[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK32][bookmark: OLE_LINK60][bookmark: OLE_LINK718][bookmark: OLE_LINK719]Name of journal: World Journal of Gastroenterology 
ESPS Manuscript NO: 12415
[bookmark: OLE_LINK1617][bookmark: OLE_LINK1618]Columns: RETROSPECTIVE STUDY

Predictors of kidney tubular dysfunction by adefovir for chronic hepatitis B

Shimizu M et al. Kidney tubular dysfunction by adefovir

Motohiro Shimizu, Norihiro Furusyo, Hiroaki Ikezaki, Eiichi Ogawa, Takeo Hayashi, Takeshi Ihara, Yuji Harada, Kazuhiro Toyoda, Masayuki Murata, Jun Hayashi

Motohiro Shimizu, Norihiro Furusyo, Hiroaki Ikezaki, Eiichi Ogawa, Takeo Hayashi, Takeshi Ihara, Yuji Harada, Kazuhiro Toyoda, Masayuki Murata, Department of General Internal Medicine, Kyushu University Hospital, 3-1-1, Maidashi, Higashi-ku, Fukuoka 812-8582, Japan

Jun Hayashi, Kyushu General Internal Medicine Center, Haradoi Hospital, 6-40-8, Aoba, Higashi-ku, Fukuoka 813-8588, Japan

Author contributions: Shimizu M and Furusyo N contributed equally to this work; Shimizu M, Furusyo N, Ikezaki H, Ogawa E, Hayashi T, Ihara T, Harada Y, Toyoda K and Murata M designed the study, collected and analyzed the data, and wrote the paper; Hayashi J supervised the study and revised the manuscript.

Supported by (In part) Grant-in-Aid for Comprehensive Research from the Ministry of Education, Culture, Sports, Science and Technology of Japan

Correspondence to: Motohiro Shimizu, MD, PhD, Department of General Internal Medicine, Kyushu University Hospital, 3-1-1, Maidashi, Higashi-ku, Fukuoka, 812-8582, Japan. smotohir@gim.med.kyushu-u.ac.jp

Telephone: +81-92-6425909  Fax: +81-92-6425210
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Received: July 7, 2014    Revised: September 1, 2014 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK6][bookmark: OLE_LINK13][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK22][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Accepted: October 14, 2014
[bookmark: _GoBack]
Published online: 

Abstract
AIM: To investigate the predictors of proximal kidney tubular dysfunction (PKTD) by adefovir dipivoxil (ADV) for chronic hepatitis B.

METHODS: Seventy-nine patients (age at the evaluation of PKTD: 56.9 ± 10.7 years) with chronic hepatitis B undergoing long-term oral antiviral nucleos(t)ide analogue treatment were consecutively recruited. PKTD was defined by the presence of at least two of the following five abnormalities: phosphate diabetes, nondiabetic glucosuria, metabolic acidosis, 2-microglobulinuria, or renal hypouricemia. The single-nucleotide polymorphisms (SNPs) in the SLC22A6 encoding human organic anion transporter 1 (hOAT1) and ABCC2 encoding multidrug resistance protein 2 (MRP2) were analyzed using the TaqMan Allelic Discrimination Demonstration Kit.

RESULTS: Nine (30.0%) of the 30 ADV treated patients were diagnosed with PKTD, while no patients without ADV developed PKTD (P < 0.001). Three patients with ADV were diagnosed with symptomatic osteomalacia. Among the patients who took ADV, those with PKTD were of higher age at initiation, had significantly longer treatment duration, and had a significantly lower body mass index than those without PKTD. The incidence of PKTD dramatically increased after 96 mo from the start of ADV administration. In contrast, the SNPs were not correlated to PKTD. Logistic regression analysis extracted older age at initiation (OR = 5.0, 95%CI: 1.1-23.4, P = 0.040) and longer treatment duration (OR = 3.2, 95%CI: 1.2-8.6, P = 0.020) as significant factors associated with PKTD.

