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To evaluate serum alpha-1-antitrypsin (AlAT) as a prognostic factor in hepatocehular carcinoma, we 
studied 75 consecutive patients (60 male, 15 female, mean age + SD 63.0 f 9.3 years) in whom 
hepatocelhtlar carcinoma developed with pre-existing cirrhosis. Median survival time was 245 days 
(range 4-1568+). 30 patients had serum AlAT concentration of s2.20 g/l (Group A) while 45 (Group B) 
had alpha-1-antitrypsin > 2.20 g/l. Median survival was 518 days in Group A and 81 days in Group B 
(Mantel-Cox 20.95, P < 0.0001; hazard ratio 0.26,95% confidence limits 0.15-0.46). By stepwise survival 
analysis, alpha-1-antitrypsin together with bilirubin, tumour size and blood urea nitrogen were chosen 
among 17 variables as the only independent predictors of survival. We conclude that measurement of 
serum AlAT concentration might be useful as an inexpensive, widely available prognostic marker of 
hepatocellular carcinoma. 
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INTRODUCTION 
ACUTE PHASE proteins, such as C-reactive protein and oroso- 
mucoid, have been proposed among others as diagnostic 
markers of hepatocellular carcinoma (HCC) [ 1, 21. However, 
in patients with HCC concurrent with liver cirrhosis, as is the 
rule in industrialised countries, they do not seem to provide a 
more sensitive test than alpha-1-fetoprotein [3,4]. Moreover, 
since they are expressed as a complex and non-specific reac- 
tion to infection and injury, they lack specificity as tumour 
markers. 

In recent years, acute phase proteins have been proposed in 
clinical research as prognostic rather than diagnostic markers 
of diseases. For example, the serum concentrations of 
C-reactive protein and orosomucoid can be combined with 
albumin and pre-albumin to obtain a Prognostic Inflammatory 
and Nutritional Index, which is correlated to the risk of death 
in critically ill adult patients [5]; the concentration of 
C-reactive protein is correlated with the incidence of coronary 
events in patients with angina pectoris [6] and predicts poor 
outcomes in patients with severe unstable angina [7]. 

Another acute phase reactant, alpha-1-antitrypsin (AlAT), 
also studied as a diagnostic tool in HCC [8], has been reported 
to predict survival in patients with HCC [9]. AlAT is appeal- 
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ing as a prognostic marker of HCC because it can be measured 
simply, reliably and inexpensively; besides, it is commonly 
included in the routine clinical assessment of suspected HCC, 
which might occur in the setting of AlAT deficiency [lo]. 
Unfortunately, the efficiency of AlAT as an independent 
predictor of survival in patients with HCC has not been 
established in comparison with other variables ofwidely recog- 
nised prognostic significance, such as tumour size, bilirubin 
and Child-Pugh class [ 1 l-l 51. Thus, in the present study, we 
added AlAT determination to widely accepted prognostic 
indices of survival in HCC to evaluate its contribution to a 
simple, clinically feasible prognostic score for patients with 
HCC. 

PATIENTS AND METHODS 
Baseline data were collected retrospectively, reviewing the 

records of patients who were first admitted to our institution 
with a diagnosis of hepatocellular carcinoma and followed up 
regularly thereafter. Enrolment was between 13 December 
1990 and 30 November 1994. We studied a total of 75 con- 
secutive patients (60 male, 15 female, mean age + S.D. 
63.0 f 9.3, range 33-84) in whom HCC developed with pre- 
existing liver cirrhosis. Diagnosis of HCC was based on 
suggestive liver imaging (ultrasound, CT and/or MR scans) in 
the presence of raised alpha-1-fetoprotein levels (> 400 p&l) 
and/or diagnostic histopathological findings. None of the diag- 
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noses of HCC resulted from prospective surveillance pro- 
grammes in patients with cirrhosis, and none of the patients 
had serum AlAT concentrations below the lower limit of the 
normal reference range. 

The size of the tumour was determined by ultrasonography 
and/or CT or MR scan. Based on the results of the imaging 
studies, tumours were divided into the following categories: 
(a) uninodular ~5 cm; (b) uninodular > 5 cm; and (c) multi- 
focal or diffise. 26 patients underwent surgical resection or 
alcoholisation of the tumour; this treatment was followed by 
arterial chemo-embolism in 14. 13 patients underwent arterial 
chemo-embolism alone. 36 patients received only supportive 
treatment. 

