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Abstract

BACKGROUND—Studies of lung transplantation in the setting of donors or recipients with 

hepatitis C virus (HCV) have been limited but have raised concerns about outcomes associated 

with this infection.

METHODS—Lung transplant cases in the United Network for Organ Sharing (UNOS) database 

from 1994 to 2011 were analyzed for the HCV status of both donor and recipient. First, among 

HCV-negative recipients, those who received a lung from an HCV-positive donor (HCV+ D) were 

compared with those who received an HCV-negative lung (HCV− D). Donor, recipient and 

operative characteristics as well as outcomes were compared between groups, and overall survival 

was compared after adjustment for confounders. In a second analysis, HCV-positive recipients 

(HCV+ R) were compared with HCV-negative recipients (HCV− R). The analysis was stratified by 

era (1994 to 1999 and 2000 to 2011) and long-term survival was compared.

RESULTS—Of 16,604 HCV-negative patients in the UNOS database, 28 (0.2%) received a lung 

from an HCV+ D, with use of HCV+ D decreasing significantly over time. Overall survival (OS) 

was shorter in the HCV+ D group (median survival: 1.3 vs 5.1 years; p ¼ 0.002). Results were 

confirmed in adjusted analyses. After inclusion criteria were met, 289 (1.7%) of the lung 

transplant recipients were HCV+ R. These patients appeared similar to their HCV− R counterparts, 

except they were older and had more limited functional status. OS was significantly lower in 

HCV-positive individuals during the early era (median survival: 1.7 vs 4.5 years; p = 0.004), but 

not the recent era (median survival: 4.4 vs 5.4 years; p = 0.100). Again, results were confirmed by 

adjusted analysis.

CONCLUSIONS—HCV-positive status is a rare problem when considering both lung recipients 

and donors. Current data demonstrate significantly worse outcomes for HCV-negative patients 
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receiving an HCV+ lung; however, since 2000, HCV+ recipients undergoing lung transplantation 

appear to have survival approximating that of HCV− recipients, an improvement from previous 

years. Recent medical advances in treatment for HCV may further improve outcomes in these 

groups.
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Lung transplantation has become widely accepted for end-stage lung disease1,2 and has 

demonstrated both survival and quality-of-life benefits in severe pulmonary dysfunction.3–5 

Use of lung transplantation is limited by a restricted supply of donors, with >400 patients 

removed from the waitlist each year due to death or progressive disease.6

Chronic viral infection, such as hepatitis B virus, hepatitis C virus (HCV), Epstein–Barr 

virus or cytomegalovirus, have been associated with complications after transplant, 

potentially due to more active viral disease secondary to immunosuppression.7,8 With an 

estimated prevalence of 1.8% in the USA,9 HCV-positive patients comprise a substantial 

number of potential lung transplant donors and recipients.10 Survey data have estimated that 

one third of lung transplant programs would not consider an HCV-seropositive recipient for 

transplant, whereas 45% would not consider a lung from an HCV-seropositive donor.10,11 

With new, more effective therapies to cure HCV infection, such as sofosbuvir and 

simeprevir, both recently approved by the United States Food and Drug Administration, the 

outcomes of lung transplantation in the setting of HCV may be changing.12

Given potential changes in the HCV population and lack of data to guide difficult clinical 

decisions around lung transplantation in the setting of HCV seropositivity, we compared 

cases of lung transplantation with HCV+ and HCV− donors. In addition, we compared cases 

with HCV+ and HCV− recipients. With this analysis, we aimed to: (1) establish patterns of 

use for lung transplantation in the setting of HCV seropositivity; (2) provide clinicians with 

an understanding of the independent risk of using lung transplantation in the setting of HCV; 

(3) establish bench-mark outcomes in this population to set institutional and patient 

expectations; and (4) create a starting point and robust resource for future research in this 

area given the potential for improved outcomes with more effective treatments for HCV.

