
What Is the Role of Adjuvant Therapy After Liver Transplantation
for Hepatocellular Carcinoma?

Christophe Duvoux1, Tetsuya Kiuchi2, Bernhard Pestalozzi3, Ronald Busuttil4, and
Rebecca Miksad5

1Liver Transplant Unit, Henri Mondor Hospital AP-HP, Paris–Est Créteil University, Créteil,
France 2Division of Transplantation Surgery, Department of Surgery, Nagoya University Hospital,
Nagoya University of Medicine, Nagoya, Japan 3Clinic and Polyclinic for Oncology, University
Hospital, Zurich, Switzerland 4Division of Liver and Pancreas Transplantation, Department of
Surgery, University of California Los Angeles, Los Angeles, CA 5Division of Oncology,
Department of Medicine, Beth Israel Deaconess Medical Center, Boston, MA

Liver transplantation (LT) is a potentially curative treatment for hepatocellular carcinoma
(HCC) because it removes both the tumor and the underlying cirrhotic liver (which can give
rise to new tumors). However, the early experience with LT for HCC in the 1980s was
disappointing because of the relatively high recurrence rates (65% of all patients in 1
series1) and the discouraging overall survival results (5-year survival = 10%–35%).1–4 In
particular, the prognosis of patients with recurrent HCC after LT was dismal: in historical
series, the median survival time after recurrence was 6 months, and there were virtually no
survivors beyond 3 years (Fig. 1).

Because of these early results with LT and worldwide organ shortages, orthotopic LT is
generally restricted to HCC patients with an expected 5-year post-LT survival rate > 50%. In
addition, most LT programs require HCC patients to have an expected 5-year post-LT
survival rate similar to that of patients with benign liver diseases (ie, 70%).5 To achieve
these post-LT survival goals, the Milan criteria6 were adopted as a liver recipient
prioritization tool more than 10 years ago by the United Network for Organ Sharing and by
the majority of transplant programs worldwide. In multiple evaluations, the Milan criteria
have consistently identified patients who will achieve 5-year post-LT survival rates ranging
from 65% to 80% and experience 5-year tumor recurrence rates ranging from 8% to 15%.7–9

The continued rise in the number of patients diagnosed with HCC means that HCC has
emerged as a major LT indication despite the restrictive Milan criteria: in most LT
programs, HCC is now the LT indication for 25% to 35% of patients. Because of the number
of organs directed to HCC patients, the persistence of post-LT recurrence is a vexing
medical and ethical problem of increasing importance. Therefore, efforts to decrease the
rates of post-LT tumor recurrence, to prevent recurrence-induced graft losses, and to further
improve overall survival have included antitumor adjuvant therapy after LT. However, the
data for this approach remain sparse and controversial; this is particularly true for the
potential of adjuvant therapy to extend transplant eligibility criteria.

In this article, we discuss the following questions about adjuvant therapy after LT for HCC:
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1. What are the results of the current experience with adjuvant therapy after LT for
HCC?

2. What are the approaches that should be considered to improve the quality of trials
for adjuvant therapy after LT for HCC?

a. What are the best compounds to test in the adjuvant setting?

b. What are the target populations for adjuvant therapy?

c. What are the optimal endpoints for testing the efficacy of adjuvant therapy
after LT for HCC?

MATERIALS AND METHODS
We searched MEDLINE (PubMed), the Cochrane Hepato-Biliary Group Controlled Trials
Register, and the Cochrane Library (through 2010) to identify all trials (single-arm and
controlled) that evaluated antitumor adjuvant therapy after LT for HCC. The key words
were hepatocellular carcinoma, liver transplantation, and adjuvant therapy. Studies
evaluating both neoadjuvant therapy and adjuvant therapy were included. Studies of
immunosuppressive agents in adjuvant therapy were excluded if no other antitumor agent
was evaluated. The identified trials were independently reviewed by 3 authors (C.D., T.K,
and R.M.), and discrepancies were resolved by consensus.

Because of the importance of the post-LT HCC recurrence risk to decision making for
adjuvant therapy, we also searched the same databases for prognostic models of post-LT
HCC recurrence. The key words for this search were prognostic model, hepatocellular
carcinoma, and liver transplantation.

