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ABSTRACT

Background. Microvascular invasion (MVI) has been
recognized as a risk factor for outcome following curative
resection in hepatocellular carcinoma (HCC). Because
MVI can range from few to many invaded vessels, we
evaluated the significance of MVI classification in this
study.

Methods. Between January 1995 and December 2010, 207
consecutive patients who underwent curative resection for
HCC within Milan criteria were included in this retro-
spective study. Patients were classified into mild and severe
MVI groups based on the number of vessels invaded. This
study evaluated whether MVI classification can help to
predict recurrence and survival after curative resection.
Results. Of the total 207 patients, 103 (50 %) patients had
no detectable MVI, whereas 59 (28 %) had mild MV], and
45 (22 %) had severe MVL Recurrence-free survival rates
at 2 years for patients without MVI, with mild MVI, and
severe MVI were 75.9, 47.2, and 32.7 %, respectively.
Patients with severe MVI experienced a high frequency of
fatal recurrence, such as multiple tumors, macroscopic
vascular invasion, and extrahepatic metastasis after cura-
tive resection. Multivariate analysis revealed age, number
of tumors, mild MVI, and severe MVI as independent
predictors of recurrence-free survival. Disease-specific
survival rates at 5 years for patients without MVI, with
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mild MVI, and severe MVI were 91.5, 70.4, and 51.4,
respectively. Multivariate analysis also revealed cirrhosis,
tumor size, mild MVI, and severe MVI as independent
predictors of disease-specific survival.

Conclusions. We demonstrated that MVI classification
can stratify HCC patients by different patterns of recur-
rence and risk of survival after curative resection.

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world. Recent advances in
imaging procedures and surveillance programs for high-
risk patients have led to increased detection of early-stage
HCC, resulting in an increase in identification of patients in
whom curative resection is possible."> However, the long-
term survival of HCC patients remains unsatisfactory due
to the high frequency of intra- and extrahepatic recur-
rences.** Vascular invasion (VI) has been recognized as a
risk factor leading to early recurrence of HCC.>® More-
over, the fatal recurrence in HCC patients with VI limits
additional attempts at various curative therapies, such as
liver resection and radiofrequency ablation (RFA), thereby
contributing to poor survival*'°

VI is generally classified using either macroscopic or
microscopic findings. Macroscopic VI, such as a tumor
thrombus in the major portal vein, is known to be a crucial
risk factor for survival after liver resection or transplanta-
tion in HCC patients and is detectable by various imaging
procedures.'!™* Therefore, the presence of macroscopic VI
is usually evaluated before treatment and is an important
parameter that is included in the TNM, CLIP, JIS, and
BCLC scoring systems and is used to determine treatment
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strategies in HCC patients.'%'>!% In contrast, microscopic
vascular invasion (MVI) is difficult to detect: before initi-
ation of HCC treatment, even if sophisticated imaging
procedures are conducted during patient evaluation.
Recently, many studies have reported that the presence of
MVTI is closely associated with outcome following liver
resection or transplantation in HCC patients.'” 2! Our
previous study also showed that MVI was an important
strong risk factor for recurrence and survival following
resection of HCC within the Milan criteria.”? Therefore,
MVI is as important as macroscopic VI and should be
evaluated as a risk factor of patients with HCC. Moreover,
the current definition of MVI encompasses a wide range of
tumor invasion, from one to many microscopic vessels-that
are contiguous with the tumor. Thus, patients with MVI
have been suggested to have a wide range of outcomes
after resection. Consequently, the purpose of this study was
to evaluate whether the classification of MVI based on
number of vessels invaded affects tumor recurrence and
survival after resection of HCC.

METHODS
Patients

Between January 1995 and December 2010, 256 patients
underwent liver resection at the Kurume University School
of Medicine and were diagnosed with HCC by histological
findings. The following patients were excluded: (1) patients
whose disease did not fulfill the Milan criteria (a single
tumor <5 ¢cm or <3 tumors each 53 cm); (2) patients with
macroscopic VI; (3) patients with extrahepatic metastasis;
(4) patients who underwent noncurative liver resection; and
(5) patients who were diagnosed with combined hepato-
cellular and cholangiocellular carcinoma by histological
findings. Of the total 256 patients, 49 patients having one

or more of the above criteria were excluded, and the
remaining 207 patients were retrospectively enrolled in this
study. Patients included 162 males (78 %) and 45 females,
with a median age of 66 (range 16-83) years. Overall, 147
patients (71 %) were positive for hepatitis C virus (HCV)
infection and 46 patients (22 %) were positive for hepatitis
B virus (HBV) infection. Liver cirrhosis was present in 81
patients (39 %). The median tumor size was 25 (range
12-50) mm, and 160 patients (77 %) had a solitary tumor.
Various surgical procedures were classified as major or
minor resections according to Couinaud’s segment classi-
fication. Major resections (segmentectomy, sectorectomy,
and lobectomy or greater) were performed in 123 patiénts,
whereas minor resections (all other types of resection,
including partial hepatectomy and subsegmentectomy)
were performed in 84 patients.

Follow-Up and Endpoint

After surgical resection, each’ patient was followed
carefully. Serum biochemistries, alpha-fetoprotein (AFP)
levels, and des-gamma-carboxy prothrombin (DCP) levels
were measured,  and ultrasonography ~was performed
monthly. Contrast-enhanced dynamic computed tomogra-
phy (CT) was performed every’ 3 months until 6 months
posttreatment and every 6 months thereafter. Magnetic
resonance imaging (MRI) was performed as a supplemental

~examination. Recurrence was diagnosed based. on the

combined findings of these examinations with appearances
typical of HCC. The endpoint of this study was the date of
recurrence, death, or last follow-up visit; the closing date
was December 2011. The median duration of follow-up
was 54.4 (range 9.5-177.8) months.