Methods

UNOS database

UNOS has maintained the Standard Transplant Analysis and Research files of waitlisted 

transplant candidates, recipients and donors in the USA since 1987.13 UNOS assures data 

quality through trained data abstracters and managers, quality checks and on-site auditing, 

and these prospective data are used to provide risk-adjusted performance measures.14

Study population

Using the UNOS database, all lung transplant cases from 1987 through 2011 were identified, 

with cases of pediatric and multiple-organ transplantation excluded. Cases with missing 
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HCV donor or recipient status were also excluded, after which only cases from 1994 to 2011 

remained. Two data sets were created for analysis. The first, designed to analyze cases by 

HCV donor status, classified cases as HCV+ D or HCV− D. For the second analysis, cases 

were classified by recipient status (HCV+ R vs HCV− R). HCV status was based on 

serology, as UNOS did not provide data on viral load or state of infection. Demographic, 

comorbidity, procedural and outcomes data on both recipients and donors were collected. In 

addition, rare cases of HCV+ donor lungs transplanted into HCV+ recipients (n = 7) were 

excluded from the main analyses but included in a sub-analysis comparing HCV+ R, HCV+ 

D and the 7 HCV+ R/D cases.

Outcomes

The primary outcome was overall survival, defined as time from transplantation. Secondary 

outcomes included post-operative complications: airway dehiscence; dialysis; infection; 

stroke; or re-operation. We also examined 1- and 5-year survival, as well as cause of death. 

Due to significant improvements in the treatment of HCV since 2000, survival analysis was 

stratified into 2 temporal groups: 1994 to 1999 and 2000 to 2011.

Statistical methods

The Cochran–Armitage trend test was used to evaluate significant changes in utilization 

rates over time. A descriptive analysis examining institutional use of HCV cases was also 

performed. In both the analysis by HCV donor status and HCV recipient status, baseline 

donor and recipient characteristics, procedural details and clinical outcomes were 

summarized with frequency counts and percentages for categorical data and median and 

interquartile range (IQR) for continuous data. Comparisons were made using Pearson’s chi-

square test and Fisher’s exact test for categorical data, and analysis of variance (ANOVA) 

for continuous data. Overall survival was assessed using Kaplan–Meier methods and the 

log-rank test.

To account for confounders (era and recipient medical condition at time of transplant) 

among patients undergoing lung transplantation from an HCV+ D vs HCV− D, we used Cox 

proportional hazards models. As a sensitivity analysis, a propensity score analysis with 3:1 

matching was used after eliminating centers not performing a single HCV+ D transplant. In 

the analysis of HCV+ vs HCV− recipients, overall survival was compared using Kaplan–

Meier survival curves and confirmed with Cox proportional hazards models to account for 

possible confounders, including donor diabetes, donor smoking history, recipient age, 

primary diagnosis, body mass index, functional status, cytomegalovirus mismatch, 

transplant era, transplant center volume and use of BOLT. p < 0.05 was considered 

statistically significant. Analyses were performed using R version 3.0.2 (R Foundation for 

Statistical Computing, Vienna, Austria).

Results

Of 16,604 transplant recipients without HCV, 28 recipients (0.2%) were transplanted with 

lungs from an HCV+ D. This use decreased significantly over time, from 0.73% during 1994 

to 1996 to 0.06% from 2000 to 2011 (p < 0.001 for temporal trend in annual rate). HCV+ D 
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had higher rates of tobacco abuse (64.3% vs 20.0%; p < 0.001) and trended toward older age 

(median: 36 vs 30 years; p = 0.072), but were otherwise similar. Recipients from the HCV+ 

D group were more likely to be on life support, in the hospital or in the intensive care unit 

(Table 1).

Unadjusted analysis revealed minimal differences in short-term outcomes; however, overall 

survival was dramatically lower in the HCV+ D group (median survival: 1.3 vs 5.1 years; p 

= 0.002; Figure 1A). Adjusted Cox models reinforced the significantly higher mortality 

among HCV+ D patients (hazard ratio [HR] 1.66; 95% confidence interval [CI] 1.10 to 2.49; 

p = 0.015). Decreased overall survival in the HCV+ D group remained after propensity 

matching (median survival: 1.3 vs 4.8 years; p = 0.026; Figure 1B). When examining cause 

of death, the HCV+ D group had higher rates of hepatitis infection (8.3% vs 0.1%, p < 

0.001; Table 2). The type of hepatitis infection was not defined in the database.

