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rabbits will be useful for studying gene functions relating to
atherosclerosis.

9. Conclusion

In humans, clarification of the mechanism of acute coronary
syndromes and the development of therapeutics are critical. To
accomplish the late Professor Watanabe's goal, we attempted to
induce the rupturing of coronary plaques and subsequent forma-
tion of thrombi in WHHLMI rabbits. In addition, the development of
transgenic WHHLMI rabbits expressing various MMPs or cytokines
may help to clarify the mechanisms behind the destabilization of
atheromatous plaques, rupturing of plaques, formation of thrombi,
and acute coronary syndromes. The WHHL or WHHLMI rabbit
will continue contributing to studies of hypercholesterolemia,
atherosclerosis, myocardial infarction, and related diseases. Dr.
Watanabe’s contribution to progress in studies of lipoprotein
metabolism and atherosclerosis was substantial and he will be
greatly missed.
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Abstract

Purpose To elucidate the prognostic role of post-therapeutic
'*F_fluorodeoxyglucose (‘*F-FDG) positron emission to-
mography (PET), we conducted a retrospective cohort study
analysing the clinical factors that affect overall survival after
non-operative therapy for unresectable hepatocellular carci-
noma (HCC).

Methods Sixty-seven cases with unresectable HCC who
received non-operative therapy (transcatheter arterial chemo-
embolization: n=24, transcatheter arterial infusion chemo-
therapy: n=31, radiofrequency ablation: n=5 or systemic
chemotherapy: #n=7) and had received FDG PET for the
evaluation of the therapeutic effect within | month after the
end of the therapy were evaluated. Overall survival rate was
evaluated using the univariate and multivariate analyses of
relevant clinical and laboratory parameters before and after

T. Higashi (8<) - R. Nishii

Shiga Medical Center Research Institute,
5-4-30, Moriyama,

Moriyama City, Shiga 524-8524, Japan
e-mail; higashi@shigamed.jp

E. Hatano - 1. Ikai - S. Seo * K. Kitamura - Y. Takada -
S. Kamimoto

Department of Gastroenterological Surgery,

Kyoto University Graduate School of Medicine,

54 Kawahara-cho, Shogoin,

Sakyo-ku, Kyoto 606-8507, Japan

Y. Nakamoto - K. Ishizu - T. Suga - H. Kawashima + K. Togashi
Department of Diagnostic Imaging and Nuclear Medicine,
Kyoto University Graduate School of Medicine,

54 Kawahara-cho, Shogoin,

Sakyo-ku, Kyoto 606-8507, Japan

@ Springer

17 October 2009

therapy, including visual PET analysis and quantitative
analysis using maximum standardized uptake value (SUV).

Results Visual PET diagnosis of post-therapeutic lesions was a
good predictor of overall survival of unresectable HCC
patients. The low FDG group showed significantly longer
survival (average: 608 days) than that (average: 328 days) of
the high FDG group (p<0.0001). Multivariate analysis showed
four significant prognostic factors for the survival: post-
therapeutic alpha-fetoprotein («xFP) level (=400 ng/mi, p=
0.004), post-therapeutic visual PET diagnosis (p=0.006),
post-therapeutic clinical stage (UICC stage IV, p=0.04) and
post-therapeutic Milan criteria (p=0.03), while pre-therapeutic
clinical factors, SUV by post-therapeutic FDG PET (5.0 or
more) or others did not show significance.

Conclusion The present study suggests that post-therapeutic
PET performed within 1 month after non-operative therapy
can be a good predictor of overall survival in unresectable
HCC patients, while pre-therapeutic evaluation including
PET, tumour markers and clinical staging may not be useful.

Keyword FDG - Hepatocellular carcinoma - PET-
Early prediction - Prognosis - Response -
Non-operative therapy

Introduction

Hepatocellular carcinoma (HCC) is one of the most fre-
quently occurring tumours worldwide and ranks fifth in
frequency in the world [1, 2]. Resection and transplantation
achieve the best outcomes in well-selected candidates;
however, the 5-year survival rate is only 60-70% [3, 4].
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Therefore, a large proportion of patients with HCC were
treated with non-operative therapy, because of high risk
factors, such as non-localized multiple intrahepatic lesions,
extensive vascular invasion or extrahepatic metastasis or
because of the shortage of donor livers for transplantation. At
the present time, transcatheter arterial chemoembolization
(TACE) and transcatheter arterial infusion chemotherapy
(TAI) are the main non-operative therapies for relatively
large or advanced intrahepatic HCC, while radiofrequency
ablation (RFA) and percutaneous ethanol injection therapy
(PEIT) are the main non-operative therapies for relatively
small HCCs which present in small quantities [5]. For
patients with distant metastasis, systemic chemotherapy is
supposed to be the best choice. Recently, sorafenib, a multi-
targeted tyrosine kinase inhibitor, was found to improve
survival of patients with advanced stage HCC [6]. The
clinical role of non-operative therapies will become more
important in the near future.

In general, the therapeutic response of HCC to non-
operative therapy is assessed by conventional radiological
imaging modalities, based on the Response Evaluation
Criteria in Solid Tumors [7]. However, such criteria using
conventional imaging modalities have shown their limita-
tions because therapeutic response and tumour viability are
not appropriately reflected in patients with HCC [8]. It was
reported in post-operative HCC patients that intrahepatic
recurrence could be predicted by several factors, such as the
presence of microvascular invasion, poor histological
differentiation and satellite lesions [9, 10]. However, these
factors based on pathological evaluation cannot be utilized
for the evaluation of patients with unresectable HCC treated
with non-operative therapy. There is really a call for an
appropriate indicator of tumour viability and a predictor of
prognosis in patients after non-operative therapy, especially
one using a non-invasive imaging modality.

