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Abstract 
Fast liver alkaline phosphatase isoenzyme was measured by cellulose acetate electro­

phoresis in the sera obtained from 84 patients with specific hepatobiliary diseases and I 0 control 
subjects. The mean value of this isoenzyme in patients with malignant extrahepatic obstruction 
was 130.58± 107.08 U/L, significantly higher than that of patients with benign extrahepatic 
obstruction (65.63±34.14 U/L), as well as patients with intrahepatic choles~asLs and infiltra­
tive liver cancers (65.31±38.11 U/L and 48.47±36.85 U/L, respectively). Furthermore, we could 
not detect this isoenzyme in normal individuals. When 100 U/L was used as a cut-off value to 
discriminate between patients with malignant extrahepatic obstruction and the remaining hepato­
biliary disorders, the sensitivity, specificity and accuracy of the test were 63 per cent, 84 per cent 
and 80 per cent, respectively. It is concluded that the fast liver isoenzyme could be a useful 
marker in diagnosis of malignant extrahepatic obstruction. 
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Alkaline phosphatase (ALP; EC 3.1.3.1) 
comprises a group of isoenzymes present in a 
variety of tissues, including liver, bone, intestine, 
placenta, kidney and leukocytes. All enzymes in the 
family are glycoproteins that require zinc for acti­
vity, but they are otherwise immunologically dis­
tinct with difference physiochemical properties but 
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overlapping substrate specificities( 1), In a normal 
situation, a small amount of alkaline phosphatase 
is present in serum due to normal destruction of 
tissue. Whereas, in the setting of abnormal cellular 
damage, detection of increased isoenzymes acti­
vities by electrophoresis permits identification of 
the specific organs involved(2). 
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The serum alkaline phosphatase activity 
rises in many types of liver disease. Nevertheless, 
ALP measurement poses the disadvantage that ele­
vation of enzymatic activity is not specific enough 
in differentiating various hepatobiliary disorders. 
There appears to be two major hepatic isoenzymes 
of ALP which differ in their physicochemical and 
electrophoretic properties, one from hepatocytes 
that migrates to a position correlating to the alpha 
2 serum protein fraction on electrophoresis. This 
regular 'liver' isoenzyme is found in the serum of 
all normal individuals and elevation occurs in a 
wide variety of conditions including hepatocellular 
disease, intrahepatic cholestasis and biliary obstruc­
tion. Therefore, the elevated levels of this isoen­
zyme are thought to be a nonspecific finding. 

The other isoenzyme, 'fast liver' also 
known as the biliary or high-molecular-weight 
ALP isoenzyme, originates from plasma membrane 
and appears in the alpha! region. Interestingly, this 
isoenzyme is rarely found in normal individuals. 
It is also a very sensitive and early marker of intra 
and extrahepatic cholestasis, even when total alka­
line phosphatase activity remains normal0.3). Fur­
thermore, it has been reported to be of merit as a 
tumor marker for hepatic metastasis even in the 
absence of jaundice(4,5). The fast liver isoenzyme 
may coexist with the regular liver ALP and ultra­
fast liver ALP isoenzyme, which is now known as 
ALP lipoprotein X complex(6). ALP lipoprotein X 
complex' is an unusual ALP isoenzyme migrating 
in an ultrafast position close to the albumin band 
on cellulose acetate and agarose elctrophoresis. 
Although this isoenzyme is more sensitive for 
cholestasis than fast liver isoenzyme, it seems to 
be a less specific indicator of biliary obstructionC7). 

The purpose of our study was to determine 
the clinical usefulness of the fast liver isoenzyme by 
measurement on cellulose acetate electrophoresis. 
The study included different groups of patients who 
presented with jaundice, such as infiltrative hepatic 
disorders (primary or metastatic tumor) and choles­
tatic disorders (e.g. intrahepatic and extrahepatic 
cholestasis). 

PATIENTS AND METHOD 
The study population comprised 84 patients 

who attended Chulalongkorn University Hospital 
between April and November 1998. 
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Group 1 consisted of 16 patients with 
malignant extrahepatic obstruction by cholangiocar­
cinoma or other periampullary tumors [aged 43-85 
years, mean 62.3±11.4 years, M:F ratio 10:6]. All 
patients in this group had dilated intrahepatic and/ 
or common bile duct on imaging study. 

