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Abstract
To evaluate the sensitivity of the positron emission tomography (PET) portion of fluorine-18 fluoro-
deoxyglucose-PET-computerized tomography (18F-FDG-PET/CT) to detect solid malignant renal 
masses, and to assess for metabolic differences based on histopathological type. Nineteen subjects 
with 25 known solid malignant renal masses who underwent 18F-FDG-PET/CT were retrospectively 
evaluated. Qualitative analysis of the PET portion only of 18F-FDG-PET/CT examinations to assess 
visual detection of renal masses was initially performed in blinded fashion. Subsequently, measure-
ments of standardized uptake value (SUV) and lesion-to-background ratios were performed for all 
masses and compared between histopathological types. Of 25 solid malignant renal masses, 18 were 
renal cell carcinoma (RCC), 3 were renal lymphoma, and 4 were metastases. Twenty-two of 25 were 
detectable, and all were correctly spatially localized. Fifteen of 22 detectable lesions were exophytic 
in configuration. The three non-detectable masses were non-exophytic RCC’s with average diameter 
of 2.0cm. Fifteen of 18 of RCC were detectable, whereas all renal lymphomas and metastases were 
detectable. None of the metabolic parameters were statistically significant between RCC and renal 
lymphoma. However, all metabolic parameters were statistically significantly greater for renal me-
tastases compared to RCC and renal lymphoma, and for clear cell RCC compared to papillary RCC. In 
conclusion, the PET portion of 18F-FDG-PET/CT had a sensitivity of 88% for detection of solid malig-
nant renal lesions in patients with known renal malignancy, and reveals differences in metabolic ac-
tivity based on histopathological type, which may be useful for purposes of individualized medicine. 
Further studies are required for more in depth assessment of these preliminary observations.

Introduction

R enal cancer accounts for about 2% of all cancers, with a steadily rising incidence 
from 7.1 per 100,000 in the early 1980s to 15.1 per 100,000 in 2009 [1-3]. The rise is 
partly due to the increased use of imaging procedures, such as ultrasonography 

(US), computed tomography (CT), and magnetic resonance imaging (MRI), resulting in in-
cidental diagnosis of more malignant renal masses [4-6]. While the majority of malignant 
renal masses are due to renal cell carcinoma (RCC), metastases to the kidney and second-
ary renal involvement by lymphoma are not uncommon. For example, in one retrospective 
study of patients with renal masses diagnosed in the setting of a non-renal malignancy, 
59% had a primary malignant renal tumor, 12% had a primary benign renal tumor, and 
19% had metastases from the non-renal malignancy [7]. Overall, 7%-20% of patients with 
cancer are found to have renal metastases at autopsy, which most commonly originate 
from the lung, breast, stomach, pancreas, and colon, but which can also arise from the 
skin, liver, prostate, thyroid, and esophagus [8-16]. Similarly, secondary renal involvement 
by lymphoma, usually of non-Hodgkin’s type, may be detected in 3%-8% of patients un-
dergoing diagnostic CT [17].

Fluorine-18-2-fluoro-2-deoxy-D-glucose (18F-FDG) positron emission tomography (PET) 
is a molecular imaging modality that is the current mainstay for the management of pa-
tients with various types of cancer [18]. However, it has been much less utilized for pur-
poses of detecting and characterizing renal malignancies. In fact, there are only a handful 
of studies regarding the evaluation of renal malignancies using 18F-FDG-PET, which have 
shown variability in diagnostic performance for the detection and characterization of re-
nal cancer, and to date, there has been only one study of the diagnostic performance of 
18F-FDG-PET/CT for the evaluation of renal masses [19]. Therefore, the aim of the present 
study was to evaluate the sensitivity of the PET portion of PET/CT to detect solid renal ma-
lignancies in a cohort of subjects who had undergone both 18F-FDG-PET/CT and diagnostic 
contrast-enhanced CT or magnetic resonance imaging (MRI), and to assess the potential 
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ually assessed for the presence and location (left vs. right; 
upper vs. mid pole vs. lower pole) of areas of focal 18F-FDG 
uptake in the kidneys greater than background activity lev-
els that appeared to be separate from the renal collecting 
systems. These results were then compared to the accompa-
nying diagnostic abdominal CT or MRI studies and to the low 
dose CT portions of the PET/CT examinations to establish the 
accuracy of lesion localization. The sizes and configuration 
(exophytic vs. non-exophytic) of renal lesions were also then 
recorded based on measurements from CT or MRI. 

