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Abstract

BACKGROUND

Hepatitis C virus (HCV) infection is a documented risk factor for chronic kidney
disease (CKD) and progression to end-stage renal disease (ESRD). However, to
date there are no reports on the long-term hard endpoints (ESRD and death) of
anti-HCV therapy [interferon-based therapy (IBT) or new direct-acting antivirals]
in CKD patients. Direct-acting antivirals are not available in Taiwan’s single-
payer national health insurance database currently released for research.
Therefore, we hypothesized that a retrospective analysis of the long-term
outcomes of IBT in CKD patients will serve as a proxy for direct-acting antivirals
to increase our understanding of progression to ESRD following HCV infection.

AIM
To evaluate the long-term outcomes (ESRD and death) of anti-HCV therapy,
especially IBT, in HCV-infected patients with stage 1-5 CKD.

METHODS
We analyzed 93894 Taiwanese adults diagnosed with CKD and without HBV
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infection. Of these, 4.9% were infected with HCV. Of the 4582 HCV-infected CKD
patients, 482 (10.5%) received IBT (treated cohort). They were matched 1:4 with
1928 untreated HCV-infected CKD patients (untreated cohort) by propensity
scores and year, which further matched 1:2 by propensity scores with 3856 CKD
patients without HCV infection (uninfected cohort). All participants were
followed until the occurrence of ESRD, death, or the end of 2012. The association
between HCV infection, IBT use, and risks of ESRD and death was analyzed
using competing risk analysis.

RESULTS

Taking the uninfected cohort as a reference, the adjusted hazard ratios for ESRD,
after adjusting for competing mortality, were 0.34 (0.14-0.84, P = 0.019) and 1.28
(1.03-1.60, P = 0.029) in the treated and untreated cohorts, respectively. The
treated cohort had a 29% (0.54-0.92, P = 0.011) decrease in mortality compared to
the untreated cohort, in which the mortality was 31% (1.18-1.45, P < 0.001) higher
than in the uninfected cohort. The reduced risks of ESRD (0.14, 0.03-0.58, P =
0.007) and death (0.57, 0.41-0.79, P = 0.001) were greatest in HCV-infected CKD
patients who received at least 4 mo of IBT, which accounted for 74% of the
treated cohort.

CONCLUSION
Adequate anti-HCV therapy in CKD patients improves long-term renal and
patient survival.

Key words: Hepatitis C virus; Chronic kidney disease; End-stage renal disease; Anti-
hepatitis C virus therapy; Cohort study

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This large nationwide retrospective cohort study used propensity score-matched
and competing risk analyses to evaluate the long-term hard endpoints of hepatitis C virus
(HCV) infection and anti-HCV therapy, especially interferon-based therapy, in chronic
kidney disease patients. We found that untreated HCV infection in chronic kidney
disease was associated with increased risks of end-stage renal disease and mortality. On
the contrary, adequate anti-HCV therapy in chronic kidney disease patients improves
long-term renal and patient survival.

Citation: Chen YC, Li CY, Tsai SJ, Chen YC. Anti-hepatitis C virus therapy in chronic kidney
disease patients improves long-term renal and patient survivals. World J Clin Cases 2019;
7(11): 1270-1281

URL: https://www.wjgnet.com/2307-8960/full/v7/i11/1270.htm

DOI: https://dx.doi.org/10.12998/wjcc.v7.i11.1270

INTRODUCTION

Hepatitis C virus (HCV) infection and chronic kidney disease (CKD) are recognized
public health concerns with global implications that affect 3%!"! and 10%!",
respectively, of people worldwide. Furthermore, the two remain economic threats due
to their high morbidity and mortality”’. HCV mainly targets the liver but can also
induce at least one extrahepatic manifestation in 40% of the infected patients,
including renal injury, insulin resistance (IR), accelerated atherosclerosis, and
cardiovascular event risk’l. Accumulating evidence has implicated HCV infection as
an important cause and consequence of CKDI'"l. HCV is an initiating factor for CKD
in the general population®*, regardless of the presence of conventional risk factors for
CKD, including aging, diabetes, and hypertension. It is also a progression factor of
CKD to end-stage renal disease (ESRD) in the general population®”, CKD population
of any etiology!"l, and patients with diabetes!"'! and glomerulonephritis'?. The
immunosuppression caused by CKD!"", especially stages 3-5!'""*""], also makes CKD
patients more vulnerable to the cytopathic effects of the HCV infection!! and to HCV
infection with high viremic potential!*'*'’l, independent of a history of blood
transfusions!”®'"l. This further decreases renal!'"'® and patient survivals!'’l. In the past
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decades, interferon-based therapy (IBT) was shown to be beneficial for eradicating
HCV in some populations!'”*l. However, there are no large-scale studies that
document the long-term outcomes (renal and patient survivals) of HCV therapy in
patients with CKD stages 1-5.

