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Abstract

Purpose Our study aimed to evaluate quantitative tumor

response assessment (quantitative EASL-[qEASL]) on

computed tomography (CT) images in patients with hepa-

tocellular carcinoma (HCC) treated using conventional

transarterial chemoembolization (cTACE), compared to

existing 1-dimensional and 2-dimensional methods

(RECIST, mRECIST, EASL).

Materials and Methods In this IRB-approved, single-in-

stitution retrospective cohort study, 52 consecutive patients

with intermediate-stage HCC were consecutively included.

All patients underwent contrast-enhanced CT scan at

baseline and 4 weeks after cTACE.

Results Median follow-up period was 13.5 months (range

1.2–54.1). RECIST, mRECIST and EASL identified pro-

gression in 2 (4%), 1 (2%) and 1 (2%) patients, respectively,

whereas qEASL identified 10 (19%) patients. qEASL was

the only tumor response method able to predict survival

among different tumor response groups (P\ 0.05), whereas

RECIST, mRECIST and EASL did not (P[ 0.05). Both

EASL and qEASL were able to identify responders and non-

responders and were predictive of survival (P\ 0.05).

Multivariate analysis showed that progression was an inde-

pendent predictor of overall survival with hazard ratio of 1.9

(P = 0.025). Patients who demonstrated progression with

qEASL had significantly shorter survival than those with

non-progression (7.6 vs. 20.4 months, P = 0.012). Similar

multivariate analysis using RECIST, mRECIST and EASL

could not be performed because too few patients were cat-

egorized as progressive disease.

Conclusion qEASL could be applied on CT images to assess

tumor response following cTACE and is a more sensitive

biomarker to predict survival and identify tumor progression

than RECIST, mRECIST and EASL at an early time point.

Level of Evidence Level 2a, retrospective cohort study.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading

cause of cancer-related deaths worldwide [2]. Conventional

transarterial chemoembolization (cTACE) using Lipiodol

is the recommended first-line therapy for intermediate-

stage patients in the barcelona clinic liver cancer (BCLC)

staging classification, and in real clinical setting cTACE is

the most widely used treatment for unresectable HCC [1].

Commonly used response assessment criteria/guidelines

include the Response Evaluation Criteria in Solid Tumors

(RECIST), modified RECIST (mRECIST) and the Euro-

pean Association for the Study of the Liver (EASL) criteria

[4, 11, 18]. RECIST only considers anatomical tumor

shrinkage and so does not capture the tumor necrosis

induced by TACE [12, 23]. mRECIST and EASL criteria

were then proposed to address the limitations of RECIST

by measuring tumor enhancement, a surrogate marker for

viable tumor [13]. However, RECIST, mRECIST and

EASL criteria are 1-dimensional (D) and 2-D tumor

assessment methods which may not be able to capture

effectively tumor necrosis induced by catheter-based

locoregional therapies such as cTACE. Indeed, tumors do

not grow or shrink symmetrically and undergo heteroge-

neous changes which would affect the reliability of

RECIST, mRECIST or EASL criteria [14, 28]. The newly

proposed criterion, quantitative EASL (qEASL), considers

the 3-D volumetric value of enhancing tumor tissue [20].

This quantitative tumor response assessment demonstrated

a high radiological-pathological accuracy with high cor-

relation of qEASL on post-interventional magnetic reso-

nance (MR) images with TACE-induced HCC necrosis on

histopathology [6]. Moreover, qEASL predicted survival

better than RECIST, mRECIST and EASL criteria on MR

images in HCC patients [28].

However, the application of qEASL in computed

tomography (CT) images remains unknown. Despite the

advantage of MR scans in higher sensitivity and specificity

compared with CT, helical CT remains the more widely

used technique because of the higher cost, lower avail-

ability and longer image acquisition time of MR [25]. In

addition, Lipiodol staining of the lesions post-cTACE

makes accurate assessment of tumor response very diffi-

cult. Indeed, the attenuation caused by Lipiodol on CT

images may mask underlying remaining viable contrast-

enhanced tumor tissue [4]. Under this circumstance, a

quantitative method to measure tumor response after

cTACE is of clinical importance. Subtraction between

unenhanced and contrast-enhanced images is a unique

characteristic of qEASL, which mitigates contribution of

background attenuation from the Lipiodol deposition.

