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Abstract

A male hepatitis B virus (HBV) carrier in his 40s under hemodialysis treatment exhibited chronic
hepatitis (alanine aminotransferase: 41 IU/L, HBV-DNA: >9.1 log copies/mL). Following discon-
tinuation of the initial treatment with pegylated interferon-a-2a at 24 weeks due to adverse
effects, the administration of tenofovir disoproxil fumarate (TDF) (300 mg/week) led to a rapid
improvement in hepatitis markers: HBV DNA became undetectable at month 34, and serocon-
version of hepatitis B envelope antigen was confirmed at 45 months. No side effects were
recorded during TDF treatment. TDF is a newly approved nucleoside analogue that may cause
severe side effects via proximal tubular injury in patients with renal dysfunction. However, few
reports have described its use in hemodialysis patients, whose anuric state may render them
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less susceptible to side effects including kidney injury. Hepatitis improved remarkably without
any adverse drug reactions in the present case. TDF may therefore be considered for chronic

hepatitis B patients receiving hemodialysis. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

The prevalence of hepatitis B surface antigen (HBsAg) among hemodialysis (HD) patients
is much higher than in the general Japanese population [1]. Furthermore, hepatitis B virus
(HBV) infection in HD patients presents a distinct clinical dilemma in view of the effects of
immunosuppressive effect of renal failure, susceptibility to de novo infection, and long-term
implications on morbidity and mortality [2]. However, evidence on the clinical course of pa-
tients with HBV on HD is limited, and the clinical effects of nucleoside analogues in such pa-
tients are poorly understood.

Tenofovir disoproxil fumarate (TDF) is a newly approved nucleoside analogue that is rec-
ommended as a first-line drug for the treatment of chronic hepatitis B (CHB) by the majority
of worldwide guidelines in light of its antiviral potency, available safety data, and high genetic
barrier to drug resistance |3, 4]. On the other hand, TDF may cause severe side effects, includ-
ing renal function impairment, and its dosage requires adjustment according to renal state [5].

As the prescription of TDF for renal dysfunction patients is generally avoided, there are
few case reports on its use in HD patients with CHB. We herein describe the clinical outcome
of a patient with CHB on HD who was treated successfully with TDF without any adverse
events.

Case Presentation

A male patient in his 40s had been receiving regular HD for 22 years due to renal failure
and chronic nephritis discovered during elementary school. He had been identified as a non-
symptomatic HBV carrier at the initiation of HD, and his serum hepatitis markers were care-
fully monitored every month thereafter. Approximately 20 years after HD initiation, his serum
alanine aminotransferase (ALT) and a-fetoprotein (AFP) levels began to elevate. He was re-
ferred to our gastroenterology department under suspicion of CHB. His vital signs were nor-
mal, and physical examination detected no abnormalities such as signs of anemia, jaundice,
hepatomegaly, or splenomegaly. He had an arterio-venous fistula in his left forearm. He was
taking clonazepam and phenytoin for epilepsy in addition to a sodium ferrous citrate, precip-
itated calcium carbonate, cinacalcet hydrochloride, lanthanum carbonate hydrate, and liver
hydrolysate preparation. Calcitriol, a mixture of monoammonium glycyrrhizinate, glycine, and
L-cysteine hydrochloride hydrate were injected at every HD treatment. Although his mother
and younger sister were also HBV carriers, there was no other remarkable family history of
kidney disease or otherwise. He did not drink, smoke, or use illegal drugs. Blood tests showed
mild elevation of hepatobiliary enzymes (aspartate transaminase [AST]: 39 IU/L, ALT: 38
[U/L, alkaline phosphatase: 318 IU/L, y-glutamyl transpeptidase: 302 IU/L) and relatively
normal hepatic reserve (platelet count: 11.8 x 104/uL, prothrombin time: 113%, albumin: 3.2
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g/dL, total bilirubin: 0.33 mg/dL) (Table 1). Regarding indicators of liver cancer, although AFP
was elevated, lectin-reactive AFP and protein induced by vitamin K absence or antagonist-II
level was normal. Concerning serological markers of HBV, HBsAg and HB envelope antigen
(HBeAg) were positive, HB envelope antibody was negative, HBV genotype was C, and HBV
DNA level was more than 9.1 log copies/mL. HBsAg was measured by the chemiluminescent
enzyme immunoassay method (CLEIA) on a LUMIPULSE I device (Fujirebio, Tokyo, Japan).
Urine tests were not performed due to his anuria. Electrocardiography and a chest X-ray re-
vealed no abnormalities. Ultrasound echography showed signs of mild liver fibrosis, including
a blunted edge, irregular surface, coarse texture, and splenomegaly (Fig. 1). Computed tomog-
raphy (CT) disclosed mild atrophy of the right liver lobe and hypertrophy of left liver lobe,
with no signs of liver cirrhosis or liver cancer (Fig. 2). We diagnosed CHB and started the pa-
tient on antiviral therapy. According to established guidelines, we first administered
pegylated interferon (Peg-IFN)-a-2a (90 ug/week) [4]. However, his biochemical and serolog-
ical markers of CHB did not improve, and the treatment was discontinued at 24 weeks due to
cytopenia, fever, and other adverse effects. No serum ALT level flares occurred during or after
the treatment. We subsequently prescribed oral TDF (300 mg/week). The patient’s hepatitis
markers, including ALT, AFP, and HBV DNA, all rapidly improved. HBV DNA became undetect-
able at month 34, and seroconversion of HBeAg was confirmed at 45 months (Fig. 3). The titer
of HBsAg remained constant at approximately 2,000 C.0.1. No side effects were recorded. Se-
rum levels of ALT and HBV DNA have remained stable at 63 months of TDF treatment.

