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Abstract The purpose of this study was to correlate
histopathological with CT findings in patients suffering
from hepatocellular carcinoma (HCC) eligible for ortho-
topic liver transplantation (OLT), with a special focus on
the antitumoral effect of transarterial chemoembolization
(TACE) therapy. A total of 42 consecutive patients suf-
fering from HCC had been treated prior to OLT by means
of TACE. TACE was carried out with a mixture of Lipi-
odol (10-20 ml) and mitomycin C (max. dosage, 10 mg).
TACE was performed at 6- to 8-week intervals. Follow-up
investigation included contrast-enhanced multislice CT
controls and laboratory control. Liver explants were eval-
uated macroscopically and microscopically to determine
the number and size of the tumor lesions as well as the
degree of tumor necrosis. Necrosis was investigated in
H&E-stained sections. The degree of necrosis was classi-
fied as follows: 0-25%, 26-50%, 51-75%, 75-99%, and
complete necrosis. Two hundred thirty-one TACE proce-
dures (5.5 & 2.9; range, 1-14) were performed. Mean
tumor size in CT before and after TACE was 4.1 £ 2.4
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(range, 1.0-12.0 cm) and 2.7 £ 1.2 (range, 1.0-6.0 cm;
p < 0.001). Mean tumor number before and after TACE in
CT was 2.5 &+ 1.5 (n = 105; range, 1-8) and 2.4 + 2.0
(n = 103; range, 1-6; p = 0.99). In the surgical specimen
tumor size and tumor number were 2.8 + 1.6 (range, 1.0-
7.0 cm; p =0.78) and 1.9 = 1.2 (range, 1-7; p = 0.003).
Mean tumor necrosis was 67.8% = 28.1%. Tumor necrosis
was subtotal or complete in 17 of 42 (40.5%) patients.
Tumor necrosis correlated significantly with the degree of
arterial devascularization in CT (p = 0.001), the amount of
Lipiodol washout (p = 0.002), and the number of tumor
lesions (i.e., unifocal vs. multifocal). Furthermore, elevated
serum levels of bilirubin (p = 0.005) and decreased albu-
min (p = 0.004) affected the local antitumoral effect. A
poor necrosis rate (< 25%) significantly correlated with the
number of TACE procedures accomplished (p = 0.023). In
conclusion, TACE provided an acceptable local antitu-
moral effect in patients scheduled for liver transplantation.
Tumor necrosis depended significantly on the degree of
arterial devascularization and the accumulation of Lipiodol
within the HCC lesions. Unifocal tumors and preserved
liver function were positive predictors for a more favorable
local antitumoral effect. Poor necrosis rates were found in
patients with significant Lipiodol washout and who
received a limited number of TACE procedures.

Keywords TACE - Multislice CT - Liver
transplantation - Histopathology - Necrosis

Introduction
Although a variety of therapeutic modalities is available for

treating hepatocellular carcinoma (HCC), orthotopic liver
transplantation (OLT) represents the only curative option.
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By means of OLT both the tumor and the underlying cir-
rhosis can be cured [1-3]. Considering the shortage of
donor organs, the time that HCC patients must remain on
the waiting list might increase [4].

Thus, “bridging the time to transplant” by means of
interventional radiological therapy is of particular interest
and importance [5-9]. Local ablative treatment modalities
such as transarterial chemoembolization (TACE), percu-
taneous ethanol injection (PEI), and radiofrequency
thermoablation (RFTA) have been introduced as thera-
peutic options in the pretransplant phase; these treatments
aim to prevent tumor progression, downsize tumors, or
keep patients in stable condition on the list. Whereas PEI
and RFTA are restricted for patients with a more limited
disease, TACE is the treatment of choice in patients with
multifocal tumor spread [10—12]. Due to conflicting results
of TACE the discussion concerning its efficacy is still
ongoing [7, 13-17]. Therefore, we reviewed 42 consecu-
tive patients who were treated in a prospective study by
TACE prior to OLT. This evaluation presents the correla-
tions between multislice CT imaging, on the one hand, and
the macroscopic and histomorphological findings of the
explanted specimens, on the other. In this regard, particular
focus was directed to determining the local ablative effect
of the TACE procedure and the reliability of CT imaging in
evaluating the number and size of the tumors. Positive and
negative predictors for a more or less favorable effect of
the TACE procedure are formulated and discussed.

