Liver Transplantation

Sex-based Differences and Comparative
Predictive Value of MELD 3.0 in Simultaneous
Liver-Kidney Transplantation Waitlist Outcomes
After Standardization of Listing Criteria in the
United States

Emily A. Leven, MD," Ditian Li, MPH,2 Emilia Bagiella, PhD,2 Thomas D. Schiano®, MD,? and
Lauren Tal Grinspan, MD, PhD?

Background. Sex disparities in solid organ transplantation are well documented. Relative changes in sex-based out-
come disparities after the 2017 standardization of simultaneous liver-kidney (SLK) listing criteria in the United States have
not been reported. We hypothesized that this policy’s objective measures of kidney dysfunction may differentially affect
SLK patients by sex and that the use of MELD 3.0 in the SLK population might provide unique benefit to female transplant
candidates. Methods. Organ Procurement and Transplantation Network data were retrospectively analyzed comparing
2013-2016 with 2018-2021 SLK listings. Waitlist outcomes and Model for End-stage Liver Disease (MELD) 3.0 reclassifica-
tions were compared by sex and listing period. Results. There were 2626 and 2609 male patients and 1670 and 1919
female patients pre- and post-policy changes, respectively. The proportion of female SLK listings post-policy change (42.4%)
was higher than both female SLK listings pre-policy change (38.9%) and female single-organ liver listings post-policy change
(36.8%; P < 0.01). A statistically significant interaction between sex and listing group (pre- versus post-policy change) was
present in multivariable analysis (P = 0.02). Female patients were more likely to have a higher MELD 3.0 score than the listing
MELD/MELD-Na score when the listing MELD score was <30 (P < 0.01). Among all patients who died on the waitlist, female
patients were nearly twice as likely to be underrepresented by listing MELD compared with MELD 3.0 (23% female and 13%
male patients; P < 0.01). Conclusions. Waitlist outcomes were changed differentially between male and female patients

after the 2017 SLK policy change. The application of MELD 3.0 to SLK patients is likely to benefit female patients.

(Transplantation Direct 2025;11: e1781; doi: 10.1097/TXD.0000000000001781.)

n single-organ liver transplantation (LT) in the United
States, female patients experience longer waitlist times
and higher waitlist mortality than male patients.!6 Female
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patients experience higher rates of mismatched recipient-
donor organ size,1° increased frailty,!-12 lower likelihood
of exception points for hepatocellular carcinoma (HCC),*
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and underestimation of renal dysfunction in the creatinine-
based organ allocation scores—the Model for End-stage Liver
Disease (MELD) and Model for End-stage Liver Disease-
Sodium (MELD-Na). All of these factors contribute to female
patients experiencing longer waitlist times and increased rates
of waitlist mortality and delisting for clinical deterioration
(reported to United Network for Organ Sharing [UNOS] as
“condition deteriorated, too sick for transplantation.”)%3:6:13-15
Sex-based differences in renal function estimation are impor-
tant not only in dictating waitlist times but also prognosti-
cally, as pretransplant renal complications are closely linked
to waitlist’® and posttransplant outcomes.!”” A measure mis-
representing acute kidney injury (AKI) or chronic kidney dis-
ease (CKD) may alter clinician behavior in the period leading
up to transplantation regarding diagnosis and management of
CKD, initiation of renal replacement therapy (RRT), and list-
ing for simultaneous liver-kidney (SLK) transplantation. 8.1

Before 2017, no standardized criteria for SLK listing eligi-
bility existed. In 2017, the UNOS implemented a new policy
requiring one of the following criteria to be met for SLK listing:
(1) CKD (glomerular filtration rate [GFR] <60 mL/min for 90
consecutive days) with new RRT requirement or decrease in
GFR to <30 mL/min, (2) sustained AKI for 6wk (RRT at least
once every 7 d or GFR <25 mL/min measured once every 7 d),
and (3) metabolic disease affecting both liver and kidneys.20

Little has been reported on the impact of the SLK policy
change on waitlist outcomes in male and female patients.
Standardization of listing criteria using GFR might increase
the number of female patients eligible for SLK; however,
organ allocation and waitlist time for SLK candidates remain
tied to the creatinine-based MELD-Na (and now MELD
3.0) and is further complicated by additional constraints
leading to longer waitlist times in kidney organ matching
related to HLA sensitization and potential histocompatibil-
ity mismatch from fetal exposure in female patients.!®2! A
retrospective analysis of UNOS data capturing the first 2 y
of patients listed under the new SLK policy showed that all
patients were listed for SLK at lower GFRs and that regional
variability in median GFR at listing decreased after the pol-
icy’s implementation, suggesting successful standardization
in listing practices. Sex-based listing patterns and outcomes
were not specifically examined, but a larger proportion of
female patients underwent SLK after 2017 compared with
before.22 Another retrospective analysis of the first 2 y of
SLK outcomes after policy standardization compared SLK
patients listed from January 2015 to July 2017 and those
listed from September 2017 to March 2019, and similarly
found a decrease in average GFR at the time of listing and
an increased proportion of female patients listed for SLK
after the policy change.?3 No difference in overall 90-d wait-
list mortality was observed between the pre- and post-policy
change groups when accounting for sex; the specific impact
of sex as a covariate was not reported.2? Finally, a retrospec-
tive analysis of patients listed for SLK in the 3 y pre- and
post-policy change found a 3% increase in female listings
and a 3% increase in listings for alcohol-related liver dis-
ease (ALD) regardless of sex, demonstrating changing demo-
graphics in the SLK population.?

