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I am honored to serve as the Editor in Chief of the first of a yearly monographic series that the transplant
subsection of the International College of Surgeons – United States Section developed with the sup-
port of Astellas Pharmaceuticals. The College is proud to provide all its members, as well as all the
transplant directors in the country, with a scientific tool that can be used for many purposes including
teaching and updating knowledge in specific areas of transplant surgery. This project also has the ob-
jective of involving more transplant surgeons in the activities of the College. In fact, the main authors of
each manuscript have been invited to be lecturers at the next meeting of the International College of
Surgeons - US Section. Top-notch transplant surgeons in the country were asked to address a very hot
topic in transplantation and have written the three papers enclosed in this monograph.

The first paper is entitled Role of Liver Transplantation in Management of Hepatocellular Carcinoma
and it provides an overview of the importance of orthotopic liver transplantation (OLT) in the treatment
of HCC patients. It is expected that in the next two decades the significance of this matter will increase,
due to the current hepatitis C epidemic in which the number of patients that will develop HCC is likely
to double. In this work, the proposed solution to limited numbers of transplantable livers is to increase
live-donor liver transplantation. 

The next part of our monograph is entitled Liver Transplantation for Hepatocellular Carcinoma Under
MELD Score-Based Allocation System. It summarizes the results of the introduction and the modification
of the MELD system focusing on the importance given to HCC patients. Originally, the MELD system was
implemented by UNOS in February 2002 to regulate organ allocation on the basis of medical emergencies.
Priority was given to HCC patients by giving them extra points, since their liver functions are usually well
maintained and the overall score for the HCC patient was lower and not proportionate to the risk of death
from the tumor. An adjustment was needed to give a more appropriate score to these candidates. The re-
sults after the implementation of the modified system were optimistic and waiting list mortality decreased.
Along with that, the national rate of transplantation for HCC patients increased significantly and concern
that HCC patients were given excessive priority over the non-HCC patients arose. Consequently, a year later,
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the priority MELD score for HCC was decreased. The transplant community is very sensitive to this issue and
the discussion is still open especially because the survival of patients with HCC after a transplant is higher
than with the non-HCC patient’s.

The title of the final paper is Immunosuppressive Strategy in Liver Transplantation with Hepatocel-
lular Carcinoma and is based on the widespread concerns that in the last 15 years patients are overly
immunosuppressed (IS). The paper illustrates the results, based on several studies, that standard IS treat-
ment has on HCC patients. A thorough literature review was conducted on the topic of IS in post liver
transplant patients with HCC. The result of the collection of experiences shows that it is highly unlikely
that once HCC recurrence has taken place any changes or discontinuation of IS would reduce the re-
currence of the disease. The best that can be expected is a delay in the progression of disease after re-
currence. In summary, this part of the monograph suggests that even if there is no conclusive evidence,
reduction in induction therapy and baseline maintenance of IS may be beneficial in the prevention and
delay of HCC recurrence. In this work, the importance of the introduction of mTOR inhibitors is also rec-
ognized, but it is strongly recommended that large, multi-center studies be conducted to clarify the po-
tential advantage of their use.

I hope you enjoy this publication and are able to garner some useful information that might be perti-
nent to your practice. On behalf of the Officers and Fellows of the United States Section of the Inter-
national College of Surgeons I wish to convey my sincere gratitude for the opportunity to be involved
in this project. I am proud to be associated with this noble group of surgeons and to have the oppor-
tunity to provide my colleagues with an educational tool that is sure to stimulate your consideration.
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ROLE OF LIVER TRANSPLANTATION IN

MANAGEMENT OF HEPATOCELLULAR CARCINOMA

Kevin Boykin, MD, Assistant Professor of Surgery and 
Hosein Shokouh-Amiri, MD, Professor of Surgery

Louisiana State University Health Sciences Center, Shreveport, Louisiana, USA

Introduction
Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the liver. It is well es-
tablished that patients with underlying cirrhosis are more likely to develop HCC than non-cirrhotic pa-
tients. Hepatitis B virus accounts for the majority of cases of HCC in China and Africa. In the Western
hemisphere, hepatitis C is the most common cause. Chronic alcohol abuse is a well-established risk fac-
tor for HCC and in the presence of either hepatitis B or C dou-
bles the risk. Patients with hepatitis C have a 20 times greater
risk of developing HCC compared to non-infected patients.

