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ABSTRACT

Introduction. Response Evaluation Criteria in Solid Tumors,
version 1.1 (RECIST 1.1), may underestimate activity and does
not predict survival in patients with hepatocellular carcinoma
(HCC) treated with sorafenib. This study assessed the value of
alternative radiological criteria to evaluate response in HCC
patients treated with sorafenib.
Patients and Methods. A retrospective blinded central
analysis was performed of computed tomography (CT) scans
from baseline and the first tumor evaluation in consecutive
patients treatedwith sorafenib over a 2-year period in a single
institution. Four different evaluation criteria were used: Choi,
European Association for the Study of the Liver (EASL),
modified RECIST (mRECIST), and RECIST 1.1.
Results. Among82HCCpatients, 64withBarcelonaClinic Liver
Cancer stage B-C were evaluable with a median follow-up of

22 months. Median duration of sorafenib treatment was 5.7
months, and median overall survival was 12.8 months. At the
time of the first CT scan, performed after a median of 2.1
months, Choi, EASL, mRECIST, and RECIST 1.1 identified 51%,
28%, 28%, and 3% objective responses, respectively. Re-
sponders by all criteria showed consistent overall survival.20
months. Among patients with stable disease according to
RECIST 1.1, those identified as responders by Choi had
significantly better overall survival than Choi nonresponders
(22.4 vs. 10.6 months; hazard ratio: 0.43, 95% confidence
interval: 0.15–0.86, p5 .0097).
Conclusion. Choi, EASL, and mRECIST criteria appear more
appropriate than RECIST 1.1 to identify responders with long
survival among advanced HCC patients benefiting from
sorafenib. The Oncologist 2014;19:394–402

Implications for Practice: In patients with advanced hepatocellular carcinoma, novel radiological criteria such as Choi, European
Association for the Study of the Liver, andmodified Response Evaluation Criteria in Solid Tumors (mRECIST) performedwithin the
first 3 months of treatment with sorafenib appear more appropriate than RECIST 1.1 to identify responders with long survival.
Alternative response criteria may be useful in routine practice to justify continuing sorafenib among the vast majority of patients
withstablediseasebyRECIST1.1.As tumor responsebyRECIST1.1doesnotcorrelatewellwithoverall survival, thosenovel criteria,
being better correlated with patient outcome, warrant further evaluations in prospective clinical trials exploring novel
antiangiogenic agents in patients with advanced hepatocellular carcinoma.

INTRODUCTION

Response Evaluation Criteria in Solid Tumors, version 1.1
(RECIST 1.1), is currently approved as a standard method for
the evaluation of tumor response in patients in clinical trials
and is considered tobea surrogateendpoint topredict survival
outcome in patients with solid tumors [1–3]. Results from one
phase II [4] and two large multicenter, double-blind, placebo-
controlled randomized phase III trials have led to worldwide
approval of sorafenib (Nexavar; Bayer, Leverkusen, Germany,

http://www.bayer.com) [5, 6], establishing it as a standard of
care prolonging overall survival (OS) in patientswith advanced
hepatocellular carcinoma (HCC).TheOS benefit of sorafenib in
HCC is in contrast to the low objective response rate of ,5%
by RECIST 1.1, raising concerns as to the appropriateness
of these criteria as a surrogate endpoint for survival in HCC
[4–6]. Similar observations have been reported with sunitinib
(Sutent; Pfizer Inc., New York, NY, http://www.pfizer.com),
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another antiangiogenic multikinase inhibitor, when used to
treat patients with advanced HCC. In four studies using
sunitinib, three phase II and one phase III, objective response
rates ranged from 2% to 3% according to RECIST, which does
not reflect the OS benefit seen with this agent [7–10]. Taken
together, these reports suggest that antitumor activity of
targeted therapies is not adequately captured by RECIST 1.1,
which is determined on the sole basis of tumor dimensions
[4–6]. Investigation of alternative radiological methods to
assess advanced HCC is thus warranted [11].