The levels of evidence and the recommendations were independently graded according to
the standards of the Centre for Evidence-Based Medicine (March 2009) by 3 authors (C.D.,
T.K, and R.M.), and discrepancies were resolved by consensus.

ANALYSIS
Question 1. What Are the Results of the Current Experience With Adjuvant Therapy After
LT for HCC?

Principles of Adjuvant Therapy—The goal of antitumor adjuvant therapy after LT is
the improvement of patient outcomes through the reduction of HCC recurrence and the
improvement of overall survival. Adjuvant therapy may achieve this goal through the
elimination of undetectable micrometastases present at the time of surgery. However, not all
patients require adjuvant therapy to remain cancer-free, and some patients will survive for
only a short time despite adjuvant therapy. Therefore, the potential benefits of adjuvant
therapy must be weighed against the potential risks. The complex surgical and
immunosuppression issues in the posttransplant setting and the potential for treatment
toxicity make this balance particularly important for post-LT adjuvant therapy for HCC.

In contrast to adjuvant therapy after the surgical treatment of other cancers, post-LT
antitumor adjuvant therapy for HCC must also be considered in the context of overall liver
graft allocation. Because of the scarcity of organs and ethical issues, post-LT adjuvant
therapy for HCC must be expected to provide sufficient net benefits to make LT appropriate
according to accepted allocation principles. Although specific allocation rules may vary over
time and by region, the current general acceptance of the Milan criteria suggests that post-
LT adjuvant therapy must keep the average 5-year recurrence rate below 15% and provide
an average 5-year survival rate of at least 60%.
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Current Experience With Adjuvant Therapy After LT—In the early 1990s,
researchers began to evaluate the impact of adjuvant therapy on the prevention of recurrence
after LT. Eight nonrandomized studies were identified: 4 prospective studies (1 with
historical controls) and 4 retrospective case series (251 patients in all).10–17 Four
randomized controlled studies were also identified (213 patients in all).18–21 The study
results and the assessed levels of evidence are summarized in Tables 1 (nonrandomized
studies) and 2 (randomized studies).

Although several nonrandomized studies have suggested a modest benefit from adjuvant
therapy, most randomized trials have not. In addition, the results from all adjuvant therapy
studies must be interpreted with caution because of the heterogeneity of the treatment
approaches, the adjuvant agents, the inclusion criteria, and the treatment regimens as well as
the small sample sizes.

Treatment Approach: The evaluation of post-LT adjuvant therapy trials is complicated by
the use of neoadjuvant and intraoperative therapies. Although neoadjuvant therapy is
commonly considered to be systemic chemotherapy, some patients may undergo
transplantation after exposure to chemotherapy from chemoembolization. Other neoadjuvant
therapies may include tumor-directed treatments such as radiofrequency ablation. The
control of neoadjuvant therapy for the direct evaluation of the effects of adjuvant therapy is
limited in most studies. Intraoperative therapy may be systemic or liver/peritoneum-directed.
Finally, the length of adjuvant therapy varies between studies.

Variable Agents: A diverse group of agents have been evaluated in the post-LT adjuvant
setting. Doxorubicin, an anthracycline antibiotic used as a single agent or in combination
with cisplatin and fluorouracil, has been studied most rigorously. Epirubicin, an agent in the
same class of chemotherapeutics, has also been evaluated. Other agents include Licartin,
mitoxantrone, gemcitabine in combination with cisplatin, and mitoxantrone. Finally, the use
of immunosuppression agents (which may have an impact on tumor recurrence) has varied
within and between studies.

Diverse Inclusion Criteria/Target Populations: The target populations fall into 2 main
groups: (1) patients chosen for transplantation according to extended criteria and (2) patients
with a high risk of recurrence according to the explant pathology (whether or not they met
the Milan criteria before the operation).

Small Sample Sizes: Most studies of post-LT adjuvant therapy have been small, and only a
minority of them have been designed as randomized controlled trials.18–21 The 4 published
randomized controlled trials of post-LT adjuvant therapy enrolled only 213 patients in all.

