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To (a) evaluate the response of hepatocellular carcinoma
(HCC) to chemoembolization after initial nonresponse, as
determined with European Association for the Study of
the Liver (EASL) criteria and modified Response Evalu-
ation Criteria in Solid Tumors (mRECIST), and (b) com-
pare posttreatment survival of initial nonresponders ver-
sus that of initial responders.

The institutional review board approved this retrospective
study, which was compliant with HIPAA. A total of 116 con-
secutive patients (96 men, 20 women; mean age, 63 years)
with unresectable HCC who underwent at least two che-
moembolization procedures were included. The chemoem-
bolization mixture consisted of 100 mg of cisplatin, 50 mg
of doxorubicin, and 10 mg of mitomycin C mixed 1:1 with
1odized oil. Tumor response at magnetic resonance imaging
was evaluated after each chemoembolization procedure ac-
cording to EASL criteria and mRECIST. The survival rate in
each subgroup was calculated and correlated with response.
The Wilcoxon test was used to test group comparability. Ka-
plan-Meier estimators were used to generate survival curves
and compared by using the log-rank test.

No response to initial chemoembolization was seen in
43% and 50% of patients according to EASL criteria and
mRECIST, respectively. After a second chemoembolization
procedure, 44% (EASL) and 47% (mRECIST) of initial
nonresponders showed a significant response. With EASL
criteria, the 1-, 2-, and 3-year survival rates (*standard er-
ror of the mean) after two chemoembolization procedures
were 39% = 10, 14% = 7, and 0%, respectively, for non-
responders and 68% = 10, 50% = 11, and 37% = 11 for
responders (P = .036, P = .006, and P < .005 at 1, 2, and
3 years). With mRECIST, the 1-, 2-, and 3-year survival
rates after two chemoembolization procedures were 49%
+9,20% = 8, and 7% = 6 for nonresponders and 67% *
9, 44% = 10, and 36% = 9 for responders (P = .174, P =
.046, and P = .011 at 1, 2, and 3 years).

Patients who underwent chemoembolization for HCC
showed a response (with both EASL criteria and mRE-
CIST) and improved survival after the second chemoem-
bolization treatment. At least two chemoembolization
procedures should be performed in the same targeted
lesions before further treatment is abandoned.
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ince the studies by Llovett et al (1),

Camma et al (2), and Lo et al (3),

chemoembolization has been es-
tablished as the mainstay treatment for
unresectable hepatocellular carcinoma
(HCQ). It is now recommended as part
of the guidelines of the American Associ-
ation for the Study of Liver Diseases for
intermediate-stage HCC. Imaging assess-
ment of tumor response to chemoembo-
lization has, however, not been standard-
ized. Various groups use World Health
Organization criteria (bidimensional),
Response Evaluation Criteria in Solid
Tumors (RECIST, unidimensional), and
European Association for the Study of
the Liver (EASL) criteria (which measure
lack of contrast material enhancement
within the tumor as a surrogate of tu-
mor cell death) interchangeably. More
recently, modified RECIST (mRECIST,
which measure residual contrast en-
hancement within the tumor, indicating
persistent viability) has been suggested
as a possible universal method for evalu-
ating response (4,5).

Studies have shown little correla-
tion between size (World Health Or-
ganization criteria and RECIST) and
enhancement (EASL criteria) measures
after chemoembolization (6-8). Fur-
thermore, Keppke et al (8) showed that
HCC response after yttrium 90 radio-
embolization was partially dependent
on method of measurement. In the
same cohort of patients, they record-
ed responses of 23%, 26%, and 57%
with use of RECIST, World Health Or-
ganization criteria, and EASL criteria,
respectively. Further confounding the
issue of determining response is the

Advances in Knowledge

B Almost 50% of patients with he-
patocellular carcinoma (HCC)
who do not respond to initial
chemoembolization show a signif-
icant response after a second
chemoembolization procedure.

B |n addition, such patients demon-
strate a significant survival ben-
efit compared with patients who
do not respond to the first or
second chemoembolization.

fact that a large percentage of patients
treated with chemoembolization do not
respond at all, irrespective of response
criteria used. Specifically, up to 70%
and 35% of patients evaluated on the
basis of RECIST and EASL criteria, re-
spectively, do not respond to a single
chemoembolization treatment (9). The
clinical implications and thus the appro-
priate treatment plan for this large per-
centage of patients are unclear.