In the analysis based on recipient HCV status, 16,672 lung transplants from HCV-negative 

donors were available, and 1.7% of these recipients (n = 289) were HCV+. There were no 

significant changes in use of lung transplant in HCV+ R over time, going from 1.2% of all 

lung transplant cases from 1994 to 1996 to 1.4% from 2009 to 2011 (p = 0.794 for temporal 

trend in annual rate). Donor characteristics appeared similar between the groups (Table 3), 

but HCV+ R subjects were younger, more often black, and more likely to have independent 

functional status.

In the unadjusted analysis, most short-term post-operative outcomes were similar (Table 4). 

In the pre-2000 period, survival was significantly worse in the HCV+ R group (median 

survival: 1.3 vs 4.5 years; p = 0.004). 2000 to 2011, however, survival between groups was 

similar (median survival: 4.4 vs 5.4 years, p = 0.100; Figure 2). In stratified, multivariable 

adjusted Cox proportional hazards models, recipients who were HCV+ before 2000 had 

significantly worse mortality (HR 2.5; 95% CI 1.2 to 5.2; p = 0.01), whereas the hazard for 

mortality for HCV+ R after 2000 was similar to their HCV− R counterparts (HR 1.2; 95% CI 

0.97 to 1.4; p = 0.09). In the overall model, there was a significant interaction between 

HCV+ status and study period, indicating a significant change in the association of HCV 

status with survival from the pre-2000 to post-2000 period (p = 0.02). Compared with the 

post-2000 cohort, the pre-2000 point estimates for graft failure (20% vs 15%; p = 0.57) and 

infection rates (34% vs 30%; p = 0.73) were mildly increased in HCV+ R; however, no 

statistically significant differences were found within this limited sample size.

Cases of HCV+ recipients with HCV+ donor lungs were extremely rare, representing <0.1% 

of cases (n = 7). Six of these were performed before 2003. After eliminating cases after 2003 

to generate a less biased comparison, cases of HCV+ R (with HCV D; n = 103), HCV+ D 

(with HCV− R; n = 25) and HCV+ R/D (n = 6) were relatively similar in donor and recipient 

characteristics. Median waitlist days were considerably shorter for both HCV+ D (141 days) 

and HCV+ R/D (176 days) compared with HCV+ R with HCV− D (310 days; p < 0.001). 

One- and 5-year survival were not statistically different among cases of HCV+ R (71% and 

34%), HCV+ D (60% and 23%) and HCV+ R/D (67% and 17%; p = 0.41), although the 

small sample size made significance difficult to achieve.
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When examining institutional use of HCV+ D lungs, we found that 21% (n = 19) of lung 

transplant centers had used HCV+ D, compared with 71% of centers (n = 65) who had 

transplanted into HCV+ R. Since 2005, only 6% of centers (n = 4) have used HCV+ D.

Discussion

Lung transplant specialists are in the difficult position of weighing the needs of a 

challenging patient population and availability of a valuable but limited resource. The use of 

lung transplantation in HCV infection is rare, and this study we have described the trends in 

utilization, the patient population involved, and outcomes that can be expected. Use of 

HCV+ D in lung transplantation has decreased significantly, with only 3 cases recorded 

since 2005, whereas cases in HCV+ R have remained stable, near 1.7%. The dramatically 

worse outcomes after lung transplantation from HCV+ D, with median survival of 1.3 vs 5.1 

years, could not be accounted for after adjusting for confounders. Alternatively, use of lung 

transplantation in HCV+ vs HCV− recipients did not demonstrate significant differences in 

overall survival since 2000, an improvement from earlier study periods. Given 

improvements in diagnostic and therapeutic options for HCV, this issue may need to be re-

addressed when the population-level benefits of newer drugs, such as sofosbuvir and 

simeprevir, have been realized.12

Studies of renal transplantation have indicated higher rates of graft failure and mortality in 

