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Abstract

More than 150 cases of Fanconi syndrome (FS) or hypophosphatemia osteomalacia induced by
low-dose adefovir dipivoxil (ADV) have been reported since 2002, when ADV was introduced for
the long-term treatment of hepatitis B virus (HBV) infection. Because the life expectancy of
HBV-infected individuals has increased, the adverse effects of long-term treatment with antiviral
therapies are increasingly observed, and nephrotoxicity is one of the most severe adverse effects
of ADV. Therefore, the number of cases may be far higher than reported. Moreover,
ADV-induced FS is often misdiagnosed or diagnosed long after it first develops. ADV-induced
FS may seriously decrease patient quality of life and lead to bone fractures and even disability.
Although progress has been made in the identification of biomarkers and treatments, few sys-
tematic clinical guidelines or clinical reviews for FS induced by ADV have been reported. In this
study, we highlighted the recent progress toward understanding of FS induced by ADV, described
a clinical case, and summarized the primary characteristics and laboratory findings of this disease.
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Introduction

Fanconi syndrome (FS) is characterized by
insufficient reabsorption activity in the
proximal renal tubule, which excessively
excretes many solutes into urine, conse-
quently leading to symptoms such as
aminoaciduria, low-molecular-weight
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albuminuria, glycosuria, hypophosphate-
mia, hyponatremia, hypokalemia, hypocal-
cemia, hypouricemia, reduced blood
bicarbonate levels, and hyperchloremic
metabolic acidosis.'™* FS was first reported
by Lignae in 1924 and named after Fanconi
in 1936.° FS has three types: genetic, idio-
pathic, and acquired.® The causes of
acquired FS include multiple myeloma,
amyloidosis, acute tubular necrosis, and
bone tumors; however, drugs represent the
most common cause, and the causative
agents include aminoglycoside antibiotics,

aristolochic  acid, analgesics, expired
tetracycline, contrast agents, ranitidine,
streptozotocin, azathioprine, valproate

anticonvulsants, cisplatin, 6-mercaptopu-
rine, and antiviral drugs such as cidofovir,
tenofovir, and adefovir esters.”® In this
study, we discuss FS induced by adefovir
dipivoxil (ADYV).

ADYV is a nucleotide analog of adenosine
monophosphate, and it is used in patients
with treatment-naive and lamivudine-
resistant chronic hepatitis B virus (HBV)
infection. Because of its effectiveness in sup-
pressing HBV, ADYV is used as the first-line
treatment in developing countries, and it
is also widely applied in primary hospi-
tals.'®'?  Previous randomized control
trials and cohort studies in Western coun-
tries indicated that the administration of 10
mg of ADV per day is not nephrotoxic in
patients with HBV infection.'*> ' However,
more than 150 cases of hypophosphatemia
osteomalacia (HO) or FS induced by low-
dose ADV have been reported since 2002,
when ADV was first introduced for long-
term HBV treatment.'”'® As the life expec-
tancy of HBV-infected individuals has
increased, the long-term adverse effects of
antiviral ~ therapies have increasingly
emerged,'” and nephrotoxicity is one of the
most severe adverse effects of ADV.
Investigators® conducted a retrospective
study of 687 HBV-infected patients
who received long-term ADV treatment.

Using a >20% decline in eGFR relative to
baseline as the criterion, 10.5% of patients
progressed to renal injury during a median
of 27 months of treatment. Fontana®! initi-
ated a prospective study revealing that the
5-year rate of kidney injury in patients
treated with ADV ranged 3% to 8%.
Nevertheless, the toxic effects of ADV are
not yet fully recognized by many physicians.
This is because the clinical manifestations
are not unique and the level of serum phos-
phorus is not routinely included in blood test-
ing panels in most hospitals. Therefore,
ADV-induced FS can easily be misdiagnosed,
and it may seriously decrease the quality of
life of patients and lead to bone fractures and
even disability.”'® Therefore, more attention
must be paid to FS induced by ADV.