Given the observed shifts in demographics in both single-
organ LT listings over time2s and SLK listings after the 2017
policy change, we hypothesized that the SLK policy may have
a differential impact on male and female candidates. The
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primary aim of this study was to compare waitlist outcomes
(death, transplantation, delisting for clinical deterioration,
and delisting for clinical improvement) by sex before and
after SLK listing criteria standardization. Secondary outcomes
included waitlist patterns and outcomes by sex, ethnicity, and
transplant indication pre- and post-policy change.

Another significant change recently affecting SLK patients
is the adoption of MELD 3.0 for liver and SLK allocation
in the United States. Although SLK patients were included in
the cohort used to develop the MELD 3.0 algorithm, it has
not been modeled independently in the SLK population.26
It is expected that the increased coefficient for female sex
and decreased creatinine cap would be especially relevant
in equalizing assigned MELD 3.0 scores to male and female
patients with significant kidney dysfunction. We therefore
hypothesized that the SLK population, who are uniformly
experiencing significant renal dysfunction, represents a unique
subset of LT patients experiencing a different magnitude of
MELD 3.0 effects on waitlist outcomes compared with the
previously studied cohort of combined LT and SLK patients.
Given the recent adoption of MELD 3.0, it will be some time
before enough data are available to study this rigorously
among patients who have been listed and allocated organs
using MELD 3.0. Therefore, we sought to evaluate the predic-
tive value of the difference in reported MELD versus calcu-
lated MELD 3.0 at SLK listing on waitlist outcomes in our
large SLK population as a proxy measure for how the current
MELD 3.0 system might perform.

MATERIALS AND METHODS

Study Population

This study used data from UNOS Standard Transplant
and Research files for liver and kidney transplants between
January 1, 2010, and June 30, 2022. Adult patients were
included if they were listed for SLK within the study period.
Listing groups included adult SLK listings from January 1,
2013, to December 31, 2016, in the pre-policy change group
and from January 1, 2018, to December 31, 2021, in the post-
policy change group. Retransplantation, status 1, multiorgan
(aside from SLK), and 2017 listings (SLK policy change year)
were excluded. Patients with a diagnosis of autoimmune hep-
atitis, primary biliary cholangitis, or primary sclerosing chol-
angitis were combined into a single “autoimmune” group,
given small numbers. Patients with concomitant hepatitis C
virus (HCV) and ALD were considered in the HCV group
because it was felt that concomitant HCV-associated kidney
dysfunction made these patients more similar to patients with
HCV-associated liver disease than to those with ALD.27:28 Sex,
race, and ethnicity were categorized as reported to UNOS.
Follow-up was censored at 3 y. MELD scores were those
reported by UNOS at the time of listing for organ allocation
(natural MELD without exception points). The term “MELD”
is used hereafter to refer to both the reported listing MELD
(before 2016) and the reported listing MELD-Na (after its
adoption in 2016). Organ Procurement and Transplantation
Network data during this time used the terminology nonal-
coholic fatty liver disease; new nomenclature is used in this
report for metabolic dysfunction—-associated steatotic liver dis-
ease (MASLD).2° The project was exempt from Institutional
Review Board review due to the use of publicly available dei-

dentified data.
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Statistics

All variables are reported as means and SDs or counts
and percentages, as appropriate. Univariable and multivari-
able competing risk models using the Fine-Gray approach
were used to compare pre- and post-policy change waitlist
outcomes (death, transplantation, delisting due to dete-
rioration, delisting due to improvement) between sexes in
each listing period; outcomes for each listing period are
presented separately. Covariates were selected for use in
the multivariable models (including the primary outcome
model with an interaction term for sex and pre-/post-policy
change listing group) based on statistical significance in uni-
variable models (P < 0.05) and on clinical importance. Age,
sex, and MELD were included in the models regardless of
statistical significance. Secondary outcomes were evaluated
by comparing pre- and post-policy groups separately, as
described below.

MELD 3.0 scores were calculated using raw data values
reported by UNOS at the time of listing, applying methods
described by Kim et al.3 Relative differences in the likelihood
of reclassification from listing MELD to MELD 3.0 by sex
were measured using chi-square tests. All analyses were con-
ducted using SAS version 9.4 (SAS Institute Inc). All tests were
conducted at the 0.05 significance level.

RESULTS

There were 157495 listings for LT (single-organ LT alone,
not including SLK listings) during the study period; details
of inclusion and exclusion are displayed in Figure 1. Some
patients met multiple exclusion criteria. A total of 8824
patients listed for SLK were included: 2626 male patients
(61.1%) and 1670 female patients (38.9%) listed for pre-
policy change and 2609 male patients (57.6%) and 1919
female patients (42.4%) listed for post-policy change
(Table 1). During the same period, 24 969 (65.4%) male and
13199 (34.6%) female LT listings were included pre-policy
change and 27096 (63.2%) male and 15774 (36.8%) female
listings were included post-policy change (Table 2). This
represented a significantly higher proportion of female SLK
listings compared with that seen in the LT group during the
same time period for both pre- and post-policy change groups
(P <0.01 pre-policy change, P<0.01 post-policy change;
Figure S1, SDC, http:/links.lww.com/TXD/A746). The top
indications for female SLK listing differed from those for LT
listing (Tables 1 and 2). Female patients listed post-policy
change were on average older and had higher MELD and
creatinine than pre-policy change; there was also a relative
increase in listing for ALD seen in female patients (but not
male patients) post-policy change (Table 1). The mean MELD
at SLK listing was 24 for female and 25 for male patients in
the pre-policy change group and 25 for both male and female
patients in the post-policy change group. Mean SLK listing
creatinine was lower for female patients in both the pre- and
post-policy change groups compared with male patients in
each respective listing group; the mean creatinine at SLK list-
ing for each sex increased post-policy change (3.15 pre-policy
change versus 3.25 post-policy change in female patients;
3.89 pre-policy change versus 4.15 post-policy change in male
patients; Table 1).

