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Preoperative Evaluation of Renal Cell Carcinoma
by Using 18F-FDG PET/CT
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Purpose: This study aimed to characterize the FDG uptake of renal cell car-
cinoma (RCC) by the pathological subtype and nuclear grade.
Patients andMethods:We retrospectively identified patients who underwent
18F-FDG PET and subsequent partial or radical nephrectomy for renal tu-
mors. The relationships of the SUVof renal tumor with subtypes, nuclear
grade, and clinicopathological variables were investigated.
Results: Ninety-two tumors were analyzed, including 52 low-grade (G1 and
G2) and 18 high-grade (G3 and G4) clear cell RCC; 7 chromophobe, 5 pap-
illary, and 1 unclassified RCC; and 9 benign tumors (7 angiomyolipoma and 2
oncocytoma). The SUVs of high-grade clear cell RCC (mean ± SD, 6.8 ± 5.1)
and papillary RCC (6.6 ± 3.7) were significantly higher than that of the con-
trols (2.2 ± 0.3). The SUVof high-grade clear cell RCC was higher than that
of low-grade tumors (median, 4.0 vs. 2.2;P < 0.001). The optimal SUV cutoff
value of 3.0 helped to differentiate high-grade from low-grade clear cell RCC,
with 89% sensitivity and 87% specificity. On multiple regression analysis, a
high grade was the most significant predictor of SUV for clear cell RCC.
Conclusions: FDGuptake higher than that observed in normal kidney tissues
suggests a high-grade clear cell RCC or papillary RCC subtype. FDG-PET
using SUVmay have a role in prediction of pathological grade of renal tumor.
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T he number of patients diagnosed with renal tumor has been in-
creasing with the extensive application of ultrasonography and

computed tomography (CT).1 Surgical resection remains necessary
for a definitive diagnosis of renal tumor, but it is not always clini-
cally beneficial, especially for elderly patients or those with severe
comorbidities. For these patients, avoiding surgery and proceeding
to active surveillance has become the mainstay of patient manage-
ment.2,3 Without surgical intervention, the evaluation of tumor ma-
lignancy is helpful for treatment strategy decisions such as the
timing of surgery or maintaining active surveillance.

F-18 fluorodeoxyglucose (FDG) positron emission tomogra-
phy (PET) is a widely used effective modality for evaluating tumor
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activity by estimating glucose metabolism. The usefulness of FDG-
PET imaging in oncology is based on a correlation between glucose
metabolism and the degree of tumor malignancy, which has been re-
ported for various tumors.4–12

Although we have observed differential FDG uptake in renal
tumor, there are few studies concerning FDG-PET for renal cell car-
cinoma (RCC), most likely because of difficulties in differentiating
the radioactivity of FDG accumulated in renal tumors from the ra-
dioactivity of FDG excreted via the urinary system during physio-
logical processes. In addition, false-negative cases can lead to a
low sensitivity for RCC detection.13–15 The use of FDG-PET for
routine evaluation of renal tumors has not been recommended.
However, recently dedicated PET-CT have improved image resolu-
tion and signal-to-noise ratio. In addition, attached-CT for photon
attenuation correction provides anatomical information on FDG-
PET images. A comparison of diagnostic CTand attached-CT facil-
itates the identification of renal tumors on FDG-PET images, which
enable us to place region of interest (ROI) on renal tumor more ac-
curately. Calculation semiquantitative values using these ROI help
elucidate the characteristics of FDG uptake of a renal tumor.

In this study, we hypothesized that glycolytic metabolism
would reflect tumor aggressiveness in renal tumors. Pathological
findings such as histological subtype, nuclear grade, and TNM
stage are the most widely used indicators for renal tumor
aggressiveness.16–18 We investigated the correlation of preoperative
renal tumor metabolic activity with tumor pathology. This study ap-
plied a semiquantitative value of metabolism as defined by the stan-
dardized uptake value (SUV) in a greater number of cases than
previously investigated.

PATIENTS AND METHODS
This retrospective study was approved by the institutional

review board. Consecutive patients who underwent FDG-PET at
our hospital between April 2007 and August 2014 were included
according to the following criteria: 1) renal tumor suspected on di-
agnostic CT, 2) partial nephrectomy or radical nephrectomy per-
formed at our hospital within 6 months after FDG-PET, and 3) a
blood glucose level of less than 150 mg/dL in patients undergoing
FDG-PET.