Patients and Methods

A total of 42 consecutive patients suffering from HCC
were included in this study. HCC had been histologically
confirmed in all cases. All patients were scheduled for liver
transplantation at the Department of Liver Transplantation
and Hepatobiliary Surgery according to the common rec-
ommendations for liver transplantation. Patients with
multifocal tumors and tumors larger than 5.0 cm that
exceeded the Milan criteria for OLT (<3 tumor nodules,
none larger than 3 cm in diameter, or patients with a sol-
itary nodule <5 cm in maximum diameter) were initially
not considered as transplant candidates. However, in case
of tumor regression and relevant downstaging, those
patients might become secondary candidates for OLT and
were placed on the transplant list.

To bridge the time to transplantation, the patients had
been treated with TACE and all 42 patients were finally
transplanted. The decision to perform TACE was made by
an interdisciplinary tumor board in each individual case.
Approval for TACE as a bridging concept for patients with
HCC eligible for liver transplantation was granted by the
institutional investigation and ethics committee. The

TACE protocol included CT evaluation after each single
treatment session. In all cases data from both the initial
helical CT investigation and the last CT scans were
available for evaluation. The last CT scan was performed
prior to liver transplantation within a period of 2 weeks.
Patients were excluded from TACE if they had decom-
pensated liver disease (Child-Pugh class C, Okuda stage III),
bacterial infection, extrahepatic tumor spread, or any con-
traindication for an arterial procedure (impaired clotting test,
platelet count <50,000/mm?®, or prothrombin activity
<50%). Provided that there were no contraindications,
TACE was continued until OLT at 6- to 8-week intervals.

Histopathology

The whole hepatectomy specimens were routinely exam-
ined at the Department of Pathology to identify features of
the tumor disease and determine the impact of TACE. The
explanted liver was serially cut into sections of approxi-
mately 1.0 cm in the sagittal plane. Standard procedure
included macroscopic evaluation, assessing the number,
size, and location of the different tumor nodules. Gross
vascular invasion and the presence of a tumor capsule were
checked additionally. Histological sections were made for
all suspicious lesions. Histological specimens were rou-
tinely stained with hematoxylin and eosin (H&E) as part of
the routine histological assessment. Tumors were graded
according to the WHO criteria as well, moderately, and
poorly differentiated into classes G1-G3 [18].

The necrosis rate of the tumor was defined as the pro-
portion of necrotic area to the presumed tumor area. Necrosis
was termed complete when no viable tumor cells were found.
The diagnosis of active neoplasm was based on the presence
of viable neoplastic hepatocytes. The amount of viable tumor
was classified on a percentage basis during conventional
optical microscopy as follows: 0-25% necrosis, 26—-50%
necrosis, 51-75% necrosis, 76-99% necrosis, and 100%
necrosis. The results were documented for each single nod-
ule. Due to the retrospective design of this evaluation by
means of the written pathological reports, the nodules were
allocated to the CT images and analyzed lesion by lesion.
Pathological data and CT results were only compared for
those lesions that could be correctly matched.

Imaging Modalities

Prior to TACE, contrast-enhanced helical CT was per-
formed. Dynamic CT images were obtained using a four-
row multislice CT scanner (Siemens Volume Zoom; Er-
langen, Germany). A native CT scan was obligatory,
including arterial and portal venous phase acquisitions.
Investigation parameters were as follows: slice thickness,
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3 mm; increment, 2.5 mm; collimation, 2 mm; 150 ml
contrast medium i.v. (Imeron 300; Bracco Altana Pharma
GmbH, Konstanz, Swiss); 50-ml 0.9% NaCl bolus; flow,
5 ml/s; 150 mAs; 120 kV. After TACE, a native CT scan
was carried out on the same or the following day to doc-
ument the Lipiodol distribution and to exclude
displacement of the embolizing agent.

