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Abstract: Data on infiltrative hepatocellular carcinoma (iHCC)

receiving hepatectomy are unclear. Our study assessed the outcomes,

effects of anatomical resection, and prognostic factors in a cohort of

Chinese patients with iHCC undergoing hepatectomy.

Data from 47 patients with iHCC undergoing hepatectomy were

analyzed in a retrospective study. Independent prognostic factors of

overall survival (OS) and recurrence-free survival (RFS) were ident-

ified using univariate and multivariate analyses. Correlations

between microvascular invasion (MVI) and clinicopathological

features were assessed using the x2 test, Student t test, or the

Mann–Whitney U test. Survival outcomes were estimated using

the Kaplan-Meier method.

The median OS was 27.37 months and the 1-year RFS rate were

61.7%. Alpha-fetoprotein (AFP) level was not a specific parameter in

iHCC patients undergoing hepatectomy. Anatomic resection was

significantly associated with increased RFS (P¼ 0.007). Patients

showing MVI were observed with decreased RFS (P< 0.001). A high

lactate dehydrogenase (LDH) level was significantly associated with

decreased OS and RFS (P¼ 0.003 and P¼ 0.020, respectively). MVI

was shown correlated with the levels of aspartate aminotransferase

(AST), gamma glutamyl transpeptidase (GGT), and LDH. Subgroup

analysis indicated that in mild MVI group, survival outcome was

significantly more favorable in patients with high LDH level

(P¼ 0.019).

iHCC patients are related with higher MVI rate and patients may

still derive survival benefit from anatomic resection at early and

intermediate stages. MVI classification could be used to identify

iHCC patients with a poorer survival, especially those with a high
g, MM, Jun Chen, MD,
Yudong Qiu, MD

Abbreviations: AFP = alpha-fetoprotein, AJCC = American Joint

Committee on Cancer, AKP = alkaline phosphatase, ALB =

albumin, ALT = alanine aminotransferase, AST = aspartate

aminotransferase, BCLC = Barcelona Clinic Liver Cancer, CHO

= cholesterol, Cr = creatinine, DB = direct bilirubin, ECOG =

Eastern Cooperative Oncology Group, GGT = gamma glutamyl

transpeptidase, HBV = hepatitis B virus, HKLC = Hong Kong

Liver Cancer, ICG-R15 = ICG retention rate in 15 minutes, iHCC =

infiltrative hepatocellular carcinoma, INR = International

Normalized Ratio, LDH = lactate dehydrogenase, MVI =

microvascular invasion, OS = overall survival, PLT = platelets,

RFS = recurrence-free survival, TACE = transarterial

chemoembolization, TB = total bilirubin, TBA = total bile acid,

TG = triglyceride, TP = total protein, WBC = leukocyte count.

INTRODUCTION

W orldwide, hepatocellular carcinoma (HCC) is the fifth
most common cancer and the third leading cause of

cancer-related deaths.1 Heterogeneity of HCC is not only due
to the variables determining the stage (tumor burden and liver
function) but also the gross morphologic features of the tumor,
which is not included in the staging systems.2,3 HCC can present
with different morphological subtypes, including single nodular
type, single nodular type with extranodular growth, confluent
multinodular type, and infiltrative type.4

In Chinese patients with solitary HCC, the infiltrative type
accounted for a much higher proportion than other regions of
the world. Infiltrative HCC (iHCC) had higher serum alpha-
fetoprotein (AFP) level, hepatitis B virus (HBV) infection, and
microvascular invasion (MVI) rates with poorer prognosis than
other 3 types.5 Radiographically, iHCC has indistinct borders,
a lack of typical enhancement pattern seen in solitary HCC.6,7

Previous studies focused on iHCC were from a cohort of
patients at advanced and late stages treated with transarterial
chemoembolization (TACE), sorafenib, or supportive care.8–

10 Treatment options for patients with iHCC are more limited
and remain poorly defined against patients at early and inter-
mediate stages. On the basis of the Hong Kong Liver Cancer
(HKLC) staging system, which was more suitable for predict-
ing prognosis in a cohort of Chinese HCC patients, resection is
a treatment option for patients at early and intermediate
stages.11 Data on the presentation and outcome of patients
with iHCC are not well characterized. In addition, the style of
resection may also play a pivotal role in the prognosis of
iHCC patients.

