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Liver Transplantation in the Treatment of Primary Liver Cancer
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Abstracts

One hundred and fifteen patients underwent
orthotopic liver transplantation (OLT) for primary liver
malignancy. Overall survivals of these patients were signifi-
cantly lower than those of patients with non-malignant dis-
eases (5-year survival rates 37% and 65%, respectively).
Hepatocellular carcinoma (HCC) was the most common
malignancy among our patients (n = 80). Fibrolamellar
HCC (n = 9) was associated with better survival than non-
fibrolamellar HCC (N = 71) among the lesions = 5 cm in
diameter. More frequent recurrence was noted in patients
with large tumors (= 5 cm), multiple tumors, and gross
vaseular involvement. A significant lower survival rate was
observed in patients with bile duct cancer (n = 19) than in
those with HCC or epithelioid hemangioendothelioma (n
= 8). Careful patient selection and effective adjuvant anti-
cancer therapy are needed to improve the results of OLT for
primary liver malignancy.
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The optimal treatment of primary liver malig-
nancy is complete surgical excision of the tumors. Extensive
subtotal hepatectomy such as right and left trisegmentecto-
mies can now be performed with an operative mortality of less
than 5% (1-4). We have already reported |, 3 and 5-year sur-
vivals of 69, 45 and 32 % after major subtotal hepatectomy for
primary hepatic malignancy (4). There were, however, many
other patients who could not be treated with subtotal hepa-
tectomy, either because of extensive hepatic involvement with
malignant tumor. or because of coexisting advanced liver dis-
ease. These patients had been carefully selected for total hepa-
tectomy and liver replacement (orthotopic liver transplanta-
tion: OLT).

Our experience with OLT in the case of pri-
mary hepatic malignancy is summarized here in an attempt to
exarmine the factors that influence survival and tumor recur-
rence.
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Table 1 Histological diagnosis of 115 patients with primary liver

malignancy

Histology Numberof patients

Hepatoceilularcarcinoma 80
(Non-fibrolamellar) (71)
(Fibrolametllar) (9

Bileductcancer 1
Epithelicidhemangioendothelioma
Hepatoblastoma

Cholangiocarcinoma

Angiosarcoma

NN oo

Total 115

Patient materials and methods

Between January 1980 and December 1988, 1,469
patients with various advanced liver diseases received orthotopic liver
transplantation (OLT) at the University Health Sciences Center of
Colorado (1980) and the University Health Center of Pittsburgh (since
1981). All of these patients were treated with a standard combination
immunosuppressive therapy of cyclosporine and corticosteroids.
Azathioprine antilymphocyte globulin or murine monoclonal anti-
body (OKT-3) was used supplementarily in selected patients to con-
trol rejection (5-7). Our surgical techniques have been reported in
detail elsewhere (8-10).

One hundred and fifteen (7.4%) of the 1,469 patients
received OLT for primary hepatobiliary malignancy. In 28 of the 115
patients, OLT was done to treat hepatic failure, but malignant tumors
were discovered incidentally at the pathological examination of the
excised liver (“incidental”malignancy). In the remaining 87 patients,
the diagnosis of malignancy was established or strongly suspected
before OLT. Total rather than subtotal hepatectomy was performed
because of co-existing advanced liver disease in 34 patients (malig-
nancy in advanced liver disease), and because of extensive tumor in-
volvement no longer accessible to subtotal hepatectomy in 53 patients
(“unresectable” tumor).

The histological diagnosis established in 115 pri-
mary hepatobiliary malignant tumors are listed in Table 1. There were
80 hepatocellular carcinomas (HCC), 19 bile duct cancers (BD Ca), 8
cpithelioid hemangioendotheliomas (EHE), 4 hepatoblastomas
(HBL), 2 cholangiocarcinomas, and 2 angiosarcomas. Nine of the 80
hepatocellular carcinomas were of the tibrolamellar type.

Non-cancerous advanced liver disease coexisted in
62 out of 115 patents with primary hepatobiliary malignancy, 4s

- shown in Table 2. Forty-four of the 80 patients with HCC had underly-

ing advanced cirrhosis of various etiologies. including 22 patients with
hepatitis B surface antigen (HBsAg). Sixteen of the 19 bile duct

cancers developed in advanced primary sclerosing cholangitis. One

patient had both bile duct cancer and metastatic carcinoid tumor.