The uptake of '*F fluorodeoxyglucose (**F-FDG), based on
the enhanced glucose metabolism in cancer cells, is supposed
to be a sensitive marker of tumour viability. Tumour detection
using increased '®F-FDG uptake by positron emission
tomography (PET) has therefore been applied in diagnostic
imaging for a variety of tumours, including HCC [I1, 12].
Several studies in liver tumours have shown that FDG PET is
useful for tumour characterization, assessment of therapeutic
response and outcome [13-15]. On the other hand, other
reports showed that the sensitivity of FDG PET is not
sufficiently high (50-55%) in HCC patients [16-19]. Recent-
ly, concerning resectable HCC, our group reported that FDG
uptake evaluated by pre-operative PET is associated with
tumour differentiation and post-operative survival in HCC
patients treated with partial hepatectomy [20, 21]. However,
there has been no report regarding the relationship between
prognosis and FDG uptake evaluated by post-therapeutic PET
after non-operative therapy in patients with unresectable HCC.

The purpose of this study is to investigate retrospectively
the efficacy of FDG PET as an in vivo marker for tumour
viability of HCC after non-operative therapy and as a
prognostic predictor for post-treatment overall survival in
patients with unresectable HCC.

Materials and methods
Study population

From May 2003 to April 2008, 465 cases with HCC were
admitted to our unit in Kyoto University Hospital for the wish
to receive a radical operation or non-operative therapy. By
computed tomography (CT) scan, magnetic resonance imag-
ing (MRI) and other imaging modalities, 320 cases were
diagnosed to be candidates for a curative operation and
underwent surgery. Another 23 cases were diagnosed as
having far-advanced HCC and only received palliative
treatment. The other 122 cases were diagnosed as having
unresectable HCC and treated by non-operative therapy.
Inclusion criteria in the present study were as follows: (1)
diagnosed as unresectable HCC by CT scan and MRI in pre-
therapeutic evaluation, (2) treated with non-operative therapy
(TACE, TAI, RFA, PEIT or systemic chemotherapy) and
completed a single course of a therapeutic regimen, (3)
diagnosed by FDG PET within 1 month after the end of non-
operative therapy and (4) clinical follow-up more than
6 months after non-operative therapy. Exclusion criteria were
as follows: (1) patients who received FDG PET only before
non-operative therapy and (2) patients who received FDG
PET more than 1 month after the end of non-operative therapy.
Of 122 cases with unresectable HCC, 67 were included in
the present study, where 67 consecutive post-therapeutic FDG
PET studies were performed in 58 patients within 1 month
after the end of non-operative therapy (ranging from 0 to
28 days, mean interval of days: 10.9+10.9 days). In 29
patients, pre-therapeutic FDG PET was also performed within
3 months before the start of the therapy. Nine patients received
non-operative therapies two times, with an interval of more
than 1 month between each therapy (ranging from 32 to
1,960 days, mean interval of days: 328.5 days). Therefore, the
patient who received non-operative therapies twice was
counted as two cases for diagnosis of lesion viability and
counted as a single patient at the time of the last post-
therapeutic PET for analysis of survival. Finally, in this
retrospective analysis, 67 cases (55 men and 12 women, mean
age: 59.34+12.6 years) were analysed for diagnosis of lesion
viability and 58 patients (46 men and 12 women, mean age:
60.8+12.1 years) were analysed for prediction of survival.
Before admission to Kyoto University Hospital, each
patient gave written informed consent to becoming a possible
candidate for retrospective clinical research (except for gene-
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related researches), as required by the Kyoto University
Human Study Committee.

Patient characteristics

Patient characteristics of 67 cases are shown in Table 1. The
chemotherapeutic agents used in TACE, TAI and systemic
chemotherapy were as follows: fluorouracil (5-FU) and 5-
FU with cisplatin (CDDP) for TACE; 5-FU with CDDP and
5-FU with interferon for TAI; 5-FU, Farmorubicin (Farm)
and gemcitabine (GEM) for systemic chemotherapy. The
clinical stage of HCC was analysed at first before the
treatment based on the criteria of the International Union

Against Cancer (UICC) using several imaging modalities
(CT, MRI and/or angiography and/or PET if available) [22].
The clinical stage of HCC was re-analysed at the time of
post-therapeutic PET based on UICC criteria using PET
results and other imaging modalities. Analyses using Milan
criteria for the selection of liver transplantation were evaluated
before the treatment based on the size and the number of
tumours determined from imaging modalities using CT or
MRI (single tumour: 5 cm or less in size; or three or less
tumours: each 3 cm or less in size; and no macrovascular
invasion) [23]. Analyses using Milan criteria were also re-
evaluated at the time of post-therapeutic PET based on
imaging modalities including PET. Thirty-seven patients

