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Abstract

Background Liver transplantation (LTX) is indicated in

selected patients with hepatocellular carcinoma (HCC) and

cirrhosis.

Methods We compared the outcome of LTX for patients

with and without HCC in 5-year time periods between 1987

and 2007 to reflect the implementation of the Milan tumor

selection criteria in 1997 and of the model for end-stage

liver disease (MELD) score-based liver allocation in 2002.

Results Of 2350 patients who underwent primary LTX,

330 had HCC. Five-year patient survival for HCC patients

was 28.6% in 1987–1992 and 42.3% in 1992–1997, which

was 41.4–31.4% lower than that in non-HCC patients

(P \ 0.0001). After 1997, 5-year survival was 76% for

HCC patients, similar to the survival for non-HCC patients

(P = 0.8784). Five-year tumor recurrence dropped from

52.9% (1987–1992) and 48.2% (1992–1997) to 11.4%

(1997–2002) and 8.4% (2002–2007) (P \ 0.0001). Multi-

variate analysis for tumor recurrence showed the following

significant factors: tumor size [6 cm [hazard ratio (HR)

3.67], C5 nodules (HR 3.441), vascular invasion (HR

3.18), transplant in 1987–1992 (HR 6.772), and transplant

in 1992–1997 (HR 3.059). MELD-based liver allocation

reduced median waiting time for LTX for HCC versus non-

HCC (35 vs. 111 days; P = 0.005) without compromise in

patient outcome.

Conclusions The results of LTX for HCC continue to

improve and are equal to results in patients without HCC.

Keywords Hepatocellular carcinoma � Survival �
Liver transplantation � Outcome

Introduction

Liver transplantation is a well-established treatment

modality for hepatocellular carcinoma (HCC) in a selected

group of patients with cirrhosis of the liver. With the

refinement of the tumor inclusion criteria for transplant, the

overall success rate with liver transplantation for patients

with HCC has improved over time. With success comes the

question of whether we may be too restrictive with our

inclusion criteria, thus restricting access to transplantation

for patients who might be cured of their malignancy. The

utility of a liver biopsy prior to transplantation in order to

determine tumor differentiation is still under debate, and

the optimal treatment regimen before liver transplantation

is yet to be defined. This article describes the trends of

development of liver transplantation for HCC at Baylor

University Medical Center in Dallas, Texas, USA.

Methods

The present analysis includes patients who underwent

primary liver transplantation at Baylor University Medical

Center at Dallas between 1 March 1987 and 1 March 2007.

Five-year periods during this timeframe were chosen to

correspond with the implementation of the Milan tumor

selection criteria in 1997 and the implementation of the

model for end-stage liver disease (MELD) score-based

liver allocation in 2002.

Three hundred thirty patients who underwent primary

liver transplantation were found to have HCC in the liver
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explant by pathological examination. During the same time

period, 2020 adult patients transplanted the first time did

not have HCC. Retransplantation was not attempted in

patients with recurrent HCC, and HCC was not observed in

patients who underwent retransplantation.

Patient data were collected prospectively and entered

into a clinical database. The database is audited routinely

for data accuracy, and data entry is ongoing, which

explains why part of the data is incomplete, especially for

the 2002–2007 era. The current study is an analysis from

the database.

Tumor pathology was defined by dedicated liver

pathologists. Tumor size was entered as the largest tumor

diameter. Edmondson tumor grading was used, with grade I

indicating well-differentiated tumors; grade II, moderate

differentiation; grade III, poor differentiation; and grade

IV, undifferentiated tumors. The presence of vascular

invasion was recorded whenever it was found on a micro or

macro level.

Statistical data analysis included Fisher’s exact test for

nonparametric values and the Wilcoxon two-sample test

for numeric values. Patient survival, recurrence-free sur-

vival, and tumor recurrence rates were estimated using the

Kaplan–Meier method.

A Cox multivariate analysis was performed using tumor

recurrence as the outcome. Factors studied included age,

gender, maximum tumor diameter, number of tumor nod-

ules, vascular invasion, alpha-fetoprotein (AFP), transplant

period (1987–1992, 1992–1997, 1997–2002, 2002–2007),

tumor ablation treatment, waiting time, and liver disease

etiology of hepatitis B and hepatitis C. Statistical signifi-

cance was established at P values \0.05. Analysis was

performed using SAS software version 9.1.3. (SAS Insti-

tute, Cary, North Carolina, USA).

