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The role of hepatic transplantation in patients with nonresectable
liver or bile duct cancer remains a controversial issue. An analysis
of 95 consecutive cases was undertaken to evaluate retrospec-
tively the pathological tumor stage-in accordance with theTNM
system-and outcome after transplantation. Included were pa-
tients with the following diagnoses: hepatocellular carcinoma (n
= 52), cholangiocellular carcinoma (n = 10), hepatoblastoma (n
= 2), hemaosarcona (n = 2), bile duct carcinoma (n = 20),
and liver metastases from different primary tumors (n = 9).The
overall actuarial survival rate at 5 years was 20.4%. Median
survival improved significantly within the last 4 years as com-
pared to the preceding era (18.06 vs. 4.0 months). Currently 27
patients are alive, with the longest follow-up more than 12 years.
The incidences of residual or recurrent tumor were 27 and 28,
respectively. Particularly in patients who underwent transplan-
tation for hepatocellular or bile duct carcinoma without extra-
hepatic tumor spread, the results were significantly better, me-
dian survival time achieved for these two groups were 120 (p
< 0.01) and 35 months (p < 0.05). Prolonged survival without
tumor recurrence was not seen in patients with cholangiocellular
carcinoma or liver metastases. These results demonstrate clearly
that liver transplantation for hepatobiliary malignancy is still
justified on the premises of careful patient selection by adequate
tumor staging.

MW ) ' ALIGNANT TUMORS of the liver and biliary
tract have a poor prognosis with regard to the
natural course of the disease. Over the last

years, there has been considerable progress in the treat-
ment ofthese malignancies. "2'This is primarily based on
recent advances and better understanding of epidemiol-
ogy, screening for tumor markers, and noninvasive im-
aging techniques, which lead to more frequent and earlier
detection of lesions within the liver parenchyma or hilum,
and thereby a higher resectability rate. Furthermore, im-
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provements in patient selection and management, refined
techniques in liver surgery, the use of intraoperative son-
ography, and multidisciplinary approaches have not only
contributed to a lower perioperative mortality, but also
to improved long-term survival rates.3
As compared to any other therapeutic modality, cu-

rative tumor removal by resection is without doubt the
treatment ofchoice for patients with primary or secondary
hepatic malignancy or biliary tract tumors, currently of-
fering the best chance of survival.48

However, in cases with nonresectable hepatobiliary
malignancy regarding technical reasons (size or location
of the tumor, vascular invasion) or impaired hepatic
function (e.g., coexisting liver cirrhosis), conventional
surgery is limited, and quite often impossible. Overall re-
sectability rates reported in the literature rarely exceed
30-40%.9,'o For those particular patients, total hepatec-
tomy and subsequent liver replacement can, and has been,
considered in the past as offering a true chance for survival
and as an almost logical approach, thus extending the
criteria of local resectability. 1'
One should not forget that in the early trials ofhuman

liver transplantation, the very first extended survivals in
the world were achieved in tumor patients. At that time,
many surgeons regarded primary hepatic malignancy and
bile duct carcinoma as unequivocal and even excellent
indications for this type of treatment.'2,'3 Soon after, it
was learned that the vast majority of those patients de-
veloped tumor recurrence within the first or second year
after transplantation; in most cases only a temporary, but
nevertheless quite often significant palliation could be
achieved, whereas cure was restricted to very few, and
more or less exceptional patients with primary liver tu-
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mors, but was never seen in recipients treated for bile
duct cancer.'"'7

Despite significant improvements in the field of clinical
liver transplantation and the much better overall survival
rates we see today, the results obtained in this particular
group of patients remain disappointing. Especially in light
of limited donor resources, there is an ongoing contro-
versial discussion whether tumor patients should be con-
sidered as transplant candidates or be absolutely precluded
from this approach.18
At present, the factors playing a major prognostic role-

being either especially advantageous or disadvantageous-
are virtually unknown, and it is impossible to predict those
patients who are most likely to have prolonged survival
without tumor recurrence. Obviously there are only two
known exceptions to the generally poor prognosis in can-
cer patients: incidental hepatomas arising in livers with
other diseases, and the fibrolamellar variant of hepato-
cellular carcinoma.'9
The following detailed analysis of 95 consecutive pa-

tients who received liver transplants for hepatobiliary
malignancy since the initiation of our program in 1972
was therefore undertaken to evaluate various factors with
possible relevance to the individual as well as to overall
prognosis.

In particular, the histologic type of tumor, co-existing
liver disease, and tumor stage according to the TNM clas-
sification at the time oftransplantation were assessed ret-
rospectively and compared to the incidence and pattern
of tumor recurrence.

Material and Methods

Within a period of 15 years (November 24, 1972 to

December 31, 1987), a total of 341 liver transplantations
had been performed in 294 patients. The main indications
were benign diseases of various origin (199 patients),
whereas malignant tumors accounted for only one third
(95 patients). Especially during the last years, there was a

clear tendency towards liver replacement in benign end-
stage liver disease (Fig 1).

