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Objective
The aim of this study was to evaluate the effect of postoperative adjuvant chemotherapy on the
recurrence rate and survival of patients after orthotopic liver transplantation (OLT) for
hepatocellular carcinoma (HCC).

Summary Background Data
Historically, liver transplantation for HCC has yielded poor long-term survival. Multimodality
therapy has been initiated in an effort to improve survival statistics.

Methods
Twenty-five patients were placed on 6 months of intravenous fluorouracil, doxorubicin, and
cisplatin after OLT. Risk factors, recurrence rates, and survival rates were analyzed and
compared with historic controls.

Results
Overall long-term survival in the protocol patients was 46% at 3 years, improved over our historic
controls of 5.8% at 3 years (p = 0.0001). Overall recurrence rate was 20% (n = 4). Possible risk
factors, such as tumor size, vascular invasion, multifocality, capsular invasion, and tumor
differentiation, were not found to be significantly predictive of survival. Three patients with long-
term, disease-free survival had tumors > 5 cm. Side effects from chemotherapy were common,
but rarely severe.

Conclusions
This study suggests that adjuvant chemotherapy after transplantation for HCC can provide long-
term cure and may improve survival, even in patients with stage IlIl and IV disease.
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Primary hepatocellular carcinoma (HCC) remains one
ofthe most common tumors worldwide, with an incidence
as high as 30 per 100,000 men in certain high-risk regions.'
Early detection is difficult, yet crucial for successful treat-
ment. Patient prognosis is poor, with most series reporting
a 3- to 6-month median survival for unresectable tumors
after the onset of symptoms.2 Partial hepatic resection re-
mains the mainstay of therapy for lesions confined to one
lobe and has a 5-year survival rate ranging from 25% to
39%.2 However, resectability is limited by tumor character-
istics, such as multifocality, bilobar lesions, large central le-
sions, and associated cirrhosis. Attempts at resection in pa-
tients with cirrhosis are associated with high perioperative
mortality and high recurrence because ofthe limited func-
tional reserve ofthe remaining liver and the frequent multi-
focality ofthe disease.

Orthotopic liver transplantation (OLT) for unresect-
able HCC offers the advantages of removal of the entire
liver, thereby eliminating the problem of multifocality or
bilobar involvement, and replacement with a functional
liver, allowing patients with advanced cirrhosis to be
treated. Unfortunately, early studies with OLT for HCC
demonstrated high recurrence rates and disappointing
long-term survival of 18% to 30% at 5 years.2'3 Although
this may be viewed as a success from an oncologic view-
point, these survivals clearly are not acceptable for liver
transplantation, where donor resources are limited and
OLT for benign disease offers a 5-year survival rate of
65% to 75%. However, there are many instances of long-
term survivors from HCC, and therefore, OLT continues
to be pursued as a therapeutic option. In an effort to im-
prove survival statistics, several institutions have initi-
ated adjuvant chemotherapy protocols.4 7 In 1989, the
Dumont-UCLA Transplant Program initiated a proto-
col of intensive postoperative adjuvant chemotherapy,
including doxorubicin, cisplatin and fluorouracil. The
aim of this report is to review the results of the first 25
patients enrolled in this protocol. In addition, we com-
pared these results to the previously reported survival of
HCC patients who underwent transplants at UCLA be-
fore the introduction ofthis protocol.8

PATIENTS AND METHODS
Between February 1989 and June 1994, 26 patients

were enrolled in this center's protocol for adjuvant che-
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motherapy after OLT for HCC. The protocol was ap-
proved by the UCLA Human Subject Protection Com-
mittee, and informed consent was obtained from each
patient. Criteria for inclusion in the study included the
following: surgically unresectable HCC; no evidence of
extrahepatic spread by chest and abdominal computed
tomography scans, bone scan, and ultrasound; no prior
chemotherapy; and no significant cardiac disease by
echocardiogram. Preoperative histologic diagnosis was
not considered necessary for enrollment. All patients un-
derwent OLT, although one patient did not receive any
postoperative chemotherapy because ofmulti-organ fail-
ure and fungal sepsis, and therefore, was excluded from
the study, leaving 25 patients for further evaluation.