During follow-up, 52 patients died. Population registries 
were the source we used to establish date and cause of death 
of 14 patients who died outside the hospital. A necropsy was 
performed on 35 patients who died during a hospital stay. 
Accordingly, the ultimate causes of death were: progressive 
liver failure in 13 patients; cachexia in 11; gastro-intestinal 
bleeding in 9; sepsis in 4; haemoperitoneum in 3; pulmonary 
thrombo-embolism in 3; mesenteric infarction in 3; acute 
pancreatitis in 1; stroke in 1; pulmonary oedema in 1. In 
addition, 1 patient died in a car accident, another died sud- 
denly of a presumed myocardial infarction, and in 1 case no 
specific cause of death could be traced. At the time the study 
was terminated, 23 surviving patients had received a minimum 
follow-up of approximately 8 months (range 236-1568 days; 
median 766 days). The results presented here include our 
findings as of 14 March 1995. 

Blood chemistry tests were measured as part of the standard 
profile obtained on admission. AlAT was measured in fresh 
sera by means of a nephelometric technique (APS Beckman, 
U.S.A.); reference range for this test is 1.15-2.80 g/l. Alpha- 
1-fetoprotein was measured by radio-immunoassay (Serono, 
Italy). 

Statistical analysis was performed by means of the BMDP 
statistical software package [ 161. The log-rank test (Mantel- 
Cox) was used to test the null hypothesis of similarity of 
survival times among different groups of patients. Survival 
probabilities were plotted as Kaplan-Meier curves. The haz- 
ard ratio (R), which gives the relative event rates in the groups, 
and 95% confidence interval of R were determined to measure 
relative survival among groups. Finally, Cox regression analy- 
sis with stepwise selection of variables was undertaken in order 
to ascertain the prognostic value of AlAT relative to that of 
other relevant factors. The assumption of a linear effect on 
survival of the continuous variables which were entered in the 
fmal model was verified by scattergrams, relating their values 
to the log-transformed survival time observed in each individ- 
ual patient who died. Occasional missing values were esti- 
mated by regression on all other variables with acceptable 
values. 

RESULTS 
An arbitrary cut-off of 2.20 g/l, representing the 95th per- 

centile of a group of 32 healthy blood donors (data not 
shown), was chosen to divide patients in two groups according 
to their baseline serum AlAT concentration. Thirty patients 
had serum AlAT concentration < 2.20 g/l (Group A) while 
45 (Group B) had AlAT > 2.20 g/l. A summary of the main 
characteristics of patients at entry into the study is given in 
Table 1. 

Median survival time was 245 days (range 4-l 568+); all but 

Table 1. Characteristics of the studied population 

Number of patients (%) 

Child-Pugh class 
A 
B 

Tumour size 
s5cm 
>5cm 
Multinodular/diffuse 

Treatment 
Surgery or alcoholisation 
Chemo-embolisation 
None 

Ascites 
No 
Yes 

Bilirubin (pmol/l) 
c 51.3 
> 51.3 

Albumin (g/l) 
> 35 
28-35 
< 30 

Alpha-1-fetoprotein (&l) 
< 20 
20-400 
> 400 

35 (46.7) 
26 (34.7) 
14 (18.6) 

19 (25.3) 
11 (14.7) 
45 (60.0) 

26 (34.7) 
13 (17.3) 
36 (48.0) 

36 (48.0) 
39 (52.0) 

57 (76.0) 
18 (24.0) 

15 (20.0) 
41 (54.7) 

19 (25.3) 

27 (36.0) 
24 (32.0) 
24 (32.0) 

1 of the censored patients survived longer than this median 
value. In Group A, median survival was 5 18 days (lower 
Brookmeyer-Crowley 95% confidence limits (CL) of median 
392 days), whereas it was 81 days in Group B (upper Brook- 
meyer-Crowley 95% CL of median 190 days). The hazard 
ratio of patients in Group A in comparison with those in 
Group B was 0.26 (95% CL 0.15-0.46). The estimated 
survival curves for the two groups are plotted in Figure 1. The 
observed difference in survival time between the groups was 
unlikely to be accidental, as indicated by the log-rank test, 

; Jl 6 A lb 1; 1; 16 l’s 2; 

Months of follow-up 

Figure 1. Cumulative survival curves of patients with serum 
AlAT concentration at baseline (AlAT) =S 2.20 g/l (-, 

n = 30) and patients with AlAT > 2.20 g/l (- - - -, n = 45). 
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Table 2. Stratified log-rank test of patients with AIAT < 2.20 g/l 
(Group A) or > 2.20 g/l (Group B) 

(Table 4). Accordingly, a prognostic index (PI) was calculated 
from the following formula: 

Strata* Mantel-Cox P PI = (6.3027 x log AlAT) + (0.7994 x tumour size) 
+ (1.8184 x log BUN) + (3.5999 x log bilirubin). 