Study Endpoints: The study endpoints have varied greatly between trials (from recurrence
to overall survival and disease-free recurrence), and this makes comparisons difficult.

Trial Results—Although multiple nonrandomized studies of doxorubicin given during LT
(alone or in combination with other agents) have suggested a survival benefit (evidence level
4), 2 randomized studies of single-agent doxorubicin during LT did not demonstrate a
statistically significant benefit (evidence level 2b).18,19 Epirubicin, which is in the same
class of chemotherapeutics, also did not show a survival benefit in a randomized trial of
adjuvant therapy. These results are consistent with the results for doxorubicin in the setting
of advanced HCC, for which it showed a modest response rate and small and variable
survival benefits. Overall, the current data disfavor the pursuit of adjuvant doxorubicin
studies (recommendation grade B−), and the use of adjuvant doxorubicin in clinical practice
cannot be recommended (recommendation grade B−).
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More recently, Licartin, an 131I-radiolabeled murine monoclonal antibody that specifically
binds to HCC cells expressing an HCC-specific molecule (HAb18G/CD147), was tested in a
small placebo-controlled, randomized, double-blind study in China.20

At the 1-year follow-up, the HCC recurrence rate was significantly lower for the treatment
group (26.7%) versus the control group (57.1%); the absolute difference was 30.4%.
Likewise, the survival rate was 82.5% for the treatment group and 61.9% for the control arm
(evidence level 2b; Fig. 2). However, the number of patients was limited, and the follow-up
was short (1 year). These encouraging results, therefore, deserve confirmation
(recommendation grade C by the extrapolation of a single level 2b study).

In summary, single-arm, retrospective studies suggest a role for adjuvant therapy, but their
level of evidence (level 4) is not strong enough to make any definite conclusions,
particularly with respect to specific agents. The results from controlled studies are mixed (ie,
negative, inconclusive, or requiring confirmation).

Overall, although some level 4 studies and 1 level 2 study may be consistent with
recommendation grade C for any type of adjuvant therapy for HCC, we favor
recommendation grade D for the post-LT use of doxorubicin because of the inconsistency
and inconclusiveness of the studies and the 2 level 2b studies that failed to demonstrate any
efficacy of doxorubicin.

On the basis of the limited evidence to date, we believe that adjuvant therapy after LT for
HCC cannot be recommended outside the setting of a clinical trial. Additional, well-
designed trials are mandatory for further examining the role of adjuvant therapy.

Question 2. What Are the Approaches That Should Be Considered to Improve the Quality
of Trials for Adjuvant Therapy After LT for HCC?

Applicability of Adjuvant Therapy to LT and Specific Requirements—In the
setting of LT for HCC, the applicability of adjuvant therapy is intrinsically limited by
several factors unique to the transplant patient.

Eligibility for transplantation is based on careful screening designed to select those patients
with a low risk of recurrence. Therefore, the incremental benefit of adjuvant therapy is
relatively small for the majority of transplant patients. In this setting, a demonstration of
efficacy would require a large number of patients.

For patients at a high risk for tumor recurrence after LT, the tumor burden and the tumor
behavior were generally underestimated before LT. The risk of recurrence in these patients
may be as high as 30% to 40%. Therefore, in order to achieve goals based on the Milan
criteria for optimal liver allocation, adjuvant therapy for these patients would need to
achieve a 20% absolute reduction in the 5-year recurrence rate. However, these patients may
differ from typical transplant patients with HCC, and generalizations may be limited.

Social, medical, legal, and political factors that affect the relative sizes of the donor liver
pool and the potential recipient pool may also affect the threshold benefit required to
demonstrate the efficacy of adjuvant therapy.

To date, post-LT adjuvant therapies based on conventional chemotherapy agents have failed
to demonstrate efficacy. The evaluations of newer agents such as the multikinase inhibitor
sorafenib (which has been approved for the treatment of patients with advanced renal cancer
and unresectable HCC22) are still in the early phases. Therefore, the current data for guiding
the development of large randomized controlled studies are limited.
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Because of these limitations, it is important to define the optimal conditions under which the
efficacy of new compounds may be tested. For this purpose, we address the following
questions:

1. What are the best compounds or strategies for post-LT adjuvant therapy?

2. What is the best population to target with adjuvant therapy, and who are the best
candidates to be enrolled in clinical trials of post-LT adjuvant therapy?

