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Abstract

Older donor age is associated with lower graft and patient survival among all recipients of liver 

transplantation (LT). Among patients with hepatitis C virus (HCV), donor age is one of the 

strongest predictors of fibrosis severity and graft loss. We evaluated the implementation of a donor 

age restriction policy for LT patients with HCV at a single center and the effects that this policy 

had on wait-list (WL) and post-LT outcomes for HCV and non-HCV patients. This was a cohort 

study of 2388 WL patients and 1015 LT recipients between March 2002 and January 2013 and 

reflected 3 different eras of donor age policies. With the donor age restriction, the median donor 

age was reduced in LT recipients with HCV versus LT recipients without HCV (30 versus 48 

years, P < 0.001) without differences in the WL time (10.6 versus 8.0 months, P = 0.23). 

According to a competing risks regression, those with HCV and those without HCV had lower 

subhazard ratios (SHRs) of dropout or death on the WL during the donor age restriction era versus 

the era without donor age restriction [SHR = 0.68 (P < 0.01) and SHR = 0.64 (P = 0.01), 

respectively]. No differences were seen in early post-LT survival for patients with or without HCV 

between eras (P = 0.7 and P = 0.88, respectively). In conclusion, we show that donor age 

restriction for HCV results in a lower donor age for HCV recipients without obvious adverse WL 

consequences. Although additional studies are needed, our results demonstrate the feasibility of 

donor age restriction for LT recipients with HCV, and such information may be relevant to 

programs with limited access to new antiviral therapies for which modifying the risk of severe 

disease remains of paramount importance.
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Liver transplantation (LT) is the best treatment for complications of cirrhosis, including 

small hepatocellular carcinoma (HCC).1,2 The increasing disparity between the organ supply 

and the needs of patients is well recognized, and every year, 20% of patients either die or are 

removed from the LT waiting list.3 To increase the number of available donors, a gradual 

expansion of what were thought to be suitable criteria for deceased donors has occurred.1 

Included in this group of extended criteria donors are liver donors of advanced age. An older 

donor age has long been recognized as a factor associated with worse recipient outcomes for 

patients undergoing LT of any etiology.4 The patient with hepatitis C virus (HCV), in 

particular, has a significant risk of more rapid progression of HCV fibrosis and decreased 

patient and graft survival with an older donor.4-11 Patients with other liver diseases that 

recur after transplantation, such as autoimmune liver disease and nonalcoholic liver disease, 

may be at higher risk of progressive recurrent disease with older donors also, although this 

has not been studied.

HCV remains the most common indication for LT in the United States,1 and strategies for 

improving graft survival and minimizing recurrent HCV disease continue to evolve. A 

policy of donor age restriction for HCV patients has not been widely adopted because of 

concerns about reduced access to LT for HCV patients with consequently higher wait-list 

(WL) mortality or, conversely, concerns about an increased risk of graft loss for non-HCV 

patients receiving a high proportion of grafts from older donors. Notwithstanding these 

issues, in our transplant program, concerns about poor outcomes for HCV patients with 

older donors led to a policy of donor age restriction for HCV-positive recipients in 2009. 

This study represents a critical assessment of outcomes for both HCV and non-HCV 

recipients associated with the implementation of this policy change. The findings have 

relevance for LT programs with limited access to new antiviral therapies for HCV patients.

PATIENTS AND METHODS

Data Source and Assembly of Cohorts

Cohorts of WL patients and LT patients at the University of California San Francisco 

(UCSF) were assembled from the Organ Procurement and Transplantation Network/United 

Network for Organ Sharing database. Those in the WL cohort had an initial listing date 

between March 1, 2002 and January 25, 2013, and those in the LT cohort had an LT date 

from the same time period. Once the 2 cohorts were identified, they were divided into 3 eras 

to reflect our center-specific changes in organ allocation based on donor age. Era 1 (donor 

age unrecognized), from March 1, 2002 to December 31, 2005, represented a time during 

which the effect of donor age on HCV graft survival was unrecognized. Era 2 (no specific 

policy), from January 1, 2006 to September 30, 2009, represented a time when there was 

evidence suggesting worse graft outcomes for HCV-positive patients with an older donor 

age,4-7 but no specific organ allocation policy based on donor age was in place at our center. 

