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Abstract
Background & Aims—The percentage of alpha-fetoprotein (AFP) binding to Lens culinaris
agglutinin (AFP-L3%) is proposed as a diagnostic and prognostic marker for hepatocellular
carcinoma (HCC). We evaluated the utility of AFP-L3% for diagnosis of HCC in a U.S. referral
population.

Methods—This retrospective study included 272 patients: 166 with HCC and 106 with benign liver
disease (chronic liver disease, CLD = 77, benign liver mass = 29). AFP-L3% was measured using
the Wako LiBASys clinical autoanalyzer.

Results—AFP-L3% levels are not reported for total AFP <10, and all patients with AFP >200 had
HCC; thus AFP-L3% was non-informative for these patients. In patients with total AFP of 10-200
ng/ml, an AFP-L3% cut-off of >10% had a sensitivity of 71% and specificity of 63% for diagnosis
of HCC. An AFP-L3% cut-off of >35% had a reduced sensitivity of 33%, but an increased specificity
of 100% for diagnosis of HCC. The high specificity AFP-L3% cut-off of 35% allowed the confident
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diagnosis of an additional 10% of HCCs that were not diagnosed using the total AFP cut-off of 200
ng/ml. After adjustment for total AFP, no association was observed between AFP-L3% and tumor
size, stage, vascular invasion, grade, or survival.

Conclusions—Patients with indeterminate total AFP values of 10-200 ng/ml present a diagnostic
dilemma. We found that an AFP-L3% >35% has 100% specificity for HCC in these patients. AFP-
L3%, used in combination with AFP, may be a clinically useful adjunct marker for diagnosis of HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of death from cancer worldwide.
The incidence of HCC in the United States has doubled in the past 25 years, primarily due to
the increasing prevalence of hepatitis C virus infection1. When diagnosed at an early stage,
treatment of hepatocellular carcinoma with liver transplantation or surgical resection can be
curative. However, in spite of effective therapies for early stage HCC’s and efforts at early
diagnosis of HCC through screening of patients at risk for this cancer, most HCC’s are
diagnosed at an advanced stage. In the United States, less than 15% of patients diagnosed with
HCC are eligible for liver transplantation or surgical resection with curative intent23.
Therefore, there is an urgent need for improved methods of screening and surveillance of
individuals at risk for HCC. Early diagnosis of HCC is difficult, in part because (i) HCCs are
typically asymptomatic until the tumor is large or infiltrating, (ii) the standard serum screening
test, alpha fetoprotein (AFP) has poor sensitivity for the detection of small tumors, and (iii)
the AFP is often elevated in patients with chronic hepatitis C virus infection in the absence of
HCC. Although it has relatively poor sensitivity and specificity as a surveillance test, the serum
AFP, used in combination with serial liver ultrasound examination, is a de facto standard for
risk stratification, screening and surveillance for HCC.

The lens culinaris agglutinin (LCA)-reactive alpha-fetoprotein percentage of total AFP
concentration [(AFP-L3 / total AFP) × 100] or AFP-L3% has been used as a marker for early
diagnosis, for assessment of therapeutic effects, and for predicting the prognosis of HCC 4-8.
The AFP-L3 isoform has been reported to be more specific for the diagnosis of HCC than total
AFP level 9. It has also been shown to be associated with more aggressive HCC’s, and to
predict a worse outcome 10. Recent reports also suggest that it is useful for predicting the risk
of development of HCC in patients with chronic liver disease. With recent progress in the
identification and characterization of new serum markers for hepatocellular carcinoma such as
gp73 and glypican 3, and also with recent improvements in the assays for the AFP-L3% fraction
and des gamma carboxyprothrombin, it is probable that future efforts at surveillance of patients
with cirrhosis who are at risk for HCC will use a panel of serum markers. In order to achieve
optimal results with a combination of markers, it is important that each marker be carefully
evaluated to establish its potential place in the panel.

