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Abstract

Background—Hepatitis C virus (HCV) infection is common among kidney transplant (KTx)
recipients. However, the impact of HCV infection on long-term graft and recipient survival after
KTx from the large-scale data remains to be determined.

Methods—We used the Organ Procurement and Transplantation Network (OPTN) database to
identify all adults undergoing KTx in 2004-2006 in the United States. A propensity score (PS)
was created to match each HCV-positive recipient with a HCV-negative control for unbiased
comparisons. Survival analysis was conducted to evaluate recipient and death-censored graft
survival.

Results—Out of 33,357 adult primary KTx recipients, 1470 (4.4%) were HCV-positive. 1,364
HCV-positive and -negative pairs were selected based on PS-matching. Based on the multivariable
regression models, HCV is associated with a higher risk of death (hazard ratio [HR]=1.50, 95%
confidence interval [95% C1=1.28-1.75) and graft failure (HR=1.26, 95% C1=1.08-1.47).
Infection was a more common cause of death in HCV-positive patients than in HCV-negative
recipients (HR=1.64, 95% CI=1.12-2.42). The incidence of death due to liver failure was 0.23%
per year among HCV-positive recipients, whereas no HCV-negative recipients died from liver
failure. Graft failure due to recurrent disease was higher in HCV-positive than in HCV-negative
recipients (HR=2.00; 95% C1=1.06-3.78).
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Conclusion—HCYV infection is associated with decreased long-term recipient and graft survival.
Future studies are needed to examine whether recently available, safe and effective antiviral
therapy improves the long-term clinical outcome in these patients.

Introduction

Hepatitis C virus (HCV), known as the most common chronic blood-borne infection in the
United States, not only causes liver related morbidity and mortality but also extrahepatic
complications, including mixed cryoglobulinemia and various glomerulopathy.! Further,
patients with chronic kidney disease (CKD) receiving maintenance hemodialysis (HD) are at
an increased risk for acquisition of HCV. According to a report based on data from 2002,
7.8% of HD patients in the US have HCV infection.2 Many of these patients eventually
undergo kidney transplantation (KTx).

HCV infection has an important impact on the outcome in KTx recipients. Calcineurin
inhibitors interrupt transcriptional pathways to activate cytokines needed for immune
activation, mostly affecting T-helper cells. As activated T-cells are the main cell types in the
immune response to HCV, the use of calcineurin inhibitors impair immune control of HCV
which is already inadequate in patients with chronic HCV infection.3 In addition,
glucocorticoid therapy may independently promote HCV replication. The end results of
immunosuppression are not only more aggressive progression of liver disease but also
recurrence or de novo occurrence of HCV-related renal lesions in KTx recipients.

Until very recently, management of patients with severe CKD and KTx recipients presented
a very difficult challenge to nephrologists and hepatologists caring for these patients. This
was mainly because interferon-alfa, the mainstay for therapy against HCV for nearly two
decades, has immune modulating effects and precipitates graft rejection in KTx recipients.
Antiviral therapy attempted prior to KTx to avoid this concern was also fraught with
difficulties because tolerability of interferon and ribavirin, the latter a necessary adjunct to
interferon. Furthermore, interferon and ribavirin combination had poor effectiveness, which
was even worse in patients receiving hemodialysis.

Large scale, epidemiological data to address the long term outcome of KTx recipients with
HCV infection are sparse.>8 Moreover, unbiased comparison between HCV-positive and -
negative patients is difficult in population-based studies, because patients with HCV
infection may be systematically different from those without HCV in terms of
socioeconomic and behavioral risk factors linked to the acquisition of their infection or
extrahepatic comorbidities (eg, diabetes) that affect the outcome of KTx. In this work, we
use data reported to the Organ Procurement and Transplantation Network (OPTN) to
determine the impact of HCV infection on long term graft and recipient survival after KT,
taking precautions to address the inherent differences between patients with and without
HCV infection.
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Materials and Methods

Study Design and Subjects

This is a retrospective cohort study in which HCV-positive KTx recipients and propensity
score-matched HCV-negative recipients are compared to each other with regard to recipient
and graft survival. The data were obtained from OPTN in the form of a Standard Transplant
Analysis and Research (STAR) file, updated as of November 2014.