HCV+ R, due potentially to increased complications of the HCV infection and 

immunosuppression.15,16 More limited studies in cardiac transplantation have identified 

evidence of worse outcomes in HCV+ candidates, although the largest adjusted analysis did 

not reach statistical significance.8,17 Nonetheless, experts have been hesitant to recommend 

HCV+ candidates for transplantation.18 Data on transplantation with HCV+ D are even more 

limited. Although the use of HCV+ kidneys has been restricted to HCV+ R, the use of HCV+ 

organs for other types of non-liver transplantation is less clear.18

Current guidelines allow for consideration of lung transplantation in candidates with HCV 

infection where the infection is stable on therapy and no evidence of cirrhosis and portal 

hypertension exist.1 A small case series demonstrated promising results in lung transplant 

candidates treated with aggressive pre-transplant anti-viral therapy.19 With the recent 

advances in anti-viral HCV therapy,9 it is not surprising that HCV seropositivity was not 

associated with worse long-term outcomes after lung transplant in multiple post-2000 

cohorts.11,20

Our results in the HCV+ vs HCV-recipient comparison confirms previous findings from the 

UNOS database during the period 2000 to 2007.11 That report indicated a stable rate for 

HCV+ R in lung transplantation. Our current study adds 4 years of more recent data and 

examines temporal trends going back to 1994, demonstrating stable use throughout this 

period. We have also provided an analysis of the interaction between HCV status and study 

period that showed significant improvement in outcomes for HCV+ recipients from the 

pre-2000 to post-2000 period. Survey data indicated that two thirds of transplant centers are 

willing to transplant a lung into a HCV-seropositive recipient; however, <20% indicated a 

willingness to transplant in HCV viremic patients.11 These data also show that HCV RNA 
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testing became routine practice 10 to 15 years ago. The advent of reliable HCV RNA testing 

to identify and exclude potential viremic recipients may explain the improved outcomes in 

HCV+ recipients since 2000. With no significant differences in cause of death among HCV+ 

recipients from the pre- to post-2000 periods, this theory remains speculative based solely 

on a temporal association.

In contrast to the highly controlled and deliberate setting of recipient work-up for lung 

transplantation, the urgent and time-sensitive nature of lung transplant donor evaluation 

makes HCV RNA testing more problematic. Although selective testing for donor HCV RNA 

levels is performed,21 there are few data to guide clinicians on the use of HCV+ lungs,18 

with the limited data reflecting poor outcomes for recipients of these organs.22 Lack of data 

in this area and the lack of routine assessment for active donor HCV infection may explain 2 

of the primary findings of our HCV+ D analysis, namely: (1) the significant decrease in the 

use of HCV-seropositive donor lungs; and (2) the worse outcomes among patients receiving 

HCV+ lungs. With only 3 reported cases of transplantation using HCV+ lungs since 2005, it 

appears that transplant teams have all but stopped using this source of donation.

The outcomes among patients receiving HCV+ lungs supports this decreased use, with 

median survival of 1.3 years compared with 5.1 years after HCV− lungs. Our analysis 

indicates that recipients of HCV+ lungs were sicker at the time of transplant. However, even 

after adjustment for these factors through 2 methods, differences in survival between these 

groups remain striking. The increased time to transplant in patients receiving HCV− lungs, a 

difference that was exaggerated in the propensity-matched analysis, may represent the 

increased wait time associated with waiting for a HCV− lung. Despite longer wait times, 

recipients of HCV− lungs had improved overall survival compared with those receiving 

HCV+ lungs. Although the cohort was limited by sample size and pre-2003 data, making 

strong conclusions impossible, unadjusted comparison of HCV+ R with HCV− D to HCV+ R 

with HCV+ D demonstrated similar overall survival. With survey data suggesting that >60% 

of centers accepting HCV+ D restrict their use to HCV+ R,10 this strategy may deserve 

further examination as a method to expand limited donor availability.

