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Clinico-pathological Criteria with Prognostic 
Relevance in Hepatoblastoma 

D. von Schweinitz, P. Wischmeyer, I. Leuschner, D. Schmidt, Ch. Wittekind, 
D. Harms and H. Mildenberger 

We investigated clinical data and histological specimens of 46 patients with a hepatoblastoma (HB) for prognostic 
criteria. Disease-free survival (DFS) of 23 patients treated in the German Cooperative Study HB-89 (19811990) 
was 83%, in contrast to 40% in 10 children with other chemotherapy regimes (1977-1987) and 38% in 13 with only 
a tumour resection (P = 0.005). Tumour residence after resection (R category) correlated signiticantly with 
probability of DFS (P = 0.0001). This was also the case for pT status, according to the pTNM classification for 
liver carcinoma (P = 0.0007), involvement of one or both liver lobes (P = 0.004), multiplicity of tumour nodes 
(P = O.OOl), vascular invasion (P = 0.0006) and expression of nucleolar organiser regions as an indicator for 
proliferation activity of tumour cells (P = 0.05). Patients’ age and histopathological subtypes could only indicate 
outcome, while tumour size and serum a-fetoprotein values were not signilicantly related to prognosis. In 
multivariate analysis, pT status and R categories remained signifkant. These should be applied in all cooperative 
trials on HB. 
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INTRODUCTION 
HEPATOBLA~TOMA (HB) COMPRISES only 1% of all childhood 
malignancies, yet it is the most common liver tumour in children 
older than 6 months and, therefore, of clinical importance [ 11. 
Only during recent years has the prognosis of patients with this 
tumour improved as different cooperative studies applying 
effective chemotherapy, and advanced surgical strategies have 
been introduced [2-51. However, even now, the prognosis of an 
individual patient remains unpredictable. In the context of 
cooperative studies, only few analyses were undertaken to find 
prognostic criteria of HB. Two separate investigations [6, 71 
studied the significance of histological subtypes of HB for 
patients’ prognosis, and found that pure fetal histology corre- 
lated with a favourable outcome, while all other histological 
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subtypes could not predict patients’ prognosis. A Japanese study 
[8] showed that young age is associated with a better chance of 
cure. In the attempt to find other objective criteria for patients’ 
prognosis, we recently performed a study on the significance of 
DNA ploidy and DNA proliferation index as prognostic markers 
in HB [9]. In agreement with the results of two other investi- 
gations [7, lo], we found that patients with diploid HB, meas- 
ured by DNA flow cytometry, have a better chance of tumour- 
free survival than those with an aneuploid tumour, and that the 
DNA proliferation index is also of prognostic value in HB. In 
the present study, we investigated clinical data and tumour 
specimens of the same patients to evaluate whether clinico- 
pathological criteria, that is, patients age, serum a-fetoprotein 
(AFP), chemotherapy modality, residual tumour after surgery 
(R category) [ 111, pTNM status [ 111, vascular invasion, tumour 
size and localisation, histological subtype [ 121 and the expression 
of nucleolar organiser regions (NORs) as a proliferation marker 
[ 131, can be significant factors for prediction of prognosis in this 

tumour. In order to identify independent prognostic factors, we 
performed a multivariate analysis with the most important of the 
above-mentioned criteria. It will be shown that the results of this 
study can be integrated into a staging system on the basis of the 
pTNM system as proposed by the International Union Against 
Cancer for liver carcinoma [ 111, which is independant of treat- 
ment modalities, and has a high prognostic relevance in HB. 
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PATIENTS AND METHODS 
Clinical data and tumour specimens of 48 children with an 

HB were available for investigation. 2 patients, who died of early 
treatment complications, were not included in this study. One 
of these did not survive initial laparotomy because of massive 
haemorrhage and the other died of toxic liver failure during 
chemotherapy with vincristine, actinomycin D and cyclophos- 
phamide 5 days after presentation. Of the remaining 46 patients, 
23 were treated in our hospital during the years 1977 to 1987. 
They underwent an initial laparotomy with resection of the 
tumour. Of these, 10 patients were additionally treated with 
chemotherapy: 2 patients received vincristine (1.5 mg/m* days 
1, 15,29), actinomycin D (15 p&kg days l-5) and cyclophos- 
phamide (200 n&m2 days 1-S) in 6-week courses (Dr. P.A 
Voute, Emma Kinderxiekenhuis, Amsterdam). 8 patients were 
treated with vincristine (1.5 mg/m2 days 1 and 22), cyclophos- 
phamide (500 mg/m2 days 2 and 23), doxorubicin (25 mglm* 
days 1,2 and 3) and 5-fluorouracil(500 mg/m’ days 24 and 31). 
2 patients of this group were additionally treated with bleomycin 
(15 mg/m* as continuous infusion days 22, 23 and 24) and 
cisplatin (90 mg/m* day 25) in 6-week courses according to the 
combined protocol of the CCSG and POG (CCC 88liPOG 8301) 
{14]. 13 patients did not receive any adjuvant chemotherapy. 23 
patients were treated from 1988 to 1990, according to the 
protocol of the Cooperative German Pediatric Liver Tumour 
Study HB-89 [15]. It demands an initial laparotomy in all 
children with a primary liver tumour, except in infants with a 
highly elevated serum AFP and distant metastasis. At operation, 
tumours confined to one lobe of the liver are resected. In case of 
tumour extension into both lobes, only a biopsy is taken, to 
be followed by chemotherapy. After two or three courses of 
chemotherapy, a second look operation is performed with the 
aim to resect all tumour tissue, if necessary even with extended 
resection techniques. The chemotherapy consists of a combi- 
nation of ifosfamide (0.5 g/m* bolus and 3.0 g/m* over 72 h, days 
l-3), cisplatin (20 mg/m*, days 48) and doxorubicin (60 mg 
over 48 h, days 9 and 10) in 3-week courses (IPA) [4]. If a 
tumour responds to this regimen, but regression is insufficient, 
high-dose cisplatin (90 mg/m* over 4 h, day 1) and doxorubicin 
(80 n&m* over 90 h, days 2-5) are given as continuous infusion 
(PA-cent) similar to the schedule of the CCG study 823F [2]. 