Results

Of the 2350 patients studied, 330 had HCC. Patient char-

acteristics are shown in Table 1. A higher proportion of

HCC than non-HCC patients were male (76.3 vs. 54.9%,

P \ 0.0001). The distribution by race and ethnicity shows

the high number of Asians (P \ 0.0001) and Hispanics

(P = 0.0125) in the HCC group.

The leading underlying liver diseases were hepatitis C

and B in the HCC patients (70.9%). Hepatitis B or C was

found in only 38.3% of the non-HCC patients

(P \ 0.0001). The median age at transplant was 54 years in

the HCC patients and 49 in the non-HCC patients

(P \ 0.0001).

The proportion of patients who underwent liver trans-

plantation and had HCC increased abruptly from 9 to 9.7%

of all primary transplants between 1997 and February 2002

to 26.2% starting in March 2002 (P \ 0.0001). Out of the

330 patients with HCC, 42 were transplanted between 1987

and 1992, 59 between 1992 and 1997, 58 between 1997

and 2002, and 171 between March 2002 and March 2007

(Table 1).

Table 1 Demographics and

disease characteristics for

patients with and without HCC

HCC hepatocellular carcinoma,

MELD model for end-stage liver

disease

Parameter Description N HCC Non-HCC P value

Overall Total population 2350 330 2020

Age (years) Mean 2350 53.5 ± 8.88 48.69 ± 10.68 \0.0001

Median 54 49

Gender Male 1360 252 (76.4%) 1108 (54.9%) \0.0001

Female 990 78 (23.6%) 912 (45.2%)

Race Caucasian 2085 276 (83.9%) 1809 (89.6%) \0.0001

Black 179 24 (7.3%) 155 (7.7%)

Asian 56 24 (7.3%) 32 (1.6%)

Other 29 5 (1.5%) 24 (1.1%)

Ethnicity Hispanic 287 46 (16.8%) 241 (15.6%) 0.0125

Etiology Hepatitis C 872 196 (59.4%) 676 (33.5%) \0.0001

Hepatitis B 135 38 (11.5%) 97 (4.8%)

Other 1343 96 (29.1%) 1247 (63.7%)

MELD Calculated score 2311 13 17

Transplant period 3/1987–2/1992 468 42 (9.0%) 426 (91.0%) \0.0001

3/1992–2/1997 633 59 (9.3%) 574 (90.7%)

3/1997–2/2002 597 58 (9.7%) 539 (90.3%)

3/2002–2/2007 652 171 (26.2%) 481 (73.8%)
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Most tumors were diagnosed before transplantation. The

proportion of incidental tumors was 21.4% in 1987–1992,

42.4% in 1992–1997, 36.2% in 1997–2002, and 12.7% in

2002–2007 (P \ 0.0001).

Evolution of tumor characteristics

The trends in tumor characteristics over time are shown in

Table 2. In terms of tumor nodules, 172 of 300 patients

had 1 tumor (57.3%), 57 had 2 (19%), 26 had 3 (8.7%), 6

had 4 (2%), and 39 had C5 tumors (13%). The proportion

of single tumors increased from 58.5% in 1987–1992 to

65.5% in 2002–2007, while the proportion of patients

with C5 tumors decreased from 26.8 to 4.1%

(P \ 0.0001). At the same time, the proportion of tumors

\2 cm in diameter increased from 14.3 to 37%, with a

concomitant decrease in tumors [6 cm from 42.9 to 2.7%

(P \ 0.0001).

Microscopic tumor grading showed a decline in the

proportion of well-differentiated tumors, from 43.8% in

1987–1992 to 15.8% in 2002–2007 (P \ 0.0001). How-

ever, data entry in the latter group is ongoing, and data are

missing on 57 patients. Vascular invasion was found in

23.8% of patients in 1987–1992 and in 32.2% in 1992–

1997; it declined to 8.9% in 1997–2002 and 11.3% in

2002–2007 (P = 0.0010).

