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Tenofovir disoproxil fumarate is a recommended first-line therapy for patients
with chronic hepatitis B, although the frequent Tenofovir disoproxil fumarate
related adverse drug reactions are nephrotoxicity and bone toxicity. We described
the case of a 21-year-old Han Chinese male patient with chronic hepatitis B with
tenofovir disoproxil fumarate-associated osteopenia. The patient presented os-
teopenia at the site of his femoral neck with bone mineral density 0.865g/cm?
(Z = —1.9) in January 2020. Nine months after switching to TAF, bone mineral
density at left femoral neck improved to 0.978g/cm?® (Z = —1.0) in September
2020. Bone mineral density of this patients was normal in January 2021. This
is the first report in very young man presenting tenofovir disoproxil fumarate-

bone mineral density, chronic hepatitis B, osteopenia, tenofovir alafenamide fumarate,

submission
associated osteopenia.
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1 | INTRODUCTION

An estimated 257 million people globally are living with
chronic hepatitis B (CHB) infection, according to the
World Health Organization in 2018." Chronic hepatitis B
virus infection is a principal cause of chronic liver disease,
cirrhosis, and hepatocellular carcinoma.” Treatment's
main goals in CHB are to halt disease progression and
prevent disease-related complications, achieved by sup-
pression of hepatitis B virus (HBV) DNA replication.’
Treatment is often lifelong because existing therapies
rarely provide a functional cure.* To the present date,
CHB treatment is either based on nucleos(t)ide analog
(NA) or on IFNa, currently pegylated (Peg IFNa).” NAs
that have been approved for HBV treatment in humans
include lamivudine (LAM), adefovir dipivoxil (ADV),

entecavir (ETV), telbivudine (LdT), tenofovir disoproxil
fumarate (TDF), and tenofovir alafenamide (TAF), and
can be classified into those associated with low barrier
against HBV resistance (LAM, ADV, Ltd.) and those with
high barrier to HBV resistance (ETV, TDF, TAF).%” The
main advantage of treatment with a potent NA with high
barrier to resistance (ETV, TDF, and TAF), considered to
be the first-line treatment for CHB, is its predictable high
long-term antiviral efficacy leading to undetectable HBV-
DNA levels in the vast majority of compliant patients as
well as its good safety profile.””” Tenofovir disoproxil fu-
marate (TDF) is a prodrug of tenofovir that was approved
as a NA by the United States FDA for use in CHB infec-
tion in 2008. TDF is converted to tenofovir by hydrolysis
and then phosphorylated by cellular enzymes to tenofovir
diphosphate.® The common tenofovir-associated adverse
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drug reactions (ADRs) include asthenia (11%), diarrhea
(16%), nausea (11%), headache (1%-10%), pain (12%), and
depression (1%-10%). The black box warnings of tenofovir
include lactic acidosis, severe hepatomegaly with steato-
sis, and severe acute exacerbation of hepatitis B after teno-
fovir discontinuation.” Recent population based studies
demonstrate that patients with chronic HBV infection are
at increased risk for bone loss and osteoporosis compared
with age- and gender-matched control subjects without
HBV.'>!! As the chronic hepatitis B population ages, more
patients are likely to develop bone loss. A significant and
independent association has been reported between the
use of TDF and altered excretion of retinol-binding pro-
tein (RBP)/creatinine, and subclinical tubular damage in
chronic HBV patients.'* No significant differences were
found between TAF and TDF across the bone parameters
assessed, fractures, and relevant discontinuations. Only 1
discontinuation due to bone related, study drug associated
adverse events was reported through all 14 trials, DEXA
scans were performed during most of the studies included
in this analysis, and therefore, the study discontinuations
due to bone toxicity, although rare, reflect concerning new
incidences of fast reduction in BMD or osteoporosis.."

