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Background

The United Network for Organ Sharing (UNOS) is a tax-exempt medical, scientific, and educational
organization. On October 1, 2000, UNOS received a federal contract to continue operation of the national
Organ Procurement and Transplantation Network (OPTN) and development of an equitable, scientific and
medically-sound organ allocation system. The OPTN is charged with developing by-laws and policies that
maximize utilization of organs donated for transplantation, assuring the quality of care for transplant
candidates and recipients, and addressing other complex medical issues related to organ transplantation in
the United States. All by-laws and policies receive broad input from numerous constituencies including
transplant candidates and recipients and family members, donors and donor families, the OPTN
membership, and concerned individuals and organizations throughout the United States.

By-Laws and policies are adopted by the OPTN Board of Directors pursuant to the UNOS contract with the
United States Department of Health and Human Services (DHHS) and after circulation and discussion
among organ transplant professionals and patient representatives. These by-laws and policies have been
submitted to the Secretary of DHHS and are considered voluntary guidance to OPTN members unless
recommended by the Board of Directors and approved by the Secretary of DHHS as OPTN rules and
requirements enforceable under Section 1138 of the Social Security Act. UNOS is responsible for updating
these by-laws and policies and for monitoring compliance by OPTN members. Instances of noncompliance
with by-laws and policies may lead to disciplinary action, including, for example, designation as a member-
not-in-good-standing by the Board of Directors. In addition, instances of non-compliance are reported to
the Secretary of DHHS.

The proposal that follows addresses issues considered during recent meetings of the Liver and Intestinal
Organ Transplantation Committee. Following public comment and reconsideration by the appropriate
committee(s), the proposal in this document may be offered for consideration by the Board of Directors in
2006.

These policy proposals are also available for review on the OPTN and UNOS Internet Web sites at
www.optn.org and www.unos.org. Comments on these proposals may be submitted electronically at
these sites.

Circulation of Notice

UNOS maintains a public comment distribution list for policy and by-law proposals. To be included on the
distribution list, submit a written request to UNOS at the address below. All policy and by-law proposals
issued for public comment are mailed to the distribution list. UNOS typically accepts comments from the
public for at least 45 days after publication of the proposals and public hearings on the proposals are
arranged if warranted.

Comment Deadline

The proposal in this document is being issued for public comment on November 21, 2005. To be
considered, comments must be submitted in writing, or by completing the enclosed Public Comment
Response Form, and sent to the UNOS contact person at the following address by January 5, 2006:

United Network for Organ Sharing
700 North 4™ Street
Richmond, VA 23218
FAX (804) 782-4896



UNOS Contact Persons

Inquiries regarding the policy proposals in this document should be made to the appropriate UNOS
Regional Administrator at (804) 782-4800. The UNOS Regional Administrators are as follows:

Betsy Gans (gansel@unos.or

Region 1 - Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Eastern Vermont

Region 2 - Delaware, District of Columbia, Maryland, New Jersey, Pennsylvania, Northern
Virginia, West Virginia

Region 6 - Alaska, Hawaii, Idaho, Montana, Oregon, Washington

Region 8 - Colorado, Iowa, Kansas, Missouri, Nebraska, Wyoming

Clifton McClenney (meclence@unos.or
Region 3 - Alabama, Arkansas, Florida, Georgia, Louisiana, Mississippi, Puerto Rico
Region 11 - Kentucky, North Carolina, South Carolina, Tennessee, Virginia

Chrystal Oley-Graybill (graybioe@unos.org)
Region 4 - Oklahoma, Texas

Region 5 - Arizona, California, Nevada, New Mexico, Utah

Region 7 - Illinois, Minnesota, North Dakota, South Dakota, Wisconsin
Region 9 - New York, Western Vermont

Region 10 - Indiana, Michigan, Ohio



Proposal for Standard Guidelines for MELD/PELD Exceptions (Liver and Intestinal Organ Transplantation
Committee)

Summary

This proposal contains specific guidelines to be used by the Liver Regional Review Boards (RRBs) to evaluate
exceptional case requests for candidates with: ascites; Budd-Chiari syndrome; cholangiocarcinoma; cystic fibrosis
and coexistent chronic liver disease; hepatic encephalopathy, familial amyloidotic polyneuropathy (FAP);
hepatopulmonary syndrome (HPS); hereditary hemorrhagic telangiectasia (HHT); primary hyperoxaluria; polycystic
liver disease; portopulmonary hypertension (POPH); severe pruritus; recurrent bacterial cholangitis associated with
structural biliary disease; portal hypertensive GI bleeding; small for size syndrome after liver transplantation;
uncommon hepatic tumors; and uncommon metabolic diseases. The intent of the proposal is to promote consistent
review of these exceptional case diagnoses using evidence-based criteria.

Background

The MELD and PELD scores used to prioritize offers for liver transplant candidates' are an estimate of a candidate’s
risk of 3-month waiting list mortality. These scores allow candidates to be ranked based on their relative urgency
for a liver transplant. However, in some cases the calculated MELD/PELD score may not reflect a candidate’s need
for a liver transplant, due to the etiology of the liver disease. This issue is addressed in separate sections of the
policy. Under Policies 3.6.4.5.1 (Liver Candidates with Hepatopulmonary Syndrome (HPS)) and 3.6.4.5.2 (Liver
Candidates with Familial Amyloidosis or Primary Oxaluria), candidates “may be referred to the RRB for
consideration of a MELD score that would allow them to be transplanted within 3 months.” While Policy 3.6.4.5
(Liver Candidates with Exceptional Cases) provides for RRB review of exceptional case requests, it does not include
specific recommendations for selection criteria or MELD/PELD score assignments or timing for increasing the
MELD/PELD scores.

The MELD/PELD allocation system has been in place since February 27, 2002. As the OPTN/UNOS Liver and
Intestinal Organ Transplantation Committee gained more experience with the MELD/PELD system and the types of
cases being submitted for exceptional case requests, the Committee began to seek a more standardized process for
exceptional case reviews. In 2003, a Subcommittee was formed to make recommendations regarding the feasibility
of a nationally standardized review process. This culminated in a list of guidelines that were approved by the Board
in November 2004. These provided specific criteria for evaluation of HPS, familial amyloidosis, primary oxaluria,
metabolic disease, cholangiocarcinoma, and other indications for which research protocols have been developed.
These were based primarily on a review of the agreements used in each of the Regions in the U.S. It was stated that
the (1) the guidelines were intended to promote consistent review of exceptional cases throughout the country; (2) it
was expected that the RRBs will take them into consideration when reviewing exceptional case MELD/PELD
requests; and (3) that a more detailed set of Guidelines is being developed by the Liver Committee.

In 2005, the Subcommittee began the development of detailed “white papers” on 17 specific diseases/disease
categories for which MELD/PELD exceptions might be requested. One or more outside experts was patred with a
Subcommittee member to review existing literature and data and to develop guidelines for listing these candidates as
exceptions based on the evidence provided in the literature. Proposed increases in MELD/PELD scores were to be
based on the mortality risk posed by each indication if supported by data found in peer-reviewed literature.

Proposal
The guidelines for each individual diagnosis are set forth below as separate proposals for comment. A description of

the disease/condition and its implications for liver transplant candidates is provided in each guideline, including a
review of the peer reviewed medical literature. The authors made a concerted attempt to minimize the use of

!In this document, the word ‘candidate’ specifically refers to those awaiting liver transplantation, while the word
‘patient’ may refer to someone with a particular disease/condition regardless of their status as a potential transplant
candidate.



abstracts, case reports, case series or testimonials. A synthesis of the available scientific data was used to determine
whether a MELD/PELD score assignment based on mortality risk is recommended as well as increases in the
assigned MELD/PELD score over time. Where applicable, the guidelines include a list of the information that
should be provided upon application to the review board. This data collection will permit future analyses of
mortality risk in instances where the data are currently limited.

A consensus conference is planned for March 2006, where these guidelines will be discussed prior to submission to
the Board of Directors. Ultimately, the Committee envisions three pathways for exceptional case applications. In
some cases, the criteria may be defined strictly, such that cases could receive automatic approval, as is currently the
case for candidates with HCC. In some cases, UNet>™ data entry screens could be developed for indications that
would not receive automatic approval, but for which standardized data collection forms can be developed. This
would allow enhanced consistency of review and provide standardized data collection for future analysis. A third
category would include rare diagnoses and conditions that would still require a narrative submission to the review
board. These narratives should include the key information requested in the white papers presented in this
document.

The Committee is asking that comments include the following information:
e For each specific diagnosis, please comment on the selection criteria, medical evidence provided, and
proposed MELD/PELD score, where applicable.

e  Are there other data elements that should be included as part of the exceptional case request
e In general, should candidates receive increased scores upon extension, regardless of disease progression?

In each case, please provide references to peer review documents to support your contention if possible.



MELD Exception Guidelines for Candidates with Ascites
Steven Colquhoun, M.D., Robert Gish, M.D. and Bruce Runyon, M.D.

Background

Ascites is a common clinical finding among liver transplant candidates. Mild ascites can often be managed with
diuretic therapy and dietary sodium restriction. When ascites becomes more severe it may persist despite medical
therapy, and is said to be refractory. There is no objective, universally agreed, definition of refractory ascites.
Nevertheless, there is a strong common belief that refractory ascites is associated with an unacceptably high
mortality, including transplant waiting list mortality(1;2). Additional data have supported ascites as the single most
highly predictive factor of mortality that is not included in the MELD score(3). Given the association between
ascites and waiting list mortality, a system has been sought to reliably identify the subgroup of candidates with
severe ascites that should be compensated with additional MELD points(4). It is critical that such a system is
objective and reliable given the failure of the subjective parameters utilized by the previous CTP organ allocation
system, to fairly provide extra priority to just those candidates that have a higher near term mortality risk.

Currently there are little objective, quality data to identify that subgroup of candidates with ascites who have a
higher near term risk of mortality. Suggestions have included those candidates with ascites “refractory” to the
standard treatments of sodium restriction and diuretics. Other suggestions have included the volume and frequency
of paracentesis or thoracentesis in those candidates requiring such measures. Candidates with failed or
contraindicated transjugular intrahepatic portal systemic shunt (TIPS) have been identified as a group at higher risk.
The occurrence of an episode of spontaneous bacterial peritonitis has been long associated with an increased 60 day
and six-month mortality(5;6) with recent reports in 2000 of in hospital mortality rates of 30-50%(7-9). The presence
of resistant organisms has also been identified to portent a poor outcome. A manuscript by Huo et al identifies
candidates with SBP as at higher risk of death for patients with ascites with equal MELD scores(10). Hepatic
hydrothorax is an unusual complication of ESLD and ascites(11). Less is known about this condition in terms of
additional mortality when added to a candidate’s MELD calculation. While any or all of these parameters could be
considered as potential MELD exceptions, all suffer from their subjective nature.