Competing risk time to event models were used to evaluate
the likelihood of each outcome of interest for male and female
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patients in the pre- versus post-period. Compared with pre-
policy change, fewer patients overall were delisted for clinical
deterioration and more patients underwent transplantation
post-policy change. Female patients were more likely to die
on the waitlist or be removed from the waitlist due to clinical
deterioration compared with male patients pre-policy change
and compared with both male and female patients post-policy
change. Similarly, female patients pre-policy change were the
least likely to undergo transplantation compared with male
patients pre-policy change and compared with all patients
post-policy change (Figure 2).

Multivariable analyses (Table 3) were performed on the
basis of the results of univariable testing as described in
Materials and Methods. Multivariable models showed that
in both the pre- and post-policy change groups, age and
MELD were independently associated with an increased
risk of waitlist death. Female patients were significantly
less likely than male patients to undergo transplantation in
the pre-policy change group (hazard ratio [HR], 0.85; 95%
confidence interval [CI], 0.75-0.96; P = 0.01), although this
sex-associated difference was no longer present in the post-
policy change group (HR, 1.11; 95% CI, 0.99-1.24; P = 0.09).
Furthermore, no differences were observed in the likelihood
of transplantation for any ethnicity or transplant indication.
A relatively small number of patients were delisted because of
clinical improvement (n = 187), and this was more commonly

157495 patients
listed for liver
transplantation
Excluded for dual Excluded for prior
listing with organ organ transplant
other than kidney
(1838) (4821)
Excluded for age <18 Excluded for status 1
(8992) (13)

Excluded from SLK-
specific analyses for
no SLK listing W

(142562)

8824 included in SLK analyses
PRE: 2626 men, 1670 women
POST 2609 men, 1919 women

FIGURE 1. Patient inclusion and exclusion. SLK, simultaneous liver-
kidney transplantation.
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| TABLE 1.
SLK patient characteristics
SLK patients Pre-policy change Post-policy change
Female Male P Female Male P

Count, n (%) 1670 (38.9%) 2626 (61.1%) 1919 (42.4%) 2609 (57.6%)
Age at listing, y, mean (SD) 57 (9.4) 57(9.2) 0.08 58 (10.3) 57 (10.4) <0.01
MELD at listing, mean (SD) 24 (8.5) 25(8.1) 0.04 25(7.8) 25(7.3) 0.46
Creatinine at listing, mean (SD) 3.15(@2.1) 3.89 (2.7) <0.01 3.25(2.1) 4.15(2.6) <0.01
Height, cm, mean (SD) 162 (7.5) 176 (8.4) <0.01 162 (7.6) 176 (8.3) <0.01
Ethnicity 0.16 0.21

White 1010 (23.5%) 1637 (38.1%) 1160 (25.6%) 1652 (36.5%)

Black 249 (5.8%) 339 (7.9%) 208 (4.6%) 265 (5.9%)

Hispanic 308 (7.2%) 513 (11.9%) 432 (9.5%) 526 (11.6%)

Asian 74 (1.7%) 105 (2.4%) 82 (1.8%) 132 (2.9%)

Other 29 (0.7%) 32(0.7%) 37 (0.8%) 43 (0.9%)
Transplant indication <0.01 <0.01

MASLD 478 (11.1%) 1010 (23.5%) 759 (16.8%) 609 (13.4%)

Autoimmune 133 (3.1%) 1011 (23.5%) 121 (2.7%) 62 (1.4%)

ALD 257 (6.0%) 1012 (23.5%) 437 (9.7%) 1020 (22.5%)

HCV 375 (8.7%) 1013 (23.5%) 152 (3.4%) 351 (7.8%)

Other 427 (9.9%) 1014 (23.5%) 450 (9.9%) 567 (12.5%)
Waitlist days, mean (SD) 320 (362) 309 (353) 0.29 228 (215) 245 (233) 0.05

Statistically significant P values are denoted in bold.ALD, alcohol-related liver disease; HCV, hepatitis C virus;

stage Liver Disease; SLK, simultaneous liver-kidney.

MASLD, metabolic dysfunction—associated steatotic liver disease; MELD, Model for End-

LT patient characteristics

LT patients Pre-policy change Post-policy change
Female Male P Female Male P

Count (%) 13199 (34.6%) 24969 (65.4%) 15774 (36.8%) 27096 (63.2%)
Age at listing, y, mean (SD) 55(11.1) 56 (9.6) <0.01 55(11.8) 56 (11.0) <0.01
MELD at listing, mean (SD) 8(9.3 17.(9.1) <0.01 20 (10.0) 9(10.0) <0.01
Creatinine at listing, mean (SD) 1. 07 0.82) 1.18(0.81) <0.01 1.11(0.84) 1. 27 0.97) <0.01
Height, cm, mean (SD) 162 (7.2) 176 (7.9) <0.01 162 (7.8) 177(8.6) <0.01
Ethnicity <0.01 <0.01

White 9094 (23.8%) 18110 (47.4%) 10868 (25.4%) 19635 (45.8%)

Black 1225 (3.2%) 1833 (4.8%) 1174 (2.7%) 1412 (3.3%)

Hispanic 2111 (5.5%) 3576 (9.4%) 2869 (6.7%) 4479 (10.4%)

Asian 538 (1.4%) 1142 (3.0%) 560 (1.3%) 1173 (2.7%)