Although direct-acting antivirals (DAAs), the new paradigm of HCV therapy, are
effective in eradicating HCV and are well tolerated in the general population, their
short-term efficacy and tolerability seem promising but not representative to all
patients with advanced CKD, as shown in a recent meta-analysis®! that was small-
sized and only included 16.3% Asian individuals among the 264 patients. Moreover,
their long-term outcomes and safety in CKD patients have not been elucidated. The
exorbitant costs of DAAs remain the biggest barrier to their universal adoption in
developed countries?l. In Taiwan, DAAs could be reimbursed by single-payer
national health insurance (NHI) for a minority of HCV-infected patients since 2018
and for all those since 2019. However, DAAs were not available for research in the
Taiwan’s National Health Insurance Research Database (NHIRD), which was just
released for academic research in 2016. The significant risk of drug-drug inter-
actions?”*?’! is another concern in CKD patients mostly suffering from multiple
comorbidities.

Even though IBT is less well-tolerated in patients with kidney disease, it has a low
dropout rate (0.18)1, it is easy to access for studies in the NHIRD, it could be offered
with much less chance of sustained virological response (SVR) but at a lesser cost*’),
and it has been widely used for decades with excellent therapeutic responses in Asian
countries where the favorable interleukin-28B is prevalent!®’l. Given the reported
higher percentage of viremia in HCV-infected CKD patients!'*'*'?) and the clinical
benefits that are derived from HCV eradication, we hypothesized that treating HCV
infection in CKD patients might improve long-term hard endpoints. In order to fill
this knowledge gap and in light of the easy access to IBT in the NHIRD, we analyzed
data between 1997 and 2012 to examine the long-term impact of treating HCV
infection with IBT on renal and survival outcomes among CKD patients.

MATERIALS AND METHODS

Data source

This retrospective nationwide cohort study used data from Taiwan’s NHIRD. The
NHIRD has been prospectively recording comprehensive nationwide healthcare data
of all beneficiaries since 1995, the year when the Taiwan NHI was implemented. The
NHIRD adopts ICD-9 codes and drug codes to define diseases and drugs and was
released by the National Health Research Institute for academic research after all
personal information was de-identified. Thus, no informed consent was required and
this study was exempt from a full ethical review by the institutional review board of
the Dalin Tzu Chi Hospital (B10302011). Because of the single-payer and compulsory
policy, the NHI program reached coverage of more than 99% by the end of 2012. The
details of the NHIRD have been described in our previous workP#-#-,

Study (CKD) population

We enrolled CKD patients who had a diagnosis of > 1 inpatient or > 2 outpatient CKD
ICD-9 codes (250.4%, 274.1*%, 283.11, 403.%1, 404.*2, 404.*3, 440.1, 442.1, 447.3, 572.4, 580-
588, 642.1%, 646.2*)5%*?1 between January 1, 1997 and December 31, 2012. We excluded
CKD patients < 18 years, those who had claim-based diagnoses of HBV (ICD-9 codes
070.22, 070.23, 070.32, 070.33, V02.61) during this period, or those who developed
ESRD (indicating the need for long-term renal replacement therapy) before the
identification of CKD. A total of 93894 CKD adults without HBV infection were
eligible for analysis (Figure 1). However, the exact stage of CKD cannot be assessed
from the NHIRD.

Study cohorts

Eligible CKD enrollees were grouped into three cohorts according to a claim-based
diagnosis of HCV infection (ICD-9 codes 070.41, 070.44, 070.51, 070.54, V02.62)"*"! and
the use of IBT (namely, interferon alpha, pegylated interferon alpha-2a, or pegylated
interferon alpha-2b alone or in combination with ribavirin)!"*?!l. There were 4582
(4.9%) CKD patients who were infected with HCV. Of the 4582 HCV-infected CKD
patients, 482 (10.5%) were treated with IBT during this period (treated cohort) and the
date of IBT initiation was considered the index date of the treated cohort. There were
no treated HCV-infected CKD patients receiving ribavirin. Each treated patient was
matched with four untreated patients who never received IBT throughout the study
period by propensity score (to avoid confounding by indication bias) and during the
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106231 patients with a diagnosis of CKD between January 1, 1997 and December 31, 2012

Exclude 12337 patients because of:
Diagnosis of hepatitis B virus infection (7 = 5123)
> Age < 18 years (7 = 4529)
Diagnosis of end-stage renal disease before CKD (» = 2681)
Data miss (7 = 4)

93894 CKD patients without hepatitis B virus ‘

' !