The primary aim of the current study was to assess the
outcomes, effects of anatomical resection, and prognostic fac-
hinese patients with iHCC undergoing
sought to deeply evaluate the demo-

aracteristics of iHCC.
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METHODS

Ethics Statement
This study has been performed in accordance with the

ethical standards of the responsible institutional committee on
human experimentation and with the 1975 Declaration of
Helsinki, as revised in 1983. For this type of study, formal
consent is not required.

Patients
This is a retrospective study of a cohort of 47 patients with

iHCC undergoing hepatectomy between January 2003 and
December 2012 in the Department of Hepatopancreatobiliary
Surgery of Drum Tower Hospital. Cases of iHCC were ident-
ified by a pathological review (Figure 1). Color photographs of
the resected liver specimens were reviewed according to the
largest cross-section of the tumor. iHCC type was determined by
3 reviewers (1 pathologist, 1 radiologist, and 1 surgeon) who
were blind to the clinical and pathological data. Disagreement in
diagnosing iHCC was resolved by consensus review. Clear
agreement on the identification of iHCC was established in
58 patients. Eleven patients who were lost to follow-up were
then excluded. The final cohort consisted of 47 patients.

Data Collection
The variables collected for analysis included patient demo-

graphics (age, gender), serum laboratory data [alanine amino-
transferase (ALT), aspartate aminotransferase (AST), and so
on], tumor characteristics (tumor numbers, tumor size, vascular

FIGURE 1. Anatomic liver S5 resection. Infiltrative small HCC lesi
invasion, and so on), portal hypertension (gastroesophageal
varices, splenomegaly with a platelet count of less than
100 000/mL, ascites), surgical data (surgical procedure, type

2 | www.md-journal.com
of resection, surgical margin, and so on), and pathological data
(histological grade, MVI, T category). MELD score, Eastern
Cooperative Oncology Group (ECOG) performance status, and
ICG retention rate in 15 minutes (R15) were also recorded.

The overall survival (OS) time was defined as the time
from the date surgery started to the date of death or last contact
for surviving patients. The recurrence-free survival (RFS) was
defined as the duration from the date of surgery to the date of
recurrence, or to the date of the last follow-up.

Statistical Analysis
Median values were used to describe continuous data, with

categorical variables displayed as frequencies and percentages.
OS and RFS were calculated by the Kaplan–Meier method, and
curves were compared by the log-rank test. Prognostic factors
associated with OS and RFS were identified by the Cox
proportional hazard model. The correlation between clinico-
pathologic factors and the degree of MVI was analyzed by the
x2 test, Student t test, or the Mann–Whitney U test, where
appropriate. Statistical analyses were carried out using SPSS
software, version 19.0 (SPSS, IBM).

RESULTS

Patient Characteristics
The clinicopathologic features and tumor characteristics

are summarized in Table 1. Of the 47 patients, 38 (80.9%) were
men; the median age was 51 years (range, 22–73 yrs). HBV was
the most common etiology (95.7%). The median MELD score

was 7.0 (range, 6.0–12.0) with most patients presenting with an
ECOG of 0 (85.1%). All the patients in this study were classified
as Child’s class A. The median AFP level was 315.2 ng/mL

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Characteristics of iHCC Patients Under-
going Hepatectomy (n¼47)

Variable No. %

Age/yrs, median (range) 51 (22–73)
Sex

Male 38 80.9
Female 9 19.1

Etiology
Hepatitis B infection 45 95.7
Hepatitis C infection/Other 2 4.3

ECOG PS
0 40 85.1
1 7 14.9
MELD score, median (range) 7.0 (6.0–12.0)

