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Abstract

Karnofsky performance status (KPS), a measure of physical frailty, predicts pre-transplant and 

post-transplant outcomes in liver transplantation, but has not been assessed in simultaneous liver 

kidney transplantation (SLKT). We examined the association between KPS and outcomes in 

SLKT waitlist registrants and recipients (2005–2018) in the UNOS database.

KPS was categorized into A (able to work), B (able to provide self-care), and C (unable to provide 

self-care). Cox regression and competing risk analysis were used to assess the association between 

KPS groups and outcomes.

10,785 patients were waitlisted (KPS: 19% A, 46% B, 35% C), and 5,516 underwent SLKT 

(12% A, 36% B, 52% C). One-year waitlist mortality was 17%, 22%, and 32% for KPS A, B, 

and C, respectively. In adjusted competing risk regression, KPS C was associated with increased 

waitlist mortality (SHR 1.15, 95%CI 1.04–1.28). One-year post-transplant survival was 92%, 91%, 

and 87% for KPS A, B, and C, respectively. In adjusted Cox regression, KPS C was associated 

with increased post-transplant mortality (HR 1.32, 95%CI 1.08–1.61). It was also associated with 

increased liver and kidney graft losses and with hospital length of stay.

Frailty, as assessed by KPS, is associated with poor outcomes in SLKT pre- and post-transplant.
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1, Introduction:

Acute and chronic kidney diseases are common in patients with cirrhosis 1–3. In 

this population, renal impairment is strongly associated with poor outcomes, and this 

relationship is recognized in the Model for End-Stage Liver Disease (MELD) score, 

which heavily weights kidney dysfunction in patient prioritization for liver transplantation 

(LT). In some patients with cirrhosis and acute kidney injury (hepatorenal syndrome), 

this kidney dysfunction is reversible with LT alone; in others with parenchymal kidney 

damage, the kidney dysfunction may be irreversible with LT, and these patients often 

require simultaneous liver-kidney transplantation (SLKT). In recent years, renal impairment 

in cirrhosis is more often becoming irreversible due in part to an increasing burden of 

comorbidities such as diabetes and nonalcoholic fatty liver disease 4. As a result, there has 

been an increase in the number of SLKT performed in the US, now accounting for 9% of 

liver transplants 5.

Robust and comprehensive patient assessment is paramount to optimize SLKT outcomes 

in both the pre- and post-transplant settings. Frailty, defined as a person’s vulnerability to 

health stressors and decreased physiologic reserve 6, has been shown to be associated with 

poor outcomes in candidates for LT 7–12 as well as kidney transplantation 13. Frailty is 

a multi-faceted concept, and several different measures of frailty have been examined in 

cirrhosis 14. One measure of frailty, the Karnofsky performance status (KPS), is a subjective 

provider-administered assessment of functional status that has been in use for 70 years 15. 

KPS has been shown to be a valid predictor of outcomes in LT candidates and recipients 
16–22. Based on these data, clinical practice guidelines support LT candidate risk assessment 

with KPS 14. However, despite this growing literature, to our knowledge there are no 

published studies of KPS or other frailty measures in candidates for SLKT.

To better understand the utility of KPS in SLKT candidates and recipients, we undertook 

a cohort study with a primary aim of examining the association between KPS and 

mortality in patients listed for SLKT. We also examined the relationship between KPS 

and post-transplant outcomes including patient and graft survival in SLKT recipients. We 

hypothesized that patients with poor functional status as assessed by KPS would have 

inferior outcomes in terms of waitlist mortality, post-transplant survival, and both liver and 

kidney graft survival.

2, Methods:

We utilized standard transplant analysis and research files from UNOS, which contain data 

on all patients waitlisted for organ transplant and all organ transplant recipients in the United 

States. The data included all waitlist registrations and transplants through June 30, 2018, 

with follow-up through September 7, 2018. In this study, we employed two cohorts to 

separately examine (1) outcomes of patients on the waitlist for SLKT (Cohort 1) and (2) 

outcomes of SLKT recipients (Cohort 2). This study was approved by the Indiana University 

Institutional Review Board.
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2.1, Cohort 1 (Pre-Transplant):

For the pre-transplant analysis, we included adults ≥ 18 years of age listed for SLKT on 

or after April 1, 2005. KPS was not consistently available prior to that date. We excluded 

patients with a previous history of liver transplant, listings for organs other than liver or 

kidney, a non-cirrhosis diagnosis, and acute liver failure. We also excluded patients who 

were transferred to another center or received a transplant at another center and patients with 

missing KPS at listing.

