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Abstract

Purpose The prognostic value of pretreatment '*F-fluorodeoxyglucose positron emission tomography with computed tomogra-
phy (FDG PET/CT) was assessed in patients with combined hepatocellular-cholangiocarcinoma (cHCC-CC).

Methods A total of 46 patients with cHCC-CC who underwent FDG PET/CT before treatment were retrospectively analysed.
Tumour FDG avidity was measured in terms of the tumour-to-normal liver standardized uptake value ratio (TLR) of the primary
tumour on FDG PET/CT. The prognostic significance of TLR using the median value of 3.4 as the cut-off value and other clinical
variables was assessed using Cox proportional hazards regression models. Differences in progression-free survival (PFS) and
overall survival (OS) in relation to TLR were examined by the Kaplan-Meier method.

Results During a median follow-up period of 29 months, 29 patients (63.0%) showed tumour recurrence or progression, and 25
patients (54.4%) died from cancer. Higher TLRs (>3.4) were associated with larger tumour size (p = 0.007) and higher tumour
stage (p = 0.030). In a univariable analysis, TLR, tumour stage and CEA were significant prognostic predictors. In a multivariable
analysis, TLR was an independent predictor of PFS (HR 5.19, 95% CI 1.80-15.01; p =0.002) and OS (HR 3.95, 95% CI 1.27—
12.24; p =0.017). Patients with a higher TLR showed significantly worse PFS (2-year survival rate 17.8% vs. 62.9%; p = 0.001)
and OS (2-year survival rate, 39.1% vs. 77.3%; p = 0.001) than those with a lower TLR.

Conclusion Pretreatment TLR of the primary tumour measured on FDG PET/CT is an independent predictor of survival in
patients with cHCC-CC.
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Introduction

Combined hepatocellular-cholangiocarcinoma (cHCC-CC) is
an uncommon type of primary hepatic malignancy. The re-
ported incidence of this tumour varies between 0.4% and
4.7% [1, 2]. The disease was first described in 1949 [3] and
the World Health Organization (WHO) defined it as the inti-
mate intermingling of hepatocellular carcinoma (HCC) and
cholangiocarcinoma (CC) in 2010 [4—6]. Some researchers
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have suggested that cHCC-CC may be derived from hepatic
progenitor cells with the potential to differentiate into both
hepatocytic and cholangiocytic lineages. cHCC-CC clearly
represents a distinct subtype of primary liver carcinoma [6, 7].

Although little is known about the prognosis of cHCC-CC
due to the relative rarity of this tumour type, a few studies have
demonstrated that it tends to present with more aggressive
behaviour and has a poorer prognosis than either HCC or
CC. Overall cHCC-CC has a significantly poorer outcome
than HCC and CC even after attempted curative resection [2,
8, 9]. Various prognostic factors including tumour size, tu-
mour stage and lymph node involvement have been investi-
gated in different studies but remain controversial [10-13].

It is well known that '®F-fluorodeoxyglucose positron
emission tomography/computed tomography (FDG PET/
CT) is useful for evaluating patients with HCC or CC.
Moreover, FDG uptake in the primary tumour has been shown

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-019-04327-2&domain=pdf
mailto:shnm.hyun@samsung.com

1706

Eur J Nucl Med Mol Imaging (2019) 46:1705-1712

to provide prognostic information beyond that offered by tu-
mour stage [14-20]. Because of the rarity and resultant small
sample size, no study has investigated the prognostic value of
FDG PET/CT in patients with cHCC-CC. The aim of this
retrospective cohort study was to evaluate the role of tumour
FDG avidity on PET/CT in predicting the prognosis in pa-
tients with cHCC-CC.

