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Abstract

Background: In this era of molecular targeting therapy when various systematic treatments can be selected,
prognostic biomarkers are required for the purpose of risk-directed therapy selection. Numerous reports of various
malignancies have revealed that 18-Fluoro-2-deoxy-D-glucose (18F-FDG) accumulation, as evaluated by positron
emission tomography, can be used to predict the prognosis of patients. The purpose of this study was to evaluate
the impact of the maximum standardized uptake value (SUVmax) from 18-fluoro-2-deoxy-D-glucose positron
emission tomography/computed tomography (18F-FDG PET/CT) on survival for patients with advanced renal cell
carcinoma (RCC).

Methods: A total of 26 patients with advanced or metastatic RCC were enrolled in this study. The FDG uptake of
all RCC lesions diagnosed by conventional CT was evaluated by 18F-FDG PET/CT. The impact of SUVmax on patient
survival was analyzed prospectively.

Results: FDG uptake was detected in 230 of 243 lesions (94.7%) excluding lung or liver metastases with diameters
of less than 1 cm. The SUVmax of 26 patients ranged between 1.4 and 16.6 (mean 8.8 ± 4.0). The patients with
RCC tumors showing high SUVmax demonstrated poor prognosis (P = 0.005 hazard ratio 1.326, 95% CI 1.089-
1.614). The survival between patients with SUVmax equal to the mean of SUVmax, 8.8 or more and patients with
SUVmax less than 8.8 were statistically different (P = 0.0012). This is the first report to evaluate the impact of
SUVmax on advanced RCC patient survival. However, the number of patients and the follow-up period were still
not extensive enough to settle this important question conclusively.

Conclusions: The survival of patients with advanced RCC can be predicted by evaluating their SUVmax using 18F-
FDG-PET/CT. 18F-FDG-PET/CT has potency as an “imaging biomarker” to provide helpful information for the clinical
decision-making.
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Background
Renal cell carcinoma (RCC) accounts for 3% of all adult
cancers [1]. Approximately 30% of patients are diag-
nosed with metastases and an additional 20-40% of
patients develop metastases after radical nephrectomy
with curative intent [2,3]. The outcome of patients with
metastatic RCC is poor, with a median survival time of
10 to 21 months [4,5]
Classical cytokine therapies have been the only sys-

tematic treatments available for advanced RCC for a
long time [6-9]. The oncogenic mechanism of RCC has
been elucidated and agents that target relevant biologi-
cal pathways have been investigated. Multiple tyrosine
kinase inhibitors (multiple TKIs) targeting vascular
endothelial growth factor receptor (VEGFR) such as
sunitinib and sorafenib have revolutionized the treat-
ment of RCC [10,11]. Although mammalian target of
rapamycin (mTOR) inhibitor was not available in
Japan at the time of this study, the efficacies of mTOR
inhibitors have been reported [12,13]. These develop-
ments have made it necessary to predict the prognosis
of individual patients with advanced RCC and to select
optimal management. Many clinical risk factors have
been proposed, and classifications of patients using
these risk factors have been established. The most
common classification was proposed by the Memorial
Sloan-Kettering Cancer Center group for cytokine-
based therapies (MSKCC classification)[14], and modi-
fied criteria adapted for the new era of molecular
targeting was reported recently and recommended in
the National Comprehensive Cancer Network guideline
(NCCN classification)[12,15]. However, these classifica-
tions are not enough to determine the best treatment
selection for an individual patient. Novel biomarkers to
predict the prognosis of individual patients are there-
fore desired.
During the last decade, 18-fluoro-2-deoxy-D-glucose

positron emission tomography (18F-FDG-PET) emerged
as a useful non-invasive tool to evaluate the metabolic
status of tumors. Numerous recent studies of various
types of malignancies have reported an association
between the 18F-FDG accumulation rate evaluated by
PET and patient prognosis. The standardized uptake
value (SUV) is a semiquantitative simplified measure-
ment of the tissue FDG accumulation rate, and studies
of the head-and-neck, lung, and cervical cancer have
explored the prognostic significance of the maximum
standardized uptake value (SUVmax) [16-19]. However,
the role of the SUVmax as a prognostic factor for
patients with advanced RCC has not yet been evaluated.
In the present study, we evaluated prospectively the
impact of SUVmax on the survival of patients with
advanced RCC.