Laboratory values, median (range)
ALT (U/L) 41.5 (7.9–617.1)
AST (U/L) 39.0 (14.5–285.5)
AKP (U/L) 95.5 (40.9–216.6)
GGT (U/L) 59.6 (17.3–405.6)
LDH (U/L) 179.0 (125.0–633.0)
Total bilirubin (mmol/L) 14.4 (6.0–33.5)
Direct bilirubin (mmol/L) 4.5 (1.3–12.6)
Total protein (g/L) 72.0 (60.7–90.1)
Albumin (g/L) 42.4 (36.1–50.8)
Total bile acid (mmol/L) 9.7 (0.4–29.6)
Triglyceride (mmol/L) 0.83 (0.39–5.32)
Cholesterol (mmol/L) 4.14 (3.13–6.28)
Serum creatinine (mmol/L) 65.0 (34.0–149.0)
INR 1.07 (0.9–1.4)
AFP (ng/ml) 315.2 (0.7–311000.0)
Platelets (109/L) 135.0 (41.0–331.0)
Leukocyte count (109/L) 5.3 (2.1–18.9)
ICG-R15 4.8 (0.9–13.2)

Tumor characteristic
Tumor location

Right lobe 34 72.3
Left lobe 13 27.7

Tumor number
Single 35 74.5
Multiple 12 25.5
Tumor size (cm) 6.0 (1.5–14.0)

Vascular invasion
Yes 11 23.4
No 36 76.6

Extrahepatic spread
Yes 4 8.5
No 43 91.5

Cirrhosis
Yes 42 89.4
No 5 10.6

Splenomegaly
Yes 11 23.4
No 36 76.6

Gastroesophageal varices
Yes 4 8.5
No 43 91.5

Ascites
Yes 11 23.4
No 36 76.6

Surgical data
Surgical procedure

Variable No. %

Anatomic resection 22 46.8
Nonanatomic resection 25 53.2

Type of resection
Major hepatectomy 22 46.8
Minor hepatectomy 25 53.2

Hepatic portal occlusion
Yes 33 70.2
No 14 29.8
Time (min) 30 (0–150)
Operation time (min) 260 (90–510)
Bleeding volume 400 (0–2500)
Transfusion volume 0 (0–1925)
Surgical margin 0.5 (0–3.0)

Pathological data
Histological grade

Well 4 8.5
Moderate 39 83.0
Poor 4 8.5

Microvascular invasion
Yes 29 61.7
No 18 38.3

T category
T1 13 27.7
T2 18 38.3
T3 14 29.8
T4 2 4.3

AFP¼ alpha-fetoprotein, AKP¼ alkaline phosphatase, ALT¼ alanine
aminotransferase, AST¼ aspartate aminotransferase, GGT¼ gamma
glutamyl transpeptidase, ICG-R15¼ ICG retention rate in 15 min,
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(range, 0.7–311,000.0 ng/mL) at presentation; 27.7% of
patients had an AFP greater than 1000 ng/mL, and 19.1%
had an AFP less than 20 ng/mL. The median ICG retention
rate in 15 minutes (R15), which reflects liver function, was 4.8%
(range, 0.9%–13.2%). For enrolled patients, the median tumor
size was 6.0 cm (range, 1.5–14.0 cm), of whom 35 (74.5%) had
a single lesion. There were 11 patients (23.4%) having vascular
invasion, 4 patients (8.5%) with extrahepatic spread, and 42
(89.4%) patients with cirrhosis. Ascites was not shown in the
majority of patients (76.6%), and the same was presented in
splenomegaly (76.6%) and gastroesophageal varices (91.5%).