Technical Procedure

For TACE a suspension consisting of 10 ml Lipiodol
(Lipiodol ultra fluid; Andre Guerbet, Aulnay-sous-Bois,
France) and 10 mg mitomycin C was employed. The two
components had been mixed directly before administration
with two syringes connected via a three-way stopcock.
First, any atypical liver blood supply was checked by
selective catheter exploration of the mesenteric and celiac
arteries. Then the common hepatic artery was cannulated,
and, according to the individual anatomical disposition, the
catheter was placed distal to the origin of the gastroduo-
denal artery in the proper hepatic artery or in the right or
left lobar artery. A superselective approach on the level of
the segment arteries using a 2.2-Fr microcatheter (Boston
Scientific Corp., Natick, MA, USA) was selected if a stable
catheter position could not be achieved. The treatment was
performed under continuous fluoroscopy and terminated
after reaching the total dose and/or stasis or reflux in the
appropriate section. The total dose was distributed under
continuous fluoroscopy to both liver lobes in the case of
bilateral tumor spread or only to either the right or the left
lobar artery in cases of unilateral tumor growth. The
patients were usually hospitalized for one night and were
dismissed the next day if no complications developed.
Nausea, pain, or fever that occurred in association with the
TACE treatment was treated symptomatically with antie-
metics (e.g., Navoban, 5-15 mg i.v.), analgesics (e.g.,
Metamizol i.v.), or antipyretics (e.g., Paracetamol, 500-
1000 mg p.o.). No antibiotic prophylaxis was given.

CT Evaluation

Tumor was diagnosed in each single nodule by summa-
rizing the findings from native CT scans, contrast-enhanced
arterial and portal-venous phase and late scans, and scans
made after Lipiodol administration. A nodule was rated as
HCC if it showed arterial hypervascularization, a hypo- or
isodense pattern in the portal-venous phase, and a positive
Lipiodol accumulation after intra-arterial administration of
the oily medium.

By CT tumor density (categories: hyperdense, hypo-
dense, and mixed), number of tumor lesions, and maximal
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transverse and longitudinal diameter of the marker lesion in
the disease process were assessed. The occurrence and/or
the absence of pathological lymph nodes was noted, as was
extrahepatic tumor spread. Tumor response was assessed
on the basis of the cross-sectional CT images and accord-
ing to RECIST criteria [19].

Up to five marker lesions were analyzed and the sum of
the nonmeasurable lesions, i.e., <1 cm in diameter in
cross-sectional spiral CT, was registered. According to
RECIST, unidimensional measurements of the sum of the
longest diameters of the marker lesions were carried out.
Response was defined as follows: complete response, dis-
appearance of all target lesions; partial response, >30%
decrease from baseline; progressive disease, >20%
increase from baseline, any new tumor lesion; and stable
disease, all other cases. In cases of repeated treatment, the
best interim result (best response) was taken.

Lipiodol accumulation was rated according to a visual
analogue score as follows: complete—moderate—poor.
Lipiodol washout was graded as follows: complete—strong—
minor-none.

Tumor vascularization after TACE was evaluated based
on the measurement of contrast enhancement expressed as
Houndsfield units (HU) in the central and lateral aspect of
the tumor nodule in comparison to native and arterial
contrast-enhanced images. Mean enhancement of <10 HU
was rated as no arterial contrast uptake. Mean and peak
enhancement as well as standard deviation was docu-
mented. According to the maximum diameter of the tumor
nodule the still vascularized part of the tumor was calcu-
lated according to a visual analogue score and classified as
follows: none (i.e., completely devascularized), <25%, 25—
49%, 50-74%, and 75-100%. These results were compared
to the histopathological degree of necrosis.

Statistics

The retrospective database was analyzed using the statis-
tical program SPSS (version 12.0 for Windows).
Continuous ordinal data are expressed as mean £+ SD and
as qualitative data by frequency and rate. The statistical
significance of quantitative data was determined by means
of the Kruskall Wallis test and categorical data were
compared using the chi-square test. A two-tailed p-value of
<0.05 was considered to be statistically significant. All
statistical tests were carried out bilaterally.

Laboratory Parameters, Clinical Findings

In all patients the serum AFP levels, transaminases (GOT,
GPT), serum cholinesterases, and blood count and coagu-
lation parameters (PTT, thrombin time, Quick, and/or INR)
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were checked every 6 weeks. Patients were clinically
classified according to the Child Pugh stages (Child stages
A-C).