Other 231 (0.6%) 308 (0.8%) 303 (0.7%) 397 (0.9%)
Transplant indication <0.01 <0.01

MASLD 2491 (6.5%) 2757 (7.2%) 4004 (9.3%) 4416 (10.3%)

Autoimmune 2316 (6.1%) 1502 (3.9%) 2371 (5.5%) 1673 (3.9%)

ALD 2058 (5.4%) 5810 (15.2%) 4201 (9.8%) 9762 (22.8%)

HCV 2853 (7.5%) 7774 (20.4%) 1230 (2.9%) 3192 (7.4%)

Other 3480 (9.1%) 7126 (18.7%) 3967 (9.3%) 8048 (18.8%)
Waitlist days, mean (SD) 351 (374) 327 (348) <0.01 248 (292) 238 (277) <0.01

Statistically significant P values are denoted in bold.ALD, alcohol-related liver disease; HCV, hepatitis C virus; LT, liver transplant; MASLD, metabolic dysfunction—associated steatotic liver disease;

MELD, Model for End-stage Liver Disease.

observed in female than male patients in the pre- but not post-
policy change listing group (HR, 2.34; 95% CI, 1.32-4.14;
P <0.01; HR, 1.6; 95% CI, 0.91-2.79; P = 0.10, respectively).

Multivariable analyses of the same covariates were per-
formed in the LT population during the study period to
compare the changes in the overall population eligible for
LT to those observed in the SLK group before and after the
policy change (Table S1, SDC, http://links.lww.com/TXD/
A746). The patterns of waitlist outcomes for male and female

patients in the pre- and post-policy change eras differed from
those seen in patients listed for SLK.

Given the observed waitlist outcome differences between
sexes in the pre- and post-policy change groups on multi-
variable analysis, a formal test of the interaction between
sex and listing group was performed to evaluate the pri-
mary research question of sex-based differences in waitlist
outcomes pre- and post-policy change. Testing for interac-
tion terms established a statistically significant interaction
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FIGURE 2. Competing risk of waitlist outcomes pre- and post-policy change by sex (using sex/listing period interaction term). Four clinical
groups: female patients pre-policy change, male patients pre-policy change, female patients post-policy change, and male patients post-
policy change. Cumulative incidence functions using Fine-Gray adjustment. A, Transplantation: the likelihood of transplantation between the 4
groups is significantly different (P < 0.01). Female patients pre-policy change are the least likely of all 4 groups to undergo transplantation. The
likelihood of transplantation increases and equalizes between male and female patients after policy change. B, Waitlist death: the likelihood of
waitlist mortality is significantly different between the 4 groups (P = 0.029). Female patients pre-policy change are the most likely of the 4 groups
to experience waitlist mortality. The likelihood of waitlist mortality for female patients post-policy change decreases compared with pre-policy
change and is similar to waitlist mortality for male patients in the same time period. C, Delisting for improvement: there is no significant difference
in the likelihood of delisting for clinical improvement between the 4 groups. D, Delisting for deterioration: there is a significant difference in the
likelihood of delisting for clinical deterioration between the 4 groups. Male and female patients pre-policy change have a higher likelihood of

delisting pre-policy change than post-policy change.

between sex and listing group for the likelihood of transplan-
tation (P = 0.02) but not waitlist death (P = 0.89), delisting
for deterioration (P =0.27), or delisting for improvement
(P =0.65; Table 4; Table S2, SDC, http://links.lww.com/
TXD/A746).

Finally, patterns in listing MELD and calculated MELD 3.0
discordance were examined with chi-square tests according to
the MELD groupings used in the development of MELD 3.03
(Tables 5-7). It was assumed that patients who were delisted
for clinical deterioration died on the waitlist for the purposes
of this analysis. If a patient’s listing MELD was in a lower
group than that of their calculated MELD 3.0, the patient

was considered to be “upclassified” by the MELD 3.0. Similar
to reports by Kim et al,? significantly more female than male
patients were underrepresented by their listing MELD com-
pared with their calculated MELD 3.0 scores (ie, MELD 3.0
score higher than MELD in 19.25% of female and 11.19% of
male patients, chi-square P < 0.01; Table 6). This difference
was statistically significant for listing MELD of <30. Similarly,
female patients who died on the waitlist were more likely to
be upclassified from MELD to MELD 3.0 score than male
patients (22.98% of female versus 12.74% of male patients,
chi-square P < 0.01; Table 6), particularly for MELD <30.
Female patients were also more likely to be downclassified
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Interaction of waitlist outcomes by sex and listing group (pre-policy change vs post-policy change)
Sex x listing group interaction
Death Transplant Deteriorated Improved
HR (95% Cl) P HR (95% ClI) P HR (95% ClI) P HR (95% Cl) P

Sex - 0.89 - 0.09 - 0.92 - <0.01
Listing group - <0.01 - <0.01 - <0.01 - 0.34
Sex x listing group - 0.89 - 0.02 - 0.29 - 0.65

Female at pre-group
Female at post-group

1.01 (0.82-1.25) -
1.00 (0.80-1.24) -

091 (0.82-1.02)
1.05 (0.95-1.17)

- 1.01 (0.83-1.29) -
- 0.88 (0.70-1.11) -

2.03 (1.24-3.33) -
1.78 (1.09-2.92) -

Multivariable model evaluating the interaction between sex and listing group (pre- vs post-policy change) when adjusted for all clinical covariates reported in Table 3 (age, height, MELD, ethnicity, and
transplant indication). P values for variables (sex and listing group) report the statistical significance of a variable with respect to the likelihood of respective outcome (eg, no statistically significant
relationship between sex and likelihood of transplantation, as evidenced by a P value of 0.09 and Cls crossing 1 for both female patients listed in the pre-group and female patients listed in the post-
group). Only hazard ratios and Cls for each outcome are reported for population groups: “female at pre-group” and “female at post-group.”