Although studies on the association between donor age and mortality were published as 

early as 2002, we chose January 1, 2006 as the starting point to allow the uptake of 

published data to enter into clinical practice. Era 3 (donor age restriction), from October 1, 

2009 to January 25, 2013, represented a period with a center-specific policy in place that 

restricted the donor age to ≤50 years for HCV-positive patients. The decision to use a donor 
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age ≤50 years as the cutoff was based on the available data at the time, including the 

recommendation by the International Liver Transplantation Society that HCV-infected 

recipients should receive grafts from donors less than 50 years old.4-12 It should be noted 

that the final decision regarding the acceptance of a graft for an individual patient remained 

at the discretion of the surgeon. Therefore, for cases in which death was thought to be 

imminent without transplantation, the donor age policy could be overruled.

For the analysis, HCV patients were compared to non-HCV patients. Individuals were 

considered to be HCV-infected if their primary or secondary listing diagnosis codes were 

related to HCV (4104, 4206, 4216, 4104, and 4106). Approximately 20% of the total HCV 

population (253 individuals who were listed and 90 individuals who underwent 

transplantation) also had significant alcohol use and were grouped in the HCV category. 

Patients included in the non-HCV group had primary listing diagnosis codes for 

alcoholrelated cirrhosis (4215), autoimmune hepatitis (4212), nonalcoholic steatohepatitis 

(4214), cryptogenic cirrhosis (4209 and 4213), hepatitis B virus (4102 and 4202), primary 

biliary cirrhosis (4220), primary sclerosing cholangitis (4240, 4241, 4242, and 4245), 

alpha-1-antitrypsin deficiency (4300), Wilson’s disease (4301), or hemochromatosis (4302). 

Patients with HCC were included in both the HCV and non-HCV groups. Patients were 

excluded if they had a living donor; were listed for retransplantation; were status 1A, 1B, or 

were <18 years old at listing. Patients were followed from their initial WL date until (1) LT, 

(2) WL death or dropout, or (3) administrative censoring on January 25, 2013.

Statistical Approach: Demographics, Primary, and Secondary Outcomes

Differences in demographic characteristics between the groups were compared with the 

Kruskal-Wallis test and the chi-square test for continuous and categorical variables, 

respectively. The primary outcome of the study was WL death or dropout among WL 

candidates. The explanatory variable of interest was the era of listing with stratification by 

HCV status. We defined an individual as dying or dropping off the WL if the removal code 

from the database indicated removal due to death (code 8) or a deteriorated medical status 

(code 13). A competing risks regression analysis, as previously defined by Fine and Gray,13 

was used, with LT (code 4) and other reasons for WL removal, including transfer to or 

transplantation at another center (codes 5, 6, 7, 9, 12, 14, 16, and 24), acting as competing 

risks. Predictors of WL death/dropout were chosen on the basis of previously documented 

associations and demographic factors, with the primary predictor being the WL era. Those 

predictors with a P value < 0.05 in the univariate analysis were evaluated for the 

multivariate model with forward and backward selection. Secondary outcomes included the 

median donor age and WL time for LT recipients by the era of transplantation and the HCV 

status. Post-LT survival was determined with the Kaplan-Meier method, and groups were 

compared with the log-rank test. Predictors of death were assessed on the basis of previously 

documented associations and patient demographics with univariate and multivariate Cox 

proportional hazards regression methods; predictors with a P value < 0.05 in the univariate 

analysis were chosen for evaluation in the multivariate model with forward and backward 

selection. Select interactions were evaluated, and tests for violations of the proportional 

hazards assumption were performed with Schoenfeld residuals. All analyses were performed 
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with Stata 12 (StataCorp, College Station, TX.) The study was reviewed and approved by 

the UCSF institutional review board (institutional review board protocol 11-08062).