This issue has indeed been partly
addressed for patients with neuroendo-
crine liver metastasis. Varker et al (10)
concluded that initial nonresponders,
when treated with a second chemoem-
bolization procedure, experience bene-
fits (imaging and symptomatic response)
similar to those of patients who respond-
ed after the first procedure. The validity
of Varker and colleagues’ conclusion for
metastatic neuroendocrine tumors can-
not be expanded to cover HCC, however,
because of the important differences be-
tween the two diseases in terms of biol-
ogy, symptoms, and natural history. The
objectives of our study were to (a) evalu-
ate response of HCC to chemoemboliza-
tion after initial nonresponse, as deter-
mined with EASL criteria and mRECIST,
and (b) compare posttreatment survival
of initial nonresponders versus that of
initial responders.

Materials and Methods

Patients

Our institutional review board ap-
proved this study, which was compliant
with the Health Insurance Portability
and Accountability Act, and data were
collected prospectively. From January
2006 to December 2009, 164 patients

Implications for Patient Care

B Patients with HCC treated with
chemoembolization should un-
dergo at least two treatments of
the same targeted lesion before
being classified as nonresponders.

B Premature abandonment of treat-
ment will preclude many patients
from receiving a survival benefit.

with unresectable HCC were treated
with two or more chemoembolization
procedures. Patients were included in
this study if they had not previously
undergone surgical or local-regional
treatment. Exclusion criteria included
an FEastern Cooperative Group score
greater than 2, a total bilirubin level of
more than 4 mg/dL, an international
normalized ratio (INR) of more than 1.8
or platelet count less than 50000 per
microliter, or encephalopathy. In addi-
tion, we excluded patients with lobar or
main portal venous thrombosis (bland
or neoplastic) or extrahepatic disease
even though those conditions are not
considered absolute contraindications
to chemoembolization (11). We elect-
ed to exclude such patients to minimize
confounding variables and increase the
statistical power of the study. Forty-
eight of the 164 patients were excluded.
Thus, our study population consisted of
116 patients (96 men, 20 women; mean
age, 63 years). At baseline, all patients
underwent dual-phase magnetic reso-
nance (MR) imaging of the liver, along
with physical examination, and a clinical
history and relevant laboratory values
were obtained. Patients were treated by

Published online before print
10.1148/radiol. 12112264  Content code: (Gl |

Radiology 2012; 265:115-123

Abbreviations:

AFP = a-fetoprotein

Cl = confidence interval

EASL = European Association for the Study of the Liver
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four interventional radiologists, includ-
ing three authors (C.G., J.F.G., K.H.;
mean experience in performing chemo-
embolizations, 6 years).

Treatment Protocol

The patients were given nothing by
mouth for 8 hours. Patients received
intravenous administration of 2 g of ce-
fotetan (AstraZeneca, Wilmington, Del)
or piperacillin and tazobactam (Zosyn;
Wyeth Pharmaceuticals, Philadelphia,
Pa) before chemoembolization. Patients
who were allergic to penicillin received
intravenous administration of 600 mg of
clindamycin (Pharmacia & Upjohn, Ka-
lamazoo, Mich). At the initial chemoem-
bolization, arteriography of the superior
mesenteric artery was performed dur-
ing the portal venous phase to document
possible portal venous thrombosis and
show variant hepatic arterial supply. The
celiac axis was selected with a 0.035-
inch guidewire (Glidewire; Terumo
Medical, Somerset, NJ) and Simmons-1
catheter (Angiodynamics, Latham, NY),
and the desired hepatic arterial branch
was subselected depending on tumor
location. In many patients, a 3.0-F Ren-
egade High-Flo catheter (Boston Sci-
entific, Natick, Mass) was introduced
coaxially over a 0.014-inch Transend
or Fathom wire (Boston Scientific) be-
cause of the need to place the catheter
in close proximity to the tumor. A 7-10-
mL chemotherapy solution (100-mg cis-
platin [Bristol Myers Squibb, Princeton,
NJ], 50-mg doxorubicin (Adriamycin,
Pharmacia & Upjohn), and 10-mg mi-
tomycin G [Bedford Laboratories, Bed-
ford, Ohio]) was infused in a 1:1 or 2:1
volume ratio with iodized oil (Ethiodol;
Savage Laboratories, Melville, NY).
With the latter approach, twice as much
chemotherapy solution was given com-
pared with iodized oil, depending on
flow characteristics, to avoid complete
stasis within the selected hepatic artery.
Next, we infused 1-4 mL of 100-300-
pm microsphere particles (Embosphere;
Biosphere Medical, Boston, Mass).