482 HCV-infected CKD 4100 HCV-infected CKD 89132 CKD
patients ever treated with patients never treated with patients without
IBT after CKD IBT HCV infection
Matched with the Matched with the
untreated cohort (1:4) uninfected cohort (1:2)
> | by means of <7 | by means of -
propensity score and propensity score
same year
482 patients 1928 patients in the 3856 patients in
in the treated untreated cohort the uninfected

Figure 1 Flow diagram of the enrollment process. CKD: Chronic kidney disease; HCV: Hepatitis C virus; IBT:
Interferon-based therapy.

same year of the index date (to avoid immortal time bias)™*. The propensity score
was estimated by the logistic regression built on age, sex, and comorbidity. The
propensity score model was reliable (Hosmer-Lemeshow test P > 0.05) and provided
fair discrimination between the treated and untreated cohorts (c-index > 0.6)1" every
year. Next, each untreated patient was propensity score-matched with two uninfected
patients who never coded for HCV infection throughout the study period. The index
dates of the untreated and uninfected cohorts were their corresponding matched
dates. The propensity score model was reliable (Hosmer-Lemeshow test P = 0.999)
and provided fair discrimination between the untreated and uninfected cohorts (c-
index, 0.686). A total of 482 CKD patients were in the treated cohort, 1928 patients
were in the untreated cohort, and 3856 patients were in the uninfected cohort for the
final analysis.

Definition of hard endpoints

Follow-up started in the treated cohort after IBT was initiated, and in the untreated
and uninfected cohorts after their matched dates. All patients were followed until
ESRD occurrence, death, or December 31, 2012, whichever came first. Death before
reaching ESRD was considered a competing risk event””! in estimating the incidence
of ESRD. In Taiwan, ESRD is a statutory major disease, and patients who develop
ESRD and require long-term dialysis are issued a catastrophic illness certificate that is
validated by at least two experienced nephrologists after a rigorous review of the
clinical data. This grants exemption from copayment for healthcare. Thus, the
diagnostic accuracy of ESRD is reliable. In the present study, all ESRD cases were
identified from the Registry of Catastrophic Illness Patient Database, a part of the
NHIRD.

Covariate assessment

We included the enrollee category [1 (highest status) to 4 (lowest status)] as a proxy
for socioeconomic status and major comorbidity, including diabetes (ICD-9 code 250),
hypertension (ICD-9 codes 401-405), coronary heart disease (ICD-9 codes 410-414),
hyperlipidemia (ICD-9 codes 272-272.4), and cirrhosis (ICD-9 codes 571.2, 571.5,
571.6), which were associated with ESRD. Additional confounding factors used in
administrative medical databases included the number of medical visits and the
Charlson comorbidity index (CCI) scorel®*’l. Angiotensin-converting-enzyme
inhibitor/angiotensin II receptor blocker (ACEI/ ARB) was also identified because it is
used as a mainstream drug against CKD progression and because of the strong
correlations with ESRD and mortality?l. Usage was defined as having used the drug
for over 5% of the follow-up period.

Statistical analysis
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The statistical methods of this study were reviewed by our coauthor Chung-Yi Li. The
modified Kaplan-Meier method and Gray’s methodl””! were used to calculate and
compare the cumulative incidence of ESRD in data with competing risk. After
confirming the assumption of proportional hazards (Supplementary Figure 1), we
applied the modified Cox proportional hazard model to evaluate the relationship
between IBT and the ESRD risk after adjusting all covariates (age per year, sex, major
comorbidity, the use of ACEI/ARB, enrollee category, number of medical visits, and
CCI score) and competing mortality. A sensitivity analysis was performed to evaluate
the individual risk of ESRD and death between the treated and untreated cohorts as
well as between the untreated and uninfected cohorts. Two stratified analyses were
performed to investigate the individual impact of IBT and lack of IBT on the ESRD
risk according to age, sex, comorbidity, and the use of ACEI/ARB. The impact of IBT
duration, classified as < 4 mo versus = 4 mo®!, on the ESRD risk was also examined.
Data were managed with SAS (version 9.4; SAS Institute, Inc., Cary, NC, United
States), SPSS (version 20.0; IBM Corp., New York, NY, United States), and Stata
software, version 12 (StataCorp, College Station, TX, United States). A 2-sided P-value
less than 0.05 was considered significant.

RESULTS

Baseline characteristics of the propensity score-matched CKD patients

Table 1 summarizes the baseline profiles of the three study cohorts. The distribution
by age, sex, comorbidity, and use of ACEI/ARB, except for enrollee category, CCI
score, and the number of medical visits, was balanced among the three cohorts.