RESULTS

Cohorts and Demographics

In all, 2388 WL candidates and 1015 LT recipients were identified during the study period 

(Fig. 1). The demographic characteristics of the 2 cohorts are shown in Table 1. During the 

study period, more than half of the WL patients had a diagnosis of HCV at listing; the 

median age was 56 years [interquartile range (IQR)=50-61 years], and 69.9% were male. 

The number of individuals listed with an HCC exception remained constant during the study 

period at approximately 20%. When we compared WL patients by the era of listing, we 

found that patients were more likely to be listed with HCV in era 1 versus eras 2 and 3, and 

the median Model for End-Stage Liver Disease (MELD) score at listing increased over time. 

Conversely, the median MELD score at WL removal was lower in era 3 versus eras 1 and 2.

As for individuals who underwent transplantation during the study period, the majority 

underwent transplantation for HCV-related complications; 36.0% had an HCC exception 

status. The median MELD score at LT was 31 (IQR=27-35). There were no differences seen 

in the donor risk index between the eras. Although the difference was not statistically 

significant, there appeared to be higher proportions of HCV transplant recipients who 

received grafts from HCV antibody–positive donors in the more recent eras (era 1, 3.2%; era 

2, 8.7%; era 3, 7.5%; P = 0.09). During the study period, the median donor age was higher 

for patients undergoing transplantation at UCSF versus other region 5 centers (P = 0.01); 

however, the proportion of transplants performed at UCSF versus other centers in region 5 

did not change over time (P = 0.13; Table 2).

Donor Age and WL Time by Era and HCV Status

The median donor ages of HCV and non-HCV patients in each era of listing are shown in 

Fig. 2. In era 1, before the effect of donor age on post-LT outcomes was known, there was 

no difference in the median donor ages of those with HCV and those without HCV (43 and 

44 years, P = 0.575). However, during era 2, when there was increased recognition of the 

adverse consequences of donor age on HCV outcomes, the median donor age of HCV LT 

recipients decreased significantly, and the median donor age of HCV recipients was 8 years 

less than that of their non-HCV counterparts (37 versus 45 years, P < 0.001). This effect was 

even more pronounced in the era of a formalized donor age restriction policy (era 3), with an 

18-year difference in the median donor ages of recipients with HCV and recipients without 

HCV (30 versus 48 years, P < 0.001). During era 3, there were 7 patients with HCV who 

received grafts from donors older than 50 years (range=51-60 years). We looked specifically 

at the median donor age of young transplant recipients (≤40 years at the time of LT) without 

HCV, and we found that the donor age in this group did not change significantly during the 

3 eras [era 1, 42.5 years (IQR=23-53 years); era 2, 38 years (IQR=32-42 years); era 3, 46 

years (IQR=40-51 years); P = 0.34]; this suggested that the increase in donor age occurred 

mostly in older LT recipients. A comparison of times on the WL for HCV and non-HCV 

patients by era showed that non-HCV patients had a shorter median WL time in era 2, but 
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there was no significant difference in WL times between HCV patients and non-HCV 

patients during era 3 (Fig. 3).

WL Death and Dropout by Era and HCV Status

During the study period, 658 WL patients (27.6%) were removed from the WL because of 

death or medical deterioration requiring delisting [58% of the HCV patients (n=383) and 

42% of the non-HCV patients (n=275)] after a median WL time of 10.6 months 

(IQR=3.9-25.2 months). In the univariate analysis, HCV patients listed in eras 2 and 3 had 

significantly lower subhazard ratios (SHRs) of death/dropout in comparison with patients in 

era 1 [SHR for era 2 versus era 1 as the reference = 0.78, 95% confidence interval 

(CI)=0.62-0.98, P = 0.03; SHR for era 3 versus era 1 as the reference = 0.67, 95% 

CI=0.52-0.88, P = 0.01; Table 3]. Other factors predictive of death/dropout were a higher 

MELD score at the transplant listing (SHR per unit increase in the MELD score = 1.02, 95% 

CI=1.01-1.25, P < 0.001) and the absence of an HCC exception (SHR=0.12, 95% 

CI=0.07-0.21, P < 0.001 for the presence of an HCC exception). After multivariate 

adjustments, the cumulative incidence of WL death and dropout remained lower in eras 2 

and 3 versus era 1 (SHR for era 2 versus era 1 as the reference = 0.78, 95% CI=0.62-0.98, P 

= 0.04; SHR for era 3 versus era 1 as the reference = 0.68, 95% CI=0.52-0.89, P = 0.01; Fig. 

