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Abstract
The ability of the Model for End-Stage Liver Disease (MELD) score to capture the urgency of
transplantation may not be generalizable to patients with primary sclerosing cholangitis (PSC)
because such patients face unique risks of death or removal from the liver transplant waitlist due to
disease-specific complications (e.g. repeated bouts of bacterial cholangitis and
cholangiocarcinoma). We constructed Cox regression models to determine whether disease-based
differences exist in waitlist mortality prior to liver transplantation. We compared time to death on
or withdrawal from the waitlist due to clinical deterioration among patients with or without PSC in
the United States following implementation of the MELD allocation score. Over an eight-year
period, 14,073 (20.5%) non-PSC patients died or were removed, compared with 432 (13.6%)
patients with PSC (P<0.0001). The adjusted hazard ratio for PSC was 0.72 (95% CI: 0.66-0.79),
indicating that these patients had a lower time-dependent risk of death on or removal from the
waitlist than patients without PSC. This difference was explained, in part, by differences in the
groups’ probabilities of having complications of portal hypertension at listing, as adjustment for
these intermediate endpoints moved the hazard ratio closer to the null (0.84; 95% CI 0.74-0.97).
Because patients with PSC are less like to die or be removed from the waitlist due to clinical
deterioration than are patients with other forms of end-stage liver disease, reconsideration should
be given to prevailing practices in some centers and regions of pre-emptive referral of PSC
patients for living donor transplantation or provision of exception points.
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Primary sclerosing cholangitis (PSC) is a chronic, cholestatic liver disease of unclear
etiology with an estimated incidence of approximately 1 per 100,000 person-years.(1, 2)
Liver transplantation is the only known beneficial therapy for this progressive and
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potentially fatal disease, and survival rates post-transplantation are favorable for patients
with PSC, exceeding 80% and 70% at 5 and 8 years, respectively.(3)

However, there are reasons to suspect that the Model for End Stage Liver Disease (MELD)
score, used to allocate deceased donor livers in the United States since February 27, 2002,
may poorly predict waitlist mortality among patients with PSC. First, although patients with
PSC suffer general complications of portal hypertension, they also are at increased risk for
specific adverse outcomes including cholangiocarcinoma (CCA), ascending cholangitis due
to biliary strictures, and, among the approximately 70-80% of patients with PSC with
concomitant inflammatory bowel disease (IBD), complications such as colon cancer.(1) The
risk for CCA is of particular concern because it develops in 6%-36% of patients with PSC
and commonly precludes liver transplantation.(4-16) Second, few patients with PSC were
included in the cohort used to derive the MELD score, and recent evidence suggests that
providing greater weight to bilirubin (the component of MELD most affected in PSC) would
provide superior prediction of waitlist mortality.(17)

To circumvent these perceived disadvantages for patients with PSC, some have speculated
that early or “preemptive” transplantation be considered for such patients.(18) Indeed, we
have recently shown that PSC patients preferentially receive living donor transplants,
perhaps due to preemptive referral patterns.(19) Additionally, some patients with PSC (e.g.
those with two documented episodes of cholangitis requiring intravenous antibiotics and
hospitalization within one year) are awarded exception points to increase their access to
transplantation. (20)

Although these efforts to increase access for PSC patients appear meritorious, there is little
evidence available to assess whether they are sufficient or, by contrast, necessary to promote
equal access to transplantation. To date, only two studies have addressed the waitlist
mortality of patients with PSC. The first was a study looking at the waitlist mortality of all
patients in the United States one year after the implementation of the MELD allocation
score, which showed that patients with PSC had a lower risk of death or removal, however
this was a limited one-year study that presented an unadjusted analysis.(21) The only long-
term study to focus of the outcomes of patients with PSC on a transplant waitlist was
performed in Scandinavia where the MELD score is not used for liver allocation. The
authors observed waitlist mortality of 3% among patients with PSC, compared with 7% of
patients with other liver diseases, but also found that 9% (n=24) of patients with PSC, as
compared to 4% of others, were withdrawn from the waiting list, mainly due to CCA. These
findings suggest that patients with PSC listed for transplantation may have reduced access to
organs. Such disadvantages may manifest even more strongly in the U.S., where waitlist
times are typically longer, thereby exposing patients with PSC to greater time at risk for
complications.(22)

We designed the present study to determine whether, and why, patients with PSC may have
different risks for death or removal from the waitlist than do patients with other forms of
end-stage liver disease (ESLD). Our goal was to provide evidence regarding the
appropriateness, necessity, or sufficiency of pre-emptive transplantation or provision of
exception points to patients with PSC.

