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Can we direct organ allocation based on predicted outcome?
Hepatocellular carcinoma outside of UCSF criteria
or retransplant?
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Abstract
Background In this study, we ask between patients with
graft failure listed for retransplant and patients with hepato-
cellular carcinoma (HCC) outside of UCSF criteria, who has
the greater survival benefit with transplantation?
Methods This is a retrospective analysis, of liver transplant
(LT) patients, done between February 2002 and December
2009 at our center. Patients were included in the “extended
HCC” group if their tumor was pathologically beyond UCSF
criteria at LT and in the “redo” group if they underwent LT for
graft failure occurring more than 3 months after the initial LT.
Extended criteria donors (ECDs) were defined as donors above
70 years old, DCD, serology positive for HCV, and split grafts.
Results There were 25 redos and 37 extended HCC patients.
Use of ECDs or high donor risk index organs was associated
with poor outcome in both groups (P00.005). Overall, the
extended HCC population had a much better survival than
redos, both at 1 and 3 years.
Conclusion These two very different but high risk patient
populations have very different survival rates. At a time
where regulatory agencies demand more and more with
regards to transplant outcomes, we think the transplant
community has to reflect on whether allocation justice and

fair access to transplant are respected if we start allocating
organs based on outcomes.
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Introduction

The number one rate limiting factor to liver transplantation
is organ shortage. This sad reality we face forces health care
professionals to police organ allocation and sometimes
question graft acceptance based on predicted patient out-
come. For some patients, imminent liver transplantation is
the only hope for even short-term survival. Because these
patients are in desperate need of an organ, they often receive
a liver of marginal quality owed to the urgency of the
situation and irrespective of their status on the list. In an
era of organ shortage and outcome monitoring, organ allo-
cation can become complicated, and a prediction of the
allograft’s outcome is often included in the process. In this
study, we ask between patients with late (more than 3 months
post transplant) graft failure listed for retransplant and
patients with hepatocellular carcinoma (HCC) outside of
University of California, San Francisco (UCSF) criteria,
two controversial groups, who has the greater survival ben-
efit with transplantation? We decided to study these two
groups of liver transplant recipients with patient and graft
survival known to be inferior to the rest of the transplant
population to see which group would benefit the most from
transplantation and which of the two groups maximizes the
graft’s potential. This analysis is merely a hypothetical
mental exercise: can we direct organ allocation based on
predicted outcome?
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The only therapeutic option for patients with a failing liver
allograft is retransplantation. Early liver retransplantation for
patients with early graft dysfunction or primary nonfunction
is generally accepted and rarely questioned; late retransplan-
tation however, more than 3 months following the initial
transplant, is often criticized. Prior studies have showed
worse patient and graft survival after retransplantation when
compared to primary grafting [1–8]. The inferior outcome in
this special group of patients has led many to question the
rightfulness of late hepatic retransplantation on both econom-
ic and ethical grounds [9–12]. Is allocating a standard criteria
donor (SCD) graft to retransplant candidates fair given that
they already had a precious and rare liver graft and that their
outcome is known to be inferior to the primary transplant
recipients? Shouldn’t the next patient get his chance now?
Should only the late retransplant candidates get access to
extended criteria donors (ECDs)? If so, is the retransplant
outcome acceptable with ECDs? Are they the group that
benefits the most from them? The principal group that desires
access to extended criteria donor grafts now is the subset of
patients with unresectable HCC listed for transplantation but
with tumors outside of Milan criteria (Milan criteria: single
lesion ≤5 cm, up to three separate lesions, none larger than
3 cm, no evidence of gross vascular invasion, no regional
nodal or distant metastases) [13]. These patients only usually
get access to transplantation via ECDs as they are not eligible
for exemption points and their model of end-stage liver
disease (MELD) score does not reflect their disease severity,
waiting for SCD would equal death. Therefore, as an exercise
in organ sharing strategy and with a desire to maximize graft
potential we ask: can we direct organ allocation based on
outcome? If yes, who best benefits from transplantation:
patients with HCC outside of Milan criteria or retransplants?

Materials and methods

This is a retrospective analysis of all the liver transplant
patients at our center between February 2002 and December
2009. Patients were included in the “extended HCC” group
if they had a diagnosis of HCC, their tumor was radiologi-
cally or pathologically beyond UCSF criteria, and they were
transplanted within the study period. They were included in
the “retransplant” group if they underwent liver transplan-
tation within the study period for graft failure occurring
more than 3 months after the initial transplant. Patients with
primary graft nonfunction were specifically excluded from
this group. These patients were identified by retrospective
review of our transplant patient tracking database. All the
included patients’ medical charts were searched for the
following information: age, sex, date of transplant, etiology
of pretransplant liver failure, liver donor demographics, use

of ECDs, donor risk index (DRI) value, date of last follow-
up, graft failure, and death.

ECDs were defined as donors above 70 years old, de-
ceased after cardiac death, steatosis more than 30%, sodium
more than 170, serology positive for hepatitis C virus
(HCV), and split grafts. The DRI was calculated according
to Feng et al. [14]. Graft failure was defined as death
secondary to liver failure or retransplantation.