Clinical data were evaluated including age, sex, AFP serum 
levels, chemotherapy regimes and surgical procedures (Table 1). 
Serum AFP of all children was determined by radioimmunoassay 
during routine laboratory investigations at initial examination, 
and in 27 patients also after tumour resection, after each 
course of chemotherapy and regularly during follow-up. For 
determination of long-term outcome of patients, the results of 

Table 1. Clinico-pathalogkal factors of 46 children with hepato- 
blaswma, which were correlated with patients’ long-temt disease-free 

survival 

Patients Tumour 

Age Tumour volume 
Sex Involvement of liver lobes 
Serum a-fetoprotein Multiplicity of tumour nodes 
Surgical procedure Macroscopic/microscopic vascular invasion 
Chemotherapy regime Residual tumour after resection 

Histological subtype 
Expression of nuclear organiser regions 

clinical and sonographic examiuations, thoracic X-ray and serum 
AFP during follow-up were evaluated. Mortality from progress- 
ive or recurrent tumour was registered, and complete remission 
at latest e xamination was defined as no evidence of disease 
(NED). 

The following characteristics of the tumours were registered: 
tumour size measured intra-operatively and/or by sonography, 
the volume calculated with the formula: l/2 x a x b x c (cm3), 
involvement of one or both lobes of the liver, multiplicity of 
tumour nodes, macroscopic tumour invasion of hepatic or portal 
veins, and residual tumour after resection. 

All tumours were staged after initial surgery and histological 
examination, applying the pTNM system according to the 
guidelines set by the International Union Against Cancer (UICC) 
for hepatocellular carcinoma [1 I]. It contains the following 
elements: tumour size (< or > 2 cm), vascular invasion, involve- 
ment of one or both liver lobes, multiplicity of tImOur nodes 
and occurrence of lymph nodes or distant metastasis. This 
staging system is objective and independent of treatment 
modalities. Therefore, differences in surgical treatment and 
chemotherapy of patients in this study do not influence class& 
cation of tumours. Residual tumour was documented using 
the R categories with RO for no remaining tumour, Rl for 
microscopic and R2 for macroscopic residue. 

Representative tissue of 37 not pretreated HBs was available 
for histological examination. In 9 patients, tumour specimens 
were obtained only after chemotherapy. Slides were prepared 
from formalin-lixed and paraf&-embedded tissue, and stained 
with haematoxylin-eosin (H&E), Giemsa, periodic acid-Schiff 
(PAS), Bielschofsky’s reticulin and Goldner stains. We deter- 
mined the histological subtype and microscopic vascular 
invasion of tumour cells. Concerning histological subtypes, 
tumours were categorised as: (1) pure epithelial, mixed epithelial 
and mesenchymal HB; and (2) according to their epithelial 
differentiation as pure fetal, fetal and embryonal, and embryonal 
hepatoblastomas [ 121. Six representative slides of each tumour 
were independently seen by three pathologists in order to obtain 
a uniform classification. 

Parallel sections of paraffin-embedded tissue of 33 not pretre- 
ated HBs were also stained for nucleolar organiser regions 
(NOR) as previously described [ 131. Briefly, 3-pm thick paraffin 
sections were deparafliuised iu xylene, rehydrated in ethanol 
and rinsed in aqua dest. The slides were then incubated for 30 
min with the staining solution consisting of 0.02 g gelatine 
(Merck) in 1 ml formic acid (1%) (Merck) and 1 g of silver 
nitrate dissolved in 2 ml aqua dest. After rinsing, the slides 
were dehydrated with ethanol and prepared for microscopical 
examination. NORs appeared as small dark dots in tumour cells’ 
nuclei. Numbers of NORs per nucleus and their size were 
registered with a computer&d image analyser. The quotient of 
these parameters is the equivalent of the cells NOR content, and 
reflects rDNA transcriptional activity [16]. It is, therefore, 
an indicator for cellular proliferation activity, For analysis of 
correlation between NOR expression and patients’ prognosis, 
we divided the tumours into groups with NOR quotients > 12 
and 5 12, respectively. 

