contacted by telephone 120 patients

suffering from de novo MGUS diagnosed at the Hema-

tology Institute of the University of Rome ‘‘La Sapienza’’

between 1980 and 2001. The diagnosis of MGUS was

made according to standard criteria (briefly, serum protein

electrophoresis showing a monoclonal protein concentra-

tion \30 g/L, plasma cell content \10% in the bone

marrow examination, absence of renal failure, anemia,

hypercalcemia, and lytic bone lesions when the X-ray

skeletal examination was carried out). In each patient im-

munofixation was performed to determine the type of

monoclonal protein. After being contacted, the patients

came in the same year, from March to May, to our Mineral

Metabolism Center. After informed consent was obtained

from the participants, each patient underwent a general

medical examination and biochemical routine tests to

exclude possible causes of secondary osteoporosis. None of

the patients enrolled had ever taken any treatment which

could interfere with mineral metabolism (steroids, diuret-

ics, thyroid hormones, anticonvulsant drugs, lithium, etc.).

Other exclusion criteria were a previous diagnosis of

involutional osteoporosis and treatment with active drugs

affecting skeletal turnover (estrogens and progestins, bis-

phosphonates, fluorides, calcitonin, calcium, and vitamin D

supplements). The study was approved by our local ethics

committee, and patient confidentiality was protected. We

finally enrolled 100 patients (65 postmenopausal women

and 35 men); this group included 94 patients with immu-

noglobulin G (IgG), five patients with IgA, and one patient

with IgM monoclonal serum protein.

Laboratory Methods

Each patient enrolled in the study underwent a morning

fasting blood sample, utilizing red-stoppered Vacutainers

(BD Diagnostics, Buccinasco, Italy; for the determination

of serum protein electrophoresis, creatinine, main param-

eters of calcium/phosphorus metabolism, and markers of

skeletal turnover) and one purple-stoppered Vacutainer for

hemochrome measurement. Apart from the routine blood

tests carried out the same day, the blood samples were

immediately centrifuged, separated in aliquots, and frozen

at -80�C until assayed. The assays were completed within

3 months from the time the blood samples were taken.

Hematological parameters were determined using a

hematology analyzer (Bayer ADVIA 120; Diamond

Diagnostics, Holliston, MA). Serum protein electrophoresis

and immunofixation were evaluated by the Hydrasys sys-

tem (Sebia, Florence, Italy). Serum levels of total calcium

(Ca), phosphorus (P), and creatinine (Cr) were measured by

means of a multichannel analyzer (Autoanalyzer RA 500;

Technicon, Tarrytown, NY). Ionized Ca was measured,

immediately after sampling, by use of an ion-specific

electrode (Nova 8; Nova Biochemical, Waltham, MA), as

previously described [16]. Cr clearance (CrCl) was esti-

mated by the Cockcroft and Gault formula [17], taking into

consideration serum Cr (expressed in micromoles per liter),

age (years), body weight (kilograms), and gender: esti-

mated Cr clearance = [(140 – age) 9 weight 9 K]/serum

Cr, the constant K being equal to 1.04 for women and 1.24

for men. Serum levels of calcidiol [25(OH)D] were deter-

mined by radioimmunoassay (DiaSorin, Stillwater, MN) as

previously described [18]. Intra- and interassay coefficients

of variation for the method were 8.1% and 10.2%,

respectively. Circulating parathyroid hormone (PTH) lev-

els were determined by an immunoradiometric assay that

measures serum hormone levels using two affinity-purified

polyclonal antibodies, one specific for the amino-terminal
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1–34 portion of the PTH molecule and one specific for the

39–84 sequence of the hormone (N-tact PTHSP, DiaSorin).

Intra- and interassay coefficients of variation, in our labo-

ratory, were less than 3.0% and 5.5%, respectively [19].

