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Abstract Many factors associated with long-term outcome in
hepatocellular carcinoma (HCC) with portal vein tumor
thrombosis (PVTT) were previously identified. However,
those in HCC without PVTT have not been elucidated. This
study was designed to define the risk factors of poor post-
surgical survival and recurrence in this subgroup of HCC.
Medical records and follow-up data of consecutive 152 pa-
tients with PVTT-absent HCC underwent curative resection
were reviewed. The impacts of clinical and pathological var-
iables on patient survival and recurrence were evaluated by
univariate and multivariate analyses. It was shown that
Edmondson-Steiner grade, TNM stage, microvascular inva-
sion (M V), satellite nodule, serum AFP level, tumor size and
number were significant for tumor-specific and/or tumor-free
survival in univariate analysis. Among them, Edmondson-
Steiner grade and TNM stage were of independent signifi-
cances for both, whereas satellite nodule independently pre-
dicted tumor-free survival. In Chi-square test, Edmondson-
Steiner grade, TNM stage and MVI were significantly related
to overall as well as early recurrence. Stepwise logistic regres-
sion identified Edmondson-Steiner grade as the single inde-
pendent predictor of both. To be summarized, variables that
are associated with poor prognosis and recurrence in HCC
without PVTT are all tumor-related ones. Of these, differenti-
ation degree might be of particular importance.
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Introduction

Hepatocellular carcinoma (HCC) was one of leading prevalent
and lethal cancers worldwide [1-3]. Up to now, long-term
prognosis of HCC is still poor, although progress in therapeu-
tic modalities resulted in exciting results in some highly
selected patients [4—6]. Thus, identification of prognostic
markers of HCC has long been of interest. Some clinicopath-
ological variables, such as tumor size, a-fetoprotein and
Child—Pugh class, were shown to be significant prognostica-
tors of HCC, according to a recent systemic review involving
many studies [7]. Among them, portal vein tumor thrombosis
(PVTT) was suggested to be one of the most robust predictors
of death. There have been many published articles referring to
prognostic factors of HCC with PVTT, after different treat-
ments including resection, transarterial chemoembolization
(TACE), radiotherapy and conservative management [8-22].
However, the variables associated with clinical outcome of
HCC without PVTT, a subgroup escaping the impact of the
strong prognostic indicator, remain unknown.

In the present study, the influences of clinicopathological
variables on post-surgical survival and recurrence of HCC
without PVTT were investigated by uni- and multi-variate
analyses, based on a Chinese patient series.

Materials and Methods
Patient Characteristics

Consecutive 152 patients with HCC without PVTT, who
underwent curative hepatic resection, were included, after
exclusion of patients with PVTT, that was first suggested by
imaging examinations and proven pathologically. One hun-
dred and thirty-two (86.8 %) were men and 20 (13.2 %) were
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Table 1 Edmondson-Steiner grade of HCC

Grades Main features

I Minimal cytologic atypia and architectural distortion
(near normal nucleus-to-cytoplasm ratio)

I Well differentiated (typically with trabecular pattern),

larger nuclei

il Moderately differentiated (greater cytologic atypia

and architectural variability)

v Poorly differentiated, or anaplastic (including spindle

cell and small cell HCC)

HCC hepatocellular carcinoma

women. Patient ages ranged from 15 to 78 years (mean+SD,
53.5£12.3 years). Hepatitis B surface antigen (HBsAg) was
positive in 123 patients (80.9 %), while hepatitis C virus
detection was positive in 14 (9.2 %). Liver cirrhosis was found
in 121 cases (79.6 %). Pre-surgical classification showed that
138 patients (90.8 %) were in grade A and 14 (9.2 %) were in
grade B. Serum «-fetoprotein (AFP) levels higher and lower
than 20 ng/ml were found in 101 (66.4 %) and 51 (33.6 %)
patients, respectively. Tumor sizes ranged from 0.7 to 26 cm
(mean=SD, 7.2+4.3 cm). Microvascular invasion (MVI), de-
fined as tumor within a vascular space lined by endothelium
that was visible only on microscopy [23], was detected in 43
patients (28.3 %), by postoperative histological examination.
Macroscopic satellite nodules, a special type of intrahepatic
metastasis close to the main lesion, according to the criterion
that was proposed by the Liver Cancer Study Group of Japan
and previously used [24], i.e., tumors surrounding the main
tumor with multiple other satellite nodules or small solitary
tumors located near the main tumor that are histologically
similar or less differentiated than the main tumor, were found
in 16 patients (10.5 %). Histological grading [25], according
to Edmondson-Steiner criteria (Table 1), revealed that 18
(11.8), 69 (45.4), 55 (36.2) and 10 (6.6 %) patients carried
grade I, II, IIT and IV HCCs, respectively. According to 7th
edition tumor-node-metastasis (TNM) staging system [26], 65

Fig. 1 Survival curves of HCC 10

without PVTT after curative
resection. a tumor-specific
survival; b tumor-free survival.
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(42.8), 59 (38.8), 25 (16.4) and 3 (2.0 %) patients were
classified as stage I, II, III and I'Va, respectively.

