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Abstract

Background: The aim of this study was to analyze the clinicopathological characteristics and the prognostic factors
for survival and recurrence of young patients who had undergone hepatectomy for hepatocellular carcinoma.

Methods: Between 1990 and 2010, 31 patients aged 40 years or younger (younger patient group) among 811
consecutive patients with hepatocellular carcinoma who had undergone primary hepatectomy were analyzed with
regard to patient factors, including liver function, tumor factors and operative factors. The clinicopathological
characteristics of the younger patients were compared with those of patients over the age of 40 (older patient
group). Then the prognostic factors of the younger patients were analyzed. Continuous variables were expressed as
the means + standard deviation and compared using the x* test for categorical variables. Overall survival and
recurrence-free survival rates were determined by the Kaplan-Meier method and analyzed by the log-rank test. The
Cox proportional hazards model was used for multivariate analysis.

Results: In the younger patients, the rates of HBs-antigen-positivity, high alpha-fetoprotein, portal invasion,
intrahepatic metastasis, large tumors, low indocyanin green retention rate at 15 minutes, and anatomical resection
were significantly higher than the same measures in the older patients. The five-year overall survival rate of the
young patients was 49.6%. The prognostic factors of survival were HCV-antibody-positivity and low albumin status.
Prognostic factors of recurrence were multiple tumors and the presence of portal invasion.

Conclusions: In younger patients, survival appeared to be primarily affected by liver function, while recurrence was
affected by tumor factors. Young patients with hepatocellular carcinoma should be aggressively treated with
hepatectomy due to their good pre-surgical liver function.

Keywords: Hepatocellular carcinoma, Young, Hepatectomy, Clinicopathological characteristics, Prognostic factors

Background

Liver cancers are malignant tumors and are the third lead-
ing cause of cancer-related death; they are responsible for
approximately 700,000 deaths per year [1]. Hepatocellular
carcinoma (HCC) has a poor prognosis and accounts for
70 to 85% of primary liver cancers [2]. Generally, there are
few opportunities for discovery of malignant tumors in
younger patients, and thus they tend to present with a
highly advanced malignancy at the time of diagnosis;
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School of Medicine, Kita15-Nishi7, Kita-Ku, Sapporo, Hokkaido 060-8638,
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nonetheless, younger patients can expect long-term sur-
vival. The definition of what constitutes a “young patient”
differs between studies [3-12]. HCC is fairly rare in youn-
ger individuals, with an occurrence rate of only 0.6 to 2.7%
in those under 40 years of age, according to Japanese re-
ports [12-14]. In Asia and Africa, which are areas with
prevalent hepatitis B virus (HBV), the frequency of HCC is
higher than in Japan [4,8,9,11,15]; however, there are still
few reports on independent prognostic factors in young
patients with HCC.

In this study, we examined the prognostic clinicopath-
ological features, as well as the prognostic factors for

© 2013 Shimada et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (httpr//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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survival and recurrence, in young patients with HCC
who had undergone hepatectomy.

Methods
Between January 1990 and May 2010, 811 consecutive
patients with HCC underwent primary liver resection at
the Gastroenterological Surgery I unit of Hokkaido Uni-
versity Hospital in Sapporo, Japan. Of these patients, 31
patients (3.8%) were 40 years old or younger, while 780
patients (96.2%) were over 40 years of age. For group
stratification, the former patients were defined as the
younger patient group, and the latter as the older patient
group. This study was approved by the Hokkaido Uni-
versity Hospital Voluntary Clinical Study Committee
and was performed according to the Helsinki Declar-
ation guidelines. The clinicopathological characteristics
and surgical data of the patients are shown in Table 1.
The indications for hepatic resection and the type of
operative procedures were usually determined based on
the patients’ liver function reserve, that is, according
to the results of the indocyanin green retention test at
15 minutes (ICGR15) [16]. Anatomical resection was
performed on patients in whom the ICGR15 was lower
than 25%. Anatomical resection was defined as a re-
section in which the lesions were completely removed
anatomically on the basis of Couinauds’ classification
(segmentectomy, sectionectomy, and hemihepatectomy
or more). Non-anatomical partial but complete resec-
tion was achieved in other cases. In all patients, sur-
gery was performed at RO or R1. When RO and R1
resections were performed, the resection surfaces were
found to be histologically or macroscopically free of
HCC, respectively. Follow-up studies after liver resec-
tion were conducted at three-month intervals, which
included physical, serological (liver function test, serum
alpha-fetoprotein (AFP) level, and serum protein in-
duced by vitamin K absence-II (PIVKA-II)), and radio-
logical examinations (ultrasound sonography (US) and
contrast-enhanced computed tomography (CT) scan or
contrast-enhanced magnetic resonance imaging (MRI)).
Recurrence was diagnosed on the basis of the results of
contrast-enhanced CT and elevation of serum levels of
AFP and/or PIVKA-II. Extrahepatic metastasis (lung,
lymph node, adrenal gland, brain and bone) was diag-
nosed by contrast-enhanced chest and abdominal CT,
contrast-enhanced head MRI and bone scintigram. The
median follow-up period was 111 months (range, 5 to
249 months).