Serum sodium has long been clinically correlated with severe refractory ascites. In anticipation of its usefulness for
allocation considerations, serum sodium values have been collected in UNet™ for all newly listed candidates as of
November 17%, 2004 (modifications to 3.6.4.1.1 and 3.6.4.1.2). In recent publications by Ruf and Biggins, serum
sodium was found to be a strong independent predictor of mortality at 3 and 6 months among patients awaiting
transplantation(12;13). An additional study by Heuman also identified an association between hyponatremia and
mortality for candidates with MELD less than 21, but did not find an association for candidates with a MELD over
21(14). The Scientific Registry of Transplant Recipients has begun to analyze national data on serum sodium to
assess whether hyponatremia is associated with waiting list mortality in the national cohort of candidates awaiting
liver transplantation. Analysis of these objective data may support proposals for consideration of ascites in the
future. In candidates with multiple complications, the analysis of current data becomes even more complex, i.e. if a
patient has ascites and additional predictors of increase mortality, the current MELD system is not able to take such
additive or synergistic complications into account (7).

Synthesis of Available Data

There is insufficient objective evidence available at the present time to justify additional priority beyond the
calculated MELD/PELD score for candidates with ascites.

Suggested Data for Submission to Regional Review Boards

Applications that are submitted to regional review boards for MELD exceptions should include the following
documentation: 1) contraindication to TIPS; or 2) the presence of a failed TIPS; 3) volume of ascites removed per
paracentesis; 4) number paracentesis per month; 5) days in hosp per month for ascites management; and 6) number
of episodes of SBP.



Proposal for Standardized MELD Exceptions for Candidates with Ascites

At this time, we propose that intractable or complicated ascites should continue to be addressed by the Review
Board and additional priority (i.e., a higher MELD/PELD score than the calculated score) assigned on a case by case
basis after the above described data have been submitted to the RRB. Additional priority should not be
automatically granted at this time.

After sufficient data have accrued, the serum sodium data should be studied in a manner similar to that utilized in by
Ruf and Biggins ef al(12;15). With a much larger sample size and without the inherent bias of a single-center study,
the predictive quality of serum sodium can be confirmed or disproved as an indirect tool to determine if candidates
with ascites with hyponatremia are at higher risk of dying. If confirmed, then changes to OPTN/UNOS policy
incorporating these data should be expedited.

The elements described above should be collected prospectively through UNet™ for future re-evaluation of ascites
as justification of additional MELD exception points.

There are no data that permit extrapolation of this recommendation to pediatric candidates.
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MELD Exception Guidelines for Candidates with Budd-Chiari Syndrome
Ken Washburn, M.D., Robert Gish, M.D., and Patrick Kamath, M.D.

Background

The Budd-Chiari syndrome (BCS) is an unusual clinical scenario characterized by obstruction of the hepatic venous
outflow(1). The clinical presentation of this syndrome can vary from indolent slowly progressive liver disease,
fulminant liver failure or sudden advanced symptoms of cirrhosis and portal hypertension. Liver transplantation has
been shown to be an effective therapy for patients with Budd-Chiari syndrome. However, only a small portion of
patients ultimately require transplantation. Patients with advanced symptoms related to liver disease such as ascites,
encephalopathy, hyperbilirubinemia, or coagulopathy may be the best candidates for transplantation. A recent
publication by Murad et al, defines quite clearly those patients at risk for mortality(2). In that multi-center study of
237 patients, the researchers were able to classify patients into one of three categories after modeling using a Cox
regression formula. This multivariate analysis demonstrated four variables with prognostic value in these patients
with Budd-Chiari syndrome. The presence of encephalopathy had a risk ratio of 3.58, ascites risk ratio of 3.83,
prothrombin time greater than 2.3 a risk ratio of 2.05 and the presence of hyperbilirubinemia is a continuous variable
with a risk ratio of 1.004. A linear prognostic formula was developed which is a follows: 1.27 x encephalopathy +
1.04 x ascites + 0.72 x PT + 0.004 x bilirubin. Ascites and encephalopathy were scored as present (1) or absent (0)
and prothrombin time as higher (1) or lower (0) then 2.3. Bilirubin was included as a continuous variable. The three
classes of patients identified were; Class I representing a total score of 0 to 1.1, Class II from 1.1 to 1.5, and Class
III a total score of 1.5 and higher. The five-year survival of patients in these three groups was 89% for Class I, 74%
for Class II, and 42% for Class III. This study also demonstrated a trend towards improvement in survival in patients
in the Class II category who underwent a porto-systemic shunt. In reference to liver transplantation, the data support
that patients who fall into the Class III category with evidence of advanced liver disease in the form of
encephalopathy, ascites or advanced coagulopathy would be candidates for liver transplantation. Patients in Class II
category have equivalent results with transplantation or non-transplant therapy (surgical treatment, shunts and
anticoagulation therapy). In this large group of patients, selected over a 17-year period between several different
multi-national centers, approximately 20% of the 237 patients studied fell into the Class III category. These patients
would appear to have a risk-benefit ratio which would favor transplantation over conservative therapy. Other
smaller studies have provided data that would support the recommendation that only patients with advanced
decompensated liver disease would benefit from liver transplantation (3;4). Surgical options provide excellent long
term outcomes in most patients, as recently published by Xu, in 1360 patients with BCS(5) as well as
anticoagulation(6) and TIPS shunts (7). The inherent weakness with this scoring system is the inclusion of the
subjective variables of encephalopathy and ascites.

Synthesis of Available Data:

At present there is no evidence to justify additional priority for candidates with Budd-Chiari Syndrome beyond the
calculated MELD/PELD score.

Proposal for Standardized MELD Exceptions for Candidates with Budd-Chiari Syndrome:
1. Candidates that fulfill criteria for fulminant hepatic failure with BCS should be listed as Status 1A.
2. Other candidates should be listed and receive their medical calculated MELD score. These candidates will
actually have an additional advantage being on anticoagulation medications such as coumadin or alternate

anticoagulation.

The data elements described above should be collected prospectively through UNet™ for future revaluation of
Budd-Chiari as justification of additional priority.

There are no data that permit extrapolation of this recommendation to pediatric candidates.
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MELD Exception Guidelines for Candidates with Cholangiocarcinoma
Gregory Gores M.D., Robert Gish M.D., and Debra Sudan M.D.

Background

Cholangiocarcinoma is a devastating disease with limited treatment options. There has been an increasing incidence
of cholangiocarcinoma in the US with current estimates at 3,000-4000 per year, with high rates being reported in
patients with primary sclerosing cholangitis(1;2). The majority of patients with unresectable cholangiocarcinoma
only live 12-16 months(3). The disease has two anatomic presentations: i) intrahepatic cholangiocarcinoma which
presents as a mass within the hepatic parenchyma; and ii) periductal cholangiocarcinoma that involves the
extrahepatic bile ducts and the perihilar region (the confluence of the right and left hepatic ducts). Liver
transplantation with concomitant immunosuppression for intrahepatic cholangiocarcinoma is fraught with rapid
disease recurrence and has been abandoned by most transplant centers(4). Liver transplantation without neoadjuvant
therapy for perihilar cholangiocarcinoma likewise has a very high recurrence rate. However, excellent survival
(78% 5-year survival) has been achieved in highly selected patients with unresectable cholangiocarcinoma receiving
neoadjuvant chemo-irradiation followed by liver transplantation has been reported (5;6).

These patients have a 50-75% mortality rate at 12 months (1). Therefore, it is estimated that 50% will have disease
progression precluding liver transplantation by 6 months. The impact of pre-operative chemo-irradiation on disease
progression is unclear and data from centers employing a protocalized approach are preliminary. Currently there are
insufficient data to justify additional priority for candidates that have dysplasia. Insufficient data also exist to
provide guidance for pediatric candidates.

Synthesis of Available Data

The excellent results of these protocolized approaches, the lack of alternative therapies, and the universal disease-
related mortality, justify additional priority for candidates with cholangiocarcinoma.

Proposal for Standardized MELD Exceptions for Candidates with Cholangiocarcinoma

Candidates that meet the selection criteria described below will be granted a MELD score equivalent to 10%
mortality at 3 months. The MELD score should increase by an incremental 10% mortality equivalent at 3 month
intervals.

1. Candidates must have a cholangiogram demonstrating a biliary stricture and a biopsy or cytologic
study demonstrating neoplasia. Cellular studies demonstrating aneuploidy are considered to be
neoplastic.

2. The disease must be unresectable due to technical considerations or underlying liver disease (e.g.
primary sclerosing cholangitis).

3. If a mass lesion is identified by cross-sectional imaging studies, (CT or MR) it must be <3 cm.

4. Intra-and-extrahepatic metastases must be excluded by cross-sectional imaging studies of the chest and
abdomen. Regional lymph node and peritoneal metastases should be excluded by surgical assessment
(laparotomy and/or laparoscopic evaluation).

5. The center must have a written protocol approved by their own institutional IRB providing information
regarding inclusion criteria, exclusion criteria, and the administration of the neoadjuvant therapy. The
protocol must also be submitted to and approved by the Liver and Intestinal Organ Transplantation
Committee. Pre-transplant neoadjuvant therapy must be a component of the protocol.

The data elements described above should be collected prospectively by UNOS for future re-evaluation of
cholangiocarcinoma as justification of additional priority.

There are no data that permit extrapolation of this recommendation to pediatric candidates.



Reference List

¢y

@)
G)

4

©)

(6)

Burak K, Angulo P, Pasha TM, Egan K, Petz J, Lindor KD. Incidence and risk factors for
cholangiocarcinoma in primary sclerosing cholangitis. Am J Gastroenterol. 2004;99:523-26.

Olnes MJ, Erlich R. A review and update on cholangiocarcinoma. Oncology. 2004;66:167-79.

Farley DR, Weaver AL, Nagorney DM. "Natural history" of unresected cholangiocarcinoma: patient outcome
after noncurative intervention. Mayo Clin Proc. 1995;70:425-29.

Meyer CG, Penn I, James L. Liver transplantation for cholangiocarcinoma: results in 207 patients.
Transplantation. 2000;69:1633-37.

Sudan D, DeRoover A, Chinnakotla S, Fox I, Shaw B, Jr., McCashland T et al. Radiochemotherapy and
transplantation allow long-term survival for nonresectable hilar cholangiocarcinoma. Am J Transplant.
2002;2:774-79.

Heimbach JK, Gores GJ, Haddock MG, Alberts SR, Nyberg SL, Ishitani MB et al. Liver transplantation for
unresectable perihilar cholangiocarcinoma. Semin Liver Dis. 2004;24:201-7.



MELD Exception Guidelines for Candidates with Cystic Fibrosis and Coexistent Chronic Liver Disease
Simon Horslen, M.D., Stuart Sweet, M.D., Robert Gish M.D., and Ross Shepherd M.D.