Serum AFP was C400 IU/mL in 35.1% of patients

transplanted in 1987–1992, 28.8% in 1992–1997, and only

6.5% in 2002–2007 (P \ 0.0001).

Neoadjuvant treatment

Neoadjuvant treatment was applied differently across eras.

While none of the patients received neoadjuvant treatment

before 1992 and only 3 (9.7%) received neoadjuvant

treatment between 1992 and 1997, the proportion was

80.6% in 1997–2002 and 71.9% after 2002 (P \ 0.0001).

Treatment included transarterial chemoembolization in 64

patients and radiofrequency ablation in 55 patients.

Adjuvant therapy

Intraoperative chemotherapy was given in 87.9% of the

patients transplanted before 1992 with tumors known

before transplantation. The proportion declined to 85.3% in

1992–1997 and 70.3% in 1997–2002. It was 86.1% after

2002 (P = 0.1583).

Postoperative chemotherapy was administered in 81%

of the patients before 1992. The proportion decreased to

78% in 1992–1997 and further to 62.1% in 1997–2002 and

54.5% after 2002 (P = 0.0008).

Waiting time to transplant

The overall median waiting time to transplant was 59 days

for patients with HCC (mean = 1135.1 days) compared

with 98 days for non-HCC patients (mean = 1169.3 days)

(P = 0.3954). The waiting time was similar for HCC and

non-HCC patients across eras, except for patients

Table 2 Tumor characteristics across eras

Parameter Detail N 1987–1992 1992–1997 1997–2002 2002–2007 P value

Number

of nodules

1 172 24 (58.5%) 22 (39.3%) 31 (53.5%) 95 (65.5%) 0.0001

2 57 5 (12.2%) 16 (28.6%) 10 (17.2%) 26 (17.9%)

3 26 1 (2.4%) 4 (7.1%) 7 (12.1%) 14 (9.7%)

4 6 0 0 2 (3.4%) 4 (2.8%)

C5 39 11 (26.8%) 14 (25%) 8 (13.8%) 6 (4.1%)

Maximum

tumor size (cm)

0.0–2 100 6 (14.3%) 14 (23.7%) 26 (45.6%) 54 (37%) \0.0001

2.1–4 127 10 (23.8%) 22 (37.3%) 21 (36.8%) 74 (50.7%)

4.1–6 42 8 (19%) 11 (18.6%) 9 (15.8%) 14 (9.6%)

[6 35 18 (42.9%) 12 (20.4%) 1 (1.8%) 4 (2.7%)

Edmondson

tumor grade

I 71 14 (43.8%) 24 (45.3%) 15 (31.2%) 18 (15.8%) \0.0001

II 99 10 (31.2%) 22 (41.5%) 21 (43.8%) 46 (40.3%)

III 70 5 (15.6%) 7 (13.2%) 10 (20.8%) 48 (42.1%)

IV 7 3 (9.4%) 0 2 (4.2%) 2 (1.8%)

Vascular invasion 50 10 (23.8%) 19 (32.2%) 5 (8.8%) 16 (11.3%) 0.001

Bilobar tumors 64 14 (33.3%) 21 (35.6%) 5 (8.9%) 24 (16.9%) 0.0006

AFP C400 IU/mL 39 13 (35.1%) 17 (28.8%) 0 9 (6.5%) \0.0001

TACE/RFA 119 0 3 (9.7%) 29 (80.6%) 87 (71.9%) \0.0001

AFP alpha-fetoprotein, TACE/RFA transarterial chemoembolization/radiofrequency ablation
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transplanted after implementation of the MELD score-

based allocation in 2002, when the median waiting time of

patients with HCC was significantly shorter, at 35 days

(mean = 290.1 days), compared with 111 days for non-

HCC patients (mean = 337.3 days) (P = 0.005) (Table 3).

Patient survival posttransplant

Overall Kaplan–Meier survival (Fig. 1) was lower in HCC

patients than in non-HCC patients (P \ 0.0001). Patients

with HCC had a survival of 83.9% at 1 year and 63% at

5 years and a median survival of 97.6 months, compared

with 87.1% at 1 year and 73.8% at 5 years and a median

survival of 144.7 months in non-HCC patients. However,

the survival of patients with HCC was markedly inferior to

that of non-HCC patients by almost 30% at 5 years in

patients transplanted before 1997 (Fig. 2) (P \ 0.0001).