FDG-PET studies were performed using a PET/CT scanner
(Aquiduo; Toshiba Medical System, Otawara, Japan). Patients
fasted for at least 5 hours before undergoing FDG-PET. Each pa-
tient was administered 296 MBq (8 mCi) 18F-FDG intravenously
until January 2011 and 4.5 MBq/kg (0.12 mCi/kg) thereafter. The
scanner contains 24,336 lutetium oxyorthosilicate crystals in 39 de-
tector rings and had an axial field of view of 16.2 cm and 82 trans-
verse slices with a 2.0-mm thickness. The intrinsic full width at
tenth-maximum (FWHM) spatial resolution in the center of the field
of view was 4.3 mm, and the FWHM axial resolution was 4.7 mm.
The sinogram was acquired using the 3-dimensional mode. The CT
scan for photon attenuation correction was acquired with a tube
current of 25 mA and a tube voltage of 120 kV, and a 2.5-min
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TABLE1. PatientCharacteristics According toSubtype andGrade

Histology and Grade No. Patients (n) Age (year) Male: Female (n)

RCC
Low-grade clear cell* 50 63 ± 13 42:10
High-grade clear cell† 18 64 ± 7 16:2
Chromophobe 7 55 ± 14 2:5
Papillary 5 73 ± 9 5:0
Unclassified 1 70 0:1

Benign tumor
Angiomyolipoma 7 46 ± 10 4:3
Oncocytoma 2 70 ± 4 1:1

Values are means ± standard deviation.
*Low-grade clear cell, the tumor consists of nuclear grade G1 and G2 components.
†High-grade clear cell, the tumor contains of nuclear grade G3 or G4.
RCC indicates renal cell carcinoma.
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emission scan per position was used. PET images were reconstructed
using Fourier rebinning ordered subset expectation maximization it-
erative reconstruction, with 2 iterations and 8 subsets, and a 4-mm
FWHM Gaussian filter was applied. The data were collected in a
128 � 128 � 41 matrix with a voxel size of 2.0 � 2.0 � 4.0 mm.

Renal tumors were identified on FDG-PET images by com-
paring FDG-PET images, and attached-CT and diagnostic CT im-
ages side by side. The diagnostic CT images were obtained
separately as a routine evaluation. If needed, fused images of
FDG-PETand attached-CT images were used. Metabolic tumor ac-
tivity was calculated by placing a 10-mm diameter ROI on the area
with the most intense activity within the tumor. The mean SUVof
the ROI was applied for analysis. Similarly, the SUVof normal kid-
ney tissue was calculated by placing the ROIs on the area with the
maximum axial section of normal renal cortex and the minimum
physiological activity of the renal calices. If the SUVs of normal
kidney tissues showed no differences between subtypes, they were
used as control data. All SUV measurements were normalized for
patient body weight and for the time between injection and the data
acquisition. Preoperative tumor size was measured as the maximum
diameter on diagnostic CT axial images.

Pathological findings, including histological subtype, pT
stage, and nuclear grading, were obtained. Nuclear grading was de-
termined based on Fuhrman grading system.19 Clear cell RCCs
were classified into 2 categories; tumors containing a nuclear G3
or G4 component and those consisting of G1 and G2 components
(high- and low-grade clear cell RCC, respectively).
FIGURE 1. Scatter plot of the standardized uptake values (SUVs) a
normal kidney tissue. *Low-grade clear cell, the tumor consists of
tumor contains of nuclear grade G3 or G4 components.

© 2015 Wolters Kluwer Health, Inc. All rights reserved.
Statistical analyses were performed using SPSS 20.0 (IBM,
Armonk, NY). To assess the significant differences between 2
groups, Student t test for parametric distribution or Mann–Whitney
U test for nonparametric distribution were used. A chi-square test
was used for the categorical data, and if the sample size was less
than 5, the Fisher exact test was used. The Kruskal-Wallis test
was used for multiple comparisons with adjusted P values. Receiver
operating curve (ROC) analysis was used to determine the optimal
cutoff values to calculate sensitivity and specificity. To determine
the factors associated with the SUV value, univariate analysis of
variables, including patient age, sex, blood glucose level at FDG in-
jection, FDG dose, tumor size (i.e., maximum diameter), presence
or absence of pathological invasion to neighboring tissues (pT3/4
or not), and nuclear grade, was performed. Any variables with a
P < 0.1 on univariate analysis were subjected to multivariate regres-
sion analysis. For all test, 2-sided P < 0.05 was considered
statistically significant.

