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Abstract
Objectives To evaluate the usefulness of Fluorine-18
fluorodeoxyglucose positron emission tomography/computed
tomography (18-F FDG-PET/CT) in the prediction of Fuhrman
pathological grades of renal clear cell carcinoma (cRCC).
Methods This retrospective study was approved by our insti-
tutional review board, and written informed consent was
waived. Thirty-one patients with pathologically proven cRCC
underwent 18-F FDG-PET/CT for tumour staging. Maximum

standardized uptake value of cRCC (tumour SUVmax) and
mean SUVof the liver and spleen (liver and spleen SUVmean)
were measured by two independent observers. Tumour
SUVmax, tumour-to-liver SUV ratio, and tumour-to-spleen
SUV ratio were correlated with the pathological grades.
Results Logistic analysis demonstrated that only the tumour-to-
liver SUV ratio was a significant parameter for differentiating
high-grade (Fuhrman grades 3 and 4) tumours from low-grade
(Fuhrman grades 1 and 2) tumours (P=0.007 and 0.010 for ob-
servers 1 and 2, respectively). Sensitivity, specificity, and positive
and negative predictive values for detecting tumours of Fuhrman
grades 3 and 4 were 64, 100, 100, and 77 %, respectively, for
observer 1, and 79, 88, 85, and 83%, respectively, for observer 2.
Conclusions The tumour-to-liver SUV ratio with 18-F FDG-
PET/CT appeared to be a valuable imaging biomarker in the
prediction of high-grade cRCC.
Key Points
• Tumour SUVmax was correlated with the Fuhrman grades.
• High-grade tumours have significantly higher SUVmax than
low-grade tumours.

• Tumour-to-liver SUVratio is useful in the prediction of high-
grade cRCC.

Keywords Positron emission tomography . Renal clear cell
carcinoma . Fuhrman grade . Tumour-to-liver SUVratio .
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Introduction

Renal cell carcinoma (RCC), the main solid cancer of the
kidney, is the sixth most common cancer in men and eighth
most common in women in the United States [1]. Annually,
64,770 patients are diagnosed with RCC, and 13,570 die as a
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result of the disease [1]. Renal clear cell carcinoma (cRCC) is
the most common histological subtype, accounting for ap-
proximately 75 % of all RCCs [2, 3]. RCCs are often inciden-
tally detected in asymptomatic individuals as a result of the
widespread use of computed tomography (CT), magnetic res-
onance imaging (MRI), and ultrasound (US) [4, 5]. Given the
metastatic potential of RCC, it is crucial to efficiently and
accurately stage RCC once it is detected in order to determine
the best therapeutic strategies for patients.

Fluorine-18 fluorodeoxyglucose (18-F FDG)-positron
emission tomography (PET) is widely used in workups for
malignancy, including the detection, differential diagnosis,
staging and/or restaging, therapeutic decision-making, fol-
low-up, and prognosis of most malignancies [6, 7]. The de-
tectability of 18-F FDG-PET/CT in malignant tumours de-
pends on the degree of 18-F FDG uptake in tumours relative
to that in the surrounding normal tissues. Generally, cancer
cells exhibit increased glucose transporter (GLUT) expression
[8] as well as higher levels of hexokinase and phosphofructo-
kinase activity that promotes glycolysis [9]. This results in
increased glucose uptake across cancer cell membranes and/
or increased glycolytic rates in cancer cells, and the subse-
quent increase in 18-F FDG uptake seen in tumours.

The role of 18-F FDG-PET/CT in the diagnosis of urologic
oncology remains uncertain. The physiological excretion of
18-F FDG through the kidneys makes it difficult to visualize
the structures and tumours against the high background of 18-
F FDG accumulation. Moreover, it is known that RCC con-
sists of glycogen-rich cells and that the cancer cell itself has a
low potential for metabolizing glucose, frequently resulting in
no or minimal uptake of 18-F FDG [10]. Nevertheless, ac-
cording to previous reports, sensitivity and specificity of 18-
F FDG PET in the diagnosis of RCC has ranged from 47 to
94 % and from 80 to 100 %, respectively [11–13].