Cumulative incidences of ESRD and death in the three study cohorts

During the total mean follow-up of 6.0 + 4.4 years, 327 patients (5.2%) developed
ESRD, with 5 (1.0%), 134 (7.0%), and 188 (4.9%) in the treated, untreated, and
uninfected cohorts, respectively (P < 0.0001), and 1570 patients (25.1%) died, with 61
(12.7%), 648 (33.6%), and 861 (22.3%) in the treated, untreated, and uninfected cohorts,
respectively (P < 0.0001) (Table 2). The 16-year cumulative incidence of ESRD was
significantly higher in the untreated cohort [11.7%, 95% confidence interval (CI): 8.0%-
16.1%] as compared to the treated (2.4%, 95%CI: 0.9%-5.2%) and uninfected cohorts
(8.2%, 95%CI: 6.2%-10.5%), respectively (P = 0.0032). The 16-year cumulative
incidence of death was significantly higher in the untreated cohort (568.0%, 95%CI:
51.5%-63.9%) as compared to the treated (41.4%, 95%CI: 8.1%-54.1%) and uninfected
cohorts (37.8%, 95%Cl: 34.4%-41.3%), respectively (P < 0.0001).

IBT in association with ESRD risk after multivariate and competing mortality

adjustment

Taking the uninfected cohort as a reference, the adjusted hazard ratios for ESRD were
1.28 (1.03-1.60, P = 0.029) and 0.34 (0.14-0.84, P = 0.019) in the untreated and treated
cohorts, respectively (Table 3). In addition, diabetes (3.06, 2.37-3.95, P < 0.001),
hypertension (3.51, 2.57-4.79, P < 0.001), and enrollee category 4 (1.4, 1.03-1.92, P =
0.03) were also associated with an increased risk of ESRD. Advanced aging (0.99, 0.98-
0.99, P = 0.006), cirrhosis (0.61, 0.44-0.84, P = 0.003), and CCI score (0.93, 0.89-0.98, P =
0.008) were associated with a lower risk of ESRD.

Sensitivity analysis

We compared individual ESRD and death risks between the treated versus untreated
cohorts as well as between the untreated versus uninfected cohorts (Table 4). The
treated cohort had 29% (0.54-0.92, P = 0.011) and 72% (0.11-0.71, P = 0.007) decreases
in death and ESRD, respectively, as compared with the untreated cohort, which had
31% (1.18-1.45, P < 0.001) and 28% (1.03-1.1, P = 0.028) increases in death and ESRD,
respectively, as compared with the uninfected cohort.

Impact of IBT duration on the risk of ESRD

Of those in the treated cohort, 356 (74%) participants received 4 or more mo of IBT
(Table 5). These individuals had 86% (0.03-0.58, P = 0.007) and 43% (0.41-0.79, P =
0.001) decreases in ESRD and mortality, respectively.

Stratified analyses according to patient subgroups

The associations between treatment and risk reduction of ESRD were consistent across
most strata, except for patients without hypertension (Supplementary Figure 2A). The
associations between lack of treatment and risk increment of ESRD were consistent
across all strata (Supplementary Figure 2B).
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Table 1 Baseline characteristics of the three study cohorts, 1997-2012, n = 6266

Propensity score-matched CKD patients

Variables

Treated(n = 482) Untreated(n = 1928) Uninfected(n = 3856) P value
Sex 0.38
Men 253 (52.5) 979 (50.8) 2032 (52.7)
Women 229 (47.5) 949 (49.2) 1824 (47.3)
Agein yr 58.5+10.5 585+13.7 58.4+14.1 0.96
Interferon-based therapy duration in yr 05+0.8 - -
Comorbidity
Diabetes 228 (47.3) 878 (45.5) 1727 (44.8) 0.55
Hypertension 290 (60.2) 1150 (59.6) 2315 (60.0) 0.95
Coronary heart disease 182 (37.8) 746 (38.7) 1519 (39.4) 0.73
Hyperlipidemia 239 (49.6) 961 (49.8) 1938 (50.3) 0.93
Cirrhosis 120 (24.9) 446 (23.1) 892 (23.1) 0.68
ACEI/ ARB use 14 (2.9) 37 (1.9) 66 (1.7) 0.19
Enrollee category <0.0001
1 152 (31.5) 546 (28.3) 1332 (34.5)
2 10 (2.1) 30 (1.6) 61 (1.6)
3 255 (52.9) 968 (50.2) 1622 (42.1)
4 65 (13.5) 384 (19.9) 841 (21.8)
Number of medical visits 38.6 +£25.6 34.4+26.7 30.0 £25.0 <0.0001
Charlson comorbidity index score 42+27 35+£2.6 32+£27 <0.0001

Data are presented as 1 (%).

