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Background: The aim of this study was to investigate the long-term survival and prognosis
for primary clear cell carcinoma of the liver (PCCCL) of the liver after hepatectomy.
Methods: Our study retrospectively analyzed the clinicopathological data of 64 patients with
PCCCL (PCCCL group) and 247 with nonclear cell hepatocellular carcinoma (NHCC group)
after hepatectomy between January 1996 and December 2006. The overall survival (OS)
and disease-free survival of the two groups was compared using the Kaplan—-Meier method.
Prognostic factors of survival were identified by multivariate analysis.

Results: The 1-, 3-, and S5-year OS (P=0.016) and disease-free survival (P<<0.001) of the
PCCCL group were significantly higher than that of the NHCC group. In mutivariate analysis,
tumor size >5 cm, presence of portal vein tumor thrombosis and proportion of clear cells =70%
were risk factors for OS of the PCCCL group. The prognosis of a subgroup with higher
proportion of clear cells was markedly better than that of the subgroup with a lower proportion
of clear cells.

Conclusion: Our results suggested that the prognosis of patients with PCCCL was better
than that of the patients with NHCC. The higher the proportion of clear cells, the better the
prognosis.

Keywords: primary clear cell carcinoma, hepatectomy, prognosis, overall survival, disease-
free survival

Introduction

Hepatocellular carcinoma (HCC) is one of the most common causes of cancer death
worldwide.! According to the histological architecture or cytological features, HCC
can be classified into various cytological types such as clear cell type, spindle cell type,
giant cell type, small cell type, and squamous cell type.?? It was reported by previous
studies that each subtype has a different prognosis.** Primary clear cell carcinoma
of the liver (PCCCL), with the frequency ranging from 0.4% to 37% in the previous
studies,® % is generally reported to have a favorable prognosis compared with that of
nonclear cell HCC (NHCC).!® 1t is a particular histological type of HCC, in which
a large number of cells show clear cytoplasm that does not stain with hematoxylin
and eosin and is generally diagnosed when the tumor contains >30% clear cells.!>'*
However, some other studies diagnosed PCCCL when the tumor contained >50%
clear cells.'*!>'¢ A recent study by Ji et al'® suggested that cases with clear cells =70%
had significantly longer survival than those with clear cells <70% in their research
and another study of their own'? stressed that the criteria for the diagnosis of PCCCL
should be revised to the proportion of clear cells =75% and more studies should be
designed to confirm the results of their research. Studies of this kind are quite limited
and clinical prognostic features of PCCCL are not fully clarified.
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Therefore in the present study, we investigated the
long-term survival and prognosis for primary clear cell
carcinoma of the liver after hepatectomy. In addition, the
long-term survival and prognosis of cases with different
proportion of clear cells were also analyzed.

Materials and methods

Patients

From January 1996 to December 2006, a total of 975 HCC
patients with newly diagnosed HCC in the department of
hepatobiliary surgery at our Hospital were enrolled and
retrospectively analyzed (Figure 1). Of these, 392 patients
who received other treatment such as transarterial chemoem-
bolization, local ablation therapy, systematic chemotherapy,
sorafenib therapy, or supportive care were excluded. Among
the remaining 483 patients who underwent hepatectomy,
46 were excluded because of incomplete data or extrahe-
patic metastasis. Of the remaining 308 patients, 64 patients
with proportions of clear cells >30% were postoperatively
diagnosed as PCCCL (PCCCL group, Figure 2A—C) and we
diagnosed PCCCL when it contained >30% of clear cells.'>!*
The other 244 patients were diagnosed as NHCC group
(Figure 3). HCC and PCCCL diagnosis was confirmed after
hepatectomy by histopathological examination of surgical
samples. HCC and PCCCL diagnosis were confirmed by at
least two pathologists. The clinicopathological characteristics
of the two groups were compared (Table 1).

