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Combination Therapy of Denosumab and Calcitriol for a Renal
Transplant Recipient with Severe Bone Loss due to Therapy-
Resistant Hyperparathyroidism
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Denosumab (DMADb), a complete human type monoclonal antibody directed against the receptor activator
of nuclear factor-kB ligand, has gained attention as a novel treatment for osteoporosis. However, its
efficacy in patients with chronic kidney disease (CKD) remains unclear. We describe a 64-year-old man
with severe bone loss and persistent secondary hyperparathyroidism (SHPT) after renal transplantation,
whose condition failed to respond to conventional pharmacologic or surgical interventions. He underwent
parathyroidectomy with left forearm autograft of crushed tiny parathyroid gland (PTG) particles. However,
the autografted PTGs became swollen and caused persistent SHPT in spite of two additional
parathyroidectomies of the left forearm. A single subcutaneous administration of DMAb induced
hypocalcemia, which was corrected by calcium supplementation and high-dose calcitriol. Eventually,
combination therapy with DMAb and calcitriol led to a decline in the patient’s elevated serum parathyroid
hormone levels, normalization of laboratory markers of bone metabolism, and improvement in bone mineral
density in a short period of time. To the best of our knowledge, this is the first case report of severe bone
loss with persistent SHPT in a renal transplant recipient effectively treated with the combination therapy of
DMADb and vitamin D (VD). Although DMAD itself exerts no direct effects on PTGs, the DMAb treatment
improved the patient’s bone loss. In addition, administration of DMAb allowed for high-dose VD therapy
which ultimately controlled SHPT and prevented DMAb-induced hypocalcemia. Therefore, this combination
therapy might be a reasonable therapeutic strategy to reverse severe bone loss due to therapy-resistant

SHPT in patients with CKD.
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Introduction

Renal transplantation (RT) is effective in correcting
the main causal factors of secondary hyperparathyroidism
(SHPT) including uremia, phosphate retention, and vitamin
D (VD) deficiency (Messa et al. 1998). Nevertheless, per-
sistent SHPT characterized by hypercalcemia, hypophos-
phatemia, and elevated parathyroid hormone (PTH) in renal
transplant recipients is quite common, even after successful
RT (Messa et al. 1998; Douthat et al. 2012). According to
previous reports, approximately 50% of renal transplant
recipients continue to have SHPT at one year after RT
(Douthat et al. 2012; Cohen et al. 2012), and 20% of recipi-
ents retain high levels of PTH at 5 years after RT (Bertoni
et al. 2006). Persistent SHPT is known to cause bone loss,
bone pain, and fracture. Moreover, it has been demon-
strated that persistent SHPT is associated with poor graft

function and adverse cardiovascular outcomes (Egbuna et
al. 2007; Covic et al. 2009; Evenepoel et al. 2014).
Therefore, adequate management of persistent SHPT after
RT is a critical issue.

Denosumab (DMADb) is a complete human type mono-
clonal antibody directed against the receptor activator of
nuclear factor-«B ligand (RANKL) (Ivashkiv et al. 2011).
By its action on RANKL, DMAD reduces the signal that is
essential for formation, maturation, function and survival of
osteoclasts (Ivashkiv et al. 2011). Administration of DMAb
has shown strong inhibitory effects on bone resorption
(Cummings et al. 2009) and thereby, like bisphosphonates,
is currently utilized for treatment of osteoporosis in post-
menopausal women and in men at increased risk for frac-
tures (Cummings et al. 2009; Silverman and Christiansen
2012; Nakamura et al. 2014). In addition, subcutaneous
administration of DMAb every 6 months is sufficient to
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obtain inhibitory effects on bone resorption because of its
long half-life in the body (Cummings et al. 2009; Ivashkiv
et al. 2011). Since DMAD is not cleared by the kidneys, no
dosage adjustment according to renal function is required
(Block et al. 2012). Therefore, we consider that this agent
is beneficial for chronic kidney disease (CKD) patients with
bone loss, especially for whom bisphosphonates are not
recommended because of severe renal dysfunction (defined
as estimated glomerular filtration rate (eGFR) < 30 mL/
min). In particular, DMAD is highly expected to be effica-
cious in CKD patients complicated with mineral and bone
disease (MBD), including not only bone loss but also
SHPT. However, until now, there has been no sufficient
evidence to support the efficacy of DMAD in treating MBD
in this population. Moreover, previously reported cases
have indicated that caution is needed in the administration
of DMADb because it induced severe hypocalcemia in
patients with CKD (Talreja 2012; McCormick et al. 2012;
Torregrosa 2013; Agarwal et al. 2013; Ungprasert et al.
2013; Farinola and Kanjanapan 2013; Dusilova Sulkova et
al. 2014).