For comparison among three cohorts. Categorical variables given as number (percentage); continuous variable, as mean + SD. CKD: Chronic kidney
disease; ACEI/ ARB: Angiotensin converting enzyme inhibitor/angiotensin receptor blocker.
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DISCUSSION

The present study is the first large national cohort to investigate the long-term effects
of treating HCV infection in patients with CKD stages 1-5 of any etiology on hard
endpoints after taking propensity score matching and competing risk analysis into
consideration. Our most encouraging finding is a significant 66% decrease and a 28%
increase in the ESRD risk in treated and untreated HCV-infected CKD patients,
respectively, compared with uninfected CKD patients, during a total mean follow-up
of six years. Of note, a greater risk reduction of ESRD and death occurred in those
receiving = 4 mo of IBT, and these risks were not attenuated when IBT was
incomplete, and its duration was shorter than 4 mo. In addition to improved renal
survival, the treated cohort had a significant 29% decrease in mortality compared with
the untreated cohort.

Our results have three clinical implications. First, our results support the practice of
routine HCV testing in all CKD patients for early detection and treatment”! to
ameliorate CKD progression and mortality regardless of the severity of the kidney
disease. Second, our results fill the knowledge gap in the long-term impact of HCV
therapy in CKD patients and serve as a reference to accelerate the study of long-term
outcomes and safety of DAAs in CKD patients, given the better tolerance and efficacy
of DAAs in CKD patients. Third, the renal benefits from eliminating HCV after
adequate IBT suggest the pathogenic role of HCV in renal injuries.

The goal of anti-HCV treatment is to achieve SVR by viral clearance*!. Anti-HCV
treatment with IBT, particularly the successful attainment of SVR**’], has been shown
to improve renal®**! and non-renal******"l prognosis in the general population!**"
and patients with cirrhosis™, diabetes”, and glomerulonephritis®*l. Three studies that
examined the association between SVR based on IBT and renal and survival benefits
have been documented in patients with cirrhosis and glomerulonephritis. A hospital-
based retrospective study!® of 650 cirrhotic Japanese patients showed that failure to
achieve SVR was a predictor of CKD during a mean follow-up of 6.5 yr. Recently, a
multicenter prospective study™! of 1323 cirrhotic French patients showed that the
success to achieve SVR decreased the overall mortality in a median follow-up of 4.8
yr. A meta-analysis®®! involving 11 short follow-up small-scale clinical trials (one
controlled and ten uncontrolled) of 225 patients with HCV-infected glomerulone-
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Table 2 Outcomes between treated, untreated, and uninfected cohorts, n = 6266

Treated cohort (n = 482) Untreated cohort (n = 1928) Uninfected cohort (n = 3856) P value

End-stage renal disease
Events number (%)
Competing mortality (%)
Cumulative incidence (%)
Overall mortality

Events number (%)

Cumulative incidence (%)

5 (1.0) 134 (7.0) 188 (4.9) <0.0001
58 (12.0) 573 (29.7) 775 (20.1) <0.0001
2.4 (95%CI: 0.9-5.2) 11.7 (95%CI: 8.0-16.1) 8.2 (95%CI: 6.2-10.5) 0.0032

61 (12.7) 648 (33.6) 861 (22.3) <0.0001
41.4 (95%CI: 8.1-54.1) 58.0 (95%CI: 51.5-63.9) 37.8 (95%CI: 34.4-41.3) <0.0001

phritis indicated that IBT alleviated greater proteinuria when SVR was achieved and
stabilized serum creatinine (both were used as soft renal endpoints). Regrettably, the
impact on hard endpoints of ESRD and patient survival remained unknown.

The present study, despite its retrospective design, is the first large-scale analysis
with a long follow-up to address the hard endpoints in HCV-treated CKD patients.
Although a randomized placebo-controlled trial is the ideal design to appraise the
effectiveness of an intervention, it seems impractical because of the greater expense,
longer observation time, and violation of research ethics while performing
randomization to placebo™!. Despite the paucity of SVR to directly measure the
therapeutic response, four Taiwanese retrospective interventional cohorts that
enrolled individuals from the general population**! and diabetic™ patients used the
NHIRD to address the amelioration of CKD"!, ESRD*"*?], overall mortality®”, and
non-renal™**! complications conferred by IBT.

The efficacy of IBT appears convincing: In the treated cohort, IBT generally
achieved an eradication rate of over 70% in Taiwan due to the prevalent and favorable
genetic variation in interleukin-28B***!l. Another hospital-based American
retrospective analysis!*’! of 159 HCV-infected patients treated with IBT indicated that a
history of IBT was a significant negative predictor of CKD. Similarly to the
aforementioned studies, our results demonstrated renal and survival benefits in HCV-
infected patients with CKD stages 1-5 who received IBT. In agreement with one
American retrospective study!* of 1603 untreated HCV-infected patients with CKD
stages 3-5 during a mean follow-up of 3.8 yr, our results also found a 28% increase in
the ESRD risk in untreated compared with uninfected CKD patients. We further
demonstrated that treated compared with untreated CKD patients had significant
72% and 29% decreases in ESRD and mortality risks, respectively. Of note, the treated
cohort receiving IBT for > 4 mo experienced greater clinical benefits, but the risk of
ESRD and mortality failed to decline if the duration of IBT was shorter than 4 mo, a
result comparable with a prior Taiwanese study!™.

