
(n=6),  neuropathy (n=3), development of an unrelated
malignancy (glioblastoma) (n=1), reduced-intensity
allogeneic transplantation (n=1). 

This is the first study to use internationally agreed
response criteria for myelofibrosis (the EUMNET crite-
ria) to evaluate response to thalidomide and pred-
nisolone. Overall, 40% of patients achieved major or
moderate responses by EUMNET criteria. All respons-
es began within the first 12 weeks of treatment, sug-
gesting that thalidomide could be stopped if there is no
response by this time. Among responders, the median
response duration was 16 weeks. Three patients lost
their responses when prednisolone was withdrawn at
12 weeks. The 2 patients not treated with prednisolone
appeared to have a less favourable response.

Our results are consistent with those of phase II tri-
als.4 In the Mesa trial,4 40% became transfusion inde-
pendent, 75% had a >50% rise in platelet count, and
19% had a >50% reduction in spleen size. In the
Marchetti trial,5 39% became transfusion independent,
22% had a >50x109/L rise in platelet count, and 19%
had a >50% reduction in spleen size.

The relative importance of thalidomide and pred-
nisolone when used in combination is unclear, but
prednisolone seems to be partly responsible for
responses. Case reports suggest that corticosteroids
have efficacy as monotherapy in myelofibrosis.9

However, our response rates are similar to those
obtained with thalidomide monotherapy (median 100
mg/d). Three of our patients experienced a loss of clin-
ical response when prednisolone was stopped consis-
tent with other studies4 and 2 patients not treated with
prednisolone showed a poorer performance.

Our data confirms that low-dose thalidomide with
prednisolone is effective treatment for myelofibrosis,
leading to transfusion independence, improvement in
thrombocytopenia and reduction in spleen size in some
patients. We recommend assessment of thrombotic risk
and thromboprophylaxis for high-risk patients. Low-
dose thalidomide is not effective in all patients, and
responses are often not sustained after withdrawal of
prednisolone.
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Increased cortical bone mineralization in imatinib
treated patients with chronic myelogenous
leukemia

Imatinib mesylate (Glivec®, Gleevec™, Novartis
International AG) and the second generation ABL tyro-
sine kinase inhibitors have markedly improved the out-
come of patients with chronic myeloid leukemia (CML).
More patients are receiving treatment with these
inhibitors for prolonged periods of time and experience
with imatinib now exceeds five years. The immediate
side effects are usually mild and manageable. There have
been recent reports on the long-term side effects associ-
ated with prolonged use of imatinib.1-3 Berman and co-
workers found that imatinib treated patients had
hypophosphatemia, lower osteocalcin levels and higher
parathyroid hormone levels.2 Subsequent studies con-
firmed the observation of hypophosphatemia in patients
receiving imatinib.4-8 The authors concluded that ima-
tinib may affect bone remodeling and if left untreated,
chronic hypophosphatemia may result in impaired bone
mineralization, rickets, and osteomalacia.2

We, therefore, investigated bone mineral density
(BMD) in imatinib treated CML patients and healthy
controls. All imatinib treated CML patients at
Sahlgrenska University Hospital were identified of
whom 17 fulfilled the study inclusion criteria: (i) imatinib
treatment duration ≥24 months, and (ii) first chronic
phase of the disease with complete cytogenetic remis-
sion. The inclusion criteria were set to minimize the con-
founding effect of leukemia and to allow time for a pos-
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sible bone remodeling effect of imatinib to take place.
Sex and aged matched healthy individuals served as con-
trols (Table 1). The imatinib dose was 400 mg per day.
The treatment duration was 50±19 months (range 24-
73). The study was approved by the local research ethics
committee. Details of design and methods are available
as an online supplement.

The CML patients had significantly lower levels of cal-
cium, ionized calcium, phosphate and magnesium in
serum compared with controls (Table 1). Two out of 17
patients had serum ionized calcium below the reference
range (1.18-1.31 mmol/L), 2 out of 17 patients had
serum phosphate below the reference range (0.7-1.6
mmol/L) while none of the patients had serum magne-
sium below the reference range (0.7-0.95 mmol/L). The
excretion of calcium in the urine was also found to be
significantly lower in the imatinib treated patients (Table
1).The markers of bone turnover, osteocalcin and bone-
specific alkaline phosphatase were significantly lower in
patients compared with controls, whereas the marker of
bone resorption carboxyterminal cross-linked telopep-
tide of type I collagen was unchanged (Table 1).   