Given the current hepatitis C epidemic, the number of patients
who will develop HCC is expected to double in the next two
decades1-3. In fact, the annual risk of developing HCC is 5% for
cirrhotic patients with hepatitis C and 0.5% for cirrhotic patients
with hepatitis B4. To address this issue, the American Associa-
tion for the Study of Liver Diseases (AASLD) has established a
list of patients considered high risk for developing HCC for
whom screening and surveillance are recommended. (Table 1)

Importance of Staging
As with other malignancies, treatment of HCC at an early stage
yields the greatest chance for cure. Late-stage disease has a dis-
mal prognosis. Unfortunately, most patients with HCC are diag-
nosed too late for effective intervention. (Table 2, page 7)
illustrates the Barcelona Clinic Liver Cancer (BCLC) staging system.
This system uses the degree of tumor burden, severity of cirrho-
sis, and the patient’s performance status to determine the type of
treatment required and ultimately the patient’s life expectancy.
Curative treatments such as resection, orthotopic liver transplan-
tation (OLT), and local ablative therapies are reserved for patients
with early-stage disease. OLT is reserved for early-stage patients who meet established criteria and who are
not candidates for surgical resection or ablative therapy because of underlying cirrhosis. Hence, patient se-
lection is paramount for the success of OLT in treating HCC.

Selection of Patients with HCC for OLT
Early failures of OLT for HCC in the 1990’s led to a critical review of the selection of patients for transplanta-
tion. In 1996, Mazzaferro et al. published a set of selection criteria with improved recurrence-free survival.5 The
Milan Criteria have been adopted by the United
Network for Organ Sharing (UNOS) in order to se-
lect patients who would benefit most from OLT.
Patients who undergo OLT for HCC can now ex-
pect 5-year survival rates of 60-75%, a rate similar
to that of patients undergoing OLT without HCC.
Continuing success has prompted other groups
6,7 to call for further refinements to the Milan sys-
tem (Table 3) in order to expand the number of
patients who qualify for OLT. 
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Table 1: AASLD SURVEILLANCE RECOMMENDATIONS

HEPATITIS B CARRIERS

Asian Males >= 40 years
Asian Females >= 50 years
All cirrhotic hepatitis B carriers
Family history of HCC
Africans over age 20
For non-cirrhotic hepatitis B carriers not listed above
the risk of HCC varies depending on the severity of
the underlying liver disease, and current and past he-
patic inflammatory activity. Patients with high HBV
DNA concentrations and those with ongoing hepatic
inflammatory activity remain at risk for HCC.

NON-HEPATITIS B CIRRHOSIS

Hepatitis C
Alcoholic cirrhosis
Genetic hemochromatosis
Primary biliary cirrhosis
Although the following groups have an increased risk of
HCC no recommendations for or against surveillance
can be made because a lack of data precludes and as-
sessment of whether surveillance would be beneficial.
Alpha1-antitrypsin deficiency
Non-alcohol steatohepatitis
Autoimmune hepatitis

Table 3 The Milan Criteria
Single Tumor Multiple Tumors

Maximal 
Diameter

Maximum
Number

Largest 
Tumor

Total 
Tumor Size

Milan 1 ≤5.0 cm 3 ≤ 3.0 cm Not Applicable

UCSF2 ≤ 6.5 cm 3 ≤ 4.5 ≤ 8.0 cm
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Results of Transplantation
Generally speaking, a patient with HCC who is properly selected with a good performance status can ex-
pect to have a 5-year survival of 75% after OLT. The recurrence of HCC in the transplanted liver is ap-
proximately 15-70%.  