Background

Cystic fibrosis (CF) is a multi-system disease resulting from mutations in a single gene, CFTR, and is the most
frequent potentially fatal inherited condition in Caucasians (1/2000 births). Progressive pulmonary disease is the
major contributor to morbidity and mortality, and CF is the most common indication for lung transplantation in
adolescents. Liver disease occurs in many patients with cystic fibrosis but progression to cirrhosis is uncommon,
occurring in 3-7% of all patients and 10% of patients over 16 years of age. Of these, still fewer progress to end-
stage liver disease necessitating consideration for liver transplantation. In the first 32 months following the
introduction of MELD/PELD, 38 patients have undergone liver transplantation with this diagnosis (approximately
14 patients per year). The mean age at transplant was 15.7 years. Of the 38 transplants, 31 were liver only, 4 liver-
lung, 2 liver-pancreas, and 1 liver-kidney.

Outcome data from several small series in the literature suggest that 1 year survival (~90%) for CF patients
receiving a liver alone is similar to that for other diagnoses(1;2). Five year survival of 75% was achieved in the
Pittsburgh series(3). Late mortality is in general related to progression of pulmonary disease. However, most
studies found significant improvements in pulmonary function in patients undergoing orthotopic liver
transplantation (OLT) alone when compared to pre-transplantation status(4). Those CF patients with advanced liver
disease and significantly compromised lung function (FEV, < 40%) may be candidates for combined liver and lung
transplantation(5). Anecdotally, it appears that as the hepatic insufficiency advances, deterioration in pulmonary
function accelerates. Conversely, seriously impaired lung functions may increase the probability of variceal
bleeding (PHT being a major component of CF liver disease) and compromises the ability to support a patient
during an episode of bleeding. Dual organ failure clearly will increase the mortality risk above that predicted by the
calculated MELD score(5). The degree of this mortality risk has not been established and it is probable that the
numbers involved will be too small to estimate the increased waitlist mortality risk with any degree of accuracy.
Added to this apparent disadvantage is the relative scarcity of suitable donors from whom both liver and lungs can
be procured.

Despite the fragile state of these patients prior to transplantation, survival data for combined lung/liver
transplantation is very encouraging, with this cohort of patients doing at least as well as other groups of patients
receiving lung transplantation(5), and in the experience of the group in St. Louis even better (1 death in 5 patients
from 1991- 2003 with none developing bronchiolitis obliterans — unpublished data). The group from Broussais
Hospital, Paris, France have published actuarial survivals for CF patients undergoing combined liver/lung
transplantation of 85.7% 1 year and 64.2% at 5 years(6;7).

Synthesis of Available Data

The available data do not justify additional priority for candidates with CF and with well-preserved pulmonary
function. Additional priority is justified for candidates listed for liver transplantation alone that have significantly
compromised lung function, because these patients need to be transplanted before their lung disease necessitates
consideration for combined transplantation or they die of complications while on the waitlist. Additional priority is
justified for those candidates listed for combined liver and lung transplantation because of their difficulty in gaining
access to the few suitable donors of both suitable liver and lung.

10



Proposal for Standardized MELD exceptions for candidates with Cystic Fibrosis

The data elements described below (FEV1) should be collected prospectively through UNet™ on exceptional case
applications with a diagnosis of cystic fibrosis.

Pulmonary function Transplant listing MELD/PELD exception
FEV, > 40% Liver alone None — calculated score appropriate
FEV, <40% Liver alone MELD/ PELD + 10% mortality equivalent, to be

increased by a further 10% every 3 months if there
is evidence of progressive lung disease by PFT

FEV, <40% Liver & lung 40 MELD points
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MELD Exceptions Guideline for Candidates with Hepatic Encephalopathy
John Ham, M.D., Robert Gish, M.D., and Kevin Mullen, M.D.

Background

Hepatic encephalopathy (HE) is a common and well-known complication of cirrthosis and end-stage liver disease. It
is also a predictor of death in univariate and multivariate analyses of patients with liver failure(1;2). The Model for
End-Stage Liver Disease (MELD) does not provide priority for patients with encephalopathy (4). In the original
multivariate analysis leading to the institution of the MELD score, the inclusion of an encephalopathy factor did not
increase the ability of the score to predict 3 month pre-transplant mortality (5). Recently, data have begun emerging
that support encephalopathy as an additional predictive factor for short term mortality, suggesting that the inclusion
of encephalopathy would improve the MELD score. An analysis by the Scientific Registry of Transplant Recipients
showed a striking improvement in the ability to predict short term death over MELD(6) when HE was included. Said
et al(7) also recently identified encephalopathy as an independent predictor of mortality (8). Other publications
support the idea that hepatic encephalopathy provides additional useful prognostic information(9;10). Despite this
evidence, encephalopathy is a subjective diagnosis and an easily quantifiable and verifiable method for scoring
patients is lacking.

Recurrent or poorly responsive hepatic encephalopathy often has an underlying pathophysiology which may be
controlled in the setting of otherwise relatively good liver function. Examples include large spontaneous porto-
systemic shunts — a proportion of which can be closed, recurrent dehydration which can be managed by rehydration,
sepsis which can be treated by identifying the underlying cause, and correctable dietary non-compliance. Cases that
are submitted to the Review Boards for additional priority because of “failure to respond to maximal medical
therapy” should include clear documentation of compliance with neomycin, lactulose, sodium benzoate or
Buphenyl, rifaximin, and or metronidazol.

Other conditions that Review Boards might consider for additional priority include grade IV coma requiring ICU
hospitalization and intubation. Cerebral edema associated with encephalopathy in cirrhosis is rapidly lethal and may
justify an exception if the ICP is elevated(11;12). Another example might be profound encephalopathy associated
with a large portosystemic shunt that cannot be occluded for technical reasons. Chronic intermittent sepsis in a
patient with a low MELD score who has, for example, a low grade prostatitis, break-through severe encephalopathy
requiring hospitalization, and airway protection, could also potentially justify a MELD exception.

To facilitate the development of an accurate method of fairly prioritizing candidates with encephalopathy, data on
encephalopathy should be collected using one or more of the attached scoring systems. These data and information
can then be evaluated for their utility in determining if an objective estimate of encephalopathy is possible, and to
determine if an additional mortality risk factor based on encephalopathy is justified. Testing could include a
combination of quantitative or semi-quantitative tests such as neuropsychological tests and EEG or MRI.

Synthesis of available data

Currently, there is no justification for the automatic and systematic provision of increased priority for candidates
with encephalopathy symptoms.

Suggested data for submission to review boards

Encephalopathy should be defined with the following standard nomenclature (13;14): Type A: HE associated with
acute liver failure; Type B: HE associated with portosystemic bypass(non-cirrhotic); Type C: HE associated with
chronic liver disease/cirrhosis with the following subclassifications: 1. Episodic HE — single or recurrent, 2.

Persistent HE — mild or severe, 3. Subclinical HE — alternatively minimal HE.

Data on encephalopathy should be collected prospectively through UNet™™ using one or more of the attached
scoring systems. Intracranial pressure monitoring data should also be included if available.

Clearly, MELD/PELD exception requests are driven by the perceived need to avoid death. This clinical information
should be collected prospectively through UNet™, including: the number of hospitalizations for hepatic
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encephalopathy; days in ICU with the primary diagnosis of hepatic encephalopathy; presence of a TIPS complicated
by worsening encephalopathy; number of episodes grade IV encephalopathy requiring intubation; and pulmonary
complications of intubation including pneumonias.

Proposal for standardized MELD Exceptions for Candidates with Hepatic Encephalopathy

At this time, due to the lack of a quantifiable, verifiable, and reproducible method of documenting encephalopathy,
we propose that intractable or complicated encephalopathy should continue to be addressed by the review board and
additional priority assigned after the above described data have been submitted on a case by case basis. Additional

priority should not be not automatically granted at this time.

The data elements described above should be collected prospectively through UNet™ for future revaluation of
encephalopathy as justification for additional priority.

There are no data that permits extrapolation of this recommendation to pediatric candidates.

1. Assessment of Hepatic Encephalopathy (HE):

HE will be assessed at baseline, daily (prior to and 6 hours following each HLM-100 Adsorption Column treatment),
the day after the last treatment, and at study completion by both the West Haven criteria®*>? (primarily) and

calculation of the hepatic encephalopathy index and its individual components (secondarily). Sedation will be
stopped a minimum of 2 hours prior to mental status assessment.

Table: West Haven Criteria:

Grade 0 Normal. no clinical signs or symptoms

Grade 1 Trivial lack of awareness

Euphoria or anxiety
Shortened attention span

Impaired performance of addition
Grade 2 Lethargy or apathyv

Minimal disorientation for time or place
Inappropriate behavior
Subtle personality change

Impaired performance of subtraction

Grade 3 Somnolence to semi-stupor, but responsive to verbal
stimuli

Confusion

Gross disorientation

Grade 4 Coma (unresponsive to verbal or noxious stimuli
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Hepatic Encephalopathy Index (HEI)

The HEI developed by Sanyal et al will be utilized secondarily to assess changes in HE during this study. Mental
status, asterixis, serum ammonia and the trail-making test from parts A and B are utilized in the calculation of this
index. The original index, as developed by Conn et al, utilized each of these features as well as the changes in EEG.
For this study, each parameter is scored utilizing a scale from 0 to 4, as noted above. Each parameter is then
multiplied by the following weight/age factors:

Mental status:
Asterixis:

Serum ammonia:
Trail Test grade:

— e )

The hepatic encephalopathy index (HEI) is then calculated by dividing the sum of the weighted scores by the
maximum possible score of 24. According to this index, the four independent parameters of HE are assessed as
follows:

Mental Status:

Mental status will be assessed by the Parson-Smiths criteria.’®*? According to this criterion, changes in mental status
will be graded as follows:

0 Normal
1+ Lack of awareness or abnormal sleep pattern and shortened attention span
2+ Lethargy and disorientation with or without obvious personality change
3+ Somnolence and response to pain present
4+ Deep coma

Asterixis:

Asterixis will be graded as described by Conn et al.”> Determined by arm and forearm extension with wrist in

dorsiflexion for 30 seconds (This may be conducted manually if the subject is unable to assist) and evaluated by the
following scale:

0 None
1+ Rare flap
2+ Occasional irregular flaps
3+ Frequent flaps
4+ Continuous flaps
Serum ammonia:

Arterial ammonia correlates somewhat better with mental status changes in subjects with hepatic encephalopathy
than venous ammonia. However, there is marked overlap between arterial and venous values and their overall
correlation with mental status is similar. The values of serum ammonia will be converted to a 1- 4 scale as follows:

1+ 1 - 60 pmol/L

2+ 61 - 90 umol/L.