We describe a 64-year-old man with severe bone loss
and persistent SHPT after RT, whose condition failed to
respond to conventional pharmacologic or surgical inter-
ventions. Combination therapy with DMADb and a high
dose of an active VD achieved improvement in the patient’s
bone loss and SHPT. As far as we know, this is the first
case report of severe bone loss due to therapy-resistant
SHPT in a renal transplant recipient effectively treated with
this combination therapy. Herein, we discuss the efficacy
and safety of this combination therapy in patients with
CKD.

Case Presentation

Our patient began hemodialysis (HD) for end-stage
renal disease (ESRD) due to unknown cause in 1973, when
he was 23 years old. In 1994, he developed severe SHPT
that was unresponsive to dietary restrictions, phosphate
binders, and VD therapy. He underwent parathyroidectomy
with left forearm autograft of crushed tiny parathyroid
gland (PTG) particles. However, severe SHPT recurred in
two years, and he received percutancous ethanol injection
therapy (PEIT) to the enlarged PTGs in his left forearm,
where resected parathyroid tissue had been autografted.
Unfortunately, the PTH value remained high despite fre-
quent PEIT. The bone mineral density (BMD) of the femo-
ral neck and distal radius on the non-shunt side by dual-
energy X-ray absorptiometry (DEXA, QDR-Discovery;
Hologic, Inc., Waltham, MA, USA) showed low levels
(0.679 and 0.481 g/cm?, respectively).

In November 2006, he underwent ABO-incompatible
RT from his 54-year-old wife. His primary immunosup-
pressive regimen was composed of cyclosporine (CyA),
mycophenolate mofetil (MMF), and methylprednisolone
(mPSL). The postoperative course was satisfactory with
one episode of mild antibody-mediated rejection, which

was treated successfully with mPSL pulse therapy.
However, the patient’s SHPT did not improve, and his per-
sistent SHPT induced hypercalcemia, hypophosphatemia,
and severe bone loss. Thereafter, in December 2007 and
July 2013, he underwent 2™ and 3™ parathyroidectomy for
removing the swollen PTGs in his left forearm, but the PTH
value could not be reduced.

In November 2013, he was admitted to our hospital at
age 63 years because of general fatigue and pain in his
extremities. His medical history, except for ESRD and
SHPT, included chronic hepatitis C (HCV), irritable bowel
syndrome (IBS), and a mild degree of aplastic anemia (AA).
He had been diagnosed with HCV in 1993 and received
interferon therapy just before RT. The mild AA had been
diagnosed by bone marrow biopsy in August 2013, after
which he underwent blood transfusion at regular intervals
in addition to receiving a high dose of darbepoetin (18,000
units per month). His oral medications included low-dose
prednisolone (PSL) (5 mg/day), CyA, MMF, losartan,
mosapride for IBS, and menatetrenone for bone loss. He
had no history of alcohol consumption or smoking. His
family medical history was unremarkable.