CONCLUSION: Our results suggest that the tubular function of the kidney of older patients undergoing long-term ADV treatment should be carefully evaluated.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This paper reports that high prevalences of proximal kidney tubular dysfunction (30.0%) and symptomatic osteomalacia (10.0%) were found for chronic hepatitis B virus infection patients treated with low-dose adefovir dipivoxil (ADV) and that age at the initiation of ADV and treatment duration of ADV were independently associated with the development of proximal kidney tubular dysfunction.
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INTRODUCTION
Chronic hepatitis B virus (HBV) infection affects more than 350 million people worldwide, with 75% living in the Asia-Pacific region[1,2]. Although Japan was historically endemic for HBV infection, our previous studies have shown that the prevalence of hepatitis B surface antigen carriage in Okinawa, Japan markedly decreased from 12.4% in 1970 to 4.2% in 1996[3,4]. However, chronic HBV infection continues to be a major health problem because it leads to the development of liver cirrhosis, hepatocellular carcinoma, and raises the risk of hepatic disease-related death. Thus, to stop or reduce disease progression and to prevent the development of hepatic decompensation through the sustained suppression of HBV replication[5], interferon or oral antiviral nucleos(t)ide analogues (NA) have been approved for the treatment of many patients with chronic HBV infection[6,7]. 
Adefovir dipivoxil (ADV), a nucleotide analogue of adenosine monophosphate, is also effective in viral suppression for both treatment-naive and lamivudine-resistant chronic HBV infection patients[8,9]. Large prospective studies have shown that the nephrotoxicity of ADV is dose-dependent and that low-dose ADV is relatively safe for the kidney[10]. However, some cases of proximal kidney tubular dysfunction (PKTD) by ADV, including the development of Fanconi syndrome or symptomatic osteomalacia, have been reported[11]. In addition, ADV is known to enter proximal kidney tubule cells through the basolateral human organic anion transporter 1 (hOAT1) and is transported from the cells to the tubular lumen through multidrug resistance protein 2 (MRP2). Extensive intracellular drug accumulation has been reported to be associated with ADV nephrotoxicity[12,13].
This retrospective study was done to evaluate the prevalence of PKTD and its related factors, including the single-nucleotide polymorphisms (SNPs) in genes encoding hOAT1 and MRP2, among chronic HBV infection patients taking low-dose ADV.

MATERIALS AND METHODS
Study patients
Participants in this retrospective study were consecutively recruited at the outpatient clinic of the Department of General Internal Medicine, Kyushu University from November 2012 to October 2013. The inclusion criteria was patients with chronic HBV infection who had received NA for more than one year at enrollment. The 79 Japanese patients enrolled included 30 treated with a 10-mg daily dose of ADV and 49 treated with an NA other than ADV (19 with lamivudine, 29 with entecavir, and 1 with tenofovir). All patients treated with ADV had been previously treated another NA (29 with lamivudine and 1 with entecavir). Exclusion criteria were as follows: positivity for antibodies to human immunodeficiency virus (HIV) or hepatitis C virus; clinical or biochemical evidence of hepatic decompensation; suspected hepatocellular carcinoma at entry; or chronic renal failure and currently on haemodialysis. The study was registered on the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR): #UMIN000012870.
The study design was approved by the Kyushu University Hospital Ethics Committee, and written informed consent was obtained from all patients who were enrolled. The study was conducted in accordance with the principles of the Helsinki Declaration of 1975, as revised in 2000.