The aim of our study was to examine the diagnostic utility and performance characteristics of
the AFP-L3% in a U.S. referral practice population using the Wako LiBASys clinical
autoanalyzer.
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MATERIALS and METHODS
Study participants

Written informed consent and blood samples were obtained from 272 adult patients evaluated
for HCC, chronic liver disease or benign liver masses between September 1993 and July 2004
as part of two IRB approved registries. Cases were selected for whom a specimen was available
that had been drawn after diagnosis of HCC but before any therapy. Clinical and laboratory
information at the time of diagnosis were retrospectively ascertained from the medical record.
Of the 272 patients, 166 had HCC and 106 had benign liver disease (chronic liver disease =
77, benign liver mass = 29). A proportion of the patients were eligible for liver transplantation
for chronic liver disease or HCC. The diagnosis of HCC was based on either histopathology
or on non-invasive criteria. The non-invasive diagnosis of HCC was established based on the
following modified EASL 2000 criteria, with a modified total AFP cut-off of >200 ng/ml
corresponding to the current UNOS criteria: 1) presence of cirrhosis and a newly developed
enhancing lesion >2 cm found by two or more imaging modalities (including ultrasound,
contrast CT, contrast MRI, and angiography); 2) presence of cirrhosis and a newly developed
enhancing lesion >2 cm found by one imaging modality (including contrast CT, contrast MRI,
and angiography) and a total AFP >200 ng/ml. Of the 166 patients with HCC, 134 had histologic
or clinical evidence of cirrhosis. Cirrhosis was diagnosed by histology in 100 of the 134 (75%).
When liver biopsy was unavailable the diagnosis of cirrhosis was based on clinical and imaging
criteria – evidence of clinically significant portal hypertension with splenomegaly,
thrombocytopenia, ascites, esophageal or gastric varices, or portal hypertensive gastropathy.

Fifty-two of the HCC patients underwent liver transplantation, 25 had a surgical resection, 8
had radiofrequency ablation, 7 had percutaneous ethanol injection, 36 had transarterial
chemoembolization, and 3 received systemic chemotherapy.

The medical record for each study participant was reviewed in detail to ascertain the medical
history, physical and laboratory findings. The age at diagnosis of chronic liver disease and
HCC, tumor characteristics at diagnosis of HCC (size, number of nodules, micro- or macro-
vascular invasion, histologic grade) and tumor stage (based on the American Joint Committee
on Cancer revised scoring system) were abstracted. Demographic and anthropometric data
including age, sex, race, weight, height, and body mass index (BMI = kg/m2) were also
abstracted. Laboratory findings abstracted included liver biochemistries (AST, ALT, alkaline
phosphatase, total and direct bilirubin, albumin), platelet count, prothrombin time, creatinine,
hepatitis B and C serologies, fasting glucose, total, LDL and HDL cholesterol, and
triglycerides. The MELD score at the time of diagnosis was calculated using the standard
formula11. Histopathology slides for patients who underwent surgical resection or needle
biopsy were reviewed by a liver pathologist. HCC grade was assigned on a scale from 1 (most
differentiated) to 4 (least differentiated). The presence or absence of microvascular invasion
was recorded. Patient vital status (dead or alive) was ascertained from the medical record in
January 2006.

Measurement of AFP-L3%
Samples were obtained at the time of diagnosis or at the time when patients were first seen at
Mayo Clinic prior to treatment, and stored at -70°C. The total AFP and AFP-L3% were
measured by a liquid-phase binding assay on the Wako LiBASys clinical auto analyzer (Wako
Pure Chemical Industries, Ltd. Osaka, Japan)12. The typical inter-assay variance for this test,
expressed as the coefficient of variance, is between 2.8% and 13.4% for AFP-L3% and 2.6%
and 4.6% for AFP concentration12. Assay results correlate well with those of the commercially
available lectin-affinity electrophoresis for AFP-L3% (r=0.984) and with the
radioimmunoassay method for total AFP concentration (r=0.999). Thus, this method
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simultaneously yields quantitative results for both AFP-L3% and total AFP concentration12.
The LiBASys autoanalyzer has a lower limit of detection for total AFP concentration of 0.8
ng/ml and for AFP-L3% of 0.5%. If AFP-L3 is detected in the sample, the system only provides
a reliable value of AFP-L3% for samples when the total AFP concentration is =10 ng/ml. For
samples with total AFP of >300,000 ng/ml, we elected not to assess AFP-L3% because of the
need for multiple sequential dilutions of the sample. Hence, AFP-L3% results were classified
as: unmeasurable when total AFP was <0.8 ng/ml (U); high when total AFP was >300,000 ng/
ml (H; where relevant, the five H samples were assigned an AFP-L3% of 100% during the
analysis); not reported when total AFP was between 0.8 and 10 ng/ml (NR) and AFP-L3% was
a measurable value >0.5%; and not detected when total AFP was =0.8 ng/ml but AFP-L3%
was <0.5% (ND).