Materials and methods
Study population

We retrospectively reviewed patients who underwent FDG
PET/CT for newly diagnosed primary liver carcinoma at our
institution between January 2006 and August 2018. From
among these patients, 46 with cHCC-CC pathologically con-
firmed by either surgical resection (n = 35) or core biopsy (n =
11) were included in this study. All specimens were examined
by experienced pathologists using immunohistochemical
stains, and the pathological diagnosis was in accordance with
2010 WHO classification. Clinical information was retrospec-
tively obtained from our hospital information system.
Pretreatment laboratory data including serum tumour markers
and serological examinations were performed within 1 week
of the baseline PET/CT examination. To evaluate the severity
of liver disease, patients were scored according to the Child-
Pugh scoring system, which includes total bilirubin, albumin,
prothrombin time, ascites and hepatic encephalopathy. The
Model for End-Stage Liver Disease (MELD) score was also
calculated using serum creatinine, total bilirubin, and the in-
ternational normalized ratio (INR) of prothrombin time [21].

The largest tumour diameter measured on contrast-
enhanced CT or MR images was used as a surrogate for tu-
mour size. Tumours were clinically restaged using the eighth
edition of the American Joint Committee on Cancer (AJCC)
TNM staging system based on clinical history, PET/CT find-
ings, and diagnostic CT and MR images.

This retrospective observational study was approved by
our Institutional Review Board and the requirement to obtain
written informed consent was waived.

Acquisition of FDG PET/CT imaging

All patients fasted for at least 6 h and had a blood glucose level
<150 mg at the time of PET/CT. Whole-body PET and CT
images were acquired 60 min after injection of 5.0 MBq/kg
FDG without administration of intravenous or oral contrast
agent on a Discovery LS or a Discovery STE PET/CT scanner
(GE Healthcare) in 11 and 35 patients, respectively.
Continuous spiral CT was performed with an eight-slice heli-
cal CT scan (140 keV, 40-120 mA; Discovery LS) or a 16-
slice helical CT scan (140 keV, 30170 mA; Discovery STE).
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An emission scan was then obtained from head to thigh for
4 min per frame in 2-D mode (Discovery LS) or 2.5 min per
frame in 3-D mode (Discovery STE). PET images were re-
constructed using the CT scan for attenuation correction using
the ordered-subsets expectation maximization (OSEM) algo-
rithm with 28 subsets and two iterations (matrix 128 x 128,
voxel size 4.3 x 4.3 x 3.9 mm; Discovery LS) or the OSEM
algorithm with 20 subsets and two iterations (matrix 128 x
128, voxel size 3.9 x 3.9 x 3.3 mm; Discovery STE).

Analysis of FDG PET/CT imaging

All images were reviewed by two board-certified nuclear
medicine physicians using commercially available imaging
software (MIM 6.4; MIM Software Inc., Cleveland, OH,
USA). For semiquantitative analysis, the maximum standard-
ized uptake value (SUVmax) of the primary tumour was mea-
sured using a spherical volume of interest (VOI) over the
primary tumour volume. In non-FDG-avid tumours, the loca-
tion and extent of the primary tumour on PET/CT images was
determined by correlation with contrast-enhanced CT or MR
images. In patients with multiple cHCC-CC lesions, only the
image showing the highest SUVmax was included in the anal-
ysis. The mean SUV (SUVmean) of normal liver was obtain-
ed by taking the average of three VOIs (1 cm in diameter)
placed at a location where cHCC-CC was not detected on liver
CT or MRI. Precautions were taken when placing the VOISs to
avoid beam-hardening artefacts, focal changes in fatty liver or
fatty sparing, major vessels, bile ducts and the liver surface
margin. The tumour-to-normal liver SUV ratio (TLR) was
calculated using the following expression: TLR = SUVmax
of tumour/SUVmean of normal liver. Discrepancies between
readers were resolved by consensus.

Statistical analysis

Primary endpoints were progression-free survival (PFS) and
overall survival (OS). Survival time was defined as the time
from initial treatment to the date of detected disease progres-
sion (for PFS) or death (for OS) or to the date of the last
follow-up visit. Disease progression was defined as a 20%
increases in size of known cHCC-CC lesions from baseline
or the presence of newly developed metastases on follow-up
imaging according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1.