Survival was 61.9% at 1 year and 28.6% at 5 years for

HCC patients transplanted in 1987–1992, compared with

84.7 and 70%, respectively, for non-HCC patients during

the same time period. In 1992–1997, 1-year patient sur-

vival for HCC patients was 71.2% and 5-year survival was

42.3%, compared with 88.6 and 73.7%, respectively, in

non-HCC patients.

Patient survival curves were similar between patients

with HCC and patients without HCC starting in 1997

(Fig. 3): the Kaplan–Meier patient survival was 91.3% at

1 year and 76% at 5 years for HCC patients; it was 87.3%

at 1 year and 75.5% at 5 years in patients without HCC

(P = 0.8784).

The Kaplan–Meier survival of patients who were alive

at 1 year after transplant also showed inferior results: this

group of patients with HCC had a 5-year survival of 75.1%,

and the non-HCC patients had a 5-year survival of 84.7%

(P \ 0.0001) (Fig. 4). Again, when comparing different

transplant eras, the survival difference was 24–36% lower

in HCC patients before 1997. There was no survival dif-

ference between HCC and non-HCC patients in transplants

performed after 1997: the 5-year survival was 83.3% for

HCC patients and 86.5% for non-HCC patients

(P = 0.2163).

Table 3 Waiting time to transplant across eras

Time period HCC N Waiting time (days) P value

Median Mean Range

1987–1992 Yes 40 10 192.4 0–72 0.0795

No 413 13 230.4 0–176

1992–1997 Yes 59 145 334.7 2–402 0.4077

No 572 127 314.1 0–1413

1997–2002 Yes 57 275 330.1 2–882 0.1386

No 538 236.5 294.6 0–2752

2002–2007 Yes 169 35 290.1 0–2344 0.005

No 480 111 337.3 0–3914

HCC hepatocellular carcinoma

Fig. 1 Overall Kaplan–Meier patient survival. HCC hepatocellular

carcinoma

Fig. 2 Kaplan–Meier patient survival for patients transplanted before

March 1997

Fig. 3 Kaplan–Meier patient survival for patients transplanted from

March 1997
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Recurrence-free survival

The Kaplan–Meier tumor recurrence-free survival also

improved over time (Fig. 5), from 52.4% at 1 year and

only 23.8% at 5 years in patients transplanted before 1992

to 66.1 and 35.6%, respectively, in 1992–1997; the tumor

recurrence-free survival markedly increased to 87.7% at

1 year and 70.7% at 5 years in 1997–2002, and further to

90.1 and 75.8%, respectively, in 2002–2007 (P \ 0.0001).

Tumor recurrence rate

The overall Kaplan–Meier tumor recurrence rate was 9.1%

at 1 year, 14.3% at 2 years, 17.4% at 3 years, and 21.3% at

5 years. However, the tumor recurrence rate was higher in

patients transplanted in the first 10 years (1987–1997) than

thereafter (1997–2007) (Fig. 6). The Kaplan–Meier tumor

recurrence rate was 26% at 1 year and 52.9% at 5 years for

patients transplanted in 1987–1992; it was 19.7 and 48.2%

at 1 and 5 years, respectively, in 1992–1997; and it drop-

ped sharply to 3.5 and 11.4% in 1997–2002 and to 4.2 and

8.4% in 2002–2007 (P \ 0.0001). The difference in tumor

recurrence rates between 1997–2002 and 2002–2007 was

not statistically significant (P = 0.7273).

Multivariate analysis

The results of the multivariate analysis for risk factors for

tumor recurrence (censored for death) are shown in

Table 4. The following were found to be significant risk

factors for tumor recurrence: maximum tumor size[6 cm,

with a hazard ratio (HR) of 3.67 (P = 0.0005), C5 tumor

nodules (HR 3.441, P = 0.0004), vascular invasion (HR

3.181, P = 0.0012), transplant in 1987–1992 (HR 6.772,

P = 0.004), and transplant in 1992–1997 (HR 3.059,

P = 0.0496). Age [60, gender, AFP C400 IU/mL tumor

grade, preoperative ablation, waiting time [90 days, hep-

atitis B and/or C as underlying etiology, and transplant in

1997–2002 were not found to be significant contributing

factors.

