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ABSTRACT

Introduction and Objectives: Renal and bone impairment has been reported in chronic hepatitis B (CHB)
patients receiving long-term tenofovir disoproxil fumarate (TDF) therapy. This study aimed to assess the inci-
dence of renal and bone impairment in CHB patients with long-term TDF therapy and to identify the changes
in bone mineral density (BMD) and renal function in these patients after switching to entecavir (ETV) or teno-
fovir alafenamide (TAF).
Materials and Methods: This retrospective study collected clinical data from CHB patients who received TDF
monotherapy over 96 weeks. The changes in BMD and renal function were analyzed after 96 weeks of
switching antiviral regimens (ETV or TAF) or maintenance TDF.
Results: At baseline, 154 patients receiving TDF monotherapy over 96 weeks were enrolled, with a younger
median age of 36.75 years, 35.1% (54/154) of patients experienced elevated urinary $2 microglobulin and
20.1% (31/154) of patients had reduced hip BMD (T<-1). At week 96, among the 123 patients with baseline
normal BMD, patients who maintained TDF (n=85) had experienced a decrease in hip BMD, while patients
who switched antiviral regimens (n=38) experienced an increase (-13.97% vs 2.34%, p<0.05). Among patients
with a baseline reduced BMD (n=31), the alterations in BMD were similar in patients who maintained TDF
(n=5) and those who switched antiviral regimens (n=26) (-15.81% vs 7.35%, p<0.05). Irrespective of baseline
BMD status, renal function decreased significantly in patients who maintained TDF and improved in patients
who switched antiviral regimens.
Conclusions: Younger CHB patients on long-term TDF therapy are at high risk for bone and renal impairment,
with the risk being reduced when switched to ETV or TAF.

© 2023 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

patients die yearly from HBV-related end-stage liver disease and its
complications [2,3]. Clinical studies have demonstrated that nucleos

The World Health Organization estimated that 296 million people
had chronic hepatitis B in 2019, and 1.5 million people are newly
diagnosed with hepatitis B virus (HBV) infection each year despite
safe and effective vaccines [1]. HBV infection significantly increases
the risk of hepatocellular carcinoma (HCC), and nearly one million

Abbreviations: CHB, chronic hepatitis B; TDF, tenofovir disoproxil fumarate; BMD,
bone mineral density; ETV, entecavir; TAF, tenofovir alafenamide; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; NAs, nucleos(t)ide analogues; TFV, tenofovir;
ALT, alanine aminotransferase; eGFR, estimated glomerular filtration rate; ULN, upper
limit of normal; AASLD, American Association for the study of liver diseases; EASL,
European association for the study of the liver; LLV, low-level viremia
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(t)ide analogues (NAs) can improve liver histology and reduce the
risk of hepatic events by efficiently suppressing HBV DNA replication
[4—8]. Regrettably, NAs cannot eliminate covalent closed-loop DNA
(cccDNA) from hepatocytes, and serum clearance of hepatitis B sur-
face antigen (HBsAg) rarely occurs during NAs treatment. Therefore,
lifelong treatment is normally required [9]. Although NAs are gener-
ally safe and relatively free of significant side effects, a small propor-
tion of patients have experienced safety complications after long-
term use of NAs, such as tenofovir disoproxil fumarate (TDF) related
bone and renal impairment [10]. These patients are always ignored
in clinical practice, especially younger patients.

TDF is highly effective, generally well-tolerated, and not subject to
the development of resistance, so it is widely used to inhibit human
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immunodeficiency virus (HIV) and HBV replication. However, several
studies have reported that patients with HIV infection on long-term
TDF develop renal impairment, with proximal tubular dysfunction as
the main clinical manifestation [11,12]. Besides, some patients expe-
rienced a reduction in BMD [13]. Therefore, guidelines recommend
using alternative NAs instead of TDF in older CHB patients or those at
risk for bone and renal impairment [5,14]. However, a critical clinical
concern is whether bone and kidney safety can be ignored in younger
CHB patients.

