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Abstract  Original Research Article 
 

Background: Long term toxicities of imatinib are important as patients need to take it for a long duration probably for 

lifetime. Effect of imatinib on serum calcium and phosphate has been shown in few studied. We planned this study to 

evaluate the effect of imatinib on bone health. Material and Methods: In this study bone health of 104 patients of 

CML and 104 normal healthy individuals was assessed and compared by Serum Calcium, Serum Magnesium, Serum 

Phosphorus, Serum Vitamin D, Serum Alkaline phosphatase, and DEXA scan. Results: Mean serum calcium level was 

9.25 mg/dl in CML patients and 9.53 mg/dl in normal healthy individuals (p value < .01). Level of serum phosphorus 

was 2.15 mg/dl in CML patients versus 3.41mg/dl in normal controls (p value < .001). Mean serum vitamin D level of 

CML patients was 27.96 ng/ml versus 23.85 ng/ml (p value < .01).  Mean BMD of CML patients was -0.83 versus -

0.99 in normal individuals. (p value > .05). Conclusion: Long term use of imatinib in CML patients affects the bone 

health significantly and may impact the quality of life. 
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INTRODUCTION 
Imatinib mesylate is a potent inhibitor of all 

ABL tyrosine kinases (c-ABL, BCR-ABL and 

Tel/ABL) and ABL-Related Gene (ARG) [1]. Imatinib 

binds at the ATP binding site of kinase domain. It is 

currently the “gold standard” treatment for Philadelphia 

chromosome–positive chronic myeloid leukemia 

(CML) in chronic phase. Although imatinib was 

designed to specifically target BCR-Abl, many off-

target kinases are affected by imatinib actively [2]. 

Considering the wide range of signalling pathways 

inhibited by imatinib, one might expect that imatinib 

therapy would be associated with severe adverse 

effects. As imatinib is required for life-long therapy for 

CML patients, its long-term toxicities are more 

important. Berman and co-workers
 

[3] found that 

imatinib
 
treated patients had hypophosphatemia, lower 

osteocalcin levels
 

and higher parathyroid hormone 

levels. Subsequent studies confirmed
 
the observation of 

hypophosphatemia in patients receiving imatinib.
 
The 

authors concluded that imatinib may affect bone 

remodelling
 

and if left untreated, chronic 

hypophosphatemia may result in
 

impaired bone 

mineralization, rickets, and osteomalacia. These 

findings were explained by an
 

imatinib induced 

inhibition of bone turnover, which in turn,
 
triggered a 

secondary hyperparathyroidism in an attempt to 

maintain
 
calcium homeostasis. 

 

According to Jonsson et al. [4]
 
both osteoblasts 

and osteoclasts are targeted
 
by imatinib and it has been 

shown that imatinib promotes osteoblast
 
differentiation 

and inhibits osteoclastogenesis, presumably
 
through its 

action on the colony-stimulating factor 1 receptor
 
(C-

FMS) and platelet derived growth factor receptor 

(PDGFR). Overall, biochemical findings suggest a 

suppressed bone turnover
 

and the increased BMD 

indicates that bone formation and resorption
 
are affected 

unequally. It has been suggested that imatinib 

uncouples bone
 

formation from bone resorption in 

favour 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 Fitter et al.
 
[5],

 

who reported an increased trabecular bone volume in 

imatinib
 

treated patients. We planned this study to 

determine the bone health in patients of CML receiving 

imatinib. 

 

Aim of this study was to determine bone 

marrow density as assessed by DEXA scan in patient of 

chronic myeloid leukemia on imatinib therapy. 

 

Medical Oncology 
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Bone health markers (serum calcium, 

phosphorus and vitamin D3 level) in patient of chronic 

myeloid leukemia on imatinib therapy.
 

 

MATERIAL AND METHODS 
This was a hospital based observational study. 

Study was conducted on 104 patients of chronic 

myeloid leukaemia who were on imatinib for at least 

last one year and controls were 104 normal healthy 

subjects. Cases were taken from patients of CML 

attending Leukaemia Lymphoma Clinic at Birla Cancer 

Centre, Medical OPD and wards SMS Hospital, Jaipur 

and controls were healthy individuals taken from 

general population. Patients gave their informed 

consent and local ethical committee approved the 

protocol. Patients with a known parathyroid disorder, 

active thyroid disorder, and any renal disease were 

excluded. Patients taking oral calcium and vitamin D 

supplements or taking oral or intravenous steroids, 

calcitonin, any selective oestrogen modulating agent 

such as tamoxifen or raloxifene were also excluded.  

 

Study size is estimated at 80% power of study 

and alfa error 0.05 assuming standard deviation of bone 

marrow density as 0.1 gm/cm
2
 and minimum difference 

to be calculated of 0.05 gm/cm
2
. Sample size thus 

obtained comes to 64 in each group. 