Organ Allocation
As the survival of patients with HCC treated by OLT has increased, several issues have arisen. The num-
ber of patients with HCC eligible to undergo transplantation is expected to increase. First of all, the num-
ber of patients who will be diagnosed with HCC is expected to double in the next two decades secondary
to the hepatitis C epidemic. Secondly, if efforts to improve the screening and surveillance of cirrhotic pa-
tients are effective, then more patients will be diagnosed at an early stage and therefore more will be
eligible for transplantation. Thirdly, improvements in selection criteria may illustrate that more patients
would benefit from transplantation 7,8.  

Currently, the number of organs available for transplantation is not sufficient. A significant number of pa-
tients will suffer progression of their disease while waiting for an organ and “drop out” of consideration
for transplantation. Other patients will die while on the waiting list. Several clever strategies have been
implemented in order to increase the organ supply: domino transplantation (taking the explanted liver
from a patient with amyloidosis undergoing OLT and giving it to a patient with HCC), split-liver trans-
plantation (splitting one organ into two lobes for two recipients), and expanded-criteria donors (hepati-
tis C infected or otherwise marginal donors). Unfortunately, these strategies are unable to meet the
increasing demand for transplantation.

Of the possible strategies to increase the number of organs available for transplant, live-donor trans-
plantation holds the most promise.  Live-donor transplantation has the advantage of reducing the wait-
ing time and allowing the surgery to be performed on an elective basis.  Generally speaking, a live donor
can be considered if the wait time for transplantation is expected to exceed the time required for the pa-
tient’s disease to progress (in some centers approximately 7 months). As with all live-donor transplants,
the morbidity and mortality of the donor must be given paramount importance. The success rate with
live-donor transplants is similar to cadaveric transplants. 

Summary
OLT is an effective treatment option for cirrhotic patients with HCC.  Patient selection is the key to a suc-
cessful outcome. While the goal of screening high-risk patients is to diagnose the disease early, the out-
come may be a larger number of patients competing for a limited resource.

1. Befeler AS, Hayashi PH, Di Bisceglie AM.  Liver transplantation for hepatocellular carcinoma. Gastroenterology. 2005;128(6):1752-1764.

2. Tanaka Y, Hanada K, Mizokami M. A comparison of the molecular clock of hepatitis C virus in the United States and Japan predicts that

hepatocellular carcinoma incidence will increase in the next two decades. Proc Natl Acad Sci USA. 2002;99(24):15584-15589.

3. Marrero JA, Pelletier S. Hepatocellular Carcinoma. Clin Liver Dis. 2006;10(2): 339-351.

4. Cha C, Fong Y, Jarnagin WR, Blumgart LH, DeMalleo RP.  Predictors and patterns of recurrence after resection of hepatocellular carcinoma.

Am Cell Surg 2003;197(9):753-758.

5. Mazzaferro V, Regalio E, Doci R, et al. Liver Transplantation for the treatment of small hepatocellular carcinomas in patients with cirrho-

sis. N Engl J Med 1996;334(11):693-699. 

6. Yao FY, Ferrell L, Bass NM, et al. Liver transplantation for hepatocellular carcinoma: expansion of the tumor size limits does not adversely

impact survival. Hepatology 2001;33(6):1394-1403.

7. Freeman RB Jr. Transplantation for hepatocellular carcinoma: The Milan criteria and beyond. Liver Transplantation. 2006;12(11 Suppl 2):S8-S13.