However, the impact of the degree of HCV viremia on the risk of progression to
ESRD in CKD patients remains uncertain, although prior research'*! found a higher
percentage of viremia in CKD patients with positive anti-HCV antibodies. Three
studies examined the association between the degree of viremia and worsening renal
outcomes in the general population**"! and HIV/HCV-coinfected patients*’l. A
prospective cohort of 8235 HIV/HCV-coinfected patients demonstrated that patients
with HCV-RNA titers over 615 IU/mL were at an increased risk for CKD during
36123 person-years of follow-up!’. A community-based prospective cohort* of 19984
Taiwanese individuals, with over 15 years of follow-up, revealed that HCV-RNA
levels increased the risk of ESRD in a dose-dependent manner, with the highest risk in
patients with HCV-RNA over 167000 IU/mL. A hospital-based retrospective
analysis!*”! that compared 552 HCV-infected American patients with matched controls
indicated that a high baseline HCV-RNA viral load (> 700000 cps/mL) was a
significant positive predictor for CKD at 74 mo.

Taken collectively, published evidence supports the clinical benefits of IBT,
suggesting that eliminating the virus underlie this association. Given the higher
prevalence of HCV infection®’! and the higher potential of viremia in CKD
patients!*'*'°l, the renal and survival benefits from HCV therapy in CKD patients
seem promising. Further research is warranted to clarify how the influence of viremia
and SVR correlate with clinical outcomes in CKD patients.

The exact mechanisms through which HCV therapy improves clinical outcomes
have not been fully elucidated, but based on the existing clinical evidence they are
most likely mediated by viral clearance***!l. HCV can trigger local and systemic
oxidative stress and promote IR, endothelial dysfunction, and accelerated
atherosclerosis, all of which contribute to renal injury and mortality”l. The su-
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Table 3 Crude and adjusted hazard ratios for end-stage renal disease

Crude Adjusted!
Variable

HR  95%CI Pvalue HR  95%Cl P value
CKD patients
Uninfected 1.00  Reference 1.00  Reference
Treated 031  0.13-0.77 0.011 034  0.14-0.84 0.019
Untreated 1.25  1.00-1.56 0.046 1.28  1.03-1.60 0.029
Sex, men/women 111 0.89-1.38 0.35 123 0.99-1.55 0.07
Age, per year 1.01  1.00-1.01 0.15 0.99  0.98-0.99 0.006
Comorbidity, yes/no
Diabetes 287 228361 <0.001 3.06 2.37-3.95 <0.001
Hypertension 3.08 2.37-4.01 <0.001 351  2.57-4.79 <0.001
Coronary heart disease 128  1.02-1.59 0.031 092  0.72-1.16 0.46
Hyperlipidemia 129  1.04-1.60 0.023 085  0.68-1.07 0.16
Cirrhosis 0.62  0.46-0.83 0.001 0.61  0.44-0.84 0.003
ACEI/ARB, yes/no 1.38  0.65-2.92 0.40 096  0.46-2.04 0.92
Enrollee category
1 1.00  Reference 1.00  Reference
2 0.68  0.21-2.14) 0.50 056  0.17-1.80 0.33
3 126  0.97-1.64 0.08 124 0.95-1.63 0.11
4 147  1.09-1.99 0.012 140  1.03-1.92 0.03
Number of medical visits 1.00  1.00-1.01 0.36 1.00  0.99-1.00 0.41
Charlson comorbidity index score 1.01  00.98-1.04 0.46 0.93  0.89-0.98 0.008

! Adjusted for all covariates (age per year, sex, comorbidity, ACEI/ ARB, enrollee category, number of medical
visits, and Charlson comorbidity index score) and competing mortality. CKD: Chronic kidney disease;
ACEI/ ARB: Angiotensin converting enzyme inhibitor/angiotensin receptor blocker; CI: Confidence interval.

ppression of HCV replication by IBT seems to alleviate these injuries. Treating HCV
infection by either IBT or DAAs in CKD patients is challenging. The former is cheaper
and universal but not tolerated as well, and this might account for 10.5% of the 4582
HCV-infected CKD patients in the present study. The latter is well tolerated but very
costly, which limits patient access and has a significant risk of drug-drug
interactions”*! with concomitant polypharmacy in CKD patients that have multiple
comorbidities. DAAs can be used in patients with kidney disease depending on their
hepatic metabolism, but this does not guarantee the lack of adverse renal effects in
cirrhotic patients, who are at a high risk of renal pharmacokinetic changes”. Another
growing concern is the reactivation of hepatitis B*!l, which is also a risk factor for
CKD progression”?l. Further cost-effectiveness analyses comparing the costs of IBT
with DAAs in HCV-infected CKD patients are warranted in the future.

