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Abstract: The liver transplant allocation system is currently based
upon the Model for End-Stage Liver Disease (MELD) score and
allocates organs preferentially to patients with the highest scores
(ie, the sickest patients) within a defined geographic unit. In
addition, certain patient populations, such as patients with hepa-
tocellular carcinoma and portopulmonary hypertension, receive
MELD exception points to account for their increased waitlist
mortality, which is not reflected by their MELD score. Significant
geographic variation in the access to liver transplantation exists
throughout the United States. Both the Organ Procurement and
Transplant Network Board of Directors and the Health Resources
and Services Administration have determined these geographic
disparities to be unacceptable. The liver transplant community has
worked to develop methods to reduce these geographic dispari-
ties and to reexamine how MELD exception points are granted to
certain patient populations. As a result, numerous policy changes
have been adopted throughout the years that have broadened
the sharing of organs through wider geographic sharing. Despite
all of these changes, variation in access to liver transplantation
continues to exist, and, thus, the liver transplant community
continues to examine new ways to address geographic dispari-
ties. This paper reviews several of the key changes to the liver
allocation system that have occurred since the implementation of
MELD allocation in 2002 and provides an overview of potential

changes to the system.

n 2000, the US Department of Health and Human Services
published the Final Rule, which, in part, established principles
for the allocation of deceased donor livers, including prioritizing
candidates based upon medical urgency.' The Final Rule also stated
that access to a transplant should not be affected by place of residence
or listing.! Following publication of the Final Rule, the Organ Pro-
curement and Transplant Network (OPTN) adopted the Model for
End-Stage Liver Disease (MELD) score to prioritize patients on the
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Table 1. Liver Allocation Policy Changes Implemented Since
2002

Year Policy Implemented

2002 MELD score

2005 Regional Share 15 rule

2013 Regional Share 35/National Share 15 policy
2015 Modification of HCC MELD exception points
2016 MELD-Na score

HCC, hepatocellular carcinoma; MELD, Model for End-Stage Liver Disease;
MELD-Na, Model for End-Stage Liver Disease plus serum sodium.

liver transplant waiting list.? The MELD score, which is
calculated from serum bilirubin, international normalized
ratio of prothrombin time, and serum creatinine, offers an
objective score that accurately predicts the risk of short-
term mortality from chronic liver disease.?

The determination of which patient receives an organ
is dependent upon 2 factors: allocation and distribution.?
Allocation is defined as the order of patients on a par-
ticular waiting list based upon medical urgency® and has
been based upon the MELD score since 2002.? Distribu-
tion indicates the geographic units in the country where
donated livers are matched to a priority-ranked list of
candidates according to the allocation scheme within the
distribution unit. The current liver distribution system
follows a local-regional-national algorithm.* The local
distribution unit is defined as the donation service area
(DSA), which is generally a single organ procurement
organization. There are currently 58 organ procurement
organizations in the United States that cover areas ranging
from a single metropolitan area to multiple states. The
United States is further divided into 11 regions.”

A shortage of livers and geographic disparities in
access to liver transplantation continue in the United
States.’ In 2013, 1767 patients died while waiting for a
liver transplant, and another 1223 were removed from the
list for being too sick to undergo the procedure.® The dif-
ference between average MELD score at transplant varies
as much as 10 points between DSAs.’ This variance sug-
gests that candidates in certain parts of the country have
to wait until they are much more ill before they receive
a transplant as compared to other centers. The reasons
for such disparities are complex and include geographic
differences in the availability of deceased donor livers,’
the demand of liver transplantation in certain areas, and
potential differences in listing criteria or organ acceptance
rates. In addition, certain patient characteristics, such as
serum sodium’ and hepatocellular carcinoma (HCC),
may be associated with worse outcomes and may not
be reflected by the MELD score. Since the initiation of
MELD allocation in 2002, patients with HCC have been
granted exception points to account for this difference.”®

Table 2. Current Liver Allocation Scheme

Organ Allocation Offering (Highest to Lowest Priority)

1. Combined local and regional status 1A

2. Combined local and regional status 1B

3. Local/regional MELD/PELD score 35-40 (offers made
locally then regionally for each MELD score)

4. Local MELD/PELD score 29-34

5. National Liver-Intestine MELD score >29
6. Local MELD/PELD score 15-28

7. Regional MELD/PELD score 15-34

8. National status 1A or 1B

9. National MELD/PELD score >15

10. Local MELD/PELD score <15

11. Regional MELD/PELD score <15

12. National MELD/PELD score <15

MELD, Model for End-Stage Liver Disease; PELD, Pediatric End-Stage Liver
Disease.