Variables for a univariable survival analysis included age at
diagnosis, sex, tumour size, TNM stage, tumour markers,
MELD score and TLR. TLR was categorized using the medi-
an value as low (<3.4) or high (>3.4). Tumour size was divid-
ed on the basis of the previously proven prognostic indicator
of 5 cm into <5 cm or >5 cm [22]. Significant variables in the
univariable analysis, sex, age, TLR, TNM stage and tumour
size were included in a multivariable survival analysis. A
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multivariable Cox proportional hazards model was used to
assess the potential independent effects of prognostic vari-
ables after adjusting for other risk factors.

Differences in clinical characteristics between the two TLR
groups were tested using the chi-squared test (categorical var-
iables) or the Mann-Whitney U test (continuous variables).
Survival curves were estimated using the Kaplan-Meier meth-
od, and differences between groups were compared using the
log-rank test. All statistical tests were two-sided with the sig-
nificance level set at 0.05, and were performed with SPSS
23.0 (IBM Corp., Armonk, NY, USA) and MedCalc 15.5
(MedCalc, Mariakerke, Belgium).

Results
Patient clinical characteristics

Patient clinical characteristics are summarized in Table 1. The
patients comprised 32 men and 14 women with a mean age of
60.0+9.1 years (range 35 to 76 years). Of these 46 patients,
32 (69.6%) had hepeatitis virus infection, and 43 (93.5%) had a
Child-Pugh classification A.

According to the AJCC staging system for primary liver
carcinoma, 30 patients (65.2%) had stage I/II disease, 2
(4.3%) had stage III disease, and 14 (30.5%) had stage IV
disease. The 32 patients with stage I-11I disease and 3 patients
with stage IVA disease underwent surgical resection of the
primary tumour. The remaining 11 patients with stage IVA
or [VB disease were treated with other treatments including
chemotherapy, radiotherapy and transarterial
chemoembolization according to the oncologist’s decision.

cHCC-CC tumours demonstrate independent biphenotypic
differentiation. Of the 46 tumours, 34 (73.9%) were graded
according to the Edmondson and Steiner system for the HCC
component [23], and 30 (65.2%) were histologically diag-
nosed as adenocarcinoma graded as well differentiated to
poorly differentiated for the CC component. Detailed infor-
mation on tumour differentiation could not be obtained for the
other tumours.

Higher FDG uptake was associated with higher tumour
stage, lymph node metastasis and poorer tumour differentia-
tion of the CC component (p = 0.030, p =0.057 and p = 0.032,
respectively; chi-squared test). Higher FDG uptake was also
significantly associated with larger tumour size (p =0.007,
Mann-Whitney U test). The severity of liver disease measured
in terms of the total bilirubin level, INR, albumin level, Child-
Pugh score and MELD score was not significantly different
between the two groups. No significant differences in serum
tumour markers including alpha fetoprotein (AFP), carbohy-
drate antigen 19-9 (CA19-9), prothrombin induced by vitamin
K absence or antagonist-II (PIVKA-II) and carcinoembryonic

antigen (CEA) were identified between the groups. There
were no significant differences in any other clinical variables.

Prognostic factors for PFS and OS

During a median follow-up period of 29 months, 29 patients
(63.0%) showed tumour recurrence or progression, and 25
patients (54.4%) died from cancer. In the univariable Cox
regression analysis, TLR and TNM stage were significant
predictors of PFS and OS (Table 2). CEA was investigated
in 39 of 46 patients, and it was also a significant predictor of
PFS and OS in the univariable analysis. Histological differen-
tiation was not a significant variable for predicting PFS and
OS (Table 2). In the multivariable Cox regression analysis, a
higher TLR (>3.4) was significantly associated with a poorer
PFS (hazard ratio, HR, 5.19, 95% CI 1.80-15.01; p =0.002)
and OS (HR 3.95, 95% CI 1.27-12.24; p=0.017) after
adjusting for age, sex, TNM stage and tumour size (Table 3).
TNM stage was a significant independent predictor of OS (HR
3.40, 95% CI 1.03-11.29; p =0.045), but not of PFS (HR
2.43,95% C1 0.83-7.08; p=0.104).

