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Abstract
Denosumab, a novel agent that inhibits osteoclasts, reduces the risk of fracture in patients with osteoporosis. However, worsening
of hypophosphatemia and other symptoms may be induced by denosumab in patients with pre-existing hypophosphatemic
osteomalacia. A 58-year-old man with hepatitis B presented with diffuse bone pain and muscle weakness. Denosumab was
prescribed by the orthopedist according to documented low bone mass and spine compression fracture. After administering
denosumab, the patient’s bone pain worsened, and he later developed a right tibia stress fracture. His condition was diagnosed as
adult-onset hypophosphatemic osteomalacia complicated by multiple bone fractures, which resulted from Fanconi syndrome
with proximal tubulopathy due to tenofovir disoproxil fumarate (TDF) treatment for his hepatitis B. Denosumab use leads to
aggressive hypophosphatemic osteomalacia and the complication of stress fractures, because of its effects on bone resorption.
Physicians should be aware that in patients with chronic hepatitis B monoinfection who are administered TDF therapy, bone pain
or fracture is possible but preventable by timely monitoring of serum phosphate levels. Denosumab should not be used in patients
with untreated osteomalacia or vitamin D deficiency, as it may lead not only to hypocalcemia but also to hypophosphatemia in
these patients.
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Introduction

Denosumab (Prolia) is a fully human monoclonal anti-
body that acts as an osteoprotegerin mimic against the
receptor activator of nuclear factor-κB ligand (RANKL)
to interfere with osteoclast formation and survival.
Denosumab is an anti-resorptive therapy for osteoporosis
that may be efficacious in patients with renal impairment
[1]. However, it is unsuitable for secondary osteoporosis
or metabolic bone diseases such as osteomalacia and pri-
mary hyperparathyroidism, which mimic osteoporosis

[2, 3]. Denosumab selectively arrests osteoclasts while
maintaining intact osteoblast function, and these effects
may decrease serum calcium and phosphate levels [1, 4].

Tenofovir disoproxil fumarate (TDF) is a nucleotide analog
reverse transcriptase inhibitor approved by the US Food and
Drug Administration as an effective first-line option for
treating infection by chronic hepatitis B virus (HBV) or hu-
man immunodeficiency virus (HIV) [5, 6]. Previous studies
suggest that TDF increases the risk of proximal tubular dys-
function, acute renal failure, chronic renal failure, and
nephrogenic diabetes insipidus [7, 8]. Although uncommon,
the occurrence of Fanconi syndrome in TDF-treated patients
with hepatitis B virus monoinfection was recently reported [9,
10]. Fanconi syndrome is characterized by proximal tubular
dysfunction, leading to increased urinary excretions of glu-
cose, protein, bicarbonate, phosphorus, and possible
hypophosphatemic osteomalacia. Without adequate vitamin
D and phosphate treatments for hypophosphatemic osteoma-
lacia, denosumab may increase the severity of pre-existing
hypocalcemia and hypophosphatemia.
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Here, we present a case of hypophosphatemic osteomalacia
secondary to TDF-induced Fanconi syndrome misdiagnosed
as osteoporosis. Denosumab worsened pre-existing
hypophosphatemic osteomalacia through its effects on bone
resorption complicated by a right tibia stress fracture.

Case summary

A 58-year-old man with hepatitis B, who had been treated
with TDF for 2.5 years, presented with escalating progres-
sive bone pain and muscle weakness. Physical examina-
tion results were unremarkable except for proximal mus-
cle weakness. Plain radiography suggested osteoporosis
and spinal compression fracture changes (T8–T9, L1–S1;
Fig. 1a). The lumbar spine (T-score − 2.6) and femoral
neck (T-score − 3.0) revealed decreased bone mass. The
findings of low bone density and spine compression frac-
ture led to a diagnosis of osteoporosis, and denosumab
was prescribed by the orthopedist. However, worsening
of bone pain, particularly in the right leg, led to wheel-
chair status and the patient was referred to our clinic.
Bone scintigraphy revealed increased tracer uptake over
multiple costochondral junctions, creating a rachitic rosa-
ry sign and mildly increased intake in the right distal tibia
(Fig. 1b). Initial radiological studies revealed no fracture
(Fig. 1c), but computed tomography imaging revealed
stress fractures of the distal tibia (Fig. 1d, e). The patient’s
serum creatinine level was 1.15 mg/dL (range 0.7–1.5),
his phosphate level was 1.2 mg/dL (2.1–4.7), and his uric
acid level was 1.8 mg/dL (2.5–7.2). His alkaline phospha-
tase level was elevated at 281 IU/L (42–128) and his
anion gap metabolic acidosis was normal (HCO3