Results

During the investigation period, a total of 42 patients (33
men, 11 women; mean age, 59.4 £ 6.1 years) were
included in the study. All patients had undergone liver
transplant owing to histologically verified HCC. Alcohol-
ism was the most frequent cause for the underlying liver
cirrhosis (42.9%; n = 18), followed by hepatitis C and
hepatitis B infection. Prior to OLT, chemoembolization
was performed as a bridge to transplant. Median time from
the first TACE procedure to OLT was 252 + 203 days
(range, 54-973 days) and median time on the transplant list
was 215 £ 145 days (range, 20-705 days). Prior to the
first TACE procedure liver function was classified
according to the Child-Pugh stages as Child A in 90.5%
(n = 38) and as Child B in 9.5% (n = 4). Overall a total
number of 231 TACE procedures were accomplished. The
mean number of TACE procedures was 5.4 + 2.9 (range,
1-14). Demographics are listed in Table 1.

Tumors were graded as well, moderately, and poorly
differentiated in 4.8%, 47.6%, and 33.3% of patients,
respectively. Microscopic angioinvasion was found in
73.8%. According to the TNM classification, pT1-pT4
stages were found in 28.6%, 42.9%, 14.3%, and 9.5%,
respectively (Table 2). Histomorphological evaluation
showed a total number of 78 (1.9 £ 1.2) tumors. By
comparison helical, pretransplant contrast-enhanced CT
revealed a total number of lesions larger than 1.0 cm in 82

Table 1 Patient demographics

Demographics
Gender
Men 32
Women 10
Mean age + SD 594 £ 6.1
Liver disease
Hepatitis B 8 (19.0%)
Hepatitis C 12 (28.6%)
Ethyltoxic liver cirrhosis 18 (42.9%)
Others 4 (9.6%)
Functional liver status
Child A 38 (90.5%)
Child B 4 (9.5%)

Time on transplant list (days)
Waiting time, median + SD (range) 215 £ 145 (20-705)
TACE accomplished

Total no. (mean + SD; range) 231 (5.5 £ 2.9;1-14)

cases (2.0 £ 1.0; range, 1-5) compared to 85 lesions in the
initial CT scan (p = 0.98) (Table 3). Furthermore, 21
lesions smaller then 1.0 cm were found in the CT scans
that showed an arterial hypervascularized pattern and
Lipiodol accumulation. Those lesions could retrospectively
not be matched so that the histology remained unclear.
Therefore further analysis is according only to the 78
lesions found in pathologic examination that could be
correctly attributed.

The great majority of the tumors investigated here was
hyperdense on arterial CT scans (84.1%) and the Lipiodol
enhancement after the TACE procedure was rated as strong
or complete in 75% (n = 33) of the cases. In two-thirds of
the cases (n = 28; 66.7%), no or only minor Lipiodol
washout on subsequent CT control studies was recognized.
In 14 of 42 cases a complete or remarkable Lipiodol
washout in follow-up CT scans occurred (Table 2).

Mean tumor size was 4.1 &+ 2.4 cm (1.0-12.0 cm) in the
initial CT scan and 2.7 £+ 1.2 cm (1.0-6.0 cm) in the last
CT scan (p < 0.001). Mean tumor size was rated similarly
in CT and histological evaluations in most lesions
(p = 0.78). CT overestimated the tumor size in the speci-
men in five cases and underestimated it by more than
1.0 cm in four cases (Table 3).