Methods
Patients
This was a prospective study to clinically follow enrolled
patients planning to undergo systematic therapies for
advanced RCC. In principle, the pathologies of enrolled
cases were confirmed by prior nephrectomy or biopsy,
but only one case was diagnosed clinically by conven-
tional imaging because the patient wished to be treated
immediately and did not consent to biopsy. The patients
were initially assessed by conventional imaging techni-
ques (computed tomography [CT], magnet resonance
imaging [MRI], or bone scintigraphy) and diagnosed as
stage IV or metastatic RCC. Patients with uncontrolled
diabetes mellitus, with other known malignancies and
treated with therapeutics the last 2 weeks before the
scan were excluded.
The study protocol was approved by the Yokohama

City University Institutional Review Board. Written
informed consent was obtained from all patients. The
patients underwent various therapeutic interventions
decided before the evaluation by PET/CT at Yokohama
City University Hospital and Kanagawa Cancer Center.

Imaging
Patients fasted for at least 6 hours prior to intravenous
injection of [18F] FDG. PET/CT images were obtained
using a PET/CT system (Aquiduo 16; Toshiba Medical
Systems, Tokyo, Japan). PET/CT images were acquired
from the top of the head to the mid thigh at 60 min
after intravenous injection of 2.5 MBq/kg of [18F] FDG.
A low-dose non-contrasted CT scan was acquired first
and used for attenuation correction. Emission images
were acquired in 3-dimensional mode for 2 min per bed
position. After PET acquisition, CECT was performed
with a 2-mm slice thickness, 120 kV, 400 mA, 0.5 s/
tube rotation, from the top of the head to the mid
thigh, with breath holding. A total of 100 ml contrast
medium (iopamidol) was administered intravenously at
a rate of 1.0 ml/s. The scan delay was set at 120 s after
starting the injection of contrast material. Images were
reconstructed by attenuation-weighted ordered-subset
expectation maximization (OSEM) (four iterations, four-
teen subsets, 128’ 128 matrix, with 5-mm Gaussian
smoothing). The highest SUV in all RCC tumors of each
patient was defined as SUVmax. To obtain the SUVmax,
the SUV values of all lesions in tumors diagnosed as
RCC by CT imaging were analyzed.

Statistical analysis
Survival time was calculated from the date of evaluation
by 18F-FDG PET/CT to the date of death. Cox propor-
tional hazards model was used to assess the effects of
SUVmax on survival. The cancer-specific survival curve
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was estimated by the Kaplan-Meier methods, and the
resulting curves were compared using the log-rank test.
All statistical analyses were carried out with SPSS soft-
ware (SPSS, Inc, Chicago, IL).

Results
Patient characteristics and intervention
A total of 26 patients (21 males and 5 females) were
enrolled in this study between 2008 Jun and 2009
October (Table 1). The median age was 61 years (range
of 32-82). There were 17 patients with recurrent diseases
and 9 with stage IV disease. Pathological examination
showed 18 cases of clear cell carcinoma, 5 of papillary,
and 2 of clear/sarcomatoid; in one case, the pathological
type was unknown. As for prior surgeries, 19 patients
had undergone nephrectomy and 4 metastatectomy.
Thirteen patients had not undergone previous systematic
therapies. Of the other 13 cases with previous systematic
therapies, 9 patients had undergone interferon-alpha
(IFN-a therapies, one sorafenib, one S1, one combined
therapy with IFN-a and sorafenib, and one combined
therapies with IFN-a and UFT.

After the evaluation by PET/CT, 20 patients were
treated with multiple TKIs (9 sorafenib, 9 sunitinib,
2 sequential therapy with sorafenib and sunitinib, and
1 sequential therapy with sorafenib and IFN-a), and
6 patients underwent cytokine therapies. At the follow-
up end (January 2010), there were 9 cases with cancer
death, and we confirmed the other 17 patients alive.
There were no cases with death due to other causes and
no cases dropped out during follow-up. The median fol-
low-up period was 262 days (range, 43 to 531 days).