Table 1 Patient characteristics

of 67 cases (58 patients) Characteristic Value Characteristic Value
Age (years) Past history of therapy®, n (%)
Mean+SD 59.3£12.6 Partial resection 33 (49)
Range 32-80 LDLT 2(3)
Gender, n (%) TACE 51 (76)
Male 55 (82) TAI 38 (57)
Female 12 (18) RFA 31 (46)
Tumour differentiation, n (%) PEIT 12 (18)
Well 34 Child-Pugh classification at pre-treatment, n (%)
Moderately 16 (24) A 38 (57)
Poorly 20 (30) B 29 (43)
Unknown 28 (42) Child-Pugh classification at PET study, n (%)
Target therapy in the present study, n (%) A 38 (57)
TACE 23 (34) B 26 (39)
TAI 30 (45) C 34
RFA 57 Child-Pugh score at PET study
TACE+PEIT L Mean+SD 6.4+1.4
TAT+RFA 1 Aetiology of hepatitis, n (%)
Systemic chemotherapy 7(10) HBV 19 (28)
Clinical stage at pre-treatment, # (%) HCV 40 (60)
UICC, 6th edition HBV+HCV 4 (6)
Stage II-111 47 (70) Alcoholic 23
Stage IV 20 (30) Unknown 2 (3)
Milan criteria at pre-treatment, n (%) Pathological evaluation of hepatic parenchyma
UICC Tnternational Union Fulfilled 21 (31 Grade of hepatitis, # (%)
Against Cancer, TNM Beyond 46 (69) None 2(3)
classification, PET positron Clinical stage at post-PET evaluation, n (%) Low 22 (38)
i?ﬁ.iiﬂeﬁ?gfﬁfy’ HACE UICC, 6th edition Moderate 12 21)
chemoembolization therapy, Stage [ 39 (58) High 1@
TAI transcatheter arterial Stage TV 28 (42) Not available 30 (36)
iﬂfl_lSiOU chemotherapy, RF4 Milan criteria at post-PET evaluation, n (%) Grade of fibrosis, n (%)
e sn B ot ey e o
injection therapy, LDLT living Beyond 49(73) Low 9 (16)
donar liver transplantation, Moderate 7(12)
HBV ‘h'epatiti.s B virus, HCV High 18 31)
hepatitis C virus Not available 30 (36)

“Including overlapping therapy
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received pathological evaluation of lesions and surrounding
liver parenchyma by biopsy at the time of RFA or PEIT (at
the present therapy or at the previous one within 6 months
before the present therapy, n=27) or by surgical resection
(within 2 weeks after the post-therapeutic PET, n=10).
Activity grades of hepatitis and fibrosis were also evaluated
in surrounding liver parenchyma by well-experienced path-
ologists using four-grade scales.

Tumour markers, including serum alpha-fetoprotein («xFP),
lens culinaris agglutinin-reactive fraction of serum oFP (xFP-
L3 fraction) and protein induced by vitamin K absence or
antagonist II (PIVKA-II), were evaluated before the non-
operative therapy and at the time of post-therapeutic PET. The
presence of positive results in all these three tumour markers
(aFP=400 or more, xFP-L3=15 or more and PIVKA-I1=400
or more) was defined as “triple plus”.

PET study

'®F was produced by '*O(p, n) '*F reaction. "EFDG was
synthesized by the nucleophilic substitution method using an
'®E_FDG-synthesizing instrument F-100 (Sumitomo Heavy
Industries, Co. Ltd., Tokyo, Japan) and a cyclotron, CYPRIS-
325R (Sumitomo Heavy Industries, Co. Ltd., Tokyo, Japan).
All patients were examined with a whole-body PET scanner
with an 18-ring detector arrangement (Advance, General
Electric Medical Systems, Milwaukee, W1, USA).

The patients fasted for more than 4 h before the injection
of "F-FDG. All subjects received an intravenous injection

of '®F-FDG (296 +74 MBq), and the acquisition of whole- .

body PET images started 50 min later. Data acquisition
(emission and transmission scan) was performed in two-
dimensional imaging mode with septae in place. Emission
images were acquired for 3 min per bed position and each
post-emission transmission scan was obtained for 1 min per
position. Whole-body scanning (from head to upper thigh)
was performed in each patient using five or six bed
positions according to the height of each patient. The data
were reconstructed using the ordered subsets expectation
maximization method (OSEM) using 16 subsets, 3 iter-
ations and 128x 128 array size.

Image analysis

PET images were interpreted and analysed visually by two
or three experienced nuclear medicine physicians (TH, YN,
K1, TS) with all available clinical information. Next, these
physicians had a discussion and made a final diagnosis.
Diagnosis of lesion viability was performed separately in
liver lesions and metastatic lesions with a two-category
system, positive or negative. In the diagnosis of liver
lesions, FDG uptake of a lesion was compared with back-
ground uptake of liver parenchyma. If a nodule showed

remarkably higher uptake than the liver parenchyma, PET
diagnosis was defined as positive. If a nodule showed
similar or lower uptake than the surrounding liver paren-
chyma, PET diagnosis was defined as negative. In the
diagnosis of metastatic lesions, FDG uptake of each lesion
was compared with background uptake of surrounding
normal tissue or with the contralateral normal tissue (when
the lesion was located in the lung field). All PET diagnostic
results were based on the diagnostic reports described in
patient charts at the time of the clinical course, and the
whole results were again confirmed by nuclear medicine
physicians (TH, RN) with 100% concordance rate, retro-
spectively. When visual PET analysis was negative in the
whole body and then known lesions or newly discovered
metastatic lesions were confirmed as alive within 6 months
after PET study, visual PET diagnosis on lesion viability
was defined as false-negative. On the contrary, when visual
PET analysis was positive in a lesion and the lesion was
confirmed as necrotic or nonexistent within 6 months after
PET study, visual PET diagnosis on lesion viability was
defined as false-positive. For univariate and multivariate
analysis of prognostic factors, a positive PET finding in any
lesion in the body (hepatic or metastatic, known or
unexpected) was defined as positive for the patient.

In addition, semi-quantitative analysis of '*F-FDG uptake
was also performed for univariate and multivariate analysis
of prognostic factors. Regions of interest (ROIs) were
defined on the target lesions in the transaxial tomograms of
PET images by the PET-to-CT co-registration method using
the automatic rigid/non-rigid body-deformable fusion soft-
ware: Quantiva/BodyGuide (Tomographix IP Ltd., Toronto,
Canada). The maximum standardized uptake value (SUV)
was calculated for quantitative analysis of tumour '"*F-FDG
uptake as follows:

C(kBgq/ml)
SUV =
ID(kBq)/body weight (g)

where C represents tissue activity concentration measured by
PET and ID represents the injected dose. The highest
maximum SUV of the lesion in the whole body (hepatic or
metastatic) was defined as the SUV of the patient.