Hislopathological Evaluation

The resected liver specimens were cut into serial 2-3-
mm thick slices and fixed in 10 % formalin to facilitate
careful gross and histopathological examinations. Bach of
the liver slices was embedded in paraffin, cut into 4-mm
sections, and stained with hematoxylin and eosin. Tumors
were examined for maximum tumor size, MVI, intrahe-
patic micrometastasis, capsular formation, and histologic
grade. Noncancerous liver parenchyma was inspected for
evidence of cirrhosis. Histological grade was based on the
criteria of the Edmondson-Steiner classification and the
Liver Cancer Study Group of Japan.?*?* Intrahepatic
micrometastasis ‘was defined as a satellite micronodule in
the surrounding liver tissue that is isolated from the main
tumor. MVI was defined as microscopic tumor invasion
identified in the portal vein and hepatic vein of the sur-
rounding liver tissue that is contiguous with the tumor
edge. Moreover, we hypothesize that the extent of MVI
may affect tumor recurrence and survival after resection,
because MVI encompasses a wide range of tumor inva-
sion. Therefore, in this study, we devised a  novel
classification of MVI based on number of invaded vessels
and divided the patients with MVI info two groups. as
follows: patients in the mild MVI group had one to five
invaded vessels, whereas patients in the severe MVI group
had more than five invaded vessels. The number of MVI
was counted in each nodule. If patients had multiple
tumors, the tumor with the most number of invaded
vessels was selected for the classification of MVL These
histopathological evaluations of the resected specimens
were retrospectively performed by one experienced
pathologist (O.N.). Typical examples of the two MVI
types are shown in Fig. 1.
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FIG. 1 Typical examples of the two microvascular invasion (MVI) types classified by number of vessels invasion. a mild MVI: peritumoral
vessel invasion from one to five (hematoxylin-eosin, x50). b severe MVI: peritumoral vessel invasion more than five (hematoxylin—eosin, x20)

Statistical Analysis

Continuous variables were expressed as median (range).
Comparison analysis among MVI grades was performed
using the Chi square test for discrete variables and the
Kruskal-Wallis test followed by Mann—Whitney U test with
Bonferroni correction as a post hoc test for continuous
variables. Recurrence-free survival and disease-specific
survival were determined by Kaplan-Meier analysis, and
differences between subgroups were compared with log-
rank tests. A cause specific Cox proportional hazards model
was used for univariate and multivariate analysis to identify
separately any independent variables that were related to
recurrence-free  survival or disease-specific survival.
The variables that were statistically significant by univari-
ate analysis were included in a multivariate analysis. No
interaction terms were considered, because the preanalysis
showed the nonsignificance for the interaction. Data from
these models were expressed as hazard ratio (HR) and 95 %
confidence interval (95 % CI). All P values were two-tailed,
and a level of <0.05 was considered to be statistically sig-
nificant. Statistical analysis was performed by SPSS
software version 20 (SPSS Inc., Chicago, IL, USA).

RESULTS

Comparison of Patient Characteristics Based on Grade
of MVI and Predictors of Severe MVI

Clinicopathological characteristics of this study popu-
lation stratified by grade of MVI are shown in Table 1. Of
the total 207 patients, 103 (50 %) patients had no detect-
able MVI, whereas 59 (28 %) had mild MVI, and 45
(22 %) had severe MVI on pathologic examination.
Patients with severe M VI had significantly higher elevated
AFP and DCP levels compared with patients without MVI

or with mild MVL Patients with worse MVI grades had
larger tumors and a significantly higher prevalence of HCC
that was poorly differentiated and had intrahepatic micro-
metastasis. Other clinicopathological characteristics did not
differ significantly among the three groups.

Recurrence-Free Survival and Predictive Factors

Factors associated with recurrence-free survival were
evaluated by univariate and multivariate analyses. Univari-
ate analysis showed that age >65 years, HCV infection,
HBYV infection, elevated DCP level, tumor size >20 mm,
presence of multiple tumors, presence of MVI, and presence
of intrahepatic metastasis were significant variables affect-
ing recurrence-free survival (Table 2). By multivariate
analysis, presence of MVI (mild MVI; hazard ratio [HR]:
1.93, 95 % confidence interval [CI]: 1.25-2.98, P = 0.003
and severe MVI; HR: 2.87, 95 % CI: 1.85-4.46, P < 0.001),
age (>65 years; HR: 1.84, 95 % CI: 1.27-2.65, P = 0.001),
and number of tumors (2-3; HR: 1.68, 95 % CL: 1.13-2.51,
P = 0.011) were identified as independent predictors of
recurrence-free survival (Table 3). Recurrence-free survival
curves of patients stratified by grade of MVI are shown in
Fig. 2a. The recurrence-free survival of patients with mild
and severe MVI was significantly shorter than that of patients
without MVI (no MVI vs. mild MVI, P = 0.0001; no MVI
vs. severe MVI, P < 0.0001; mild MVI vs. severe MVI,
P = 0.1663).

Pattern and Treatment of First Recurrence
after Resection

During the follow-up period, tumor recurrence devel-
oped in 122 (54 %) patients, consisting of 48 (47 %)
patients without MVI, 38 (64 %) patients with mild MVI,
and 36 (80 %) patients with severe MVI. The majority of
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TABLE 1 Comparison of patients’ characteristics based on grade of microvascular invasion :

No MVI (7 = 103) Mild MVI (n = 59) Severe MVI (n = 45) : P value
Age, year (range) - 65.5 (16-82) 67.0.(34-83) 65.0 (33-81) k 0.599
Gender (male/female). 79124 46/ 13: i 3778 0.754
HCYV (positive/negative) 74/29 381 35/10 0.319
HBV (positive/riegati\'e) 22/81 ,113/464 i 11/34 0917
AST, U/L (range) 43 (15-153) 39.0 (14-137) 41.5 (13-160) 0.838
AFP, ng/ml (range) 11.5 (1-20,764) 10.6 (1.7-5,372) 100.3 (2.8-6,385)"F 0.001
(<100/>100) 82/21 4514 . 23/22 0.001
DCP, AU/ml (range). 34.5 (10-2,529) 54.5:(10—‘4,761)' 209.5 (13-20,919)"F <0.001
(<100/>100). 77123 k;36/23;’ s ,: : 16129 : <0.001
Tumor size, mm (range) 235 (12-50) - 26,5 (12-50)! 29'(18-50)" <0.001
(<30/>30) 83/20 37122 2520 0.002
Number of tumors (single/2-3) 83/20 43/16 34/11 0.505
Histological grade (well/moderate/poorly) 10/92/1 0/52/7 0/33/12 <0.001
Background liver (normal+-CH/cirrhosis) 60/43 39/20 27118 0.61
Intrahepatic micrometastasis (present/absent) 2/101 12/47 23/22 <0.001
Capsular formation (present/absent) 62/41 44/15 25120 0.09
Type of surgical resection (Major/minor) 57/46 35/24 31/14 0.304

Continuous variables presented as median (range)

MVI microvascular invasion, HCV hepatitis C virus, HBV hepatitis B virus, AST aspartate aminotransferase, AFP alpha-fetoprotein, DCP des-
gamma-~carboxy prothrombin, CH chronic hepatitis, well well differentiated, moderate moderately differentiated, poorly poorly differentiated