Hepatectomy

Liver resection was the treatment proposed to all patients
with a Child-Pugh class A or B, a Model for End-stage
Liver Disease score <8 points. Intraoperative ultrasound was
routinely performed to determine tumor location and assess
the vascular anatomy of the liver. A decision was then made
on the type of liver resection that would allow a clear margin
around the tumor with maximum preservation of remnant

All patients referred for HCC

(n=975)

! , |

Excluded: Receiving Ex_cluded:
_ (n=46)
(n=329) hepatectomy
- _ Incomplete data
Receiving other treatment (n=483) : .
extrahepathic metastasis
PCCCL group NHCC group
(n=46) (n=224)

Figure | Study flowchart.

liver volume. Hepatic resection was performed following
the techniques described previously.!”!® In almost all hepatic
resections, intermittent Pringle’s maneuvers consisting of
clamping the portal triad for <20 minutes and then releasing
the clamp at 5-minute intervals or hemivascular occlusions
were applied.' Encountered large vessels and bile ducts were
ligated separately during liver dissection. Liver parenchyma
was transected gradually from front to back, from shallow
to deep, and the tumor was cutoff eventually.

Follow-up

After treatment, follow-up of all surviving patients included
a liver function test, estimation of serum a-fetoprotein (AFP)
levels, dynamic liver CT, MRI, liver ultrasonography, and
chest radiography at an interval of 2—3 months, especially
during the first 2 years. The overall survival (OS) was defined
as the period from the date of hepatectomy. Disease-free
survival (DFS) was defined as the period from the date of
hepatectomy until imaging study detected recurrence. When
recurrence was confirmed, secondary hepatectomy, radiofre-
quency ablation, or transcatheter arterial chemoembolization
was the treatment of choice.

Statistical analysis

Continuous variables were expressed as mean * standard
deviation (SD) and compared using the t-test. Categorical
variables were compared using the chi-square test or Fisher’s
exact test. Survival analysis was calculated by the Kaplan—-Meier
method and group results were compared using the log-rank
test. Multivariate analysis to identify independent prognostic
factors was carried out using the Cox proportional hazards
mode. All statistical analyses were performed with SPSS
(version 19.0,IBM Corporation, Armonk, NY, USA). For all tests,
a P-value <0.05 was considered to be statistically significant.

Ethics statement

First, this study was conducted in accordance with the
Declaration of Helsinki. Second, written informed consent
was given by all participants for their clinical records to be
used in this study. Lastly, it was approved by the Institutional
Review Board of Affiliated Tumor Hospital of Guangxi
Medical University.

Results

Clinicopathological characteristics of the
PCCCL and NHCC groups

The clinicopathological characteristics of two groups are
shown in Table 1. There were no significant differences
in age, liver function, proportion of hepatitis B surface
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Figure 2 Pathologically, primary clear cell carcinoma of the liver (hematoxylin and eosin, x100).
Notes: (A) proportion of clear cells >30% but =50%; (B) proportion of clear cells >50% but =70%; (C) proportion of clear cells >70% in the tumor.

antigen (+), tumor size, tumor number, Edmondson grade,
and preoperative levels of AFP, platelet count, alanine
aminotransferase level, and albumin. A total of 25 patients
(39%) in the PCCCL group were female and this pro-
portion was significantly higher than that in the NHCC
group (12.1%). In addition, a higher incidence of cirrhosis
(P=0.001), capsule formation (P=0.036), and a lower rate
of portal vein tumor thrombosis (PVTT) (P=0.014) was
observed in the PCCCL group.

Postoperative follow-up of the PCCCL

and NHCC groups

The median follow-up of the PCCCL and NHCC groups
were 46.3 and 34.1 months, respectively. The 1-year (82.8%),
3-year (56.3%), and 5-year (35.9%) OS of the PCCCL group
were significantly higher than that of the NHCC group
(1-year OS: 63.3%, 3-year OS: 38.1%, 5-year OS: 28.9%)
(P=0.002, Figure 4). The 1-, 3-, and 5-year DFS rates of the
PCCCL group (76.6%, 53.1%, and 28.1%, respectively) were
significantly higher than that of the NHCC group (44.4%,
23.9%, and 18.9%, respectively; P<<0.001, Figure 5).

Figure 3 Pathologically nonclear cell hepatocellular carcinoma (hematoxylin and
eosin, x100).

