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Abstract

Aim In this study, it was aimed to explore the prognostic

factors in patients who received selective internal radiation

therapy for hepatocellular cancer.

Materials and methods A retrospective evaluation was

made of 28 (24 male, 4 female, mean age

65.4 ± 6.8 years) hepatocellular cancer patients who re-

ceived selective internal radiation therapy with Y-90 resin

microspheres. Using Cox proportional hazards regression

analysis, the relationship between age, gender, MELD

score, serum albumin and AFP levels, number of liver le-

sions, size of the largest lesion, absence of 18F-FDG up-

take, maximum standardized uptake value and overall

survival times was analyzed.

Results Treatment was applied to the right lobe in 22 and

both in 6 patients. Mean treatment dose was

1.5 ± 0.2 GBq. Number of liver lesions were 1, \5 and

multiple in 16, 5 and 7 patients, respectively, and the mean

size of the largest lesion was 41.5 mm (min–max

15–160 mm). While 18F-FDG uptake was seen in 24 pa-

tients, liver lesions were hypometabolic in 4 patients. Mean

SUVmax of liver lesions was calculated as 5.3 ± 0.3.

During the mean 17.8 (min–max 2–39) months follow-up

period, 19 patients died. Median survival time was com-

puted as 18 ± 5 months (95 % CI 8.1–27.8). Age

(p = 0.04), serum AFP level (p = 0.03) and size of the

largest lesion (p = 0.02) had a significant negative effect

on survival according to the Cox proportional hazards re-

gression analysis.

Conclusion Age, serum AFP level and the size of the

largest liver lesion have a negative significant effect on

survival of hepatocellular cancer patients who received

selective internal radiation therapy.

Keywords Hepatocellular cancer � Selective internal

radiation therapy � Prognostic factors

Introduction

The most frequent primary hepatic tumor is hepatocellular

carcinoma (HCC), which is the third most common cause

of cancer-related deaths worldwide [1, 2]. Survival depends

on treatment options, which is strongly associated with the

stage of the disease [3]. Treatment options vary from local

ablative treatments or chemotherapy to curative treatments

such as surgical resection or liver transplantation [4–7].

In the past, HCCs have been accepted as radio-resistant

tumors due to the limited effect of external beam radio-

therapy. Different from external beam radiotherapy, se-

lective internal radiation therapy (SIRT) has been shown to

be a promising local ablative treatment method providing

high doses selectively on the tumor but preserving the

disease-free liver parenchyma and decreasing the side ef-

fects [8]. Survival of HCC after SIRT has a variable range

and beyond the established criteria for patient selection,

information about prognostic factors is limited. The rela-

tionship between clinical/radiological characteristics and

survival after SIRT has been analyzed in a few recent

studies [9–11].
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In this study, it was aimed to explore the radiological

characteristics, prognostic factors and survival rates of a

patient group who received SIRT for HCC.

Materials and methods

Patients

The study included 28 patients (24 males, 4 females, mean

age 65.4 ± 6.8 years, range 54–75 years) who received

SIRT treatment for HCC between June 2008 and April

2013. All the patients had unresectable HCC lesions and

none of them had received prior treatment before SIRT.

Patients with decompensated Child C cirrhosis were not

included in the study. Age, gender, Model for End-stage

Liver Disease (MELD) score, serum albumin and alpha-

fetoprotein (AFP) level of patients, number, size, 18F-FDG

uptake patterns (hyper/hypo-metabolic) and SUVmax of

liver lesions were noted for statistical analysis. The patients

were divided into 3 groups according to the number of

lesions (single, \5, multiple). Patients who died of other

diseases were excluded from the study.

18F-FDG PET/CT

PET/CT images were acquired with a GE Discovery ST

PET/CT scanner. Patients fasted for at least 6 h before

imaging and blood glucose levels were checked. Those

with a blood glucose level above 150 mg/dL did not

undergo scanning. Oral contrast was given to all pa-

tients. Images from the vertex to the proximal femur

were obtained while the patients were in the supine

position. Whole body 18F-FDG PET/CT imaging was

performed approximately 1 h after an intravenous in-

jection of 296–370 MBq 18F-FDG. During the waiting

period, patients rested in a quiet room without taking

any muscle relaxants. PET images were acquired for

4 min per bed position. Emission PET images were re-

constructed with non-contrast CT images. CT images

were also obtained from the patient’s integrated 18F-

FDG PET/CT with the use of a standardized protocol of

140 kV, 70 mA, tube rotation time of 0.5 s per rotation,

a pitch of 6 and a slice thickness of 5 mm. Patients were

allowed to breathe normally during the procedure. At-

tenuation-corrected PET/CT fusion images were re-

viewed in three planes (transaxial, coronal and sagittal)

on a Xeleris Workstation 4.2 (GE Medical Systems).