As we restricted the multivariate analysis to patients

transplanted in 1997–2007 only, the only factor found to be

significant was C5 tumor nodules (HR 8.751, P = 0.003),

while tumor size and the presence of vascular invasion did

not reach statistical significance (Table 4).

Discussion

Liver transplantation has become a legitimate treatment for

HCC in cirrhotic patients [1–5]. The evolution of the out-

comes in our program parallels the trends witnessed

worldwide. The initial results with liver transplantation

were quite poor [4, 6–12], with tumors recurring in more

than half of the patients within 5 years of transplant. This

was indeed dismal, as there is no effective treatment for

recurrent HCC after transplant. The patient survival was

less than 30% at 5 years. Even when eliminating early

mortality, which is mainly caused by factors unrelated to

HCC, initial survival rates were poor in HCC patients

compared with non-HCC patients. The United States

Fig. 4 Kaplan–Meier survival of patients who were alive 1 year after

transplant

Fig. 5 Kaplan–Meier tumor recurrence-free survival

Fig. 6 Kaplan–Meier tumor recurrence rate
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Department of Health and Human Services did not recog-

nize HCC as a valid indication for liver transplantation

until 2001 [12]. The acceptance came with the major

improvement in the results, as shown by better patient

survival and lower recurrence rates over time [13–15].

Our study shows a dramatic improvement in patient

survival and tumor recurrence-free survival, as well as a

reduction in the HCC tumor recurrence rate, starting in

1997. The patient survival rate equaled that of non-HCC

patients starting in 1997, and the early tumor recurrence

rate (before 1 year posttransplant) dropped from 26 to 4%,

reinforcing the idea that transplantation for HCC is a jus-

tified use of a scarce resource, the donor livers.

The major improvement in results coincided with the

implementation of the Milan tumor selection criteria [16,

17]. The adoption of the Milan criteria is considered to

improve survival by selecting patients with lower tumor

burdens and thus better tumor differentiation and better

tumor biology [16]. Paradoxically, in our study there was a

lower proportion of well-differentiated tumors in patients

transplanted in the latter years than before 1997. This

should theoretically have resulted in worse outcomes.

However, at the same time, there was a decrease in inci-

dental tumors, due to improved pretransplant HCC

screening and improvements in imaging [17, 18], as well as

the introduction of neoadjuvant treatments for known

tumors.

A multivariate analysis of all the patients for factors

contributing to tumor recurrence showed tumor size

[6 cm, C5 tumor nodules, vascular invasion, and

transplant in the earlier eras as significant factors. Neoad-

juvant treatments were not a protective factor for tumor

recurrence, as reported before [19]. We deliberately chose

tumor recurrence as the outcome for the multivariate

analysis, rather than patient survival, in order to avoid as

much as possible factors not related to HCC that can

influence posttransplant survival. Indeed, tumor size,

number of nodules [20–25], poor tumor differentiation [23,

24, 26–30], and vascular invasion [8, 24, 31–37] are

associated with poor patient survival, as previously repor-

ted. Tumor differentiation was not a significant risk factor

for tumor recurrence in our study. Interestingly, when

analyzing only the group of patients transplanted after

1997, only the number of tumor nodules (C5) was a sig-

nificant factor contributing to tumor recurrence, while

vascular invasion and tumors [6 cm lost significance

(vascular invasion was close to being a significant factor).

However, before 1997 tumors[6 cm included much larger

lesions than those included with the implementation of the

Milan criteria (data not shown). Pretransplant ablation

reduced the risk of tumor recurrence by half in 2002–2007,

though this was statistically not significant.