All adult (> 18 years), primary KTx recipients between January 2004 and December 2006
were identified. This time frame was chosen to fulfill the goal of analyzing long term post-
KTx results with up to 10 years of follow-up prior to the introduction of the modern, “direct
acting” anti-HCV therapy. HCV infection of the recipient was defined by a positive anti-
HCV result at KTx, as HCV RNA was not recorded in the data. Subjects were excluded if
they had any previous solid organ transplantation or received multi-organ transplantation.
Patients with concomitant hepatitis B virus infection (defined by positive hepatitis B surface
antigen, HBsAg), human immunodeficiency virus (HIV) infection, or unknown serologic
status of HCV were also excluded.

Data Elements

From the STAR file, data necessary for the planned analyses were extracted. Recipient
factors included age, gender, body mass index (BMI), race/ethnicity, diabetes mellitus,
hypertension, length of time on dialysis, peak class | and 11 panel reactive antibody (PRA,
divided into <10% versus 210%), and the primary kidney disease etiology. The primary
kidney disease etiology was categorized into (a) hypertensive nephropathy, (b) diabetic
nephropathy, (c) glomerulonephropathy, (d) polycystic kidney disease, () other and (f)
unknown. Donor factors consisted of age, gender, diabetes and hypertension, as well as
living versus deceased donor. Our primary analytic plan was to include all donors in the
main analysis and to conduct a sensitivity analysis restricted to live donor KTx. Transplant
factors considered included the number of human leukocyte antigen (HLA) mismatches
(categorized into 0-1, 2-4 and 5-6) and cold ischemia time (grouped into 24 hours or less
versus longer than 24 hours). Majority of these variables had very few missing data.

Recipient and graft survival times up to 10 years from KTx were determined. Recipient
survival was defined as the interval between KTx and recipient death or last follow-up. Graft
survival was calculated by the time from KTx to graft failure or last follow-up. Causes of
death were divided into cardiovascular disease, infection, malignancy, graft failure, liver
failure, and others. Graft failure was categorized into primary graft failure, acute rejection,
chronic rejection, recurrent disease, glomerular pathology, BK virus infection, graft
thrombosis, infection, noncompliance, and others.

Statistical Analysis

Propensity score (PS) matching was performed between HCV-positive and -negative
recipients using a greedy algorithm with 8 to 1-digit match of propensity scores. The
covariates for PS matching included all of the recipient, donor and transplant variables
shown in Table 1. Differences between HCV-positive and -negative recipients in the entire

Transplantation. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Heo et al.

Results

Patients

Page 4

cohort were tested using the Student’s t-test or the Wilcoxon rank-sum test for continuous
variables and the chi-squared test for categorical variables. In the PS-matched cohort,
differences were tested using paired t-test or the Wilcoxon signed-rank test for continuous
variables and McNemar's test for categorical variables. The standardized difference between
HCV-positive and -negative subjects was calculated for continuous variables as
[Mean1 — Mean?2| [Meanl — Mean2|

SD12J2rSD22 and for binary variables as Meanl(I—Mean1)—5Mean2(1—h’[ean2) , where
Meanl and Mean2 are the means in HCV-positive and HCV-negative groups, respectively,
and SD1 and SD2 the standard deviations in HCV-positive and HCV-negative groups,
respectively. A standardized difference < 0.1 was considered negligible, ie, satisfactory
matching.