On admission, his temperature was 36.2°C, his pulse
rate was 58 beats per minute, and his blood pressure was
98/62 mmHg. Physical examination findings were unre-
markable, except for pain in the extremities. Laboratory
tests revealed the following results: white blood cell count,
4,500/mm’; erythrocyte count, 258 x 10*uL; hemoglobin
(Hb), 8.4 g/dL; hematocrit, 25.7%; platelet count, 40.3 x
10%/mm?*; albumin, 4.0 g/dL; blood urea nitrogen, 42.8 mg/
dL; creatinine (Cr), 2.7 mg/dL; eGFR, 19.8 mL/min; cal-
cium (Ca), 10.4 mg/dL; phosphorus (P), 3.2 mg/dL; intact-
PTH (i-PTH), 756 pg/mL; 25-(OH)D, 13.4 ng/mL (refer-
ence range: 9.0-37.6 ng/mL), 1,25-(OH),D, 34.5 pg/mL
(reference range: 20-60 pg/mL); alkaline phosphatase, 424
IU/L; aspartate aminotransferase, 21 IU/L, alanine amino-
transferase 19 IU/L, and C-reactive protein, 0.1 mg/dL.
Bone turnover markers showed the following results: bone
alkaline phosphatase (BAP), 49.7 ug/mL (reference range:
2.9-14.5 pg/mL); undercarboxylated osteocalcin 48.0 ng/
mL (reference range: < 4.5 ng/mL); tartrate-resistant acid
phosphatase type 5b (TRAP-5b), 931 mU/dL (reference
range: 170-590 mU/dL); N-telopeptide of type I collagen,
138.5 nmol BCE/L (reference range: 9.5-17.7 nmol BCE/
L). The BMD at the femoral neck and distal radius on the
non-shunt side by DEXA were 0.476 and 0.440 g/cm?,
respectively. With regard to imaging findings, X-ray of the
lumbar spine showed severe deformity (Fig. 1A). Head
radiograph showed a classic “salt and pepper appearance.”
(Fig. 1B), and X-ray of the distal phalanges showed sub-
periosteal bone resorption (Fig. 1C). Ultrasonography
showed no enlarged residual PTG in the neck, but several
space-occupying lesions (9.3 mm in maximum diameter)
with abundant blood flow were detected in the left forearm
(Fig. 2A, B). The Casanova test (Schlosser et al. 2004)
indicated that those left forearm lesions caused excessive
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Fig. 1. Bone survey by X-ray.

(A) The lumbar spine on frontal radiographs shows severe deformity and atherosclerosis of the aorta on frontal radio-
graphs. (B) Head radiograph shows a classic “‘salt and pepper appearance” (arrows). (C) Distal phalanges show sub-

periosteal bone resorption (arrows).

7.6 mm Dist B 5.6 mm Dist C

Fig. 2. Ultrasonography in left forearm.

(A) Several space-occupying lesions (9.3 mm in maximum diameter) were detected. (B) The space-occupying lesions

had abundant blood flow.

secretion of PTH. Furthermore, scintigraphy with Tc-99 m
labeled methoxy-isobutyl-isonitrile (MIBI) demonstrated
intense uptake in the left forearm. Based on these findings,
the patient was diagnosed as having severe bone loss due to
high bone resorption induced by persistent SHPT in the left
forearm. Parathyroid intervention therapy such as parathy-

roidectomy and PEIT against the left forearm lesions was
again considered, but the patient resolutely refused to
undergo either of the procedures.

In this difficult clinical situation, subcutaneous admin-
istration of 60 mg DMAb was performed. At almost the
same time, alfacalcidol (ALF) at a dose of 0.25 ug/day and
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Fig. 3. Clinical course and treatment of the patient.

adj-Ca, adjusted-calcium; ALF, alfacalcidol; BAP, bone alkaline phosphatase; Ca glu, calcium gluconate; Ca lac, calci-
um lactate; P, phosphorus; s.c, subcutaneous; TRAP-5b, tartrate-resistant acid phosphatase type 5b.

Ca lactate at a dose of 3.0 g/day were prescribed to avoid
severe hypocalcemia. However, in the 8 days following
DMAD administration, the albumin-adjusted serum Ca (adj-
Ca) level suddenly decreased to 7.3 mg/dL (Fig. 3) with
limb paresthesia and QT prolongation on electrocardiogra-
phy. Similarly, the P level also decreased to 2.0 mg/dL (Fig.
3). Furthermore, the i-PTH level showed an elevation to
897 pg/mL on day 27 after administration of DMAD, and
the i-PTH level reached a peak at 934 pg/mL on day 48
(Fig. 3). To prevent further progression of hypocalcemia,
intravenous Ca gluconate was administered for 7 days, and
calcitriol at a dose of 1.0 pg/day was prescribed orally