8. Bruix J, Sherman M. Practice Guidelines Committee, American Association for the Study of Liver Diseases. Management of Hepatocellu-

lar Carcinoma. Hepatology. 2005;42(5):1208-1236.
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Liver Transplantation for 
Hepatocellular Carcinoma Under 

MELD Score-Based Allocation System

Hoonbae Jeon, MD, Assistant Professor of Surgery and
Dinesh Ranjan, MD, Professor of Surgery, Director, Liver and Pancreas Transplantation, Chief, Transplant Section

University of Kentucky, Lexington, Kentucky, USA

Liver transplantation is the acknowledged treatment of choice for patients with hepatocellular carcinoma
(HCC). When using a restrictive set of criteria for tumor size and number, which limit the risk of tumor re-
currence, transplantation offers the best chances for cure and long-term survival for patients. The reported
5-year survival rate after liver transplantation for patients with early-stage HCC has been reported to be con-
sistently above 70%.1-4 HCC in the early stage, but unresectable due to underlying cirrhosis, would be the best
indication for liver transplantation. For proper selection of the patient for liver transplantation, careful imag-
ing diagnosis to rule out extrahepatic metastasis and major vascular involvement in the liver is mandatory.

Introduction of a new organ allocation system based on medical urgency
Traditionally, organ allocation relied on the length of the recipient’s waiting time. Due to unique char-
acteristics of end-stage liver disease in patients who do not have any artificial means of maintaining life
(such as dialysis for kidney failure or ventricular assist device for heart failure), the incidence of waiting
list mortality has increased with an increased disparity between numbers of transplant candidates and
available donor organs. Waiting list mortality due to the worsening shortage of organs has focused at-
tention on an improved organ allocation system based on stratification of the medical urgency of trans-
plant candidates rather than on a first come first served basis. The model for end-stage liver disease
(MELD) score, which was originally developed to predict outcomes of the transjugular transhepatic por-
tosystemic shunt procedure (TIPSS), has been shown to be useful in ranking transplant candidates ac-
cording to their probability of death over a defined period. It also has been shown to be useful in
predicting death independent of etiology and complications of portal hypertension.5

Based on the observed superiority of the MELD to the Child-Pugh-Turcotte score as a scale of disease
severity and risk of mortality6,the new MELD allocation policy was implemented by UNOS on February 27,
2002. In this model, patients are assigned a score that reflects their 3-month predicted mortality. In the-
ory, the sickest patient with greatest risk of death on the waiting list would get the highest score.

In the previous system with a few tiers of UNOS status, priority status 2B had been given to candidates
with early HCC. Despite this priority, the waiting time of these candidates was likely to be extended due
to the system’s poor discriminative capability, which favored the length of waiting time over medical ur-
gency. Because of prolonged waiting time for livers for transplantation, these patients were at risk for
tumor growth exceeding the acceptable criteria for transplantation. However, in the new MELD score-
based system, the priority of HCC candidates was maintained by providing them with extra points in ad-
dition to their calculated points from the MELD algorithm. Due to the relatively preserved liver function
in many HCC patients, their MELD scores were disproportionately low even with increased risk of death
from the tumor. An adjustment was needed to take into account the greater risk of death due to HCC.
When the MELD score-based system was implemented, candidates with T1 HCC (single lesion < 2 cm)
were given a MELD score of 24, corresponding to 15% 3-month mortality. Those with T2 HCC (single le-
sion 2-5 cm, or two to three lesions all <3 cm) were assigned a MELD score of 29. Patients with HCC be-
yond a certain stage would not be given any extra priority than their calculated MELD score based on labs.
A study of the first year after MELD implementation showed that the waiting time to liver transplantation
became significantly shorter and the dropout rate from disease progression was reduced. Waiting list five-
month survival was also increased.7
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The size limit of the tumor for transplant candidacy has been questioned. Yao et al. have demonstrated nearly
equal prognosis using their expanded criteria (UCSF criteria) for a single lesion <6.5 cm, three or fewer lesions,
and a total tumor diameter smaller than 8 cm.8 When using these expanded criteria, the dropout rate from
the tumor growth can be reduced.