3+ 91 - 120 pmol/L

4+ >121 pmol/L

Trail-making scores

Standard trail-making test part A and part B will be performed as described in Attachment D. The scores obtained to
complete the trail-making test will be compared to those of a normal population as previously published. The
following scale will be used:

1+ 15 - 30 seconds > controls Control Group Part A <39 seconds
2+ 31 - 60 seconds > controls Control Group Part B < 85 seconds
3+ 61 - 120 seconds > controls

4+ 121 seconds > controls
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MELD Exception Guidelines for Candidates with Familial Amyloidotic Polyneuropathy (FAP)
Elizabeth Pomfret, M.D., Ph.D., Robert G. Gish, M.D., and David Brandhagen, M.D.

Familial amyloidotic polyneuropathy (FAP) is an autosomal dominant inherited disease, characterized by systemic
deposition of amyloid fibrils in various tissues, resulting in organ dysfunction and ultimately leading to death(7).
The clinical condition is characterized by peripheral and autonomic neuropathy, cardiomyopathy, nephropathy,
malnutrition, and vitreous opacities. The disease generally begins between ages 25 and 35, and is ultimately fatal 7-
10 years after onset of symptoms from progressive cardiac dysfunction, malnutrition, or other complications related
to autonomic neuropathy(/, 2).

Transthyretin (TTR) or prealbumin is a 127-amino acid protein predominately synthesized in the liver that functions
as a transport protein for thyroxin and saturated retinol-binding protein. A mutant, amyloidogenic TTR molecule is
produced in patients with FAP as a result of a single amino acid substitution(/). More than 80 point mutations in the
TTR gene have been reported; however, the most common worldwide defect is a substitution of valine by
methionine at position 30 (Val30Met)(3).

Liver transplantation is the only definitive treatment for FAP and was first successfully performed in Sweden in
1990(4). The rationale for liver transplantation is to eliminate the main source of mutant TTR production, thereby
arresting the progression of amyloid deposition. Since 1990, a total of 54 centers in 16 countries have performed
orthotopic liver transplantation for FAP (3). According to the FAP World Transplant Registry (www.fapwtr.org), a
total of 575 transplants have been performed in 539 patients, reaching a plateau of approximately 60 transplants per
year. One and S-year survival in patients transplanted early in the course of FAP are 90% and 82%, respectively.
Causes of death in FAP patients correlate well with the causes of death in adult patients undergoing transplantation
for chronic liver disease, with septicemia and infectious complications accounting for approximately 30% of the
deaths. Cardiovascular death is higher in the patients with FAP (39% vs 9% in patients undergoing transplantation
for chronic liver disease), reflecting the inherent cardiovascular risk of patients with this disease(3).

Because the FAP disease progresses so slowly, an innovative procedure called domino liver transplantation has been
applied to these patients. The domino liver transplant involves removing the liver from the FAP patient and
transplanting it into an older recipient with liver failure. FAP patients thus do not remove a liver from the donor
pool, since their own liver may be transplanted into a patient on the list. To date, 22 centers in 12 countries have
reported 131 recipients of domino liver grafts with a 1- and 5- year patient survival of 91.8% and 88.4%,
respectively(3). Thus far there have been no reports of symptomatic FAP occurring in domino recipients.

Post transplant studies in patients with FAP show that mutant TTR levels become immeasurable in the serum(5).
Reports indicate that the progression of FAP-related symptoms were halted in a significant proportion of patients
and that clinical manifestations have even improved in approximately one third of the cases (5-7). In some patients
ocular symptoms and cardiac dysfunction may continue to progress post-transplant (8). Successful orthotopic liver
transplantation offers the only life-saving treatment for FAP.

Synthesis of Available Data
There is sufficient evidence to justify additional priority for candidates with FAP.

Proposal for Standardized MELD Exceptions for Candidates with FAP

Candidates with Familial Amyloidotic Polyneuropathy that satisfy all of the criteria below will receive an initial
MELD score equivalent to a 15% mortality risk at 3 months. The MELD score will be increased by a 10% mortality
equivalent every 3 months.

1. Biopsy confirmation of amyloid deposition from an involved organ.

2. Identification of the TTR gene mutation by DNA analysis or mass spectrometry (Val30Met vs Non-Val30Met).
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Additional Guidelines

1. The patient should be ambulatory with a modified polyneuropathy disability (PND) score of less than IIIb (able
to ambulate with 1 crutch or less).

2. Candidates should have a modified BMI (mBMI) greater than 700. mBMI=(weight in kg/length in m®)
multiplied by serum albumin (g/L).

3. FAP patients with obvious cardiac involvement and increased left ventricular wall thickness (mean wall
thickness >12mm) should be considered for combined liver and heart transplantation or alternatively no
transplantation at all. As there is no agreed upon consensus in the literature regarding features that constitute
significant cardiac involvement we recommend that those patients with potentially life threatening cardiac
dysrhythmia and/or cardiomyopathy with an ejection fraction < 40% + NYHA Class II symptoms not be
considered for liver transplantation alone.4. The FAP liver should be domino transplanted into an appropriate
patient awaiting liver transplantation whenever possible unless the variant of FAP is one that deposits amyloid
in the liver (e.g. fibrinogen alpha chain amyloidosis).

The data elements described above should be collected prospectively through UNet™ on exceptional case
applications with a diagnosis of FAP.
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MELD Exception Guidelines for Candidates with Hepato-pulmonary Syndrome
David C. Mulligan, M.D., Robert Gish M.D., and Michael J. Krowka, MD

Background

The effects of hepato-pulmonary syndrome (HPS) on liver transplant waitlist mortality and patient outcome are not
well understood (1;2). Studies of patients with pulmonary vascular disease are often limited and frequently lack
diagnostic accuracy. Early results of orthotopic liver transplantation (OLT) in patients with significant HPS were
poor and it was not until later small single center experiences that successful cases resulted in improved pulmonary
vascular parameters post-OLT (3). It is does not appear that not all patients with HPS benefit from OLT (3-7).
Recently, specific diagnostic criteria and management recommendations for HPS have been proposed by the
European Respiratory Society (ERS) Task Force on pulmonary-hepatic vascular disorders(7). This Task Force was
comprised of international experts in hepatology, pulmonary, anesthesiology and transplant surgery.

The diagnosis of HPS rests is defined by the classic triad of severe liver disease, hypoxemia on room air, and
intrapulmonary vascular dilatation(7). Up until the ERS peer-reviewed publication, some centers have used
alveolar-arterial oxygen gradient rather than arterial hypoxemia (PaQO,) for definition of HPS, making the prevalence
range from 15% to as high as 32%. In addition, variability has existed in the methods used to determine pulmonary
vascular dilatation (microbubble echocardiography vs. radionuclide scanning with Tc99m- macroaggregated
albumin). The echocardiography test is a qualitative test, yet is more sensitive in detecting pulmonary vascular
shunts (dilatation) than the lung perfusion test. However, the lung perfusion study, by measuring uptake over the
brain, provides a quantitative measure of the degree of pulmonary vascular dilatation. Importantly, 20-30% of HPS
patients may have other comorbidities that can cause baseline or additional hypoxemia (i.e. ascites, hydrothorax,
pneumonia, COPD, etc.) (8;9).

There are no proven medical treatments for HPS, other than simple O, supplementation followed by OLT (10). HPS
alone is a risk factor for poor prognosis in patients with cirrhosis(10). Although some series have reported a 30 to
38% mortality within 12 months of OLT and 16% transplant hospitalization mortality (4;6), favorable long-term
outcome (5 year survival of 76% vs 23% not transplanted) has been recently reported (11;12). HPS can be a
reversible entity with favorable survival following OLT, especially if transplant is accomplished prior to the
evolution of severe hypoxemia. Recent experience supports the anecdotal observations that PaO, < 60 mm Hg with
or without OLT is associated with worse survival compared to those with PaO, > 60 mm Hg (12). In addition, lung
perfusion scanning with brain uptake > 20% is associated with worse post-OLT outcome(13). Thus, HPS probably
deserves a standard MELD exception (12).

Synthesis of Available Data

There are sufficient data to justify automatic additional priority for patients with HPS.

Proposal for standardized MELD Exceptions for Candidates with HPS

Patients with hepato-pulmonary syndrome that satisfy all four of the criteria below will receive a MELD score
equivalent to a 15% mortality risk at 3 months. The MELD score will be increased by a 10% mortality equivalent
every 3 months.

1. The patient must have evidence of liver disease

2. Pa0, <60 mmHg at rest (any position).

3. The presence of pulmonary vascular dilatation determined by ”positive” contrast enhanced echocardiogram.

4. The absence of significant alternative pulmonary disease to explain hypoxemia.

The above described data should be collected prospectively by UNOS for each patient with the HPS diagnosis.

There are no data that permit extrapolation of this recommendation to pediatric patients
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MELD Exception Guidelines for Candidates with Hereditary Hemorrhagic Telangiectasia
Guadalupe Garcia-Tsao, M.D., Robert G. Gish, M.D., and Jeffrey Punch, M.D.

Background

Hereditary hemorrhagic telangiectasia (HHT), also called Rendu-Osler-Weber's disease, is a rare autosomal
dominant disease characterized by arterio-venous malformations involving the skin, mucous membranes, lungs,
brain and the gastrointestinal tract. The genetic cause of this disease appears to be defects of transmembrane
proteins that are components of the receptor complex for TGF (endoglin, activin receptor like-kinase 1). Hepatic
involvement is frequent but in most cases is asymptomatic. It is characterized by diffuse vascular malformations
throughout the liver that result in different types of shunting (hepatic artery to hepatic vein, hepatic artery to portal
vein, portal vein to hepatic vein), with hepatic artery to hepatic vein shunting being the predominant. Symptomatic
liver involvement can present as: 1) high output cardiac failure (most common presentation); 2) portal hypertension
(from hepatic artery to portal vein shunting and/or from nodular regenerative hyperplasia); and/or 3) biliary
abnormalities such as stricturing and necrosis (probably from ischemia) (6). A patient may have overlapping
presentations and, with time, the predominant presentation may transition from one type to another(1). Although the
diagnosis is not histological, the principal features of hepatic HHT are periportal telangiectases with accompanying
fibrous tissue and sinusoidal congestion and dilatation (2). Liver transplantation may be indicated in cases of
intractable heart failure, biliary sepsis and intrahepatic hemorrhage. The entity does not seem to progress to cirrhosis
and even though patients may have portal hypertension (with varices and ascites) they generally do not develop liver
insufficiency. Diagnosis is made radiographically, mostly with abdominal CAT scan. Histological examination is
unnecessary and may be dangerous.

Liver transplantation for HHT is a difficult procedure. Embolization or operative hepatic artery ligation has been
attempted for high output heart failure, however experience with these procedures is limited and results are
inconsistent and not durable (3;4). More importantly, biliary and liver necrosis leading to acute liver failure has been
reported following hepatic artery embolization and therefore this procedure is not recommended(4). Heart failure
can be triggered during pregnancy and spontaneous post-partum regression of symptoms after delivery has been
reported(5).