The end point of the procedure
was achieved when all the chemother-
apy solution was delivered and the in-
fused microspheres resulted in visibly
slowed arterial flow (two to five heart

beats were necessary to clear the con-
trast material column in the selected
artery) or when further infusion of che-
motherapy would probably result in re-
flux. Nonbuffered lidocaine (10-20 mlL,
1:100) was also given intraarterially
after chemoembolization for pain con-
trol. After chemoembolization, patients
were admitted to the hospital for an
overnight stay; unenhanced computed
tomography (CT) of the liver was per-
formed before discharge to document
iodized oil distribution. The procedure
was considered a technical success
if it was completed and follow-up CT
showed distribution of iodized oil in the
targeted lobe or segment.

Follow-up

All patients were seen in the clinic 4-6
weeks after each chemoembolization;
at that point, dual-phase MR imaging of
the liver was performed, along with a
physical examination, and relevant lab-
oratory values were obtained. MR im-
aging has been shown to be superior to
CT in the follow-up of patients with HCC
after treatment (12) and is therefore
our follow-up imaging study of choice.
The index lesion method was used to
determine response; this method is
validated for follow-up of patients with
HCC (6) and is recommended by the
American Association for the Study of
Liver Diseases (4,5). The response of
the index lesion to chemoembolization
was documented according to RECIST,
mRECIST, and EASL criteria. However,
response was analyzed on the basis of
EASL criteria and mRECIST alone for
many reasons. First, the degree of re-
sponse according to RECIST is signifi-
cantly less than that for methods that
use residual enhancement, thereby
limiting the statistical power (5). Ac-
cording to the RECIST guidelines, only
one patient in our cohort showed a re-
sponse after the first chemoemboliza-
tion. Second, the response documented
with EASL manifests sooner than that
documented with RECIST (1.6 vs 7.7
months, respectively) (6). Third, after
local-regional treatments for HCC (7),
response criteria that include percent-
age tumor necrosis (ie, EASL criteria)
have been shown to be superior to those

that do not include percentage of tumor
necrosis. Posttreatment evaluation was
performed by a nontreating radiologist.

EASL evaluation.—With use of EASL
criteria, patients were categorized into
four groups according to the percentage
enhancement of their index lesion: Group
I had 0%-25% enhancement, group Il
had 25%-50% enhancement, group III
had 50%-75% enhancement, and group
IV had 75%-100% enhancement. A pa-
tient was classified as a responder if the
category for the index lesion decreased
by at least one group after chemoembo-
lization. Repeat chemoembolization was
planned if there was more than 25% tu-
mor viability according to EASL criteria.
Further treatment was abandoned if the
patient developed any of the contraindi-
cations to chemoembolization or if re-
sidual enhancement after treatment was
0%-25%.

mRECIST evaluation.—The mRE-
CIST used herein are detailed by
Lencioni and Llovet (5). The relevant
variable for mRECIST is the longest di-
ameter of the viable portion of the tar-
get lesion, as defined during the arterial
phase of MR imaging (or CT). Com-
plete response is defined as no residual
contrast enhancement, partial response
as a decrease in the diameter of the ar-
terially enhancing portion of the target
lesion of at least 30% (with the maxi-
mal diameter of the arterially enhanc-
ing lesion at baseline as reference), and
progressive disease as an increase of at
least 20% in the diameter of the arteri-
ally enhancing portion of the target le-
sion (smallest diameter of the arterially
enhancing lesion since treatment initia-
tion). Disease was considered stable if
findings were between those for partial
response and progressive disease.