Patients and Methods
Patients

We used the United Network for Organ Sharing Database (UNOS) Organ Procurement and
Transplant Network (OPTN) database to identify all patients listed for liver transplantation
on or after February 27, 2002 (the first date on which all such patients were assigned a
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MELD score). We also included patients remaining on the waitlist from prior to February
27th, 2002 because such patients were assigned a MELD score on that date. By including the
person-time they accrued from February 27, 2002 forward, we were able to fully compare
time to death or waitlist removal among patients with different etiologies of liver disease in
the post-MELD era. Follow-up was through May 31, 2009, at which time we censored all
patients remaining on the waitlist.

We excluded patients under age 18 for two reasons: first, for patients under age 12 livers are
allocated by a distinct model, the Pediatric End-Stage Liver Disease (PELD) score; second,
patients between the ages of 12-18 exhibit a substantially different spectrum of primary
diagnoses than do those older than 18. We also excluded patients listed for retransplantation
so as to ensure that all observations represent unique individuals. Lastly, we excluded
patients who were listed as status 1 (defined as fulminant hepatic failure with a life
expectancy of less than seven days without liver transplantation) because such patients
rarely have chronic liver diseases and they are allocated organs without using the MELD
score. Of the 72,158 eligible patients, we excluded 362 (0.5%) due to missing primary
diagnoses.

Outcome
The primary outcome variable was death on or removal from the waitlist due to becoming
too sick for transplantation or otherwise medically unsuitable (which we collectively refer to
as clinical deterioration). We considered patients removed from the transplant list due to
clinical deterioration as equivalent to those who died because these chronic liver diseases are
almost uniformly fatal in the short term without transplantation. Such grouping is consistent
with prior research in the field.(23, 24) All other outcomes were censored, with the most
common censoring events being transplantation or removal due to an improved condition
that no longer required transplantation. In secondary analyses, we examined the perhaps
more clinically salient outcome of whether or not listed patients died or deteriorated
clinically while on the waitlist, regardless of the waitlist time accrued beforehand. For this
purpose, we used the binary outcome of death/removal due to clinical deterioration vs. all
other removals (including transplantation).

Statistical Analysis
To compare patients with or without PSC, we used Fisher’s exact tests and chi-square tests
for dichotomous variables and student t tests or Wilcoxon rank-sum tests for continuous
variables, depending on their distributions.

We developed a Cox regression model to determine whether the relative hazard of death or
withdrawal from the waitlist differed among patients with or without PSC after accounting
for the proportion of such hazards captured by the MELD score. MELD score was treated as
a time-varying covariate to enable adjustment for the full proportion of risk over time
captured by MELD. We selected other independent variables for inclusion in the final model
if they were independently associated with the outcome (P<0.05) or if their removal from
the model changed the coefficient for PSC by ≥10%. Variables tested using these criteria
included age, gender, race, blood type, UNOS region, and insurance type (private vs.
public).

For any patient given MELD exception points (including but not limited to complications
such as hepatocellular carcinoma), we used the higher MELD value (incorporating
exception points) because the higher value reflects the patient’s true prioritization on the
waitlist. However, to adjust for the fact that patients with PSC may have improved survival
compared to other patients given the non-standardized practice of granting exception points
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for these patients, we created another time-varying binary covariate to indicate whether
exception points were granted. That is, among patients with PSC, for each individual MELD
score that was greater than what would be calculated using INR, bilirubin, and creatinine
alone, the covariate was assigned a value of 1; for all other scores it was assigned a value of
0. By incorporating this adjustment, we could ascertain the extent to which outcomes among
patients with PSC were influenced by the non-systematic granting of exception points.