In Cohort 1, the primary outcome was waitlist mortality defined as removal from the waitlist 

due to death, clinical deterioration, or medical instability. The secondary outcome was 

receipt of SLKT.

2.2, Cohort 2 (Post-Transplant):

For the post-transplant analysis, we included patients listed on or after April 1, 2005 who 

underwent SLKT and were aged ≥ 18 years at the time of transplant. We excluded patients 

with a previous history of liver or kidney transplant, and patients listed or transplanted with 

organs other than liver or kidney. We also excluded patients with missing KPS at the time of 

listing or transplant.

In Cohort 2, the primary outcome was patient mortality. Secondary outcomes included liver 

and kidney graft failures and length of transplant hospital stay.

2.3, Karnofsky Performance Status:

The KPS scale is graded in 10% increments from 0 (dead) to 100% (normal; no complaints; 

no evidence of disease) 15. It is captured systematically by transplant centers at the time of 

both waitlist registration and transplant. We categorized KPS into three groups based on a 

patient’s ability to work or provide self-care as previously described 15,23. KPS category A 

(80–100%) describes patients who are able to carry on normal activity and work; KPS B 

(50–70%) describes patients who are unable to work but are able to care for themselves; and 

KPS C (10–40%) describes patients who are unable to provide self-care.

For Cohort 1, KPS at the time of waitlisting was examined as a predictor of outcomes. For 

Cohort 2, KPS at the time of transplant was used. In Cohort 2, we also examined the change 

in KPS from the time of listing to the time of transplant as a predictor of post-transplant 

outcomes.

2.4, Variables:

We examined potential confounding variables that could influence outcomes. In analysis 

of Cohort 1, these variables were assessed at the time of waitlisting; for Cohort 2, we 

used variables collected at the time of transplant. We examined age, sex, race/ethnicity 

(white, black, Hispanic, and other), body mass index (BMI), diabetes, dialysis, MELD score, 

serum albumin, presence of ascites (absent, slight, moderate) and hepatic encephalopathy 

(none, grade 1–2, grade 3–4), presence of hepatocellular carcinoma, UNOS region, year, and 

underlying liver disease. The underlying liver disease was categorized as alcohol, hepatitis 

C, alcohol/hepatitis C, nonalcoholic steatohepatitis/cryptogenic, autoimmune/cholestatic, 
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and other. For Cohort 1, we also included ABO blood type; for Cohort 2, we also included 

medical condition at the time of transplant (not hospitalized, hospitalized [not intensive 

care], intensive care). For Cohort 2, we also considered donor-related risk factors by 

examining both the liver donor risk index and the kidney donor profile index 24,25.

2.5, Statistical Analysis:

Continuous and categorical clinical characteristics were summarized using means and 

standard deviations and counts and percentages, respectively, and stratified by KPS group. 

Distributional differences across groups were tested using two sample t-tests, chi-square 

tests, or suitable nonparametric alternatives where normality assumptions appeared tenuous.

Competing risk time to event analyses were utilized within the waitlist cohort for time 

to mortality as the main event and transplant as a competing risk. Cumulative incidence 

curves were compared across KPS groups using Gray’s test. Unadjusted and adjusted 

cause-specific and sub-distribution hazards were generated and compared across strata 

within proportional hazards and Fine and Gray’s sub-distribution regression frameworks, 

respectively. Confounding variables with statistically significant distributional differences 

across the different groups were included in the adjusted models.

Proportional hazards regression was utilized within the post-transplant cohort without 

competing risks and unadjusted and adjusted mortality hazard ratios were compared across 

strata using Wald tests.

Length of stay analyses were performed by log transforming length of stay to stabilize a 

positive skewed distribution and unadjusted and adjusted analyses were performed using two 

sample tests and generalized linear models, respectively, with estimates reported as ratios of 

geometric means. All analyses were performed using SAS 9.4.