Statistical Analysis

Definitions.—Patients were categorized
according to response as follows: N1,
patients who did not respond to the
first chemoembolization; R1, patients
who responded to the first chemoem-
bolization; NIN2, patients who did not
respond to either the first or second
chemoembolization; NI1R2, patients
who did not respond to the first che-
moembolization but responded to the

Radiology: \olume 265: Number 1—October 2012 = radiology.rsna.org

117



Radiology

GASTROINTESTINAL IMAGING: Lack of Response after Initial Chemoembolization for HCC

Georgiades et al

Table 1

Group Comparability according to EASL Criteria

N1 (n=50) P Value
Variable R1 (n = 66) All (n=50) N1R2 (n = 22) NIN2 (n = 28) Groups R1 vs N1 Subgroups N1R2 vs NTN2

Age (y)* 63 (51, 74) 64 (51, 72) 67 (55, 76) 60 (49, 71) .93 19
M:F ratio 54:12 41:9 17:5 25:3 .81 .28
No. of tumors (%) .57 .03

One 48 46 27 61

Two 11 14 23 7

Three 11 4 0 7

More than three 30 36 50 25
Tumor morphology (%) .99 a7

Single 39 38 27 47

Multifocal 44 44 59 32

Infiltrative 17 18 14 21
Child-Pugh class (%) .65 .93

A 73 67 68 67

B 25 33 32 33

C 2 0 0 0
Total bilirubin level (mg/dL)* 0.8(0.4,1.8) 9(0.5,2.0) 0.8(0.4,2.5) 1.0(0.5,1.0) .24 A1
Albumin level (g/dL)* 3.8(3.1,4.3) 8(3.0,4.2 3.8(3.1,4.2) 3.7 (3.0,4.2) .92 72
Creatinine level (mg/dL)* 0.8(0.6,1.2) 0.8(0.7,1.1) 0.8(0.6,1.1) 9(0.7,1.0) .89 .79
INR* 1.0(0.9,1.3) 1(1.1,1.3) 1.1(1.0,1.3) 1.1(1.0,1.3) .04 .99
MELD*t 7(6,12) 8(6,13) 8(6,14) 8(6,13) .26 75
AFP level (ng/mL)*

At baseline 64 (4,9958) 88 (4,29896) 563 (14, 30892) 21(3,18548) 48 .07

After first chemoembolization 32 (5, 2423) 95 (11, 24 666) 93 (12, 24019) 491 (10, 22237) .09 .96
Follow-up duration (mo)* 43(27,91) 62 (24, 94) 54 (26, 90) 66 (24, 97) .53 .51
Patients with a third 23 50 36 61 <.01 15

chemoembolization (%)

Note.—The two main groups (N1 and R1) were matched in all tested variables shown except number of chemoembolizations and INR. The number of total chemoembolizations had no influence on
the statistical calculations because they were based on data after the second chemoembolization for all groups. Despite differences in the INR, those values were within normal limits and are not
expected to have made a difference. The two initial nonresponder subgroups (N1R2 and N1N2) were matched in all variables except number of tumors, with the group that did not respond to a second
chemoembolization having more patients with a single tumor. N1 = patients who did not respond to the first chemoembolization, NTN2 = patients who did not respond to either chemoembolization,
N1R2 = patients who did not respond to the first chemoembolization but did respond to the second chemoembolization, R1 = patients who responded to the first chemoembolization.

* Data are medians, with 15% and 85% quantiles in parentheses.

T MELD = Model for End-Stage Liver Disease.

second chemoembolization; RINZ2, pa-
tients who responded to the first che-
moembolization but not to the second
chemoembolization; and R1R2, pa-
tients who responded to both the first
and second chemoembolizations.

Comparability of groups.—Patients
who responded to the initial chemoembo-
lization (R1) were compared with those
who did not (N1). For continuous charac-
teristics, we compared the medians and
15% and 85% quantiles and compared
the group distributions by using the Wil-
coxon test. For categorical characteris-
tics, we examined the distributions by
using the Fisher exact test.

The same methods were used to
compare the two subgroups among
patients who did not respond to initial
chemoembolization (ie, those who did
[N1R2] and those who did not [NIN2]
respond to the second chemoembo-
lization). A matrix describing the re-
sponses classified with use of EASL
criteria and mRECIST before and after
the second chemoembolization proce-
dure was generated. Exact confidence
intervals (Cls) for binomial proportions
were calculated for the N1R2 group.
Although no patients deteriorated clin-
ically during the follow-up period ac-
cording to EASL staging and only three

patients deteriorated on the basis of
mRECIST, an exact CI was also calcu-
lated for the generalizable population
from this subgroup.