14.7 mmol/L). Urinalysis revealed increased fractional ex-
cretion of phosphate (65%; normal range 5–18%), de-
creased tubular maximum reabsorption of phosphate per
l i ter of glomerular f i l trat ion rate (TmPO4/GFR,
0.14 mmol/L; normal range > 0.8 mmol/L), and
normoglycemic glycosuria and proteinuria (100 mg/dL).
Other laboratory test results revealed a low total serum
calcium concentration of 8.0 mg/dL (8.4–10.6), elevated
serum intact parathyroid hormone concentration of
222 pg/mL (15.6–68.3), and low 25-OH-calciferol levels
(17.8 ng/mL; normal range 30–100 ng/mL). His initial
workup was negative for malignancy. Immunological ex-
amination revealed negativity for antinuclear antibodies.
The patient was diagnosed with hypophosphatemia osteo-
malacia secondary to Fanconi syndrome, with worsening
of the clinical presentation after treatment with
denosumab. TDF therapy was discontinued and entecavir
was prescribed. Alkalization with potassium citrate, neu-
tral phosphate, and vitamin D3 and activated vitamin D
(calcitriol) supplementation were also prescribed. The

patient recovered uneventfully, with relieved diffuse bone
pain, right tibia stress fractures (Fig. 1f), and weakness.

Discussion

Patients with Fanconi syndrome are characterized by proximal
tubule resorption impairment, causing hypophosphatemia,
proteinuria, normoglycemic glycosuria, hypouricemia, and
type II renal tubule acidosis. This patient’s laboratory abnor-
malities (increased alkaline phosphatase levels, low 25-OH-
calciferol levels, hypocalcemia with secondary hyperparathy-
roidism, and hypophosphatemia) and rachitic rosary signs
suggested osteomalacia. Thus, he was diagnosed with
hypophosphatemic osteomalacia secondary to Fanconi syn-
drome induced by TDF. Other causes worsening the pre-
existing hypophosphatemia included vitamin D deficiency
with secondary hyperparathyroidism and denosumab admin-
istration. A limitation of this case report is that the patient’s
phosphate level was not evaluated before denosumab admin-
istration. The effects of denosumab in selectively inhibiting
osteoclast function with minimal changes in osteoblastic func-
tion may increase bone mass and induce hypocalcemia and
hypophosphatemia. The patient’s hypophosphatemia wors-
ened, as his symptoms progressed just after denosumab ad-
ministration. Another differential diagnosis of urinary phos-
phate wasting is tumor-induced osteomalacia, which is related
to increased serum fibroblast growth factor 23 (FGF-23)
levels, a molecule secreted by rare mesenchymal tumors
[11]. Unfortunately, no method is available for confirming
serum FGF-23 levels in our hospital. Nevertheless, tumor-
induced osteomalacia is characterized by isolated urinary
phosphate wasting and this diagnosis was unlikely, as the
patient presented with Fanconi syndrome. Furthermore, the
patient finally recovered without tumor resection.

Both osteomalacia and osteoporosis affect bone structure,
but through different mechanisms. Osteoporosis reduces bone
density, while osteomalacia impairs mineralization.
Osteomalacia and osteoporosis also present distinguishable
clinical manifestations. For example, muscle weakness and
bone pain are more common in osteomalacia than in osteopo-
rosis, particularly without bone fractures. Bone densitometry is
one modality used to detect low bone mass, but osteoporosis
and osteomalacia cannot be differentiated using this method, as
bone turnover and mineralization cannot be differentiated [2,
3]. Previous studies reported bone density reductions due to
treatment with TDF [12, 13]. Possible mechanisms for
tenofovir-associated bone loss have been suggested, including
(1) uptake of TDF by osteoblasts and osteoclasts, which alters
gene expression and interferes with the balance of bone resorp-
tion and formation, and (2) tenofovir-induced proximal tubule
dysfunction and Fanconi syndrome, resulting in renal phos-
phate wasting and subsequent bone demineralization [12, 13].
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The patient was incorrectly diagnosed as having osteopo-
rosis and was administered denosumab. However, this treat-
ment was not suitable for the patient. Fanconi syndrome-

related hypophosphatemic osteomalacia is mainly due to renal
phosphate wasting complicated by defects in mineralization
rather than bone turnover or bone mass. Phosphorus