T P < 0.05 for post hoc test comparison without MVI
P < 0.05 for post hoc test comparison with mild MVI ’

patients without MVI and with mild MVI who underwent
resection for recurrence had intrahepatic recurrence with
no more than three tumors (more than 50 % patients had a
single tumor) and had no macroscopic VI or extrahepatic
metastasis. Consequently, 41 (86 %) patients without MVI
and 29 (76 %) patients with mild MVI underwent curative
treatment for- first recurrence, which included resection,
RFA, microwave coagulation therapy (MCT), and percu-
taneous ethanol ‘injection (PEI). In contrast, patients with
severe MVI who underwent resection experienced a high
frequency of fatal recurrence, including 22 (61 %) patients
with multiple intrahépatic tumors, 6. (17 %) patients with
macroscopic VI, and 11 (31 %) patients with extrahepatic
metastasis. As a result, curative treatment for first recur-
rence could only be performed in 15 (42 %) patients with
severe MVL ‘

Disease-Specific Survival and Predictive Factors

Of the total 207 patients, 58 patients died during follow-
up. Of these 58 patients, 50 patients died from HCC-related
causes. Factors associated with disease-specific survival
were evaluated by univariate and multivariate analyses.
Univariate analysis showed that presence of cirrhosis,
elevated AFP level, elevated DCP level, tumor size’

>20 mm, presence of multiple tumors, presence of MVI,
and presence of intrahepatic metastasis were significant
variables affecting disease-specific survival (Table 2). By
multivariate analysis, presence of MVI (mild MVI; HR:
24,95 % CI: 1.09-5.26, P = 0.029 and severe MVI; HR:
6.06, 95 % CI: 2.93-12.53, P < 0.001), background liver
(cirrhosis; HR: 2.54, 95 % CI: 1.42-4.55, P = 0.002), and
tumor size (>30mm; HR: 3.19, 95 % CI: 1.67-8.71,
P = 0.024) were identified as independent predictors of
disease-specific survival (Table 3). Disease-specific sur-
vival curves of patients stratified by grade of MVI are
shown in Fig. 2b. Patients with worse MVI grades expe-
rienced significantly shorter disease-specific' survival (no
MVI vs. mild MVI, P = 0.0017; no MVI vs. severe MVI,
P < 0.0001; mild MVI vs. severe MVI, P = 0.0057).

DISCUSSION

In our previous study, we demonstrated that MVI was a
strong risk factor for poor outcome following curative
resection in HCC patients within the Milan criteria.?? The
3-year, recurrence-free survival rates for patients with and
without MVI were 27.7 and 62.5 %, respectively. Thus, the
presence of MVI was previously known to lead to a high
frequency of recurrence of HCC after liver resection in the
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TABLE 2 Univariate analyses

. Recurrence-free P value Disease-specific P value
of recurrence-free survival and . N
disease-specific survival for survival o survival
hepatocellular carcinoma HR 5 % €D HR (5 % €D
Gender
Male 1.26 (0.79-2) 0.325 1.36 (0.64-2.9) 0.426
Age (year)
>65 1.71 (1.19-2.46) 0.004 1.03 (0.59-1.79) 0.92
HCV
Positive 1.73 (1.13-2.65) 0.011 1.16 (0.625-2.16) 0.635
HBV
Positive 0.58 (0.37-0.93) 0.022 0.95 (0.50-1.83) 0.885
AST, U/L
>50 1.4 (0.97-2.01) 0.069 1.42 (0.82-2.49) 0.215
AFP, ng/mL
>100 1.36 (0.93-2) 0.115 1.77 (1-3.12) 0.048
DCP, AU/mL
>100 1.63 (1.14-2.32) 0.008 1.78 (1.02-3.11) 0.042
Tumor size, mm
>30 1.64 (1.13-2.38) 0.009 2.66 (1.53-4.64) 0.001
Number of tumors
2-3 1.93 (1.3-2.87) 0.001 1.92 (1.59-3.5) 0.032
Histological grade
Moderate 1.56 (0.64-3.84) 0.331 2,78 (0.38~20.19) 0.312
Poorly 1.8 (0.64-5.13) 0.268 3.69 (0.43-31.7) 0.234
Background liver
Cirrhosis 1.21 (0.84-1.75) 03 1.85 (1.06-3.22) 0.03
Microvascular invasion
HR hazard ratio, C/ confidence Mild 2.16 (1.4-3.31) <0.001 2.78 (1.29~5.98) 0.009
interval, HCV hepatitis C virus, Severe 2.92 (1.9-4.51) <0.001 6.61 (3.32-13.16) <0.001
HBV hepatitis B virus, CH Intrahepatic micrometastasis
chronic hepatitis, AST aspartate Present 1.98 (1.27-3.07) 0.002 3.47 (1.91-6.30) <0.001
aminouapsferase, AFP alpha- Capsular formation
fetoprotein, DCP des-gamma-
carboxy prothrombin, well well Present 0.87 (0.6~1.27) 0.482 1.09 (0.61-1.94) 0771
differentiated, moderate Type of surgical resection
moderately differentiated, Minor 1.18 (0.82-1.69) 038 1.64 (0.94-2.86) 0.081

poorly poorly differentiated

short term.>® Nevertheless, because MVI encompasses
many recurrence patterns ranging from curative to fatal, the
differences in recurrence patterns are suggested to be
associated with a wide range of outcomes with respect to
long-term survival. Therefore, we classified patients into
two groups (mild and severe MVI) and evaluated the sig-
nificance of MVI classification.

In the present study, we showed that both mild and severe
MVI were significant independent risk factors affecting
recurrence-free survival in HCC patients after curative resec-
tion. Moreover, our results showed that both patients with mild
and severe MVI had a high frequency of micrometastasis in
resected liver specimens. Cancer cell spreading via the portal
vein has been generally thought to be the main mechanism for
such intrahepatic micrometastasis.> Micrometastasis is an

important cause of early intrahepatic recurrence after liver
resection.”® Consequently, the identification of MVI as a risk
factor for early recurrence after curative resection regardless of
MVT grade in this study is very relevant.