In our clinical practice, we have found that high-grade
cRCC often shows increased 18-F FDG uptake. Previous re-
ports have described a significant difference in disease-
specific survival rates between patients with high- and low-
grade tumours [14–18]. Predicting tumour grade may be of
value in the treatment and management of patients with
cRCC. Our literature search did not unearth any previous re-
ports on the relationship between 18-F FDG uptake and path-
ological grades of cRCC. Thus, the purpose of this study was
to evaluate the usefulness of 18-F FDG PET/CT in the predic-
tion of Fuhrman pathological grades of cRCC.

Materials and methods

Patients

This retrospective study was approved by our institutional
review board, and written informed consent was waived.

Between August 2008 and November 2013, 34 consecutive
patients with pathologically proven cRCC underwent 18-F
FDG-PET/CT imaging for preoperative tumour staging. Three
of the 34 patients were excluded from our study cohort be-
cause the interval between 18-F FDG-PET/CT imaging and
pathological diagnosis was over 3 months. Thus, the remain-
ing 31 patients (mean age, 64.5±13.7 years; range, 36–81
years), including 19 men (mean age, 60.3±14.8 years; range,
36–81 years) and 12 women (mean age, 71.1±8.8 years;
range, 53–79 years), comprised our study cohort. The interval
between the pathological diagnosis and following PET/CT
ranged from 3 to 76 days (mean 28.4±18.1 days).

18-F FDG-PET/CT imaging

Patients were instructed to fast for at least 5 hours prior to 18-F
FDG-PET/CT acquisition. Blood glucose levels were mea-
sured before imaging, and were lower than 200 mg/dl in all
patients. All imaging was performed with a 16-section PET/
CT system (Biograph Sensation 16; Siemens Medical Solu-
tions, Erlangen, Germany), which comprised a 16-section
high-performance multi-detector low-dose CT system with a
lutetium oxyorthosilicate-based PET system. Sixty minutes
after the administration of 18-F FDG (mean, 3.4±0.6 MBq/
kg; range, 2.4–4.7 MBq/kg), whole-body CT was initially
performed, primarily for attenuation correction, with patients
holding their breath in mid-expiration phase, and included an
area from the vertex to the pelvis. The parameters were as
follows: section width, 5 mm; table feed per rotation,
18 mm; rotation time, 0.5 s; tube voltage, 120 kVp; quality
reference mAs, 100 mAs in CARE Dose 4D (Siemens Med-
ical Solutions); and field of view, 70 cm. Images of eight bed
position (16.2-cm axial field of view), 2 min each, were ac-
quired. Attenuation-corrected PET images were reconstructed
from the CT data using a 3-D ordered subset expectation max-
imization algorithm (eight subsets, three iterations).

PET image analysis

Two nuclear medicine physicians (H.W. and H.K., with 7 and
5 years of experience in the interpretation of PET images,
respectively), who were blinded to patient clinical information,
retrospectively reviewed all 18-F FDG-PET/CT images on a
commercially available dedicated DICOM (Digital Imaging
and Communications in Medicine) viewer. The nuclear medi-
cine physicians measured the maximum standardized uptake
value of cRCC (tumour SUVmax) by drawing a region of in-
terest (ROI) encompassing as much of the tumour area as pos-
sible. The tumour SUVmax was measured on axial, sagittal, and
coronal images, and then averaged. Care was taken to exclude
measurements from regions of physiological excretion in the
renal collecting system. Further, an elliptical ROI was drawn to
encompass as much of the right hepatic lobe as possible on the
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axial images in order to measure the mean SUV (SUVmean) of
the liver. Likewise, the SUVmean of the spleen was measured.
Tumour-to-liver SUV and tumour-to-spleen SUV ratios were
calculated as ratios of the tumour SUVmax to the SUVmean of
the liver and spleen, respectively.

Standard of reference

An experienced pathologist (N.S., with 15 years of experience
in tumour pathology), who was blinded to clinical or radio-
logical information, microscopically evaluated haematoxylin/
eosin stained specimens of surgically resected cRCCs in order
to determine their Fuhrman grades (14).

