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crease in the prevalence of end-stage renal disease (ESRD)
in USA and Asia (19-22). Chronic kidney disease (CKD)
often progresses to ESRD with its attendant complications.
CKD, a disease entity including mild to ESRD due to any
etiology, was defined as an estimated glomerular filtration
rate (eGFR) <60 mL/min/1.73 m* and/or the presence of
proteinuria (21). Recently, metabolic syndrome and NAFLD
have been reported to enhance the new onset of
CKD (23, 24). Although there is growing evidence to sup-
port the concept that metabolic syndrome is a risk factor for
developing CKD, little research has been done to evaluate
whether NAFLD is associated with the long-term develop-
ment of CKD.

The present cohort study was initiated to investigate the
cumulative incidence and risk factors of CKD after long-
term follow-up in patients with NAFLD. The strengths of
the current study are the large numbers of patients included
and the long-term follow-up of patients.

Methods

Patients

The number of Japanese patients who were diagnosed
with fatty liver by ultrasonography (25) between January
1997 and December 2007 in the Department of Hepatology
and/or Health Management Center, Toranomon Hospital, To-
kyo, Japan was 9,120. Of these, 5,561 Japanese patients sat-
isfied with the following enrolled criteria; 1) no evidence of
CKD based on eGFR calculated with serum creatinine level
(eGFR=60 [mL/min/1.73 m™); 2) the absence of protein-
uria (= +1); 3) current and past daily alcohol intake of <20
g/day; 4) negativity for hepatitis B surface antigens
(HBsAg), hepatitis C virus antibodies, antinuclear antibod-
ies, or antimitochondrial antibodies in serum, as determined
by radicimmunoassay, enzyme-linked immunosorbent assay
or spot hybridization; 5) no underlying neoplasm or sys-
temic disease, such as systemic lupus erythmatosus, rheu-
matic arthritis; 6) no evidence of nodules of hepatocellular
carcinoma as shown by ultrasonography and/or computed
tomography. Patients with the above criteria were enrolled
regardless of whether the serum level of aminotransferase
was normal or abnormal. Patients with any of the following
criteria were excluded from the study: 1) illness that could
seriously reduce their life expectancy, 2) findings suggestive
of other chronic liver disease, and 3) refusal to be followed
" up after the diagnosis of NAFLD. A total of 3,559 out of
9,120 patients were excluded based on the following find-
ings; 169 had a dipstick-positive proteinuria; 1,685 had an
eGFR of <60 mL/min/1.73 m* 2,098 had alcohol intake of
=20 g/day; 133 had positive serologic findings for either
hepatitis B or C virus, a reported history of known liver dis-
ease, or decompensated liver cirrhosis; 36 had a history of
malignancy; 26 had a history of cardiovascular disease; 11
refused the participation of prospective follow-up. Because
some individuals were excluded for multiple reasons, the to-

tal number of eligible patients for the study was 5,561.

Patients were classified into three groups according to
fasting plasma glucose (FPG): 1) those with FPG level of <
110 mg/dL (normal glucose group), 2) those with FPG level
of 110-125 mg/dL (pre-diabetes group), and 3) those with
FPG level of =126 mg/dL (diabetes group) (25). Patients
were regarded as hypertension by the confirmation of blood
pressure =140 mmHg systolic and/or =90 mmHg diastolic.

The primary goal was the new onset of CKD in patients
with NAFLD. The end-point was defined as the first eGFR
<60 mi/min/1.73 m’ or dipstick proteinuria (= +1) for
more than three months. Serum creatinine level was also
measured using an enzymatic method, and the GFR was es-
timated from the Japanese Society of Nephrology CKD
Practice Guide; eGFR (mL/min/1.73 m®) =194x (serum cre-
atinine level [mg/dL]) -1.094x (age [y]) -0.287. The product
of this equation was multiplied by a correction factor of
0.739 for women. CKD and its stages were defined from es-
timated eGFR of <60 mL/min/1.73 m® or dipstick protein-
uria (= + 1) as follows: stage I, eGFR=90 and proteinuria
(= +1); stage II, 90>eGFR=60 and proteinuria (= +1);
stage I, 60>eGFR=30; stage IV, 30>eGFR=15; and stage
V., 15>eGFR. Patients with stage II-V were regarded as
having CKD regardless of the absence of other markers of
kidney damage (21, 22).

All of the studies were performed retrospectively by col-
lecting and analyzing data from the patient records. This
study was approved by Institutional Review Board of our
hospital.

Medical evaluation

Fatty liver was diagnosed by the presence of an ultra-
sonographic pattern consistent with bright liver with stronger
echoes in the hepatic parenchyma than in the renal or spleen
parenchyma (26). Ultrasonography test was performed with
a high-resolution, real-time scanner (model SSD-2000;
Aloka Co., Ltd, Tokyo Japan. Mode Logic-700 MR; GE-
Yokokawa Medical Systems, Tokyo, Japan). Body weight
was measured in light clothing and without shoes to the
nearest 0.1 kg. Height was measured to the nearest 0.1 cm.
Height and weight were recorded at baseline and the body
mass index (BMI) was calculated as weight (in kg) / height
(in m®). All of the patients were interviewed in the Torano-
mon Hospital using a questionnaire that gathered informa-
tion on demographic characteristics, medical history, and
heath-related habits including questions on alcohol intake at
the time of diagnosis of fatty liver.

Laboratory investigation

At the first consultation anti-HCV and HBsAg were ex-
amined. Anti-HCV was detected using a third-generation
enzyme-linked immunosorbent assay (Abbott Laboratories,
North Chicago, IL). HBsAg was tested by radicimmunoas-
say (Abbott Laboratories, Detroit, MI). Anti-HBs was not
evaluated in the present study. Serum creatinine concentra-
tion was measured by a medified Jaffe method (creatinine
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Table 1. Characteristics of Subjects Envolled

Total
Number of cases 3561
Age (years) 48.0+8.4
Sex(male/female) 4916/645
Systolic blood pressure(mmHg) 134+£18
Diastolic blood pressure(mmHg) 76+10
Hypertension{+) 725(13.0%)
Height(cm) 167.8+£7.3
Body Weight (kg) 70.74£9.9
BMI (kg/m®) 25.122.8
Smoking (+) 1028 (18.5%)
FPG(mg/dL) 104.7424.8
Glucose status (Normal/ preDM/DM)  4436(79.8%)/667(12.0%)/458(8.2%)
eGFR (mL/min/1.73n) 74.6£11.9
WBC(%10°/mm’) 5.8%1.5
Hemoglobin (g/dL) 15.11.2
Platelet (x10%/mm") 23.1£5.0
Triglyceride (mg/dL) 164117
Total cholesterol (mg/dL) 210+£34
HDL cholesterol (mg/dL) 48.1x11.9
Total Protein(g/dL) 7.5+0.4
Albumin (g/dL) 42403
Uric Acid (mg/dL) 6.2+1.3
AST QU/L) 29.2+164
ALT (IU/L) 37.5£27.0
GGT(IU/L) 78.2+81.0
Follow-up period (years) 5.5+4.8

Data are number of patients (percent) or mean = standard deviation

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; DM, diabetes mellitus, eGFR, estimated glomerular filtration rate;
FPQG, fasting plasma glucose; GGT, g ~glutamyltransferase; HDL, high density
lipoprotein; WBC, white blood cell;
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Figuore 1. Cumulative development rate of CKD in 5,561 pa-
tients with NAFLD.

HR, Wako Pure Chemicals Industries, Ltd, Osaka, Japan)
using an autoanalyzer (Hitachi 7350, Hitachi Ltd, Tokyo, Ja-
pan or RX-20, JEOL Ltd., Tokyo, Japan). Proteinuria was
tested using dipsticks (Ames Hemacombistics; Bayer-Sankyo
Ltd, Tokyo, Japan). A test result of = +1 was defined as
positive.

Follow-up

Starting time of follow-up was the day that the fatty liver
was confirmed by ultrasonography. After that, patients were
followed up monthly to six-monthly in the Toranomon hos-
pital. A blood sample and a urine sample were taken for
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routine analyses. Four hundred and ninety-two patients were
lost to follow-up. Because the appearance of CKD was not
identified in these 492 patients, they were considered as
censored data in statistical analysis (27).