All patients were toilowed up for a period ranging
from 6 months to 9 vears. with a mean of 25 months. Survival rates
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Fig. 1 1.Survivalcurves of patients with primary liver malignancy
{(n=115) and non-malignant diseases (n=1354) in the period
1980-1988

Table 2 Coexistingliver disease with various primary livercancers

Diagnosis Numberof patients

Hepatoceliularcarcinoma(non-fibrolamellar)
Cirrhosis:

hepatitis B 2
non-A, non-B
alcoholic
autoimmune
cryptogenic
hemochromatosis
tyrosinemia
alfa1anti-trypsin deficiency
biliaryatresia
Neville’sdisease
familialcholestasis

~S 2 N L RN NDN

Hepatocellularcarcinoma (fibrolamellar)
Cirrhosis:

cryptogenic o1
Bileductcancer

sclerosingcholangitis 16

metastaticcarcinoid 1
Hepatoblastoma

biliaryatresia 1

Total 62

Table3 Cumulative survivalratesin primary livercancer

P . . .
rimary liver cancer Survivalrates (%)

lyear 3year  Syear
Hepatocellular carcinoma (n=80)
N.on-ﬁbrolamellar (n=71) 64 45 45
Fibrolameliar (n=9) 8 4 46
Non-ﬁbroiamellar,
Tumor size < 5 cm (n=28) 7 68 %
Non-ﬂbrolamellar,
Bil Tumor size > 5 cm (n=43) 51 5 2
: t_ét:u.ct. cancer (n=19) 24 o :
D'(nilgldhemangioendotheiioma a8 73 8
Hepatob.lastoma (n=4) 25 J
Olangiocarcinoma (n=2) 50 °
NQiosarcoma (n=2) 0
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Fig. 2 2. Survival curves of various types of primary liver malig-
nancy: hepatocellular carcinoma (HCC, n= 80), bile ductcancer
(BD Ca) (n=19), epithelioid hemangioendothelioma (EHE) (n=8)
and others: hepatoblastoma (n=4), cholangiocarcinoma (n=2)
and angiosarcoma (n=2)
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Fig. 3 Survival curves of fibrolamellar HCC (n=9) and non-fi-
brolameliar HCC with tumor = 5 cm (n=43).

were calculated by the method of Kaplan-Meier. Statistical compari-
sons were made by the method of Mantel-Cox and by the Chi-squared
test. The difference was considered significant when the p value was
less than 0.05.

Results
Survival

The survival rates after OLT of the 115 patients
with primary liver malignancy and the 1,354 patients without it
were compared, and are shown in Fig. 1. One-, 3- and 5-year
survival rates of the former were 64%, 37% and 37%, and
those of the latter were 73, 68, and 65 %, respectively. The sur-
vival rates of patients with primary hepatic malignancy were
significantly lower than those of patients with no malignancy
(p < 0.001).

Survival rates of the 115 patients with primary
hepatic malignancy were stratified in accordance with the his-
tological diagnosis of the tumors, and are compared in Table 3
and Fig. 2. Survival of patients with epithelioid hemangioen-
dothelioma (EHE) seemed to be better than that of patients
with hepatocellular carcinoma (HCC), but the difference was
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H: non-fibrolamellar hepatoceliular carcinoma
F: fibrolameilar hepatoceilular carcinoma

D: bile duct cancer

E: epithelioid hemangioendothelioma

B: hepatoblastoma

A angiosarcoma

C: cholangiocarcinoma
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Fig.4 Timingofrecurrencein pri-
mary hepaticmalignancy
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Table 4 Survivairate and variousfactorsin non-fibrolamellarhepa-
tocellularcarcinoma

Factor Mean survival Number of patients
time (months) Deaths/Total %
mean + SE

Tumorsize

<5cm (n=33) 55+8* 13/33 39

> 5 cm (n=38) 24+6 20 /38 56
Tumornumber

single (n=14) 81x11* 2/14 14

multiple (n=57) 3416 31/57 56
Grossvascularinvasion

(+}(n=16) 1816 12/16 75

(=)(n=55) 53+7* 22/55 42
Lymphnode metastasis

(+)(n=7) 10+2 4/7 57

(~)(n=64) 48+6* 30/64 48

*The difference is statistically significant (p < 0.05)

not statistically significant (p = 0.36). Survival of patients v
with bile duct cancer (BD Ca) was significantly lower than that
of patients with EHE (p < 0.005) or HCC (p < 0.05).