4).

A similar analysis was performed for individuals without HCV (Table 3 and Fig. 4), and the 

results were consistent with those for the HCV patients. The multivariate analysis again 

showed that the SHRs for WL death/dropout were lower in eras 2 and 3 versus era 1 (SHR 

for era 2 versus era 1 as the reference = 0.75, 95% CI=0.58-0.98, P = 0.04; SHR for era 3 

versus era 1 as the reference = 0.64, 95% CI=0.46-0.88, P = 0.01). No differences in WL 

death/dropout were observed between individuals with HCV and individuals without HCV 

by the era of listing (non-HCV patients versus HCV patients: era 1, SHR = 1.15, 95% 

CI=0.92-1.45, P = 0.22; era 2, SHR = 1.26, 95% CI=0.96-1.66, P = 0.09; and era 3, SHR = 

1.14, 95% CI=0.81-1.61, P = 0.45).

Posttransplant Survival by Era and HCV Status

One hundred ninety-six transplant recipients (19.3%) died after LT (125 HCV patients and 

71 non-HCV patients) after a median follow-up of 36.5 months (IQR = 12.4 – 69.9 months); 

the overall 1- and 3-year post-LT survival rates were 91.6% and 83.3%, respectively. No 

differences were seen in post-LT survival by the era of listing between those with HCV and 

those without HCV (Fig. 5). According to the univariate analysis of factors associated with 

post-LT survival in the HCV cohort, female sex [hazard ratio (HR) = 1.83, 95% 

CI=1.27-2.65, P < 0.001], African American race (HR = 1.63, 95% CI=1.00-2.66, P = 

0.049), a higher donor age (HR per decade = 1.12, 95% CI=1.00-1.26, P = 0.05), an absence 

of an HCC exception at transplantation (HR for the presence of an exception = 0.66, 95% 

CI=0.45-0.98, P = 0.04), and a split liver graft (HR=2.07, 95% CI=1.08-3.95, P = 0.03) 

were statistically significant, but the era of transplantation was not (HR for era 2 with era 1 

as the reference = 0.88, 95% CI=0.58-1.32, P = 0.53; HR for era 3 with era 1 as the 

reference = 1.10, 95% CI=0.63-1.91, P = 0.75; Table 4). Even after we controlled for these 

potential confounders, the era of transplantation was not associated with post-LT survival 
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(HR for era 2 with era 1 as the reference = 0.90, 95% CI=0.60-1.37, P = 0.63; HR for era 3 

with era 1 as the reference = 1.31, 95% CI=0.73-2.32, P = 0.36; Table 4). Only female sex 

(HR=1.73, 95% CI=1.19-2.52, P = 0.01), an older donor age (HR per decade = 1.17, 95% 

CI=1.03-1.33, P = 0.01), and a split liver graft (HR=2.50, 95% CI=1.26-4.98, P = 0.01) 

remained associated with post-LT survival (Table 4). The assumption of proportional 

hazards was not violated in the final model (P = 1.00). Among the non-HCV individuals, 

only an older age at transplantation was associated with post-LT survival (HR=1.44, 95% 

CI=1.10-1.88, P = 0.01; Table 4). The proportional hazards assumption was not violated (P 

= 0.58).

DISCUSSION

HCV remains the most common indication for LT in the United States, and the proportion in 

need of LT for complications of cirrhosis is expected to increase over the next decade.14 

Graft and patient losses due to recurrent HCV disease continue to be a major issue, and 

although new anti-HCV therapies may yield substantial benefits in the future,15,16 an 

important immediate goal of management is to minimize deaths due to severe and 

progressive disease. Donor age is a potentially modifiable risk factor, and selecting younger 

donors for recipients with HCV may be an important strategy for improving posttransplant 

outcomes. We have shown that restricting the donor age to ≤50 years for WL patients with 

HCV is not associated with longer waiting times or a higher risk of WL mortality, and this 

suggests that the implementation of such a policy is feasible even in programs with long 

wait times such as ours in region 5.