Comparison of Tumor Necrosis According to CT and
Histology

The mean degree of tumor necrosis was 67.8 + 28.1%.
Tumor necrosis was rated as 0-25%, 25-50%, 51-75%,
75-99%., and 100% in 8 (19.0%), 5 (11.9%), 5 (11.9%), 17
(40.5%), and 7 (16.7%) patients, respectively (Table 4).
The last CT images after TACE and the histopathological
findings correlated well in terms of degree of necrosis and
degree of vascularization or devascularisation (p = 0.001).
In 12 of 16 cases in which necrosis was >75% in the his-
topathological study, no contrast enhancement was seen in
the multislice CT image. In contrast, in cases of persistent
and extensive hypervascularization, >75% (n = 7), suffi-
cient tumor necrosis was excluded in any case by
histopathology. Accordingly the local response (i.e., stable
condition—response—progression) depended significantly on
the degree of devascularization. Regression and stable
condition (n = 38) were observed clearly more often in
cases of extensive devascularization (n = 27; Figs. 1-4),
whereas viable tumor was attributed to progression and
occurred significantly more often in cases of a significant
residual perfusion after TACE (p = 0.002). In no case was
progression found if devascularization was complete
(Figs. 5-8), whereas a regression was observed clearly
more often in cases in which perfusion was substantially
reduced (n = 12/17).
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Table 2 Tumor characteristics in CT and histopathology

Tumor size (range) Before TACE 4.1 £ 2.4 cm (1.0-12.0 cm)
After TACE 2.7 £ 1.2 cm (1.0-6.0 cm)
Total no. of lesions suspected to be tumor
Before TACE 2.0 £ 1.0 (n = 85; range, 1-5)

After TACE 2.0 £ 2.0 (n = 82; range 1-5)
Density

Hyperdense 36 (85.7%)

Intermediate 5(11.9%)

Hypodense 1 (2.4%)
Lipiodol uptake

Poor 3 (7.1%)

Moderate 7 (16.7%)

Complete 32 (76.2%)
Lipiodol washout

None/ minor 28 (66.7%)

Strong 7 (16.7%)

Complete 7 (16.7%)
Grading

Gl 2 (4.8%)

G2 20 (47.6%)

G3 14 (33.3%)

Gx 6 (14.3%)
Angioinvasion

Yes 31 (73.8%)

No 11 (26.2%)
T-stage

pT1 12 (28.6%)

pT2 18 (42.9%)

pT3 6 (14.3%)

pT4 4 (9.5%)

Note. The total number of lesions suspected to be tumor reflects
measurable (>1.0-cm) lesions in multislice CT. Additionally, 21
lesions (<1.0 cm) were detected in multislice CT that could not be
matched to H&E sections

For further statistical evaluation two subgroups were
defined, as follows: necrosis >75% (n = 23) and necrosis
<75% (n = 19). Results are listed in Tables 5 and 6. The
most significant correlation was found for the degree of
Lipiodol washout: the stronger the Lipiodol washout, the
smaller the necrotic area (p = 0.003).

Necrosis was significantly more extensive in patients
with unifocal disease than in those with multifocal disease
(p = 0.018). Patients who showed a response of >75%
tumor necrosis tended to be younger than patients with less
extensive necrosis (p = 0.08). Patients suffering from
hepatitis B infection showed larger zones of necrosis than
those without hepatitis B infection (p = 0.044). In addition,
the degree of necrosis correlated significantly with the
preinterventional liver function. Laboratory control of ini-
tial albumin and bilirubin levels before TACE indicated
that patients with a less favorable response to TACE had
significantly ~decreased serum levels of albumin
(p = 0.004) and significantly elevated serum bilirubin
levels (p = 0.005).

The degree of necrosis did not correlate with the initial
tumor size (p = 0.45) or with the tumor density prior to
TACE treatment (p = 0.43).

There was no evident correlation between tumor
necrosis and the presence or absence of microscopic an-
gioinvasion or between tumor necrosis and tumor grading
(p = 0.35 or p=0.34, respectively), nor was evidence
found for a better or worse response for gender (p = 0.61)
or the waiting time to OLT (p = 0.68).

Patients in whom necrosis was insufficient were
reviewed separately. The chi-square test showed that
Lipiodol washout was the variable with the strongest
influence on minor local response (p < 0.0001). Addi-
tionally, the number of TACE procedures accomplished
was relevant (p = 0.023). In five of seven cases fewer than
three TACE procedures were carried out. A mean of
3.5 + 3.1 TACE procedures was performed, compared to
5.9 + 2.8 in the other patients. Other factors such as tumor
size (p = 0.13), time on the waiting list (p = 0.95), and
microscopic patterns such as grading (p = 0.30) and angi-
oinvasion (p =0.28) had no influence to poorer
locoregional response.

