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A B S T R A C T   

Objective: Granuloma formation following self-administered cosmetic oil injections can lead to severe hyper-
calcemia and renal calcifications due to extra-renal vitamin D activation. This translational study aims to identify 
Prednisolone sparing therapeutics for hypercalcemia after development of granulomatous disease secondary to 
paraffin oil injections. 
Materials and methods: Granuloma tissue isolated from five men were cultured ex vivo and treated with selected 
drugs to block generation of activated vitamin D (1,25(OH)2D3). In a retrospective study, we included data 
before and during different treatments of 21 men with paraffin oil induced granulomatous hypercalcemia (46 
treatment courses) where serum calcium, parathyroid hormone, vitamin D metabolites, creatinine and inflam-
matory markers were measured. 
Results: Addition of Ketoconazole or Ciclosporin to granuloma tissue ex vivo culture, significantly suppressed 
production of 1,25(OH)2D3 after 48 h (both p < 0.05). Prednisolone was the first treatment option in most men 
and lowered serum levels of ionized calcium after 1, 2, 3 and 6 months compared with baseline (p < 0.05). 
Ketoconazole or Hydroxychloroquine had no significant effect on serum calcium levels and were unable to 
reduce the concomitant daily Prednisolone doses (p > 0.05). Azathioprine did not reduce calcium levels. 
However, addition of Tacrolimus to Prednisolone treatment enabled a reduction in Prednisolone dose after 3 
months (p = 0.014), but with no additional effect on calcium homeostasis. 
Conclusion: This study verifies that Prednisolone is an effective treatment and suggests that calcineurin inhibitors 
may be used as Prednisolone sparing treatment for paraffin oil-induced granulomatous hypercalcemia. Ran-
domized clinical trials are needed to determine clinical efficacy.   

1. Introduction 

In recent years, reports of hypercalcemia associated with granulomas 
after self-administered oil injections have been increasing. Sporadic 
cases were reported before the 1990s [1], but in recent years several case 

reports have shown that intramuscular paraffin oil injections can induce 
granuloma formation and lead to severe hypercalcemia [2–4]. Intra-
muscular paraffin oil injections are used to cosmetically enlarge 
muscular size, without knowledge of its consequences and complica-
tions [5,6]. Until now, robust clinical data have been sparse. 
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Under physiological conditions, calcium homeostasis is maintained 
by tight regulation of intestinal absorption, renal excretion and calcium 
release from the skeleton to secure stable serum concentrations [7]. 
Vitamin D regulates calcium homeostasis, but first the inactive vitamin 
D (Cholecalciferol) undergoes 25-hydroxylation by hepatic CYP2R1 to 
generate 25OHD and subsequent 1-α hydroxylation by the renal 
CYP27B1 before 1,25(OH)2D3 (calcitriol) the active form of vitamin D is 
generated [8,9]. Calcitriol promotes calcium and phosphate intestinal 
absorption and reabsorption from the kidneys until it is inactivated by 
CYP24A1 [10,11]. PTH is the main inducer of CYP27B1 and thus the 
main inducer of vitamin D activation and a powerful mobilizer of cal-
cium from the skeleton. In contrast, FGF23 suppresses CYP27B1 and 
induces CYP24A1 transcription and thereby effectively lowers circu-
lating 1,25(OH)2D3 [11]. 

Paraffin oil injections may lead to development of foreign body 
granulomas. These granulomas are rich in inflammatory cells that ex-
press CYP27B1 [12,13]. In granulomas, the regulation of CYP27B1 is 
strikingly different compared to other non-renal organs, as CYP27B1 is 
massively induced by cytokines and the inactivating enzyme CYP24A1 is 
not stimulated by high CYP27B1 activity. This results in high extra-renal 
production of 1,25(OH)2D3 and secondarily elevated serum calcium 
levels [14]. 