For a detailed retrospective analysis ofthose 95 patients
with malignant hepatobiliary disease, all available data
were reviewed with regard to previous medical history,
including exploratory laparotomy, treatment before
transplantation, and findings at the time oftotal hepatec-
tomy (intrahepatic tumor size, number and location, vas-

cular invasion or thromboses and extrahepatic spread).
To determine the type and stage of the tumor, all speci-
mens taken from the excised livers were re-evaluated mi-
croscopically. leading to a pathologic classification in ac-

cordance with the TNM system that can be applied to
hepatocellular, intra-(cholangiocellular) and extrahepatic
bile duct carcinoma.20 During the postoperative follow-
up (minimum 3 months) the pattern oftumor recurrence

(time and location) was assessed.
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FIG. 1. Indications for liver transplantation in 294 patients with benign
diseases and malignant tumors (November 24, 1972-December 31, 1987).

Patient survival was calculated by the life-table method
using the Statistical Package for Social Sciences
(SPSS, Inc., Chicago, IL). The Lee-Desu statistical analysis
was used to compare the cumulative survival function of
different groups. P values less than 0.05 were considered
statistically significant.
The patients' ages at the time of liver transplantation

ranged from 11 months to 71 years (mean of40.2 ± 13.4
years); there were 25 patients younger than 30 years of
age, including three children (under 16 years), whereas
the majority of 45 recipients were between 30 and 50
years of age, and 25 patients were older than 50 years.
The sex ratio male to female was 60:35.

In 24 cases, basic immunosuppression consisted of
azathioprine together with prednisolone and antilympho-
cyte serum; 71 patients received a combination of cyclo-
sporine A and prednisolone. Eight of 95 patients had one

or two retransplantations; indications were initial non-

function (n = 3), arterial thrombosis (n = 1), acute (n
= 2) and chronic rejection (n = 3).
The different histopathologic diagnoses and coexisting
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TABLE 1. Histopathologic Diagnosis and Coexisting Liver Disease in
95 Patients with Malignant Hepatobiliary Tumors

Coexisting Liver Disease (n)
Patients

Histologic Diagnosis (n) None Cirrhosis Thorothrastosis

Primary liver tumors 86 53 30 3
Hepatocellular

carcinoma 52 22 29 1
(Nonfibrolamellar

type) (48) (18) (29) (1)
(Fibrolamellar

type) (4) (4) (-) (-)
Cholangiocellular

carcinoma 10 8 1 1
Hepatoblastoma 2 2
Hemangiosarcoma 2 1
Bile duct carcinoma 20 20

Secondary liver
tumors 9

Colorectal
carcinoma 3

Melanoma 2
Carcinoid 2
GRFoma I
Choriocarcinoma 1

liver diseases are summarized in Table 1. Fifty-two pa-

tients had a hepatocellular carcinoma-four of the fibro-
lamellar variant-associated with cirrhosis (mostly post-

necrotic) or thorothrastosis (cirrhosis in thorium dioxide-
treated patients) in 29 and 1 case, respectively. Intrahe-
patic cholangiocellular carcinoma was found in ten re-

cipients. Two patients each had hepatoblastoma or he-
mangiosarcoma; one of the latter was classified as having
epitheloid hemangioendothelioma. Twenty patients re-

ceived transplants for extrahepatic bile duct carcinoma
arising at the bifurcation (the so-called Klatskin tumor).
In nine patients with liver metastases, the primary tumors
had been carcinoma of the colon and rectum(3), mela-
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FIG. 2. Overall results of liver transplantation for hepatobiliary malig-
nancy, and comparison of two eras (1975-1983, and 1984-1987).

Ann. Surg. January 1989

noma (2), small intestinal carcinoid (2), jejunal GRFoma
(a tumor producing growth hormone releasing factor) (1),
and choriocarcinoma of the testicle (1).

In the vast majority of patients, the indication for liver
replacement was a malignant hepatobiliary disease found
preoperatively. There were only few exceptions: one

asymptomatic hepatocellular carcinoma found inciden-
tally at transplantation for postnecrotic cirrhosis [liver
transplantation (continuous number) (LTx No. 331]; five
cases with suspicion ofprimary sclerosing cholangitis that
after histologic examination of the excised liver turned
out to be bile duct cancer (LTx Nos. 81, 119, 155, 205,
and 302); and one patient with diffuse intrahepatic me-

tastases from a choriocarcinoma that was thought to be
a ruptured hemangiomatosis before liver transplantation
(LTx No. 47).

Results

Abdominal surgery before liver transplantation had
been performed in a total of 66 patients: explorative lap-
arotomy only (to assess local irresectability and extrahe-
patic tumor spread) (n = 37); portosystemic shunt (n = 2);
removal of primary tumor outside the liver (n = 5); var-

ious biliary drainage procedures (n = 1 1); tamponade for
bleeding from a ruptured liver tumor (n = 1); hepatic
arterial devascularization (n = 1); partial hepatectomy (n
= 4); and resection of the proximal bile ducts (n = 5).
Twenty-nine patients were not operated on before. Other
or additional previous treatment consisted of external or

intraluminal irradiation in three cases, and chemotherapy
in nine patients, including one case with chemoembo-
lization using lipiodol (iodized oil).

