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Abstract
We describe a case harboring a homozygous CYP24A1 mutation with mild loss of function, first presenting with recurrent 
nephrolithiasis from the age of 22 onward, initially associated with hypercalcemia and low PTH concentrations. Over the 
years, hyperparathyroidism developed, resulting in more severe hypercalcemia. Also, kidney function deteriorated, most 
probably as a consequence of biopsy-proven nephrocalcinosis. Conventional treatment options for CYP24A1 mutation were 
not effective and/or tolerated (avoidance of sun exposure, diet, pamidronate, itraconazole). A total parathyroidectomy was 
performed resulting in a normocalcemic hypoparathyroidism without need for treatment with vitamin D analogs, a positive 
bone mineral balance and an improved kidney function.
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Introduction

Mutations in CYP24A1 (24-hydroxylase), the enzyme 
responsible for the inactivation of 25-OH-vitaminD (25-
OHD) and 1,25(OH)2vitaminD (1,25(OH)2D) are inher-
ited in an autosomal recessive manner. A loss of function 
in CYP24A1 can result in inappropriate concentrations of 
1,25(OH)2D, causing hypercalcemia and hypercalciuria 
while suppressing parathyroid hormone (PTH). Infantile 
hypercalcemia represents the most overt clinical phenotype 
[1]. However, the manifestations of CYP24A1 mutations can 

sometimes remain occult until adult age and are typically 
unmasked by the occurrence of nephrolithiasis at young age 
[2–5]. Treatment is challenging and long-term outcomes are 
uncertain.

Case Presentation

A 44-year-old male was referred to the outpatient endo-
crinology clinic because of recurrent nephrolithiasis, with 
a first episode occurring at the age of 22, and chronic 
hypercalcemia.

Eleven years earlier biochemical analysis already showed 
hypercalcemia with normophosphatemia and appropriate 
suppression of PTH (Table 1). Kidney function was at the 
lower limit of normal. Thyroid function was normal and 
there was no evidence of cortisol deficiency. Granulomatous 
and malignant diseases were excluded by negative imag-
ing (FDG-PET, bone scintigraphy), protein electrophoresis 
and Mantoux test. PTH-related peptide was not elevated. 
The diagnosis of a non-PTH mediated hypercalcemia of 
unknown etiology was put forward.

At the age of 44, hypercalcemia was confirmed, but 
PTH was no longer suppressed (Table 1). His daily medi-
cal therapy consisted of allopurinol 300 mg, atorvasta-
tin 20 mg, lisinopril 20 mg and omeprazole 20 mg. The 
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patient did not take any calcium or vitamin D supplements. 
Parathyroid imaging by neck ultrasound and scintigraphy 
(dual 99mTC-SestaMIBI and  I123) showed no abnormali-
ties. Additional biochemical analysis showed nearly unde-
tectable concentrations of 24,25(OH)2D3 (determined by 
liquid chromatography-tandem mass spectrometry [6]) 
despite relatively high serum concentrations of 25-OHD, 
resulting in a high 25-OHD/24,25(OH)2D3 ratio, clearly 
suggestive for reduced breakdown of vitamin D by 
24-hydroxylase. Genetic analysis revealed a homozygous 
inactivating mutation in the CYP24A1 gene (c.1186C > T 
(p.Arg396Trp), confirming the diagnosis of congenital 
24-hydroxylase deficiency. Screening for MENIN and 
CaSR mutation was negative.

Avoidance of sun exposure and a short course of a high 
phosphate diet to lower the fractional gastrointestinal cal-
cium absorption were not effective. Treatment with bis-
phosphonates (short acting pamidronate IV followed by 6 
months of risedronate P.O.) to decrease the calcium efflux 
from the bone also failed to lower serum calcium levels. 
Treatment with the P450 inhibitor itraconazole and the 
calcimimetic cinacalcet were not tolerated by the patient. 
Kidney function deteriorated to a nadir eGFR of 34.2 mL/
min/1.73  m2. Ultrasonography of the kidneys confirmed 
bilateral nephro-ureterolithiasis. A kidney biopsy showed 
extensive interstitial fibrosis, tubular atrophy and interstitial 
calcium phosphate deposits (nephrocalcinosis). Given the 
severity of the condition and the failure of treatments, a total 

Table 1  Biochemical course before (gray cells left from bold line) and after (white cells right from bold line) PTX