Data collection
All available medical records were evaluated thoroughly. Body mass index (BMI) was calculated as weight (kg) divided by the square of height (m). Hypertension was defined as clinic systolic blood pressure ≥ 140 mmHg and/or clinic diastolic blood pressure ≥ 90 mmHg or the use of antihypertensive agents. Diabetes mellitus was defined as a fasting plasma glucose level ≥ 7.0 mmol/L, a casual plasma glucose level ≥ 11.1 mmol/L, a 2-h plasma glucose level ≥ 11.1 mmol/L during an oral glucose tolerance test, HbA1c ≥ 6.5%, or the use of oral hypoglycemic agents or insulin. Smokers were defined as current smokers. Habitual drinking was defined as drinking alcohol more than three times a week. Blood and urine samples were collected in the morning after an overnight fast. Blood variables included aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), plasma glucose, serum creatinine, calcium, phosphorus, sodium, potassium, chloride, uric acid, pH, and bicarbonate. Urine variables included glucose, creatinine, phosphorus, uric acid, and 2-microglobulin. When the urine 2-microglobulin value was below the detectable value (30 g/L), it was taken as 30g/L. The estimated glomerular filtration rate (eGFR) was calculated using the Modification of Diet in Renal Disease study equation modified for Japanese subjects: eGFR (mL/min per 1.73 m2) = 194 * age -0.287 * serum creatinine (mg/dL)-1.094 (if female * 0.739) [14]. 

Definition of PKTD
The tubular metabolism of phosphates was assessed using a tubular maximum for phosphate corrected for the glomerular filtration rate (TmP/GFR). Tubular reabsorption of phosphate (TRP) was calculated using the following formula: TRP = (1-urine phosphate/urine creatinine) * (serum creatinine/serum phosphate). The formula used to calculate TmP/GFR is dependent on the value of TRP and can be calculated using the formulas below: if TRP is ≤ 0.86, then TmP/GFR = TRP * serum phosphate; if TRP is > 0.86, then TmP/GFR = 0.3 * TRP/(1 - 0.8 * TRP) * serum phosphate[15]. Fractional excretion of uric acid (FEUA) was calculated as [(urine uric acid * serum creatinine)/(urine creatinine * serum uric acid)] * 100 (%). For the analysis of 2-microglobulinuria, urine2-microglobulin levels corrected for urine creatinine (urine 2-microglobulin-creatinine ratio; UBCR) were used. 
PKTD was defined by the presence of at least two out of five abnormalities[16]: phosphate diabetes (TmP/GFR ≤ 0.77 mmol/L with hypophosphatemia (< 0.8 mmol/L), renal hypouricemia (FEUA > 15%), 2-microglobulinuria (UBCR > 300 g/gCr), nondiabetic glucosuria (positive urine glucose with plasma glucose < 7.0 mmol/L), or metabolic acidosis (blood pH ≤ 7.34 and serum bicarbonate ≤ 22 mmol/L).

Virological measurements of HBV
The presence of HBeAg was determined by chemiluminescence enzyme immunoassay (Abbott Japan Co., Tokyo, Japan)[17]. Quantification of serum HBV DNA was performed by real-time polymerase chain reaction (PCR) assay (Abbott Real Time HBV, Abbott Laboratories), within the range 10 to 109 IU/mL[18]. HBV genotype analysis was performed serologically by the PCR-invader method with genotype specific probes[19,20].

Pharmacogenetic analysis
Human genomic DNA was extracted from the peripheral blood of each participant. Genotyping of the SNPs in SLC22A6 encoding hOAT1 (AJ249369, Pos: 453) and ABCC2 encoding MRP2 (rs717620) was done using the TaqMan Allelic Discrimination Demonstration Kit (7500 Real-Time PCR System; Applied Biosystems, Foster City, CA). 

Statistical analysis
All data are expressed as mean ± SD or percentages. Because the distribution of the UBCR was highly skewed, it was log-transformed before the statistical analysis and expressed as the geometric mean ± SD. Differences between the groups were analyzed with the unpaired t-test for continuous variables or 2-test for categorical variables. The odds ratio (OR) and the 95% confidence interval (CI) were calculated using multiple logistic regression analyses after adjustment for known covariates. The statistical calculations were performed using the computer software package SPSS version 19.0 (SPSS Inc., IBM, Somers, New York, United States). A two-tailed P value < 0.05 was considered to be statistically significant.