Our data confirm and extend those of Berman and co-
workers despite differences in the patient and control
design.2 Berman et al. reported that imatinib treated
CML and gastrointestinal stromal tumor patients with
hypophosphatemia had a lower osteocalcin level, higher
parathyroid hormone level and were treated with a high-
er imatinib dose (median 600 mg) than patients with a
normal phosphate level. These findings were explained
by an imatinib induced inhibition of bone turnover,
which in turn, triggered a secondary hyperparathy-
roidism in an attempt to maintain calcium homeostasis.
The authors raised concerns about an imatinib induced
osteomalacia and suggested phosphate replacement
therapy.  In contrast to the hypothesized imatinib
induced osteomalacia, we found that our imatinib treat-

ed CML patients had significantly higher areal BMD of
the lumbar spine (+12%) and total hip bone (+12%)
compared with controls (Table 2). Even compared with
the standard reference, the patients had higher BMD
than could be expected for age and gender. The patients’
T-score value was 0.07 and 0.38 for the total hip bone
and lumbar spine respectively (Table 2). The patients’ Z-
score value was 0.46 and 0.57 for total hip bone and
lumbar spine (L1-4) respectively. A significant relation-
ship was also observed between the imatinib treatment
duration and areal BMD of the lumbar spine (L1-L4)
(Spearman’s ρ=0.49, p=0.046). Similarly, for both radius
and tibia the imatinib treated CML patients had signifi-
cantly higher cortical volumetric BMDs than the con-
trols. No difference was seen in trabecular volumetric
BMD of either radius or tibia. The cortical cross-section-
al area was also similar in the two groups (Table 2).  

Our results are also in line with previous in vitro stud-
ies and animal models. Osteoblasts are known to derive
from mesenchymal stem cells, while osteoclasts are
multinucleated giant cells of hematopoietic origin in the
monocytic lineage. Both are targeted by imatinib and it
has been shown that imatinib promotes osteoblast dif-
ferentiation and inhibits osteoclastogenesis, presumably
through its action on the colony-stimulating factor 1
receptor (C-FMS) and platelet derived growth factor
receptor (PDGFR).9,10

Table 1. Blood counts, serum chemistry and bone related vari-
ables in imatinib treated chronic myeloid leukemia patients
(n=17), and age and sex matched healthy controls (n=17). The
results are given as mean ± SD.

CML Controls p

Males/females 11/6 11/6 ns
Age (years) 60±11 59±11 ns
B-Hb, g/L 128±9 150±10 <0.001
B-Leukocyte count, ×109/L 4.4±1.3 5.7±1.2 0.009
B-Platelet count, ×109/L 221±79 257±50 ns
S-Sodium, mmol/L 141±2 141±3 ns
S-Potassium, mmol/L 4.1±0.3 4.2±0.2 0.024
S-Calcium, mmol/L 2.21±0.09 2.33±0.08 <0.001
S-Ionized Calcium, mmol/L 1.21±0.02 1.24±0.03 0.004
S-Phosphate, mmol/L 0.89±0.17 1.04±0.17 0.009
S-Magnesium, mmol/L 0.79±0.05 0.85±0.05 0.002
S-Creatinine, µmol/L 95±25 81±9 0.035
U-Calcium, mmol/L 2.14±1.07 3.35±1.97 0.034
tU-Calcium, mmol/24 hours 3.26±1.1 5.33±1.84 0.003
tU-Phosphate, mmol/24 hours 28±11 31±8 ns
S-Parathyroid hormone, ng/L 44±18 34±12 0.062
S-25-OH-vitamin D, µg/L 25.1±6.6 28.9±7.5 ns
S-1,25 (OH)2 vitamin D, ng/L 42.1±10.5 48.8±9.6 ns
P-Erythropoietin, IU/L 24.6±19.5 9.3±3.8 0.003
S-Osteocalcin, µg/L 6.8±2.0 10.1±3.9 0.004
S-Bone-specific alkaline

phosphatase, µg/L 7.4±2 10.0±2.7 0.003
S-ICTP, µg/L 3.86±0.76 3.36±0.72 ns

ns: not significant.

Table 2. BMD measurements in imatinib treated chronic myeloid
leukemia patients (n=17) and controls (n=17).