Therefore, the purpose of our study was to evaluate the

performance of qEASL, compared with existing 1-D and

2-D methods (RECIST, mRECIST, EASL criteria) on

multi-phasic CT scans to assess tumor response and sur-

vival prediction at 4 weeks after cTACE.

Materials and Methods

This retrospective cohort study was compliant with Health

Insurance Portability and Accountability Act and approved

by the Institutional Review Board. Informed consent was

waived. The study design was in agreement with the

Standards for Reporting of Diagnostic Accuracy

guidelines.

Patients

Between July 2010 and July 2012, 84 consecutive patients

with intermediate-stage HCC (BCLC stage B) without

portal vein tumor thrombosis or extrahepatic metastasis

were treated with cTACE and evaluated for this study. The

inclusion criteria were the following: (1) age C 18 years

old, (2) confirmed diagnosis of HCC according to histo-

logic examination or clinical-radiological results of early

enhancement followed by washout on dynamic liver cross-

sectional imaging [4], (3) preserved liver function with

Child–Pugh Class A or B (B 7), (4) an Eastern Cooperative

Oncology Group (ECOG) performance status 0, and 4) no

previous locoregional treatment. The exclusion criteria

were the following: (1) infiltrative HCC (i.e., spread of

multiple, minute, ill-defined tumor nodules throughout the

liver with indefinite tumor border), (n = 2), (2) poor CT

image quality with motion artifacts (n = 3), and (3) no

baseline and/or follow-up CT scans (n = 27). Of note, to

reflect clinical practice, the presence of beam hardening

artifacts (if any) due to Lipiodol deposition was not an

exclusion criterion. Thus, a total of 52 consecutive patients

were included into the final analysis.

Treatment

All cTACE procedures were performed by two interven-

tional radiologists (G.H. and W.B.) with 20 and 8 years of

experience, respectively, in hepatic interventions. When

bilobar disease was present, the first cTACE was per-

formed in the liver lobe bearing the largest lesions. No

whole liver cTACE was performed. An emulsion contain-

ing up to 50 mg doxorubicin (Adriamycin, Zhejiang

HISUN Pharmaceutical Co. Ltd., Taizhou, China) and

2–20 ml Lipiodol (Lipiodol Ultra-Fluide, Laboratoire

Guerbet, Aulnay-sous-Bois, France) was infused, followed

by bland embolization with 100–300 lm polyvinyl alcohol

particles (Cook Medical Inc., Bloomington, USA) until

434 Y. Zhao et al.: Which Criteria Applied in Multi-Phasic CT Can Predict Early Tumor Response…

123



arterial inflow was substantially reduced as seen on fluo-

roscopy [1, 8, 19]. In all cases, either a selective or a super-

selective approach was chosen.

CT Scan Parameters

All patients were seen 4 weeks after cTACE. At that point,

multi-phasic contrast-enhanced CT was performed with a

multi-detector CT scanner (Aquilion, Toshiba, Tokyo,

Japan). The scanning parameters were the following:

120 kVp, 350 mA; 5 mm thick sections, a 300–400 mm

field of view (matrix size 512 9 512), reconstruction

algorithm FC08. Non-ionic contrast material (Ultravist,

Schering Berlin, Germany) was intravenously administered

at the rate of 3 ml/s. The bolus tracking technique was used

for arterial phase. All the patients underwent scans which

were composed of unenhanced, arterial, portal venous and

delayed phases. In addition to imaging, physical exami-

nation and relevant laboratory values were obtained during

this 1-month post-procedure follow-up. Last follow-up was

on May 30, 2015.