Where should we draw a line between too much or too little priority for HCC patients?
According to national data a year after implementation of MELD score-based allocation, the proportion of
HCC candidates who had transplantation within 30 days was significantly increased (27% of stage I, 45%
of stage II) and 87% of candidates received a transplantation within 3 months.9 The national rate of trans-
plantation for HCC post-MELD is 21.7% for the first year after implementation of MELD-score based alloca-
tion compared to 8.8% pre-MELD.9 This observation raised concern that HCC candidates were being given
excessive priority, which potentially confers an unfair advantage for these patients over other patients with-
out HCC but with comparable MELD scores. The question whether the prioritization of HCC patients ad-
versely affects sicker cirrhotic patients without HCC has not been completely answered. The issue was
addressed in the UNOS/OPTN consensus meeting in January 2003, when the priority MELD score for HCC
was decreased from 15% to 8% (equivalent to a MELD score of 20) for patients with T1 tumors and from
30% to 15% (equivalent to a MELD score of 24) for patients with T2 tumors. This modification took effect
on February 27, 2003. According to the analysis of waiting list outcomes over the next year after imple-
mentation of modified MELD prioritization for HCC, which reduces extra MELD points to candidates with
HCC, there was an increase in probability of waiting over 90 days and decrease in probability to receive trans-
plantation, but there was no increase in the dropout rate due to progression of disease.10

The HCC-adjusted MELD scheme also raises concern due to the relatively high rate of misdiagnosis of HCC
in the liver explant. All transplant programs have to submit the pathologic report of explant liver after
transplantation for each patient who was granted extra priority due to HCC. There is still a significant por-
tion of cases with false positive diagnosis of HCC on pretransplant imaging.8

Role of locoregional treatment as a bridge to liver transplantation
Resection has been chosen as the first-line treatment for small HCCs in patients with no cirrhosis or Child
A cirrhosis. Survival after resection has been comparable to transplantation and resection is a signifi-
cantly less expensive treatment. However, in the
case of tumor recurrence or progressive decom-
pensation of hepatic function, salvage transplanta-
tion has to be considered.11 A considerable
proportion of resection patients may survive with-
out recurrence for 5 years, and among those with
recurrence the majority may be eligible for salvage
transplantation.12 On the other hand, it is easy to
imagine that salvage transplantation after previous
liver resection would be more difficult, associated
with more complications, and possibly associated
with additional recurrence.13

Chemoembolization has been proposed to play a
role in tumor control before transplantation. The
dropout rate has been reported as 15-25% for 6
months for patients within Milan/UNOS criteria.
Even with chemoembolization, the dropout rate re-
mains about 15%.14 Regardless of bridge treatment
before transplantation, the dropout rate signifi-
cantly increases after 6 months in patients with a
tumor larger than 3 cm or with multiple lesions.14

Radiofrequency ablation has also been widely used
as a bridge treatment. However, it is very rare to
achieve complete tumor necrosis with this modality,
especially in larger tumors. (Figure 1) 

Figure 1. Incomplete necrosis of HCC after RFA, which
still shows vascular enhancement. Histologic exam of ex-
plant liver still showed residual tumor cells even after re-
peated locoregional treatment prior to transplantation.

A: Initial CT scan of HCC with
strong contrast enhancement in
arterial phase.

B: Follow-up CT scan of HCC 3
months after RFA, which still
shows contrast enhancement
with no reduction of size.

C: Follow up CT scan of HCC a
month after transarterial
chemoembolization immedi-

ately followed by second RFA, which still shows resid-
ual enhanced area. Increased ascites from multiple
locoregional therapies can be noted.
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The value of these bridge treatments has been questioned in recent studies.15,16 Survival benefit from ei-
ther pretransplant chemoembolization or radiofrequency ablation is hard to determine. However, these
bridge treatments have a role in down-staging tumor mass to within transplantable range. Cases with tu-
mors beyond Milan/UNOS criteria can be submitted to the UNOS regional review board to get HCC points
approved after size reduction by locoregional treatment (Figure 2).  The serial measurement of the tumor
before and after treatment has to be documented and forwarded for the review.