3, RESULTS

3.1, Cohort 1 – Waitlist Registrants

3.1.1, Patient Characteristics and Trends—After applying inclusion and exclusion 

criteria, we identified 10,785 patients listed for SLKT for our analytic dataset 

(Supplementary Figure 1). 2,083 patients (19.3%) had KPS A, 4,961 (46.0%) had KPS 

B, and 3,741 (34.7%) had KPS C. From 2005 to 2018, the proportion with KPS A 

decreased from 27.6% to 14.6%, while the proportion with KPS B and C increased from 

38.7% to 46.0% and from 33.7% to 39.4%, respectively (Figure 1). Aside from BMI, 

all characteristics of patients across KPS groups were statistically significantly different 

(p<0.001) (Table 1). The KPS groups had numerically similar age and serum albumin. 

Lower KPS was associated with female sex, white and Hispanic race/ethnicity, requirement 

for dialysis, increased MELD score, presence of ascites and hepatic encephalopathy, and 

alcoholic liver disease. Preserved KPS was associated with black race, hepatitis C, and 

hepatocellular carcinoma. Diabetes was less common among those with KPS C.

3.1.2, Outcomes—At a median follow-up of 4.3 months (interquartile range [IQR] 

1–13.8), 5,520 (51.2%) patients received a transplant and 3,555 (33.0%) were removed 

Shamseddeen et al. Page 4

Clin Transplant. Author manuscript; available in PMC 2022 August 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



from the waitlist for death or clinical deterioration. The incidences of both transplant and 

mortality were increased with lower KPS (Figure 2). The 1-year incidence of death was 

16.6% for KPS A, 22.4% for KPS B, and 32.4% for KPS C, and the 1-year incidence 

of transplant was 35.3% for KPS A, 45.2% for KPS B, and 53.9% for KPS C. In Cox 

proportional hazards models, lower KPS was associated with increased risk for death and/or 

transplant, but after adjustment for potential confounders, KPS B was not associated with 

increased transplants (Table 2). In competing risk regression models, KPS C was associated 

with increased risk for both death and transplantation. KPS B was associated with increased 

transplants in the unadjusted model only. After adjustment for confounding variables, KPS 

was not associated with transplant; however, KPS C remained associated with increased risk 

for death compared to KPS A.

3.2, Cohort 2 – Transplant Recipients

3.2.1, Patient Characteristics and Trends—5,516 patients meeting inclusion and 

exclusion criteria underwent SLKT during the study period (Supplementary Figure 2), of 

which 661 (12.0%) had KPS A, 1,999 (36.2%) had KPS B, and 2,856 (51.8%) had KPS C at 

the time of transplant. During the study period, the proportion with KPS A decreased from 

17.5% to 6.2%, while the proportion with KPS B and C increased from 31.7% to 36.7% 

and from 50.8% to 57.1%, respectively (Figure 3). KPS groups were similar with regard 

to age, BMI, diabetes, serum albumin, and donor risk index (Table 3). Lower KPS was 

associated with female sex, Hispanic ethnicity, requirement for dialysis, increased MELD 

score, presence of ascites and hepatic encephalopathy, requirement for hospitalization and 

intensive care, and alcoholic liver disease and nonalcoholic steatohepatitis. Preserved KPS 

was associated with black race and hepatocellular carcinoma.

3.2.2, Changes in Karnofsky Performance Status—The median time between 

waitlisting and transplant was 65 days (IQR 16–230). During this time, 19.7% had 

improvement in KPS, 33.3% had no change in KPS, and 47.0% had a decline in KPS. 

The distributions of the change in KPS stratified by listing KPS are shown in Supplementary 

Figures 3–5. Of those listed with KPS A, 72.4% had a decline in KPS, 23.2% had no 

change, and 4.4% had an improvement; of those listed with KPS B, 53.2% had a decline, 

29.3% had no change, and 17.4% had an improvement; of those listed with KPS C, 24.4% 

had a decline, 44.3% had no change, and 31.3% had an improvement.

3.2.3, Outcomes—The median transplant hospitalization length of stay was 13 days 

(IQR 8–24), and it was significantly longer for patients with KPS C at transplant (16 days, 

IQR 10–29) compared to KPS A (11 days, IQR 7–16) and B (11 days, IQR 8–19) (p<0.001). 