Statistical analysis

Continuous variables were expressed as the means +
standard deviation and compared using the x* test for cat-
egorical variables. Overall survival (OS) and recurrence-
free survival (RFS) were determined by the Kaplan-Meier

Page 2 of 7
Table 1 Clinicopathological characteristics
Young (age  Old (age P
<40 years) >40 years)
n=31 n =780
Epidemiology
Sex: Male/Female 24/7 644/136 NS
(77%/23%)  (83%/17%)
HBs-Ag positive 26 (84%) 321 (41%)  <0.0001
HCV-Ab positive 1 (3%) 310 (40%)  <0.0001
Biochemical Factors .
Albumin 24.0 g/ 17 (55%) 411 (53%) NS
Total bilirubin 20.8 mg/dl 17 (55%) 379 (49%) NS
ICGR15 215 3 (10%) 360 (46%) 0.0001
AFP 2200 ng/ml 16 (52%) 210 (27%) 0.0026
Tumor Factors
Number of tumors: 1 20 (65%) 522 (67%) NS
2to3 6 (19%) 183 (23%)
24 5 (16%) 75 (10%)
Maximum size of tumors: <2 cm 4 (12%) 83 (11%) 0.0074
22 cm, <5¢cm 7 (23%) 395 (50%)
25cm 20 (65%) 303 (39%)
Macroscopic classification: simple 10 (32%) 408 (52%) NS
nodular type
simple nodular type with 10 (32%) 222 (28%)
extranodular grow
confluent multinodular type 8 (26%) 122 (16%)
infiltrative type 0 (0%) 6 (1%)
others 3 (10%) 22 (3%)
Distant metastasis positive 2 (6%) 18 (2%) NS
Surgical Factors
Anatomical resection 29 (94%) 525 (67%) 0.0021
Histological Factors
Differentiation: well 3 (10%) 114 (15%) NS
moderate 13 (42%) 430 (55%)
poor 14 (45%) 209 (27%)
others 1 (3%) 27 (3%)
vpvp0 14 (45%) 569 (73%) 0.0026
vpl 9 (29%) 125 (16%)
vp2,34 8 (26%) 86 (11%)
im 16 (52%) 264 (34%) 0.0413
cirrhosis 9 (29%) 287 (37%) NS

AFP, alpha-fetoprotein; HBs-Ag, HBs-antigen; HCV-Ab, HCV-antibody;
ICGR15, indocyanin green retention rate at 15 minutes; im, microscopic
intrahepatic metastasis; NS, non-significant; vp0, no tumor thrombus in
the portal vein; vpl, tumor thrombus distal to the second branches of the
portal vein; vp2, tumor thrombus in the second branches of the portal
vein; vp3, tumor thrombus in the first branch of the portal vein; vp4,
tumor thrombus extension to the trunk or the opposite side branch of the
portal vein.
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method and analyzed by the log-rank test. The Cox pro-
portional hazards model was used for multivariate analysis.
Significance was defined as a P-value of <0.05. Statistical
analyses were performed using Stat View 5.0 for Windows
(SAS Institute, Cary, NC, USA).

Results

Clinicopathological characteristics and operative variables
Patient factors

The ratio of males to females (24:7) in the younger pa-
tient group was not significantly different from that of
the older patient group. Patients with HBV markers
accounted for most of the virus-associated cases: HBs-
antigen (HBs-Ag)-positive, 26/31 (total number in the
younger group) vs. 321/780 (total number in the older
group); 84% vs. 41%; P <0.0001. Patients who were hepa-
titis C virus (HCV)-antibody (HCV-Ab)-positive were sig-
nificantly fewer in number, that is, 1/31 vs. 310/780 (3% vs.
40%; P <0.0001) in the younger group. Although serum al-
bumin and total bilirubin levels were not significantly dif-
ferent between the groups, patients with ICGR15 215 were
3/31 vs. 360/780 (10% vs. 46%; P = 0.0001).

Tumor factors

The younger group had significantly higher AFP levels
compared to the older group (P = 0.0026). Although the
number of tumors did not differ significantly between
the younger and older patients, there were significantly
more cases with a maximum tumor size of 25 cm in the
younger group (P = 0.0072). The mean maximum tumor
diameter in the younger group in this study was 8.6 *
7.3 cm. Neither macroscopic type nor extrahepatic me-
tastasis was significantly different between the groups.

Operative variables
The rate of anatomical resections in the younger patients
was significantly higher than that in the older patients.

Pathological factors

There were significant differences between groups in
terms of microscopic tumor thrombus in the portal vein
(P = 0.0026) and microscopic intrahepatic metastasis
(P = 0.0413) (Table 1).

Causes of death and recurrence

Among the total 811 patients, 390 (48.1%) died. The
mortality rates were 17/31 (54.8%) in the younger pa-
tient group and 373/780 (47.8%) in the older patient
group. The causes of death, which did not differ signifi-
cantly between groups, were as follows: HCC recurrence
(n = 301; 77.2%; 16 in the younger patients vs. 285 in
the older patients), liver failure (n = 36; 9.2%; 0 in the
younger vs. 36 in the older patients), and other causes
(n = 53; 13.6%; 1 in the younger vs. 52 in the older
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patients). In addition, two patients in the older group died
of operative complications prior to 1995. No patients in
the younger group died of operative complications.