Conclusion
The MELD allocation model provides a useful, objective, and uni-
versal tool for clinicians to estimate risks for clinical decision mod-
els and to analyze the risk versus benefit. However, questions
remain with respect to how much priority should be given HCC pa-
tients over non-HCC patients, the true limit of the anatomical stage
of the tumor for transplantation, and the role of bridge treatment
in reduction of dropout and increase of survival benefit after trans-
plantation. It is possible to develop an additional allocation model
combined with MELD in order to place marginal donor livers in HCC
patients with relatively better underlying liver cirrhosis but still with
high risk of dropout and death. This issue will continue to be dis-
cussed and debated especially since patients with HCC continue to
enjoy excellent post-transplant survival as compared to patients
without HCC (Figure 3). 

1. Ranjan D, Johnston TD. Liver transplantation for hepatocellular carcinoma. Hepatogastroenterology, 1998;45(23):1369-1374.
2. Bismuth H, Majno PE, Adam R. Liver transplantation for hepatocellular carcinoma. Semin Liver Dis. 1999;19(3):311-322.
3. Llovet JM, Bruix J, Fuster J, et al. Liver transplantation for small hepatocellular carcinoma: the tumor-node-metastasis classification does
not have prognostic power. Hepatology. 1998;27(6):1572-1577.
4. Yao FY, Ferrell L, Bass NM, et al. Liver transplantation for hepatocellular carcinoma: expansion of the tumor size limits does not adversely
impact survival. Hepatology. 2001;33(6):1394-1403.
5. Kamath PS, Wiesner RH, Malinchoc M, et al. A model to predict survival in patients with end-stage liver disease. Hepatology.
2001;33(2):464-470.
6. Wiesner RH, McDiarmid SV, Kamath PS, et al. MELD and PELD: application of survival models to liver allocation. Liver Transpl. 2001;7(7):567-580.
7. Sharma P, Balan V, Hernandez JL, et al. Liver transplantation for hepatocellular carcinoma: the MELD impact. Liver Transpl. 2004;10(1):36-41.
8. Yao FY, Bass NM, Nikolai B, et al. A follow-up analysis of the pattern and predictors of dropout from the waiting list for liver transplanta-
tion in patients with hepatocellular carcinoma: implications for the current organ allocation policy. Liver Transpl. 2003;9(7):684-692.
9. Wiesner RH, Freeman RB, Mulligan DC. Liver transplantation for hepatocellular cancer: the impact of the MELD allocation policy. Gas-
troenterology. 2004;127(5 Suppl 1):S261-S267.
10. Freeman RB, Edwards EB, Harper AM. Waiting list removal rates among patients with chronic and malignant liver diseases. Am J Trans-
plant. 2006;6(6): 1416-1421.
11. Belghiti J, Cortes A, Abdalla EK, et al. Resection prior to liver transplantation for hepatocellular carcinoma. Ann Surg. 2003;238(6):885-893.
12. Poon RT, Fan ST, Lo CM, et al. Long-term survival and pattern of recurrence after resection of small hepatocellular carcinoma in patients
with preserved liver function: implications for a strategy of salvage transplantation. Ann Surg. 2002;235(3): 373-382.
13. Adam R, Azoulay D, Castaing D, et al. Liver resection as a bridge to transplantation for hepatocellular carcinoma on cirrhosis: a reason-
able strategy? Ann Surg. 2003;238(4):508-519.
14. Maddala YK, Stadheim L, Andrews JC, et al. Drop-out rates of patients with hepatocellular cancer listed for liver transplantation: outcome
with chemoembolization. Liver Transpl. 2004;10(3):449-455.
15. Mazzaferro V, Battiston C, Perrone S, et al. Radiofrequency ablation of small hepatocellular carcinoma in cirrhotic patients awaiting liver
transplantation: a prospective study. Ann Surg. 2004;240(5):900-909.
16. Porrett, PM, Peterman H, Rosen M, et al. Lack of benefit of pre-transplant locoregional hepatic therapy for hepatocellular cancer in the
current MELD era. Liver Transpl. 2006;12(4):665-673.

Figure 2. A Successful Case of Radiofrequency Ablation of Hcc Prior to Transplantation.

