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Background. We histopathologically examined Lens 
culinaris agglutinin-reactive α-fetoprotein (AFP-L3)-
positive hepatocellular carcinoma (HCC) and protein 
induced by vitamin K absence (PIVKA) II-positive 
HCC to clarify the effi cacy of these markers for predict-
ing a poor prognosis. Methods. Serum AFP-L3 and 
PIVKA II was measured in 110 HCC patients. AFP-L3 
was measured by lectin-affi nity electrophoresis coupled 
with antibody-affi nity blotting, and PIVKA II by using 
a high-sensitivity kit. The growth type, capsule forma-
tion, capsule infi ltration, portal vein invasion, intrahe-
patic metastasis and histological tumor grade were 
evaluated pathologically. Results. Thirty-eight (35%) 
HCC patients were AFP-L3-positive, and 63 (57%) 
were PIVKA II-positive. In AFP-L3-positive HCC, the 
frequencies of an infi ltrative growth type (positive : neg-
ative = 66% : 42%, P = 0.027) and a poorly differentiated 
type (positive : negative = 32% : 6%, P < 0.001) were 
signifi cantly higher than in AFP-L3-negative HCC. In 
PIVKA II-positive HCC, the frequencies of an infi ltra-
tive growth type (positive : negative = 62% : 28%, P < 
0.001), vascular invasion (positive : negative = 63% : 26%, 
P < 0.001), and intrahepatic metastasis (positive : nega-
tive = 38% : 4%, P < 0.001) were signifi cantly higher 
than in PIVKA II-negative HCC. In both AFP-L3- and 
PIVKA II-positive HCC, the frequency of a poorly dif-
ferentiated growth type was signifi cantly higher than in 
HCC positive for either AFP-L3 or PIVKA II or HCC 
negative for both AFP-L3 and PIVKA II (both posi-
tive : either positive : both negative = 37% : 12% : 0%; P 
= 0.014, P < 0.001, respectively). Conclusions. AFP-L3 
was related to progression from moderately differenti-
ated to poorly differentiated HCC, whereas PIVKA II 
was more specifi c to vascular invasion. PIVKA II is 

therefore likely to be a useful indicator of vascular 
invasion.
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Introduction

α-Fetoprotein (AFP) is a well-known tumor marker of 
hepatocellular carcinoma (HCC), and its diagnostic effi -
cacy has been confi rmed. However, serum AFP levels 
also increase in liver diseases such as chronic hepatitis 
and cirrhosis. Therefore, the HCC specifi city of AFP is 
sometimes questioned.1,2 AFP has a structural variance 
in its chains, and the sugar chains obtained from HCC 
patients have high affi nity to lectins such as Lens culina-
ris agglutinin and erythroagglutinating phytohemagglu-
tinin.3 The Lens culinaris agglutinin-reactive fraction of 
AFP (AFP-L3) has been suggested to be a signifi cant 
marker of HCC.4,5 In addition, it has been reported that 
an increase of AFP-L3 in HCC patients tends to be 
related to a poor prognosis.6–13 Among HCC patients 
who receive nonsurgical treatment, the survival rate 
is lower in AFP-L3-positive patients than in AFP-L3-
negative patients.7 Pretreatment AFP-L3 positivity in 
patients who undergo transcatheter arterial emboliza-
tion is also associated with a poorer prognosis.10 However, 
few studies have investigated the relationship between 
pathological characteristics and AFP-L3 positivity in 
HCC patients. On the other hand, protein induced by 
vitamin K absence (PIVKA) II levels rarely increase in 
chronic hepatitis or cirrhosis, and it is highly specifi c 
to HCC.14 In addition, PIVKA II has been reported 
to be a marker of a poor prognosis.15 Therefore, this 
study examined the pathological characteristics of HCC 
patients in relation to AFP-L3 and PIVKA II.
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Methods

We examined HCC nodules with a nodular diameter of 
less than or equal to 5.0 cm that were surgically resected 
between 1998 and 2004 at Kurume University Hospital. 
AFP-L3 and PIVKA II were measured in 110 patients 
(84 male, 26 female) whose average age was 64.2 ± 10.3 
years. Among them, 21 patients were hepatitis B virus 
surface antigen positive, 76 were hepatitis C virus anti-
body positive, and three were positive for both. The 
serum AFP level was determined by using commercially 
available kits. The AFP-L3 level was measured by 
lectin-affi nity electrophoresis coupled with antibody-
affi nity blotting (AFP Differentiation Kit L, Wako Pure 
Chemical, Osaka, Japan). Serum AFP-L3 was fi nally 
expressed as a percentage of total AFP (AFP-L3/total 
AFP × 100%). The cutoff value used to determine posi-
tivity for AFP-L3 was 10%. The serum PIVKA II level 
was determined with a high-sensitivity kit (Eisai, Tokyo, 
Japan). Surgically resected liver specimens were fi xed 
in 10% formalin, sliced into 4 µm-thick paraffi n sections, 
and then step-sections were prepared for hematoxylin 
and eosin (HE) staining. The HCC specimens were clas-
sifi ed into one of the following four gross types accord-
ing to the Japanese Classifi cation of Primary Cancer:16 
small nodular with indistinct margin, simple nodular, 
and two infi ltrative growth types, simple nodular with 