All data were correlated with patients’ long-term disease-free 

survival (DFS). For estimation of probability of DFS, we used 
the method of Kaplan and Meier [17]. Statistical analysis was 
performed with the log-rank test and for comparison of groups 
with the Fisher’s exact test [18]. Significance was assumed in 
cases 0fP 5 0.05. 

Finally, we performed a multivariate analysis, utilising the 



1054 D. von Schweinitz et al. 

proportional hazards regression model of Cox [18], with which 
we examined significance of the effect of chemotherapy regi- 
mens, completeness of resection (R categories), pT status, 
histological subtypes and NOR expression of 22 patients, for 
whom complete sets of data were available. Patients’ age and 
AFP values were not included, since there was no relationship 
between these two criteria to prognosis. The same was so for 
tumour size, involvement of liver lobes, multipliciry of tumour 
nodes and vascular invasion, which are elements of pT status 
and, therefore, not independent factors. 

Informed consent for evaluation of clinical data and central 
review of tumour specimens was obtained from the patients’ 
parents in all cases. 

RESULTS 
Patients’ characteristics 

Of the 46 patients, 20 were female and 26 male, with no 
difference in outcome of disease. Patients’ ages ranged from 4 
months to 7.5 years (91 months), with a mean age of 24.4 
months. At time of evaluation, 28 of the 46 patients (61%) were 
alive and well, 18 had died of progressive or recurrent tumour. 
Follow-up was 2 to 10.5 years (median 3.5 years). Patients under 
1 year of age had a 92.3% probability of DFS, compared with 
50.0% of those between 1 and 3 years, and 57.1% above 3 years. 
These differences were non-significant (P = 0.06). 

Serum AFP 
Initial AFP serum levels ranged from not detectable to 

5 093 000 ng/ml. There was no correlation between initial values 
and outcome of disease. In 27 evaluable patients, AFP levels 
decreased more or less quickly under chemotherapy and/or 
tumour resection. Those patients in whom rhe AFP level never 
decreased to normal (9 patients), or in whom a renewed rise 
during therapy (3 patients) or first remission (10 patients) was 
observed, had an unfavourable outcome. However, statistical 
analysis of these data was not feasible. 

Chemotherapy regimen 
In order to evaluate the influence of therapy modalities on 

prognosis, we divided the 46 patients into three groups: the first 
(group 1) comprised 13 patients who did not receive any 
chemotherapy in addition to tumour resection. 2 of these patients 
had a pT2,4 a pT3,6 a pT4 tumour and 1 was unknown (Table 
2). The second group (group 2) comprised 10 patients treated 
with surgery and chemotherapy from 1977 to 1987 as described 

above: 2 received chemotherapy with vincristine, actinomycin 
D and cyclophosphamide, 1 child two and 1 four courses. 
Chemotherapy, according to the CCG-881/POG-8301 study, was 
given in a total of two courses to 3, five courses to 1 and six 
courses to 4 children. The tumours were pT2 in 2, pT3 in 3 and 
pT4 in 5 patients. The third group (group 3) included the 23 
patients treated according to the protocol of the study HB-89 as 
described above: the tumours of 9 patients were pT2, 7 pT3,6 
pT4 and 1 unknown. 

DFS was 38% for patients of group 1 with only 5/13 patients 
being without tumour, 1 of these after a primary liver transplan- 
tation and 1 after complete resection of late lung metastasis. 
Four children of group 2 remained in permanent remission, 2 
after resection of lung metastasis. DFS was 40% in this group. 
In contrast DFS was 83% for the patients of group 3 with 19 
surviving with NED, one after a liver transplantation. Theother 
4 died from recurrent tumour after 6, 7, 10 and 22 months, 
respectively (Table 2). The differences of probability of DFS 
between groups 1 or 2, respectively, and group 3 were significant 
(P = 0.005). However, no patient in group 3 had primary lymph 
node or distant metastasis, and the rate of advanced tumours 
was higher in groups 1 and 2, since in former years, most patients 
were referred to our institution especially because of advanced 
tumour. Considering this fact, the above-mentioned difference 
loses significance. 