After adjustment for potential confounders, hospital length of stay remained significantly 

longer for KPS C patients compared to KPS A (ratio of geometric means 1.18; 95% 

confidence interval [CI], 1.10–1.27) (Table 4).

At a median follow-up of 3.0 years (IQR 1.1–6.0), 1,375 (24.9%) patients experienced liver 

graft failure, 1,599 (29.0%) experienced kidney graft failure, and 1,314 (23.8%) died. Lower 

KPS at transplant was significantly associated with increased liver and graft failures as well 

as mortality (Figure 4). At 1 year, liver graft survival was 90.9% for KPS A, 89.8% for KPS 
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B, and 85.3% for KPS C. 1-year kidney graft survival was 90.6% for KPS A, 88.5% for 

KPS B, and 83.9% for KPS C. 1-year patient survival was 92.4% for KPS A, 91.0% for 

KPS B, and 86.5% for KPS C. In Cox proportional hazards models, KPS C was significantly 

associated with decreased graft and patient survival in both unadjusted and adjusted analyses 

(Table 4). KPS B was not statistically significantly associated with the outcomes.

For patients listed with KPS A, there was no significant difference in survival between those 

who had a stable or improved KPS at transplant compared to those with a worse KPS at 

transplant (p=0.19) (Supplementary Figure 6). For patients listed with KPS B, those who 

had a decline in KPS at transplant had significantly worse survival compared to those with 

a stable KPS (hazard ratio 1.26; 95% CI 1.04–1.53), and there was no difference between 

those with stable and improved KPS (Supplementary Figure 7). For patients listed with 

KPS C, there was no significant difference in survival between those with improved KPS at 

transplant compared to those with stable or worse KPS (p=0.10) (Supplementary Figure 8). 

Patient and graft survival at 1, 3, and 5 years according to change in KPS from listing to 

transplant are shown in Supplementary Table 1. Liver and kidney graft survival both showed 

similar trends as patient survival.

4, Discussion:

In this study of all patients in the US waitlisted for SLKT, we found that poor functional 

status as measured by KPS is becoming more common and is associated with poor 

outcomes across the spectrum of transplant care. In patients awaiting SLKT, KPS C 

was an independent risk factor for waitlist mortality. In SLKT recipients, KPS C was 

independently associated with longer hospital stay, increased graft failure, and increased 

mortality. Additionally, patients listed with KPS B with a subsequent decline in functional 

status had worse post-transplant outcomes.

Over one-third of patients listed for SLKT were unable to provide self-care (KPS C), and 

the proportion of patients in this group increased over time, comprising nearly 40% of 

listed patients in 2018. In previous studies of patients awaiting LT only, the proportion with 

KPS C also increased, but at a much lower absolute prevalence (13%) 16. Similarly, among 

patients listed for kidney transplant alone, only 4% had KPS C 13. Compared to single organ 

transplant candidates, the significantly worse functional status among SLKT candidates is 

expected as these patients bear the burden of combined end-stage organ failure with the 

resultant sequelae. This high, rising rate of impaired function, together with the increasing 

numbers of patients requiring SLKT 5, highlights the overall burden that frailty is placing on 

the transplant community. Further study is urgently needed to better investigate functional 

status assessment in this population and to develop interventions with a goal of improving 

functional status and both pre- and post-transplant outcomes.

In waitlisted patients, impaired functional status was independently associated with both 

mortality and transplant outcomes. Considering these outcomes together in competing risk 

models, patients with KPS C continued to have an increased risk of death, while the 

association with transplant was more attenuated, with a loss of statistical significance 

in the fully adjusted model. These findings suggest that functional status may have a 
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greater influence on waitlist mortality than on the likelihood of transplant, which is 

not surprising, as transplant programs employ careful patient selection to maximize post-

transplant outcomes. Similar findings have also been shown for patients on the LT only 

waitlist 16. However, it is important to note that the absolute incidence of transplant is 

greater than death for patients in all KPS groups; once on the waitlist, all patients (including 

those with KPS C) are more likely to receive a transplant than to die. Presumably, the 

pre-listing patient selection process identifies patients at higher risk for death who are not 

suitable for transplant. Studies of frailty in the larger population undergoing transplant 

evaluation continue to advance our understanding of this vulnerable group, and expansion of 

the literature to SLKT candidates is important to improve patient care 26–28.