 

These patients underwent complete clinical 

assessment and investigations including haemoglobin, 

total leucocyte count, platelet count, ESR, Serum 

Calcium, Serum Magnesium, Serum Phosphorus, 

Serum Vitamin D, Serum Alkaline phosphatase, 

Thyroid Profile (T3/ T4/ TSH), DEXA Scan. 

 

RESULTS 
Mean age of 104 cases of CML was 33.72 + 

12.82 years while mean age of 104 normal healthy 

subjects was 33.73 + 12.78 years. Out of 104 cases of 

CML 64 were males and 40 were females while out of 

104 normal healthy subjects 64 were males and 40 were 

females. Mean serum calcium level 104 patients of 

CML was 9.25 + 0.71 mg/dl. Mean serum calcium of 

normal healthy individuals was 9.53 + 0.64 mg/dl. This 

difference was statistically significant (p value < .01). 

Mean serum phosphorus of cases was 2.15 + 0.29 

mg/dl. Mean serum phosphorus of normal healthy 

individuals was 3.41 + 0.52 mg/dl. This difference was 

statistically highly significant (p value < .001). Mean 

serum vitamin D of 104 CML patients was 27.96+10.86 

ng/ml. Mean serum vitamin D of normal healthy 

individuals was 23.85+8.13ng/ml. This difference was 

statistically significant (p value < .01). Mean BMD of 

cases was -0.83+1.38. Mean BMD of normal healthy 

individuals was -0.99+1.78. This difference was 

statistically nonsignificant (p value> .05). Mean serum 

magnesium of cases was 2.84+0.70 mg/dl. Mean serum 

magnesium of normal healthy individuals was 

2.19+0.26 mg/dl. This difference was statistically 

highly significant (p value < .001). 

 

 

DISCUSSION 
Many efforts have been made to study the 

effect of imatinib on bone and mineral metabolism. A 

principal study was conducted by Berman et al.[6]. 

Berman et al. first demonstrated that serum level of 

osteoclast marker N-teloopeptide of collagen crosslinks 

(NTX) were decreased in imatinib treated CML and 

GIST patients, relative to healthy controls [6]. 

O’Sullivan et al. [7] prospectively studied biochemical 

indexes of calcium metabolism in blood and urine 

samples obtained after an overnight fast from nine 

patients (six men and three women, with a mean [±SD] 

age of 46±10 years) who had the BCR-ABL mutation 

and were starting imatinib therapy (at a dose of 400 mg 

daily) for chronic myeloid leukemia. These changes in 

bone turnover were accompanied by a reduced serum 

calcium level, secondary hyperparathyroidism, 

phosphaturia, and a reduced serum phosphate level. 

Jönsson et al. [8] found that imatinib treated CML 

patients had significantly
 
higher BMD of the lumbar 

spine (+12%) and total hip bone
 
(+12%) compared with 

controls. 

 

The present study was conducted on 104 

patients of chronic myeloid leukaemia and 104 normal 

healthy subjects. These patients underwent complete 

clinical assessment and bone health was assessed by 

Serum Calcium, Serum Magnesium, Serum 

Phosphorus, Serum Vitamin D, Serum Alkaline 

phosphatase, Thyroid Profile (T3/ T4/ TSH), DEXA 

Scan. 

 

In this study both the arms were well balanced 

according to age and sex. Healthy individuals having 

disease or drugs affecting bone density were excluded. 

In this study mean serum calcium level 104 patients of 

CML was 9.25 + 0.71 mg/dl. Range of serum calcium 

was 7-10.4 mg/dl. Mean serum calcium of normal 

healthy individuals was 9.53 + 0.64 mg/dl. This 

difference in serum calcium of cases and normal 

healthy individuals was found to be statistically 

significant (p value < .01) 

 

Serum vitamin D of 104 CML patients was 

27.96+10.86 ng/ml. Mean serum vitamin D of normal 

healthy individuals was 23.85+8.13ng/ml. This 

difference in serum vitamin D of cases and normal 

healthy individuals was found to be statistically 

significant (p value < .01). 

 

In this study mean BMD of cases was -0.83 

with standard deviation 1.38. Mean BMD of normal 

healthy individuals was -0.99 with standard deviation 

1.78. This difference in serum BMD of cases and 

normal healthy individuals was found to be statistically 

non-significant (p value > .05). 
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CONCLUSION 
Long-term toxicity of the imatinib affects the 

quality of life of CML patients. In this study significant 

hypocalcemia and hypophosphatemia was noticed in 

patients of CML on imatinib therapy. Imatinib mesylate 

significantly modulates bone turnover, as evidenced by 

an increase in serum vitamin D and lowered levels of 

serum calcium and phosphate. Routine monitoring of 

serum phosphate and vitamin D during imatinib therapy 

may be advisable so that prompt phosphate replacement 

can be initiated. 

 

Chronic, untreated hypophosphatemia can 

result in impaired bone mineralization, rickets, and 

osteomalacia. This study suggests that patient 

management and care should include appropriate 

monitoring of skeletal health. Further study in this area 

may be important. 
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