Quantitative assessments based on the PET portion only 
of the PET/CT examinations were then performed. When 
feasible, 3D spherical masks were manually placed about 
each lesion in the kidney, while taking care to avoid the renal 
collecting system, in order to automatically delineate and 
quantify lesional regions of interest (ROI) using an automatic 
adaptive thresholding method via the software  Region of 
interest visualization, evaluation, and image registration 
(ROVER) (ABX GmbH, Radeberg, Germany) [20-22]. This was 
possible for 22 out of 25 lesions that were visible on 18F-FDG-
PET/CT. The settings were restricted to those ROI with a mini-
mum volume of 1cc and an initial threshold setting of 40% of 
maximum lesional metabolic activity. All other settings were 
left on default and “automatic” mode except for one lesion 
in which “threshold” mode was used, and the reconstructed 
image resolution was estimated at 8mm. Maximum stand-
ardized uptake value (SUVmax), mean standardized uptake 
value (SUVmean), and partial volume corrected mean stand-
ardized uptake value (corrected SUVmean) were automati-
cally calculated by the software for each renal lesion. 

Subsequently, in each patient, a 2.6cm in diameter 3D 
spherical mask was placed in the liver parenchyma to calcu-
late background liver SUVmean, and a 1.4cm in diameter 3D 
spherical mask was placed in the renal parenchyma on the 
same side as each lesion while avoiding the collecting sys-
tems to calculate background renal parenchymal SUVmean. 
Lesion to background ratios were then calculated for all re-
nal masses as lesion SUVmean/liver SUVmean (LBRliver) and 
lesion SUVmean/renal SUVmean (LBRkidney), respectively.

Statistical analysis
Tabulations of means and ranges of lesional maximal diam-
eters, as well as averages, standard deviations, and ranges 
of SUVmax, SUVmean, partial volume corrected SUVmean, 
LBRliver, and LBRkidney were performed.  Sensitivity of de-
tection and accuracy of renal mass localization based on PET/
CT analyses were also calculated. Comparisons for statisti-
cally significant differences between the average metabolic 
parameters for RCC, renal lymphoma, and renal metastasis 
were performed using unpaired t tests, and comparisons 
for statistically significant differences between metabolic 
parameters for the two encountered histopathological sub-
types of RCC were also performed using unpaired t tests.  A P 
value of < 0.05 was considered as statistically significant. All 
statistical analyses were performed using software (Micro-
soft Office Excel 2007, Microsoft, Redmond, WA).

Results

Twenty-two of 25 solid malignant renal masses (average 
maximal diameter 3.7cm±1.8cm, range 1.2-8.1cm) were 
visually detectable on the PET portion only of 18F-FDG-PET/

utility of 18F-FDG-PET/CT to reveal differences in tumor me-
tabolism between various histopathological types of renal 
malignancy.  

Materials and methods

Subject population
This retrospective study was conducted following approval 
from the Institutional Review Board at the Hospital of the 
University of Pennsylvania along with a Health Insurance 
Portability and Accountability Act (HIPAA) waiver. A search 
of our radiology database from 2006 to 2012 was performed 
to identify subjects who previously underwent diagnostic 
quality contrast-enhanced abdominal CT or abdominal MRI 
with imaging findings characteristic of solid renal malignan-
cy and who had also undergone 18F-FDG-PET/CT for various 
other oncological indications. Subsequently, a search of our 
pathology database was performed to obtain histopatho-
logical confirmation of the diagnosis of solid renal malig-
nancy when available. 