RESULTS
Ninety-eight tumors from 93 patients including 5 patients

(Patient 6, 9, 17, 48, and 55) with 2 lesions were identified. Among
them, 6 tumors were difficult to delineate on PET images and were
excluded from the analyses. The patient characteristics are shown in
Table 1. The scatter plot of SUVs for each RCC subtype and grade
is shown in Figure 1. The mean SUVof normal kidney tissues from
all patients was calculated as 2.2 ± 0.3, and it was not significantly
different across subtypes or grades (Kruskal-Wallis test; adjusted
P = 0.628); therefore, this value was used as the control SUV.

The tumor size, SUVs, and comparisons with the control
SUVare shown in Table 2. High-grade clear cell RCC and papillary
RCC showed significantly higher SUVs compared with the control
SUV (P < 0.001 and P = 0.007, respectively; Kruskal-Wallis test).
Differentiation of RCC from benign tumors at the SUV cutoff value
of 2.2 provided a sensitivity of 65%, specificity of 89%, and an area
under the curve (AUC) of 0.70.

In clear cell RCC, high-grade clear cell RCC had a signifi-
cantly greater tumor size and a higher SUV value compared with
low-grade clear cell RCC (P = 0.003 and P < 0.001, respectively).
An SUV cutoff value of 3.0 helped to differentiate high-grade from
low-grade clear cell RCC, with a sensitivity of 89%, specificity of
87%, and anAUCof 0.96. Using a cutoff value of 40mm as themax-
imum tumor diameter, the sensitivity, specificity, and AUC were
78%, 54%, and 0.75, respectively.

For regression analysis on clear cell RCC, we excluded 2 ex-
treme outliers (SUVs, 21.7 and 13.8 [patients 1 and 89, respec-
tively]). Extreme outliers were defined as a value 2-fold higher
than that of the interquartile range. On the univariate analysis,
ccording to the pathological subtype and grade and those of
nuclear grade G1 and G2 components; †High-grade, the
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TABLE 2. Tumor Characteristics and Comparisons of SUVs Between Tumors and Control

Histology and Grade No. Tumors (n)

Tumor Size (mm) SUV SUV Comparison with Control

Mean ± SD Mean ± SD Median (range) Adjusted P*

RCC
Low-grade clear cell 52 40 ± 19 2.3 ± 0.6 2.2 (1.2–3.6) 1.000
High-grade clear cell 18 61 ± 25 6.2 ± 4.9 4.0 (2.8–21.7) <0.001
Chromophobe 7 38 ± 32 1.8 ± 0.3 1.9 (1.4–2.2) 1.000
Papillary 5 53 ± 41 5.9 ± 2.9 5.9 (3.2–10.0) 0.007
Unclassified 1 162 16.0 16.0 N.D.

Benign Tumor
Angiomyolipoma 7 20 ± 9 2.2 ± 0.4 2.1 (1.7–3.0) 1.000
Oncocytoma 2 24 ± 1 1.9 ± 0.5 1.9 (1.5–2.2) ND

*Kruskal-Wallis test.
SUV indicates standardized uptake value; SD, standard deviation; RCC, renal cell carcinoma; ND, not done.
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independent variables with P < 0.1 were high-grade RCC on nu-
clear grading, high T stage (pT3 and 4), and the tumor size, with
the SUV of clear cell RCC being the dependent variable. The re-
sults of the multiple regression analysis are shown in Table 3. A
high-grade finding had the highest influence on SUV with a
β-value of 0.41.

Representative cases of low- and high-grade clear cell RCC
are shown in Figure 2.
DISCUSSION
FDG accumulation increases with the degree of malignancy

in various tumors,4–12 but it has scarcely been reported for RCC.
This study investigated FDG uptake of renal tumors using semi-
quantitative SUV values in a larger patient population than that used
in previous studies.13–15 In clear cell RCC, we found that high-
grade clear cell RCC showed higher metabolism than low-grade
clear cell RCC, and high-grade on pathological nuclear grading
was the most significant predictive value of SUV. According to
the histological subtypes and the grade, high-grade clear cell RCC
and papillary RCC showed higher SUV than normal kidney tissues;
in contrast, low-grade clear cell RCC and chromophobe RCC did
not show differences in the SUV when compared with normal
kidney tissues.