We introduced a final time-varying covariate to account for the time that waitlist patients
were temporally inactive (status 7) because such time enabled patient to accrue risk for
outcomes such as death but not for transplantation. Inserting a time-varying covariate to
adjust for this time prevented spurious results that could arise if patients with and without
PSC differed in the time they spent inactive.

We stratified the baseline hazard function by transplant center to accommodate
heterogeneity in the hazard of death on or removal from the transplant list across centers.
We used the sandwich variance estimator to properly account for the correlation due to
clustering of patients with centers. Doing so accounted for patients who were transplanted at
centers where living donation was not an option.

Secondary Analyses
We conducted a set of secondary analyses with the goals of determining whether a)
differential rates of portal hypertensive complications accounted for outcome differences
among the groups; b) differential rates of living donor transplantation explained the results;
c) the results were explained, in part, by the granting of exception points; and d) whether the
exclusion of patients with hepatocellular carcinoma changed the results.

First, to determine whether the complications of portal hypertension account for observed
differences in waitlist outcomes among patients with and without PSC, we performed a
secondary Cox regression, adjusting for the occurrence of spontaneous bacterial peritonitis,
development of ascites, hepatic encephalopathy, and recent variceal bleeding (defined as
within 2 weeks prior to listing) at the time of listing. Complications after listing could not be
adjusted for because they are not captured in the UNOS database.

Second, because patients with PSC are preferentially referred for living donor
transplantation, we wanted to determine if this practice of pre-emptive living donor
transplantation in patients with PSC impacted the results of our primary analysis.(26) We
conducted a secondary analysis in which we assumed that living donor transplantation was
not possible to determine if differential rates of living donor transplantation mitigated the
potential increased hazard of death in patients with PSC due to early living donor
transplantation. In this analysis, we recoded varying proportions of actual living donor
recipients as having either died or received a deceased donor liver. Specifically, we tested
the most plausible scenario, in which all patients who actually received a living donor
transplant were instead coded probabilistically based on the actual distributions of outcomes
of other patients in their diagnostic group. We also report results if all patients who actually
received a living donor transplant were instead coded as having died, because although
implausible, this would portray the “worst-case scenario” for outcomes among PSC patients.
Lastly, we constructed a Cox regression model that excluded centers that performed living
donor transplants as another means to assess the impact of differential rates of living donor
transplantation on our results.

Third, we re-ran our primary analyses after first excluding all patients transplanted with an
exception-point-adjusted MELD, and second after excluding all patients other than those
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with hepatocellular carcinoma who were transplanted with an exception-point-adjusted
MELD.

Finally, we re-ran our primary analyses after excluding all patients with hepatocellular
carcinoma, as these patients systematically receive exception points which impacts their
chances of receiving a transplant.

All analyses were conducted using Stata 11.(29)

Results
There were 71,976 patients meeting the inclusion criteria, of whom 3,165 (4.4%) had PSC.
Table 1 displays the demographic characteristics of patients with and without PSC. As
expected given the epidemiology of the different disease processes, patients with PSC were
younger and more commonly male and white. Patients with PSC were also more likely to
have private insurance.

Deaths/Removals
Table 2 displays the reasons for which patients were removed from the waitlist during the
study. Among patients listed for transplantation, a significantly greater proportion of patients
without PSC died or were removed from the waitlist due to clinical deterioration (20.5% vs.
13.6%, P<0.0001). Deaths alone were also more common among patients without PSC
(15.1% vs. 9.2%, P<0.0001).

Diagnostic group differences among those who died
Tables 3 and 4 report the characteristics of patients with PSC and with other diagnoses who
died or were removed due to clinical deterioration. Patients with PSC who died or were
removed experienced significantly greater wait times prior to removal than did patients
without PSC. Among all patients listed for transplantation and among those who died or
removed due to clinical deterioration, patients without PSC more commonly experienced
complications of portal hypertension. Among patients who died or were removed from the
waitlist, MELD scores at the time of listing (difference in means = 0.89, 95% CI: −0.21,
2.00) and at death/removal (difference in means = 0.04, 95% CI: −1.18, 1.26) were similar
between patients with and without PSC. Patients with PSC had significantly higher values of
serum bilirubin, with lower values for INR and creatinine.