Time before (−) 
and a�er (+) 
parathyroid 
surgery 

Referenc
e

−13
y

−21 
m

−12 
m

−6 
m

−2.
5 m

−1.5 
m

+1 
d

+2 
m

+12 
m

+20 
m

Age (years) 33 44 45 46 47 
Calcium 
(mmol/L) 

[2.15–
2.55]

2.80 2.90 3.41 3.12 3.2
6

3.05 2.5 2.28 2.26 2.48

Phosphate 
(mmol/L) 

[0.84–
1.52]

1.03 0.96 1.01 1.02 0.8
6

0.75 1.3
1

1.36 1.40 1.18

PTH 1-84 (ng/L) [14.9–
56.9]

5.0 31.6 36.6 40.8 80.
3

47.5 5.0 12.3 6.1 2.0

Crea�nine 
(mg/dL) 

[0.67–
1.17]

1.20 1.09 1.74 1.57 2.2
0

1.92 1.8
6

1.60 1.60 1.50

eGFR 
(mL/min/1.73m2

) (CKD-EPI)

79 82 46 52 34 41 42 51 51 54

25-OHD (µg/L) [11.0–
60.0]

66.2 67.0 42.3 72.0 46.
2

49.5 37.
4

53.9 49.7 51.0

1,25(OH)2D3

(pg/mL) 
[20.0–
80.0]

44.6 65.2 56.4 82.7 89.
3

60.3 58.
1

38.3 44.8 38.9

24,25(OH) 2D3

(µg/L) 
[1.0–4.0] – 0.2 – – – – – – 0.2 –

25-
OHD/1,25(OH)2

D3

148
4

102
8

750 871 517 821 644 140
7

110
9

131
1

25-
OHD/24,25(OH)2

D3

– 211.
5

– – – – – – 248.
5

–

FGF-23 (RU/mL) [<125.0] – – 823.
0

802.
0

– 802.
0

– 503.
1

490.
6

–

Calciuria 
(mmol/24h)

<7.5 9.2 – 3.8 4.9 – – – 3.1 – 1.3

Calciuria (mg/g 
creat)

– – 150.
7

107.
6

– – – 52.1 – 28.2

Details of the assays used available upon request



Therapy‑Resistant Hypercalcemia in a Patient with Inactivating CYP24A1 Mutation and Recurrent…

1 3

parathyroidectomy (PTX) was performed. Two out of four 
glands showed hyperplasia on pathological examination. 
After surgery, PTH levels dropped and serum calcium levels 
normalized (Fig. 1). Kidney function also partially recov-
ered (Table 1). Up to 20 months after PTX, calcium levels 
have remained normal, kidney function has remained stable, 
and no relapse of nephrolithiasis has occurred. Bone den-
sitometry, measured by dual X-ray absorptiometry (DXA), 
showed substantial improvement (T-score − 1.5 at lumbar 
spine and − 0.5 at total femur vs. T-score + 0.0 at lumbar 
spine and − 0.4 and total femur 1 year before and 1 year after 
PTX, respectively (corresponding to an increase of 17.3% 
at lumbar spine level and 2% at total femoral level)). Nor-
mocalcemia is maintained without the need for calcium or 
vitamin D supplements.

Discussion

CYP24A1 mutations are known to cause infantile hypercal-
cemia [1]. Though, penetrance of symptoms is variable and 
the disease can remain unnoticed until adult age. The fre-
quency of predicted deleterious bi-allelic variants in the gen-
eral population has been estimated to be as high as 4–20% 
[3]. In patients with recurrent episodes of nephrolithiasis 
and hypercalcemia, screening for CYP24A1 inactivation 
should be included in the differential diagnosis. Screening 
can be done by measurement of the vitamin D metabolite 
ratio (25-OHD/24,25(OH)2D ratio) followed by genetic con-
firmation [7]. Since 24,25(OH)2D levels are often immeas-
urably low in patients with CYP24A1 mutation, Cavalier 
et al. propose to evaluate the function of 24-hydroxylase 
according to 25-OHD levels [8]. They found that whenever 
25-OHD levels are higher than 21 µg/L, while 24,25(OH)2D 
levels are undetectable, a CYP24A1 mutation is very likely, 

as this would only occur in 0.7% of the healthy population. 
In our case, 24,25(OH)2D3 levels were at the lower detection 
limit along with high levels of 25-OHD. The mutation in our 
patient was previously described by Schlingmann et al. [1].