2 | CASE SUMMARY

2.1 | Case presentation

The patient was a 21-year-old Han Chinese (China's largest
ethnic group) man who was diagnosed with HBV infection
of maternal-neonatal transmission in 2010. His mother
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had hepatitis B infection. He had no history of hepatitis A
or HIV infection or autoimmune hepatitis. Furthermore,
he had no history of smoking or alcohol abuse. He has no
concomitant comorbidities such as diabetes mellitus, ar-
terial hypertension, and osteopenia. The patient was not
receiving any other medication or supplement, except
anti-viral drugs. The patient underwent an operation of
bullectomy of lung and correction of pectus excavatum
in January 2020. The patient visited the Outpatient Clinic
of Hepatitis, Department of Infectious Disease, Hospital
of Yunnan University in November, 2016, because of the
regular follow-up. Between 2011 and November 2020,
several attempts were made to control viral replication
with different therapeutic strategies (Figure 1). In 2011,
he received treatment with Pegylated interferon-a (Peg
IFNa) for 48 weeks at his 11-year-old. Treatment was dis-
continued because of the ineffectiveness, and then, he had
been treated with telbivudine (Ltd.) for several years until
November, 2016. We switched the treatment from telbi-
vudine to Lamivudine (LAM) combining adefovir (ADV)
therapy because of myalgia and elevated creatine. At the
point of switching, he presented HBV-DNA 8980 IU/ml.
He suffered erythra and increasing number of stools. In
follow-up half a year, the level of HBV-DNA was up to
29500 IU/ml in May, 2017, we considered that he pre-
sented a resistance for Lamivudine; so, he received the
regimen of Entecavir (ETV), which could be considered as
a rescue therapy for patients experienced LAM and devel-
oped resistance. He visited our outpatient regularly, viral
load of HBV was, respectively, 166 IU/ml in August 2017,
127 1U/ml in February 2018, and 472 IU/ml in July 2018.
Viral replication was not suppressed effectively while
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the treatment of ETV, the patient started ETV combin-
ing TDF therapy in July 2018. During 20 weeks of com-
bination therapy, HBV-DNA declined from 472 IU/ml in
July 2018 to less than 100 IU/ml in December 2018 for
the first time. HBsAg levels and HBeAg status remained
unchanged, as did liver function tests, which were within
the normal range all the time. Several laboratory indica-
tors were monitored every 5 months up to January 2020.
No significant changes were observed for Cr, Na, K, blood
phosphate, and blood calcium. HBV-DNA was unde-
tectable level(<20 TU/ml)in January 2020. Biochemical,
virologic, and renal parameters of patient during the treat-
ment (Table 1).

2.2 | Differential diagnosis

This patient had a history of pectus excavatum, and
hepatitis B virus infection is risk factor of bone loss. We
started to focus on the bone safety of this patient, BMD
test was performed for this patient. Dual-energy X-ray
absorptiometry (DXA) scan of neck of femur and lum-
bar spine was done. BMD at sit left hip joint and femo-
ral neck was, respectively, 0.891 g/cm?, 0.865 g/cm? in
January 2020. According to the international diagnos-
tic criteria of osteoporosis, the patient's bone mass was
close to abnormal. The patient had a thyroid function
test on December 31, 2019. T3, T4, TSH. FT3, FT4
were, respectively, 0.9 ng/ml, 81.44 ng/ml, 1.19 ulU/
ml, 5.44 pmol/L, 12.96 pmol/L. Thyroid function of
this patient was within the normal range. This patient
was generally nourished, without diabetes, no connective
tissue disease and gastrointestinal malabsorption, and no
hematologic diseases. The patient had no tooth loss and
gingivitis. Folic acid and vitamin B12 tests also showed
that the patient did not lack folic acid and vitamin B12.
The patient is a student. The school has basic outdoor ac-
tivities. He did not take any drugs orally except TDF. So,
this patient switched TDF to TAF from this point because
of the osteopenia. Therefore, we considered the patient's
bone mass reduction due to oral tenofovir and adefovir
dipivoxil.

2.3 | Outcome and follow-up

He suffered no immediate adverse drug effects and tol-
erated this regimen well. At the 8-month follow-up after
TAF, the bone mass of his left hip joint and femoral neck
was 0.932 g/cm?, 0.978 g/cm? in September 2020. One year
after switching to TAF, the bone mass of his left hip joint
and femoral neck was 0.967 g/cm?, 0.931 g/cm?* in January
2021 (Table 2). HBV-DNA was undetectable (<10 IU/ml).

There were no abnormalities in liver function, renal func-
tion, blood calcium, and blood phosphorus.

3 | DISCUSSION
The aim of CHB treatment was to control viral replica-
tion, thereby reducing the risk of complications such as
liver failure, cirrhosis, and hepatocellular carcinoma.
CHB treatment is often based on the long-term NAs use,
with the following drugs being approved: LAM, ETV, Ltd.,
ADV, TDF, and TAF, of which ETV, TDF, and TAF are
considered to be the first-line drugs, due to its potency and
high genetic barrier to resistance. Identification of poten-
tial associated AEs, even if with low incidence, might be
a key factor in improving adherence and outcomes. Both
entecavir and tenofovir (TDF and TAF) have minimal risk
of drug resistance in NA-naive patients; tenofovir also has
a very low rate of drug resistance in NA-experienced pa-
tients."* TDF is a highly potent inhibitor of HBV-DNA rep-
lication and recommended as a first-line treatment choice
in CHB by the current clinical guidelines due to the ab-
sence of drug resistance.'” While the long-term use of TDF
has been associated with bone and renal toxicity in some
patients, adverse event concern within TDF use is the bone
mass reduction. In randomized clinical trials, a great loss
of bone mineral density (BMD) had been well-described
in patients with HIV infection treated with TDF.'*' In a
96 weeks analysis that includes both HBeAg-positive and
HBeAg-negative patients, TAF treatment was associated
with significantly smaller mean percentage changes in
BMD at the hip (—0.33 vs. —2.51%, p < 0.001) and spine
(—0.75 vs. —2.57%, p < 0.001) than using TDF. A higher
proportion of subjects treated with TDF also experienced
>3% declines in hip and spine BMD compared with TAF
treated patients (spine: 45% vs. 25%, p < 0.001 and hip: 39%
vs. 14%, p < 0.001."® By multivariate analysis, independent
predictors for >3% BMD decline in hip or spine at week
96 included study drug treatment (TAF vs TDF, age (<50
vs. 250 years), gender (female vs male), and baseline renal
function. To the best of our knowledge, a case of tooth loss
associated with the use of tenofovir disoproxil fumarate
has been reported, a 41-year-old Han Chinese man with
CHB presented with halitosis, gingival swelling, and tooth
loss after TDF use. After excluding the possibility of other
drug related ADRs, TDF was considered a possible cause
and switched with tenofovir alafenamide fumarate (TAF).
After 6 months, the oral symptoms disappeared, with no
additional tooth loss.'® Tenofovir-associated loss of bone
mineral density has also been observed with children and
adolescents.*

