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CT volume measurement for prognostic evaluation of
unresectable hepatocellular carcinoma after TACE
Jia-Wen Zhang, Xiao-Yuan Feng, Han-Qiu Liu, Zhen-Wei Yao, Yan-Mei Yang, Bin Liu, Yong-Qiang Yu
tastasis, degree of lipiodol retention within the tumor,
and percutaneous ethanol injection. The correlation
between survival time and clinical variables of patients
or lesions was analyzed by combining morphologic features with the corresponding clinical and general data
as input. A Cox proportional hazard model was used to
analyze prognostic factors. The Kaplan-Meier method
was used to calculate the cumulative survival time. Influence of the parameters on prognosis was analyzed
by the log-rank test.
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RESULTS: The overall 6, 12, 24, 36 and 60 mo cumulative survival rates were 78.92%, 49.85%, 23.82%,
15.60% and 8.92%, respectively. The median survival
time was 12 mo. Univariate and multivariate analysis
showed that only 4 parameters were the independent
2
prognostic factors including TTLVR (χ = 14.328, P <
2
0.001), portal vein cancerous thrombus (χ = 5.643, P
2
= 0.018), repeated TACE times (χ = 8.746, P = 0.003),
2
and post-treatment serum AFP level (χ = 5.416, P =
0.020). When the TTLVR value was less than 70%, the
survival time was inversely correlated with the TTLVR
value.

Abstract
AIM: To analyze the value of computed tomography
(CT) volume measurements for evaluation of the survival rate of unresectable hepatocellular carcinoma
(HCC) patients after transcatheter arterial chemoembolization (TACE).

CONCLUSION: CT volume measurement technique
can predict the prognosis of unresectable HCC patients
after TACE.
© 2010 Baishideng. All rights reserved.

