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Abstract

Purpose To determine the utility of mean standardized uptake value (SUV
SPECT/CT fusion imaging, for evaluation of liver fibrosis.

Materials and methods Eighty-six patients who underwent hepatectomy were enrolled, and were classified into the non-
fibrosis or fibrosis group based on the pathological findings in the resected liver specimen. Univariate and multivariate analy-
ses were performed between the two groups on four blood biochemical indices (albumin, total bilirubin, platelet count, and
prothrombin time activity) and two **™Tc-GSA scintigraphy-derived liver function indices (LHL 5 and SUV,_,.) to evaluate
the independent predictive value for severe fibrosis. The diagnostic value of the index for severe fibrosis was assessed by
calculating the area under the receiver operating characteristic curve.

Results Multivariate analysis showed that prothrombin time activity [odds ratio (OR) 0.519], LHL 5 (OR 0.513), and
SUV ean (OR 0.168) significantly correlated with liver fibrosis. SUV .. showed the largest area under the curve, with value
of 0.804, 0.730 for platelet count, 0.717 for LHL 5, and 0.668 for prothrombin time activity. The optimal cut-off value for
SUV can Was 6.7, which yielded 62.9% sensitivity and 96.9% specificity.

Conclusions SUV measured by *"Tc-GSA SPECT/CT fusion imaging enables highly accurate prediction of severe
liver fibrosis.

mean) OF Whole liver measured by *™Tc-GSA

mean

Keywords Liver fibrosis - Tc-99m-diethylenetriamine-penta-acetic acid-galactosyl human serum albumin single-photon-
emission computed tomography - Standardized uptake value

Introduction

Degree of fibrosis is an important indicator of liver function,
as damage to the organ leads to fibrotic change in the liver
parenchyma. Cirrhosis represents the most advanced stage
of liver fibrosis, which is associated with a potential risk of
malnutrition, coagulopathy, and fatal liver failure, thereby
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posing restrictions in performing invasive therapeutic proce-
dures [1-4]. Therefore, assessment of the degree of fibrosis
is important to decide the treatment strategy for patients with
liver diseases. The gold standard of assessment of liver fibro-
sis is biopsy; however, a non-invasive substitute diagnostic
modality has not been established.
Tc-99m-diethylenetriamine-penta-acetic acid-galactosyl
human serum albumin (99mTc-GSA) single-photon emis-
sion computed tomography (SPECT)/CT fusion imaging has
been routinely used in the evaluation of whole and regional
liver functions prior to hepatectomy at this institution [5].
The present study investigated the potential utility of the
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technique in the evaluation of liver fibrosis. 9mTc-GSA is
exclusively taken up by the liver and specifically binds to
asialoglycoprotein receptor on hepatocytes, and a decreased
number of receptors are observed in patients with liver dam-
age [6, 7]. Therefore, " Tc-GSA scintigraphy enables the
direct estimation of functioning hepatocytes and is an excel-
lent method for the evaluation of regional and whole liver
function [8].

These previous reports used the ratio of liver to heart-
plus-liver radioactivity for 15 min (LHL,5) value, which is
representative for whole liver function index of 99mTc-GSA
scintigraphy; one previous report described that LHL 5 value
showed a significant correlation with the degree of liver
fibrosis [9]. However, LHL 5 is detected by planar image of
9MTc-GSA scintigraphy; therefore, is deficient in the three-
dimensional depth direction information (Fig. 1a) [10].

A recent study reported highly accurate attenuation cor-
rection, scatter correction, and resolution correction to ena-
ble the quantification using standardized uptake value (SUV)
[11]. SUV depicts the degree of accumulation of radiop-
harmaceutical substances in the target organ, and enables
obtaining three-dimensional depth direction information
[12]. Therefore, it was assumed that SUV might demon-
strate better correlation with liver fibrosis than LHL 5. The
concept of SUV was applied to 99mTc-GSA scintigraphy for
the first time in this study, and the value of this indicator was
investigated in the evaluation of liver fibrosis.

Methods
Patients

Eighty-six patients who underwent hepatectomy between
September 2014 and September 2017 were enrolled in the
retrospective study. All patients underwent **™Tc-GSA
SPECT/CT fusion imaging prior to the hepatectomy to

Fig.1 Calculation of 9mTec-
GSA scintigraphy-derived
indices. a The LHL, 5 value
was calculated by dividing the
radioactivity of the liver ROI
(solid line) by the sum of the
radioactivity of the liver and
heart ROIs (solid line and dot
line) at 15 min post-injection.
The LHL, 5 value lacks the
three-dimensional depth direc-
tion information. b SUV_ .
was measured by setting the
volume of interest at the site of
99mTc-GSA accumulation

(a)
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evaluate whole and regional liver functions. The study was
approved by the institutional review board, with waiver of
informed consent.