Surgical Characteristics
Among these iHCC patients, 22 patients received anatomic

resection and others underwent nonanatomic resection. Hepatic
portal occlusion was given to 33 patients with a median occlu-
sion time of 30 minutes (range, 0–150 min). The overall median
operation time was 260 minutes (range, 90–510 min) and the
surgical margin was gauged with a median result of 0.5 cm
(range, 0–3.0 cm). Median bleeding volume and transfusion
volume were 400 mL (range, 0–2500 mL) and 0 mL (range, 0–
1925 mL), respectively.

Pathological Characteristics
Using the modified Edmondson classification,12 4 (8.5%)

INR¼ International Normalized Ratio, LDH¼ lactate dehydrogenase.
patients were characterized as poorly differentiated, 39 (83.0%)
were moderately differentiated, and 4 (8.5%) were well differ-
entiated. In addition, patients with iHCC more commonly had

www.md-journal.com | 3



TABLE 2. Univariate and Multivariate Analysis of Prognostic Factors of OS

Variable

Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

Age 1.013 0.982–1.046 0.416
Gender 1.105 0.449–2.716 0.828
Length of hospital stay 1.029 0.984–1.075 0.213
Etiology (HBV vs. HCV/other) 0.539 0.073–3.962 0.544
MELD score 1.121 0.899–1.399 0.311
ECOG 8.958 3.356–23.911 <0.001 11.432 3.858–33.875 <0.001
ALT 0.995 0.982–1.008 0.461
AST 1.001 0.991–1.010 0.905
AKP 1.004 0.990–1.017 0.592
GGT 1.002 0.998–1.005 0.389
LDH 1.010 1.005–1.015 <0.001 1.011 1.004–1.018 0.001
TB 1.045 0.986–1.108 0.138
DB 1.168 0.983–1.387 0.077
TP 1.011 0.960–1.066 0.677
ALB 0.986 0.888–1.093 0.783
TBA 1.005 0.951–1.063 0.849
TG 0.603 0.250–1.456 0.261
CHO 0.809 0.432–1.515 0.508
Cr 1.016 0.991–1.042 0.204
INR 0.799 0.022–28.798 0.902
AFP 1.000 1.000–1.000 0.763
Tumor location 0.591 0.275–1.270 0.178
Tumor number 1.680 0.745–3.785 0.211
Tumor size 1.263 1.111–1.435 <0.001
Vascular invasion 2.334 1.063–5.125 0.035
Extrahepatic spread 5.634 1.844–17.212 0.002
Cirrhosis 0.921 0.278–3.045 0.892
Splenomegaly 0.844 0.375–1.898 0.681
Gastroesophageal varices 1.533 0.365–6.450 0.560
Ascites 0.723 0.321–1.628 0.434
PLT 1.000 0.993–1.007 0.978
WBC 0.978 0.859–1.114 0.740
ICG-R15 1.044 0.911–1.196 0.538
Surgical procedure 2.455 1.144–5.267 0.021
Type of resection 0.514 0.250–1.057 0.070
Hepatic portal occlusion (yes/no) 1.189 0.544–2.600 0.664
Hepatic portal occlusion (time) 1.002 0.992–1.011 0.740
Operation time 1.002 0.999–1.006 0.169
Bleeding volume 1.000 1.000–1.001 0.703
Transfusion volume 1.000 1.000–1.001 0.224
Surgical margin 0.991 0.676–1.454 0.964
Histological grade 0.393 0.161–0.962 0.041
Microvascular invasion 0.621 0.284–1.359 0.234
T category 1.742 1.157–2.624 0.008 2.135 1.297–3.513 0.003

AFP¼ alpha-fetoprotein, AKP¼ alkaline phosphatase, ALB¼ albumin, ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase,
CHO¼ cholesterol, Cr¼ creatinine, DB¼ direct bilirubin, GGT¼ gamma glutamyl transpeptidase, ICG-R15¼ ICG retention rate in 15 min,

T¼

Yan et al Medicine � Volume 95, Number 19, May 2016
MVI (61.7%). According to T stage of AJCC, 13 were classified as
stage T1, 18 were stage T2, 14 were stage T3, and 2 were stage T4.