METHODS: One hundred and sixty-six unresectable
HCC patients after TACE were involved in this retrospective study. Hepatic CT scan was performed for all
patients before and 4 wk to 2 mo after TACE to define
the morphologic features of HCC including its largest
diameter, volume, product of the greatest axial dimension, tumor to liver volume ratio (TTLVR), and tumor
shrinkage ratio. Clinical variables used in the study included gender, age, pattern of tumor growth, number
of lesions, Child-Pugh classification of liver function, repeated TACE times, pre- or post-treatment α-fetoprotein
(AFP) level, portal vein cancerous thrombus, tumor me-
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MATERIALS AND METHODS
Clinical data and variables
Segmental lipiodol-TACE was performed for 166 HCC
patients (143 men, 23 women) at the age of 51 ± 12 years
(range: 21-78 years) in February 1999 to August 2006.
HCC was diagnosed based either on percutaneous liver
needle biopsy (112 patients) or on imaging and clinical
examination (54 patients). This retrospective study was
approved by our institution’s research ethics board. Informed consent was obtained from all patients. Cirrhosis
was classified according to the Child-Pugh system. ChildPugh grades A and B were found in 148 and 18 patients,
respectively.
The morphologic features of HCC, including its
largest diameter, product of the greatest axial dimensions, tumor volume (TV), tumor to liver volume ratio
(TTLVR) and tumor shrinkage ratio (TSR) post-treatment, were evaluated for their correlation with treatment
outcome. In addition, other study variables influencing
treatment outcome were analyzed, including gender, age,
pattern of tumor growth, number of lesions, Child-Pugh
classification of liver function, repeated TACE times,
pre-treatment or post-treatment serum α-fetoprotein
(AFP) levels, portal vein cancerous thrombus, tumor
metastasis, degree of lipiodol retention within the tumor,
and percutaneous ethanol injection (PEI). A total of 17
variables were analyzed in the study.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignancies in Africa and Asia, especially in
China and Japan. The tumor is often already large in
size when it is diagnosed, and the prognosis of HCC
patients, especially those with unresectable lesions tends
to be poor. The median survival time of untreated HCC
patients is less than 6 mo from its diagnosis [1,2]. The
treatment of HCC is very challenging. The outcome of
resection and liver transplantation is good. However,
they are only suitable for less than 15% of patients.
Although many treatment modalities for HCC are available, transcatheter arterial chemoembolization (TACE)
has been shown to be the most effective procedure for
unresectable HCC [3]. Patients receiving TACE often
demonstrate a remarkable embolization effect and consequently have a higher cumulative survival rate[4].
Advances in computed tomography (CT) technology can quantify volumetric tumor burden due to its
volumetric data acquisition and image processing [5-8].
Compared with uni- and bi-dimensional measurement
techniques, volumetric quantification can result in a different assessment result[9-11].
The largest tumor diameter, product of the greatest
axial dimension, and several volume measurements show
a congruence with the actual volume when the measured
lesion is a sphere, an ellipsoid, or a cube. However, these
measurements may have significant differences if the tumor has an irregular shape[12,13]. Three-dimensional (3D)
measurements have advantages for the assessment of
irregular masses, because they compensate for actual tumor shape rather than assume it to be a sphere, an ellipsoid, or a cube[6,14]. Spiral CT theoretically offers advantages in terms of accuracy and reproducibility over 3D
measurements[14,15]. In follow-up studies, 3D measurements enable the evaluation of changes in the diameter
of a neoplasm, and offer a more complete evaluation of
changes in tumor size over time.
It has been reported that TACE in combination with
cytostatic drugs (doxorubicin, cisplatin, mitomycin C)
for treatment of HCC patients can reduce vital tumor
tissue and prolong survival time[1,3,4,16]. When an indication for palliative TACE is established, strict guidelines
based on the condition of patients and tumor stage must
be followed. In this study, we retrospectively reviewed
the morphologic CT data about lesions in 166 unresectable HCC patients after TACE. The correlation between
morphological variables and survival rate was also intensively investigated.
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Criteria for inclusion or exclusion of TACE
TACE was performed for HCC patients to control their
local tumor growth and prolong their survival time. All
patients undergoing TACE had contraindications for
liver resection judged by a multidisciplinary team composed of hepatic surgeons, radiologists, hepatologists,
and oncologists. The inclusion criteria for unresectable
HCC include disease multifocality, early vascular invasion, decompensated liver disease, or poor performance
status. To simplify the study, those whose main trunk of
the portal vein was completely obstructed by a tumor
thrombus or those who underwent surgical resection after TACE, were excluded from the study.
TACE procedures
Transcatheter hepatic segmental arterial chemoembolization using lipiodol mixed with anticancer drugs, including
40-60 mg adriamycin, 50-100 mg cisplatin (CDDP) or
10-20 mg mitomycin C (MMC) and a mixture of 2-30 mL
iodized oil (lipiodol, André Guerbet, Aulnay-sous-bois,
France), was carried out followed by injection of gelfoam particles. The mixture of lipiodol and anticancer
drugs was super selectively infused into hepatic arteries
supplying the tumor-bearing segment or subsegment until
the lipiodol was densely accumulated in the tumor and
tumor-bearing area. The arteries were then embolized
with gelatin sponge particles. The volume of injected
lipiodol in each patient was 2-30 mL depending on the
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Figure 1 Transverse computed tomography (CT) scans
showing a mononodular pattern of hepatocellular carcinoma
(HCC) in the right posterior lobe of liver and an observed
survival time of 33 mo in a 76-year-old man with a tumor
volume of 55.64 cm3 and a tumor to liver volume ratio (TTLVR)
of 5.16%. A and B: Arterial phase contrast-enhanced CT scan
showing a high density nodule in the right lobe of liver before the
fist transcatheter arterial chemoembolization (TACE) procedure,
while one-dimensional measurement showing the largest tumor
diameter (3.8 cm), and two-dimensional measurement showing
the tumor product of the greatest axial dimension (10.64 cm2);
C: Contrast-enhanced CT scan showing hepatic and lesion volumetric measurements before the TACE procedure; D: Follow-up
CT scan displaying complete tumor necrosis 44 d after the first
TACE procedure.