Taking only pre-transplant outcomes into account, KPS would seem to be a factor that could 

be considered in organ allocation. However, as we have shown, impaired functional status 

also predicts diminished post-transplant patient and graft survival and prolonged length 

of hospital stay, similar to data for LT only 20. Therefore, prioritization of patients with 

impaired functional status for transplant could negatively impact the overall survival benefit 

of SLKT. Future work focused on the impact of KPS on survival benefit could help to clarify 

its role and may help to inform the ongoing debate over medical urgency-based vs. survival 

benefit-based organ allocation 29,30.

In addition to the association of poor outcomes with the KPS assessed at transplant, we 

also found a significant association between the change in KPS from listing to transplant 

with post-transplant outcomes. In particular, patients with KPS B at listing (unable to 

work but able to care for most personal needs) had worse post-transplant patient and graft 

survival if the performance status had declined by transplant. Others have also demonstrated 

increased waitlist mortality in patients waitlisted for LT only who have worsening frailty 
31. This finding represents an important opportunity to potentially intervene, as intensive 

physical therapy may slow functional decline in this group and thus improve post-transplant 

outcomes 32. Notably, KPS B is the largest group of patients listed for SLKT and has 

continued to rise, suggesting that such interventions may have real impact on a population 

scale.

This study expands our knowledge of KPS in LT and kidney transplant alone to the growing 

population of SLKT candidates, with findings similar to prior work 13,16,20,22. Despite 

the importance of this work, we acknowledge several limitations. In 2017, changes were 

made to the SLKT organ allocation policy to better define clear criteria for SLKT and 

to allow for a “safety net” for recipients of LT alone with advanced post-transplant renal 

dysfunction 33. It is unclear whether our findings will apply to the safety net population who 

receive both liver and kidney transplants at separate times. KPS is an imperfect metric for 

assessing frailty, and is hampered by subjectivity and inter-rater variability. However, it is 

quick, intuitive, and inexpensive, and has therefore been recommended in clinical practice 

guidelines for staging frailty in LT candidates 14. Transplant registry data from UNOS lacks 

granularity and does not allow us to assess more objective measures of frailty. Expanding 

this work to other measures of frailty (such as the Liver Frailty Index) may further validate 

these findings. In contrast, the study has numerous strengths, including a very large and 
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comprehensive sample size that captures the true landscape of SLKT in the US over the 

study period.

This is the first study to our knowledge assessing frailty in SLKT using KPS. We found 

that frailty is associated with poor outcomes in SLKT in both the pre- and post-transplant 

settings and that the numbers of patients waitlisted patients with impaired functional status 

is on the rise. More research is needed to understand frailty in a population that bears the 

burden of multiple organ failures. In particular, work is needed to validate other frailty 

assessment tools in SLKT candidates and recipients and to test interventions to prevent 

further decline in patients with moderately impaired functional status.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations:

BMI body mass index

CI Confidence interval

IQR Interquartile range

KPS Karnofsky performance status

LT Liver transplant

MELD Model for End-Stage Liver Disease

SLKT simultaneous liver-kidney transplantation
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Figure 1: 
Trends in Karnofsky Performance Status Among Patients Listed for SLKT (Cohort 1)
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Figure 2: 
Cumulative Incidence of (A) Mortality and (B) Transplant Among Patients Listed for SLKT 

(Cohort 1) According to Karnofsky Performance Status at Listing
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Figure 3: 
Trends in Karnofsky Performance Status Among SLKT Recipients (Cohort 2)
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Figure 4: 
Kaplan-Meier Estimates for (A) Patient Survival, (B) Liver Graft Survival, and (C) Kidney 

Graft Survival Among SLKT Recipients (Cohort 2) According to Karnofsky Performance 

Status at Transplant
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Table 1.

