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Abstract

The majority of cases involving hypercalcemia in the setting of sarcoidosis are explained by the overproduction
of calcitriol by activated macrophages. Vitamin D takes part in the regulation of granuloma formation.
However, using vitamin D metabolites to assess the activity of the disease is still problematic, and its
usefulness is disputable. In some cases, though, a calcium metabolism disorder could be a valuable tool
(i.e. as a marker of extrathoracic sarcoidosis). Although sarcoidosis does not cause a decrease in bone
mineral density, increased incidence of vertebral deformities is noted. Despite increasing knowledge about
calcium homeostasis disorders in patients with sarcoidosis, there is still a need for clear guidelines regarding

calcium and vitamin D supplementation in these patients.
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Introduction

Calcium metabolism in the human body is tightly regu-
lated. Although many of the mechanisms of control are
still not fully described, the present state of knowledge
shows that they are far more complicated than the
already known parathyroid hormone—vitamin D feed-
back loop (Figure 1). The endocrine activity of osteo-
blasts and osteoclasts, creating a fibroblast growth factor
23-vitamin D axis, seems to be just as important.'~
The majority of hypercalcemia cases in sarcoidosis
are explained by the overproduction of 1,25(OH),D;
(calcitriol) by activated macrophages. Despite quite
convincing evidence supporting this hypothesis, some
questions have yet to be completely answered.
Moreover, some recent studies suggest that vitamin
D supplementation may improve not only calcium
homeostasis but also the course of sarcoidosis.” Natu-
rally, many authors are at odds with this opinion and

do not recommend cholecalciferol supplementation in
patients with sarcoidosis. Still, it is unknown what
factors predispose to calcium homeostasis disorders
and how its occurrence changes the outcome. Those,
among many other doubts, encouraged us to create a
summary and analysis of the knowledge connected
with this subject.

In the context of sarcoidosis, vitamin D and its
turnover are interesting because of its important role
in the regulation of the immune system and the
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Figure |. Selected aspects of human calcium homeostasis.

process of granulomatous inflammation. It is now
known that 1-o-hydroxylase expression is present in
many tissues. However, only hydroxylation in kid-
neys, activated macrophages, and the placenta can
influence plasma 1,25(OH),D; levels.* It has been
shown that calcitriol inhibits the production of (inter-
feron gamma ) INF-y, lymphotoxin, interleukin 2 (IL-
2), and proliferation of certain T-lymphocyte
subpopulations.” A murine model has also proven
that calcitriol inhibits IL-6 and tumor necrosis factor
alpha (TNF-o) production by lipopolysaccharide
(LPS)-stimulated monocytes and macrophages.® In
vitro studies have shown that 1,25(OH),D; stimulates
monocyte proliferation, differentiation, and transfor-
mation into epithelioid cells.” On the other hand, it
inhibits macrophage differentiation into dendritic
cells and inhibits dendritic cell maturation, simulta-
neously stimulating their apoptosis (Figure 2).'°
Increased expression of TREM-2 (a receptor playing
an important role in cell fusion and granuloma forma-
tion) on myeloid cells has been found in pulmonary
sarcoidosis and, interestingly, compared to subjects
with 25(OH)Dj; deficiency (<30 ng/pl), patients with
a level between 30 ng/ml and 50 ng/ml had higher
total numbers and percentages of TREM2 positive
cells in bronchoalveolar lavage fluid.'' Expression
of vitamin D receptors has only been found in the
alveolar lymphocytes of subjects with sarcoidosis,
and not in healthy controls.'*'? Data about

polymorphisms of vitamin D receptor in sarcoidosis
are inconsistent. According to Niimi et al., Taql poly-
morphisms seem to be irrelevant. Allele B of Bsml
alleles is more common in sarcoidosis but does not
affect localization nor the course of the disease (101
patients and 105 healthy controls from Japanese pop-
ulation)."* One smaller study (n = 35) suggests a
higher frequency of allele B in sarcoidosis patients
and shows allele B to be present more often in patients
with Lofgren syndrome.'® The concentration of vita-
min D binding protein is higher in exosomes extracted
from bronchoalveolar lavage fluid in patients with
sarcoidosis and cerebrospinal fluid from patients with
neurosarcoidosis.'®'” No relationship has been found
between vitamin D binding protein different alleles
and the incidence of sarcoidosis.'®