In addition, both mild and severe MVI were identified as
significant independent risk factors affecting survival in
HCC patients after curative resection. These results suggest
that a high frequency of early recurrence was the primary
contributor to poor survival in patients with mild MVL
Early recurrence of HCC is known to be the major risk
factor affecting survival following liver resection.>’?®
Moreover, liver function was also identified as an inde-
pendent risk factor of survival in the present study. Thus, in
patients with mild MVI, repeated recurrence and treatment
are thought to decrease liver function, thereby contributing
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TABLE 3 Multivariate analyses of recurrence-free survival and
disease-specific survival for hepatocellular carcinoma

HR (95 % C)) P value
Recurrence-free survival
Microvascular invasion
Mild 1.93 (1.25-2.98) 0.003
Severe 2.87 (1.85-4.46) <0.001
Age (year)
>65 1.84 (1.27-2.65) 0.001
Number of tumors
2-3 1.68 (1.13-2.51) 0.011
Disease-specific survival
Microvascular invasion
Mild 2.4 (1.09-5.26) 0.029
Severe 6.06 (2.93-12.53) <0.001
Background liver
Cirrhosis 2.54 (1.42-4.55) - 0.002
‘Tumor size (mm)
>30 241 (1.36-4.27) 0.003

HR hazard ratio, CI confidence interval

to poor long-term survival.?® In contrast, although no sig-

nificant difference in the frequency of recurrence was
observed between patients with mild versus severe MVI,
patients with severe MVI experienced significantly shorter
survival compared with patients with mild MVI. Thus, this
observed difference in survival was likely associated with
recurrence pattern and not frequency of recurrence: In this
study, patients with severe MVI experienced a higher fre-
quency of fatal recurrence, associated with multiple
intrahepatic tumors, macroscopic VI, and extrahepatic
metastasis. Such fatal recurrence limits additional attempts
at curative therapies in HCC patients with severe MVL'®
As a result, patients with severe MVI experienced poorer

FIG. 2 Recurrence-free a
survival and disease-specific Recurrence-free
survival curves of patients ‘survival

survival compared to those with mild MVI. Consequently,
we have shown that MVI classification based on the
number of invaded vessels can be used to stratify patients
into three distinct groups (without MVI, with mild MVI,
and with severe MVI) with different risks of survival after
curative resection.

Extrahepatic metastasis contributes to poor survival
following liver resection in HCC patients.*® Previous
studies proposed that MVI was an independent risk factor
affecting extrahepatic metastasis in HCC patients after
curative resection.®? In agreement with this, the present
results revealed that extrahepatic metastasis occurred in
approximately 31 % of HCC patients with severe MVL
Liver transplantation is widely accepted as a therapeutic
option in HCC patients, particularly for those with cirrhosis
and who fulfill the Milan criteria. Recently, MVI has been
proposed as a significant risk factor for recurrence and
survival in HCC patients after liver transplantation as well
as liver resection.’>?! Because total hepatectomy is per-
formed in the recipient, extrahepatic metastasis is the
primary site of recurrence in HCC patients following liver
transplantation. Consequently, the present results suggest
that severe MVI is a risk factor for liver transplantation in
HCC patients, even if they fulfill the Milan criteria.

Prevention of early recurrence of HCC with MVI is the
most important strategy for improving long-term survival
in HCC patients after curative resection; however, no
adjuvant systemic treatment has previously been reported
to show a survival benefit. Sorafenib is an oral multikinase
inhibitor that has recently become available for advanced
HCC. Randomized phase I placebo-controlled trials
demonstrated that sorafenib treatment resulted in a signif-
icant survival benefit in patients with advanced HCC and
maintained liver function; as a result, sorafenib has become
the only standard systemic treatment for advanced
HCC.»2 Consequently, a prospective trial is required to

stratified by grade of
microvascular invasion (MVI).

b
Disease-specific
survival
— NoMVI 1o L
Mild MV1 o

a Recurrence-free survival rates
at 2 years were 75.9 % in
patients without MVI, 47.2 % in

~— Severe MVI

N

patients with mild MVI, and
32.7 % in patients with severe
MVL b Disease-specific

survival rates at 5 years were 04
91.5 % in patients without MVI, ’
70.4 % in patients with mild

MVI, and 51.4 % in patients 02
with severe MVI
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assess the utility of sorafenib as adjuvant treatment for
HCC patients with MVI, particularly because patients with
severe MVI experience a high frequency of fatal recurrence
after curative resection.

CONCLUSIONS

The present results demonstrated that MVI classification

based on number of invaded vessels could stratify different
recurrence patterns and risk of survival after curative
resection in HCC patients within the Milan criteria. In
particular, the presence of severe MVI was found to be
associated with high malignant potential of HCC. There-
fore, the results of this study suggest that it is important to
histologically evaluate the presence of severe MVI after
liver resection for determination of strict observation and
adjuvant treatment.

DISCLOSURE No commercial interest.
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SUMMARY

Genotypes are associated with the natural course of hepatitis C virus (HCV) infection and
response to antiviral therapy for HCV. HCV genotype 1b has been the dominant genotype in
Japan, where the prevention of HCV transmission through blood transfusion or nosocomial
infection has been established since 1990. The distribution of HCV genotype was investigated
based on patient’s birth year in 5515 HCV-infected Japanese individuals at three institutions
from different areas of Japan. At all three institutions, the proportion of HCV genotype 1b
decreased and was <50% in individuals born after 1970. By contrast, the percentage of HCV
genotype 2b increased in subsequent birth cohorts after 1920-1929. Significant changes in HCV
genotype distribution were observed across Japan regardless of area.

Key words: Birth year, distribution, genotypes, hepatitis C virus.

Hepatitis C virus (HCV) infection is a2 major cause of
chronic hepatitis, liver cirrhosis, and hepatocellular
carcinoma. HCV is classified into several genotypes
and sub-genotypes with varying prevalence rates in
different regions of the world [1]. In Japan, the
majority of individuals with HCV infection have
genotype 1b [2, 3], which is one of the sub-genotypes
resistant to interferon-based antiviral therapy [4].
Before the detection of HCV antibodies was estab-
lished in 1990, the main modes of HCV transmission
had been blood transfusion or nosocomial infection.

* Author for correspondence: H. Toyoda, M.D., Ph.D,,
Department of Gastroenterology, Ogaki Municipal Hospital, 4-86
Minaminokawa, Ogaki, Gifu, 503-8502, Japan.

(Email: hmtoyoda@spice.ocn.ne.jp)

After the discovery of HCV, prevention of HCV
transmission through these routes was established
and the number of individuals newly infected with
HCV rapidly decreased in Japan [5]. Although
decreases in the number of individuals with HCV in-
fection have been reported, changes in the distribution
of HCV genotype over time have not been studied. In
the present study, we investigate changes in HCV
genotype distribution based on the birth year of
HCV-infected individuals in Japan. We analysed indi-
viduals from three different areas of the country to
clarify whether any changes in HCV genotype distri-
bution constitute a nationwide trend.

HCV genotype was analysed in a total of 5515
HCV-infected Japanese individuals at three institu-
tions located in different parts of Japan (Fig. I): Ogaki

64
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.