Serum levels of C-terminal telopeptides of collagen type I

(bCTX) were measured by enzyme-linked immunosorbent

assay (Serum CrossLaps ELISA; Nordic Bioscience

Diagnostics, Herlev, Denmark) [20]. Intra- and interassay

coefficients of variation, in our laboratory, were less than

5.1% and 5.4%, respectively. Bone isoenzyme of alkaline

phosphatase (BALP) was determined with an immunoen-

zymatic assay (Metra BAP EIA Kit; Quidel, San Diego,

CA) [21]; intra- and interassay coefficients of variation

were less than 5.6% and 7.8%, respectively. Serum oste-

ocalcin (or bone Gla protein, BGP) was determined with an

immunoradiometric assay (N-tact Osteo SP, DiaSorin)

[22]; intra- and interassay coefficients of variation were

less than 4.5% and 9.5%, respectively. Bone sialoprotein

(BSP) was determined using a radioimmunoassay (Immu-

nodiagnostik, Bensheim, Germany) described elsewhere

[23]. Intra- and interassay coefficients of variation were

less than 6% and 9%, respectively. Each patient underwent

standardized lateral radiographs of the thoracic and lumbar

spine, centred at T8 and L3, respectively, at a film focus

distance of 105 cm. After visual inspection of these

radiographs by two independent experienced observers,

vertebral deformity was defined when anterior, middle, or

posterior height loss was[20% with respect to the adjacent

vertebra, according to Genant’s method [24]. BMD of the

lumbar spine (L1–L4) in the anterior–posterior projection

and of the hip (femoral neck and total hip) was measured in

each patient with dual-energy X-ray absorptiometry (QDR

4500; Hologic, Waltham, MA). The precision errors of

lumbar spine and total hip measurements were 1.3% and

1.7%, respectively.

Study Design

Following the first medical examination, those patients

who satisfied our inclusion/exclusion criteria were divided

into two groups according to the presence of vertebral

osteoporotic fractures and/or a densitometric diagnosis of

osteoporosis (in at least one of the two sites examined)

along with World Health Organization criteria [25]. The

first group of patients with fractures and/or osteoporotic

densitometric values was treated with alendronate 70 mg a

week per os 30 minutes before breakfast, calcium supple-

ment (1,000 mg/day), and cholecalciferol (880 UI/day) per

os for 18 months (group A). The second group of patients

without osteoporotic fractures and normal or osteopenic

densitometric values was treated with a calcium supple-

ment (1,000 mg/day) and cholecalciferol (880 UI/day) per

os for 18 months (group B). Every 6 months each patient

underwent hematochemical tests including hemochrome,

serum electrophoresis with monoclonal component evalu-

ation, Cr, BALP, BGP, BSP, and bCTX. Each patient then,

every 6 months, underwent a lumbar and femoral BMD

measurement.

Statistical Analysis

The data are expressed as mean ± standard deviation (SD).

Because the data distribution did not follow a gaussian

curve, nonparametric tests were carried out. Variations

between the various times considered were tested using the

Friedman test and the Wilcoxon test for paired ranks. The

groups were compared using the Mann-Whitney test for

ranks. Results were considered significant at P \ 0.05.

Statistical elaborations were carried out using the SPSS

program (release 10; SPSS, Inc., Chicago, IL).

Results

Eighty-three percent of patients contacted by telephone

satisfied our established criteria and/or were willing to

participate in the investigation. Therefore, we initially

recruited 100 patients affected by MGUS (65 women and

35 men).

Main anthropometric, biochemical, and densitometric

data together with the number and type of fractures in the

female group have been previously reported [4]. Table 1

shows anthropometric, biochemical, and densitometric data

in the male group, considered as a whole. In this group,

morphometric X-ray examination of the spine showed that

there were nine patients with at least one mild vertebral

fracture and three with two vertebral fractures. One male

patient who had a vertebral fracture also had a positive

history of Colles fracture.

The initial group studied (65 females and 35 males) was

further subdivided into two groups on the basis of the

presence or absence of skeletal fragility, i.e., fractures and/

or osteoporosis. Table 2 shows the composition of the two

groups which resulted from this subdivision (each included

50 patients). The group with skeletal fragility underwent

pharmacological treatment with alendronate, Ca, and cho-

lecalciferol, as described in ‘‘Materials and Methods’’

(group A). The group without osteoporotic fractures and/or

osteoporosis underwent only Ca and cholecalciferol sup-

plementation (group B).

During the whole period of investigation (i.e.,

18 months), eight patients in group A developed multiple

myeloma and therefore were not able to continue the study.