The introduction of the MELD score-based allocation of

donor livers for transplantation resulted in improved access

for transplantation for patients with HCC. As seen else-

where, the waiting time from listing to transplantation was

significantly shorter in patients with HCC when compared

with non-HCC patients in the MELD-based allocation [38,

39]. This resulted in an increase in the proportion of the

patients transplanted for HCC [38], without altering the

Table 4 Multivariate analysis for risk factors for tumor recurrence in HCC patients who received liver transplants

Variable 1987–2007 2002–2007 only

HR 95% CI P value HR 95% CI P value

Age [ 60 years 1.386 0.68–2.81 0.3645 0.274 0.05–1.40 0.1202

Male gender 1.251 0.61–2.58 0.5456 0.613 0.15–2.49 0.4939

Tumor [6 cm 3.670 1.76–7.65 0.0005 4.081 0.39–42.50 0.2394

C5 tumors 3.441 1.74–6.82 0.0004 8.751 2.09–36.68 0.0030

Vascular invasion 3.181 1.58–6.42 0.0012 3.105 0.85–11.32 0.0860

AFP C400 IU/mL 1.254 0.58–2.70 0.5618 1.057 0.11–10.42 0.9619

Well-differentiated tumor 0.988 0.49–1.98 0.9729 1.161 0.26–5.10 0.8435

Pretransplant ablation 0.718 0.29–1.76 0.4691 0.486 0.14–1.66 0.2495

LTX 3/1987–2/1992a 6.772 1.84–24.95 0.0040 NA NA NA

LTX 3/1992–2/1997a 3.059 1.00–9.34 0.0496 NA NA NA

LTX 3/1997–2/2002a 1.110 0.38–3.25 0.8490 0.630 0.17–2.32 0.4866

Waiting time [90 days 0.694 0.34–1.40 0.3072 1.436 0.40–5.10 0.5755

Hepatitis B 1.235 0.51–3.00 0.6411 4.292 0.92–20.11 0.0645

Hepatitis C 1.618 0.77–3.41 0.2052 0.852 0.22–3.34 0.8186

Statistically significant results are in bold

HR hazard ratio, CI confidence interval, AFP alpha-fetoprotein, LTX liver transplantation, NA not applicable
a 3/2002–2/2007 period: hazard ratio of 1
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overall survival posttransplant [40]. On the other hand,

there was no improvement in either posttransplant survival

or recurrence rate with shorter waiting times. We did not

find a shorter waiting time (\90 days) to be a protective

factor for posttransplant tumor recurrence.

Of note, this is an ongoing, prospective research data-

base. Thus, data entry is ongoing, with some of the data

entries missing, especially for patients transplanted after

2002. Nevertheless, the volume of data was adequate to

enable analysis.

In conclusion, the results of liver transplantation for

HCC continue to improve and are equal to those obtained

in patients without HCC, with concomitant improvement in

the access of HCC patients to transplantation. Further

studies are necessary to evaluate neoadjuvant treatment

options in the context of expansion of the tumor acceptance

criteria.

References

1. Mor E, Kaspa RT, Sheiner P, Schwartz M. Treatment of hepa-

tocellular carcinoma associated with cirrhosis in the era of liver

transplantation. Ann Intern Med. 1998;129:643–53.

2. Nart D, Arikan C, Akyildiz M, Yuce G, Demirpolat G, Zeytunlu

M, et al. Hepatocellular carcinoma in liver transplant era: a

clinicopathologic analysis. Transplant Proc. 2003;35:2986–90.

3. Otto G, Heuschen U, Hofmann WJ, Krumm G, Hinz U, Herfarth

C. Survival and recurrence after liver transplantation versus liver

resection for hepatocellular carcinoma: a retrospective analysis.

Ann Surg. 1998;227:424–32.

4. Ringe B, Pichlmayr R, Tusch G. Surgical treatment of hepato-

cellular carcinoma: experience with liver resection and trans-

plantation in 198 patients. World J Surg. 1991;15:270–85.

5. Weber M, Kadry Z, Clavien PA. Low recurrence rate of hepa-

tocellular carcinoma after liver transplantation: better patient

selection or lower immunosuppression? Transplantation.

2002;74:1664–5.

6. Fung J, Marsh W. The quandary over liver transplantation for

hepatocellular carcinoma: the greater sin? Liver Transpl.

2002;8:775–7.

7. Iwatsuki S, Starzl TE, Yokoyama I, Demetris AJ, Todo S, Tzakis

AG, et al. Hepatic resection versus transplantation for hepato-

cellular carcinoma. Ann Surg. 1991;214:221–8.