Other treatment modalities of HCC such as chemoembo-
lization have previously faced similar concerns and led to the
development of alternative criteria. These criteria were de-
signed to evaluate the effects of treatment on tumor vas-
cularization based on modifications observed in tumors on
contrast-enhanced phase scans. As a result, the European
Association for the Study of the Liver (EASL) decided that
measuring modifications in the surface of the viable part of
the tumor was the optimal method to assess response to
chemoembolization [12]. More recently, Lencioni and Llovet
developed modified RECIST (mRECIST), restricting measure-
ments to arterially enhanced parts of the tumor only [13]. A
recent study suggested that mRECIST might be a potential
prognostic factor for survival in advancedHCCpatients treated
with sorafenib [14]. The use of imatinib, another targeted
agentused ingastrointestinal stromal tumors (GIST) prompted
Choi et al. to develop composite criteria integrating changes
in both tumor size and tumor density, the latter parameter
reflecting areas of tumors with reduced vascularization [15,
16]. The Choi criteria appeared to accurately predict imatinib
efficacy inGIST andwere also shown to be an attractive option
to evaluate drug effects in HCC [17].

Although imperfect, RECIST remains the only Food and
Drug Administration- and EuropeanMedicines Agency (EMA)-
validated response criteria to evaluate targeted therapies in
advanced HCC. In the current analysis, we aimed to assess
alternative criteria including Choi, EASL, and mRECIST, correlat-
ing response at the time of first evaluationwith OS in advanced
HCC patients treated with sorafenib.

PATIENTS AND METHODS

Patient Selection
This retrospective monocentric cohort analysis included con-
secutive patients with advanced HCC treated with sorafenib in
our institution between 2007 and 2009. The Ethics Committee
of theParisVIIUniversity approvedthis study inaccordancewith
institutional and national guidelines.To be eligible for this study,
patients had to have pathologically proven HCC or have been
diagnosed according to the European Association for the Study
of the Liver/EuropeanOrganisation for Research andTreatment
of Cancer criteria [18], and had to have received a minimal
cumulative duration of 4 weeks of sorafenib. Patients had to
have undergone baseline thoracic and abdominal-pelvic com-
puted tomography (CT) scans within 6 weeks before sorafenib
and had the first tumor evaluationwith a second CTscan within
1–3 months after sorafenib initiation. Patients with CT scans
that were nonevaluable for technical reasons or with scans
performed outside the predefined interval were excluded.
Patientswithtarget lesions located inapretreatedarea,absence
of target lesions, or withmissing data due to early death or loss
of follow-up were also excluded.

The decision to treat patients with sorafenib was made by
an institutional multidisciplinary tumor board composed of

Figure 1. Baseline and post-treatment evaluation of response using RECIST 1.1 and alternative radiological criteria. Typical example of
response evaluation by RECIST 1.1, mRECIST, EASL criteria, and Choi criteria in a patient with hepatocellular carcinoma treated with
sorafenib.

Abbreviations: EASL, European Association for the Study of the Liver; HU, Hounsfield unit; mRECIST, modified Response Evaluation
Criteria in Solid Tumors; RECIST 1.1, Response Evaluation Criteria in Solid Tumors, version 1.1.
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hepatologists,oncologists,pathologists,hepatic surgeons,and
interventional radiologists, according to EMA Good Practice
Recommendations. Sorafenib therapy was selected when no
surgical or locoregional approaches were indicated in patients
with good performance status (Eastern Cooperative Oncology
Group performance status 0-2) and adequate liver function
(Child-Pugh score# B7). All patient data were obtained from
a prospectively collected clinical and pathological database
dedicated to HCC patients.

Treatment and Clinical Follow-Up
Sorafenib was initially given at 800 mg daily (400 mg b.i.d.).
After initiating sorafenib, patientswere followed on amonthly
basis to assess clinical symptoms and tolerance. If needed,
doses were adapted according to type and severity of specific
toxicities. Dose modifications followed good clinical practice
and international recommendations [19]. Sorafenib was
maintained until confirmed disease progression or unaccept-
able toxicity.