The incidence rate for death or graft failure was calculated for HCV-positive and —negative
patients using the Kaplan-Meier method. In calculating the graft failure rate, deaths
unrelated to graft failure were censored. In the PS-matched cohort, recipient and graft
survival was compared between HCV-positive and —negative patients using the Cox
regression analysis. Non-proportionality in some of the variables (eg, recipient age, recipient
length of time on dialysis and donor type for recipient survival model and donor gender for
graft survival) was corrected by considering time-dependent covariates. Recipient and graft
survival was compared using the test proposed by Klein and Moeschberger.” Finally, we
performed sensitivity analyses by repeating the multivariable Cox regression analysis for
recipient and graft survival up to 10 years, only including living donor kidney transplant
recipients.

From the OPTN database, 52,294 KTx recipients were identified for 2004-2006, of whom
33,357 primary adult recipients met the eligibility criteria. Among them, 1,470 patients
(4.4%) were HCV-positive (Figure 1). The left panel of Table 1 demonstrates that without
propensity score matching, HCV-positive recipients were characterized by higher
proportions of men and African Americans, higher prevalence of diabetes and hypertension
despite lower BMI, and longer time on dialysis, compared to recipients who were HCV-
negative. Hypertensive nephropathy, diabetic nephropathy and glomerulonephropathy were
the most common causes of primary kidney disease in both groups. Donors of HCV-positive
recipients were more likely to be male, hypertensive, and deceased than those for HCV-
negative patients. HCV-positive recipients had a higher proportion of 5 or more HLA
mismatches.

In the right panel of Table 1, PS-based matching produced 1,364 pairs of patients (Figure 1).
The matching virtually eliminated the differences in recipient, donor, and transplant
characteristics between HCV-positive and —negative recipients with standardized differences
< 0.1 with nonsignificant p values (Table 1, right panel). The score included a number of
recipient, donor and transplant-related variables (Table 1, footnote). In the matched cohort,
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383 (14%) of the donors were anti-HCV-positive, of whom 375 were implanted in HCV-
positive recipients.

Incidence and Causes of Death and Graft Failure

In the PS-matched cohort, the median follow-up was 6.3 (interquartile range, 3.0-8.0) years.
There were 666 deaths, 367 among HCV-positive and 299 among HCV-negative recipients.
The 1-, 5-, and 10-year recipient survival was 94.7%, 79.5%, and 58.2% in HCV-positive
recipients and 95.8%, 84.4%, and 66.3% in HCV-negative recipients, respectively (Figure
2A). Patient survival was significantly lower in HCV-positive recipients than HCV-negative
recipients (p<0.01). Cardiovascular disease, infection, and malignancy were the most
common causes of death (Table 2, Tables S1 and S2, SDC). Mortality due to infection was
significantly higher in HCV-positive than in HCV-negative recipients (0.85% per year versus
0.50% per year; hazard ratio [HR]=1.64; 95% confidence interval [CI], 1.12-2.42). Death
due to liver failure occurred at 0.23% per year among HCV-positive recipients, whereas
there was no death from liver failure among HCV-negative recipients.

During the follow-up, 376 HCV-positive and 333 HCV-negative recipients experienced graft
failure. The 1-, 5-, and 10-year graft survival rate was 94.4%, 76.8%, and 57.0% in HCV-
positive recipients and 94.0%, 81.1%, and 66.4% in HCV-negative recipients, respectively
(Figure 2B). The difference between the two groups did not reach statistical significance
(p=0.15). Chronic rejection, acute rejection, and primary failure were most frequently
reported causes of graft failure in both HCV-positive and negative groups (Table 2). The
incidence of graft failure due to recurrent disease was significantly higher in HCV-positive
than in HCV-negative recipients (0.38% vs. 0.19% per year, respectively; HR=2.00; 95% Cl,
1.06-3.78).

Predictors of Death and Graft Failure

In the multivariable Cox proportional hazards regression analysis summarized in Table 3,
recipient death was associated with recipient factors including age (HR=1.04; 95% CI, 1.02—
1.05) and diabetes (HR=1.34; 95% CI, 1.04-1.73), donor factors including age (HR=1.01;
95% ClI, 1.00-1.01) and deceased status (HR=1.64; 95% CI, 1.09-2.44), and a transplant
factor of 5 or 6 HLA mismatches (HR=1.50; 95% ClI, 1.11-2.02). After adjusting for these
variables, HCV was associated with a significant increase in the risk of death (HR=1.50;
95% ClI, 1.28-1.75).