Statistical analysis
The descriptive characteristics of HCC and CLD patients were compared using the Wilcoxon
rank sum test or the Chi square test. The characteristics of patients with a benign liver mass
were also determined to provide information on the normal estimates. The primary objective
of the study was to determine the additional information derived from an AFP-L3%
measurement for a diagnosis of HCC, given a total AFP value. Thus, analyses were performed
stratified by three categories of total AFP: <10, 10-200, and >200 ng/ml. These subcategories
of total AFP were based on the optimal cutpoint of approximately 10 ng/ml determined from
previous studies13 and the high specificity cutpoint of 200 ng/ml established by the AJCC and
United Network for Organ Sharing (UNOS) for use in the clinical diagnosis of HCC14. The
performance characteristics of total AFP and of AFP-L3% for the diagnosis of HCC were
determined using receiver operating characteristic (ROC) curves. The ROC curve is a plot of
the sensitivity by 1 - specificity for any given AFP-L3% or total AFP measurement. For a
perfect marker, the sensitivity and the specificity are both 100%. The optimal cutpoints for
distinguishing between HCC and CLD were derived from the ROC curves. The sensitivity and
specificity of AFP-L3% for diagnosis of HCC were calculated for the entire group and also for
the two subcategories of total AFP using different cut-points for AFP-L3%. Because AFP-
L3% was either unmeasurable or not reported in patients with a total AFP of <10 ng/ml, so as
not to bias the performance towards total AFP, ROC curves for total AFP and AFP-L3% were
compared for patients with total AFP of 10 – 200 ng/ml and 10 – =300,000 ng/ml. For the ROC
analyses, high (H) samples with a total AFP of >300,000 ng/ml were assigned an AFP-L3%
value of 100%.

The distributions of the AFP-L3% by tumor grade, size, stage and vascular invasion were
plotted with the three strata of total AFP. Kaplan-Meier survival curves were plotted for HCC
patients comparing survival for patients with AFP-L3% =10% compared to <10% (reference)
and also for patients with total AFP =200 ng/ml compared to <200 ng/ml using the log rank
test. The ratio of observed over expected deaths based on follow-up time was calculated for
HCC patients with AFP-L3% <10% and =10%, within the three AFP strata. In bivariate and
multivariate analyses, Cox proportional hazards models were used to estimate the hazard ratio
of death for patients with an AFP-L3% of =10% (vs <10%), or with AFP-L3% in the ranges
of 10-35% and >35% (vs. <10%).

RESULTS
Patient characteristics

The characteristics of the 272 study participants are presented in Table 1. Of the 166 patients
with HCC, 120 (72.3%) had histologically proven HCC. HCC patients were significantly older
(p<0.001), had a lower prevalence of cirrhosis (p=0.017) and had better hepatic function as
shown by the laboratory data and MELD scores compared to CLD patients. In contrast, the
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median AFP and AFP-L3% were significantly higher in HCC patients than in CLD patients
(p<0.001 and p<0.001, respectively).