Statistical Analysis

The cumulative appearance rate of CKD was calculated
from the starting time of follow-up to the development of
CKD by using the Kaplan-Meier method. Differences in the
development of CKD were tested using the log rank test.
The Cox proportional hazard model analyzed independent
factors associated with the development rate of CKD. The
following variables were analyzed for potential covariates
for incidence of CKD: age, BMI, T2DM, hypertension, and
levels of eGFR, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyltransferase (GGT),
total protein, triglyceride (TG), total cholesterol level, high
density lipoprotein (HDL) cholesterol uric acid, hemoglobin,
white blood cell, platelet at the time of diagnosis of
NAFLD. A p value of less than 0.05 was considered signifi-
cant. Data analysis was performed using the computer pro-
gram SPSS package (SPSS 11.5 for Windows, SPSS, Chi-
cago, IL). :

Results

Patients’ characteristics

Table 1 shows the characteristics in the 5,561 patients di-
agnosed as NAFLD in the present study. The mean age was
48 years. The mean BMI was 25.1. Patients with hyperten-
sion accounted for 13.0% and patients with T2DM ac-
counted for 8.2%. The eGFR level was 74.6x11.9 mI/min/
1.73 m’. The mean follow-up period was 5.5 years.

Incidence of CKD in Patients with NAFLD

Of 5.561 NAFLD patients, 263 developed CKD. Figure 1
shows that the cumulative development rate of CKD was
3.1% at the 5th year and 12.2% at the 10th year in all pa-
tients with NAFLD. Cox proportional hazards analysis
showed that CKD development in NAFLD patients occurred
when patient had eGFR of 60-75 ml/min/1.73 m* [hazard
ratio:2.75; 95% confidence interval (CI) =1.93-3.94; p<
0.001], age of =50 years (hazard ratio:2.67; 95% CI =2.06-
3.46; p<0.001), T2DM (hazard ratio:1.92; 95% CI=1.45-
2.54; p<0.001), hypertension (hazard ratio:1.69; 95% ClI=
1.25-2.29; p<0.001), and elevated serum GGT (hazard ratio:
1.35; 95% Cl=1.02-1.78; p=0.038) at the initiation of follow
up (Table 2).

Figure 2 shows the cumulative development rate of CKD
based on the difference of age and eGFR level at the start-
ing time of follow-up. Figure 3 shows the cumulative devel-
opment rate of CKD based on the difference of FPG, blood
pressure, and serum GGT at the starting time of follow-up.
On the difference of serum GGT level, the cumulative rate
of CKD at 10th year in NAFLD was 11.3% in patients with
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Figure 3.

Cumulative development rate of CKD in NAFLD patients. Panel A: Cumulative devel-

opment rate of CKD based on the difference of glucose level at the starting time of follow-up, Panel
B: Cumulative development rate of CKD in patients with hypertension or without hyperiension at
the starting time of follow-up, Papel C: Cumulative development rate of CKD based on difference of

serum GGT level at the starting time of follow-up

normal GGT level and 21.3% in those with elevated GGT
level. '

Impact of GGT on the incidence of CKD

In addition to elevated level of serum GGT, the four fac-
tors of =50 years, eGFR of 60-75 mL/min/1.73 m’, and
T2DM, hypertension were high risk factors of developing
CKD with statistical significance. Figure 4 shows the cumu-
lative development of CKD based on the difference of se-
rum GGT in NAFLD patients with each risk factor of age of

>50 years, eGFR of 60-75 mL/min/1.73 m*, T2DM, or hy-
pertension. Elevated serum GGT enhances the new develop-
ment of CKD with statistically significant differences in
NAFLD patients with each risk factor of =50 years, eGFR
of 60-75 ml/min/1.73 nt’, or hypertension. In NAFLD pa-
tients with T2DM, elevated serum GGT tended to facilitate
the new development of CKD (p=0.068).
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Figure 4. Cumulative development rate of CKD in NAFLD patients. Panel A: Cumulative devel-
opinent rate of CKD based on the difference of serum GGT level at the starting time of follow-up in
NAFLD patients aged 250 years, Panel B: Cumulative development rate of CKD based on the differ-
ence of serum GGT level at the starting time of follow-up in NAFLD patients with eGFR of 60-75
mL/min/1.73 m? and absence of dipstick proteinuria (2+1), Panel C: Cumulative development rate
of CKD based on the difference of serum GGT level at the starting time of follow-up in NAFLD pa-
tients with T2DM, Panel D: Cumulative development rate of CKD based on the difference of GGT
levels at the starting time of follow-up in NAFLD patients with hypertension

Discussion

‘We have described the incidence of development of CKD
in NAFLD patients. The present study indicates that the an-
nual incidence of CKD for a prolonged follow-up among
NAFLD patients is about 1.2% based on a follow-up of 10
years. The present study was limited by a retrospective co-
hort trial. A blood sample and a urine sample were taken for
routine analyses during follow-up. Next limitation of the
study was that patients were treated with different types of
exercise and diet for the NAFLD during follow-up. More-
over, although the NAFLD can be categorized into simple
steatosis and steatohepatitis, the present study was under-
taken without histological differentiation of simple steatosis
and steatohepatitis. Next, prescribed agents during the
follow-up were not considered in the present study. Finally,
the interval of follow-up was different for each patient. This
heterogeneity makes it slight difficult to precisely interpret
the results of the study. On the other hand, the strengths of
the present study are a long-term follow-up with a large
numbers of patients included.

The present study shows several findings with regard to
development of CKD in NAFLD patients. First, the CKD
development rate in NAFLD patients with an elevated level

of GGT was higher than that in those with a normal level of
GGT. The fact that elevated GGT enhanced the onset of
CKD is in accordance with the data reported by Chang et
al (28), Ryu et al (29), and Fraser et al (30). Though the
role of elevated GGT in the pathogenesis of CKD remains
speculative, the following possible mechanism have been re-
ported, 1) GGT is related to TZDM and/or insulin resistance
by meta-analysis; insulin resistance may be associated with
an increased risk for CKD (31-33). 2) GGT is linked with
systemic low-grade inflammation; low grade inflammation
may cause a change in kidney function (34). 3) GGT has
been proposed as a sensitive marker of oxidative stress; oxi-
dative stress plays an important role in renal damage (35).
Second, in addition to the elevation of GGT, the present
study suggests that aging, eGFR of 60-75 mL/min/1.73 m’,
T2DM, and hypertension enhanced the development of CKD
in NAFLD patients. The present findings of factors of meta-
bolic syndrome such as T2DM and hypertension, which en-
hanced the new development of CKD is in accordance with
the data reported by Chen et al (36), and Luk et al (37).
Moreover, when GGT was elevated in NAFLD patients with
each factor of =50 years, eGFR of 60-75 mL/min/1.73 m’,
or hypertension, the cumulative development rate of CKD
increased with significant difference compared to those with
a normal GGT level. In NAFLD patients with T2DM, an
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Table 2. Predictive Factors for CKD Development Based on the Clinical Data at

the Starting Time of Follow-up
Variables Univariate analysis Cox-regression
HR (95%CD  p HR (95%CD) _ p
Age {years, >50/<50) 2.92(2.27-3.75) <.001 2.67(2.06-3.46) <.001
Gender (female/male) 1.08(0.73-1.60) .706
BMI (225/<25 1.15(0.90-1.46)y 270
Hypertension (+/-) 2.04(1.55-2.68) <.001 1.68(1.25-2.29) <001
Smoking (+/-) 1.19(0.63-2.24) .588
AST(IU/L, 234/<34) 1.25(0.95-1.65) .113
ALT(IU/L, >43/<43) 1.06(0.82-1.38) 640
GGT (IU/L, 2109/<109) 1.43(1.09-1.88) .011 1.35(1.02-1.78) .038
Diabetes (+/-) 2.42(1.85-3.17y <.001 1.92(1.45-2.54) < .001
WBC (x10%/mm’, <5.0/25.0) 1.04(0.80-135) 770
Hemoglobin (g/dL, <15/>15} 1.08(0.84-1.39) 552
Platelst (x10%mm’, <25/>25) 1.04(0.80-1.34) 770
Total protein(g/dL, »7.5/<7.5) 0.84(0.45-1.50) .588
Triglyceride(mg/dL, >150/<150) 1.58(1.24-2.00) <.001 1.32(0.99-1.76) .059
Total Cholesterol  (mg/dL, >220/<220) 117(0.87-1.57) 314
HDL Cholesterol (mg/dL, <40/240)  0.94(0.73-1.23) 693
Uric acid (mg/dL, >7/<7) 1.15(0.86-1.53) 330
eGFR (=60 and <75 />75) 2.73(1.62-3.88) <.001 2.75(1.93-3.94) <.001

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; eGFR,
estimated glomerular filtration rate; GGT, gamma-ghitamyltransferase; HDL, high density

lipoprotein; HR, hazards ratio

elevated GGT indicated tendency to increase the cumulative
development rate of CKD compared to those with normal
GGT level.

Thus, the present results indicate that T2DM, hyperten-
sion, and elevated GGT enhance the new development of
CKD in NAFLD patients. This means that in addition to the
improvement of glucose Ievel and hypertension, normaliza-
tion of serum GGT could reduce the aggravation of kidney
function.