instead of ALF. Subsequently, the adj-Ca level recovered to
normal range, and the i-PTH level decreased to 393 pg/mL
on day 68 after administration of DMAb (Fig. 3). On the
other hand, the bone turnover markers sharply decreased
after the start of therapy. TRAP-5b and BAP returned to
normal (119 mU/dL and 14.3 ug/mL, respectively) on day
48 after administration of DMAD (Fig. 3). Also, the BMD
at the femoral neck and distal radius on day 37 improved to
0.498 and 0.453 g/cm? respectively. Furthermore, on day
70 after administration of DMAD, the patient agreed to
undergo the 4" parathyroidectomy for removing the remain-
ing several PTGs in his left forearm. Pathological examina-
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Fig. 4. Histopathological image of resected parathyroid gland.
Resected parathyroid gland showed a single enlarged
nodule of uniform parenchymal cells such as an adeno-
ma.

tion of the resected biggest PTG showed that it was com-
patible with single nodular or adenoma-like parathyroid
hyperplasia (Wada et al. 2008). Pathological examination
further demonstrated a single markedly enlarged nodule of
uniform parenchymal cell proliferation resembling an ade-
noma (Fig. 4). Thereafter, the i-PTH level further decreased
to 129 pg/mL on day 160 after administration of DMADb
(Fig. 3), and the BMD at the femoral neck and distal radius
on day 128 showed gradual improvement to 0.503 and
0.459 g/cm?, respectively. Eventually, the adj-Ca, P, BAP,
and TRAP-5b levels were maintained within normal range
with the administration of calcitriol at a dose of 0.5 ug/day
(Fig. 3), which resulted in improvement of the patient’s
extremity pain. Additionally, the patient’s renal function
remained stable without deterioration. The current serum
Cr level and eGFR are 2.6 mg/dL and 21.1 mL/min, respec-
tively. On the other hand, in terms of the improvement of
anemia, our patient could not maintain the optimum Hb
level suggested by the guideline (Tsubakihara et al. 2010)
without blood transfusion, even after the resolution of
SHPT.

Discussion

In the present case, several factors including age, cor-
ticosteroids for immunosuppressive therapy, and slowly
progressive deterioration of graft function were involved in
the pathogenesis of bone loss. In particular, nearly ten
years of corticosteroid therapy was considered to exert a
strong influence on the bone tissue. However, it is evident
that persistent and therapy-resistant SHPT also played a
central role in the progression of the patient’s severe bone
loss. According to previous studies, the risk for developing
persistent SHPT after RT increases with the duration of
dialysis and the magnitude of SHPT in the pre-renal trans-
plant period (Messa et al. 1998; Douthat et al. 2012). Our
patient had been undergoing HD for 34 years and suffering

from severe SHPT for 12 years before RT. In addition,
severe change in the PTGs, such as monoclonal nodular
hyperplasia in the present case, is also known as a main
causal factor for persistent SHPT (Messa et al. 1998; Lewin
and Olgaard 2006; Douthat et al. 2012). Furthermore, the
presence of such monoclonal nodular hyperplasia is closely
related to therapy-resistant SHPT. In previous reports, ade-
nomatous monoclonal nodular hyperplasia showed a high
proliferative activity and contained a low density of the VD
receptor and Ca-sensing receptor, whose specific features
engendered resistance to pharmacologic or surgical inter-
ventions (Lewin and Olgaard 2006; Wada et al. 2008). Our
patient had all of those reported risk factors, which was
considered to be attributable to his persistent and therapy-
resistant SHPT.