RESULTS
Patient characteristics
The age at the evaluation of PKTD of the 79 participants, 51 men (64.6%) and 28 women (35.4%), ranged from 34 to 84 years (mean ± SD: 56.9 ± 10.7 years). For the entire study population, the prevalences of phosphate diabetes, renal hypouricemia, 2-microglobulinuria, nondiabetic glucosuria, and metabolic acidosis were 11.4%, 12.7%, 22.8%, 6.3%, and 2.5%, respectively, and there were 19 patients (24.1%) with eGFR < 60 mL/min per 1.73 m2 at examination. 
The clinical characteristics of the study participants are summarized in Table 1. The distribution of genotypes of the SLC22A6 and ABCC2 genes was not significantly different between patients with/without ADV. The treatment duration of NA was longer and the positive rate of HBV DNA was lower for the patients with ADV. The prevalences of phosphate diabetes, renal hypouricemia, 2- microglobulinuria, and nondiabetic glucosuria were significantly higher for the patients treated with ADV. The ALP level was higher and the eGFR level was lower for the patients treated with ADV. Finally, PKTD was diagnosed in 30.0% of the patients treated with ADV, but none of the patients without ADV treatment met the diagnostic criteria (P < 0.001). Moreover, three (10%) of the 30 ADV treated patients were diagnosed with symptomatic osteomalacia (bone pain and gait difficulties) by radiological and serological testing[11,21,22]. 

Factors related to the PKTD of the patients treated with ADV
For the patients who were diagnosed with PKTD, 2-microglobulinuria (100%) and renal hypouricemia (100%) were the most prevalent abnormalities, followed by phosphate diabetes (66.7%), nondiabetic glucosuria (44.4%), and metabolic acidosis (22.2%). The correlations of factors related to the PKTD of patients treated with ADV are shown in Table 2. The patients with PKTD were older and had a lower eGFR level than those without PKTD at examination; however, these differences were not statistically significant in terms of the timing of the initiation of ADV. No significant difference was found between men and women. BMI was lower and the treatment duration of ADV was longer for the patients with PKTD. In addition, the incidence of PKTD dramatically increased after 96 mo from the start of ADV administration (Figure 1). The single-SNP analysis showed a higher, but non-significant, prevalence of PKTD in patients with the ABCC2 -24 genotype CC/CT (9/26) than in patients with genotype TT (0/4) (P = 0.160). The genotype at SLC22A6 was also not significantly related to the presence of PKTD. Logistic regression analysis adjusted for BMI extracted older age at the initiation of ADV and longer treatment duration of ADV as independent risks for PKTD (Table 3). Even after adjustment for the known covariates BMI, sex, the eGFR level at the initiation of ADV, and genotype at ABCC2, both remained significantly associated with the presence of PKTD. 

Correlation of genotypes to PKTD parameters
Because of the different prevalence of PKTD between ABCC2 -24 genotype CC/CT and genotype TT, we additionally assessed the correlation of this SNP to the PKTD parameters of patients treated with ADV (Table 4). Although the prevalences of renal hypouricemia and 2-microglobulinuria were not significantly different, the FEUA and UBCR values were significantly higher for patients with genotype CC/CT than for those with genotype TT. On the contrary, all of these parameters were statistically similar for the genotype at SLC22A6 (data not shown).