Accumulation of FDG in the lesions diagnosed as RCC
tumor by CT imaging
We first, examined the FDG accumulation in all 368
tumor lesions in 26 patients who were diagnosed as
stage IV or metastatic RCC by CT imaging. FDG uptake
was detected in 230 of 243 lesions (94.7%) excluding
lung or liver metastasis with diameters less than 1 cm.
On the other hand, among 125 lung or liver lesions
with diameters between 5 mm and 9 mm, FDG accumu-
lations were detected in only 21 lesions (16.8%). The
SUV in RCC lesions demonstrated various values from

Table 1 Characteristics of the 26 patients

Patient
ID

Sex Age Pathology Nephrectomy MSKCC
classification

NCCN
classification

Prior
therapy

SUVmax SUVmax site

type grading

2 M 63 sarc/
clear

3 Yes Poor Poor IFN 15.2 local recurrence

3 M 73 clear 2 Yes Favorable Not Poor IFN IL 8.2 lung

4 M 61 papillary 3 No Intermediate Poor non 8.8 primary

5 F 72 clear 1 No Intermediate Not Poor non 5.2 primary

6 F 55 clear 2 No Intermediate Not Poor IFN IL 6.8 primary

7 M 57 papillary 2 Yes Intermediate Poor N 4.0 bone

8 M 59 clear 2 Yes Intermediate Poor non 7.4 bone

9 M 68 clear 3 Yes Intermediate Not Poor IFN 5.7 bone

10 F 57 clear 2 Yes Poor Poor IFN N 9.1 lymph node

11 M 75 clear 2 Yes Intermediate Not Poor IFN 5.3 muscle

12 M 58 clear 3 Yes Favorable Not Poor IFN 8.5 local recurrence

13 F 61 clear 2 Yes Intermediate Poor IFN C 4.3 pancreas

14 M 59 clear 2 Yes Intermediate Not Poor non 1.4 lung

15 M 61 clear 2 Yes Intermediate Poor IFN 7.7 lymph node

16 M 73 clear 2 No Poor Poor non 16.6 primary

17 F 32 papillary 3 Yes Favorable Not Poor non 16.1 uterus

18 M 56 papillary 2 Yes Intermediate Not Poor C 7.0 lung

19 M 68 clear 2 Yes Intermediate Poor non 9.0 bone

20 M 61 clear 2 Yes Intermediate Not Poor non 5.6 IVC thrombus

21 F 56 sarc/
clear

3 Yes Intermediate Poor IFN 10.0 contralateral
kidney

22 M 62 clear 3 No Poor Poor non 12.0 primary

23 M 61 clear 3 No Poor Poor non 14.3 primary

24 M 82 clear 1 Yes Intermediate Poor non 5.1 bone

25 M 69 papillary 3 Yes Favorable Not Poor non 13.4 lymph node

26 M 66 clear 1 Yes Intermediate Not Poor IFN 8.2 lung
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undetectable levels to 16.6. In 6 of 7 patients without
prior nephrectomy, the primary tumor demonstrated
the highest SUV in all RCC tumor lesions (Figure 1),
and lung metastasis showed the highest SUV in another.
In 19 cases with metastases or recurrence after
nephrectomy, bone metastasis demonstrated the highest
SUV in 5 cases, lung metastasis in 4 cases, lymph node
metastases in 3 cases, and local recurrence in 2 cases
(Figure 2). The uterus, pancreas, Inferior Vena Cava
thrombus, muscle metastasis, and contra-lateral kidney
metastasis demonstrated the highest SUV in one case
each.

The impact of SUVmax on patient survival time
We next analyzed the association between SUVmax and
patient survival time. The SUVmax of all patients ran-
ged between 1.4 and 16.6 (mean 8.8 ± 4.0). The patients
with RCC tumors showing high SUVmax tended to
demonstrate poor prognosis, as shown in Figure 1, 2, 3

(26 patients were lined up in order of SUVmax in Figure 3).
When the patient population was subdivided using the
mean SUVmax (8.8), only 2 (13%) of 15 patients with
RCC tumors having an SUVmax less than 8.8 were dead
due to cancer and the median survival time of the 15
patients was not calculated because the number of dead
patients was less than half, whereas 7 (64%) of 11 patients
RCC tumors having SUVmax equal to 8.8 or more and
the median survival time of the 11 patients was 156 day
(95% CI 33-279). The survival for these patient subgroups
were significantly different (Figure 4) (P = 0.0012). When
SUVmax was analyzed as a continuous variable, it was
correlated with survival time (P = 0.005 hazard ratio
1.326 95% CI 1.089-1.614).