Procedures, Endpoints and Evaluated Variables

Procedures were right trisectionectomy (17 patients), left
trisectionectomy (2), extended right hepatectomy (11), ex-
tended left hepatectomy (2), central hepatectomy (4), right
hepatectomy (23), left hepatectomy (10), combined
segmentectomy (47), segmentectomy (14), left lateral
segmentectomy (12) and un-anatomic resection (10). Major
hepatic resection, defined as removing at least 3 Couinaud
segments [27], was performed for 83 out of 152 patients
(54.6 %). Tumor-specific/tumor-free survival and overall/
early recurrence (early recurrence: recurrence within 1 year
after curative resection) served as endpoints. Thirteen vari-
ables that might have impacts on prognosis of HCC were
selected to be evaluated in statistical analyses, including those
reflecting general situation (age and sex), liver disease back-
ground (HBsAg, HCV, liver cirrhosis and Child-Pugh grad-
ing) and tumor-related factors (serum AFP value, tumor size,
tumor number, TNM stage, MVI, satellite nodule and
Edmondson-Steiner grade).

Follow-up

All the patients accepted our strict follow-up, with intervals
ranging from 1 to 3 months. Imaging examinations, including
as B-type ultrasonography (BUS), computed tomography
(CT), magnetic resonance imaging (MRI) and angiography,
and serum AFP level were used to monitor tumor progression.
Follow-up terms ranged from 3 to 108 months (median,
20 months).

Statistical Analyses
Survival curves were calculated by Kaplan-Meier method and

compared by log rank test. Cox regression (Proportional haz-
ard model) was used for multivariate prognosis analysis. A
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patient who died of non-malignant disease (cardiac infarction) ~ Results

was excluded from tumor-related survival analyses. Uni- and

multi-variate risk factors of both overall and early recurrence ~ Patient Survival of HCC Without PVTT After Curative

were determined by Chi-square and stepwise logistic regres- ~ Resection

sion tests. Statistical software package SPSS11.5 (SPSS Inc,

Chicago, Ill) was adopted for all the analyses. A P value of  One, 3- and 5-year tumor-specific survival rates of patients
<0.05 was defined as statistically significant. with PVTT-absent HCC after curative resection were 87.4,

Table 2 Univariate analysis for
tumor-specific and tumor-free Variables Number  Tumor-specific survival Tumor-free survival

survival of HCC without PVTT

median+SE ~ 95%CI P mediantSE  95%CI P
Age 0.166 0.271
>65 years 44 68+8 52-84 23+5 14-32
<65 years 107 40+9 22-58 2245 13-31
Sex 0.772 0.978
Male 131 42+13 17-67 2244 14-30
Female 20 41+4 32-50 29+12 5-53
HBsAg 0.910 0.517
Present 123 41+16 9-73 2244 15-29
Absent 28 45+6 33-57 29+14 2-56
HCV 0.810 0.957
Present 13 6614 38-94 38+20 0-77
Absent 138 41+£10 21-61 2244 15-29
Cirrhosis 0.567 0.838
Present 121 42411 20-64 2244 15-29
Absent 30 41+11 19-63 29+8 13-45
Child-Pugh grade 0.363 0.124
Grade A 137 45+9 27-63 23+4 15-31
Grade B 14 2445 14-34 15+2 11-19
Tumor size 0.005 0.188
>5 cm 104 36+6 25-47 164 9-23
<5 cm 47 76+7 62-90 30+11 9-51
MVI <0.001 <0.001
Present 43 2143 15-27 13+1 11-15
Absent 108 68+5 58-78 31+6 1943
Satellite nodule <0.001 0.016
Present 16 18+3 12-24 1442 10-18
Absent 135 62421 20-104 2245 12-32
Tumor number 0.046 0.351
Solitary 138 61+19 23-99 2245 13-31
Multiple 13 26+10 646 20+8 4-36
TNM satge <0.001 <0.001
-1 123 66+5 56-76 27+6 16-38
I-IVa 28 18+3 11-25 13£3 7-19
HCC hepatocellular carcinoma, AFP>20 ng/ml 0.011 0.003
PVTT portal vein tumor throm- Present 100 27+6 16-38 15£2 11-19
bosis, SE standard error, CT con- Absent 51 7146 5884 39412 16-62
fidence interval, HBsAg hepatitis )
B virus surface antigen, HCV Edmondson-Steiner grade <0.001 <0.001
hepatitis C virus, MV microvas- I 86 81+5 71-91 50+7 35-65
cular invasion, TNM tumor-node- M-IV 65 1842 14-22 1241 10-14

metastasis, AFP o-fetoprotein
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56.6 and 45.8 %, respectively (Fig. la). Correspondingly,
tumor-free survival rates of the patients at 1-, 3- and 5-years
were 70.1, 37.3 and 22.5 %, respectively (Fig. 1b).