DISCUSSION
The main finding of the present study was the high prevalence of PKTD found for chronic HBV infection patients treated long-term with a 10-mg daily dose of ADV. Furthermore, both age at the initiation of ADV and treatment duration of ADV were independently associated with the presence of PKTD. To the best of our knowledge, this is the first clinical research to evaluate ADV nephrotoxicity that focused on PKTD.
In this analysis, we clarified that the ADV nephrotoxicity of PKTD was duration-dependent. A daily dose of 60-120 mg ADV has been shown to be associated with PKTD in the treatment of HIV infection[23,24]. Moreover, the incidence of hypophosphatemia and serum creatinine elevation from a 10-mg dose of ADV was reported to be similar to that of a placebo and significantly lower than that from a 30-mg dose of ADV[10]. Based on these findings, 10 mg ADV is the currently approved dose for the treatment of chronic HBV infection. However, our results show that long-term treatment with this low-dose of ADV also causes PKTD, especially for elderly patients. Almost all of the patients with ADV were also receiving lamivudine in the present study. Although no patients with lamivudine monotherapy were diagnosed as having PKTD, it is possible that interactions between ADV and lamivudine would cause PKTD. 
In the present study, PKTD was defined by the presence of at least two of five abnormalities: phosphate diabetes, renal hypouricemia, 2-microglobulinuria, nondiabetic glucosuria, or metabolic acidosis. Histological evaluation was not performed for all of the our patients, but renal biopsy showed normal appearance or non-specific tubulointerstitial nephritis in cases of ADV-related PKTD with symptomatic osteomalacia [11]. The diagnosis of PKTD by renal biopsy is difficult. 
Among patients with ADV, the prevalence of phosphate diabetes, which can cause osteomalacia, was 30.0% in this study. On the contrary, the incidence of hypophosphatemia was documented as 6.5%-35.3% of chronic HBV infection patients treated with 10 mg ADV in previous studies[10,25,26]. We believe that the different treatment duration of ADV may be responsible for these discrepancies. Therefore, together with the results of the present study, research suggests that kidney tubular function should be carefully evaluated, especially for patients with long-term ADV treatment. Although regular monitoring of serum creatinine and phosphate levels have been proposed for the evaluation of ADV nephrotoxicity[27,28], the prevalences of 2-microglobulinuria and renal hypouricemia were higher than that of phosphate diabetes in the patients who were diagnosed with PKTD in the present study. Thus, for the purpose of early detection of PKTD during ADV treatment, regular monitoring of urine 2-microglobulin, serum and urine uric acid, and urine creatinine would also be recommended.
Ha et al[29] previously reported that baseline eGFR was an independent predictor of renal dysfunction during ADV treatment, which is different from the results of the present study. This discrepancy could be due to the different definition of renal impairment: GFR reduction was used for ADV nephrotoxicity in the Ha study. Although we found that the patients with PKTD had a lower eGFR level than those without PKTD at examination, some cases of ADV-induced PKTD have been reported without elevation of serum creatinine[27,30]. Furthermore, Manolakopoulos et al[31] reported that baseline eGFR, not ADV treatment, was associated with GFR reduction during a mean of 37 mo of follow up of chronic HBV infection patients. Thus, it is possible that GFR reduction and PKTD do not occur simultaneously during ADV treatment. 
In this study, we found that genotype CC/CT at position -24 seems to be related to PKTD; however, this relationship did not reach statistical significance, probably because of the small number of participants evaluated in the study. Among HIV patients, the correlation of the SNPs in the ABCC2 gene to PKTD by tenofovir disoproxil fumarate has been reported[32,33]. The potential risk of polymorphisms in ABCC2 to ADV-induced PKTD should be elucidated in future studies.
The treatment of ADV-induced PKTD has not been standardized. The cessation of ADV and phosphorus supplementation were usually performed in previous cases of PKTD with osteomalacia[11]; however, the dose reduction or the replacement of ADV to entecavir or tenofovir alafenamide fumarate would be suitable for the management of chronic HBV infection. Early detection of PKTD could help in the selection of the most appropriate therapy. 
Limitations to this study are: (1) The sample size was too small, thus we could not discern the effect of the SNPs in SLC22A6 and ABCC2; (2) The HBV genotype was different between patients with/without ADV, and our evaluation of ADV-induced PKTD was limited to patients with HBV genotype C. The effect of HBV genotype on the incidence of PKTD should be further evaluated; (3) The definition of PKTD was based on a single examination, which could lead to misclassification; (4) Because the study was retrospective, the treatment duration of patients with asymptomatic PKTD may be overestimated, therefore, the results presented here need to be tested in well-organized prospective studies; (5) We did not test HDV coinfection, because Japan is a non-endemic area of HDV; and (6) Caution should be used in applying our results to other ethnic groups.
In conclusion, we found a high rate of ADV-induced PKTD and that both older age at the initiation of ADV and longer treatment duration with ADV are independently associated with its presence in chronic HBV infection patients. The results suggest that the tubular function of the kidney of older patients undergoing long-term ADV treatment should be carefully evaluated. 
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COMMENTS
Background
Although adefovir dipivoxil (ADV), a nucleotide analogue of adenosine monophosphate, is effective in viral suppression for both treatment-naive and lamivudine-resistant chronic hepatitis B virus infection patients, some cases of proximal kidney tubular dysfunction (PKTD) by ADV treatment have been reported. There is little data on the prevalence and the predictors of PKTD by ADV. 