CT Scan Procedures
All contrast-enhanced dual-phase CT scans of the chest,
abdomen, and pelvis were performed on a 64-section multi-
detector CT scanner (LightSpeed VCT; GE Healthcare, Milwau-
kee,WI, http://www.gehealthcare.com). Technical parameters
for CT were as follows: slice thickness and reconstruction
interval, 1.25 mm; 120 kVp variable milliamperage determined
by x-, y-, and z-axis dose modulation. A nonionic iodinated
contrast agent containing 350 mg of iodine mL-1 was ad-
ministered intravenously (120 mL) through a 16- to 18-gauge
catheter via an antecubital vein at 4 mL per second. No oral
contrast medium was given. After an unenhanced abdominal
scanning, arterial and portal venous phase acquisitions were
obtained at 35 and 80 seconds after initiation of contrast
medium injection, respectively.

Identification of Target/Nontarget Lesions
At baseline, target lesions had to be at least $1 cm for the
largest diameter, and nontarget lesions could have a largest
diameter of,1 cm. Malignant portal vein thrombosis, malig-
nant ascites or hydrothorax (confirmed by cytologic examina-
tion of the fluid), and lymph nodes#2 cmwere considered as
nontarget lesions. According to RECIST 1.1 recommendations,
a maximum of two lesions per organ and five lesions in total
were selected [2]. For Choi, EASL, and mRECIST, the same
number of lesions was selected [12, 13, 15]. Lesions with no
intratumoral arterial enhancement were not considered as
target lesions. Nonhepatic lesions could be considered as
target lesions.

Tumor Response Assessment According to
Alternative Criteria
For each target lesion, the maximum diameter, the maximum
unidimensional enhanced diameter, the product of the
bidimensional enhanced diameters, and tumor density were
measured on the arterial phase acquisition. Using these
parameters, we evaluated response according to Choi, EASL,
mRECIST, and RECIST 1.1 criteria [2, 12, 13, 15]. Figure 1
displays a typical example of tumor evaluation using those
criteria. In cases of multinodular enhancement, the largest

zone of continuous enhancement was measured. Tumor
density was evaluated by selecting a circular region of interest
(ROI) on target lesions at baseline and at the time of first
evaluation under sorafenib. As no guideline currently exists
regarding the use of Choi criteria in HCC, we adapted the
original Choi criteria to fit with specific patterns of HCC. First,
becauseHCCarehypervascular tumors, densitywasmeasured
on the arterial phase instead of the portal phase, as originally
described in GIST. Furthermore, because most advanced HCC
treated with sorafenib are bulky, heterogeneous, and some-
times multilocular tumor masses often associated with
vascular invasion,manual freehand drawing of tumormargins
fordelineationofROI, originallydescribedbyChoietal. inGIST,
was adapted for HCC. Instead of using a freehand drawing of
ROI, a circular ROI was drawn on the axial plane to include the
largest surface of the target lesion that presented density
modifications in treated tumors compared with the baseline.
Then, when the density evaluation was performed on more
than one lesion, the global density was calculated as themean
density of the target lesions.We also randomly recollected CT
scans at the baseline and following sorafenib treatment in 39
patients to compare freehand-drawn ROI with circular ROI
covering the largest possible surface of the tumor.

Table 1. Patient and baseline characteristics

Characteristic n5 64

Age (yr)

Median 62

Range 37–77

Sex, male/female 56/8

Etiology, n (%)

Viral 31 (48)

Alcohol 15 (23)

Other 18 (29)

Child-Pugh score, n (%)

A 51 (80)

B 13 (20)

BCLC stage, n (%)

B 20 (31)

C 44 (69)

Pathological diagnosis, n (%) 56 (88)

Extrahepatic spread, n (%) 4 (6)

Prior treatments, n (%)

None 20 (31)

Surgery 17 (27)

Radio frequency ablation 3 (5)

