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1,25-dihydroxyvitamin D hypercalcemia 
and imatinib hepatotoxicity in a patient 
with GIST

H
ypercalcemia is commonly encountered 
in carcinomas, most commonly in breast 
and lung cancers, but is also encountered 

in some hematologic malignancies such as multiple 
myeloma, leukemia, and lymphoma. Hypercalcemia 
occurs in 20%-30% of carcinomas during their 
course and usually portends a poor prognosis.1 
It occurs in malignancy predominantly due to 2 
mechanisms. The first mechanism is parathyroid 
hormone-related protein (PTHrP) and osteo-
lytic bone metastasis. Hypercalcemia mediated by 
PTHrP release by the tumor is commonly called 
humoral hypercalcemia. PTHrP leads to increased 
bone resorption and increased renal calcium reab-
sorption, which leads to hypercalcemia. It is usually 
seen in squamous cell carcinomas (lung, head and 
neck), renal cell carcinoma, and bladder carcinoma.2 
Humoral hypercalcemia accounts for about 80% of 
all cases of hypercalcemia of malignancy.2 The sec-
ond main mechanism of hypercalcemia of malig-
nancy is a result of osteolytic bone lesions. In this 
situation, tumors metastasize to bone and express 
cytokines, leading to osteoclast activation through 
the RANKL-RANK interaction, which results in 
bone resorption and release of calcium into circu-
lation.3 This type of hypercalcemia is usually seen 
in breast cancer and multiple myeloma. Osteolytic 
bone lesions account for about 15%-20% of all cases 
of hypercalcemia of malignancy.2

Although these mechanisms account for most 
cases of hypercalcemia, other mechanisms exist. 
Rarely, tumors can have ectopic PTH production. 
Increased production of 1,25-dihydroxyvitamin D 
is another cause of hypercalcemia of malignancy 
that is not often encountered or discussed. Increased 
production of 1,25-dihydroxyvitamin D accounts 
for many of the cases of hypercalcemia in Hodgkin 
lymphoma and some of the cases in non-Hodgkin 

lymphoma. It has rarely been reported in other can-
cers,4-8 including gastrointestinal stromal tumors 
(GISTs).9,10

GISTs are the most common mesenchymal tumor 
of the gut, and treatment involves surgical resec-
tion if possible. KIT is frequently mutated in GIST, 
and GIST tumors are treated with the tyrosine 
kinase inhibitor (TKI), imatinib. Imatinib inhibits 
KIT as well as ABL, platelet-derived growth fac-
tor (PDGFR), and other Src-family kinases. The 
site of the mutation in KIT is a determining fac-
tor of the efficacy of imatinib as an anti-tumor 
agent.11-13 Although the side effects of imatinib are 
usually minimal, in some patients they can include 
edema, fatigue, skin rash, diarrhea, myelosuppres-
sion, and elevated liver function tests, in addition to 
other adverse effects.11,14 Rarely, imatinib can cause 
severe liver injury and death.15 Here we report a case 
of GIST presenting with 1,25-dihydroxyvitamin 
D-mediated hypercalcemia in which treatment with 
imatinib resulted in drug-induced liver injury.

Case presentation and summary
A 45-year-old man with a history of hypertension, 
hyperlipidemia, and borderline intellectual disability 
developed symptoms of nausea, malaise, abdominal 
pain, and weight loss 15-20 lb over 2-3 weeks. A 
computed-tomography (CT) scan showed a mesen-
teric mass and peritoneal studding consistent with 
peritoneal carcinomatosis. His labs showed acute 
kidney injury with a creatinine of 4.5 mg/dL (ref-
erence range, 0.66-1.25 mg/dL) and hypercalcemia 
with a corrected calcium of 14.5 mg/dL (reference 
range, 8.5-10.1 mg/dL). He was treated aggressively 
for hypercalcemia with intravenous fluids, but ulti-
mately required calcitonin and a bisphosphonate. 
His PTH level was normal, and PTHrP level was 
not detectable.
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A biopsy showed a mixed type GIST that was CD117 
positive. He was started on imatinib 200 mg/day. His cal-
cium level improved but did not normalize, and he trans-
ferred his care to another facility. A KIT exon 11 deletion 
(YIDPTQL 570-576) was found. Creatinine fell to 1.62 

mg/dL, and his imatinib dose was increased 
to 400 mg/day. However, he developed 
increasing ascites. Imatinib was withheld, 
and the ascites improved, but hypercalcemia 
returned and required treatment with cal-
citonin and a bisphosphonate. The patient’s 
1,25-dihydroxyvitamin D level was elevated 
at 192 pg/mL at that time and peaked at 
201 pg/mL (reference range, 15-75 pg/mL; 
Figure 1). PTHrP was again undetectable 
at <2.8 pmol/L (reference range, 0.0-4.0 
pmol/L).