Research frontiers
Previous studies used serum creatinine or glomerular filtration rate to evaluate ADV nephrotoxicity. This is the first clinical research to evaluate ADV nephrotoxicity that focused on PKTD.

Innovations and breakthroughs
The present study showed that age at the initiation of ADV and treatment duration with ADV was independently associated with the presence of PKTD. The baseline estimated glomerular filtration rate was not an independent predictor of PKTD during ADV treatment.

Applications 
The results suggest that the tubular function of the kidney of older patients undergoing long-term over 96 mo ADV treatment should be carefully evaluated.

Peer review
The authors conducted a retrospective study with 79 patients and indicated that older age at initiation and longer treatment duration were significant factors associated with PKTD. The paper addresses an interesting and important issue for which many novel findings have been reported in the recent years. This paper appears thus valuable, is however also challenging.
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Table 1 Patient characteristics n (%)
	
	Patient without ADV
	Patient with ADV
	P-value

	
	 (n = 49)
	 (n = 30)
	

	Age (yr)
	
	
	

	 at the initiation of NA
	51.1 ± 10.8
	49.9 ± 10.0
	NS 

	 at the evaluation of PKTD
	55.7 ± 11.1
	58.9 ± 9.9
	NS 

	Male/female
	30/19
	21/9
	NS 

	BMI (kg/m2)
	23.0 ± 2.9
	22.6 ± 3.0
	NS 

	Current smokers 
	4 (8.2)
	4 (13.3)
	NS 

	Habitual drinkers 
	5 (10.2)
	2 (6.7)
	NS 

	Hypertension 
	12 (24.5)
	12 (40.0)
	NS 

	Diabetes 
	1 (2.0)
	2 (6.7)
	NS 

	Treatment duration of NA (mo)
	54.8 ± 38.8
	107.5 ± 30.1
	< 0.001

	SLC22A6 (hOAT1) 4531 G/A, 
	
	
	

	  G/G 
	37 (75.5)
	17 (56.7)
	NS

	  G/A 
	11 (22.4)
	12 (40.0)
	

	  A/A
	1 (2.0)
	1 (3.3)
	

	ABCC2 (MRP2) -24 C/T, rs717620
	
	
	

	  C/C
	28 (57.1)
	17 (56.7)
	NS 

	  C/T 
	19 (38.8)
	9 (30.0)
	

	  T/T
	2 (4.1)
	4 (13.3)
	

	HBeAg-positive
	22.4 
	16.7 
	NS 

	HBV DNA-positive
	63.3 
	30.0 
	0.004 

	HBV genotype
	
	
	

	 B/C/undetected
	8/36/5
	0/28/2
	0.048 

	Medicated
	
	
	