A further 12 patients included in group A did not want to

take the drugs prescribed, for various reasons (four patients

due to a lack of interest in the study, three patients due to
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moving to another city, one patient due to problems related

to the medication prescribed, and another four patients due

to personal reasons). However, nine of them, recalled at the

end of the study, agreed to have BMD measurement at

18 months. Twenty-one patients from group B did not

continue the entire follow-up mainly because of a lack of

interest in undergoing periodic visits since they had normal

densitometric values. Ten of these patients complained of

gastric discomfort of various degrees after oral Ca intake; in

the end, one of these patients was found positive for hepa-

titis C virus (HCV) and, therefore, decided to interrupt the

study. However, 14 patients of this group agreed to have a

BMD measurement at the end of the study. Statistical

elaborations were carried out only for the patients who

completed the entire study at 18 months (group A = 30

patients, 23 women and 7 men; group B = 29 patients, 17

women and 12 men) (Tables 3, 4). However, the results of

the nine patients in group A and of the 14 patients in group

B who had only the 18-month BMD measurement are also

reported.

We found (according to the diagnostic criteria of bone

mass measurement of the World Health Organization) that

46% of the patients in group A had osteoporotic densito-

metric values at the lumbar and/or hip level, 42% had

osteopenic values, and 12% had normal values. In group B

we found that 54% of the patients had osteopenic densi-

tometric values at the lumbar and/or hip level and 46% of

the patients had normal values at each site examined.

The two groups examined were not significantly dif-

ferent regarding mean age or mean time since initial

MGUS diagnosis and were not different regarding mean

values of hemoglobin, Cr, Cr clearance, and the mono-

clonal component (Table 3).

Figure 1 shows percentage changes from the basal val-

ues of BMD at the lumbar and hip sites in both group A

with skeletal fragility taking alendronate therapy and group

B taking only Ca and cholecalciferol supplements. After

Table 1 Mean ± SD values of main anthropometric, biochemical,

and densitometric parameters in the 35 male patients affected by

MGUS

Total

Age (years) 60.8 ± 5.2

Body mass index (kg/m2) 27.7 ± 4.0

Years since diagnosis 9.1 ± 7.2

Hb (g/dL) 13.8 ± 1.2

Cr (lmol/L) 91.0 ± 15.0

CrCl (mL/min 9 1.73 m2) 107.0 ± 22.5

Monoclonal protein concentration (g/L) 21.0 ± 4.7

Ca (mmol/L) 2.4 ± 0.1

Ca2+ (mmol/L) 1.23 ± 0.04

P (mmol/L) 1.1 ± 0.2

BALP (U/L) 24.7 ± 7.9

25(OH)D (nmol/L) 56.5 ± 24.8

PTH (ng/L) 34.6 ± 13.3

BGP (lg/L) 5.8 ± 3.1

bCTX (ng/ml) 0.9 ± 0.4

BSP (ng/mL) 9.8 ± 5.7

BMD L1–L4 (g/cm2) 0.982 ± 0.118

T score L1–L4 -1.0 ± 1.1

BMD femoral neck (g/cm2) 0.815 ± 0.102

T score femoral neck -0.8 ± 0.7

BMD total femur (g/cm2) 0.973 ± 0.125

T score total femur -0.4 ± 0.8

Table 2 Number of patients with fractures or (in parentheses) with a

densitometric diagnosis of osteoporosis (group A) and without signs

of skeletal fragility (group B)

Group A Group B

Females 34 (3) 28

Males 12 (1) 22

Total 50 50

Table 3 Mean ± SD values of main anthropometric, biochemical,

and densitometric parameters in the two groups studied, considered as

a whole

Group A

(n = 30)

Group B

(n = 29)

Age (years) 62.6 ± 6.1 60.7 ± 5.6

Years since diagnosis 8.6 ± 5.9 7.4 ± 7.6

Body mass index (kg/m2) 28.0 ± 5.2 27.4 ± 3.7

Monoclonal protein

concentration (g/dL)