Postoperative follow-up of the PCCCL
subgroups

The PCCCL group was subdivided into three sub-
groups according to the proportion of clear cells in
the tumor. Subgroup A (n=7) has a proportion of clear
cells >30% but =50% (Figure 2A), the 1-, 3-, and 5-year
OS and DFS were 42.9%, 14.3%, and 14.3% (mean * SD,

Table | Comparison of preoperative clinicopathological data of
patients with PCCCL and NHCC

Variable PCCCL NHCC P-value
(n=64) (n=247)
Sex (M/F) 39/25 217/30 <0.001
Age 49.9+11.2 48.2£12.0 0.304
Child—Pugh class, n (%)
A 47 (73) 189 (77) 0.608
B 17 (27) 58 (33)
HCVADb (+), n (%) 5 I (4) 0.443
HBsAg (+), n (%) 51 (80) 201 (81) 0.759
AFP (ng/mL), n (%)
=400 39 (61) 125 (51) 0.140
<400 25 (39) 122 (49)
Cirrhosis, n (%) 47 (73.4) 123 (50) 0.001
Tumor size (cm) 6.8+2.8 6.0£2.9 0.065
Tumor number, n (%)
Single 43 (33) 184 (74) 0.241
Multiple 21 (67) 63 (26)
PVTT, n (%) 25 (39) 139 (56) 0.014
Capsule formation, n (%)
Present 40 (63) 118 (48) 0.036
Absent 24 (37) 129 (52)
Edmondson grade, n (%)
-l 24 (38) 88 (36) 0.781
-1V 40 (62) 159 (64)
Platelet count (10°/L) 177.8+72.4 181.0+77.0 0.763
ALT (U/L) 47.9+30.3 56.4+57.2 0.256
AST (U/L) 52.0+31.0 70.8+68.5 0.034
Total bilirubin (umol/L) 12.9+4.9 14.4+6.8 0.047
Albumin (g/L) 40.1+4.9 38.945.2 0.097
Prothrombin time (s) 13.241.2 12.8+1.7 0.101

Note: Values with “+” are written as mean + SD. Continuous variables were compared
using the Student’s t-test. Categorical variables were compared using the Chi-square
or Fisher’s exact test. P-values<<0.05 were considered to be statistically significant.
Abbreviations: AFP, o-fetoprotein; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; HBsAg, hepatitis B surface antigen; HCVADb, hepatitis C virus
antibodies; M/F, male/female; NHCC, nonclear cell hepatocellular carcinoma;
PCCCL, primary clear cell carcinoma of the liver; PVTT, portal vein tumor
thrombosis; SD, standard deviation; s, seconds.
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Figure 4 Comparison of the overall survival curves between primary clear cell
carcinoma of the liver (PCCCL group) and nonclear cell hepatocellular carcinoma
(NHCC group).

Notes: Results are in response to Kaplan—-Meier analysis. P-values<<0.05 were
considered to be statistically significant.

23.348.8 months) and 42.9%, 14.3%, and 14.3% (mean + SD,
18.7+8.0 months), respectively. Subgroup B (n=15) has a
proportion of clear cells >50% but =70% (Figure 2B)
and the 1-, 3-, and 5-year OS and DFS were 73.3%,
46.7%, and 20.0% (mean = SD, 37.8+6.4 months) and
73.3%, 33.3%, and 20.0% (mean = SD, 33.5+£6.6 months),
respectively. Subgroup C (n=42) has a proportion of clear
cells >70% (Figure 2C) and the 1-, 3-, and 5-year OS
and DFS were 92.9%, 66.7%, and 45.2% (mean * SD,
60.7£5.7 months) and 85.7%, 66.7%, and 33.3% (mean £ SD,
53.845.1 months), respectively.

The OS plots for patients between different subgroups
were significantly different (P=0.002, Figure 6). Differences
of OS plots between patients of subgroups A and B were
not statistically significant (P=0.282). While patients in
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Figure 5 Comparison of the disease-free survival curves between primary clear cell
carcinoma of the liver (PCCCL group) and nonclear cell hepatocellular carcinoma
(NHCC group).

Notes: Results are in response to Kaplan—Meier analysis. P-values<<0.05 were
considered to be statistically significant.
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Figure 6 Comparison of the overall survival curves of subgroup A (proportion of
clear cells >30% but =50%), subgroup B (proportion of clear cells >50% but <70%),
and subgroup C (proportion of clear cells >70%).

Notes: Results are in response to Kaplan—Meier analysis. P-values<<0.05 were consid-
ered to be statistically significant.

subgroup C had a significantly longer OS than subgroups A
(P=0.006) and B (P=0.049).