In the multivariable Cox analysis predicting graft failure, HCV was found to be significantly
associated with graft failure (HR=1.26; 95% CI=1.08-1.47). Other statistically significant
factors in the model included African American race (HR=1.56; 95% CI, 1.31-1.85), donor
age (HR=1.02; 95% ClI, 1.01-1.02), deceased donor (HR=1.78; 95% Cl, 1.43-2.23), 2to 4
HLA mismatches (HR=1.87; 95% CI, 1.31-2.65), and 5 or 6 HLA mismatches (HR=1.98;
95% Cl, 1.40-2.82). In contrast, recipient age was inversely associated with risk of graft
failure (HR=0.98; 95% CI, 0.98-0.99).
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Sensitivity Analysis

When the analysis was repeated restricting the study to living donor KTx, among 14,025
primary living donor adult KTx recipients, 364 were HCV-positive (Figure S1, SDC). PS-
matching resulted in 335 pairs of HCV-positive and -negative recipients (Table S3, SDC).
Results of the recipient and graft survival analyses mirrored those of the overall results. For
example, in the multivariable proportional hazards regression analyses, HCV-positivity was
independently and significantly associated with recipient death (HR=1.90; 95% CI, 1.33-
2.74) and graft failure (HR=1.54; 95% ClI, 1.06-2.24) (Table S4, SDC).

We examined whether the inferior outcome of HCV-positive recipients was attributable to
the use of HCV-positive donor kidneys. In the PS-matched pairs, 375 (27.5%) HCV-positive
recipients and 8 (0.6%) HCV-negative recipients were given a HCV-positive organ. In
unadjusted analysis, patient and graft survival was indeed inferior in recipients with HCV+
donors (Figure S2A and S2B, SDC). Then we repeated the multivariable analysis excluding
pairs at least one of whom received a HCV-positive organ from a HCV+ donor. The hazard
ratios remained virtually unchanged (Table S5, SDC), suggesting that recipient HCV
serostatus remains an independent predictor of their outcome.

Finally, we analyzed whether the difference in liver failure mortality between HCV-positive
and —negative patients may have been exaggerated because hepatitis B patients were
excluded from the analysis. In the overall cohort, 560 patients (1.7%) were HBsAg-positive,
including 50 who were HCV-positive and 510 HCV-negative. When HBsAg-positive
patients were added back into the sample, there was only one additional death attributed to
liver failure which occurred in a HCV-patients. The incidence of liver failure deaths and
hazard ratios associated with HCV did not change (data not shown).

Discussion

In this study, HCV infection was common among KTx recipients: 4.4% of KTx recipients
were HCV-positive, highlighting the burden of HCV in KTx patients. More importantly,
when HCV-positive and —negative KTx recipients were carefully matched, HCV was
associated with significantly lower long-term recipient survival, which was attributable to
infection and liver failure. Similarly, long-term death-censored graft survival was also lower
in HCV-positive KTx recipients, in part as a result of higher incidence of recurrent disease.
These results were similar between deceased donor and live donor recipients.