Epidemiology

Hypercalcemia occurs in 0.2-4% of the general popula-
tion. Primary hyperparathyroidism and malignancies are
responsible for about 80-90% of all cases.'® Donovan
et al. retrospectively analyzed 101 cases of vitamin D3-
mediated hypercalcemia and concluded that sarcoidosis
was an underlying cause of almost 50% of them. Calci-
triol serum concentration above 300 pmol/l was sugges-
tive of another etiology of hypercalcemia.”’ Moreover,
sarcoidosis is the reason behind about 0.5% of cases of
hypercalcemia in patients with a history of
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Figure 2. Itis well-known that vitamin D plays a complex and still not fully understood role in regulation of immune system.
Part of its actions can be directly connected with formation of granuloma. Some of them are presented here.

malignancies.”! Depending on the studies and popula-
tion studied, hypercalcemia affects from 7% up to 18%
of patients with sarcoidosis.** > In a case—control etio-
logic study of sarcoidosis (ACCESS), a multicenter pro-
spective study with 736 enrolled patients, incidence of
sarcoidosis-associated hypercalcemia was 3.7%.%° How-
ever, such a low prevalence could be the result of ethnic
composition—44% of the study group consisted of
African-Americans. It is suggested that hypercalcemia
is less common among these individuals.?’*® The big-
gest up-to-date study found, a single-center retrospective
study by Baughman et al. (n = 1606), reports that hyper-
calcemia appeared in about 6% of sarcoidosis patients.*’
Interestingly, the incidence of hypercalcemia in the Japa-
nese population has been progressively rising between
1974 and 2012.%° No similar reports regarding the Eur-
opean population have been found.

Evidence about the association between a higher risk
of elevated serum calcium level in sarcoidosis and age
are inconsistent. Namely, in the ACCESS study, patients
>40 years old were identified to be more predisposed to
this pathology.?® However Brito-Zerén et al., in a smaller
study conducted on the Spanish population, reported
patients >65 years old in this context.’' On the other
hand, hypercalcemia seems to be more common (preva-
lence rate about 30%) in children. Examined groups are
less numerous but reports are coherent.**>*

Association between sex and the incidence of hyper-
calcemia in sarcoidosis has not been confirmed with
some studies showing a higher risk among the male
population, 23! whereas others show no statistically
significant difference between sexes.?® In the men-
tioned study, Baughman et al. compared a group of
about 100 patients with hypercalcemia to 1500 patients
with sarcoidosis without calcium metabolism distur-
bances and failed to find any differences in sex, age,
or ethnicity.?’ The higher incidence of hypercalcemia
in summer months, due to greater UV exposure, has
also been suggested.”®> % A significant risk factor for
sarcoidosis-associated hypercalcemia (odds ratio 3.6)
found in the ACCESS study (over 470 patients ana-
lyzed) is the combination of HLA DRB1*1101
allele and exposure to insecticides.>”

A more frequent sign of dysregulated calcium
homeostasis in sarcoidosis comes in the form of
hypercalciuria which may affect between 20%*° and
even 40%*! of patients. Also, nephrolithiasis is more
common in sarcoidosis than in the general popula-
tion. This complication will occur in 10-14% of
patients in the course of the disease. Asymptomatic
stones can be found in 2.7% of subjects at the
moment of establishing the diagnosis and in approx-
imately 1% of cases, it can be the first symptom of
sarcoidosis.*?
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Figure 3. Process of |-a-hydroxylation of 25(OH)D; in macrophages is different from the one taking place in kidneys and
is not focused on maintaining calcium and phosphate homeostasis but is dependent on immunological processes. The
figure shows possible mechanisms of altered vitamin D metabolism and calcium disturbances in sarcoidosis.