In an additional multivariable survival analysis in the sub-
group of 39 cHCC-CC patients with CEA, a higher TLR
(>3.4) was also a significant independent predictor of a poorer
PFS (HR 5.15, 95% CI 1.60-16.51; p=0.006) and OS (HR
4.56,95% CI 1.35-15.41; p=0.015). However, CEA was not
a significant independent predictor of PFS or OS (Table 4).

A Kaplan-Meier analysis of patients stratified by TLR
demonstrated a worse PFS in those with a higher TLR
(>3.4) than in those with a lower TLR (<3.4; 2-year survival
rate 17.8% vs. 62.9%; median survival time 7.2 vs.
43.0 months; p =0.001; Fig. 1a). Also, patients with a higher
TLR (>3.4) had a poorer OS than those with a lower TLR
(<3.4; 2-year survival rate 39.1% vs. 77.3%; median survival
time 17.6 vs. 52.3 months; p =0.001; Fig. 1b).

Discussion

FDG uptake measured as SUVmax is known to provide prog-
nostic information in various cancers [24-28]. Although many
studies have also shown the potential prognostic value of FDG
uptake in patients with HCC or CC [14-20], data are not yet
available to determine the prognosis in patients with cHCC-
CC due to the relative rarity of this diagnosis. In the present
retrospective cohort study in patients with cHCC-CC, TLR
was a significant independent predictor of both PFS and OS.
In the multivariable survival analysis, TLR was an indepen-
dent predictor of survival in patients with cHCC-CC. Patients
with a TLR >3.4 showed a fivefold increase in the risk of
disease progression and a fourfold increase in the risk of death
after adjusting for other clinical variables.

@ Springer



1708

Eur J Nucl Med Mol Imaging (2019) 46:1705-1712

Table 1 Patient clinical

characteristics All patients(n = 46) TLR <3.4(n=23) TLR >3.4(n=23) p value
Age (years) 59 (54-68) 61 (54.5-69.8) 58.0 (53.3-63.8) 0.328
Male sex 32 (69.6%) 15 (65.2%) 17 (73.9%) 0.526
Viral hepatitis aetiology 32 (69.6%) 15 (65.2%) 14 (60.9%) 0.763
TNM stage
v 30 (65.2%) 19 (82.6%) 11 (47.8%) 0.030
11T 2 (4.3%) 0 (0.0%) 2 (8.7%)
IVA 11 (23.9%) 2 (8.7%) 9 (39.1%)
IVB 3 (6.5%) 2 (8.7%) 1 (4.3%)
Edmondson-Steiner grade (HCC component)
v 29 (85.3%) 14 (77.8%) 15 (93.8%) 0.196
v 5 (14.7%) 4(22.2%) 1 (6.2%)
Tumour differentiation (CC component)
Well or moderate 11 (36.7%) 8 (57.1%) 3 (18.8%) 0.032
Poor 19 (63.3%) 6 (42.9%) 13 (81.2%)
Serum tumour markers
AFP (ng/ml) 8.5 (3.6-224.0) 10 (4.6-175.4) 6.9 (3.4-49.9) 0.956
CA19-9 (U/ml) 13.6 (8.1-37.0) 18.5 (7.9-57.5) 11.7 (9.0-26.2) 0.780
PIVKA2 (mAU/ml) 30 (23.0-72.0) 27.5 (22.0-38.0) 38 (25.3-546.8) 0.064
CEA (ng/ml) 1.6 (1.0-2.4) 1.6 (1.3-2.0) 1.5 (0.9-1.1) 0.876
Total bilirubin (mg/dl) 0.8 (0.5-1.1) 1 (0.6-1.3) 0.7(0.5-1.0) 0.198
Creatinine (mg/dl) 0.8 (0.7-0.9) 0.91 (0.73-0.96) 0.76 (0.71-0.85) 0.077
INR 1.05 (0.98-1.14) 1.07 (0.94-1.14) 1.05 (0.99-1.14) 1.000
Albumin (g/dl) 4.3 (3.9-4.6) 4.2 (3.94.6) 4.3 (3.94.7) 0.435
MELD score 7 (7.0-9.0) 7.0 (7.0-9.0) 7 (7.0-8.8) 0.559
Child-Pugh score A 43 (93.5%) 20 23 0.076
Tumour size (cm) 3.5(2.6-5.5) 6.8 (5.0-9.8) 0.007
SUVmax 7.2 (5.0-11.3) 5.0 (4.0-6.2) 11.3 (8.8-13.7) <0.001
Distant metastasis 3 (6.5%) 2 (8.7%) 1 (4.3%) 0.555
LN metastasis 14 (30.4%) 4 (17.4%) 10 (43.5%) 0.057
Treatment
Resection 35 (76.1%) 19 (82.6%) 16 (69.6%) 0.305
Other 11 (23.9%) 4 (17.4%) 7 (30.4%)