We found that over the past decade, the median donor age of transplant recipients with HCV 

decreased from 43 to 30 years, and the median donor age of transplant recipients without 

HCV increased from 44 to 48 years, with the greatest shift in median donor ages occurring 

with the implementation of our donor age policy for HCV patients. With an older age 

evident for non-HCV patients, an equally important aim of the study was to examine the 

effects of this policy on post-LT outcomes for non-HCV patients. Importantly, we showed 

improved survival for the non-HCV patients during the eras, and donor age was not 

predictive of post-LT survival for non-HCV patients in our competing risks analysis; this 

lack of harm with the use of older donors for the non-HCV population has also been 

suggested by other investigators.17,18 These results are reassuring, but we acknowledge that 

the replication of these results may be center-dependent and influenced by the median age of 

the donor population. Interestingly, we noted in both HCV and non-HCV individuals that 

the risk of WL death/dropout was significantly less during the most recent eras despite the 

differences in the donor ages that we observed. We believe that this may reflect overall 

improvements over the past decade in the medical management of patients with 

decompensated liver disease and advances in therapies for bridging patients with HCC 

within the Milan criteria to transplantation.

The rationale for restricting HCV patients to younger donors is a reduction of the risk of 

severe and/or progressive HCV disease after LT. Thus, the secondary aims of the study were 

to assess post-LT survival as a surrogate for severe HCV disease. We did not see any 

significant improvements in post-LT survival in the HCV population despite the significant 
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decrease in the median donor age with our restriction policy. There are several potential 

reasons that a difference is not evident. First, the median donor age in era 1 before the donor 

age began to decrease was 43 years for HCV recipients. In a study by Lake et al.,4 the risk of 

posttransplant death increased in HCV individuals once the donor age was greater than 40 

years (41-50 years, HR=1.67, P < 0.01); however, it continued to increase as the donor age 

increased (51-60 years, HR=1.86, P < 0.01; >60 years, HR=2.21, P < 0.01). Therefore, the 

magnitude of the benefit that we would expect may be lower than what would be expected if 

the median donor age had been greater than 50 years before the donor age restriction began. 

Second, our 3-year post-LT survival rate was already high, and the limited number of post-

LT events diminished our power to detect a survival difference. Moreover, because the 

median time to the development of recurrent HCV cirrhosis is 8 to 10 years, a longer period 

of follow-up may be required before the survival benefit associated with a lower donor age 

would become apparent. Ideally, this question would be best addressed by an assessment of 

fibrosis severity in HCV patients according to the era of transplantation; however, the 

database used for this study did not contain information on post-LT histology. Finally, the 

interleukin-28B status of the recipients and donors was not known because the study began 

in 2002 before the effect of the interleukin-28B status on HCV outcomes was appreciated. 

This may also be confounding our post-LT survival analysis. Therefore, although we were 

able to demonstrate a lack of adverse outcomes while patients were on the transplant WL, 

we will be unable to conclude that a donor age restriction policy for HCV patients translates 

into improved posttransplant outcomes until a longer period of follow-up with histological 

outcomes has been assessed.

Notably, previous work has suggested that patients with cirrhosis due to a combination of 

HCV and alcohol use and patients with cirrhosis due to HCV or alcohol alone may not have 

similar clinical outcomes on the WL or during the post-LT period.19-21 As previously 

described, approximately 20% of the HCV population in this study was concurrently using 

alcohol. We, therefore, conducted sensitivity analyses that excluded those individuals and 

looked at both WL and post-LT outcomes in the HCV-alone population. We found no 

differences in the point estimates in either model (data not shown); therefore, we feel that it 

was appropriate, at least in this study, to include both HCV patients with alcohol as a 

cofactor and HCV patients without alcohol as a cofactor in the main analyses because the 

presence of HCV, regardless of the alcohol status, would have led to donor age restriction.