Transarterial chemoembolization 24 (37)

Duration of sorafenib (months)

Median 5.7

Range 1.7–16.5

Time between initiation and first evaluation (months)

Median 2.1

Range 1.4–3.0

Abbreviation: BCLC, Barcelona Clinic Liver Cancer.
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Radiological Evaluation Procedure
A local and central radiological review for imaging interpreta-
tion was composed by two radiologists. Readers were ex-
perienced abdominal radiologists trained in the HCC field and
evaluation of tumor response for 7 and 10 years, respectively.
Prior to the study, readers evaluated Choi criteria in a training
set of 10 patients who were not included in this study. A
debriefing session was used to address difficulties, adopt
a common attitude on selecting relevant target lesions, select
slice levels, and apply Choi criteria. Then, each radiologist
separately performed an independent reading of all CT scans
and was blinded to the patients’ clinical data and outcome.
Followingthe independent readingbythetworadiologists,any
discrepancies between their evaluations were adjudicated by
a common third reading of the two readers to reach a final
consensus on best response.

For each radiologist, target lesions were selected in-
dependently by each radiologist on the baseline CTscanon the
basis of size and suitability for accurate measurement and
could thus differ between radiologists. Intrahepatic lesions
were also classified as nodular or infiltrative [13] for accurate
repetitive measurement, and presence of tumor thrombosis
was reported.

Overall Survival and Statistical Analysis
OS was measured from the date of initiation of sorafenib to
the date of death, regardless of the cause, or censored at the
time of the last follow-up visit. Survival curves were prepared
using the Kaplan-Meiermethod andwere compared using the
log-rankMantel-Cox test in accordancewith the final response
outcomes. Cox proportional hazards models were carried out
to compare survival according to radiological responses using
Choi, EASL, mRECIST, and RECIST 1.1. All statistical tests were
two-tailed. A p value of .05 was considered significant and
95% confidence intervals (CI) were calculated. All analyses
wereperformedusingtheSPSSsoftware(version17.0; IBMCorp.,
Armonk,NY, http://www-01.ibm.com/software/analytics/spss/).
OS was correlated to response determined at the first tumor
evaluation for all four evaluation criteria.

A Fisher’s exact test was used for comparison of fre-
quency. Inter-reader agreements were analyzed using

weighted k statistics. Coefficients between 0.00 and 0.20
indicated slight agreement; 0.21 and 0.40, fair agreement;
0.41 and 0.60, moderate agreement; 0.61 and 0.80, sub-
stantial agreement; and 0.81 and 1.00, almost perfect
agreement [20, 21].

RESULTS

During the period of this analysis, 82 patients were treated
with sorafenib foradvancedHCC inour institution.A total of 64
patients (56 men, 8 women) met the eligibility criteria and
were included in the study. The remaining patients were
excluded from the analysis because of nonevaluable CT scans
for technical reasons or because evaluations were performed
out of the predefined interval (eight patients), target lesions
were located in a pretreated area (four patients), absence of
target lesions (twopatients), andmissingdatabecauseofearly
death or loss of follow-up (four patients). Patient demograph-
ics and baseline disease characteristics are presented in
Table1.HCCdiagnosiswasconsistentwith theBarcelonaClinic
Liver Cancer (BCLC) group and American Association for the
Study of the Liver Diseases guidelines [12, 18]. In the majority
of patients (88%), the diagnosis of HCC was histologically
confirmed. The vast majority of patients presented with liver
tumors only (58/64 patients, 91%), and the others had
extrahepatic spread (lung: 6/64, 9%; peritoneum: 2/64, 3%).
The median duration of treatment with sorafenib was 5.7
months (range 1.7–16.5 months). Five patients (7.8%) re-
quired dose reduction to 400 mg per day because of side
effects (grade 3 asthenia, grade 2 diarrhea), the treatment
being furthermaintainedup toCTscanevaluation.Themedian
time between treatment initiation and the first tumor
evaluation was 2.1 months (range 1.4–3.0 months). Median
duration of the follow-up was 22.2 months (range 1.7–41.2
months).