A: Initial size of HCC was 6.65 cm in long axis on MR

B: CT scan 5 months after RFA shows no contrast enhance-
ment of tumor as well as reduction of size.
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Immunosuppressive Strategy In Liver
Transplantation With 

Hepatocellular Carcinoma

Ashok Jain, MD, Professor of Surgery, Transplant Division 
University of Rochester Medical Center, Rochester, New York, USA 

With the increasing number of potent immunosuppressive agents available in the last 15 years, the rate
of rejection is considerably low and graft loss from immunological reasons is rare after successful liver
transplantation (LT).1-3 However, there is a concern that patients may be overly immunosuppressed. Im-
munosuppressive agents reduce the host’s natural surveillance mechanism creating a permissive envi-
ronment for malignant cells to grow.

Increasing numbers of transplants are done in patients with hepatitis C viral (HCV) infection in which there
is a higher incidence of hepatocellular carcinoma (HCC). Also, with the introduction of the Model for End
Stage Liver Disease (MELD) system and additional points for HCC stage II tumors, more patients with
HCC are receiving liver transplants.4 Post LT management of these patients with adjuvant chemotherapy
and/or modification in baseline immunosuppresive agents may have a role in preventing or delaying re-
currence of HCC and may have an impact after recurrence of HCC.  

In cases of post transplant lympho proliferative disorder (PTLD), withdrawal or reduction of immunosup-
pression (IS) has been shown to cause regression or slow down the progression of PTLD.5 In the case of
recurrence of HCC, it is unlikely that HCC will be eliminated or regress after reducing or even withdrawing
IS. All one can expect is a reduction in the rate of progression of the disease. Withdrawal of IS is not with-
out risk of inducing acute rejection, which may lead to hepatic dysfunction, chronic rejection, and graft fail-
ure. Withdrawal of IS must be done very carefully. One may negate the unproven advantage of delaying
the progression of HCC while increasing the risk of graft loss and death. The general concern within clini-
cian-based PTLD experience is that immunosuppressive agents provide a permissive environment for can-
cer cells to proliferate. Modification of IS may have a role in preventing cancer, but prospective, randomized,
clinical trial data are not available. However, there are suggestions that IS with an anti-proliferative property
(mTOR inhibitor, Rapamycin) and interleukin 2 (IL2) receptor-blocking agent may have an advantage over
conventionally used calcineurin inhibitors (Cyclosporine, tacrolimus) and steroids.6-7

Literature Review
We conducted a literature review to investigate the issue of immunosuppressive strategy in post LT patients
with HCC. The search revealed several anecdotal reports on heterogeneous populations from various centers. 

In 1991, Yokohama et al. from the University of Pittsburgh reported an accelerated growth rate of HCC in
cases of HCC recurrence after liver transplantation with IS compared to non-transplanted HCC patients
who under went resection.8 In 1992, contradictory reports were made by Steininger et al.9 claiming that
IS does not enhance tumor growth post liver transplantation. In 1996, Yokohama et al.10 advocated the
role of adjuvant chemotherapy to prevent recurrence of HCC. 

In experimental in vitro settings, Freise et al.11 and Hojo et al.12 have independently shown the progression of
hepatoma and cancer cells in the presence of Cyclosporine, whereas Schumacher et al.13 showed that Ra-
pamycin inhibits hepatoma cell growth and tacrolimus promotes the growth of these cells.  Similar observa-
tions for other cancer cells have been reported by Eng CP et al.14 and Hidalgo et al.15 Inhibition of liver, kidney,
and intestinal cancer cell regeneration was also shown by Francavilla et al.16, 17 with use of Rapamycin.
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Vivarelli et al.18 of Italy reported 10 years of experience in 106 cases of liver transplants with HCC under
a Cyclosporine - based IS regime. They found a benefit in cumulative, lower doses of cyclosporine in re-
currence-free survival. In further detailed, retrospective multivariate analysis of 70 cases, 3 years later, they
found that Cyclosporine exposure was the only independent predictive factor for tumor recurrence.19

Decaens et al.20 examined 412 cases of HCC, which underwent liver transplantation in 14 centers in
France. In a detailed analysis of five-year, tumor-free survival, the authors concluded that the use of ATG
or OKT3 decreased tumor recurrence.