With the occurrence of safety events during long-term use of TDF,
we need more information about the side effects of first-line antivi-
rals to select or switch to rational antiviral regimens for CHB patients
at risk of bone and renal injury, especially in younger patients. This
study aimed to investigate the incidence and age distribution of bone
and renal injury in a cohort of CHB patients receiving TDF monother-
apy for more than 96 weeks. Moreover, analyzing changes in renal
function and BMD in this cohort after 96 weeks of maintaining TDF
monotherapy or switching antiviral regimen to entecavir (ETV) or
tenofovir alafenamide (TAF).

2. Materials and Methods
2.1. Study design

This is a single-center retrospective study. All CHB Patients who
attended West China Hospital from December 2018 to May 2019 and
received TDF monotherapy for more than 96 weeks were recruited.
Study subjects were followed for clinical outcomes for at least 96
weeks. After completion of initial BMD and renal function testing
between December 2018 and May 2019, some patients voluntarily
switched antiviral regimens (ETV or TAF), and some patients main-
tained TDF.

The process of patients switching antiviral regimens was detailed
as follows. After completion of initial BMD and renal function tests,
for patients with abnormal renal function or reduced BMD, some
patients switched their antiviral regimen under the doctor’s guid-
ance, while others voluntarily maintained their TDF antiviral regimen
due to cost and other issues. In addition, a proportion of patients
with normal BMD and renal function voluntarily switched their anti-
viral regimen after consulting doctors about the advantages and dis-
advantages of different drugs. We analyzed the changes in BMD and
renal function after 96 weeks of switching to an antiviral regimen
(ETV or TAF) or maintaining TDF.

2.2. Patients

The inclusion criteria were as follows: (1) female or male >18
and < 65 years of age, (2) receiving TDF monotherapy for more
than 96 weeks at the time of presentation (December 2018 to
May 2019). (3) completed initial BMD and renal function testing
during the presentation (December 2018 to May 2019). (4) After
initial BMD and renal function testing, patients were followed up
at least every 12 weeks for a total follow-up time of more than
96 weeks and completion of a second BMD test (with intervals of
at least 96 weeks).

The exclusion criteria for CHB patients were as follows: (1)
receiving NAs combination therapy or other NAs before recruit-
ment, (2) co-infected with hepatitis C virus and other hepatitis
viruses or HIV, (3) chronic kidney disease and bone metabolism
disease, (4) patients taking drugs that affect bone metabolism
and renal function,(5) co-existed with chronic liver diseases, such
as alcoholic liver disease and autoimmune liver disease, (6) being
pregnant or having uncontrollable malignancies, (7) lost to fol-
low-up and missing essential data, (8) less than 96 weeks of fol-
low-up after switching to TAF or ETV.
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2.3. Outcome assessment and measurement

The time of the patient’s initially completed BMD and renal func-
tion tests were set as the baseline for this study. Bone impairment
was assessed by BMD (g/cm?) and T values, with T > -1 as normal
BMD and T < -1 as reduced BMD, with -1 > T > -2.5 as osteopenia and
T < -2.5 as osteoporosis. Renal impairment was assessed by glomeru-
lar function and tubular function. The glomerular function was
assessed by creatinine and estimated glomerular filtration rate
(eGFR), and the eGFR was calculated using the Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-EPI) equation, the normal
range of eGFR is >90ml/min/1.73m?2 The tubular function was
assessed by urinary S2-microglobulin and blood phosphorus. Serum
alanine aminotransferase (ALT) normalization rate (male <50U/L,
female <40U/L) and virological response rate were used to assess
antiviral efficacy.

Serum biochemical indexes were measured according to standard
procedures (Olympus AU5400, Olympus Corporation, Tokyo, Japan).
Serum HBV DNA concentration was quantitatively determined using
a Cobas TagMan assay kit (Roche Diagnostics, Branchburg, NJ), with a
lower limit of detection of 100 IU/ml. The DXA (Dual Energy X-ray
Bone Densitometry) method was used to test the patients’ bone den-
sity, and the hip joint was tested in this study.

2.4. Statistical Analysis

Continuous numerical variables are expressed as the mean + SD
or median (interquartile range), and categorical variables are
expressed as ratios. The x2 test or Fisher’s exact test was used for cat-
egorical variables to compare differences. For continuous variables, t-
tests, one-way ANOVA, or non-parametric tests are used as appropri-
ate. Logistic regression is used to identify independent risk factors. A
P-value less than 0.05 is considered to indicate statistical significance.
Statistical analyses are performed using IBM SPSS version 26.0 and
GraphPad Prism 8.0 software.