Discussion

The prevalence of HBsAg is much higher in HD patients than in the general population in
Japan (2.6 vs. 0.6%). The reasons for this may include susceptibility of becoming a chronic
carrier due to an immunosuppressed state in addition to a higher risk of HBV exposure from
staff error during medical procedures as well as exposure to blood via dialysis instruments
and contaminated equipment [1]. HD patients with HBV are also faced with the risk of the
immunosuppressive effect of renal failure, de novo infection and nosocomial transmission,
long-term morbidity and mortality, and changes in the clinical course after kidney transplan-
tation [2].

Among non-HD patients, the decision to initiate antiviral therapy is primarily based on
ALT and HBV DNA levels [3, 4]. However, patients receiving HD are known to exhibit much
lower serum transaminase levels than those not undergoing HD due to a deficiency in pyri-
doxal-5'-phosphate, a transaminase synthesis coenzyme [6]. In the present case, although se-
rum transaminase levels were not remarkably high (AST: 39 IU/L and ALT: 38 1U/L), they
were much higher than the average levels of patients with HD (AST: 9.2 + 2.4 IU/L and ALT:
7.4 + 1.7 IU/L) [7], implying that our patient’s serum transaminase levels were strongly ele-
vated by CHB even under suppression by HD. Furthermore, his serum AFP level was very high
in spite of no tumor signs on CT. Considering his normal level of serum lectin-reactive AFP and
the decrease in serum AFP with CHB improvement by TDF, the high serum AFP was believed
to have been caused not by hepatocellular carcinoma but by severe hepatitis. Although the
initiation criteria of antiviral therapy for HD patients are uncertain, treatment was initiated in
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this case because of continuously high ALT, HBV DNA, and AFP along with a younger age and
higher possibility of renal transplantation.

According to established guidelines, he was first administered Peg-IFN [4]. However, the
treatment did not improve hepatitis markers and was discontinued after 24 weeks due to ad-
verse effects. As nucleoside analogues are recommended for patients who fail or are unsuita-
ble for Peg-IFN, we selected the nucleoside analogue TDF next. The clinical effects of nucleo-
side analogues on HD patients with CHB are relatively unknown, with only a few cases of
lamivudine described in the literature [8]. Furthermore, as most CHB patients who are treated
with nucleoside analogues require long-term treatment, one of the greatest challenges is
maintaining effective viral suppression without resistance mutations. The selection of drug-
resistant variants after prolonged treatment with lamivudine is a major limitation. During the
consideration of nucleoside analogues in this case, the first choice for non-HD patients with
CHB was either entecavir (ETV) or TDF according to Japanese guidelines [4]. Both drugs show
potent antiviral activity and a low rate of drug resistance. However, TDF may impart greater
serological improvements in HBeAg-positive, high HBV DNA patients [9]. There have also
been no confirmed reports of resistance selection during TDF treatment for HBV to date, al-
though ETV caused resistance in 1.2% of the cases for 5 years in one study [10]. Moreover,
TDF exhibits strong efficacy against variants resistant to other nucleoside analogues, includ-
ing ETV [11]. Regarding the present case, the risk of hepatocellular carcinoma was very high
in view of his elevated HBsAg titer, HBeAg positivity, and high HBV DNA. We also had to man-
age the risk of resistant variants since he would be taking nucleoside analogues for decades.
Accordingly, TDF appeared more suitable than ETV as treatment.