extranodular growth and confl uent multinodular types. 
Histological grade (i.e., well-differentiated, moderately 
differentiated, or poorly differentiated) was indepen-
dently evaluated by two pathologists (HM, ON).

Groups were compared by using the χ-squared test, 
and a value of P < 0.05 was considered to be statistically 
signifi cant.

Results

Patients’ characteristics

AFP-L3 was positive in 38 patients (35%) and negative 
in 72 (65%). PIVKA II was positive in 63 patients (57%) 
and negative in 47 (43%). Other clinical characteristics 
of these patients are shown in Table 1. Both AFP-L3 
and PIVKA II were positive in 30 patients (27%), either 
AFP-L3 or PIVKA II, but not both, was positive in 41 
patients (37%), and both were negative in 39 patients 
(35%). Other clinical characteristics of these patients 
are shown in Table 2.

Tumor diameter

Among the 38 AFP-L3-positive cases, the tumor diam-
eter was ≤20 mm in three (14%), 21–30 mm in 14 (30%), 

Table 1. Clinical characteristics of the patients

AFP-L3 PIVKA II

Positive
n = 38

Negative
n = 72

Positive
n = 63

Negative
n = 47

Age (years) 64.6 ± 14.2 64.3 ± 8.7 66.1 ± 10.1 61.2 ± 11.3
Sex (M/F) 25/13 59/13 45/18  9/47
Virus (positive)
 HBV  8 13  9 12
 HCV 27 49 47 29
 HBV & HCV  1  2  2  1
Nodular diameter (mm) 32.8 ± 8.7 27.6 ± 10.2 33.1 ± 9.5 25.7 ± 9.5

AFP-L3, α-fetoprotein L3; PIVKA II, protein induced by vitamin K absence II; HBV, hepatitis 
B virus; HCV, hepatitis C virus

Table 2. Additional clinical characteristic of the patients 

AFP-L3 and 
PIVKA II positive

n = 30

AFP-L3 or PIVKA II 
positive (but not both)

n = 41

AFP-L3 and 
PIVKA II negative

n = 39

Age (years) 66.7 ± 11.7 57.8 ± 21.3 62.9 ± 9.1
Sex (M/F) 19/11 34/7 31/8
Virus (positive)
 HBV  6  5 10
 HCV 22 30 24
 HBV & HCV  2  0  1
Nodular diameter 33.4 ± 9.5 30.3 ± 4.6 24.7 ± 10.1
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31–40 mm in 15 (54%), and 41–50 mm in six (39%; Table 
3). Among the 63 PIVKA II-positive cases, the tumor 
diameter was ≤20 mm in seven (40%), 21–30 mm in 25 
(51%), 31–40 mm in 18 (72%), and 41–50 mm in 13 
(76%; Table 3). Among the 30 cases positive for both 
AFP-L3 and PIVKA II, the tumor diameter was ≤20 mm 
in three (14%), 21–30 mm in nine (20%), 31–40 mm in 
12 (48%), and 41–50 mm in six (35%; Table 4). Among 
the 41 cases positive for either AFP-L3 or PIVKA II, 
the tumor diameter was ≤20 mm in four (18%), 
21–30 mm in 21 (46%), 31–40 mm in nine (36%), and 
41–50 mm in seven (41%; Table 4). Among the 39 cases 

negative for both AFP-L3 and PIVKA II, the tumor 
diameter was ≤20 mm in 15 (68%), 21–30 mm in 16 
(35%), 31–40 mm in four (16%), and 41–50 mm in four 
(24%; Table 4).