Statistical analysis

Statistical analyses were performed using MedCalc for Win-
dows, version 13.1.1 (MedCalc Software, Ostend, Belgium.
Since survival rates for patients with Fuhrman grade 1 and 2
cRCCs are significantly better than for those with grade 3 and 4
tumours [19], our patients were divided into two categories:

low-grade (Fuhrman grade 1/2) and high-grade tumours
(Fuhrman grade 3/4). Patient age, tumour size, and gender were
compared between the two categories using the Mann–Whit-
ney U and chi-square tests. Regression analysis was performed
to evaluate the correlation between tumour SUVmax and tumour
size. Logistic regression analysis was performed for the dis-
crimination of high-grade tumours using the following param-
eters: tumour size, tumour SUVmax, tumour-to-liver SUV ratio,
and tumour-to-spleen SUVratio. In logistic regression analysis,
all parameters were analyzed simultaneously, and the interac-
tion terms were considered. One-way analysis of variance
(ANOVA) was used to evaluate differences between Fuhrman
grades. The Mann–Whitney U test was conducted to evaluate
differences between the two categories. The intraclass correla-
tion coefficient was calculated for each of the observer mea-
surements in order to evaluate interobserver differences for sig-
nificance. A P value less than 0.05 was considered significant.

An optimal cutoff value based onmaximum sensitivity and
specificity was identified for the detection of Fuhrman grade
3/4 tumours with the highest area under the receiver operating
characteristic (ROC) curve. ROC curves were fitted to the
cutoff value to compute the sensitivity, specificity, positive
and negative predictive values, and area under the ROC curve
(AUC) for Fuhrman grade 3/4 tumour detection. AUCs for
tumour SUVmax, tumour-to-liver SUV ratio, and tumour-to-
spleen SUV ratio were compared using the Hanley and
McNeil method [20].

Results

Patient background factors and tumour characteristics

Patient background factors and Fuhrman grades of the 31
cRCCs in 31 patients are summarized in Table 1. No

Table 1 Patient Background Factors and Findings at Histopathology

High-grade cRCC (n=14) Low-grade cRCC (n=17)

Patient age 63.2±13.3 (41–81) 65.5±14.4 (36–79)

Male-to-female 9:5 10:7

Tumor size (mm) 79.7±31.0 (35–152) 57.2±30.4 (26–129)

Fuhrman grade (n=31)

1 – 2 (6 %)

2 – 15 (48 %)

3 13 (42 %) –

4 1 (4 %) –

Note: Patient age and tumor size are means ± 1 standard deviation, with
ranges in parentheses.

Fig. 1 Axial slices of (a) F-18
positron emission tomography
and (b) fused-image PET/CT in a
57-year-old man show low F-18
FDG uptake (tumour SUVmax of
2.86) in a 46-mm right renal mass
proven to be a Fuhrman grade 2
cRCC
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significant difference was found in patient age (P=0.69) or
gender (P=0.95) between the high- and low-grade tumours.
Of the 31 patients, two had a Fuhrman grade 1 tumour, 15 had
a grade 2, 13 had a grade 3, and one had a grade 4 tumour.
PET/CT images of Fuhrman grade 2 and 3 cRCCs are illus-
trated in Figs. 1 and 2, respectively. The maximum cRCC
diameter ranged from 26 to 152 mm, with a mean size of
67.4±32.3 mm. The maximum diameter of the high-grade
tumours (range 35–152 mm, mean 79.7±31.0 mm) was great-
er than that of the low-grade tumours (range 26–129 mm,
mean 57.2±30.4 mm) (P=0.02) (Fig. 3).