Variability of Tumor Evaluation Among Radiologists
From the blinded readings of all CT scans, differences in
response measurements between two radiologists were
predominantly observed when evaluating bulky tumors with
central necrosis or tumors with infiltrative portions and/or
vascular involvement. The inter-reader agreements for Choi,

Table2. Response rates according to evaluation criteria foreach reader andafter consensuswith inter-readeragreement (n564)

Criterion

Choi criteria EASL mRECIST RECIST 1.1

R1a R2a Ca R1b R2a Ca R1b R2a Ca R1b R2a Ca

OR, n (%) 32 (50) 26 (41) 33 (51) 13 (21%) 16 (25%) 18 (28) 12 (19) 15 (23) 18 (28) 2 (3) 1 (2) 2 (3)

SD, n (%) 15 (23) 16 (25) 13 (20) 31 (49%) 27 (42%) 27 (42) 34 (54) 31 (49) 29 (45) 41 (65) 46 (72) 43 (67)

PD, n (%) 17 (27) 22 (34) 18 (29) 19 (30%) 21 (33%) 19 (30) 17 (27) 18 (28) 17 (27) 20 (32) 17 (26) 19 (30)

Inter-reader
agreement, n (%)c

43 (67) 50 (79) 46 (73) 54 (84)

Weighted k (95% CI) 0.58 (0.32–0.66) 0.77 (0.54–0.83) 0.67 (0.40–0.75) 0.65 (0.45–0.84)

Bold values correspond to consensus response and k values summarizing results.
aEvaluation of 64 patients.
bEvaluation limited to 63 patients, 1 considered nonevaluable for reader 1 because of an infiltrative pattern.
cNumber (percentage) of similar evaluations by the two readers during the independent imaging review.
Abbreviations: C, readers in consensus; CI, confidence interval; EASL, European Association for the Study of the Liver; mRECIST: modified Response
EvaluationCriteria in Solid Tumors;OR, objective response; PD, progressivedisease;R1, reader1; R2, reader 2; RECIST1.1: ResponseEvaluationCriteria in
Solid Tumors, version 1.1; SD, stable disease.
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EASL, mRECIST, and RECIST 1.1 were 67%, 79%, 73%, and 84%,
respectively.Weighted k coefficients for Choi, EASL, mRECIST,
and RECIST 1.1 criteria were 0.58 (95% CI: 0.32–0.66), 0.77
(95%CI:0.54–0.83), 0.67 (95%CI:0.40–0.75), and0.65 (95%CI:
0.45–0.84), respectively. Inter-reader variability for all criteria
is summarized in Table 2.

Comparisons of Responses Using Different Methods
According to RECIST 1.1, only 2/64 patients (3%) had an
objective response (OR). Using RECIST 1.1, the majority of
patients (43/64 patients, 67%) had stable disease (SD). Choi
criteria identified 33/64 (51%) patients with OR, and EASL
and mRECIST both identified 18/64 (28%) patients with OR.
Choi criteria identified significantly more responders than
mRECIST and EASL criteria (p 5 .011). Incidence of patients
with progressive disease (PD) was similar in the four groups:

29% for Choi criteria, 30% for EASL, 27% for mRECIST, and
30% for RECIST 1.1. Among patients classified as PD, six
developed new lesions, and the others showed an increase in
tumor size according to the different criteria. Distributions of
consensus responses according to Choi, EASL, mRECIST, and
RECIST 1.1 are summarized in Table 2. The two patients with
response by RECIST 1.1 were among the 18 patients who
responded according to EASL andmRECIST, all of whomwere
in turn among the 33 patients with OR according to Choi
criteria.

To detect whether the circular ROI used in this study could
have impacted the accuracy of density evaluations, we
compared freehand ROI delineating the area of the tumor
with circular ROI covering the largest possible surface of the
tumor in 39 random patients (Fig. 2A). This analysis showed
minimal discrepancies between freehand and circular ROI.