3. What are the best endpoints to choose?

4. How do we demonstrate the efficacy of adjuvant therapy?

What Are the Best Compounds or Strategies for Post-LT Adjuvant Therapy?—
Because of the lack of significant survival benefits from traditional chemotherapies for
advanced HCC and in the post-LT setting, it is unlikely that traditional chemotherapies will
have a major impact in the adjuvant LT setting.

Therefore, we believe that novel agents should be developed in well-designed trials. In
particular, the results of sorafenib and Licartin are discussed here for advanced HCC and in
the post-LT setting, respectively. Rapalogs, which are primarily used as antirejection agents
in organ transplantation but may also have antiproliferative properties, will be discussed by
a separate conference working group.

Sorafenib: Sorafenib is a multitargeting tyrosine kinase inhibitor that inhibits tumor growth
and angiogenesis. Because of the results of the Sorafenib HCC Assessment Randomized
Protocol trial,22 sorafenib has become the standard first-line treatment for advanced and
unresectable HCC (evidence level 1b). Sorafenib is currently being tested in the adjuvant
setting after the resection or radiofrequency ablation of HCC in a multicenter phase 3 study
[Sorafenib as Adjuvant Treatment in the Prevention of Recurrence of Hepatocellular
Carcinoma (STORM)].

Data about the use of sorafenib after LT are scarce. The experience with sorafenib after LT
is based on a limited number of patients, and so far, its use has been reported mostly in
patients with HCC recurrence.23–26 Dose adjustments due to sorafenib-related side effects
have been required in 40%23 to 66%24,27 of these patients. Additional information is,
therefore, required before sorafenib is tested in the adjuvant setting, in which the risk-benefit
ratio is different. A phase 1 study of sorafenib for 6 months after LT for high-risk HCC is
being led by Columbia University (New York, NY) and is currently accruing patients; this
study should help to define dose tolerability (the principal investigator is A. Siegel). For this
study, high-risk patients are being defined as (1) patients outside the Milan criteria before or
at the time of transplantation, (2) patients with microvascular or macrovascular invasion,
and (3) patients with poorly differentiated tumors according to histological findings. The
dosage starts at 200 mg of sorafenib per day and reaches 400 mg twice per day in the fourth
and final cohort. Patients begin to take sorafenib 4 to 16 weeks after transplantation once the
immunosuppressant doses are stabilized. A phase 1 study of sorafenib for 6 months after LT,
which was led by the University of Washington (Seattle, WA), was recently closed because
of slow accrual; this suggests that studies with complex eligibility requirements may be
challenging. Proposals are currently being developed for a large multicenter study (a phase 2
randomized controlled trial) of high-risk patients (ie, patients on the borderline for the Milan
criteria) being treated with sorafenib for 2 years after orthotopic LT. Because of the
complexities of post-LT studies, it seems reasonable to wait for the results of the phase 1
trial and also to wait for signals from the STORM trial before a sorafenib study in the
adjuvant setting is finalized and begun.
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Licartin: As discussed previously, the results from a randomized controlled trial of
Licartin20 are attractive. However, these results should be interpreted with caution until the
results from a longer follow-up period and confirmatory evidence are produced. In
particular, Licartin should be tested in larger studies of more generalized populations.

Other Targeted Agents: New targeted agents at various stages of evaluation for advanced
HCC may be useful for post-LT adjuvant therapy. However, any evaluation in the post-LT
setting should be delayed until the results of current studies are known.

Rapalogs: As mentioned previously, a separate working group will focus on this class of
agents, which have immunosuppressive and antitumor properties that merit further
evaluation.

Immunotherapy: In the adjuvant setting, immunotherapy may be an attractive option
because of its high specificity, low systemic toxicity, and limited drug interactions.
However, this potential remains to be confirmed because we cannot exclude the possibility
that some of the immune mechanisms by which HCC cells escape immunotherapy in the
nontransplant setting (eg, the generation of suppressor cells28) may be amplified by
immunosuppressive therapies.