Due to the severely limited cohort of lung transplant cases with HCV+ D, we were unable to 

analyze changes in outcomes over time. The improvements seen in the HCV+ R of lung 

transplantation may also be present in recipients of HCV+ D; however, significant decreases 

in use of HCV+ D over time did not permit this analysis. Results indicating increased 

infectious hepatitis and possibly increased liver failure as the cause of death suggest that 

HCV+ D status may have played a role in these worse outcomes, although the type of 

hepatitis infection leading to death could not be evaluated in our analysis. These results may 

justify decreased use of HCV+ D over time. Although survey data from 1999 suggest that 

55% of centers were willing to consider the use of HCV+ D,10 the actual use of this resource 

has been much more limited, with only 6% of centers using HCV+ D since 2005.

With improved treatment for HCV, which may lead to cure rates of >90%, a significant 

improvement from current interferon-β cure rate of 50%,9,12 HCV seropositivity may be less 

indicative of viremia in both HCV+ R and D populations, allowing for increased use of lung 

transplantation in these cases. With significant cost barriers to widespread use of these 
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improved therapies, we must await the population-level impact of these new regimens 

before reassessing use of HCV+ lung donation.

Our study has several limitations to consider when interpreting the results, due to its 

observational nature and limited sample of HCV+ D cases. Unmeasured confounders could 

not be adjusted for and may have biased our results, although the UNOS database provides 

an extensive set of variables. Cases in which HCV+ lungs were not used and the transplant 

candidate subsequently died before surgery would have been excluded, potentially favoring 

HCV− D; however, by excluding patients from centers where no HCV+ lungs were 

transplanted, we assured that centers were willing to transplant HCV+ lungs. Data on the 

number of patients denied access to the waitlist due to HCV status could not be addressed, 

and the number of HCV+ D lungs rejected due to HCV status is unavailable.

The present results demonstrate that lung transplantations from HCV+ D have significantly 

worse outcomes compared to those with HCV− D, suggesting that decreased use of HCV+ 

lungs may be the appropriate response. On the other hand, outcomes among HCV+ R since 

2000 have approximated those of their HCV− counterparts after lung transplantation, an 

improvement over HCV+ R before 2000. Although these results support the use of lung 

transplantation in HCV+ R and call for extreme caution when using transplant lungs from 

HCV+ D, these questions will need to be revisited after the widespread implementation of 

new HCV therapies that hold potential to dramatically decrease the prevalence of active 

HCV infection.
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Figure 1. 
(A) Unadjusted Kaplan-Meier survival curve after lung transplantation by donor HCV 

status. Overall survival was significantly shorter in cases of lung transplantation from HCV+ 

donors by the log-rank test (p = 0.002). (B) Kaplan-Meier survival curve after lung 

transplantation by donor HCV status in the propensity-matched cohort. Overall survival was 

significantly shorter in cases of lung transplantation from HCV+ donors after propensity 

matching according to log-rank test (p = 0.026).
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Figure 2. 
Unadjusted Kaplan–Meier survival curve after lung transplantation by recipient HCV status. 

Overall survival was similar in HCV+ vs HCV− recipients after 2000 by log-rank test (p = 

0.100); however, HCV+ recipients had significantly decreased overall survival compared 

with HCV− recipients before 2000 according to log-rank test (p = 0.004).
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Table 1

Recipient Characteristics and Procedural Details by Donor HCV Status

Overall HCV+ donor HCV− donor p-value

N 16,604 28 (0.2%) 16,576 (99.8%)

Recipient characteristics

 Age, years (IQR) 56 (45 to 61) 52 (38 to 61) 56 (45 to 61) 0.236

 Male 9,108 (54.9%) 16 (57.1%) 9,092 (54.9%) 0.957

 Ethnicity 0.881

  White 14,341 (86.4%) 26 (92.9%) 14,315 (86.4%)

  Black 1,251 (7.5%) 2 (7.1%) 1,249 (7.5%)

  Asian 736 (4.4%) 0 (0%) 736 (4.4%)

  Other/missing 276 (1.7%) 0 (0%) 276 (1.7%)