Multiple cases with a CYP24A1 mutation have been 
reported. In some, the clinical course is complicated by renal 
dysfunction, as was also seen in our patient [9–11]. Most 
probably hypercalcemia is involved in the pathophysiology 
of the renal dysfunction. Hypercalcemia may induce both 
functional (vasoconstriction) and structural (nephrocalci-
nosis) abnormalities that may impair kidney function [12].

Correcting the hypercalcemia in patients with CYP24A1 
mutation is challenging. Several therapies have been sug-
gested in literature, including avoidance of sun exposure, 
high phosphate intake, bisphosphonates, antifungal therapy 
[13, 14]. CYP3A4 is able to accelerate the degradation of 
several vitamin D metabolites, including 25-OHD and 
1,25(OH)2D [15]. Activators of CYP3A4, such as rifampicin 
are thus potentially useful drugs to treat patients with 
CYP24A1 mutations, but such drugs were not attempted in 
our patient [16].

The most remarkable aspect of the clinical course of our 
patient was the evolution over time from low to high PTH, 
suggestive for the development of hyperparathyroidism 
(HPT). One might argue that the HPT was secondary to the 
renal dysfunction. However, the biochemical picture of high 
PTH in combination with high calcium, high 1,25(OH)2D3 
and low phosphate rather points to primary HPT. A couple 
of cases of HPT complicating CYP24A1 mutation have pre-
viously been described. Loyer et al. describe two patients 
that were diagnosed with 24-hydroxylase deficiency after 
parathyroid surgery because of persistence of hypercalcemia 
[17]. In a similar case partial PTX was performed because 
of suspected primary HPT [9]. With increasing age, hyper-
calcemia persisted and interestingly kidney function also 
declined, similar to the case we describe. Phosphate levels 
also remained in the lower range of normal. A total PTX was 
subsequently performed, resulting in persistent normocal-
cemia without need for calcium or vitamin D substitution. 
Colussi et al. describe a patient with CYP24A1 mutation 
developing renal insufficiency and subsequent PTH rise [11]. 
Though in this patient phosphate levels were at the high level 
of normal and 1,25(OH)2D levels decreased, making it more 
suggestive for a secondary HPT.

Whether the development of HPT in patients with CYP24A1 
mutation is merely coincidence (incidence of primary HPT is 
0.4–82 cases per 100,000 in the normal population) [18], or 
may have a direct link to the disease itself, remains unclear. 
Pathological examination of the parathyroid glands in our 
patient showed hyperplasia in 2 out of 4 parathyroid glands. 
Parathyroid hyperplasia is present in up to 15% of the cases of 
primary HPT [19]. The other patients with CYP24A1 muta-
tion and concomitant HPT described in literature showed 
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Fig. 1  Evolution of serum calcium and PTH. Gray zone and white 
zone denote the period before and after surgery, respectively. (Graph 
was made by GraphPad Prism v8.3.0 (GraphPad, La Jolla, CA, USA))
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hyperplasia as well [17], single adenoma [17], and normal 
parathyroid tissue [9]. Several mutations have been linked to 
the development of primary HPT by inducing parathyroid ade-
noma or hyperplasia [20, 21]. Most of these mutations occur 
sporadically, though also inherited forms exist. In our case 
the presence of MEN 1 syndrome and familial hypocalciuric 
hypercalcemia type 1 were genetically excluded.

Total PTX in our patient resulted in normocalcemia with-
out need for calcium or vitamin D substitution. Additionally, 
the patient remained free of clinical renal stone disease and 
kidney function improved. Several reports suggest that PTX 
may be able to halt further deterioration of kidney function 
in patients with primary HPT [22, 23]. PTX also had a ben-
eficial outcome on bone, which is also described as such in 
literature [24, 25]. Bone densitometry, as measured by DXA, 
increased after surgery. The patient received therapy with 
bisphosphonates for a short period of time, which may have 
confounded the result of the bone densitometry.

Conclusion

We believe it is important to assess serum calcium levels 
in patients with recurrent nephrolithiasis and whenever 
hypercalcemia is confirmed, PTH levels should be meas-
ured. In case of non-PTH mediated hypercalcemia, 25-OHD, 
1,25(OH)2D levels and 24,25(OH)2D metabolites should be 
determined. If there is evidence for reduced inactivation of 
vitamin D, suggested by a high 25-OHD/24,25(OH)2D ratio, 
a genetic analysis can confirm the diagnosis of CYP24A1 
mutation. Clinicians should be aware that the clinical course 
in patients with CYP24A1 mutation may be complicated by 
renal dysfunction and development of primary HPT. In the 
latter patients, PTX may be necessary to control calcium and 
vitamin D levels.
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