Pathological fi ndings

The indistinct growth type of tumor was not found in 
patients positive for AFP-L3, PIVKA II, or both; all 
three tumors of this type were in patients negative for 
both AFP-L3 and PIVKA II (Tables 5, 6, and 7). The 
tumor was the simple nodular type in 13 AFP-L3-

Table 3. Tumor diameters between AFP-L3-positive and PIVKA II-positive cases

Tumor diameter (cm) AFP-L3 positive PIVKA II positive

≤2  3/22 (14%)  7/22 (32%)
>2 and ≤3 14/46 (30%) 25/46 (54%)
>3 and ≤4 15/25 (60%) 18/25 (72%)
>4 and ≤5  6/17 (35%) 13/17 (76%)

Total 38/110 (35%) 63/110 (57%)

Values represent the ratios of positive cases to total number of cases examined for AFP-L3 and 
PIVKA II

Table 4. Tumor diameters among AFP-L3- and PIVKA II-positive and/or negative 
cases

Tumor diameter
AFP-L3 and 

PIVKA II positive
AFP-L3 or PIVKA II 
positive (but not both)

AFP-L3 and 
PIVKA II negative

≤2  3/22 (14%)  4/22 (18%) 15/22 (68%)
>2 and ≤3  9/46 (20%) 21/46 (46%) 16/46 (35%)
>3 and ≤4 12/25 (48%)  9/25(36%)  4/25 (16%)
>4 and ≤5  6/17 (35%)  7/17 (41%)  4/17 (24%)

Total 30/110 (27%) 41/110 (37%) 39/110 (35%)

Table 5. Pathological fi ndings in HCC positive or negative for AFP-L3

AFP-L3 positive
(n =38)

AFP-L3 negative
(n = 72) P value

Growth type
 Indistinct nodular type  0 (0%)  3 (4%)
 Simple nodular type 13 (34%) 39 (54%)
 Infi ltrative growth type 25 (66%) 30 (42%) <0.027a

  SN type with EG 20 (53%) 22 (31%)
  Confl uent multinodular type  5 (13%)  8 (11%)
Presence of
 Capsule formation 32 (84%) 55 (76%)  0.337
 Capsule infi ltration 28 (74%) 52 (72%)  0.870
 Portal vein invasion 20 (53%) 32 (44%)  0.413
 Intrahepatic metastasis 11 (29%) 15 (15%)  0.341

Histological grade
 Well-differentiated  0 (0%)  4 (6%)
 Moderately differentiated 26 (68%) 64 (88%)
 Poorly differentiated 12 (32%)  4 (6%) <0.001

HCC, hepatocellular carcinoma; SN, simple nodular type; EG, extranodular growth
a vs. simple nodular type
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Table 6. Pathological fi ndings in HCC positive or negative for PIVKA II

PIVKA II positive
(n = 63)

PIVKA II negative
(n = 47) P value

Growth type
 Indistinct nodular type  0 (0%)  3 (6%)
 Simple nodular type 24 (38%) 31 (66%)
 Infi ltrative growth type 39 (62%) 13 (28%) <0.001a

  SN type with EG 30 (48%)  9 (19%)
  Confl uent multinodular type  9 (14%)  4 (9%)
Presence of
 Capsule formation 55 (87%) 35 (74%)  0.084
 Capsule infi ltration 48 (76%) 32 (68%)  0.345
 Portal invasion 40 (63%) 12 (26%) <0.001
 Intrahepatic metastasis 24 (38%)  2 (4%) <0.001

Histological grade
 Well-differentiated  0 (0%)  4 (9%)
 Moderately differentiated 50 (79%) 40 (85%)
 Poorly differentiated 13 (21%)  3 (6%)  0.07
a vs. simple nodular type

Table 7. Pathological fi ndings in HCC positive for both AFP-L3 and PIVKA II, positive for either AFP-L3 or PIVKA II, or 
negative for both AFP-L3 and PIVKA II

AFP-L3 and 
PIVKA II positive

(n = 30)

AFP-L3 or PIVKA II positive 
(but not both)

(n = 41)

AFP-L3 and 
PIVKA II negative

(n = 39) P value

Growth type
 Indistinct nodular type  0 (0%)  0 (0%)  3 (8%)
 Simple nodular type 11 (36%) 14 (34%) 27 (69%)
 Infi ltrative growth type 19 (63%) 27 (65%)  9 (23%)  0.826a,c

<0.001b,c

  SN type with EG 15 (50%) 21 (51%)  6 (15%)
  Confl uent multinodular  4 (13%)  6 (14%)  3 (8%)
Presence of
 Capsular formation 25 (83%) 35 (85%) 28 (72%)  0.815a