Granulomatous hypercalcemia due to paraffin injections has been 
under-reported and an increasing number of reports suggest complica-
tions such as hypercalcemia, nephrolithiasis, and even end stage kidney 
disease and death [14–16]. Currently, corticosteroids are the main drug 
of choice for treatment of granulomatous hypercalcemia, because it 
suppresses inflammation, vitamin D metabolism and calcium absorp-
tion. In the few case stories available, hypercalcemia is often managed 
conservatively with rehydration therapy and corticosteroids [17]. At 
present, no studies have evaluated the effect of corticosteroid treatment 
on hypercalcemia or suggested when corticosteroid doses should be 
lowered or paused. Like in other corticosteroid-sensitive diseases, there 
is a need for alternative or steroid sparing treatments. 

Through a translational approach, we aim to identify Prednisolone 
sparring treatments for paraffin oil induced granulomatous hypercal-
cemia by combining data from the ex vivo granuloma model with the 
largest observational non-placebo-controlled data thus far. 

2. Materials and methods 

2.1. Study population and biochemical analysis 

Since 2018, patients with previous paraffin oil injections have been 
referred to the Department of Endocrinology at Herlev-Gentofte Uni-
versity Hospital (HGH), Copenhagen, Denmark for clinical evaluation 
and treatment. Baseline characteristics of this cohort have previously 
been described [16]. In short, the original cohort comprised a total of 88 
men at inclusion and all men underwent medical review and physical 
examination by a senior physician. From baseline until December 2020, 
30 patients from the original cohort had received treatment for hyper-
calcemia, with some patients only receiving one treatment regimen, 
while the remaining patients had received changing treatment regimens 
and a total of over 100 treatment regimens had been initiated. In this 
retrospective study, we have gathered information from all the treat-
ment courses, including serum levels of calcium homeostasis and doses 
of corticosteroids and/or add-on treatments at commencement, under 
and at termination of the treatment course. Treatment courses were 
included in the study if they met our criteria of adherence to medication, 
and if patients showed compliance in regular follow-up sessions. In total, 
information from a total of 46 courses of treatments from 21 different 
individuals were included. 

2.2. Adherence to medication 

The patient's actual adherence to medication was calculated as 

medical possession rate (MPR), as the total number of days with access 
to medicine/number of days on treatment x 100%. The start date was 
first day of collection of the drug on the prescription including the date 
and number of tablets registered by the pharmacy. Number of days with 
access to correct dose was found by obtaining prescription records from 
“Fælles Medicinkort” (FMK), a Danish national prescription system 
based on each persons' unique personal identifier number from the 
Danish Central Persons Register and dividing the canister size with the 
number of prescribed tablets per day. For MPR adherence, the inclusion 
criteria were set to good adherence (>80%). Furthermore, in Tacrolimus 
treatment, serum levels of Tacrolimus were used to verify compliance to 
medication. 

2.3. Biochemistry 

Blood samples were taken and analyzed at Herlev-Gentofte Hospital 
in Copenhagen; however, patients referred from distant regions of 
Denmark had blood drawn at their local hospital and these were 
analyzed in 24 different local laboratories. Ionized calcium was 
analyzed in three different sites, while PTH and 25OHD samples were 
sent to five different sites. Although different laboratories and assays 
were used for analyzing serum levels of calcium and PTH, comparisons 
were made with the individuals' respective baseline, so the change from 
baseline represented a valid indicator. GFR was determined by the CKD- 
EPI equation [18]. 

2.4. Ex vivo culture of granuloma tissue 

Ex vivo cultures of human granuloma tissue were conducted as 
described in our previous study where data from three of the five 
included patients were presented [16]. Briefly, within hours after sur-
gical removal, the tissue was divided into small 1 mm3 fragments and 
placed in ‘hanging drops’ consisting of 40 μL optimized culture media. 
Tissues were cultured at 37 ◦C in 5% CO2 for 24–72 h. Tissue fragments 
were cultured in basal media, or basal media supplemented with 25OHD 
(1 μM) or 25OHD (1 μM) plus one of the following drugs: Ketoconazole 
(10 μM), Dexamethasone (1 μM), Ciclosporin (500 ng/mL), Hydroxy-
chloroquine (15 μg/mL) or vehicle (sterile water, PBS, DMSO, or 
ethanol). 1,25(OH)2D3 secreted to the media was determined with 
enzyme immunoassay (IDS, #AC-62F1) according to the manufacturer's 
protocol and absorbance was measured at 450 nm (reference 630 nm) 
using a FLUOstar Omega microplate reader (BMG Labtech). 