Diagnostic utility of AFP-L3% and absolute AFP-L3 in combination with AFP
ROC curves for the diagnosis of HCC using AFP-L3% and total AFP are shown in Figure 1A
(total AFP of 10 – 300,000 ng/ml) and 1B (total AFP of 10 – 200 ng/ml). For the total AFP
range of 10 – 300,000 ng/ml, the maximum area under the curve (AUC) for distinguishing
between HCC and CLD was 0.80 for AFP-L3% and 0.78 for total AFP (p=0.754). For the total
AFP range of 10 – 200 ng/ml, the AUC for diagnosis of HCC using AFP-L3% was 0.76, almost
significantly different from the AUC of 0.59 for total AFP (p=0.074). A scatter plot of the
AFP-L3% by total AFP for all patients is shown in Figure 2. Since the AFP-L3% is typically
not reported for an AFP <10 ng/ml, AFP-L3% was not relevant for the diagnosis of HCC for
individuals with a total AFP <10ng/ml. On the other hand, all patients with a total AFP >200
ng/ml had HCC, therefore the AFP-L3% again provided no additional benefit for the diagnosis
of HCC in these patients. Within the three strata, a small majority of HCC patients had a total
AFP <10 ng/ml (63/166; 38%), 52/166 (31%) had a total AFP 10-200 ng/ml, and 51/166 (31%)
had a total AFP >200 ng/ml. Sixty-nine percent (53/77) of CLD patients had an AFP <10 ng/
ml, none (0/77) had a total AFP >200 ng/ml. All patients (29/29) with a benign liver mass had
an AFP <10 ng/ml.

Fifty-two (68%) of the 76 patients with total AFP 10-200 ng/ml had HCC, and the remaining
24 (32%) had CLD. In this subset of patients, an AFP-L3% >10% was present in 71% (37/52)
of HCC patients versus 38% (9/24) of CLD patients (p =0.005). With the recommended AFP-
L3% cutpoint of =10%, the sensitivity of the AFP-L3% for HCC was 71% and the specificity
was 63%; with a cutpoint of =35%, the sensitivity was lower at 33% (17/52) but the specificity
was 100% (24/24)(Table 2). Thus, in this subset of patients with a total AFP of 10-200 ng/ml,
setting a high specificity cutpoint of AFP-L3% =35% would have led to the confident diagnosis
of HCC in an additional 17 (10%) of the 166 HCC patients in the study. In addition, we explored
the utility of the absolute concentration of AFP-L3 (AFP-L3% × total AFP) for diagnosis of
HCC. A 100% specificity absolute AFP-L3 cutpoint of =11 ng/ml was equivalent to the AFP-
L3% cutpoint of 35%, allowing the diagnosis of HCC in 17 of the 52 patients with a total AFP
of 10-200 ng/ml. Combining the high specificity AFP-L3% and absolute AFP-L3 cutpoints
allowed diagnosis of an additional 22 (13%) of the 166 HCC patients, 5 more than would be
diagnosed using either cutpoint alone.

Relationship between AFP-L3% and tumor characteristics
We investigated the relationships between AFP-L3% and tumor size, TNM stage, vascular
invasion and histologic grade within the three AFP categories (Figure 3A-D). After adjusting
for total AFP values, the distributions of the AFP-L3% measurements demonstrated no
independent association of AFP-L3% with these characteristics. There was a slight trend of
increasing AFP-L3% with increasing TNM stage. Although the means were calculated without
taking into consideration AFP-L3% outlier values that were below the level of detection or
were unreliable (U, ND, and NR) or that could not be determined because of excessively high
total AFP values (H), these values were mostly in the category of AFP <10 ng/ml and the
missing values would have had little impact on the AFP 10-200 ng/ml and AFP >200 ng/ml
categories. However, it is still possible that the lack of association found was due to the
relatively small numbers in each sub-category of the different prognostic variables.