Fig. 1 Characteristic radiological and bone scan findings in a patient with
osteomalacia. a Plain radiological images of several vertebrae, b whole-
body bone scintigraphy, c plain radiography of the distal tibia with a mild
periosteal reaction (arrows), d, e computed tomography images of the

insufficient linear fractures of the right distal tibia (arrows), and f
recovery of whole-body bone scintigraphy with a decrease in
radiotracer uptake compared to previous images
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metabolism is complex, and serum phosphate levels are deter-
mined by the balance between intestinal phosphorus absorp-
tion, tubular reabsorption, and ion exchange between intracel-
lular and bone pools. In addition to the well-known parathy-
roid hormone-calcitriol axis, other components participate ac-
tively in this regulation. Renal proximal tubular reabsorption
of phosphorus is a critical variable in systemic phosphorus
homeostasis, in which 85% of filtered inorganic phosphorus
is reabsorbed, leaving a small amount for reabsorption in
Henle’s loop and distal tubules [14]. The patient may have
developed hypophosphatemia because of Fanconi syndrome.
Furthermore, denosumab selectively inhibits osteoclasts with-
out inhibiting osteoblast function, which can induce hypocal-
cemia and hypophosphatemia. Without an adequate phos-
phate and vitamin D supply, the effects of denosumab may
have worsened pre-existing hypophosphatemic osteomalacia
to more symptomatic hypophosphatemia, which was compli-
cated by more severe mineralization impairment and de-
creased bone quality to induce a right tibia stress fracture.

A stress fracture is a repetitive strain injury caused by a
mechanical load that is not sufficient to cause a fracture.
Stress fractures are associated with various diseases such as
osteoporosis andmultiple myeloma, as well as metabolic bone
diseases such as hyperparathyroidism and osteomalacia [15].
Because stress fractures tend to be incomplete and therefore
undisplaced, their identification on radiographs can be chal-
lenging. Other imaging modalities such as scintigraphy and
computed tomography are useful. Scintigraphy findings are
often positive within days after a fracture, but it may take
weeks before an abnormality appears on a scintigram. In com-
puted tomography, stress fractures appear as linear areas of
sclerosis with or without associated linear lucency through
the adjacent cortex [16]. Clinical acumen is necessary to de-
termine a diagnosis by collating clinical assessments with ra-
diographic findings.

In conclusion, physicians should be aware that in patients
with chronic hepatitis B monoinfection receiving TDF thera-
py, bone pain or fracture is possible. Early diagnosis of
hypophosphatemic osteomalacia secondary to Fanconi syn-
drome and the immediate discontinuation of TDF are essential
for reducing complications associated with TDF treatment.
More importantly, close monitoring of blood phosphate as a
marker of tubular disease, as well as the role of urine beta 2-
microglobulin-to-creatinine ratio and TmPO4/GFR, is needed
for a more specific diagnosis of tenofovir-induced Fanconi
syndrome [5]. Tenofovir alafenamide (TAF) is a new formula
of tenofovir that has been approved for the treatment of HIV
and HBV with lower nephrotoxicity. TAF should be the pre-
ferred formulation of tenofovir to minimize nephrotoxicity [17,
18]. Denosumab is unsuitable for treating hypophosphatemic
osteomalacia, as it may lead to hypocalcemia [18, 19] and
hypophosphatemia in patients in which phosphate homeostasis
is dependent on high bone turnover. Additionally, clinical

physicians should exclude diagnoses of other metabolic bone
diseases, such as osteomalacia, before administering
denosumab. Imaging modalities such as scintigraphy and com-
puted tomography may be useful in detecting stress fractures in
these patients.
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