Survival analysis.—Survival curves
were generated by using Kaplan-Meier
estimators for the N1 and R1 groups as
well as the NIN2 and N1R2 subgroups.
The log-rank test was used to com-
pare the survival curves between the
independent groups during the entire
follow-up period. For years 1, 2, and
3 (which were selected prospectively
as standard reporting times for onco-
logic outcomes), the survival probabil-
ities between independent groups were
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Table 2

Group Compatibility according to mRECIST

N1 (n = 58) PValue
Variable R1 (n=58) All (n = 58) N1R2 (n = 27) N1N2 (n = 31) Groups R1 vs N1 Subgroups N1R2 vs NTN2

Age (y)* 63 (51, 74) 64 (51, 74) 67 (54, 75) 61 (50, 72) .84 14
M:F ratio 46:12 50:8 22:5 28:3 46 48
No. of tumors (%) .38 24

One 47 48 41 55

Two 12 12 18 7

Three 12 4 0 7

More than three 29 36 41 32
Tumor morphology (%) 1.00 .65

Single 40 38 33 42

Multifocal 43 45 52 39

Infiltrative 17 17 15 19
Child-Pugh class (%) .28 .95

A 75 66 67 65

B 23 34 33 35

C 2 0 0 0
Total bilirubin level (mg/dL)* 0.7 (0.4,1.9) 1.0(0.5,1.8) 1.0(0.6,1.8) 0.9(0.5,1.8) a7 94
Albumin level (g/dL)* 3.8(3.0,4.3) 3.7(3.1,4.2) 3.8(3.1,4.2) 3.7(3.0,4.2) 71 .81
Creatinine level (mg/dL)* 0.8(0.6,1.2) 0.8(0.7,1.1) 0.8(0.7,1.2) 0.9(0.7,1.0 .53 .53
INR* 1.0(0.9,1.1) 1.1(1.1,1.3) 1.1(1.0,1.3) 1.1(0.9,1.3) .01 .68
MELD*t 7(6,11) 8(6,13) 8(6,14) 8(6,12) 16 .93
AFP level (ng/mL)*

At baseline 31 (4,7573) 105 (4,29894) 876 (18,26519) 20 (3,29894) 21 .04

After first chemoembolization 25 (5, 2659) 95 (10, 23452) 93 (12,24019) 491 (4,21023) 10 .98
Follow-up duration (mo)* 43 (27,91) 60 (24, 94) 50 (26, 91) 66 (24, 96) .54 .33
Patients with a third 19 50 37 61 <.01 Al

chemoembolization (%)

Note.—The two main groups (N1 and R1) were matched in all tested variables shown except number of chemoembolizations and INR. The number of total chemoembolizations had no influence on
the statistical calculations because they were based on data after the second chemoembolization for all groups. Despite differences in the INR, those values were within normal limits and are not
expected to have made a difference. The two initial nonresponder subgroups (N1R2 and N1N2) were matched in all variables except AFP level, with those who responded to a second chemoembolization
having a significantly higher level than those who did not (P=.04). N1 = patients who did not respond to the first chemoembolization, N1N2 = patients who did not respond to either chemoembolization,
N1R2 = patients who did not respond to the first chemoembolization but did respond to the second chemoembolization, R1 = patients who responded to the first chemoembolization.

* Data are medians, with 15% and 85% quantiles in parentheses.

T MELD = Model for End-Stage Liver Disease.

compared nonparametrically by using
the difference of the corresponding
Kaplan-Meier estimates divided by the
square root of the sum of the squares
of the standard error of the mean of the
two Kaplan-Meier estimates.

Group Comparability

EASL criteria.—Of the 116 patients, 50
(43%) did not respond to the first che-
moembolization (initial nonresponders,
N1). Of those 50 patients, 22 (44%; 95%
CI: 30%, 59%) responded to the second
chemoembolization (N1R2) and the

remaining 28 (56%) did not respond to
the second chemoembolization (N1NZ2).
None of the patients (0%; 95% CI: 0%,
7%) showed progression of the targeted
lesion or lesions during the follow-up pe-
riod from baseline MR imaging (median,
220 weeks). Table 1 shows the variables
for which the groups were tested for
comparability. In the N1 and R1 groups,
all tested variables except INR were sim-
ilar. However, the INR in both groups
was within the normal range (1.1 and
1.0, respectively) and therefore no clin-
ical effect would be expected. The two
N1 subgroups (N1N2 vs N1R2) differed
significantly with regard to the number

of tumors. All groups were similar for all
other variables.