At the time of transplantation, the analysis of various
tumor characteristics that were available only after careful
pathologic examination ofthe excised livers and adjacent
tissue structures revealed the following information. Tu-
mor size ranged from 0.6 to 23 cm (mean of 8.7 ± 5.1
cm). The lesions were solitary in 19 cases, and multilocular
(including solitary nodes with satellites) in 59 livers. In
17 patients-particularly in those with proximal bile duct
cancer-the tumor did not invade the liver parenchyma.
Intrahepatic location was unilobar (n = 12), bilobar (n
= 46), or centrally located (n = 34). Tumor thrombosis
or infiltration of the portal vein was found in 19 and five
cases, respectively; one patient each had a tumor infiltra-
tion of the hepatic artery or inferior vena cava. There
were 27 patients with extrahepatic spread to regional
lymph nodes (n = 24) and/or distant metastases (n = 8)
who were defined as having residual tumor after total
hepatectomy.

Actuarial survival rates of all 95 patients at 1, 2, and 5

years after liver replacement were 37.6, 29.4, and 20.4%,
respectively (Fig. 2). Neither age nor sex of the recipient
nor kind ofimmunosuppression alone had any significant
influence on short- or long-term outcome. However,
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looking at two consecutive eras, there was a highly sig-
nificant difference in patient survival; 30-day mortality
during 1975-1983 was 29.2% (median survival of 4
months) as compared to 17% during 1984-1987 (median
survival of 18.06 months). Even when those 22 patients
who died within 30 days after transplantation were ex-

cluded from the analysis (to get a better impression ofthe
long-term prognosis) the two eras could clearly be distin-
guished, with a median survival of 8.67 versus 37 months
(p < 0.01). These results reflect not only improvement in
perioperative management, but also patient selection re-

garding the tumor stage over the years.

Comparison ofsurvival rates according to the histologic
type of tumor did not show significant differences, es-

pecially considering that the number of long-term survi-
vors was rather small (Fig. 3). The corresponding median
survival times are listed in Table 2. Apart from the afore-
mentioned 27 cases with extrahepatic tumor spread found
at the time of transplantation, the overall incidence of
tumor recurrence was 28 of 95 patients. Organs involved
mainly by distant metastases were liver (n = 26), lung (n
= 17), peritoneum (n = 16), and bone (n = 10).

In several patients, treatment of recurrent neoplasm
involved chemotherapy, irradiation, and surgery; definite
cure was achieved in only one case after pulmonary lo-
bectomy (LTx No. 2).
The major causes of death in 68 liver recipients were

tumor recurrence (n = 29), sepsis (n = 15), and rejection
(n = 8). At present, 27 patients are alive with a postop-
erative follow-up of 3 months to more than 12 years.

The characteristic data in relation to the different tumor
types will now be described separately in more detail.

Hepatocellular Carcinoma

In the majority of 52 patients who underwent trans-
plantation for hepatocellular carcinoma, the intrahepatic
tumor was advanced, most being larger than 5 cm in di-
ameter (n = 37), multilocular (n = 41), and with bilobar
or central location (n = 43); 39 cases were thus clarified
as pathologic tumor classification (TNM classification)20
(pT) 4 (Table 3). One patient (LTx No. 245) had had a

previous extended lobectomy with suspected residual tu-
mor so that complete removal ofthe remaining liver and
transplantation was carried out. Thorough pathologic ex-

36 46 60

Time after liver transplantation (months)

FIG. 3. Results of liver transplantation according to the histologic type
of tumor. (HCC = hepatocellular carcinoma, CCC = cholangiocellular
carcinoma, OPT = other primary liver tumors, BDC = bile duct car-

cinoma, MET = liver metastases).

amination, however, did not show any tumor left which
explains pT 0. Histopathologic grading revealed the fol-
lowing differentiation oftumors: well-differentiated (G 1)
in 10, moderately differentiated (G 2) in 31, and poorly
differentiated (G 3) in 2 cases, respectively. Tumor
thrombosis of the portal vein-seen in 17 patients-was
more frequent in hepatocellular carcinoma coexisting with
cirrhosis (14 of 29 patients, 48.3 %). Extrahepatic tumor
growth to regional lymph nodes (pN 1) was found in eight
cases; the occurrence of distant metastases (pM 1) could
be assessed only during operation or autopsy (n = 5), and
was therefore unknown in most cases [presence ofdistant
metastasis cannot be assessed (pMX)].