A total of 19 subjects (13 men, 6 women, mean age 63.9, 
age range 47-87) with 25 solid malignant renal masses 18 due 
to RCC, 3 due to secondary involvement by lymphoma (mar-
ginal zone lymphoma in 1 and diffuse large B-cell lymphoma 
(DLBCL) in the other 2), and 4 due to metastases to the kid-
ney (all from lung cancer)] were identified and assessed for 
the purpose of this study. Histopathological results were 
available for 14 of 25 lesions (12 RCC, 1 lymphoma, and 1 me-
tastasis). The diagnoses for the other 11 lesions were estab-
lished based on diagnostic CT and/or MRI and/or follow-up 
imaging features along with available clinical information. 
Fluorine-18-FDG-PET/CT and diagnostic abdominal CT or 
MRI studies were performed within a 4 month interval for all 
subjects except for 1 in whom there was a 3.5 year interval 
(although no change in the size of the renal lesion was seen 
between the CT portion of the PET/CT examination and the 
diagnostic abdominal CT study).

Fluorine-18-FDG-PET/CT image acquisition
A 16 detector-row LYSO whole-body PET/CT scanner with 
time-of-flight capabilities (Gemini TF, Philips Healthcare, 
Bothell, WA) was used to acquire 18F-FDG-PET/CT images. 
~555MBq of 18F-FDG were administered intravenously for 
3min per bed position. ~60min thereafter, 3D PET emission 
data were acquired from the skull base to mid thighs. A list-
mode maximum-likelihood expectation-maximization (ML-
EM) algorithm was utilized to perform image reconstruction. 
The system model included time-of-flight, normalization, 
randoms, attenuation, and scatter corrections. Attenuation 
correction of PET images was done utilizing rescaled low-
dose CT. Images from PET and CT were reconstructed at 
5mm slice thickness.

Fluorine-18-FDG-PET/CT image analysis
A board certified radiologist (DAT) with ~7 years of experi-
ence in the interpretation of PET/CT studies was blinded to 
the diagnostic abdominal CT and MRI results as well as to the 
low dose CT portion of the 18F-FDG-PET/CT examinations, 
and performed qualitative assessments based on the PET 
portion only of the PET/CT examinations using a dedicated 
PET/CT analysis workstation (Extended Brilliance Worksta-
tion, Philips Healthcare, Bothell, WA). PET images were vis-
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SUVmean, partial volume corrected SUVmean, LBRliver, and 
LBRkidney, respectively) and between renal lymphoma and 
renal metastases (P=0.022, 0.029, 0.043, 0.033, 0.028 for SUV-
max, SUVmean, partial volume corrected SUVmean, LBRliver, 
and LBRkidney, respectively).

Among the 8 RCC lesions with available histopathologi-
cal subtype results, average diameter, SUVmax, SUVmean, 
and partial volume corrected SUVmean were 3.6±2.5cm, 
4.4±3.0, 2.9±1.7, and 5.4±3.4 for those of papillary subtype 
(6 lesions), respectively, and 5.1±4.2cm, 16.0±15.6, 8.6±8.2, 
and 16.0±13.2 for those of clear cell subtype (2 lesions), re-
spectively. All metabolic parameters were statistically signif-
icantly different between papillary and clear cell subtypes 
of RCC (P=0.003, 0.004, 0.004, 0.001, and 0.001 for SUVmax, 
SUVmean, partial volume corrected SUVmean, LBRliver, and 
LBRkidney, respectively).

Discussion 

The classic clinical triad of flank pain, a palpable mass, and 
hematuria in association with renal cancer is relatively un-
common (occurring in only 5%-10% of patients), as the vast 
majority of renal masses are now detected incidentally 
through widespread use of cross-sectional structural imag-
ing techniques including CT, MRI, and US [23]. CT is typically 
used as the primary imaging modality for characterization of 
an indeterminate renal mass, although MRI and US are alter-
native imaging modalities that are also useful, particularly in 
patients who have contraindications to contrast-enhanced 
CT (such as in those with an allergy to iodinated contrast 
medium) and for the evaluation of pediatric and pregnant 
patients given the lack of radiation dose [23].