1.8 ± 0.5 2.0 ± 0.5

Hb (g/dL) 13.3 ± 1.0 13.1 ± 1.3

Cr (lmol/L) 76.0 ± 15.0 83.1 ± 18.6

CrCl (mL/min 9 1.73 m2) 85.9 ± 23.0 89.3 ± 22.0

Ca (mmol/L) 2.4 ± 0.1 2.3 ± 0.1

Ca2+ (mmol/L) 1.24 ± 0.04 1.23 ± 0.04

P (mmol/L) 1.13 ± 0.1 1.22 ± 0.3

25(OH)D (nmol/L) 43.7 ± 19.5 49.5 ± 23.6

PTH (ng/L) 37.3 ± 12.5 32.3 ± 9.9

BALP (U/L) 27.8 ± 8.6 26.1 ± 7.5

BGP (lg/L) 6.4 ± 2.1 7.3 ± 3.5

bCTX (ng/mL) 0.9 ± 0.3 0.9 ± 0.4

BSP (ng/mL) 9.6 ± 4.0 9.0 ± 4.5

BMD L1–L4 (g/cm2) 0.85 ± 0.16 0.98 ± 0.08

T score L1–L4 -1.85 ± 1.38 -0.78 ± 0.75

BMD neck (g/cm2) 0.68 ± 0.11 0.77 ± 0.08

T score femoral neck -1.62 ± 0.89 -0.95 ± 0.69

BMD total (g/cm2) 0.83 ± 0.14 0.91 ± 0.11

T score femur total -1.06 ± 0.99 -0.47 ± 0.78
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18 months, the mean BMD of the lumbar spine and total

femur had increased by 6.1 ± 1.1% (mean ± standard

error [SE]) and 1.5 ± 0.7%, respectively, in osteoporotic

MGUS patients treated with alendronate; mean changes of

lumbar BMD observed at 6, 12, and 18 months were sig-

nificantly different from mean basal values. In the nine

Table 4 Mean ± SD values of

main anthropometric,

biochemical, and densitometric

parameters in the two groups

studied, subdivided on the basis

of sex

Group A (n = 30) Group B (n = 29)

Females

(n = 23)

Males

(n = 7)

Females

(n = 17)

Males

(n = 12)

Age (years) 62.5 ± 6.5 63.4 ± 4.3 60.7 ± 4.9 61.6 ± 6.0

Years since diagnosis 8.2 ± 5.4 7.4 ± 4.2 5.1 ± 4.1 11.1 ± 9.9

Body mass index (kg/m2) 27.3 ± 4.9 30.3 ± 5.5 28.1 ± 4.5 26.5 ± 2.6

Monoclonal protein concentration (g/dL) 1.8 ± 0.4 1.8 ± 0.3 2.1 ± 0.4 2.1 ± 0.5

Hb (g/dL) 13.0 ± 0.9 14.2 ± 0.3 12.5 ± 1.1 14.0 ± 1.2

Cr (lmol/L) 72.5 ± 12.4 87.5 ± 18.6 72.5 ± 12.4 96.3 ± 18.6

CrCl (mL/min 9 1.73 m2) 77.6 ± 16.6 111.9 ± 29.1 83.3 ± 17.4 100.9 ± 20.3

Ca (mmol/L) 2.40 ± 0.11 2.38 ± 0.06 2.36 ± 0.07 2.37 ± 0.10

Ca2+ (mmol/L) 1.25 ± 0.04 1.22 ± 0.02 1.23 ± 0.03 1.23 ± 0.04

P (mmol/L) 1.16 ± 0.12 1.03 ± 0.05 1.25 ± 0.29 1.17 ± 0.01

25(OH)D (nmol/L) 44.1 ± 19.9 42.3 ± 18.9 44.4 ± 20.8 61.0 ± 25.5

PTH (ng/L) 34.7 ± 10.9 47.6 ± 13.6 34.2 ± 10.4 30.9 ± 9.2

BALP (U/L) 30.8 ± 11.3 19.9 ± 1.7 27.6 ± 6.3 24.7 ± 7.5

BGP (lg/L) 6.6 ± 2.2 4.9 ± 1.0 7.8 ± 3.6 5.7 ± 1.1

bCTX (ng/mL) 0.8 ± 0.3 0.9 ± 0.2 0.8 ± 0.4 1.0 ± 0.3

BSP (ng/mL) 8.4 ± 3.1 10.7 ± 5.2 1.0 ± 7.8 9.5 ± 5.0

BMD L1–L4 (g/cm2) 0.83 ± 0.15 0.94 ± 0.15 0.97 ± 0.1 1.00 ± 0.08

T score L1–L4 -1.98 ± 1.37 -1.34 ± 1.41 -0.75 ± 0.82 -0.81 ± 0.68

BMD neck (g/cm2) 0.65 ± 0.09 0.78 ± 0.13 0.75 ± 0.09 0.80 ± 0.09

T score neck -1.77 ± 0.82 -1.05 ± 1.01 -1.05 ± 0.84 -0.87 ± 0.64

BMD total (g/cm2) 0.79 ± 0.11 0.97 ± 0.16 0.88 ± 0.11 0.95 ± 0.08

T score total -1.23 ± 0.92 -0.41 ± 1.03 -0.49 ± 0.94 -0.53 ± 0.63

Fig. 1 Changes in mean ± SE

BMD of lumbar spine and total

hip, with or without alendronate

treatment (in osteoporotic

patients affected by MGUS,

group A) and with Ca and

cholecalciferol (in patients

affected by MGUS without

osteoporosis, group B) from

baseline determination to

18 months
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patients of group A not taking alendronate, BMD values of