Blood biochemistry (liver function tests)

The values of four blood biochemical indices (albumin, total
bilirubin, platelet count, and prothrombin time activity) prior
to the hepatectomy were investigated.

99™Tc-GSA SPECT/CT fusion imaging

9mTc.GSA SPECT/CT fusion imaging has been routinely
applied at our institution, in hepatectomy candidates to eval-
uate liver function. All patients underwent the examination
with a Symbia T6 scanner (Siemens, Munich, Germany).
This instrument combines variable angle dual detector
SPECT with 6-slice CT for rapid, accurate attenuation cor-
rection and precise localization. The instrument also ena-
bles the seamless transition from a SPECT examination to
a CT examination, and both SPECT and CT images could
be obtained in a single examination without the need for
change in position. The procedure of the investigation was
as follows. After overnight fasting, the patient was placed
in a supine position. Cardiac and respiratory synchroniza-
tion were not used in this modality. Instead, to minimize the
possibility of occurrence of artifacts due to cardiac pulsa-
tion and respiratory motion, the patients were encouraged to
rest and take a small, slow breath before image acquisition.
99mTc-diethylenetriamine-penta-acetic acid-GSA (Nihon
Medi-Physics, Tokyo, Japan) (185 MBq/3 mg) was injected
into an antecubital vein. SPECT data acquisition (60 steps
of 20 s/step, 360°, 128 X 128 matrix) was started 20 min
after the injection with a low-energy, high-resolution col-
limator; the entire study duration was approximately 30 min.
The reconstruction algorithm for SPECT was three-dimen-
sional ordered subset expectation maximization (iteration,
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10; subsets, 6), with attenuation and scatter corrections. 3D
Gaussian filter was used as a post-processing filter (9.6 mm
full-width at half-maximum). Following SPECT examina-
tion, non-enhanced CT images were obtained under standard
conditions of 130 kV, 345 mA, 12-mm table feed per rota-
tion, 0.6-s gantry rotation time, 0.6-mm collimation, and
1-mm reconstruction. CT images were reconstructed using a
standard algorithm with a 166-cm field-of-view of the target
sites. The SPECT and CT images were fused automatically
using the embedded Siemens common platform software
Syngo MI workplace. SPECT slice data were retrieved
through Digital Imaging and Communications in Medicine
(DICOM), and SPECT slices were converted to a CT-like
data volume for the fusion of the SPECT and CT images.

Calculation of LHL

The ROI was set by one radiological technologist and one
radiologist specializing in nuclear medicine at this infor-
mation on mutual consent. The LHL,5 value was calcu-
lated by dividing the radioactivity of the liver ROI (L5)
by the sum of the radioactivity of the liver and heart ROIs
(L,s+ H,s) at 15 min post-injection (Fig. 1a) [13, 14]:

LHL, 5 = _ L
L15+ HI15
Calculation of SUV

mean

The accumulation of 99mTc-GSA in the liver was evalu-
ated using SUV [11]. Decay correction was applied in all
patients to control the fluctuation at the start time of the
acquisition. SUV value was normalized by the liver vol-
ume, which was calculated automatically using worksta-
tion VINCENT (FUJIFILM, Tokyo, Japan) [15].

SUV was calculated using the following formula:

Radioactivity of liver VOI (Bq/ml)

Suv = - .
Dose at the start of scan(Bq)/Livervolume (ml) X 10

mean

Setting the volume of interest (VOI) at the site of
99mTc-GSA accumulation in the liver is necessary to cal-
culate SUV; therefore, we applied a commercially avail-
able GI-BONE (AZE Co., Ltd., Tokyo, Japan), which is
known to set VOI automatically (Fig. 1b). The VOI was
placed to contain the whole liver. Then, the software auto-
matically detected the region of voxel with SUV > 3, and
the mean value of SUV in the designated region was cal-
culated. Further, 99mTc-GSA is taken up only in the liver,
not in whole body, and therefore, liver volume was utilized
to normalize the radioactivity in this study.