The results of our study will continue to be relevant even as we enter the new era of antiviral 

therapy for HCV. Although the success of the new treatment regimens is expected to 

improve the management of HCV disease after LT, with a greater proportion of patients 

attaining a sustained virological response before LT and with post-LT antiviral therapy 

having greater efficacy, the optimal antiviral strategy is still evolving, and recurrent disease 

will continue to be an issue in the years to come. For example, one strategy for improving 

access to deceased donors for patients with HCV involves the use of anti-HCV–positive 

donors. These recipients will be at risk for HCV infection after LT, and the course will be 

influenced by the donor age. Moreover, access to new drug therapies will be limited for 

some patients and in many countries, so an effort to minimize disease progression through 

donor selection is a potentially useful management strategy. Furthermore, even if the large 
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majority of HCV patients enter LT virus-free, an older donor age has been shown to be 

associated with worse graft and patient outcomes even in those without HCV; therefore, 

donor age restriction may continue to be a strategy that can be implemented in the future in 

attempt to optimize post-LT outcomes for specific high-risk populations.

There are several limitations to our study. We do not have information on several 

posttransplant factors that also could affect post-LT survival, including HCV treatment and 

treated acute rejection; therefore, we were not able to adjust for these factors in our survival 

model. Additionally, we recognize that factors other than the donor age restriction policy 

that we have not accounted for in the era effect may have been changing during the study 

period. As mentioned previously, this is likely responsible for the decreased dropout/death 

hazard seen in the more recent eras. Additionally, this is a single-center experience, so 

others must consider center-specific characteristics in applying these findings. Finally, the 

limited posttransplant follow-up is a limitation and likely contributed to our inability to 

demonstrate a post-LT survival benefit in the more recent eras in which donor age restriction 

was used. However, because of the well-established association between donor age and 

post-transplant HCV disease outcomes, the information provided by this study will be useful 

to transplant physicians in their efforts to improve posttransplant outcomes.

In conclusion, we have shown that a significant decrease in donor age can be achieved for 

LT candidates with HCV without obvious adverse WL outcomes for patients with or without 

HCV. Moreover, the modest increase in donor age seen for non-HCV patients with this 

policy did not affect post-LT survival with a median follow-up of 36.5 months. Although 

long-term follow-up is needed to capture the full benefits and potential risks of this policy, 

our results provide support for those programs that are using donor age restriction as a 

strategy to improve post-LT outcomes for their HCV patients.
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Figure 1. 
Organization of (A) patients listed for transplantation and (B) patients undergoing 

transplantation by the eras during the study period.
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Figure 2. 
Secular trends in the median donor age according to the HCV status. IQRs are shown in 

parentheses.
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Figure 3. 
Secular trends in the median WL time according to the HCV status. IQRs are shown in 

parentheses.
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Figure 4. 
Adjusted competing risks regression analysis for WL dropout or death by the era of listing 

and the HCV status: (A) HCV and (B) non-HCV. Both graphs have been adjusted for the 

MELD score at listing and the presence of an HCC exception.
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Figure 5. 
Kaplan-Meier analysis of posttransplant survival for (A) patients with HCV and (B) patients 

without HCV according to the era of transplantation.
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TABLE 1

Patient Demographics

WL Patients All Patients (n=2388) Era 1 (n=868) Era 2 (n=776) Era 3 (n=744) P Value*

HCV-positive [n (%)] 1298 (54.4) 518 (59.7) 369 (47.6) 411 (55.2) <0.001

Age at listing (years)
† 56 (50-61) 53 (48-59) 55 (50-60) 57 (52-62) <0.001

Male sex [n (%)] 1668 (69.8) 613 (70.6) 544 (70.1) 511 (68.7) 0.69

African American [n (%)] 132 (5.5) 42 (4.8) 51 (6.6) 39 (5.2) 0.28

HCC exception [n (%)] 430 (18.0) 139 (16.0) 153 (19.7) 138 (18.6) 0.13

MELD score at listing
† 14 (11-19) 14 (11-18) 14 (10-20) 15 (11-21) 0.01

MELD score at WL removal
† 27 (16-33) 28 (18-33) 28 (18-32) 25 (13-33) 0.01

Follow-up time (months)
† 11.7 (4.7-28.4) 15.9 (5.6-49.6) 12.6 (4.8-35.0) 9.2 (3.9-16.3) <0.001