In the younger group, 22 patients experienced a recur-
rence (71.0%). There were 17 (77.3%) liver tumor recur-
rences, with a median recurrence time of six months (1 to
27). Lung metastases occurred in 11 (50.0%) cases, with a
median recurrence time of 12 months (1 to 42); bone me-
tastases in 7 (31.8%) cases, with a median recurrence time
of 23 months (6 to 60); brain metastases in 6 (27.3%) cases,
with a median recurrence time of 20 months (10 to 61);
lymph node metastases in 3 (13.6%) cases, with a median
recurrence time of 12 months (12 to 56); and adrenal gland
metastases in 3 (13.6%) cases, with a median recurrence
time of 10 months (5 to 50).

Cumulative rates of patient survival and recurrence-free
survival

The five-year OS rate of all 811 patients was 57.1%.
The five-year OS rate and median survival time (MST)
of the younger group were 49.6% and 40 months, re-
spectively, whereas those of the older group were 57.7%
and 79 months, respectively (Figure 1). The median
RES time of all 811 patients was 23 months, while that
of the younger patients was 6 months, and that of the
older patients was 25 months (Figure 2). Neither OS
nor RFS were significantly different between the youn-
ger and older groups, although recurrence tended to
occur earlier in the younger patients.

Factors related to long-term survival and disease-free
survival after primary hepatectomy in the younger
patient group

Table 2 shows those factors that were found by univari-
ate analysis to influence OS and RFS in the younger
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Figure 1 Overall survival curves of the younger and older

patient groups after first hepatectomy.
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Figure 2 Recurrence-free survival curves of the younger and
L older patient groups after first hepatectomy.

Table 2 Univariate analyses of prognostic factors of survival
and recurrence in the younger group

Survival Recurrence

P P
Epidemiology
Sex: Male NS NS
HBs-Ag positive NS NS
HCV-Ab positive 00172 NS
Biochemical Factors
Albumin <4.0 g/l 0.0088 NS
Total bilirubin 20.8 mg/dl NS Ns
ICGR15 215 NS NS
AFP 2200 ng/ml NS NS
Tumor Factors
Number of tumors: multiple NS 00199
Maximum size of tumor: 25 cm 0.0034 0.0006
Macroscopic classification: except for NS NS
simple nodular type
Distant metastasis positive NS -
Surgical Factors
Non-anatomical resection NS NS
Histological Factors
Differentiation: poor NS 0.0395
vp2, 3,4 0.0108 0.0020
im 0.0058 0.0053
cirrhosis 0.0446 NS

AFP, alpha-fetoprotein; HBs-Ag, HBs-antigen; HCV-Ab, HCV-antibody; ICGR15,
indocyanin green retention rate at 15 minutes; im, microscopic intrahepatic
metastasis; NS, non-significant; vp2, tumor thrombus in the second branches
of the portal vein; vp3, tumor thrombus in the first branch of the portal vein;
vp4, tumor thrombus extension to the trunk or the opposite side branch of
the portal vein.
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group. The univariate analysis revealed that OS was sig-
nificantly related to being HCV-Ab-positive, having a
serum albumin level of <4.0 g/l and a maximum tumor
size of 25 cm, the presence of tumor thrombus in the
second and first branches and trunk or opposite side
branch of the portal vein (vp2, 3, 4), microscopic
intrahepatic metastasis, and histological liver cirrhosis of
non-cancerous liver.

Univariate analysis showed that RES was significantly re-
lated to multiple tumors, maximum tumor size of =5 cm,
poor differentiation, the presence of tumor thrombus
above vp2 and microscopic intrahepatic metastasis. Multi-
variate analysis showed HCV-Ab-positive status and serum
albumin levels of <4.0 g/l to be independent predictive fac-
tors for OS, and multiple tumors and vp2, 3, 4 were inde-
pendent predictive factors for RFS in the younger group of
patients (Tables 3 and 4).

Discussion

In this study, the younger patients with HCC who
underwent hepatectomy were more likely than the older
patients to be HBV-positive, to have large tumors with
portal invasion and to have high AFP, although they also
retained better liver function than the older patients.
Despite the significant difference in tumor progression,
neither OS nor RFS were significantly different between
the two groups, although recurrence tended to occur
earlier in the younger patients. Multivariate analysis
showed HCV-Ab-positive status and serum albumin
levels of <4.0 g/l to be independent predictive factors for
OS, and multiple tumors and vp2, 3, 4 were independent
predictive factors for RFS in the younger patients.
Therefore, young patients with hepatocellular carcinoma
should be aggressively treated with hepatectomy due to
their good pre-surgical liver function.