Case report

A 58-year-old Chinese man who had
received several prior misdiagnoses was
referred to our hospital on 4 April 2018
with a 1-year history of lower extremity
pain and walking difficulty. He had a histo-
ry of hypertension, diabetes, chronic
lamivudine-resistant HBV infection that
had been treated with ADV for 10 years,
cirrhosis, esophagus fundus ventricularis
varication, and splenectomy. At the initial
presentation, his vital signs were stable, and
his blood pressure (BP) was 140/69 mmHg.

This patient additionally had symptom-
atic  HO. Although his Ilaboratory
data (Table 1) were indicative of low-
molecular-weight albuminuria, his rheu-
matic and immunity indices were normal,
and BP and blood sugar levels were well
controlled. Therefore, we excluded protein-
uria induced by hypertension, diabetes, and
rheumatic and immune diseases as diagno-
ses, and a tubulointerstitial injury was sus-
pected. Although his blood sugar level was
normal, glycosuria was detected (3+), and
thus, renal glycosuria was suggested.
The patient’s phosphorus level was



Song et al.

Table |I. Laboratory data on admission.

Table I. Continued.

Parameters

Results
(Reference Range)

Parameters

Results
(Reference Range)

Blood cell count
WBCs (x 10%/L)
RBCs (x10'?/L)
Hemoglobin (g/L)
Platelets (x 10%/L)
Urinalysis

pH

Specific gravity
Glucose

Blood

Creatinine (umol/L)
Protein

RBCs (/uL)

WBCs (/uL)

f2-M (mg/L)

p2-M (%)

RBP (mg/L)

RBP (%)

NAG (U/L)

Sodium (mEq/L)
Potassium (mEq/L)
Phosphate (mg/dL)
Calcium (mg/dL)
ACR (ng/mg)
Protein (mg/L)
Others

HBs-Ag (IU/mL)
HBe-Ag (S/CO)
HBe-Ab (S/CO)
HBc-Ab (S/CO)
HBYV viral load (IU/mL)
Biochemical data
AST (U/L)

ALT (U/L)

ALP (U/L)

y-GT (U/L)

BUN (mmol/L)
Creatinine (umol/L)
HCO; ™ (mmol/L)
Uric acid (umol/L)
eGFR (mL/minute/1.73 m?)
Sodium (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)
Calcium (mmol/L)

47 (3.5-9.5)
*3.52 (4.3-5.8)
120 (130-175)
132 (125-350)

6 (4.5-8)
1.017 (1.010-1.025)
4

5034 (3540-24,600)
1.3 (0-14)

5.1 (0-11)

61.3 (0-0.3)

0

41 4 (0-0.7)

18.4

9.2 (0-11.5)

ND

ND

ND

ND

*#104.2 (<30)

#206 (< 150)

#38.87 + (<0.05)
0.26 (<1.0)

1.07 (>1.0)
961 (<1.0)
<MD

34 (<40)
32 (<41)

254 (40-130)

99 (10-71)

*8.04 (3.1-8.0)

#127 (59-104)

*18.6 (22-29)

#121.3 (202.3-416.5)
#53.3 (>90)

140.7 (136-)

3.63 (3.5-5.1)

#11.1 (99-110)
#2.14 (2.15-2.5)

phosphate (mmol/L)

#0.45 (0.81—1.45)

pH *7.3 (7.35-7.45)
BE (mmol/L) * 8.7 (-3 to 3)
Albumin (g/L) 32.8 (35-52)
25-OH vitamin D (ng/mL)  37.6 (>30)

M protein NA

Blood sugar (mmol/L) *6.89 (4.11-6.05)
HbAlc (%) *6.9 (4-6)
Intact PTH (pg/mL) 18.91 (15-65)
Anti-nuclear antibody NA

Anti-SS-A antibody NA

Anti-SS-B antibody NA

RF (IU/mL) <20 (<20)
Immunoglobulin A (g/L) 4.28 (0.82—4.53)
Immunoglobulin G (g/L) 14.5 (7.51-15.6)
Immunoglobulin M (g/L) 0.62 (0.46-3.04)
ESR (mm/L) 9 (0-15)

(continued)

Abnormal values are indicated by asterisks (*).