Discussion
TACE is the mainstay in the palliative treatment of HCC

[10, 11]. Due to the shortage of donor organs and the
increasing need for liver transplantation in the last decade,

Table 3 Comparison of multislice CT data and histopathological evaluation

Variable Last CT scan Histopathology p-value
Tumor size, max. diameter = SD (range) 2.7 £ 1.2 (1.0-6.0) cm 2.8 &+ 1.6 (1.0-7.0) cm 0.78
Mean no. of measurable tumor lesions £+ SD 20+ 1.0 (n =82) 1.9+ 1.2 (=78 0.98
Unifocal lesions 17 (40.5%) 19 (45.2%) 0.74
Unilobar tumors 30 (71.4%) 30 (71.4%) 1.0

Note. A total of 82 lesions (>1.0 cm) were detected on CT, compared to 78 lesions on histopathology
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Table 4 Tumor necrosis, evaluated histologically, according to
patients treated by means of TACE

Degree of necrosis No. of patients

<25% 8 (19.0)

25-50% 5 (11.9%)
51-75% 5 (11.9%)
75-99% 17 (40.5%)
100% 7 (16.7%)

Note. A total of 78 lesions were evaluated. Mean degree of necrosis
was 67.8 & 28.1%

TACE has become more and more important at many
centers as a bridge to transplant [5, 8, 9, 17, 20-22, 28].

Besides downstaging patients the most important goal of
TACE in transplant candidates is to keep them in a steady
state and to avoid dropout from the transplant list [9, 17,
20— 23]. Even if the TACE strategy is well accepted, the
local antitumoral efficacy of the TACE protocols has been
compared with histological results in only a few reports.
We conducted this study to correlate the CT findings with
the results of histopathology and to develop predictors for
the outcome of our TACE protocol in the future.

Figs. 1-4 A 40-year-old
woman with hepatitis B
cirrhosis. Solitary hepatocellular
carcinoma lesion in the right
liver lobe with hypodense
central parts (diameter, 5.0 cm;
Fig. 1). Good Lipiodol
accumulation after four TACE
treatments. Notice the small rim
of contrast enhancement (Fig.
3) compared to the native image
(Fig. 2) at the medial aspect of
the tumor lesion (arrows). H&E-
stained section (Fig. 4)
demonstrates extensive necrosis
(straight arrow) with parts of
still viable tumor (curved
arrows)

5.0cm

In our cohort the mean overall rate of tumor necrosis
was calculated to be >65%, ranging from <25% to com-
plete necrosis. In particular, subtotal necrosis of >75% or
even total tumor necrosis was found in more than half of
the patients treated with the Lipiodol-Mitomycin C com-
bination. In contrast to most of the studies published to
date, we abstained from giving temporarily or permanently
occluding materials to avoid early deterioration of the
target vessels [5, 9, 10, 17]. Nevertheless, our results are
comparable to those reported over the last decade [5, 7, 9,
14, 17, 24-29].

One of the first publications dealing with pretransplant
TACE was published by Majno et al. in 1997 [17]. They
started applying pretransplant TACE in the late 1980s as a
substantial part of the pretransplantion treatment. In 54
patients who received TACE prior to OLT they found
complete tumor necrosis in 27% and they achieved at least
a relevant downstaging in half of their patients [17]. In
2005 Sotiropoulos and colleagues reported comparable
results, with tumor regression in more than 50% of the
patients [27]. In our cohort, tumor regression—based on
RECIST criteria—with a tumor shrinkage of >30% was
found in 17 patients (40.4%). In those patients statistical
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Figs. 5-8 A 52-year-old man
with hepatitis B-associated liver
cirrhosis. Inhomogeneous,
solitary, 3.0-cm hepatocellular
carcinoma located in the right
liver lobe below the capsule
(Fig. 5; arrows). Complete
devascularization with lack of
contrast enhancement in the
arterial phase (Fig. 6) compared
to the native scan (Fig. 7).
H&E-stained section (Fig. 8)
shows complete necrosis of the
tumor

analysis revealed a significant decrease in the maximum
tumor diameter between the first and the last CT scan,
whereas the number of tumors was stable in most cases.