NAFLD that is considered to be a risk factor for develop-
ing CKD is emerging into a new significant health problem
in many countries. In addition, the life span in Japan has re-
cently become long. In the near future, a large number of
patients with NAFLD will be >60 years of age. CKD occurs
more frequently in elderly patients than in young patients.
Thus, it is reasonable to conclude that CKD will be increas-
ing in NAFLD patients. CKD often progresses to ESRD
with its accompanying complications. Medical physicians re-
garding the daily management of patients with NAFLD
should check on the development of CKD in addition to the
aggravation of liver function.

In conclusion, our retrospective study indicates that the
annual incidence of CKD in Japanese patients with NAFLD
is about 1.2%. The following five factors enhance the risk
of development of CKD: low eGFR level, aging, type 2 dia-
betes, hypertension, and elevated GGT.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement
The present work was supported in part by the Japanese Min-

istry of Health, Labour and Welfare. Moreover, the authors
greatly acknowledged the editorial assistance of Thomas Hughes.

References

1. Angulo P. Nonalcoholic fatty liver disease. N Engl J Med 346:
1221-1231, 2002.

2. Williams R. Global changes in liver disease. Hepatology 44: 521-
526, 2006.

3. Torres DM, Harrison SA. Diagnosis and therapy of nonalcoholic
steatohepatitis. Gastroenterology 134: 1682-1698, 2008.

4. Vuppalanchi R, Chalasani N. Nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis: selected practical issues in their
evaluation and management. Hepatology 49: 306-317, 2009.

5, Fan JC, Farrell GC. Epidemiology of non-alcoholic fatty liver dis-
ease in China. J Hepatol 50: 204-210, 2009.

6. Watanabe S, Yaginuma R, Ikejima K, Miyazaki A. Liver diseases
and metabolic syndrome. J Gastroenterol 43: 509-518, 2008.

7. Vega GL, Chandalia M, Szczepaniak LS, Grundy SM. Metabolic
correlates of nonalcoholic fatty liver in women and men. Hepatol-
ogy 46: 716-722, 2007. .

8. van der Poorten D, Milner KL, Hui J, et al. Visceral fat a key me-
diator of steatohepatitis in metabolic liver disease. Hepatology 48:
449-457, 2008.

9, Fan JG, Li F, Cai XB, et al. Effects of nonalcoholic fatty liver dis-
ease on the development of metabolic disorders. J Gastroenterol
Hepatol 22: 1086-1091, 2007.

19. Angulo P, Keach JC, Baits KP, et al. Independent predictors of
liver fibrosis in patients with nonalcoholic steatohepatitis. Hepatol-
ogy 30: 1356-1362, 1999.

11. Stern SE, Williams K, Ferrannini E, et al. Identification of indi-
viduals with insulin resistance using routine clinical measure-
ments. Diabetes 54: 333-339, 2005.

12. Muniyappa R, Lee S, Chen H, et al. Current approaches for as-
sessing insulin sensitivity and resistance in vivo: advantages, limi-
tations, and appropriaie usage. Am J Physiol Endocrinol Metab
294: E15-E26, 2008.

1086

— 783 —



Intern Med 50: 1081-1087, 2011 DOTI: 10.2169/internalmedicine.50.5043

13. Adams LA, Feldstein A, Lindor KD, et al. Nonalcoholic fatty
liver disease among patients with hypothalamic and pituitary dys-
function. Hepatology 39: 909-914, 2004.

14. Tanné F, Gagnadoux F, Chazouilleres O, et al. Chronic liver injury
during obstructive sleep apnea. Hepatology 41: 1290-1296, 2005.

15. Kheirandish-Gozal L, Sans Capdevila O, Kheirandish E, et al.
Elevated serumaminotransferase levels in children at risk for ob-
structive sleep apnea. Chest 133: 92-99, 2008.

16. Arase Y, Suzuki F, Tkeda K, et al. Multivariate analysis of risk fac-
tors for the development of type 2 diabetes in nonalcoholic fatty
liver disease. J Gastroenterol 44: 1064-1070, 2009.

17. Hamaguchi M, Kojima T, Takeda N, et al. Nonalcoholic fatty liver
disease is a novel predictor of cardiovascular disease. World T
Gastroenterol 13: 1579-1584, 2007.

18. Targher G, Bertolini L, Poli F, et al. Nonalcoholic fatty liver dis-
ease and risk of future cardiovascular events among type 2 dia-
betic patients. Diabetes 54: 3541-3546, 2005.

19. Lysaght MJ. Maintenance dialysis population dynamics: Current
trends and long-term implications. J Am Soc Nephrol 13: S37-
540, 2002.

20. National Kidney Foundation, K/DOQI clinical practice guidelines
for chronic kidney disease: evaluation, classification, and stratifi-
cation. Am J Kidney Dis 39: S1-5266, 2002.

21. Imai E, Horio M, Nitta K, et al. Estimation of glomerular filtra-
tion rate by the MDRD study equation modified for Japanese pa-
tients with chronic kidney disease. Clin Exp Nephrol 11: 41-50,
2007.

22. Imai E, Horio M, Iseki K, et al. Prevalence of chronic kidney dis-
ease (CKD) in the Japanese general population predicted by the
MDRD equation modified by a Japanese coefficient. Clin Exp
Nephrol 11: 156-163, 2007.

23. Chen J, Muntner P, Hamnm LL, et al. The metabolic syndrome and
chronic kidney disease in U.S. adults. Ann Intern Med 140: 167-
174, 2004.

24. Luk AO, So WY, Ma RC, et al. Metabolic syndrome predicts new
onset of chronic kidney disease in 5,829 patients with type 2 dia-
betes: a 5-year prospective analysis of the Hong Kong Diabetes
Registry. Diabetes Care 31: 2357-2361, 2008.

25. Genuth S, Alberti KG, Bennett P, et al; Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus. Follow-up re-

27.

28.

29.

3.

31.

32.

33.

34.

35.

36.

37.

port on the diagnosis of diabetes mellitus. Diabetes Care 26:
3160-3167, 2003.

. Lonardo A, Bellini M, Tartoni P, et al. The bright liver syndrome.

Prevalence and determinants of a “bright” liver echopattern. Ital J
Gastroenterol Hepatol 29: 351-356, 1997.

Fleming TR, Harrington DP, O’Brien PC. Designs for group se-
quential tests. Control Clin Trials 5: 348-361, 1984.

Chang Y, Ryu S, Sung E, et al. Nonalcoholic fatty Liver disease
predicts chronic kidney disease in nonhypertensive and nondia-
betic Korean men. Metabolism 57: 569-576, 2008.

Ryu S, Chang Y, Kim DI, et al. Gamma-glutamyltransferase as a
predictor of chronic kidney disease in nonhypertensive and non-
diabetic Korean men. Clin Chem 53: 71-77, 2007.

Fraser A, Hamris R, Sattar N, et al. Alanine aminotransferase,
gamma-glutamyltransferase, and incident diabetes: the British
Women’s Heart and Health Study and meta-analysis. Diabetes
Care 32: 741-750, 2009.

Lonardo A, Lombardini S, Scaglioni F, et al. Hepatic steatosis and
insulin resistance: does etiology make a difference? J Hepatol 44:
190-196, 2006.

Lee DH, Jacobs DR Jr, Gross M, et al. Gamma-glutamyltrans-
ferase is a predictor of incident diabetes and hypertension: the
Coronary Artery Risk Development in Young Adults (CARDIA)
Study. Clin Chem 49: 1358-1366, 2003.

Petersen KF, Dufour S, Feng J, et al. Increased prevalence of in-
sulin resistance and nonalcoholic fatty liver disease in Asian-
Indian men. Proc Natl Acad Sci USA 103: 18273-18277, 2006.
Fried L, Solomon C, Shlipak M, et al. Inflammatory and
prothrombotic markers and the progression of renal disease in eld-
erly individuals. J Am Soc Nephrol 15: 3184-3191, 2004.

Lee DH, Blomhoff R, Jacobs DR Jr. Is serum gamma glutamyl-
transferase a marker of oxidative stress? Free Radic Res 38: 535-
539, 2004.

Chen J, Muntner P, Hamm LL, et al. The metabolic syndrome and
chronic kidney disease in U.S. adults. Ann Intern Med 140: 167-
174, 2004.

Luk AO, So WY, Ma RC, et al. Metabolic syndrome predicts new
onset of chronic kidney disease in 5,829 patients with type 2 dia-
betes: a 5-year prospective analysis of the Hong Kong Diabetes
Registry. Diabetes Care 31: 2357-2361, 2008.