PET/CT images were evaluated and confirmed visually

and semi-quantitatively with standardized uptake value

(SUV) by consensus of two experienced nuclear medi-

cine specialists.

SIRT treatment

In all patients, the widely accepted parameters of liver re-

serve, bone marrow reserve (granulocytes[1500/lL, plate-

lets [60,000/lL), and hepatic vascularity were used as

inclusion and exclusion criteria. Liver reserve was evaluated

using bilirubin, aspartate transaminase (AST), alanine

transaminase (ALT), and alkaline phosphatase (ALP) levels

in the blood. A bilirubin level\2 mg/dL and AST/ALT/ALP

levels less than 5 times the normal upper limit were required

for radio-embolization. In patients who were suitable for

therapy, the 90Y dose was adjusted according to the following

body surface area (BSA) method: activity (GBq) = (BSA -

0.2) ? tumor volume/total liver volume. Informed consent

was obtained from all patients. The 90Y resin microspheres

(Sirtex Medical, Australia) were injected through super-

selective catheterization of the hepatic artery catheter under

intermittent fluoroscopic visualization. Within 1–24 h after

microsphere infusion, Bremsstrahlung images were obtained

to confirm that the 90Y was deposited only in the liver. All

patients were hospitalized overnight and medications such as

analgesics, antiemetic, and H2 antagonists were adminis-

tered, if necessary. All patients were closely monitored until

acute or late toxicities were resolved.

Treatment response and survival

Treatment response was evaluated by RECIST criteria in

all the patients. In addition, 18F-FDG PET/CT was per-

formed at the sixth week of treatment in patients with liver

lesions FDG avid in baseline scan. Disease progression

criteria were accepted as increase in tumor volume, pro-

gressive elevation of serum AFP levels and detection of

new distant metastases. Date of death was noted for overall

survival analysis.

Data and statistical analysis

SPSS software package (Version 16.0, SPSS Inc., Chicago,

IL, USA) was used for statistical analysis. Life tables and

Kaplan–Meier analysis were performed for survival analy-

sis. Cox-regression analysis was used to analyze the effect

of age and gender, MELD score, serum albumin and AFP

levels of patients, number, size, 18F-FDG uptake pattern and

SUVmax of liver lesions to overall survival times.

Results

Treatment was applied to the right lobe in 22 patients and

both lobes in 6 patients. The mean treatment dose was

calculated as 1.5 ± 0.2 GBq. Acute radiation syndrome

that could be relieved by symptomatic treatment developed
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in all the patients. Y-90 uptake was observed in the liver

lesions of all patients during Bremsstrahlung imaging.

Gastric ulcer was seen in 2 patients in the follow-up period.

During the follow-up period, 1 patient received a second

dose of SIRT and 2 patients TACE for radiologically

progressive disease. The mean MELD score, serum albu-

min and AFP levels of patients were calculated as

8.0 ± 1.8, 3.7 ± 0.6 and 108.3 ± 187.4, respectively.

The number of liver lesions were single, fewer than 5

and multiple in 16, 5 and 7 patients, respectively, and the

mean size of the largest lesions was 41.5 mm (min–max

15–160 mm). While liver lesions of 24 patients were 18F-

FDG avid, they were hypometabolic in 4 patients. The

mean SUVmax of liver lesions was calculated as 5.3 ± 0.3.

At 6 weeks after treatment, the mean MELD score,

serum albumin and AFP levels of patients were calculated

as 7.5 ± 1.4, 3.1 ± 0.4 and 89.1 ± 110.2, respectively. At

that time, the mean size of the largest lesions was 38.6 mm

(min–max 15–132 mm) and mean SUVmax of liver lesions

was 3.5 ± 0.7. The liver lesions of 6 out of 24 patients

became hypometabolic after SIRT. Partial response to

treatment was observed in 12 out of 28 patients.

During the mean 17.8 ± 14.8 months follow-up period,

19 patients died (Fig. 1). Median survival time was com-

puted as 18 ± 5 months (min–max 2–39 months) (95 %

CI 8.1–27.8) (Table 1). AFP level (p = 0.03), age

(p = 0.04) and size of the largest lesion (p = 0.02) had a

significant negative effect on survival according to Cox

proportional hazards regression analysis (Table 2).