The pathophysiology of hypercalcemia
in sarcoidosis

Increased production of 1,25(0OH),D; is considered to
be the main cause of calcium homeostasis disorders in
sarcoidosis (Figure 3). Increased calcitriol concentra-
tion was observed in a few cases of hypercalcemia in
patients with sarcoidosis in the late 1970s.*> The
discovery of hypercalcemia in combination with ele-
vated calcitriol levels in patients with sarcoidosis and
accompanying kidney failure was the proof of its
extrarenal production.***> Studies confirmed that
homogenate of lymph nodes with sarcoid granuloma
produces 1,25(0H),D;.*® Adams et al. experimen-
tally proved that pulmonary alveolar macrophages
from patients with sarcoidosis can hydroxylate
25(0OH)D; to 1,25(0OH),D; and that the process was
augmented in cells derived from patients with
hypercalcemia.*”*®

Studies in patients with tuberculosis revealed that
macrophages activated via toll-like receptor (TLR)
2/1 present increased expression of 1-a-hydroxylase
(CYP27B1) and vitamin D receptor.*’ In healthy sub-
jects, pulmonary alveolar macrophages synthesize
1,25(0H),D3 from 25(OH)Dj; after activation by
IFN-y and LPS. Meanwhile, in pulmonary alveolar
macrophages harvested from patients with sarcoidosis

(including those without hypercalcemia), this process
occurs without previous activation. However, expo-
sure to LPS, IFN-y, IL-2, or leukotriene C4 induces
intensification of 1-a-hydroxylation of 25(0OH)D;.%*
>3 In turn, Lawrence et al. observed hypercalcemia in
three out of four patients, who presented the highest
concentrations of soluble receptors for IL-2.>* There
has also been a case of sarcoidosis exacerbation with
the occurrence of hypercalcemia in the course of
treatment with IL-2.%° Interestingly, despite overex-
pression of CYP27BI1 in pulmonary alveolar macro-
phages of patients with lung cancer (irrespective of
histopathological type), no differences in calcium,
25(0OH)D; or 1,25(0OH),D5 levels have been found
(in comparison with the control group).’®

It is known that JAK-STAT, NF-«xB, and p38
MAPK pathways play a role in the activation of 1-o-
hydroxylase. After inhibiting any of them, CYP27B1
expression decreases.’’ Calcitrol synthesis is tightly
regulated in healthy subjects. However, its synthesis
in morbid conditions is not so strictly controlled. This
has been noted via a couple of different mechanisms.
Firstly, 1-a-hydroxylase from macrophages is less sus-
ceptible to feedback inhibition by 1,25(OH),D; (this
resistance is enhanced by IFN-y). Secondly,
1,25(0OH),Dj5 deactivation by 24-hydroxylase is inhib-
ited.>%>2 Because of this, there may be two effects on
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circulating calcitriol: firstly, it may exceed reference
values. Secondly, and more frequently, it may stay
within normal range but be inadequate to circulating
serum calcium level. Arguments for “inadequate nor-
mal” 1,25(OH),D5 concentration as the main cause of
sarcoidosis-associated hypercalcemia are presented and
commented in Table 1.

A positive correlation between 1,25(OH),D; level and
calcium concentration has been noted in some observa-
tional studies (approximately = 0,55).°7°° However, in
one follow-up study with a slightly smaller group
(n = 39), this relationship has not been confirmed.®®

A few cases of hypercalcemia induced by parathyr-
oid hormone-related protein (PTHrP) have also been
described.®’%® The expression of PTHrP was
observed in macrophages and giant cells in the major-
ity of patients with granulomatous diseases, sarcoido-
sis included. Nevertheless, its circulating serum level
hardly ever exceeds normal limits.®*~’?> PTHrP
expression is stimulated by factors such as LPS, pros-
taglandin E (PGE), IL-1, transforming growth factor 3
(TGF-B), and it most likely acts as an anti-
inflammatory agent, which would explain its presence
in granuloma cells.”

It is important to remember that sarcoidosis does
not exclude other causes of hypercalcemia, beginning
with the most common cause: hyperparathyroidism.
Such conditions should be excluded during the diag-
nostic process to enable the introduction of optimal
treatment.