For our case, combining adefovir dipivoxil and
lamivudine for several years, HBV-DNA continued
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TABLE 1 Time course of efficacy and safety variables during treatment
December October January April September Reference
Variables 2018 May 2019 2019 2020 2020 2020 range
WBCs (x10%/L) / / / 7.14 / 7.66 4.0-10
Neutrophils (%) / / / 62 / 67.8 40.0-75.0
Albumin (g/L) 46 46 47 46 49 49.1 34-54
Globulin (g/L) 46.2 46.5 47 46.7 49.9 27.6 15-35
Albumin to globulin ratio 1.94 1.88 1.64 2.16 1.57 1.78 1.20-2.50
Alkaline phosphatase 108 100 118 111 131 121 40-150
(U/L)
ALT (U/L) 56 16 28 38 16 12 5-40
AST (U/L) 32 20 27 37 25 22 8-40
r-GT (U/L) 18 11 16 17 21 20 11-50
Prealbumin (mg/L) 306 229 356 369 353 373 200-400
TBA (pmol/L) 1.7 2.7 4.6 1.7 2.9 1.8 <10
TBIL (umol/L) 6.1 53 12.2 8.1 5.2 7.5 3.0-21
TP (g/L) 70 71.3 75.6 68.3 81.6 76.7 60-83
Blood urea (mmol/L) 4.66 5.17 5.27 4.48 6.39 5.84 2.9-8.2
Serum uric acid (mmol/L) 419 433 453 399 508 492 0.1-0.42
Serum creatinine 93 111 97 76 80 86 50-130
(pmol/L)
eGFR (mL/min/1.73 mz) 102.16 82.49 97.09 124.85 120.85 110.73 =90
Serum phosphorus 1.25 1.01 1.07 1.04 0.88 0.98 0.74-1.52
(mmol/L)
Serum potassium 4.71 4.6 4.66 4.22 4.43 4.35 3.5-5.2
(mmol/L)
Serum magnesium 0.86 0.97 0.98 0.79 0.88 0.87 0.8-1.1
(mmol/L)
Serum calcium (mmol/L)  2.48 2.47 2.51 2.09 2.46 2.43 2.08-2.6
Serum sodium (mmol/L) 139.5 137.9 139.4 134.1 139.2 139.1 136-145
Blood chloride (mmol/L) 107.7 104 1.4.9 100.3 106.6 105.1 96-108
Urinep—2-microglobulin / / 0.211 0.102 0.115 0.127 <0.195
(pg/mL)
LDH (U/L) / 200 160 202 219 219 109-245
CK (U/L) / 133 135 136 128 140 38-174
AFP (pg/L) 1.80 3.03 2.22 1.8 1.8 <10.00
HBeAg (s/co) 14.24 6.93 7.5 6.66 6.9 8.32 0-1
Anti-HBe (s/co) Negative Negative Negative Negative Negative Negative <1.0 (Positive)
HBsAg (IU/mL) 26697 20654 22439 18880 20362 21278 /
HBV-DNA (IU/mL) <100 <100 <100 <20 <100 <10 /

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; anti-HBe, hepatitis B virus e antibody; AST, aspartate aminotransferase; CK, creatine
kinase; eGFR, estimated glomerular filtration rate; HBeAg, hepatitis B virus e antigen; HBsAg, hepatitis B surface antigen; HBV-DNA, hepatitis B virus DNA
quantification; LDH, lactate dehydrogenase; r-GT, r-glutamyl transferase; TBA, total bile acid; TBIL, total bilirubin; TP, total protein; WBC, white blood cell.

to be positive, we considered that there was a resis-
tance to lamivudine; so, entecavir was prescribed for
this patient. During the treatment of entecavir, the
virus rebounded; so, we switched to tenofovir fuma-
rate dipivoxil tablets from entecavir. In January 2020,
bone mineral density examination showed bone mass

decreased. Unfortunately, we did not test his BMD be-
fore switching to TAF. In case of bone loss caused by
other diseases was excluded. We switched to tenofovir
alafenamide fumarate (TAF). TAF was designed to have
a greater plasma stability that allows a more efficient
delivery of tenofovir to the liver cells. This also allows
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BMD(g/cm?) Z value BMD(g/cm?) Z value BM(g/cm?) Z value
Position January 2020 September 2020 January 2021
Left femoral neck 0.865 -1.9 0.978 -1.0 0.931 -1.3
Left hip joint 0.891 =il 0.932 =l 0.967 =il
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