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Abstract To correlate posttreatment radiologic and

pathologic findings in patients who underwent transarterial

chemoembolization before transplantation or resection.

Thirty-five patients with postchemoembolization follow-up

imaging underwent liver transplantation/resection. Pre- and

posttreatment contrast-enhanced magnetic resonance

imaging were used to evaluate radiologic findings. Imaging

characteristics using World Health Organization (WHO)

and European Association for the Study of the Liver

(EASL) criteria after treatment were evaluated. Treated

lesions were examined by pathology (gold standard) for the

assessment of necrosis. Radiologic findings on magnetic

resonance imaging were correlated to pathologic findings

to assess the predictability by imaging of actual necrosis.

Kappa (j) statistics were used to determine intermethod

agreement between WHO and EASL criteria. Fourteen

(40%) of 35 lesions had biopsy-proven hepatocellular

carcinoma. Thirteen (37%) of 35 target lesions showed

complete pathologic necrosis. Complete pathologic necro-

sis was seen in 35% of lesions with pretreatment size

\3 cm. Complete pathologic necrosis was seen in 1

(100%) of 1, 6 (67%) of 9, 6 (33%) of 18, and 0 (0%) of 7

of the lesions that exhibited complete response (CR), par-

tial response (PR), stable disease (SD), or progressive

disease (PD) by WHO criteria, respectively. Complete

pathologic necrosis was seen in 9 (82%) of 11, 4 (36%) of

11, 0 (0%) of 8, and 0 (0%) of 5 of the lesions that showed

CR, PR, SD, or PD by EASL criteria, respectively. EASL

CR and WHO response were shown to have C85% spec-

ificity for predicting complete pathologic necrosis. The j
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coefficient for agreement between WHO and EASL was

0.29. EASL and WHO criteria had minimal intermethod

agreement. EASL CR and WHO response were able to

predict pathologic necrosis.

Keywords Transarterial chemoembolization �
Hepatocellular cancer � Imaging � Radiologic–pathologic

correlation

Introduction

The worldwide incidence of hepatocellular carcinoma

(HCC) is increasing [1]. Orthotopic liver transplantation

(OLT) and resection remain the only available curative

options for patients whose disease falls within the Milan

criteria [2]. Unfortunately, the limited number of organs,

advanced stage of disease, and medical comorbidities limit

the role of curative options [3]. Locoregional therapies

have been shown to bridge and downstage disease to per-

mit OLT [3–5].

Diffusion-weighted magnetic resonance imaging (MRI)

has been shown to detect histologic necrosis after

chemoembolization [6, 7]. However, anatomic imaging

guidelines are still considered the standard for response

measurement after therapy for HCC [8]. The purpose of

this study was to correlate patterns of imaging findings in

HCC patients after chemoembolization with the level of

tumor necrosis achieved. It has long been speculated that

posttreatment decrease in size and amount of enhancing

tissue on imaging represents tissue necrosis. There are

few studies supporting this concept that use strict radio-

logic criteria for assessing the correlation of imaging

response and explant pathology as the gold standard

[9, 10]. World Health Organization (WHO) size criteria

(which measure change in tumor size) and European

Association of Study of the Liver (EASL) necrosis criteria

(which measure change in amount of enhancing tissue

only) were used to assess tumor necrosis by imaging

[11, 12]. Pathologic assessment of the explanted tissue was

used as the gold standard for assessing degree of necrosis.

This is important information because transarterial

chemoembolization is considered one of the standards of

care for HCC.

Materials and Methods

This is a single-institution retrospective analysis of con-

secutive HCC patients who underwent chemoembolization

as the sole bridging therapy and went on to receive OLT/

resection. This study was performed following an institu-

tional review board–approved protocol.

Pretreatment Evaluation

All patients underwent baseline assessment including his-

tory, laboratory tests (liver functions tests and analysis of

alfa-fetoprotein levels), and contrast-enhanced MRI.