Tumor Response Evaluation

1-D and 2-D measurements of RECIST, mRECIST, and

EASL criteria were independently assessed by two blin-

ded readers to any outcome data (W.B. and Y.Z., 8 and

4 years of experience). Liver assessment was performed at

4 weeks after the first TACE instead of multiple sessions

to test the ability of the different response methods used

in this study to identify responders and non-responders

early in the course of treatment as the ultimate goal is to

impact patient care in a timely matter and identify patient

who benefit from therapy. The average value for mea-

surements was used in the analysis. Up to two primary

target lesions per patient were analyzed [13, 26]. The

largest tumor that was considered to be the most appro-

priate target for the first TACE session was selected as the

target lesion [16, 24]. Only lesions with a diameter over

1 cm were considered for the analysis [29]. For each

lesion, the longest diameter (RECIST) or enhancing

diameter (mRECIST) and largest enhancing area (EASL

criteria) were measured on the CT images obtained at the

arterial phase. All measurements were taken using stan-

dardized electronic calipers by using Digital Imaging in

Communications and Medicine files.

For 3-D measurement, qEASL was performed using a

semiautomatic 3-D software prototype (Medisys; Philips

Research, Suresnes, France) as described in detail previ-

ously [20]. Briefly, a 3-D semiautomatic tumor segmenta-

tion was performed by a radiological reader (Y.Z. with one

year of experience in this software, who was not involved

in the TACE procedures) on the arterial phase contrast-

enhanced CT images before and after TACE. The accuracy

and reader-independent reproducibility of the semiauto-

matic tumor segmentation software have been shown pre-

viously [6, 27]. Moreover, the software has been used

across imaging modalities (MR, cone-beam CT and multi-

detector CT) [30]. From the tumor segmentation, the whole

tumor volume and the enhancing portion of tumor volume

(cm3) could be obtained. To measure the enhancing vol-

ume, the CT scan obtained just before contrast medium

administration (i.e., unenhanced CT scan) was registered to

the arterial phase CT scan and then subtracted in order to

remove any background attenuation [5, 15]. The subtrac-

tion is a key feature because it mitigates contribution of

background attenuation from the Lipiodol deposition that

would otherwise obscure the true enhancement from the

contrast medium injection (Fig. 1). The 3-D tumor seg-

mentation mask was then transposed onto this subtracted

CT scan. The enhancing tumor volume was obtained as

follows: a region of interest formed by 1 cm3 was placed in

the normal appearing liver parenchyma as a reference for

normalization to calculate the relative enhancement within

the tumor [6, 7]. This procedure was done by two inde-

pendent readers (Y.Z. and S.S. who had each one year of

experience with the software) who did not participated in

the cTACE procedures, and the average values from the

two readers were used in the analysis.

Tumor response categories consisted of complete

response (CR), partial response (PR), stable disease (SD)

and progressive disease (PD). The criteria for the four

models are summarized in Fig. 2. In addition, objective

response referred to the sum of CR and PR, whereas non-

response referred to the sum of SD and PD. All evaluations

were based on the sum of the target lesions [4, 9, 11, 18].

Statistical Analysis

Continuous variables were summarized as means and

standard deviation. Categorical variables were expressed as

frequencies and percentages. Overall survival was mea-

sured from the time of treatment until the time of death

from any cause. Patients lost to follow-up or alive at the

end of the observation period were censored. Survival

analysis was performed with the Kaplan–Meier method and

the log-rank test. Cox proportional hazards model was used

to examine risk factor association with survival. The two-

way mixed-effects intra-class correlation (ICC) was cal-

culated to grade inter-reader agreement as poor (ICC,

\ 0.5), moderate (ICC, 0.5–0.74), good (ICC, 0.75–0.89)

or excellent (ICC, [ 0.9) [3]. Inter-assessment concor-

dance between similar categorical items of the four

response criteria was measured using the k coefficient. The

strength of agreement based on k values was interpreted as

follows: k 0.01–0.20, slight agreement; k 0.21–0.40, fair
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agreement; 0.41–0.60, moderate agreement; 0.61–0.80,

substantial agreement; 0.81–0.99 almost perfect agreement

[17]. A difference with a two-tailed P value\ 0.05 was

considered statistically significant. Statistical analyses were

performed using SPSS (SPSS Inc., version 17.0, Chicago,

IL).