Clinical confirmation

Lesion viability after treatment was confirmed by surgical
resection in ten cases (surgery could be performed later
because of the therapeutic effect of non-operative therapy) and
by clinical follow-up at least more than 6 months in 57 cases.
Overall survival was confirmed in patient records by clinical
follow-up at least more than 6 months, in which patients
received at least one of several imaging modalities as follow-
up study every 3 months, including CT, MRI, angiography
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and PET. The starting point and the end-point of survival were
defined as the date of post-therapeutic PET study and the date
of death, respectively. Overall cumulative survival rates were
obtained using the Kaplan-Meier method.

Statistics

All values are expressed as mean+SD. All of the statistical
analysis was performed using statistical software, IMP 4 J
version (SAS Institute, Cary, NC, USA), in which p values
<0.05 were considered statistically significant. Patients
were stratified and analysed by univariate analysis using
the log-rank test according to the following factors: age,
gender, histological grade of tumour differentiation, type of
non-operative target therapy in the present study, clinical
stage at pre-treatment evaluation (UICC), Milan criteria at
pre-treatment evaluation, clinical stage at post-PET evalu-
ation (UICC), Milan criteria at post-PET evaluation, past
history of therapy, Child-Pugh classification, aetiology of
hepatitis, pathological grade of hepatitis, pathological grade
of fibrosis as well as pre-therapeutic and post-therapeutic
tumour markers, including serum xFP level, serum oFP-1.3
fraction, PIVKA-II level and triple plus, and pre-therapeutic
and post-therapeutic FDG PET-related factors [SUV and
visual PET diagnosis (positive or negative)]. Cut-off values,
such as aFP=400 ng/ml, «FP-L3=15%, PIVKA-II=
400 AU/ml and SUV=5.0, were defined based on the
previous reports [21, 24, 25]. According to the univariate
analysis, eight significant factors [clinical stage at post-PET
evaluation (UICC), Milan criteria at post-PET evaluation,
Child-Pugh classification, pathological grade of hepatitis,
oFP level, presence of triple plus, SUV and visual PET
diagnosis] were selected for the multivariate analysis using
the stratified Cox proportional hazards model. A compar-
ison between high FDG and low FDG groups was analysed
by Wilcoxon score or chi-square test for unpaired data.
Survival curves were calculated by Kaplan-Meier analysis
and the differences between high FDG and low FDG

groups and the differences between L-L, L-H, H-L and H-H
groups were compared using the log-rank test.

Results
Patient characteristics

Table 1 summarizes the patient characteristics. The average
follow-up of living patients (n=35) was 483+413 days
(range: 202-1,565 days), while the average follow-up of
dead patients (n=23) was 253+162 days (range: 22—
644 days). The clinical stage at pre-treatment was evaluated
as stage 1M (n=47, 70%) vs stage IV (n=20, 30%) by
UICC. However, the clinical stage at post-PET was stage II-
Il (n=39, 58%) vs stage IV (n=28, 42%) by UICC. This is
because an unexpected distant metastasis was detected by
post-therapeutic PET study in 13% of patients (n=9) and PET
refuted the presence of a distant metastasis in 1% of patients
(n=1). Similar results were observed in Milan criteria.

Diagnosis of lesion viability

Table 2 shows the results of clinical values of post-
therapeutic FDG PET as the diagnosis of lesion viability
and as the survival prediction in unresectable HCC patients.

As for visual diagnosis of lesion viability of post-
therapeutic hepatic lesions, sensitivity was relatively low with
the value of 62.8% (27/43 cases), while positive predictive
value was high with the value of 96.4% (27/28 cases). Sixteen
false-negative PET cases (37.2%) were confirmed as having
residual liver tumours within 6 months by several procedures,
such as surgical resection (n=5), biopsy at the time of follow-
up RFA (n=1) and other imaging modalities (contrast-
enhanced CT: n=6, angiography: n=3, MRI: n=1). In these
cases, however, the course of disease progression was slow
and controllable because these lesions tended to respond to
the subsequent repeated therapies.

Table 2 Post-therapeutic FDG PET: visual diagnosis of lesion viability and survival prediction

Viability of hepatic lesions
(based on pathological
evaluation and clinical
follow-up of 6months)

Viability of metastasis
(based on clinical
follow-up of 6months)

Survival prediction®
(death within
24months)

Survival prediction®
(death within 12months)

Sensitivity

Specificity

Positive predictive Value
Negative predictive Value
Accuracy

62.8% (27/43 cases)
95.8% (23/24 cases)
96.4% (27/28 cases)
59.0% (23/39 cases)
74.6% (50/67 cases)

78.6% (22/28 cases)
92.3% (36/39 cases)
88.0% (22/25 cases)
85.7% (36/42 cases)
86.6% (58/67 cases)

96.0% (24/25 cases)
68.0% (17/25 cases)
75.0% (24/32 cases)
94.4% (17/18 cases)
82.0% (41/50 cases)

92.5% (37/40 cases)
100% (7/7 cases)
100% (37/37 cases)
70.0% (7/10 cases)
93.6% (44/47 cases)

#Excluding patients who are alive within 12 months

®Excluding patients who are alive within 24 months

@ Springer

191



Eur J Nucl Med Mol Imaging (2010) 37:468-482

473

As for the diagnosis of viability of metastatic lesions, the
sensitivity (78.6%, 22/28 cases) was higher than that of
hepatic lesions. The positive predictive value in metastatic
lesions (88.0%, 22/25 cases) was lower than that in hepatic
lesions (96.4%, 27/28 cases). Three false-positive cases for
metastatic lesions were as follows: remnant stomach after
distal gastrectomy mimicking peritoneal dissemination,
sarcoid nodules mimicking mediastinal lymph nodes
metastases and faint thoracic vertebral uptake mimicking
bone metastasis. Ultimately, the visual diagnostic accuracy
of post-therapeutic lesion viability was higher in the meta-
static lesions (86.6%, 58/67 cases) than that in hepatic
lesions (74.6%, 50/67 cases).