In the younger group of patients, HCV-Ab-positive
status and low serum albumin levels were the liver-
function-related factors that were found to be signifi-
cantly unfavorable in terms of OS, while multiple tumors

Table 3 Multivariate analyses of prognostic factors of
survival in the younger group

Risk factor P-value Hazard 95% Cl
ratio

HCV-Ab positive 0.019% 59816  1.927 10 1856.714
Albumin <4.0 g/l 0.0296 6.665 1207 to0 36813
Maximum size of tumor: 25¢cm NS 0381 0025 10 5697
vp2, 3,4 NS 2313 0420 to0 12.738
im NS 14.563 0951 to 222939
cirrhosis NS 1.037 0.149 to 7.200

Cl, confidence interval; HCV-Ab, HCV-antibody, im, microscopic intrahepatic
metastasis; NS, non-signficant; vp2, tumor thrombus in the second branches of the
portal vein; vp3, tumor rhombus in the first branch of the portal vein; vp4, tumor
thrombus extension to the trunk or the opposite side branch of the portal vein.
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Table 4 Multivariate analyses of prognostic factors of
recurrence in the younger group

Risk factor P-value Hazard 95% Cl
ratio

Number of tumor: multiple 0.0415 51312 1.163 to 2264.565

Maximum size of tumor: 25 cm NS 3210 0.353 10 29.152

Differentiation: poor NS 2.796 0450 to 17.043

vp2, 3,4 00253 13517 1.380 to 132442

im NS 0.137 0.005 to 3.541

Cl, confidence interval; im, microscopic intrahepatic metastasis; NS, non-significant;
vp2, tumor thrombus in the second branches of the portal vein; vp3, tumor
thrombus in the first branch of the portal vein; vp4, tumor thrombus extension to
the trunk or the opposite side branch of the portal vein.

and vp2, 3, 4 were the tumor-related factors that were
significantly unfavorable in terms of RFS; moreover,
these findings were obtained by both univariate and
multivariate analyses. Although most of the younger pa-
tients had advanced tumors, no differences were found
between the younger and older patients in terms of OS.
These results indicate that aggressive and curative liver
resection should be performed for young patients with
HCC, because most young patients retain good pre-
surgical liver function.

The definition of who should be classified as a “young
patient” with HCC remains controversial. In the litera-
ture, the definition of a young patient with HCC has
tended to be a patient aged 40 years or younger
[4,8,10-12,14]. Cases of HCC in such patients are com-
paratively rare, for example, HCC occurs in only 0.6 to
2.7% of this age group in Japanese reports [12-14]. In
other countries, the reported rates of HCC in this age
range are as follows: 8.6% (40 years and younger) in
Singapore [11], 10.9% (under 40 years) in Taiwan [8] and
6.5% (40 years and younger) in Hong Kong [4]. Thus most
of the existing reports have been from Asia, and they show
a difference in frequency among regions. There appear to
be many young patients in Asia with HCC who are HBV-
positive; HBV is an underlying disease of HCC in young
patients, and many carriers live in Asia [17].

Many young patients with HCC have HBs-Ag, that is,
up to 71.4 to 100% [3-5,7-11,14]. Meanwhile, cases of
HCV-Ab-positivity plus HCC among younger patients
are reported at rates of 0 to 10% [4,5,7-10,12,14], which
is much lower than the range for older patients. Rates of
Child-Pugh A are 69.1 to 92.3% among younger patients
[4-6,8-12], which is higher than the range in older pa-
tients. It has been reported that histological hepatitis or
cirrhosis of non-cancerous liver is significantly less com-
mon in younger hepatectomy patients than in older hep-
atectomy patients among cases with HCC [3,4,12].
Though HCC is generally found by medical examination
or follow-up of liver function, in most young patients,
HCC is found by symptoms such as pain and/or
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palpation of an abdominal mass [11,14,18,19]. Accord-
ingly, members of the younger patient group in this
study had larger tumors than the older patient group.

This study revealed that the rate of cases related to HBV
was 93.5%, and the rate of HBs-Ag-positive cases was
87.0%. The MST of the younger group was 40 months,
and the five-year OS rate was 49.6%. These results did not
differ significantly from the previously reported MST and
five-year OS rates of 27.8 to 52.5 months and 30.5 to
54.8%, respectively, among cases of liver resection for HCC
across all ages [20,21]. Therefore, it appears likely that
aggressive and curative liver resection contributes to
prolonged prognosis.

In regard to tumor factors, several studies have
reported that more young than old patients have
high AFP levels, that is, the rates of cases in which
AFP is equal to or exceeds a value of 400 ng/ml
range from 52.6 to 82.0% [3,7,9-11,14], and rates for
an AFP of 210,000 ng/ml range from 31.6 to 60.0%
[3,10,11,14]. In addition, younger patients tend to
have larger tumors than older patients, with the
maximum diameter of tumors being 6.9 to 12.7 cm
in younger patients [3,4,7,10,12,14]. Cases showing
portal invasion count for 45.0 to 100% [10-12,14] of
younger HCC patients. In the present study, the
younger patient group had higher AFP levels and lar-
ger tumors, was more likely to have portal invasion
and showed better liver function than the older
group, as has been reported elsewhere [3,7,10-12,14].
It has also been reported that cases with high AFP
levels have a poor prognosis due to a correlation be-
tween tumor size and AFP [22].