2.5. Ethical statement

The study was conducted in accordance with the Declaration of
Helsinki of 1975. The study protocol was approved by the Ethics
Committee of West China Hospital of Sichuan University and regis-
tered with the Chinese Clinical Trials Registry (ChiCTR2100049655),
and informed consent was obtained from each patient.

3. Results
3.1. Patient characteristics

Between December 2018 and May 2019, a total of 588 CHB
patients received TDF monotherapy for more than 96 weeks in West
China Hospital, and 378 patients did not complete initial BMD testing,
17 patients had comorbidities such as hepatitis C and renal dysfunc-
tion, 3 patients were taking drugs that affect bone metabolism, 20
patients had previously received other NAs, 4 patients were lost to
follow-up, 5 patients were followed up less than 96 weeks after
switching antiviral regimens, and 7 patients did not complete the
second BMD test at an interval of 96 weeks. The process of patient
selection is shown in Fig. 1.

After the screening, 154 eligible patients were enrolled in this
study, and they were relatively young, with a median age of 36.75
(30.65,45.65) years. Of these patients, 57.8% (89/154) were under the
age of 40 years, 55.8% (86/154) were male, 3.2% (5/154) had hyper-
tension, and 3.9% (6/154) had diabetes mellitus. At baseline, the dura-
tion of TDF monotherapy was 116 (108,144) weeks, 8.4% (13/154) of
patients with eGFR below 90 ml/min/1.73m? and 35.1% (54/154) of
patients experienced elevated urinary 82 microglobulin. Total hip
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Patients receiving TDF monotherapy
more than 96 weeks (N=588)

excluded

10 patients with chronic kidney disease
5 patients with underlying bone disease
3 patients with a history of hormone use

2 patients with combined hepatitis C
20 patients with previous treatment with other NAs
378 patients did not completed initial BMD testing

Patients who completed initial BMD testing
at baseline (N =170)

excluded

4 patients lost to follow-up
5 patients were followed up less than 96 weeks after

switching antiviral regimens
7 patients did not complete second (interval greater
than or equal to 96 weeks) BMD test

Eligible Patients(N =154)

Normal BMD at baseline
AN =123)

Reduced BMD at baseline
AN =31)

Switched to ETV
N =15)

Maintained TDF
(N =85)

Switched to TAF
N =23)

Maintained TDF
N =5)

Switched to TAF
N =15)

Switched to ETV
N =11)

Fig. 1. The patients screening and enrollment flow chart.

BMD at baseline was 0.939 + 0.13 g/cm?, with 20.1% (31/154) of
patients having decreased BMD(T<-1) and no patients experiencing
osteoporosis (Table 1).

Among patients with reduced BMD at baseline, 64.5% (20/31) were
younger than 40 (Fig. 2a). Compared with patients with normal baseline
BMD, patients with reduced BMD had lower serum phosphorus levels
and a lower ratio of normal urinary S2-microglobulin (Fig. 2b/2c).

Among the patients with elevated urinary $2-microglobulin at
baseline, 59.2% (32/54) were younger than 40 years (Fig. 2a) and
had lower serum phosphorus levels and lower hip BMD com-
pared with patients with normal urinary B2-microglobulin
(Fig. 2d/2e). Further multivariate analysis found that urinary 82-
microglobulin positivity was an independent risk factor for
reduced BMD (Fig. 2f).

Table 1

Patients characteristics.
Variables Total Normal BMD BMD reduced P-value

(n=154) (n=123) (n=31)