Survival rates of 80 patients with HCC were
further analyzed in accordance with the histopathological
findings. The survival of 9 patients with fibrolamellar variant
was not significantly better than that of 71 patients with non-fi-

Table 5 |nitialand ultimate site of recurrence in primary liver cancer

brolamellar hepatoma (p = 0.3225) (Table 3). However, whep
tumors less than 5 cm in the greatest diameter were excluded,
survival of patients with fibrolamellar variant was signifi-
cantly better than that of those with non-fibrolamellar hepa- 3
toma (p < 0.05) (Fig. 3, Table 3). The prognostic influence of :
other histopathological findings, such as the size and number !
of malignant lesions, gross vascular invasion of tumor and re-
gional lymph node metastasis, was examined in the 71 patients
with non-fibrolamellar hepatoma, and expressed in terms of 2
mean survival time (Table 4). Small tumors less than S cm in :
the greatest diameter, and single lesions were statistically sig- :
nificant good prognostic factors (p < 0.01, p < 0.003, respec-
tively). On the other hand, the presence of gross vascular inva- 4§
sion and regional node metastasis were significantly poor”i '
prognostic pathological findings (p < 0.05 and p < 0.05, re-
spectively). b

Tumor recurrence

Incidence, timing and location

Recurrence of original hepatic malignancy 3K
was confirmed in 45 of the 115 patients after OLT. Timing of
recurrence is shown in Fig. 4. Tumor recurrence was diag §
nosed within 3 months after OLT in 12 patients. These very §
early recurrences were most likely due to residual tumors, j
which had not been properly removed by total hepatectomy;
or not detected before OLT despite thorough investigation for
distant metastasis. These very early recurrences were seen in 4
patients with BD Ca, 3 patients with hepatocellular carci

Site Diagnosis
Initial (Ultimate)

HCC BDCa EHE HBL AS CcC

pts (pts) pts(pts) pts (pts) pts (pts) pts (pts) pts (pts)
Liver 9(16) 2(4) 1(3) 0(0) 0(1) LEG
Lung 9(11) 1(3) 0(3) 1(1) 1(1) o(1)
Intra-abdominal
(extrahepatic) 4(8) 3(5) 0{(0) 0(0) 1(1) 0(0)
Bone 4(6) 3(3) 2(2) 0(0) (1) 01(0)
Brain a1 1(1) 0 0(0Q) 2(0) 0(0)
Skin 0(0) 1(1) o (0)] 0(0) 0(0) 0(0)
Mediastinum (o1 (o)} 0(0) 1{1) 0(0}) 0(0) 01(0)
Total 26 (40) 11017 4(9) 1(1) 2(4) 1(2)

*HCC: hepatoceliutar carcinoma, BD Ca: bile duct cancer, EHE: epithelioid hemangioendothelioma. HBL: hepatobiastoma, AS: angiosar-

coma,CC:choilangiocarcinoma
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b Table6 Theinfluence of histopathologicalfactors ontumorrecur- nomi. 2 patients with angiosarcoma, 2 patients with
rence epithelioid hemangioendotheliomu, and 1 patient with hepa-
Factor Number of patients Statistics toblastoma.

Recurrence/Total Rate (%) (Pvalue)

- - By one year after OLT an additional
R ?‘lt;) n'lﬁbrolllame”ar 23?5/682 gg N.S. 25 patients  developed tumor recurrences: these included
brorametar 18 patients with HCC and 7 with bile duct cancer. Between | [l

non-fibrolameliar and 2 years aiter OLT, wmor recurrences were diagnosed |
tumorﬁlze z5cm 21/34 62 N.S.” 4 patients with hepatocellular carcinoma (2 each of non-fibro-
fibrolamellar I ) - - .
' amellar and  fibrolamellar . hepatocellular — carcinoma),
tumor size = 5cm 3/8 38 ) P ; i