B
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28 mm
38 mm

C

38 mm
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tumor size, vascularity, and fluoroscopic findings[4].
Tumor markers and CT/MR images were detected
during the follow-up after TACE. TACE procedure was
repeated if any residual tumor was detected after 4 wk.
TACE was performed 1-7 times (1 time for 60, 2 times
for 57, and ≥ 3 times for 49 patients) in the study, and
the mean repetition frequency was 2.12 times. Of the
166 patients, 9 were treated with PEI after TACE.

follow-up. Volumetric CT evaluation included analysis of
TV, liver volume, TTLVR, and TSR. The TTLVR value
was less than 25% (n = 74), less than 50% (n = 48), less
than 70% (n = 38), and 70% or over (n = 8)[15], respectively. The TSR value was greater than 50% reduction in TV (n
= 33), greater than 25% reduction in TV (n = 64), 0%-25%
reduction in TV (n = 27), and disease progression (n =
42), respectively, after treatment. The retention of lipiodol
within tumor tissue was classified into four types according to the lipiodol accumulation pattern observed after
lipiodol-TACE[19]: type Ⅰ = homogeneous (n = 38), type
Ⅱ = defective (defect is found in lipiodol accumulation in
the main tumor, n = 44), type Ⅲ = inhomogeneous (inhomogeneous lipiodol accumulation was observed in the
main tumor, n = 53), and type Ⅳ = only slight accumulation (n = 31).

CT scanning and measurement techniques
CT scanning was performed for patients using a helixspiral CT scanner (Somatom Plus 4, Siemens, Germany)
before treatment. Pre- and post-contrast enhanced images of the liver of all patients were obtained. Contrast
medium (Omnipaque, 300 mgI/mL, Schering, Germany)
was administered by intravenous bolus injection into a
cubital vein during the arterial phase (volume = 100 mL,
flow rate = 2-4 mL/s, scan delay time = 25 s), portal venous phase (scan delay time = 60 s) or venous phase (scan
delay time = 90 s)[16,17]. Biphasic and triphasic CT scans
were performed for 76 and 90 patients, respectively.
CT scan and tumor measurements were performed using three measurement techniques during follow-up. Unidimensional measurement (Figures 1A and 2A) and product of the greatest axial dimension (Figures 1B and 2B)
were obtained as previously described[2]. TV was measured by manually delineating (with a computer mouse) its
contours on all sections, followed by calculating the lesion
area with computer software (Figures 1C and 2C) as previously described[7,8,16,18]. Nonenhanced (Figure 2D) and
contrast-enhanced CT (Figure 1D) were performed again
within 4 wk to 2 mo (44 ± 8 d) after TACE during the
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Statistical analysis
Statistical analysis was performed using SPSS11.5. Survival
time from the commencement of treatment was analyzed
using the Kaplan-Meier method. The influence of parameters on prognosis was evaluated by log-rank test. The
influence of clinical variables on prognosis was evaluated
by univariate analysis. When the result was statistically significant, multivariate regression analysis according to the
Cox proportional hazard model was used to analyze the
factors influencing the prognosis to avoid any confounding interaction between them. The largest tumor diameter,
product of the greatest axial dimensions, and TV/TTLVR
represented the 1D, 2D, and 3D measurements, respectively. Correlations between tumor size, each of the three
different measurements, and survival time were analyzed
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Figure 2 Transverse CT scans showing a massive pattern of HCC in the right lobe of a 46-year-old man with a tumor volume of 1936.70 cm3, a TTLVR of
67.52%, and a survival time of 6 mo. A and B: Arterial phase contrast- enhanced CT scan showing a high density tumor in the right lobe of liver before the first TACE
procedure, while one-dimensional measurement showing the largest tumor diameter (17.7 cm) and two-dimensional measurement showing the tumor product of the
greatest axial dimension (237.18 cm2); C: Contrast-enhanced CT scan showing hepatic lesion volumetric measurements before TACE; D: Nonenhanced CT follow-up
scan showing lipiodol retention of grade Ⅲ and a reduced tumor size 60 d after the first TACE procedure.