 BMI, kg/m2 (IQR) 24.2 (20.6 to 27.8) 24 (20 to 27) 24 (21 to 28) 0.507

 Primary diagnosis 0.284

  Obstructive 7,610 (45.8%) 11 (39.3%) 7,599 (45.8%)

  Restrictive 5,979 (36%) 9 (32.1%) 5,970 (36%)

  CF/immunodeficiency 2,269 (13.7%) 5 (17.9%) 2,264 (13.7%)

  Pulmonary vascular 746 (4.5%) 3 (10.7%) 743 (4.5%)

 Diabetes 2,081 (13.1%) 2 (7.4%) 2,079 (13.1%) 0.569

 ADL requiring assistance 10,867 (69.9%) 17 (81%) 10,850 (69.9%) 0.345

 Lung allocation score (IQR) 38.9 (34.3 to 47.9) 45 (40 to 49) 39 (34 to 48) 0.939

 Pre-operative oxygen requirement, liters (IQR) 2 (2 to 3) 3 (2 to 4) 2 (2 to 3) 0.158

 6-minute walk test <150 feet 957 (11%) 4 (16.7%) 953 (11%) 0.330

Operative characteristics

 Type of lung transplant 0.345

  Bilateral sequential 9,087 (54.7%) 12 (42.9%) 9,075 (54.7%)

  Single left 3,898 (23.5%) 7 (25%) 3,891 (23.5%)

  Single right 3,619 (21.8%) 9 (32.1%) 3,610 (21.8%)

 HLA mismatch ≥5 8,215 (58.5%) 8,195 (58.5%) 20 (76.9%) 0.088

 Life support at transplantation 920 (5.5%) 5 (17.9%) 915 (5.5%) 0.018

 Medical condition before transplant 0.041

  Not hospitalized 14,778 (89%) 21 (75%) 14,757 (89%)

  Hospitalized not in ICU 1,004 (6%) 4 (14.3%) 1,000 (6%)

  In ICU 822 (5%) 3 (10.7%) 819 (4.9%)

 Waitlist days (IQR) 161 (46 to 441) 133 (36 to 213) 162 (46 to 441) <0.001

 Ischemic time, hours (IQR) 4.7 (3.6 to 5.8) 4 (3 to 6) 5 (4 to 6) 0.993

 Center volume, total cases over study period (IQR) 524 (312 to 695) 655 (474 to 686) 524 (312 to 695) 0.328

 Transplant period <0.001

  1994 to 1990 3,889 (23.4%) 20 (71.4%) 3,869 (23.3%)

  2000 to 2011 12,715 (76.6%) 8 (28.6%) 12,707 (76.7%)

ADL, activities of daily living; BMI, body mass index; CF, XXXXXXXXXX; HCV, hepatitis C virus; HLA, human leukocyte antigen; ICU, 
intensive care unit; IQR, interquartile range.
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Table 2

Outcomes After Lung Transplant by Donor HCV Status

Overall HCV+ donor HCV− donor p-value

N 16,604 28 (0.2%) 16,576 (99.8%)

Post-operative airway dehiscence 212 (1.3%) 0 (0%) 212 (1.3%) 0.999

Post-operative dialysis 889 (5.4%) 2 (7.1%) 887 (5.4%) 0.663

Post-operative infection requiring antibiotics 4,315 (44%) 13 (48.1%) 4,302 (44%) 0.812

Post-operative stroke 366 (2.2%) 1 (3.7%) 365 (2.2%) 0.458

Any other post-operative reoperation 1,793 (18.3%) 2 (7.4%) 1,791 (18.3%) 0.210

Long-term survival

 1-year survival, % (95% CI) 81.2% (80.6–81.8%) 60.7% (45.1–81.8%) 81.2% (80.6–81.8%)

 5-year survival, % (95% CI) 50.6% (49.7–51.5%) 20.8% (10.0–43.4%) 50.6% (49.8–51.5%)

 Median survival, years (95% CI) 5.1 (5.0–5.3%) 1.3 (0.8–4.1%) 5.1 (5.0–5.3%) 0.002