	 LAM
	19 (38.8)
	29 (96.7)
	< 0.001

	 ETV
	29 (59.2)
	1 (3.3)
	< 0.001

	 TDF
	1 (2.0)
	0 
	NS 

	AST (U/L)
	29.4 ± 10.5
	31.0 ± 10.8
	NS 

	ALT (U/L)
	28.5 ± 16.6
	30.5 ± 19.6
	NS 

	ALP (U/L)
	242.9 ± 112.0
	369.8 ± 293.8
	0.030 

	Serum calcium (mmol/L)
	2.3 ± 0.8
	2.3 ± 0.1
	NS 

	Serum phosphate (mmol/L)
	1.1 ± 0.1
	0.9 ± 0.2
	< 0.001

	Serum uric acid (umol/L)
	324.6 ± 71.9
	266.1 ± 112.0
	0.014 

	UBCR (mg/gCre)
	117.1 (50.5-271.6)
	805.2 (61.8-10489.6)
	< 0.001

	Phosphate diabetes 
	0 
	9 (30.0)
	< 0.001

	Renal hypouricemia
	0 
	10 (33.3)
	< 0.001

	 2-microglobulinuria 
	3 (6.1)
	15 (50.0)
	< 0.001

	Nondiabetic glucosuria
	0 
	5 (16.7)
	0.003 

	Metabolic acidosis 
	0 
	2 (6.7)
	NS 

	eGFR (ml/min per 1.73 m2)
	
	
	

	 at the initiation of NA
	82.6 ± 15.5
	79.9 ± 14.9
	NS 

	 at the evaluation of PKTD
	76.3 ± 18.2
	63.0 ± 16.4
	0.002 


1Variant position is relative to accession no. AJ249369. Data are shown as mean ± SD, percentages, or geometric mean ± SD. Overall P values were calculated by unpaired t-test or 2-test in comparison between patients with and without ADV. ADV: Adefovir dipivoxil; BMI: Body mass index; NA: Nucleos(t)ide analogues; hOAT1: Human organic anion transporter 1; MRP2: Multidrug-resistance protein 2; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; LAM: Lamivudine; ETV: Entecavir; TDF: Tenofovir; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; UBCR: Urine 2-microglobulin-creatinine ratio; eGFR: Estimated glomerular filtration rate; NS: Not significant.


Table 2 Differences between 30 patients treated with adefovir dipivoxil with/without proximal kidney tubular dysfunction n (%)
	
	PKTD (-)
	PKTD (+)
	P-value

	
	 (n = 21)
	 (n = 9)
	

	Age (yr)
	
	
	

	 at the initiation of ADV
	52.1 ± 9.3
	59.0 ± 9.7
	NS 

	 at the evaluation of PKTD
	56.0 ± 9.1
	65.7 ± 8.6
	0.012 

	Male/Female
	16/5
	5/4
	NS 

	BMI (kg/m2)
	23.3 ± 3.0
	20.8 ± 2.5
	0.038 

	Current smokers
	4 (19.0)
	0 
	NS

	Habitual drinkers
	2 (9.5)
	0 
	NS 

	Hypertension 
	9 (42.9)
	3 (33.3)
	NS

	Diabetes 
	1 (4.8)
	1 (11.1)
	NS 

	Treatment duration of NA (mo)
	104.1 ± 32.1
	115.1 ± 25.2
	NS

	Treatment duration of ADV (mo)
	56.0 ± 33.5
	86.0 ± 21.8
	0.021 

	SLC22A6 (hOAT1) 4531 G/A, 
	
	
	

	  G/G 
	13 (61.9)
	4 (44.4)
	NS 

	  G/A 
	8 (38.1)
	4 (44.4)
	

	  A/A
	0 
	1 (11.1)
	

	ABCC2 (MRP2) -24 C/T, rs717620
	
	
	

	  C/C 
	12 (57.1)
	5 (55.6)
	NS 

	  C/T 
	5 (23.8)
	4 (44.4)
	