While it makes intuitive sense that HCV infection would worsen the outcome of KTx,
published data have been inconsistent. Earlier studies were inconclusive because of their
small sample size and short-term follow-up.58:82 More recent papers began to incorporate
better statistical power.19-22 Most, but not all, showed that HCV infection posed a negative
impact on recipient survival,511.13-15.17.19-22 jn nart because very few directly addressed the
substantial differences in demographic and clinical characteristics between HCV-positive
and —negative patients. Given the known deleterious effects of immunosuppression on the
progression of HCV liver disease and lack of safe and effective antiviral therapy until very
lately, those recipients, if followed long enough, are expected to experience higher incidence
of liver-related morbidity and mortality.
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Data are less certain when the question is about the impact of HCV on survival of the renal
graft, apart from the decrement in recipient’s outcome related to liver disease. Majority of
studies assessing graft survival considered the recipient’s death as graft loss as well, making
the interpretation of the data tricky.10-12.14.15.17-22 There have been three studies which
considered death-censored graft survival and none of them showed significant impact of
HCV on graft survival.16:18.19 None of these studies incorporated statistical matching of
HCV-positive and -negative patients to account for the substantial differences between those
patients. Finally, Kucirka investigated the impact of donor HCV-positivity.23 They found that
the utilization of HCV-positive kidneys was associated with an increase in adverse liver
outcomes, while there was a significant reduction in the waiting time. As discussed below,
given the recent availability of effective antiviral therapy, these data will need to be updated
in the near future.

Based on propensity score-matched comparisons, we demonstrated that survival of HCV-
positive recipients is decreased significantly (multivariable hazards ratio=1.5), which is
likely driven by the progression of liver disease. Deaths from liver failure were only seen in
HCV-positive recipients — which is also consistent with the fact that the survival curves in
Figure 2 begin to separate after several years after KTx. Further, we suspect that the
significantly increased mortality from infection and malignancy may also in part be
explained by advanced liver disease, where sepsis and multi-organ failure and/or
hepatocellular carcinoma are important causes of death. It is also noteworthy that
cardiovascular mortality was increased, albeit marginally significantly, in HCV-positive KTx
recipients. HCV infection may cause systemic inflammation which has been associated with
accelerated atherosclerosis and cardiovascular morbidity and mortality.24

With regard to graft survival, while the difference between HCV-positive and -negative
patients did not reach statistical significance in the unadjusted analysis, the multivariable
Cox model incorporating other relevant predictors showed that HCV-positivity was
associated with significantly increased risk of graft failure (multivariable HR=1.26). Table 2
strongly indicates that an important driver of this difference is recurrence of the original
renal disease. There are several renal diseases associated with HCV infection, including
mixed cryoglobulinemia, membranoproliferative glomerulonephritis (MPGN), membranous
nephropathy (MN) and polyarteritis nodosa. Some of these lesions such as MPGN and MN
are known to recur in the allograft.22:26 In addition, certain de novo lesions such as renal
thrombotic microangiopathy and transplant glomerulopathy are more frequently reported in
HCV-positive recipients.27:28

Safe and highly effective anti-HCV agents are now available for patients with chronic
kidney disease, including grazoprevir/elbasvir and ombitasvir/paritaprevir/ritonavir/
dasabuvir. With these agents, there has been a significant change in the treatment of HCV-
positive patients with chronic kidney disease. While antiviral regimens are limited in
patients with severely decreased glomerular filtration rate, essentially all of them including
sofosbuvir may be used in KTx recipients with satisfactory renal function with very high
rates of cure.2%-32 |t is likely that data will accumulate soon which will demonstrate HCV-
positive KTx recipients’ survival has improved. It is less clear, however, to what extent
antiviral therapy will also improve graft survival. While clearance of HCV may halt the
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generation of immune complexes, the natural course of post-KTx glomerulopathies remains
uncertain. These data are urgently needed because it is a common policy to withhold anti-
HCV therapy in patients awaiting KTx in the hopes of shortening the waiting time with
utilization of HCV-positive organs.