Discussion

The therapeutic options for HCC have evolved in the past

decade and different systemic and local therapies such as

sorafenib, sunitinib, chemo-embolization and radio-em-

bolization have been used for this malignancy. The anti-

tumor effects of these therapeutic methods may result in

changes in the radiological characteristics of the tumor,

such as vascularization and necrosis. However, a sig-

nificant change in tumor size according to RECIST criteria

might not be seen in a large proportion of patients. Several

studies have demonstrated that RECIST criteria might not

be a reliable indicator of response to treatment in HCC

[12–15]. Although 18F-FDG PET/CT can be used to eval-

uate early response to therapy in most solid tumors, due to

the variety of glucose 6 phosphatase activity in HCCs, an

important group of tumors are not 18F-FDG avid. There-

fore, the role of 18F-FDG PET/CT in the response eval-

uation of HCCs is limited.

SIRT is an emerging treatment modality of unresectable

HCCs with well-described technique, outcome and safety

data [8–12]. Although the appropriateness criteria for SIRT

are standard and well known, treatment outcome and sur-

vival after SIRT have a wide range [16, 17]. Due to this

variability of survival and outcome, a few recent studies

have focused on pretreatment clinical and radiological

prognostic factors to predict survival times [9–11]. In this

single center experience, some descriptive and morpho-

logical features of our patients were analyzed to predict the

survival times after SIRT. Age and size of the largest lesion

were found to have a significant negative correlation with

survival times. A one unit increase in age and size of theFig. 1 Overall survival for whole patient group

Table 1 Mean and median survival time of whole patient group

Mean Median

Estimate Std. error 95 % confidence interval Estimate Std. error 95 % confidence interval

Lower bound Upper bound Lower bound Upper bound

24.108 4.881 14.541 33.674 18.000 5.010 8.181 27.819

Table 2 p value of age, gender,

number, size 18F-FDG uptake,

SUV of liver lesions, serum

AFP level and MELD score to

predict survival time

p value

Gender 0.90

Age 0.04

Number (1) 0.50

Number (\5) 0.90

Number ([5) 0.90

Size 0.02

FDG uptake 0.90

SUV 0.30

AFP level 0.03

MELD score 0.08
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largest lesion caused 1.9- and 1.2-fold increase in hazard,

at any time. In a recent study by Golfieri et al. [11] survival

and tolerability of radio-embolization were compared in

elderly and younger HCC patients. No significant differ-

ence between survival times was determined between the

two groups of younger and older than 70 years although no

analysis was made of the effect of age below 70 years. In

another study, Salem et al. [10] retrospectively investigated

change in radiological parameters in the prediction of

outcome of HCC patients treated with SIRT. Lower

hepato-pulmonary shunt fraction, central hypervascularity

and well-defined tumor margins were found to be associ-

ated with improved progression-free survival. Weng et al.

[9] determined the number of tumor nodules, the MELD

score and serum C-reactive protein levels to be indepen-

dent risk factors.

In the current study, no relationship was shown between

survival times and the number of liver lesions, absence of
18F-FDG uptake, maximum standardized uptake values and

response to treatment. As SIRT was applied to the whole

liver lobe, the number of lesions in the same lobe might not

be an important prognostic factor. However, in this ana-

lysis, the size of the largest lesion was one of the significant

factors. In consideration of the 4 mm mean range of beta

particles of Y-90 in the tumors without peripheral vascu-

larity, radiation exposure of peripheral tumor cells could be

limited [18]. The role of 18F-FDG PET/CT in the man-

agement of HCC patients has been controversial. In a

previous study of the current study group with a smaller

patient number, the prognostic importance was shown of
18F-FDG uptake in HCC patients treated with SIRT [19].

Contrarily, in the current analysis, no relationship could be

established between survival times and 18F-FDG uptake

and SUV values. In this analysis, another insignificant

factor to predict survival was the response to treatment. An

absence of complete response and the local nature of SIRT

might be explanations for this situation. In addition, more

parameters could not be analyzed because of the retro-

spective design and limited number of patients. Larger and

prospective-randomized studies are needed to describe the

need and role of 18F-FDG PET/CT in the monitoring of

HCC patients treated with SIRT and the prognostic im-

portance of a wide range of clinical parameters.

Conclusion

Age, serum AFP level and size of the largest liver lesion

have a significant negative effect on survival of hepato-

cellular cancer patients who received selective internal

radiation therapy. According to the data of this retrospec-

tive analysis, younger patients with smaller lesions seem to

be more appropriate to SIRT.
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