Discussion
In the present study, we demonstrated that the SUVmax
evaluated by 18F-FDG-PET/CT is a useful predictive
“imaging biomarker” for survival of patients with

SUV max6.8

SUV max14.3

SUVmax 5.2

SUVmax 8.8

Day482
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Day539
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Day129
CD

Day337
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23

Patint ID CT PET Fused PET/CT Prognosis

Figure 1 Four Cases with advanced RCC which original sites showed the highest value of SUV among all RCC sites and their
prognosis. The patients with advanced RCCs having high values of SUV max demonstrated poor clinical courses. SUVmax, maximum
standardized uptake value; CT, computed tomography; PET, positron emission tomography; Fused PET/CT, fusion of PET and CT.
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advanced RCC. PET has not been generally used for the
screening of RCC due to the urinary excretion of the
radiotracer, which can mask the presence of primary
lesions [20,21]. However the large RCCs often present-
ing in stage IV could be evaluated without the influence
of urinary excretion of the radiotracer by PET/CT pro-
viding combined morphological and functional informa-
tion (Figure 1). In this study, 7 primary RCC lesions,
with diameters ranging from 8.5 cm to 14.7 cm, were
examined by 18F-FDG-PET/CT, and abnormal FDG
accumulations sufficient to evaluate SUV were detected
in all lesions. Pathological diagnosis was confirmed in 6
cases. Distant metastases of RCC could also be detected
without interference of excretory radiotracers. We did
not confirm the pathologies of the individual metastatic
lesions, but the previous report by Majhail et al. war-
ranted the accuracy of metastasis diagnosis by 18F-FDG-

PET. They performed biopsy or surgical resection of 36
distant metastatic lesions in 24 patients that were diag-
nosed by 18F-FDG-PET, and pathological findings
revealed metastatic RCC in 33 lesions (89%) [22]. In this
study, FDG accumulation was evaluated in 94.9% of all
RCC lesions diagnosed by CT scan except for lung or
liver metastases less than 1 cm. These results were con-
sistent with a previous report [23] and indicated that
the information gained by 18F-FDG-PET/CT was suffi-
cient to characterize advanced RCCs.
In this era of molecular targeting therapy when var-

ious systematic treatments can be selected, prognostic
biomarkers are required for the purpose of risk-directed
therapy selection. We revealed that the SUVmax has the
potency as a novel biomarker to predict the survival
time of patients with advanced RCC, by multivariate
analyses with standard risk factors or risk classifications.

Day424
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SUVmax 5.7

Day68
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SUVmax 9.0
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19

Patint ID CT PET Fused PET/CT Prognosis

SUVmax 8.2

Day557
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2

1 Day43
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Figure 2 Four Cases with advanced RCC which metastatic sites showed the highest value of SUV among all RCC sites and their
prognosis. A cranial bone metastasis showed the highest SUV among all RCC sites in Patient 9. A metastasis in thoracic vertebra did in Patinet
19. Lung metastases did in Patient 1 and Patient 2. The patients with advanced RCCs having high values of SUV max demonstrated poor clinical
courses. SUVmax, maximum standardized uptake value; CT, computed tomography; PET, positron emission tomography; Fused PET/CT, fusion of
PET and CT.
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FDG accumulation is thought to be indicative of the
metabolic activity of a targeted lesion and it has been
found to be a useful index in a variety of cancers. It is
reasonable that a tumor with high metabolism would
show rapid progression and a poor prognosis. It has
been reported recently that 18F-FDG PET/CT is useful
for evaluating the response to sorafenib and sunitinib
treatment of RCC [24,25]. The results showing that
these therapeutics decrease the FDG accumulation of
RCC lesions encourage the hypothesis that the FDG
accumulation is indicative of the biological activity of
RCC. Additionally, it has been reported that intratu-
moral neutrophils were detected in RCCs showing poor
prognosis [26]. SUV may reflect not only the biological
activity of cancer cells but also the presence of migrat-
ing neutrophils.
To our knowledge, this is the first report to evaluate

the impact of SUVmax on survival of patients with
advanced RCC. However, the number of patients and
the follow-up period were limited. Enrollment for this
study continues now, and the impact of SUVmax on the

Survival time (days)

100 200 300 400 500 600

SUVmax

IFN- Sorafenib Sunitinib Chemotherapy Interval

Pt ID

Nephrectomy Cancer Death

16
17
2

23
25

22
21
10
19
4

12

3
26
15
8

18
6
9

20
11
5

24
13
7

14

16.6
16.1
15.2
14.3
13.4

12.0
10.0
9.1
9.0
8.8
8.5
8.2
8.2
7.7
7.4
7.0
6.8
5.7
5.6
5.3
5.2
5.1
4.3
4.0
1.4

CD

CD

CD
CD

CD

CD
CD

CD

CD:

0

N

N

N:

13.31 CD
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survival of patients with advanced RCC will be more
apparent from results from an expanded number of
patients and follow-up period.