WABC: white blood cell, RBC: red blood cell, f2-M:
p2-microglobulin, RBP: retinol-binding protein, NAG:
N-acetyl-f-p-glucosaminidase, ACR: albumin/creatinine
ratio, HBs-Ag: hepatitis B surface antigen HBV: hepatitis B
virus, HBe-Ag: hepatitis Be antigen, HBe-Ab: hepatitis Be
antibody, HBc-Ab: hepatitis Bc antibody, MD: minimum
detectability, AST: aspartate aminotransferase, ALT: ala-
nine aminotransferase, ALP: alkaline phosphatase, y-GT:
y-glutamyltransferase, BUN: blood urea nitrogen, PTH:
parathyroid hormone, eGFR (based on CKD-EPI): esti-
mated glomerular filtration rate, BE: base excess, HbAlc:
glycated hemoglobin, RF: rheumatoid factor, ESR: eryth-
rocyte sedimentation rate, ND: not detectable.

0.45 mmol/L, but his parathyroid hormone
and 25(OH)D levels were normal.
Considering his history of ADV treatment,
the elevated phosphorus level might have
resulted from ADV-induced reabsorption
dysfunction in the proximal renal tubule.
Arterial blood gas analysis and the patient’s
chloride level indicated hyperchloremic
metabolic acidosis. Moreover, the patient
exhibited elevated alkaline phosphatase
(ALP) levels and depressed uric acid (UA)
and HCO;  levels. Together with the
changes on magnetic resonance imaging
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(MRI) and bone scintigraphy (Figure 1),
the patient was diagnosed with FS and
HO induced by ADV.

ADV treatment was ceased, and the
patient was switched to entecavir (ETV).
Phosphate, calcium, and calcitriol were
also added to the treatment regimen.
Meanwhile, BP and blood glucose levels
remained stable, indicating protection of
the liver and kidneys. The patient’s pain
and mobility limitations were relieved sig-
nificantly before his discharge from the hos-
pital, and we reexamined the laboratory
indices (Table 2), identifying improvements
of glycosuria, kidney dysfunction, renal
tubular injury, and phosphorus, HCO;,
UA, and chloride levels.

(a)

ey
T YT TP

During follow-up conducted 1 year after
discharge, the patient was walking normal-
ly, and laboratory examination (Table 3)
indicated further improvement of various
indices. The patient’s ALP, chloride, and
HCO; ™ levels had recovered, and his UA
and phosphorus levels had further
increased. Regarding renal function, the
estimated  glomerular  filtration rate
(eGFR) and levels of f2-microglobulin
(f2-M) and retinol-binding protein (RBP)
had improved. MRI revealed that the frac-
tures of both the right medial tibial plateau
(Figure 2a) and fibula head (Figure 2b) had
healed, and bone scintigraphy demonstrat-
ed that multiple foci had also faded
(Figure 2c). In addition, we recommended

(b)

Figure |. Radiographic changes. Magnetic resonance imaging of the right knee suggested fractures of the
right medial tibial plateau (a) and fibula head (b). Bone scintigraphy uncovered multiple foci of increased
radiotracer uptake in multiple bones and possible osteomalacia (c).
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Table 2. Laboratory data on discharge.

Table 3. Laboratory data after discharge.