Tokyo

Fig. 1. Location of the three Japanese institutions (liver centres) participating in the study. A, Ogakx Municipal Hospltal
B, Kagawa Prefectural Central Hospital; C, Shinmatsudo Central General Hospital. .

Municipal Hospital (institution A; Ogaki City,
located in central Japan, 3269 individuals), Kagawa
Prefectural Central Hospital (institution B; Tak-
amatsu City, located on Shikoku Island, western
Japan, 1421 individuals), and Shinmatsudo Central
General Hospital (institution C; Matsudo City, near
Tokyo, 825 individuals). These individuals received
regular follow-up at one of the institutions between
1991 and 2013.. HCV: infection was confirmed by
both positive serum HCV antibody (Architect Anti-
HCV; Abbott Laboratories, USA) and serum HCV

RNA using a- real-time polymerase chain reaction

(PCR)-based method (COBAS AmpliPrep/COBAS
TaqMan HCV test; Roche Molecular Systems,

USA; lower limit of detection, '1-2 logie IU/ml).

HCV genotype was assessed using PCR methods to
amplify - the core gene' sequences using genotype-
specific primers [6]. Genotype was classified as" la,
1b, 2a, 2b, 3a, or mixed. Review and analysis of clini-
cal data including patient’s birth year, age, sex, and
HCYV genotype were approved by the Instltutlonal Re-
view Board of each institution.

Trends for changes in the percentage of each
HCYV genotype according to birth year were evaluated
with the Cochran-Armitage test. All P values were
two-tailed, and P <0-05 was considered statistically
significant.

All individuals studied were of Japanese ethnicity
and no immigrants were included. The HCV-infected
individuals comprised of 1790 males and 1479 females
with ‘a mean age of 67-1£13-3 years at institution A;
729 males and 692 females with a mean age of
62-0+12.7 years at institution B; and 419 males and
406 females with-a mean age of 66:6%13-3 years at
institution C: The distribution of HCV genotypes in
all patients was: institution A [genotype 1b (64:3%),
genotype 2a (27-0%), genotype 2b (7-7%), and other
(including genotypes la, 3a, and mixed) (1-0%)};
institution B [genotype 1b' (62:3%), genotype 2a
(26-5%), genotype 2b (10-3%), and other (including
genotypes la and 3a) (1-0%)]; and institution C
[genotype 1b (70-8%), genotype 2a (17-6%), genotype
2b (10-3%), and other (mcludmg genotypes 3a and
mixed) (1-3%)].



Changes in HCV genotype distribution 3

(2) (b) {¢)
1200 500 300
450
1000 100 250
T 80 0 200
s 300
2
< 600 250 150
}ES’ 200
3 400 150 100
1
200 w0 50
50

0 Y i i
-1929~1939-1949~1959 19891970

0 . N . N s
~1929 ~1939 ~1949 ~1959 1969 -1970

0 ~1929 1839 -1848 1959 ~1969 ~1970
Birth year

Fig. 2. Changes in the number of hepatitis C virus-infected individuals under follow-up at institutions based on birth year
at (@) Ogaki Municipal Hospital, (b) Kagawa Prefectural Central Hospital, and (¢) Shinmatsudo Central General

Hospital.
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Fig. 3. Changes in hepatitis C virus (HCV) genotype distribution based on birth year of HCV-infected individuals at
(@) Ogaki Municipal Hospital, (b) Kagawa Prefectural Central Hospital, and (¢) Shinmatsudo Central General Hospital.
The number of individuals born during each time period is indicated in parentheses. ‘Other’ includes genotypes la, and

3a, as well as mixed genotypes.

At all three institutions, the number of individuals
with HCV infection who were under follow-up at
the institutions decreased over time starting with
birth years 1930-1939 at institution A and 1939-
1940 at institutions B and C (Fig. 2). Figure 3 shows
the distribution of HCV genotypes based on
patient’s birth year at cach institution. There is a
trend of HCV genotype 1b decreasing over time

(P<0-0001 for all three institutions). The percentage
of HCV genotype 1b was <50% in individuals
born after 1970. The percentage of HCV genotype
2a was constant except for individuals born before
1929. By contrast, the percentage of HCV genotype
2b increased during the period studied (P<0-0001
for institutions A and B, and P=0-0004 for
institution C).
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This study showed that the HCV genotype distri-
bution changed markedly over time in Japan. The
trend was confirmed at three large institutions from
different parts of the couniry and seems to be
nationwide. The percentage of individuals with HCV
genotype 1, which is a major HCV genotype world-
wide [2], is decreasing and is found in <50% of indivi-
duals born after 1970. A decrease in the prevalence of
patients with HCV genotype 1b has also been reported
in the USA and Europe in studies with a smaller num-
ber of subjects [7-9].

Several studies have reported that HCV genotypes
are different between individuals with HCV acquired
through transfusions or medical procedures and indi-
viduals with HCV acquired through other trans-
mission route, including intravenous drug use or
tattooing [8, 10-13]. In Japan, HCV genotype 1b is
associated with the former route of transmission,
whereas other genotypes, i.e. genotypes 2a and 2b,
are associated with the latter route [13]. With the es-
tablishment of methods to prevent HCV transmission
during blood transfusions and medical procedures in
developed countries, the routes of HCV transmission
other than transfusions or medical procedures have
become the main routes of HCV infection. Indeed,
among 135 individuals with a birth year of 1970 or
later at institution A, 29 (21-5%) had a history of in-
travenous drug use and 33 (24-4%) had a history of
tattooing. By contrast, no individuals had a history
of blood transfusion. Although the accurate route of
HCYV transmission was unclear in most individuals
in the present study, these changes in the common
routes of HCV transmission may be associated with
changes in HCV genotype distribution over time.
Further studies will be necessary to clarify why the
percentage of HCV genotype 2b increased in Japan.

There are several limitations to this study. HCV
genotype distribution was analysed based on the
birth year of infected individuals instead of the year
of HCV infection since there was not enough available
information to accurately determine the year of HCV
infection. However, results with a large study popu-
lation from different parts of Japan can be indicative
of changes in HCV genotype distribution. The
HCV-infected individuals analysed were those who
received regular follow-up and may not reflect the
HCV genotype distribution of the entire Japanese
HCV-infected population. Better nationwide surveil-
lance of HCV that includes data on genotype determi-
nation is required to confirm these observed changes
in HCV genotype distribution over time.