© 2011 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imindex.html

1087

— 784 —



J Gastroenterol (2011) 46:929-937
DOI 10.1007/800535-011-0411-0

Antiviral effects of peginterferon alpha-2b and ribavirin following
24-week monotherapy of telaprevir in Japanese hepatitis C

patients

Itaru Ozeki + Jun Akaike - Yoshiyasu Karino - Tomohiro Arakawa -
Yasuaki Kuwata « Takumi Ohmura - Takahiro Sate - Nachire Kamiya -
Ichimaro Yamada - Kazuaki Chayama - Hiromitsu Kumada - Joji Toyota

Received: 28 December 2010/ Accepted: 14 March 2011 /Published online: 10 May 2011

© Springer 2011

Abstract

Background/aims Anemia is commonly observed as a
side effect in a treatment with protease inhibitors combined
with peginterferon alpha and ribavirin for hepatitis C virus
infection. This study assessed the safety, tolerability, viral
kinetics, and selection of variants in telaprevir mono-
therapy for 24 weeks, and outcomes of the off-study
treatment with peginterferon alpha-2b and ribavirin among
Japanese female patients at a median age of 54 years who
were difficult to treat with the standard therapy (peginter-
feron alpha-2b and ribavirin) alone in Japan.

Methods Pour treatment-naive patients with chronic
hepatitis C virus subtype 1b infection received telaprevir
(750 mg every 8 h) alone for 24 weeks. All patients then
started the off-study treatment with peginterferon alpha-2b
and ribavirin. Safety, tolerability, hepatitis C virus RNA
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levels, and emergence of telaprevir-resistant variants were
monitored.

Results During the 24 weeks of telaprevir monotherapy,
there was no discontinuation due to adverse events, but 2
patients stopped the intake at weeks 6 and 15 because of
viral breakthrough. Emergence of telaprevir-resistant
variants was observed in 3 patients who showed viral
breakthrough. These variants were eliminated by the off-
study treatment, and sustained virological response was
achieved in all patients.

Conclusions Anemia was manageable by carefully
adjusting the ribavirin dosage in the standard therapy that
followed telaprevir monotherapy. This sequential regimen
seems to be safer and more tolerable than the triple com-
bination of telaprevir, peginterferon alpha, and ribavirin,
especially among elderly females with low baseline
hemoglobin.

Keywords Hepatitis C therapy - Telaprevir - Ribavirin -
Anemia

Introduction

Hepatitis C virus (HCV) is a major cause for concemn
worldwide. More than 3% of the world’s population is
chronically infected with HCV, and 3—4 million people are
newly infected each year [1]. Chronic HCV infection is
relatively mild and progresses slowly; however, about 20%
of chronic hepatitis C (CHC) casriers progress to poten-
tially serious end-stage liver disease [2-4]. The current
standard treatment for HCV infection is administration of
pegylated alpha interferon (PEG-IFN) in combination with
ribavirin (RBV) for 48 weeks. The overall sustained viro-
logical response (SVR) rates with this intervention are
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40-50% for patients with genotype 1 [5, 6]. Several direct-
acting antiviral agents (DAAs) for HCV infection have
been clinically evaluated [7]. Telaprevir (VX-950/MP-424)
is a novel peptidomimetic slow- and tight-binding inhibitor
of HCV NS3-4A protease, which was discovered using a
structure-based drug design approach [8]. As one of the
most advanced DAAs against HCV, phase 3 clinical trials
of telaprevir are on-going in the US, EU, and Japan. Recent
clinical trials of telaprevir in combination with the standard
treatment have indicated a promising advancement in
therapy for treatment-naive CHC patients as well as
patients who did not respond previously to the standard
treatment alone {9-11]. However, compared with the
standard treatment alone, telaprevir is associated with an
increased incidence of several side effects, such as anemia
and skin rash.

The epidemiology of HCV in Japan is different from
that in the US and EU; the majority of Japanese HCV
carriers are of age >55 years, and three-fourths of Japanese
HCV carriers are infected with genotype 1, which consists
almost entirely of subtype 1b [12—14]. The dose reduction
rate and the frequency of discontinuation of this treatment
are high in elderly patients [15]. The SVR rate of the
standard therapy is lower in females than males, especially
in older patients in Japan [16]. In addition to the need for a
therapy yielding higher SVR rates than the current standard
therapy, there is also the need for a treatment regimen with
a lower incidence of severe side effects because of the
characteristics of HCV carriers in Japan.

Since our institution is a site of the phase 2a trial of
telaprevir monotherapy among Japanese patients infected
with HCV subtype 1b, our primary objective was to eval-
uate the safety, tolerability, and efficacy of telaprevir alone
for up to 24 weeks. We also assessed the selection of HCV
subtype 1b variants under prolonged telaprevir mono-
therapy and the susceptibility of these selected variants to
the standard PEG-IFN and RBV therapy.

Patients and methods
Study design and organization

This single-arm, open-label study was conducted between
January 2008 and September 2008 at Sapporo Kosei
General Hospital, Sapporo, Japan, as a site of the telaprevir
phase 2a monotherapy trial in Japan. The study was con-
ducted in compliance with the Good Clinical Practice
guidelines and the Declaration of Helsinki. Before the
study, the protocol and informed consent form were
approved by an institutional review board. Written
informed consent was obtained from each patient after
sufficient explanation before participation in the study.
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All patients received telaprevir at a dose of 750 mg
every 8 h orally for a maximum of 24 weeks, which was
determined by the stopping rule of viral kinetics [2 log;q
increase from the padir or 3 log;o IU/ml if the nadir
was below the lower limit of quantification (LOQ)].
Telaprevir was administered in the fed state. After
the patients met the stopping rule of viral kinetics, the
investigators recommended the patients to begin the
standard treatment for HCV infection (weight-based PEG-
IFN alpha-2b and RBV) in order to prevent them from
the earlier treatment failure. This standard treatment was
off-study. The dose of PEG-IFN alpha-2b was specified
in the package insert. The doses of RBV were based on
total body clearance (CL/F) calculated by the following
equation:

CL/F (L/h) = 3.23 x body weight (kg)
x (1 —0.0094 x age) x (1 —0.42
x gender) /serum creatinine (umol/L),

where gender = O for male and 1 for female. The RBV dose
was set for a targeted blood concentration of 2250 ng/ml.

Telaprevir was supplied as 250-mg tablets for oral
administration provided by Mitsubishi Tanabe Pharma
Corp., Osaka, Japan. PEG-IFN alpha-2b and ribavirin
(Pegintron® and Rebetol®) were obtained from Schering-
Plough, KK, Osaka, Japan.

Participants

Patients were enrolled in this study according to the fol-
lowing inclusion criteria: diagnosis of CHC; infection with
HCV genotype 1b as determined by phylogenetic analysis
on the NS3B region; no prior antiviral therapy for HCV;
Japanese (Mongoloid) lineage; age 20-70 years at enroll-
ment. Patients were excluded from the study if they met
any of the following criteria: diagnosis of decompensated
liver cirrhosis and/or hepatitis B surface antigen in serum;
diagnosis or history of hepatocellular carcinoma; previous
treatment for malignant neoplasm; diagnosis of autoim-
mune hepatitis, alcoholic liver disease, hemochromatosis,
or chronic liver disease other than CHC; history of allergy
to medication or anaphylactoid symptoms; women who
were pregnant, breast feeding, or who planned to become
pregnant.

Safety assessments

The safety and tolerability of the study treatments were
assessed by clinical laboratory results, vital signs, physical
examination results, and occurrence of adverse events.
These safety parameters were recorded at regular intervals
from day —28 through the follow-up visits. Adverse events
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were classified according to the Medical Dictionary for
Regulatory Activities (MedDRA), version 12.0.

HCV RNA measurement

The HCV subtype was determined by direct sequencing
followed by phylogenetic analysis on the NS5B region
[17]. The serum HCV RNA levels were determined using
the COBAS TagMan® HCV test (Roche Diagnostics,
Tokyo, Japan). The linear dynamic range of the assay was
from 1.2 to 7.8 logyp IU/ml. The LOQ of the assay was
1.2 log;o TU/ml, and the qualitative result below LOQ was
also determined as positive (+) and negative (—). Blood
samples in this study were collected on days —28, 1 (before
the first dose), 3, 8, 15, 29, 43, 57, 71, 85, 99, 113, 127,
141, 155, and 169 of the study drug dosing period, at the
2-week follow-up, and on the days when the patients met
the stopping rules. During the off-study treatment, blood
samples were collected before the first injection, 1 and
2 weeks after the off-study treatment was initiated, and
every 4 weeks thereafter.

Viral sequencing analysis

The HCV interferon sensitivity determining region
(ISDR) on NSS5A [18] and the core region [19] were
analyzed by the direct sequencing method. The DNA
fragment containing the 534-bp (181 amino acids) NS3
protease domain was amplified by the nested reverse
transcription-polymerase chain reaction and cloned. At
least 39 clones per specimen were sequenced and
determined bidirectionally. The sequences of the NS3
protease domain registered in the public databases of the
National Center for Biotechnology Information (NCBI),
except the protease-resistant variants reported previously
[20-23], were considered to be a naturally occurring
variant and treated as a wild type in the analysis. The
limit of detection for the sequencing analysis was
approximately 3 log;o IU/ml.