As regards prognostic factors, Chen et al reported
that hepatectomy was a significant favorable prognostic
factor among HCC patients aged 40 years and younger
[8]. As regards other prognostic factors, AFP [8,11], por-
tal invasion [8,11] and reserved liver function [8,11,12]
have been reported, although these remain controversial.
In this study, prognostic factors related to OS were
HCV-Ab-positive status and low serum albumin levels,
and prognostic factors related to RFS were the number
of tumors and vp2, 3, 4. It has been suggested that liver
function preservation primarily influences survival, and
tumor factors influence recurrence. Furthermore, while
the time to recurrence in the younger patients was
shorter than that in the older patients, the RFS of the
younger group tended to overtake that of the older
group in the long term. The recurrence rate was 71%,
and the site of recurrence was almost always the liver.
This rate was comparable to those of other reports,
which ranged from 60.2 to 78.2% across all ages [20].
The results to date suggest that aggressive treatments,
including re-hepatectomy for recurrence, contribute to
an improvement in the long-term prognosis.

- 546 -



Shimada et al. World Journal of Surgical Oncology 2013, 11:52
http://www.wjso.com/content/11/1/52

Moreover, in order to improve prognosis, we should
take care to perform aggressive resections, and should
also make note of cases with a background of potentially
liver-affecting hepatitis B. Chuma et al. reported that the
quantity of HBV-DNA and non-treatment for HBV were
risk factors for a recurrence of HCC [23]. Li et al
reported that one-year and two-year RFS rates were
23.3% vs. 8.3%, and 2.3% vs. 0%, respectively, in a treat-
ment group receiving lamivudine for HCC due to con-
current hepatitis B vs. a control group [24]. Therefore,
viral treatments in combination with cancer treatments,
including resection, are important to consider.

There have been few reports on liver transplantation
for young patients with HCC. The reason for this lack of
information is likely to be that younger patients have
relatively larger tumors and, therefore, they tend to have
tumors exceeding the Milan criteria. Ismail et al
reported that the outcomes of liver transplantation were
better than those of liver resection among patients
with HCC who were aged 2 to 27 years, namely, the
OS rates were 72% vs. 40%, and the RFS rates were
91% vs. 30% [25]. It was also reported that primary
liver transplantation for children with HCC without
extrahepatic lesions has a good outcome, even if the
tumors exceed the Milan criteria [26]. An accumula-
tion of future cases is expected.

As noted above, many young HCC patients present
with advanced tumors and unfavorable prognostic fac-
tors. In a study on 16 patients who received liver trans-
plantation for HCC and who had low differentiation and
vascular invasion beyond the Milan criteria, Saab et al.
reported that those receiving sorafenib (n = 8) had one-
year OS rates and RFS rates of 87.5% and 85.7%, versus
62.5% and 57.1% for the control group (n = 8) [27]. It is
expected that supportive treatment with molecular tar-
get medicine after liver resection or transplantation
could contribute to a prolonged prognosis.

Conclusions

In our younger patients with HCC, survival appeared to
be mainly affected by liver function while recurrence
was mainly affected by tumor factors. Young patients
with HCC should be offered aggressive hepatectomy due
to their relatively preserved liver function.
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Abstract

Biliary atresia (BA) is one of the major hepatobiliary ab-
normalities in infants and one of the causes of hepatic
osteodystrophy. Bone disease may be caused by the
malabsorption of calcium and magnesium by vitamin
D in hepatobiliary diseases in which bile flow into the
intestines is deficient or absent. Bone fracture before
Kasai hepatic portoenterostomy or within one month
after the procedure in an infant with BA is very rare,
We herein report two infants: one infant with BA who
initially presented with a bone fracture before Kasai he-
patic portoenterostomy, and the other at 4 wk after Ka-
sai hepatic portoenterostomy, and also provide a review
of the literature. Moreover, we conclude that clinicians
should consider BA in infants with bone fracture during
early infancy.

© 2012 Baishideng. All rights reserved.

Key words: Biliary atresia; Bone fractur; Hepatic osteo-
dystrophy; Kasai hepatic portoenterostomy; Vitamin D
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INTRODUCTION

Clinical findings in children with biliary atresia (BA) char-
acteristically include jaundice and acholic stools at 1 or
2 mo after birth!"!. Osteodystrophy is a well-recognized
complicaton of chronic liver disease. BA is one of the
major hepatobiliary abnormalities in infants and one of
the causes of hepatic osteodystrophy'".

Vitamin D is hydroxylated at the carbon 25 position
to form 25-hydroxy-vitamin D (ZS—OH—D)[ZI. This occurs
primarily in the liver®™. Bile is important for the intestinal
absorption of calcium and magnesium because it is nec-
essary for the absorption of vitamin D",

In chronic liver disease, particularly where there is
chronic cholestasis, generalized skeletal demineralization
or rachitic change is seen”, Multiple spontaneous frac-
tures of both the ribs and long bones have been reported
in such infants. Furthermore, bone fractures are some-
times noted in patients with BA in the end-stage before
liver transplantationw. However, bone fracture befote
Kasai hepatic portoenterostomy and within one month
after the procedure in infants with BA is very rare.

We repott two infants: firstly, a patient with BA who
initially presented with bone fracture before Kasal he-

October 27,2012 | Volume 4 | Issue 10 |



Figure 2 Plain skeletal radiographic features at the 7 d after hepaticoje-
junostomy in the case 1. Anteroposterior (A) and lateral (B) plain radiographs
showing a displaced fracture (arrows) of the right distal femur.

patic portoenterostomy, and secondly, a patient with the
onset of bone fracture within one month after Kasai he-
patic portoentetostomy, and also provide a review of the
literature.