Biopsy was performed to confirm HCC only if the lesion

was[2 cm but did not meet the American Association for

the Study of Liver Diseases and EASL criteria [11, 13, 14],

and if the maximum dimension of the lesion was 1–2 cm

[11]. The disease of all patients was classified according to

Child-Pugh, United Network for Organ Sharing (UNOS),

and Barcelona Clinic Liver Cancer (BCLC) classification

systems [13, 15]. To minimize understaging bias, radiolo-

gists performing baseline assessments were blinded to

whether patients had undergone OLT or resection [16]. All

scans were evaluated by three expert radiologists (R.J.L.,

F.H.M., R.S.) who were well versed in the radiologic

changes that follow locoregional therapies. Any ambiguity

was clarified by consensus.

Patients with early/intermediate HCC (BCLC class A/B)

were classified as BCLC class C (advanced) only if they

exhibited cancer-related symptoms (e.g., pain). The pres-

ence of extrahepatic metastases is an absolute contraindi-

cation for OLT/resection [2]. For this analysis, we applied

the imaging criterion of lymph node[2 cm in size as a sign

of extrahepatic disease [17]. Index lesions were identified

and measured; response assessment was based on the

measurement of the index lesion only, which was defined

as the largest measurable lesion that was targeted during

the first treatment session.

Chemoembolization

The selection of chemoembolization was based on the

consensus of a multidisciplinary team in conference.

Patients underwent diagnostic angiography at treatment to

determine vascular anatomy and variants, and to assess

portal flow [18]. The preferential blood supply by the

hepatic artery to HCC forms the basis of the safety and

efficacy of transarterial therapies such as chemoemboliza-

tion [19]. Thirty milligrams of doxorubicin, 30 mg of

mitomycin, and 100 mg of cisplatin were mixed with

10 ml of lipiodol and selectively (distal to lobar artery)

injected to minimize injury to normal parenchyma [20].

This was followed by the injection of bland embolic par-

ticles to increase dwell time of the chemotherapeutic agents

[18].

Posttreatment Evaluation

Before the advent of magnetic resonance imaging, response

assessment after chemoembolization by computed tomo-

graphic scan has been difficult because measuring necrosis
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may be obscured by the radiopaque lipiodol and because

decrease in or lack of contrast enhancement is a direct

result of occlusive macroembolization and not necessarily

tumor death [21, 22]. This study used gadolinium-enhanced

MRI to determine EASL response because the lipiodol has

minimal effect on signal intensity [9, 23, 24]. Patients had

MRI 1 month after treatment to assess response in the

treated lesion, and subsequently every 3 months [11].

Postchemoembolization characteristics on T1-weighted

postcontrast MRI demonstrated lack of enhancement due to

necrosis [9, 25].

WHO/EASL responses were only categorized as such if

maintained up to the last scan before explantation [16]. For

the purposes of this study, response rates refer to combined

rates of complete response (CR) and partial response (PR).

Tumor Size

Index lesions were classified into three groups on the basis

of pretreatment imaging (1–2.9, 3–5, and [5 cm) [16].

This was done to assess imaging response/pathological

analyses stratified by baseline tumor size.

WHO Size Criteria

Forner et al. concluded in a recent study that application of

the unidimensional Response Evaluation Criteria in Solid

Tumors criteria played a limited role in assessing treatment

response [12]. Thus, response according to size was

assessed by WHO criteria. These criteria measure changes

in the sum of the cross-products of the lesion after treat-

ment, irrespective of the amount of enhancing tissue. CR

indicates 100% decrease in size (complete disappearance

of all lesions); PR, C50% decrease the sum of the cross-

products of all lesions; and progressive disease (PD),

[25% increase in the sum of cross-products of all lesions

from maximum response. All other findings were classified

as stable disease (SD) [11, 16, 26].

EASL Necrosis Criteria

Assessing size without necrosis plays a limited role in

determining response [11, 22]. Thus, the amount of

enhancing tissue in the treated lesion was also studied [23].

EASL criteria are defined as follows: CR, absence of any

enhancing tissue; PR, C50% decrease in enhancing tissue;

and SD, \50% decrease in enhancing tissue [11, 12, 16].

PD according to EASL was defined as any increase in the

amount of enhancing tissue that clinically would translate

into additional therapy such as repeat chemoembolization.

A conservative approach was used in reporting EASL CR;

any enhancing tissue, no matter how minimal, in a lesion

that seemed to be nearly completely necrotic was classified

as PR. Given the difficulty in determining necrosis by

EASL criteria in hypovascular tumors, they were classified

as EASL SD unless they met the criteria for PD.