Most published accounts of liver transplantation for HHT are single case reports. The largest series in the literature
from France describes six patients (6). From this experience, liver transplantation appears to be a difficult procedure
in these patients due to the hypervascular nature of the liver. For example, the median blood loss was 59 units.
Other cases of liver transplants that were unsuccessful because of fatal intra-operative hemorrhage have been
described as well. Survival was 66% in this series, but at least 16 additional patients have been described that
received transplants, all but one of whom survived. Therefore, liver transplantation is a reasonably successful option
in this setting. Hemodynamic studies indicated that the hyperdynamic state resolved in all cases.

The natural history of hepatic involvement of HHT is unclear. The largest experience described by the Yale group
includes 19 patients with hepatic HHT(1). Eight of the 19 patients had symptomatic high output cardiac failure. The
condition of three patients improved, four were in stable condition with medical therapy, and one had died, after a
median period of 24 months. Six patients had manifestations of portal hypertension such as ascites or variceal
bleeding. After a median period of 19 months, the condition of two of the six patients had improved, and the other
four had died. Five patients had manifestations of biliary disease. After a median period of 30 months, the condition
of two of the five had improved, the condition of one was unchanged, heart failure had developed in one, and one
had died after an unsuccessful attempt at liver transplantation. From this experience, it appears that progressive
disease leading to mortality is frequent, but not universal.

Synthesis of available data:

There is insufficient objective evidence available to justify automatic additional priority for patients with HHT.
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Proposal for Standardized MELD Exceptions for Candidates with HHT

At this time, we propose that patients with HHT should continue to be addressed by the Review Board and
additional priority assigned on a case by case basis. Additional priority should not be automatically granted at this

time.

Incremental Increases in MELD Score:

If an increase MELD score is provided, the MELD score should increase by an incremental 10% mortality risk score
at 3 month intervals on a case by case basis after the RB has reviewed all of the information defined above for each
3 month cycle.

There are no data that permit extrapolation of this recommendation to pediatric patients
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MELD Exception Guidelines for Candidates with Primary Hyperoxaluria
Simon Horslen M.D., Robert G. Gish M.D., and Ruth McDonald, M.D.

Background

Primary hyperoxaluria type 1 (PH1) results from a functional deficiency of the peroxisomal enzyme
alanine:glyoxylate aminotransferase (AGT)(1;2). The metabolic defect leads to excessive oxalate production which
injuries the kidneys and subsequently accumulates in other tissues of the body(3). Renal injury results from
deposition of calcium oxalate within the renal tubules or in the urinary tract as calculi. Renal failure is the end-
result, but onset and progression is highly variable, from a severe neonatal presentation with rapid progression to
renal failure, to adults with calculi but essentially preserved renal function(3). Severity of clinical disease is in part
related to a spectrum of residual enzyme activity. Some patients have a form of the disease sensitive to
pharmacological doses of pyridoxine. As renal function deteriorates oxalate accumulates in other tissues, of
particular importance is cardiac deposition that leads to arrhythmias, heart block and death(4). This extrarenal
accumulation rapidly progresses once the need for dialysis has been reached because current forms of dialysis
remove oxalate very inefficiently(5).

Primary hyperoxaluria (PH2) is caused by a deficiency of glyoxylate reductase. Although the affected individuals
are at risk for oxalate stones, PH2 is a milder disease and is not considered an indication for liver transplantation.

AGT is primarily expressed in hepatocytes and therefore liver transplantation is, in effect, enzyme replacement
therapy. Urinary excretion of glycollate falls immediately to normal levels following liver transplantation, but
oxaluria continues for a considerable time due to systemic accumulation and mobilization of oxalate. Renal
transplantation alone in individuals with large systemic oxalate burdens tends to result in rapid injury to the allograft
again from oxalate deposition, except perhaps in those pyridoxine sensitive cases(6). As a rule combined liver and
kidney transplantation is required for long-term survival(7;8). Pre-emptive liver transplantation, i.e. prior to
significant renal dysfunction has been advocated also(9), but decision-making is complicated by the variable
progression of this disease(3;10). In the first 32 months following the introduction of MELD/PELD, 25 patients with
a diagnosis of primary oxalosis/oxaluria received a liver transplant (17 liver kidney and 8 liver only). In this group
liver transplantation was undertaken at a mean age of 25.4 years.

There are many case reports and reviews documenting the effectiveness of liver transplantation for PH 1.
Undoubtedly AGT deficiency is an appropriate indication for liver transplantation, however, such an individual has
no “liver disease” and therefore their calculated MELD/PELD score does not reflect their need. A search of
available literature does not provide guidance on selecting optimal timing for liver transplantation in PH 1 patients,
but it is clear that extrarenal accumulation of oxalate accelerates with end-stage renal failure once dialysis support is
required. Irreversible and potentially lethal complications are therefore more likely once this stage has been reached.
Survival for PH 1 in renal failure is approximately 50% by 2.5 years without transplantation (11;12). Outcome after
transplantation is negatively affected by presence of systemic oxalate deposition i.e. outcomes are poor when
transplantation is delayed until advanced systemic oxalosis has developed (13). In the severe infantile-onset form of
PH1 death may occur from systemic oxalosis within the first year of life without combined liver and kidney
transplantation.

Elevated urinary or plasma oxalate and glyoxylate, especially in patients with renal failure, do not reliably
differentiate PH1 from PH 2 or secondary oxalosis. Approximately 25% of patients with proven AGT deficiency do
not excrete excessive glycolate in their urine. Therefore an AGT deficiency on liver biopsy is essential to make the
diagnosis of PH1.

Synthesis of Available Data

There are sufficient data to justify additional priority for patients with PH1.
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Proposal for Standardized MELD Exceptions for Candidates with PH1
All candidates must have a proven deficiency of AGT by liver biopsy.

Candidates with that are (1) listed for preemptive isolated liver transplantation prior to significant renal injury or (2)
listed for combination liver/ kidney transplantation prior to end-stage renal dysfunction will receive an initial MELD
score equivalent to a 10 % mortality risk. The MELD score will be increased by a 10% mortality equivalent every 3
months.

Candidates that are more than one year old that listed for combination liver/ kidney transplantation that have
developed end-stage renal dysfunction and are receiving extracorporeal renal replacement therapy will receive an
initial MELD score equivalent to a 15 % mortality risk. The MELD score will be increased by a 10% mortality
equivalent every 3 months.

Children younger than one year of age at the time of listing for combination liver/ kidney transplantation will
receive a MELD score of 40.

The above described data elements should be collected by the RRB and UNOS for future analysis.
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MELD Exception Guidelines for Candidates with Polycystic Liver Disease
Luis Arrazola, M.D,, Robert Gish M.D., and Gregory T. Everson, M.D.

Background

Polycystic Liver Disease (PLD) is commonly associated with Polycystic Kidney Disease (PKD), but may rarely be
exist in isolation. Symptomatic PLD is mainly limited to adults and rarely, if ever, presents in childhood. There is
currently no effective medical therapy for polycystic disease. Most patients have who have PLD require no medical
or surgical intervention. Patients with PLD rarely, if ever, experience biochemical hepatic deterioration and classic
symptoms of hepatic failure such as ascites, variceal hemorrhage, or encephalopathy are unusual(1-3). Although
there is a typical decrease in the quality of life (QOL) in these patients, QOL (although not well studied) to date has
not been associated with decreased survival. Serious, life-threatening, complications related to multiple hepatic cysts
may occur including cyst infection, Budd-Chiari-like syndrome, portal hypertension, refractory ascites after cyst
fenestration, cyst carcinoma, cholangiocarcinoma, and most importantly pain and or chronic wasting with
malnutrition(2-4).

Symptomatic PLD only occurs in those with massive hepatic cystic disease where the total cyst:parenchyma ratio >
1(5). Patients with PLD and PKD on hemodialysis are at greatest risk of life-threatening complications due to
hepatic cysts that include infection, hemorrhage, and carcinoma. In one center, 10% of mortality in patients with
PLD and PKD on hemodialysis was attributed to these complications. However, this observation has not been
confirmed by other centers. Non-transplant interventions which can relieve symptoms of massive hepatic cystic
disease include: percutaneous cyst puncture and sclerotherapy, laparoscopic cyst decompression, open laparotomy
with fenestration and liver resection(3;6-10). These interventions may provide temporary relief of symptoms but
may also be associated with significant morbidity and even mortality. Open surgical decompression is associated
with a very low mortality rate but is associated with substantial morbidity. Laparoscopic decompression reduces
hospital stay, but has also significant morbidity(6). Liver resection is indicated only in highly selected patients and is
associated with significant potential for mortality and frequent morbidity.

Liver transplantation, the ultimate treatment for this disease, eliminates the disease process itself and provides long-
lasting relief of symptoms(11-14). Approximately 40% of those undergoing liver transplantation will require
simultaneous kidney transplantation. Five year survival after liver or liver plus kidney transplantation is
approximately 70 to 75%. Liver transplantation with or without kidney transplantation should be avoided in severely
malnourished or debilitated patients. Patients with polycystic liver disease may be candidates for living donor liver
transplantation. Patients with PLD that generally have preserved liver function and normal MELD scores if they do
not have renal involvement.

Synthesis of Available Data

There are insufficient data to justify automatic priority for patients with PLD.

Proposal for Standardized MELD Exceptions for Candidates with PLD

We propose that PLD should continue to be addressed by the review boards using the following criteria, with data to

be prospectively collected by UNOS and additional MELD priority assigned on a case by case basis. Additional
MELD priority should not be no automatically granted at this time.

Criteria for Listing for Liver Transplantation (criteria 1, 2 and 3 must be satisfied in all patients)

1. Patients must satisfy criteria for massive PLD (total cyst / parenchyma > 1) and have a
complication of the PLD that is likely to resolve after liver transplantation

2. Patients must have clinically significant manifestations of liver disease that can be attributed to
massive PLD, which may include weight loss, ascites, and portal hypertension

3. Patients must have failed non-transplant interventions aimed at relieving symptoms or suffered
complications related to these treatment, precluding additional attempts at non-transplant
treatment.
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4. Patients with contraindications for non-transplant interventions including surgical resection,
shunts, and cystic unroofing meeting criteria 1 and 2.

If a patient meets listing criteria and any of the criteria for upgrade listed below:, the patient should qualify
for a MELD score associated with a 10% 3-month mortality and increase equivalent to a10% mortality risk
every 3 months if there is progressive disease and an extension application is completed.

1. Development of any clinical feature of decompensation of liver function or portal hypertension:
ascites or variceal hemorrhage.
2. Budd-Chiari-like syndrome due to cyst compression of hepatic venous outflow, not amenable to

cyst decompression by radiologic or surgical approach. The hepatic venous outflow obstruction
needs to be documented by CT scan, MRI or venography.