The influence of sarcoidosis and related
calcium disturbances on skeletal
system

The influence of sarcoidosis on the skeletal system is
mediated by two main etiologies, both of which are
risk factors for osteoporosis. Firstly, it is mediated by
calcium homeostasis disorders, including frequent
25(0OH)D deficiency. Secondly, by treatment with
corticosteroids.

It has been suggested that sarcoidosis itself causes
a reduction of bone mineral density (BMD). Heijack-
mann et al. found that despite higher concentrations of
biochemical markers of bone turnover (procollagen
type I amino-terminal pro-peptide—PINP and
carboxy-terminal cross-linked telopeptide of type I
collagen—ICTP), BMD of the hip was normal and
did not change in 4-year follow-up.”>’* Also, Bolland
et al., in his 2-year follow-up study of 64 patients with
sarcoidosis, failed to find a significant change in

Table |. Potential evidence supporting phenomenon
of “inadequate normal” [,25(OH),D; concentration
in patients with sarcoidosis.?

“Inadequate normal” 1,25(0OH),D3
in patients with sarcoidosis

concentration

Observation Comment References

Unsal et aI.,58

Hypercalcemia —
Berlin et al.,>’

accompanied by

normal calcitriol Shrayyef
level with a et al,° Falk
decline in its etal®
concentration
after
glucocorticoid
treatment

Lack of calcitriol  In the healthy Basile et al.*?

level decrease
despite
supplementation
of calcium in
patients with

subjects, the
level of calcitriol
should decrease
after calcium
supplementation

sarcoidosis
Increase of In healthy subjects, Stern et al.®®
25(OH)D; as supplementation
well as influences only
1,25(0OH),D; 25(0OH)D;

after vitamin D2  concentration

supplementation

*The concentration of 1,25(OH)2D3 in patients with sarcoidosis,
even in those with hypercalcemia, usually stays within normal
limits. Still, the overproduction of calcitriol is considered to be
the leading cause of sarcoidosis-associated hypercalcemia. This
leads to the conclusion that there exists a phenomenon of
“inadequate normal” 1,25(OH)2D3 concentration in patients
with sarcoidosis. The table shows some evidence supporting this
theory.

BMD in regions such as the lumbar spine, total hip,
femoral neck, as well as in total body measure-
ments.”> Two large-group case—control studies did
not reveal any increase in a total number of bone
fractures caused by sarcoidosis alone.’®’” However,
higher occurrence of fractures and deformations
within vertebrae has been noted, including in patients
with normal BMD.”?-7+7678 The effectiveness of
Vitamin D3 and calcium supplementation in improv-
ing BMD in patients with sarcoidosis remains uncon-
firmed.”>"”® Surprisingly, Saidenberg-Kermanac’h
et al., in a cross-sectional study of 142 patients,
showed that vitamin D supplementation paradoxically
caused BMD reduction and a higher occurrence of
bone fractures.”® There is no doubt that the risk of
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fractures and decreased BMD appear in the course of
corticosteroid therapy. Interestingly, population-
based studies show that such an effect can be
observed only during and up to 3—6 months after the
termination of therapy.”®’” The meta-analyses of
available randomized controlled trials (in all patients,
not specifically with sarcoidosis) confirm moderate
effectiveness of vitamin D supplementation on pre-
venting steroid-induced BMD decline with no statis-
tically significant effect on the incidence of fractures.
Treatment with bisphosphonates is more effective in
improving BMD and seems to be effective in reducing
the risk of vertebral fractures. The most effective
agent, however, seems to be teriparatide.go’82 This
is an important issue because there is currently a dis-
cussion about supplementation with vitamin D and
calcium and its potential in bringing about hypercal-
cemia and hypercalciuria.*®®*#3%% Two retrospective
studies of patients visiting the outpatient clinic stand
in opposition to each other. In a cohort analysis of
almost 400 patients (randomly chosen, divided in two
equal groups) Sodhi and Aldrich showed that the
group of patients, who at least once had vitamin D
prescribed, had an almost two times higher risk of
developing hypercalcemia in a 2-year follow-up.®
On the other hand, Kamphuis et al. did not observe
a higher incidence of hypercalcemia in the group
using calcium and vitamin D supplementation. In
fact, their study showed a protective effect against
hypercalcemia (mean dose 400 UI per day) in the
group of 70 patients not treated with corticosteroids
(39 with supplementation vs. 31 without
supplementation).’

