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Abstract   
AIM: To identify the clinicopathological risk factors cor-
related with residual tumor in hepatocellular carcinoma 
(HCC) patients after resection.

METHODS: From January 2001 to April 2007, 766 HCC 
patients who had undergone resection were included 
in this research. Lipiodol angiography was performed 
within 2 mo after surgery and followed by post-Lipiodol 
computed tomography (CT) 4 wk later for all 766 pa-
tients to monitor tumor in the remnant liver. Tumor 
detected within the first 3-mo postoperative period was 
defined as residual tumor. Patients were divided into 
2 groups: disease or disease-free within the first 3 mo 
after surgery. Risk factors for residual tumor were inves-
tigated among various clinicopathological variables.

RESULTS: A total of 63 (8.22%) patients were found to 

have residual tumor after surgery. Three independent 
factors associated with residual tumor were identified by 
multivariate analysis: preoperative serum α -fetoprotein 
(AFP) level [odds ratio (OR) = 1.68 (95% confidence 
interval (CI): 1.20-2.36)], tumor size [OR = 1.73 (95% 
CI: 1.29-2.31)] and microvascular invasion [OR = 1.91 
(95% CI: 1.12-3.24)].

CONCLUSION: Residual tumor is related to AFP level, 
tumor size and microvascular invasion. Patients at high 
risk should undergo closer follow-up and could be can-
didates for multimodality therapy.
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INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for 80%-90% 
of  primary liver cancer and is a global health problem[1,2]. 
About 55% of  all HCC incidences are identified in China[1]. 
Surgical resection has a major role in the treatment for 
HCC and offers a chance of  cure for patients[3,4]. Al-
though resection is complete, there is still a possibility 
of  early recurrence which occurs mainly because of  pre-
existing microscopic tumor foci that are undetected by 
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imaging modalities before or during operation[5]. Tumor 
detected soon after resection is thought to be related to 
the presence of  residual tumor, and it is associated with a 
poor prognosis.

Determination of  factors predicting residual tumor 
may allow for identification of  patients who are more 
likely to have this problem after so-called radical resec-
tion. In view of  Lipiodol angiography with its post-Lip-
iodol computed tomography (CT) being regarded as the 
most sensitive means to confirm the presence of  tumor, 
we identify in this study  the risk factors correlated with 
residual tumor in HCC patients who received Lipiodol 
angiography within 2 mo after resection followed up 
by CT scan 4 wk later. Knowledge of  these risk factors 
could be useful for clinicians to assess patient prognosis 
and determine treatment strategies, for the purpose of  
improving the long-term outcome. 

MATERIALS AND METHODS
Patients
From January 2001 to April 2007, pathologically con-
firmed HCC patients who underwent their first radical 
hepatic resection at the Liver Cancer Institute & Zhong-
shan Hospital of  Fudan University were recruited for this 
study if  they met the following entry criteria: (1) received 
no preoperative anticancer treatment; (2) age between 
18-80 years; (3) liver function classified as Child Pugh 
Grade A or B; (4) recovered within 6 wk of  the opera-
tion; and (5) general health satisfactory for toleration of  
the Lipiodol angiography within 2 mo after resection.

We defined radical resection in this study as: (1) com-
plete removal of  all tumor nodules and the cut surface 
being free of  cancer by histological examination; (2) no 
cancerous thrombus found in the portal vein (main trunk 
or two major branches), hepatic veins, or bile duct by im-
aging and histological examination; (3) no demonstrable 
evidence of  residual disease in the remnant on intraop-
erative ultrasonographic examination; (4) the number of  
tumor nodules not exceeding three[6]; and (5) no extrahe-
patic metastasis found. 

There were 766 patients who satisfied the selection 
criteria. This study was approved by the Research Ethics 
Committee of  Zhongshan Hospital.