Survival in HCC patients
Of the 165 HCC patients with survival data (vital status on 1 patient was not available), 86
patients had expired. Twenty-one of the 86 had total AFP values <10 ng/ml, leaving 65 in the
total AFP 10-200 ng/ml and total AFP >200 ng/ml categories. The ratio of observed/expected
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(O/E) number of deaths based on deaths during follow-up is shown in Table 3. Within total
AFP strata, there was no difference in the O/E for AFP-L3% <10% and AFP-L3% =10%.
However, the O/E was greater in HCC patients with total AFP >200 ng/ml than in patients with
total AFP 10-200 ng/ml, suggesting a greater likelihood of death among HCC patients with
AFP >200 ng/ml. For patients with total AFP >200 ng/ml and AFP-L3% =10%, the O/E was
significantly elevated (O/E = 2.11; 95%CI = 1.47, 2.91). When all AFP categories were
combined, the observed number of deaths (12) was equal to the expected (13.46) in patients
with AFP-L3% <10% (O/E ratio = 0.89; 95% CI = 0.46, 1.56), but the observed number of
deaths (53) was greater than the expected (38.13) among patients with AFP-L3% =10% (O/E
= 1.39; 95%CI = 1.04, 1.82). This showed a better survival for patients with AFP-L3% <10%
(81% 1-year survival; 62% 4-year survival) than for patients with AFP-L3% =10% (63% 1-
year survival; 35% 4-year survival) as shown in the survival curves in Figure 4A (p=0.0012
using the log rank test). However, the total AFP is an even better predictor of survival; patients
with a total AFP <200 ng/ml having a better survival (81% 1-year survival; 63% 4-year
survival) than patients with a total AFP >200 ng/ml (53% 1-year survival; 20% 4-year survival)
(Figure 4B; p<0.0001). After adjustment for total AFP, the O/E ratio was nearly 1 for both
AFP-L3% <10% (0.9, 95%CI = 0.45, 1.53) and AFP-L3% =10% (1.0; 95%CI = 0.77, 1.35),
suggesting no association of AFP-L3% with mortality once the level of total AFP is taken into
account (Table 3). With adjustment for potential confounders (MELD score, tumor grade, size,
and vascular involvement), the estimates were unchanged.

DISCUSSION
Mortality rates for HCC have significantly increased worldwide and in the United States during
the past two decades. Regular follow-up of chronic liver disease patients is indispensable for
early detection of HCC 15. Although serum AFP has been a routine marker for diagnosing
HCC, mild elevation of AFP also occurs in viral hepatitis and other liver diseases 16, 17. The
detection rates for small HCCs by AFP measurement are low (5.6-17.6%) at a high-specificity
cut-off of 200 ng/ml 18-20. Recently, AFP-L3% has been introduced as a new tumor marker
with reportedly higher detection rates for small HCCs (17.2-28.2%) 6, 21. In this study, when
we used the standard cut-off of AFP-L3% at 10% to determine the utility of this tumor marker,
the sensitivity and specificity for detection of all HCCs were 48% and 88%, respectively.
However, most of the patients with elevated AFP-L3% would have triggered further evaluation
by virtue of having a high total AFP. We therefore explored the additional utility of AFP-L3%
given a known AFP value. The group of patients with total AFP values in the intermediate
10-200 ng/ml range, frequently individuals with chronic hepatitis C virus infection, often
presents a diagnostic dilemma, as they often have false-positive elevations of total AFP. In
much the same way that an alternate cut-off of 200-400 ng/ml of total AFP is used in practice
(because it affords a high specificity in the diagnosis of HCC), we found that a cut-off of AFP-
L3% of 35% appears to afford a similar high specificity. In the cohort of patients we examined,
for individuals with an indeterminate total AFP level in the intermediate range of 10-200 ng/
ml, an AFP-L3% cut-off of 35% resulted in the inclusion of an additional 17 patients (10%)
in the HCC category with a high specificity of 100% (Figure 2). Thus, an AFP-L3% cut off of
35% can be used as an adjunct for the diagnosis of HCC in patients with intermediate range
total AFP values by identifying those who do have HCC, and thereby targeting efforts and
resources for confirmation of HCC on those patients most likely to have HCC. Further,
although the use of a high specificity absolute AFP-L3 concentration cut off of 11 ng/ml was
not better than the use of the AFP-L3%, use of this cut off allowed identification of an additional
5 HCC patients beyond those identified using the AFP-L3% cut off of 35%. Hence, it is possible
to design a combined algorithm using high specificity cut offs of total AFP, AFP-L3% and
absolute AFP-L3 to achieve the best test performance. Previously reported prospective studies
have shown that the elevation in AFP-L3% occurs earlier than the elevation in total AFP
concentration in HCC patients7, 16. Due to the retrospective ascertainment of data for the
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present study, however, serum was only available at the time of diagnosis, and the temporal
association between total AFP and AFP-L3% could not be evaluated.