mRECIST.—Of the 116 patients, 58
(50%) did not respond to the first che-
moembolization (initial nonresponders,
N1). Of those 38 patients, 27 (47%;
95% CI: 33%, 60%) responded to the
second chemoembolization (N1R2)
and the remaining 31 (53%) did not
respond to the second chemoemboli-
zation (N1N2). Three patients showed
disease progression of the targeted
lesion after the second chemoembo-
lization (5%; 95% CI: 1%, 14%). Table 2
shows the variables for which the
groups were tested for comparability.

Radiology: \olume 265: Number 1—October 2012 = radiology.rsna.org
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The N1 and R1 groups were similar in
all tested variables except INR, as was
seen with the analysis using EASL cri-
teria. In both groups, however, the INR
was within the normal range (1.1 and
1.0, respectively). In addition, patients
who responded to the second chemo-
embolization (N1R2) had a higher base-
line a-fetoprotein (AFP) level than did
those who did not (NIN2).

Response

Table 3 shows the response assessed
with EASL criteria after the second
chemoembolization for the 50 patients
who did not respond to the first che-
moembolization. Twenty-two patients
(44%) responded to the second che-
moembolization despite showing no re-
sponse to initial treatment.

Table 4 shows the response as-
sessed with mRECIST after the second
chemoembolization for the 58 patients
who did not respond to the first che-
moembolization. Twenty-seven patients
(47%) responded to the second che-
moembolization despite showing no re-
sponse to initial treatment.

Survival

Assessment according to FEASL cri-
teria.—Survival data and curves are
shown in Table 5 and the Figure, respec-
tively. Overall survival times for the N1
and R1 groups were similar (P = .279).
The median survival times for the N1
and R1 groups (*standard error of the
mean) were 370 days * 65 and 551 days
+ 88, respectively (P =.06). For the two
subgroups who did not respond to initial
chemoembolization (NIN2 and N1R2),
the median survival durations were 328
days = 53 and 625 days * 268, respec-
tively (P = .10). The survival curves were
significantly different at certain time
points (log rank = 9.5 in 1 df, P = .002).

The 1-, 2-, and 3-year survival rates
were 53% * 7, 31% = 7, and 19% = 6,
respectively, for the N1 group and 66%
+ 6,41% = 6, and 25% = 6 for the R1
group. The differences were not statisti-
cally significant (P = .16, P = .28, and P
= .49 at 1, 2, and 3 years, respectively).
There was, however, a statistically sig-
nificant survival difference between the
two subgroups of patients who did not

Response after Second Chemoembolization according to EASL for the 50 Patients
Who Did Not Respond to First Chemoembolization

Response after First Response after Second Embolization

Chemoembolization | Il IIl v All Patients
Il & 0 0 0 3
[] 1* 2% 5 0 8
vV 7* 4* 5% 23 39
Total 1 6 10 23 50

Note.—Data are numbers of patients.

* Patients who responded to second chemoembolization (22 patients, 44%). For example, the third row describes the response
to the second chemoembolization for the 39 patients in the EASL IV group. Of those patients, 23 remained stable at EASL IV after
the second chemoembolization, five showed EASL Ill response, four showed EASL Il response, and seven showed EASL |
response. No patients progressed during the follow-up period (median, 220 weeks).

Table 4

Response after First and Second Chemoembolizations according to mRECIST

Response after First Response after Second Chemoembolization

Chemoembolization

Progressive Disease  Stable Disease Partial Response Complete Response  All Patients

Progressive disease 1 0 1* 0 2
Stable disease 2 28 15* 11* 56
Partial response 0 6 18 18 42
Complete response 0 0 1 15 16

Total 3 34 35 44 116

Note.—Data are numbers of patients.

* Patients who responded to second chemoembolization from the subgroup of initial nonresponders (27 of 58 patients, 47%).
Only three patients from the initial nonresponder group (5%) showed disease progression during the follow-up period (median
follow-up, 61 weeks) despite a second chemoembolization.