In conclusion, significant changes in HCV genotype
distribution over time were observed in HCV-infected
Japanese individuals in various regions of Japan.
HCV genotype 1b may no longer be the predominant
genotype of HCV in Japan in the future. These
changes may also be occurring in other countries
throughout the world, especially developed countries.
Reappraisal of HCV genotype distribution will be
necessary over time. Recent new antiviral drugs for
the treatment of HCV, including direct-acting anti-
virals, mainly target HCV genotype 1 with some
exceptions. However, other genotypes may become
dominant in various populations of HCV-infected
individuals.
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CORRESPOXDENCE

Noninvasive Diagnosis of Portal Hypertension and Esophageal Varices Through the
Identification of Liver Blood Flow Markers

To the Editor:

We read with great interest the article entitded “Use of noninva-
sive markers of portal hypertension and tming of screening endos-
copy for gastrocsophageal varices in patients with chronic Hiver
disease™ in which the authors, Dr. Annalisa Berzigotd and Prof,
Jaime Bosch, describe the usefulness of noninvasive wols for e
diagnosis of clinically significant portal  hypertension {CSPH,
hepadie vein pressure gradient [HVPG] 210 mmHg) and esopha-
vml varices (EV).

The most recent guide clines” on portal liypertension strongly
suggest performing upper endoscopy and, where available, HVPG
measurement in all patients with liver cirrhosis. Moreover, endos-
copy should be repeared every 2-3 vears in parients withour (.S()phf
ageal varices and more rm]ucml\‘ (um:dmu o bludmu risk} in
patients with EV. As recognized by Br.xzwnm et al..} chis & screening
and follow-up program lmda o mmhnm healtheare costs and
patient discomfort since cirrhosis is, nowadays. frequendy diag-
nosed in a very indtial stage when varices are still absent. Thercfore,
in the near future the selection of high-risk parienes represents a
clinical challenge for the heparologist in order 0 reduce furle
examinations, the related costs, and the patients’ burden.

We strongly agree with the idea of sparing HVPG measurement

and endoscopy in patients with less than 20% probabilicy of

CSPH based on the combinatdon of noninvasive tests and 1o per-
form ir in the remaining patients with higher pretest probability.
As the authors correctly point out. a number of noninvasive tests
based on liver dlastagraphy (alone or combined with other parame-
ters} or on spleen stiffness can help to reliably rule our and diag-
nose CSPH.

Besides the above-mentioned noninvasive rests, we would like
o remember the Indocyanine Green Rerention Test (1CG-r15).
which is a quantimtive funcion wst reflecting liver funcrional
reserve and blood flow. Among patients with inicial cirrhosis and
well-preserved liver function, 1CG-r15 correlates with the presence,
degree, and complicadon of portal hyperension, reflecting the
modifications of liver blood How:

We recently evaluated ICG-r15 as a noninvasive marker of

CSPH and EV in a population of 96 consccutive paticnts with
compensated liver cirrhosis of different ctologies™ in our study an

ICG-r15 < 10% correctly ruled out the presence of varices in 26

out 27 paticnts. Therefore, the good diagnostic performance of

ICG-r15 (Table 17 makes 1t a valid ool for the assessment of PH
and EV in drrhosis patents. Although these results have w be vali-
dated in a larnsr or multicentric population and confirmed by lon-
gitudinal analysis, this simple and reproducible resc allows an
initial strarification of cirrhosis patients.

In conclusion, we definitely agree with the authors on the need
to spare unnecessary HVPG and upper endoscopies in this clinical

Table 1. Diagnostic Performance of Indocyanine Green
15 Minutes Retention Test for the Rule-Out of Clinically
Significant Portal Hypertension and Esophageal Varices

Prediction of CSPH

{HVPG >~ 10 mmHg) Prediction of EV

No.  AURDC  Sensitivity ~LR  AUROC  Sensitivity -1R

IC6-r15° 96 0.808  95.9% 015 0.859  97.8%  0.042

CSPH: Clinically Significant Ponal Hyperiension: BV Esophageal Varices;
ICG-r15: Indocyanine Green retention at 15 minutes; AUROC: area under ROC
curve: ~LR: negative likelihood ratio.

setting and suggest that ICG-r15 might be another wst o consider
besides those based on wransient clastography or liver siiffness, par-
deudarly in centers where these wehnologies are not available.

Anpires Lot M.D.

arotl, MDD

want, MU,

A, MDD P,
Department of Medical and Surgical Sciesce
University of Bologna

S, Orsola-Malpight Hospital

Bologna, fialy
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Paostinterferon «-Fetoprotein Elevation and Risk of Hepatocellular Carcinoma
Development After Sustained Virological Response: Cause or Resulis?

To the Editor:

We read with interest the arricle by Asahima et al,’ which
clearly demonstrared a higher incidence of hepatocelludar carci-
noma (HCC) in patents with higher levels of w-feroprotein (AFD)
after interferon-based antiviral therapy. There was a surprisingly

6l

high incidence of HCC Glmost 30%) in patients who achieved
sustained  virological response (SVR) but whese postnterferon
(IFN) AFP levels were higher than 20 ng/mi..

There are wwo distina paterns of HCC development after
SVR. In one pactern, HCC develops after the eradication of hepa-
tisis C virus (HCV). This patrern is associated with the residual
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potential for heparocarcinogenesis after SVR, which may be sig-
naled by elevated AFP after IFN. The other pattern involves HCC
that was too minute to be derected before and just after IFN treat-
ment, but grew enough to be visualized on imaging studies during
post-SVR follow-up. Previous studies of HCC tumor volume dou-
bling time suggest that some minute HCC tumors would take sev-
eral years to be detected by imaging modalities.” Some paticnts
who achieved SVR, thercfore, might have had minute, underectable
HCC at the time of SVR: Although the authors described exclud-
ing, patients with HCC based on imaging studies. such modalities
always have limitations in their ability to detect minute HCC (for
example, <5 mm in diamerer). [n particular, the abilicy of imaging
modalities to detect minute HCC was unsatisfactory during the
carlier part of the study period (1990s), :

Their Fig. 2F suggests a specific feature in the cumulative inci-
dence curves for HCC based on post-IFN AFP levels in paticnts
with SVR. Among paticnts who did not achieve SVR, the incidence
of HCC continued to increase gradually according to the number of
years after SVR. This includes parients with high post-IFN AFP lev-
cls, whose HCC incidence curves were similar to incidence curves
stratified by pose-IFN ALT levels. I contrast, in patients with SVR,
cumulative HCC incidence curves according to post-IFN AFP levels
were different. The incidence of HCC in patients with post-IFN
AFP >20 ng/mL and with post-IFN AFP >10 ng/ml and
<20 ng/mL increased rapidly uncl 3 to 4 years after SVR. with
only a few patienrs developing HCC thereafier. This feature could
be due to the detecrion of preexisting minute HCC after SVR. Was
the post-IFN AFP elevation observed in these patients a marker of
enhanced hepatocarcinogenesis or an exisiing HCC?