Pathologic Evaluation

The explant was evaluated by pathology for evidence of

gross and histologic necrosis. One-centimeter sections of

the treated lesion were taken following our institutional

protocol of serial sectioning of the liver; routine hema-

toxylin and eosin staining was used to prepare the slides.

This protocol has been used in previous studies [27]. The

target lesion was examined for the presence of viable

neoplastic tissue. Percentage of necrosis of the treated

lesions was tabulated using the following classification as

described by the pathologist: 100% necrosis, absence of

any viable tissue;[50% necrosis, significant necrosis with

presence of any viable tissue; and\50% necrosis, minimal

necrosis [16]. A conservative approach was used in

reporting pathologic necrosis; if any viable malignant cells

were seen in the treated lesion, that tumor could not be

classified as 100% (complete) pathologic necrosis.

Statistical Analyses

Fisher’s exact test was used to determine the statistical

significance between the differences observed in the

imaging and pathologic parameters. Sensitivity, specificity,

positive predictive value (PPV), and negative predictive

value (NPV) were also calculated for the favorable radio-

logic changes after treatment, and the gold standard for

calculation was taken as 100% pathologic necrosis [16].

Kappa (j) statistics were used to determine the intermethod

agreement between WHO size and EASL necrosis criteria

[12].

Results

Patient Sample

A total of 172 patients received chemoembolization for

HCC over a 9-year period. A chart review was performed

after obtaining institutional review board approval. This

study was Health Insurance Portability and Accountability

Act compliant. Thirty-five consecutive patients who were

treated with chemoembolization only and had posttreat-

ment follow-up imaging subsequently underwent OLT

(n = 33) or resection (n = 2). This permitted pathologic

analysis of the treated lesions and a retrospective correla-

tion to the radiologic findings. Figure 1 presents a sum-

mary of the analysis.

A. Riaz et al.: Postchemoembolization Radiologic–Pathologic Study 1145

123



The demographics of the patient population for this

study are presented in Table 1. The median age was 55

(range, 48–79) years; most patients were men. The

majority of disease was classified as Eastern Cooperative

Oncology Group performance status 0 (63%); 48.5% were

classified as Child-Pugh class A. Disease of 60% of

patients was diagnosed by imaging. Forty percent had

biopsy-proven HCC. One patient had lymphadenopathy at

baseline. Disease of 51% was classified as BCLC class A;

40%, BCLC class B; 6%, BCLC class C; and 3%, BCLC

class D. At the time of treatment, 3% of disease was UNOS

stage T1; 51%, UNOS stage T2; 26%, UNOS stage T3;

17%, UNOS stage T4a; 3%, UNOS stage T4aN. One

patient underwent transplantation despite the retrospective

blinded assessment showing one lymph node [2 cm at

baseline. After chemoembolization, there was no change in

UNOS stage except for four of the nine T3 patients, whose

disease was downstaged to T2. Thirty-three (94%) of 35 of

the index lesions were hypervascular at baseline MRI.

Treatment and Follow-up

The median number of treatments delivered per patient was

two (95% confidence interval [95% CI], 1.9–2.1). The

Explant 
Pathology 

172
HCC Patients Underwent 

Chemoembolization

61
Patients received curative surgical 

therapies 

35
HCC Patients Included in 

Radiologic-Pathologic 
Correlation Analysis 

WHO* Size Criteria 
(Imaging) 

EASL‡ Necrosis Criteria 
(Imaging) 

Partial 
Response (PR) 

- >50% decrease in 
cross-product 

Progressive
Disease (PD) 

- >25% increase in 
cross-product

Stable Disease 
(SD) 

- Change in size 
between WHO PR 
& PD 

Complete 
Response (CR) 

- 100% decrease in 
cross-product

Complete 
Response (CR)
- 100% decrease in 
amount of 
enhancing tissue

Stable Disease
(SD) 

- <50% decrease in 
amount of enhancing 
tissue

Partial 
Response (PR) 
- >50% decrease in 
amount of 
enhancing tissue

Progressive
Disease (PD) 