FDG-PET is a molecular imaging modality that is useful for 
the management of patients with various types of cancer, 
and provides information that is complementary with that 
provided by structural imaging techniques [18]. Wahl et al 
first demonstrated the feasibility of 18F-FDG-PET for imaging 

CT (average SUVmax 9.7±8.6, range 1.8-29.9; average SU-
Vmean 5.7±4.9, range 1.1-17.2; average partial volume cor-
rected SUVmean 9.5±7.8, range 1.1-25.9; average LBRliver 
2.9±2.6, range, 0.7-9.1; average LBRkidney 3.6±3.2, range 
0.9-12.0), with 15 of 22 having an exophytic configuration 
in the kidney. Partial volume correction increased uncor-
rected SUVmean measurements for the renal lesions by 
an average of 78.2%±16.6%. All 22 masses were correctly 
localized based on visual assessment with respect to the 
side of renal involvement and spatial localization within 
the kidney. Eleven of 22 were found on the right, and 11 
of 22 were found on the left. Nine of 22 were found in the 
upper pole, 6 of 22 in the mid pole, and 7 of 22 in the lower 
pole. Fifteen of 18 of RCC were visually detectable (Fig. 1), 
whereas 3 of 3 of renal lymphomas (Fig. 2) and 4 of 4 of re-
nal metastases (Fig. 3) were visually detectable. The three 
remaining masses (average diameter 2.0±0.25cm, range 
1.7-2.2cm) that were not visually detectable on the PET por-
tion only of 18F-FDG-PET/CT were all non-exophytic in con-
figuration, located in the right mid pole, right lower pole, 
and left mid pole, and all were due to RCC (two papillary 
subtype and one of unknown subtype). These three lesions 
could not be delineated with software, and therefore SUV 
measurements for these lesions could not be calculated 
semi-automatically. No false positive detections of renal le-
sions based on PET only images from 18F-FDG-PET/CT were 
reported based on visual assessment.

Average maximal diameter, SUVmax, SUVmean, and par-
tial volume corrected SUVmean were 3.6±2.1cm, 7.4±7.1, 
4.4±4.0, and 8.5±7.6, respectively, for renal RCC; 3.6±1.0cm, 
6.3±3.3, 3.5±1.5, and 5.1±2.9, respectively, for renal lym-
phoma; and 4.2±1.2cm, 21.1±7.8, 11.8±5.1, and 16.8±7.4, 
respectively, for renal metastases. None of the metabolic 
parameters were statistically significant between RCC and 
renal lymphoma. However, all of the metabolic parameters 
were statistically significant between RCC and renal metas-
tases (P=0.002, 0.002, 0.034, 0.003, and 0.014 for SUVmax, 
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Figure 2. A 68 year old man with DLBCL and secondary involvement of kidney 
by lymphoma. Axial 18F-FDG-PET (A) and fused PET/CT (B) images show 4.1cm 18F-
FDG avid mass in upper pole of right kidney with SUVmax 7.7, SUVmean 4.7, partial 
volume corrected SUVmean of 7.5, LBRliver 2.2, and LBRkidney 2.6.

Figure 1. A 48 year old man with papillary RCC. Axial 18F-FDG-PET and fused 
PET/CT images reveal 3.8cm mildly 18F-FDG avid mass in interpolar left kidney 
with SUVmax 3.7, SUVmean 2.9, partial volume corrected SUVmean 7.9, LBRliver 
1.8, and LBRkidney 2.1.

Figure 3. A 70 year old man with lung cancer metastatic to right kidney. Coronal 
18F-FDG-PET and fused PET/CT images demonstrate exophytic 3.0cm18F-FDG avid 
mass in interpolar right kidney with SUVmax 20.5, SUVmean 10.7, partial volume 
corrected SUVmean of 13.9, LBRliver 5.4, and LBRkidney 6.3. Mildly 18F-FDG avid 
radiation change is also seen in right upper lobe of lung.
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(6.1±3.4 and 4.7±2.8, respectively) [35]. In our study, we 
observed that RCC and secondary renal lymphoma had 
similar metabolic activities, whereas renal metastases had 
significantly greater levels of metabolism compared to RCC 
and secondary renal lymphoma.