 0.260b

 Capsular infi ltration 23 (76%) 21 (51%) 26 (66%)  0.029a

 0.118b

 Portal vein invasion 19 (63%) 24 (58%)  9(23%)  0.878a

<0.001b

 Intrahepatic invasion 10 (33%) 15 (37%)  2 (5%)  0.777a

 0.002b

Histological grade
 Well differentiated  0 (0%)  0 (0%)  4 (10%)
 Moderately differentiated 18 (60%) 37 (90%) 35 (87%)
 Poorly differentiated 12 (40%)  4 (10%)  0 (0%)  0.002a

<0.001b

a Both AFP-L3 and PIVKA II positive vs. either AFP-L3 or PIVKA II positive
b Both AFP-L3 and PIVKA II positive vs. Both AFP-L3 and PIVKA II negative
c vs. simple nodular type

positive cases (34%), 39 AFP-L3-negative cases (54%), 
24 PIVKA II-positive cases (38%), 31 PIVKA II-
negative cases (66%), 11 cases positive for both AFP-L3 
and PIVKA II (36%), 14 positive for either AFP-L3 or 
PIVKA II (34%), and 27 negative for both AFP-L3 and 
PIVKA II (69%).

The simple nodular type with extranodular growth 
was found in 20 AFP-L3-positive cases (45%), 22 AFP-

L3-negative cases (31%), 30 PIVKA II-positive cases 
(48%), nine PIVKA II-negative cases (19%), 15 cases 
positive for both AFP-L3 and PIVKA II (50%), 21 posi-
tive for either AFP-L3 or PIVKA II (51%), and six 
negative for both AFP-L3 and PIVKA II (15%). The 
confl uent multinodular type was found in fi ve AFP-
L3-positive cases (13%), eight AFP-L3-negative cases 
(11%), nine PIVKA II-positive cases (14%), four 



966 H. Miyaaki et al.: AFP-L3 and PIVKA and HCC prognosis

PIVKA II-negative cases (9%), four cases positive for 
both (13%), six positive for either (14%), and three 
negative for both (8%). In the AFP-L3-positive and 
PIVKA II-positive patients and those positive for both, 
the frequency of the infi ltrative growth type, which indi-
cates a varying degree of invasive growth, was signifi -
cantly higher than that of the simple nodular type 
(Tables 5, 6, and 7).

AFP-L3 positivity was not related to capsule forma-
tion, capsule infi ltration, portal vein invasion, or intra-
hepatic metastasis (Table 5). PIVKA II positivity 
was not signifi cantly related to capsule formation or 
capsule infi ltration (Table 6). Positivity for both AFP-
L3 and PIVKA II was not signifi cantly related to 
capsule formation. The frequencies of portal vein 
invasion and intrahepatic metastasis were signifi cantly 
higher in the PIVKA II-positive group than in the 
PIVKA II-negative group (P < 0.001). The frequencies 
of portal vein invasion and intrahepatic metastasis were 
also signifi cantly higher in patients positive for both 
AFP-L3 and PIVKA II than in those negative for 
both.

Histological grade

AFP-L3 was negative in all four well-differentiated 
HCCs (0%), whereas it was positive in 26 moderately 
differentiated HCCs (68%) and 12 poorly differentiated 
HCCs (32%). The frequency of poorly differentiated 
HCC among AFP-L3-positive cases was signifi cantly 
higher than that among AFP-L3-negative cases (P < 
0.001, Table 5).

PIVKA II was negative in all fi ve well-differentiated 
HCCs (0%), and positive in 50 moderately differenti-
ated HCCs (79%) and 13 poorly differentiated HCCs 
(21%). Poorly differentiated HCC was signifi cantly 
more frequent among PIVKA II-positive patients than 
among PIVKA II-negative cases (P = 0.07, Table 6).

Poorly differentiated HCC was signifi cantly more fre-
quent in cases positive for both AFP-L3 and PIVKA II 
than in those positive for only one or negative for both 
(P = 0.002, P < 0.001, respectively, Table 7).

Discussion

AFP-L3 has been identifi ed as a potential marker for 
the detection of small HCC, and it was recently reported 
to be a useful indicator of a poor prognosis in HCC 
patients.6–13 However, few pathological studies have 
investigated poor prognoses in AFP-L3-positive 
patients. On the other hand, although PIVKA II is 
known to be a prognostic indicator for HCC, there are 
also few pathological studies on its relationship to a 
poor prognosis.15 This study examined the pathological 

features of AFP-L3-positive HCC compared with 
PIVKA II-positive HCC.