Classification according to TNM led to stage grouping
with highly significant differences in median survival time:
120 months for stage II (pT2 pNO pMO) as compared to

11.88 months for stage III (pT1-3pNO-1 pMO) and 8.75
months for stage IVA (pT4 pNO-lpMO) (Fig. 4). All pa-
tients grouped as stage IVB (pT1-4pNO-1pM1) died

within 2 months (median survival of 0.63 months).
Breakdown of the pN category only resulted in a 2-year
survival rate of 36.1% (30-day mortality excluded: 46.8%)
for pNO cases; by contrast, no patient with lymph node

TABLE 2. Results ofLiver Transplantation for Hepatobiliary Malignancy and Survival and Incidence ofResidual/Recurrent Tumor

Incidence of
Patients Median Survival Residual/Recurrent Patients Alive

Type of Tumor (n) (mos.) Tumor (n) (n)

Hepatocellular carcinoma (HCC) 52 8.94 11/16 15
Cholangiocellular carcinoma (CCC) 10 4.00 4/5 1
Other primary tumors (OPT) 4 74.00 -/1 2
Bile duct carcinoma (BDC) 20 16.57 7/3 8
Metastases (MET) 9 1.50 5/3 1

Total 95 8.25 27/28 27

Vol. 209 * No. I 91



RINGE AND OTHERS Ann. Surg. * January 1989

TABLE 3. pTNM Classification and Median Survival of52 Patients with Hepatocellular Carcinoma

Patients Median Survival Patients Median Survival Patients Median Survival Patients Median Survival
pT (n) (mos.) pN (n) (mos.) pM (n) (mos.) Stage (n) (mos.)

0 1 0 35 9.5 0 10 2.00 0 1
2 4 120.00 ~,o~II 4 120.00

lip<0.05 pP<<005
3 8 1 1.00 8 2.00) III 6 11.88

4 39 8.37 1 5 0.63 IVA 36 8.75
IVB 5 0.63

(pNX = 9; pMX = 37)

metastases (pNl) survived beyond 1 year (p < 0.05; Fig
5). Although the results were obviously more favorable
in stage II, it has to be mentioned that two of those four
patients experienced tumor recurrence; one could be cured
by pulmonary lobectomy (LTx No. 2) and has survived
for more than 12 years, whereas the other is still at risk
with progressive metastases to lymph nodes and liver de-
spite chemotherapy and several attempts ofcomplete sur-
gical tumor removal (LTx No. 102).

In this analysis, preoperative serum alpha-fetoprotein
(AFP) levels (mean of 253.2 ± 254.0 ng/ml), which were
normal in 14 recipients and elevated in 35 others, did not
have a significant correlation with postoperative outcome
(median survival of 18.63 vs. 8.74 months). However, de-
termination of this tumor marker seemed to be at least
of some prognostic value; looking at a subgroup of ten
patients with preoperatively high AFP levels, in the ma-
jority of cases, AFP dropped soon after transplantation
but reappeared or rose early-generally within 3-4
months, and correlated with tumor recurrence in all pa-
tients (Fig. 6). Moreover, tumor-free long-term survivors
were particularly those with normal or only slightly ele-
vated AFP levels before liver replacement.

In general, coexistence of cirrhosis was not associated

36 48 60
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FIG. 4. Results of liver transplantation for hepatocellular carcinoma ac-

cording to TNM stage (patients with stage 0 or IVB are excluded).

with a better or worse survival rate, except in that the
30-day mortality was higher than in noncirrhotic pa-
tients (34.5% vs. 13%).
Two of four patients with fibrolamellar hepatocellular

carcinoma had residual tumor (positive lymph nodes);
one further recipient had early recurrence, and only one
recipient has been alive without tumor for 30 months.
The relation of preoperative status (TNM, AFP) to

postoperative outcome (pattern of tumor recurrence,
treatment, and cause ofdeath) is shown in detail in Figures
7 and 8 for those 39 patients with hepatocellular carci-
noma surviving for more than 30 days. There were two
patients (LTx Nos. 1 5 and 1 6) with large multilocular
hepatocellular carcinoma in cirrhosis who received ad-
juvant systemic chemotherapy (FUDR) via an implanted
Infusaid pump (Infusaid Corp., Norwood), starting 5
weeks post-transplantation. In both cases, tumor recur-
rence could not be prevented.

Cholangiocellular Carcinoma

Four of ten patients with cholangiocellular carcinoma
had extrahepatic tumor at the time of liver transplanta-
tion. A tumor thrombus of the portal vein was present in
two patients, one ofwhom had coexisting cirrhosis. In all
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FIG. 6. Serum alpha-fetopro-
tein (AFP) levels before and
after liver transplantation in
ten patients (LTx No.) with
hepatocellular carcinoma
(and coexisted cirrhosis *),
and tumor recurrence (AFP:
normal range < 16 ng/ml).

55*
,17

*
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recipients surviving for more than 30 days, widespread
distant metastases developed in liver, lung, and particu-
larly in bone (Fig. 9).
With one exception only-a patient with stage II tumor

who lived for 25 months (LTx No. 75)-the remaining
recipients have died in less than 1 year, the majority even

within the first 6 months after transplantation, because
of early tumor recurrence. At present only one patient is
alive, but with multiple pulmonary metastases. A mean-

ingful statistical analysis for this small group of patients
could not be performed.

Other Primary Liver Tumors

One of the two patients with hepatoblastoma was an

11-month-old child with multiple mixed epithelio-mes-
enchymal type lesions in both liver lobes who is currently

alive and free of tumor more than 6 years after trans-

plantation. The other recipient died of septicemia during
the early postoperative period.