8. Klintmalm GB. Liver transplantation for hepatocellular carci-

noma: a registry report of the impact of tumor characteristics on

outcome. Ann Surg. 1998;228:479–90.

9. Marsh JW, Dvorchik I. Liver organ allocation for hepatocellular

carcinoma: are we sure? Liver Transpl. 2003;9:693–6.

10. Neuhaus P, Jonas S, Bechstein WO, Wex C, Kling N, Settmacher

U, et al. Liver transplantation for hepatocellular carcinoma.

Transplant Proc. 1999;31:469–71.

11. Penn I. Hepatic transplantation for primary and metastatic can-

cers of the liver. Surgery. 1991;110:726–34.

12. Ryder SD. Guidelines for the diagnosis and treatment of hepa-

tocellular carcinoma (HCC) in adults. Gut. 2003;52(Suppl

3):iii1–8.

13. Adam R, McMaster P, O’Grady JG, Castaing D, Klempnauer JL,

Jamieson N, et al. Evolution of liver transplantation in Europe:

report of the European Liver Transplant Registry. Liver Transpl.

2003;9:1231–43.

14. Llovet JM, Bruix J, Fuster J, Garcia-Valdecasas JC, Grande L,

Bru C, et al. Liver transplantation for small hepatocellular car-

cinoma: the tumor-node-metastasis classification does not have

prognostic power. Hepatology. 1998;27:1572–7.

15. Moya A, Berenguer M, Aguilera V, Juan FS, Nicolas D, Pastor

M, et al. Hepatocellular carcinoma: can it be considered a con-

troversial indication for liver transplantation in centers with high

rates of hepatitis C? Liver Transpl. 2002;8:1020–7.

16. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,

Bozzetti F, et al. Liver transplantation for the treatment of small

hepatocellular carcinomas in patients with cirrhosis. N Engl J

Med. 1996;334:693–9.

17. Lauenstein TC, Salman K, Morreira R, Heffron T, Spivey JR,

Martinez E, et al. Gadolinium-enhanced MRI for tumor surveil-

lance before liver transplantation: center-based experience. AJR

Am J Roentgenol. 2007;189:663–70.

18. Zhao H, Yao JL, Wang Y, Zhou KR. Detection of small hepa-

tocellular carcinoma: comparison of dynamic enhancement

magnetic resonance imaging and multiphase multirow-detector

helical CT scanning. World J Gastroenterol. 2007;13:1252–6.

19. Lesurtel M, Mullhaupt B, Pestalozzi BC, Pfammatter T, Clavien

PA. Transarterial chemoembolization as a bridge to liver trans-

plantation for hepatocellular carcinoma: an evidence-based

analysis. Am J Transplant. 2006;6:2644–50.

20. Tobe T, Uchino J, Endo Y, Oto M, Okamoto E, Kojiro M, et al.

Predictive factors for long term prognosis after partial hepatec-

tomy for patients with hepatocellular carcinoma in Japan. The

Liver Cancer Study Group of Japan. Cancer. 1994;74:2772–80.

21. Duffy JP, Vardanian A, Benjamin E, Watson M, Farmer DG,

Ghobrial RM, et al. Liver transplantation criteria for hepatocel-

lular carcinoma should be expanded: a 22-year experience with

467 patients at UCLA. Ann Surg. 2007;246:502–11.

22. Grasso A, Stigliano R, Morisco F, Martines H, Quaglia A,

Dhillon AP, et al. Liver transplantation and recurrent hepatocel-

lular carcinoma: predictive value of nodule size in a retrospective

and explant study. Transplantation. 2006;81:1532–41.

23. Klintmalm GB. International registry of liver tumors in liver

transplantation. A registry update on hepatocellular carcinoma

(HCC). Zentralbl Chir. 2000;125:642–6.

24. Molmenti EP, Klintmalm GB. Liver transplantation in association

with hepatocellular carcinoma: an update of the International

Tumor Registry. Liver Transpl. 2002;8:736–48.

25. Zimmerman MA, Trotter JF, Wachs M, Bak T, Campsen J,

Wright F et al. Predictors of long-term outcome following liver

transplantation for hepatocellular carcinoma: a single-center

experience. Transpl Int. 2007;747–753.