Survival prediction by FDG PET

Survival prediction by visual FDG PET in unresectable HCC
patients treated by non-operative therapy is also summarized
in Table 2. Of 18 patients diagnosed as negative by post-
therapeutic PET, 17 survived more than 12 months (negative
predictive value: 94.4%). All 37 patients diagnosed as
positive by post-therapeutic PET died within 24 months
(positive predictive value: 100%). Survival prediction in
24 months by FDG PET was quite accurate with the value of
93.6% (44/47 cases).

Univariate analysis of each prognostic factor

Table 3 shows the results of univariate analysis of each
prognostic factor in 58 patients. Clinical stage (UICC) and
Milan criteria at pre-treatment evaluation did not show
significant prognostic value, while those at post-PET
evaluation showed statistically significant prognostic values
(p=0.001--0.0001). Pathological grade of hepatitis showed
significance, while that of fibrosis did not. All of the pre-
therapeutic tumour markers were not significant factors. As
for the post-therapeutic tumour markers, «FP (=400 ng/ml)
showed significance (p=0.001). Post-therapeutic triple plus
was also significant in prognostic value (p=0.005), although
only six patients were positive.

FDG PET as a prognostic factor

Table 3 also shows prognostic values of FDG PET analysis
before and after the non-operative therapy. The factors “post-
therapeutic visual PET diagnosis (positive or negative)” and
“post-therapeutic SUV=5.0" showed significance (»p=0.001).
In contrast, pre-therapeutic FDG PET analysis did not show
any significant value.

The results of multivariate analysis of prognostic factors
for overall survival in unresectable HCC patients treated by
non-operative therapy are shown in Table 4. The indepen-
dent prognostic factor with highest statistical value was

“post-therapeutic «FP (= 400 ng/ml)” (risk ratio=0.277, p=
0.004), followed by post-therapeutic visual PET diagnosis
(risk ratio=0.212, p=0.0056). On the other hand, the factor
“SUV=5.0" was not significant as a predictor (risk
ratio=0.889, p=0.810). “Clinical stage at post-PET evalu-
ation (UICC stage TV)” and “Milan criteria at post-PET
evaluation” also showed significant value (risk ratio=0.335
and 0.001, p=0.041 and 0.033, respectively). The other
factors did not show any significance in the prediction of
overall survival.

Based on the results of multivariate analysis, we classified
the patients into two groups: high FDG group (diagnosed as
positive at the post-therapeutic PET) and low FDG group
(diagnosed as negative at the post-therapeutic PET). Figure la
shows the survival curve of these two groups. The low FDG
group showed higher survival (average survival: 607.9+
29.7 days) than the high FDG group (average survival:
327.5+40.1 days). The log-rank test showed a statistically
significant difference in survival between these two groups
(p<0.001). Table 5 reveals the characteristics of the two
groups. Among the pre-treatment factors evaluated, UICC
stage was the only significantly different one between the two
groups. However, the other pre-treatment factors (age, gender,
tumour differentiation, Milan criteria, target non-operative
therapy, past history of therapy and pathological grade of
hepatitis) were not different between the two groups. The
other factors (clinical stages and Milan criteria at post-PET
evaluation) showed significant differences between the two
groups, but these differences were based on the PET results,
where an unexpected distant metastasis was detected by post-
therapeutic PET study in 13% of patients (n=9) and PET
refuted the presence of a distant metastasis in 1% of patients
(n=1). Therefore, clinical stages and Milan criteria at post-
PET evaluation turned out to be different between the two
groups as a result of FDG PET study. Pre-therapeutic tumour
markers were not different in both groups. Post-therapeutic
tumour markers were lower in the low FDG group because of
the response to the target non-operative therapy. Although
there was a significant difference in the factors of post-
therapeutic FDG PET, there was no difference in the factors
of pre-therapeutic PET (SUV and diagnosis). Thus, it may be
said that there was no significant bias between the two groups
before the target treatment.

Analysis using FDG uptake pattern

In the present study, 29 patients received pre-therapeutic FDG
PET studies. According to pre- and post-therapeutic PET
results, we classified these patients (n=29) into four groups
by the pattern of FDG uptake as follows (Fig. 1b): low-low
uptake group (L-L. group) which consisted of patients who
were diagnosed as negative in pre- and post-therapeutic PET
studies (#7=3); high-high uptake group (H-H group) which
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Table 3 Univariate analysis of prognostic factors for overall survival in 58 patients