Degree of fibrosis

Degree of fibrosis was pathologically diagnosed in the liver
parenchyma apart from the liver tumor in each resected spec-
imen. The Ludwig scale was utilized to stratify the grade
of fibrosis; F1 (no fibrosis or fibrosis confined to enlarged
portal tracts), F2 (periportal fibrosis or portal-to-portal
septa but intact architecture), F3 (septal fibrosis with archi-
tecture distortion), and F4 (probable or definite cirrhosis).
The degree of fibrosis was assessed by two pathologists
who were blinded the patient characteristics. Grades F1 and
F2 were classified in the non-fibrosis group, and grades F3
and F4 were classified in the fibrosis group [16]. Univariate
and multivariate analysis were performed between the two
groups on four blood biochemical indices and two **™Tc-
GSA scintigraphy-derived liver function indices to evalu-
ate the independent predictive value for severe fibrosis. The
diagnostic value of the index for severe fibrosis was assessed
by calculating the area under the receiver operating charac-
teristic (ROC) curve.

Statistical analysis

The data were not distributed normally. Therefore, median
values and non-parametric statistical testing procedures were
utilized. The Mann—Whitney U test was used for continuous
variables, and the chi-square test was used for categorical
variables. Differences between medians were considered
statistically significant at p value of < 0.05. Significant vari-
ables obtained by univariate analysis were entered simul-
taneously (forced entry method) into multivariate logistic
regression analysis to evaluate their independent predictive
value for severe fibrosis. The diagnostic value of the index
was assessed by calculating the area under the ROC curve.
These statistical analyzes were performed using SPSS 24 for
Windows (SPSS, Chicago, IL, United States).

Results
Clinical characteristics

The clinical characteristics of the patients included in this
study (n=286) are described in Table 1. The patient popula-
tion comprised of 36 males and 15 females with a median
age of 72 years (range 42-86 years) in the non-fibrosis
group. The fibrosis group comprised 25 males and 10
females with a median age of 74 years (range 39-86 years),
and no significant differences were observed between the
two groups (Table 1). The body weights in both groups were
also equivalent. The positive rates of hepatitis B, hepatitis
C, alcohol abuse, and non-alcoholic steatohepatitis showed
no significant differences between the two groups (Table 1).
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Table 1 Clinical characteristics of the non-fibrosis and fibrosis groups

Non-fibrosis Fibrosis (n=35) p value

(n=51)
Gender (male/ 36/15 25/10 0.868
female)
Age range (median) 42-86 (72) 39-86 (74) 0.786
Body weight (kg) 56.15 58.5 0.876
Hepatitis B (+) 8/43 4/31 0.542
Hepatitis C (x) 11/40 12/23 0.135
Alcohol abuse (+)  8/43 6/29 0.831
NASH (+) 1/50 3/32 0.162

NASH non-alcoholic steatohepatitis

Comparison of liver function index
between non-fibrosis and fibrosis groups

Results of univariate and multivariate analyses are summa-
rized in Table 2. In univariate analysis, the median value
of serum albumin (g/dL), total bilirubin (g/dL), platelet
count (x 10¥mm?), and prothrombin time activity (PT%)
were 4.2 vs. 3.9 (p=0.272), 0.6 vs. 0.7 (p =0.057), 17.6 vs.
12.9 (p <0.001), and 96.5 vs. 86.7 (p=0.009), respectively,
between the non-fibrosis and fibrosis groups. The platelet
count and PT% showed significant differences between
the two groups. The median value of LHL,5 and SUV .,
were 0.917 vs. 0.874 (p <0.001) and 6.8 vs. 6.0 (p <0.001),
respectively, and both the 99mTc-GSA scintigraphy-derived
indices showed significant differences between the two
groups. In these indices, multivariate analysis showed that
PT% (OR 0.519), LHL 5 (OR 0.513) and SUV mean (OR
0.168) significantly correlated with liver fibrosis.

Diagnostic value of indices for liver fibrosis

ROC curves were constructed and AUCs were compared on
four variables: platelet count, PT%, LHL15, and SUV ...
(Fig. 2). The AUCs were 0.804 for SUV ., 0.730 for
platelet count (vs. SUV ..., p=0.249), 0.717 for LHL15

Sensitivity

ol Il — SUVmean  (0.804)
: — Platelet counts (0.730)
== LHL; 0.717)
-- PT% (0.668)
/s
0.0+ ' . . . .
0.0 02 04 0.6 08 10

1-Specificity

Fig.2 The diagnostic value for severe fibrosis. AUCs were compared
in four variables: platelet count, prothrombin time activity, LHL s,
and SUV SUV, showed the largest AUC

mean* mean

(vs. SUV ean» P =0.084), and 0.668 for PT% (vs. SUV .0
p=0.075). Although statistical significances of AUCs were
not observed between SUV ., and other three variables,
SUV,can sShowed the largest AUC. The optimal cut-off value
for SUV,.,, Was 6.7, which yielded 62.9% sensitivity, 96.9%

specificity, 97.1% positive predictive value, and 60.8% nega-
tive predictive value.