In the management of persistent SHPT after RT, para-
thyroidectomy has been regarded as the gold standard
(Messa et al. 1998; Douthat et al. 2012). However, recur-
rence of SHPT can occasionally be seen even after appro-
priate parathyroidectomy. In the present case, such frequent
recurrence had increased the patient’s burden and elimi-
nated his desire for repeat surgical intervention.
Furthermore, the therapeutic options in place of parathy-
roidectomy are limited (Cohen et al. 2012; Evenepoel et al.
2014). Indeed, treatment with VD is difficult for patients
with persistent SHPT since hypercalcemia is commonly
seen in those patients. On the other hand, several studies
have suggested that cinacalcet (CIN) offers a new treatment
strategy for renal transplant recipients with persistent SHPT
(Cohen et al. 2012; Evenepoel et al. 2014). A recent meta-
analysis of 21 nonrandomized studies, including a total of
411 renal transplant recipients with persistent SHPT,
showed that CIN enabled correction of hypercalcemia and
decreased the PTH levels in those patients (Evenepoel et al.
2014). However, CIN is not yet approved as a therapeutic
medication for persistent SHPT in renal transplant recipi-
ents. In addition, any immediate effects of CIN on severe
bone loss in this population remain unknown. Furthermore,
various forms of gastrointestinal intolerance including nau-
sea, vomiting, abdominal discomfort, and diarrhea are seen
as its common adverse events (Evenepoel et al. 2014), caus-
ing CIN to be not recommended for patients with IBS, such
as our patient. These concerns led us to abandon the idea
of prescribing CIN for our patient.

To date, only a few small studies have shown the
effects of DMAD in CKD patients, and no previous report
exists regarding DMADb therapy in renal transplant recipi-
ents. Moreover, there is no strong evidence to support its
efficacy. However, a clinical study by Block et al. (2012)
indicated that treatment with DMAD resulted in rapid reduc-
tion of bone turnover markers in patients with CKD, which
was sustained from the first observation at day 2 to the end
of the study at day 113. In addition, Jamal et al. (2011)
showed that DMAD is effective in improving the BMD of
patients with CKD in a short period of time. Moreover,
Chen et al. (2014) showed that DMAD is effective in restor-
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ing BMD and reducing bone pain in HD patients with
SHPT. Similarly, in the present case, bone turnover mark-
ers sharply decreased after the start of DMADb; those levels
had been maintained within normal range for a long time.
In addition, the patient’s BMD also exhibited improvement
in a short period of time before the 4™ parathyroidectomy.
As far as we know, these rapid improvements cannot be
achieved by treatment with parathyroidectomy or CIN
(Lewin and Olgaard 2006; Evenepoel et al. 2014).
Therefore, we consider that DMAb has a rapid effect in
recovery from bone loss with high bone resorption due to
SHPT in patients with CKD. However, further studies are
necessary to evaluate the long-term effects of DMAb on
bone metabolism in CKD patients, especially the influence
of DMADb on adynamic bone disease, which could be wors-
ened by anti-bone resorptive therapies such as DMAD.
Next, we address the hypocalcemia induced by DMAb
in patients with CKD. Previous studies reported that hypo-
calcemia was the most common adverse effect of DMAb
(Jamal et al. 2011; Chen et al. 2014). In addition, recent
studies showed that treatment with DMAD induced severe
hypocalcemia in CKD patients (particularly, CKD stage
4-5D patients complicated with SHPT) compared to the
general population (Jamal et al. 2010; Dave et al. 2015).
Furthermore, DMAb-induced hypocalcemia was demon-
strated to develop during the first two weeks of DMADb
administration in CKD patients (Block et al. 2012). Our
patient showed hypocalcemia in the 8 days following
DMADb administration. Also, in other previously reported
cases regarding DMAD therapy for CKD patients, severe
hypocalcemia was observed just after administration
(Talreja 2012; McCormick et al. 2012; Torregrosa 2013;
Agarwal et al. 2013; Ungprasert et al. 2013; Farinola and
Kanjanapan 2013; Dusilova Sulkova et al. 2014). On the
other hand, rapid increase in i-PTH levels is also recognized
to be associated with DMADb therapy in patients with CKD
(Jamal et al. 2011; Chen et al. 2014; Dave et al. 2015). Of
note, Chen et al. (2014) showed that a high i-PTH level was
an important predictor of severe hypocalcemia. In fact, an
increase in the PTH level was simultaneously observed
with hypocalcemia in all reported cases, including our
patient, but the increase in the PTH level was considered to
be merely a compensatory response to hypocalcemia and
thus biologically plausible. At present, the reason why
advanced CKD patients with SHPT are at higher risk of
developing hypocalcemia is not completely understood.
However, it is evident that the pharmacodynamic effect of
DMAD induces hypocalcemia, rather than the desired phar-
macokinetic effect, because the pharmacokinetic effect of
DMAD is unaltered by renal impairment (Block et al. 2012).
Therefore, we consider that patients with advanced CKD
are more dependent on PTH-mediated bone turnover,
thereby causing osteoclast activity inhibition with DMAD to
result in a hungry bone-like syndrome, which is known to
cause severe hypocalcemia in HD patients after parathy-
roidectomy. Indeed, as the ground for argument, severe