All 25 patients had HCC as one of their primary indi-
cations for transplantation; however, 21 patients had sig-
nificant associated disease, including alcoholic cirrhosis
(6), chronic active hepatitis C (8), chronic active hepatitis
B (4), and cryptogenic cirrhosis (3). One patient had a
prior resection for HCC, which recurred. Incidental tu-
mors were not included in this protocol. All patients un-
derwent extensive preoperative screening, as is routine
for all liver transplant patients.
Of the 25 patients, 17 were men and 8 were women.

Age range was 19 to 69 years, with a mean age of 54 +
1 1.4 years. Fourteen patients were white, six were Asian,
and five were Hispanic. Serum alpha fetoprotein was el-
evated in 21 patients. Four patients were hepatitis B sur-
face antigen positive.
When a donor organ became available, the patient was

taken to the operating room, with a "backup" recipient in
house. A complete exploratory laparotomy was per-
formed to evaluate the resectability of the tumor and to
look for evidence of metastatic disease. The hepatectomy
and implantation ofthe donor organ then were performed
in the standard fashion. The explanted liver was com-
pletely assessed by pathology for tumor size, location, fo-
cality, vascular invasion, capsule penetration, tumor
differentiation, and lymph node metastases. The patients
were then classified according to the pathological tumor-
node-metastasis (pTNM) staging system (Table 1).

All patients received maintenance immunosuppres-
sion with corticosteroids, cyclosporine, and azathio-
prine, or FK506. Rejection episodes were treated with
pulse steroids, and taper and steroid-resistant episodes
were treated with OKT3 monoclonal antibody.

Intravenous chemotherapy via a central venous cath-
eter was initiated once the patient was stable postopera-
tively with adequate hepatic and renal function, and ad-
equate blood counts. Fluorouracil was given as a contin-
uous intravenous infusion at 75 to 150 mg/day.
Doxorubicin (22.5-37.5 mg/M2) and cisplatin (40-60
mg/M2) were given every 3 weeks, the dosage determined
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by the development ofsignificant side effects. Doses were
reduced or held for significant leukopenia or worsening
renal function. Patients were monitored closely as out-
patients until the 6 months of chemotherapy was com-
pleted. Thereafter, the patients were observed for follow-
up on a regular basis, with routine post-OLT blood work,
serial alpha fetoprotein levels, and computed tomogra-
phy scans, when indicated. Echocardiograms were ini-
tially done after every 100 mg/m2 of doxorubicin, and
were increased to every 50 mg/M2 in the most recent pa-
tients.

Actuarial survival and disease-free survival were cal-
culated using the Kaplan-Meier product limit estimate.
Comparison between groups was done using log-rank
analysis. Tumor characteristics as predictors of survival
were analyzed using a stepwise Cox regression model.
Calculations were performed using SPSS (SPSS, Inc.,
Chicago, IL) advanced statistical module software.

RESULTS

Operative Findings and Pathologic
Classification
A total of 27 liver transplants were performed in 25

patients. One patient required retransplantation for he-
patic artery thrombosis and another for poor graft func-
tion due to ischemic damage ofthe donor graft.
At the time ofoperation, no patient had gross evidence

of extrahepatic disease, except for one patient with ex-
tension of tumor to the peritoneum, which was com-
pletely excised with the liver. Twenty patients had asso-
ciated cirrhosis on histology. Tumor size ranged from 2
cm to 20 cm at the greatest diameter. Vascular invasion
was seen in eight patients, with three patients having por-
tal vein thrombosis at the time ofOLT. There was pene-
tration of the capsule in five patients. No patient had
lymph node involvement by tumor. Tumor differentia-
tion was well-differentiated (n = 8), moderately differ-
entiated (n = 5), poorly differentiated (n = 2), mixed (n
= 2), cholangiohepatoma (n = 1), sclerosing (n = 1), fi-
brolamellar (n = 1) and nondesignated (n = 5). Seven
patients had unifocal tumors and 18 had multifocal tu-
mors. The final pTNM staging was I (n = 0), II (n = 6),
III (n = 8), IVA (n = 10), and IVB (n = 1).