Lipiodol angiography
Lipiodol angiography was performed within 2 mo after 
resection in all these 766 patients. The hepatic artery sup-
plying the liver remnant was selectively catheterized via the 
femoral artery under fluoroscopic guidance. An approxi-
mately 3 mL suspension of  iodized oil was injected into 
the hepatic artery. A contrast CT scan of  the liver was per-
formed an average of  4 wk later. If  there was early local 
lesion, it would be shown as dense foci of  Lipiodol uptake, 
or as enhancing nodule not present in the preoperative CT. 

Residual tumor and patient grouping
The injection of  Lipiodol into the hepatic artery is effec-
tive for aiding in the diagnosis of  tumor by post-Lipiodol 

CT and it can detect the lesion in its earliest period. In 
this study, patients received Lipiodol angiography within 
2 mo after resection, followed up by CT scan 4 wk later 
to monitor tumor in the remnant liver; so, if  there was no 
demonstrable evidence of  lesion within the first 3 mo af-
ter resection, the surgery could be regarded as a truly cu-
rative resection. Therefore, residual tumor was defined as 
tumor detected within the first 3-mo postoperative period. 
We divided the 766 patients into two groups: Group 1 = 
disease detected within 3 mo after surgery; Group 2 = no 
disease detected within 3 mo after surgery.

Follow-up and statistics
Follow-up cutoff  date was April 2008. All surviving pa-
tients had a minimum follow-up of  12 mo, 16 patients 
were lost during follow-up. The median follow-up period 
of  all 766 patients was 26 mo (range: 3-87 mo). Statistically 
significant differences between categorical variables were 
examined using the Chi-square or Fisher’s exact test where 
appropriate. The logistic regression model was applied to 
evaluate the risk factors related to residual tumor. Diagnos-
tic accuracy of  predictive risk factors was evaluated using 
receiver operating characteristic (ROC) analysis. Survival 
analysis was studied by the Kaplan-Meier method with a 
log-rank test to detect the statistical difference. The statisti-
cal analysis was performed using Stata 7.0. P values < 0.05 
were considered statistically significant.

RESULTS
Survival of patients with or without residual tumor
Tumor was detected in 314 (314/766, 40.99%) patients 
during the follow-up period. Of  the 766 patients, 63 
patients were found to have residual tumor (Group 1), 
whereas the other 703 patients showed no lesion detected 
within 3 mo after resection (Group 2). Respective cumula-
tive survival rates at 1-, 2-, 3-, 4-, 5-years in Group 1 were 
44.44%, 35.90%, 23.08%, 17.31% and 0.00% compared 
with 92.18%, 80.99%, 71.08%, 62.48% and 56.95% in 
Group 2 (P < 0.0001 ) (Figure 1). 

Clinicopathologic characteristics of patients with or 
without residual tumor
The distribution of  selected clinical and pathological 
characteristics between Group 1 and Group 2 is shown in 
Table 1. No significant differences were observed regard-
ing sex, age, HBsAg-positive rate, cirrhotic nodules, liver 
function status, serum alanine aminotransferase (ALT) 
level, tumor number, cell differentiation grade and the 
percentage of  incomplete/absent capsule. However, se-
rum gamma-glutamyl transferase (GGT) level (χ2 = 4.6062, 
P = 0.032) and α-fetoprotein (AFP) level (χ2 = 16.0745, 
P < 0.0001) were statistically different between the two 
groups. The ratio of  large tumor size in Group 1 was sig-
nificantly higher than that in Group 2 (χ2 = 23.3257, P < 
0.0001), and there was a significantly higher incidence of  
microvascular invasion (χ2 = 9.7556, P = 0.002) noted in 
Group 1 compared with that in Group 2. As for tumor 
staging, there was a significantly poorer degree of  pTNM 
staging (χ2 = 15.1735, P = 0.001) in Group 1; BCLC clas-
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sification also showed a trend towards significance (χ2 = 
3.4501, P = 0.063) between the two groups.