Viral dynamics model analysis

The basic mathematical model for the analysis of HCV
infection in vivo, which is a system of three ordinary dif-
ferential equations for uninfected cells (7), productively
infected cells (), and free virus (V), has been reviewed
elsewhere [24]. The solved Eq. I was fitted to the HCV
RNA levels (log;o IU/ml) obtained in this study via non-
linear regression using GraphPad Prism 5.0 (GraphPad
Software, Inc., La Jolla, CA). The positive and negative
qualitative values below LOQ were treated as 1.0 and 0.5,
respectively.

V() = Vo + logyg [e_“ -{—%;_—?—C-(e‘é‘ - e““)} (1)

where ¢ is the virion clearance rate from serum, J is the
clearance rate of infected cells, and ¢ is the effectiveness in
blocking virion production.

Genetic variation near the 1L.28B gene

Analysis of genetic variation near IL28B gene was per-
formed by use of Invader assay, TagMan assay, or direct
sequencing as described previously {25, 26]. In this study, a
single nucleotide polymorphism (SNP) near IL28B gene
(rs8099917), reported as one of the predictors of non-
response to PEG-IFN and RBV therapy [27], was retro-
spectively checked.

Results
Patient characteristics

Four females at a median age of 54 years (range 48-58)
were enrolled in the study. Patient baseline characteristics
are summarized in Table 1. The mean baseline HCV RNA
level was 6.1 log;o IU/ml (range 5.2-6.9). The amino acid
(aa) sequences of the HCV core region at positions 70 and
91 and the ISDR were also analyzed. The substitution of
arginine at core aa 70 was observed in 2 of the 4 patients,
whereas the substitution of leucine at core aa 91 was not
observed. The number of amino acid substitutions at ISDR
aa 2209-2248 was 1 in 2 of the patients and 2 or more in 2

-of the patients. We retrospectively checked rs8099917,

which is the typical SNP near the IL28B locus associated
with non-response to the standard therapy, and confirmed
that all 4 study subjects possessed the major allele (T/T).

HCV RNA kinetics

Two of the 4 study patients completed the scheduled
telaprevir dosing period of 24 weeks. Patient 2 showed an
HCV RNA level below 1.2 logo IU/ml at the end of
treatment, whereas patient 1 showed a negative HCV RNA
level at week 8 and had viral breakthrough at week 20
while receiving the study drug. The other 2 patients also
showed a rapid decline in viral load to below 2 logyo TU/ml,
but they met the stopping rule of viral breakthrough and
ceased the study drug at weeks 15 and 6 (patients 3 and 4,
respectively).

After the telaprevir monotherapy was stopped, each
study patient agreed to enroll in the off-study treatment
with PEG-IFN and RBV. By mutual agreement between
the patients and investigators, the duration of the standard

@ Springer

— 787 —



932

J Gastroenterol (2011) 46:929-937

Table 1 Baseline characteristics of enrolled patients

Factor Patient
i 2 3 4
Age (years) 48 51 58 57
Sex Female Female Female Female
Height/body weight (cmv/kg) 160.0/51.2 161.4/48.9 165.0/51.6 153.0/49.0
Body mass index (kg/mz) 20.0 18.8 _ 19.0 20.9
Subtype 1b ib 1b 1b
Core aa 70/aa 91 R70H/wild R70H/wild Wild/wild Wild/wild
ISDR substituted aa sites 1 2 1 3
1L28B SNP (rs8099917)* T/IT T/T T/T T/T
# T/T is homozygote of the major allele
Table 2 Summary of the off-study treatment
Patient
1 2 3 4
Baseline (TVR mono/off-study) .
Neutrophils (/ug) 3762/2142 2258/2995 2284/2503 1677/2013
Hemoglobin (g/dl) 14.6/10.8 13.4/10.9 12.9/10.7 12.3/11.7
Platelets (x10%pl) 22.4/16.8 28.1/25.9 12.4/14.3 15.5/17.6
ALT (qun) 20/11 28/11 40/18 66/91
HCV RNA (log;o IUM) 6.2/3.7 5.9/3.3 6.9/5.1 5.2/5.0
Dosage
PEG-IFN a-2b (ug) 80 80 80 80
RBYV, max/min (mg) 400/~ 600/400 600/200 600/200
Mean RBV (mg/kg/day) 7.8 8.8 8.3 7.2
Accumulated RBV, entire period (g/kg) 2.6 3.9 4.3 2.5
Qutcome
Time after the last TVR (days) 20 26 13
HCV RNA negativity (weeks) 2 13 8 8
Duration of treatment (weeks) 48 60 72 48
Treatment response SVR SVR SVR SVR

TVR telaprevir, PEG-IFN peginterferon, RBV ribavirin, SVR sustained virological response

treatment was decided according to gender, age, substitu-
tions at core aa 70 and 91, the number of substitutions at
the NS5A ISDR domain [28], and the time to HCV RNA
becoming undetectable (Table 2). Patients 1 and 4 received
the off-study treatment for 48 weeks. Patients 2 and 3 were
treated beyond 48 weeks, and patient 3 completed
72 weeks of treatment. In patient 2, the off-study treatment
was discontinued at week 60 because of the aggravation of
subjective symptoms including malaise and insomnia. The
HCV RNA levels became negative at 2, 13, 8, and 8 weeks
in patients 1, 2, 3, and 4, respectively. SVR was attained in
all patients after completion of the off-study treatment
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(Table 2). Viral kinetics during the 2 courses of treatment
are shown in Fig. la.

Safety

During the telaprevir monotherapy, all subjects had at least
one adverse event with mild to moderate severity. No
serious adverse reactions occurred that caused the discon-
tinuation of telaprevir. All patients exhibited a decrease in
their hemoglobin levels. Other biochemical blood changes
were found in one of each study patient (changes such as
increased uric acid, decreased white blood cell count,
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Fig. 1 Changes in plasma HCV
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decreased platelet count, and increased serum creatinine
level). The observed clinical symptoms were rash, head-
ache, and gastrointestinal symptoms including nausea,
stomach discomfort, and gastroesophageal reflux disease,
peripheral edema, and pyrexia. No notable adverse event
occurred during the off-study treatment with PEG-IFN and
RBYV except what is usually observed with the standard
therapy (Table 3).

The median hemoglobin concentration at the beginning of
this study was 13.2 g/dl (range 12.3~14.6) and decreased to
10.9 g/dl (range 10.7-11.7) at the beginning of the off-study
treatment (Fig. 1b). No fixed tendency was observed for
platelet count and neutrophil count during the course of tela-
previr monotherapy, whereas these counts mildly decreased
during the course of off-study treatment (Fig. ic, d).

NS3 protease genotypic analysis

Clonal sequencing analysis on the NS3 protease domain
was investigated (Fig. 2). Before the administration of

telaprevir, only the wild-type variants were observed in all
patients at two time points. Before viral breakthrough, a
telaprevir-resistant variant (A156V) could be detected in
only 1 patient (patient 3) on day 8 because of rapid viral
decline below 3 log;q IU/ml. After emergence of A156V in
this patient, the HCV RNA load was still suppressed under
the telaprevir monotherapy until week 8; however, another
double-substituted variant (T54A-+1132L) was detected as
the major variant after viral breakthrough. Although
patient 4 showed a decrease in the HCV RNA level to
1.8 logyo TU/ml at week 1, viral breakthrough was
observed at week 2, and there were two types of resistant
variants (A156T and T54A). As the telaprevir treatment
was prolonged, the major variant shifted to the double-
substituted variant (T54S+A156T). Patient 1 completed
the dosing schedule for 24 weeks, but experienced viral
breakthrough at week 20. At the end of treatment, the novel
substitution of A156F was observed as the major variant.
After the withdrawal of telaprevir, other variants including
A156Y and T54S+A156T emerged. However, the HCV
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Table 3 Adverse events

Telaprevir  Peg-IFN a-2b+RBV
monotherapy n (%)
n (%)
Anemia 4 (100) 4 (100)
Headache 2 (50)
Rash 2 (50)
Blood uric acid increased 1(25)
Pruritic rash 1(25)
Pruritus 1(25)
Nausea 1(25)
Stomach discomfort 1 (25)
Gastroesophageal reflux disease 1 (25)
Peripheral edema 1(25)
Pyrexia 125
Musculoskeletal stiffness 1 (25)
White blood cell count 125 4 (100)
decreased
Platelet count decreased 125 2 (50)
Blood creatinine increased 125 1(25)
General fatigue 2 (50)
Loss of appetite 2 (50)
Insomnia 1(25)
Lack of concentration 1(25)
Palpitations 125
Dyspnea 1 (25)

RNA levels remained lower than the baseline (around
4 logyo IU/ml) for 3 weeks, and the major variant further
shifted to A156V-+V1581 just before initiation of the off-
study treatment. Patient 2 completed the dosing schedule,
with the HCV RNA level below 1.2 logyo TU/ml at the end
of treatment. After completion, HCV RNA levels
increased, and only the wild-type variant was observed at
the 4-week follow-up.