Age 
Sex 
Treannent 
Bilirubin 
Alpha-1-fetoprotein 
Tumour size 
Child-Pugh class 

20.43 < 0.0001 
23.28 < 0.0001 

6.18 < 0.05 
22.12 < 0.0001 
16.42 = 0.0001 
13.87 < 0.0005 
15.79 = 0.001 

Two cut-off values of PI were chosen in order to divide the 
studied population in three groups of approximately equal 
size. The correspondent Kaplan-Meier curves are plotted 
in Figure 2. They show the different cumulative survival 
probabilities of patients with low, intermediate and high PI 
value. 

* Stratification criteria were the following: age: < 65, > 65 years; sex: 
female, male; treatment: none, surgery or alcoholisation, chemo- 
embolism; bilirubin: c 51.3, > 51.3 pmol/l; alpha-1-fetoprotein; 
< 20, 20-400, > 400 p&l/l; tumour size: < 5 cm, > 5 cm or 
multifocalidiffuse; Child-Pugh class: A, B or C. 

DISCUSSION 

which was highly significant (Mantel-Cox 20.95, 
P < 0.0001). This statistical difference persisted even stratify- 

ing patients for age at presentation, sex, Child-Pugh class, 
tumour size, bilirubin, alpha-1-fetoprotein, and type of treat- 

ment (Table 2). To generate a Cox regression proportional 

hazard model, 17 variables were tested on univariate analysis 
(Table 3). Only those variables with Pvalue < 0.10 on univar- 

iate analysis were computed on multivariate analysis, using a 

stepwise approach. Four (tumour size, bilirubin, AlAT and 
BUN) were found to be independent predictors of survival 

AlAT is a glycoprotein with a molecular weight of 52 kD 

produced mainly by the liver [ 171. Severe, chronic liver disease 
results because of intracellular accumulation, in the rough 
endoplasmic reticulum, of variant AIAT, which causes low 
serum concentrations [ 181. Physiologically, Al AT is released 
like other acute phase reactants via the liberation of cytokines 

(particularly interleukin-6, interleukin-1 and tumour necrosis 
factor) 1191. It has been reported that, in patients with cancer, 
elevated circulating interleukin-6 levels are associated with an 
acute phase response, which accompanies a reduced fixed 
hepatic protein synthesis [20]. High AlAT concentrations 
have been previously observed in patients with HCC and have 
already been proposed as a diagnostic marker in adjunct to 
alpha-1-fetoprotein in this condition [8]. 

Table 3. Survival univariate analysis of selected clinical and blood 
chemistry variables (log-rank test) 

Variable* Mantel-Cox P value 

Age 
Sex 
Treatment 
Ascites 
Child-Pugh class 
Tumour size 
Metastatic disease 
Bilirubin 
Albumin 
Alkaline phosphatase 
Alpha- 1 -fetoprotein 
Blood urea nitrogen 
Cholinesterase 
Sodium 
Haematocrit 
y-glutamyl transferase 
Prothrombin time (INR) 

1.89 10.10 
5.44 < 0.05 

30.04 < 0.0001 
15.78 = 0.0001 
19.64 < 0.0001 
8.06 < 0.005 
8.53 < 0.005 

18.69 < 0.0001 
8.71 < 0.05 

11.62 < 0.001 
9.40 < 0.01 
3.66 < 0.10 
6.59 < 0.05 
3.74 < 0.10 
2.37 > 0.10 

18.39 < 0.0001 
0.32 >O.lO 

* Grouping criteria were the following: age: c65, > 65; sex; female, 
male; trearment: none, surgery or alcoholisation, chemo-embolism; 
ascites: no, yes; Child-Pugh class: A, B or C; tumour size: 6 5 cm, 
> 5 cm or multifocal/diffise; metastatic disease: no, yes; bilirubin: 
< 51.3, > 51.3 pmol/l; albumin: > 35, 28-35; < 28 g/l; alkaline 
phosphatase: s 155, > 155 U/l alpha-l-fetoprotein: < 20, 20400, 
> 400 l&l; blood urea nitrogen: < 6.4, > 6.4 mmol/l; cholinesterase: 
=Z 4000, > 4000 U/l; sodium: s 135, > 135 mmol/l; haematocrlt: 
=Z 0.38, > 0.38; y-glutamyl transferase: c 110, > 110 U/l; INR: 
< 1.23, > 1.23. 