- Any increase in 
amount of 
enhancing tissue 
from maximum 
response 

Complete 
Necrosis

6/18 
33%

Complete 
Necrosis

6/9 
67%

Complete
Necrosis

0/7 
0%

Complete 
Necrosis 

1/1 
100%

Complete
Necrosis

9/11 
82%

Complete
Necrosis

0/8 
0%

Complete 
Necrosis

4/11 
36%

Complete
Necrosis

0/5 
0%

WHO CR 
1/35 
(3%)

EASL CR
11/35 
(31%)

WHO SD 
18/35 
(51%)

WHO PR 
9/35 

(26%)

WHO PD
7/35 

(20%)

EASL PR 
11/35 
(31%)

EASL SD
8/35 

(23%)

EASL PD
5/35 

(15%)

*WHO: World Health Organization 
‡EASL: European Association for Study of 
the Liver

Patients excluded 
1-RFA following TACE (n=8) 
2-No post-TACE follow-up imaging due to expedited 
transplantation (n=18) 

Fig. 1 Summary flow chart of study
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median time between treatments was 1.9 months (95% CI,

1.4–2.8). The median number of treatments delivered to the

target lesion was two (95% CI, 1–2). Thirteen (37%) of 35

patients received one treatment to the target lesion. Median

time from time of first treatment to explantation was

6.6 months (95% CI, 3.9–9.4).

Tumor Response

The median time from the last cross-sectional imaging scan

before explantation to the time of explantation was

1.5 months (95% CI, 0.9–1.9).

Radiologic Findings

Table 2 summarizes the degree of posttreatment radiologic

findings stratified by baseline tumor size. One lesion dem-

onstrated WHO CR in our analysis. The complete disap-

pearance of a lesion (CR by WHO guidelines) is extremely

rare after therapy for HCC. The six lesions with maximum

diameters of[5 cm had a mean diameter of 6.5 (range, 5.1–

16.5) cm. Twenty-six (74%) of 35 lesions showed decrease

in size after treatment. Ten (29%) of 35 lesions responded

according to WHO criteria. For patients with [4 months’

imaging follow-up, the WHO response rate was 36%. EASL

CR and PR were achieved in 11 (31%) and 11 (31%) of 35

lesions, respectively. Figure 2 shows a lesion demonstrating

EASL CR and WHO PR after chemoembolization.

Pathologic Findings

Table 2 also presents the degree of pathologic necrosis in

tumors stratified according to the pretreatment maximum

dimension. Lesions with the maximum diameter between

1–2.9, 3–5, and[5 cm had 35, 42, and 33% complete patho-

logic necrosis, respectively. All lesions showed some degree

of pathologic necrosis at explant. ‘‘Ghost cells’’ indicative of

coagulative necrosis are seen in Fig. 3. Thirty-seven percent

showed complete pathologic necrosis, 29% showed [50%

necrosis, and 34% showed \ 50% pathologic necrosis.

Effect of Time Between Treatment and Explant

Table 3 demonstrates the effect of the duration between

chemoembolization and explantation of the liver on degree

of pathologic necrosis in the treated lesion. Organs

that were explanted at \3, 3–6, and [6 months’ post-

chemoembolization had complete pathologic necrosis in 1

(17%) of 6, 6 (55%) of 11, and 6 (33%) of 18 target lesions,

respectively.

Effect of Time Between Treatment and Radiologic

Evaluation

Table 3 also presents the evolution of radiologic charac-

teristics with time after first treatment. Median time to

Table 1 Baseline patient characteristics

Characteristic n (%)

Demographics

Age

\65 years 25 (71)

C65 years 10 (29)

Sex

Male 28 (80)

Female 7 (20)

Ethnicity

White 23 (66)

Asian 2 (6)

Hispanic 5 (14)

African American 5 (14)

Etiology

HCV 20 (57)

HBV 4 (11.5)

Alcohol 5 (14)

Autoimmune 4 (11.5)

Other 2 (6)

Method of diagnosis

Imaging (MRI) 21 (60)

Biopsy 14 (40)

ECOG performance status

0 22 (63)

1 12 (34)

2 1 (3)

Staging system

UNOS stage

T1 1 (3)

T2 18 (51)

T3 9 (26)

T4a 6 (17)

T4aN 1 (3)

BCLC class

A 18 (51)

B 14 (40)

C 2 (6)

D 1 (3)

Child-Pugh class

A 17 (48.5)

B 17 (48.5)

C 1 (3)

HCV hepatitis C virus, HBV hepatitis B virus, MRI magnetic reso-

nance imaging, ECOG Eastern Cooperative Oncology Group, UNOS
United Network for Organ Sharing, BCLC Barcelona Clinic Liver

Cancer
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WHO response was 9.6 months (95% CI, 7.3–12.5).