In line with a Taiwanese study by Wu et al* that examined the use of IBT in a large
diabetic cohort, the 16-year cumulative incidence of ESRD was greater in our
untreated CKD cohort, followed by the uninfected and treated CKD cohorts.
However, the 16-year cumulative incidence of ESRD was strikingly lower in the
treated than in the uninfected CKD cohorts. This might be because the sample size
was smaller in the treated than in the uninfected CKD cohorts. In accordance with the
aforementioned study!””, the 16-year cumulative mortality was higher in our
untreated CKD cohort, followed by the treated and uninfected CKD cohorts.
Compared with the uninfected CKD cohort, our treated CKD cohort still had a higher
cumulative mortality, which may be attributable to their higher CCI scores.
Furthermore, we found that CKD patients with HCV who underwent HCV treatment
had lower risk of ESRD compared to the risk in CKD patients without HCV infection.
Wu et al* similarly observed that diabetic patients with HCV who underwent HCV
treatment had a lower risk of ESRD compared to the risk in diabetic patients without
HCYV infection. The efficacy of anti-HCV therapy in alleviating IR, which has been
convincingly demonstrated in previous research!®”), may account for the
abovementioned finding. IR is a prevalent feature in CKD!! and diabetes*’l. The
clinical impacts of IR include endothelial dysfunction and initiation and progression
of CKDMI. This is why IR may be a therapeutic target in the attempt to improve
clinical outcomes of CKD!*l and diabetic vascular complications!*’l. The mechanism
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Table 4 Sensitivity analysis of adjusted hazard ratios for end-stage renal disease and death

between the untreated and uninfected chronic kidney disease patients as well as between the
treated and untreated chronic kidney disease patients

Adjusted HR for ESRD' Adjusted HR for death?

HR  95%Cl Pvalue HR 95%Cl P value

Propensity score-matched CKD patients

Uninfected cohort (1 = 3856) 1.00  Reference 1.00 Reference
Untreated HCV-infected cohort (n =1928) 1.28  1.03-1.61 0.028 1.31 1.18-1.45 <0.001
Propensity score-matched CKD patients

Untreated HCV-infected cohort (n =1928) 1.00 Reference 1.00 Reference

Treated HCV-infected cohort (n = 482) 0.28 0.11-0.71 0.007 0.71  0.54-0.92 0.011

! Adjusted for all covariates (age per year, sex, comorbidity, ACEI/ ARB, enrollee category, number of medical
visits, and Charlson comorbidity index score) and competing mortality;

2Adjusted for all covariates (age per year, sex, comorbidity, ACEI/ ARB, enrollee category, number of medical
visits, and Charlson comorbidity index score). CKD: Chronic kidney disease; CI: Confidence interval;
ACEI/ARB: Angiotensin converting enzyme inhibitor/angiotensin receptor blocker; ESRD: End-stage renal
disease; HCV: Hepatitis C virus.

through which antiviral therapy ameliorates IR was most likely mediated via viral
clearance, instead of direct pharmacological effects of IBT*?.. Conjeevaram et al!*’!
reported that successful viral eradication was central to sustain the beneficial effects in
IR. We believe that our finding should result from viral elimination in the treated
patients, although this study could not directly measure SVR because of the absence
of laboratory information in the NHIRD. Future research is warranted to better
understand the pathological mechanism underlying this association. Our results after
competing risk analysis showed that aging was associated with a lower risk of ESRD,
a result consistent with prior research’®*? showing that younger rather than older age
predicted ESRD.

In addition to the universal coverage of a nationwide population to reduce
selection bias, the study has several methodological strengths. First, maximum
cardinality matching of treated and untreated patients was performed according to
the propensity score to optimize comparability®], which is an effective method of
pseudorandomization when the effects of treatment and interventions are compared.
Second, to avoid immortal time bias, we used the same year of IBT prescription time
distribution . Third, taking competing mortality into consideration to avoid
overestimating the results in the untreated cohort”! is another merit. Fourth, the well-
known renoprotective ACEI/ARB was also included in the final analysis. On the
whole, despite its retrospective nature, the present study provides the most
persuasive data to date in addressing the long-term renal and survival benefits of
treating HCV infection in CKD patients.