The data are presented as number (proportion) of patients or median (interquartile range)

HCC hepatocellular carcinoma, CC cholangiocarcinoma, 7LR tumour-to-normal liver standardized uptake value
ratio, AF'P alpha fetoprotein, CA79-9 carbohydrate antigen 19-9, PIVKA2 prothrombin induced by vitamin K
absence or antagonist-1I, CEA carcinoembryonic antigen, /NR international normalized ratio, MELD Model for
End-Stage Liver Disease, SUVmax maximum standard uptake value, LN lymph node

Since the initial description of cHCC-CC in 1949, several
studies have been performed on the prognosis and prognostic
indicators of this tumour. Although complete surgical resec-
tion currently remains the only chance of cure, most of the
literature suggests that this disease has a poor prognosis even
after curative resection [10, 13]. Vascular and lymph node
invasion and the presence of satellite metastases have been
suggested as significant predictors of a poor outcome after
resection of cHCC-CC [10, 29-31]. However, such patholog-
ical information is limited to specimens from patients who
present with operable disease. In contrast, tumour size and
TNM stage are considered poor prognostic factors regardless
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of the operable status. For these factors, the univariable prog-
nostic analysis in our study demonstrated that tumour stage
according to the presence of metastasis was also associated
with a poor prognosis. However, tumour size using a cut-off
value of 5 cm, the criteria distinguishing between T2 (stage IT)
and T3 (stage III), was not a significant prognostic factor.
Indeed, although previous studies have consistently shown
that advanced tumour stages is a poor prognostic factor in
cHCC-CC, the significance of tumour size remains controver-
sial [10, 22, 29].

Tumour FDG avidity was added as a new potential imaging
biomarker for PFS and OS in patients with cHCC-CC
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Table 2 Univariable survival

analysis in 46 patients with Clinical variable Progression-free survival Overall survival

cHCC-CC

HR  95% CI P HR  95% CI P
value value
Age (1 year increase) 1.02  097-1.06 0.450 1.03  0.98-1.09 0.180
Sex, male vs. female 1.18  0.52-2.69  0.690 1.25  0.50-3.18 0.633
AFP (ng/mL, continuous log;, scale) 0.87 0.64-1.17 0351 0.80 0.57-1.13  0.204
CA19-9 (U/ml, continuous log;, scale) 145  0.62-339 0395 2.04 0.68-6.17 0.207
PIVKA2 (mAU/ml, continuous log; scale) 1.29  0.79-2.09 0.307 1.66 0.91-3.01 0.097
CEA (ng/ml, continuous log; scale) 228 1.09-4.76  0.029 3,11 1.33-7.29  0.009
MELD score (1 point increase) 094 0.77-1.15 0.545 1.01  0.83-1.22 0.922
TNM stage (I-111 vs. IV) 338 1.51-7.59 0.003 393  1.64-9.40 0.002
Edmondson-Steiner grade (/11 vs. III/IV) 023  0.03-1.70  0.149 037 0.05-2.81 0.339
Tumour differentiation (well/moderate vs. 143  0.51-3.98 0.498 1.28 0.40-4.08 0.673
00r