Results Results
Parameters (Reference Range) Parameters (Reference Range)
Urinalysis Blood cell count
pH 7.5 (4.5-8) WBCs (x 10°/L) 4.30 (3.5-9.5)
Specific gravity 1.013 (1.010-1.025) RBCs (x 10'%/L) *3.92 (4.3-5.8)
Glucose *+ Hemoglobin (g/L) *114 (130-175)
Protein |4 Platelet (x 107/L) 169 (125-350)
Blood — Urinalysis
RBCs (/uL) I (0-14) pH 6.5 (4.5-8)
WBCs (/uL) 4 (0-11) Specific gravity 1.017 (1.010-1.025)
£2-M (mg/L) 52.4 (0-0.3) Glucose * 4
Biochemical data Blood —
Creatinine (umol/L) *107 (59-104) Creatinine (umol/L) 9592 (3540-24,600)
Uric acid (umol/L) *117.9 (202.3—416.5) Protein *+
HCO;™ (mmol/L) 25.1 (22-29) RBCs (/uL) 10.8 (0-14)
eGFR (mL/minute/1.73 m?) *65.6 (>90) WBCs (/uL) 5.2 (0-11)
Potassium (mmol/L) 3.56 (3.5-5.1) f2-M (mg/L) *7.5 (0-0.3)
Chloride (mmol/L) 107.9 (99-110) RBP (mg/L) *8.25 (0-0.7)
Calcium (mmol/L) 2.19 (2.15-2.5) NAG (U/L) *32.7 (0-11.5)
phosphate (mmol/L) *0.63 (0.81-1.45) ACR (ug/mg) *104.7 (<30)
Sodium (mmol/L) 141.3 (136-145) Protein (mg/L) *671 (<150)
Alkaline phosphatase (U/L) *256 (40—130) Biochemical data
Abnormal values are indicated by asterisks (*) AST (UL) 38 (<40)
WBC: white blood cell, RBC: red blood cell, f2-M: iﬂ; 53;8 ??5(%4‘:;—)| 30)
f2-microglobulin, eGFR: estimated glomerular
filtration rate. 7-GT (UL) 60 (10-71)
BUN (mmol/L) 5.00 (3.1-8.0)
. . . Creatinine (umol/L) 97 (59-104)
a switch in treatment to tenofovir alafena- HCO,~ (mmoliL) 25.3 (22-29)
mide (TAF), but further research is needed Uric acid (umol/L) *|55 (202.3—416.5)
to clarify the efficacy of the drug against eGFR (mL/minute/ *73.3 (>90)
ADV-induced FS. 1.73 m?)
Sodium (mmol/L) 138.9 (136—145)
Potassium (mmol/L) 3.73 3.5-5.1)
Review Chloride (mmol/L) 103.5 (99-110)
Calcium (mmol/L) 2.22 (2.15-2.5)
Risk factors Phosphate (mmol/L) 0.9 (0.81-1.45)
Lo L. . Albumin (g/L) 37 (35-52)
Some descriptive studies identified male sex, Blood sugar (mmol/L) 541 (4.11-6.05)

decreased eGFR at the start of ADV treat-
ment, hypertension, diabetes, cirrhosis,
East Asian ethnicity, low body mass
index, treatment with ADV for more than
24 months, residence in rural areas, and
prior use of nephrotoxic drugs as risk fac-
tors for ADV-induced FS.”'®%%3 A study
that focused on kidney tubular dysfunction
induced by ADYV identified a long treatment

Others

HBV DNA (copies/mL)

<500 (0-500)

Abnormal values are indicated by asterisks (¥).

WABC: white blood cell, RBC: red blood cell, f2-M:
p2-microglobulin, RBP: retinol-binding protein, NAG:
N-acetyl-f-p-glucosaminidase, ACR: albumin/creatinine
ratio, AST: aspartate aminotransferase, ALT: alanine
aminotransferase, ALP: alkaline phosphatase, y-GT:
y-glutamyltransferase, BUN: blood urea nitrogen, eGFR:
estimated glomerular filtration rate.
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Figure 2. Radiographic changes after discharge. Magnetic resonance imaging of the (a) right medial tibial

plateau and (b) fibula head. (c) Bone scintigraphy.

duration and older age at treatment initia-
tion as risk factors via logistic regression
analysis.”* However, the number of cases
was not sufficient, and further research
and analysis are required.

Genetic predisposition characteristics

Some studies indicated that a single muta-
tion of the ABCC2 gene in the C allele
might decrease the activity of the drug