Survival Data at 1, 2, and 3 Years according to EASL Criteria

Group or Subgroup 1-year Survival 2-year Survival 3-year Survival
R1 66 = 6 41+6 25+6

N1 537 3N =7 19+6
Pvalue for R1 vs N1 .16 .28 49

N1R2 68 =10 50 = 11 371
N1N2 3910 14+7 .0*

Pvalue for NTR2 vs NTN2 .036 .006 <.0057

Note.—Unless otherwise noted, data are mean survival rates (in percentages) = standard errors of the mean. Among patients
who did not respond to initial chemoembolization according to EASL criteria, those who responded to the second
chemoembolization had significantly better 1-, 2-, and 3-year survival rates than did those who did not. N1 = patients who did
not respond to the first chemoembolization, R1 = patients who responded to the first chemoembolization, NTN2 = patients who
did not respond to either the first or second chemoembolization, NTIR2 = patients who did not respond to the first
chemoembolization but did respond to the second chemoembolization, RIN2 = patients who responded to the first
chemoembolization but not to the second chemoembolization, R1R2 = patients who responded to both the first and second
chemoembolizations.

* Standard error of the mean was unavailable because only one patient was in the last risk set.

T P =.005 for the survival comparison of 3 years for N1R2 group versus 788 days for N1N2 group, so P = .005 for the
comparison of 3 years for N1R2 group versus 3 years for N1N2 group.
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Kaplan-Meier survival curves obtained with (a) EASL criteria and (b) mRECIST. Although patients who responded to first chemoembolization (R1) showed a tendency
toward longer survival compared with those who did not (N1), the difference was not statistically significant (P= .16, P=.28,and P=.49 at 1, 2, and 3 years,
respectively, with EASL criteria; P = .518, P = .276, and P = .849 with mRECIST). After second chemoembolization, N1 patients were divided into two groups: those
who responded to second chemoembolization (N1R2) and those who did not (NTN2). N1R2 patients had significantly greater 1-, 2-, and 3-year survival times than
did NTN2 patients. With EASL criteria, 1-, 2-, and 3-year survival rates were 39% =+ 10, 14% = 7, and 0%, respectively, for NTN2 patients and 68% =+ 10, 50% =+
11, and 37% = 11 for N1R2 patients (P = .036, P = .006, and P < .005 at 1, 2, and 3 years). With mRECIST, 1-, 2-, and 3-year survival rates were 49% = 9, 20%
=+ 8,and 7% = 6 for NTN2 patients and 67% =+ 9, 44% *+ 10, and 36% =+ 9 for N1R2 patients (P=.174, P=.046, and P=.011 at 1, 2, and 3 years). Numbers
on horizontal axis are days after first chemoembolization.

Table 6 Assessment according to mRECIST

criteria.—Survival data and curves are
Survival Data at 1, 2, and 3 Years according to mRECIST shown in Table 6 and the Figure, respec-

tively. Overall survival durations were

Group or Subgroup 1-year Survival 2-year Survival 3-year Survival e
similar for the N1 and R1 groups (P =
R1 627 =7 24x6 .343). The median survival times for the
N1 587 32x6 28x6 N1 and R1 groups were 441 days * 79
AT L L — i and 517 days * 107, respectively (P =
N1R2 67+ 9 44 =10 369 .44). For the two subgroups of patients
N1N2 49+9 20+ 8 7+6 .
Pualue for N1R2 vs NIN2 174 016 o1 who did not respond to initial chemo-
vaie for HiRe vs : : : embolization (NIN2 and N1R2), median
Note.—Unless otherwise noted, data are mean survival rates (in percentages) =+ standard errors of the mean. Among patients survival durations were 358 days * 68
who did not respond to the initial chemoembolization, those who responded to the second chemoembolization had significantly and 541 days = 183 (P = .35), respec-

Iongerz—'and3—yearsurvivaltimesthgndidthosewhogid pot.N1:patien'tswhodidnptrespondtothefi'rstchemqembolization, tively. The survival curves were Signiﬁ-
R1 = patients who responded to the first chemoembolization, NTN2 = patients who did not respond to either the first or second . . . .
chemoembolization, N1R2 = patients who did not respond to the first chemoembolization but did respond to the second cantly different at certain time points
chemoembolization, RIN2 = patients who responded to the first chemoembolization but not to the second chemoembolization, (log rank = 4.1 in 1 df, P =.044).