Viral dynamics model analysis

In order to compare the viral dynamics in the initial phase
of both treatments, the solved equation from the conven-
tional mathematical model [24] was fitted to the observed
values (Fig. 3). The best fit values are summarized in
Table 4. At treatment initiation, the HCV RNA levels were
equivalent or lower in the off-study treatment than in the
telaprevir treatment. The first-phase clearing of telaprevir-
resistant variants by the PEG-IFN-+RBV treatment was
comparable to that of the wild-type variants by telaprevir
alone in 3 of the patients. However, in patient 2, the wild-
type variants were less susceptible to PEG-IFN+RBYV than
telaprevir.
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Discussion

In this study, 4 treatment-naive patients with CHC partic-
ipated in the phase 2a telaprevir monotherapy study in
Japan. The subjects were all middle-aged to elderly
females infected with HCV subtype 1b, the predominant
subtype in Japan. The study patients possessed the baseline
viral factors that suggest “difficult to treat” by the standard
therapy [28]: the substitution at core aa 70 was observed in
patients 1 and 2, and the number of aa substitutions at the
NS5A ISDR domain was <1 in patients 1 and 3.

After the completion or discontinuation of the telaprevir
monotherapy, PEG-IFN and RBV therapy was initiated as
soon as possible to preserve the telaprevir-resistant variants
as the majority of the viral population. The standard ther-
apy was initiated soon because the in vivo viral fitness of
the telaprevir-resistant variants was estimated to be lower
than that of the wild type [20], and some select variants
under the telaprevir treatment were susceptible to the PEG-
IFN and RBYV therapy {21]. Three patients who met viral
breakthrough criteria during telaprevir monotherapy defi-
nitely had only the telaprevir-resistant variants, including
novel substitutions of A156F and A156Y. In addition, the

. T54S and V158l substitutions, which were reported from

the clinical trial of boceprevir [22, 23], were all observed to
be a secondary mutation associated with A156 substitutions
in this telaprevir trial. Moreover, the other patient (patient
2) had only the wild-type variants at 26 days after the
completion of 24 weeks of telaprevir monotherapy.
Although it is unclear whether the wild type arose as a
reverse mutation, Suzuki et al. [29] recently reported a
patient who achieved SVR in the same telaprevir mono-
therapy trial. These observations suggest a higher genetic
barrier for telaprevir among Japanese patients with HCV
subtype 1b than in patients observed previously in the EU
and US [20, 21]. At least, the telaprevir-resistant variants
observed in this study showed some susceptibility to the
off-study treatment (Fig. 3).

Anemia has been described as a major adverse event
caused by the triple combination therapy including tela-
previr [9-11], but the onset mechanism of anemia has
not been elucidated. In the phase 1b clinical trial of the
triple combination regimen for 12 weeks in Japan, the
discontinuation rate due to adverse events was 35% (7 of
20 patients); in 5 of these 7 patients, the triple therapy
was discontinued because the hemoglobin decreased to
<8.5 g/dl [30]. In the present study, all the patients
developed mild anemia after the administration of tela-
previr alone for up to 24 weeks (Fig. 1); the median
baseline hemoglobin concentration of 13.2 g/dl had
decreased to 10.9 g/dl at the initiation of the off-study
treatment (Table 2). In 3 of the 4 study patients, the
hemoglobin concentration further decreased with the
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Fig. 2 Viral sequencing results and alanine aminotransferase (ALT)
elevation after viral breakthrough for individual patients. Shaded
backgrounds indicate the off-study treatment. Circular charts indicate
the population of NS3 protease variants in >39 clones, except the

standard treatment; therefore, a dose reduction of RBV
was required. Especially in patient 4, the dose of RBV
was reduced to 200 mg from the initial dose of 600 mg
to maintain the hemoglobin concentration above 8 g/dl.
Thus, we managed the decrease in hemoglobin without
using erythropoietin. No discontinuation due to anemia
occurred during the off-study treatment. Hiramatsu et al.
[31] reported that maintaining the RBV dose at >12 mg/
kg/day was important even after complete early viro-
logical response to avoid relapse after the standard
therapy. Although the RBV doses among our 4 study
patients ranged from 7.2 to 8.8 mg/kg/day, and the
accumulative RBV doses for 48 weeks in patients 1 and
4 were <3 g/kg, SVR was achieved in all cases. Besides
relatively lower exposure to RBV, our patient demogra-
phy of females at a median age of 54 years (range
48-58) is noteworthy. In their study on the standard
therapy among Japanese patients infected with HCV
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subtype 1b, Sezaki et al. [16] reported SVR stratified
rates as 53% in males and 22% in females in patients
older than 50 years, and no significant gender difference
was observed in patients younger than 50 years. How-
ever, a study performed in the US suggested higher SVR
rates among females than males in patients infected with
HCV subtypes la and 1b {32]. Although this controversy
on gender difference may be attributed to different ethnic
groups, the HCV subtypes 1a and 1b were considered to
spread in a different epoch [33]. Therefore, we speculate
that age distribution of HCV carriers in a certain geo-
graphic region exerts an impact on the response rates and
severity of anemia with the standard therapy. The recent
study on SNPs near the IL28B gene also confirmed that
female gender and elderly age remain as factors related
to non-virological response [27]. In conclusion, we can
avoid treatment failure caused by anemia by carefully
adjusting the RBV dosage in the standard therapy that
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Table 4 Estimates from the viral dynamics modeling analysis

Patient Treatment Baseline Estimated parameters®
Viral load (logo IU/ml) NS3 aa substitution € ¢ (day™ 5 (day™h)

1 Telaprevir mono 6.2 Wwild (0.9999) (3.745) 0.1117
PEG-IFN4+RBV 3.7 Al56V+V1581 0.9981 9.342 0.04699

2 Telaprevir mono 59 Wild (0.9999) (4.139) 0.07018
PEG-IFN+RBV 33 Wwild <i0™" 0.1913 0.1828

3 Telaprevir mono 6.9 Wwild (0.9999) (2.772) 0.1018
PEG-IFN+RBV 5.1 T54A~+1132L 0.9971 7.382 0.1494

4 Telaprevir mono® 52 wild (0.9954) (4.572) (0.3598)
PEG-IFN-+RBV 5.0 T5484-A156T (0.9985) (4.278) 0.1109

* g is the effectiveness in blocking virion production, ¢ is the virion clearance rate from serum, and J is the clearance rate of infected cells.
Software reported parenthetic values as ambiguous

® Estimated from days 0~7 because of viral breakthrough

follows telaprevir monotherapy. SVR was
achieved in all cases. However, relapses occurred in

patients who received telaprevir alone, suggesting that
the current standard therapy remains important in this

sequential regimen.
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Common Genetic Polymorphism of ITPA Gene
Affects Ribavirin-Induced Anemia and Effect of
Peg-Interferon Plus Ribavirin Therapy
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An association between a single nucleotide
polymorphism (SNP) in the inosine triphos-
phate pyrophosphatase (ITPA) gene and
reduction of hemoglobin during peg-interfercn
plus ribavirin combination therapy for patients
with chronic hepatitis C virus (HCV) infection
has been reported. However, the effect of the
SNP on outcome of therapy has not been fully
elucidated. Factors associated with anemia
during combination therapy, including rs1127354
genotype, were analyzed in 1,002 treated
patients. The effect of the SNP on outcome
of therapy was analyzed in a subset of 830
patients with genotype 1. A rapid initial
decrease in hemoglobin levels was observed in
~ patients with rs1127354 genotiype CC compared
with a slow decrease in non-CC patients. Cumu-
lative reduction of ribavirin was significantly
more frequent in genotype CC patients than
non-CC patients (odds ratio 1.928, P=8.6 x
1078). The frequency of patients who received
at least the recommended 80% of scheduled
ribavirin was significantly lower among geno-
type CC patients, especially among those who
had pretreatment hemoglobin levels between
13.5 and 15 g/dl (P < 0.03), and the sustained
viral response rate was significantly lower in
this group of patients. Independent predictive
factors for sustained virological response
included a SNP in the 1L28B locus (rs808991},
age, fibrosis, ITPA SNP rs1127384 as well as
pretreatmeni hemoglobin levels. Our data
suggesis that measures 1o prevent anemia
should be considered for patients who have

© 2011 WILEY-LISS, INC.

preireatment hemoglobin levels less than
13.5 g/dl or who have rs1127354 genotype CC
and pretreaiment hemoglobin levels between
135 and 15 g/dl. J. Med. Virol. 83:71048-
1057, 20711. © 2011 Wiley-Liss, Inec.