Chemotherapy
Nineteen patients completed the full 6 months of che-

motherapy. All but one patient required brief interrup-
tions for neutropenia or gastrointestinal symptoms. Of
the six patients who did not complete their course, three
were taken off treatment because of poor graft function

(two patients underwent retransplantation and one pa-
tient is awaiting retransplantation), two patients stopped
their therapy at 4 months for personal reasons, and one
patient had the final dose of cisplatin held because of or-
thostatic hypotension and syncope.

Nearly all the patients had some side effect from the
chemotherapy, but few were severe (Table 2). The most
frequent side effect was neutropenia, occurring in 21 of
25 patients (84%). Severe neutropenia was treated with
granulocyte colony-stimulating factor and interruption
of the chemotherapy. There were three episodes (one in
each ofthree patients) of hospitalization for neutropenic
fever; these were successfully treated with granulocyte
colony-stimulating factor and intravenous antibiotics.
Gastrointestinal symptoms, stomatitis, headache, and
parasthesias also were encountered, but uncommon.
Some platinum doses also were omitted because of azo-
temia. Catheter complications included one episode of
catheter sepsis requiring removal, and one superior vena
cava thrombosis requiring anticoagulation. There were
two episodes of doxorubicin cardiomyopathy; one was
very mild, with global hypokinesis and a left ventricular
ejection fraction of 50% to 55% after 133 mg/M2; the
other was severe, with a left ventricular ejection fraction
of <30% after 263 mg/M2, which may have been a con-
tributing factor to the patient's death. After these com-
plications, we increased the frequency of echocardio-
grams to every 50 mg/M2 ofdoxorubicin.

Recurrence and Survival
Ofthe 25 patients entered into the study, 14 are alive

and free of disease, with a follow-up of 6 to 70 months
(median 33 months). One patient is alive with recurrent
disease, occurring 11 months after an OLT for an aggres-
sive hepatoma, which had recurred after a prior resec-
tion. The causes of death in the remaining ten patients
were recurrent tumor (n = 4), recurrent hepatitis B (n =
2), massive upper gastrointestinal bleed with pulmonary
emboli (n = 1), sepsis (non-neutropenic, occurring after
completion of chemotherapy (n = 2), and multisystem
organ failure with doxorubicin cardiomyopathy (n = 1).
Recurrence of tumor occurred at 9, 11, 11, 12, and 23
months. Sites of recurrence were lung (n = 1), liver (n
= 1), both liver and lung (n = 2), and retroperitoneal/
mediastinal nodes (n = 1). Overall recurrence rate was
20%. Overall actuarial survival rates for all 25 patients at
6 months and 1, 2, and 3 years were 96.0%, 77.7%,
55.1%, and 46.0%. Tumor-free survival rates at 6 months
and 1, 2, and 3 years were 96.0%, 63.2%, 53.0%, and 46%
(Fig. 1). When risk factors, such as tumor size greater
than 5 cm, vascular invasion, multifocality, capsular in-
vasion, and tumor differentiation, were entered as covar-
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Table 1. PATIENT CHARACTERISTICS AND PATHOLOGIC FINDINGS

Tumor
Patient Age Preoperative Size Vascular Follow-up
No. (yrs) AFP pTNM (cm) Cirrhosis* Focality Invasion Status (mos) Cause of Death