Mean survival Mean survival
n days P n days P
Age (years) Grade of fibrosis
<60 26 438 0.76 None 3 158 0.77
=60 32 465 Low 9 518
Gender Moderate 7 283
Male 48 450 0.62 High 18 308
Female 10 327
Tumour differentiation
Well 3 22 0.88 Pre-therapeutic tumour markers
Moderately 16 487 «FP (ng/ml)
Poorly 14 310 <400 34 489 0.12
Unknown 25 462 400 or higher 20 286
Target therapy in the present study «FP-L3 fraction (%)
TACE® 22 498 0.13 <15 11 305 0.18
TAPP 26 318 15 or higher 18 287
RFA 4 133 PIVKA-I (AU/ml)
Systemic chemotherapy 6 339 <400 35 433 0.65
Clinical stage at pre-treatment 400 or higher 16 301
UICC, 6th edition Triple plus (aFP=400 or higher & aFP-L3=15 or higher & PIVKA-11=400 or higher)
Stage 111 42 475 0.30 Triple plus 6 317 0.76
Stage IV 16 276 Negative 44 421
Milan criteria at pre-treatment
Fulfilled 20 495 0.25
Beyond 38 431 Post-therapeutic tumour markers
Clinical stage at post-PET evaluation «FP (ng/ml)
UICC, 6th edition <400 39 516 0.001°¢
Stage 1111 36 532 0.001°¢ 400 or higher 19 262
Stage IV 22 259 «FP-L3 fraction (%)
Milan criteria at post-PET evaluation <15 32 488 0.16
Fulfilled 17 all alive 0.0001°¢ 15 or higher 23 302
Beyond 41 376 PIVKA-II (AU/ml)
Past history of therapy <400 37 481 0.11
Partial resection = 29/29  398/502 0.13 400 or higher 17 389
LDLT + 1/57 - Triple plus (xFP=400 or higher & aFP-L3=15 or higher & PIVKA-IT=400 or higher)
TACE + 43/15  458/290 0.90 Triple plus 6 218 0.005°
TAl =+ 31727 445/452 0.98 Negative 46 474
RFA + 28/30  317/471 0.88 Pre-therapeutic FDG PET
PEIT + 12/46  167/457 0.84 Visual PET diagnosis
Child-Pugh classification at PET study Positive 18 294 0.78
A 33 438 0.0001° Negative il 399
B 22 322 SUV
C 3 84 <5.0 15 419 0.73
Actiology of hepatitis 5.0 or higher 13 278
HBV 15 421 0.14 Post-therapeutic FDG PET
HCV 37 490 Visual PET diagnosis
Others 6 142 Positive 32 327 0.0001°
Pathological grade of hepatitis Negative 26 608
None 2 - 0.01° SuUv
Low 22 487 <5.0 40 523 0.0001¢
Moderate 12 268 5.0 or higher 18 227
High 1 131

«FP alpha-fetoprotein, aFP-L3 lens culinaris agglutinin-reactive fraction of «FP, PIVKA-II protein induced by vitamin K absence or antagonist
1, FDG fluorodeoxyglucose, SUV standardized uptake value

* Including PEIT
® Including overlapping therapy
¢ Significant by log-rank test

@ Springer

193



Eur J Nucl Med Mol Imaging (2010) 37:468-482 475
Table 4 Multivariate analysis of prognostic factors for overall survival
Prognostic factors Risk ratio (95% confidence interval) p
Clinical stage at post-PET evaluation

UICC, 6th edition, stage TV 0.335 (0.094-0.959) 0.041%
Milan criteria at post-PET evaluation

Fulfilled 0.001 (-0.891) 0.033%
Child-Pugh classification at PET study

BorC 0.482 (0.136-0.482) 0.218
Pathological grade of hepatitis

Moderate or high 1.155 (0.159-9.122) 0.887
Post-therapeutic tumour markers

«FP (ng/mi)=400 0.277 (0.089-0.680) 0.004*

Triple plus (aFP=400 & «FP-L3=15 & PIVKA-II=400) 3.964 (0.869-25.039) 0.077
Post-therapeutic FDG PET

Visual PET diagnosis: positive 0.212 (0.042-0.661) 0.0056"

SUV=5 0.889 (0.337-2.451) 0.810

2 Significant in Cox proportional hazards model

consisted of patients who were diagnosed as positive in pre-
and post-therapeutic PET studies (7=10}; low-high group (L~
H group) which consisted of patients who were diagnosed as
negative before the treatment and then showed positive
uptake in the post-therapeutic PET study (n=8) (Fig. 2); and
high-low group (H-L group) which consisted of patients who
were diagnosed as positive before the treatment and then
showed negative uptake in the post-therapeutic PET study
{(n=8) (Fig. 3). Figure 1b shows the survival curve of these
four groups. The H-L group showed the highest survival rate
in these four groups and all of them (n=38) still survived in
the follow-up period. The H-H group showed the lowest
survival curve. There was no difference in survival between
the L-L group and L-H group. The log-rank test showed a
significant different between these groups.

Discussion

FDG PET is considered as a well-established non-invasive
diagnostic tool for the detection of malignant tumours [26, 27],
staging and monitoring of chemotherapeutic response [28, 29]
in several cancers. Shiomi et al. reported that FDG PET is
useful not only for the evaluation of the malignancy but also
for the prediction of outcome in patients with HCC [15]. For
HCC, however, several investigators have reported that the
sensitivity of FDG PET is low in the detection of HCC [17-
19]. Relatively low FDG accumulation in HCC can be
explained by the activity of enzymes involved in glucose
metabolism. The activity of glucose-6-phosphatase (G-6-
Pase), which converts FDG-6-P to FDG, is reported to be
high in normal liver and nearly zero in the vast majority of
tumours, including metastatic liver tumours [14, 30]. In

contrast, the enzyme activity has been reported to vary widely
in individual HCC; well-differentiated HCC cells exhibit an
FDG metabolism similar to that of normal liver tissue,
whereas undifferentiated HCC cells do not [21]. Therefore,
well-differentiated HCC tends to accumulate similar amounts
of FDG as normal liver, which results in relatively lower
SUV. However, this enzymatic theory for FDG uptake can
only be applicable in pre-operative, non-treated HCCs. As an
imaging modality for the early evaluation of treatment
response after non-operative therapy for HCC, the role of
FDG PET has not been established, nor reported so far.