3. Ascites complicating cyst fenestration procedures that fail to respond to medical management,
with or without peritoneovenous shunting.
4. Severe malnutrition reflected as a decrease in midarm circumference. Mid-arm circumference

(lean body mass) is measured in the non-dominate arm mid-way between the acromion and the
olecranon processes. The following descriptors are provided for women (and, in parentheses, for
men) [if less than 23.1 cm (23.8cm), severe malnutrition; 23.1-25.5 cm (23.8-25.7 cm),
intermediate malnutrition; 25.6-29.7cm (25.7-28.7cm), moderate malnutrition; and if greater than
29.7 (28.7 cm), no malnutrition or albumin <2 gm/dl.

5. Dialysis dependency and any of the section above criteria. This subgroup of polycystic patients
appears to be at greatest risk of life-threatening complications arising in polycystic liver.
6. For patients not on dialysis, worsening renal function to the point of consideration of dialysis

(creatinine clearance 20-30ml/min) who also meet the criteria listed in 1-5 above. Once again,
the rationale for upgrading the patient is because the patient is moving toward a higher risk for
mortality due to complications arising in hepatic cysts. Combined liver/kidney transplantation is
indicated for those patients who are on dialysis or who have sufficient chronic renal failure to be
considered “near-dialysis” (creatinine clearance 20-30ml/min). The latter patients will likely
become dialysis dependent if given liver transplantation alone, since immunosuppressive therapy
will further reduce glomerular filtration rate, precipitating overt renal failure.

The patients nutritional parameters and data should be submitted to the Review Board for special case consideration.
Recurrent cyst infections should be documented by culture and must show that the infection is not responding to
antibiotic therapy.

The Review Board must also require vascular studies (full reports of CT, MR or angiography) to be provided if
vascular occlusion is claimed. In reference to complications of ascites, please see the proposed Guideline for
Ascites. Transplantation for quality of life should not be a consideration to support upgrading patients to a higher
MELD score.

Cyst carcinoma should not be used as an indication for liver transplantation since the prognosis of these patients is
unknown or has a poor associated survival.
Incremental MELD score upgrades:
Patients meeting the criteria in items 1-6 should be eligible for a MELD score upgrade at 3 months
intervals equivalent to 10 % mortality.
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MELD Exception Guidelines for Candidates with Portopulmonary Hypertension
David C. Mulligan, M.D., Robert Gish, M.D., and Michael J. Krowka, M.D.

Background

Patients with liver disease are predisposed to pulmonary arterial changes indistinguishable from those seen in
idiopathic pulmonary artery hypertension. The effects of this abnormal liver-lung association, portopulmonary
hypertension (POPH) on liver transplant waitlist mortality and patient outcome are not well understood, causing
much debate over the appropriate allocation algorithms and the need for additional MELD priority(1). Studies of
liver transplant candidates with pulmonary vascular disease are limited and frequently lack diagnostic accuracy.
Early results of orthotopic liver transplantation (OLT) in patients with significant POPH were poor and it was not
until later small single center experiences that successful cases resulted in improved pulmonary vascular parameters
post-OLT (2,3). Recently, specific diagnostic criteria and management recommendations for POPH have been
proposed by the European Respiratory Society (ERS) Task Force on pulmonary-hepatic vascular disorders(4).

The diagnosis of POPH is confirmed by right heart catheterization (RHC) criteria that includes measurements of
mean pulmonary artery pressure (MPAP), pulmonary artery occlusion pressure (PAOP) cardiac output (CO), and
calculated pulmonary vascular resistance (PVR)(4). It is likely that right heart function and other variables play an
important role in patient outcome. Therefore, decisions regarding which patients to offer OLT and decisions
regarding additional priority require full knowledge of the patient’s right ventricular functional status in addition to
pulmonary hemodynamics.

In the era prior to the availability of OLT and prostacyclin therapy, mean survival following diagnosis was 15
months, with half of the deaths related to pulmonary hypertension (5). In the current era of liver transplantation
POPH has resulted in intraoperative death, and increased transplant hospitalization mortality (2,3). A literature
review (n=43; 18 peer-reviewed studies) (2) and multicenter, prospective analysis (n=66; 10 centers) (3) indicated
that a preoperative MPAP > 35 mmHg serves as a threshold for increased risk of death following OLT

Importantly, the literature review noted that the diagnosis of POPH was initially made in the operating room in 65%
of patients who underwent OLT surgery (2). Mortality was significant with 10 of 14 deaths occurring within 21 days
of OLT; 3 deaths were intraoperative. All deaths were associated with pre-OLT MPAP > 35 mm Hg. Fifteen of 29
survivors had MPAP> 35 mm Hg, but 12 had PVR< 400 dynes.s.cm™.

In the multicenter study 30 (45%) POPH patients were excluded from OLT consideration due to severity of POPH
(mean values: MPAP = 53+11 mm Hg; PVR = 616+288 dynes.s.cm™) (3). Despite such screening, transplant
hospitalization mortality following OLT was 36%; 13 died which included 5 intraoperative deaths. MPAP was
similar between survivors and non survivors (45114 vs 44+8 mm Hg), respectively), but only 1/13 non survivors
had pre-OLT prostacyclin therapy (12/13 had MPAP > 35 mm Hg). Prostacyclin therapy was given to 5/23
survivors (18/23 had MPAP > 35 mm Hg) and 62% had PVR <400 dynes.s.cm™

Despite poor outcomes before and after liver transplantation, persistence of POPH and the development of de novo
development of pulmonary artery hypertension after liver transplantation, there are also many reports of
improvement in POPH after liver transplantation (6-13).

Case reports and small series suggest pre-OLT treatment with continuous intravenous infusions of prostacyclin may
confer a long-term survival advantage post-OLT. In a recent series (n=28), the 5-year survival for POPH undergoing
OLT was 56%; (43% had pre-OLT prostacyclin) Additional experience is needed to confirm the pre-OLT
prostacyclin-OLT survival advantage hypothesis (14).

Reported experiences have yet to address whether candidates with POPH are at a higher risk of death while awaiting
OLT compared to other patients with the same degree of liver dysfunction.
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Synthesis of Available Data

There is sufficient evidence to justify automatic additional priority for selected patients with POPH.

Proposal for Standardized MELD Exceptions for Candidates with POPH

Patients with POPH that satisfy all of the criteria below will receive an initial MELD score equivalent to a 15% 3-
month mortality risk at. The MELD score will be increased by a 10% mortality equivalent every 3 months.

1. The presence of liver disease.

2.  Mean pulmonary artery pressure 25 < (MPAP) <35 mm Hg as measured by right heart catheterization.
3. The presence of pulmonary vascular resistance (PVR) > 240 dynes.s.cm”.

4. Pulmonary artery occlusion pressure (PAOP) < 15 mmHg

Patients with MPAP > 35 mm Hg and/or PVR > 400 dynes.s.cm” should have pulmonary vasodilator therapy and
hemodynamic improvement prior to receiving an increased addition MELD score and transplant consideration.
Right heart function should be deemed acceptable.

Data on POPH concerning the above defined elements should be collected prospectively by UNOS for future re-
evaluation of POPH as justification of additional MELD exception priority.

There are no data that permit extrapolation of this recommendation to pediatric patients
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MELD Exception Guidelines for Candidates with Severe Pruritus
W. Kenneth Washburn, M.D. and Robert Gish, M.D.

Background

Intractable pruritus is an extra hepatic manifestation of cholestatic liver disease. The exact etiology of this is not entirely
clear. Some patients experience modest pruritus that can be controlled with simple pharmacologic interventions. A small
minority of patients develop significant intractable pruritus that is refractory to many pharmacologic agents and may
benefit from liver transplantation(1). Current medications used for the treatment of pruritus include ursodeoxycholic acid
aimed at improving cholestasis. Other options aimed at eliminating or inactivating peripheral pruritogen through anion
exchange include Cholestyramine or hepatic enzyme inducing agents such as Rifampin or phenobarbital. Other
interventions may modulate central neurotransmission including opioid antagonist such as Naloxone or serotonin
receptor agonist such as ondansetron or tropisetron. Extreme interventions for refractory pruritus include hemodialysis
or plasmapheresis or albumin dialysis using molecular absorbent recirculation system(2;3). Refractory pruritus presents
significant quality of life issues for patients experiencing this. The literature is void of any suggestion that refractory
pruritus leads to additional mortality. There have been anecdotal reports of suicidal ideations as a consequence of
pruritus, though there are no reports of this actually occurring. Based on the limited availability of published data, there
does not appear to be a mortality risk associated with pruritus. Liver transplantation for refractory pruritus is not
supported and would be based solely on quality of life issues and not on mortality risks(4;5).

Synthesis of Available Data
There are no data to justify additional priority for patients with pruritus.
Proposal for Standardized MELD Exceptions for Candidates with Pruritis

We propose that additional MELD priority should not be assigned by regional review boards because of pruritus and
no further data should be collected at this time.

There are no data that permit extrapolation of this recommendation to pediatric patients.
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MELD Exception Guidelines for Candidates with Recurrent Bacterial Cholangitis associated with Structural
Biliary Disease
Greg Gores M.D., Robert Gish M.D., and Roshan Shrestha M.D.

Background

Primary sclerosing cholangitis (PSC) is a chronic cholestatic liver disease. The disease is progressive, ultimately
leading to biliary sclerosis (secondary biliary cirrhosis); with portal hypertension; hepatic dysfunction; and,
occasionally to cholangiocarcinoma. Although the pathogenesis of PSC is unclear it is commonly associated with
inflammatory bowel disease, especially chronic ulcerative colitis. Median survival is 12 years (1). Although
unusual, occasional patients with PSC will have repeated episodes of bacterial cholangitis. There are other patients
with congenital cystic dilatation of intrahepatic biliary ducts often associated with congenital hepatic fibrosis called
Caroli’s syndrome manifested by portal hypertension and repeated bouts of intrahepatic cholangitis. Occasional
patients with secondary sclerosing cholangitis, due to surgical mishap or bile duct injury, have repeated episodes of
bacterial cholangitis. The natural history of these disorders has not been established in the medical literature. Finally
there are patients who have undergone liver transplant who, shortly after surgery, develop a cholestatic pattern,
abnormal liver enzymes evidenced by severe ischemic type biliary tract injury with biliary sludge, casts, ectasia and
repeated bouts of cholangitis and graft failure while the hepatic artery is completely open. The exact mechanism of
this type of injury is not entirely clear, although there are some risk factors have been identified (marginal graft,
prolonged cold ischemic time and others).

The diagnosis of PSC is generally made by combination of symptoms, abnormal laboratory results, histopathology
on liver biopsy and radiologic findings on various biliary imaging studies. Severe and diffuse intrahepatic strictures
indicate a rapid course with short survival, whereas high-grade extrahepatic strictures are associated with early
symptoms of cholangitis with pruritus, right upper quadrant abdominal pain, and fever. Approximately 50% of
symptomatic patients eventually develop cirrhosis and liver failure. There are no effective medical therapies to date
for advanced liver disease caused by PSC. Liver transplantation is an excellent treatment for PSC and is one of the
earliest historic indications in the United States (2;3).