1 19 5 IVA 4 1 U 1 Alive 70
2 62 105 11 2 1 M 0 Alive 60
3 50 3490 IVA 17 1 M 0 Dead 7 Nocardia pneumonia
4 62 71 IVA 6 1 M 1 Dead 8 Recurrent hepatitis B
5 46 8 IVA 9 0 M 0 Dead 17 Recurrent tumor-9 mos
6 54 18580 liI 9 1 M 1 Alive 42
7 52 19 IVA 7 1 M 0 Dead 33 Recurrent tumor-23 mos
8 54 151 III 4.5 1 M 1 Alive 39
9 60 NA II 12 0 U 0 Dead 24 Recurrent tumor-12 mos
10 59 4430 III 3.7 1 M 0 Dead 9 Gastrointestinal bleed,

pulmonary embolus
11 63 3840 IVA 2.2 1 M 1 Dead 12 Recurrent tumor-11 mos
12 64 27900 IVA 6 1 M 1 Dead 2.5 Sepsis, multiple organ failure
13 69 64 11 8 1 U 0 Alive 34
14 68 88645 11 12 0 U 0 Alive 33
15 56 8 III 3 1 M 0 Alive 29
16 45 3000 2 1 U 0 Dead 13 Recurrent hepatitis B
17 65 42 IVA 4 1 M 0 Dead 9 Cardiomyopathy
18 36 6000 IVA 10 0 M 1 Alive (R) 19
19 59 44 III 3.8 1 M 0 Alive 18
20 68 220 III 5 1 M 0 Alive 16
21 49 340 IVA 4 1 M 0 Alive 13
22 59 38 11 5 1 U 0 Alive 9
23 51 NA IVA 11 1 U 1 Alive 9
24 41 5 III 20 0 M 0 Alive 8
25 48 990 III 5 1 M 0 Alive 6

R = recurrent tumor.
* 1 = present, 0 = not present.

iates in a stepwise Cox regression model, none were

found to be significantly predictive of survival.
The overall survival was compared with the survival

of 17 patients who underwent OLT for HCC at UCLA
between May 1984 and December 1988 before introduc-
tion of the adjuvant protocol.8 Tumor size in this early
group ranged from 0.5 to 15 cm. Four patients died in
the first 3 months from nontumor-related causes, and
recurrence of tumor occurred in 67% of the remaining
patients (n = 8). Overall actuarial survival rates at 6
months and 1, 2, and 3 years were 58.8%, 35.3%, 17.7%,
and 5.8%. Using log-rank analysis, survival was signifi-
cantly better in the protocol adjuvant chemotherapy
group than in the historic controls (p = 0.0001, Fig. 2).
There are 16 patients on the current protocol with fol-

low-up greater than 2 years after transplant. Of these,
seven are alive and free ofdisease. Three ofthese patients
had tumors greater than 5 cm (8, 9, and 12 cm), two had

vascular invasion (including one with portal vein throm-
bosis), four had multifocal tumors, one had capsular in-

vasion, and six had associated cirrhosis. The pTNM

stages of these seven patients were II (n = 3), III (n = 3),
and IVA (n = 1). Of the 16 patients with long-term fol-
low-up, four had recurrent disease (25%), three ofwhom
had initial tumors greater than 5 cm (7, 9, and 12 cm);
one had vascular invasion with portal vein thrombosis;
three had multifocal tumors; three had capsular penetra-
tion; and two had associated cirrhosis. The pTNM stages
of these four patients were II (n = 1), IVA (n = 2), and
IVB(n= 1).
There are nine patients with less than 2 years offollow-

up. Of these, seven are alive and free of disease. One pa-
tient had recurrent disease at 11 months, but remains
alive, and the other was the patient who died from multi-
organ failure and cardiomyopathy.