Interventional therapy, such as TACE or TAI is considered
to be an effective palliative treatment in patients with HCC
[31, 32]. However, a meta-analysis of randomized clinical
trials showed that a survival advantage associated with
therapeutic chemoembolization versus supportive care alone
has not been clearly proven so far [33]. Therefore, it is
clinically important to analyse the therapeutic effect of non-
operative therapy as soon as possible, because inefficacious
palliative treatment may be not only uscless but also harmful
for patients with advanced HCC. Conventional imaging
modalities, such as CT or MRI, cannot satisfy clinicians in
that context, because therapy evaluation by these anatomical
imaging modalities requires sufficient time to confirm
tumour shrinkage [34, 35). Herein, PET, as a metabolic
imaging modality, is expected to be useful in electing to
proceed or terminate therapy. Our data in the present study
showed that FDG PET could evaluate therapeutic effect and
prognostic value in patients with unresectable HCC. To our
knowledge, the present study is the first report evaluating the
effectiveness of FDG PET in the early therapeutic response
evaluation in unresectable HCC patients treated by non-
operative therapies.
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a Survival Curve of HCC patients by Kaplan-Meier analysis
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Fig. 1 Survival curve of HCC patients by Kaplan-Meier analysis.
a The overall survival rate in HCC patients treated by non-operative
therapy was significantly higher in the low FDG group than that in the
high FDG group (»<0.0001). b The overall survival rate in four
groups of patients classified by the FDG uptake pattern (see exact
definition in the text) is shown. The H-H group showed poor survival.
On the other hand, the H-L group showed the best survival with 100%
survival rate in the follow-up period. There was no difference between
the L-H group and L-L group. The log-rank test showed that there was
a significant difference between the four groups (»<0.01)

Our principal finding is that visual FDG PET diagnosis
after non-operative therapy is an independent predictor of
survival in unresectable HCC patients. This is compatible with
a variety of previous studies performed in other malignancies
[36-38]. Table 2 also clearly reveals the advantage of FDG
PET diagnosis in early post-therapeutic evaluation with
respect to the prediction of patient survival. High negative
predictive value (94.4%) means that patients with negative
post-therapeutic PET result are supposed to survive at least
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12 months, while high positive predictive value (100%)
means that patients with positive post-therapeutic PET result
are supposed to die within 24 months. We believe that post-
therapeutic FDG PET after non-operative therapy would
make a great contribution in the clinical management of
patients with unresectable HCCs, such as in electing to
proceed or terminate therapy, altering the chemotherapeutic
regimen, choosing treatment modalities or in other decisions.

On the other hand, FDG PET within 1 month after non-
operative therapy is not sensitive in the diagnosis of lesion
viability. Table 2 shows the limitation of FDG PET diagnosis
in early post-therapeutic evaluation of HCC. Relatively low
sensitivity (62.8%) and low negative predictive value (59%)
in the analysis of viability of hepatic lesions suggest that
negative FDG PET findings cannot ensure the complete
remission of HCC after therapy. At the current moment, it is
not clear what the cellular or tissue condition of the tumour
is when FDG PET is negative after the non-operative
therapy. It is implied, however, that they lie dormant with
temporary enzymatic or other dysfunction, but can survive.

Our result shown in Fig. 2 suggests that even if FDG
uptake shows a partial reduction after non-operative treat-
ment, as observed in the H-H group, HCCs with constant
positive PET finding tend to have more aggressive malignant
potential. Long survival may not be expected, and continued
treatment or a newly introduced therapeutic procedure would
be required. On the contrary, the result of the H-L group
suggests that prognostic improvement can be expected when
FDG uptake disappeared. These observations provide helpful
information for the management of patients with unresect-
able HCCs.