Group 2 consisted of 20 patients with non­
malignant extrahepatic obstruction [aged 18-78 
years, mean 49.9±14.7 years, ratio of males to 
females (M:F) 11 :9]. Among these, 18 patients had 
stones obstructing the common bile duct and the 
remaining 2 patients each had a choledochal cyst. 
As in group I, all patients in this group had dilated 
intrahepatic and/or common bile duct on imaging 
study. 

Group 3 consisted of 31 patients with intra­
hepatic cholestasis. [aged 23-80 years, mean 4 7 .5± 
18.4 years, M:F ratio 17:14]. All patients in this 
group had serum bilirubin > 2 mg/dl and total alka­
line phosphatase exceeded the upper limit level 
(279 U/L). There was also no evidence of biliary 
tract obstruction or hepatic infiltration on imaging 
study. The causes of cholestatic jaundice in this 
group included systemic infection (n= 15 ), drug­
induced jaundice (n=5) and alcoholic hepatitis or 
cirrhosis (n= 11 ). 

Group 4 consisted of 17 patients with infil­
trative hepatic disorders [aged 38-73 years, mean 
57.8±11.4 years, M:F ratio 15:2]. Fourteen patients 
had hepatocellular carcinoma, diagnosed by histo­
logy or imaging study combined with serum alpha­
fetoprotein (AFP) level exceeding 400 ng/dl. The 
remaining three patients had liver metastasis, diag­
nosing based on imaging study combined with posi­
tive histology. 

All blood samples were analyzed for total 
alkaline phosphatase and its isoenzymes by cellu­
lose acetate electrophoresis (Helena Laboratories, 
Beaumont, USA) using Electronic Data Center 
(EDC) Densitometer (Helena Laboratories, Beau­
mont, USA). In addition, sera from 10 healthy 
volunteers were included in this study to establish 
the normal value in the Thai population. 

Statistical Analysis 
The data were expressed as mean value ± 

standard deviation and percentage as their appro­
priateness. The analysis of variance and Scheffe test 
was used to test the difference among groups of 
patients. 
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Table 1. Serum total ALP and its isoenzymes in groups studied (values are 
expressed as mean ± standard deviation). 

Group Total ALP (UIL) 

I 874.56±633.62 
2 721.89±516.55 
3 488.77±230.90 
4 682.47±625.05 
Control 205.41±101.32 

# p<0.05 versus group 2, 3, 4 and control 
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Fig. 1. Fast liver isoenzyme level in groups studied. 

RESULTS 
In our study we could not detect the fast 

liver ALP isoenzyme in serum of normal indivi­
duals. The mean value of the fast liver ALP isoen­
zyme in group 1 was 130.58±107.08 UIL, signifi­
cantly higher than that found in the other three 

groups (group 2; 65.63±34.14 U/L, group 3; 
65.31±38.11 U/L and group 4; 48.47±36.85 U/L, 
(p<0.05). On the other hand, there was no signifi­
cant difference of total ALP and the liver ALP 
isoenzyme among the four groups studied. (Table I 
and Fig. 1) 
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Comparing the fast liver ALP isoenzyme 
level in group I and the other groups, the ideal cut­
off point for a diagnostic value of the fast liver ALP 
was determined by selection of multiple points from 
the receiver-operating characteristic (ROC) curve. 
The point considered best was 100 U/L. At this 
level, it had a sensitivity and specificity of 63 per 
cent and 84 per cent, respectively and the accuracy 
was 80 per cent. 

DISCUSSION 
The mechanism by which different physio­

logical states and disease processes cause an eleva­
tion of the serum ALP has been generally accepted 
that it originates in tissues that undergo metabolic 
stimulation(8), Concerning the mechanism of the 
serum elevation in liver diseases, it is believed that 
the damaged liver releases the hepatic ALP isoen­
zyme into serum rather than the damaged liver fail­
ing to excrete it and the other isozymes from 
serum(9). New protein synthesis appears to be a 
major factor accounting for the raised hepatic ALP 
isoenzymes activity in liver disease. 