Characteristics of Patients Listed for SLKT (Cohort 1)

Characteristic Overall N = 
10,785

Karnofsky A N = 
2,083

Karnofsky B N = 
4,961

Karnofsky C N = 
3,741 p-value

Age, y, mean (SD) 56.2 (9.4) 56.3 (9.2) 56.6 (9.2) 55.4 (9.6) <0.001

Male, % 63.2 66.9 62.7 61.8 <0.001

Race/ethnicity, %

 White 60.8 58.3 60.4 62.7 <0.001

 Black 14.0 16.2 15.1 11.4

 Hispanic 19.5 18.3 19.0 21.0

 Other 5.6 7.2 5.5 4.9

BMI, kg/m2, mean (SD) 28.4 (5.9) 28.4 (5.4) 28.4 (5.9) 28.5 (6.3) 0.64

Diabetes, % 46.3 48.5 48.6 42.1 <0.001

Dialysis, % 46.0 34.6 42.4 57.0 <0.001

MELD score, mean (SD) 24.6 (8.4) 20.1 (6.1) 22.3 (6.7) 30.1 (8.7) <0.001

Serum albumin, g/dL, mean (SD) 3.1 (0.7) 3.1 (0.7) 3.1 (0.7) 3.1 (0.8) <0.001

Ascites, % <0.001

 Absent 16.9 27.1 17.6 10.2

 Slight 42.8 49.1 45.7 35.6

 Moderate 40.2 23.7 36.6 54.2

Hepatic encephalopathy, % <0.001

 None 34.1 49.8 35.3 23.7

 Grade 1–2 56.8 47.7 58.7 59.2

 Grade 3–4 9.1 2.4 5.9 17.0

Liver disease, % <0.001

 Alcohol 23.1 16.5 21.5 28.9

 Hepatitis C 27.0 32.4 28.1 22.6

 Alcohol/hepatitis C 4.6 4.1 4.8 4.6

 NASH/cryptogenic 25.1 22.2 26.7 24.7

 Autoimmune/cholestatic 5.3 6.3 5.0 5.3

 Other 14.8 18.6 14.0 13.8

Hepatocellular carcinoma, % 5.2 7.9 5.9 2.8 <0.001

Abbreviations:

BMI: Body mass index

MELD: Model for end-stage liver disease

NASH: Non-alcoholic steatohepatitis
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Table 2.

Relationship Between Karnofsky Performance Status and Clinical Outcomes of Patients Listed for SLKT 

(Cohort 1)

Unadjusted HR Adjusted HR* Unadjusted SHR Adjusted SHR*

Death/deterioration

 Karnofsky A 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

 Karnofsky B 1.36 (1.25–1.49) 1.16 (1.05–1.27) 1.06 (0.97–1.15) 1.06 (0.971.16)

 Karnofsky C 2.93 (2.67–3.23) 1.49 (1.34–1.66) 1.32 (1.21–1.45) 1.15 (1.041.28)

Transplantation

 Karnofsky A 1 (Ref) 1 (Ref) 1 (Ref) 1 (Ref)

 Karnofsky B 1.30 (1.21–1.40) 1.04 (0.97–1.13) 1.14 (1.06–1.22) 0.98 (0.911.05)

 Karnofsky C 2.51 (2.33–2.71) 1.30 (1.19–1.42) 1.56 (1.45–1.67) 1.06 (0.971.15)

Death or transplantation

 Karnofsky A 1 (Ref) 1 (Ref) N/A N/A

 Karnofsky B 1.33 (1.25–1.40) 1.09 (1.03–1.16)

 Karnofsky C 2.67 (2.52–2.84) 1.38 (1.29–1.47)

*
Adjusted for Age, Sex, Race/Ethnicity, Diabetes, MELD, Albumin, Dialysis, ABO Blood type, Ascites, Encephalopathy, Cirrhosis Etiology, HCC, 

Region, Year of Listing
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Table 3.