transporter MRP2 and thus lead to nephro-
toxicity and hypophosphatemia.'***

Pathogenesis

Studies found that ADV is mainly excreted
in urine,?® and FS induced by the long-term
administration of low-dose ADV may be
related to the overexpression of OATI
and suppression of MRP2, both of which
are transporters. Activated OATI is local-
ized on the basolateral membrane of the
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proximal renal tubule, and it can accumu-
late ADV from blood. Conversely, MRP2
localizes on the apical membrane side
depending on the ATP concentration in
the proximal kidney tubule, which excretes
ADYV into urine. According to the afore-
mentioned effects and changes of OATI
and MRP2 expression, ADV may accumu-
late in proximal renal tubular cells.'?->>-*7-28
By inhibiting HBV-DNA polymerase,
ADV depresses mitochondrial DNA
polymerase-r expression and induces cyto-
chrome oxidase deficiency simultaneously;
subsequently, the drug decreases mitochon-
drial function, alters cellular oxidation,
causes mitochondrial swelling and distor-
tion, and induces apoptosis of renal tubular
epithelial cells.'****73% Under these cir-
cumstances, the reabsorption ability of the
proximal renal tubule is decreased because
the high metabolic rate of proximal tubule
cells and mitochondrial oxidative phos-
phorylation generate more than 95% of cel-
lular ATP. Furthermore, Na*/K* ATPase
plays a crucial role in the resorption of
chemicals, and its activity is also energy-
dependent. Consequently, cellular ATP
deficiency will lead to a decrease of Na™/
K™ exchange and thereby reduce the Na™*-
dependent reabsorption of phosphate and
other solutes, and the excretion of phospho-
rus and other solutes will be increased.>'-*?
Finally, electrolyte disturbance will appear,
resulting in the subsequent development of
FS and HO. Moreover, the elimination
half-life of ADV is 7.5 hours, and it is pro-
longed by renal impairment, which will
deteriorate renal function.?®

In addition, fibroblast growth factor 23
(FGF23) has a significant role in regulating
serum phosphate levels, and it is also a prin-
cipal hormone regulating renal phosphate
handling.”® If serum FGF23 levels are
high, patients will develop hypophosphate-
mia. However, several recent studies
reported low FGF23 levels in patients
with ADV-induced FS, suggesting the

FGF23 may not cause hypophosphatemia
in patients with drug-induced FS* and it
may not be involved in the development
of HO induced by ADV.*

Renal biopsy

Changes such as tubulointerstitial renal
lesions, glomerular lesions, atrophy of
proximal tubular epithelium, and dramatic
vacuolization of epithelial cells with fading
of the brush border can be found in ADV-
induced FS.*2° According to previous
studies, serum phosphate levels were
depressed in patients with tubulointerstitial
kidney lesions, implying a more severe
condition.”’

Clinical manifestation

The most common clinical manifestation of
ADV-induced FS is HO, which is usually
unspecific and associated with diffusive
bone pain, mainly in the ribs, waist, and
lower extremities. However, symptoms
vary from mild signs, such as paresthesia,
fatigue, and muscle weakness, to severe
bone pain, walking difficulty, pathological
fractures, disabling myopathy, and bone
deformity.”>** Furthermore, according to
prior research,” the apparent symptoms
appear after a median of 30.5 months of
ADYV treatment. The main characteristics
of 32 patients with ADV-induced FS,
including eight patients in our institution
and 24 published cases, are summarized in
Table 4.518:22.:23.36-43

Laboratory findings

The most frequent laboratory abnormalities
are hypophosphatemia, elevated ALP
levels, excessive urinary phosphate excre-
tion, glycosuria, proteinuria, aminoacid-
uria, hypocalcemia, elevated urinary
calcium excretion, hypokalemia, and meta-
bolic acidosis. In addition, elevated serum
creatinine levels have been described.”
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Table 4. Main characteristics, laboratory findings,
and treatment of 32 patients with ADV-induced
FS*,

Parameters Results

Age 51.7+12.2
Male 24 (75.0%)
Clinical manifestation

Bone pain 31 (96.8%)
Muscle weakness 12 (37.5%)
Mobility limitation 19 (59.4%)
Urinalysis

Glucosuria 29 (90.6%)
Proteinuria 30 (93.8%)
24-hour phosphate (mmol) 284+ 34.1
24-h calcium (mmol) 82+43
f2-M (mg/L) 40.0£33.2
Biochemical data