2.5. Statistical analysis 

All statistical calculations were conducted using SPSS version 25. A 
significance level of p < 0.05 was considered statistically significant. 
Descriptive statistics were calculated for all variables and presented as 
mean with standard deviation as data was normally distributed. Longi-
tudinal measurements of changes in calcium homeostasis were analyzed 
by a linear mixed model for repeated measures [19], which allowed us to 
include patients with an incomplete follow-up into the analysis [20]. 
Adjustment for multiple comparisons was made with Bonferroni. Con-
centrations of 1,25(OH)2D3 in the medium from ex vivo cultures exposed 
to different treatments were compared by ANOVA and Dunnett's test. 

2.6. Ethics 

The study was approved by the Research Ethics Committee of Region 
Copenhagen (journal no. H-19010297) and listed at clinicaltrials.gov 
NCT04265599. Prior to inclusion in the study, written consent was ob-
tained from each subject after thorough explanation of the study's pur-
pose and nature. 
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3. Results 

3.1. Baseline characteristics 

The included study population consisted of 46 treatment courses 
from 21 different patients (Table 1 baseline characteristics). Mean age of 
the patients was 36.9 years (SD 9.6) and mean body mass index (BMI) 
was 29.2 (SD 4.4). The patients had on average injected themselves with 
1.8 L (0.3 to 8.0 L) of paraffin oil on average 6.5 years (range 2.5–12.5 
years) prior to treatment initiation. At the start of treatment, the patients 
had severe hypercalcemia with an average serum ionized calcium level 
of 1.65 mmol/L (SD 0.33) well above the upper normal reference level 
(1.32 mmol/L). Accordingly, PTH was suppressed to an average of 0.87 
pmol/L (normal reference range: 2.0–8.5 pmol/L). Kidney function was 
reduced as creatinine concentrations corresponded to an estimated GFR 
of 53.6 mL/min/1.73 m2 (SD 24.9). Inflammatory markers such as 
Interleukine-2-receptor (IL-2R) and peptidyldipeptidase A (ACE) were 
high with IL-2R on average elevated to 841 kU/L (SD 417) (reference 
range: 158–623 kU/L), while s-ACE was within the high end of the 
normal range with mean at 114 U/L (SD 234) (reference range: <115 U/ 
L). In seven patients, baseline Ferritin were measured and were elevated 
with a mean of 693 μg/L (SD 388) (reference range: 12–300 μg/L). 
FGF23 was not measured systematically as many patients suffered from 
renal failure, rendering the analysis unsuited for evaluation of the cal-
cium homeostasis. 

3.2. Extension of established ex vivo granuloma tissue culture 

We have previously examined granuloma tissue from three patients 
[16], but now included two additional patients in the ex vivo tissue 
cultures, increasing the study to include a total of five patients. These 
five men had increased inflammatory activity and four of them had 
manifest hypercalcemia and were actively treated with prednisolone 
(Table 2). Fig. 1 shows quantification of 1,25(OH)2D3 produced and 
secreted into media by granuloma tissue exposed to vehicle (DMSO), 
Ketoconazole (10− 5 M), Dexamethasone (10− 6 M), Hydroxychloroquine 
(15 μg/mL) and Ciclosporin (500 ng/mL). Addition of 25OHD to the 
culture media resembled the in vivo situation by resulting in increased 
1,25(OH)2D3 production. The duration of the treatments administered 
were 48 h. As Fig. 1 shows, treatment of granuloma tissue with Keto-
conazole (p = 0.033) and Ciclosporin (p = 0.032) significantly sup-
pressed production of 1,25(OH)2D3 after 48 h in culture. Contrary, 
Dexamethasone (p = 0.219) and Hydroxychloroquine (p = 0.957) did 

not suppress 1,25(OH)2D3 production after 48 h. 