Prognostic Factors in Patients With PVTT-Absent HCC
After Curative Hepatic Resection

Univariate analysis revealed that MVI, satellite nodule,
TNM stage, serum AFP level and Edmondson-Steiner grade
were significant indicators of tumor-specific and tumor-free
survival in patients with PVTT-absent HCC after curative
resection, while tumor size and number were associated
with tumor-specific survival (P <0.05, Table 2). After these
variables were included in Cox regression tests,
Edmondson-Steiner grade and TNM stage were independent
prognosticators for both tumor-specific and tumor-free sur-
vival (P <0.05, Table 3). Besides, satellite nodule was
independently predictive for tumor-free survival (P=0.009,
Table 3).

Risk Factors of Overall Recurrence in HCC Without PVTT
After Curative Resection

By Chi-square test, MVI, satellite nodule, TNM stage and
Edmondson-Steiner grade were significantly associated over-
all recurrence (P <0.05, Table 4). Multivariate stepwise logis-
tic regression analysis found that Edmondson-Steiner grade
was the single independent risk factor for overall recurrence
(P <0.001, Table 4).

Risk Factors of Early Recurrence in HCC Without PVTT
After Curative Resection

Univariate Chi-square test showed that MVI, TNM stage and
Edmondson-Steiner grade were statistically significant risk
factors of early recurrence (P <0.05, Table 5). Of them,
Edmondson-Steiner grade was of independent significance
(P <0.001, Table 5).

Discussion

PVTT, formation of tumor embolus in portal vein, was
thought as a special type of metastasis in HCC [28]. It was
concluded that PVTT functioned as one of the most robust
predictors of death in HCC [7]. Therefore, prognostic factors
of HCC with PVTT were long of particular interest and
identified in many previous investigations [8—22]. However,
post-surgical survival and prognostic factors in HCC without
PVTT, a subset without the influence of the powerful prog-
nostic determinant, remain to be elucidated. In the present
study, the authors first found a 5-year tumor-specific survival
of near 50 %, suggesting a relatively good prognosis of HCC
without PVTT. Then, univariate analysis showed that
Edmondson-Steiner grade, TNM stage, M V1, satellite nodule,
serum AFP level, tumor size and number were of prognostic
implication for tumor-specific and/or tumor-free survival. Ap-
parently, these variables were all tumor specific. It might be
interesting that these factors are different, to some extent, with
those in PVTT-present HCC. A large number of previous
reports indicated that liver function status could influence
long-term prognosis in HCC with PVTT [9, 10, 12-14, 17,
18, 20, 22]. The fact that PVTT formation can cause ascites,
jaundice, hepatic encephalopathy and liver failure through
several mechanisms might account, at least in part, the differ-
ence in prognostic factors between HCC with and without
PVTT [29]. The finding that many liver function parameters
differ between the two types of HCC also provided supporting
evidence [19]. On the other hand, we established that TNM
stage, a powerful prognostic indicator previously reported in
other groups of HCC [26], were one of main independent
determinants for both tumor-specific and tumor-free survival.
These results are quite different with those negating the pre-
dictive role of the variables for post-surgical prognosis of
HCC with PVTT [9, 13, 19]. However, it is a pity that this
important parameter was not included in many outcome anal-
yses for patients with PVTT [8, 10-12, 14-19, 21, 22], espe-
cially those comparing PVTT-present and -absent HCC [19].
No doubt the current investigation reminds us to pay much
attention to this factor. Besides, it is divergent for the impact of
Edmondson-Steiner grade on prognosis of HCC with PVTT

Table 3 Multivariate analysis for tumor-specific and tumor-free survival of HCC without PVTT

Variables Tumor-specific survival Tumor-free survival

HR 95%CI P HR 95%CI P
Edmondson-Steiner grade 4.980 2.667-9.300 <0.001 5.440 3.337-8.867 <0.001
TNM stage 1.594 1.036-2.454 0.034 3.052 1.317-7.073 <0.001
Satellite nodule 2.017 1.414-2.876 0.009