In a randomized trial over 1 year that studied a
group of 27 subjects with sarcoidosis taking cholecal-
ciferol supplementation of 50,000 IU/month, there
were relevant differences observed in the mean con-
centration of 25(OH)D3 ranging from suboptimal
average <50 nmol/l to average >75 nmol/l. The
authors also observed a small, but statistically signif-
icant difference in concentrations of 1,25(OH),Ds.
One patient from the study group developed hyper-
calcemia.”® Similarly, in a prospective study, in which
a group of 16 African-Americans with average
25(0OH)D; concentration <75 nmol/l were given
50,000 IU/month for 12 weeks, a comparable rise in
25(0OH)Dj3 occurred with no changes in mean concen-
trations of Ca and Ca®". Also, no calciuria had been
observed. Surprisingly, in the majority of the subjects,
1,25(0H),D5 concentration decreased by half.®¢
When supplementation was limited to Ca, increased

excretion of calcium in urine was observed, without
any effect on calcium and vitamin D metabolites
serum concentration.®

Calcium homeostasis and prognosis

The association between decreased 25(OH)D; level
and a more severe course of disease has been
described.'? Kiani et al. compared two groups
(n = 40) of patients suffering from sarcoidosis with
one group having 25(OH)Dj; concentration <50 nmol/
1 and the other >50 nmol/l. They found that 25(OH)D;
deficiency correlated negatively with lung parench-
yma involvement (stages I[-1V) and tended to
predispose to chronic course of disease in a 2-year
follow-up.®” On the other hand, higher mean concen-
trations of calcitriol were found in patients with active
and untreated sarcoidosis.®® Kavathia et al. (in a 59
patient study involving predominantly African-
American patients) found a concentration of
1,25(0OH),D5 above 51 pg/ml to be a risk factor for
prolonged (>1 year) treatment.®’

The correlation between calcitriol concentration
and 67 Ga uptake has not been noted,” but 25(OH)D5
concentration correlated negatively with results of a
somatostatin receptor scintigraphy.’

In renal sarcoidosis, a correlation between hyper-
calcemia and complete response to glucocorticoid
treatment has been observed (a retrospective study
of 46 patients with biopsy-proven renal sarcoido-
sis).?® In the observational study performed on 36
Japanese patients, Hamada et al. observed that ionized
calcium level above 1.23 mmol/l was a 100% specific
indicator for extrapulmonary sarcoidosis.®*

Management

The management of hypercalcemia depends mostly
on the level of calcium. Patients with moderate ele-
vations in serum calcium (12.0-14.0 mg/dl) may
develop symptoms when levels rise rapidly. This
group of symptomatic patients requires immediate
intervention. Intensive treatment is usually neces-
sary when serum calcium concentration exceeds
14 mg/dl. Intravenous rehydration and loop diuretics
are the treatment of choice. Bisphosphonates should
be given intravenously in case other treatment
options are ineffective (Figure 4)."

Corticosteroids are the causal first-line treatment in
sarcoidosis-associated hypercalcemia. In vitro studies
have confirmed that dexamethasone suppresses calci-
triol production in sarcoidosis patients’ pulmonary
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SERUM CALCIUM
CONCENTRATION

>12 mg/dl

* Intravenous rehydration

* loop diuretics

*+ 40mg dose of
prednisone

if ineffective

’ﬁsph_osph_onates iv. J

The decrease of serum calcium level usually
takes place a week after the onset of
treatment, and calcium excretion in urine
decreases after approximately 10 days

Consider other options:
(hydroxy)chloroquine
ketoconazole
Infliximab

A lack of response to treatment within 2 weeks may indicate another cause of hypercalcemia