 Cause of death <0.001

  Graft failure 1,586 (20.5%) 5 (20.8%) 1,581 (20.5%) 0.999

  Pulmonary 1,475 (19.1%) 3 (12.5%) 1,472 (19.1%) 0.603

  Infection 1,934 (25%) 7 (29.2%) 1,927 (25%) 0.812

  Infection—hepatitis 6 (0.1%) 2 (8.3%) 4 (0.1%) <0.001

  Liver failure 55 (0.7%) 1 (4.2%) 54 (0.7%) 0.157

 Cardio- or cerebrovascular 735 (9.5%) 3 (12.5%) 732 (9.5%) 0.493

  Malignancy 628 (8.1%) 1 (4.2%) 627 (8.1%) 0.717

  Multiple-organ failure 454 (5.9%) 1 (4.2%) 453 (5.9%) 0.999

  Other 869 (11.2%) 1 (4.2%) 868 (11.2%) 0.511

p-values represent result of Pearson’s chi-square test or Fisher’s exact test as appropriate, with the exception of median survival, which was 
compared using the log-rank test.

a
p-values for cause of death represent the overall chi-square test, whereas the individual p-values compare each cause as a binary variable. The 

type of infectious hepatitis was not defined.
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Table 3

Donor, Recipient and Procedural Characteristics by Recipient HCV Status

Overall HCV+ recipient HCV− recipient p-value

N 16,672 289 (1.7%) 16,383 (98.3%)

Donor characteristics

 Age, years (IQR) 30 (20 to 44) 32 (20 to 45) 30 (20 to 44) 0.555

 BMI, kg/m2 (IQR) 24.1 (21.6 to 27.1) 25 (22 to 27) 24 (22 to 27) 0.340

 Tobacco abuse 3,290 (19.9%) 51 (17.8%) 3,239 (19.9%) 0.416

 Diabetes 736 (4.4%) 13 (4.5%) 723 (4.4%) 0.999

 PaO2, mm Hg (IQR) 438 (333.4 to 504) 445 (358 to 506) 438 (333 to 504) 0.618

Recipient characteristics

 Age, years (IQR) 56 (45 to 61) 53 (43 to 59) 56 (46 to 62) 0.023

 Male 9,147 (54.9%) 170 (58.8%) 8,977 (54.8%) 0.192

 Ethnicity <0.001

  White 14,396 (86.3%) 228 (78.9%) 14,168 (86.5%)

  Black 1,259 (7.6%) 41 (14.2%) 1,218 (7.4%)

  Asian 740 (4.4%) 14 (4.8%) 726 (4.4%)

  Other/missing 277 (1.7%) 6 (2.1%) 271 (1.7%)

BMI, kg/m2 (IQR) 24.2 (20.6 to 27.8) 24 (20 to 28) 24 (21 to 28) 0.293

Primary diagnosis 0.191

  Obstructive 7,649 (45.9%) 146 (50.5%) 7,503 (45.8%)

  Restrictive 6,008 (36%) 88 (30.4%) 5,920 (36.1%)

  CF/immunodeficiency 2,273 (13.6%) 44 (15.2%) 2,229 (13.6%)

  Pulmonary vascular 742 (4.5%) 11 (3.8%) 731 (4.5%)

 Diabetes 2,097 (13.1%) 35 (12.4%) 2,062 (13.1%) 0.793

 ADL with assistance 10,901 (69.8%) 170 (62.5%) 10,731 (69.9%) 0.008

 Lung allocation score (IQR) 38.9 (34.3 to 47.9) 37 (34 to 44) 39 (34 to 48) 0.111

 Pre-operative oxygen requirement, liters (IQR) 2 (2 to 3) 2 (2 to 4) 2 (2 to 3) 0.345

 6-minute walk test <150 feet 961 (11.1%) 17 (10.5%) 944 (11.1%) 0.916

Operative characteristics

 Type of lung transplant 0.210

  Bilateral sequential 9,122 (54.7%) 169 (58.5%) 8,953 (54.6%)