Surgical procedures and R categories 
In 4 patients, the tumour could be resected with a wedge 

resection, in 13 a hemihepatectomy, and in 21 a trisegmentec- 
tomy was necessary. A liver transplantation was performed in 3 
cases. In 5 children the tumour was only biopsied because of 
advanced disease. DFS was 100% after wedge resection, 83% 
after a hernihepatectomy, 60% after a trisegmentectomy and 
67% after a liver transplantation. All patients without a tumour 
resection died. In 33 patients, the tumour could be completely 
removed (category RO), and 26 (79%) of these survived w&hout 
tumour. In contrast, only 2 of 4 patients with microscopic 
residue (category Rl) survived, while all children with gross 
residual tumour (category R2) died (n = 9). The overall rate of 
DFS of patients with residual tumour (Rl and R2) was 15% (2 
of 13 patients). The correlation of R categories with probability 
of DFS was highly significant (P = 0.0001) (Figure 1). 

pTNM status 
None of the evaluable 44 HBs were pT1,13 were T2,14 were 

pT3 and 17 were pT4. 2 patients had metastasis of rhe hilar 

Table 2. Relationship of pT status, theta$y regimens and patients’ long-term 
outcome in hepatoblastoma. The correlations between patients with NED and 
pTstatus (P = 0.0007) and therapy regimen (P = 0.005), respectively, were 

signijicant 

Regimens Study 
No chemotherapy 1977-1987 HB-89 NED 

n= 13 II= 10 R = 23 (pT status) 

pT2 (n = 13) 2 2 9 13 (100%) 
pT3 (n = 14) 4 3 7 9 (64%) 
pT4(n = 17) 6 5 6 5 (29%) 
Unknown (n = 2) 1 1 

NED (therapy) 5 (38%) 4 (40%) 19 (83%) 

NED, no evidence of disease. 
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Figure 1. Correlation of results of sqgical resection of hepatoblas- 
tomas (R categories) with Kaplan-Meier probability of disease- 
free survival. The difference between the curves for patients with 
complete tumour resection (RO) and residual hunour (Rl and R2) was 

signticant (P = O.OOOl), D = 46. 

lymph nodes (Nl) and 4 had distant metastasis (Ml) at diagnosis; 
these 6 had a pT4 tumour. All children with a pT2 HB survived 
NED, while prognosis was worse in patients with a pT3 tumour 
(64% DFS), and poor in those with a pT4 tumour (29% DFS) 
(Table 2, Figure 2). These differences were highly significant 
(P = 0.0007). Median patient survival was 34 months (range 
15-78) with pT2 tumours, 26 months (range 2-l 19) in pT3, and 
10 months (range 0.5-129) with pT4 HBs. 

Examination of the four tumour characteristics integrated into 
the T status for their prognostic value revealed the following 
results: 

Tumour sizes. The size of 26 evaluable tumours varied from 
64 to 1209 cm3 with an average of 454.4 cm3. Mean size of 
the tumours of 18 long-term survivors was 378.7 cm3 (range 
65-1209), incontrast toamean sizeof499.1 cm3 (range 151-904) 
of the tumours of the 8 patients who died. The correlation 
between tumour size and outcome of disease was non-significant 
(P > 0.05). 

Tumour involvement of liver lobes. Twelve HBs were confined 
to the right lobe of the liver, four to the left and 30 extended into 
both lobes. Three of the latter were located in the liver hilus. 2 
of 16 patients with a tumour confined to one lobe had a poor 
outcome, while 16 of 30 patients with tumour extension over 

100 
T2 (n = 13) _______________________~~~~~~~~~~ 

IL 

OH 15 30 45 60 75 90 105 120 135 

Months from diagnosis 

Figure 2. Kaplan-Meier probability of disease-free survival of hepa- 
toblastoma patients relative to pT status of tumors as proposed by 
the International Union Against Cancer (UICC) for hepatocelbdar 
carcinoma. The differences between the curves 1 or 2 and 3 were 

significant (P = O.OOO7), II = 46. 

both lobes died, including 2 patients with tumour in the liver 
hilus. This difference was significant (P = 0.004). 

Multiplicity of tumour nodes. Thirty-seven HBs were unifocal, 
with only one tumour node in the liver, 9 appeared with multiple, 
separated nodes disseminated throughout the liver. Patients 
with an unifocal tumour had a signifkantly better prognosis (27 
NED, 10 died) than those with a multifocal HB (one NED, 8 
died) (P = 0.091). 

Tumuur invasion of vessels. In 22 of 33 evaluable HBs, vascular 
invasion by the tumour was found at histological examination 
and in 8 cases also macroscopically at operation. Vessel invasion 
indicated a poor prognosis, with a DFS of 25% compared with 
100% in patients without this finding. The difference was highly 
significant (P = 0.0006). 

Histology 
Pre-treatment tumour specimens from 37 patients were avail- 

able for histological review: 29 HBs were epithelial and 8 mixed 
epithelial and mesenchymal, with no prognostic difference 
between these groups. Epithelial areas were composed purely of 
fetal cells in 10 tumours and of embryonal cells in 3. In 24 
cases, both cell types were found in different growth patterns. 
Anaplastic histology was not encountered. There was no signifi- 
cant correlation with the pTNM status (P = 0.08, Table 3). 