Survival and Recurrence Analysis
As of June 2015, 30 of the 47 iHCC patients had died

INR¼ International Normalized Ratio, LDH¼ lactate dehydrogenase, PL
triglyceride, TP¼ total protein, WBC¼ leukocyte count.
(63.8%). The median OS was 27.37 months (95% confidence
interval, 4.52–50.22 mo). The 1-, 3-, and 5-year OS rates were
72.3%, 46.3%, and 32.8%, respectively. The 1-, 3-, and 5-year

4 | www.md-journal.com
RFS rates were 61.7%, 26.1%, and 16.6%, respectively. Stratified
by HKLC stage, median survival was 52.57 months for stage
Iþ IIb (n¼ 31), and 8.47 months for stage IIIbþ IVa (n¼ 16).

Predictors of Death and Recurrence

platelets, TB¼ total bilirubin, TBA¼ total bile acid, TG¼ triglyceride,
Independent predictors for OS and RFS identified through
univariate and multivariate analysis are illustrated in Tables 2 and
3. On univariate analysis, the following covariates were

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Univariate and Multivariate Analysis of Prognostic Factors of RFS

Variable

Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P

Age 0.995 0.970–1.022 0.727
Gender 0.915 0.413–2.030 0.828
Length of hospital stay 1.028 0.979–1.079 0.275
Etiology (HBV vs. HCV/other) 0.328 0.045–2.408 0.273
MELD score 1.209 0.973–1.501 0.086
ECOG 4.067 1.695–9.755 0.002 3.155 1.219–8.168 0.018
ALT 0.993 0.980–1.007 0.321
AST 0.997 0.987–1.007 0.551
AKP 1.001 0.989–1.012 0.921
GGT 1.000 0.997–1.003 0.950
LDH 1.012 1.006–1.018 <0.001 1.010 1.004–1.016 0.001
TB 1.047 0.989–1.109 0.116
DB 1.168 1.007–1.353 0.040
TP 1.018 0.965–1.074 0.513
ALB 1.007 0.917–1.105 0.890
TBA 1.019 0.968–1.071 0.474
TG 0.606 0.291–1.258 0.179
CHO 0.965 0.571–1.631 0.895
Cr 1.015 0.993–1.037 0.195
INR 2.903 0.113–74.748 0.520
AFP 1.000 1.000–1.000 0.665
Tumor location 0.711 0.357–1.416 0.331
Tumor number 1.629 0.786–3.374 0.189
Tumor size 1.210 1.070–1.369 0.002
Vascular invasion 4.231 1.951–9.175 <0.001 2.585 1.065–6.275 0.036
Extrahepatic spread 2.951 1.022–8.521 0.046
Cirrhosis 0.834 0.256–2.722 0.764
Splenomegaly 1.583 0.724–3.460 0.250
Gastroesophageal varices 2.591 0.620–10.829 0.192
Ascites 0.792 0.383–1.635 0.528
PLT 1.001 0.995–1.006 0.841
WBC 1.005 0.896–1.128 0.927
ICG-R15 0.995 0.884–1.119 0.930
Surgical procedure 2.468 1.261–4.832 0.008 2.913 1.403–6.047 0.004
Type of resection 0.499 0.262–0.947 0.034
Hepatic portal occlusion (yes/no) 0.886 0.430–1.829 0.744
Hepatic portal occlusion (time) 1.003 0.995–1.010 0.520
Operation time 1.002 0.999–1.005 0.164
Bleeding volume 1.000 1.000–1.001 0.442
Transfusion volume 1.000 1.000–1.001 0.191
Surgical margin 1.256 0.898–1.757 0.182
Histological grade 0.517 0.252–1.058 0.071
Microvascular invasion 0.258 0.121–0.550 <0.001 0.384 0.164–0.899 0.027
T category 1.479 1.047–2.091 0.026