In an effort to achieve equity among liver trans-
plant candidates and address geographic disparities in
access to transplantation, the OPTN has implemented a
series of changes to organ allocation policies, including
the Regional Share 15 rule, which was implemented in
2005; the Regional Share 35/National Share 15 policy,
implemented in June 2013; and revisions to awarding
HCC exception points, implemented in October 2015.
MELD-Na, a modified MELD score that incorporates
serum sodium, was implemented on January 11, 2016
(Table 1). There are also ongoing discussions of new dis-
tribution units. This paper reviews recently approved and
potential changes to the liver allocation system.

Regional Share 15 Rule

According to Merion and colleagues, average survival
benefit, truncated at 3 years, only occurred after liver
transplantation in patients with MELD scores above 18,
whereas patients with MELD scores less than 15 had
reduced mean survival compared to matched candidates
who remained on the waitlist.” As a result of this analysis,
the OPTN adopted the Regional Share 15 rule, which
states that organs must first be offered to patients with
MELD scores of 15 or greater locally and then region-
ally before making the organs available to local patients
with MELD scores under 15.° With this system, organs
available within a certain DSA are offered to waitlist
candidates within the DSA. If there are no suitable local
candidates with a MELD score greater than or equal to
15, the organs are offered to candidates in other DSAs
within the same region. With this system in place, there
was a 36% decrease in the proportion of liver recipients
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Figure 1. Proposed 4-district distribution model for liver
allocation.

Reproduced from the OPTN/UNOS Liver and Intestinal Organ Trans-
plantation Committee.

with a MELD score less than 15 undergoing transplant.
However, there was no change in the number of liv-
ers shared outside of the local DSA.* Throughout the
years, variations in median MELD score at the time of
transplant increased between DSAs, and patients with a
MELD score of 35 or greater had a waitlist mortality rate
comparable to patients with acute liver failure who were
listed as status la and eligible for regional sharing.'!'?
Therefore, the transplant community proposed wider
geographic sharing for patients with high MELD scores.
Liver simulated allocation modeling (LSAM) projected
that regional sharing of organs for high MELD patients
would result in a decrease in waitlist mortality.?

Regional Share 35/National Share 15 Policy

The Regional Share 35/National Share 15 policy man-
dated that organs be offered to candidates with a MELD
score greater than or equal to 35 in the region before being
considered for local candidates with a MELD score below
35. In addition, if there was no suitable candidate with a
MELD score greater than or equal to 15, the organs were
offered nationally before coming back to centers in the
local DSA for candidates with a MELD score less than
15."% An analysis performed 1 year after the implementa-
tion of this policy revealed an increase in the total number
of transplants, a 30% lower waitlist mortality in patients
with a MELD score greater than 30, and fewer livers being
discarded. This was not at the expense of increased cold
ischemia times or in early posttransplant outcomes.'* A
second analysis comparing outcomes in the pre— and post—
Regional Share 35 eras noted an expected increase in trans-
plant MELD scores following implementation of Regional
Share 35 as well as an increase in the proportion of patients
undergoing transplant while in the intensive care unit or
on life-support devices.'”” On a national level, no difference

Figure 2. Proposed 8-district distribution model for liver
allocation.
Reproduced from the OPTN/UNOS Liver and Intestinal Organ Trans-

plantation Committee.*

was noted in patient survival when comparing patients
who underwent transplant prior to Regional Share 35 with
patients who underwent transplant following Regional
Share 35. However, patient survival was lower in 2 regions
(regions 4 and 10) in the post—Regional Share 35 era with
no significant differences in the remaining regions.” The
current allocation scheme, arranged from highest to lowest
priority, is summarized in Table 2.