Ir will be difficult to determine whether clevated levels of AFP
were produced by HCC withour visible HCC on imaging studics.

CORRESPONDENCE 763

It would be interesting to check the fucosylated fraction of AFP
(AEP-L3), a more specific marker that has been reported as a
marker of minute HCC,” if post-IFN AFP-L3- data were available.

Hipenort Tovopa, M.D., Pu.D.

TakasHi Kumava, M.D., Pr.D.

TosHiruan Tapa, M.D.

Department of Gastroenterology
Ogaki Municipal Hospital
Ogaki, Gifa, Japan
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Could Postinterferon Treatment «-Fetoprotein Levels Truly Predict Hepatocarcinogenesis?

To the Editor:

1 read with interesc the article by Asahina ec al.' regarding the
levels of x-feroprotein (AFP) and alanine aminowansferase (ALT)
after interferon therapy that could predict the occurrence of hepa-
tocellular carcinoma (HCC) in patients with hepatitis C virus
(HCV) infection. The authors made a great cffort to evalvate the
levels of AFP and ALT in a cohort of 1,818 patients after inter-
feron therapy and found thar curoff values for ALT and AFP for
predicion HCC development were 40 1U/L and 6.0 ng/ml.
respectively. These findings may be helpful for clinicians to closely
follow-up high-risk parients to detect carly-stage HCC. However,
these data may also be misleading and need further clarification.

The levels of AFP and ALT were measured every 1-6 months. It
is unknown which timepoint of AFP and ALT levels were sclected
for calculation. Serum AFP levels usually fluctuare during serial
obscrvation. Some patients may present with an AFP >6 ng/mL
before therapy, which decreased to <6 ng/mL within a few months
after interferon therapy, and became elevared o >6 ng/ml. at
long-term follow-up. Should these patients be classified as AFP =6
ng/mL decreased group or AFP 26 ng/mL unchanged group? The
mean follow-up period of this study was 6.1 years. The follow-up
period in this study has becn as long as 20 years, If che interval of
AFP measurcment was as shore as 1 month. reo many unnecessary
measurements could have been performed. As shown in the results,
postinterferon therapy AFP level 26.0 ng/ml. had a positive pre-
dictive value of only 0.262. Consistent with previous obscrvation,
this may cvoke inappropriate suspicion of malignancy in 74 our of
100 pacients with AFP above this curoff value® A toral of 179
patients developed HCC, accounting for 9.8% of the entire cohorr
of 1.818 parients. Based on the HALT-C wial, pacients with

w

persistenc elevation of AFP after interferon therapy, only 2% were
noted to develoap HCC.* We believe that a large proportion of
patients still did not have elevated AFP levels on detecrion
of HCC occurrence. Thus, the applicability and cost-cffectiveness
of this policy merits further investigation.

Gin-Ho Lo, M.D.
Depariment of Medical Research
E-DA Hospital
School of Medicine for International Students
1-Shou University
Kaobsiung, Taiwan
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Biomarker-based prognosis in hepatocellular

carcinoma: validation and extension of
the BALAD model

R Fox', S Berhane?, M Teng3, T Cox?, T Tada®, H Toyodas, T Kumada®, C Kagebayashié, S Satomura®
and P J Johnson*27

"Cancer Research UK Clinical Trials Unit, School of Cancer Sciences, University of Birmingham, Birmingham B15 27T, UK;
ZDepartment of Molecular and Clinical Cancer Medicine, University of Liverpool, Liverpool Lé69 3GA, UK; 3Department of
Oncology, Addenbrooke’s Hospital, University of Cambridge, Cambridge CB2 0QQ, UK; “Liverpool Cancer Research UK Centre,
Liverpool Cancer Trials Unit, University of Liverpool, Liverpool L69 3GL, UK; *Department of Gastroenterology and Hepatology,
Ogaki Municipal Hospital, Gifu 503-8052, Japan; SWako Life Sciences, Inc., Mountain View, CA 94043-1829, USA and "The
Clatterbridge Cancer Centre NHS Foundation Trust, Clatterbridge Road, Bebington, Wirral CH63 4JY, UK

Background: The Japanese 'BALAD’ model offers the first objective, biomarker-based, tool for assessment of prognosis in
hepatocellular carcinoma, but relies on dichotomisation of the constituent data, has not been externally validated, and cannot be
applied to the individual patients.

Methods: In this Japanese/UK collaboration, we replicated the original BALAD model on a UK cohort and then built a new model,
BALAD-2, on the original raw Japanese data using variables in their continuous form. Regression analyses using flexible
parametric models with fractional polynomials enabled fitting of appropriate baseline hazard functions and functional form of
covariates. The resulting models were validated in the respective cohorts to measure the predictive performance.

Results: The key prognostic features were confirmed to be Bilirubin and Albumin together with the serological cancer biomarkers,
AFP-L3, AFP, and DCP. With appropriate recalibration, the model offered clinically relevant discrimination of prognosis in both the
Japanese and UK data sets and accurately predicted patient-level survival.

Conclusions: The original BALAD model has been validated in an international setting. The refined BALAD-2 model permits
estimation of patient-level survival in UK and Japanese cohorts.

The key features that influence prognosis in hepatocellular
carcinoma (HCC) are now well recognised and can be broadly
classified under the headings of tumour-related factors (such as
tumour size or multiplicity), those that assess the severity of
underlying liver dysfunction (such as conventional liver function
tests or the Child-Pugh (C-P) classification (Child and Turcotte,
1964; Pugh et al, 1973)) and patient-related factors (such as
symptoms or performance status). Several staging systems/
prognostic scores that combine a number of these factors have
been developed (Okuda et al, 1985; Group, 1998; Chevret et al,

1999; Leung et al, 2002; Kudo et al, 2003; Llovet et al, 2008) and, to
varying degrees, validated and compared (Kudo et al, 2004;
Marrero et al, 2005; Cho et al, 2008; Collette et al, 2008; Chen et al,
2009; Huitzil-Melendez et al, 2010; Chan et al, 2011). Some simply
offer an estimate of prognosis, whereas others aim to indicate the
appropriate therapy for specific disease stages (Llovet et al, 2008).