3.3. Treatment of granulomatous hypercalcemia with Prednisolone 

Initially, all patients were treated with corticosteroids as the first- 
choice drug. 16 treatment courses were monotherapy with Predniso-
lone, an oral corticosteroid, starting at different doses. Changes in serum 
levels of ionized calcium, PTH and 25OHD after treatment with Pred-
nisolone are shown in Fig. 2. The average daily dose used for treatment 
in the first month of treatment was 29.9 mg corresponding to 0.29 mg/ 
kg in our study population. The typical initial daily dose ranged from 25 
to 50 mg and was chosen based on serum calcium levels and severity of 
symptoms. The 16 patients had a mean baseline ionized calcium of 1.71 
(SD 0.17) mmol/L, which decreased significantly to 1.38 (SD 0.11) 
mmol/L after one month of treatment with Prednisolone (p < 0.001) 
(Fig. 2A–B). In the second month of Prednisolone monotherapy, the dose 
was lowered 23% to 23.00 mg daily (0.22 mg/kg). In the third month, 
the daily dose was significantly lowered to 18.76 mg (0.18 mg/kg) (p <
0.047) and from month 4 to 6, the average daily dose was 10.00 mg 
(0.11 mg/kg), and thus significantly reduced from baseline (p < 0.026). 
Serum levels of ionized calcium responded well to Prednisolone treat-
ment and decreased significantly from the baseline level 1.71 mmol/L to 
1.34 mmol/L after 2 months (p < 0.001). After 3 months, the ionized 
calcium level was 1.36 mmol/L (p < 0.001) at the lower daily Pred-
nisolone dose, while remaining stable after 6 months at 1.36 mmol/L (p 
< 0.001) despite the additional reduction in Prednisolone dose. In 
contrast, serum levels of PTH increased during the same period, and 
mean serum PTH rose from 0.72 pmol/L (SD 0.29) at baseline to 2.19 
pmol/L (SD 2.18) after one month of treatment (p = 0.02). After 3 and 6 
months PTH levels were 1.39 pmol/L (SD 0.97) and 1.33 pmol/L (SD 
0.72) respectively indicating some rebound from the initial normaliza-
tion of PTH levels (Fig. 2C–D). Serum concentration of 25OHD did not 
change significantly during treatment (baseline mean of 41.0 nmol/L 
(SD 20.1)) (Fig. 2E–F), indicating that substrate availability was un-
changed during the study period. Inflammation markers IL-2R and ACE 
dropped initially after first and second month of treatment, but later 
stabilized for the rest of the treatment period despite reduced Prednis-
olone doses (Fig. 2G–H). 

3.4. Use of prednisolone sparing medication 

Based on the ex vivo data, we examined the efficacy of Ketoconazole 
and Hydroxychloroquine in reducing ionized calcium levels or Pred-
nisolone dose. However, instead of Ciclosporin we explored another 
calcineurin inhibitor, Tacrolimus, as this is usually more well-tolerated 
by the patients (less frequent hirsutism, gingival hyperplasia and hy-
pertension), and may be less nephrotoxic [21] and have less impact on 
bone turnover than Ciclosporin [22]. 