Descriptive statistics are expressed as mean (SD) or
median. Chi-square test or Fisher’s test, where appropriate,
was used for univariate comparisons. For univariate survival
analysis, plots were made by the Kaplan–Meier method and
comparisons by the logrank test. The Cox model with the
determination of the hazard ratio was applied to evaluate the
risk associated with prognostic variables. Differences were
considered significant at P00.05. Perioperative death was
included in the survival analysis. All statistical analyses
were performed using MedCalc v11.4.4. Follow-up data
were collected up until February 1, 2011.

Results

Between February 1, 2002 and December 31, 2009, we
performed a total 497 liver transplants; 62 of these patients
were included in the analysis, 25 retransplants and 37 ex-
tended HCC patients. The two groups were not different in
terms of demographics, but the MELD at transplant was
higher in the retransplant group than in the extended HCC
group (32 vs 17, P<0.01). The use of ECDs was greater in
the extended HCC group, and the DRI was also significantly
higher in the extended HCC group (Table 1). The causes that
lead to graft failure and need for graft replacement in the
retransplantation group were varied (17 for recurrent disease
(15 recurrent hepatitis C, 1 recurrent primary biliary cirrho-
sis, 1 recurrent autoimmune hepatitis), 3 for chronic rejec-
tion, and 5 for secondary sclerosing cholangitis).

Table 1 Patients’ demographics

Redo Extended HCC p value

Male 15 31 NS

Female 10 10 NS

HCV 15 23 NS

Median age at OLTx 51.9 54.7 NS

Median MELD at OLTx 32 17 <0.05

Median DRI 1.3 1.8 <0.05

ECDs 4 out of 25 18 out of 41 <0.05

NS nonsignificant, OLTx orthotopic liver transplant, HCV hepatitis C
virus, ECDs extended criteria donors, DRI donor risk index, HCC
hepatocellular carcinoma
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The median survival for the retransplant group was
17 months ranging from 0 to 72 months; 13 patients died
(52%), 7 of them died within 1 month of retransplantation in
the perioperative period (1 from primary graft nonfunction,
2 from sepsis, 1 from pulmonary embolism, 1 from hemo-
thorax, and 2 from hepatic artery complications). 3 patients
died of graft failure from recurrent hepatitis C at 15, 16, and
31 months post retransplantation, 2 patients died of sepsis 2
and 11 months post retransplantation, and 1 patient died of
recurrent HCC 8 months post retransplantation. Twelve
patients are alive and well and being followed from 30 to
72 months post retransplantation.

The median survival for the extended HCC group was
45 months ranging from 1 to 106 months post transplantation;
13 patients died (35%), 2 of sepsis at 1.6 and 1.9 months, 9 of
recurrent HCC at a mean time of 24.9 months post transplan-
tation (ranging from 5.5 to 58.8 months), and 2 of graft failure
(1 of secondary to recurrent HCV) at 9 and 30 months post
transplantation.

The 1- and 3-year survival for the retransplant group was
60% and 47%, respectively, similar to what is reported in
Scientific Registry of Transplant Recipients (SRTR) and in
the literature. Analysis for the use of ECDs in the retrans-
plant population showed that the 1- and 3-year survival for
the retransplant group who received SCDs was 62% and
53%, respectively (vs 50% and 25% for those who received
ECDs). The 1- and 3-year survival for the extended HCC
group was superior (81% and 72%), respectively, and this
was superior to the retransplant group in a statistically
significant manner (P<0.05) (Fig. 1). Similarly, when this

group was analyzed for the use of ECDs, the 1- and 3-year
survival was 90% and 84%, respectively, for patients who
received SCD graft vs 72% and 61%, respectively, for those
who were allocated an ECD graft (P<0.05) (Fig. 2). Uni-
variate analysis identified the use of ECDs (P00.01) and
DRI greater than 1.9 (P>0.05), but not HCV (P00.4) as
overall markers of poor prognosis. On multivariate analysis,
MELD>30 and the use of ECDs were identified as variables
which significantly affect survival, but not HCV or DRI.

Discussion

Our results show that liver transplantation for extended
criteria HCC has far superior outcome than retransplantation
for any cause. Moreover, retransplant patients do worse than
the first transplant patients overall, but they actually do
much worse with extended criteria organs, whereas patients
with extended criteria HCC do relatively well with such
organs. The fact that our results show that MELD score at
transplant above 30 negatively affects outcomes is con-
founding as only 3 extended HCC patients had a MELD
score beyond 30. Moreover, the higher MELD score in the
redo group compared with the HCC group may be a factor
contributing to the difference in outcomes; however, we do
not believe it is the sole reason.