Waitlist mortality of patients with vs. without PSC
Figure 1 displays the Kaplan-Meier survival estimates for the two groups of patients. The
log rank test comparing the two unadjusted failure functions had a p-value <0.0001,
indicating that patients with PSC had greater unadjusted survival than patients without PSC.

In developing the multivariable Cox model assessing the survival of patients with PSC, each
of the independent variables tested were significantly associated with the hazard of death/
removal due to clinical deterioration, and were included in the final model (Table 5). The
adjusted hazard ratio for PSC in this final model was 0.72 (95% CI: 0.66-0.79), revealing
that waitlist survival is greater among patients with PSC than among those with other forms
of liver disease.

Secondary analyses
Complications of portal hypertension at the time of listing were more prevalent among
patients without PSC. Full information on the presence or absence of complications of portal
hypertension was available on 52,625 patients (73.1% of the total cohort). The individual
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hazard ratios for the complications of portal hypertension at listing were: a) esophageal
variceal bleed within 2 weeks, HR=1.62 (95% CI 1.31-1.99); b) hepatic encephalopathy,
HR=1.40 (95% CI 1.32, 1.48); c) spontaneous bacterial peritonitis, HR=1.43 (95% CI
1.30-1.58); d) ascites, HR=2.18 (95% CI 1.94, 2.44). Running the primary model on this
restricted cohort (i.e., adjusting for the same covariates) yielded a hazard ratio for PSC of
0.67 (95% CI 0.59-0.76). Further adjustment for the four markers of portal hypertension
produced a hazard ratio for PSC that was closer to the null but still significant (HR = 0.84;
95% CI 0.74-0.97).

When we recoded living donor organ recipients according to the observed outcomes among
other patients in their diagnostic groups (i.e., 21% of non-PSC living donor recipients were
reclassified as having died or removed, vs. 14% among living-donor recipients with PSC),
the observed hazard ratio for PSC increased slightly to 0.75 (95% CI: 0.69-0.82). In the
“worst-case scenario,” in which all living donor recipients were reclassified as having died
or been removed from the waitlist due to clinical deterioration, the hazard ratio for PSC was
0.96 (95% CI 0.87-1.07). The hazard ratio for PSC was unchanged, HR=0.70 (95% CI:
0.55-0.90), when we excluded centers that performed living donor transplants.

When we excluded all patients transplanted with an exception-point-adjusted MELD (28.8%
of transplanted non-PSC patients compared with 14.8% of transplanted PSC patients) and all
patients other than those with hepatocellular carcinoma who were transplanted with an
exception-point-adjusted MELD (12.0% of transplanted PSC patients as opposed to 6.5% of
transplanted non-PSC patients), the results did not significantly change, with respective
hazard ratios of 0.70 (95% CI 0.64-0.77) and 0.75 (0.68-0.82).

Finally, excluding patients with hepatocellular carcinoma yielded a hazard ratio of PSC that
was unchanged (HR=0.68, 95% CI: 0.62-0.75).

Discussion
This analysis of the UNOS database of patients on the liver transplant waitlist since the
introduction of the MELD allocation system demonstrates that the risk of death or removal
from the waitlist due to clinical deterioration for patients with PSC is lower than that for
patients with other end-stage liver diseases. This reduced risk was identified in both time-
dependent and time-independent analyses, and remained after adjusting for: a) the MELD
score throughout a patient’s entire time on the waitlist; b) complications of portal
hypertension at the time of listing; c) differential rates of living donor transplantation; and d)
the granting of exception points for patients with PSC and other diseases. This central
finding calls into question the need for the current practices of preemptively referring PSC
patients for living donor transplantation and/or providing them with exception points(20) in
efforts to enhance their access.