384.26 cm3. The TTLVR was 30.54% ± 21.69% (range:
0.44%-85%) with a median of 26.62%. The largest
tumor diameter was 2.0-22 cm with a mean diameter
of 9.47 ± 4.00 cm and a median diameter of 9.1 cm.
The tumor product of the greatest axial dimension was
2.64-264 cm2 with a mean of 79.76 ± 56.46 cm2 and a
median of 65.85 cm2.

using the Spearman coefficient of correlation. P < 0.05
was considered statistically significant.

RESULTS
General features
The formed mass was divided into nodular type (n =
39), and massive type (n = 127) on the basis of imaging
examination[20]. Multiple lesions were identified in 31 patients and a mono-nodular pattern was detected in 135
patients. Portal vein cancerous thrombus was classified
into four subgroups according to location: bilateral or
trunk (n = 20), right branch (n = 20), left branch (n = 6),
and no cancerous thrombus (n = 119). The serum AFP
levels (< 20 ng/mL) were normal in 100 patients and
elevated in 66 patients (≥ 20 ng/mL) before TACE. The
patients with elevated AFP levels were monitored in 4 wk
to 2 mo after TACE. The AFP level was decreased in 38
patients and increased in 28 patients after TACE. Tumor
metastasis was divided into intrahepatic metastasis (n =
24), extrahepatic metastasis (n = 6), lymphoid node metastasis (n = 13), and no metastasis (n = 123).

Cox proportional hazard model analysis
The survival time was analyzed using the Kaplan-Meier
method. The overall results obtained by log-rank test
are shown in Figure 3. The 6 mo-, 1-, 2-, 3-, and 5-year
cumulative survival rates of patients after TACE were
78.92%, 49.85%, 23.82%, 15.60% and 8.92%, respectively. The median and mean survival time was 12 ± 1 mo
and 20 ± 2 mo, respectively.
Univariate analysis showed that 13 parameters were
the significant prognostic factors, including pattern of tumor growth, Child-Pugh’s classification of liver function,
repeated TACE times, post-treatment AFP level, portal
vein cancerous thrombus, tumor metastasis, largest tumor
diameter, tumor product of the greatest axial dimension,
TV, TTLVR, TSR, degree of lipiodol retention within the
tumor, and PEI (Table 1). Since these variables are related
to each other, multivariate Cox regression analysis was
performed using the significant variables identified in the
univariate analysis model. Finally, 4 variables including

Measurement data
The mean liver volume was 1621.39 ± 637.83 cm 3
(range: 637.38-3514.73 cm3). The TV was 6 to 2432 cm3
with a mean of 590.13 ± 608.08 cm3 and a median of
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0.100
0.074
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1.001
1.938
1.355

Sex
Age
Child-Pugh
classification
Pre-treatment level
of AFP
Post-treatment
level of AFP
Times of repeated
TACE
Number of lesions
Pattern of tumor
growth
Tumor largest
diameter
Tumor product of
diameters
TV
TTLVR
Portal vein
cancerous
thrombus
Tumor metastasis
The degree of
lipiodol retention
TSR
PEI

P

Hazard
ratio

Cumulative survival

χ

B

0.6
0.4

0.0

0.287
0.336
0.286
0.739

10.160
15.208
13.014
3.120

0.090
0.086
0.079
0.418

0.001
< 0.001
< 0.001
0.077

-0.731

5.416

0.314

0.020

0.481

-0.597

8.746

0.202

0.003

0.550

0.765
0.340

14.328
5.643

0.202
0.143

< 0.001
0.018
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1.405
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Figure 4 Reverse correlation between survival time and TTLVR values.
The TTLVR value was 0%-25%, 25%-50%, 50%-70%, and 70%, respectively.

the cumulative survival rate of HCC patients after TACE
(χ2 = 14.328, P < 0.001). Furthermore, TTLVR is a risk
factor affecting the outcome of treatment because of a
positive B value. The mean, median and cumulative survival rates of patients are shown in Figure 4 and Table 3.
Univariate analysis showed that the influence of tumor size measured with different methods including TV,
TTLVR, largest tumor diameter, and tumor product of
the greatest axial dimensions was significant on prognosis of HCC patients and their correlations are listed in
Table 4.