Discussion

Continuous damage to the liver leads to progression of
fibrosis and eventually cirrhosis, regardless of the cause
of liver damage such as hepatitis virus, alcohol, and fatty

Table 2 Comparison of liver function index between the non-fibrosis and fibrosis groups

Univariate Multivariate

Non-fibrosis Fibrosis p value Odds ratio p value
Albumin (g/dL) 4.2 (3.0-5.0) 3.9(2.3-4.9) 0.272
Total bilirubin (mg/dL) 0.6 (0.2-1.2) 0.7 (0.3-1.7) 0.057
Platelet count (x 10%/mm?) 17.6 (6.9-49.6) 12.9 (6.5-42.9) < 0.001 0.625 (0.313-1.222) 0.166
Prothrombin time (%) 96.5 (33.6-117.7) 86.7 (51.5-117.7) 0.009 0.519 (0.258-0.824) 0.020
LHL 5 0.917 (0.786-0.960) 0.874 (0.687-0.950) < 0.001 0.513 (0.278-0.947) 0.038
SUV ean 6.8 (5.1-8.1) 6.0 (3.2-7.1) < 0.001 0.168 (0.048-0.435) < 0.001

Number in non-fibrosis and fibrosis groups shows the median value. Number in the parentheses shows range of the value
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liver [3]. Patients with cirrhosis have a potential risk of
fatal liver failure; therefore, assessment of fibrosis is
crucial to decide the treatment strategy for patients with
liver diseases. Liver biopsy, which is the gold standard
for assessing fibrosis, is an invasive technique and is
associated with limitations such as bleeding and/or sam-
pling error [17]. Non-invasive indicators, such as hyalu-
ronic acid, procollagen III peptide, and type IV collagen
[18=22], are effective markers of fibrosis; however, these
markers are not specific to the liver.

Therefore, the present study investigated the utility of
99mTc-GSA scintigraphy in the evaluation of liver fibrosis.
A previous study reported that LHL 5 value of 9mTc-GSA
scintigraphy showed a significant correlation with the degree
of liver fibrosis [9]. However, LHL 5 lacks the three-dimen-
sional depth direction information, as the index is calculated
from planar scintigraphic images, which do not accurately
reflect hepatocyte volume. To overcome this problem, SUV
was applied in 99mTc-GSA scintigraphy for the first time in
this study. The concept of SUV is widely applied and com-
monly used in the field of positron-emission tomography
scan, and the quantified value facilitates evaluation of the
target organ. SUV could be accurately and automatically
measured from 99mTc-GSA SPECT/CT fusion imaging
using GI-BONE.

Several liver function indices were compared between the
fibrosis and non-fibrosis groups in this study. Multivariate
analysis revealed that PT%, LHL 5, and SUV ., showed
significant discrepancies between the two groups, and the
OR was smallest in SUV ., . Further, ROC curve revealed
that SUV_ .., was the most accurate index for diagnosing
severe fibrosis. This significant correlation between SUV .,
and liver fibrosis was estimated to be attributed to the fol-
lowing reasons: 1. 99mTc-GSA has the specific nature of
being taken up exclusively by the liver, and the decrease in
number of functioning hepatocytes due to severe fibrosis was
reflected as decreased accumulation of 9mTc-GSA in the
liver, and 2. accurate assessment of 9mTc-GSA accumula-
tion in the liver was obtained by applying SUV.

Despite the apparent utility of SUV in assessing liver
fibrosis, this study has a number of limitations. The major
drawback of *™Tc-GSA scintigraphy is that this modality
evaluates the functioning hepatocytes, and is not a direct
technique to evaluate liver fibrosis. Therefore, further inves-
tigations are necessary to elucidate the mechanism of the
strong correlation of liver fibrosis and SUV ,, of **™Tc-
GSA scintigraphy. Second, there is no clinical availability
of ®™Tc-GSA in western countries, although many studies
have been published using this radiopharmaceutical agent
in Japan and some countries. Third, the correlation between
SUV ,.an and long-term prognosis was estimated to enhance
the clinical utility of this study. However, we could not
investigate the correlation, because 86 patients in this study

were candidates for hepatectomy, and the prognoses were
strongly influenced by each hepatic tumor.

In conclusion, SUV, .. of *™Tc-GSA scintigraphy ena-
bles highly accurate prediction of severe liver fibrosis.
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