Correlation between tumour SUVmax and tumour size

The tumour SUVmax (range 1.8–20.7 and mean 5.0±3.7 vs.
range 1.8–19.0 and mean 4.5±3.2 for observers 1 and 2,

Fig. 2 Axial slices of (a) F-18
positron emission tomography
and (b) fused-image PET/CT in a
60-year-old man show high F-18
FDG uptake (tumour SUVmax of
6.12) in a 52-mm left renal mass
pathologically proven to be a
Fuhrman grade 3 cRCC

Fig. 3 Box plot showing the maximum diameter of cRCC. The
maximum diameter of the high-grade tumours was greater than that of
the low-grade tumours (P=0.02)

Fig. 4 Scatter plots showing correlation between the tumour SUVmax

and tumour size for observers 1 (a) and 2 (b). There was a moderate
correlation between tumour SUVmax and tumour size (r=0.47, P=
0.0066 and r=0.40, P=0.024, respectively)
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respectively) was moderately correlated with tumour size (r=
0.47, P=0.0066 vs. r=0.40, P=0.024 for observers 1 and 2,
respectively) (Fig. 4).

Correlation between SUVand pathological grade

Logistic regression analysis demonstrated that only the
tumour-to-liver SUV ratio was a significant parameter for dif-
ferentiating high-grade from low-grade tumours (P=0.007
and 0.010 for observers 1 and 2, respectively). The mean
tumour SUVmax, tumour-to-liver SUV ratio, and tumour-to-
spleen SUVratio are summarized in Tables 2 and 3. The mean
tumour-to-liver and tumour-to-spleen SUV ratios were

significantly higher for Fuhrman grade 3 compared to grade
2 tumours (P<0.05). Intraclass correlation coefficients dem-
onstrated substantial to almost perfect agreement between the
measurements by the two observers (Table 2). The mean tu-
mour SUVmax, tumour-to-liver SUV ratio, and tumour-to-
spleen SUVratio for the high-grade tumours were greater than
those for the low-grade tumours (P=0.0004–0.0029) (Figs. 5,
6 and 7). Interobserver reproducibility was excellent for tu-
mour SUVmax, tumour-to-liver SUV ratio, and tumour-to-
spleen SUV ratio (intraclass correlation coefficient, 0.78–
0.98) (Table 3).

The AUCs for tumour-to-liver SUVratio (0.82 and 0.83 for
observers 1 and 2, respectively) tended to be higher than those

Table 2 Tumor SUVmax, Tumor-
to-Liver SUV Ratio, and Tumor-
to-Spleen SUVRatio for cRCC of
Different Fuhrman Grades

Note: Data are means ± 1 standard
deviation, with ranges in
parentheses. cRCC renal clear cell
carcinoma, ICC intraclass
correlation coefficient between
two observers

*Value was significantly greater
than that with Fuhrman grade 2.

Observer 1 Observer 2 ICC

Tumor SUVmax

Grade 1 (n=2) 3.52±0.9 (2.85–4.19) 3.37±0.9 (2.74–4.00) –

Grade 2 (n=15) 3.35±1.2 (1.81–5.74) 3.14±1.1 (1.81–5.46) 0.92

Grade 3 (n=13) 6.93±4.9 (3.19–20.71) 5.93±4.3 (3.06–19.0) 0.94

Grade 4 (n=1) 6.97 6.99 -

Tumor-to-liver SUV ratio

Grade 1 (n=2) 1.49±0.4 (1.20–1.79) 1.37±0.1 (1.30–1.44) –

Grade 2 (n=15) 1.47±0.6 (0.72–2.54) 1.40±0.5 (0.76–2.42) 0.92

Grade 3 (n=13) 3.03±1.9 (1.22–7.93)* 2.98±0.6 (1.34–8.87)* 0.92

Grade 4 (n=1) 3.07 3.21 –

Tumor-to-spleen SUV ratio

Grade 1 (n=2) 1.77±0.2 (1.62–1.91) 1.58±0.3 (1.39–1.77) –

Grade 2 (n=15) 1.83±0.6 (0.87–2.84) 1.92±0.7 (0.91–3.87) 0.78

Grade 3 (n=13) 3.82±2.2 (1.58–9.82)* 3.16±2.0 (1.64–8.95)* 0.80

Grade 4 (n=1) 3.77 4.34 -

Table 3 Liver SUVmean Spleen SUVmean, Tumor SUVmax, Tumor-to-Liver SUV Ratio, and Tumor-to-Spleen SUV Ratio of the High and Low
Pathological Grade Groups