Median time to EASL response was 3 months (95% CI,

1.5–9.1). Percentage of lesions showing response (EASL or

WHO) was seen to increase with time.

Correlation of Radiologic and Pathologic Findings

Table 4 presents the degree of pathologic necrosis in lesions

according to response observed by WHO and EASL criteria.

By applying WHO criteria, CR, PR, SD, and PD were found

to have complete pathologic necrosis in 100, 67, 33, and 0%

of the lesions, respectively. By applying EASL necrosis

criteria, CR, PR, SD, and PD had complete pathologic

necrosis in 82, 36, 0, and 0% of the lesions, respectively.

The ability of the combined effect of WHO and EASL

response to predict pathologic necrosis is shown in

Table 4. For all 35 patients, lesions that demonstrated both

EASL and WHO PR (n = 4) showed complete pathologic

necrosis in 75% of the cases. Lesions that showed both

WHO and EASL PD (n = 5) after chemoembolization

showed \ 50% necrosis in 100% of the cases.

Table 5 summarizes the sensitivity, specificity, PPV,

and NPV of radiologic responses by EASL/WHO criteria

as predictors of necrosis. EASL response had 100% NPV

and sensitivity. EASL CR had 82% PPV and 91% speci-

ficity. WHO response showed 70% PPV and 86% speci-

ficity. The specificity and PPV increased upon application

of stricter criteria, such as C60% decrease in size by WHO

Table 2 Posttreatment imaging

and pathologic findings

stratified by lesion pretreatment

size

95% CI 95% confidence

interval, EASL European

Association for the Study of the

Liver, CR complete response,

PR partial response, SD stable

disease, PD progressive disease,

WHO World Health

Organization
a Fisher’s exact test

Characteristic Pretreatment size Pa

1–2.9 cm 3–5 cm [5cm

Imaging analysis (n = 35)

Total no. 17/35 (48.5%) 12/35 (34.5%) 6/35 (17%)

Time from first treatment to transplant (mo),

median (range)

5.93 (1.9–19.4) 5.7 (1.2–15.8) 7.9 (3.6–12.1)

No. of treatments to target lesion, median

(95% CI)

2 (1–2) 2 (1–2.5) 2 (1–2)

EASL criteria, n (%) 0.239

CR 5 (28) 6 (50) 0 (0)

PR 4 (24) 3 (25) 4 (67)

SD 4 (24) 2 (17) 2 (33)

PD 4 (24) 1 (8) 0 (0)

WHO criteria, n (%) 0.435

CR 1 (6) 0 (0) 0 (0)

PR 2 (12) 4 (33) 3 (50)

SD 9 (54) 6 (50) 3 (50)

PD 5 (28) 2 (17) 0 (0)

Pathologic analysis (n = 35)

Total no. 17/35 (48.5%) 12/35 (34.5%) 6/35 (17%)

Pathologic necrosis, n (%) 0.181

100% 6 (35) 5 (42) 2 (33)

[50% 3 (18) 3 (25) 4 (67)

\50% 8 (47) 4 (33) 0 (0)

Fig. 2 Prechemoembolization

(left) and

postchemoembolization (right)
contrast-enhanced T1-weighted

MRI demonstrating EASL

complete response and WHO

partial response on

postchemoembolization scan
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criteria. Lesions demonstrating both EASL and WHO

response were studied. Specificity and PPV of the combi-

nation of WHO and EASL response was 91 and 78%,

respectively.

The j coefficient for the intermethod agreement

between WHO size and EASL necrosis criteria was found

to be 0.29 (95% CI, 0.07–0.51).