What Is the Best Population to Target With Adjuvant Therapy, and Who Are
the Best Candidates to Be Enrolled in Clinical Trials of Post-LT Adjuvant
Therapy?—Virtually all patients who undergo transplantation for HCC are at risk for
recurrence and may benefit from adjuvant therapy, which can prevent recurrence-induced
graft loss and optimize the use of the liver graft pool (a scarce and collective resource).

Patients undergoing transplantation for HCC generally fall into 3 categories: patients with a
low risk of recurrence (5-year rate = 8%–15%), who account for the majority of recipients;
patients with an intermediate risk of recurrence (5-year rate = 20%–30%); and patients with
a high risk of recurrence (5-year rate > 35%–40%). Generally, patients falling within the
Milan criteria before the operation have a low or intermediate risk of recurrence.

As previously mentioned, demonstrating the efficacy of adjuvant therapy in low- and
intermediate-risk patients would require a considerable number of patients and many
participating study sites, which would greatly increase the logistical complexity of a
randomized trial.

In contrast, a study of high-risk patients is more likely to produce a benefit signal in a
reasonably sized study, as observed in the Licartin trial. However, patients known to have a
high risk of recurrence before the operation are generally not eligible for LT, in large part
because of allocation and ethical issues raised by the limited supply of organs. Even a
substantial recurrence or survival benefit from adjuvant therapy for high-risk patients may
not produce outcomes equivalent to those achieved for low-risk patients. Therefore,
performing transplantation for high-risk patients with extended criteria before LT with the
intention of enrolling them in an adjuvant therapy trial may be considered unethical because
of allocation issues and distributive ethics. Furthermore, the use of expanded criteria for an
adjuvant therapy trial raises ethical issues about the design of the control arm.

To take these limitations into account, we believe that the best approach is the study of
adjuvant therapy in patients whose liver explants demonstrate that the tumor burden,
behavior, or both were underestimated despite the standard and thorough preoperative
evaluation. This approach also benefits from the gold standard: the pathological evaluation
of tumor characteristics (including tumors that are difficult to assess with preoperative
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imaging because of tumor differentiation and microvascular invasion). The primary
limitations are (1) the need for a standardized, reproducible, and accurate definition of
patients with a high risk of recurrence and (2) the issue of generalizability to low-risk
patients. However, we believe that high-risk patients who are selected a posteriori are the
optimal study population because an untreated control arm in a randomized controlled study
of adjuvant therapy is ethically acceptable.

Prognostic Models: Pathological features that are predictive of recurrence have been
extensively studied, and several pathological predictors have been identified: the tumor size
and number,29 tumor differentiation,9,30–33 microvascular invasion,30,31,34,35 satellite
nodules,36 and molecular signatures (eg, an allelic imbalance). A number of predictive
models of recurrence have also been designed over the last decade.29,34,37–42 For the
conference, these prognostic models were reviewed. We identified 4 models that exclusively
focus on the pathological predictors of recurrence29,37,39,41 and that may be useful for
selecting high-risk patients. These models and the assessed levels of evidence are
summarized in Table 3.

The Metroticket model29 has recently become popular for predicting the prognosis after LT
for HCC (evidence level 2b/4). This model is based on an analysis of a cohort of 1556
explants and takes into account the tumor size and number and microvascular invasion.
Although it is potentially useful for stratifying patients for adjuvant therapy trials, the
Metroticket model has not been validated in an external cohort and was actually designed to
predict overall survival rather than recurrence.

The predicting cancer recurrence score (PCRS)41 was derived from a multivariate analysis
of 94 patients who were accurately staged preoperatively; 12 experienced recurrence
(evidence level 2b). The model is based on the tumor size (cutoff = 4.5 cm), macrovascular
invasion, tumor differentiation, and a bilobar distribution. Although it was originally based
on a very small number of events, this model has separated patients into groups with low
(0%), intermediate (19.4%), and high risks of recurrence (60%) with excellent accuracy
(area under the receiver operating characteristic curve = 0.91). This model has been
validated in 2 small and independent cohorts (31 and 41 patients).