the lumbar spine and total femur decreased by 1.6 ± 0.7%

(P B 0.001) and 1.3 ± 0.4% (P B 0.01), respectively. In

patients of group B, BMD increased by 1.2 ± 0.7% at the

lumbar spine and decreased by 1.2 ± 0.5% at the total

femur. Corresponding figures of those patients in the same

group not taking calcium and vitamin D supplementation

were -0.1% and -1.2%, respectively.

Figure 2 illustrates the percent changes from baseline of

the biochemical markers of bone turnover. After starting

therapy with alendronate, there was a marked decrease in

mean serum ßCTX, which persisted throughout the treat-

ment period in osteoporotic MGUS patients; smaller mean

decreases were observed concerning the other markers

investigated. We also found a significant inverse correla-

tion between changes of lumbar spine BMD and serum

ßCTX (r = -0.37, P = 0.03). In MGUS patients without

osteoporosis, we observed significant decreases of bone

remodeling markers (the only exception being mean BSP)

following therapy with cholecalciferol and Ca; however,

these reductions were consistently lower than those

observed in group A, even though there was no statistically

significant difference in the mean reduction of BSP values

at the end of the study. At 18 months, the absolute percent

difference between the groups was -23.2 (P B 0.0l) for

serum BALP, -23.6 for serum BGP (P B 0.0l), -35.1 for

serum ßCTX (P B 0.001) and - 0.47 (P = nonsignificant)

for serum BSP.

Finally, we did not find any significant mean change of

the monoclonal component value during the observation

period in both groups.

Discussion

It is nowadays clearly demonstrated that patients affected

by MGUS should be considered at increased risk of frac-

ture, especially at the axial level [2–4]. Similar results were

found in the population we studied; indeed, we observed a

prevalence of axial fractures of approximately 52% in the

female group and 34% in the male group. These percent-

ages are particularly elevated when compared with those in

the general population [26, 27]; they also appear to be high

in relation to studies carried out with the same definition

criteria of vertebral fractures [28, 29]. In this context, it is

important to underline that grade I vertebral deformity

according to the Genant method [24] should be considered

an early sign of skeletal fragility [30] and, consequently,

should be treated. Surprisingly, even though skeletal fra-

gility is well documented, there are no data in the literature

about interventional studies for primary and/or secondary

prevention in this disease.

Fig. 2 Changes in mean ± SE

levels of BALP, BGP, ßCTX,

and BSP associated with

alendronate (in osteoporotic

patients affected by MGUS,

group A) and with Ca and

cholecalciferol (in patients

affected by MGUS without

osteoporosis, group B) from

baseline determination to

18 months
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In previous studies carried out by our group [4] and by

other investigators [5, 6, 9, 10], it has been shown that

MGUS patients are characterized by an alteration in skel-

etal remodeling, with a prevalence of bone resorption over

formation. Therefore, one of the ways by which bone loss

could be prevented is by giving a drug that inhibits bone

resorption. Therefore, we decided to carry out an 18-month

open label pharmacological study by administering a bis-

phosphonate used worldwide for the treatment of

osteoporosis, such as alendronate.

Following alendronate therapy in osteoporotic patients

affected by MGUS, we found a significant increase in

lumbar BMD compared with basal values after only

6 months of treatment. This trend was observed throughout

the period of observation (i.e., 18 months), reaching at the

end a mean percentage increase of 6.1% (Fig. 1). It is

important to note that the latter figure is similar to the value

which may be derived after 18 months of treatment with

alendronate in studies carried out for a longer period of

time in postmenopausal women with osteoporosis, with or

without vertebral fractures [13, 31, 32]. Moreover, the

same increase in lumbar BMD was found in another study

carried out in a male population treated with alendronate

for 18 months [33]. Considering the 1.6% reduction of

BMD of MGUS osteoporotic patients without treatment

observed at 18 months, this results in an absolute differ-

ence between the two groups of 7.7% (P B 0.001).