TDF is generally avoided in patients with renal dysfunction due to possible impairments
in renal performance, with features of proximal tubular injury that include Fanconi syndrome,
isolated hypophosphatemia, and decreased bone mineral density (BMD) [3, 12]. TDF is elimi-
nated in an unaltered state in the urine by a combination of glomerular filtration and proximal
tubular secretion. Thirty percent of the drug is actively transported into renal proximal tubule
cells by organic anion transporters in the basolateral membrane, and the drug is subsequently
secreted into the tubular lumen by apical membrane transporters. Interaction with these
transporters by agents or renal dysfunction may cause excessive entry or reduced outflow of
the drug and lead to intracellular accumulation. Excess TDF inhibits mitochondrial DNA poly-
merase Y and promotes proximal tubular injury, which may result in the reduction of renal
blood flow and Fanconi syndrome and ensuing renal dysfunction, hypophosphatemia, and low
BMD due to hypophosphatemia [5]. Although early randomized clinical trials have supported
the renal safety of TDF, later case reports and observational studies corroborate the notion of
TDF nephrotoxicity on for proximal tubular cells. Those conflicting results may be explained
by the clinical trials having strict inclusion and exclusion criteria. In contrast, patients in rou-
tine clinical practice have other conditions, medications, and backgrounds that may predis-
pose them to TDF nephrotoxicity [13]. For subjects receiving thrice-weekly, 4-h maintenance
HD sessions, TDF of 300 mg administered every 7 days after a HD session is recommended
[14]. However, this indication is based on a limited number of patients having human immu-
nodeficiency virus infection; the efficacy and safety of TDF for HD patients with HBV remains
unknown [15]. Considering the mechanism of adverse effects by TDF via proximal tubular in-
jury, it is unlikely that TDF causes severe side effects in such anuric patients as in the present
case. Indeed, anuric patients receiving HD do not suffer from electrolyte abnormalities via
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proximal tubular dysfunction and worsening of renal function, and there are no reports to
date on adverse TDF drug reactions in HD patients. Low BMD is also thought to be caused via
proximal tubular injury. The excretion of serum phosphate into the urine plays a key role in
bone metabolism, and it is known that continuous overexcretion of phosphate collapses bone
metabolism homeostasis and decreases BMD in the long term [16]. Most patients with low
BMD by TDF were complicated with Fanconi syndrome and hypophosphatemia [17], for
which high urinary phosphate excretion was reportedly an important risk factor [18]. Based
on these facts, low BMD by TDF presumably arises from proximal tubular injury, overexcre-
tion of phosphate, and hypophosphatemia [16]. Furthermore, low BMD by TDF is improved
by calcitriol injection and the discontinuation of TDF [19], and patients receiving HD are
checked for aberrant serum phosphate and bone turnover marker levels much more fre-
quently than non-HD patients. Our patient was routinely injected with calcitriol prior to initi-
ating TDF, and serum phosphate, intact parathyroid hormone, and other bone turnover mark-
ers were well controlled both before and after TDF commencement. In this way, HD patients
may be likely treated earlier, or even pre-treated, for possible side effects arising from TDF.
Although reports on TDF usage for HD patients are extremely limited, it appears that TDF has
a low risk of severe side effects in anuric patients.

In this case, we selected TDF, considering his HBeAg positivity, high HBV DNA, anuria and
regular HD. TDF produced remarkable improvements in serological markers of CHB without
adverse effects. Although more cases and discussion are needed, TDF may be considered a
preferable choice for patients with CHB on HD.

In conclusion, TDF may be suitable for CHB patients on HD.
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Fig. 1. Abdominal ultrasonography showing signs of mild liver fibrosis including blunted edge, irregular
surface, coarse texture (a), and splenomegaly (b).

Fig. 2. Abdominal CT revealing mild atrophy of the right lobe of the liver and hypertrophy of the left lobe
of the liver.
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Fig. 3. Initial treatment with pegylated interferon-a-2a was discontinued after 24 weeks due to adverse
effects. Subsequent administration of TDF (300 mg/week) resulted in a rapid decrease in ALT and HBV
DNA levels. HBV DNA became undetectable at month X+34, and seroconversion of HBeAg was achieved at
month X+45.
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Table 1. Laboratory data
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Patient values Normal values Unit
Hematological analysis
White blood cells 5.04x103 2.97-9.13x103 /uL
Hemoglobin 119 129-174 g/dL
Platelets 11.8x104 14.3-33.3x10¢* /uL
Coagulation
Fibrinogen 383 180-350 dL
Prothrombin time 117 70-130 %
Activated partial thromboplastin time 26.3 23.0-38.0 s
Biochemistry
Albumin 3.2 4.1-5.1 g/dL
AST 39 13-30 U/L
ALT 38 7-23 U/L
Alkaline phosphatase 318 106-322 U/L
y-glutamyl transpeptidase 302 9-32 U/L
Total bilirubin 0.33 0.4-1.5 mg/dL
Blood urea nitrogen 87.8 8-20 mg/dL
Creatinine 15.03 0.46-0.79 mg/dL
Calcium 10.1 8.8-10.1 mg/dL
Phosphate 41 2.7-4.6 mg/dL
Intact parathyroid hormone 113 10-65 pg/mL
Serology
C-reactive protein 0.45 <0.14 mg/dL
Viral markers
HBsAg 2,000.0 <0.9 C.O.L
HBsAb 0.1 <0.9 mlU/mL
HBeAg 469 <0.9 S/CO
HBeAb <35 <50 %
HBV DNA >9.1 - log copies/mL
Genotype C
HBC antibody 0.1 <0.9 C.O.L
Tumor markers
AFP 252 <20 ng/dL
Lectin-reactive AFP 5.8 <10 %
Protein induced by vitamin K absence or antagonist-II 21 <40 mAU/mL
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