Yao et al. presented a prospective study in 2005 that
addressed the value of pretransplant locoregional treatment
as well [26]. Relevant downstaging was achieved in this
cohort in 70% of the patients, and complete tumor necrosis
was achieved in 44% of the patients, which is superior to
the results published by Majno et al. or Decaens et al. and
to our results as well [9, 17]. Whereas Yao et al. presented
a single-center study, Decaens et al. reported on a recent
multicenter case-control study in 2005. They evaluated two
groups separately, the TACE group and the untreated
control group. Both consisted of 100 patients. They
achieved a total or at least subtotal necrosis in 30% of the
patients, which is similar to our data [9].

@ Springer

Which parameters substantially affect the degree of
necrosis? Pompili and colleagues evaluated factors that
might influence tumor necrosis [13]. A significant corre-
lation was found between the preinterventional size of the
HCC lesion (i.e., 3.0 cm) and the extent of necrosis after
treatment. Other factors such as serum AFP, number of
nodules, and time from treatment to OLT had no influence
on the outcome [13].

In our cohort statistical analysis, tumor vascularization
after TACE treatment, and Lipiodol washout were ruled
out as the most important prognostic factors for tumor
necrosis. Patients that demonstrated no relevant contrast
enhancement on the postinterventional control CT images
had significantly more extensive necrosis, and in contrast,
six of the seven patients showing tumor progression in the
follow-up examinations demonstrated a >25% vascularized
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Table 5 Continuous and

nonparametric variables with Variable Tumor necrosis <75% Tumor necrosis >75% p-value
p(?tential inﬂuenge on the degree Tumor size
of tumor necrosis using
Kruskall Wallis test >3 cm (n = 23) 7 (16.7%) 10 (23.8%) 0.45
<3 cm (n = 25) 12 (28.6%) 13 (31.0%)
No. of tumors
< 3 lesions (n = 12) 15 (35.7%) 15 (35.7%) 0.26
>3 lesions (n = 30) 4 (9.5%) 8 (19.0%)
Tumor density
Hypodense/intermediate (n = 6) 2 (4.8%) 4 (9.5%) 0.43
Hyperdense (n = 36) 17 (40.5%) 19 (45.2%)
Lobar involvement
Unilobar (n = 12) 9 (21.4%) 3 (7.1%) 0.017
Bilobar (n = 30) 10 (23.8%) 20 (47.6%)
Focality pathology
Unifocal (n = 19) 12 (28.6%) 7 (16.7%) 0.035
Multifocal (n = 23) 7 (16.7%) 16 (38.1%)
Angioinvasion
No (n = 31) 13 (31.0%) 18 (42.9%) 0.35
Yes (n = 11) 6 (14.3%) 5 (11.9%)
Lipiodol uptake
Poor/moderate (n = 10) 5 (11.9%) 5 (11.9%) 0.50
Good (n = 32) 14 (33.3%) 18 (42.9%)
Lipiodol washout
Moderate/strong (n = 20) 11 (26.2%) 3 (7.1%) 0.003
None (n = 22) 8 (19.0%) 20 (47.6%)
:;:;ngmggﬂ?:sl;roizlsalzrs}dwith Variable Degree of necrosis <75%  Degree of necrosis >75%  p-value
potential inﬂuenf:e on the dc?gree No. of patients 19 23
of tumor necrosis using chi-
square test Age (yr) 60.1 +£5.3 56.5 £ 74 0.08
Gender, male/female 10/4 22/6 0.60
Time on list, median & SD (range) 210 £ 181(28-705) 215 + 114 (20-433) 0.57
Hepatitis B, yes/no 1/18 7/16 0.044
Hepatitis C, yes/no 712 5/18 0.22
AFP, ng/L 417.7 £ 551.8 608.0 £ 1548.9 0.67
Albumin, g/ 324+ 44 38253 0.004
Bilirubin, mg/dL 2.1 £ 1.1 09 £ 0.6 0.005

tumor area. As we reported in two former published studies
tumor progression during TACE was the most powerful
predictor of posttransplant outcome [21, 22]. Whereas
stable disease and tumor regression were associated with
recurrence-free survival after OLT, a tumor progression
according to RECIST criteria was correlated significantly
more often with tumor relapse [21, 22].