The present study reports the survival of a cohort of patients 
with HCC concurrent with cirrhosis, in relation to a variety of 
baseline variables. Most of the measurements acknowledged 
to carry an independent prognostic significance in HCC were 
included in the analysis. Patients with a serum AlAT concen- 
tration G 2.20 g/l, i.e. in the lower part of normal range, were 
associated with a more favourable outcome, with median 
survival more than six times longer compared with patients 
with high AlAT levels. We were able to find only one other 
report on the usefulness of AlAT determination to predict 
survival in patients with HCC [9]. In this paper, the authors 
followed the patients until time of death, with 78 patients 
enrolled in a prospective, multicentric study between 1976 
and 1977, and found the prognostic value of AlAT to be 
independent of sex, age, HBsAg positivity and alpha-l-fetop- 
rotein concentration. Our findings, obtained in a single centre 
and with the availability of more modern diagnostic imaging 
techniques, confirm and extend this original observation. In 
fact, in the present study, the advantage given by a low 
AlAT concentration was independent of other relevant and 
recognised prognostic variables, as demonstrated by stratifi- 
cation prior to log-rank test. The independent prognostic 
value of Al AT was further supported by multivariate survival 
analysis with stepwise selection from a set of variables obtained 
by univariate analysis. AlAT was selected in the final model, 
in which its prognostic weight was greater than the tumour 
size and blood urea nitrogen concentration and virtually as 
ominous as bilirubin. By means of a simple score, our studied 
population were categorised in three subgroups with well 
defined differences in survival probabilities. 

Does the lower concentration of AlAT of most long-term 
survivors express a genetic or a pathophysiological difference? 
AlAT phenotypes determining lower serum levels might 
result in a more efficient modulation of the cell-mediated 
immune response and therefore in prolonged survival [21]. 
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Table 4. Stepwise multivariate survival analysis. Continuous variables were retained in their full scale after logan’thmic 
transformation due to their skewed distribution 

Log likelihood Improvement x2 P value Global x2 P value 

Bilirubin (p,mol/l) -165.1 27.9 < 0.001 30.3 < 0.001 
Alpha-1-antitrypsin (g/l) -148.4 33.4 < 0.001 64.2 < 0.001 
Blood urea nitrogen (mmol/I) -142.8 11.2 = 0.001 76.4 < 0.001 
Tumour size* -139.7 6.2 < 0.05 80.8 < 0.001 

* Tumour size defmed as a categorical variable: 0 = tumour size < 5 cm; 1 = tumour size > 5 cm or multifocaYdiffi.tse. 

I-__- 
L--------. 

0 2 4 6 8 10 12 14 16 18 20 

Months of follow-up 

Figuret. Different cumulative survival probabilities of 
patients according to a value of prognostic index s 8.93 (-, 
n = 25), > 8.93-s 10.69 (. . . . ., n = 25), > 10.69 (- - - -, n = 25). 

Alternatively, high AlAT levels might occur more frequently 
in patients with the so-called “toxic syndrome” (weight loss 
2 lO%, malaise, anorexia) which is probably cytokine- 
mediated and is reported to predict a worse survival [ 111. 

The yearly incidence of development of HCC in patients 
with cirrhosis is approximately 334% [22, 231. In these pati- 
ents, screening programmes for HCC have been implemented 
with the hope that HCC might be diagnosed earlier and with 
a higher resectability rate than in the past. Because of our 
inclusion criteria, our findings cannot be extended to estimate 
prognosis in patients diagnosed by screening, in whom therapy 
might offer better chances. However, the patients in whom 
HCC is diagnosed by screening are still largely outnumbered 
by the patients presenting with HCC. Moreover, screening for 
HCC does not necessarily result in an increased rate of 
detection of potentially curable tumours [22]. 

Accuracy in predicting life-expectancy of patients with 
HCC is of great clinical importance, as the choice of the 
therapeutic options should be weighed against their respective 
baseline survival probabilities. So far, we have been unable to 
identify the type of treatment as an independent predictor of 
survival in patients with cirrhosis and HCC, in agreement 
with recent studies by others [ 111. Knowing the pretreatment 
probabilities of survival may allow improved ways of testing 
the usefulness of all available treatments. 

In conclusion, we suggest that the inclusion of measurement 
of AlAT concentration might improve the accuracy of prog- 
nosis estimated in patients with HCC developing in the setting 
of long-standing cirrhosis. 
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