2 patients with epi-thelioid hemangioendothelioma, and | t

2) Non-fibrolameliar with cholangiocarcinomu. After 2 years another patient with

g e o=

tumorsize < 5cm 2/28 20 < 0.0005 fibrolamellar hepatocellular carcinoma developed recurrent .
tumorsize = 5cm 21/34 62 wmor (Fig. 4. b
; 3} Non-fibrolamellar i
‘ single tumor 1/15 7 <0.05 The first location of recurrence and the organs |
multiple tumor 22/47 ar ultimately involved by tumors were examined in the 45 L
4) Non-fibrolamellar patients according to the histological diagnosis of malignancy, .
grossvascularinvasion 8/11 73 <0.05 and are summarized in Table 5. The transplated liver was the |
novascularinvasion 15/51 29

most common site of recurrence, followed by the lung.

5) Nen-fibrolameliar
k lymph node metastasis (+) 3/4 75 N.S.* trype T o1y 7 PO
lymphnode metastasis () 20/58 a4 Fuctors influencing tumor recurrence
N.S.* :not significant Histopathological ﬁxxdiggs vyhich might_ in-
b fluence the tumor recurrence were examined in the 70 patients
! with HCC. who were rendered tumor-free at the time of OLT
and who survived more than 3 months (Table 6). Three (38 %)
of the 8§ patients with fibrolamellar hepatoma and 23 (37 %) of :
the 62 patients with non-fibrolamellar hepatoma developed N
tumor recurrence. When the tumors of less than 5 cm in the "5
greatest diameter were excluded, 21 out of 33 patients (64 %) ®
L
Table 7 Causeandtimingofdeath i
: 2
Time Diagnosis and number of patients e sl
Cause ofdeath i
Hepato- Bile Epithelioid- Others(d) -
cellular duct hemangio-
carcinoma cancer « endothelioma e
< 3months 4
Operative death 1 0 ] 0 :
Graftfailure (a) 5 2 0 m :
Infection 3 0 0 1(1)*

i« Lymphoma (b) 1 0 0 0

" (tota) 10 2 0 3

»
3-12months | T
Graftfailure (a) 2 3(2)* 0 0 |
Hepatitis B 3(2)* 0 0 0 .
Infection 2 0 0 0 Lo
Malignancy 9 4 0 1 !
(total) 16 7 0 1

f - >12months 1

k. Graftfailure (a) 1 0 1 0 '

* HepatitisB 1 0 0 0 |
Lymphoma (b) 1 0 0 0 ‘!
Malignancy 8 4 2 1 }
Others (c) 1 0 0 0 I
(total) 12 4 3 1 :

B ot 38 13 3 5 ‘

. (a):Graftfai]ureduetotechmcalfailure,poorgraftorrejection:(b):Lymphoproliferativedisorders:(c):Myocardialinfarction;(d):Hepato— [
lastoma(4).Cholangiocarcinoma (2),Angiosarcoma (2) :*: Diedwithmalignancy ‘
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Table 8 Long-term survival

OLT# Survival Diagnosis Comments
(months)

3-4years
812 36 BDCa early cancerinPSC*
813 36 BDCa early cancerin PSC
789 37 EHE
777 38 EHE
712 39 FL-HCC size:4cm
749 39 HCC size:4cm
603 45 EHE

4-5years
475 54 HCC size:2cm
483 54 HCC size:2cm

> Syears
400 61 HCC size:2cm
379 63 HCC size.7cm
351 65 HCC size:12cm
356 65 HCC size:2cm
288 70 HCC size:5cm
316 70 EHE
231 82 FL-HCC size:19cm
222 88 HCC size:2cm
206 a1 HCC size:2cm
198 94 HCC size:2cm
194 95 FL-HCC size:15¢cm

BD Ca:bileductcancer, EHE: epithelioid hemangioendothelioma,
FL-HCC:fibrolamellarhepatocellular carcinoma, HCC: non-
fibrolamellar hepatocellular carcinoma, *PSC: primarysclerosing
cholangitis -

with hepatocellular carcinoma, but none of 8 patients with fi-
brolamellar hepatocellular carcinoma developed recurrence
within a year after OLT. The differences was statistically sig-
nificant (p < 0.0001).