3.4.1. Tacrolimus – calcineurin inhibition 
Ciclosporin effectively reduced 1,25(OH)2D3 secretion in the ex vivo 

model. In the out-patient clinic, treatment with Tacrolimus was given to 
8 patients who initially were treated with prednisolone monotherapy for 
months, but afterwards with tacrolimus (3–8 mg daily) as an add-on to 
Prednisolone. Serum Tacrolimus was monitored to ensure appropriate 
levels (4.0 to 8.0 μg/L) and compliance and the first measurement was 
made approximately 1–2 weeks after initiation of treatment (Fig. 3G–H). 
Of the 8 patients receiving Tacrolimus, six continued Tacrolimus treat-
ment after three months, while two patients discontinued Tacrolimus at 
their own choice and not due to side effects. The group had baseline 
levels of ionized calcium of 1.61 (SD 0.2) mmol/L, despite treatment 
with Prednisolone for more than six months (22.2 mg/daily or 0.23 mg/ 
kg). Ionized calcium levels dropped 8% after one month and 15% after 
six months to 1.37 mmol/L (Fig. 3A–B) although not statistically sig-
nificant (p = 0.1). There were no significant changes in serum levels of 
PTH and 25OHD after 1, 2, 3- and 6-months treatment with Tacrolimus 

Table 1 
Baseline characteristics of the study population.  

Variable Reference interval n Mean SD 

Age (years)   21  36.9  9.6 
Height (m)   21  1.83  0.07 
Weight (kg)   21  97.5  15.2 
BMI (kg/m2)   21  29.2  4.4 
Age at injection (years)   21  30.3  10.0 
Time from injection (years)   21  6.7  3.2 
Volume oil injected (ml)   21  1819  1651 
Total Calcium (mmol/L) (2.15–2.51)  12  2.81  0.34 
Ionized Calcium (mmol/L) (1.18–1.32)  20  1.65  0.33 
Albumin (g/L) (36–48)  18  36.83  2.65 
PTH (pmol/L) (2.0–8.5)  18  0.87  0.41 
25OHD (nmol/L) (>50)  14  45.7  23.4 
1,25(OH)2D3 (pmol/L) (60–160)  9  128.1  48.7 
Ferritin (μg/L) (12− 300)  7  692.9  388.0 
IL-2R (kU/L) (158–623)  15  840.6  416.7 
ACE (U/L) (<115)  15  113.9  23.7 
eGFR (mL/min/1.73m2) (>90)  20  53.2  24.9 

Legend: BMI: body mass index; PTH: parathyroid hormone; 25OHD: 25-hydrox-
ycholecalciferol; 1,25(OH)2D3: 1,25-dihydroxy vitamin D3; IL-2R: interleukine 
2 receptor; ACE: peptidyldipeptidase A; eGFR: estimated glomerular filtration 
rate. 
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(Fig. 3C–F). Treatment with Tacrolimus, however, resulted in an initial 
20% decrease in Prednisolone dosage from an average of 22.2 mg (0.23 
mg/kg) the first month to 17.7 mg (0.2 mg/kg) in the second month. The 
dose of Prednisolone continued to be lowered during the treatment 
period and dropped to a daily dose of 12.9 mg (0.13 mg/kg) after six 
months (p = 0.014). Inflammation markers such as IL-2R, ACE and 
ferritin were not measured systematically in this patient group. 

3.4.2. Ketoconazole – CYP inhibition 
Five patients were treated with Ketoconazole for at least 6 months 

(daily dose between 200 and 600 mg) as add-on to Prednisolone. Mean 
Prednisolone dose used for more than six months was 33.35 mg daily 
(0.37 mg/kg), when Ketoconazole was added. The high Prednisolone 
dose suggests that these patients had more severe disease or were less 
compliant, despite the lower ionized calcium compared with patients 
who commenced Prednisolone as monotherapy, 1.45 mmol/L (SD 0.11) 
versus 1.75 mmol/L (SD 0.19) respectively (p = 0.027). The prescribed 
Prednisolone dosage was reduced after Ketoconazole initiation to 31.8 
mg (0.36 mg/kg), 29.9 mg (0.34 mg/kg) and 30.4 mg (0,34 mg/kg), 
after one, two and three months respectively (p = 0.069). After three 
months of treatment with Ketoconazole, ionized calcium levels 
remained unchanged at 1.43 mmol/L (SD 0.14) (Fig. 4A–B). After 6 
months of treatment, serum levels of calcium were still unchanged at 
1.51 mmol/L (p = 0.08). Ketoconazole treatment had no effect on serum 
PTH (p = 0.498) or 25OHD levels (p = 0.672) (4C–4F). Overall, Keto-
conazole treatment lowered the Prednisolone dosage with 3.45 mg 
(10.3%) after two months of treatment, but no further reductions in 