Table 3. Relationship of histological subtypes of untreated hepatoblastomas with NOR quotient, 
pTNM status and patients’ outcome 

NOR pTNM status 
Subtype quotient T2 T3 T4 Nl Ml NED 

Pure fetal (n = 10) 9.47 3 1 
Fetal and embryonai (n = 24) 

9 (90%) 
12.61 6 10 10 2 4 13 (54%) 

Predominant embryonal (n = 3) 20.81 4 1 2 1 (33%) 

NOR, nuclear organ&r region; NED, no evidence of disease. 
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DFS was 90% for children with a pure fetal, 54% for those with 
a fetal and embryonal, and 33% for those with an embryonal 
tumour (Table 3). These differences were non-sign&ant 
(P = 0.09). Of the nine HBs examined after chemotherapy, five 
were epithelial and four were mixed epithelial and mesenchymal. 
There was no correlation of tumour cell differentiation and 
outcome in these tumours: 2 of 3 patients with a pure fetal, and 
3 of 6 with a fetal and embryonal tumour survived disease-free. 

NOR staining 
The analysis of staining for NORs in 33 not pretreated HBs 

revealed a mean NOR size of 0.38 km2 (range 0.22-0.64 pmz) 
andameannumber of4.38NORspernucleus (range 3.08-6.60). 
We found a linear inverse correlation between NOR number 
and size (correlation coefficient -0.56, P < O.OOl), which 
allowed the application of the NOR quotient for further analysis. 
The mean NOR quotient for all tumours was 12.59 (range 
5.6s24.69). There was a significant difference (P = 0.0009) 
between pure fetal HBs (n = S), with a low mean NOR quotient 
(9.47), and embryo& HBs (n = 3; mean NOR quotient 20.81). 
Fetal and embryonal tumours (n = 22) had a mean value of 
12.61 (P = 0.004, Table 3). We also found a correlation of pT 
status and NOR expression: pT2 tumours (n = 8) had a mean 
NOR quotient of 10.15, while this was 12.67 for pT3 (n = 13) 
and 14.67 for pT4 (n = 12) (P = 0.03). HBs with a NOR 
quotient I 12 (n = 18) were associated with a significantly 
(P = 0.05) better chance of DFS (72% NED) than those with a 
quotient > 12 (n = 15,47% NED; Figure 3). 

Multivariate analysis 
In multivariate analysis of 22 cases, we determined R categor- 

ies and pT status to be independent prognostic criteria with 
significance (P < O.OOS), while this was not the case for chemo- 
therapy modality, histological subtype and NOR quotient. The 
results of statistical analyses of the investigated prognostic 
criteria are summarised in Table 4. 

DISCUSSION 
Hepatoblastoma (HB) is the most important liver tumour in 

young children. The prognosis of these patients has been dismal 
because, in institutions without experience in the treatment of 

s 12 (low, n = 18) 
____---- _____--. 

>12 (high, n = 15) 

00 
0 15 30 45 60 75 90 105 120 135 

Months from diagnosis 

Figure 3. Cmrelatioa between the expression of nuclear owniser 
regions (NOR quotient) in hepatoblastorua and Kaplan-Meier prob- 
ability of patients’ disease-free survival. The difference between 
tumours with ao NOR quotient 5 12 (low) and > 12 (high) was 

significant (P = 0.05), II = 33. 

Table 4. Prognostic significance of clinical and histological crkria 
in hepatoblastoma 

Criterium 
Analysis 

Univariate Multivariate 

Patients’ age (K-M) P > 0.05 Not tested 
Serum a-fetoprotein (F) P > 0.05 Not tested 
Chemotherapy (K-M) P = 0.005 P > 0.05 
R category (K-M) P = O.oool P = 0.04 
pT status (K-M) P = o.ooo7 P = 0.001 
Tumour size (F) P > 0.05 Not tested 
Involvements of lobes (F) P = 0.04 Not tested 
Multiplicity of nodes (F) P = 0.01 Not tested 
Vascular invasion (K-M) P=0.ooo6 Not tested 
Histological subtype (K-M) P > 0.05 P > 0.05 
NOR expression (K-M) P = 0.05 P > 0.05 

K-M, probability of disease-free survival (Kaplan and Meier [18]); F, 
determination with Fisher’s exact test; NOR, nuclear organ& regions. 

this rare tumour, it often caused surgical problems, and efficient 
chemotherapy had not been introduced. Recently, therapy 
results improved, when more efficient chemotherapy regimens 
and surgical strategies were introduced in different cooperative 
studies. The results of these studies are, in part, still preliminary 
[2-51, and do not allow the accurate prediction of the clinical 
course of an individual patient. There have been only a few 
attempts to determine prognostic factors in HB. We, therefore, 
searched for objective clinical and histological criteria, which 
could serve as prognostic factors for an individual patient, and 
also be the basis for a widely accepted staging system, which 
should be independent of therapy regimens. 

In a retrospective study on the data of the Japanese National 
Pediatric Tumour Registry, Hata [8] found that young children 
with an HB have a better prognosis than older ones. We observed 
the same relationship in our patients, with the greatest difference 
between children younger and older than 15 months, yet this 
was statistically non-significant. We could not find a correlation 
between patients’ age and a predominant histological subtype or 
tumour stage. 