Figure2. Comparisonof freehandandcircularROIdelineationof the tumor fordensityevaluation. (A):Representativeexamplesof target
lesions at baseline and postsorafenib using a “circular ROI”placed over the tumor and a “freehand ROI”drawingmanually delineating the
tumor margins before and after sorafenib. (B): Scatterplot comparing “freehand ROI” and “circular ROI” for the evaluation of tumor
density in patients with advanced hepatocellular carcinoma before and after treatment with sorafenib.

Abbreviations: HU, Hounsfield unit; ROI, region of interest.
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Our analysis demonstrated that the two methods are highly
correlated (Fig. 2B; R25 0.98, p, .0001). Similarly, the derived
analysis investigating percentage of variations in density
induced by sorafenib exposure using “circular ROI” versus
“freehand ROI” also showed that the two methods are
consistent from one to the other with a very high degree of
correlation (R2 5 0.94, p , .0001). From this analysis, we
concluded that freehand ROI and circular ROI resulted in
very similar evaluations of tumor density.

Survival Analysis According to Response Criteria
The median OS of patients treated with sorafenib was 12.8
months (range2.1–40.1) for theoverall cohort (Fig. 3A).TheOS
rates at 6, 12, and 24 months were 75.9%, 51.2%, and 30.9%,
respectively. Survival curves according to Choi, EASL,mRECIST,
and RECIST 1.1 criteria are shown in Figure 3B–3E. Median OS
was $20 months in patients with OR and #6.1 months in
patients with PD according to all four criteria (Table 3). As
shown in Table 3, comparisons of hazard ratios (HRs) showed
significant differences (ps , .05) between patients with OR
versus PD and SD versus PD using Choi, EASL, mRECIST, and

RECIST 1.1 criteria. No significant OS differences were detect-
able between patients with OR and SD using EASL, mRECIST,
and RECIST 1.1 criteria, whereas significant differences were
detectablebetweenpatientswithORandSDusingChoicriteria
(HR: 0.46, 95% CI: 0.15–0.97, p 5 .04). Thus, OR using Choi
criteria appears to better predict OS as compared with other
methods in HCC patients treated with sorafenib.

Choi Criteria in Patients With Stable Disease by
RECIST 1.1
We then performed an analysis in patients with SD by RECIST
1.1, evaluating the proportion of these patients who could be
reallocated to OR using other criteria (Fig. 4A). Among 43
patients with SD by RECIST 1.1, 31 patients (72.1%) had OR
using Choi criteria and 12 patients (27.9%) were nonrespond-
ers (SD or PD). Among patients with SD by RECIST 1.1 (median
OS was 16.6 months), those with OR using Choi criteria had
a median OS of 22.4 months, which was significantly higher
than that of nonresponders (median OS of 10.6 months; HR:
0.43, 95% CI: 015–0.86, p 5 .0097; Fig. 4B). There was no
imbalance for classical prognostic factors (performance status,
alpha-fetoprotein level, and portal vein invasion) between
responders and nonresponders by Choi criteria. The realloca-
tion of patientswith SDby RECIST 1.1 to the groups of patients
with OR by Choi criteria appears to be an efficient means of
identifying patients with favorable outcome when treated
with sorafenib.

