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Case Report
Relative Hypocalcaemia and Muscle Cramps in Patients
Receiving Imatinib for Gastrointestinal Stromal Tumour
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Purpose. Imatinib treatment causes muscle cramps in up to 40% of patients, but their pathogenesis is unknown. We present a case
series illustrating an association between imatinib, relative hypocalcaemia, and the development of cramps. Patients. The index
patient developed muscle spasms and cramps after receiving imatinib for gastrointestinal stromal tumour (GIST) for 5 months.
The adjusted serum calcium had dropped to the lower limit of normal. The low serum calcium and muscle cramps improved
on stopping imatinib and recurred on rechallenge. We reviewed the medical records of 16 further patients. Results. Two patients
reported muscle cramps (12%). There was a rapid and sustained reduction in adjusted serum calcium in the first 6 months from
2.45 ± 0.11 mmol/L (mean ± SD) to 2.30 ± 0.08 mmol/L (p = 0.025). Conclusion. Imatinib treatment of GIST is associated with
reduction in serum calcium which may explain the development of neuromuscular symptoms. In patients receiving imatinib,
serum electrolytes should be monitored and muscle cramps treated by correction of serum calcium, or an empirical trial of quinine
sulphate.
Copyright © 2006 Jamal M. Zekri et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
Imatinib mesylate is a tyrosine kinase inhibitor targeted to
BCR-ABL, PDGFR, and KIT. It has unprecedented activity
in chronic myelogenous leukaemia (CML) and gastrointestinal stromal tumours (GISTs), and has dramatically changed
the clinical management of these tumour types [1–4]. GISTs
characteristically have an activating mutation in the KIT receptor. Objective response rates to imatinib in GIST are just
over 50% [5, 6]. Recent data suggest that the presence of
exon 11 mutations in KIT predict for response to imatinib,
with a response rate of 83% in this patient group [7]. In patients with advanced GIST, imatinib treatment has improved
median survival from less than 1 year to more than 3 years,
with 65% of patients free of progression and 85% alive at one
year [6]. Imatinib is administered by mouth as a daily dose
of 400–800 mg until tumour progression.
The adverse eﬀects of imatinib are mostly mild and manageable. The most common adverse eﬀects reported by GIST
patients are listed in Table 1. Musculoskeletal eﬀects of imatinib are reported in 25% of GIST patients and 20–40%
of CML patients, including arthralgia, myalgia, and muscle
cramps, but are rarely dose-limiting [2, 5, 6, 8]. The pathophysiology of these eﬀects is uncertain. Here, we report a patient in whom the development of cramps and involuntary

movements while receiving imatinib was associated with a
significant reduction in adjusted serum calcium levels. We
then studied the calcium level changes in a cohort of patients receiving imatinib for GIST and found that reduction
in serum calcium occurred in all.
CASE REPORT
A 38-year-old woman with extensive abdominal GIST commenced imatinib mesylate (Glivec, Novartis) 400 mg/day in
October 2003. Her adjusted serum calcium was 2.54 mmol/L
(normal range 2.2–2.55). Imatinib was well tolerated, and
her tumour mass slowly responded to treatment. She was active (performance status 1), had a normal diet and no evidence of malabsorption. During the fifth month of therapy,
she complained of increasing muscle twitches and cramps,
locked fingers, and spasm of the tongue. Her adjusted serum
calcium was 2.28 and magnesium 0.75 (0.7–0.95) mmol/L,
both at the lower limit of the normal ranges.
On stopping imatinib, the symptoms rapidly resolved,
and the serum calcium and magnesium recovered to 2.37 and
1.0 mmol/L respectively (Figure 1). Imatinib was restarted
after 3 weeks, with oral calcium and magnesium supplements, but the cramps recurred. She was then given quinine sulphate 300 mg/day, with complete resolution of the
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Adverse eﬀect
Anaemia
Oedema
Fatigue
Pleuritic pain
Nausea
Diarrhea
Cramps
Granulocytopenia
Rash
Myalgia
Arthralgia