Our result with 70 cases of clear cell RCC is consistent with
previous reports using an SUV evaluation method and supports
them with visual evaluation. Ho et al. investigated 36 cases of clear
cell RCC and showed a significantly higher ratio of the maximum
TABLE 3. Multiple Regression Analysis for SUV of Clear Cell RCC

Independent variable Beta

Intercept 1.97
High-grade (G3 and G4), (vs. G1 and G2) 1.51
High T stage (T3 and T4) 1.11
Tumor size (continuous, mm) 0.01

R2 = R-square (the coefficient ofmultiple determination) of themodel; Beta = unstandard
dardized regression coefficient.

SUV indicates standardized uptake value; RCC, renal cell carcinoma.
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SUV (SUV of the lesion to that of the normal kidney) in high-
grade RCC compared with low-grade RCC15; these findings are
similar to those obtained in this study. In a previous visual evalua-
tion of 15 RCC tumors, visible tumors showed a higher nuclear
grade compared with nonvisible tumors.14 Aide et al. also showed
that the visible FDG-positive renal tumors tended to be pathological
high-grade tumors.13 Nuclear grade is a well-established prognostic
factor that showed a significant association with disease-specific
survival for clear cell RCC.18,20 In addition, higher FDG accumula-
tion of RCC relates with a less favorable prognosis.15,21 In light of
these findings, it was suggested that themetabolic activity was asso-
ciated with aggressiveness of clear cell RCC, as hypothesized here.

The total sensitivity of differentiating RCC from benign le-
sions with the cutoff value of SUV 2.2 was 68% in this study. Pre-
vious studies showed that FDG-PET sensitivity for RCCs ranged
widely from 32% to 90%13–15,22–27; some studies suggested that
the low sensitivity was attributed to false-negative findings, indicat-
ing that the FDG uptake of RCCs were equivalent to or lower than
that of the normal kidney parenchyma.14,15,24,27 Ho et al. reported
that all 7 chromophobe RCC cases in their study were negative
for FDG uptake.15 In our study, the SUVs of chromophobe RCC
and low-grade clear cell RCC largely overlapped with those of nor-
mal kidney tissues. The previously reported insufficient sensitivity
for RCC by using FDG-PET could be due to the relatively low
FDG uptake by chromophobe RCC and low-grade clear cell RCC.

Active surveillance of RCC is an important option in pa-
tients with high surgical risk; therefore, preoperative noninvasive
imaging is expected to provide a more accurate estimation of tumor
Dependent variable: SUVof clear cell RCC

(R2 = 0.49)

SE β P

0.32 <0.001
0.47 0.41 0.002
0.50 0.29 0.031
0.01 0.10 0.356

ized regression coefficient; SE= standard error for each independent variable;β= stan-
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FIGURE 2. Representative cases. The images from left-to-right are as follows: diagnostic contrast-enhanced computed
tomography (CT) image, attached-CT images for photon attenuation correction, fusion of PET and attached-CT images, and a
PET image. A, Images of a tumor in a 44-year-old man with a low-grade clear cell RCC in the left kidney. The tumor
size on CT is 69 � 64 mm, and the standardized uptake value (SUV) is 2.3. B, Images of a tumor in a 70-year-old man with a
high-grade clear cell RCC in the left kidney. The tumor size on CT is 38 � 35 mm, and the SUV is 5.1.
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aggressiveness. Our findings suggest that renal tumors with high
FDG accumulation are likely to be high-grade clear cell RCC or
papillary RCC. In the clinical setting, CT is the primary imaging
modality used for preoperative evaluation, and images frequently
show a characteristic enhanced pattern for clear cell RCC.28,29

When clear cell RCC is suspected on contrast-enhanced CT, high
FDG accumulation would suggest a high-grade tumor more accu-
rately than tumor size on CT alone.

FDG accumulation relies on the first steps of glucose metab-
olism pathway, which includes components such as glucose trans-
porters (GLUTs), hexokinase (HK), and glucose-6 phosphatase
(G6Pase). Among them, GLUT-1 was the most significant factor
for FDG uptake in various tumors. Overexpression of GLUT-1
has been demonstrated in clear cell RCC,30,31 but a positive correla-
tion between the level of GLUT-1 expression and the nuclear grade
has not been found.23,30 However, on immunohistochemical stud-
ies, subtypes such as GLUT-5 have shown stronger staining in clear
cell RCC than that observed in other subtypes.32 Furthermore, con-
sidering the role of gluconeogenesis in the kidneys, which is com-
parative to that of the liver,33 G6Pase may be related with the
tumor glucose metabolism. For hepatocellular carcinoma (HCC),
SUV was higher for high-grade HCC compared with low-grade
HCC, and the ratio of G6Pase to HK was lower in high-grade
HCC compared with low-grade HCC.12 For FDG kinetics in
most tumors, G6Pase is considered negligible, but in renal tumors,
G6Pase activity and other types of GLUTs may significantly relate
to FDG accumulation.