	  T/T
	4 (19.0)
	0 
	

	eGFR (mL/min per 1.73 m2)
	
	
	

	 at the initiation of ADV
	81.4 ± 11.6
	77.1 ± 17.0
	NS 

	 at the evaluation of PKTD
	70.0 ± 10.9
	46.9 ± 15.8
	< 0.001


1Variant position is relative to accession No. AJ249369. Data are shown as mean ± SD or percentage. Overall P values were calculated by unpaired t-test or 2-test. PKTD: Proximal kidney tubular dysfunction; ADV: Adefovir dipivoxil; BMI: Body mass index; NA: Nucleos(t)ide analogue; hOAT1: Human organic anion transporter 1; MRP2: Multidrug-resistance protein 2; eGFR: Estimated glomerular filtration rate; NS: Not significant.


Table 3 Logistic regression analysis of the kidney tubular dysfunction of patients treated with adefovir dipivoxil
	
	OR
	95%CI
	P-value

	1Model 1
	
	
	

	 Age at initiation of ADV (per 5 yr)
	2.90 
	1.16-7.24
	0.023 

	 Treatment duration of ADV (per year)
	2.31 
	1.20 - 4.45
	0.013 

	
	
	
	

	2Model 2
	
	
	

	 Age at initiation of ADV (per 5 yr)
	5.01 
	1.07 - 23.38
	0.040 

	 Treatment duration of ADV (per year)
	3.21 
	1.20 - 8.57
	0.020 


1Adjusted for body mass index; 2Adjusted for body mass index, gender, the eGFR level at initiation of ADV, and genotyping of ABCC2 -24 C/T. OR, 95%CI, and P value were calculated by logistic regression analysis. ADV: Adefovir dipivoxil; eGFR: Estimated glomerular filtration rate.


Table 4 Genotype at ABCC2 and parameters of proximal kidney tubular dysfunction and estimated glomerular filtration rate of 30 patients treated with adefovir dipivoxil n (%)
	
	Genotype CC or CT
	Genotype TT
	P value

	
	 (n = 26)
	 (n = 4)
	

	Serum phosphate (mmol/L)
	0.86 ± 0.21
	1.00 ± 0.25
	NS

	TmP/GFR (mmol/L)
	0.73 ± 0.28
	0.95 ± 0.42
	NS

	Serum uric acid (umol/L)
	267.2+120.3
	258.7 ± 26.4
	NS

	FEUA (%)
	16.6 ± 14.6
	9.5 ± 1.6
	0.025 

	UBCR (mg/gCr)
	996.3 (68.2-14555.9)
	201.4 (81.5-497.7)
	0.038 

	Phosphate diabetes 
	8 (30.8)
	1 (25.0)
	NS 

	Renal hypouricemia
	10 (38.5)
	0 
	NS 

	2-microglobulinuria 
	14 (53.8)
	1 (25.0)
	NS 

	Nondiabetic glucosuria 
	5 (19.2)
	0 
	NS 

	Metabolic acidosis 
	2 (7.7)
	0 
	NS 

	eGFR (mL/min per 1.73 m2)
	62.8 ± 17.6
	64.4 ± 2.1
	NS 


Data are shown as mean + SD, percentage, or geometric mean (+ SD range). Overall P values were calculated by unpaired t-test or2-test in comparison between patients with and without ADV. PKTD: Proximal kidney tubular dysfunction; ADV: Adefovir dipivoxil; TmP/GFR: Tubular maximum for phosphate corrected for glomerular filtration rate; FEUA: Fractional excretion of uric acid; UBCR: Urine 2-microglobulin-creatinine ratio; eGFR: Estimated glomerular filtration rate; NS: Not significant.
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Figure 1 Estimated cumulative odds ratio of proximal kidney tubular dysfunction by patients treated with adefovir dipivoxil. ADV: Adefovir dipivoxil.
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Figure 1. Estimated cumulative odds ratio of PKTD in 30 patients with ADV