Transplant Patients All Patients (n=1015) Era 1 (n=309) Era 2 (n=381) Era 3 (n=325) P Value*

HCV-positive [n (%)] 544 (53.6) 187 (60.5) 184 (48.3) 173 (53.2) 0.01

Age at transplant (years)
† 56.3 (50.6-61.4) 54.7 (49.8-59.6) 56.6 (51.0-61.8) 57.3 (52.0-62.0) 0.01

Male sex [n (%)] 734 (72.3) 220 (71.2) 277 (72.7) 237 (72.9) 0.87

African American [n (%)] 65 (6.4) 24 (7.8) 29 (7.6) 12 (3.7) 0.05

HCC exception [n (%)] 365 (36.0) 107 (34.6) 146 (38.3) 112 (34.5) 0.48

MELD score at listing
† 15 (10-24) 14 (10-23) 15 (11-23) 15 (10-26) 0.72

MELD score at transplant
† 31 (27-35) 31 (26-35) 29 (25-34) 31 (28-37) <0.001

Donor risk index
† 1.42 (1.18-1.71) 1.45 (1.19-1.76) 1.42 (1.19-1.72) 1.40 (1.18-1.66) 0.52

Follow-up time (months)
† 8.7 (2.8-18.2) 8.3 (3.7-21.5) 8.5 (3.0-18.2) 9.6 (1.8-16.1) 0.44

*
P values compare differences between eras 1, 2, and 3.

†
The data are presented as medians and IQRs.

Liver Transpl. Author manuscript; available in PMC 2016 March 22.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Flemming et al. Page 17

TABLE 2

Donor Age and Number of Transplants in Region 5 From 2002 to 2012

Donor Age (Years)* Transplants [n (%)]

Year of Transplantation UCSF Other Transplant Centers
†

UCSF Other Transplant Centers
‡

2002 41 (26-55) 36 (21-51) 105 (12.5) 734 (87.5)

2003 43 (24-53) 39 (23-50) 127 (15.1) 715 (84.9)

2004 41 (28-55) 38 (23-50) 124 (14.1) 755 (85.9)

2005 44 (26-56) 37 (23-49) 160 (16.9) 786 (83.1)

2006 40 (24-53) 38 (23-50) 149 (15.8) 794 (84.2)

2007 40 (24-53) 41 (25-51) 127 (13.5) 814 (86.5)

2008 41 (27-51) 42 (25-52) 147 (16.1) 767 (83.9)

2009 39 (24-53) 41 (26-51) 153 (17.7) 713 (82.3)

2010 40 (25-51) 39 (26-51) 139 (15.1) 781 (84.9)

2011 41 (24-51) 40 (25-53) 151 (16.0) 793 (84.0)

2012 36 (23-51) 42 (27-53) 114 (15.1) 642 (84.9)

*
The data are presented as medians and IQRs.

†
P=0.01 for comparisons between UCSF and other region 5 centers.

‡
P=0.13 for comparisons between UCSF and other region 5 centers.
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TABLE 3

Competing Risks Regression Analysis for WL Dropout/Death by HCV Status

Univariate Model Multivariate Model

Variable SHR (95% CI) P Value SHR (95% CI) P Value

HCV patients (n=1298)

 WL era

  1. Donor age unrecognized Reference — Reference —

  2. No specific policy 0.78 (0.62-0.98) 0.003 0.78 (0.62-0.98) 0.036

  3. Donor age restriction 0.67 (0.52-0.88) 0.033 0.68 (0.52-0.89) 0.006

 Age at listing (per 5-year increase) 0.97 (0.91-1.05) 0.486 —

 Female sex (versus male sex) 1.01 (0.81-1.25) 0.936 —

 Listing MELD score (per unit increase) 1.02 (1.01-1.03) 0.001 1.01 (0.99-1.02) 0.091