Characteristics of SLKT Recipients (Cohort 2)

Characteristic Overall N = 
5,516

Karnofsky A N = 
661

Karnofsky B N = 
1,999

Karnofsky C N = 
2,856 p-value

Age, y, mean (SD) 55.9 (9.8) 55.7 (9.9) 56.3 (9.6) 55.7 (9.9) 0.11

Male, % 64.6 67.3 66.2 62.9 0.02

Race/ethnicity, %

 White 62.9 62.9 63.4 62.6 <0.001

 Black 15.2 19.4 17.4 12.8

 Hispanic 16.8 11.5 15.2 19.3

 Other 5.0 6.2 4.1 5.4

BMI, kg/m2, mean (SD) 27.7 (5.8) 27.4 (5.2) 27.6 (5.5) 27.9 (6.1) 0.10

Diabetes, % 42.4 39.5 45.0 41.4 0.01

Dialysis, % 69.2 58.5 63.1 76.0 <0.001

MELD score, mean (SD) 29.3 (8.1) 24.2 (6.3) 26.0 (6.8) 32.9 (7.8) <0.001

Serum albumin, g/dL, mean (SD) 3.1 (0.8) 3.2 (0.7) 3.1 (0.7) 3.1 (0.8) 0.01

Ascites, %

 Absent 17.2 30.4 21.4 11.2 <0.001

 Slight 38.1 42.1 42.3 34.3

 Moderate 44.1 26.2 36.1 54.0

Hepatic encephalopathy, %

 None 32.1 49.3 39.3 23.1 <0.001

 Grade 1–2 53.2 43.4 52.8 55.7

 Grade 3–4 14.2 5.9 7.8 20.6

Medical condition, %

 Not hospitalized 57.5 91.1 85.5 30.0 <0.001

 Hospitalized (not ICU) 23.9 7.1 11.6 36.4

 Intensive care unit 18.7 1.8 3.0 33.5

Liver disease, %

 Alcohol 20.5 14.1 17.8 23.8 <0.001

 Hepatitis C 22.7 23.9 24.7 21.0

 Alcohol/hepatitis C 4.0 2.7 3.8 4.4

 NASH/cryptogenic 21.7 17.2 20.7 23.4

 Autoimmune/cholestatic 4.4 3.2 3.9 5.1

 Other 26.7 38.9 29.2 22.2

Hepatocellular carcinoma, % 11.2 14.4 13.1 9.1 <0.001
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Characteristic Overall N = 
5,516

Karnofsky A N = 
661

Karnofsky B N = 
1,999

Karnofsky C N = 
2,856 p-value

Liver Donor risk index, mean (SD) 1.53 (0.30) 1.52 (0.29) 1.53 (0.32) 1.53 (0.29) 0.40

KDPI, mean (SD) 0.36 (0.26) 0.36 (0.25) 0.37 (0.26) 0.36 (0.260) 0.1516

Abbreviations:

BMI: Body mass index

MELD: Model for end-stage liver disease

ICU: Intensive care unit

NASH: Non-alcoholic steatohepatitis

KDPI: Kidney donor profile index
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Table 4.

Relationship Between Karnofsky Performance Status and Clinical Outcomes of SLKT Recipients (Cohort 2)

Unadjusted Effect Size Adjusted Effect Size*

Post-transplant length of stay

 Karnofsky A 1 (Ref) 1 (Ref)

 Karnofsky B 1.07 (1.00–1.14) 1.04 (0.98–1.12)

 Karnofsky C 1.53 (1.43–1.63) 1.18 (1.10–1.27)

Liver graft loss

 Karnofsky A 1 (Ref) 1 (Ref)

 Karnofsky B 1.09 (0.92–1.30) 1.13 (0.95–1.35)

 Karnofsky C 1.31 (1.11–1.54) 1.33 (1.10–1.61)

Kidney graft loss

 Karnofsky A 1 (Ref) 1 (Ref)

 Karnofsky B 1.08 (0.92–1.27) 1.12 (0.95–1.32)

 Karnofsky C 1.33 (1.14–1.55) 1.35 (1.13–1.62)

Patient mortality

 Karnofsky A 1 (Ref) 1 (Ref)

 Karnofsky B 1.09 (0.92–1.31) 1.26 (0.94–1.35)

 Karnofsky C 1.32 (1.12–1.56) 1.32 (1.08–1.61)

Length of stay is presented as ratio of geometric means. Graft loss and patient mortality are presented as hazard ratios.

*
Adjusted for Sex, Race/Ethnicity, Dialysis, MELD, Diabetes, Albumin, Ascites, Encephalopathy, Medical Condition at Transplant, Cirrhosis 

Etiology, HCC, Region, Transplant Year
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