Results

Baseline patients’ demographics and clinical characteris-

tics are presented in Table 1. Of the 52 patients, 41

(78.8%) were male and 47 (90.4%) were tested positive for

hepatitis virus B/C infection. Mean patient age was

51 years (range, 21–81 years). By May 30, 2015, 45

Fig. 1 CT scans obtained in a HCC patient after cTACE treatment:

A before contrast-enhanced image; B after contrast-enhanced image;

C before-enhanced image was subtracted from enhanced image in

order to remove any background signal including Lipiodol deposition;

D qEASL color-map was overlaid on the subtracted image, which

showed the enhance area of tumor

Fig. 2 Illustration of response

classification based on the

imaging biomarker assessment

methods of RECIST,

mRECIST, EASL and qEASL
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(86.5%) patients had died. The median overall survival was

12.9 months (95% CI 7.2–18.6). Median follow-up period

was 13.5 months (range 1.2–54.1). The 1-, 2- and 3-year

survival rates were 55.8, 34.6 and 15.4%, respectively. A

median of two TACE sessions (range 1–9) was performed

per patient for a total of 132 procedures. The mean interval

from the baseline CT scan to the TACE procedure was

2.9 ± 2.5 days. The mean interval from the cTACE pro-

cedure to the follow-up CT scan was 29.1 ± 2.2 days.

For RECIST, the mean longest tumor diameter at

baseline and at 4 weeks after cTACE was 9.5 ± 3.8 and

9.1 ± 3.6 cm, respectively (P = 0.954). For mRECIST,

the mean longest enhancing tumor diameter at baseline and

at 4 weeks after cTACE was 8.4 ± 3.2 and 5.4 ± 3.6 cm,

respectively (P = 0.177). For EASL criteria, the mean

largest enhancing tumor area at baseline and at 4 weeks

after cTACE was 52.7 ± 49 and 25 ± 30 cm2, respec-

tively (P = 0.100). For qEASL, at baseline, the mean

whole tumor volume was 392.8 ± 432 cm3 and the mean

enhancing tumor volume was 110.9 ± 121.2 cm3. At

4 weeks after cTACE, the whole tumor volume did not

change significantly with a mean value of

351.8 ± 345.1 cm3 (P = 0.594), whereas the mean

enhancing tumor volume decreased to 78.7 ± 64.6 cm3

although the difference did not reach a statistical signifi-

cance (P = 0.094). Inter-reader agreement was excellent

or good for all measurements before and after TACE

(ICC = 0.963 and 0.970, respectively, for RECIST, 0.912

and 0.922, respectively, for mRECIST; 0.858 and 0.919,

respectively, for EASL criteria; 0.956 and 0.881, respec-

tively, for qEASL; P\ 0.01 for all).

Comparison of Survival According to Four

Categories

The outcome of tumor response and correlated survival

according to RECIST, mRECIST, EASL criteria and

qEASL are shown in Table 2. Using RECIST, most

patients were classified as SD (92.3%). As a consequence,

the survival outcome could not be compared among the

different response groups (Fig. 3A). When using mRE-

CIST and EASL criteria, patients who were classified as

SD dropped to 36.5 and 34.6%, respectively. mRECIST

and EASL criteria achieved a similar response rate

(CR ? PR) in 61.5 and 63.4%, respectively. Both assess-

ment methods identified 1 (2%) patient to PD. Inter-crite-

rion agreement showed a good agreement between

mRECIST and EASL criteria, as reflected by a k value of

0.776. However, the survival curves crossed or were very

close to each other for mRECIST and EASL criteria-based

response assessment (P[ 0.05 for each comparison)

(Fig. 3B, C). According to EASL criteria, the survival

difference between PR and SD showed a trend but did not

reach a statistical significance (20.4 vs. 8.6 months,

respectively, P = 0.057).