Conclusions
These preliminary data indicate that the SUVmax evalu-
ated by 18F-FDG-PET/CT has an impact on survival in
patients with advanced RCC. Additional study with an
expanded number of patients and period of follow-up is
necessary.

Acknowledgements
This works was supported by Grant for Research and Development Project II
(No. 17) of Yokohama City University, Japan and “ Establishment of research
center for clinical proteomics of post-translational modifications” as part of
the Special Coordination Fund for Promoting Science and Technology
“Creation and Innovation Centers for Advanced Interdisciplinary “, and
Grants-in-Aid for Scientific Research (No. 19591864 and 22591775) from the
Ministry of Education, Science, Sports and Culture of Japan.

Conflicts of interests
The authors declare that they have no competing interests.

Author details
1Department of Urology, Yokohama City University Graduate School of
Medicine, 3-9 Fukuura kanazawaku Yokohama, 236-0004 Japan. 2Department
of Radiology, Yokohama City University Graduate School of Medicine,
Yokohama, Japan. 3Department of Urology, Kanagawa Cancer Center,
Yokohama, Japan. 4Department of Urology, Yokosuka Kyosai Hospital,
Yokosuka, Japan. 5Advanced Medical Research Center, Yokohama City
University, Yokohama, Japan.

Authors’ contributions
Noboru Nakaigawa had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of the data
analysis. All authors read and approved the final manuscript.
Study concept and design: KN, MY, TI, YK, NN
Acquisition of data: KN, RM, KM, NH, TM, FS, UT, KK, SN, HI, TK, TM
Analysis and interpretation of data: KN, MY, NN
Administrative, technical, or material support: TI, YK, NN
Drafting of the manuscript: KN
Critical revision of the manuscript for important intellectual content: MY
Obtaining funding and supervision: NN

Received: 19 May 2010 Accepted: 3 December 2010
Published: 3 December 2010

References
1. Chow WH, Devesa SS, Warren JL, Fraumeni JF Jr: Rising incidence of renal

cell carcinoma in the United States. JAMA 1999, 281:1628-31.
2. Linehan WM, Walther MM, Alexander RB, Rosenberg SA: Adoptive

immunotherapy of renal cell carcinoma.:studies from the Surgery
Branch, National Cancer Institute. Semin Urol 1993, 11:41-3.

3. Janzen NK, Kim HL, Figlin RA, Belldegrun AS: Surveillance after radical or
partial nephrectomy for localized renal cell carcinoma and management
of recurrent disease. Urol ClinNorth Am 2003, 30:843-852.

4. Motzer RJ, Bander NH, Nanus DM: Renal-cell carcinoma. N Engl J Med 1996,
335:865-75.

5. Naito S, Yamamoto N, Takayama T, Muramoto M, Shinohara N, Nishiyama K,
Takahashi A, Maruyama R, Saika T, Hoshi S, Nagao K, Yamamoto S,
Sugimura I, Uemura H, Koga S, Takahashi M, Ito F, Ozono S, Terachi T,
Naito S, Tomita Y: Prognosis of Japanese Metastatic Renal Cell Carcinoma
Patients in the Cytokine Era: A Cooperative Group Report of 1463
Patients. Eur Urol 2009, 57:317-26.

6. McDermott DF, Regan MM, Clark JI, Flaherty LE, Weiss GR, Logan TF,
Kirkwood JM, Gordon MS, Sosman JA, Ernstoff MS, Tretter CP, Urba WJ,
Smith JW, Margolin KA, Mier JW, Gollob JA, Dutcher JP, Atkins MB:

Randomized phase III trial of high-dose interleukin-2 versus
subcutaneous interleukin-2 and interferon in patients with metastatic
renal cell carcinoma. J Clin Oncol 2005, 23:133-141, (23).