There were two cases each of hemangiosarcoma-one
associated with thorothrastosis, the other having a solitary
centrally located tumor classified as epitheloid heman-

gioendothelioma. The first patient died 5 months later
due to disseminated tumor metastases in liver, lungs,
pleura, peritoneum, and bone. The latter patient is alive
and well without recurrence after 3 years.

Bile Duct Carcinoma

Pathologic classification of bile duct carcinoma ac-

cording to TNM demonstrated nine cases with T2 and

eleven with T3. Extrahepatic tumor was present in seven

recipients, two ofwhom had not only regional lymph node

FIG. 7. Liver transplantation
in 20 patients with hepato-
cellular carcinoma (three pa-
tients who died within 30
days are excluded).

LTx No. Age/sex TNM AFP Time and location of tumor recurrence/residual tumor (mo.) Survival Outcome

(yr) (ng/ml) 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 (mo.)

2 41/f 200 t E 146 alive

32 54/f 400 8.9 80 alive

89 Ur/m 40X >540 was 0 0 WAR 33 died tumor recurrence
165' 25/f 20X 14.0 * 30 alive

17 13/f 40X >600 PSI.L HEP ossl 25 died tumor recurrence
201' 35/f 20X 2.2 YueeeeeeeeeH=Ee P 23 alive(withrecurrence)
204 37/f 40X >352 SEP 22 alive(with recurrence)
225 19/f 30X 105.3 20 alive
200 57/m 40X 2.6 IEP (PER.LYOTH) 18 died: tumor recurrence
245 38/m OXX 2.1 17 alive

37 57/m 4XX >732 PMR a PA (EP,ER)... 13 died tumor recurrence
68 20/m 30X >1080 _P 11 died tumor recurr
29 13/m 41X 8o LYM ee eeeeeeee-01 11 died: sePsi
206 45/f 40X 1.9 P M 8 died: tumo recu

28 38/m 41X >730 Lraee PULI 8 died: chronic rejection
18 17/m 41X">600 LYML 5s died: tumor recurrence
21 48/f 400 >730 5 died chronic rejection
272 51/f 400 >350 1 died multi organ failure

aftwr rensplantation
12 18/f 400 1 died: spes

67' 21/m 410 4.3 L1:

*fibrobamelbor type PUJL-=pumnonary BRA - brain Op -opwaion
** tumor thrombosis of the portal vein OSS osaous LYM lymph nodes Ch = chemoteapy
...

found pos morbm HEP = hepatc PER pweitonm Ir = Irradiation

OTH = other

0 Isoal metastasfes w-up 1 2-88
*

distant metasta"s

AFP (nWmlr)
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LTx No. Age/Sex TNM AFP TIME AND LOCATION OF TUMOR RECURRENCE/RESIDUAL TUMOR (mo.) Survival Outcome
(yr) (ng/rnI) 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 (mo.)

79 50/m 300 7.0 B61 alive
221 52/m 40X 26.9 - 20 alive
239 41/m 40X >352 0 19 alive
243 38/m 4XX 16.0 OP 17 alive
44 42/m 3XX 251.2 HO* 17 died: sepasi after

liver renecfo
261 44/m 40X 8.4 14 alive
266 32/m 40X >352 14 aive

115 21/m 40X' >392 Ch -LY- HEP PUL 12 died: tumor recurrence

285 49/m 30X 59.9 11 alive

39 58/r 4,X 311.1 10 died: tumor recurrence

265 47/f 4XX' >352 ...C9 died liver failure

116 43/m 40X' >392 C 9 died: tumor recurrence
106 42/m 40X 145 P (LYM)" 8 died: tumor recurrence
55 45/m 40X' >1080 IEPOm 8 died: tumor recurrence
293 51/m 30X 342.6 6 died sepsia after

retransplantation
251 37/m 40X' >352 4 died: apsls aftr

retranaplantation
371 35/f 2XX 53.0 3 alve
312 71/m 400 >350 2 died sepeis

30/f 411' 2 died: tumor recurrence,
livrftailure

* tumor thromboesi of the portal vein PUL = pulmonary LYM = lymph nodes Op = opwetion a local Metastases Follow-up: 1.2.88
found poet morbem OSS = o_us PER = psritoneu Ch = chemnoeapy * distant metastases
Infusakl-Pump HEP = hep Tc0TH = others

FIG. 8. Liver transplantation
in 19 patients with hepato-
cellular carcinoma and cir-
rhosis (ten patients who died
within 30 days are excluded).

but also distant metastases. The following stages could be
appointed to these categories: II (pT2 pNO pMO; n = 8)
III (pTl-2 pNl pMO; n = 1), IV A(pT3 pNO-l pMO;
n = 9), and IV B (pTl-3 pNO-l pMl; n = 2).
The major and significant influence on survival was

shown to be the lymph node status free of tumor (pNO
as compared to infiltrated, pNl with median survival
times of 35 vs. 7.25 months). The 2-year actuarial survival
rate in the former group of recipients was 64.1% (Fig. 10).
At present, eight patients are alive, seven without any sign
oftumor recurrence (maximum follow-up of 35 months).
By contrast, all recipients with regional lymph node

metastases found at the time oftransplantation had a lim-
ited survival span, generally far less than 1 year. The pa-

tient who survived longest in this group died after 16
months. Diffuse carcinomatosis of the peritoneal cavity

was not at all rarely found at
(Fig. 11).