Bibliographically, a number of reports have been published
as for the prognostic factors in patients with HCC treated by
surgical procedures. Imamura et al. showed that non-
anatomical resection, presence of microscopic vascular inva-
sion and serum oFP were significant risk factors contributing to
early recurrence of HCC after hepatectomy [10]. Miyaaki et al.
also showed that ¢FP-L3 and PIVKA-II levels are potential
indicators of a poor prognosis in surgically resected HCC
39]. For patients treated with liver transplantation, presence
of capsule, o«FP levels and viral cirrhosis were independent
factors for survival [40]. Above all, the Milan criteria (single
tumour:; 5 cm or less in size; or three or less tumours: each
3 com or less in size; and no macrovascular invasion) are
known for their excellent outcome in the prediction of
survival in patients treated with liver transplantation [24].
All these data in patients treated by surgical procedures seem
to be consistent with our results. In the present study,
multivariate analysis revealed that the post-therapeutic tumor
marker «FP, clinical staging and Milan criteria at post-PET
and visual PET diagnosis are significant prognostic factors
(Table 4). This is also basically compatible (except for PET
diagnosis) with the previous report using multivariate analysis
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Table 5 Comparison of high FDG and low FDG groups
High FDG group Low FDG group p High FDG group Low FDG group p
(n=32) (n=26) (n=32) (1=26)
Age (years) Past history of therapy®, n (%)
Mean+SD 59.5+£133 62.4+10.4 n.s. Partial resection 17 (53) 12 (46) n.s.
Range 34-80 42-78 LDLT 1(3) 0
Gender, 1 (%) TACE 24 (75) 19 (73)
Male 26 (81) 20 (77) ns. TAl 17 (53) 14 (54)
Female 6 (19) 6 (23) RFA 16 (50) 12 (46)
Tumour differentiation, n (%) PEIT 5 (16) 727)
Well 2 (6) 1(4) n.s Child-Pugh classification at PET study, n (%)
Moderately 10 (31) 6 (23) A 21 (66) 12 (46) 0.02°
Poorly 8 (25) 6 (23) B 8 (25) 14 (54)
Unknown 12 (38) 13 (50) C 39 00
Target therapy in the present study, n (%) Child-Pugh score at PET study
TACE 9 (28) 12 (46) ns. Mean:SD 6.3+1.6 6.6+1.1 ns.
TAT 17 (53) 9 (35 Pathological grade of hepatitis
RFA 13 3(12) None or low 14 (44) 10 (38) ns.
TACE+PEIT 0O 1(4) Moderate or high 8 (25) 5(19)
Systemic S (16) 1) (n=22) (n=15)
chemotherapy
Clinical stage at pre-treatment, n (%) Pre-therapeutic tumour markers
UICC, 6th edition «FP (ng/ml) 12,926:37,934 6,734+30,440 LS.
Stage H-11 19 (59) 23 (88) 0.01° «FP-L3 fraction (%) 3724299 42.6+33.8 n.s.
Stage 1V 13 41 3(12) PIVKA-II (AU/ml) 8,666+25,900 10,093+43,296  n.s.
Milan criteria at pre-treatment, n (%) (n=32) (n=23)
Fulfilled 10 (31) 10 (38) n.s.
Beyond 22 (69) 16 (62) Post-therapeutic tumour markers
Clinical stage at post-PET evaluation, n (%) «FP (ng/ml) 14,532435,462  306+796 0.001"
UICC, 6th edition oFP-L3 fraction (%) 38.5+28.6 351319 n.s.
Stage 11111 13 (41) 23 (88) 0.0001°  PIVKA-II (AU/ml) 9,206+34,433 531+1,938 0.005"
Stage IV 19 (59) 3(12) Pre-therapeutic FDG PET
Milan criteria at post-PET evaluation, n (%)
Fulfilled 4(13) 13 (50) 0.002°¢ SuUvV 4.922.5 5.8+3.6 ns.
Beyond 28 (88) 13 (50) Diagnosis: positive vs 10vs 8 8vs3 n.s.
negative
(n=18) n=11)
Post-therapeutic FDG PET
Suv 7.044.6 2.650.9 0.0001"

?Including overlapping therapy
® Significant by Wilcoxon score

¢ Significant by chi-square

in TACE patients, in which «FP level, unilobar tumours and/
or Child-Pugh score are the prognostic factors in HCC
patients treated with TACE [41, 42]. Based on the evidence
reported, it seems reasonable to suppose that our results in
prognostic factor analysis have considerable validity. Al-
though oFP level was the strongest, the most convenient and
the less expensive prognostic factor in the present study, FDG
PET has an advantage in the detection of active lesions. In
addition, PET results would be helpful when the post-
therapeutic «FP response was controversial. For example, in

Fig. 3 post-therapeutic «FP showed a rise while PET
diagnosis showed negative result. Thus, we believe that
FDG PET has important clinical value in the prognostic
prediction and in the decision-making process of patient
management. It is to be noted that clinical staging and Milan
criteria at post-PET were significant prognostic factors, while
those at pre-treatment were not. It again emphasizes the
importance of FDG PET diagnosis, not only for the
prognostic value of its own, but also in the sense of detection
of unknown metastases and the resultant renewed clinical
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Fig. 2 A case of the L-H group: a 50-year-old man with unresectable
moderately differentiated HCC, based on hepatitis type C. Past
history: HCC was detected 2 years ago, and partial hepatectomy
(S5) with splenectomy, TACE and RFA had been already performed.
Present history: multiple recurrent nodules in bilateral lobes were
detected with increased tumour markers. Then, an arterial catheter was
inserted in the proper hepatic artery and TAI using biweekly infusion
of CDDP and 5-FU had been performed via an indwelling arterial
port. However, the arterial port was decannulated 80 days before the
target TAI therapy because of the complication in the local
subcutaneous tissue. a FDG PET was performed at 73 days before
the TAI therapy. Defects of FDG uptake (arrows) were observed in the
right lobe of the liver; therefore, visual PET diagnosis was negative at
this time (SUV: 3.76 in the right posterior section). Tumour markers at
this time were as follows: «FP: 632 ng/ml, «FP-L3: 53.4%, PIVKA-
II: 193. b Follow-up contrast-enhanced CT scan was performed at
23 days before the TAI therapy. Faint enhancement at arterial phase
was observed in the right posterior section (arrowheads) and lateral
lobe (not shown). Therefore, the TAI therapy was scheduled because
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of these multiple nodules. Low-density areas corresponding to the
defects in PET are also shown (arrows). ¢ Angiography at the time of
the non-operative therapy. Vague and faint multiple tumour stains
were observed in the whole liver (arrows). Arterial infusion
chemotherapy using one shot of water-soluble CDDP (50 mg) and
lipiodol (5CC) was performed via the proper hepatic artery. d Follow-
up plain CT scan was performed at 7 days after the TAI therapy.
Scattered lipiodol deposition was observed in the right posterior
section (arrows), which corresponded to the tumour stain at
angiography. ¢ FDG PET was performed at 14 days after the TAI
therapy. Increased FDG uptake was observed in the right posterior
section corresponding to the lipiodol deposition (SUV: 5.99) (arrows).
Tumour markers showed a rise despite the therapy: «FP: 1860 ng/ml;
o«FP-L3: 46.4%; PIVKA-II: 1670. f Follow-up contrast-enhanced CT
scan was performed at 35 days after the TAI therapy. Widespread low
enhancement in the right posterior section at portal phase was clearly
revealed at this CT scan (arrows). Since then, the recurrent HCC
showed a rapid increase with portal vein tumor thrombus, and this
patient died 187 days after the TAI therapy because of liver failure
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