TLIi{ (>)3 A4, categorical) 385 1.73-857 0.001 341 1.44-8.10 0.005
Tumour size (>5 cm, categorical) 1.38 0.66-2.88 0.387 142 0.63-3.20 0.398

cHCC-CC combined hepatocellular-cholangiocarcinoma, AFP alpha fetoprotein, CA19-9 carbohydrate antigen
19-9, PIVKA?2 prothrombin induced by vitamin K absence or antagonist-II, CEA carcinoembryonic antigen,
MELD Model for End-Stage Liver Disease, TLR tumour-to-normal liver standardized uptake value ratio, HR

hazard ratio, CI confidence interval

consistent with other primary liver carcinomas. Many previ-
ous studies have demonstrated that tumour FDG avidity mea-
sured as the highest SUVmax in the whole tumour lesion is a
prognostic biomarker. Although SUVmax is a well-known
imaging parameter in FDG PET imaging, there is an external
validation issue due to interinstrumental variability. SUV mea-
surement is affected by several technical factors such as im-
aging protocol, reconstruction settings, partial volume effect,
normalization factors, and plasma glucose level [32-35].
Therefore, semiquantitative analysis of primary tumours was
performed using the TLR to reduce interinstrumental variabil-
ity and to strengthen the generalizability of our research
findings.

The diagnostic accuracy of FDG PET/CT for evaluation of
HCC is limited due to variable FDG uptake in this tumour.
However, because the variable FDG uptake in HCC is closely
related to molecular features of aggressive biological

properties, it is a very useful marker to predict prognosis. In
the present study, FDG uptake was an independent predictor
of survival in cHCC-CC. In a recent study, Jung et al. found
that AJCC tumour stage in cHCC-CC was the only indepen-
dent risk factor for both tumour recurrence and patient surviv-
al [36]. In our study, FDG uptake was a significant indepen-
dent predictor of survival in patients with cHCC-CC after
adjusting for TNM stage, which may indicate that FDG up-
take by cHCC-CC is highly associated with tumour aggres-
siveness [37-39].

In previous studies including TLR as the prognostic factor
in HCC, the optimal cut-off value for predicting survival
events ranged from 2.0 to 3.1 [14, 16, 17]. Although this
optimal threshold approach shows the best prognostic perfor-
mance, it may cause overestimation of statistical significance
as mentioned in the reports of previous studies [40]. In our
patients, TLR 3.1 was the optimal cut-off value for predicting

Table 3 Multivariable survival
analysis in 46 patients with
cHCC-CC

Clinical variables

Progression-free survival Overall survival

HR 95% CI p value HR 95% C1 p value
Age (1 year increase) 1.03 0.99-1.08 0.115 1.03 0.99-1.08 0.179
Sex, male vs. female 0.85 0.32-2.22 0.743 0.66 0.22-1.98 0.460
TNM stage (I-111 vs. IV) 2.43 0.83-7.08 0.104 3.40 1.03-11.29 0.045
TLR (>3.4, categorical) 5.19 1.80-15.01 0.002 3.95 1.27-12.24 0.017
Tumour size (>5 cm, categorical) 0.37 0.13-1.05 0.063 0.35 0.11-1.16 0.087

c¢HCC-CC combined hepatocellular-cholangiocarcinoma, 7LR tumour-to-normal liver standardized uptake value
ratio, HR hazard ratio, CI confidence interval
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Table 4 Multivariable survival
analysis in the subgroup of 39
cHCC-CC patients with CEA