Male, n (%) 86(55.8) 69(80.2) 17(19.8) 0.9
Age Y (M), (Q1,Q3) 36.75(30.65,45.65) 37.3(31.1,46.3) 34.5(29,43.7) 0.16
<30,n (%) 34(22.1) 23(18.7) 11(35.5) -
30<Age<40, n(%) 55(35.7) 46(37.4) 9(29) -
40<Age<50, n(%) 49(31.8) 39(31.7) 10(32.3) 0.14
50<Age<60, n(%) 16(10.4) 15(12.2) 1(3.2) -
Timing of dosing, week(M), (Q1, Q3) 116(108,144) 116(108,144) 124(116,152) 0.8
Hypertension, n (%) 5(3.2) 5(100) 0 0.58
Diabetes, n (%) 6(3.9) 5(83.3) 1(16.7) 0.65
ALT(U/L), (M), (Q1, Q3) 26(19.75,37) 26(19,38) 26(20,36) 091
Creatinine, umol/L,(M), (Q1,Q3) 67(57,78.25) 68(57,78) 62(53,81) 0.57
Serum phosphorus, mmol/L(X+£S) 1.02+0.18 1.03+£0.18 0.954+0.16 0.03
ALT >1ULN, n (%) 22(14.3) 19(15.4) 3(13.6) 0.41
eGFR(ml/min/1.73m?), (M), (Q1, Q3) 111.87(102.98,118.66) 111.5(101.1,117.6) 115.6(104.9,123.3) 0.84
eGFR<1LLN, n (%) 13(8.4) 11(8.9) 2(6.5)
Urine 82 microglobulin (normal/>1ULN/>2ULN), n (%)  100(64.9)/34(22.1)/20(13)  95(77.2)/16(13)/12(9.8)  5(16.1)/18(58.1)/8(25.8)  0.000
HBV-DNA>100 IU/ml, n (%) 23(14.9) 18(14.6) 5(16.1) 0.84
Hip BMD, g/cm? (XS) 0.939+0.12 0.977+0.10 0.789+0.04 0.00
T>-1,n (%) 123(79.9) 123(100) 0 -
-1>T>-2.5,n (%) 31(20.1) 0 31(100) -

Notes: Data are presented as n (%), median (first-third quartile) or mean + SD ALT, alanine aminotransferase; ULN, lower limit of normal; eGFR, estimated

glomerular filtration rate; BMD, bone mineral density; LLN, lower limit of normal.

3
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Fig. 2. Patient characteristics at baseline. (a), Age distribution of patients with baseline reduced BMD and elevated urinary S2-microglobulin; (b), Comparison of serum phosphorus
between patients with baseline reduced BMD and normal BMD; (c), Comparison of urinary 82-microglobulin between patients with baseline reduced BMD and normal BMD; (d),
Comparison of serum phosphorus between patients with baseline elevated urinary S2-microglobulin and normal urinary S2-microglobulin; (e), Comparison of BMD between
patients with baseline elevated urinary $2-microglobulin and normal urinary B2-microglobulin; (f), Analysis of independent risk factors for reduced BMD; Abbreviations: BMD,
bone mineral density; ALT, alanine aminotransferase; ULN, lower limit of normal; TDF, Tenofovir disoproxil fumarate; TAF, tenofovir alafenamide; ETV, entecavir; * P<0.05; **

P<0.01, *** P<0.001. **** P<0.0001.

3.2. Bone and renal safety at week 96 in patients with baseline
normal BMD

After completion of initial BMD and renal function testing, of the
123 patients with normal BMD at baseline, 38 switched antiviral regi-
mens, and 85 maintained TDF (Table 2). Patients who switched anti-
viral regimens were older than those who maintained TDF(P<0.05),
and there was no difference between the two groups in sex or dura-
tion of dosing (P>0.05). At week 96, hip BMD decreased from 0.99
(0.92,1.06) g/cm? to 0.86(0.78,0.92) g/cm? in patients maintained on
TDF, with a mean change of -13.97% + 9.09%, 70. 6% (60/85) of
patients experienced a reduction in hip BMD of more than 10%

(Fig. 3a, b), 49.4%(42/85) of patients progressed to osteopenia (T<-1),
and none developed osteoporosis (T<2.5) (Table 2). Among patients
who switched antiviral regimens, hip BMD increased from 0.92
(0.87,0.97) g/cm? to 0.94(0.90,1.01)g/cm? at week 96, with a mean
change of 2.34% + 7.20%, 63.2% (24/38) of patients experiencing an
increase in BMD(Fig. 3a, b), which was significantly different from
patients who maintained TDF (P<0.05) (Table 2).