Statistically significant P values are denoted in bold.Cl, confidence interval; HR, hazard ratio; MELD, Model for End-stage Liver Disease.

by MELD 3.0 overall (7.72% female versus 6.57% male
patients, chi-square P =0.04); the only listing MELD sub-
group in which this difference was statistically significant
was listing MELD score of 30 to 39. No significant difference

Reclassification from MELD-Na to MELD 3.0 by sex (total
counts and among only patients who died on waitlist)

Calculated MELD 3.0 at listing
6-9 10-19 20-29 30-39 >40

Female patients, n
Listing MELD-Na
6-9
10-19
20-29
30-39
>40
Female deaths, n
Listing MELD-Na
6-9
10-19
20-29
30-39
>40
Male patients, n
Listing MELD-Na
6-9
10-19
20-29
30-39
>40
Male deaths, n
Listing MELD-Na
6-9
10-19
20-29
30-39
>40
Counts of patients with concordant/discordant reported MELD-Na at listing vs calculated MELD
3.0 atlisting presented by sex. Pink cells represent patients whose MELD-Na was downclassified
when recalculated as MELD 3.0. Blue cells represent patients whose MELD-Na was upclassified
when recalculated as MELD 3.0 (ie, underrepresented by MELD). Counts of deaths in patients
with concordant/discordant reports MELD-Na at listing vs calculated MELD 3.0 at listing pre-

sented by sex.
MELD-Na, Model for End-stage Liver Disease-Sodium.

in the likelihood of waitlist death was seen between male
and female patients who were downclassified by MELD 3.0
(Table 6). A 1-point deficit in reported UNOS MELD versus
calculated MELD 3.0 at SLK listing (ie, delta MELD versus
MELD 3.0) was associated with a 2% decreased likelihood of
transplantation during the study period (HR, 0.98; 95% CI,
0.97-0.99; P < 0.01).

DISCUSSION

Sex, socioeconomic, and racial/ethnic disparities in solid
organ transplantation listing and outcomes have been well
described.!-13:3031  Standardization of listing criteria in a
national system impacts many patients and has the potential
to codify barriers or equity in access to this limited life-saving
resource. Therefore, it is important to measure patient out-
comes after significant policy changes to understand their
downstream effects. The findings of this article offer support-
ing evidence for current practice (standardized SLK listing
and MELD 3.0 in SLK organ allocation) that has not been
objectively measured and described previously.

Multiple disparities are observed in this report, includ-
ing several affecting female patients—a greater proportion
of female patients were listed for SLK post-policy change
both compared with female SLK listings pre-policy change
and female LT listings post-policy change. The post-policy
change era included more female patients in the candidate
pool who were overall sicker than before, as reflected by
older age and higher listing MELD. However, female out-
comes improved in many domains post-policy change.
Female patients were significantly less likely than male
patients to undergo transplantation before the SLK policy
change but had higher rates of transplantation after, which
may reflect changes in patient selection under the new pol-
icy. Overall, waitlist mortality decreased post-policy change
compared with pre-policy change, with no significant differ-
ences observed between sexes. Female patients were more
likely than male patients to be delisted for clinical improve-
ment in both listing groups, although rates of delisting for
female versus male patients were similar post-policy change.
Although delisting for clinical improvement was relatively
uncommon, this pattern may speak to clinicians’ judgment
that female patients are sicker than suggested by MELD and
may benefit from the earlier listing. Transplant indications
for patients delisted because of clinical improvement were
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Chi-square tests for the likelihood of upclassification to higher MELD 3.0 category for male vs female patients (total

counts and among only patients who died on waitlist)

List- No. of female patients No. of male patients No. of female No. of male

ing upclassified by MELD 3.0 upclassified by MELD 3.0 deaths deaths

MELD (N = 3589), n (%) (N =5235) , n (%) P (N =918),n (%) (N =1248), n (%) P
6-9 43 (1.20%) 8 (0.15%) <0.01 9(0.98%) 2(0.16%) 0.01
10-19 278 (7.75%) 199 (3.80%) <0.01 90 (9.80%) 63 (5.05%) <0.01
20-29 273 (7.61%) 271 (5.18%) <0.01 95 (10.35%) 66 (5.29%) <0.01
30-39 97 (2.70%) 108 (2.06%) 0.0501 17 (1.85%) 28 (2.24%) 0.52
Total 691 (19.25%) 586 (11.19%) <0.01 211 (22.98%) 159 (12.74%) <0.01
Statistically significant P values are denoted in bold.MELD-Na, Model for End-stage Liver Disease-Sodium.

Chi-square tests for the likelihood of classification of listing MELD to lower MELD 3.0 category for male vs female
patients (total counts and among only patients who died on waitlist)

Listing No. of female patients down- No. of male patients down- No. of female deaths No. of male deaths

MELD classified (N = 3589), n (%) classified (N = 5235), n (%) P (N =918),n (%) (N =1248), n (%) P
10-19 0 (0%) 1(0.02%) 1.00 0 (0%) 0 (0%) -
20-29 74 (2.06%) 107 (2.04%) 0.95 19 (2.07%) 0 (1.60%) 0.42
30-39 132 (3.68%) 131 (2.50%) <0.01 37 (4.03%) 38 (3.04%) 0.22
>40 71 (1.98%) 105 (2.01%) 0.93 33 (3.59%) 5 (2.80%) 0.30
Total 277 (71.72%) 344 (6.57%) 0.04 89 (9.69%) 3 (7.45%) 0.06

Statistically significant P values are denoted in bold.MELD-Na, Model for End-stage Liver Disease-Sodium.

proportionate to the frequency of indication in respective
groups. Taken together, these observations may suggest
more uniform and appropriate candidate selection with the
application of standardized 2017 listing criteria, as many of
the disparities in outcomes pre-policy change are no longer
observed post-policy change.