DXA measurements CML Controls p

Hip bone BMD, g/cm2 1.08±0.2 0.95±0.1 0.025
(total) T-score 0.07±1.42 -0.82±0.83

Z-score 0.46±1.37 -0.26±0.85

Lumbar BMD, g/cm2 1.27±0.22 1.12±0.15 0.029
spine (L1-4) T-score 0.38±1.77 -0.82±1.23

Z-score 0.57±1.72 -0.36±1.29

pQCT-measurements

Radius Trabecular vBMD*, 190.9±34·2 193.9±28.8 ns
mg/cm3

Cortical vBMD**, 1211.3±23.8 1181.1±38.7 0.01
mg/cm3

Cortical area**, 95.1±16·3 88.6±18.7 ns
mm2

Tibia Trabecular vBMD*, 240.2±47.3 226.2±23.9 ns
mg/cm3

Cortical vBMD*, 1185.6±23.5 1159.4±36.2 0.017
mg/cm3

Cortical area**, 262.6±50.7 261.3±44.4 ns
mm2

The BMD was evaluated using two different techniques. The first was a
two-dimensional measurement of the hip and lumbar spine bones using DXA.
The second technique, pQCT, measures the volumetric BMD (vBMD) of the
radius and tibia bones, and can separately analyze the cortical and trabecular
bone compartments. DXA: the T-score is the number of standard deviations above
or below the average for a young adult (20-40 years; same race and gender) at
peak bone density. The reference material was from The Third National Health
and Nutrition Examination Survey (NHANES III). The Z-score is the number
of standard deviations above or below an average person of the same age, race
and gender (reference material provided by GE Lunar Corp., Madison, WI).
pQCT: vBMD and cross sectional area were measured at *4% and **25% bone
length in the proximal direction. The results are given as mean ± SD.
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Overall, biochemical findings suggest a suppressed
bone turnover and the increased BMD indicates that
bone formation and resorption are affected unequally.
We suggest that imatinib uncouples bone formation
from bone resorption in favor of the former, disturbing
bone homeostasis and leading to a net increase in bone
mineral density. 

This is further supported by a recent study by Fitteri et
al.,11 who reported an increased trabecular bone volume
in imatinib treated patients. In contrast to our study,
they did not analyze the bone mineralization, but meas-
ured the trabecular bone volume on decalcified iliac crest
biopsies obtained before and during imatinib treatment.
Therefore, bone mineralization, the most important
measure of osteopenia, was not addressed.

The present report is the first demonstrating altered
calcium and phosphate metabolism in imatinib-treated
CML patients, concomitant with an increased cortical
bone mineralization. Our study alleviates previous con-
cerns about an accelerated osteomalacia, and measures
to prevent this hypothesized long-term side effect seem
unnecessary and might even be harmful.2,12

If imatinib is shown to suppress bone resorption with-
out decreasing the bone quality, tyrosine kinase
inhibitors could be novel antiosteolytic agents in skeletal
disorders. 
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Heterogeneous promoter activity of the telomerase
reverse transcriptase gene in individual acute
myeloid leukemia cells defined by lentiviral
reporter assay

Acute myeloid leukemia (AML) generally constitutes a
hierarchy of heterogeneous populations in terms of prolif-
eration.1,2 Currently, no phenotypic marker allows effi-
cient discrimination of such cellular potential. One of the
major intrinsic elements defining the replicative capacity
of individual leukemia cells is telomerase activity.3

Variable levels of telomerase activity have been detected
in AML.4,5 However, direct measurement of telomerase
activity, such as the telomere repeat amplification proto-
col (TRAP) assay, detects only the mean value in a sample
and is unable to isolate specific cell subpopulations. Ali et
al. developed a method of detecting intranuclear hTERT
protein using flow cytometry.6 However, the sensitivity of
this method appears low, and cell viability was lost by the
procedure.

To dissect the heterogeneity of the proliferative poten-
tial in AML, a cell-based analysis of telomerase activity or
related parameters is desired. Several investigators have
shown that the telomerase activity in a variety of human
tumors closely correlates with the mRNA level of its cat-
alytic subunit, telomerase reverse transcriptase (hTERT),7

which may be the best correlate of telomerase activity.
Furthermore, the promoter activity of the hTERT gene
was shown to correlate well with the hTERT mRNA
expression as well as the telomerase activity.8 Since plas-
mid-based reporter assays are not applicable to primary
blood cells because of their extremely low transduction
efficiency, lentivirus-mediated gene transfer is the most
efficient approach in this respect.9,10 We developed a cell-
based assay for the promoter activity of the hTERT gene
using a lentiviral vector and applied it to analyzing pri-
mary AML cells. A 1.2-kb upstream region of the hTERT
gene was cloned from normal lymphocyte genomic DNA