Regarding renal function, there were significant differences
between patients who maintained TDF and those who switched anti-
viral regimens (Table 2). At week 96, serum phosphorus increased in
patients who switched antiviral regimens, with a mean change of
13.47%423.34%, whereas serum phosphorus decreased in patients
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Table 2
Changes in BMD and renal function at week 96.
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Normal BMD at baseline

Reduced BMD at baseline

Variables Maintained Switched Pvalue  Maintained Switched P value
(n=85) (n=38) (n=5) (n=26)

Age,Y, 42.5(33,49.2) 35.5(30.5,49.8) 0.018 40(33.05,43.35) 34.4(28.8,43.8) 0.387

Sex, male/female 43/42 26/12 0.07 3/2 14/12 0.597

Duration of dosing, month ~ 29(27,36) 28.5(26,39) 0.845 35(24.5,78) 30.5(29,28.25) 0.856

Total hip BMD classification (Baseline) (T-score) (normal/ osteopenia /osteoporosis)

T>-1,n 85 38 - - -

-2.5<T<-1,n 5 26 -

Total hip BMD classification (96 week) (T-score) (normal/ osteopenia /osteoporosis)

T>-1,n 43 35 0 10

-2.5<T<-1,n 42 3 0.000 5 16 0.147

T<-2.5,n 0 0 0 0

Changes in BMD(g/cm?) (baseline to 96 week)

ATotal hip -0.13(-0.18, -0.09) 0.02(-0.01,0.05) 0.000 -0.09(-0.2, -0.07) 0.06(0.02,0.08) 0.000

ATotal hip (%) -13.97+9.09 2.3447.20 0.000 -15.81+£11.59 7.35+5.41 0.000

Changes in eGFR(ml/min/1.73m?) and creatinine(umol/L) (baseline to 96 week)

AeGFR -18.01(-26.12,-9.11)  -1.78(-5.82,5.07)
2eGFR(%) -16.58(-23.62,-8.02)  -1.68(-5.15,4.31)
Acreatinine, 17(6.5,25.6) 0.5(-5,9.25)
Urine $2 microglobulin (normal/>1ULN/>2ULN)

Baseline, n 78/6/1 17/10/11
96week, n 57/12/16 36/2/0

Changes in serum phosphorus (umol/L) and serum calcium (umol/L) (baseline to 96 week)

Acalcium -0.02(-0.07,0.02) -0.01(-0.09,0.13)
Aphosphorus -0.094+0.17 0.10+0.21
Aphosphorus(%) -7.15+£16.03 13.47+23.34

0000  -25.36(-28.19,-7.5)  -2.72(-7.793.13) 001
0000  -21.09(-25.59,-6.79)  -2.67(-7.01,2.55)  0.009
0000  19.6+1335 2384835 0.001
0000  1/4/0 4/14/8 0352
0003  2/0/3 26/0/0 0.002
0.601 0(-0.01,0.07) 0.01(-0.06,0.08)  0.979
0000  -0.16+0.13 0.14+0.24 0.01
0000  -14.39+115 18.88+28.39 0.01

Notes: Data are presented as n (%), median (first-third quartile) or mean + SD TDF, Tenofovir disoproxil fumarate; TAF, tenofovir alafenamide;
ETV, entecavir; ULN, lower limit of normal; eGFR, estimated glomerular filtration rate; BMD, bone mineral density.

who maintained TDF with a mean change of -7.15% + 16.03%. The
percentage of abnormal urinary B2 microglobulin decreased from
55.2% (21/38) to 5.3% (2/38) in patients who switched the antiviral
regimens, while it increased from 8.2% (7/85) to 32.9% (28/85) in
patients who maintained TDF. Concerning the patient’s eGFR, there
was a slight decrease in patients who switched antiviral regimens
(-1.78 ml/min/1.73m? IQR (-5.82,5.07)), while a significant decrease
occurred in patients maintaining TDF (-18.01 ml/min/1.73m? IQR
(-26.12, -9.11)), with 68.2% (58/85) experiencing a reduction more
than 10% and 12.9% (11/85) more than 30% (Fig. 3b).

3.3. Subgroup analysis in baseline normal BMD patients

Among the 38 patients who switched to the antiviral regimen, 15
switched to ETV and 23 to TAF. There were no significant differences
between the two groups in terms of age, sex, and duration of medica-
tion (P>0.05) (Table 3). At week 96, serum phosphorus and hip BMD
increased in both groups, and the number of patients with abnormal
urinary B2 microglobulin decreased (P>0.05). There was a slight
decrease in eGFR in patients who switched to TAF (-4.28+4.49 ml/
min/1.73m2) and an increase in eGFR in patients who switched to
ETV (1.814£9.92 ml/min/1.73m2), but no statistical difference
between the two groups (P>0.05).