In an attempt to develop a more objective staging system,
Toyoda et al (2006) have described the BALAD model that relies
on two liver function tests (Bilirubin and Albumin) and three
serological cancer biomarkers (AFP-L3, AFP, and DCP). They have
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shown that it is possible to ach1eve an excellent degree of
discrimination between' the proposed risk groups usmg such
objective variables. However, the data analysis approach in the
BALAD model utilised dichotomisation of the continuous vari-
ables, which raises a number of statistical issues.

In the present study, we aimed to validate the original BALAD .

“model (built 6n a Japanese Cohort) in a geographically and
aetiologically distinct HCC patient data set from the UK. We first
confirmed that the variables in the BALAD model were identical to
those independently identified in a UK data set, and assessed the
discrimination achieved within the proposed prognostic groups.
We then, in a collaborative Japan/UK study, took the raw data on
which BALAD model was initially derived and applied a more
sophisticated statistical method  that treats the variables in-a
continuous manner and does not assume a linear relationship
between predictors and. outcome. The model developed here not
only allows classification of patient risk, as with the original
BALAD model, but also provides detailed estimation of patient-
level survival in the Japanese cohort, and, with calibration, in UK
patients.

A major challenge in applying the BALAD model to the UK
population is the great difference in survival compared with the
Japanese cohort. This problem is due to the difference in the
underlying survivor function that describes hazard in relation to
time; hazard could be greatest at diagnosis and then decrease over
time or, conversely, the hazard at diagnosis may be low and then
increase as time accumulates. Indeed, the hazard may be described
by a more complicated, non-linear, and not necessarily monotonic
function. To account for such differences, the methods applied in
this analysis allowed interrogation of the scale and shape of the
baseline hazard function.

The derived model is assessed in terms of discrimination and
calibration. To assess discrimination, Harrell's C-statistic was
measured, as described by Taktak et al (2007). This measures the
proportion of patient pairs for which the model correctly assigns
lower risk to the patient who truly survives longest (i.e. is at least
risk). A model with good discriminative performance should have
a high C-statistic. To assess calibration, graphical methods were
used. These assessments compare patient level survival with the
predicted values.

The study comprised two cohorts of patients. The first included
2599 Japanese patients previously reported by Toyoda et al (2006)
and 319 UK patients, all with HCC (Table 1). The Japanese
patients were recruited from five institutions in which a total of
3725 patients were initially diagnosed as having HCC between July
1994 and December 2004, and the UK patients from among 724
patients referred to the Queen Elizabeth, Birmingham, UK,
between June 2007 and January 2012. The various aetiologies
were classified as hepatitis B virus-related, hepatitis C virus-related,
alcoholic-related, and ‘other’. The ‘other’ group comprised patients
with hemochromatosis, primary biliary cirrhosis, non-alcoholic
steatohepatitis, or cryptogenic cirrhosis. The diagnosis of
chronic liver disease was made on the basis of liver biopsy and/
or typical clinical and imaging features. The study protocol
was approved by the institutional ethics review board at each of the
institutions.

Age and gender distributions were similar in the two
populations, as was the distribution of liver dysfunction as assessed
by the C-P classification (Table 1). However, there were striking
differences in aetiological attribution, the Japanese patients having
predominantly HCV-related HCC and the UK patients having
multiple aetiologies. There were also major differences in disease

stage (Table 1) and overall survival between the two cohorts. The

median survival for those treated with  palliative and curative

therapy was 22.6 and 60.7 months for Japanese patients, .-
respectively, with analogous ﬁgures for the UK of 13.9 and 27.5

months.

In all patients, the three serologlcal cancer biomarkers: of HCC
(AFP, AFP-L3, and DCP) were measured at the time of diagnosis,
and drugs that would influence the serum DCP levels, such as
warfarin and vitamin K, were not taken. A standard operating
procedure was applied to all blood collection. Samples were
collected in the fasting state, before any treatment. Blood was
allowed to clot at room temperature for 1-2h, centrifuged at
3000 g for 20 min and the serum collected and stored at — 80 °C
until processing. Routine liver and renal function was measured by
commercially available methods. Albumin was measured by the
bromocresol green method in both UK and Japan. The severity of

the liver disease was defined according to C-P classification.

Patients were staged by five systems: TNM 5, TNM 6 (Sobin and
Fleming, 1997; Greene et al, 2002; UICC, 2002; Sobin et al, 2011),
CLIP (Group, 1998);, JIS or BCLC (Llovet et al, 2008), or by Milan
criteria (Mazzaferro et al, 1996). However, for this analysis that
focused on prognosis, we also grouped patients on the basis of
whether or not the treatment received was curative or palliative.
Curative treatments included transplantation, resection, radio-
frequency ablation, and percutaneous ethanol injection. Palliative
treatments included transarterial chemoembolisation, any form of
chemotherapy, and supportive care. Where patients were listed for
transplantation but had transarterial chemoembolisation as initial
treatment as a ‘bridge’ to transplantation, they were classified as
having potentially curative therapy. For the purpose of this
analysis, UK patients who underwent liver transplantation were
excluded, as the survival of this group would not be expected to be
influenced by the baseline features included in the model (such as
bilirubin and albumin).

Assays of AFP, AFP-L3%, and DCP. AFP, AFP-L3%, and DCP
were all measured in the same serum sample. The measurements of
hs-AFP-L3% and DCP were achieved by using a microchip
capillary electrophoresis and liquid-phase binding assay on a
uTASWako i30 auto analyzer (Wako Pure Chemical Industries,
Ltd, Osaka, Japan) (Kagebayash1 et al, 2009). Analytical sensitivity
of HTASWako i30 is 0.3 ngml ™~ ' AFP, and the percentage of AFP—
L3 can be measured when AFP-L3 is over 0.3ngml™’
(Kagebayashi et al, 2009).

Statistical methods

Discrimination. We assessed discriminatory performance using
Harrell's C-statistic, as described by Taktak et al (2007). In brief,
this measure reports the number of comparable pairs that are
correctly ordered under the risk score. That is, for a pair of
comparable patients P, and Pp, if patient P, is known to have
survived beyond Py’s time of event (death here), then P, should be
subject to a lesser risk than Py, that is, should be assigned a lower-
risk group. This method counts all the correctly ordered pairs from
those that are comparable.

Flexible parametric models. Regression analyses utilised flexible
parametric models (Royston and Lambert, 2011) that enable fitting
of more appropriate baseline hazard functions. The baseline hazard
describes risk over time when all covariates take the value zero
(rather than the hazard at time zero as sometimes stated), and is
described by a restricted cubic spline function (Royston and
Lambert, 2011). Here all continuous covariates are centred about
their mean, and so the interpretation of the function is the hazard
at the mean of all covariates. Traditionally, the baseline hazard is
assumed to have a simple constant or monotonic form, as in
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