In the initial study validating the MELD score in predicting survival of patients post-TIPS
placement, patients with alcohol-related and cholestatic liver diseases had better post-TIPS
3-month survival.(27) Consequently, the initial MELD formula gave additional points to
patients with hepatocellular etiologies of liver disease. However, because the MELD score
did not incorporate complications of cholestasis or PSC-specific complications, it was
deemed “inequitable” to give points only to patients with hepatocellular etiologies of liver
disease, and the formula was modified.(28) Over time, many have speculated that the
weighting of the MELD score still disadvantaged patients with PSC and other forms of
cholestatic liver disease by not capturing their unique clinical features that better reflect their
severity of illness. Thus, some physicians may recommend living donor transplantation
preferentially for PSC patients, and in certain regions, such as Region 9, patients with PSC
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are granted exception points if they suffer from repeated bouts of cholangitis. Initially, these
patients are given a MELD score of 25, and certain Regional Review Boards will grant
additional points if a patient suffers from subsequent bouts of cholangitis.(20) In contrast to
the beneficent intentions of such practices, if the overall survival of patients with PSC listed
for liver transplantation is superior to that for patients with other diseases, as this study
suggests, then such practices intended to level the playing field for patients with PSC may
inadvertently disadvantage other patients.

Our results also provide insights into the mechanisms that do and do not contribute to
patients with PSC experiencing lower risks of death or removal compared to other patients
with end-stage liver disease. Our results suggest that differential rates in living donor
transplantation among patients with PSC may explain a proportion of the observed effect,
but cannot be the sole explanation because the effect favoring patients with PSC remained
even when we reclassified large proportions of patients receiving living donor transplants as
having died instead and when we excluded centers that perform living donor liver
transplants. Second, by adjusting in our primary analysis for whether patients with PSC were
transplanted with exception points, and by excluding such patients in secondary analyses,
we show that the survival benefit among patients with PSC exists independently from these
practices.

Finally, our results suggest that differential rates of complications of portal hypertension at
the time of listing among groups explains a sizeable proportion of the survival benefit
experienced by PSC patients. Adjusting for the occurrence of these intermediate outcomes
moved the hazard ratio for PSC towards the null, from 0.67 to 0.85, suggesting that the
presence of complications of portal hypertension mediates, in part, the observed survival
benefit. Because patients with PSC are less likely to develop complications of portal
hypertension, they may be less likely to die or be removed from the waitlist due to clinical
deterioration. However, because the UNOS dataset does not provide the specific reasons for
removal from the waitlist, we cannot quantify precisely the proportion of the effect
explained by portal hypertensive complications.

The UNOS dataset limits our ability to explore other potential mechanisms by which
patients with PSC have better waitlist survival than patients with other forms of end-stage
liver disease. We intend to explore this question in future studies, relying on patient-level
data from individual centers.

The results of our study are different from those of the study by Brandsaeter et al.(22) One
possible explanation is the substantially shorter wait times in the Nordic study (median of 1
month) compared those in our study (median of 1 year), leading to fewer patients who
developed complications of portal hypertension on the waitlist, and thus the increased
waitlist mortality of patients without PSC observed in our study. Additionally, the case
mixes are substantially different in the two studies: PSC is the most common indication for
liver transplantation in the Nordic countries, whereas in the United States, hepatitis C and
alcoholic liver disease are the most common indications. As we have shown, patients with
these diseases more commonly manifest complications of portal hypertension compared to
patients with PSC. However, we were limited in that we could not identify specific reasons
why patients were removed due to clinical deterioration. As reported by Brandsaeter (22), in
Scandanavian nations many such patients develop cholangiocarcinoma. Future studies using
other data sources are needed to better delineate the reasons for removal among patients
with PSC in the United States.

Our study has several limitations. First, use of the UNOS database limited the data elements
available for covariate adjustment in the secondary analyses. Data regarding the presence of
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ascites, spontaneous bacterial peritonitis, and hepatic encephalopathy were only available
for patients listed after the MELD was introduced, thus we could only perform our
secondary analysis including complications of portal hypertension on 73.1% of our cohort.
Also, the severity of these complications could not be validated. We dichotomized the
outcomes of ascites and hepatic encephalopathy to limit the risk of exposure
misclassification based on grade/stage of disease. Data on MELD scores and the laboratory
elements that make up the MELD are limited on patients in the pre-MELD era, thus we
chose only to focus on patients listed in the post-MELD era so that we could adjust for
severity of illness. Furthermore, the question we hoped to answer was whether there are
differences in waitlist mortality in the post-MELD era, thus a pre-MELD comparison was
not needed. It is impossible to predict the outcomes of patients who received exception
points on a case-by-case basis (i.e. patients with PSC with repeated bouts of bacterial
cholangitis) were they not granted exception points, as patients may have sought high donor-
risk organs or been listed in regions with a lower average MELD score at the time of
transplantation, and thus received a transplant anyway. However, exclusion of these patients
this did not significantly impact our results.