hypocalcemia, such as hungry bone syndrome, did not
occur again after the 4™ parathyroidectomy in the present
case (Fig. 3). This led us to consider that treatment with
DMADb reduced bone reabsorption and induced a hungry
bone-like Ca influx into the bone matrix before the 4™ para-
thyroidectomy.

With regard to measures for preventing DMAb-
induced hypocalcemia, we suggest the importance of inten-
sive VD use and Ca supplementation during DMAD ther-
apy. In the present case, the initial dose of ALF for
preventive therapy was insufficient, but DMAb-induced
hypocalcemia was corrected within a relatively short period
of time as a result of titration of the calcitriol and Ca sup-
plementation. In contrast, most patients in the previously
reported cases were not receiving sufficient VD treatment
either before or after DMAb administration (Talreja 2012;
McCormick et al. 2012; Torregrosa 2013; Agarwal et al.
2013; Ungprasert et al. 2013; Farinola and Kanjanapan
2013). Furthermore, clinical studies by Chen et al. (2014,
2015) indicated that hypocalcemia was corrected shortly
after adjusting Ca intake, VD dosage and Ca dialysate in
HD patients with SHPT. Therefore, we consider that
DMADb-induced hypocalcemia can be prevented with up-
titration of the VD dosage and Ca supplementation.
Concomitantly, we suggest the importance of careful moni-
toring of the serum Ca level during the DMAb therapy (at
least several months) to achieve strict control of the Ca
level. Such monitoring could be effective in preventing the
occurrence of serious side effects, including not only hypo-
calcemia but also rebound hypercalcemia, as a result of
intensive VD treatment.

As described above, the presence of severe renal dys-
function increases the risk of DMAb-induced hypocalce-
mia, but conversely, administration of DMAb might be
considered to safely allow intensive use of VD in advanced
CKD patients. In other words, DMADb therapy may provide
a therapeutic option to prescribe a more aggressive dose of
VD, enabling control of SHPT in this population. In fact,
our patient showed a quick reduction in his i-PTH level
before the 4™ parathyroidectomy as a result of intensive VD
treatment, which was originally prescribed for correcting
hypocalcemia. Furthermore, a recent open-label study
(Chen et al. 2015) regarding the effects of DMAb on HD
patients with severe SHPT showed interesting results. In
that study, the combination of DMAb and VD led to not
only a rapid improvement in BMD, but also a decrease in
the i-PTH level and parathyroid gland volume (Chen et al.
2015). Therefore, we suggest that the combination of
DMAD and high-dose VD might have therapeutic potential
for controlling severe SHPT. Accordingly, we expect this
combination therapy to provide another therapeutic option
for patients who are poor candidates for parathyroidectomy
or CIN therapy.

In conclusion, DMAD itself does not exert any direct
effects on PTGs, but treatment with DMAb was effective in
improving bone loss in a short period of time. In addition,
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administration of DMAb allowed the administration of
high-dose VD, which ultimately enabled control of SHPT
and prevented hypocalcemia induced by DMAb. Therefore,
the combination of DMAb and high-dose VD might be a
reasonable approach for reversing severe osteoporosis due
to therapy-resistant SHPT in patients with CKD by com-
pensating each other’s disadvantage about Ca balance.
However, accumulation of similar cases is needed to estab-
lish strong evidence, and further studies will also be impor-
tant to elucidate whether this combination can improve the
long-term prognosis in these patients.
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