AFP is well known to be produced by many HBs [l]. 
Therefore it is a valuable tumour marker for monitoring the 
course of an individual disease [4, 191. However, in our series, 
the initial level of this marker did not correlate with the 
extent of tumour nor with patients’ prognosis. Children with 
undifferentiated, anaplastic HB have a poor prognosis, despite 
normal serum AFP [20]. Nevertheless, if the AFP is initially 
elevated, the rate of decrease and the return to normal values is 
an indicator for the effect of therapy [2-5, 8, 191. 

Treatment results of patients with an HB are, to date, 
satisfying in the German Cooperative Pediatric Liver Tumour 
Study HB-89, with an overall remission rate of 81% [4]. This 
includes the 23 patients in our study treated according to the 
HB-89 protocol. They had a better outcome in comparison with 
the patients treated in former years (Table 2), although this was 
non-significant when the initial extension of tumours was taken 
into consideration. Calculation of DFS of the three patient 
groups suggested that chemotherapy in former years did not 
contribute very much to cure rates. However, the drugs used in 
the above-described therapy regimes (vincristine, cyclophos- 
phamide, actinomycin D, doxorubicin, 5-fluorouracil and 
bleomycin) are all known to be effective in HB [5 , 141. It has to 
be emphasised that, before 1988, we used them only for adjuvant 
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therapy after tumour resections [15]. In the study HB-89, a 
modified surgery strategy and chemotherapy with ifosfamide, 
cisplatin and doxorubicin (IPA) was introduced [4, 151. Corn- 
parison of the two regimes indicates that chemotherapy has its 
greatest benefit when administered before surgery, and is less 
effective if given exclusively after liver resection 12, 3, 51. 

It is noteworthy in this context that patients with an incom- 
plete tmnour resection had a significantly worse outcome than 
those with a microscopically complete excision of all tumour 
(Figure 1). Children with gross residual tumour do not seem to 
have a chance of final cure [ 151. This is especially true for children 
with an ir&Iicient tumour resection because of multifocal nodes 
[4]. In these cases, a liver transplantation can be of benefit as 
long as the disease is restricted to the liver [21]. Therefore, the 
R categories, as they are specilied in the TNM classification [ll] 
are suitably applicable to HB. As shown in multivariate analysis, 
they have an independent prognostic significance and should be 
documented postoperatively. 

In an effort to find a staging system for HB, which is objective 
and independent of any treatment modality, we investigated the 
prognostic relevance of the pTNM system, as it is proposed 
by the International Union Against Cancer (UICC) for liver 
carcinoma [ 111. It contains elements, which themselves prom- 
ised to have a prognostic value. Our results showed that the pT 
status correlated with prognosis in HB (Table 2, Figure 2), and 
retained its significance in multivariate analysis (Table 4). This 
also applied for the N and M status, since no patient with 
primary lymph node or distant metastases survived. In order to 
determine the value of the single elements, which amount to the 
pT status, we correlated these with the patients’ prognosis. The 
extension of tumour, especially whether it affects one or both 
liver lobes, has a significant influence on patients’ outcome 
because of surgical reasons [4]. In contrast, the size of an HB (in 
cm3) does not have prognostic relevance. Large tumours growing 
in the periphery of the liver might be easily removable, while 
small tumours in the hilar region or at the venous conlluence 
are often unresectable and, therefore, associated with a poor 
prognosis. Multiplicity of tumour nodes has a significant prog- 
nostic relevance in HB. Multifocal HB is almost always associ- 
ated with an unfavourable outcome [4]. We also found vascular 
invasion to be correlated with prognosis. This is true for 
macroscopic invasion, which also means T4 status. It can often 
be documented pre-operatively by sonography or angiography 

WI , and should be noticed during laparotomy. Microscopic 
vascular invasion also results in a reduced chance of cure and, 
therefore, has to be searched for at histological examination [23]. 
In conclusion, the pTNM system seems applicable for childhood 
HB, although tumour size could be omitted as an element of the 
T status. The proposal of the Japanese National Cancer Society 
to score the number of affected liver segments 1241 does not 
seem feasible. In our patients, this was not a prognostic factor 
(data not shown), since only the involvement of central or 
peripheral segments was important for resectability. 

Investigations on the prognostic significance of histological 
subtypes in HB [12] on large collectives of patients [6, 7, 231 
showed that low stage HBs with a pure fetal histology have a 
good prognosis. Our analysis confirmed the relationship between 
epithelial differentiation of HB and prognosis (Table 3). How- 
ever, as in the former studies, this was statistically non-signifi- 
cant. Nevertheless, it seems appropriate to integrate tumour 
differentiation into the pTNM classification. This is possible by 
assigning differentiation of the predominant epithelial compo- 
nent to G grades of the histopathological grading system [ 111. 

Pure fetal histology should be categorised as Gl (well 
differentiated), fetal and embryonal as G2 (moderately 
differentiated), embryonal as G3 (poorly differentiated) and 
anaplastic as G4 (undifferentiated). 