HCC hepatocellular carcinoma, PVTT portal vein tumor thrombosis, AR hazard ratio, CI confidence interval
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Table 4 Univariate and multi-
variate factors associated with re- Variables Number  Univariate Multivariate
currence in HCC without PVTT
With  Without P HR 95%CI P
Age 0.474
>65 years 45 28 17
<65 years 107 73 34
Sex 0.883
Male 132 88 44
Female 20 13 7
HBsAg 0.579
Present 123 83 40
Absent 29 18 11
HCV 0.907
Present 14 10 4
Absent 138 91 47
Cirrhosis 0.799
Present 121 81 40
Absent 31 20 11
Child-Pugh grade 0.192
Grade A 138 89 49
Grade B 14 12 2
Tumor size 0.932
>5 cm 105 70 35
<5 cm 47 31 16
MVI 0.014
Present 43 35 8
Absent 109 66 43
Satellite nodule 0.030
Present 16 15 1
Absent 136 86 50
Tumor number 0.079
Solitary 139 89 50
Multiple 13 12 1
TNM satge 0.009
S| 124 76 48
I-1Va 28 25 3
HCC hepatocellular carcinoma, AFP>20 ng/ml 0.492
PVTT portal vein tumor throm- Present 101 69 32
(o b Tt e s m
virus surface antigen, HCV hepa- Edmondson-Steiner grade <0.001 <0.001
titis C virus, MVI microvascular I 87 43 44 1
invasion, TNM tumor-node-me- -1V 65 58 7 6.750  2.649-17.201

tastasis, AFP o-fetoprotein

[16, 19]. The authors first found its role in PVTT-absent HCC,
expanding the spectrum of subgroups in that Edmondson-
Steiner grade is prognostic. In the future, further validations
are needed.

Just as well acknowledged, recurrence of HCC was fre-
quent, although resection was performed [30]. In addition, a
large ratio of HCC relapsed in the early period after surgery

[31-33]. Therefore, identification of risk factors of recurrence
(including early recurrence) in HCC might be of necessity.
The current study established that MVI, TNM stage,
Edmondson-Steiner grade and satellite nodule were risk fac-
tors of overall/early recurrence in HCC without PVTT. Of the
factors, the associations of MVI, TNM stage as well as satel-
lite nodule and recurrence of HCC after resection were
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Table 5 Univariate and multi-
variate factors associated with Variables Number  Univariate Multivariate
early recurrence in HCC without
PVTT With  Without P HR 95%ClI P
Age 0.115
>65 years 45 9 36
<65 years 107 35 72
Sex 0.676
Male 132 39 93
Female 20 5 15
HBsAg 0.526
Present 123 37 86
Absent 29 7 22
HCV 0.558
Present 14 5 9
Absent 138 39 99
Cirrhosis 0.649
Present 121 34 87
Absent 31 10 21
Child-Pugh grade 0.974
Grade A 138 40 98
Grade B 14 4 10
Tumor size 0.163
>5 cm 105 34 71
<5 cm 47 10 37
MVI 0.001
Present 43 21 22
Absent 109 23 86
Satellite nodule 0.830
Present 16 5 11
Absent 136 39 97
Tumor number 0419
Solitary 139 42 97
Multiple 13 2 11
TNM satge 0.024
I 124 31 93
MI-IVa 28 13 15
HCC hepatocellular carcinoma, AFP>20 ng/ml 0.504
PVTT portal vein tumor throm- Present 101 31 70
(o o i e s
virus surface antigen, HCV hepa- Edmondson-Steiner grade <0.001 <0.001
titis C virus, MVI microvascular I 87 10 77 1
invasion, TNM tumor-node-me- -1V 65 34 31 6.527  2.769-15383

tastasis, AFP o-fetoprotein

previously shown [34-36]. We here provide new evidence for
those in HCC without PVTT. However, Edmondson-Steiner
grade (Table 1), a long applied grading system for differenti-
ation of HCC in that size and morphology of HCC cells were
mainly considered [25], was not revealed to be significant for
recurrence after hepatectomy in HCC [37]. In our series,
Edmondson-Steiner grade was a significant predictor for

@ Springer

overall and early recurrence after curative resection, and the
sole one proven by multivariate analysis, in HCC without
PVTT. In viewing of the previous reports that high
Edmondson-Steiner grade was an independent predictor of
microvascular invasion [38] and was associated with various
differentially regulated metastasis- and invasion-related genes
[39], such as matrix metalloproteinase 2 [40], its significant
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influence on relapse of HCC might be easily understood. In
the future, the exact role of the histological variable in predic-
tion of post-resectional recurrence in HCC remains to be
evaluated in further large-scale prospective studies.

To be summarized, our data suggested that variables that

are associated with poor prognosis and recurrence in HCC
without PVTT are all tumor-related ones. Of these, differenti-
ation degree might be of particular importance.
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