AFP¼ alpha-fetoprotein, AKP¼ alkaline phosphatase, ALB¼ albumin, ALT¼ alanine aminotransferase, AST¼ aspartate aminotransferase,
CHO¼ cholesterol, Cr¼ creatinine, DB¼ direct bilirubin, GGT¼ gamma glutamyl transpeptidase, ICG-R15¼ ICG retention rate in 15 min,

T¼
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predictive of death: ECOG, lactate dehydrogenase (LDH), tumor
size, vascular invasion, extrahepatic spread, surgical procedure,
histological grade, and T category. In the multivariate analysis,

INR¼ International Normalized Ratio, LDH¼ lactate dehydrogenase, PL
triglyceride, TP¼ total protein, WBC¼ leukocyte count.
independent predictors of death were ECOG (P< 0.001), LDH
level (P¼ 0.001), and T category (P¼ 0.003). With respect to
RFS, univariate analysis identified 10 prognostic factors,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
including ECOG, LDH, DB, tumor size, vascular invasion,
extrahepatic spread, surgical procedure, type of resection,
MVI, and T category. Among them, ECOG (P¼ 0.018), LDH

platelets, TB¼ total bilirubin, TBA¼ total bile acid, TG¼ triglyceride,
level (P¼ 0.001), vascular invasion (P¼ 0.036), surgical pro-
cedure (P¼ 0.004), and MVI (P¼ 0.027) were observed as
independent risk factors of recurrence.

www.md-journal.com | 5



TABLE 4. Relationship Between the Degree of MVI and Clinicopathological Findings (n¼29, Mean� SD)

Characteristic Mild MVI (n¼ 18) Severe MVI (n¼ 11) P

AST 35.7� 11.4 52.0� 18.3 0.006 (t test)
GGT 87.1� 108.3 132.5� 77.4 0.024 (Mann–Whitney test)
LDH 179.1� 23.5 264.6� 152.7 0.043 (Mann–Whitney test)

tida

Yan et al Medicine � Volume 95, Number 19, May 2016
Correlations Between Classification of MVI and
Clinicopathological Factors

On the basis of the previous classification of MVI,13,14 all
patients with MVI were divided into either a mild MVI group or a
severe MVI group. MVI classification was defined as follows:
mild MVI group: number of vessels invaded �5 and furthest
distance on invasion from the tumor capsule�1 cm; severe MVI
group: number of vessels invaded >5 or furthest distance on

AST¼ aspartate aminotransferase, GGT¼ gamma glutamyl transpep
invasion from the tumor capsule>1 cm. The relationship between
the degree of MVI and clinicopathological characteristics is
summarized in Table 4. The levels of AST, GGT, and LDH in

FIGURE 2. Kaplan–Meier survival analysis of LDH level, surgical proced
A, Overall survival according to LDH level; B, Recurrence-free survival
surgical procedure; D, Recurrence-free survival according to MVI clas

6 | www.md-journal.com
the severe MVI group were significantly higher than those in the
mild MVI group (P¼ 0.006, 0.024, and 0.043, respectively).

Comparisons of OS and RFS Rates According to
LDH level, Surgical Procedure, and MVI

Overall, Kaplan–Meier curve analysis revealed that ana-
tomic resection was significantly associated with increased RFS
(P¼ 0.007). A high LDH level was significantly associated with

se, LDH¼ lactate dehydrogenase, MVI¼microvascular invasion.
decreased OS and RFS (P¼ 0.003 and P¼ 0.020, respectively).
Patients showing MVI were observed with decreased RFS especi-
ally in the severe MVI group (P< 0.001) (Figure 2A–D).

ure, and MVI in patients with iHCC undergoing curative resection.
according to LDH level; C, Recurrence-free survival according to
sification.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Kaplan–Meier estimated recurrence-free survival

Medicine � Volume 95, Number 19, May 2016
Subgroup analysis was performed according to LDH level (cutoff
value¼ 174 determined by ROC curve for RFS). In patients with a
high LDH level, severe MVI was associated with inferior RFS
(P¼ 0.019) (Figure 3). However, no significant difference was
observed between mild and severe MVI for RFS in patients with
low LDH level (P¼ 0.899).