The pathological score to predict recurrence,39 a Canadian scoring system, was derived from
a study of 75 patients who underwent transplantation for HCC; 20 of the patients
experienced recurrence (evidence level 2b/4). The independent negative pathological
predictors were microvascular invasion (the strongest predictor), a tumor size ≥ 3 cm, the
nuclear grade, microsatellitosis, and the presence of giant/bizarre cells. The score stratifies
the risk of HCC recurrence into 3 tiers: low (<5%), high (40%–65%), and very high (>95%).
This model has not been validated in an external population.

The Pittsburgh prognostic risk score,37 an older model, was used to examine risk factors for
tumor recurrence in the explants of 344 consecutive LT patients (evidence level 2b/4).
Bilobarly distributed tumors, size of the greatest tumor (2 to 5 cm and > 5 cm) and vascular
invasion (microscopic and macroscopic) were identified as three independent predictors.
The prognostic risk score grouped patients into 5 categories of tumor recurrence risk. The
proposed prognostic risk score system correlated extremely well with tumor-free survival
after LT (100%, 61%, 40%, 5%, and 0% at 5 years for grades 1–5, respectively). However,
this model has not been validated externally, and a bilobar distribution is not universally
considered to be a predictor.9

The retrospective design of the cohort studies on which these models are based is consistent
with evidence level 4, although the associated clinical decision rules (ie, scoring systems)
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merit the consideration of evidence level 2. Overall, the recommendation grade for using
these scoring systems for the identification of patients with a high risk of recurrence is C+.

The explant-based predictive models of recurrence consistently share the tumor size and
number, vascular invasion (directly or through microsatellite nodules), and tumor
differentiation (to a lesser extent) as independent predictors. Patients presenting with high-
risk tumors because of pretransplant understaging could be considered candidates for an
adjuvant therapy trial. The further refinement and prospective validation of prognostic
models that are designed to improve the identification of high-risk patients are important for
the efficient and ethical development of randomized controlled trials of post-LT adjuvant
therapy.

What Are the Best Endpoints to Choose?—The identification of the optimal
endpoint for trials of post-LT adjuvant therapy is complicated by the fact that patients are at
risk of morbidity and mortality from multiple competing sources. Therefore, a careful
consideration of possible endpoints is important43 (Table 4). Overall survival is the gold
standard for phase 3 oncology trials because it is the endpoint least subject to bias. However,
the competing risks of morbidity and mortality from transplantation and the number of
patients and the length of follow-up that are required for sufficient power to assess overall
survival make alternatives attractive, particularly for phase 2 trials.

The expected competing risks of morbidity and mortality for post-LT patients differ from
those for other HCC patients. Although LT immunosuppression may lead to unique drug-
drug interactions and complications, many LT patients recover relatively normal liver
function and avoid the comorbidities of hepatitis and cirrhosis. However, post LT morbidity
and mortality is potentially significant, particularly in the initial post-surgery period when
adjuvant therapy may be initiated. Therefore, time-to-recurrence is an acceptable primary/
secondary endpoint for Phase II and III studies, as proposed by a prior consensus panel for
adjuvant HCC therapy.44 Specific postoperative morbidities following LT, such as delayed
graft function, renal function impairment, coagulopathy, and bleeding, also raise the issue of
the best time for starting adjuvant therapy. For this reason, adjuvant therapy could be
difficult to start until 4 weeks after LT (unlike therapy for other solid tumors).

Particularly for a centralized review of imaging performed at standard intervals for treatment
and control arms, the time to recurrence is a cleaner endpoint than a composite endpoint
such as disease-free survival,44 and it may be less influenced by confounders. A competing
risk model of the time to recurrence can estimate HCC-related deaths in the setting of LT.

The time to recurrence may be associated with overall survival for targeted post-LT adjuvant
therapies because they are relatively well tolerated. However, surrogacy has not been
formally proven. In addition, the pathway through which adjuvant therapies affect overall
survival (presumably through HCC recurrence) requires validation. For example, some
animal data suggest that sorafenib has a beneficial effect with respect to portal
hypertension,45 which may be independent of its effect on HCC, and sorafenib may have an
independent survival effect. In all cases, safety data should be collected.