DISCUSSION

More than 50%of patients suffering fromHCC presentwith an
advanced disease according to the BCLC staging system [18,
22], some of whom will be offered treatment with sorafenib.
In routinepractice, thedecision tomaintainor stopsorafenib is
primarily based on continuous reassessment of safety and
efficacy. Unfortunately, routine evaluations of response based
on RECIST 1.1 are often lacking in precision, as most patients
will experience minimal changes in the one-dimensional
measurementsof target lesions. Inclinical trialswithsorafenib,
the size-based RECIST criteria identify only 2.0%–3.3% of
patientswithpartial response [5,6], thevastmajorityofpatients
with minimal changes in target lesions being considered as
having stabledisease. Seekingobjective criteria that could allow
identification of patients with maximal benefit from sorafenib
in routine practice and in clinical trials continues to be a major
clinical issue.Here,wepresent ahomogenous groupofpatients
with advanced HCC treated with sorafenib and evaluated in
a single center with the same contrast-enhanced CT scan
technique, comparing three alternative radiological evalua-
tion criteria (Choi, EASL, and mRECIST) with RECIST 1.1. We
showed that alternative enhancement-based criteria identi-
fied more responders than RECIST 1.1. These results are
consistent with previous data published by Edeline et al.,
who identified 22.6% OR using mRECIST [14]. They are also
consistent with previously published studies using trans-
arterial chemoembolization showing no difference between
mRECIST and EASL [23, 24, 25]. In our study, it is noteworthy
that Choi criteria identified significantly more responders
than EASL and mRECIST criteria.

Interobserver agreement with weighted k values was
moderate for Choi (0.58) and substantial for EASL (0.77),

Figure 3. Kaplan-Meier overall survival of patients with hepato-
cellular carcinoma treated with sorafenib. (A): Overall survival
(solid blue line) and 95% confidence interval (dotted lines) of
patients treated with sorafenib. Overall survival was evaluated
according to Choi (B), European Association for the Study of the
Liver (C), modified Response Evaluation Criteria in Solid Tumors
(D), and Response Evaluation Criteria in Solid Tumors, version 1.1
(E). (B–E): Patients with objective responses (green), stable
disease (blue), and progressive disease (red). p values compared
the three groups using log-rank tests for trends.
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mRECIST (0.67),andRECIST1.1 (0.65).Thisobservation reflects
the difficulties involved in performing objective tumor as-
sessment by alternative imaging criteria that appear more
likely to be influenced by tumor heterogeneity either at base-
line or after sorafenib therapy. Moreover, advanced HCC
treated with sorafenib display more bulky tumors than
intermediate-stage HCC treated with transarterial chemo-
embolizationorother locoregional therapies, further increasing
the likelihood of tumor heterogeneity. In addition, advanced
tumors may be more infiltrative, with vascular invasion or
extrahepaticdisease, ascites, and/or lymphnode involvement,
making evaluation of multiple target lesions more difficult.
After initiationof sorafenib treatment, tumor responsemaybe
heterogeneous: few target lesions may respond to treatment,
nonvisible small baseline targets may be easier to identify
afterward because of hypodensity, tumor thrombosis may
increase in size while showing reduced enhancement, or
dissociated responses may be observed between liver lesions
and extrahepatic metastases.Moreover, Choi criteria could be
difficult to apply because of a degree of variation in the
interpretation of the initially published criteria in GIST. In our
study, Choi criteria were different from those originally
described in GIST. Tumor density that is routinely performed
during the portal phase in GISTwas done on the arterial phase
in HCC. Furthermore, instead of manually drawing the tumor
margins, circular ROI were used and placed on the largest
possible area covering the target lesions in HCC. Applying Choi
criteria with those modifications, we did not experience
particular difficulty in selecting target lesions for all HCC
patientsof this study.Comparisonsbetween freehanddrawing
and circular ROI selection over the largest tumors showed that

density evaluations were significantly correlated, providing
very similar readouts. These data showed that freehand-
drawnROIwas not superior to circular ROI to evaluate tumor
density, the latter being sufficiently accurate to predict
survival.Moreover, circularROIwaseasierandquicker toapply
in routine practice. The percentage of agreement between
trained radiologists was lower using the alternative contrast-
based criteria compared with the simpler criteria used in
RECIST 1.1. Several parametersmay have contributed to inter-
reader variability, such as the choice of CT scan slice level
and the selection of target lesions. In our experience, reasons
why target selection may have varied between readers
appeared mainly related to the complex shape and heteroge-
neity of advanced HCC, especially in cases of multilocular
tumors.