DISCUSSION
Recent studies referred to iHCC mainly focus on patients at

advanced and late stages treated with TACE, sorafenib, or
supportive care. However, almost no surgical series have been
reported in iHCC patients at a relatively early stage. In this
study, a cohort of Chinese patients with iHCC were selected to
investigate the clinical, surgical, and pathological features, and
assess the outcomes, effects of anatomical resection, and prog-
nostic factors associated with OS and RFS.

With regard to the clinical characteristics, iHCC is
reported to be commonly associated with HBV infection and
markedly elevated AFP values (>10,000 ng/mL).15 Our data
consisted of only 2 patients whose etiologic factor was not HBV
infection. Similar to the study by Benvegnu et al16 and He et al,5

we may deduce that iHCC is characterized by a much higher
HBV infection rate. Although iHCC patients may present with a
significant high AFP level, it is reported that AFP serum level
measurement has poor accuracy for diagnosis of HCC.17 Our
cohort showed that 57.4% of iHCC patients had mildly elevated
AFP (<400 ng/mL) levels and only 10.6% presented with an
AFP of >10,000 ng/mL. As serum AFP concentration did not
remain predictors of OS and RFS in our study, this factor may
not be strongly related to prognosis of iHCC patients and seems
not to be considered as 1 trait of iHCC. As iHCC patients have a
poorer treatment prognosis than radiographically measureable
HCC with available therapies,5,18 staging before treatment may
be more emphasized to decide optimal treatment strategies.
Proper therapies should be managed according to staging
systems especially for the HKLC classification for HBV-related
iHCC. Because most studies were enrolling iHCC patients who

curves of the degree of MVI in iHCC patients with a high LDH
level undergoing curative resection.
had advanced or late stages (e.g., BCLC stage C or D) with
diffuse disease and associated major vascular invasion,6,8,19

resection for these patients was sure to be limited. It is

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
questionable whether patients with iHCC at early or intermedi-
ate stages can survive after resection. In this study, our cohort
included 66.0% of iHCC patients at stages (HKLC stage I and
IIb) in which resection is recommended as the optimal treat-
ment. Prognosis following surgical resection was 32.8% for the
5-year OS rate, which is superior to other reports.9,20,21 This is
mainly because of the patient selection criteria in our study and
also the surgical procedure used. By Cox univariate analysis for
OS, surgical procedure was shown to be significant prognostic
factors, with a P value of 0.021. Univariate analysis revealed
that patients with anatomic resection had significantly better OS
and RFS than those with nonanatomic resection. On multi-
variate analysis, surgical procedure remained an independent
prognostic marker for RFS throughout the cohort.

Anatomic resection was defined as resection of the tumor
together with the related portal vein branches and the corre-
sponding hepatic territory.22 It was able to ensure the negative
surgical margin and decrease the intrahepatic spread of the
tumor after reforming our operation skill (Figure 1). Previous
study also revealed that precise hemihepatectomy guided by
middle hepatic vein resulted in fewer incidences of postopera-
tive complications and had the potential to achieve more
adequate tumor-free resection margin, which may result in
higher tumor-free survival rate.23 In patients with HCC nodules
equal to or less than 3 cm and with the nonboundary type,
anatomic resection should be employed to the extent that liver
function allows, because this procedure would be more favor-
able than nonanatomic resection in eradicating micrometastases
that have extended away from the tumor’s margin.24 That is to
say, resection, especially the anatomic resection, may be more
applicable for patients with iHCC at early and intermediate
stages. Another treatment option that is recommended in the
HKLC staging system for patients at stage I and IIa was liver
transplantation. However, a high rate of MVI and propensity for
early recurrence may prevent this therapy giving superior
results to surgical resection in iHCC patients. As there are
no relevant reports about prognosis of liver transplantation in
iHCC patients, comparison of anatomic resection and liver
transplantation will be accomplished in our future studies.