CASE REPORT

Case 1

A girl was born vaginally at 39 wk gestation, weighing
2522 g. She presented with neither jaundice nor acholic
stools. The infant was fed human milk. She was well
noutrished but was observed to have jaundice at a medi-
cal check-up at 1 mo of age. Abdominal ultrasonography
(US) and computed tomography showed a sufficiently
large gallbladder. Total and direct bilirubin (DB) de-
creased gradually at the follow-up checks. The patient
presented with acholic stools and increased jaundice at
the age of 5 mo, and was subsequently admitted to our
institution for further examinations. Laboratory studies
upon admission revealed the following: asparate ami-
notransferase (AST) 337 IU/L (normal range), alanine
aminotransferase (ALT) 241 IU/L (normal range), total
bilirubin (TB) 11.3 mg/dL, DB 7.4 mg/dL, alkaline phos-
phatase (ALP) 5,547 TU/L (normal range), y-glutamyl
transpeptidase (y-GTP) 457 IU/L (normal range), choline
esterase 192 TU/L (normal range), and serum calcium 8.1
mg/dL (notmal range). There was severe jaundice noted

(44
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Figure 1 Intraoprative and
imaging features. A: On lap-
arotomy, the liver was brown
and firm with a dull edge,
suggesting cholestasis; B: In-
traoperative cholangiography
revealed a patent gallbladder
(arrow) and no patency of the
extrahepatic bile duct.

at the conjunctiva. The findings on abdominal US were
unevenness on the liver surface and an atrophic gallblad-
der which did not contract after the feeding of milk.
Magnetic resonance cholangio-pancreatography (MRCP)
revealed dilatation of neither the common bile duct nor
intrahepatic bile duct. Therefore, BA was suspected based
on these findings, and the infant underwent an exploz-
atory laparotomy at 182 d of age. The patient started oral
vitamin D at 173 d of age.

On laparotomy, the liver was brown and firm with a
dull edge, suggesting cholestasis (Figure 1A). Intraopera-
tive cholangiography revealed a patent gallbladder and
no patency of the extrahepatic bile duct (Figure 1B). The
macroscopic findings showed that the bilateral hepatic
ducts and extrahepatic bile duct consisted of only rem-
nants. The infant was diagnosed as BA (wa)[SI based
on cholangiographic and macroscopic findings. The rem-
nants were totally removed en block and a Roux-en-Y
hepaticojejunostomy was performed with a Roux loop of
60 cm applied antecolically. Microscopic findings of the
liver biopsy specimen were pre-cirthotic.

The patient could not move her right leg 1 d before
the laparotomy, and a plain skeletal radiograph of the
femur was performed 7 d after the HJ, when the general
condition of the patient was stable. A displaced fracture
of the right distal femur was shown by the plain radio-
graph (Figure 2A and B). Hepatic osteodystrophy was
suspected based on the fact that there was no history
of femur trauma and the patient suffered from chronic
cholestasis. Child abuse by the family was not considered
from the situation. Callus formation was seen 8 d after the
application of an immobilizing plaster bandage (Figure
3A). The plaster bandage was removed after 20 d and the
fracture of the right femur was cured at 6 mo post frac-
ture (Figure 3B and C). The patient coughed up blood due
to the perforation of esophageal varices and underwent
a living-related liver transplantation at 10 mo of age. The
postoperative course of living-related liver transplantation
was uneventful and she is currently well at 4 years of age.

Case 2

A girl was born vaginally at 36 wk gestation, weighing
2310 g She presented with neither jaundice nor acholic
stools. She was well nourished but was observed to have

October 27,2012 | Volume 4 | Issue 10 |
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Figure 4 Intraoprative features. On laparotomy, the liver was brown and firm
with a dull edge, suggesting cholestasis.

jaundice at a medical check-up at 1 mo of age. The pa-
tient presented with acholic stools and increased jaun-
dice at the age of 3 mo at a medical check-up, and was
consequently admitted to our institution for further
examinations. Laboratory studies upon admission re-
vealed the following: AST 573 IU/L, ALT 377 IU/L,
TB 6.6 mg/dL, DB 4.4 mg/dL, ALP 2248 IU/L, y-GTP
666 TU/L, choline esterase 181 IU/L, and serum calcium
9.2 mg/dL. The findings on abdominal US and MRCP
were just as same as those of the case 1. Therefore, BA
was suspected, and the infant underwent an exploratory
laparotomy at 113 d of age. The patient started oral vita-
min D at 3 mo of age.

On laparotomy, the liver was brown and firm with a
dull edge, suggesting cholestasis (Figure 4). Intraopera-
tive cholangiography revealed a patent gallbladder and
no patency of the extrahepatic bile duct. The infant was
diagnosed as BA (I biy)™ based on cholangiographic and
macroscopic findings. The remnants were totally removed
en block and a Roux-en-Y hepaticojejunostomy was pet-
formed with a Roux loop of 60 cm applied antecolically.
Microscopic findings of the liver biopsy specimen wete
cirrhotic.