When considering each listing group separately, Black
patients did not experience any significant differences in the
likelihood of death, transplantation, or delisting for clinical
deterioration, although they were more likely to be delisted
for clinical improvement pre-policy change compared with
White patients. Asian and Hispanic patients were less likely
to undergo transplantation compared with White patients,
and Hispanic patients were more likely to be delisted for
clinical deterioration pre-policy change compared with post-
policy change. However, these patterns were no longer sig-
nificant post-policy change, again supporting the idea that
standardized listing criteria may have improved candidate
selection.

A higher serum creatinine was observed for male patients
compared with female patients post-policy change, although
MELD equalized between the sexes (rising from 24 to 25
for female patients and remaining at 25 for male patients),
possibly suggesting that a greater number of sicker female
patients (perhaps in ways not captured by MELD, such as
frailty) were listed post-policy change. Compared with the
observed increase in creatinine for female patients pre- ver-
sus post-policy change, a larger relative increase in creatinine
was observed in male patients, perhaps because only male
patients with renal dysfunction beyond an objective thresh-
old were considered for SLK listing in the post-policy change
period.

It is worth noting that the demographics of patients listed
for SLK and LT have changed over time, with more listings

overall and a rising proportion of female patients listed for
ALD and MASLD.2425.32 There are several notable differences
between the patterns observed in SLK and LT populations
in this study. First, the relative waitlist times for male and
female patients are inverse in the pre- and post-policy change
periods—overall waitlist time decreased for both SLK and
LT patients in the post-group, but female SLK patients had
shorter waitlist times than male SLK patients, whereas female
LT patients had longer waitlist times than male LT patients.
Second, female LT candidates are less likely than male can-
didates to undergo transplantation pre- and post-policy
change, whereas female SLK candidates have a significantly
lower likelihood of transplantation pre-policy change but a
nonsignificant increased likelihood of transplantation post-
policy change. Finally, although ALD and MASLD are more
common in both SLK and LT patients post-policy change,
these indications for transplant are only significant predic-
tors in waitlist outcomes for LT patients, not in SLK patients.
Similarly, ethnicity is a nonsignificant predictor of outcomes
in SLK but not LT patients in the post-policy change group.
Together, these observations suggest the SLK population is a
unique subset of patients requiring LT.

The reclassification of MELD to MELD 3.0 more com-
monly upclassified female patients than male patients, as
expected on the basis of its incorporation of patient sex to
assign points. The MELD 3.0 incorporates hypoalbuminemia
as a marker of disease severity. This likely explains why some
male patients in our population also benefited from reclas-
sification from MELD to MELD 3.0 and perhaps why female
patients with high MELDs (30-39) may have been downclas-
sified by MELD 3.0 if they were in a phase of clinical deterio-
ration requiring supplemental albumin for the treatment of
AKI, hepatorenal syndrome, or hypotension. The discrepancy
between MELD and MELD 3.0 was most apparent in patients
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with an MELD score of <30. Patients with a MELD score of
>30 are sick enough to be near the top of the organ waitlist
in most UNOS regions regardless of blood type; however, in
the more moderately ill groups, this reclassification may have
had a more significant clinical impact in their waitlist time,
as highlighted by the significantly higher likelihood of female
death in patients with MELDs upclassified using MELD 3.0.

Consistent with prior work by Kim et al, this report sug-
gests that MELD 3.0 may mitigate observed sex disparities
on not only LT but also specifically SLK waitlist outcomes
because there was an association between the magnitude of
MELD/MELD 3.0 discrepancy and the likelihood of trans-
plantation. Additionally, both female patients and patients
who died on the waitlist were significantly more likely to be
upclassified using MELD 3.0 (even more so for female patients
who died on the waitlist). The association between MELD
3.0 reclassification and waitlist death further supports that
MELD and MELD-Na may have underrepresented the sever-
ity of patients’ clinical status with disproportionate effects on
female SLK candidates compared with male candidates. The
use of MELD 3.0 in the SLK population may capture disease
severity more accurately and thus offer waitlist time benefits
for these patients. To our knowledge, this is the first time that
the MELD 3.0 has been applied to the SLK population, spe-
cifically, with results that show benefits for female transplant
candidates similar to those described in the initial article by
Kim et al.3

Notably, several changes to organ allocation systems
occurred during the study period—the implementation of the
MELD-Na score for organ allocation (2016),33 the redistribu-
tion of donation service area and transplant region boundaries
(2018, 2020),3+35 and the modification of MELD exception
point assignment (2019).3¢ These changes would have uni-
formly affected organ access for both sexes throughout the
country with no specific impact on SLK candidates. Therefore,
it is felt that these policy changes do not confound the analy-
sis of the 2017 SLK policy, which, unlike the aforementioned
policy changes, has a basis for differentially impacting male
and female patients.

Additionally, when comparing patients listed for SLK with
those listed for LT, differences in SLK versus LT patient demo-
graphics are observed, including mean age, MELD, creatinine,
and indication for listing. Age, MELD, and creatinine were all
higher in SLK patients regardless of the listing period, further
suggesting that, with the exception of those who are acutely
ill with very high MELDs, SLK candidates with moderately
high MELDs from chronic multiorgan dysfunction may be
sicker than LT patients. The relative pattern of demographic
changes is similar in SLK and LT patients over time (eg, older,
higher MELD, less HCV), and yet the significant predictors of
waitlist outcomes among SLK patients still differ post-policy
change, further highlighting SLK patients as a unique group in
which to study MELD 3.0 impact.