Clinical variable

Progression-free survival Overall survival

HR 95% CI p value HR 95% CI p value
Age (1 year increase) 1.03 0.98-1.09 0.254 1.06 1.00-1.13 0.058
Sex, male vs. female 0.86 0.26-2.80 0.802 0.84 0.24-2.91 0.784
TNM stage (I-111 vs. IV) 2.11 0.38-11.72 0.390 1.72 0.28-10.40 0.555
TLR (>3.4, categorical) 5.15 1.60-16.51 0.006 4.56 1.35-15.41 0.015
CEA (ng/ml, continuous log;, scale) 1.65 0.67-4.09 0.278 2.12 0.78-5.70 0.137
Tumour size (>5 cm, categorical) 0.34 0.09-1.40 0.136 0.54 0.13-2.26 0.399

cHCC-CC combined hepatocellular-cholangiocarcinoma, TLR tumour-to-normal liver standardized uptake value
ratio, CEA carcinoembryonic antigen, HR hazard ratio, C/ confidence interval

disease progression and death. However, the median value of
3.4 was chosen as the TLR cut-off value to avoid bias for
hypothesis testing.

Although serum AFP as a tumour marker of HCC and
CA19-9 as a tumour marker of CC have been widely used in
the diagnosis of primary liver carcinoma, their prognostic val-
ue remains unclear [41-43]. In contrast, recent studies have
shown that elevated CEA is highly associated with a poor
prognosis in HCC [44] and CC [45, 46]. To our knowledge,
there are no studies that have investigated the prognostic value
of CEA in patients with cHCC-CC. In our univariable survival
analysis, CEA was a significant predictor of PFS and OS.
However, in the multivariable survival analysis using exclu-
sively the 39 patients with all significant parameters, CEA was
not a significant independent predictor of survival after
adjusting for TLR and other clinical variables. Further studies
are warranted to clarify whether CEA is useful for predicting
survival in these patients. Underlying liver function is not
associated with prognostic value, unlike in HCC. However,
this result is uncertain because most of our subjects (93.5%)
had favourable liver function (Child-Pugh score A). Further
studies are needed to investigate whether the severity of un-
derlying liver disease has prognostic value in this cohort.

a p=0.001
1007 TLR=<34
— TLR > 3.4
:\o\ 80
g 2-year survival rate : 62.9%
S 60
e}
[
o
© 407
2
2
>
@ 20 2-year survival rate : 17.8%
0

0 10 20 30 40 50 60

Time (mo)

The major limitations of this study include its retro-
spective design and the small number of subjects be-
cause of the rarity of this tumour. In addition, the rela-
tively uneven distribution of surgical and other treat-
ment modalities due to uncertainty in management
guidelines may have influenced the results. However,
we confirmed that there was no difference (p =0.305)
in surgical and non-surgical treatments between patients
with a low TLR and a high TLR. In this study evalu-
ation of variable pathological factors such as vascular
invasion, histological subtypes according to the stem
cell features and tumour differentiation could have been
incomplete, because such information was not assessed
or only available in 76.1% of patients who underwent
surgical resection.

Conclusion

Pretreatment TLR measured on FDG PET/CT is an indepen-
dent predictor of survival in patients with cHCC-CC. Further
prospective validation studies in a larger number of subjects
are required to confirm the prognostic utility of this potential
imaging biomarker.

b p=0.001
100 TLR=<34
——TLR>34
x 807 2-year survival rate : 77.3%
2
S 60
Qo
<]
o
s 407 2-year survival rate : 39.1%
c
=}
D o0
0 B T T T T T T T
0 10 20 30 40 50 60
Time (mo)

Fig. 1 Kaplan-Meier curves for 46 patients with cHCC-CC. Progression-free survival (a) and overall survival (b) according to tumour-to-normal liver

standardized uptake value ratio (TLR)
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