R1R2 = patients who responded to both the first and second chemoembolizations. The 1-, 2-, and 3-year survival rates
were 38% *+ 7, 32% =* 6, and 23% =
6, respectively, for the N1 group and
respond to initial chemoembolization at  N1N2 group and 68% = 10, 50% = 11, 62% * 7, 42% = 7, and 24% = 6 for
the 1- and 2-year mark. The 1-, 2-, and and 37% = 11 for the N1R2 group (P the R1 group. The differences were
3-year survival rates were 39% = 10, =.036, P =.006, and P < .005 at 1, 2, not statistically significant (P = .52, P
14% = 7, and 0%, respectively, for the and 3 years). = .28, and P= .85 at 1, 2, and 3 years,
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respectively). Conversely, there was a
significant survival difference between
the two subgroups of patients who did
not respond to initial chemoemboliza-
tion at the 2- and 3-year marks. The
1-, 2-, and 3-year survival rates were
49% *+= 9, 20% * 8, and 7% =* 6, re-
spectively, for the NIN2 group and
67% = 9, 44% = 10, and 36% = 9
for the N1R2 group (P = .174, P =
.046, and P = .011 at 1, 2, and 3 years,
respectively).

In our study, patients with HCC who
did not respond to the first chemoem
bolization did not necessarily fail to
respond to the second chemoemboli-
zation. In keeping with results of pub-
lished series (8,9), our study showed
that a significant proportion of patients
with HCC did not respond to the initial
chemoembolization procedure (43%
and 50% according to EASL criteria
and mRECIST, respectively). Many
of our patients who did not respond
to the initial chemoembolization re-
sponded favorably after the second
treatment (44% and 47% according
to EASL criteria and mRECIST, re-
spectively). Furthermore, the survival
time of the subgroup of patients who
responded to the second chemoembo-
lization was significantly greater than
that of the subgroup of patients who
did not respond to the first or second
chemoembolization. Considering that
one cannot predict response (or lack
thereof) to the second treatment after
failure to respond to the initial che-
moembolization, our findings argue
against abandoning treatment for pa-
tients who show no response to initial
chemoembolization.

Of note, the patients who did not
respond to the first chemoemboliza-
tion but did respond to the second
chemoembolization had a tendency for
a longer survival duration compared
with those who responded to the ini-
tial treatment. This finding was not
statistically significant and is probably
spurious. Some of our data suggest
that disease biology may indeed play
an important role in outcomes after

chemoembolization. Despite several
advances in the treatment of HCC,
staging remains controversial; staging
systems show little correlation with
treatment outcome or survival (13).
Although Barcelona Clinic Liver Can-
cer staging has been shown to be bet-
ter correlated with survival for patients
with HCC compared with other staging
systems, significant limitations in classi-
fying patients with respect to response
to chemoembolization and other liver-
directed therapies remain. Most stag-
ing systems use tumor structure or liver
disease stage while ignoring variables
that measure disease biology. For exam-
ple, in our study, the trend in AFP level
followed the EASL and survival trends.
The AFP level has been shown to be an
independent predictor of survival, and
a significant decrease in the AFP level
is probably correlated with tumor ne-
crosis and possibly longer survival. In
addition, initial nonresponders tended
toward shorter survival despite under-
going more chemoembolization pro-
cedures than those who did respond.
Finally, patients who did not respond
to the first and second chemoemboliza-
tions had a shorter survival than those
who responded to the second chemo-
embolization despite receiving more
treatments.

Our study had some limitations, in-
cluding its retrospective nature. Longer
follow-up may have revealed a correla-
tion with the response assessed with
RECIST. Patients with previous treat-
ment, extrahepatic disease, and por-
tal venous thrombosis were excluded
from analysis, although in general these
are not strict exclusion criteria. Such
exclusion limits the applicability of our
conclusions to those patient groups.

In conclusion, 43% and 50% of
patients in our study showed no re-
sponse to the first chemoemboliza-
tion with EASL criteria and mRE-
CIST, respectively. More importantly,
approximately 50% of patients with
HCC who did not respond to the ini-
tial chemoembolization showed both
response and improved survival af-
ter a second chemoembolization. We
therefore encourage interventional
radiologists to perform at least two

chemoembolization procedures in the
same targeted lesion or lesions before
abandoning treatment.
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