DISCUSSION

Hepatocellular carcinoma remains one of the most
difficult tumors to treat. Early disease is diagnosed infre-
quently, and survival after the onset of symptoms is ex-

tremely poor. There have been many modalities applied
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Table 2. SIDE EFFECTS OF ADJUVANT
CHEMOTHERAPY

Side Effect N* %

Neutropenia 21 84
Gastrointestinal symptoms-nausea,

vomiting, diarrhea 11 44
Stomatitis/mucocitis 10 40
Parasthesias 4 16
Headache 3 12
Alopecia 2 8
Decrease LVEF 2 8
Line complications SVC thrombosis,

pain, infection 3 12

*Total N = 25.
LVEF = left ventricular ejection fraction; SVC = superior vena cava.

to the treatment of HCC, including chemotherapy and
radiation; however, these remain palliative at best. Com-
plete surgical ablation of the tumor remains the treat-
ment of choice, offering the best long-term, disease-free
survival. Survival at 5 years after hepatic resection for all
hepatomas has been reported to range from 12% to
49%.29 If the tumor is small (less than 5 cm), 5-year sur-

vival may be as high as 60%.10 On the other hand, tumor
multiplicity and vascular invasion have been reported to
have a significant negative impact on survival after resec-
tion.9

Unfortunately, many tumors are not diagnosed until
they reach an advanced stage and are not easily amena-
ble to resection. It is estimated that less than 30% of pa-
tients who are diagnosed with HCC are considered re-

sectable, and of those who undergo resection, up to 60%
will have recurrent disease.2 Many of these patients
also have associated cirrhosis, markedly increasing the
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Figure 1. Overall actuarial survival and tumor-free survival in 25 protocol
patients.
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Figure 2. Overall actuarial survival of 25 protocol patients and 17 non-
protocol patients. Overall actuarial survival rates at 1, 2, and 3 years for
protocol patients were 78%, 55%, and 46%, respectively. Overall actuarial
survival rates for nonprotocol patients were 35%, 18%, and 5.8%, respec-
tively, for the same time intervals (p = 0.0001).

difficulty of a resection, with postoperative morbidity as
high as 40% and perioperative mortality between 10%
and 25%.29 11-13 These dismal results led hepatobiliary
surgeons to search for a better approach to HCC, espe-
cially when found in association with cirrhosis. Liver
transplantation seemed to emerge as a logical extension
of the partial hepatic resection, offering a more radical
oncologic approach to the tumor and allowing for re-
placement of poorly functioning hepatic parenchyma
with a normal liver. However, liver transplantation has
its own inherent disadvantages, including a perioperative
mortality rate of 10% to 20%, high expense, and limited
donor supply. Recurrence rates have been reported as
high as 65%.2 In addition, immunosuppression may
cause enhancement of tumor growth, with tumor dou-
bling times of less than 50 days in most patients with
recurrent tumor after OLT, as reported by Yokoyama
et al.'4

In 1983, the National Institutes of Health Consensus
Conference on liver transplantation stated that primary
hepatic malignancy not amenable to surgical resection
may be an indication for transplantation, despite a
strong likelihood for recurrence.'5 More than 10 years
later, OLT for hepatoma remains a controversial issue,
and criteria still are being defined. There is little dis-
agreement that OLT for tumors that are less than 5 cm,
unifocal, encapsulated, incidental, without vascular in-
vasion, or of the fibrolamellar variant offer an excellent
chance at long-term survival. Unfortunately, some of
these characteristics cannot be defined until the hepatec-
tomy is done, and most patients do not fit within these
guidelines at the time they are referred for transplanta-
tion. Therefore, survival after OLT has been disappoint-
ing. In a review of recent literature, long-term survival
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was only 18% to 45% at 5 years. Penn recently reported
the results ofthe Cincinnati Transplant Tumor Registry,
collecting data from liver transplant centers around the
world.3 Patients with "usual hepatomas," excluding in-
cidental and fibrolamellar tumors, had a recurrence rate
of 39% and a 5-year overall survival of 18%. Of the 365
patients transplanted for HCC, only 34 (9%) survived tu-
mor free for more than 2 years, and another 21 had re-
currences after 2 years. Haug et al. reported a 25% recur-
rence rate and a 3-year survival rate of42% in 24 patients
with HCC, 36% if tumors less than 3 cm were excluded.
Survival at 3 years for patients with cirrhosis was only
32%. 16 The results of 61 liver transplants for HCC were
reported by Ringe et al. Of these cases, 60% were associ-
ated with cirrhosis and 67% were associated with tumors
greater than 5 cm. Five-year survival was 1 5.2%.9 Pichl-
mayr recently presented survival statistics for 70 patients
with stage III and IVA tumors. Five-year survival was
25% in these groups, compared with 70% to 80% in stage
I and II disease.'7 The Pittsburgh experience showed a
strong correlation to tumor stage, with an overall 5-year
survival rate of 35.6%, but only 10.9% for stage IVA. Tu-
mor size, bilobar involvement, and vascular invasion
were independently associated with poor survival rates.'8