Hazard
ratio

Method: Forward stepwise (likelihood ratio).

TTLVR, portal vein cancerous thrombus, repeated TACE
times and post-treatment AFP level that entered the model could not be removed (Table 2).
In this study, the survival time was inversely correlated with the TTLVR values. The higher the TTLVR
value was, the shorter the survival rate would be. The
mean and median survival time was 28 and 18 mo, respectively, in 74 patients with their TTLVR less than
25%. Those whose TTLVR was 25%-50% and 50%-70%
had a shorter mean and median survival time. Patients
whose TTLVR was ≥ 70% usually had a poor prognosis
even after TACE. The survival time of 8 patients whose
TTLVR was ≥ 70% was no more than 6 mo after TACE,
indicating that TTLVR is a significant factor influencing
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Figure 3 Cumulative survival time of 166 HCC patients after TACE. The
6 mo- 1-, 2-, 3-, and 5-year cumulative survival rates were 78.92%, 49.85%,
23.82%, 15.60% and 8.92%, respectively, in HCC patients after TACE.

Table 2 Enter factors of multivariable Cox regression analysis

Post-treatment level
of AFP
Times of repeated
TACE
TTLVR
Portal vein cancerous
thrombosis

0.8

0.2

B: Regression coefficient; AFP: α-fetoprotein; TACE: Transcatheter arterial
chemoembolization; TV: Tumor volume; TTLVR: Tumor to liver volume
ratio; TSR: Tumor shrinkage ratio; PEI: Percutaneous ethanol injection.

Parameter

Survival function
Censored

1.0

Cumulative survival

Parameter

Survival function

1.2

Table 1 Results of univariate Cox regression analysis

DISCUSSION
It was reported that the median survival time of untreated HCC patients is less than 6 mo from its diagnosis[2].
However, it was 12 mo after TACE in our study, indicating that TACE is an effective treatment modality for
HCC, a finding in agreement with the reported data[4].
Selection of optimal CT tumor measurement methods is still a challenge in treatment of HCC patients.
Tumor size is widely considered a good indication for
choosing an appropriate treatment modality for HCC
patients, although it is difficult to accurately determine
the lesion volume. In 1979, the World Health Organiza-
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Table 3 Cumulative survival ratios of different TTLVR subgroups
Subgroup
0%-25%
25%-50%
50%-70%
≥ 70%

Median

Mean survival

6 mo

12 mo

Cumulative survival rate (%)
24 mo

36 mo

60 mo

survival (mo)

(mo)

90.54
88.89
54.55
37.50

77.03
48.89
18.18
0.00

37.68
18.72
6.06
0.00

26.56
8.92
3.03
0.00

16.30
4.04
0.00
0.00

18
12
7
6

28
16
10
6

Significant differences in survival were recognized for cumulative survival ratios of different TTLVR subgroups by log rank test:
0％-25% vs 25%-50% (χ2 = 9.1, P = 0.003), 0％-25% vs 50%-70% (χ2 = 33.71, P < 0.001), 0%-25% vs ≥ 70% (χ2 = 38.98, P < 0.001),
25%-50% vs 50％-70% (χ2 = 9.08, P = 0.003), 25%-50% vs ≥ 70% (χ2 = 22.91, P < 0.001), 50%-70% vs ≥ 70% (χ2 = 1.71, P = 0.19).