The expression of NORs, as measured by the quotient of their 
number per nucleus and their mean sixe [ 161, indicates the 
proliferation activity of tumour cells in HB. The NOR quotient 
was clearly related to differentiation of tumour cells (Table 3). 
Recently this was also shown for other malignancies [25,26]. It 
is remarkable that the expression of NORs in HB is signilicantly 
correlated with prognosis (Figure 3), regardless of initial tumour 

extension or treatment modality, as was also found in neuroblas- 
toma [27] and carcinomas of the sigmoid and rectum [26]. 
Staining for NORs is easy to perform and more precise than 
counting mitosis on conventional histological slides 1231. It can, 
therefore, contribute to prediction of prognosis of an individual 
HB patient. The NOR quotient can also be integrated into the 
histological G grading of the pTNM system [ 111, by defining 
groups with different values corresponding with grades Gl to 
G4. 

Our results show that there indeed exist relevant prognostic 
clinical and pathological criteria in HB. They can sufficiently be 
integrated into the pTNM classification system, including R 
categories and a G grading. This classification is objective and 
independent of treatment modalities, and applies for many other 
malignancies. Therefore, it is ideal for comparison of treatment 
results of different cooperative studies on HB. It is superior to 
the usual postsurgical staging [2, 4, 51 and to the grouping 
system of the International Pediatric Liver Turnour Study of the 
SIOP (SIOPEL-1) [28], particularly since the latter has not 
been investigated on its prognostic reliability. We propose the 
application of the pTNM classification in future cooperative 
trials on HB. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Kasai M, Watanabe I. Liver turnours. In Vonte PA, Barrett A, 
Lemerle J, eds. Cuncerin Children. Berlin, Springer, 1992. 
Ortega JA, Krailo MD, Haas JE, et al. Effective treatment of 
unresectable or metastatic hepatoblastoma with cisplatin and con- 
tinuous infusion doxorubicin chemotherapy: a report from the 
Childrens Cancer Study Group. 3 Clin Oncoll991,9,2167-2176. 
Ninane J, Perilongo G, Stalens J-P, Gugliemi M, Otte J-B, Mancini 
A. Effectiveness and toxicity in childhood hepatoblastoma and 
hepatocellular carcinoma: a SIOP pilot study. Med Pedian 0~01 
1991,19,199-203. 
von Schweinitx D, Burger D, Weinel P, Mildenberger H. The 
treatment of malignant liver tumours in childhood. An interim 
report of the muhicentric study HB-89 of the GPOH. Klin Piidiatr 
1992,204,214-220. 
Douglass EC, Reynolds M, Finegold M, Cantor AB, Glicksman A. 
Cisplatin, vincristine, and fluorouracil therapy for hepatoblastoma: 
a Pediatric Oncology Group study.3 Clin onCol1993,11,9699. 
Haas JE, Mucxinsky KA, Krailo M, er al. Histopathology and 
prognosis in childhood hepatoblastoma and hepatocarcinoma. Cun- 
cer 1989,66,1082-1095. 
Conran RM, Hitchcoch CL, Waclawiw MA, Stocker JT, Ishah KG. 
Hepatoblastoma: the prognostic significance of histologic type. 
Pediatr Patholl992,12,167-183. 
Hata Y. The clinical features and prognosis of hepatoblastoma: 
follow-up studies done on pediatric tumor enrolled in the Japanese 
pediatric tumor registry between 1971 and 1980. Part I. 3pnJ Surg 
1990,20,498-502. 
Schmidt D, Wischmeyer P, Leuschner I, et al. DNA analysis in 
hepatoblastoma by flow and image cytometry. Cuncer 1993, 72, 
2914-2919. 
Hata Y, Ishixu H, Ohmori K, et al. Flow cytometric analysis of 
the nuclear DNA content of hepatoblastoma. Cancer 1991, 68, 
25662570. 



10.58 D. von Schweinitz et al. 

11. 

12. 

13. 

14. 

IS. 

16. 

17. 

18. 

19. 

20. 

21. 

UICC: HermanekP, Sobin JH, eds. TNM C&zssificationofMa&nanignrrnr 
Tumours. 4th edition, 2nd revision. Berlin, Springer, 1992,59-61. 
Ishak KG, Glunz PR. Hepatoblastoma and hepatocarcinoma in 
infancy and childhood. A report of 47 cases. Cancer 1967, 20, 
396-422. 
Riischoff J, Plate K, Bittinger A, Thomas C. Nuclear organizer 
regions (NORs). Basic concepts and practical application in tumor 
pathology. Path Res &act 1989,185,878-885. 
Ablin A, Krailo M, Haas JE, et al. Hepatoblastoma and hepatocellu- 
lar carcinoma in children: a report from the Childrens Cancer Study 
Group (CCG) and the Pediatric Oncology Group (POG). Med 
PedianOncoll988,16,417 (abstract). 
Mildenberger H, Biirger D, Weinel P. Hepatobiastoma: a retrospec- 
tive study and proposal of a treatment protocol. .? Kinderchir 1989, 
44,78-82. 
Riischoff J, Plate KH, Contractor H, Kern S, Zimmerman R, 
Thomas C. Evaluation of nucleolus organizer regions (NORs) by 
automatic image analysis: a contribution to standardization. J 
Patholl990,161,113-118. 
Kaplan EL, Meier P. Nonparametric estimation from incomplete 
observations.JAmStarAssoc 1958,53,457481. 
Kalbfleisch JD, Prentice RL. The Statistical Analysis of Failure Time 
Data. New York, J. Wiley, 1980. 
Pritchard J, da Cunha A, Cornbleet MA, Carter CJ. Alpha feto 
(an) monitoring of response to adriamycin in hepatoblastoma. 3 
Pediatr Surg 1982,17,429-430. 
Gonzales-Crussi F. Undifferentiated small cell (“anaplastic”) hepa- 
toblastoma. Pediatr Patholl991,11, 155-162. 
Koneru B, Flye MW, Busuttil RW, et al. Liver transplantation for 
hepatoblastoma. The American experience. Ann Surg 1991, 213, 
118-121. 