Despite these results, many series report occasional
long-term survival despite poor prognostic factors.
Therefore, it seems that cure is possible, and patients
with advanced tumors should not be excluded from
transplantation. Instead, attempts at improving therapy
should be undertaken. To this end, multimodality ther-
apy recently has been introduced into the liver transplant
field, and several centers have reported their early results
(Table 3). The rationale used by investigators for
multimodal adjuvant chemotherapy include the follow-
ing: 1) control of tumor growth during the waiting pe-
riod; 2) elimination oftumor cells that are disseminated
during the manipulation of the tumor; and 3) control of
micrometastatic deposits that are present postopera-
tively. Stone et al. reported results from a pilot study of
20 patients treated with combined modality therapy us-
ing preoperative, intraoperative, and postoperative dox-
orubicin and OLT. Seventeen of these patients (85%)
had tumors greater than 5 cm. Three-year survival was
59% and tumor-free survival was 54%.4 Bismuth per-
formed preoperative chemoembolization with ethio-
dized oil, doxorubicin, and gelatin sponge as well as post-
operative fluorouracil and doxorubicin. Twenty patients
underwent OLT and the explanted tumors showed
greater than 50% necrosis in approximately half of the
specimens. Long-term survival statistics were not avail-
able.'9 Cherqui et al. also has employed preoperative
chemoembolization, but has added preoperative radio-
therapy, in addition to postoperative systemic chemo-

therapy with mitoxantrone. Only nine patients were en-
tered into the study; however, seven had advanced stage
IVA tumors. Three-year actuarial survival was 64% (fol-
low-up 7-45 months).6 Carr et al. reported the Pitts-
burgh experience of preoperative treatment with intra-
arterial doxorubicin and cisplatin and subcutaneous al-
pha-interferon, as well as 12 months of postoperative
chemotherapy. Results are promising, with an 82% 1-
year disease-free survival, but follow-up still is too short
to draw any conclusions.5 Schwartz has reported the
Mount Sinai protocol incorporating preoperative chem-
oembolization with intraoperative and postoperative
systemic chemotherapy. Ten patients with tumors 5 cm
or greater were enrolled and transplanted, and nine are
alive without recurrence at 3 months to 2 years post-
transplant.7

In our current study, postoperative chemotherapy was
employed in an attempt to eliminate micrometastases
that might be present at the time ofOLT, or that are shed
from manipulation of the tumor. Although no chemo-
therapeutic regimen has been shown to be curative in
HCC without surgical resection, their effectiveness may,
in theory, be increased if the tumor burden is removed
and only microscopic deposits remain.
The majority of the patients enrolled in our study had

advanced disease; 14 patients (56%) had tumors greater
than 5 cm, 20 patients (80%) had stage III and IV disease,
and 72% had multifocal tumors. Long-term 3-year actu-
arial survival was 46%. This survival is markedly im-
proved over our historic controls.8 In this study, there
were three Asian patients with hepatitis B who died from
recurrent hepatitis (n = 2) or recurrent tumor (n = 1).
Jurim et al. have reported about this subgroup of pa-
tients, demonstrating extremely high hepatitis B recur-
rence rates (72%) and a 3-year survival of only 32%.20 If
these patients were removed from this current study, 3-
year actuarial survival of the protocol patients would
be 55%.