Some limitations of our study should be mentioned. First, the adverse reactions and
actual compliance related to IBT were not assessed in the NHIRD. However, 74% of
the treated CKD patients in our study used IBT for more than 4 mo. Excessive
prescription of IBT is impossible under the strict regulations in Taiwan's NHI. Second,
due to the lack of laboratory data in the NHIRD, the association between the HCV
genotype, viral load, SVR, CKD stages (severity), and survival failed to be clarified.
Third, lifestyle and family history were not available in the NHIRD either. Fourth,
some patients who spontaneously cleared the virus were enrolled as untreated cohort.
Nonetheless, this might lead to the underestimation of the adverse events in the
untreated cohort™. Finally, caution is advised before applying our results to the West
because of higher antiviral efficacy of IBT in Taiwan than in most Western coun-
tries!”.

In conclusion, this nationwide cohort study shows that treating HCV infection with
IBT in CKD patients is associated with improved long-term renal and patient
survivals. Further large-scale research on the long-term clinical outcomes of DAAs in
CKD patients seems to deserve attention.
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Table 5 The effect of the duration of interferon-based therapy for hepatitis C virus infection on the risk of end-stage renal disease and

death
. ESRD events  Adjusted HR! Death events  Adjusted HR?
IBT duration (%) (95%Cl) P value (%) (95%Cl) Pvalue
Propensity No (n =1928) 134 (7.0) 1.00 (reference) 648 (33.6) 1.00 (reference)
;{Cg\iﬁg‘;‘i <4mo(n=126) 3(24) 0.79 (0.24-2.63) 070 23 (18.3) 1.18 (0.78-1.81)  0.44
CKD patients (1 24mo (1 =356) 2 (0.6) 0.14 (0.03-0.58)  0.007 38 (10.7) 0.57 (0.41-0.79)  0.001

= 2410)

Adjusted for all covariates (age per year, sex, comorbidity, ACEI/ ARB, enrollee category, number of medical visits, and Charlson comorbidity index
score) and competing mortality; 2Adjusted for all covariates (age per year, sex, comorbidity, ACEI/ ARB, enrollee category, number of medical visits, and
Charlson comorbidity index score). CKD: Chronic kidney disease; CI: Confidence interval; ACEI/ARB: Angiotensin converting enzyme
inhibitor/angiotensin receptor blocker; ESRD: End-stage renal disease; HCV: Hepatitis C virus.

ARTICLE HIGHLIGHTS

Research background
It is unknown whether adequate hepatitis C virus (HCV) treatment [interferon-based therapy
(IBT) or new direct-acting antivirals (DAAs)] improves long-term renal and patient survivals in
chronic kidney disease (CKD) patients with HCV infection. Yet, there is a significant value to
explore this critical issue.

Research motivation

There is a significant and increasing burden of CKD, end-stage renal disease (ESRD), and HCV
infection in Taiwan and worldwide. Taiwan provides an ideal setting for studying this
relationship because it has a high prevalence of these three conditions. Because information on
DAAs was not available in Taiwan'’s single-payer national health insurance database currently
released for research, we performed a retrospective analysis of IBT, in CKD patients with HCV
infection to increase our understanding of their long-term outcomes following HCV infection
and HCV treatment.

Research objectives
To evaluate the long-term outcomes (ESRD and death) of HCV treatment, especially IBT, in
HCV-infected patients with stage 1-5 CKD.

Research methods

By analyzing the Taiwan Longitudinal Health Insurance Database 2005, the authors used
propensity score-matched and competing risk analyses to evaluate the long-term effect of HCV
infection with and without IBT on the risks of ESRD and death in CKD patients. All participants
were followed until the occurrence of ESRD, death, or the end of 2012.

Research results

Taking the uninfected cohort as a reference, the adjusted hazard ratios for ESRD, after adjusting
for competing mortality, were 0.34 (0.14-0.84, P = 0.019) and 1.28 (1.03-1.60, P = 0.029) in the
treated and untreated cohorts, respectively. The treated cohort had a 29% (0.54-0.92, P = 0.011)
decrease in mortality compared to the untreated cohort, in which the mortality was 31% (1.18-
1.45, P < 0.001) higher than in the uninfected cohort. The reduced risks of ESRD (0.14, 0.03-0.58,
P =0.007) and death (0.57, 0.41-0.79, P = 0.001) were greatest in HCV-infected CKD patients who
received at least 4 mo of IBT, which accounted for 74% of the treated cohort.

Research conclusions

To the best of our knowledge, this is the first study to investigate the long-term renal and patient
outcomes in CKD patients with HCV infection and HCV treatment. Adequate HCV treatment in
CKD patients improves long-term renal and patient survivals.

Research perspectives
Future prospective study is warranted to confirm our findings with new DAAs and better
understand the pathological mechanism underlying this association.
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