In addition to anatomic resection, MVI was also found to
be a significantly independent predictor of RFS. Several studies
have demonstrated that the majority of patients with iHCC have
extensive tumor burden as well as vascular invasion.6,8 Frequent
presence of macrovascular invasion is most likely secondary to
advanced tumor stage in iHCC. However, the importance of
MVI in iHCC has not been fully elucidated. Our previous study
demonstrated the higher MVI rate of infiltrative type than the
other gross types of HCC.5 Multivariate analyses indicated that
the presence of MVI was a significantly independent predictor
of inferior RFS (P¼ 0.027). With the high MVI rate in iHCC
patients, the relationship between MVI and prognosis of iHCC
patients should be drawn more attention. As previously stated,
the presence of MVI was shown to lead to a high frequency of
recurrence in iHCC after liver resection. Moreover, prevention
of early recurrence of iHCC patients with MVI is the most
important strategy for improving long-term survival after cura-
tive resection; unfortunately, no adjuvant therapy has been
reported to show a beneficial survival. As the only standard
systemic treatment capable of improving patient survival, sor-
afenib may act as an adjuvant treatment option to the iHCC
patients with MVI. Although the recommendation of the use of
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sorafenib as adjuvant therapy in HCC patients after resection
was seen as a disappointing consequence,25 the utility of
sorafenib in iHCC patients is unclear. The time point for the
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use of sorafenib in iHCC patients at early or intermediate stages
after resection is still controversial. With respect to iHCC
patients undergoing hepatectomy, it needs to clarify whether
sorafenib is a proper adjuvant therapy to reduce early recurrence
and experience a better survival.26,27 Future randomized con-
trolled trials (RCTs) should be performed to demonstrate the
effectiveness of this combination therapy.

Of note, ECOG and LDH were the only 2 preoperative
predictors of both OS and RFS. Interestingly, high LDH level
was identified associated with decreased OS and RFS in our
cohort of iHCC patients. Up to now, the biological link between
LDH, hypoxia, and the tumor-driven angiogenesis pathway
through the abnormal activation of the hypoxia-inducible factor
1 (HIF-1a) is well established.28 Furthermore, LDHA plays an
important role in metastasis as well as in HCC tumor growth.29

Therefore, elevated serum LDH level may not only represent
tumor hypoxia and/or angiogenesis but also be present along
with abnormal activation of the oncogenic pathways. An
increased LDH reflects an oncogenic status that favors tumor
progression and impairs host immune surveillance, both of
which are associated with poor oncologic outcome.30 Preopera-
tive high LDH level was also significantly correlated with the
severe degree of MVI and the poor outcome in iHCC patient.
Therefore, LDH level together with MVI were shown to
influence the RFS. As the role of serum LDH levels in pre-
dicting global outcome in HCC patients treated with sorafenib
has been revealed,31 the application of sorafenib as adjuvant
therapy following hepatectomy in iHCC patients with high
LDH level and severe MVI will be possible.

The current study has several limitations. This was a
single-center study and only able to identify 47 patients with
iHCC undergoing hepatectomy. Because of the relatively small
number of patients with iHCC selected for this study, there were
limitations with regard to statistical modeling and power.
Besides, not all the iHCC patients in our study were at stages
(HKLC stage I to IIb) in which resection is recommended as
optimal treatment. In our future prospective and multicenter
study, more iHCC patients at early and intermediate stages
undergoing hepatectomy will be enrolled to reduce the
potential bias.

In summary, iHCC patients are related with a higher MVI
rate and patients at early and intermediate stages (HKLC stage I
to IIb) may still derive survival benefit from anatomic resection
that could eradicate MVI as much as possible. MVI classifi-
cation could be used to identify iHCC patients with a poorer
survival, especially those with a high preoperative LDH level,
which may guide postoperative adjuvant therapy.
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