The patient could not move her left leg at 28 d post-
laparotomy. A displaced fracture of the left distal femur
was shown by plain skeletal radiograph (Figure 5A and
B). Hepatic osteodystrophy was suspected based on the
fact that there was no history of femur trauma and the

4%
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Figure 3 Plain skeletal radiographic features at the 8 d after the
application of an immobilizing plaster bandage for the femur frac-
ture in the case 1. Callus formation (arrows) was seen 8 d after the
application of an immobilizing plaster bandage (A) in case 1. The plaster
bandage was removed after 20 d (B) and the fracture of the right femur
was cured 6 mo post-fracture (C).

Figure 5 Plain skeletal radiographic features at the 28 d after hepaticoje-
junostomy in the case 2. Anteroposterior (A) and lateral (B) plain radiographs
showing a displaced fracture (arrows) of the left distal femur.

patient suffered from chronic cholestasis. Child abuse by
the family was not considered from the situation. Cal-
lus formation was seen 14 d after the application of an
immobilizing plaster bandage. The plaster bandage was
removed after 20 d and the fracture of the left femur was
cured at 6 mo after post-fracture. Jaundice has been re-
solved and she is currently well at 11 mo of age.

DISCUSSION

BA is a rare disease with an incidence of approximately
1:10 000 live births in Japan and the Far East"”. The
most frequent symptom is prolonged jaundice. Several
reports have shown that osteodystrophy was associated
with severe chronic liver disease despite the administra-
tion of vitamin and mineral supplements'. Argao e at”
suggested that the bone mineral content of patients with
hepatic osteodystrophy did not improve despite success-
ful normalization of the serum 25-OH vitamin D con-
centration by enhancing vitamin D absotption from the
gastrointestinal tract. Chongstisawat ¢f al” reported that
osteoporosis was recognized in up to 80% of a group of
jaundiced BA patients in comparison with only 13.6% in
a non-jaundiced group.

In BA, metabolic disturbance results from impairment
of the passage of bile salts into the alimentary canal. As a
consequence, the inadequate emulsification of fat results

October 27,2012 | Volume 4 { Issue 10 |
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in the incomplete absorption of vitamin D. Vitamin D is
hydroxylated to 25-OH-D in the liver”. Additionally, over
the course of the disease, liver cirrhosis develops and the
hydroxylation of vitamin D is impaired. Vitamin D and
hence calcium absorption atre thus diminished. 25-OH-D
is thought to be converted to more active forms, 125- or
2125-dehydro-OH-D. Rickets and osteoporosis were re-
ported to be found in 23 of 39 patients (59%) with surgi-
cally unrepaired BA",

We herein report two infants: one infant with BA who
initially presented with a bone fracture before Kasai he-
patic portoentetostomy, and the other at 4 wk after Kasai
hepatic portoenterostomy. There are a number of factors
which may be important in the etiology of bone fractures
in children, including trauma, metabolic bone disease,
drugs, and immobilization”. However, the lack of signifi-
cant trauma in the majority of cases (91%) is a notable
feature in children with BA. Hill ez a” reported 12 (19%)
children with fractures before and after transplantation
out of 63 undergoing liver transplanatation. Eight of 12
children with fractures in BA had no identifiable trauma.
The age at the time of fracture in BA ranged from 3 to
16 mo after birth, and the affected children suffered from
osteopenia (generalized reduction in bone density). The
fracture site was the ribs or long bones, and multiple frac-
tures were seen in 2 children with BA (7 and 8 mo after
birth). However, Hill ez a/” did not describe administering
vitamin D supplements. BA patients with severe cholesta-
sis have a risk of bone fracture despite the administration
of essential vitamins and minerals such as our cases. In
our cases, BA was diagnosed at 6 mo after birth in case
1 and at 3 mo after birth in case 2, with suspected severe
cholestasis.

Conservative management such as immobilization
using plaster bandages is generally effective for fractures
in BA, and there were no complications related to frac-
tures in our cases. In the literature, internal fixation was
required in one case with oxalosis for a fractured neck
of the femur!". The early diagnosis and treatment of BA
before the occurrence of bone fracture is important.
The measurement of reflected light from the surface of
feces by near infrared reflectance spectroscopy was in-
troduced by Akiyama ¢ af” for the differential diagnosis
of cholestatic diseases in infants. Another method, mass
screening using color picture cards depicting normal
and acholic stools, was carried out at 1 and 2 mo after

4%
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birth in a Japanese prefecture!”. Eight cases of BA
were detected using this mass screening method during
a 3-year period, with a specificity of 99.9% and a sensi-
tivity of 80.0%. Such screening procedures could result
in improved detection of BA in infants before bone dis-
ordets occut.

In summary, clinical awareness of BA should be
maintained both in terms of careful handling to prevent
possible bone fracturing and also in consideting fractures
as a possible diagnostic factor in children with reluctance
to use a limb, even in the absence of previous trauma,
before Kasai hepatic portoenterostomy. Radiological
awareness is also important to avoid missing unsuspected
fractures on radiographs.
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Abstract

f‘éround: The altered N-glycosylation of glycoproteins has been suggested to play
mportant role in the behavior of malignant cells. Using novel glycomics
techn’ology, we attempted to determine the specific and detailed N-glycan profile for
hepatocellular carcinoma (HCC) and investigate the prognostic capabilities.