Although we only experienced one mortality attributed
to chemotherapy toxicity, the side effects of this regimen
are not insignificant. Patients will frequently exhibit nau-

sea, vomiting, or anorexia, and most will have at least one
episode of neutropenia, requiring interruption of chemo-
therapy or treatment with granulocyte colony-stimulating
factor. The patient who died of severe cardiomyopathy de-
veloped symptoms after a total dosage ofonly 263 mg/M2,
substantially lower than normally is required to produce
this problem; another with mild cardiomyopathy had re-

ceived only 133 mg/M2. There is evidence that cyclospor-
ine enhances the blood levels of anthracycline antibiotics
(including doxorubicin) and increases drug transport into
cells,2'22 and therefore, any given dose may be more
effective, but also more toxic. We currently employ more
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Table 3. ADJUVANT THERAPY PROTOCOLS FOR ORTHOTOPIC LIVER TRANSPLANTATION
AND HEPATOCELLULAR CARCINOMA

Survival (%)

Center Protocol N Recurrence 1-Yr 2-Yr 3-Yr

Paris 1992, Bismuth et al.20 Preoperative chemoembolization 20 NA 71 49*
18 9t

Pittsburgh 1993, Carr et al.5 Preoperative intrahepatic arterial doxorubicin, 1 1 3/11 91 _ -
interferon, 12 months of postoperative
intravenous doxorubicin

Baylor 1993, Stone et al.4 Preoperative doxorubicin, intraoperative 20 6/20 70 66 59
dose and 20 weeks of postoperative
doxorubicin

Creteil 1994, Cherqui et al.6 Preoperative chemoembolization and 9 3/9 - - 64
radiotherapy, postoperative systemic
mitoxantrone

Mount Sinai 1994, Schwartz7 Preoperative chemoembolization, 10 1/9 NA - -

intraoperative and postoperative
intravenous doxorubicin

UCLA 1994, Olthoff et al. Postoperative intravenous 5-FU, doxorubicin, 25 5/25 78 55 46
(current study) cisplatin for 6 months

Class A cirrhotics.
t Class C cirrhotics.

frequent echocardiograms on patients receiving doxorubi-
cin as part of their routine follow-up. Conceming the fre-
quent neutropenia, future therapy may employ routine ad-
ministration of granulocyte colony-stimulating factor to
prevent this troublesome side effect. There appears to be
no evidence to support the claim that granulocyte colony-
stimulating factor may increase rejection in the trans-
planted graft.23
The results of this study and those of the previously

mentioned studies employing multimodality therapy are
promising and warrant further investigation. There is a
definite role for liver transplantation in the treatment of
hepatocellular carcinoma, even in patients with ad-
vanced disease, and the use of adjuvant chemotherapy
and hepatic artery chemoembolization may decrease tu-
mor growth and improve survival. In this study, adju-
vant chemotherapy improves survival after OLT for hep-
atoma when compared with historic controls. We are en-
couraged by these results, but must temper our
enthusiasm because of the small patient numbers and
the relatively short follow-up. To definitively answer the
question of the benefit of adjuvant therapy, a prospec-
tive, randomized trial is necessary. Until then, the actual
effects ofthis intervention can only be speculative.
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Discussion

DR. HENRY A. PITT (Baltimore, Maryland): I would like to
thank the authors for the opportunity to review their manu-
script. In the manuscript, they have made two statements that
bear repeating at the outset.