The DFS plots for patients between different subgroups
were significantly different (P=0.001, Figure 7). Differences
of DFS plots between patients of subgroups A and B were
not statistically significant (P=0.102). While patients in
subgroup C had a significantly longer DFS than subgroups
A (P=0.001) and B (P=0.031).

|dentification of prognostic factors for
OS of PCCCL

Prognostic factors for OS of PCCCL are listed in Table 2.
For the univariate analysis, preoperative AFP =400 ng/mL,
tumor size >5 cm, presence of PVTT, and proportion of clear
cells <70% were the risk factors of OS of the PCCCL group.
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Figure 7 Comparison of the disease-free survival curves of subgroup A (proportion
of clear cells >30% but =50%), subgroup B (proportion of clear cells >50%
but =70%), and subgroup C (proportion of clear cells >70%).

Notes: Results are in response to Kaplan—Meier analysis. P-values<<0.05 were
considered to be statistically significant.
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Table 2 Univariate and multivariate analysis to identify factors that predict overall survival of patients with PCCCL

Variables Univariate Multivariate
HR 95% ClI P-value HR 95% ClI P-value

Age (years) 1.005 0.979-1.032 0.712

Sex (M/F) 1.198 0.686-2.082 0.522

Child—Pugh class, n (%) 1.067 0.587-1.942 0.831

HBsAg (+/-) 1.743 0.817-3.720 0.151

AFP (ng/mL) (=400/<400) 2.122 1.194-3.772 0.010 1.653 0.905-3.020 0.102
Cirrhosis (presence/absence) 1.162 0.631-2.137 0.630

Tumor size (cm) (>5/=5) 3.025 1.411-6.481 0.004 2416 1.067-5.470 0.034
Tumor number (single/multiple) 1.326 0.762-2.305 0318

PVTT (present/absent) 3.380 1.916-5.961 <0.001 2.698 1.489-4.889 0.001
Capsule formation (present/absent) 1.250 0.797-2.235 0.424

Edmondson grade (I-lI/11I-1V) 1.234 0.709-2.148 0.456

Platelet count (10%/L) 1.003 1.000-1.007 0.067

ALT (U/L) 0.996 0.986—1.005 0.340

AST (U/L) 0.996 0.986—1.005 0.378

Total bilirubin (pmol/L) 1.002 0.948-1.059 0.939

Albumin (g/L) 0.986 0.932-1.043 0.625

Prothrombin time (s) 0.963 0.772-1.202 0.740

Proportion of clear cells (%) (>70/=70) 1.872 1.060-3.307 0.031 2.008 1.077-3.741 0.028

Abbreviations: AFP, a-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 95% Cl, confidence interval; HBsAg, hepatitis B surface antigen; HR,
hazard ratio; PCCCL, primary clear cell carcinoma of the liver; PVTT, portal vein tumor thrombosis; s, seconds.

The earlier predictive factors in univariate analysis were
contained in the mutivariate analysis. A total of three factors
still independently predicted poorer OS of the PCCCL group,
including tumor size >5 cm (hazard ratio [HR] =2.698,
95% confidence interval [CI]: 1.489-4.889, P=0.034),
presence of PVTT (HR =1.066, 95% CI: 1.002-1.134,
P=0.001), and proportion of clear cells =70% (HR =2.008,
95% CI: 1.077-3.741, P=0.028).

Discussion

PCCCL is a particular and relatively rare histological type of
HCC and has different clinicopathological features and better
prognosis from NHCC." It was reported by some studies to
have a higher rate of hepatitis C virus (HCV) infection, female
prevalence, capsule formation, cirrhosis, less involved with
vascular invasion, mid-range degree of differentiation, and
low-grade malignancy;'®! however, there is still controversy.
Similarly in the present study, significant higher morbidity
of female patients (P<<0.001), ratio of patients with liver
cirrhosis (P=0.001), incidence of tumor capsule formation
(P=0.036), and lower rate of PVTT (P=0.014) were found in
the PCCCL group than that in the NHCC group. Besides, the
rate of HCV infection in the PCCCL group was higher (8%
vs 4%), but the difference was not significant (P=0.443). This
finding may be different from some of the previous studies
from Western countries, in which the rate of HCV infection
may exceed 40%. It can be explained by the different related
etiology of HCC in different regions.