reoperation or autopsy

Secondary Liver Tumors

Hepatic metastases of primary tumors outside the liver
that were considered an indication for transplantation,
particularly in earlier years, had various origins (Table 4).
In two cases, the definite diagnosis of secondary liver tu-

mor was not known before transplantation; instead, he-
patocellular carcinoma (LTx No. 123) and ruptured he-
mangiomatosis (LTx No. 47) were suspected previously.
Four of those nine patients died within 30 days, due to
reasons not related to the malignant disease. Four addi-
tional recipients had residual or recurrent tumor; so far,
the longest survival that has been observed is 10 months.

+ cirrhosis
*" tumor thrombus of portal vein

**- found post mortem

local rnetastases
*distant metastases

PUL = pulmonary
OSS = osseus

HEP = hepatic

LYM = lymph nodes
PER = peritoneum
PLE = pleura
OTH = others

FIG. 9. Liver transplantation

in eight patients with cholan-

giocellular carcinoma (two

patients who died within 30

days are excluded).

OP = operation

Ch = chemotherapy
Ir = irradiation

Follow-up: 1.2.88

94

LTx No. Age/Sex TNM TIME AND LOCATION OF TUMOR RECURRENCE/ Survival Outcome

(yr) RESIDUAL TUMOR (mo.) (mo.)

3 6 9 12 15 18 21 24 27 (o
_ ~~~~~~~~~~~~~~~~~~~Ch75 56/m 20X IHE 25 died tumor recurrence

36 47/f 21X LYM00 OSS BRAI 10 died tumor recurrence
291 31/f 40X puL 10 alive (with recurrence)

63 47/f 30X 0os PLE (HEPPULLYM) *** 5 died:tumor recurrence
210 43/f 4XX 1Os 4 died:tumor recurrence

5 28/m 40X H!P(PUL) ** 4 died:tumor recurrence
59 53/m 41X LYMO (HEPPEROTH) 3 died:tumor recurrence
65 52/f 41X LYM PER (HEP.PLE,OSS.OTH) ** 2 died:tumor recurrence
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Currently there is only one survivor (LTx No. 325).
The primary tumor ofthis 18-year-old female, which was
located in the jejunum and had been removed more than
3 years before liver transplantation, was classified as neu-
roendocrine malignoma producing growth hormone-re-
leasing factor (so-called GRFoma). Multiple synchronous
liver metastases could be controlled temporarily by con-
tinuous application of a somatostatin-analogous drug.
However, because total hepatectomy was being considered
as the only curative treatment of the disease, liver trans-
plantation was carried out. Currently, the patient is well
and has had no recurrence, but normal levels of growth
hormone and growth releasing factor.

Discussion

Regarding the therapeutic strategy for hepatobiliary
malignancy, it is widely accepted now that surgery-par-
tial hepatectomy or/and bile duct resection-is the treat-
ment ofchoice. At present, this approach offers by far the
most favorable long-term results, especially when the tu-
mor removal can be considered as curative. For primary
or secondary liver tumors, actuarial 5-year survival rates
in the range of 20-50% are reported from various au-
thors.4572' In patients with proximal bile duct cancer,
similar results may be achieved.8'22
The value ofpreoperative and adjuvant chemotherapy

or treatment protocols combining resection with other
techniques (e.g., transcatheter arterial embolization, ra-
diation, and immunotherapy) is not yet clearly visible but
seems to be of advantage under certain circumstances,
such as coexisting liver cirrhosis, or in special studies.23'24
Even nowadays, with advanced techniques and exper-

tise, most surgeons are confronted with resectability rates
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FIG. 10. Results of liver transplantation for proximal bile duct carcinoma
according to pN classification.

that rarely exceed 30-40%. The crucial question is: what
to do with liver or bile duct tumors that are clearly non-
resectable from the technical point of view or because of
impaired hepatic function? It remains a controversial issue
whether these particular patients should be considered for
total hepatectomy and liver transplantation.""'18,25
The pro's are: unavailability of effective alternative

therapy, considerable palliation in many, and obvious cure
in at least some patients. Yet the con's also have to be
mentioned: tumor recurrence in the majority of cases,
inadequate knowledge ofthe biological and anatomic fac-
tors relevant for a good long-term prognosis, and last but

FIG. 1 1. Liver transplantation
in 17 patients with proximal
bile duct carcinoma (three
patients who died within 30
days are excluded).
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TABLE 4. Liver Transplantation in Nine Patients with Hepatic Metastases