3.4. Bone and renal safety at week 96 in patients with a baseline
reduced BMD

After completion of initial BMD and renal function testing, of the
31 patients with reduced BMD at baseline, 26 switched antiviral regi-
mens, and 5 maintained TDF(Table 2). At week 96, we compared the
alterations in BMD, the hip BMD increased from 0.80(0.76, 0.82) g/
cm? to 0.84(0.81, 0.87) g/cm? in patients who switched regimens,
with a mean change of 7.35%45.41%, and 90.9% (25/26) of these
patients experiencing an increase and 3.8% (1/26) experiencing a
reduction, but the reduction range less than 3% (Fig. 3c, d). Hip BMD
decreased from 0.82 (0.78, 0.84) g/cm2 to 0.70 (0.59, 0.77) g/cm2 in
patients maintained on TDF, with a mean change of -15.81% =+

11.59%, which was significantly different from patients who switched
antiviral regimens (Fig. 3¢, d) (P<0.05).

Regarding the renal function (Table 2), similar to patients with
normal baseline BMD, serum phosphate increased in patients who
switched antiviral regimens and decreased in patients who main-
tained TDF (18.88%+:28.39% vs. -14.39%+11.5% p<0.05). The propor-
tion of patients with abnormal urinary S2-microglobulin decreased
from 84.6% (22/26) to 0% (0/26) in patients who switched antiviral
regimens. However, the proportion decreased from 80% (4/5) to 60%
(3/5) in patients who maintained TDF, and the degree of urinary 82-
microglobulin elevation was significantly higher than baseline. About
eGFR, it increased in 84.6% (22/26) of patients who switched antiviral
regimens, with a median change of -2.72 ml/min/1.73m2 IQR (-7.79,
3.13)). At the same time, it decreased significantly in patients who
maintained TDF (-25.36 ml/min/1.73m2 IQR (-28.19 -7.5)) (Fig. 3d).

3.5. Subgroup analysis in baseline reduced BMD patients

Among patients with reduced BMD at baseline, 11 were switched
to ETV, and 15 were switched to TAF (Table 3). We compared the dif-
ferences between ETV patients and TAF patients. Patients who
switched to TAF were younger than those who switched to ETV
(P<0.05). At week 96, patients in both groups had significantly
increased BMD and serum phosphorus, and the proportion of
patients with abnormal urinary 82 microglobulin was significantly
reduced. The two groups had no significant difference (P>0.05).

3.6. Antiviral and biochemical response at week 96

At baseline, 14.3% (22/154) of patients had ALT above the upper
limit of normal (ULN), and 14.9% (23/154) were with positive HBV-
DNA (Table 1). After 96 weeks of switching antiviral regimens, the
TAF, ETV, and TDF groups maintained high biochemical and virologi-
cal response rates, none experienced HBV breakthrough during the
follow-up period, and there was no significant difference in antiviral
efficacy between the three groups (P>0.05) (Fig. 3e).
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Fig. 3. Changes in BMD and renal function after week 96 of switching antiviral regimens. (a), Changes in BMD at week 96 in patients with baseline normal BMD; (b) Comparison of
the degree of changes in BMD and eGFR in patients with baseline normal BMD after 96 weeks of switching antiviral regimens or maintaining TDF; (c), Changes in BMD at week 96
in patients with baseline reduced BMD; (d), Comparison of the degree of changes in BMD and eGFR in patients with baseline reduced BMD after 96 weeks of switching antiviral regi-
mens or maintaining TDF; (e), Comparison of antiviral efficacy of ETV, TDF, and TAF; (f) Correlation analysis of changes in serum phosphorus and BMD. Abbreviations: BMD, bone
mineral density; ULN, lower limit of normal; ALT, alanine aminotransferase; TDF, Tenofovir disoproxil fumarate; TAF, tenofovir alafenamide; ETV, entecavir; * P<0.05; ** P<0.01, ***

P<0.001. **** P<0.0001; ns, P>0.05.

3.7. Correlation between the serum phosphorus and BMD

Our study found that a decrease in serum phosphorus accompa-
nied a decrease in BMD. Further correlation analysis showed that
changes in serum phosphorus were positively correlated with
changes in hip BMD (r?=0.535, p<0.05) (Fig. 3f).