In this study, patients with OR by RECIST 1.1 and mRECIST
had better survival outcomes compared with patients with
SD and PD, although themagnitude of differences in this small
patient population did not allow detection of a significant OS
differencebetweenpatientswithORandSD. Edeline et al. [14]
also showed that the majority of patients with OR according
to RECIST 1.1 andmRECIST had improved OS. In our study, OR
by Choi criteria observed at the first tumor evaluation was
associated with significantly better outcome because a higher
OS was reported in comparison with that of patients with SD.
We further showed that responders identified by Choi criteria
had significantly higher survival compared with nonresponders
among patients with SD by RECIST 1.1. Our independent
analysis is consistent with published results showing that
mRECIST can correlate with OS in a similar population [14];
however, to our knowledge, this is the first demonstration that

Table 3. Comparisons of overall survival in patients with hepatocellular carcinoma treated with sorafenib according to their

response using each criteria

Criterion

Median overall survival (months) Curve comparisons

OR SD PD Hazard ratio 95% confidence interval p

Choi 22.4 11.5 5.6

OR vs. SD 0.46 0.15–0.97 .04

OR vs. PD 0.15 0.01–0.06 ,.0001

SD vs. PD 0.32 0.09–0.48 .001

EASL 25.5 13.3 6.1

OR vs. SD 0.53 0.25–1.15 .11

OR vs. PD 0.23 0.06–0.36 ,.0001

SD vs. PD 0.40 0.14–0.69 .005

mRECIST 25.5 13.3 5.7

OR vs. SD 0.55 0.27–1.18 .13

OR vs. PD 0.19 0.03–0.22 ,.0001

SD vs. PD 0.29 0.06–0.38 ,.0001

RECIST 1.1 Not reached (.20) 16.6 6.1

OR vs. SD 0.34 0.07–1.68 .19

OR vs. PD 0.25 0.07–0.91 .04

SD vs. PD 0.32 0.08–0.42 .0001

Log-rank Mantel-Cox tests were used for comparison.
Abbreviations: EASL, European Association for the Study of the Liver; mRECIST, modified Response Evaluation Criteria in Solid Tumors; OR, objective
response; PD, progressive disease; RECIST 1.1, Response Evaluation Criteria in Solid Tumors, version 1.1; SD, stable disease.
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response by Choi criteria could correlate with OS in HCC
patients treated with sorafenib. Because only three patients
(5%) received second-line systemic therapy, the overall
survival data are likely to reflect almost exclusively the effect
of sorafenib.

CONCLUSION
In summary, Choi, EASL, and mRECIST criteria appear more
appropriate than RECIST 1.1 to identify responders with long
survival benefiting from sorafenib in advanced HCC. These
alternative criteria warrant further evaluation in addition to
RECIST 1.1 in prospective trials exploring antiangiogenic drugs
in advanced HCC.
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Abstract

Background. Sorafenib has proven survival benefits in patientswith advancedhepatocellular carcinoma (HCC).The viability
of continuing sorafenib at a higher dosage in patients who experienced radiologic disease progression was investigated.
Methods. Patients who experienced disease progression while on sorafenib 400 mg twice daily were randomized to
sorafenib 600 mg twice daily (n = 49) or best supportive care (n = 52).The primary end point was progression-free survival
(PFS). Time to progression, overall survival, and safety were also evaluated.
Results.Thestudydidnotmeet itsprimaryendpoint.Thedifference inPFSbetweenthesorafenibarm(3.91months) and the
best supportive care arm (2.69 months) did not reach statistical significance (p = .086). Adverse events were mainly grade
1–2 and similar across both groups. In the sorafenib arm, themost frequent eventswere diarrhea (80%), weight loss (75%),
fatigue (67%), hand-foot-skin reaction (49%), abdominal pain (37%), and stomatitis (26%).
Conclusion. Escalated-dose sorafenib in patients with advanced HCC who progressed while on sorafenib failed to provide
any clinical benefit. Second-line treatment still remains an open issue to be explored in appropriate clinical trials.
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