Grades 1/2
82
69
62
47
46
46
37
34
24
24
13

Grades 3/4
7
3
6
4
2.5
1.7
1.3
7
2.3
0.2
0

Table 2: Patient characteristics.
Age (years)
Sex

Median 60, range 38–83
Male 7, female 10
400 mg, 12 patients
800 mg, 5 patients
Median 23, range 3–39

Starting dose of imatinib
Duration of treatment, months

2.6
Adjusted serum Ca (mmol/L)

Table 1: Incidence of common adverse eﬀects (%) in patients receiving imatinib 400 mg/day for GIST, among 470 patients in a randomised clinical trial (from Verweij et al [6]).
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Figure 2: Changes in adjusted serum calcium in 17 patients receiving imatinib for advanced GIST, shown as mean ± standard deviation. Reference range 2.2–2.55 mmol/L.
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Figure 1: Changes in adjusted serum calcium in the index patient from the start of imatinib treatment. Reference range 2.2–
2.55 mmol/L.

cramps. Fifteen months later, she continues on imatinib
400 mg/day with quinine sulphate 300 mg/day. The tumour
mass continues to regress. Her serum calcium remains at the
lower limit of the normal range, but her cramps are controlled with quinine sulphate.

positive GIST. None was receiving bisphosphonates. The
median progression-free and overall survival had not been
reached at time of analysis. In addition to the index patient,
only one other reported symptoms of involuntary movements and cramps. These did not lead to imatinib dose reduction or withdrawal, but were managed with quinine sulphate 300 mg prn.
At the start of imatinib treatment, all patients had normal serum calcium levels (mean 2.45 ± SD 0.11 mmol/L).
All patients exhibited a rapid and sustained fall in adjusted
serum calcium during treatment with imatinib to 2.30 ±
0.08 mmol/L at 6 months (Figure 2) although few readings
were below the lower limit of the normal range. The reduction in adjusted serum calcium was statistically significant at
each time point from week 2 to month 6 (P = 0.002–0.05).

REVIEW OF CASE SERIES
In view of the findings in this patient, we undertook to review the medical notes of a cohort of 17 consecutive patients treated in our institution with imatinib for GIST. We
noted the occurrence of musculoskeletal adverse eﬀects and
recorded adjusted serum calcium levels. Magnesium levels
had not been consistently assessed and hence are not available for this report. Results are expressed as mean ± standard
deviation, and two-tailed paired t tests were used to test the
diﬀerence in means.
The characteristics of the 17 patients are shown in Table 2. These are comparable to those in reported trial series. All had inoperable, locally advanced or metastatic KIT-