According to previous reports, positivity for AFP-L3% may be an unfavorable prognostic
factor in patients with HCC 22, 23. Oka et al have demonstrated that the characteristics of
having an advanced tumor, including the number of tumors, maximum diameter, tumor spread,
portal vein invasion, tumor stage, and tumor classification, were associated with a positive
AFP-L3% in HCC patients (cut-off at 10%) 24. The total AFP value has also been associated
with many of the same prognostic features. In the present study, once the total AFP value was
taken into account, we observed no association between the distribution of AFP-L3% and tumor
size, stage, vascular invasion or histologic grade. This is consistent with the results of other
authors 10, 25, 26. The differences in prognostic factors noted in some studies may be related
to differences in the underlying etiology and biology of the HCC patients enrolled. The majority
of patients in our study population underwent liver transplantation, whereas most of the other
studies reported are from countries with lower rates of liver transplantation, where patients are
more likely to be treated by surgical resection, local ablation, transcatheter arterial
chemoembolization (TACE) or other palliative therapy.

It has been reported that AFP-L3%-positive patients have significantly lower overall survival
than patients with negative AFP-L3%. Our study showed no difference in hazard of death in
patients with AFP-L3% =10% compared to AFP-L3% <10% after adjustment for AFP. This
discrepancy is most likely because a number of the previously reported studies did not adjust
for total AFP, however, our study may also have had inadequate power to detect a small but
statistically significant difference.

In conclusion, our data suggest that the determination of AFP-L3%, in combination with AFP,
increases the specificity of diagnosis of HCC in individuals with indeterminate elevations of
total AFP (10-200 ng/ml). Thus, the AFP-L3% should be useful as an adjunctive marker, in
combination with AFP, to confirm the diagnosis of HCC. However, we observed no prognostic
significance for AFP-L3% after adjustment for total AFP.
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Figure 1.
Figure 1A. Receiver operating characteristic (ROC) curves comparing total AFP with AFP-
L3% for diagnosis of HCC in individuals with total AFP greater than 10 ng/ml.
Figure 1B. ROC curves comparing total AFP with AFP-L3% for diagnosis of HCC in
individuals with total AFP between 10 and 200 ng/ml.
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Figure 2. Scatter plot of AFP-L3 by AFP category
For individuals with a total AFP in the indeterminate range of 10-200 ng/ml, an AFP-L3% of
greater than 35% was 100% specific, with no false positives. The curved line represents an
absolute AFP-L3 cut-off value of 11 ng/ml, which was also 100% specific. NR: AFP-L3 values
are non-specific and not reported when total AFP is in the range 0.8 - 10 ng/ml and AFP-L3
is >0.5%.
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Figure 3. Distribution of AFP-L3 level by tumor characteristics
Histograms showing the relationship between AFP-L3% and tumor characteristics: 3A, tumor
size; 3B, tumor stage; 3C, vascular invasion; and 3D, histologic grade. The means were
calculated without taking into consideration AFP-L3 values which were not detected (ND),
not reported (NR), not measurable because the total AFP was undetected (U), or not measurable
because the total AFP was >300,000 ng/ml (H). There is little effect of L3% for tumor size,
tumor grade, and vascular involvement. There is a possible trend for TNM, but the numbers
are small.
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Figure 4. Survival in hepatocellular carcinoma patients by AFP-L3% level and total AFP level
4A: AFP-L3% level >10% predicts survival of patients with HCC (p=0.0012). 4B: Total AFP
>200 ng/ml is a better predictor of survival of HCC patients (p<0.0001). Once total AFP is
taken into account, there is no additional prognostic value of the AFP-L3% in this cohort.
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Table 1
Clinical characteristics of study participants at the time of diagnosis