Among the 62 patients with non-fibrolamellar
hepatoma, the tumors of less than S cm in the greatest diameter
recurred significantly less frequently (2 of 28, or 7%) than
those of larger tumors (21 of 34, or 62%) (p < 0.001). The
number of gross malignant lesions also influenced the recur-
rence rate: only one (7%) of the 15 single lesions recurred. in
contrast to 22 (47%) of 47 multiple lesions (p < 0.005). The
tumors with gross vascular invasion (8 of 11, or 73 %) recurred
more frequently than those without gross vascular invasion
(15 of 51, or 29%) (p < 0.05). The tumors with nodal
metastases (3 of 4, or 75%) also recurred more frequently than
those without nodal metastasis (20 of 58. or 34%,), but the
difference was not statistically significant (p = 0.3033).
Malignant tumors other than hepatocellular carcinoma were
too few for analysis.

Muin cause of deuth

Fifty-nine of the 115 patients died during tol-
low-up. The main causes of death are shown in Table 7. to-
gether with the ume ot death and histological diagnosis. The
most common cause of death within 3 months after OLT was
graft failure due to either technical tailure. poor quality of the
gratt. or rejection. Two patients died with residual malig-
nancy, which. however. was not considered the direct cause of
death. No patient died of malignancy during this period. In
contrast. the most common cause of death after 3 months was
the recurrence of original malignancy (29 of 14, or 66%).
These tumor-related deaths contributed to the sigmficantly

lower survival of patients with malignancy as compared with
that of patients with no malignancy (Fig. 1).

Long-term survivors

A total of 20 patients survived more thay 3
years after OLT in the presence of primary liver mzllignancy
(Table 8). Fourteen' patients had hepatocellular carcinoma, of
whom 3 had fibrolamellar variant, and 9 solitary small (legg
than 5 cm) lesions. Four of the 20 3-veur survivors hyg
epithelioid hemangioendothelioma, and 2 patients had uney.
pected early bile duct cancer in advanced primary sclerosing
cholangitis.

Discussion

The results of total hepatectomy and liver re.
placement (orthotopic liver transplantation: OLT) for malig-
nancy are mixed (11-16). Although the mere presence of pri-
mary hepatic malignancy does not necessarily rule out the
possibility of long-term survival, tumor recurrence after OLT
is the rule rather than the exception.

Our data presented here indicate that small
(less than 5 cm), single lesions of hepatocellular carcinoma
with no vascular invasion, developed in advanced cirrhosis,
can be very effectively treated by OLT. The long-term survival
rates of these patients were as good as those without hepatic
malignancy. Among large hepatic malignancies which cannot
be resected by subtotal hepatectomy, the fibrolamellar variant
of hepatocellular carcinoma and epithelioid hemangioen-
dothelioma showed a favorable prognosis after OLT as com-
pared with other types of primary hepatic malignancy.

However, the results after OLT for large, multi-
ple lesions of non-fibrolamellar hepatocellular carcinoma
were quite discouraging, particularly when vascular and/or
nodal invasions were present. In these patients turnor recur-
rence was usually confirmed within a year after OLT. and sur-
vival thereafter was limited to several months.

There are three main causes for treatment
failures (tumor recurrence), which must be overcome for
further improvement. The first cause is an error in the pretrans-
plant evaluation of candidates. Despite a careful search for ex-
trahepatic metastases with CT scan. MR1 und various radio-
graphic studies. minute metastatic lesions can casily be
missed. The second cause is enhunced tumor growth under im-
munosuppressive therapy. Tumor doubling time in recurrent
hepatocellular carcinoma was measured in 9 of our patients
with recurrence in the liver after OLT, and was found to be
considerably shortened ~ 26.2 + | 1.8 days (mean + SEM) in
those patients on cyclosporine-steroid therapy. as compared
with the average of 102-195 days without immunosuppres-
ston reported i the hiterature (17 -19).

The third cause is a lack ol effective anu-cancer
therapy following surgical removal of hepatic malignancy.
Indeed. many patients remained chemically and radiographt-
cally tumor-free for several months atter OLT.

This lucid interval provided by total hepa-
tectomy and replacement must be sutficient {or some eifective
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anucancer therapy to eliminate microscopic nests of malig-
nant cells.