Predictive factors for residual tumor
A multivariate stepwise logistic regression model was con-
structed to predict risk factors for residual tumor including 

sex, age, HBsAg, cirrhosis nodules, Child-Pugh class, ALT, 
GGT and AFP levels, tumor size (diameter of  the larg-
est nodule was used as tumor size when multiple), tumor 
number, capsule, microvascular invasion, and cell differen-
tiation grade. Only serum AFP level [odds ratio (OR) = 1.68 
(95% confidence interval (CI): 1.20-2.36)], tumor size [OR 
= 1.73 (95% CI: 1.29-2.31)] and microvascular invasion 
[OR = 1.91 (95% CI: 1.12-3.24)] were revealed as indepen-
dently predictive factors for residual tumor (Table 2).

Analysis of  the prevalence of  these three parameters 
among the entire population of  766 patients showed that 
the incidence of  residual tumor was very low (nil, 0/24) 
when none of  these three factors was present, and the 
simultaneous presence of  the risk factors increased the 
probability of  residual tumor: this rate increased to 28.15% 
(9/32) when AFP > 400 ng/mL, tumor size > 8 cm and 
the presence of  microvascular invasion were present at 
the same time. ROC curves for the combination of  these 
three risk factors showed an area under the curve (AUC) 
of  0.717 (95% CI: 0.657-0.778) to predict residual tumor. 
ROC curves for serum AFP level had an AUC of  0.640 
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Table 1  Main characteristics of 766 hepatocellular carcinoma patients with (Group 1) or without (Group 2) residual tumor  n  (%)

Characteristics Group 1  Group 2    χ2 P -value

Sex Female 11 (17.46)  96 (13.66)   0.6964 > 0.05
Male 52 (82.54) 607 (86.34)

Age (yrs) ≤ 30 3 (4.76) 17 (2.42)  1.2490 > 0.05
30-60 48 (76.19) 549 (78.09)
> 60 12 (19.05) 137 (19.49)

Child-Pugh score Class A 62 (98.41) 692 (98.44)  0.0002 > 0.05
Class B 1 (1.59) 11 (1.56)

Cirrhotic nodule No   7 (11.11) 121 (17.21)  1.5462 > 0.05
Yes 56 (88.89) 582 (82.79)

HBsAg Negative 8 (12.70)   90 (12.80)  0.0006 > 0.05
Positive 55 (87.30) 613 (87.20)

ALT level1, U/L ≤ 80 57 (90.48) 621 (88.34)  0.2605 > 0.05
> 80 6 (9.52)   82 (11.66)

GGT level1, U/L ≤ 60 24 (38.10) 367 (52.20)  4.6062 < 0.05
> 60 39 (61.90) 336 (47.80)

AFP level, ng/mL ≤  20  8 (12.70) 259 (36.84) 16.0745 < 0.01
20-400 20 (31.75) 192 (27.31)
≥ 400 35 (55.56) 252 (35.85)

Tumor size2, cm ≤ 2 3 (4.76)   82 (11.66) 23.3257 < 0.01
2-5 19 (30.16) 333 (47.37)
5-8 15 (23.81) 166 (23.61)
> 8 26 (41.27) 122 (17.35)

Capsule complete/present 31 (49.21) 390 (55.48)  0.9183 > 0.05
incomplete/absent 32 (50.79) 313 (44.52)

Microvascular invasion No 30 (47.62) 472 (67.14)  9.7556 < 0.01
Yes 33 (52.38) 231 (32.86)

Tumor number solitary nodule 49 (77.78) 597 (84.92)  3.8413 > 0.05
2 nodules 13 (20.63)   86 (12.23)
3 nodules 1 (1.59) 20 (2.84)

Cell differentiation grade GradeⅠ-Ⅱ 41 (65.08) 506 (71.98)  1.3475 > 0.05
Grade Ⅲ-Ⅳ 22 (34.92) 197 (28.02)

pTNM staging Stage Ⅰ 21 (33.33) 409 (58.18) 15.1735 < 0.01
Stage Ⅱ 34 (53.97) 250 (35.56)
Stage Ⅲ A   8 (12.70) 44 (6.26)