LTX No. Age (years)/Sex Primary Tumor Survival Outcome

7 42/F Rectum carcinoma 10 mos. Died of tumor recurrence (liver, lungs)
254 59/F Carcinoid (ileum) 6 mos. Died of tumor recurrence, sepsis
135 24/F Melanoma (eye) 4 mos. Died of tumor recurrence (skin, bone, liver)
325 18/F GRFoma (jejunum) 4 mos. Alive (no recurrence)
47 21/M Choriocarcinoma (testicle) 1 mos. Died of residual tumor (lymph nodes, retroperitoneum,

liver, lung)
77 51/F Carcinoid (ileum) 10 days Died of cardiac failure
41 25/M Rectum + sigmoid carcinoma 9 days Died of hepatic artery thrombosis
123 61/M Melanoma 9 days Died of sepsis
50 44/M Colon carcinoma 8 days Died of acute rejection

not least, the limited donor resources that might restrict
this treatment to those patients who are most likely to

benefit from the approach.
Because liver transplantation has come of age and be-

come a service in many centers, now it seems not only
worthwhile but necessary to elucidate at least some ofthe
problems that have not yet been clarified sufficiently.
Among many others, this holds true also for the question
of total hepatectomy and liver replacement in cancer pa-

tients. As in most North American and European centers

also in our hands, liver transplantation is being regarded
as the treatment of choice, particularly for benign end-
stage liver diseases.2628

Since the liver transplant program in Hannover was

initiated in 1972, a reasonable number ofcandidates have
received liver grafts for malignant diseases. Within the
same period, even more patients with hepatobiliary ma-
lignancies have been treated conventionally by partial
hepatectomy and/or bile duct resection at this institution.
Thus, our personal view has not been directed exclusively
towards transplantation.under all circumstances; rather,
whenever possible, liver resection has been chosen as the
first option, whereas total hepatectomy and liver replace-
ment have been taken into consideration as alternative
procedures in nonresectable cases only.2'22

It was the aim of the present retrospective analysis of
95 consecutive liver recipients to look for particularly fa-
vorable or unfavorable prognostic factors-with special
emphasis on tumor classification and staging according
to the TNM system, which has not been done before, and
to make this experience available to other groups.

Our own overall results after liver transplantation for
cancer, regardless of era, immunosuppression, histopath-
ologic diagnosis, or tumor stage are well in accordance
with those of other centers; long-term survival rates of
approximately 20-30%-which after a 5-year follow-up
can perhaps be regarded as cure-have been reported
from Pittsburgh as well as from Cambridge, with the
incidence of tumor recurrence being in the range of
50-80%. 16,27,29,30
Comparing those data obtained from cases of hepato-

biliary malignancy with the generally known and accepted
survival rates of other gastrointestinal (G.I.) tumors (e.g.,

esophageal, gastric, or pancreatic carcinoma), one has to
take into consideration that with radical surgery also being
practiced for the latter tumors, the results after liver trans-
plantation in general can by no means be called disastrous
and unacceptable.

Stratification into different periods shows a significant
improvement more recently, with the 3-year actuarial
survival rate since 1984 reaching 42.3 %. This progress is
primarily based on lower perioperative mortality and bet-
ter patient selection, but may also be influenced by more
effective immunosuppression, as has been shown by
Iwatsuki'6 when comparing the so-called precyclosporine
and cyclosporine eras.

It was clearly demonstrated by the same group that
hepatic tumors coincidental with other liver diseases had
a much better prognosis, with only one tumor recurrence
being seen to date.27 Comparable data from our own pa-
tient population are not available because the incidence
of malignancy unknown before liver transplantation was
very low; only one patient had an asymtomatic hepato-
cellular carcinoma found incidently after liver replace-
ment for postnecrotic cirrhosis, and her follow-up is too
short for any conclusions to be drawn. However, there
were five cases with suspected primary sclerosing chol-
angitis that were later shown to be proximal bile duct
cancer. This finding is not totally surprising because the
histologic diagnosis of this particular tumor is often con-
firmed only after surgical removal.
The value of performing an exploratory laparotomy

before liver transplantation to rule out extrahepatic tumor
spread has not yet been proven without doubt. Krom et
al.3' strongly advocated this approach, leading to a very
stringent selection of tumor patients, and also Calne29
recommended that a "mini-laparotomy" be performed
routinely before making a decision to proceed with trans-
plantation. However, a recent analysis from the same

center questions this approach, particularly because stag-
ing laparotomy has failed to predict those patients who
will benefit from total hepatectomy.30 In the past, we have
made a similar observation concerning safe assessment of
tumor stage and the implications for tumor recurrence

after transplantation. There are two major reasons for
this dilemma: first, the interval between staging laparot-
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omy and liver transplantation is hardly foreseen, and may
be prolonged to several months so that tumor progression
may be possible in the meantime; and second, extrahepatic
"micrometastases" may already be present, but cannot
be assessed properly. Nevertheless, several patients referred
for exploratory laparotomy do certainly benefit from this
approach, even more so because resectable tumors are
sometimes found and conventional surgery can be ap-
plied.3'
The possibility that the growth ofresidual tumor could

be accelerated as a consequence of immunosuppression,,
which was mentioned by Starzl," cannot be denied com-
pletely, although our present data and those of others do
not clearly support this hypothesis; tumor progression af-
ter transplantation is indeed almost comparable to the
natural course of the disease, with recurrence being seen
mostly within the first postoperative year.2'4 However, to
estimate the influence ofimmunosuppression, much more
experience will be needed in future.
The results after liver transplantation for hepatocellular