A poor correlation was found between qEASL and

RECIST (k = 0.054), mRECIST (k = 0.130) and EASL

criteria (k = 0.025). When using qEASL, no patient was

classified into the CR group. The number of patients who

were classified into PR was 8 (15.4%). On the other hand,

qEASL yielded a statistically significant or demonstrated a

trend toward difference in the probability of survival across

the different response categories (Fig. 3D). Notably,

qEASL identified 10 patients with PD at an early time point

after treatment and these patients showed a significantly

shorter median overall survival compared to those without

PD [7.6 months (95% CI 5.9–9.3) vs. 20.4 months (95% CI

12.5–28.3), respectively, P = 0.012]. Multivariate analysis

Table 1 Patient baseline demographics and clinical characteristics

(n = 52)

Variable No. (%)

Age/years, mean (range) 51 (21–81)

Gender

Male 41 (78.8%)

Female 11 (21.2%)

Etiology

Hepatitis B/C infection 47 (90.4%)

Other 5 (9.6%)

Cirrhosis

Yes 27 (51.9%)

No/unknown 25 (48.1%)

Child–Pugh class

A 51 (98%)

B (7) 1 (2%)

Ascites

No 48 (92.3%)

Yes 4 (7.7%)

No. of HCC nodules

1–2 45 (86.5%)

C 3 7 (13.5%)

Tumor size (cm), mean (range) 9.5 (4.5–24.6)

AFP (ng/dL)

\ 400 ng/dL 29 (55.8%)

C 400 ng/dL 23 (44.2%)

Baseline laboratory values, mean (range)

International normalized ratio (INR) 1.1 (0.9–1.5)

Albumin, g/L 39.5 (31.4–51.3)

Alanine aminotransferase (U/l) 49.6 (14–211)

Aspartate aminotransferase (U/l) 55.2 (19–166)

Total bilirubin, mg/dL 1 (0.4–2.3)

HCC hepatocellular carcinoma, AFP a-fetoprotein
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showed that disease progression was an independent pre-

dictor for overall survival with hazard ratio of 1.9 [(95% CI

1.1–3.3), P = 0.025] (Table 3). Similar uni/multivariate

analysis for survival prediction could not be performed

using RECIST, mRECIST and EASL criteria because too

few patients were categorized as progressive disease based

on these methods (Table 3). Figure 4 shows a patient with

different response outcomes according to these four

methods.

Comparison of Survival According to Response

and Non-response

With RECIST, 2 (4%) patients were classified as respon-

ders (objective response = CR ? PR) and 50 (96.2%) as

non-responders (SD ? PD). The corresponding survival

were 11.3 months (95% CI not available) versus

14.1 months (95% CI 4.4–23.8), respectively (P = 0.444).

With mRECIST, 32 (61.5%) patients were responders and

the remaining 20 (38.5%) patients were non-responders.

There was no difference in median overall survival

between these two groups [15.9 months (95% CI 5.5–26.3)

versus 8.6 months (95% CI 1.8–15.4), respectively,

P = 0.729]. According to EASL criteria, 33 (63.5%)

patients showed objective response and 19 (36.5%) patients

were non-responders. The median overall survival was 21.6

(95% CI 12.3–30.8) months and 8.9 (95% CI 6.2–11)

months for responders and non-responders, respectively

(P = 0.041). When using qEASL, 8 (15.3%) patients

showed response and 44 (84.6%) patients showed non-re-

sponse. The median overall survival was 38.2 (95% CI

17.8–58.6) months and 11.3 (95% CI 8.4–14.2) months for

responders and non-responders, respectively (P = 0.045).

Discussion

The main finding of our study is that qEASL could be

applied on CT images to assess tumor response and is not

only able to predict survival but also to identify tumor

progression at an early time point after cTACE.

Radiological assessment of response to anticancer

therapy is widely used as a surrogate marker for survival.