Observer 1 Observer 2 Observer 1 vs. 2

Parameter High-grade
cRCC

(n=14)

Low-grade
cRCC

(n=17)

P value High-grade
cRCC

(n=14)

Low-grade
cRCC

(n=17)

P value ICC for
high-grade
cRCC

ICC for
low-grade
cRCC

Liver SUVmean 2.31±0.5
(1.47-2.97)

2.36±0.5
(1.89-3.97)

0.80 2.08±0.5
(1.38-2.79)

2.36±0.1
(1.90-4.09)

0.28 0.89 0.94

Spleen SUVmean 1.80±0.4
(1.14-2.40)

1.87±0.1
(1.38-2.51)

0.26 1.74±0.4
(0.85-2.41)

1.84±0.1
(1.28–2.33)

0.50 0.92 0.70

Tumor SUVmax 6.94±4.7
(3.19–20.71)

3.37±0.3
(1.81–5.74)

0.0006* 6.01±4.2
(3.06–18.98)

3.17±1.0
(1.81–5.46)

0.0009* 0.98 0.92

Tumor-to-Liver SUV ratio 3.04±1.8
(1.22–7.93)

1.47±0.1
(0.72–2.54)

0.0011* 2.99±2.0
(1.34–8.87)

1.39±0.5
(0.76–2.42)

0.0004* 0.96 0.90

Tumor-to-Spleen SUV ratio 3.82±2.1
(1.58–9.82)

1.83±0.1
(0.87–2.84)

0.0003* 3.24±1.9
(1.64–8.95)

1.88±0.2
(0.91–3.87)

0.0029* 0.91 0.78

Note: Data are means ± 1 standard deviation, with ranges in parentheses. cRCC renal clear cell carcinoma, ICC intraclass correlation coefficient between
observers

*P<0.05, significant difference
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for tumour SUVmax (0.76 and 0.76 for observers 1 and 2,
respectively) and tumour-to-spleen SUV ratio (0.80 and 0.75
for observers 1 and 2, respectively); however, no significant
difference was found between these indices (P=0.40–0.99).
On the basis of the ROC analysis, the cutoff values for tumour
SUVmax, tumour-to-liver SUV ratio, and tumour-to-spleen
SUV ratio for differentiating between high- and low-grade
tumours were 3.46 and 3.28, 2.54 and 1.80, and 2.60 and
1.90 for observers 1 and 2, respectively. In differentiating
high- from low-grade tumours, observer 1 used a cutoff value
of 2.54 for the tumour-to-liver SUV ratio, and observer 2 used
a cutoff value of 1.80. This yielded sensitivity, specificity, and
positive and negative predictive values of 64, 100, 100, and
77 % for observer 1, and 79, 88, 85, and 83 % for observer 2,
respectively (Table 4).

Discussion

With the increased use of diagnostic imaging and improve-
ments in imaging techniques, a greater number of RCCs are
detected in asymptomatic patients [21, 22]. The appropriate
treatment of RCC requires accurate diagnosis and characteri-
zation of each detected renal tumour. Although some charac-
teristic imaging findings of cRCC are well known, including
early enhancement, delayed wash-out, and the existence of a
fatty component detected using in- and out-of-phase MR im-
aging [23–25], the preoperative estimation of biological grade
remains uncertain, as there are no reliable radiological
findings.

18-F FDG-PET/CT is a functional imaging modality for
the detection of various malignant tumours on the basis of
increased glucose uptake. Although the first indication of
18-F FDG-PET/CT for the detection of RCC was reported
by Wahl et al. [26] in 1991, this technique is not commonly
used for the detection of RCC, given the fact that the kidney is
the major excretion route for 18-F FDG. Previous studies have
demonstrated low sensitivity of 18-F FDG-PET/CT for the
detection and diagnosis of RCC [27, 28]. Another clinical
application of 18-F FDG-PET/CT is in estimating the biolog-
ical grade of malignant tumours. Some studies have shown
that increased uptake of 18F-FDG is observed more fre-
quently in malignant tumours with higher pathological
grades [29, 30].