Although AFP-L3 was developed as a tumor marker 
for the detection of early-stage HCC, the frequency of 
AFP-L3-positive HCC with a diameter of <2 cm in the 
study of Kuromatsu et al.12 was low (36.3%). In the 
current study, only three AFP-L3-positive HCCs had a 
diameter of <2 cm (14%, Table 2), indicating that moni-
toring of AFP-L3 alone is not suffi cient to detect early-
stage HCC. On the other hand, among the 22 patients 
who were examined for PIVKA II, the tumor diameter 
was less than 2 cm in seven (31%). This rate is higher 
than that in AFP-L3-positive cases, indicating that 
PIVKA II is more specifi c to early-stage HCC than 
AFP-L3. However, 15 (68%) HCCs with a diameter of 
<2 cm were negative for both AFP-L3 and PIVKA II, 
showing that for detection of early-stage HCCs, AFP-
L3 and PIVKA II should be used in combination 
with other appropriate tumor markers or imaging 
modalities.

Regarding growth type, there was no case of an indis-
tinct nodular type tumor in HCC patients positive 
for both AFP-L3 and PIVKA II. An indistinct growth 
type is generally not associated with portal vein inva-
sion or intrahepatic metastasis. Therefore, this type of 
tumor can be regarded as “carcinoma in situ” in the 
liver, and a complete cure can be expected after surgi-
cal resection.17 These fi ndings indicate that neither 
AFP-L3 nor PIVKA II are produced by indistinct type 
HCC.

The frequency of an infi ltrative growth type, that is, 
the single nodular type with extra nodular growth or the 
confl uent multinodular type, was signifi cantly higher 
than the single nodular type in AFP-L3-positive cases 
(P = 0.027), PIVKA II-positive cases (P < 0.001), and 
cases positive for both (P < 0.001). In previous studies,18,19 
the frequencies of portal vein invasion and intrahepatic 
metastasis were signifi cantly higher in the infi ltrative 
growth type than in the single nodular type of tumor. 
These observations show that elevated AFP-L3 and 
PIVKA II levels indicate advanced HCC.

The frequency of HCC with capsule formation or 
capsule infi ltration was not different between the posi-
tive and negative groups of either marker.

Portal vein invasion was found more frequently in the 
patients positive for either marker than in those nega-
tive for either, and more frequently in patients positive 
for both AFP-L3 and PIVKA II than in those negative 
for both. PIVKA II was more specifi c for detection of 
portal vein invasion than AFP-L3. Vascular invasion 
and intrahepatic metastasis have been reported to be 
associated with a poor prognosis of HCC patients.20–22 
A prospective study using imaging modalities reported 
that PIVKA II was the most useful predisposing param-
eter for the development of portal vein invasion.23 Portal 
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vein invasion is confi rmed microscopically and is unde-
tectable by diagnostic imaging such as ultrasonography 
and computed tomography. Because intrahepatic metas-
tasis of HCC occurs via the portal vein, metastasis is 
related to portal vein invasion.24,25 Therefore, PIVKA II 
is thought to be more useful than AFP-L3 for the detec-
tion of portal vein invasion and intrahepatic metastasis. 
In addition, only nine HCCs with portal vein invasion 
and two with intrahepatic metastasis were found in 
patients negative for both AFP-L3 and PIVKA II, indi-
cating that if both tumor markers are negative, then the 
possibility of HCC with vascular invasion and intrahe-
patic metastasis is low.

Regarding the histological grade, well-differentiated 
HCC was found only in patients negative for both AFP-
L3 and PIVKA II, whereas the frequency of poorly 
differentiated HCC was signifi cantly higher in AFP-L3-
positive patients than in AFP-L3-negative patients 
(Tables 3 and 4). In addition, the frequency of poorly 
differentiated HCC was higher in AFP-L3-positive 
patients than in PIVKA II-positive patients. Several 
studies have reported that AFP-L3 levels are correlated 
with histological grade of HCC,6,7,12,26 and in our current 
study, 12 of 16 poorly differentiated HCCs were AFP-
L3 positive, and all 12 were also PIVKA II-positive. 
Because the level of fetal liver products, AFP (AFP-
L3), decreases along with the growth of the human 
body,27 AFP-L3 is produced by the immature HCC 
component.

In patients positive for both AFP-L3 and PIVKA II, 
poorly differentiated HCCs were signifi cantly more 
frequent than in patients positive for either marker or 
negative for both. On the other hand, there were no 
poorly differentiated HCC cases among patients nega-
tive for both AFP-L3 and PIVKA II. These results show 
that if both tumor markers are negative, then the pos-
sibility of poorly differentiated HCC is quite low.

In conclusion, AFP-L3 positivity was high in poorly 
differentiated HCC in comparison with PIVKA II posi-
tivity, whereas PIVKA II positivity was high in HCCs 
with portal vein invasion or intrahepatic metastasis.
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