7. Yang JC, Sherry RM, Steinberg SM, Topalian SL, Schwartzentruber DJ,
Hwu P, Seipp CA, Rogers-Freezer L, Morton KE, White DE, Liewehr DJ,
Merino MJ, Rosenberg SA: Randomized study of high-dose and low-dose
interleukin-2 in patients with metastatic renal cancer. J Clin Oncol 2003,
21:3127-3132.

8. Negrier S, Escudier B, Lasset C, Douillard JY, Savary J, Chevreau C, Ravaud A,
Mercatello A, Peny J, Mousseau M, Philip T, Tursz T: Recombinant human
interleukin-2, recombinant human interferon alfa-2a, or both in
metastatic renal cell carcinoma: Groupe Français D’Immunotherapie. N
Engl J Med 1998, 338:1272-8.

9. Negrier S, Perol D, Ravaud A, Chevreau C, Bay JO, Delva R, Sevin E, Caty A,
Escudier B, For The French Immunotherapy Intergroup:
Medroxyprogesterone, interferon alfa-2a, interleukin 2, or combination
of both cytokines in patients with metastatic renal carcinoma of
intermediate prognosis: Results of a randomized controlled trial. Cancer
2007, 110:2468-2477.

10. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O,
Oudard S, Negrier S, Szczylik C, Kim ST, Chen I, Bycott PW, Baum CM,
Figlin RA: Sunitinib versus interferon alfa in metastatic renal cell
carcinoma. N Engl J Med 2007, 356:115-124.

11. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, Negrier S,
Chevreau C, Solska E, Desai AA, Rolland F, Demkow T, Hutson TE, Gore M,
Freeman S, Schwartz B, Shan M, Simantov R, Bukowski RM, TARGET Study
Group: Sorafenib in advanced clear cell renal cell carcinoma. N Engl J
Med 2007, 356:125-134.

12. Hudes G, Carducci M, Tomczak P, Dutcher J, Figlin R, Kapoor A,
Staroslawska E, Sosman J, McDermott D, Bodrogi I, Kovacevic Z, Lesovoy V,
Schmidt-Wolf IG, Barbarash O, Gokmen E, O’Toole T, Lustgarten S, Moore L,
Motzer RJ, Global ARCC Trial: Temsirolimus, interferon alfa, or both for
advanced renal-cell carcinoma. N Engl J Med 2007, 356(22):2271-81.

13. Motzer RJ, Escudier B, Oudard S, Hutson TE, Porta C, Bracarda S,
Grünwald V, Thompson JA, Figlin RA, Hollaender N, Urbanowitz G, Berg WJ,
Kay A, Lebwohl D, Ravaud A, RECORD-1 Study Group: Efficacy of
everolimus in advanced renal cell carcinoma: a double-blind,
randomised, placebo-controlled phase III trial. Lancet 2008,
372(9637):449-56.

14. Motzer RJ, Mazumdar M, Bacik J, Berg W, Amsterdam A, Ferrara J: Survival
and prognostic stratification of 670 patients with advanced renal cell
carcinoma. J Clin Oncol 1999, 17:2530-40.

15. National Comprehensive Cancer Network: NCCN Clinical Practice Guideline
in Oncology: Kidney Cancer V.1. 2011 [http://www.nccn.org/professionals/
physician_gls/f_guidelines.asp#site].

16. Allal AS, Slosman DO, Kebdani T, Allaoua M, Lehmann W, Dulguerov P:
Prediction of outcome in head-and-neck cancer oatients using the
standardized uptake value of 2-[18F]fluoro-2-deoxy-D-glucose. Int J
Radiat Oncol Biol Phys 2004, 59:1295-3000.

17. Downey RJ, Akhurst T, Gonen M, Vincent A, Bains MS, Larson S, Rusch V:
Preoperative F-18 fluorodeoxyglucose-positron emission tomography
maximal standardized uptake value predicts survival after lung cancer
resection. J Clin Oncol 2004, 22:3255-60.

18. Sasaki R, Komaki R, Macapinlac H, Erasmus J, Allen P, Forster K, Putnam JB,
Herbst RS, Moran CA, Podoloff DA, Roth JA, Cox JD: [18F]
fluorodeoxyglucose uptake by positron emission tomographypredicts
outcome of non-small-cell lung cancer. J Clin Oncol 2005, 23:1136-43.