Several systems have been proposed for the grading of
RCCs. Nuclear grading systems have been shown to be more
predictive of disease-specific survival in patients with RCC,
regardless of pathologic stage [19, 31–37]. The Fuhrman sys-
tem that classifies RCC into four grades according to nuclear
size and the presence of nucleoli is currently the most widely

Fig. 5 Box plot showing the tumour SUVmax for observers 1 and 2. The
mean tumour SUVmax of the high-grade tumours was greater than that of
the low-grade tumours (P=0.0006 in observer 1, and P=0.0009 in
observer 2)

Fig. 6 Box plot showing the tumour-to-liver SUV ratio for observers 1
and 2. The mean tumour-to-liver SUV ratio of the high-grade tumours
was greater than that of the low-grade tumours (P=0.0011 in observer 1,
and P=0.0004 in observer 2)

Fig. 7 Box plot showing the tumour-to-spleen SUV ratio for observers 1
and 2. The mean tumour-to-spleen SUV ratio of the high-grade tumours
was greater than that of the low-grade tumours (P=0.0003 in observer 1,
and P=0.0029 in observer 2)
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used grading protocol in North America and Europe [31, 33,
38]. Since the introduction of this protocol, most studies have
demonstrated significant disease-specific survival differences
only after separating patients with Fuhrman grade 1 and 2
cRCCs from those with grade 3 and 4 tumours [14–18].

In our study, we used tumour-to-liver SUVand tumour-to-
spleen SUV ratios in addition to tumour SUVmax. The liver
and spleen were the representative organs with a high level of
reticuloendothelial system activity. A previous report showed
an increase in SUVmean of the liver and spleen due to activa-
tion of a systemic immune response related to the presence of
a viable malignant tumour [39]. In our results, liver and spleen
SUVs demonstrated slightly lower values in high-grade tu-
mours than in low-grade tumours, although there was no sig-
nificant difference. Although the use of tumour SUVmax alone
led to low specificity in the differentiation between Fuhrman
grade 3/4 and grade 1/2 tumours due to considerable overlap
between the two groups, tumour-to-liver and tumour-to-
spleen SUV ratios showed high specificity (85–100 %), and
cRCCs of high pathological grade were significantly associ-
ated with these increased values.

The use of tumour size as a predictive parameter for the
malignant potential of RCC is controversial. One study found
that the frequency of higher pathological grade in RCCs in-
creased from 0 % for tumours smaller than 1 cm to 59 % for
those larger than 7 cm [40]. However, most reports have indi-
cated that tumour size alone is likely insufficient for predicting
outcomes for patients with RCCs [41–43]. In the literature,
some researchers have suggested a correlation between
GLUT-1 receptor expression and pathological grade [12,
44]. Miyauchi et al. [45] found a positive correlation between
GLUT-1 receptor expression and 18-F FDG uptake, and con-
cluded that well-visualized RCCs on 18-F FDG-PET/CT are
of a pathologically higher grade than those that are less well
visualized. Their result is congruent with our study finding in
which logistic regression analysis including tumour size as an
independent factor demonstrated that tumour-to-liver SUV
ratio was the only significant parameter for differentiating
Fuhrman grade 3/4 tumours from others.

Our study had several limitations. First, it was retrospective
in design, with a relatively small sample size. Further clinical
studies with larger sample sizes may be necessary to validate

our preliminary results. Second, we evaluated only cRCCs,
and an evaluation of other histological subtypes of RCCs
may be warranted. Finally, the Fuhrman grading system was
used as indicator of tumour aggressiveness. Other prognostic
factors, including tumour size, retroperitoneal lymph nodes,
adrenal involvement, and venous thrombi, may also contrib-
ute to the wide variability in outcomes that is seen in patients
with cRCCs.

In summary, our study demonstrated a significant correla-
tion between the tumour-to-liver SUV ratio and Fuhrman
pathological grade. This ratio appears to be a valuable index
for predicting pathological tumour grade in patients with
cRCC. The use of 18-F FDG-PET/CTas an imaging biomark-
er may provide helpful information for clinical management in
patients with cRCC.
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