How Do We Demonstrate the Efficacy of Adjuvant Therapy?—According to the
aforementioned concepts and considerations, the best strategy for testing potential post-LT
adjuvant agents requires a 2-step process. First, dose studies should identify agents and
doses that are safe in the post-LT setting and compatible with standard immunosuppressive
agents.
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The early detection of efficacy signals should be demonstrated first in a clearly defined
patient population with a high risk of recurrence according to explant pathology evaluations.
However, for ethical reasons and because of resource allocation issues, patients should meet
standard transplant criteria according to their preoperative evaluation. These trials of post-
LT adjuvant therapy should be powered to demonstrate a reduction of recurrence to the level
of intermediate risk-patients: a 20% absolute reduction in the risk of recurrence or a 20%
absolute increase in recurrence-free survival.

For phase 2 proof-of-concept trials, historical controls may not be adequate because of the
significant changes in LT survival rates over time. Therefore, randomized phase 2 studies
should be considered.44 For such trials, a reasonably limited number of patients may be
enrolled if a population with a high risk of recurrence is again targeted. A follow-up period
of at least 3 years is important for capturing early and late recurrences.

The stratification of variables that may significantly affect recurrence should be considered:
the preoperative treatment of tumors as a bridge to LT, down-staging approaches, and
postoperative immunosuppression based on mammalian target of rapamycin inhibitors and
rapalogs.

As a second step, a phase 3 study of intermediate-and low-risk patients may be possible
instead of a randomized phase 2 study of this population for adjuvant therapies with
substantial efficacy signals for high-risk patients. The design of such a trial should be
carefully evaluated because its feasibility (like that of stage II colon cancer trials) could be
intrinsically limited by the need to enroll a huge number of patients to show an absolute
benefit of 2% to 3%.

SUMMARY AND RECOMMENDATIONS
HCC has emerged as a leading indication for LT in many programs worldwide. A reduction
in the risk of recurrence after LT for HCC with adjuvant therapy may maximize the benefits
of LT.

Adjuvant therapy has been tested for almost 2 decades in the post-LT setting, but the data
are inconclusive. The level of evidence is not high enough to recommend its use on a routine
basis.

Now that advances are being made in systemic therapy for advanced HCC, new and well-
designed trials are desperately needed to determine whether similar gains can be made in the
post-LT adjuvant setting. Key considerations for post-LT adjuvant therapy trials are as
follows: the homogeneous and ethical selection of patients with a high risk of recurrence,
stratification by confounding factors such as pretransplant therapies and posttransplant
immunosuppression, relevant endpoints focusing on recurrence, and appropriate follow-up.
Sorafenib, which is currently approved for the treatment of advanced HCC, and Licartin,
which may affect post-LT recurrence, are 2 compounds that deserve further evaluations in
the adjuvant setting.

Abbreviations

HCC hepatocellular carcinoma

LT liver transplantation

NA not available

NS not significant
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PCRS predicting cancer recurrence score

pTNM pathological tumor-node-metastasis

STORM Sorafenib as Adjuvant Treatment in the Prevention of Recurrence of
Hepatocellular Carcinoma

TACE transarterial chemoembolization
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Figure 1.
Natural history of HCC recurrence after LT (94 recurrences in 497 French patients
transplanted between 1988 and 1998).
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Figure 2.
Impact of Licartin on the recurrence and survival rates after LT for HCC.
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TABLE 4

Comparison of Endpoints for Adjuvant Treatments

Events

Endpoints

Disease-Free Survival Recurrence-Free Survival Overall Survival

Locoregional recurrence Event Event Ignore

Distant metastases Event Event Ignore

Second primary (same cancer) Event Ignore Ignore

Second primary (another cancer) Event Ignore Ignore

Death from the same cancer Event Event Event

Death from another cancer Event Ignore Event

Non–cancer-related death Event Ignore Event

Treatment-related death Event Ignore Event

Lost to follow-up Censor Censor Censor

NOTE: Adapted with permission from Journal of the National Cancer Institute.43 Copyright 2007, Oxford University Press.
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