We recognize some of the study’s limitations. First, HCV-positivity was defined based on
anti-HCV results, not true viremia (ie, HCV RNA-positivity). With modern anti-HCV
assays, approximately 30% of individuals with positive anti-HCV antibodies do not have
detectable HCV RNA in the serum and are considered to have spontaneously cleared the
virus. In patients on hemodialysis, however, up to 20% with virema may lack anti-HCV
antibodies.33 Thus, in this study, it is likely that some proportion of patients were
misclassified with regard to their HCV infection status. It is important to point out that
misclassification of these patients would have tended to negate the differences between
HCV-positive and -negative patients, making our observation more conservative. Second, as
with any retrospective studies, this analysis was constrained by availability, completeness
and quality of data. For example, the cause of death reported to OPTN was missing in
approximately 30% of the decedents. Moreover, cause of death may be difficult to determine
and inaccurately reported. We note, however, that these difficulties should affect both HCV-
positive and —negative patient equally. Other variables such as antiviral therapy, detailed
assessment of liver pathology (eg, liver biochemical data, cirrhosis status, and hepatocellular
carcinoma) and socioeconomic status were unavailable. Given the various differences
between HCV-positive and —negative patients, there may have been undetected confounders.
While we attempted to minimize this effect by instituting propensity score matching, some
of the potentially important data (eg, socioeconomic status) were not available in the
database.

In conclusion, after careful matching of patients, HCV infection was associated with
decreased long-term recipient and graft survival, largely as a result of HCV’s impact on the
liver and the kidney graft, respectively. When highly effective and safe therapy against HCV
is widely available, prospective, large scale studies are needed define its impact on recipient
and graft survival. Until such data become available, our data suggest that KTx recipients
with HCV infection must be urgently treated, which may prevent progression of liver disease
and potentially avert re-establishment of HCV-related glomerular disease.
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Cox propotional hazards regression analyses for recipient death and graft failure in the PS-matched cohort

Recipient death

Graft failure

HR (95% ClI) P HR (95% CI) P

Recipient factor
Anti-HCV 1.50 (1.28-1.75) | <0.01 | 1.26 (1.08-1.47) | <0.01
Age (year) 1.04 (1.02-1.05) | <0.01 | 0.98 (0.98-0.99) | <0.01
Male 1.10 (0.91-1.32) | 0.33 | 1.05(0.88-1.25) | 0.62
BMI (kg/m?) 1.00 (0.98-1.02) 0.96 1.00 (0.99-1.02) | 0.68
African American 0.93 (0.78-1.11) 0.43 1.56 (1.31-1.85) | <0.01
Diabetes mellitus 1.34 (1.04-1.73) 0.02 | 0.97(0.73-1.29) | 0.83
Hypertension 1.13(0.87-1.47) | 0.35 | 1.00(0.79-1.27) | 0.99
Length of time on dialysis (year) 1.08 (1.05-1.12) | <0.01 | 0.99 (0.97-1.02) | 0.62
Primary kidney disease

Hypertensive nephropathy 1.11(0.54-2.28) | 0.77 | 0.86 (0.49-1.53) | 0.62

Diabetic nephropathy 1.35(0.64-2.82) | 0.43 | 0.88(0.48-1.63) | 0.69

Glomerulonephritis/nephropathy | 0.88 (0.42-1.85) | 0.74 | 0.91(0.52-1.62) | 0.76

Polycystic kidney disease 0.58 (0.25-1.34) | 0.20 | 0.60(0.30-1.21) | 0.15

Others 1.16 (0.54-2.50) | 0.70 | 0.97 (0.52-1.79) | 0.91
Donor factor
Age (year) 1.01 (1.00-1.01) | <0.01 | 1.02 (1.01-1.02) | <0.01
Male 1.01(0.86-1.19) | 0.90 | 0.78 (0.60-1.01) | 0.06
Deceased donor 1.64 (1.09-2.44) | 0.02 | 1.78(1.43-2.23) | <0.01
Transplant factor
No. of HLA mismatches

0-1 ref ref

2~4 1.22 (0.90-1.65) | 021 | 1.87 (1.31-2.65) | <0.01

5-6 1.50 (1.11-2.02) | <0.01 | 1.98 (1.40-2.82) | <0.01
Cold ischemic time

<24 hours ref ref

>24 hours 0.99 (0.80-1.22) | 0.90 | 0.88(0.71-1.08) | 0.22
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