Table 2 
Prednisolone doses and plasma levels of ionized calcium, PTH, IL-2R, ACE and Ferritin of ex vivo study.  

Variable Reference interval A B C D E Mean SD 

Ionized Calcium (mmol/L) (1.18–1.32) 1.67  1.41  1.50  1.23  1.46  1.45  0.2 
PTH (pmol/L) (2.0–8.5) n.a.  1.50  0.80  3.75  0.97  1.76  1.4 
Ferritin (μg/L) (12–300) 490  1480  383  1060  739  830.9  447.0 
IL-2R (kU/L) (158–623) 760  893  882  493  605  727  174.9 
ACE (U/L) (<115) 150  89  61  68  99  93  35.2 
Prednisolone daily dose (mg)  50  30  20  0  30  26  18.2 

Legend: A–E: The five men from whom tissue biopsies were obtained. PTH: parathyroid hormone; IL-2R: interleukine 2 receptor; ACE: peptidyldipeptidase A; n.a.: not 
available. 

Fig. 1. Production of 1,25(OH)2D3 from granuloma tissue after 48 h in culture. 
Figure legend: Granuloma tissue were isolated from five patients. Fig. 1 shows 
quantification of 1,25(OH)2D3 produced and secreted into the media by gran-
uloma tissue in ex vivo culture exposed to vehicle (DMSO), Ketoconazole (10− 5 

M) + 25OHD, Dexamethasone (10− 6 M) + 25OHD, Hydroxychloroquine (15 
μg/mL) + 25OHD or Ciclosporin (500 ng/mL) + 25OHD. Statistical tests per-
formed a ANOVA for repeated measures, compared to vehicle and adjusted for 
multiple measures with Dunnett's test. 

Fig. 2. Measured levels of calcium, PTH, 25OHD, IL-2R and ACE after treatment with Prednisolone. 
Figure legend: A–F: Dot plots and normalized plots for serum levels of ionized calcium, PTH and 25OH respectively, in patients treated with monotherapy of 
Prednisolone. G-H: Dot plots of serum levels of IL-2R and ACE (peptidyldipeptidase A) in patients treated with monotherapy of Prednisolone. Blue line and text 
indicate mean Prednisolone dose. Statistical tests performed a linear mixed model for repeated measures, compared to baseline and adjusted for multiple measures 
with Bonferroni. * indicate p values <0.05 and ** < 0.01. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version 
of this article.) 
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Prednisolone during the study period of 6 months. No change in 
inflammation markers IL-2R and ACE was registered (Fig. 4G–H). 

3.4.3. Hydroxychloroquine and azathioprine – immunosuppressive 
medications 

Sixteen treatment courses were initiated with Hydroxychloroquine 
(400–600 mg daily dose depending on kidney function) as an add-on to 
Prednisolone. One patient developed a hypersensitivity skin reaction 
and two patients developed gastrointestinal discomfort and dis-
continued treatment. Thus, thirteen treatment courses were included in 
this study. Nine patients completed 3 months of treatment, while six 
patients continued treatment after six months. The baseline average 