Pergamon 

22. Brunelle F, Chaumont P. Hepatic tumors in children: ultrasonic 
differentiation of malignant from benign lesions. Radio&y 1984, 
150,695-699. 

23. Schmidt D, Harms D, Lang W. Primary malignant hepatic tumours 
in childhood. Virchows Arch A 1985,407,387-405. 

24. Morita K, Okabe I, Uchino J, ef al. The proposed Japanese TNM 
classification of primary liver carcinoma in infants and children.Jpn 
3 Clin Oncoll983,13,361-370. 

25. Cracker J, McGovern J. Nuclear organiser regions in normal, 
cirrhotic, and carcinomatous livers. 3 Clin Path01 1988, 41, 
1044-1048. 

26. Riischoff J, Bittinger A, Neumann K, Schmitz-Moormann P. 
Prognostic significance of nuciear organizing regions (NORs) in 
carcinomas of the sigmoid colon and rectum. Path Res Pratt 1990, 
186,85-91. 

27. Egan MJ, Raafat F, Cracker J, Williams D. Comparative study of 
the degree of differentiation of neuroblastoma and mean numbers 
of nuclear organiser regions. 3 Clin Path01 1988,41,527-531. 

28. Ma&inlay GA, Pritchard J. A common language for childhood liver 
tumours. Pediatr Surg Int 1992,7,325-326. 

Acknowledgements-We gratefully acknowledge the kind assistance of 
Dr H. Hecker (Department of Biometrics, Medical School Hannover) 
in statistical analysis, and deeply thank the following colleagues for 
providing clinical data of their patients: Dr U. Bode (BoM); Dr H. 
Breu (Dortmund); Dr R. Dyckerhoff (St. Augustin); Dr U. G&cl 
(Diisseldofi; Dr P. Gutjahr (Mainz); Dr W. Havers (Essen); Dr A. 
Jobke (Niirnberg); Dr J. Ktil (Wiirzburg); Dr R. Ludwig (Heidelberg); 
Dr P. Neuhaus (Berlin); Dr J. Ritter (Miinster); Dr M. Rose (Minden); 
Dr W. Schriiter (Gijttingen); Dr W Sternschulte (K61n); Dr C. Tautz 
(Herdecke); Dr J.-H. Thaben (Coburg); Dr P. Weinel (Hannover); Dr 
M. Wright (Kassel) and Dr G.F. Wiindisch (Bayreuth). 

Europemr~~iofCanrervol.30A,No.8,~~.105&IOM),1994 
Ekvier Science Ltd 

Printed in Great Brimin 
095~so49/94 17.00+0.00 

0959.8049(93)00198-7 

Activity of Docetaxel (Taxotere) in Small Cell 
Lung Cancer 
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Docetaxel (Taxotere) is a new cytotoxic compound with a broad spectrum of activity in pteclinical studies. This 
paper reports a phase II trial in patients with previously-treated small cell carcinoma of the lung. 34 patients 
received 100 mg/m* of docetaxel in an intravenous infusion given over 1 h every 21 days. Seven partial responses 
were reported (25% of 28 evaluabk patients). Duration of response was 3.5-12.6 months. Toxicities were 
predominantly neutropenia, alopecia and asthenia. Docetaxel is a new compound with activity in previously- 
treated patients with small cell lung cancer, and is suitable for evaluation in combination with other cytotoxic 
drugs active in this disease. 
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INTRODUCTION a new hemi-synthetic taxoid prepared from the needles of TUXW 

DESPITE THE proven sensitivity of small cell carcinoma of the baccara, the European yew tree [l]. Docetaxel’s mechanism of 

bronchus to a wide range of cytotoxic drugs and to radiation, cytotoxic activity is thought to be due to enhanced tubulin 

progress in long-term control remains elusive, and there is an assembly into microtubules and inhibition of the depolymeri- 

obvious requirement for new systemic treatments. Docetaxel is sation of microtubules [l, 21. This leads to cell cycle arrest in 