There is unfortunately no other option for patients with
failing liver allograft than retransplantation. The worse pa-
tient and graft survival than primary liver transplantation has

Fig. 1 Kaplan–Meier survival curves of extended HCC vs retrans-
plants. Redos retransplantation group, Extended HCC patients with
hepatocellular carcinoma outside of UCSF criteria

Fig. 2 Kaplan–Meier survival curves by organ allocation of extended
HCC vs retransplants. Redos retransplantation group, HCC patients
with hepatocellular carcinoma outside of UCSF criteria, ECDs extended
criteria donor, SCDs standard criteria donor
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led many to question the rationale for this procedure for
ethical and economical reasons [9]. These concerns are even
more relevant when discussing transplant access for differ-
ent group of patients. Many feel that this cohort of patients
has already been provided access to transplantation, and it
should now be another’s turn. In the MELD era, the cohort
of patients suffering form HCC is also on the spotlights in
relation to access to transplant. Patients with tumors within
Milan criteria have been given priority on the waiting list,
and as a result, the number of patients who undergo trans-
plantation for HCC is rising. [15] Liver transplantation
offers very good outcomes to those with small tumors con-
fined only to the liver [13]. There is however still a debate
how aggressively patients should be considered for trans-
plantation, with some regions being more aggressive than
others [16]. Patients with tumors beyond Milan criteria and
unresectable disease confined to the liver are being considered
for liver transplantation in various centers, but are not receiv-
ing priority on the waiting list; their score reflects the quality
of their liver function, and not their imminent mortality.

To access transplantation, with reported dropout rates of up
to 30% while waiting for a donor even for patients with small
tumors, extended HCC patients must consider ECDs or live
donor liver transplant [17, 18]. When considering liver trans-
plantation for extended HCC patients, there is no generally
accepted rule, but many think that a predicted 5-year survival
of at least 50% should be considered [19]. What of retrans-
plants then? In an era where organ shortage is at a critical stage,
maximizing graft life is in everyone’s mind, and one wonders,
must we then also change the rules of access to transplant [20]?

For HCC patients within Milan criteria, UNOS has
changed waitlist priority thereby modifying access to trans-
plantation in order to decrease waitlist mortality; why stop
there? Would it be fair? Are we directing organ allocation
based on outcome? Our data, which conform with SRTR
data and the related literature, show that extended HCC
patients achieve acceptable long-term survival with liver
transplantation, even with marginal organs. On the other
hand, retransplants do really poorly with a lesser quality
organ and do really well with a good quality graft, probably
owing to the increased complexity and length of the surgery.
This also is consistent with the literature. Therefore, we
question, would it be fair to mainly allocate the best grafts
to those who already had one? Specifically, when will we
know that patients like the extended HCC cohort do well
with ECDs but do even better with SCDs (Table 2)? These
are difficult questions and decisions often need to be made
on a case by case basis.

Many centers are already tailoring organ allocation when
dealing with patients with hepatitis C; for example, most
programs do not offer marginal grafts to these patients as
many reports show earlier disease recurrence and lower graft
survival than with SCDs [21, 22]. But the transplant

community needs to discuss whether we want to continue
to provide universal access (across the board of diseases and
indications) and deal with graft failures as they come or
whether we should architect an allocation system that con-
siders maximization of graft years, a LYFT [23] of the liver
if you will.

Conclusion

This small single center analysis really is just an excuse for
the greater discussion. As patients are dying on the waitlist,
it is not always feasible to wait for the perfect organ. Organ
shortage has become so critical, and more and more mar-
ginal organs are being considered for transplantation. How-
ever, not every cohort of patients does well with fragile
organs. Our results show that ECDs should not be consid-
ered for retransplant candidates, as is already well known,
but when the organs are rare, low chances sometimes sound
better than no chances. When it comes to choosing a patient
for an ECD, HCCs outside of UCSF criteria have a very
good outcome and truly have a greater benefit from trans-
plantation than retransplant candidates. It is true that HCC
patients already have a great access to liver transplantation,
but they also have a very good outcome with organs that
other patients do not tolerate as well. Very extensive evalu-
ation of transplant outcome for HCC has been done, and
very restrictive criteria are imposed upon HCC patients
awaiting transplantation. It seems that other subgroups of
patients with transplant outcomes demonstrated to be lower
than expected do not receive such a restrictive access to
treatment. At the time of an organ offer, the decision to
accept either the risk of transplantation or the risk of waiting
remains with the transplant surgeon. The decision requires
parameters about the quality of the particular graft being

Table 2 Retransplants and extended HCC variables related to survival

Retransplants Extended HCC p value

Total patients 25 37

Mean survival 17 45 p<0.05

Range 0–72 1–106 NS

Died 13 (52%) 13 (35%) NS

PNF 1 0 NS

Sepsis 4 2 NS

Recurrent HCC 1 9 NS

GF 3 2 NS

Other 4 0 NS

Died within 1 month 7 0 NS

PNF primary graft nonfunction, DGF delayed graft function, GF graft
failure, HCC hepatocellular carcinoma, OTHER see “Results” section
for details
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offered and the risk of death from progressive liver disease if
the current offer is declined. Since the quality of the donor
organ and the medical condition of the recipient is such an
important component of this decision, it appears to us that
the transplant community should reflect on the following
questions: Are restrictions to transplantation applied homo-
geneously among the different risk groups? Are the restric-
tions to transplantation based on outcome? Once a disease has
an established therapy, does it matter that a patient subgroup
has a greater benefit or better outcome if no other therapy
exists? Does that answer change when resources are scarce?

Conflicts of interests None.
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