daily dose for more than six months was 24.89 mg Prednisolone in the 
first month and thus equivalent to the dose used in the Prednisolone 
monotherapy group. At baseline, mean ionized calcium levels were 1.43 
mmol/L (SD 0.11) and this remained at 1.44 mmol/L (SD 0.16) after 1 
month treatment, 1.35 (SD 0.10) mmol/L after 2 months, 1.33 mmol/L 
(SD 0.08) after 3 months and 1.33 mmol/L (SD 0.09) after six months (p 
= 0.64). Hydroxychloroquine treatment was not associated with a 
reduction in Prednisolone dose or any significant changes in serum 
levels of ionized calcium, PTH and 25OHD (Fig. 5A–F). After 3 months 
treatment, the Prednisolone dose was not reduced 23.35 mg/daily (0.21 
mg/kg). No change in inflammation markers IL-2R and ACE was 
observed (Fig. 5G–H). Similarly, no effect on calcium homeostasis was 

Fig. 3. Measured levels of calcium, PTH, Tacrolimus and 25OHD after treatment with Tacrolimus in combination with Prednisolone. 
Figure legend: A–H: Dot plots and normalized plots for serum levels of ionized calcium, PTH, 25OH and Tacrolimus respectively, in patients treated with Tacrolimus 
in combination with Prednisolone. Blue line and text indicate mean Prednisolone dose. Statistical tests performed a linear mixed model for repeated measures, 
compared to baseline and adjusted for multiple measures with Bonferroni. * indicate p values <0.05. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 4. Measured levels of calcium, PTH, 25OHD, IL-2R and ACE after treatment with Ketoconazole in combination with Prednisolone. 
Figure legend: A–F: Dot plots and normalized plots for serum levels of ionized calcium, PTH and 25OH respectively, in patients treated with Ketoconazole in 
combination with Prednisolone. G–F: Dot plots for serum levels of IL-2R and ACE (peptidyldipeptidase A) in patients treated with Ketoconazole in combination with 
Prednisolone. Blue line and text indicate mean Prednisolone dose. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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registered in two patients treated with Azathioprine in combination with 
Prednisolone. 

3.4.4. Denosumab – antiresorptive agents 
Only two patients were treated with Denosumab (120 mg) as sub-

cutaneous injections. One received two injections in total over three 
months, but treatment was stopped due to lack of effect on patient's 
symptoms and on ionized calcium, PTH and vitamin D levels. The other 
patient received three injections in total over 2 months, but treatment 
was stopped because the patient developed osteonecrosis of the jaw. 

4. Discussion 

In men with granulomatous hypercalcemia after paraffin oil in-
jections, different treatment regimens were systematically explored in a 
tertiary setting based on preclinical data obtained from an ex vivo culture 
model. Expansion of our ex vivo culture approach for granuloma tissue to 
test new treatment options [16] enabled us to report results from a total 
of five patients showing suppressed production of 1,25(OH)2D3 after 
treatment with Ketoconazole or the Calcineurin inhibitor (Ciclosporin). 
Dexamethasone showed some inhibitory effect on 1,25(OH)2D3 pro-
duction, although not statistically significantly, which may be influ-
enced by the long-term use of Prednisolone in these patients at the time 
of granuloma tissue removal. 

No official guideline for treatment of paraffin disease is available, 
although parallels have been drawn to other granulomatous diseases 
such as sarcoidosis [23]. Common practice is to treat patients initially 
with a corticosteroid like Prednisolone. The typical starting dose in our 
patient group was 25–50 mg/daily depending on serum calcium levels 
and symptoms. Prednisolone therapy significantly improves the clinical 
manifestations of hypercalcemia and was in many cases able to 
normalize serum calcium levels and reduce the hypercalciuria associ-
ated with the disease [24]. Prednisolone has been shown to be effective 
in non-oil induced granulomatous hypercalcemia [25,26] and our clin-
ical data support these findings by showing a significant decrease in 
serum levels of ionized calcium by using an average daily Prednisolone 
dose of 29.9 mg (0.29 mg/kg). However, Corticosteroids have many side 
effects, the most important being development of diabetes, hyperten-
sion, obesity, susceptibility to infections and osteoporosis and in these 
young men we should search for treatment alternatives. 