Discussion

The development of effective locoregional therapies for

HCC necessitates the ability to accurately assess treatment

response. There is inconsistency in the imaging charac-

teristics seen after ablative and transarterial locoregional

therapies. Thirty-five HCC patients treated with chemo-

embolization who underwent OLT/resection were studied

for this analysis. This cohort provided the opportunity

to analyze the treated lesion pathologically and assess

therapeutic efficacy of chemoembolization. Explant pathol-

ogy was correlated to radiologic findings after treatment to

determine the ability to radiologically predict actual

necrosis. This study shows that the application of strict

radiologic response criteria (EASL and WHO) after

chemoembolization have a reasonable ability to predict

actual tumor necrosis. These data consolidate the belief

that postchemoembolization changes in tumor size and

amount of enhancing tissue correspond to actual necrosis.

These data are of interest not only to the radiologist per-

forming the interpretation, but also to the whole team

involved in the management of HCC patients.

In our series, complete necrosis was seen in 37% of the

treated lesions. This was similar to other reports, where

59% of the dominant lesions showed [90% necrosis after

chemoembolization [3]. Veltri et al. showed [90% patho-

logic necrosis in 24% of the lesions after chemoemboli-

zation, 80% of the lesions after percutaneous ethanol

injection, and in all lesions after chemoembolization and

percutaneous ethanol injection [28]. The complete patho-

logic necrosis rate after radiofrequency ablation according

to Lu et al. was 65.7% [29]. Our group recently published a

complete pathologic necrosis rate of 61% after radioemb-

olization [16].

The data presented here suggest that pretreatment tumor

size does not permit us to predict the degree of pathologic

necrosis after chemoembolization. This is contrary to cur-

rent data presented on radiofrequency ablation and radio-

embolization, which suggest that smaller tumors show a

higher rate of complete pathologic necrosis [16, 29]. The

small number of lesions[5 cm in size limits our ability to

assess radiologic and pathologic response criteria in this

group.

Table 3 may suggest that pathologic necrosis seen after

chemoembolization was not time dependent. Six lesions

(33%) showed complete pathologic necrosis in the index

lesion even when the liver was explanted [6 months after

Fig. 3 Coagulation necrosis seen after chemoembolization in treated

lesion with an adjacent nodule (arrow) of viable neoplastic tissue

Table 3 Pathologic necrosis

and radiologic response

stratified according to time

period between first treatment

and explantation

a Explanted patients were

excluded from radiologic

response analysis

Characteristic Time after treatment

\3 months 3–6 months [6 months

Pathologic necrosis (35 patients)

Total no.a 6/35 (17) 11/35 (32) 18/35 (51)

No. of treatments to target lesion, median (range) 1 (–) 1 (1–3) 2 (1–5)

Pathologic necrosis, n (%)

100% 1 (17) 6 (55) 6 (33)

[50% 2 (33) 2 (18) 6 (33)

\50% 3 (50) 3 (27) 6 (33)

Radiologic response (35 patients)

Total no. 35 29a 18a

EASL response (partial and complete), n (%) 15 (43) 15 (52) 11 (61)

WHO response, n (%) 2 (6) 4 (14) 7 (39)
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treatment. Five of these six lesions received multiple

treatments to the target lesion. These data favor the

application of scheduled treatments when using chemo-

embolization [30]. On the other hand, one (17%) of the six

lesions explanted \3 months after treatment showed

complete pathologic necrosis. This may indicate that che-

moembolization-induced ischemia, which occurs acutely,

may play an important role in inducing necrosis. This

difference may also indicate a difference in biological

behavior. Table 3 suggests that radiologic response (EASL

and WHO) seen after chemoembolization evolves with

time, but this may be the effect of multiple treatments.

The cohort in this study demonstrated a WHO response

rate of 29% (Table 4). Seventy percent of the lesions

showing WHO response showed complete pathologic

necrosis. Lesions showing SD by WHO criteria showed

complete pathologic necrosis in 33% of the lesions. WHO

criteria remain important because WHO response may

represent the ability of the surrounding parenchyma to

regenerate normally. EASL criteria, which measure the

amount of enhancing tissue only, should be concomitantly

studied to improve the predictability of actual necrosis by

radiologic evaluation. The cohort in this analysis had an

EASL response rate of 62%. A total of 82% of the lesions

showing EASL CR showed complete pathologic necrosis.