The patient’s hypercalcemia proved dif-
ficult to control despite bisphosphonates, 
intravenous fluids, calcitonin, and steroids. 
After the patient had been off imatinib for 
1 month, a positron-emission tomogra-
phy (PET) scan showed marked fluorine-
18-deoxyglucose (FDG)-avid PET activ-
ity (Figure 4A). Imatinib was begun at 400 
mg/day, and the hypercalcemia and symp-
toms quickly improved. However, he devel-
oped severe transaminitis with an alanine 
aminotransferase (ALT) level of about 200 
U/L (reference range, 0-70 U/L). Imatinib 
was again withheld, and the patient’s ALT 
level stabilized. A re-trial of imatinib at 200 
mg/day for 2 days resulted in an immedi-
ate increase in ALT to more than 600 U/L 
(Figure 2), and imatinib was stopped.

A liver biopsy showed portal inflamma-
tion and lobular inflammation consistent 
with drug-induced liver injury. The patient 
was started on prednisone at 20 mg/day. 
His ALT levels decreased and eventually 
normalized (Figure 2), and the steroids 
were tapered off. At the same time, he again 
developed hypercalcemia (Figure 3) and was 
found to have disease progression. Sunitinib 
was begun (50 mg/day for days 1-28 of a 
6-week cycle) with normalization of the 
calcium (Figure 3). Skin toxicity required 
a modification of the sunitinib dose and 
schedule. He remained on this modified 
dose for 3 months, and a PET-CT scan 
showed marked improvement in peritoneal 
carcinomatosis (Figure 4B).

Four months after the PET scan (while 
remaining on sunitinib), the patient devel-

oped an uncomfortable right inguinal mass. A repeat PET 
scan showed progressive disease and a right inguinal her-
nia with a reducible tumor extending into the hernia. 
The surgery team decided that there was no good surgi-
cal option for his hernia. Sunitinib was stopped, and the 

FIGURE 1 1,25-dihydroxyvitamin D levels for a GIST patient with 1,25-dihydroxyvitamin  
D-mediated hypercalcemia of malignancy. 

GIST, gastrointestinal stromal tumors

FIGURE 2 ALT levels for a GIST patient with 1,25-dihydroxyvitamin D-mediated hypercalcemia 
of malignancy. 

ALT, alanine aminotransferase; GIST, gastrointestinal stromal tumors



August 2016  g  THE JOURNAL OF COMMUNITY AND SUPPORTIVE ONCOLOGY 365 Volume 14/Number 8

patient was started on a trial of imatinib at 
200 mg/day, but rapidly developed trans-
aminitis (ALT, about 250 U/L ) after 4 
doses of 200 mg/day (Figure 2). Imatinib 
was stopped, and his ALT level improved 
to about 100 U/L. We planned to use rego-
rafenib, however, due to a delay in obtain-
ing the drug, a trial of imatinib with steroids 
was attempted. The patient received ima-
tinib 200 mg/day with prednisone 20 mg/
day for 2 days, but developed a rapid rise 
in his ALT level, to >1,100 U/L (Figure 2). 
Imatinib was stopped, and prednisome was 
increased to 60 mg/day with normaliza-
tion of ALT (Figure 2). Regorafenib (160 
mg once daily for the first 21 days of each 
28-day cycle) was begun, and a CT scan 1 
month later showed an improved response. 
Repeat CT scans showed a mixed response 
to regorafenib.