The prognosis of patients with HCC is closely related with

disease progression in the liver. Thus, it is of the utmost

importance to assess response early after treatment to

identify patients who benefit the most from therapy. Con-

ventional TACE is the gold standard and the most utilized

Table 2 The outcome of

radiological assessments and

overall survival according to the

respective tumor response

assessment method

Number of patients (N = 52) Median overall survival (months)

RECIST

Complete response 0 (0) –

Partial response 2 (4%) –

Stable disease 48 (92.3%) 15.9 (95% CI 5.6–26.2)

Progression disease 2 (4%) –

mRECIST

Complete response 6 (11.5%) 22.4 (95% CI 5–39.8)

Partial response 26 (50%) 14.1 (95% CI 8.5–19.7)

Stable disease 19 (36.5%) 10.6 (95% CI 4.1–17.1)

Progression disease 1 (2%) –

EASL

Complete response 6 (11.5%) 22.4 (95% CI 5.0–39.8)

Partial response 27 (51.9%) 20.4 (95% CI 10.7–30.1)

Stable disease 18 (34.6%) 8.6 (95% CI 6.1–11.1)

Progression disease 1 (2%) –

qEASL

Complete response 0 (0) –

Partial response 8 (15.4%) 28.2 (95% CI 17.7–58.6)

Stable disease 34 (65.3%) 12.3 (95% CI 6.7–17.9)

Progression disease 10 (19.2%) 7.6 (95% CI 5.9–9.3)

RECIST response evaluation criteria in solid tumors; mRECIST modified response evaluation criteria in

solid tumors, EASL European Association for the Study of the Liver, qEASL quantitative European

Association for the Study of the Liver

Median overall survival could not be calculated because the number of patients for this classification was

too small

438 Y. Zhao et al.: Which Criteria Applied in Multi-Phasic CT Can Predict Early Tumor Response…

123



treatment modality for intermediate-stage HCC patients

[1]. Lipiodol deposition in tumor tissues limits the relia-

bility of contrast enhancement on CT images. This is

particularly true in lesions showing a high or inhomoge-

neous uptake of Lipiodol. However, since CT is the most

frequently employed and available diagnostic modality

worldwide, it is crucial to be able to accurately assess

tumor response after cTACE regardless of the presence and

degree of Lipiodol deposition.

Currently used tumor response evaluation methods,

RECIST, mRECIST and EASL criteria, rely heavily on the

radiologist’s judgment on how to perform the measure. The

choice of the target lesion, the CT slice level into the lesion

where the measure is performed and how the measure is

performed are the factors that are prone to error, especially

when multiple readers and multiples time points are con-

sidered such as in clinical practice. Moreover, in hetero-

geneously enhancing tumors with a background level of

attenuation (spontaneous background level of attenuation

and attenuation due to Lipiodol), the use of conventional

1-/2-D-based measurements may be even more challeng-

ing. These problems are overcome when using a quanti-

tative approach such as qEASL which analyzes the whole

tumor in 3-D. Moreover, qEASL employs image subtrac-

tion between pre- and post-contrast medium injection

images to mitigate the contribution of background

Fig. 3 Survival of 52 patients, as determined using A RECIST,

B mRECIST, C EASL and D qEASL response assessment methods.

Data were stratified into four response categories of complete

response (CR), partial response (PR), stable disease (SD) and

progressive disease (PD). Note that qEASL was the only method

capable of stratifying different tumor response correlating survival
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attenuation (Fig. 1). This allows for accurate tumor

response assessment of remaining enhancing viable tumor

independently of the pattern of enhancement and the

degree of Lipiodol deposition.