This study included 5 cases of papillary RCC, 4 of which
were type 2 and one was undetermined. A few cases of papillary
RCC have been included in previous studies with FDG-PET. Ho
et al. reported on a case of FDG-negative papillary RCC that was
pathologically identified as type 1.15 Although their subtype was
not described, 3 cases of papillary RCCs with FDG-negative char-
acteristics were found in other previous studies.26,27 Therefore, the
high FDG uptake of papillary RCC observed in the present study
could be associated with type 2 papillary RCCs. Genetic alteration
of type 2 papillary RCC has been investigated through the he-
reditary renal cancer syndrome. Germline mutations have been
© 2015 Wolters Kluwer Health, Inc. All rights reserved.
identified in the gene that encodes one of the tricarboxylic acid cy-
cle enzymes, fumarate hydratase (FH).34 Insufficient FH leads to
stabilization of hypoxia-inducible factor, resulting in overexpres-
sion of GLUT.35 A case study of a patient with sporadic onset of
FH-deficient type 2 papillary RCC showed increased FDG uptake
in peritoneal carcinomatosis on FDG-PET, which was performed
at recurrence after surgical resection of RCC and surrounding in-
volved organs. In an immunohistochemical study of 26 cases of
papillary RCC, 10 showed high GLUT-1 expression, and patients
tended to show a poor prognosis compared with those with low
GLUT-1 expression, although the trend was not significant.30 Pa-
tients with type 2 papillary RCC have a poor prognosis compared
with thosewith type 1 papillary RCC.36 From this, it can be inferred
that the high degree of metabolic activity of papillary RCC was
attributed to the overexpression of GLUT and potentially repre-
sents the malignant aggressiveness of type2 papillary RCC. Our
sample size is small, and the clinicopathological implications of
the degree of metabolism in papillary RCC require further study
in a large cohort.

In the present study, 6 tumors were excluded from the analy-
sis because they could not be clearly identified on PET images,
mostly because the degrees of FDG accumulation in small tumors
was almost equivalent to that in the surrounding normal paren-
chyma, and these tumors did not show exophytic growth. All these
tumors were low-grade clear cell RCC ranging from 12 to 20mm in
size. In addition, 1 tumor was affected by spill-in phenomenon from
neighboring high radioactive retention in the calyx of the kidneys.
The spill-in phenomenon was attributed to the partial volume effect
(PVE), a specific problem for PET imaging. PVE also causes under-
estimation of measured radioactivity on PET images. All lesions in-
cluded in the present study had a minimum diameter of 10 mm, but
underestimation of radioactivity can occur depending on the size of
up to approximately 4 cm in diameter.37

To overcome the disadvantages of FDG, specific tracers
for RCC or tracers that are not excreted via the urinary system
would be ideal. I-124 girentuximab is a radiolabeled antibody
that binds to a specific antigen expressed on the cell surface of clear
cell RCC cells, and it is reported to have a favorable diagnostic
www.nuclearmed.com 939
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performance for clear cell RCC.38 C-11 acetate, which is not ex-
creted via the urinary system, was reported as having improved sen-
sitivity for RCC when compared with 18F-FDG.15,27,39 However,
11C-acetate showed intensive accumulation in angiomyolipoma
and no significant difference between high- and low-grade clear
cell RCC.15 Therefore, using these tracers before surgical proce-
dures may compliment FDG to provide information that is more
accurate for patients with renal tumors.

A limitation of this study is the small sample size for the his-
tological subtypes of nonclear cell RCC; therefore, wewere not able
to investigate the relationship of the SUV with nonclear cell RCC
by pathological grade.

CONCLUSIONS
FDG uptake of a renal tumor higher than that of normal kid-

ney tissues suggests the presence of high-grade clear cell RCC or
papillary RCC.When clear cell RCC is suspected, high FDG uptake
indicates a pathologically high nuclear grade. Our results suggest
that high FDG uptake is associated with the pathological grade of
a renal tumor, although the characterization of non-clear cell RCCs
requires further study in a larger patient population.
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