Patients with severe intrahepatic cholestatic liver disease due to sclerosing cholangitis or Caroli’s syndrome may
carry a significant risk of recurrent cholangitis and sepsis leading to higher morbidity and mortality. Since these
patients generally have fairly well-preserved synthetic function, current organ allocation policy using MELD score
alone may not prioritize these selected groups of patients appropriately to avoid such poor outcome. Given the
excellent result of liver transplantation, lack of medical therapies, exceptional status of certain patients with severe
sclerosing cholangitis and Caroli’s syndrome should be provided. Similarly the ischemic biliary injury in the graft
under immunosuppression carries a significant morbidity and mortality and may benefit by exceptional status for a
timely transplant. However, at present the precise natural history of these conditions has not been defined.

Synthesis of Available Data

There are insufficient objective data to justify additional priority for patients with cholangitis in the setting of
structural biliary disease.

Suggested data for submission to regional review boards

Exceptional case applications that are submitted to review boards for MELD exceptions on the basis of cholangitis
should include the following documentation: 1) precise diagnosis (PSC, Caroli’s post-transplant, etc.) 2) number of
hospitalizations within the past 6 months for cholangititis 3) number of episodes of severe sepsis secondary to
cholangitis requiring ICU management 4) number of episodes of positive blood cultures in the absence of other
sources and 5) results of positive bacterial cultures on antibiotics or demonstrating resistance to antibiotics..

Proposal for Standardized MELD Exceptions for Candidates with Cholangitis
At this time, we propose that recurrent cholangitis should continue to be addressed by the review board and

additional priority assigned after the above described data has been submitted on a case by case basis. Additional
priority should not be automatically granted at this time.
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The data elements defined above should be collected prospectively through UNet™ for future re-evaluation of
cholangitis as justification of additional MELD priority.

There are no data that permit extrapolation of this recommendation to pediatric patients.
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MELD Exception Guidelines for Candidates with Portal Hypertensive GI Bleeding
Patricia Sheiner, M.D., Robert Gish, M.D., and Arun Sunyal, M.D.

Background

Portal hypertensive bleeding of the gastrointestinal tract is a complication of end stage liver disease. Bleeding can be
controlled endoscopically and pharmacologically in up to 90% of patients(1). Transjugular intrahepatic portal
systemic shunt (TIPS), or less often, surgery, are alternative treatments for patients with recurrent/refractory variceal
bleeding or bleeding from portal hypertensive gastropathy (PHG) who have contraindication to TIPS or bleed
despite a patent TIPS may have a mortality rate of close to 100%, yet these clinical situations are hard to quantify
for the purpose of organ distribution.

TIPS may be contraindicated in a number of patients with end stage liver disease. Despite its minimally invasive
nature, TIPS have been associated with a 30-day mortality of up to 48% (2). Many authors have looked at various
factors associated with a poor prognosis after TIPS. These include bilirubin, serum creatinine, Childs-Pugh score,
and encephalopathy. The development of the Model for End-Stage Liver Disease (MELD) was based on predicting
mortality with a TIPS shunt. This system has now been modified and applied to liver organ distribution in the
United States(3). Using this MELD system and multivariate analysis, the inclusion of gastrointestinal bleeding did
not improve on the ability of the MELD score to predict mortality(4).

Bilirubin has been shown to be a good predictor of mortality after TIPS by a number of investigators. Rajan et al.
have shown that an “elevated pre-TIPS bilirubin level is a powerful independent predictor of 30-day mortality after
TIPS creation” with a 40% increased risk of death for each 1-mg/dl increase above 3.0 mg/dI(5). Patients with a
bilirubin of > 5 mg/dl had increased odds of early death by a factor of 19 times(6). Bilirubin features predominantly
in several other studies as an indicator of early mortality after a TIPS procedure. Other authors also found bilirubin
to be one of the major factors predictive of early post TIPS mortality (2;7). Bilirubin, in the absence of an elevated
creatinine or INR, often does not result in a MELD score that would allow timely transplant. Given the highly
predictive nature of a bilirubin of >5 mg/dl of death after TIPS makes it an objective, reasonable and conservative
cut off for a medical contraindication to TIPS. Anatomical variants, such as portal vein thrombosis, must also be
considered as relative or absolute contraindications for TIPS shunt.

Data on liver waiting list candidates who develop GI bleeding should be collected to determine if there is an
objective surrogate for increased mortality that can guide the Review Board or a quantitative factor that can improve
the prediction of mortality risk calculated by the current MELD score. It will be necessary to develop definitions
that are clear and quantifiable. Refractory variceal bleeding can be defined as acute severe variceal bleed requiring
airway intubation and the insertion of a Minnesota or Blakemore tube in spite of optimal endoscopic treatment,
coagulation support and pharmacologic management. This definition should also include blood transfusions
requiring more than 6 units in 24 hours or more than 2 units per day over 3 days and that a TIPS is contraindicated
as defined above. Each patient should be reassessed daily.

Chronic recurrent variceal or PHG bleeding can be defined as the requirement of more than 2 units of blood
transfusion per week for more than 6 weeks in a patient with a TIPS or if a TIPS contraindicated. This terminology
could be further refined to include documentation that the bleeding is not responsive to endoscopic and
pharmacologic treatment.

Synthesis of Available Data

There are sufficient data to justify additional priority for patients with portal hypertensive GI bleeding.

Suggested data for submission to regional review boards

The following information should be required of all exceptional case applications for candidates with refractory GI
bleeding: 1) The precise reason for contraindication to TIPS 2) The presence or absence of portal vein thrombosis,
3) The total GI blood loss for the previous 4 weeks, 3 days and 24 hours 4) The presence or absence of gastric

varices, 5) The use of mechanical balloon tamponade and 6) The history of endotracheal intubation to stabilize the
patient to aid in the control GI bleeding.
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Proposal for Standardized MELD Exceptions for Candidates with Portal Hypertensive GI Bleeding

At this time, due to the lack of a quantifiable, verifiable, and reproducible method of documenting a mortality risk
directly related to intractable GI bleeding, we propose that refractory portal hypertensive GI bleeding should
continue to be addressed by the review board and additional priority assigned after the above described data has
been submitted on a case by case basis. Additional priority should not be automatically granted at this time.

The data elements described above should be collected prospectively through UNet*™ for future revaluation of portal
hypertensive GI bleeding as justification of additional MELD priority.

There are no data that permit extrapolation of this recommendation to pediatric patients.

Reference List

M
@

€)

4)

)

(6)

(7

Comar KM, Sanyal AJ. Portal Hypertensive Bleeding. 32 ed. 2003: 1079-105.

Tyburski JG, Noorily MJ, Wilson RF. Prognostic factors with the use of the transjugular intrahepatic
portosystemic shunt for bleeding varices. Arch Surg. 1997;132:626-30.

Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL et al. A model to predict
survival in patients with end-stage liver disease. Hepatology. 2001;33:464-70.

Chalasani N, Kahi C, Francois F, Pinto A, Marathe A, Bini EJ et al. Model for end-stage liver disease
(MELD) for predicting mortality in patients with acute variceal bleeding. Hepatology. 2002;35:1282-84.

Rajan DK, Haskal ZJ, Clark TW. Serum bilirubin and early mortality after transjugular intrahepatic
portosystemic shunts: results of a multivariate analysis. J Vasc Interv Radiol. 2002;13:155-61.

Russo MW, Sood A, Jacobson IM, Brown RS, Jr. Transjugular intrahepatic portosystemic shunt for refractory
ascites: an analysis of the literature on efficacy, morbidity, and mortality. Am J Gastroenterol. 2003;98:2521-
27.

Chalasani N, Clark WS, Martin LG, Kamean J, Khan MA, Patel NH et al. Determinants of mortality in

patients with advanced cirrhosis after transjugular intrahepatic portosystemic shunting. Gastroenterology.
2000;118:138-44,

35



MELD Exception Guidelines for Candidates with Small for Size Syndrome after Liver Transplantation
Patricia Sheiner, M.D., Robert Gish, M.D., and Charles Miller, M.D.

Background

Small for size graft failure syndrome is a significant problem after live donor transplant(1;2). This syndrome may
occur either because the graft-recipient ratio was less than expected resulting in a graft recipient/weight ratio of less
than 0.8 % (3) or because of a functional graft overflow from either outflow obstruction or increased portal
perfusion to the liver(4). Although preservation or re-implantation of tributaries of the middle hepatic vein may help
decrease the incidence of the small for size syndrome, when it occurs it has major impact on survival(5).

Small for size graft failure syndrome is characterized by severe cholestasis, ascites and coagulopathy. Over time,
many livers do recover, however, not all do. Early graft dysfunction predisposes the patients to sepsis. Sagawa et al.
reported a significantly decreased survival in patients receiving grafts that had a graft weight/recipient ratio of less
than 1% (80% survival vs. 96%)(5). Other authors have shown similar survival disadvantages in graft

volume/recipient body weight ratio <0.8% with some programs reporting survival results of less than 50% in this
group(3;6).

Recipients who have “small for size” grafts characterized by hyperbilirubinemia, increased INR and less than 3
months after transplant appear to have a short window in order to be safely retransplanted(2). There are very few
objective criteria at which a liver becomes irreversibly damaged. However, because of the risk of sepsis and death,
patients who meet criteria for small for size need to be transplanted urgently within a 6 week period of time. One of
the major issues is to expedite a second liver transplant to prevent infection in these patients.
Synthesis of Available Data
There are sufficient data to justify additional priority for patients with small for size graft failure syndrome.
Proposal for Standardized MELD Exceptions for Candidates with Small for Size Graft Failure Syndrome
Candidates that develop small for size graft failure syndrome, defined as meeting 4 of the following 6 criteria, will
receive will receive an initial MELD score equivalent to a 50% mortality risk. The MELD score will be increased
by a 10% mortality equivalent every 3 months.

1. Greater than three weeks post living donor transplant:

2. Hyperbilirubinemia ->>10mg/d] in the absence of rejection or common duct obstruction;

3. Bile duct ischemia (leak);

4. INR>1.5;

5. Ascites;

6. Biopsy with cento-lobular ballooning, necrosis and cholestasis.
The data elements described above should be collected prospectively through UNet™™ for future revaluation of small
for size as justification of additional MELD priority.
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MELD Exception Guidelines Candidates with Uncommon Hepatic Tumors
Jeffrey Punch, M.D., and Robert Gish, M.D.

Background

Non-carcinoid neuroendocrine tumors

Hepatic metastases are present in approximately 75% of patients at the time a neuroendocrine tumor is diagnosed.
Cure by transplantation appears to be rare, if it ever happens. It appears that the outcome for non-carcinoid tumors
is inferior to the experience with patients that have carcinoid tumors limited to the liver(1). The largest series of
patients with non-carcinoid patients from the French multi-center experience reports a survival rate of only 38%,
15%, and 8% at 1, 3, and 4 years, respectively with no disease free survivors at five years(1). Reports since then
have failed to document an improvement in this outcome. Even in the absence of long term cure, liver
transplantation probably offers substantial palliative benefit to selected patients. Nevertheless, given the dismal
outcomes overall, it does not appear wise to offer liver transplantation to these patients as a standard MELD
exception.