Our study showed that RECIST is not a suitable re-

sponse assessment method following TACE, confirming

previously published results [9, 10, 12, 13, 21]. Indeed

when using RECIST, more than 90% patients were clas-

sified as SD in our study, thus no stratification between

responders and non-responders was possible and no sur-

vival data could be calculated. mRECIST failed to predict

survival across the different response categories and in the

objective response analysis. Interestingly, EASL criteria

performed better than mRECIST, despite a similar

response rate [CR ? PR (in 61.5 and 63.5% for mRECIST

and EASL criteria, respectively)]. EASL criteria was able

to predict survival between responders and non-responders

(P = 0.041). Taken together, these results highlight the

difficulty to assess tumor response when using mRECIST

and EASL criteria as the identification of underlying viable

enhancing tumor may be hampered by Lipiodol deposition

as shown by a high number of patients classified for both

methods as responders. This directly translates into a low

number of patients classified as PD. On the other hand,

qEASL was not only able to accurately predict survival

between responders and non-responders but also achieved

Table 3 Univariate and

multivariate analysis

considering the overall survival

Variable Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age 0.976 0.956–0.996 0.019 0.977 0.956–0.998 0.032

Gender (male/female) 0.929 0.459–1.881 0.838

Etiology (hepatitis infection/other) 1.021 0.398–2.622 0.965

AFP (C 400/\ 400) 3.206 1.674–6.143 \0.001 2.947 1.427–6.086 0.003

Child–Pugh (B/A) 0.047 0–7.802 0.419

Ascites (yes/no) 0.947 0.290–3.088 0.928

Tumor size (C 5 cm/\ 5 cm) 1.662 0.919–3.007 0.093 1.065 0.432–2.627 0.892

Tumor number (C 3/1–2) 1.555 0.648–3.732 0.323

qEASL (PD vs. non-PD) 2.369 0.993–5.652 0.052 1.880 1.082–3.267 0.025

HR hazard ratio CI confidence interval AFP a-fetoprotein, PD progressive disease, qEASL quantitative

European Association for the Study of the Liver

Fig. 4 The different outcomes of tumor response according to the

four criteria in a patient with a poor survival time of 4.9 months:

stable disease (SD) for RECIST, partial response (PR) for RECIST

and mRECIST and progression disease (PD) for qEASL. A–D The

baseline scans according to the RECIST, mRECIST, EASL and

qEASL, respectively. (E–H) The follow-up scans at 4 weeks after

TACE treatment according to these four criteria
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better survival curves separation when compared to

mRECIST and EASL criteria (Fig. 3). Previous validation

works have reported high inter-reader reproducibility of

this method and its radiological-pathological accuracy

[6, 7, 28]. More importantly, qEASL was the only method

able to identify disease progression which demonstrated to

be associated with poor survival on multivariate analysis.

Similar multivariate analysis could not be performed when

using the other response criteria, in particular EASL cri-

teria, because too few patients were categorized as PD.

Our study has some limitations. First, potential bias may

exist because of the retrospective nature and relatively

small sample size. However, we included a prospectively

collected and homogeneous patient cohort with interme-

diate-stage HCC and well-preserved liver function, which

minimized the impacts of other factors on prognosis. Fur-

ther studies with a prospective design and larger sample

size should be conducted to confirm the advantage of

qEASL over the other response assessment methods on CT

images following cTACE. Second, histopathology was not

available when the radiological assessments were per-

formed. However, a previous study on the rabbit model

showed that tumor volume measured using segmentation

software on CT images (similar software than the one used

in our study) had a strong correlation with the actual tumor

volume measured on pathology [22]. Moreover, it was

demonstrated that 3-D segmentation of HCC lesions trea-

ted with TACE provided high volumetric concordance

across MR, cone-beam CT and multi-detector CT images

[30]. Further studies are needed to explore the performance

of qEASL on CT images in determining the extent of

pathological tumor necrosis. Third, our study was designed

to investigate response on CT early after therapy (i.e., after

the first cTACE). Future studies are needed to investigate

the survival prediction ability of qEASL after multiple

treatments. Fourth, 3-D quantitative tumor response

assessment was performed using one platform. Further

studies comparing the prediction abilities of different 3-D

quantitative platforms are needed.

In conclusion, qEASL could be applied on CT images to

assess tumor response in HCC patients following cTACE

and is a more sensitive biomarker to predict survival and

identify tumor progression than RECIST, mRECIST and

EASL criteria at an early time point after cTACE.
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