  Single left 3,914 (23.5%) 69 (23.9%) 3,845 (23.5%)

  Single right 3,636 (21.8%) 51 (17.6%) 3,585 (21.9%)

 HLA mismatch ≥5 8,248 (58.5%) 139 (57.4%) 8,109 (58.5%) 0.731

 Life support at transplantation 920 (5.5%) 14 (4.8%) 906 (5.5%) 0.706

 Medical condition before transplant 0.817

  Not hospitalized 14,844 (89%) 260 (90%) 14,584 (89%)

  Hospitalized not in ICU 1,005 (6%) 17 (5.9%) 988 (6%)

  In ICU 823 (4.9%) 12 (4.2%) 811 (5%)

 Waitlist days (IQR) 161 (46 to 441) 148 (54 to 401) 162 (46 to 442) 0.586

 Ischemic time, hours (IQR) 4.7 (3.6 to 5.8) 4 (3 to 6) 5 (4 to 6) 0.002
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Overall HCV+ recipient HCV− recipient p-value

 Center volume, total cases over study period (IQR) 524 (312 to 695) 423 (252 to 655) 524 (312 to 695) 0.001

 Year of transplant 0.236

  1994 to 1999 3,891 (23.3%) 59 (20.4%) 3,832 (23.4%)

  2000 to 2011 12,781 (76.7%) 230 (79.6%) 12,551 (76.6%)

PaO2, partial pressure of oxygen. Refer to Table 1 for all other abbreviations.
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Table 4

Outcomes After Lung Transplant by Recipient HCV Status

Overall HCV+ recipient HCV− recipient p-value

N 16,672 289 (1.7%) 16,383 (98.3%)

Post-operative airway dehiscence 217 (1.3%) 5 (1.8%) 212 (1.3%) 0.433

Post-operative dialysis 893 (5.4%) 19 (6.6%) 874 (5.4%) 0.441

Post-operative stroke 369 (2.2%) 8 (2.8%) 361 (2.2%) 0.682

Post-operative infection

requiring antibiotics 4,317 (44%) 95 (51.6%) 4,222 (43.9%) 0.042

Any other post-operative reoperation 1,798 (18.3%) 41 (22.3%) 1,757 (18.2%) 0.188

Long-term survival

 1-year survival, % (95% CI) 81.2% (80.6–81.8%) 78.2% (73.5–83.3%) 81.3% (80.7–81.9%)

 5-year survival, % (95% CI) 50.6% (49.7–51.4%) 42.1% (36.0–49.1%) 50.7% (49.8–51.6%)

 Median survival, years (95% CI) 5.1 (5.0–5.3) 3.8 (2.9–4.9) 5.1 (5.0–5.3) 0.005

Cause of death 0.368a

 Graft failure 1,590 (20.5%) 25 (16.6%) 1,565 (20.6%) 0.267

 Pulmonary 1,489 (19.2%) 22 (14.6%) 1,467 (19.3%) 0.176

 Infection 1,938 (25%) 47 (31.1%) 1,891 (24.9%) 0.096

 Infection—hepatitis 4 (0.1%) 0 (0%) 4 (0.1%) 0.999

 Liver failure 53 (0.7%) 1 (0.7%) 52 (0.7%) 0.999

 Cardio- or cerebrovascular 733 (9.5%) 13 (8.6%) 720 (9.5%) 0.829

 Malignancy 626 (8.1%) 18 (11.9%) 608 (8%) 0.109

 Multiple-organ failure 455 (5.9%) 7 (4.6%) 448 (5.9%) 0.635

 Other 868 (11.2%) 18 (11.9%) 850 (11.2%) 0.875

p-values represent results of Pearson’s chi-square test or Fisher’s exact test as appropriate, with the exception of median survival, which was 
compared using the log-rank test. Results in parentheses for long-term survival represent 95% confidence interval (CI).

a
p-values for cause of death represent the overall chi-square test, while the individual p-values compare each cause as a binary variable. The type 

of infectious hepatitis was not defined.
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