Our granuloma tissue ex vivo culture model identified Ketoconazole 
and Calcineurin inhibitor as potentially new treatment candidates, but 
no systematic data exists on their effectiveness. We explored these 
treatment courses in relation to serum levels of ionized calcium, PTH 
and equally important, the use of Prednisolone rather than the highly 
variable serum 1,25(OH)2D3. Tacrolimus treatment was able to decrease 
serum levels of ionized calcium and concomitantly lower the required 
Prednisolone dose also long-term, but with no effect on serum PTH 
indicating that calcium homeostasis was not fully reverted back to 
normal. Noteworthy, the average Prednisolone dose in the Tacrolimus 
group was lower than in the other groups. This may be due to the long 
prednisolone monotherapy that allows for optimal titration prior to 
Tacrolimus initiation, but we cannot rule out that these patients had 
milder disease. Ketoconazole induced no significant effect on serum 
levels of ionized calcium or reduced Prednisolone doses. The required 
Prednisolone dosage to maintain a stable level of ionized calcium and 
PTH was higher in the Ketoconazole group than for Prednisolone mon-
otherapy treated patients, which may influence the data. However, we 
suggest that the suppressive effect of Ketoconazole on 1,25(OH)2D3 
production in the ex vivo model may be compromised in vivo by the 
global CYP-enzyme inhibition including extra-granulomatous CYP24A1 
that may aggravate the problem. Hydroxychloroquine had no effect on 
calcium or Prednisolone dose and may not be considered a viable 
treatment in most patients. 

Based on our data and experience, initial treatment of these patients 
would be with corticosteroids, starting at 25–50 mg daily, or approxi-
mately 0.2–0.3 mg/kg, and lowering of the dose after e.g. 1 month. For 
persistent usage, the treatment regime should be a combination with 
Tacrolimus, that may allow for reductions in the Prednisolone dose. 
Besides kidney function, Tacrolimus dosing must be monitored through 
measurements of Tacrolimus plasma levels with levels 4.0 to 8.0 μg/L. 

Manifest hypercalcemia is a late marker for disease progression and 
based on our experience we suggest that initiation of treatment should 
be considered at an earlier stage. From this study we learned that 
adherence to medication in this group of men is overall very poor. Below 
50% of the treatment courses initiated by the clinician were successful in 
the sense that MPR was above 80%. The retrospective design of the 
study is a major limitation in dealing with causality, although we have 
tried to minimize this by using registries to determine medicine adher-
ence, which is a significant strength as it provides more robust data on 

Fig. 5. Measured levels of calcium, PTH, 25OHD, IL-2R and ACE after treatment with Hydroxychloroquine in combination with Prednisolone. 
Figure legend: A–F: Dot plots and normalized plots for serum levels of ionized calcium, PTH and 25OH respectively, in patients treated with Hydroxychloroquine in 
combination with Prednisolone. G–H: Dot plots for serum levels of IL-2R and ACE in patients treated with Hydroxychloroquine in combination with Prednisolone. 
Blue line and text indicate mean Prednisolone dose. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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the treatments. Moreover, changes in serum calcium is a relatively late 
event in the disease timeline and may not be the best marker to use for 
monitoring disease severity. One might consider titrating immuno-
modulatory treatment based on calcium excretion or PTH as earlier 
markers for changes in stage of disease [27]. This study is to our 
knowledge the first of its kind to provide the best available evidence for 
treating hypercalcemia in foreign body granuloma while we await 
randomized controlled trials. 

5. Conclusions 

In conclusion, our study verifies that Prednisolone is an effective 
treatment and that calcineurin inhibitors may be used as Prednisolone 
sparing treatment for paraffin oil-induced granulomatous hypercalce-
mia. Ketoconazole, Hydroxychloroquine and Azathioprine have limited 
effect on hypercalcemia. However, controlled trials are needed to 
explore these results further and verify whether these treatments can be 
used as glucocorticoid sparing treatment in these patients. 
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