MELD-Na Score

Hyponatremia has been shown in several studies to be
an independent predictor of mortality in patients with
cirrhosis.'®'® This effect is most pronounced in patients
with low MELD scores and has led to the development
of the MELD-Na score, which has been shown to pre-
dict waitlist mortality more accurately than MELD score
alone.” The current formula of MELD-Na is calculated
as: MELD-Na = MELD + 1.32 X (137 — Na) — [0.033 X
MELD X (137 — Na)]." The lower limit of sodium was set
at 125, and the upper limit was set at 137. LSAM analysis
suggested that implementation of this model will result
in a decrease of 52 total deaths per year among patients
awaiting transplant.?® The results of this analysis led to
approval of the MELD-Na score by the United Network
for Organ Sharing (UNOS) in June 2014 with subsequent

implementation in January 2016 in the United States.?
Hepatocellular Carcinoma

In 1996, Mazzaferro and colleagues reported that liver
transplantation for the treatment of small HCC, defined
as 1 lesion smaller than 5 cm or 3 lesions smaller than
3 cm, produced a 4-year recurrence-free survival rate of
83%.%! The results of this study have led to the acceptance
of liver transplantation as a main treatment modality for
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surgically unresectable HCC. It was understood prior to
the implementation of MELD allocation that patients
with HCC would not be well served by this policy; as a
result, these patients are granted MELD exception points.
Recently, patients with HCC were granted a MELD
exception score of 22 at listing, with additional points
granted every 3 months. In the latest Scientific Registry
of Transplant Recipients report, HCC was the second
most common indication for transplant.® Patients with
HCC had a lower dropout rate from the waitlist com-
pared with patients without HCC.?> HCC patients also
had a decreased risk of waitlist mortality and increased
odds of transplant compared to non-HCC patients.?
These data suggested that HCC patients had an advantage
over patients without HCC, which prompted a change
in the MELD exception scheme for HCC recipients that
was implemented in October 2015.%* In the new policy,
HCC patients are listed with their native MELD score
for the first 6 months. If patients are still within criteria
after 6 months, they are granted a MELD score of 28,
which will increase every 3 months to a maximum of 34
points.?* Data from the Scientific Registry of Transplant
Recipients and LSAM showed that a 6-month delay in
granting patients HCC MELD exception points would
increase the number of transplants for non-HCC patients
and decrease the number of HCC transplants.? The revi-
sion should also decrease the geographic variability in
the transplant rate for HCC.” In addition, capping the
MELD exception score at 34 will ensure that organs will
not be allocated to HCC patients if there is a patient with
a calculated MELD score higher than or equal to 35 in
the region, who is in more imminent need for transplant.

Conclusion

Changes in organ allocation policies throughout the
years have resulted in decreased waitlist mortality rates
and an increase in organs being offered to more ill
patients.*
variations continue to exist between DSAs in terms of
transplant rates, waitlist mortality, and median MELD
score at transplant. Over the years, multiple methods for

Despite these changes, significant geographic

redistricting have been examined, including concentric
circles and full regional sharing. While these methods
represent broader sharing, they actually do litde to
address geographic disparities. In an attempt to address
these geographic disparities, new districts were generated
by attempting to match supply (the number of deceased
donor livers) with demand (the number of incident list-
ings with a MELD score >15)."? These new models divide
the United States into either 4 districts (Figure 1) or 8
districts (Figure 2) and are subject to certain constraints

imposed by the OPTN/UNOS Liver and Intestinal

Organ Transplantation Committee. The primary out-
come metric studied was median MELD score at trans-
plant. Such redistricting would result in a median MELD
score at time of transplant between 24 and 29 in most
of the country.* While not the primary outcome studied,
redistricting is projected to save a net of 553 and 332 lives
over the next 5 years for the 4-district vs 8-district model,
respectively.” Not surprisingly, redistricting will result in
an increase in utilization of aircraft for organ transporta-
tion from 44% in the current system to 74% and 64%
with 4 and 8 districts, respectively. Although aircraft
utilization would increase the cost of organ transport, the
expected overall decrease in costs of pretransplant care is
projected to be larger, and, as a result, the total costs (pre-
transplant, transport, transplant plus 1 year follow-up,
and transplant plus 3 years of follow-up) would decrease.
Moreover, the increase in transportation costs can be
addressed, at least in part, by awarding proximity points
(ie, giving additional points to potential recipients who
are listed at centers close to the donor hospital). These
policies have been discussed at 2 recent public fora.
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