Several reports in the literature have also previously as-
sessed for differences in the metabolic properties of vari-
ous subtypes of RCC using either 18F-FDG-PET or 18F-FDG-
PET/CT. Researchers reported that the Fuhrman grade of 
18F-FDG-positive malignant renal lesions based on PET/CT 
was statistically significantly higher compared to that of 
18F-FDG-negative lesions [19]. Other researchers studied 26 
patients with RCC (19 of clear cell subtype and 7 of non-
clear cell subtype) using 18F-FDG-PET/CT, and reported an 
average SUVmax of 3.9 (range 1.7-9.5) for clear cell RCC and 
7.9 (range 2.7-13.9) for non-clear cell RCC, which was bor-
derline significantly different (P=0.08) [38]. Other research-
ers studied 11 patients with RCC using 18F-FDG-PET, and 
reported that patients with positive 18F-FDG uptake at the 
primary tumor site had higher tumor grades (P=0.018) and a 
tendency towards higher GLUT-1 expression (P=0.071) than 
patients with negative PET results [36]. However, other re-
searchers studied 19 patients with RCC using 18F-FDG-PET, 
and reported that there is no correlation between GLUT-1 
expression and 18F-FDG-PET positivity [30]. Similarly, other 
researchers studied 35 patients with 18F-FDG-PET for char-
acterization and staging of a suspicious renal mass, and re-
ported that the distribution of Fuhrman histological grades 
among visualized and non-visualized RCC on 18F-FDG-PET 
was not statistically significant [28]. In our study, we ob-
served that the clear cell RCC subtype had significantly 
greater levels of metabolism compared to those of the papi-
llary RCC subtype. This suggests that 18F-FDG-PET/CT may 
be useful to assess RCC tumor biology, which may have 
implications for patient management. For example, other 
researchers reported that clear cell RCC with lower baseline 
SUVmax are more likely to respond to neoadjuvant therapy 
with sorafenib, whereas this trend was not observed for 
non-clear cell RCC subtypes [38].

To our knowledge, our study is the first in the literature 
to assess the effects of partial volume correction upon SUV 
measurements of renal lesions, as well as the differences in 
partial volume corrected SUV between different histopatho-
logical types of renal malignancy, through use of semi-auto-
mated software. Partial volume correction is important since 
measurement of lesional SUV is susceptible to the partial 
volume effect due to image blurring and image sampling. 
As such, this effect generally leads to underestimation of le-
sional metabolic activity and overestimation of lesional size, 
especially for small lesions with size <2-3 times full-width-at-
half-maximum (FWHM) of the reconstructed image resolu-
tion [39-43]. Unfortunately, partial volume correction of SUV 
measurements is currently not performed in routine clinical 
practice, potentially leading to significant errors in disease 
quantification. In the current study, we demonstrated that 
partial volume correction of SUVmean led to an average in-
crease of 78.2% in the SUVmean of solid renal malignancies. 

This study has several limitations. First, the study was per-
formed retrospectively utilizing a small cross-sectional sam-
ple of subjects with known renal malignancies, potentially 
leading to selection and other unknown biases.  As such, the 
diagnostic performance results of 18F-FDG-PET/CT reported 
in this study is not necessarily generalizable to the general 

primary and metastatic renal cancer in a murine xenograft 
model as well as in 5 patients [24]. However, the reported 
sensitivities and specificities of 18F-FDG-PET in subsequent 
studies have generally been suboptimal in comparison to 
diagnostic CT or MRI, with sensitivities ranging from 40%-
94% and specificities ranging from 0%-100% [25-35]. The 
low sensitivity of 18F-FDG-PET in some reports has been 
attributed to FDG excretion through the kidneys and col-
lecting systems, decreasing contrast between renal lesions 
and normal tissues, as well as due to significant variability of 
18F-FDG uptake that may be related to variable expression 
of GLUT-1 glucose transporters, tumor grade, presence of 
central necrosis, and/or lack of accessibility of 18F-FDG [26, 
28, 30, 33, 36].