19. Lee YY, Choi CH, Kim CJ, Kang H, Kim TJ, Lee JW, Lee JH, Bae DS, Kim BG:
The prognostic significance of the SUVmax (maximum standardized
uptake value for F-18 fluorodeoxyglucose) of the cervical tumor in PET
imaging for eary cervical cancer: Preliminary results. Gynecol Oncol 2009,
115:65-68.

20. Aide N, Cappele O, Bottet P, Bensadoun H, Regeasse A, Comoz F, Sobrio F,
Bouvard G, Agostini D: Efficiency of [(18)F]FDG PET in characterising renal
cancer and detecting distant metastases: a comparison with CT. Eur J
Nucl Med Mol Imaging 2003, 1236-45.

21. Kang DE, White RL Jr, Zuger JH, Sasser HC, Teigland CM: Clinical use of
fluorodeoxyglucose F 18 positron emission tomography for detection of
renal cell carcinoma. J Urol 2004, 171:1806-9.

22. Majhail NS, Urbain JL, Albani JM, Kanvinde MH, Rice TW, Novick AC,
Mekhail TM, Olencki TE, Elson P, Bukowski RM: F-18 fluorodeoxyglucose

Namura et al. BMC Cancer 2010, 10:667
http://www.biomedcentral.com/1471-2407/10/667

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/10235157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10235157?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8465127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8465127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8465127?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8778606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19136199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19136199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19136199?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15625368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15625368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15625368?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12915604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12915604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9562581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9562581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9562581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17932908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17932908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17932908?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17215529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17215529?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17215530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17538086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17538086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18653228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18653228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18653228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10561319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10561319?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10561319?dopt=Abstract
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site
http://www.nccn.org/professionals/physician_gls/f_guidelines.asp#site
http://www.ncbi.nlm.nih.gov/pubmed/15275712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15275712?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15310769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15310769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15310769?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15718309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15718309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15718309?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19604567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19604567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19604567?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12845486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12845486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15076281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15076281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15076281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14581422?dopt=Abstract


positron emission tomography in the evaluation of distant metastases
from renal cell carcinoma. J Clin Oncol 2003, 21:3995-4000.

23. Park JW, Jo MK, Lee HM: Significance of 18F-fluorodeoxyglucose positron-
emission tomography/computed tomography for the postoperative
surveillance of advanced renal cell carcinoma. BJU Int 2009, 103:615-9.

24. Lyrdal D, Boijsen M, Suurküla M, Lundstam S, Stierner U: Evaluation of
sorafenib treatment in metastatic renal cell carcinoma with 2-fluoro-2-
deoxyglucose positron emission tomography and computed
tomography. Nucl Med Commun 2009, 30:519-24.

25. Vercellino L, Bousquet G, Baillet G, Barré E, Mathieu O, Just PA,
Desgrandchamps F, Misset JL, Hindié E, Moretti JL: 18F-FDG PET/CT
imaging for an early assessment of response to sunitinib in metastatic
renal carcinoma: preliminary study. Cancer Biother Radiopharm 2009,
24:137-44.

26. Donskov F, von der Maase H: Impact of immune parameters on long-
term survival in metastatic renal cell carcinoma. J Clin Oncol 2006,
24:1997-2005.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/10/667/prepub

doi:10.1186/1471-2407-10-667
Cite this article as: Namura et al.: Impact of maximum Standardized
Uptake Value (SUVmax) evaluated by 18-Fluoro-2-deoxy-D-glucose
positron emission tomography/computed tomography (18F-FDG-PET/CT)
on survival for patients with advanced renal cell carcinoma:
a preliminary report. BMC Cancer 2010 10:667.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Namura et al. BMC Cancer 2010, 10:667
http://www.biomedcentral.com/1471-2407/10/667

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/14581422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14581422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19007371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19007371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19007371?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19522059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19522059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19522059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19522059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19243256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19243256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19243256?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16648500?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16648500?dopt=Abstract
http://www.biomedcentral.com/1471-2407/10/667/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Imaging
	Statistical analysis

	Results
	Patient characteristics and intervention
	Accumulation of FDG in the lesions diagnosed as RCC tumor by CT imaging
	The impact of SUVmax on patient survival time

	Discussion
	Conclusions
	Acknowledgements
	Conflicts of interests
	Author details
	Authors' contributions
	References
	Pre-publication history