Kneteman et al.21 of Canada reported on 40 LT cases with HCC (within and beyond Milan criteria). The
cases within Milan criteria had a five-year, tumor-free survival rate of 81.1± 9.9% while the cases outside
Milan criteria had a five-year, tumor-free survival rate of 76.8 ±10.5%. They felt that Rapamycin-based IS
had a beneficial effect in the prevention of tumor recurrence. However, in the absence of control groups,
they did not conclude that this protocol had a definite advantage.

Stadlbauer et al.22 reported the feasibility of withdrawal of prednisone and reduction in IS in 11 cases of
liver transplantation with HCC.

Liu et al.23 reported the benefit of IL2-receptor antibody therapy with withdrawal of steroid and low dose
tacrolimus for the prevention of hepatitis B virus (HBV) infection and HCC recurrence in 31 cases of liver
transplants compared to 49 historic cases with standard IS. 

In 2004, Guba et al. claimed that chronic IS promotes a tendency for HCC to recur and also promotes the
development of various solid, hematological malignancies. They expressed hope that the cancers can be
prevented with the use of mTOR inhibitors.24,25

Dalgic et al. (2005 Transplant Proc) reported on 10 cases of liver transplants with unresectable HCC treated
with tacrolimus mono-therapy (n=8) or Rapamycin with early withdrawal of steroid (n=2) without any ev-
idence of recurrence in 8 to 19 months of follow-up.26

Zhou J et al. examined retrospectively 36 heterogeneous cases of liver transplant patients with HCC who
were converted to Rapamycin and felt that Rapamycin may inhibit the recurrence and metastasis of HCC
and may also improve renal function.27

Stippel et al. published a case report of a liver transplant patient with HCC who had pelvic recurrence five
months post liver transplantation. She underwent bilateral salpingooophorectomy, converted to Ra-
pamycin, and remained recurrence-free for 14 months.28

Summary
When chemotherapy is used, baseline IS can be reduced drastically since chemotherapy has IS activity.
Before the development of newer immunosuppressive agents, 6-marcaptopurine and Cyclophosphamide
had been used as IS agents.  

With the use of nonspecific, immunosuppressive agents to allow graft acceptance, the host immune
system’s natural surveillance to prevent growth of oncogenic cells is compromised. The increased risk
of lymphoma and non-lymphoid lesions in the post kidney transplant population with IS was described
in late 1960.29,30 The reversibility of lymphoma was demonstrated in the early 1980s5 by reconstituting the
host’s immune system using bone marrow transplants.

It is highly unlikely that once HCC has recurred that any change or even cessation of IS would be suc-
cessful in reversing the course of the disease. The best one could expect is to delay the progression of
disease after recurrence. Thus, prevention of HCC recurrence or delaying HCC recurrence would be the
ideal goal. In either event, low maintenance of IS may have some advantage. Post LT introduction of
mTOR inhibitors, which prevent the cellular proliferation from G1 to S phase, needs to be studied in ran-
domized, prospective fashion for prevention of HCC, delaying the recurrence of HCC, and slowing pro-
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gression of HCC after recurrence. At present the use of Rapamycin is prohibited by the FDA within first
30 days post LT because of increased incidence of thrombosis. There is an urgent need for the devel-
opment of a strategy to carefully convert the patient to Rapamycin one-month post LT with careful ad-
justment of dosage and initial frequent monitoring of trough concentration.

Although there isn’t conclusive evidence, reduction in induction and baseline maintenance of IS may to be
beneficial in preventing or delaying the recurrence of HCC and also in slowing the progression of HCC after
recurrence. Large, multicenter, prospective, randomized trials are required to confirm the advantage of the
use of mTOR inhibitor to prevent or delay the recurrence of HCC and slow the progression after recurrence.
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