carcinoma are comparable in principal with data reported
from the literature regarding not only a rather high early
postoperative mortality (within 30 days) for patients with
coexisting cirrhosis-seen particularly during earlier
years-but also the long-term survival rate.27 30 At present,
eleven ofour 52 patients are alive without recurrence more
than 1 year after transplantation, with the patient who
has survived the longest having a follow-up of over 12
years.
The fibrolamellar variant seems to be associated with

a more favorable prognosis as concerns survival and in-
cidence of tumor recurrence.32 In our small series, there
were only two patients without residual tumor, one of
whom is alive and has been tumor-free for 30 months.
What has not been shown before is the statistically sig-

nificant correlation between pathologic classification and
staging according to the TNM system and actuarial sur-
vival rate. Patients with T2 N 0 M 0, stage II or III,
respectively, had a clearly better prognosis as compared
with those who had tumors classified as T4 or with extra-
hepatic growth (N 1 and/or M 1). This can clearly be
taken as strong argument in favor of an accurate preop-
erative assessment of tumor stage.
As has been demonstrated, serum AFP measured pre-

operatively, and particularly normalization postopera-
tively, is a leading prognostic factor after resection for
hepatocellular carcinoma.3'33 This seems to be relevant
also in liver-transplanted patients, where failure to decline
or early reappearance of AFP is associated with tumor
recurrence.34
Our own experience with cholangiocellular carcinoma

was extremely disappointing; either residual tumor or
early and mostly widespread recurrence precluded tumor-
free survival. However, long-term survivors have been re-
ported by various groups.'8

97
The natural course of other primary liver tumors (e.g.,

hepatoblastoma in children or epitheloid hemangioen-
dothelioma), is quite often unpredictable. Therefore, the
question ofwhether to proceed with liver transplantation
in those patients cannot be answered in general, but has
to be decided individually, particularly since prolonged
survival can be achieved.35

Within recent years, the therapeutic approach for prox-
imal bile duct carcinoma has changed in many groups
now being mainly directed at radical surgery. Whenever
this cannot be accomplished by resection of the hilum
alone or combined with partial hepatectomy. liver trans-
plantation may be indicated.22 36 Our experience with this
strategy, which has been published previously, now in-
cludes 20 patients.
The actuarial survival rates obtained were significantly

better in recipients without tumor-infiltrated regional
lymph nodes; currently there are seven patients alive and
tumor-free, four ofwhom were tumor-free 29-35 months
after transplantation. It is noteworthy that in a most recent
analysis from the Pittsburgh group, Iwatsuki reported that
no patient with bile duct cancer has lived 2 years post-
operatively.27 Although our follow-up period is still rather
short and the number of our patients is small, our study
clearly demonstrates that prolonged survival can be
achieved. Without question it is too early to say whether
cure of those patients will be possible, since up until now
it has never been seen before.
The results of liver transplantation for metastases have

indeed been disastrous in most centers. So far, none of
our patients survived beyond 10 months, and currently
only one is alive. However, exceptional prolonged survival
has been documented over the years.37
Our present opinion is that secondary liver tumors

should be regarded as indication for transplantation only
when combined treatment protocols, such as those tried
by the Innsbruck group, are available. The question is
whether metastatic lesions from specific (e.g., neuro-en-
docrine) tumors might be more suitable.27'38

In conclusion, despite great disappointment, particu-
larly in the past, hepatobiliary malignancy should not be
regarded as contraindication for liver transplantation per
se. On the contrary, this approach is certainly justified
and should play a role in the overall therapeutic strategy,
thus extending the limitations of conventional surgery.
However, extremely careful patient selection is essential,
as is taking into consideration all factors that might be
relevant to the prognosis. At present, this includes thor-
ough screening and accurate tumor staging before trans-
plantation to identify those patients who are most likely
to have long-term survival without tumor recurrence.
As regards other malignancies, in the future, multi-

modality treatment protocols combining total hepatec-
tomy with preoperative or adjuvant chemoimmunother-
apy or other techniques will be needed. At least there is
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hope that chemo- or immunotherapy will contribute to
an improvement ofthe present situation after liver trans-
plantation for hepatobiliary malignancy and that this will
result not only in palliation, but cure of more patients
than we see nowadays.

Addendum

Since this manuscript was originally submitted, the follow-up period
for patients alive at February 1, 1988 has extended to November 1, 1988.
Within these 9 months, seven recipients have died oftumor recurrence,
leaving a total of20 of95 patients presently alive. To allow identification
ofthose cases, the successive liver transplant numbers are given, and can
be compared with the corresponding Figures 7, 8, 9, and I 1: LTx Nos.
201, 204, 79, 285, 291, 166, and 268.
Two patients ofparticular interest are those who developed late tumor

recurrence after hepatectomy for hepatocellular carcinoma and coexisting
cirrhosis (LTx No. 79, more than 5 years), and for proximal bile duct
cancer (LTx No. 166, more than 3 years). These latest results emphasize
again the uncertainty as to what extent long-term cure can be expected
after liver transplantation for hepatobiliary malignancy.
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