This is in contrast to complete pathologic necrosis seen in

all lesions demonstrating EASL CR after radioemboliza-

tion. This may be due to vascular occlusion and subsequent

decrease in contrast uptake by the tumor from arterial

occlusion after chemoembolization. SD and PD by EASL

criteria correlated with\50% pathologic necrosis in 75 and

100% of the lesions, respectively. The low intermethod

agreement as represented by the low j value of 0.29 is in

keeping with the recently published data by Forner et al.

[12]. The data presented may suggest guidelines combining

EASL and WHO criteria.

EASL response resulted in 100% sensitivity, while the

application of stricter criteria, such as EASL CR, only

resulted in 90% specificity (Table 5). A similar trend was

seen when stricter criteria, such as C60% decrease in cross-

Table 4 Pathologic necrosis

according to WHO/EASL

criteria

WHO World Health

Organization, EASL European

Association for the Study of the

Liver, CR complete response,

PR partial response, SD stable

disease, PD progressive disease
a Fisher’s exact test

Criteria CR PR SD PD Pa

WHO response

Total no. 1/35 (3) 9/35 (26) 18/35 (51) 7/35 (20)

Pathologic necrosis 0.005

100% 1 (100) 6 (67) 6 (33) 0 (0)

[50% 0 (0) 3 (33) 6 (33) 1 (14)

\50% 0 (0) 0 (0) 6 (33) 6 (86)

EASL response

Total no. 11/35 (31) 11/35 (31) 8/35 (23) 5/35 (15)

Pathologic necrosis \0.0001

100% 9 (82) 4 (36) 0 (0) 0 (0)

[50% 2 (18) 6 (55) 2 (25) 0 (0)

\50% 0 (0) 1 (9) 6 (75) 5 (100)

Combined WHO and EASL response

Total no. 1/35 (3) 4/35 (12) 6/35 (17) 5/35 (15)

Pathologic necrosis 0.002

100% 1 (100) 3 (75) 0 (0) 0 (0)

[50% 0 (0) 1 (25) 1 (17) 0 (0)

\50% 0 (0) 0 (0) 5 (83) 5 (100)

Table 5 Radiologic responses by EASL/WHO criteria as predictors

of necrosisa

Response Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

EASL (amount of enhancing tissue)

CR or PR 100 59 59 100

CR 69 91 82 83

WHO (size)

CR or PR

(C50%

decrease)

54 86 70 76

(C60%

decrease)

23 95 75 68

WHO and EASL (combined)

Response (CR or

PR)

54 91 78 77

EASL European Association for the Study of the Liver, WHO World

Health Organization, PPV positive predictive value, NPV negative

predictive value, CR complete response, PR partial response
a Complete (100%) pathologic necrosis taken as gold standard
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product, was applied. The combined effect of EASL and

WHO response had higher PPV and specificity than

response by either of these criteria applied alone, further

supporting the notion of combined EASL and WHO

criteria.

We present what is to our knowledge the first compre-

hensive analysis of radiologic–pathologic correlation after

chemoembolization for HCC using EASL necrosis and

WHO size criteria. There are limitations to this analysis.

The analysis presented is relative to the first treatment.

However, 37% of patients received only one treatment to

the target lesion, and the radiologic characteristics of the

target lesions were followed to transplant in all cases. The

small sample size of patients with target lesions that

received multiple treatments (n = 22) limited our ability to

study the effect of multiple treatments on response.

Explantation within a median time of 6.6 months after the

first treatment restricted the ability of this analysis to study

long-term response or time to progression before OLT.

Because the time of OLT is unpredictable, not all lesions

(i.e., in the case of multifocal disease) were treated before

explantation; the radiologic–pathologic analysis is there-

fore based only on treated lesions.

Future studies will examine correlation of treatment

response to risk of posttransplant HCC recurrence in larger

cohorts. In order to eliminate the effect of untreated

lesions, studies that focus on solitary hepatomas may be

able to better correlate radiologic and pathologic findings

after locoregional therapies, as well as long-term outcomes.

In conclusion, the data presented in this study support

the notion that decreases in size and amount of enhancing

tissue in the target lesion correspond to actual pathologic

necrosis. EASL CR and WHO PR correlate well with

pathologic necrosis. This study uses similar radiologic

response criteria that were used by investigators for ra-

dioembolization and suggests that these criteria can rea-

sonably predict actual tumor necrosis after transarterial

locoregional therapies [16].
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