First, they state that liver resection remains the mainstay for
therapy for hepatocellular carcinoma.

Second, they state that to definitively answer the question
of the benefit of adjuvant therapy after liver transplantation, a
prospective randomized trial is necessary.

I agree completely with these statements. However, they also
conclude that adjuvant chemotherapy after transplantation for
hepatocellular carcinoma can provide long-term cure and im-
prove survival. I am not so sure that this conclusion can be
made from their present data.
They have compared a recent group of 25 patients with a

46% 3-year survival with an historical group of 17 patients with
a 4% 3-year survival. The most important question is whether
these two groups of patients are really comparable. For exam-
ple, none of the recent patients had positive lymph nodes. Did
you purposely exclude patients with positive nodes from the
more recent patients, and was this policy also true when you
staged the historical controls?

Similarly, was the TNM stage the same in the recent patients
and in the historical patients? The historical group also had a

very high 41% 6-month mortality. Whereas, only one ofthe 25
recent patients, or 4%, died at 6 months.

Ifthe survival curves were begun at 6 months, they look very
similar, with additional mortality being only 53% for the con-
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trols and 50% for the recent patients over the subsequent 2/2
years. Was the early mortality in the controls tumor related? If
not, the difference between the old and the new patients may
be related more to the multiple advancements that have oc-
curred in transplantation rather than to the adjuvant therapies
that were given to the more recent patients.
The second basic question that I have is your rationale for

using only postoperative chemotherapy. The other five groups
that have reported results have also given pretransplant ther-
apy. Perhaps this is an issue oftime on the transplant list. How
long did it take you to find a liver for the 25 patients in this
analysis? Were there other patients whose tumor progressed
during the interval between being put on the list and transplan-
tation and were not included in this report?
The third question that I have is related to the need for a

backup recipient. Was this policy in effect for the historical as
well as the recent patients? How often was a back-up recipient
actually used? Or, to turn this question around, how many pa-
tients were explored and not transplanted?
My final question is what are you doing now? You have had

some late deaths due to hepatitis. Are you still transplanting
patients who are hepatitis B positive? You also had some prob-
lems with cardiac toxicity from doxorubicin. Are you still using
doxorubicin, or would you switch to a regimen that did not
include this particular agent?
And, finally, with the growing shortage of organs, and even

with the better results with the most recent regimen, is trans-
plantation for hepatocellular carcinoma justified? If so, would
you still transplant stage four types of patients, none ofwhom
were long-term survivors in this report?

DR. MICHAEL HENDERSON (Cleveland, Ohio): Dr. McDon-
ald, Dr. Copeland, Members, and Guests. I rise to commend
Dr. Busuttil for bringing this controversial area of liver
transplant to this meeting. I think it is important that we do
explore the new ways of managing these types of patients.

I'd like to briefly outline some of the data that we have had
through the Ohio Transplant Consortium experience. This was
recently reviewed and presented to the Consortium by Doug
Hanto from Cincinnati.

In Ohio, you cannot transplant patients with hepatocellular
carcinoma off protocol. The requirement for a known hepato-
cellular carcinoma to receive approval for transplant is that
they must be on a pretransplant chemotherapy protocol. This
outlines the patients with hepatocellular carcinoma who have
been transplanted, represents less than 5% of the transplants
performed in Ohio over this time interval.

Patients with preoperative diagnosis of hepatocellular carci-
noma, a small number, 11 patients, are shown. A very similar
profile to the profile Ron showed you, with more than half the
tumors being greater than 5 cm in diameter. The outcome in
this small group of patients, is a mean follow-up ofjust over 2
years. Fifty-four percent ofthese patients who have all received
a single-agent pretransplant chemotherapy with doxorubicin
have a 54% survival, which is exactly the same as the survival in
those with undiagnosed, incidental hepatocellular carcinomas
transplanted over the same time interval.

I have a couple of questions that really parallel some of the