There are several limitations to this study, including its
retrospective nature and the use of registry data with lim-
ited granularity to evaluate clinical characteristics (includ-
ing HLA sensitization) that may affect listing and waitlist
outcomes. The goal of the SLK policy change was to stand-
ardize criteria for which patients should be considered for
SLK listing; however, the available data only allow analy-
sis of those patients who are ultimately listed and lack any
information about whether a uniform approach to referring
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and accepting patients for listing exists. It is worth noting
that the relevance of these findings is affected by the recent
adoption of the MELD 3.0 allocation score, although our
analysis of MELD 3.0 reclassification suggests benefits for
female patients. More work remains to be done with respect
to eliminating sex-based differences in transplantation list-
ing and outcomes. Future research may evaluate additional
waitlist time for those awaiting smaller organs and consider a
data-driven algorithm for exception points for these patients
as well as sex-based differences in referral and time to trans-
plant evaluation completion. Our findings provide additional
support for the MELD 3.0 benefit specifically in SLK patients
(not previously examined as a unique subset) and also sup-
port the expectation for continued mitigation of sex dispari-
ties on the SLK waitlist using the 2017 standardized listing
criteria and MELD 3.0.

ACKNOWLEDGMENTS

The authors would like to thank Usha Govindarajalu, PhD,
for her work on previous efforts related to this project.

REFERENCES

1. Allen AM, Heimback JK, Larson JJ, et al. Reduced access to liver trans-
plantation in women: role of height, MELD exception scores and renal
function underestimation. Transplantation. 2019;102:1710-1716.

2. Sarkar M, Watt KD, Terrault N, et al. Outcomes in liver transplantation:
does sex matter? J Hepatol. 2015;62:946-955.

3. Kim WR, Mannalithara A, Heimbach JK; et al. MELD 3.0: the model for
end-stage liver disease updated for the modern era. Gastroenterology.
2021;161:1887-1895.e4.

4. Nephew LD, Serper M. Racial, gender, and socioeconomic disparities

in liver transplantation. Liver Transpl. 2021;27:900-912.

. Mathur AK, Schaubel DE, Gong Q, et al. Racial and ethnic disparities
in access to liver transplantation. Liver Transpl. 2010;16:1033-1040.
6. Cholongitas E, Marelli L, Kerry A, et al. Female liver transplant recipi-
ents with the same GFR as male recipients have lower MELD scores —

a systematic bias. Am J Transplant. 2007;7:685-692.

. Mindikoglu AL, Emre SH, Magder LS. Impact of estimated liver vol-
ume and liver weight on gender disparity in liver transplantation. Liver
Transpl. 2013;19:89-95.

8. Bernards S, Lee E, Leung N, et al. Awarding additional MELD points to
the shortest waitlist candidates improves sex disparity in access to liver
transplant in the United States. Am J Transplant. 2022;22:2912-2920.

9. Lai JC, Terrault NA, Vittinghoff E, et al. Height contributes to the gen-
der difference in wait-list mortality under the MELD-based liver alloca-
tion system. Am J Transplant. 2010;10:2658-2664.

10. Nephew LD, Goldberg DS, Lewis JD, et al. Exception points and
body size contribute to gender disparity in liver transplantation. Clin
Gastroenterol Hepatol. 2017;15:1286-1293.e2.

11. Lai JC, Rahimi RS, Verna EC, et al. Frailty associated with waitlist
mortality independent of ascites and hepatic encephalopathy in a mul-
ticenter study. Gastroenterology. 2019;156:1675-1682.

12. Lai JC, Feng S, Terrault NA, et al. Frailty predicts waitlist mortality in
liver transplant candidates. Am J Transplant. 2014;14:1870-1879.

13. Cullaro G, Sarkar M, Lai JC. Sex-based disparities in delist-
ing for being “too sick” for liver transplantation. Am J Transplant.
2018;18:1214-1219.

14. Mindikoglu AL, Regev A, Seliger SL, et al. Gender disparity in liver
transplant waiting-list mortality: the importance of kidney function.
Liver Transpl. 2010;16:1147-1157.

15. Mathur AK, Schaubel DE, Gong Q, et al. Sex-based dispari-
ties in liver transplant rates in the United States. Am J Transplant.
2011;11:1435-1443.

16. Cullaro G, Verna EC, McCulloch CE, et al. Improving the model for
end-stage liver disease with sodium by incorporating kidney dysfunc-
tion types. Hepatology. 2022;76:689-699.

17. Cullaro G, Verna EC, Lee BP, et al. Chronic kidney disease in liver
transplant candidates: a rising burden impacting post-liver transplant
outcomes. Liver Transpl. 2020;26:498-506.

(&3]

~



10

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

Transplantation DIRECT m 2025

Mindikoglu AL, Raufman JP, Seliger SL, et al. Simultaneous liver-
kidney versus liver transplantation alone in patients with end-stage
liver disease and kidney dysfunction not on dialysis. Transplant Proc.
2011;43:2669-2677.

Sheikh SS, Locke JE. Gender disparities in transplantation. Curr Opin
Organ Transplant. 2021;26:513-520.

OPTN. UNOS. Simultaneous liver kidney (SLK) allocation policy.
Available at https://optn.transplant.hrsa.gov/media/1192/0815-12_
slk_allocation.pdf. Accessed January 1, 2021.