ing, both of which allow physicians to accurately quantify tumor burden and to efficiently evaluate the outcomes
of treatment[5,9,16,22,23]. In our study, 3D measurements
of HCC were made in patients with HCC using helical
CT images. It has been shown that CT measurements of
TV can provide a more sensitive assessment of tumor
change than qualitative evaluation using linear methods[24,25]. Moreover, changes in TV may be correlated
with the prognosis of HCC patients[25,26].
To our knowledge, only one study[16] is available on
the survival time of HCC patients after TACE. However, no studies are available on the correlation between
tumor size measurements of unresectable HCC and survival time of HCC patients after TACE. In this study, we
investigated not only the correlation between any variable and survival time, but also the correlation between
multiple variables and survival data with confounding
interaction effects taken into account.
In this study, univariate Cox regression analysis showed
that there was an almost complete agreement between
treatment response and TTLVR, TV, largest tumor diameter and tumor product of the greatest axial dimensions
in 166 HCC patients after TACE (P < 0.001). However,
multivariable Cox regression analysis demonstrated that
TTLVR was the only significant factor for the prognosis
of HCC patients after TACE, suggesting that TTLVR
may be more important for evaluating the prognosis of
HCC patients than either a simple volumetric measurement or a linear measurement after TACE. Moreover, a
volumetric measurement would not only overcome the
difficulties in estimating the size of lesions that are confluent and irregular in shape, but also permit the measurement of overall tumor burden in an organ. Kim et al[27]
have shown the significance of TTLVR for prognosis of
HCC patients compared with other treatment modalities.
Using a multivariate Cox hazard model, they investigated
the prognostic factors for 119 HCC patients after liver
transplantation, and showed that the TV ratio greater than
10% can be used as an independent prognostic factor.
It is worth noting that some studies have shown
that the survival time is not always associated with the
size of tumors detected at the time of treatment with
TACE[2,28]. In some cases, volumetric tumor measurement for evaluating therapeutic response can not show
any advantages over uni-dimensional and bi-dimensional
measurements[10,12]. To some extent, the difference is

Table 4 Correlations between largest tumor diameter, tumor
product of the greatest axial dimension, TV, and TTLVR
Parameter
TTLVR
Tumor largest diameter
Tumor product of
diameters

Tumor largest
diameter

Tumor product
of diameters

TV

0.836

0.842
0.976

0.897
0.916
0.928

Largest tumor diameter vs TTLVR (r = 0.836, P < 0.001), tumor product of
the greatest axial dimension vs TTLVR (r = 0.842, P < 0.001), TV vs TTLVR (r
= 0.897, P < 0.001), largest tumor diameter vs tumor product of the greatest
axial dimension (r = 0.976, P < 0.001), largest tumor diameter vs TV (r =
0.916, P < 0.001), tumor product of the greatest axial dimension vs TV (r =
0.928, P < 0.001).

tion (WHO) established the guidelines for tumor response to treatment. According to the WHO guidelines,
the maximum diameter in the transverse plane and the
largest perpendicular diameter of a tumor, measured on
the same image, are multiplied to yield a cross product[9].
In 1994, the European Organization for Research and
Treatment in Oncology, the National Cancer Institute of
the United States, and the National Cancer Institute of
Canada Clinical Trials Group reviewed the tumor measurement techniques in view of the advances in imaging
technologies. The revised response evaluation criteria in
solid tumors guidelines advocate that uni-dimensional
measurement (largest diameter in the transverse plane)
can be used alone to quantify tumor burden[6].
Tumor diameter, cross-sectional area or TV can be
used to measure the size of tumors with a perfect sphere
shape for the classification of their responses to TACE
or other treatments. Unfortunately, since most tumors
have an irregular geometry the size of tumors estimated
with each parameter is usually significant different[21].
Prasad et al[9] showed that 37 patients with secondary liver tumors responsed to treatment with uni-dimensional
and bi-dimensional techniques. However, tumor burden
measured with TV gave a different response to treatment compared with uni-dimensional or bi-dimensional
technique in a considerable proportion of patients, suggesting that methods to obtain directly TV are very important in treatment of HCC with an irregular geometry.
Advances in medical imaging have provided new
means to assess tumor with volumetric imaging technologies such as helical CT and magnetic resonance imag-
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in Asia and Africa. Transcatheter arterial chemoembolization (TACE) has
been shown to be one of the most effective procedures for the treatment
of unresectable HCC. Since quantification of tumor size with computed
tomography (CT) is usually used to assess the prognosis of HCC patients after
TACE, it is very important to measure the accurate tumor size. Many studies
have shown that uni-dimensional or bi-dimensional measurements can be
employed to evaluate the prognosis of HCC patients after TACE. However, it
can not always achieve a satisfactory prognosis.