BCLC classification Stage A 49 (77.78) 607 (86.34)  3.4501 > 0.05
Stage B 14 (22.22)   96 (13.66)

1ALT value (normal value, ≤ 75 IU/L), using 80 IU/L as cutoff, and GGT level > 60 IU/L (normal range, 11–50 IU/L) was used as the elevated level [7]. 
2Tumor size: Diameter of the largest nodule was used as tumor size when multiple.
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Figure 1  Survival curves for all 766 patients and for patients with (Group 1) 
or without (Group 2) residual tumor.
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(95% CI: 0.575-0.704), for tumor size had an AUC of  0.655 
(95% CI: 0.582-0.728), and for microvascular invasion 
had an AUC of  0.598 (95% CI: 0.523-0.672). Significant 
difference was observed among these four curves (P < 
0.0001) (Figure 2).

DISCUSSION
The distinction between recurrence after a radical resec-
tion and residual tumor after a palliative resection is 
crucial[8]. Tumor detected soon after resection is thought 
to be related to the presence of  residual tumor. Residual 
tumor cells in the remnant liver can acquire more malig-
nant characteristics, and may accelerate tumor progression 
and induce intrahepatic metastasis due to the enhanced 
growth and increased neovascularization after surgery[9]. 
The shorter is the disease-free interval time; the poorer is 
the prognosis[10]. In this study, we showed that postopera-
tive patients with residual tumor carried a significantly 
poorer prognosis than those who did not (Figure 1).

Complete surgical excision is an important factor for 
long-term outcome. However, it is difficult to remove all 
tumor cells in most patients[11]. Even with so-called radi-
cal resection, there is still a possibility of  residual tumor 
with a rate of  up to 37.6%[12]. The curative operation for 
HCC is difficult to define and the presence of  residual 
tumor influences the evaluation of  radical resection for 

HCC. Determination of  predictive factors for residual 
tumor can help the selection of  patients suitable for 
more aggressive therapy to supplement surgery. 

With regard to the definition of  residual tumor, there 
is no consensus on this definition in the literature. Some 
authors have suggested the demonstration of  intrahepatic 
disease found by imaging studies (ultrasonography, angi-
ography, and post-Lipiodol CT) within one or two months 
after resection as residual tumor[10]. In this study, positive 
finding by angiography followed by Lipiodol-CT within 
the first 3-mo postoperative period was defined as residual 
tumor. We then investigated the risk factors for residual 
tumor among various pathologic and clinical factors.

Results suggested that only high preoperative level 
of  serum AFP, large tumor size and the presence of  
microvascular invasion were significantly associated with 
residual tumor at the univariate and multivariate analy-
sis. When none of  these three factors was present, the 
incidence of  residual tumor was nil and increased up to 
28.15% when AFP > 400 ng/mL, tumor size > 8 cm and 
the presence of  microvascular invasion were present in 
the same patient. ROC analysis suggested that combina-
tion of  these three factors was more sensitive to predict 
residual tumor than any single factor.

HCC is characterized by its propensity for vascular 
invasion. Numerous previous studies have demonstrated 
that the presence of  microvascular invasion is the risk fac-
tor for early tumor occurrence after resection of  HCC[13-16]. 
In addition, tumor size, especially > 5 cm, also predicts a 
high risk of  tumor recurrence after resection[15,17,18]. Large 
tumor size is always correlated with increased invasiveness, 
as demonstrated by a higher incidence of  intrahepatic me-
tastasis and portal venous invasion[13,15,17,19,20]. The larger the 
tumor is, the earlier the lesion occurs[21].