There is only one prior report in the literature that reports 
the diagnostic performance of 18F-FDG-PET/CT for evalua-
tion of malignant renal masses. Other researchers prospec-
tively studied 18 patients with suspicious primary renal 
masses detected on CT, MRI, or US by using 18F-FDG-PET/CT. 
Of the 15 patients with who had RCC, 14 were of clear cell 
subtype and 1 was of papillary subtype. Fluorine-18-FDG-
PET/CT had a sensitivity, specificity, and accuracy of 46.6%, 
66.6%, and 50%, respectively [19]. In our study, however, we 
demonstrated an overall sensitivity of 88% for detection of 
solid renal malignancies with sensitivities of 83%, 100%, and 
100% for RCC, secondary renal lymphomas, and renal me-
tastases, respectively. As we did not include subjects with 
non-malignant renal masses in this study, we were not able 
to calculate the specificity of 18F-FDG-PET/CT. These favora-
ble diagnostic results, despite the renal excretion of 18F-FDG, 
may in part be related to the time-of-flight technology that 
is available on the PET/CT scanner that was utilized and due 
to selection of subjects with known solid renal malignancies. 
However, given these preliminary results, further evaluation 
of the diagnostic performance of 18F-FDG-PET/CT for detec-
tion of renal masses is warranted.

Several reports in the literature have previously assessed 
for differences in the metabolic properties of various 
histopathological types of renal malignancy using either 
18F-FDG-PET or 18F-FDG-PET/CT. Other researchers studied 
13 patients with suspicious renal masses using 18F-FDG 
and a dual head coincidence mode gamma camera, and 
reported an LBRkidney range of 1.0-1.8 for RCC compared 
to 3.0-4.4 for renal carcinosarcoma [33]. Other researchers 
studied 10 patients with solid renal malignancies using 18F-
FDG-PET and reported that the average LBRkidney for renal 
lymphoma was 4.5 compared to 2.2 for RCC [32]. Ye et al 
studied 12 patients with renal lymphoma (7 DLBCL, 2 B-cell 
lymphoma, 1 T-cell lymphoma, 2 T/NK-cell lymphoma) and 
12 patients with RCC (5 clear cell subtype, 7 other subtypes) 
using 18F-FDG-PET/CT. They reported that 18F-FDG uptake 
was much greater in renal lymphoma compared to clear 
cell RCC (average SUVmean 6.37±2.28 vs. 2.58±0.62, 
respectively), although no gross difference in 18F-FDG 
uptake between renal lymphoma and RCC of all subtypes 
(average SUVmean 6.37±2.28 vs. 6.27±1.15, respectively) 
was noted [37]. Kumar et al studied 28 solid renal masses 
[10 primary renal malignancies and 18 secondary renal 
malignancies (11 lymphoma, 7 metastases)] in 24 patients 
using 18F-FDG-PET, and reported no statistically significant 
difference between the average SUVmax and SUVmean 
for primary renal malignancies (7.9±4.9 and 6.0±3.6, 
respectively), and those for secondary renal malignancies 
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population with indeterminate renal lesions, but instead ap-
plies to those patients with a known renal malignancy. Seco-
nd, histopathological verification of renal malignancy was 
only available in 56% of lesions, such that the diagnosis of 
renal malignancy was assumed in the other 44% of lesions 
based on diagnostic CT and/or MRI and/or follow-up imag-
ing features along with available clinical information. How-
ever, diagnostic CT and MRI have been shown to have high 
accuracy for characterization of renal lesions as malignant, 
and therefore we believe that the error from this potential 
verification bias is minimal.

In conclusion, the PET portion of 18F-FDG-PET/CT had a 
sensitivity of 88% for the detection of solid malignant renal 
lesions in patients with known renal malignancy, despite 
the renal excretion of 18F-FDG. In addition, 18F-FDG-PET/CT 
demonstrated some differences in metabolic activity based 
on renal tumor histopathological type and RCC subtype, 
which may be useful for purposes of individualized medi-
cine. Furthermore, measurement of partial volume correct-
ed SUVmean of renal malignancies is feasible from the PET 
portion of 18F-FDG-PET/CT scans through use of semi-auto-
mated image analysis software. Further larger scale studies 
are required for more in depth assessment of these prelimi-
nary observations.

The authors declare that they have no conflicts of interest.
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