Creatinine (umol/L) 1129+ 445
eGFR (mL/min/1.73 m?) 534+ 164
Uric acid (umol/L) 126.4+31.9
Phosphate (mmol/L) 0.5+0.1
Calcium (mmol/L) 22+0.1
Potassium (mmol/L) 3.7+04
Chloride (mmol/L) 110.9+3.1
HCO;™ (mmol/L) 19.7£25
pH 7.34+0.03
BE (mmol/L) —57+£22
ALP (U/L) 451.9+310.9
Treatment

ADV termination
Switch to other antiviral agents

30 (93.8%)
20 (62.5%)

Phosphorus supplementation 23 (71.8%)
Calcium supplementation 12 (37.5%)
Calcitriol supplementation 17 (53.1%)

*Categorical variables were presented as frequencies and
percentages. Continuous variables were expressed as the
mean =+ SD.

f2-M: 2-microglobulin, eGFR: estimated glomerular fil-
tration rate, BE: base excess, ALP: alkaline phosphatase,
ADV: adefovir dipivoxil.

Hypophosphatemia is defined by serum
phosphate levels <0.8mmol/L (2.5mg/
dL), and levels <0.32mmol/L (1mg/dL)
indicate a severe condition.**
Hypophosphatemia occurs after ADV
treatment for 1 year in a time- and dose-
dependent manner, and HO appears after
3 to 4 years of treatment.>> eGFR is

considered the best indicator of renal func-
tion in patients with chronic renal disease,*’
but some researchers consider eGFR and
cystatin C (Cys-C) more sensitive indices
of kidney function than serum creatinine
in patients with ADV-induced FS.
However, other studies describe eGFR as
the best index.” Further research is needed
to evaluate the utility of eGFR in assessing
kidney function in patients with ADV-
induced FS. A decline in eGFR is also pre-
sent in ADV-induced FS.*® Urine $2-M and
RBP are biomarkers of kidney impairment
during long-term ADYV therapy in patients
with chronic hepatitis B, and they indicate
when treatment should be switched to other
antiviral drugs. Urine RBP and f2-M
abnormalities precede that of creatinine.*®
However, few studies have identified
which marker among eGFR, Cys-C, RBP,
and f$2-M is most appropriate, and predict-
ing renal injury before patients become
symptomatic is critical. Some biomarkers
of hepatic mitochondria impairment have
been described, such as glutamate dehydro-
genase, carbamoyl phosphate synthase-1,
alanine aminotransferase-2, and ornithine
carbamoyltransferase, but no kidney
mitochondria-specific enzymes have been
recognized to date. Thus, relevant bio-
markers are needed to improve the diagno-
sis of ADV-induced kidney impairment and
FS.* Some studies regarded the level of uri-
nary mtDNA as a marker of mitochondrial
injury in patients with kidney disease, but
its utility should be further examined.’?
Several studies used cytochrome c as a bio-
marker of mitochondrial injury in the kid-
neys; however, it may be not suitable for the
early discovery of ADV-induced kidney
impairment, and its diagnostic utility may
be limited.*’ In conclusion, the levels of
serum electrolytes, especially phosphate,
Cys-C, urine 2-M, and RBP, can be used
to evaluate kidney impairment before the
onset of symptoms, and the urinary
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mtDNA level may emerge as a potential
biomarker in the future.

Radiographic changes

Radiographic images reveal fractures, pseu-
dofractures, vertebral biconcave changes,
and physiological curvature loss of the
spine, and fractures can occur at the ribs,
neck of the femur, radius, and sacral bone.
Bone scintigraphy may reveal multiple foci
of increased radiotracer uptake at ankle
joints, knee joints, the spine, and ribs.?

Diagnosis of ADV-induced FS

ADV-related FS can be diagnosed on the
basis of proximal tubule dysfunction,
including hypophosphatemia, glycosuria,
and proteinuria after ADV treatment, and
these findings exclude the possibility of FS
induced by immune diseases, Wilson’s dis-
ease, plasma cell disorders, and heavy metal
poisoning.?’

Differential diagnosis

ADV-induced FS is usually misdiagnosed
as other diseases such as osteoporosis,
ankylosing spondylitis, vertebral disc herni-
ation, osteoarthropathy, bone tumors,
degenerative diseases, chronic arthritis,
and hematological disease. >33
Therefore, the aforementioned diseases
must be eliminated before rendering a diag-
nosis, and when diagnosing those diseases,
ADV-induced FS should be considered.