Carcinoid tumors

In the French experience, the survival rate for metastatic carcinoid tumors was 80%, 80%, and 69% at 1, 3, and 5
years, respectively(1). In comparison, the 5-year survival rate after non transplant treatment of NET ranges from 25
to 35%. This comparison is unfair for multiple reasons pertaining to selection bias, but it does suggest that selected
patients with this disease may benefit from liver transplantation.

Patients should be excluded if they have evidence of extrahepatic tumor deposits, as these patients cannot be cured
by liver transplantation. Ideally the primary tumor should have been removed, as tumor recurrence following upper
abdominal exenteration is associated with high morbidity and has not been shown to improve tumor free survival.
A bone scan and/or survey is important as the next most frequent site of distant metastasis after the liver is bone. It
is suggested that transplantation should be considered when patients are symptomatic and have failed other available
treatments after presentation to the Review Board.

Sarcoma

Although there are anecdotal cases of patients with long term survival following transplantation for primary
angiosarcoma of the liver, the preponderance of the data indicates that cure is not possible and that results indicate
very poor survival (2). These patients should not receive additional priority for liver transplants as a standard
MELD exception.

Hepatic epitheliod hemangioendothelioma

These tumors arise from vascular endothelium. Patients are predominantly young adults, particularly females. The
extent of the tumor is difficult to define radiologically. Diagnosis is confirmed by positive immunohistochemical
staining for factor VIIL. In the first year of the MELD/PELD policy 16 requests were made for MELD exceptions
based on this diagnosis, 14 were granted.

Treatment can include observation alone, chemotherapy, resection, or transplantation, with long term survival
reported with each treatment option. The results for liver transplantation are quite good despite the fact that the
tumor is often widespread at the time of diagnosis. Five year tumor free survival rates of 60% are reported(3).
Successful treatment of patients with extra-hepatic disease has been described, and metastatic spread at the time of
transplant does not appear to correlate with post-transplant survival(4-6). Therefore, this tumor is one of the
circumstances where transplantation in the presence of extra-hepatic disease may be justified. The highly variable
clinical behavior makes it impossible to provide objective data on when transplant should be performed and how
long the window of opportunity for transplantation is. Current opinion is that treatment should be individualized
depending on symptoms, and the rate of disease progression.
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Biliary Cystadenocarcinoma

This tumor must be distinguished from benign biliary cystadenoma. It can arise in association with Caroli’s disease.
It is usually multilocular, but unilocular cases have been reported. Generally this tumor is amenable to surgical
resection. There are anecdotal cases of successful liver transplantation for this tumor. Long term follow-up is not
available for patients that received transplants for this indication (2).

Hepatic adenoma in patients with glycogen storage disease (GSD)

Multiple hepatic adenomas are seen in approximately half of patients with Type I GSD, and in approximately one
quarter of patients with Type IIIl GSD. Rupture and malignant transformation of these tumors have both been
reported, but the risk of these complications is unclear (7). Determining when malignant transformation has
occurred can be problematic, making management of these patients difficult. Transplantation is indicated when
malignant transformation is suspected or proven, and curative resection is not possible.

Synthesis of Available Data

There are insufficient data to justify additional priority for candidates with non-carcinoid neuroendocrine tumors, for
hepatic sarcomas, or for biliary cystadenocarcinoma.

The available data justify additional priority for candidates with Carcinoid tumors that are limited to the liver, for
hepatic epitheliod hemangioendotheliomas, and for candidates with hepatic adenomas in the setting of glycogen
storage disease.

Proposal for Standardized MELD Exceptions for Candidates with Uncommon Tumors

At this time, we propose that candidates with uncommon tumors should continue to be addressed by the review
board and additional MELD priority assigned on a case by case basis. Additional MELD priority should not be
automatically granted at this time.
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Guidelines for MELD Score Upgrading in Candidates with Unusual Metabolic Liver Diseases That Would be
Cured by Liver Transplantation
Sue McDiarmid M.D., Robert Gish, M.D., and Simon Horslen, M.D.

Metabolic liver disease makes up a small proportion of patients who undergo liver transplantation. For these patients
liver transplantation is life-saving. These patients often do not present with typical findings of end stage liver
disease and need to undergo special consideration and scrutiny concerning the appropriateness of liver
transplantation and timing of transplantation.

Tyrosinemia type 1 (fumarylacetoacetate hydrolase deficiency) is a rare condition that results in fulminant liver
disease, liver cancer and progressive liver failure. Standard treatment is now with NTBC [2-(2-nitro-4-
trifluoromethylbenzoyl)-1,3-cyclohexenedione] and low tyrosine diet. Potential indications for liver transplantation
include fulminant disease in infants, progression of liver disease on NTBC, presence or suspicion of HCC and
possibly contraindications to the use of NTBC. Orthotopic liver transplantation corrects the metabolic liver disease
and removes the risk for HCC. Renal dysfunction in later childhood or adulthood may develop. In most
circumstances a PELD/MELD exception request is appropriate and each case should be individually reviewed with
advice from a physician experienced in the care of patients with tyrosinemia(1-5)

Glycogen storage disease has at least 14 variants and subclassifications. Type 1 (la Glucose-6-phosphatase
deficiency and 1b Glucose-6-phosphate translocase deficiency) may result in metabolic instability or adenoma/HCC
and is cured by liver transplantation. Type 3 debrancher enzyme deficiency can lead to cirthosis in adult patients
with and there is an increased risk for adenoma and HCC. OLT is an effective therapy for the liver disease.
Currently, there are no data on which to base exception scores. Type 4 brancher enzyme deficiency can also result in
cirrhosis is in young children; for this case PELD scores currently probably reflect severity of liver disease and there
are no data or supporting evidence to give additional PELD priority for these patients. If HCC or adenomas with
malignant potential develop in these patients, standard HCC listing criteria can apply or an appeal to the review
board can take place (6-14).

For alpha-1 antitrypsin deficiency without evidence of chronic liver disease there is no indication for additional
MELD/PELD priority. Only one case has undergone OLT for COACH syndrome with portal hypertension due to
hepatic fibrosis with concomitant CNS diseases. These patients can have severe cholestasis in addition to hepatic
fibrosis but prognosis mostly determined by other features of syndrome. There are no data on which to advise
review board to give additional PELD priority(15)

For Crigler-Najjar type 1, there is clear proven effectiveness of OLT for this condition. Since there is no
coagulopathy, growth failure, hypoalbuminemia and the patients unconjugated bilirubin is reduced by phototherapy
the patients, PELD score cannot be calculated thus exception scores score for OLT will be required. The 90-day
death rate is probably negligible, but serious potential for brain injury is the major indication for liver replacement
therapy. Currently there are no data to determine additional MELD/PELD priority, and the review board must
discuss each case on an individual basis(16-19).

Hemophilias are genetic diseases associated with specific factor deficiencies. These include: Factor VIII deficiency
— hemophilia A, Factor IX deficiency — hemophilia B, and Factor VII deficiency. Liver transplantation is an
effective therapy but in general transplantation is reserved for other indications such as viral hepatitis with the
development of end stage liver disease. These diseases, alone, are not considered indications for LT(3;20-22).

Methylmalonic academia has serious impact on renal and neurological function. Liver transplantation corrects the
episodes of systemic metabolic decompensation complicating this disease. Unfortunately, renal and neurological
complications of MMA have occurred late even after successful OLT. These patients must fulfill criteria for
metabolic conditions associated with hyperammonemia to can be listed at Status 1B, thus no additional priority
should be assigned through the review board(23-27).

Proprionic academia results in a variety of metabolic problems for infants and children. Liver transplantation
corrects episodes of systemic metabolic decompensation associated with this disease. These patients must fulfill
criteria for metabolic conditions associated with hyperammonemia so they can be listed at Status 1B, thus no
additional priority should be assigned through the regional review board(28).
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Maple syrup urine disease results in multiorgan injury. Liver transplantation corrects these episodes of systemic
metabolic decompensation associated with this metabolic disease. This condition is not associated with
hyperammonemia as a rule. There is no liver dysfunction, therefore the calculated PELD score is not reflective of
the patient’s severity. Each case should be reviewed by the Review Board, with the help of a metabolic expert, and
additional priority should be applied depending on the severity of the disease(29-31).

Homozygous familial hypercholesterolemia leads to childhood coronary artery disease and myocardial infarction.
There is no structural liver disease the PELD score is not reflective of the patient’s severity. There are no data to
determine priority for a PELD score to assign for these patients and each case should be reviewed by the review
board(32).

Biliary transport defects include: Byler’s disease (progressive familial intrahepatic cholestasis type 1 - PFIC 1), Bile
salt export protein deficiency (BSEP, PFIC 2), MDR3 deficiency (PFIC 3), These conditions have associated liver
disease and the calculated PELD score is probably valid. Exceptions can be sought for the profound pruritus
associated, and PELD exceptions should only be considered if there is clear evidence that the pruritus is impairing
development and schooling. Each case should be considered with the aid of a metabolic expert and the input of the
Review Board(33-36).

Other known metabolic diseases that may benefit from liver transplantation include:

1. Mitochondrial metabolic defects confined to the liver are very variable conditions(37-41): Each case will need
to be individually assessed with the aid of metabolic experts and the Review Board;

2. Neonatal hemochromatosis which almost always fulfill criteria for fulminant hepatic failure(42-44);

3. Erythropoietic protoporphyria: liver transplantation is typically undertaken for acute liver failure or rapidly
progressing chronic liver failure. Importantly in this disease, liver disease can recur in the allograft and no data
on priority of listing is available(45-47);

4. Niemann-Pick type C, which can in a minority of patients present with severe neonatal hepatitis. Liver
transplantation cures the liver disease but does nothing for late childhood dementia. Usual onset is 10-15 years
of age, but timing of presentation may be very variable. The calculated PELD score probably reflects severity of
liver disease and no additional PELD or MELD priority is advised (28;48;49);

5. Disorders of fatty acid metabolism which are mostly managed medically. Each case should be discussed
individually with the review board(28);

6. Neonatal adrenal leukodystrophy, which is a peroxisomal biogenesis defect and as such is associated with
significant neurodevelomental concerns. There are no data that this is an indication for liver transplantation. No
extra priority is advised for this condition(28),

7. Cholesterol ester storage disease results in cirrhosis and end-stage liver disease, thus the calculated
MELD/PELD score will suffice(28),;

8. Protein C and/or S deficiency are genetic deficiencies of coagulation factors. Liver transplantation corrects
hypercoagulable state, but transplantation usually undertaken for other indications(50-53);

9. Arginase deficiency is a urea cycle disorder that does not produce hyperammonemia. This disease is
correctable with OLT but most managed medically. There are no data on this disease as an indication for
transplant(54).
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