thought to be due to the fact that the patients in these
studies had different clinical characteristics. For instance,
Sohaib et al[10] studied only nodal masses, which tend to
have regular ovoid structures. Furthermore, TTLVR was
not investigated in such studies.
Our study also showed a strong correlation between
survival time and frequency of repeated TACE, which
is consistent with the findings in other studies[3,29,30]. The
mean survival time of patients undergoing ≥ 2 times
of TACE was significantly longer than that of those undergoing TACE once. The reason why repeated TACE
can prolong the survival time of these patients is that
additional embolization can make up for the incomplete
effect of previous treatment, indicating that repeated
TACE in treatment of HCC is very important for prolonging the survival time of patients[30].
It has been shown that portal vein cancerous thrombosis is associated with the survival time of HCC patients
after TACE[26,30,31], which is consistent with the findings
in our study. Portal vein cancerous thrombosis is an important factor for predicting survival time, as univariate
or multivariable Cox regression analysis in our study has
shown that it is statistically significant. Independent of
initial values, a lower serum AFP level after TACE is another useful post-procedural predictor[29,32], which usually
implies that a favorable tumor response occurs.
In conclusion, volumetric CT technique can be reasonably used to measure tumor burden in an organ. TTLVR
is a significant prognostic factor influencing the survival
time of HCC patients after TACE. Compared with unidimensional and bi-dimensional criteria for evaluating the
response of unresectable HCC to TACE, the volumetric
measurement technique gives favorable results.
However, there are some limitations in our study.
First, some bias may have occurred in this retrospective
study due to the lack of complete clinical data. Second,
the TV measurement technique relies on a mostly manual
operation. Tracing individual tumor margins with mouse
is time consuming and the results may have some variations if performed by different observers[33]. Moreover,
the software for accurate TV estimation must be installed
and used[9]. In the future, advances in post-processing of
images may allow for automatic lesion contouring and
TV calculation, leaving the radiologist the simple task of
refining the outlined tumor contours[12]. Using these techniques can further improve the reproducibility of volume
measurements and allow precise measurement of tumor
burden in an organ.

Research frontiers

Three-dimensional measurement has advantages over uni- and bi-dimensional
measurements for the assessment of irregular masses. Spiral CT offers
theoretical advantages in terms of the accuracy and reproducibility of threedimensional measurements. Previous studies have shown that CT-based
three-dimensional measurement provides a more sensitive assessment of
tumor change than qualitative evaluation with linear methods. However, CTbased three-dimensional volumetric measurement for prognostic evaluation of
unresectable HCC after TACE has not been systematically addressed. In this
study, the authors demonstrate that a volumetric CT technique can predict the
prognosis of unresectable HCC patients after TACE.

Innovations and breakthroughs

Previous studies evaluated the survival time of HCC patients after TACE on
the basis of tumor to liver volume ratio (TTLVR) values, but multivariable Cox
regression analysis was not done. In this study, the authors investigated not
only the correlation between multiple variables and survival data, but also
took the confounding interaction between these factors. Furthermore, this
study showed that volumetric quantification might result in a more favorable
assessment than uni-dimensional and bi-dimensional techniques.

Applications

The results of this study suggest that a volumetric CT technique can reasonably
predict the prognosis of unresectable HCC patients after TACE.

Terminology

TTLVR: A measurement value for tumor burden in the liver. It may be a
significant prognostic factor influencing the survival time of HCC patients after
TACE.

Peer review

The authors studied the prognostic significance of CT volumetric measurements
in HCC patients after TACE. This work states that simple response evaluation
criteria in solid tumors and WHO criteria are insufficient for the adequate
evaluation of HCC lesions after treatment. Furthermore, this study revealed that
TTLVR might result in a more favorable assessment than uni-dimensional and
bi-dimensional measurement techniques. The results are interesting and useful
for readers.
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