Treatment

A key factor in the treatment of ADV-
induced FS is the timely cessation of thera-
py.” If changes of urine RBP or f2-M levels
are confirmed, hypophosphatemia and
increased creatinine levels are detected, or
patients present with symptoms of HO, it is
recommended to switch from ADV to other
antiviral agents and add phosphate,

calcium, and calcitriol as supplements.?*¢

According to the 2017 clinical guideline of
HBYV infection, it is not recommended to
administer ADV, telbivudine, or lamivu-
dine (LAM) to patients with chronic hepa-
titis B; however, for LAM-naive patients,
switching to TAF, ETV, or tenofovir diso-
proxil fumarate (TDF) can be considered.
However, if patients are LAM-resistant,
TAF or TDF are better options.* TAF
has greater ability to target hepatocytes
than TDF; thus, the distribution of TAF
in other organs may be reduced, resulting
in fewer side effects. Clinical trials indicated
that TAF has fewer nephrotoxic and bone
effects than TDF.***° In such cases, the
best option for LAM-resistant patients
may be switching to TAF. In fact, most
patients switch to ETV, but few studies
have assessed the efficacy of TAF in the

treatment of ADV-induced FS.3!
Therefore, further studies should be
conducted.

Supplemental phosphorus also plays a
crucial role in ADV-induced FS or HO.
According to one study, phosphate levels
were significantly elevated after 12 weeks
of phosphate supplementation compared
with the findings in the group without sup-
plementation.” However, when adminis-
trating  bisphosphonates intravenously,
serum electrolyte disturbances and renal
injury may occur;** moreover, bisphospho-
nates may influence bone mineralization.
Hence, it is necessary to avoid the adminis-
tration of bisphosphonates to supply phos-
phate.'®  Several potentially valuable
therapies have been described.
Denosumab, which is a monoclonal anti-
body, is used as to improve bone density
in the treatment of osteoporosis.
According to a case report, denosumab
improves clinical manifestations of HO,
which results from ADV-induced FS.*” In
addition, mitochondrial protection may be
useful against ADV-induced FS and neph-
rotoxicity, and some chemicals such as
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glycine, coenzyme QI10, L-carnitine, N-
acetyl cysteine, carnosine, and taurine
have nephroprotective effects. These chem-
icals have been studied in patients and dif-
ferent experimental models,*” and they may
be applied for prevention and treatment. In
addition, transporter inhibitors may allevi-
ate ADV-induced FS and nephrotoxicity,
and thus, targeting different transporters
in proximal renal tubules may represent a
therapeutic strategy.’”

Prognosis

According to earlier studies, it is generally
accepted that kidney injury induced by
ADV is reversible,'* and few pathological
fractures require surgical stabilization.>?
However, some recent studies indicated
that renal damage induced by ADV may
be irreversible.'®?*?*** However, it may
be not sufficient to evaluate renal function
using only 2-M.'"® Thus, further compre-
hensive research using longer treatment
periods and considering eGFR, [2-M,
RBP, and other potential biomarkers is
needed to clarify whether renal dysfunction
induced by ADV is completely recoverable.
Moreover, a study using a 6-month follow-
up period found that patients with chronic
kidney disease and tubule acidosis have a
poor prognosis.*>

Prevention

According to prior studies, even low-dose
ADYV can induce renal injury, resulting in
a severe decline of quality of life, bone frac-
tures, and disability. Therefore, for patients
treated with ADV, especially those with risk
factors, it is necessary to regularly monitor
serum electrolytes, creatinine, eGFR, Cys-
C, urine 2-M, and RBP and conduct rou-
tine urinalysis. Further, physicians must
exercise caution when urine RBP or 2-M
changes are confirmed, hypophosphatemia
and increased creatinine levels are detected,

or symptoms of HO appear. Conversely,
when patients are resistant to LAM, it is
recommended to cease ADYV, switch to
TAF, and provide supplementation with
phosphate, calcium, and calcitriol.
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