Before this background the impact of partial necrosis
with regard to posttransplant outcome is presently under
discussion. Comparable to other series we also found

insufficient tumor necrosis, i.e., <25% of necrotic tumor
tissue, in 17% of the cases [9, 13, 25]. Insufficient necrosis
was associated significantly more often with less frequent
TACE treatments. This is in line with results of sequential
TACE, suggesting that it is superior to single or only
sporadic treatments [22, 30]. Incomplete tumor necrosis
might raise concerns that the TACE procedure is not able
to control tumor growth, and furthermore there might be
worries about tumor recurrence after OLT. Correspond-
ingly, Ravaioli and colleagues reported in 2004 that partial
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necrosis facilitates the recurrence of HCC in transplanted
livers [14]. Of 54 patients who received transplants due to
HCC, tumor recurred in 5, whereas only partial necrosis
was found in the liver explants from 4 patients. Therefore,
they concluded that partial necrosis might be an important
risk factor for tumor recurrence after OLT. However, if our
data did not support this result in detail, the insufficient
response to the treatment must be scrutinized carefully and
patients with tumor progression should be discussed criti-
cally for transplantation.

For the extent of necrosis induced by repeated TACE
treatment, the initial liver function was of significant value.
Patients who had elevated serum bilirubin levels of
>2.0 mg/dl showed a significantly worse response to
TACE treatment. Correspondingly a decreased albumin
level of <35 g/L was associated with a smaller degree of
tumor necrosis. Although there are no data published in the
literature, there is obviously a relationship between the
ability of the liver parenchyma to synthesize and to
metabolize, on the one hand, and the efficacy of the local
treatment, on the other.

The local effect of each TACE procedure is attributed to
storage of the administered therapeutics and the prolonged
exposure to the drug due to microvascular occlusion and
deterioration of the reticuloendothelial system. Tumor
necrosis was clearly more extensive in patients with a
permanent Lipiodol accumulation in the HCC nodules than
in those who presented with a relevant washout in follow-
up investigations. In addition to the degree of devascular-
ization and Lipiodol storage, the number of tumor nodules
was important. Patients with unifocal tumor disease and
unilobar involvement showed a better response to TACE,
with more extended tumor necrosis than in patients with
multifocal disease. Therefore, the less extensive necrosis
found in bilateral and multifocal tumors might be related to
the dosage of the administered therapeutics. In the past we
administered the antitumoral drug via the segmental or
even lobar arteries whenever possible, with the aim of
targeting even small nodules by the TACE treatment. This
procedure was attributed to the frequently multifocal nature
of HCC and the fact that tumors are sometimes discovered
only after LT in the pathological investigation. A recently
published study by Sotiropoulos and colleagues ostensibly
supports this notion [31]. They reported that even if all the
radiological techniques are implemented, including MRI
and CT, small lesions, <1 cm in diameter, were missed
completely and tumor extent was underestimated in more
than 50% of cases. However, the authors neglected to
specify which imaging modalities they employed or to
present the imaging protocols.

However, in routine pathological examination the liver
specimen is cut into approximately 1.0-cm slices, whereas
CT provides overlapping slices with a thickness of 3.0 mm.

@ Springer

This involves the danger of missing very small lesions in
the pathological evaluation. Therefore, future studies
should take this into consideration, and ideally the CT
reading and pathological evaluation should be adjusted to
each other to obtain maximum information.

Conclusion

The authors are well aware of some substantial disadvan-
tages of the present study. First and most importantly, it is a
retrospective evaluation that comprises all the problems
associated with retrospective data. In particular, retro-
spective analysis of the histological sections and the correct
attribution to the CT images is burdened with some
uncertainties. Nevertheless, we showed that even a simple
treatment concept that disclaims from particulate emboli-
zation provides degrees of tumor necrosis comparable to
those provided by more complex treatment regimens.
Moreover, we could show a reliable correlation between
the patterns of CT devascularization and Lipiodol accu-
mulation or washout and the degree of tumor necrosis in
pathomorphology.
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