Considering the high incidence of tumor capsule forma-
tion, hepatectomy would be an optimal approach for PCCCL.
Lao et al'' have reported that surgical resection is an effective
way to achieve favorable outcomes and even long-term
survival of the patients with PCCCL. Most studies have
reported that prognosis of PCCCL was better than NHCC.
Lai et al’ reported that the presence of clear cells was the
only histologic feature of prognostic significance in their
patients. A more recent series from Liu et al'® have reported
the 1-, 3-, and 5-year OS (81%, 53%, 39% vs 76%, 46%,
32%, P=0.034) and DFS (72%, 48%, 35% vs 66%, 34%,
25%, P=0.021) of the PCCCL group were higher than that
of the common-type HCC group. However, the prognosis
of patients with PCCCL is still controversial. Some other
studies'>* found that the prognosis of PCCCL showed no
significant difference or was worse than NHCC. Yang et al*
reported in their series that the 3- and 5-year survival rates,
and no recurrence time were 54.5%, 33.3%, and 564 days,
respectively, lower than the findings of 74.3%, 46.1%, and
770 days for NHCC. However, there is no significant differ-
ence. In the present studies, the median OS of the PCCCL
group was 47 months, the 1-, 3-, and 5-year OS and DFS in
the PCCCL group were significantly higher than that in the
NHCC group (1-, 3-, and 5-year OS: 82.8%, 56.3%, 35.9%
vs 63.3%, 38.1%, 28.9%, P=0.016; 1-, 3-, and 5-year DFS:
76.6%, 53.1%, 28.1% vs 44.4%, 23.9%, 18.9%, P<<0.001).
Our findings supported the former view that prognosis of
PCCCL was better than NHCC.
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Some authors diagnose PCCCL when the tumor
contains >30% clear cells,'>»'%?* whereas others con-
sider <30% of clear cells within the tumor as sufficient.”
Moreover, some other studies diagnosed PCCCL when the
tumor contains >50% clear cells. In the present study, we
diagnosed PCCCL when it contained >30% of clear cells.
Notably, a study of Qiang Li et al'® reported that proportion
of clear cells was a prognostic factor associated with OS
and DFS of the patients with PCCCL. Besides, the PCCCL
group was subdivided into two subgroups on the basis of
the proportion of clear cells (=75%/<75%) in the tumor in
their research and they found the prognosis of the patients
with a higher proportion of clear cells were better than the
patients with a lower proportion of clear cells and only the
subgroup with the proportion of clear cells =75% showed a
better prognosis than the NHCC group. Thus, they stressed
that the criteria for the diagnosis of PCCCL should be revised
to the proportion of clear cells =75%. Similarly, a more
recent series from Ji et al'® found proportion of clear cells
was a prognostic factor independently predicted cumulative
survival and the group with a proportion of clear cells =70%
had significantly longer survival than the group with a pro-
portion of clear cells <70%. Their findings suggested that
the prognosis was related to the proportion of clear cells. The
greater the number of clear cells, the better the prognosis.
In our study, we found proportion of clear cells >70% pre-
dicted better OS of the PCCCL group. Besides, the PCCCL
group was subdivided into three subgroups according to the
proportion of clear cells in the tumor. Subgroup A (n=7) had
a proportion of clear cells >30% but =50%; subgroup B
(n=15) had a proportion of clear cells >50% but =70%; and
subgroup C (n=42) had a proportion of clear cells >70%.
It can be found that subgroup C had significantly longer OS
and DFS than the subgroups B and A. Furthermore, only
subgroup C showed a better prognosis than the NHCC group
(1-, 3-, and 5-year OS: 92.9%, 66.7%, 45.2% vs 63.3%,
38.1%, 28.9%), while the prognosis of subgroups A and
B were poorer than the NHCC group. These findings were
consistent with the results of Liu et al'® and Ji et al'® and
supported the view that higher the proportion of clear cells,
the better the prognosis.

Limitations

There were still some limitations in the present study.
First, it was a single-center study performed in the Asia-
Pacific region with significantly higher prevalence of
hepatitis B virus infection (>80%) than most Western
countries. Therefore, the results may not be representative

of all PCCCL patients. Second, the samples of subgroups A
and B were relatively small, therefore in the future, we would
expand our sample and more studies should be designed to
confirm these findings.

Conclusion

Our results suggest that patients in the PCCCL group had a
higher rate of female prevalence, liver cirrhosis, tumor cap-
sulation formation, and a lower rate of PVTT. The prognosis
of patients with PCCCL was better than that of the patients
with NHCC. Patients with smaller tumor size, absence of
PVTT, and higher clear cell ratio had better prognosis. The
higher the proportion of clear cells, the better the prognosis.
However, these findings require further validation.
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