Cullaro G, Hirose R, Lai JC. Changes in simultaneous liver kidney
transplant allocation policy may impact post liver transplant out-
comes. Transplantation. 2020;103:959-964.

Samoylova ML, Wegermann K, Shaw Bl, et al. The impact of the 2017
kidney allocation policy change on simultaneous liver-kidney utilization
and outcomes. Liver Transpl. 2021;27:1106-1115.

. Shimada S, Kitajima T, Suzuki Y, et al. Impact on waitlist outcomes

from changes in the medical eligibility of candidates for simultane-
ous liver-kidney transplantation following implementation of the 2017
Organ Procurement and Transplantation Network/United Network
for Organ Sharing policy in the United States. Ann Transplant.
2022;27:934850.

Singal AK, Kuo Y-F, Kwo P, et al. Impact of medical eligibility criteria
and OPTN policy on simultaneous liver kidney allocation and utiliza-
tion. Clin Transplant. 2022;36:e14700.

Kwong AJ, Ebel NH, Kim WR, et al. OPTN/SRTR 2021 annual data
report: liver. Am J Transplant. 2023;23(2 Supp! 1):S178-S268.
Improving Liver Allocation: MELD, PELD, Status 1A and Status
1B: Public Comment Proposal. OPTN Llver and Intestinal Organ
Transplantation Committee, 2022. Available at https://optn.transplant.
hrsa.gov/media/kxhdoOh4/improving-liver-allocation_meld-peld-
status-1a-and-status-1b_winter-2022-pc.pdf. Accessed March 23,
2023.

Goldberg D, Ditah IC, Saeian K, et al. Changes in the prevalence of
hepatitis C virus infection, nonalcoholic steatohepatitis, and alcoholic

28.

29.

30.

31.

32.

33.

34.

35.

36.

www.transplantationdirect.com

liver disease among patients with cirrhosis or liver failure on the waitlist
for liver transplantation. Gastroenterology. 2017;152:1090-1099.e1.
Goyes D, Danford CJ, Nsubuga JP, et al. Waitlist mortality and trans-
plant free survival in Hispanic patients listed for liver transplant using
the UNOS database. Ann Hepatol. 2021;23:100304.

Rinella ME, Lazarus JV, Ratziu V, et al. A multi-society Delphi consen-
sus statement on new fatty liver disease nomenclature. Hepatology.
2023.

Deutsch-Link S, Bittermann T, Nephew L, et al. Racial and ethnic dis-
parities in psychosocial evaluation and liver transplant waitlisting. Am
J Transplant. 2023;23:776-785.

Moylan CA, Brady CW, Johnson JL, et al. Disparities in liver trans-
plantation before and after introduction of the MELD score. JAMA.
2008;300:2371-2378.

Loy VM, Joyce C, Bello S, et al. Gender disparities in liver trans-
plant candidates with nonalcoholic steatohepatitis. Clin Transplant.
2018;32:e13297.

UNOS. Policy and system changes effective January 11, 2016, add-
ing serum sodium to MELD calculation. UNet. Available at https://
unos.org/news/policy-and-system-changes-effective-january-
11-2016-adding-serum-sodium-to-meld-calculation/. Accessed
February 25, 2024.

OPTN/UNOS. OPTN/UNOS Board approves updated liver distribu-
tion system. Available at https://optn.transplant.hrsa.gov/news/opt-
nunos-board-approves-updated-liver-distribution-system/. Accessed
February 25, 2024.

Committee LalT. OPTN policies notice liver and intestine distribution
using distance from donor hospital. In: Directors OBo, editor. Available
at https://optn.transplant.hrsa.gov/news/new-national-liver-and-
intestinal-organ-transplant-system-in-effect/. Accessed March 31,
2025.

OPTN. National liver review board is implemented. Available at https://
optn.transplant.hrsa.gov/news/national-liver-review-board-is-imple-
mented/. Accessed February 25, 2024.


https://optn.transplant.hrsa.gov/media/1192/0815-12_slk_allocation.pdf
https://optn.transplant.hrsa.gov/media/1192/0815-12_slk_allocation.pdf
https://optn.transplant.hrsa.gov/media/kxhdo0h4/improving-liver-allocation_meld-peld-status-1a-and-status-1b_winter-2022-pc.pdf
https://optn.transplant.hrsa.gov/media/kxhdo0h4/improving-liver-allocation_meld-peld-status-1a-and-status-1b_winter-2022-pc.pdf
https://optn.transplant.hrsa.gov/media/kxhdo0h4/improving-liver-allocation_meld-peld-status-1a-and-status-1b_winter-2022-pc.pdf
https://unos.org/news/policy-and-system-changes-effective-january-11-2016-adding-serum-sodium-to-meld-calculation/
https://unos.org/news/policy-and-system-changes-effective-january-11-2016-adding-serum-sodium-to-meld-calculation/
https://unos.org/news/policy-and-system-changes-effective-january-11-2016-adding-serum-sodium-to-meld-calculation/
https://optn.transplant.hrsa.gov/news/optnunos-board-approves-updated-liver-distribution-system/
https://optn.transplant.hrsa.gov/news/optnunos-board-approves-updated-liver-distribution-system/
https://optn.transplant.hrsa.gov/news/new-national-liver-and-intestinal-organ-transplant-system-in-effect/
https://optn.transplant.hrsa.gov/news/new-national-liver-and-intestinal-organ-transplant-system-in-effect/
https://optn.transplant.hrsa.gov/news/national-liver-review-board-is-implemented/
https://optn.transplant.hrsa.gov/news/national-liver-review-board-is-implemented/
https://optn.transplant.hrsa.gov/news/national-liver-review-board-is-implemented/