As for preoperative serum AFP level, Hanazaki et al[22] 
reported that AFP ≥ 1000 ng/mL was an independently 
significant factor for poor disease-free survival; Imamura 
et al[23] identified serum AFP level > 32 ng/mL as a factor 
for early (< 2 years) recurrence; and Furihata et al[24] also 
suggested that patients with AFP/volume > 20.0 were 
likely to experience recurrence within 6 mo after radical 
hepatectomy. Serum AFP level may represent a marker for 
either tumor bulk or aggressive tumor biology, such as tu-
mor cell proliferation and spread[25]. An HCC patient with 
a high serum AFP concentration (≥ 400 ng/mL) tends to 
have greater tumor size, bilobar involvement, massive or 
diffuse type of  recurrence, portal vein thrombosis[26,27]. All 
of  these may be due to be the ability of  AFP to elicit the 
escape of  carcinoma cells from the host’s lymphocyte im-
mune surveillance[28,29]. However, there are several studies 
which have shown no relation between serum AFP level 
and recurrence[30,31]. In this present study, we support the 
concept of  elevated serum AFP level as a candidate for 
early tumor occurrence[7].

Here, our study showed tumor number was not a pre-
dictive factor for residual tumor. This might be because, in 
this study, we defined radical resection as the number of  
tumor nodules not exceeding three (since multiple tumors 
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Table 2  Multivariate stepwise logistic regression analysis of 
independent risk factors related to residual tumor

Risk factor Coefficient OR (95% CI) P -value

AFP level 
(ng/mL)

≤ 20 = 0 0.52 1.68 (1.20-2.36) < 0.01
20-400 = 1
> 400 = 2

Tumor
size (cm)

≤ 2 = 0 0.55 1.73 (1.29-2.31) < 0.01
2-5 = 1
5-8 = 2
> 8 = 3

Microvascular 
invasion

No = 0 0.65 1.91 (1.12-3.24) 0.02
Yes = 1

Figure 2  Receiver operating characteristic curves for predictive factors 
(α-fetoprotein, Tumor size, Microvascular invasion and the combination of 
all above three factors) related to residual tumor. ROC: Receiver operating 
characteristic; AFP: α-fetoprotein.
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may be the sign of  intrahepatic metastasis[16]). Accord-
ingly, radical resection could be achieved as long as tumor 
number was no more than three. 

High preoperative level of  serum AFP, large tumor 
size or the presence of  microvascular invasion may indi-
cate an increased biological aggressiveness of  tumor and 
a greater possibility of  systemic diffusion. The simultane-
ous presence of  these factors increases the risk of  residual 
tumor, and patients presenting these three risk factors in 
association are prone to have residual tumor. This infor-
mation is beneficial for better clinical decision-making 
and future trial design. Some aggressive therapies can be 
tested in selected patients, such as utilizing neoadjuvant or 
adjuvant therapy (including hepatic artery chemotherapy 
or chemoembolization, immunotherapy, targeted therapy 
and differentiation therapy, etc.) to supplement surgery 
for a better chance of  a cure or at least a longer survival. 
Patients with high risk factors for residual tumor should 
be monitored very carefully for early detection, and the 
surveillance interval also needs to be shortened to have a 
chance to eradicate the residual tumor at its earlier period, 
because long-term survival after recurrence is still possible 
if  appropriated therapy is adopted[32].

One limitation in the present study is the low discrimi-
native power of  the identified predictive factors (with the 
specificity < 75%). In other words, even if  patients have all 
these three risk factors, many are unlikely to have residual 
tumor after surgery. To resolve these issues, a more dis-
criminatory method is required, such as molecular analysis. 
In addition, in our hospital, Lipiodol angiography is usually 
recommended to each postoperative patient for the pur-
pose of  early detection of  residual tumor. A patient can 
receive this examination as long as his general condition 
allows. It may be that there is a bias in patient selection, 
but considering the large sample size in this study and the 
eligible patients presenting various clinicopathologic char-
acteristics, this bias should be reduced. Certainly, further 
studies to confirm the present results are still needed.

In conclusion, this study showed that factors reflect-
ing tumor behavior were correlated with residual tumor. 
High preoperative serum AFP level, large tumor size 
and the presence of  microvascular invasion were in-
dependent predictors associated with an increased risk 
of  residual tumor detected by angiography followed by 
Lipiodol-CT. This finding may have clinical implications 
in determining rational strategies in surveillance, preven-
tion and management of  postoperative residual tumor.
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