KEY WORDS: inosine triphosphate pyropho-
sphatase; single nucleotide
polymorphism; peg-interferon;
anemia; dose reduction

INTRODUCTION

Hepatitis C virus (HCV), a positive-strand RNA fia-
vivirus, chronically infects 170 million people world-
wide and is responsible for up to 300,000 deaths due

Abbreviations: HCV, hepatitis C virus; ITPA, inesine triphos-
phate pyrophosphatase; SNP, single nucleotide pelymerphism.
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to progression to liver cirrhosis and hepatocellular
carcinoma [Alter, 1995; Chevaliez and Pawlotsky,
2007]. Currently, peg-interferon plus ribavirin combi-
nation therapy (PEG-RBV) is the most effective treat-
ment, but it is only effective in 50% of patients with
genotype 1b, and the therapy has severe side effects
often requiring dose modification or discontinuation
[Hadziyannis et al.,, 2004]. However, there are several
factors that may help predict cutcome of therapy,
including HCV genotype [Zeuzem et al., 1996], virus
titer [Zeuzem et al., 1996; Dienstag and McHutchison,
20081, age, fibrosis of the liver, obesity, race, hepatic
steatosis [Dienstag and McHutchison, 2006], LDL
cholesterol, gamma-GTP [Akuta et al., 20607], insulin
resistance [Romerc-Gémez et al., 2005], amino acid
substitutions at positions 70 and 91 of the HCV core
protein and accumulation of substitutions in the inter-
feron sensitivity determining region (ISDR) of the
NSBA protein [Fnomoto et al., 1995a; Akuta et al.,
2005]. A series of recent studies have also identified
common genetic variants in the IL28B locus on
chromosome 19 [Ge et al., 2009; Suppiah et al., 2609;
Tanaka et al., 2009] that are strongly associated with
outcome of combination therapy.

Ribavirin-induced anemia is a serious side effect of
therapy whieh results in dose reduction of ribavirin
and possibly of interferon as well. The precise
mechanism of induction of anemia remains to
be determined. Ribavirin-induced hemolytic anemia
accompanied by an increase in reticulocyte counts has
been reported to be associated with membrane oxi-
dative damage as well as impairment of erythrocyte
Na-K pump activity and increase in dithiotreitol-sen-
sitive fraction, malondialdehyde, and methemoglobin
levels [De Franceschi et al., 2000]. Treating patients
with erythropoietin, which induces erythropoiesis and
helps alleviate anemia, has been reported to be effec-
tive in preventing ribavirin dose reduction and leads
to better therapy outcome [Dieterich et al., 2003].

Recently, single nucleotide polymorphisms (SNPs)
in the inosine triphosphate pyrophosphatase (ITPA)
locus have been found to be associated with anemia
in patients treated with combination therapy [Fellay
et al., 2010; Ochi et al,, 2010; Thompson et al., 20101
In Caucasian patients there are two SNPs that are
associated with ITPA enzyme activity [Fellay et al,,
2010; Thompson et al., 20101, although one of these
SNPs appears to be absent in Japanese patients [Ochi
et al.,, 2010]. Although the effect of the ITPA pelymor-
phism on ribavirin-induced anemia has been clearly
demonstrated by these studies, the effect of the SNP
on ocutcome of therapy has not been fully explored.
Our previous report suggested an association of the
polymorphism with sustained virological response
(SVR) [Ochi et al., 2010}, whereas other reperts found
no association [Fellay et al., 2010; Thompson et al.,
20101.

In the current study, 1,002 patients who were
treated with peg-interferon 2b plus ribavirin combi-
nation therapy were analyzed to elucidate the precise

1049

effect of the ITPA SNP on hemoglobin reduction. A
subset of 830 of the patients with genotype 1 were fur-
ther examined to assess the effect of the SNP on
therapy outcome. The results show that reduction of
ribavirin was frequent among patients with low pre-
treatment hemoglobin levels (<13 g/dl) as well as
those with the ribavirin-sensitive ITPA genotype
(rs1127354 CC) and intermediate pretreatment hemo-
globin levels (13.5-15 g/dl). Our results suggest that
anemia-preventing measures, such as administration
of erythropoietin, should bhe considered for patients
likely to develop anemia.

MATERIALS AND METHODS
. Patients

Data from 1,002 patients who were treated with
peg-interferon alpha 2b and ribavirin combination
therapy for chronic hepatitis C infection between
December 2004 and January 2010 were collected from
Toranomon Hospital (Tokyo) and hospitals belonging
to the Hiroshima Liver Study Group (hitp://home.
hiroshima-u.ac jp/naikal/hepatology/english/study. htmD
in Hiroshima, Japan. Patient profiles are shown in
Table L. All patients tested positive for HCV RNA for
more than 6 months and were negative for hepatitis B
and HIV and showed no evidence for other liver dis-
eases including alcoholic hepatitis, hemochromatosis,
Wilson’s disease, and autoimmune hepatitis. Patients
received weekly injections of peg-interferon-alpha-2b
at 1.5 g/kg body weight for 48 weeks, and ribavirin
was administered orally. The amount of ribavirin was
adjusted based on body weight (600 mg for <60 kg,
800 mg for 60-80 kg, and 1,000 mg for >80 kg). Riba-
virin dose was reduced when hemoglobin levels fell to
10 g/dl, and both peg-interferon and ribavirin were
discontinued when hemeoglobin levels dropped to
<8.5 g/dl. Patients who remained positive for HCV
RNA during the first 12 weeks of treatment but
became negative by week 32 received extended admin-
istration of both drugs until 72 weeks. The successful
endpoint of treatment was considered SVR, defined as
undetectable HCV RNA levels 24 weeks after cessa-
tion of treatment. A subset of patients showed transi-
ent response (TR), in which HCV RNA dropped to
undetectable levels but then later rebounded. The
remaining patients in which HCV RNA never became
undetectable were considered non-responders (NVR).
Histopathological diagnosis was made by pathologists
at each hospital according to the criteria of Desmet
et al. [1994], ANl subjects gave written informed con-
sent to participate in the study according to the proc-
ess approved by the ethical committee of each hospital
and conforming to the ethical guidelines of the 1875
Declaration of Helsinki.

HCV BNA Levels

HCV RNA levels were measured throughout the
course of therapy via RT-PCR using the original

. Med. Virol. DOI 10.1602/fmv
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TABLE 1. Characteristics of Patients by ITPA rs1127354 SNP Genotype
All patients Patients with HCV genotype 1
Total (n = 1,002) Total (n = 830) CC (n =628 CA/AA (n = 202)
Age (years) 58 (51-64) 58 (51-64) 58 (52-64) 58 (51-64)
Sex (M/F) 539/463 448/382 328/300 120/82
Height (cm) 161 (154-168) 161 (154-168) 161 (154-168) 161 (155-168)
Weight (kg) 58.5 (62-67) 58.2 (52-66.2) 58.05 (51.8-66.45) 59 (52-85)
rs8099917 (TT/GT/GE) 720/253/25 585/222/20 437/174/15 148/48/5
rs12979860 (CC/CT/IT 543/198/52 541/197/52 403/151/44 138/46/8
rs1127354 (CC/CA/AL) 753/227/22 628/183/19 628/0/0 0/183/19
Core70 (W/M/ND) 240/143/619 289/148/448 175/114/339 64/29/109
Core91 (W/M/ND) 217/168/617 216/168/446 168/123/337 48/45/109
ISDR (0-1/>2/ND) 287/80/635 287/80/463 216/61/351 71/19/112
Fibrosis (1/2/8/4/ND) 252/191/124/26/401  252/190/124/29/230 194/138/90/23/179 58/52/34/6/51
Activity (0/1/2/3/ND) 9/252/280/42/419 9/251/280/42/248 6/187/213/31/191 3/64/67/11/57
WBC (fmm®) 4,700 (3,900-5,600) 4,700 (3,900-5,600) 4,700 (3,900-5,530) 4,900 (4,000~-5,942)
Plt (x10%mm?) 15.6 (12.2-19.7) 15.4 (12.2-19.85) 15.3 (12.1-19.33) 15.9 (12.45-19.4)
Hb (g/dD) 14 (13.2-14.9) 14 (13.2-14.9) 14.1 (18.2-14.9) 14 (13.4-15)
AST (IU/L) 45 (34-66) 45 (34—66) 45 (34-87) 45.5 (34-64.5)
ALT QUML) 53 (36-85) 53 (36-8b) 52 (36-84.5) 55 (34.5-85)
yGTP (IU/L) 40 (25-73) 40 (25-73) 39.5 (25-72) 43.5 (25.25-77.25)
Total cholesterol (mg/dl) 172 (151-193) 172 (151-193) 172 (150-194) 171 (154-190)
HDL cholesterol (mg/dl) 51 (40-64) 51 (40-64) 52 (40.25-64) 50 (38-63.75)
Fasting blood sugar (mg/dl) 98 (89-112.8) 98 (89~113) 99 (89-113) 95 (88-108)
Virus titer (log IU/ml) 6.5 (6-7) 6.5 (6~7) 6.5 (6-T) 6.5 (6.1-6.9)
Viral genotype (1b/1a/others) 814/9/179 814/9/7 618/6/4 196/3/8
RBV treatment period (weeks) 48 (87-59) 48 (37-59) 48 (84.75-5) 48 (47-64.75)
RBYV reduction (no/yes/ND) 316/450/236 315/448/67 212/366/50 103/82/17
Weeks to first RBV reduction 16 (5-48) 16.5 (5-48) 12 (447 44 (12-51.75)
QOutcome of therapy (NR/TR/SVR) 154/157/283 154/156/281 125/120/202 29/36/79

ND, not determined or data unavaiiable.