Patient Characteristics
HCC CLD P-Value Benign

n 166 77 29
Male gender (n, %) 120 (72%) 54 (70%) 0.846 6 (21%)
Age (median, range) 60.5 (32 - 89) 46 (18 - 74) <0.001 51 (20 -73)
Cirrhosis (n, %) 134 (81%) 72 (94%) 0.017 1 (3%)
Hepatitis Status
 HBsAg+ Anti-HCV+ 0 0 0
 HBsAg- Anti-HCV+ 58 60 0
 HBsAg+ Anti-HCV- 11 3 0
 HBsAg- Anti-HCV- 77 9 26
Laboratory Findings (median, range)
 Albumin 3.5 (1.5 - 4.7) 3.1 (1.1 - 4.5) <0.001 4.2 (2.6 - 4.8)
 Total bilirubin 1.4 (0.3 – 11.5) 2.6(0.3 - 47) <0.001 0.5 (0.3 - 2.9)
 PT 10.6 (8.2 - 18.9) 12.55(8.7 - 25) <0.001 9.3 (8.5 - 12.6)
 Platelet Count 135 (9 - 819) 71.5(31 - 367) <0.001 251 (59 - 578)
 ALT 62 (12 - 948) 78(11 - 811) 0.015 22 (11 - 141)
 MELD 10 (6 - 20) 13(6 - 31) <0.001 6 (6 - 12)
 AFP 28 (0.8 - >300,000) 7.5(1.5 - 110) <0.001 1.7 (0.8 - 7.4)
 AFP-L3% 25.75 (1.2 - 99.5) 9.85 (1 - 33) <0.001 NA (NA - NA)
  ND 11 17 0
  H 5 0 0
  NR 52 36 22
  U 8 5 7
Missing data: Hepatitis status - 20 HCC and 5 CLD patients
ND (not detected): total AFP =10 ng/ml and AFP-L3 <0.5%
NR (not reported): 0.8<total AFP<10 ng/ml and AFP-L3 >0.5%
U (unmeasurable): total AFP <0.8 ng/ml
H (high): total AFP >300,000 ng/ml.

HCC, hepatocellular carcinoma; CLD, chronic liver disease; HBsAg, hepatitis B surface antigen; Anti-HCV, antibody to hepatitis C virus; PT, prothrombin
time; ALT, alanine aminotransferase; MELD, model for end-stage liver disease score; AFP, alpha fetoprotein.
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Table 2
Performance of AFP-L3% in individuals with total AFP of 10-200 ng/ml

AFP-L3% Sensitivity Specificity

=10% 71% 63%
=35% 33% 100%
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Table 3
Survival characteristics of hepatocellular carcinoma patients by AFP-L3%

Variable AFP-L3 (%)

<10 (n=85) =10(n=80) Total

Total AFP 10-200 (ng/ml)
 Number of Subjects 15 37 52
 Observed Deaths 6 17 23
 Expected Deaths 10.44 21.03 31.48
 O/E ratio (95% CI) 0.57 (0.21-1.25) 0.81 (0.47-1.29) 0.73 (0.46-1.10)

Total AFP >200 (ng/ml)
 Number of Subjects 8 43 51
 Observed Deaths 6 36 42
 Expected Deaths 3.01 17.10 20.11
 O/E ratio (95% CI) 1.99 (0.73-4.33) 2.11 (1.47-2.91) 2.09 (1.50-2.82)

All HCC with AFP =10 (ng/ml)
 Number of Subjects 23 80 103
 Observed Deaths 12 53 65
 Expected Deaths 13.46 38.13 51.59
 O/E ratio† (95% CI) 0.89 (0.46-1.56) 1.39 (1.04-1.82) 2.28 (0.97-1.61)

Expected Deaths Adj. AFP 13.74 51.26
 O/E ratio (95% CI) 0.9 (0.45-1.53) 1 (0.77-1.35)

* Expected deaths estimated from the number of deaths during follow-up

† 
The model chi squares for the analyses stratified by total AFP were not significant, thus the analyses performed were for the combined AFP groups

O/E observed/expected ratio.
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