It was sometimes tempting to conclude during
the review of our experience (11, 15) and that of others (12~
14, that liver transplantation for regionally advanced primary
malignancy is a futile effort. However, it is a fact that arrest and
controi of the mulignant process over yeurs has been acconi-
plished under some of the least likely circumstances - as with
patients who had distant metastasis at the time of transplanta-
ton from epithelioid hemangioendothelioma. and patients
who had large, multiple lesions of non-fibrolamellar hepa-
tomi. Although some of the histopathological factors -
tluencing the outcome have been identified, muny other fac-
tors remain to be discovered, and more effective anti-cancer
therapy to be developed for liver transplantation to establish a
firm role in the treatment of hepatic malignancy.

(] —

)

>

References

Former. J. G., B.J. MacLean, D. K. Kim et al.: The seventies evolu-
tion in liver surgery for cancer. Cancer47 (1981)2162-2166
Thompson, H. H., R. K. Tompkins. W. P. Longmire: Major hepatic
resection — A 25-year experience. Ann. Surg. 197 (1983) 375-388
Dyaisuki. 8., B. W. Shaw. T. E. Star=l: Experience with 150 liver re-
sections. Ann. Surg. 197(1983)247-253

fwatsuhi, 5., 7. L. Swarzi: Personal experience with 4 1 hepatic re-
sections. Ann. Surg. 208 (198¥)421-434

Swarcl T E. S Ihwatsuki, D. E. Van Thiel e al.: Evolution of liver
transplantation, Hepatology 2 (1982) 614-636

Iwarsuki. S.. T. E. Starzl, S. Todo et al.. Experience in 1,000 liver
transplants under cyclosporine-steroid therapy: a survival report.
Transpl, Proc. 20 (1988)498-504

Fung, F. F. A J Demerris, K. . Porter eral.: Use of OKT3 with cy-
closporine and steroids for reversal of acute kidney and liver allo-
graftrejection. Nephron. 46 (1987) 19-33

Starzl, T. E. (with the assistance of C. W. Purnam): Experience in
Hepatic Transplantation Philadelphia, WB Saunders Company
(1969) 1-545

Shaw, B. W. Jr., D. J. Martin, J. M. Marquez et al.: Venous bypass
in clinical liver transplantation. Ann. Surg. 200 (1984) 524-534
Starzl, T. E.. S. Iwatusuki, C. O. Esquvel et al.: Refinements in the
surgical technique of liver transplantation. Semin. Liver. Dis. 5
(1985) 349-356

TIwatsuki, S., R. Gordon, B. W. Shaw Jr., T. E. Starzl: Role of liver
transplantation in cancer therapy, Ann. Surg. 202 (1985)401-407
Bismuth, H., D. Castaing, B. G. Ericzon et ul.: Hepatic transplanta-
tion in Europe. Lancet 2 (1987) 674-676

O'Grady, J. G., R. J. Polson, K. Rolles, R. Y. Calne, R. Williams:
Liver transplantation for malignant disease. Ann. Surg. 207 (1988)
373-379

Ringe, B., C. Wittenkind, W. O. Bechstein, H. Bunzendahl, R.
Pichimayr: A retrospective analysis of 95 patients with particular
regard to tumor stage and recurrence. Ann. Surg. 209 (1989) 88-98
Koneru, B., A. Cassavilla, J. Bowman, S. Iwatsuki, T. E. Starzl:
Liver transplantation for malignant tumors. Gastroenterol. Clin.
North. Am. 17(1988) 177-193

Calne, R. Y.: Liver transplantation for liver cancer. World. J. Surg.
10(1986) 76-80

Ebara, M., Ohto, M., T. Shinagawa et al.: Natural history of minute
hepatocellular carcinoma smaller than three centimeters compli-
cating cirrhosis: A study in 22 patients. Gastroenterology 90 (1986)
289-298

Sheu, J. C., J. L. Sung, D. S. Chen et al.: Growth rate of asympto-
matic hepatocellular carcinoma and its clinical implications.
Gastroenterology 89 (1985) 259-266

Okazaki, N., M. Yoshino, T. Yoshida et al.: Evaluation of the prog-
nosis for small hepatocellular carcinoma based on tumor volume
doubling time. Cancer 63 (1989) 2207-2210

Shunzaburo Iwatsuki, M.D.
Falk Clinic 5C

3601 Fifth Avenue
Pittsburgh, PA 15213, USA