 HCC exception (yes versus no) 0.12 (0.07-0.21) <0.001 0.12 (0.07-0.22) <0.001

 African American race 1.02 (0.69-1.50) 0.914 —

Non-HCV patients (n=1090)

 WL era

  1. Donor age unrecognized Reference — Reference —

  2. No specific policy 0.71 (0.54-0.92) 0.009 0.75 (0.58-0.98) 0.039

  3. Donor age restriction 0.64 (0.46-0.87) 0.005 0.64 (0.46-0.88) 0.007

 Age at listing (per 5-year increase) 1.05 (0.99-1.11) 0.08 —

 Female sex (versus male sex) 1.07 (0.83-1.37) 0.602 —

 Listing MELD score (per unit increase) 1.02 (1.01-1.03) 0.001 1.01 (0.99-1.02) 0.317

 HCC exception (yes versus no) 0.08 (0.03-0.19) <0.001 0.08 (0.03-0.21) <0.001

 African American race 1.42 (0.79-2.55) 0.246 —
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TABLE 4

Recipient and Donor Factors Associated With Post-LT Survival by HCV Status

Univariate Model Multivariate Model

Variable HR (95% CI) P Value HR (95% CI) P Value

HCV patients (n=544)

 WL era

  1. Donor age unrecognized Reference — Reference —

  2. No specific policy 0.88 (0.58-1.32) 0.53 0.90 (0.60-1.37) 0.63

  3. Donor age restriction 1.10 (0.63-1.91) 0.75 1.31 (0.73-2.32) 0.36

 Age at transplant (per 10 years) 1.16 (0.90-1.50) 0.25 —

 Female sex (versus male sex) 1.83 (1.27-2.65) <0.001 1.73 (1.19-2.52) 0.01

 African American race 1.63 (1.00-2.66) 0.049 1.43 (0.87-2.35) 0.16

 HCC exception at LT 0.66 (0.45-0.98) 0.04 0.72 (0.49-1.07) 0.10

 MELD score at transplant (per 5 units) 1.06 (0.99-1.14) 0.10 —

 Donor age (per 10 years) 1.12 (1.00-1.26) 0.05 1.17 (1.03-1.33) 0.01

 Donor height (cm) 0.99 (0.97-1.00) 0.17 —

 Cold ischemia time (per hour) 0.96 (0.77-1.19) 0.68 —

 Donation after cardiac death 1.27 (0.56-2.89) 0.57 —

 Donor race: African American 0.86 (0.43-1.69) 0.66 —

 Split liver graft 2.07 (1.08-3.95) 0.03 2.50 (1.26-4.98) 0.01

Non-HCV patients (n=471)

 WL era

  1. Donor age unrecognized Reference — Reference —

  2. No specific policy 0.87 (0.51-1.48) 0.61 0.87 (0.52-1.48) 0.62

  3. Donor age restriction 1.03 (0.49-2.19) 0.94 1.01 (0.47-2.13) 0.99

 Age at transplant (per 10 years) 1.44 (1.10-1.89) 0.01 1.44 (1.10-1.88) 0.01

 Female sex (versus male sex) 1.23 (0.76-2.01) 0.39 —

 African American race 0.82 (0.20-3.32) 0.78 —

 HCC exception at LT 1.30 (0.81-2.08) 0.27 —

 MELD score at transplant (per 5 units) 1.01 (0.92-1.11) 0.86 —

 Donor age (per 10 years) 0.90 (0.78-1.02) 0.11 —

 Donor height (cm) 1.01 (0.99-1.03) 0.31 —

 Cold ischemia time (per hour) 0.75 (0.48-1.17) 0.20 —

 Donation after cardiac death 1.53 (0.38-6.26) 0.55 —

 Donor race: African American 1.27 (0.63-2.56) 0.50 —

 Split liver graft 0.91 (0.33-2.49) 0.85 —
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