DISCUSSION
The appearance of neuromuscular symptoms in the index
patient after 4 months of imatinib, their resolution on stopping the drug and reappearance on restarting it are highly
suggestive of a causal eﬀect of imatinib. As muscle cramps
occur in up to 40% of patients on receiving imatinib, this was
not an unexpected finding [2, 5, 6, 8]. However, the clear association with adjusted serum calcium levels, seen here, suggested that the reduced calcium level was also an eﬀect of
imatinib treatment, and possibly associated with the muscle cramps. To explore this association further, we studied a
further 16 patients receiving imatinib for GIST. Interestingly,
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we found that imatinib treatment is consistently associated
with a rapid and sustained fall in adjusted serum calcium,
albeit usually within the normal reference range. We therefore hypothesise that imatinib treatment is associated with
relative hypocalcaemia that can precipitate neuromuscular
symptoms in some patients.
Muscle cramps and other neuromuscular or symptoms
have been widely reported in patients receiving imatinib.
They usually occur in the hands, feet, calves, and thighs,
and may be tetanic in nature [2]. The cramps tend not to
change over time with respect to pattern, frequency, and
severity. They do tend to have consistent triggers, and some
patients report experiencing them mainly at night or with
exertion. Although such patients do not typically have levels of ionized calcium or magnesium below the lower limit
of normal, some benefit from calcium and magnesium supplements [2, 9]. Oral fluids have been encouraged, and quinine sulphate has been used empirically, with improvement
in some patients. Recent data suggest that GIST can progress
rapidly when imatinib is discontinued [10], so this cannot be
recommended as a strategy for dealing with cramps unless
they are extremely severe.
Interestingly, a reduction in the serum calcium has previously been noted in patients receiving imatinib for CML,
but is not widely recognised. Steegmann et al [11] found
significant reductions in serum calcium and phosphate in
the patients receiving the imatinib for interferon-resistant
or -intolerant CML, but no change in serum creatinine or
creatinine clearance. There was no association with neuromuscular symptoms in this study. The failure to observe an
association between imatinib and relative hypocalcaemia in
other large series is probably because the changes are typically within the normal reference range. The high reported
incidence of muscle cramps however suggests that relative
hypocalcaemia may be a common problem in these patients.
The pathophysiological basis for this association remains
uncertain but some possibilities can be considered. Firstly,
although KIT is expressed on renal tubular cells, their functions there are unknown. Imatinib could therefore be exerting a direct eﬀect on renal tubular KIT receptors, resulting in
relative hypocalcaemia. Secondly, imatinib is a member of a
family of protein tyrosine kinase inhibitors which can induce
marked changes in cell excitability and ion homeostasis. Indeed, imatinib blocks low voltage-activated T-type calcium
channels in human embryonic kidney cells [12]. Thus imatinib could have a nonspecific eﬀect on calcium homeostatsis
that is not KIT receptor-mediated.
Our findings suggest that imatinib treatment in GIST patients is commonly associated with relative hypocalcaemia,
which may contribute to the occurrence of neuromuscular
symptoms in up to 40% of patients. The adjusted serum calcium rarely falls below the lower limit of normal. It may
be prolonged, but it is not cumulative. We recommend that
serum electrolytes should be monitored in these patients, so
that symptomatic hypocalcaemia can be corrected. In the
presence of muscle cramps, electrolyte replacement or quinine sulphate can be tried. Imatinib should not be discontinued unless the cramps are very severe.

3
REFERENCES
[1] Joensuu H, Fletcher C, Dimitrijevic S, Silberman S, Roberts
P, Demetri G. Management of malignant gastrointestinal stromal tumours. The Lancet Oncology. 2002;3(11):655–664.
[2] Deininger MW, O’Brien SG, Ford JM, Druker BJ. Practical management of patients with chronic myeloid
leukemia receiving imatinib. Journal of Clinical Oncology.
2003;21(8):1637–1647.
[3] O’Brien SG, Guilhot F, Larson RA, et al. Imatinib compared
with interferon and low-dose cytarabine for newly diagnosed
chronic-phase chronic myeloid leukemia. The New England
Journal of Medicine. 2003;348(11):994–1004.
[4] Blay JY, Bonvalot S, Casali P, et al. Consensus meeting for the
management of gastrointestinal stromal tumors. Annals of Oncology. 2005;16(4):566–578.
[5] Demetri GD, von Mehren M, Blanke CD, et al. Eﬃcacy
and safety of imatinib mesylate in advanced gastrointestinal stromal tumors. The New England Journal of Medicine.
2002;347(7):472–480.
[6] Verweij J, Casali PG, Zalcberg J, et al. Progression-free survival
in gastrointestinal stromal tumours with high-dose imatinib:
randomised trial. The Lancet. 2004;364(9440):1127–1134.
[7] Debiec-Rychter M, Dumez H, Judson I, et al. Use of cKIT/PDGFRA mutational analysis to predict the clinical response to imatinib in patients with advanced gastrointestinal stromal tumours entered on phase I and II studies of the
EORTC Soft Tissue and Bone Sarcoma Group. European Journal of Cancer. 2004;40(5):689–695.
[8] Talpaz M, Silver RT, Druker BJ, et al. Imatinib induces durable
hematologic and cytogenetic responses in patients with accelerated phase chronic myeloid leukemia: results of a phase 2
study. Blood. 2002;99(6):1928–1937.
[9] Marin D, Marktel S, Bua M, et al. The use of imatinib (STI571)
in chronic myelod leukemia: some practical considerations.
Haematologica. 2002;87(9):979–988.
[10] Blay JY, Berthaud P, Perol D, et al. Continuous vs intermittent imatinib treatment in advanced GIST after one year: a
prospective randomized trial of the French Sarcoma Group.
Proceedings of the American Society of Clinical Oncology.
2004;23. abstract 9006.
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