4. Discussion

Guidelines, including EASL and AASLD, have recommended TAF or
ETV rather than TDF in older patients or at risk for bone and renal
impairment. However, insufficient attention has been paid to bone
and renal safety in younger CHB patients in clinical practice. The
patients enrolled in our study were younger. The findings demon-
strated a high incidence of bone and renal injury associated with TDF
in younger CHB patients, with 64.5% (20/31) of patients with reduced
BMD younger than 40 (Table 1). Thus bone and renal safety in youn-
ger CHB patients need significant attention.

Renal impairment due to TDF was initially reported in HIV
patients. Under physiological conditions, proximal tubular secretion
is the main pathway for the excretion of TFV from the body, with the
organic anion transporter (OAT) and multidrug resistance-associated
protein (MRP) transporter playing a key role [15]. Regarding the

mechanism of renal injury caused by TDF, experiments have demon-
strated that it is related to the massive accumulation of TFV in the
renal tubules, leading to acute damage to the proximal tubular epi-
thelium and mitochondria [16]. Urinary 82 microglobulin is a sensi-
tive indicator of proximal tubular function, blood phosphorus is
reabsorbed through the proximal tubule, and variations in serum
phosphorus may reflect alterations in renal tubular function [17]. In
our study, after receiving long-term TDF monotherapy, 35.1% (54/
154) of CHB patients had developed elevated urinary 2 microglobu-
lin at a younger age. Renal function and blood phosphorus further
decreased in these patients after 96 weeks of continued TDF treat-
ment. Therefore, it is definite that patients with CHB on long-term
TDF therapy will develop renal dysfunction and cannot be ignored in
younger patients.

Bone impairment is another problem in patients on long-term
TDF therapy and is currently thought to be related to the nephrotoxi-
city of TDF, with hypophosphatasia as a potential mechanism. Clinical
studies have demonstrated that reduced BMD in TDF -treated HIV
patients is associated with reduced serum phosphate [13,18-21]. In
our study, after receiving TDF monotherapy for more than 96 weeks,
20.1% of patients experienced a reduction in BMD at baseline. Further
decreases in hip BMD was seen in patients who continued mainte-
nance TDF treatment. In addition, there was a positive correlation



F.- Da Wang, J. Zhou, L.-Q. Li et al.

Table 3
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Comparison of differences between patients who switched to ETV and TAF.

Normal BMD at baseline

Reduced BMD at baseline

Variables ETV(n=15) TAF(n=23) Pvalue  ETV(n=11) TAF(n=15) P value
Age,Y, 48.5(37.3,52.6)  40.9(32.4,48.1) 0.055 43.7(34.3,46.8) 29(27.4,34.7) 0.001
Sex, male/female 9/6 17/6 0.367 8/3 6/9 0.130
Duration of dosing, month ~ 28(26,39) 29(26,39) 0.953 30(29,36) 32(29,42) 0.540
Total hip BMD classification (baseline) (T-score) (normal/ osteopenia /osteoporosis)

T>-1,n 15 - 5 26 -

96 weeks Total hip BMD classification (96 week) (T-score) (normal/ osteopenia /osteoporosis)

T>-1,n 13 22 7

-2.5<T<-1,n 2 1 0.315 8 8 0.428
T<-2.5,n 0 0 0 0

Changes in hip BMD(g/cm?) (baseline to 96 weeks)

A BMD 0.013+0.05 0.016+0.07 0.868 0.04+0.04 0.06+0.04 0.186
2\ BMD (%) 2.31+7.39 2.35+7.24 0.986 5.81+6.15 8.47+4.7 0.222
Changes in eGFR(ml/min/1.73m?) and creatinine(umol/L) (baseline to 96 week)

AeGFR 1.814+9.92 -4.28+4.49 0.066 -0.35+14.02 -3.59+6.58 0.439
AeGFR(%) 1.71+10.21 -3.67+8.24 0.082 0.72+13.50 -2.89+5.25 0.352
Acreatinine -2.73+£11.74 5.39+9.72 0.03 0.45+9.74 3.84+7.19 0.323
Urine 82 microglobulin (normal/>1ULN/>2ULN)