Figure 4. Proposed scheme of sarcoidosis-associated hypercalcemia treatment.

alveolar macrophages.”® The treatment schedule of an
initial 40 mg dose of prednisone followed by a reduc-
tion to 20 mg in 1-2 weeks appears to be effective.
Further dose reduction should follow within the
upcoming weeks. The decrease of serum calcium
level usually takes place a week after the onset of
treatment, and calcium excretion in urine decreases
after approximately 10 days. A lack of response to
treatment within 2 weeks may indicate another cause
of hypercalcemia.’!*

Our clinical observations suggest that in cases of
progressive kidney failure, when dual etiology
(hypercalcemic and sarcoidosis of kidneys) could not
be excluded, IV methylprednisolone was effective.
Other drugs successfully (but rarely) used in the treat-
ment of calcium homeostasis disorders are (hydroxy)
chloroquine and ketoconazole.”>® Both drugs sup-
press 1-o-hydroxylase and chloroquine additionally
stimulates calcitriol deactivation by 24-hydroxy-
lase.”*? Infliximab has also proven to be an effec-
tive option in sarcoidosis-associated hypercalcemia in
cases of toxicity or resistance to corticosteroids and
other immunosuppressive drugs.””*® It is worth men-
tioning that sodium cellulose phosphate and flurbi-
profen have been administered in the past for the
‘gﬁatment of hypercalcemia and nephrocalcinosis.””~

In the case of hypercalciuria, thiazide diuretics are
contraindicated due to their potential to induce hyper-
calcemia. Some authors suggest a low-calcium diet,
but studies seem to question this recommendation.

Hypercalciuria persisted in 30% of patients despite
calcium restriction in their diet. Further, the use of
pharmacotherapy to limit calcium absorption did not
improve calcium concentration control.'’*!** In a
4-year observational study, a lower incidence of
nephrolithiasis was observed in patients with higher
dietary calcium intake, which may be related to inhi-
bition of oxalates absorption. While renal calculi in
patients with sarcoidosis consist mainly of calcium
oxalates, calcium restriction in the diet may produce
unexpectedly harmful results.'% %6

Conclusions

Sarcoidosis-associated hypercalcemia is quite a com-
mon problem as it affects about 6% of patients. It is
also one of the indications to introduce pharmacother-
apy with steroids. Its pathophysiology appears to be
quite well explained. Although it seems logical that
vitamin D metabolites should be good tools for asses-
sing disease activity, clinically it is not that simple.
Increased conversion of 25(0OH)Djs to calcitriol sug-
gests that perhaps the ratio of 25(OH)D; to
1,25(0OH),D5 could be more adequate than absolute
values. One study confirms this theory.'’

Despite our increasing knowledge about calcium
homeostasis disorders in patients with sarcoidosis,
there is still a need for clear guidelines regarding
calcium and Vitamin D supplementation. Papers con-
cerning this problem are inconclusive. It appears that
supplementation increases the risk of hypercalcemia
but only in a certain group of patients. Nevertheless,
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indications for supplementation seem to be limited, as
it is probably ineffective in preventing steroid-
induced osteoporosis fractures. An improvement in
the course of sarcoidosis in patients with corrected
vitamin D insufficiency is a tempting perspective, but
more evidence is needed.

Management of sarcoidosis-associated hypercalce-
mia should start with excluding other causes of ele-
vated calcium levels. Intensive hydration coupled
with loop diuretics (if needed, especially in the elderly
and patients with heart failure) should be introduced
to reduce hypercalcemia and prevent its acute com-
plication. Corticosteroids should be introduced to
remove the cause of calcium metabolism disturbance.
Oral treatment with prednisone (doses of 0.5-1 mg/kg
a day) is sufficient. In cases of progressive kidney
failure, when dual etiology (hypercalcemic and sar-
coidosis of kidneys) could not be excluded, IV
methylprednisolone would be used.

The complex action of vitamin D on the immune
system coupled with the pathophysiology of granulo-
matous inflammation seen in sarcoidosis could possi-
bly provide new therapeutic targets in the future.
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