"Method: From 1999 to 2011, 369 patients underwent primary curative hepatectomy

1 our facility and were followed up for a median of 60.7 months. As normal controls,

Japaﬁése 26 living related liver transplantation donors were selected not infected by

itis B and C virus. Their mean age was 40.0. Fifteen (57.7%) were male. We used
| ag y¢oblotting method to purify N-glycans from preoperative blood samples from this
(10pul serum) which were then identified and quantified using mass
‘spectrometry (MS). Correlations between the N-glycan levels and the

thologic characteristics and outcomes for these patients were evaluated.

esults: Qur analysis of the relative areas of all the sugar peaks identified by MS,
otalmg 67 N-glycans, revealed that a proportion had higher relative areas in the HCC
s compared with the normal controls. Fourteen of these molecules had an area
the curve of greater than 0.80. Analysis of the correlation between these 14
lycans and surgical outcomes by univariate and multivariate analysis identified

G2890 (m/z value, 2890.052) as significant recurrent factor and G3560 (m/z value,
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295) as significant prognostic factor. G2890 and G3560 were found to be
y correlated with tumor number, size and vascular invasion.

usion: Quantitative glycoblotting based on whole serum N-glycan profiling is
ctive approach to screening for new biomarkers. The G2890 and G3560
N-glycans determined by tumor glycomics appear to be promising biomarkers for

malignant behavior in HCCs.
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hepatocellular carcinoma
V:a’tient Survival

isease-free survival

_RF: risk factor

. alpha-fetoprotein
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‘ICGR15: indocyanin green retention rate at 15 minutes

PIVKA-II: protein induced by vitamin K absence or antagonism factor II

.3: Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein

. area under the curve

eceiver operating characteristics
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Introduction

Hepatocellular carcinoma (HCC) is a common and fatal malignancy with a

wide occurrence (1). Liver resection has shown the highest level of control

the local treatments for HCC and is associated with a good survival rate (2, 3).

However, the recurrence rates for HCC are still high even when a curative

“hepatectomy is performed (4). Many factors associated with the prognosis and
nce of HCC have now been reported. Vascular invasion of the portal vein
and/ or hepatic vein and tumor differentiation are important factors affecting survival
ecurrence in HCC cases after a hepatectomy (5, 6). However, microvascular
sion and differentiation can only be detected by pathological examination just
a hepatectomy, and cannot be diagnosed preoperatively, this cannot be
entified preoperatively either. Hence, the serum biomarkers alpha-fetoprotein (AFP)
tein induced by vitamin K absence-II (PIVKA-II) are used as prognostic
arl rs (7, 8) and also as surrogate markers for microvascular invasion and tumor
:*d"ffe‘ igntiation(Q, 10). AFP is associated with grade differentiation (11), whereas
¢ ‘—II is related to vascular invasion (12, 13). However, these tumor markers have

ed sensitivity and are less predictive than microvascular invasion (14, 15) which

¢ most potent determinant of recurrence and survival in HCC patients

ing a hepatectomy(b). Therefore, new biomarkers that are more strongly

Hepatology

- 558 -

Page 6 of 41



Page 7 of 41 Hepatology

Toshiya Kamiyama 7

“;::aékschiiéted with prognosis and recurrence in HCC than AFP or PIVKA-II are highly

" Glycosylation is one of the most common post-translational protein
iﬁbations. Alterations in the N-glycosylation profiles of glycoproteins have been

_suggested to play important roles in the proliferation, differentiation, invasion and

“metastasis of malignant cells. Glycan species can be analyzed and characterized

ing mass spectrometry and the profiling of these molecules when they are secreted
or shed from cancer cells is also performed. Hence, some glycoproteins have been

suggested as biomarkers of human carcinomas such as ovarian cancer, breast

and HCC(16-19). Of note, changes to the N-linked glycan modification of
'k’:'kfgly: proteins occur during the tumorigenesis and progression of HCC lesions.

However, the correlation between the N-glycan profile and tumor-associated

characteristics such as the degree of malignancy and prognosis has not been

reviously evaluated in HCC. Recently, we developed a novel glycomics method that

{,%;;fgkcilitates high-throughput and large scale glycome analysis using an automated

: g an purification system, SweetBlot. This approach enables us to profile serum

N glycans quantitatively. Using this quantitative N-glycomics procedure via

glycoblotting technology, which is both highly accurate and can be conducted on a

largéfts;'cale, we have previously evaluated the potential of using N-glycans as markers
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prognosis and recurrence of HCC (20).

In our current study, we have evaluated preoperative blood samples from a
atient cohort from which we purified serum N-glycans using our glycoblotting
(21, 22). We performed N-glycan profiling using mass spectrometry to search

or factors related to prognosis and recurrence by analysis of patient outcomes in 369

consecutive HCC cases that had undergone a primary curative hepatectomy at our
al facility. We sought through this screen to correlate N-glycan levels on

glycoproteins with the clinicopathologic characteristics and the outcomes of HCC.

Methods

ad been excluded from this cohort because the outcomes of a hepatectomy in these

s are typically very poor. The mean age of the patients in the final study group

‘was '62.7 = 10.6 years (range, 33-90), 301/369 (81.6%) cases were male, 176
) were hepatitis B virus surface antigen-positive, 119 (32.2%) were hepatitis C

virus ‘antibody-positive, and 120 (32.5%) were designated as F4 based on the New
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