26. de Carlis L, Giacomoni A, Lauterio A, Slim A, Sammartino C,

Pirotta V, et al. Liver transplantation for hepatocellular cancer:

should the current indication criteria be changed? Transpl Int.

2003;16:115–22.

27. de Carlis L, Giacomoni A, Pirotta V, Lauterio A, Slim AO,

Sammartino C, et al. Surgical treatment of hepatocellular cancer

in the era of hepatic transplantation. J Am Coll Surg.

2003;196:887–97.

28. Figueras J, Ibanez L, Ramos E, Jaurrieta E, Ortiz-de-Urbina J,

Pardo F, et al. Selection criteria for liver transplantation in early-

stage hepatocellular carcinoma with cirrhosis: results of a mul-

ticenter study. Liver Transpl. 2001;7:877–83.

29. Margarit C, Charco R, Hidalgo E, Allende H, Castells L, Bilbao I.

Liver transplantation for malignant diseases: selection and pattern

of recurrence. World J Surg. 2002;26:257–63.

30. Tamura S, Kato T, Berho M, Misiakos EP, O’Brien C, Reddy

KR, et al. Impact of histological grade of hepatocellular

J Hepatobiliary Pancreat Sci (2010) 17:559–566 565

123



carcinoma on the outcome of liver transplantation. Arch Surg.

2001;136:25–30.

31. Bigourdan JM, Jaeck D, Meyer N, Meyer C, Oussoultzoglou E,

Bachellier P, et al. Small hepatocellular carcinoma in Child A

cirrhotic patients: hepatic resection versus transplantation. Liver

Transpl. 2003;9:513–20.

32. Figueras J, Jaurrieta E, Valls C, Ramos E, Serrano T, Rafecas A,

et al. Resection or transplantation for hepatocellular carcinoma in

cirrhotic patients: outcomes based on indicated treatment strat-

egy. J Am Coll Surg. 2000;190:580–7.

33. Iwatsuki S, Dvorchik I, Marsh JW, Madariaga JR, Carr B, Fung

JJ, et al. Liver transplantation for hepatocellular carcinoma: a

proposal of a prognostic scoring system. J Am Coll Surg.

2000;191:389–94.

34. Jonas S, Bechstein WO, Steinmuller T, Herrmann M, Radke C,

Berg T, et al. Vascular invasion and histopathologic grading

determine outcome after liver transplantation for hepatocellular

carcinoma in cirrhosis. Hepatology. 2001;33:1080–6.

35. Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma.

Lancet. 2003;362:1907–17.

36. Marsh JW, Dvorchik I, Bonham CA, Iwatsuki S. Is the pathologic

TNM staging system for patients with hepatoma predictive of

outcome? Cancer. 2000;88:538–43.

37. Salizzoni M, Romagnoli R, Lupo F, David E, Mirabella S, Cerutti

E, et al. Microscopic vascular invasion detected by anti-CD34

immunohistochemistry as a predictor of recurrence of hepato-

cellular carcinoma after liver transplantation. Transplantation.

2003;76:844–8.

38. Sharma P, Balan V, Hernandez JL, Harper AM, Edwards EB,

Rodriguez-Luna H, et al. Liver transplantation for hepatocellular

carcinoma: the MELD impact. Liver Transpl. 2004;10:36–41.

39. Ravaioli M, Grazi GL, Ballardini G, Cavrini G, Ercolani G,

Cescon M, et al. Liver transplantation with the Meld system: a

prospective study from a single European center. Am J Trans-

plant. 2006;6:1572–7.

40. Khettry U, Azabdaftari G, Simpson MA, Pomfret EA, Pomposelli

JJ, Lewis WD, et al. Impact of model for end-stage liver disease

(MELD) scoring system on pathological findings at and after liver

transplantation. Liver Transpl. 2006;12:958–65.

566 J Hepatobiliary Pancreat Sci (2010) 17:559–566

123


	Liver transplantation for hepatocellular carcinoma: the Baylor experience
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Evolution of tumor characteristics
	Neoadjuvant treatment
	Adjuvant therapy
	Waiting time to transplant
	Patient survival posttransplant
	Recurrence-free survival
	Tumor recurrence rate
	Multivariate analysis

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