Categorical variables are reported as counts, and continuous variables are reported as median and interquartile range.

Amplicor method, the high range method, or the
TagMan RT-PCR test. The measurement ranges of
these assays were 0.5-850 KIU/mi, 5-5,000 KIU/ml,
and 1.2-7.8 log IU, respectively. Samples exceeding
the measurement range were diluted with PBS and
reanalyzed. All values are reported as log IU/ml.

ISDR and Core aa Substitutions

Amino acid substitutions in the HVC core and
ISDR regions were determined by direct sequencing
of PCR products following exiraction and reverse
transeription of HCV RNA using serum samples
kept frozen at —80°C. Core amino acid substitutions
at positions 70 and 91 {(core70 and corefl, respeci-
ively}) were determined according to Akuta ef al
[2007, 2006], and the number of ISDR substitutions
was established as in Enomoto et al. [1895b, 1996].

SNP Genotyping

Each patient was genotyped for two IL28B SNPs
previously reported to be associated with therapy out-
come: 512979860 and rs8099917, and a SNP reported
to be associated with ribavirin-induced anemia:
rs1127384. Samples were genotyped using the Ilu-
mina HumanHap8l0-Guad Genotyping BeadChip,
the Invader assay, or the TagMan assay, as described

dJ. Med. Virol. DOT 10.1002/jmv

previously [Chnishi et al., 2001; Suzuki et al., 2003].
The two SNPs in the I1.28B locus are in strong link-
age disequilibrium, with a correlation coefficient of
0.99.

Statistical Analysis

The x% and Mann-Whitney U-tests were applied to
detect significant associations. Simple and multiple
regression analyses were used to examine the associ-
ation between treatment outcome and the values of
other markers, using P < 0.1 as the criterion
for inclusion in the multivariate model. All of the
statistical analyses were two sided, and P < 0.08 was
considered significant. All statistical analysis was
performed using the PASW Statistics 18 program
(SPSS, Inc., Chicago, IL).

RESULTS

Reduction of Hemoglobin Levels During
Therapy by ITPA Genotype

Decrease in hemoglobin levels during therapy was
analyzed by rs1127354 genotype (CC vs. non-CC). As
shown in Figure 1, a rapid decrease in hemoglobin
levels during the initial 4 weeks was observed in
genotype CC patients. Hemoglobin levels in genotype
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Fig. 1. Reduction of hemoglobin levels by ITPA polymorphism during peg-interferon plus ribavirin
combination therapy. A: Hemoglobin levels in patients who were treated during the course of therapy.
Patients were grouped by ITPA SNP rs1127354 genotype (CC or non-CC). Follow-up hemoglobin levels
following cessation of therapy are not shown. B: Nu.mber of patients who showed >2 g/dl of hemo-
globin, Statistical significance was assessed using the x* and Mann-Whitney U-tests. .

CC patients stabilized by week 8 and did not decrease
further. In contrast, a slow but continuous decrease
in hemoglobin level was observed in non-CC patients
until week 48 (Fig. 1A). Reduction of hemoglobin by
more than 2 g/dl was observed significantly more
frequently in CC genotype patients than in non-CC
patients (Fig. 1B). Differences between the two groups
of patients were most pronounced between weeks 2
and 8 (Fig. 1B).

Ribavirin Dose Reduction by
ITPA Genotype and Pretreatment
Hemoglobin Levels

Decrease in hemoglobin levels resulted in ribavirin
dose reduction. The freqguency of hemoglobin decrease
was higher in genotype CC patients compared with
non-CC patients (Fig. 24). Based on the assumption
that initial hemoglobin levels influence incidence
of ribavirin dose reduction, reduction fregquency was
analyzed by initial hemoglobin levels. As shown
in Figure 2B-D, reduction of ribavirin was more
freguent in genotype CC patients than non-CC
patients in all three subsets of patients but was more
prominent in patients with infermediate pretreat-
ment hemoglobin levels beiween 18.5 and 15 g/dl
(Fig. 2B-D).

Effect of ITPA Genotype and Pretreatment
Hemoglobin Levels on Patients
Reeceiving at Least 80% of Planned
Ribavirin Administration

The reduction of ribavirin dosage during therapy
resulted in reduction of the total amount of ribavirin
given to each patient. As 80% of planned ribavirin
administration appears to be a threshold associated
with treatment outcome in patients with genotype 1b
[McHutchison et al., 2002], the proportion of patients
who received more than 80% of the initially planned
dosage of ribavirin in 830 patients with genotype 1
and treated with the combination therapy (Table I)
were analyzed. As shown in Figure 3, patients with
non-CC genotypes tended to tolerate more than 80%
of the predetermined dose of ribavirin compared with
patients with CC. The difference was statistically sig-
nificant only in patients whose pretreatment hemo-
globin level was 13.5-15 g/dl, however (Fig. 3).

Factors Associated With Successful
Administration of at Least 80%
of Planned Ribavirin Dose

As it is possible that several factors including
ITPA genotype and pretreatment hemoglobin levels
are gssociated with dose reduetion of ribavirin, the

. Med. Virol. DOT 10.1002/jmv
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Ribavirin dose reduction: Kaplan-Meier estimates
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Fig. 2. Dose reduction of ribavirin in patients who were treated with combination therapy. Kaplan—
Meier curves for dose reduction grouped by ITPA SNP rs1127354 genotype (solid line: CC, dashed-line:
non-CC) among (A) all patients, (B) patients with low pretreatment hemoglobin levels (<13.5 g/dD), (C)
patients with intermediate pretreatment hemoglobin levels (13.5-15.0 g/dl), and (D) patients with high

pretreatment hemoglobin levels (>15 g/dl).

effect of these factors as well as clinical factors were
analyzed for dose reduction of ribavirin. As shown in
Table 11, univariate analysis identified ITPA SNP
rs1127354 genotype, fibrosis stage and inflammatory
activity of the liver, white blood cell count, platelet
count, hemoglobin, ALT, age, and sex as faclors asso-
ciated with more than 80% ribavirin administration.
Multivariate analysis identified age, hemoglobin, and
rs1127354 genotype as independent predictive factors.

Effect of ITPA Genotype and Pretreatment
Hemoglobin Levels on Outcoms of Therapy

As the frequency of patients receiving more than
80% of planned ribavirin administration differed by
pretreatment hemoglobin levels and ITPA genotype,
treatment cuicome might be expected to differ based
on these factors. As expected, SVR rate was signifi-
cantly higher in patients with non-CC genotypes with
hemoglobin levels 13.5-15 g/dl, where the frequency
of patients receiving 80% ribavirin administration dif-
fered most significantly betwesn genotypes CC and
non-CC (Fig. 4).
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Predictive Factors of the Combination Therapy
for SVR and NVR

Predictive factors for SVR and NVE were assessed,
including baseline clinical factors, genotype of the
recently reported IL28B SNP, and viral factors such
as the number of substitutions in the ISDR, and sub-
stitutions at core amino acid 7¢ and 91. By univariate
analysis, a number of factors were significantly associ-
ated with SVR, including IL28B SNP genotypes
(rs8092917 and rs12979860), ITPA SNP rs1127354
genotype, core70 mutation, fibrosis of the liver, white
blood cell count, platelet count, hemoglobin, ALT, fast-
ing blood sugar, viral titer, age, sex, body mass
index, and duration of the therapy (Table ITI). Multi-
variate analysis identified IL28B SNP rs8099917 gen-
otype as the strongest independent predictor for SVR
(OR 15.378, P = 3.48E—-07), followed by hemoglobin
level, FTPA SNP rs1127354 genotype, fibrosis of the
liver, age, and body mass index (Table III). Significant
independent predictive factors for NVR included
11288 SNP rs8099817 genotype fibrosis, and age
Table IV).
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