A secondary goal of our study was to determine if the waitlist survival is different for
patients with PSC who have developed cholangiocarcinoma and/or bacterial cholangitis, as
compared to those without these complications. However, careful exploration of the UNOS
dataset revealed significant underreporting of these complications, thereby precluding us
from performing such an analysis. Because waitlist survival for the total group of patients
with PSC is significantly better than for patients without PSC, the group of patients with
PSC and complications (cholangiocarcinoma and/or bacterial cholangitis) would have to be
rather large, and have substantially worse outcomes than patients without PSC, for the
waitlist survival of patients with PSC and complications to be significantly worse than that
of patients without PSC. We are beginning to plan future studies to address this question
using patient-level data acquired directly from individual centers.

Finally, these pooled data cannot be applied perfectly to a given patient with PSC. It may be
that some patients with PSC are in fact “sicker” than their MELD scores indicate and may
have reductions in their quality of life that are not captured by their scores. However, even a
conservative interpretation of these data would yield the conclusion that the vast majority of
patients with PSC have at least comparable survival to those with other forms of ESLD
following listing for liver transplantation.

For these reasons, we see no basis for changing the MELD score explicitly to promote
access among patients with PSC. By contrast, our results suggest caution in providing
exception points for these patients, and that if physicians are referring patients with PSC for
living donor transplantation to prevent them from developing cholangiocarcinoma, such
choices may erode access for other patients and/or lead to more living donations than is truly
necessary to promote acceptable outcomes for patients with PSC, thereby causing
unnecessary risks to donors.(30)
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Figure 1.
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Table 1

Demographics of all listed patients

PSC Non-PSC P-Value

Age at listing 47.0 ± 13.0 52.7 ± 9.3 <0.0001

Gender (N, % male) 2,104 (67.9) 43,447 (64.4) <0.0001

MELD at listing* 15.2 ± 7.3 16.5 ± 8.2 <0.0001

Bilirubin at listing, mg/dL* 6.5 ± 7.9 4.5 ± 7.1 <0.0001

INR at listing* 1.3 ± 0.60 1.6 ± 0.86 <0.0001

Creatinine at listing, mg/dL* 1.0 ± 0.80 1.3 ± 1.2 <0.0001

Ethnicity, N (%) White: 2,565 (82.7) White: 48,712 (72.2)

Black: 379 (12.2) Black: 5,039 (7.5)

Hispanic: 105 (3.4) Hispanic: 9,911 (14.7)

Asian: 41 (1.3) Asian: 3,103 (4.6)

Private Insurance, N (%)* 2,507 (80.9) 43,066 (63.8) <0.0001

*
Data only available for patients listed after February 26th, 2002

†
Insurance is coded as private if the UNOS code for insurance equals private, and public if the insurance is coded as public (defined by UNOS as

Medicare, Medicaid, or other governmental insurance).
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Table 2

Reasons for removal

Removal Reason Non-PSC, N (%)* PSC, N (%)*

Deceased donor transplant 30,297 (44.0) 1,351 (42.7)

Medically Unsuitable 20 (0.03) 0

Refused Transplant 456 (0.7) 15 (0.5)

Transferred to another center 84 (0.1) 8 (0.3)

Died 10,358 (15.1) 291 (9.2)

Other 5,461 (7.9) 154 (4.9)

Condition improved 1,879 (2.7) 87 (2.7)

Too sick to transplant 3,695 (5.4) 141 (4.4)

Transplanted at another center 1,215 (1.8) 142 (4.5)

Living donor transplant 1,344 (2.0) 249 (7.9)

Died during transplant procedure 116 (0.2) 5 (0.2)

Total numbers 55,041 (80.0) 2,443 (77.2)

*
% is defined as the percentage of patients with that outcome among all listed patients
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Table 3

Demographic, clinical and laboratory data on all patients who died or were removed