The fast liver ALP isoenzyme was first 
recognized in 1972 by Fritsche et a!, who called it 
the 'high molecular-weight fraction' of alkaline 
phosphataseO 0). This fraction is believed to origi­
nate from fragments of cell membranes containing 
alkaline phosphatase activity, or complexes of alka­
line phosphatase and lipoprotein-X, which also fre­
quently appear in cholestasis01,12). An increase in 
this isoenzyme activity in serum is frequently asso­
ciated with hepatobiliary diseases and malignant 
tumors. Furthermore, it appears to be more sensitive 
and specific for diagnosing hepatobiliary disorders 
when compared to total alkaline phosphatase, gam­
ma-glutamyl transferase and 5' nucleotidase03-15). 

The biochemical determination of total 
ALP and its isoenzymes is technically easy and reli­
able. For electrophoretic separation of ALP isoen­
zymes, various supporting media have been pro­
posed: agar, agarose, starch, polyacrylamide and 
cellulose acetate06-20). The cellulose acetate 
method offers several district advantages over other 
identification methods. The technique is inexpen­
sive and suitable for the electrophoretic fractiona­
tion of ALP in large numbers of sera, provides ease 
of handling, stability of supporting membranes and 
media and reproducibility of results. Both colori­
metric and fluorometric methods are available for 
isoenzyme visualization. 
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In our study, as shown in Table I, the 
mean level of the fast liver ALP in extrahepatic 
malignancies (group I) was significantly higher than 
that found in the other groups. However, the extent 
of the enzymes elevation of total ALP and the liver 
ALP do not distinguish among groups studied. The 
difference of the mean level of the fast liver ALP 
could be explained that tumor obstruction is a 
slower process than obstruction by benign condi­
tions such as stones in the common bile duct (CBD). 
In addition, the etiologic causes of intrahepatic cho­
lestasis in our study are mainly from infections and 
medications, most of which occur in relatively 
shorter duration compared with that of malignant 
obstructions. 

Previous data from Viot et al and subse­
quent studies, suggested that that fast liver ALP 
was highly correlated with liver metastasis and the 
presence of this isoenzyme could be a predictive 
marker of such a condition( 4,5, 14). However, in our 
study, the mean value of the fast liver ALP in this 
group was comparable to that of benign liver con­
ditions and even significantly lower than that found 
in malignant biliary obstructions. These results 
could, therefore, undermine the diagnostic useful­
ness of the test in detecting liver metastasis in 
patients with known underlying liver disease. Fur­
thermore, the increasing availability of hepatic 
imaging, such as ultrasonography (US), compute­
rized tomography (CT) or magnetic resonance 
imaging (MRI), has made it possible to diagnose 
hepatic metastasis more accurately. 

In general, although US is the modality of 
choice in the noninvasive study of hepatobiliary 
tract, its sensitivity in detecting the distal CBD 
obstruction (stone or tumor) is disappointing. In this 
case, CT or MRI is far superior to US in differen­
tiate the distal CBD and periampullary cancers from 
benign lesions. However, an accurate diagnosis is 
not always satisfactorily achieved and the next 
appropriate step with a more invasive technique, for 
example, cholangiography is required(21). Hence, a 
simple screening test, such as the fast liver ALP as 
shown in our study, is considered to be a useful 
adjunct to non-invasive imaging in order to discri­
minate between benign and malignant biliary 
obstructions. 

As a diagnostic test, the cut-off value 
should be reduced to the extent possible to increase 
the sensitivity of the test, but not too low to decrease 
its specificity and diagnostic accuracy. Using the 
fast liver ALP level between 10-17 U/L as an arbi-
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trary cutoff point as mentioned in previous studies 
(4,5,15), we could not differentiate malignant extra­
hepatic obstructions from those of the remaining 
groups. In our study, the ideal cut-off point selected 
from the ROC curve showed that the best point 
was 100 U/L. At this level, although it had a rela­
tively low sensitivity, the diagnostic specificity and 
accuracy could be considered acceptable. 

SUMMARY 
The fast liver ALP isoenzyme seems to be 

useful in differentiating between malignant and 
benign extrahepatic obstructions, as well as intra­
hepatic cholestasis and liver cancers. It should be 
considered as an adjunct to diagnosis when non­
invasive hepatobilary imaging assessment is incon­
clusive. 

(Received for publication on April 29, 1999) 
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