Discussion
Hypercalcemia of malignancy is commonly 
encountered and occurs predominantly due 
to PTHrP release by the tumor or osteolytic 
bone lesions. Although these 2 mechanisms account for 
most hypercalcemia of malignancy cases, increased produc-
tion of 1,25-dihydroxyvitamin D is another unusual cause 
of hypercalcemia of malignancy. Our patient’s hypercalce-
mia was thought to be 1,25-dihydroxyvitamin D-mediated 
because of his high 1,25-hydroxyvitamin D level in the set-
ting of a normal PTHrP level and lack of osteolytic bone 
lesions. 1,25-dihydroxyvitamin D is the active form of vita-
min D. Cholecalciferol (vitamin D3) is obtained from diet 
and sunlight, and carried to the liver where it is converted 
to 25-hydroxyvitamin D (calcidiol). That is then converted 
to 1,25-dihydroxyvitamin D in the kidney via 1-alpha-
hydroxylase, which is regulated by PTH. Normally, hyper-
calcemia should result in a decreased release of PTH and 
therefore decreased 1-alpha-hydroxylase, which would 
lead to decreased conversion of 25-hydroxyvitamin D to 
1,25-dihydroxyvitamin D. In contrast, in some malignan-
cies there is direct tumor production (extra-renal produc-
tion) of 1-alpha-hydroxylase or 1,25-dihydroxyvitamin D. 
This results in increased levels of 1,25-dihydroxyvitamin D 
(despite a low PTH) and ultimately results in hypercalce-
mia.2 This is thought to be accomplished directly by the 
malignancy through malignant cells and/or nearby macro-
phages.16 The increased level of 1,25-dihydroxyvitamin D 
leads to hypercalcemia by causing increased intestinal cal-
cium absorption and increased bone resorption. Increased 
production of 1,25-dihydroxyvitamin D accounts for many 
of the cases of hypercalcemia in Hodgkin lymphoma and 
some of the cases in non-Hodgkin lymphoma.2,17

Hypercalcemia has rarely been reported in other can-
cers, including ovarian dysgerminomas,4,5 lymphomatoid 
granulomatosis or angiocentric lymphoma,8 mesotheli-
oma,6 and possibly colon cancer.7 GISTs have very rarely 
been associated with 1,25-dihydroxyvitamin D-mediated 
hypercalcemia. We found only 2 reported cases in the lit-

FIGURE 4 Positron-emission tomography scan showing A, fluorine-18-deox-
yglucose (FDG)-activity with an unusual tumor pattern of diffuse peritoneal 
disease after the patient had been off imatinib for 1 month (maximal in-
tensity projection image, coronal view), and B, after 3 months of sunitinib 
therapy (maximal intensity projection image, coronal view). 

FIGURE 3 Calcium levels for a GIST patient with 1,25-dihydroxyvitamin D-mediated hypercal-
cemia of malignancy. 

GIST, gastrointestinal stromal tumors
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erature.9,10 Our case highlights that GIST tumors can 
present with hypercalcemia mediated by 1,25-dihydroxvi-
tamin D. In our case, the 1,25-dihydroxyvitamin D level 
was reduced from a peak of 201 pg/mL to a low of 19 pg/
mL with imatinib, though levels later progressed. Our case 
suggests that calcium levels and 1,25-dihydroxyvitamin D 
levels were correlated with disease response and may aide 
in determining when disease is progressing. It is interest-
ing to note that hypercalcemia has been reported in other 
diseases, namely granulomatous diseases, and that 1,25- 
dihydroxyvitamin D-mediated hypercalcemia responds to 
glucocorticoid therapy.18 

This case also shows that TKIs can result in drug-
induced liver injury that can respond to corticosteroids. 
Imatinib undergoes hepatic metabolism and is known to 
cause elevated liver function tests. In contrast, in trials 
of imatinib for GIST, rates of transaminitis were much 
lower. In a recent study that compared imatinib dosing 
in GIST, at 400 mg of imatinib, 4% of participants devel-
oped grade 3 hepatotoxicity and no grade 4 hepatotoxic-
ity was observed.15 For patients who develop transamini-
tis and/or hyperbilirubinemia, imatinib often has to be 
withheld until those conditions improve. The US pre-
scribing information defines hepatotoxicity as elevations 
of total bilirubin >3 times the institutional upper limit 
of normal (IULN) or transaminases >5 times the IULN. 

For patients who develop hepatotoxicity during therapy, 
the US prescribing information recommends withhold-
ing treatment until bilirubin is <1.5 times the IULN and 
transaminases <2.5 times the IULN, and then resuming 
treatment with a reduced dose, although there are scant 
data to support these recommendations. In the absence of 
transaminitis, a small elevation of bilirubin may not be a 
reason to alter treatment, depending on the clinical situa-
tion. In addition, the high incidence of Gilbert syndrome 
must be considered. Sometimes drug-induced injury can 
be severe enough to require permanent discontinuation 
of the drug and/or liver biopsy. Severe transaminitis, as 
occurred in our case, is uncommon. Steroids have been 
shown in some small studies to reverse severe imatinib-
induced hepatotoxicity.19 Our patient's transaminases 
returned to normal with imatinib withdrawal and pred-
nisone treatment on 2 occasions, which highlights the 
importance of monitoring liver function tests in patients 
on imatinib.

In conclusion, our case draws attention to 2 key points: 
GISTs can present with hypercalcemia that is thought to 
be mediated by 1,25-dihydroxyvitamin D, and imatinib can 
result in severe liver injury that may respond to steroids. 
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