PSC Non-PSC P-Value

Died/Removed, N (%)* 432 (13.9) 14,073 (20.9) N/A

Wait time prior to removal, median (25th-75th

percentile)
451 (98-1154) 320 (69-963) N/A

Male gender, N(%) 281 (65.1) 8,627 (61.3) N/A

Race/ethnicity White-362 (83.8) White: 10,019 N/A

Black: 49 (11.3) (71.2)

Hispanic: 16 (3.7) Black: 1,022

Asian: 5 (1.2) (7.3)

Hispanic: 2,361
(16.8)

Asian: 505 (3.6)

Variceal bleeding within 2 weeks of listing, N
(%)†

17 (4.4) 810 (6.6) 0.093

History of ascites at listing, N(%)†‡ 314 (78.5) 11,376 (87.8) <0.0001

History of SBP at listing, N(%)† 14 (3.5) 864 (6.7) 0.012

History of hepatic encephalopathy at listing,
N(%)†‡

172 (52.4) 8,090 (71.5) <0.0001

Initial MELD 17.8 ± 8.8 18.7 ± 9.5 0.2502

Initial bilirubin, mg/dL 8.6 + 10.0 5.8 ± 8.9 <0.0001

Initial INR 1.4 ± 0.6 1.7 ± 1.1 <0.0001

Initial creatinine, mg/dL 1.2 + 1.3 1.4 + 1.3 <0.0001

Final MELD 24.6 ± 12.5 24.6 ± 12.6 0.97

Final bilirubin, mg/dL 14.0 ± 14.0 9.8 ± 12.4 <0.0001

Final INR 2.2 ± 2.9 2.2 ± 2.2 <0.0001

Final creatinine, mg/dL 1.6 ± 1.2 1.9 ± 1.5 <0.0001

†
% is defined as percentage among those patients with available data

‡
Data available only on patients listed after February 26th, 2002. Presence of complication defined as dichotomous yes/no.
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Table 4

Portal Hypertensive complications among all patients

PSC Non-PSC P-Value

Variceal bleeding within 2 weeks of listing, N (%) 99 (3.6) 3,217 (5.5) <0.0001

History of ascites at listing* 1,749 (62.2) 48,272 (78.1) <0.0001

History of SBP at listing 59 (2.0) 3,410 (5.4) <0.0001

History of hepatic encephalopathy at listing* 945 (37.2) 36,843 (63.4) <0.0001

*
Data available only on patients listed after February 26th, 2002. Presence of complication defined as dichotomous yes/no.
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Table 5

Univariable and Multivariable Cox Models Assessing Factors Associated with Death or Removal from the
Waitlist

Variable Univariable Multivariable*,
PSC vs. others

P-Value†

Hazard Ratio (95% Confidence Interval)

PSC 0.58 (0.52-0.63) 0.72 (0.66-0.79 <0.0001

Age‡ 1.35 (1.32-1.37) 1.34 (1.31-1.38) <0.0001

Blood type

 O 1.0 1.0

 A 0.95 (0.92-0.99) 0.97 (0.93-1.00) 0.094

 B 0.87 (0.82-0.92) 0.88 (0.82-0.93) <0.0001

 AB 0.75 (0.67-0.84) 0.75 (0.64-0.87) <0.0001

Male gender 1.02 (0.99-1.06) 1.04 (0.99-1.08) 0.102

Race/Ethnicity

 White 1.0 1.0

 Black 1.13 (1.06-1.21) 1.04 (0.95-1.13) 0.421

 Hispanic 1.11 (1.06-1.16) 1.02 (0.95-1.09) 0.622

 Asian 0.81 (0.74-0.88) 0.80 (0.73-0.88) <0.0001

Insurance†

 Public 1.0 1.0

 Private 0.70 (0.68-0.72) 0.79 (0.75-0.82) <0.0001

*
Multivariable model included three time-varying covariates: MELD score, exception score (yes/no), and temporally inactive status (status 7)

†
Reported P-values are from the multivariable model

‡
Age reported as increased hazard ratio for every increase in 10 years of age

**
Insurance is coded as private if the UNOS code for insurance equals private, and public if the insurance is coded as public (defined by UNOS as

Medicare, Medicaid, or other governmental insurance).
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