Baseline, n 5/4/6 12/6/5 0.413 2/5/4 2/9/4 0.763
96week, n 14/1/0 22/1/0 0.754 11/0/0 15/0/0 -
Changes in serum phosphorus (umol/L) and serum calcium (umol/L) (baseline to 96 week)

Acalcium 0(-0.07,0.14) -0.04(-0.12,0.13)  0.460 0.01(-0.13,0.08)  0.01(-0.05,0.08)  0.493
Aphosphorus 0.10+0.21 0.0940.21 0.935 0.24+0.25 0.074+0.20 0.083
Aphosphorus (%) 12.74+23.18 13.95+23.95 0.879 31.28+33.08 9.794+21.17 0.054

Notes: Data are presented as n (%), median (first-third quartile) or mean SD TDF, Tenofovir disoproxil fumarate; TAF, tenofovir alafe-
namide; ETV, entecavir; ULN, lower limit of normal; eGFR, estimated glomerular filtration rate; BMD, bone mineral density

between changes in serum phosphate and BMD, so it is suggested
that the reduced BMD due to TDF is associated with hypophosphata-
sia that results from proximal renal tubular dysfunction. The previous
study has demonstrated that HBV-infected patients are at increased
risk of bone loss and osteoporosis [22]. In our study, 57.8% of patients
were younger than 40 years. However, a higher percentage of hip
BMD reduction occurred after long-term TDF treatment, suggesting
that the risk of bone injury caused by TDF should not be underesti-
mated, especially in younger patients.

Compared with TDF, TAF reduces the risk of side effects through
liver targeting and higher plasma stability [23]. Clinical trials have
demonstrated that in patients with CHB, TAF can exert similar antivi-
ral efficacy and is significantly superior to TDF in bone and renal
safety [24—28]. In our study, when patients switched antiviral regi-
mens from TDF to TAF, the hip BMD, serum phosphate, and propor-
tion of patients with normal urinary B2-microglobulin were
increased. Therefore, consistent with most clinical studies, TAF was
confirmed to be superior to TDF in bone and renal safety.

Our study also found that ETV had a higher bone and kidney safety
profile than TDF. There are few studies on the bone and renal safety
of ETV [28]. A multicenter prospective study in Italy reported
increased eGFR and serum phosphate and a reduced risk of bone
impairment in previously TDF -treated patients after switching their
antiviral regimen to ETV therapy [29]. In our study, patients with
CHB experienced increased BMD and renal function after 96 weeks of
switching their antiviral regimen from TDF to ETV. Proximal tubular
secretion is also the main route of ETV excretion from the body. How-
ever, ETV-related renal impairment is less commonly reported, which
may be associated with multiple transport receptors involved in the
excretion process [30].

In our study, we performed a subgroup analysis of ETV and TAF
and found no significant difference between the two groups regard-
ing bone and renal safety. Although both ETV and TAF showed good
antiviral effects in this study, it is worth noting that although most
clinical studies in the real world showed a complete virological
response within a short period of ETV treatment, approximately 20%
of patients on long-term ETV treatment develop low-level viremia
(LLV) [31]. Given that the lower limit of detection for HBV-DNA in

this study was 100 IU/ml, the possibility of LLV in patients receiving
ETV cannot be excluded. Another clinical issue worth noting is that
despite its good antiviral efficacy and bone and kidney safety, TAF is
relatively expensive, and some patients cannot afford it. Therefore,
we need to consider patients’ financial ability when selecting antivi-
ral regimens for them. For patients at risk of bone and renal injury
and with limited financial resources, we can use ETV but need to be
cautious about developing LLV. We can still select TDF treatment for
patients without the risk of bone and renal injury.

There are some limitations to our study. Firstly, the sample size
was relatively small. Second, it was a single-center retrospective
study with bias in sample selection, and a multicenter prospective
study is needed to confirm the results. Thirdly, there were too few
indicators to assess bone and renal impairment, and we need more
precise indicators.

5. Conclusions

In conclusion, CHB patients on long-term TDF are at high risk of
bone and renal injury, especially in younger patients, and ETV or TAF
is an option for at-risk patients. Before choosing a first-line antiviral
drug in clinical practice, we need to assess the risk of bone and renal
injury and select a reasonable antiviral regimen.
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