Concerning the hip site, we did not find a statistically

significant increase in the osteoporotic group during the

whole period of observation; however, the absolute dif-

ference with respect to those not taking alendronate was

2.8% (P B 0.01). The lower increase in densitometric

values at the hip site compared with the lumbar site after

pharmacological treatment with bisphosphonates is already

known in the literature. Nonetheless, due to the fact that,

from a clinical point of view, the fracture risk in patients

affected by MGUS is higher at the axial level compared to

the hip level [2, 34], the therapeutic effect at the hip level

should be considered less relevant.

The changes of bone turnover markers after alendronate

treatment are in line with the well-known initial inhibition

of bone resorption, following which the reduction of for-

mation markers is observed. The same changes have been

documented in the literature after treatment with alendro-

nate of osteoporotic patients of both sexes [33, 35]. A

minimal reduction in the markers of bone turnover was also

documented in patients treated with Ca and cholecalciferol

(group B) with the exception of BALP. The slight reduc-

tion in bone turnover with Ca and cholecalciferol

administration might be related to the beneficial effect of

correct supplementation, often not optimized even in our

geographical area [36, 37]. However, it should be noted

that, with the exception of BSP values at 18 months, the

mean reduction observed for all the markers in group B

was always significantly lower than that documented in the

group treated with antiresorptive therapy. It is interesting to

note the time course of changes of BSP, a noncollagenic

bone matrix protein physiologically involved in the adhe-

sion of osteoclasts to the matrix itself. Indeed, the results

obtained following the first 12 months of observation could

be considered similar to those obtained for the other

markers. However, at the end of the treatment period, a

reduction similar to those obtained in patients treated with

alendronate was shown even in the patients of group B. We

do not have a clear interpretation for this result; a possible

explanation could be a different sensitivity of this in

respect to other markers.

Regarding the mechanism of action of alendronate, one

cannot also exclude a direct effect on the RANKL/OPG

system; it is worth emphasizing that this effect has been

observed also in postmenopausal osteoporotic patients

treated with the same drug [38]. This action could coun-

teract the imbalance in favor of osteoclastogenesis of the

RANKL/OPG ratio documented in MGUS patients. Other

drugs that act directly at this level could be used in the

treatment of these hematological diseases [39]. Finally, the

finding of no significant change of the monoclonal com-

ponent in MGUS patients given alendronate is in

accordance with previous studies carried out in myeloma

patients showing that other bisphosphonates (i.e., pamidr-

onate and zoledronic acid) are unable to modify this

component [40].

This study has some limitations, mainly because of the

lack of a real control group (longitudinally followed for the

entire observation period) and the lack of morphometric

evaluation of vertebral fractures at 18 months. Regarding

the first point, our ethical committee found supplementing

patients who had a vertebral fracture with only Ca and

vitamin D unacceptable. This is due to the fact that there is

no evidence-based proof of secondary prevention of frac-

tures with only this regimen. However, we partly overcame

this problem by measuring BMD of those patients not

taking the drug at 18 months. Regarding the second point,

no clinical fracture was documented in the sample studied,

even though this is biased by the known evidence that two-

thirds of vertebral fractures are asymptomatic [26]. How-

ever, we can reasonably infer that, as is well documented in

other groups of patients treated with alendronate, both the

increase in bone density and the reduction in bone turnover

are expected to lead to a significant reduction in fracture

risk even in patients affected by MGUS [41, 42].

However, it must be noted that this study presents a

number of strengths. In fact, this is the first time that the

utility of pharmacological treatment for increasing BMD at

a lumbar site in patients affected by MGUS has been

shown. The lumbar spine is, in fact, the site of the most
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frequent fracture occurrence in patients with MGUS. Also,

in contrast to previous studies, both sexes were studied,

thus allowing translation of the results to both males and

females. Finally, we have shown that simple supplemen-

tation with Ca and vitamin D positively influences bone

turnover in nonosteoporotic patients with MGUS, thus

preventing bone loss.

In conclusion, our study represents a basis for better

treatment of osteoporotic patients suffering from MGUS,

even though further studies with a larger sample and with

both densitometric and morphometric end points are

needed.
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Wilkin TJ, Qin-sheng G, Galich AM, Vandormael K, Yates AJ,

Stych B (1999) Multinational, placebo-controlled, randomized

trial of the effects of alendronate on bone density and fracture risk

in postmenopausal women with low bone mass: results of the

FOSIT study. Fosamax International Trial Study Group. Osteo-

poros Int 9:461–468
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