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Abstract

Objective In the era of targeted therapy for advanced
renal cell carcinoma (RCC), appropriate prognosis pre-
diction is necessary for optimal therapy with or without
cytoreductive surgery. We evaluated prognostic implica-
tion of extrarenal metabolic tumor burden in nephrectom-
ized patients with advanced RCC.

Methods Forty-four patients with advanced RCC who
underwent '®F-fluorodeoxyglucose PET/CT were retro-
spectively enrolled. The patients were treated with
nephrectomy and targeted therapy. On PET/CT image of
each patient, maximal standardized uptake value (SUV %)

H.-J. Yoon - J. C. Paeng (X)) - J.-K. Chung - D. S. Lee
Department of Nuclear Medicine, Seoul National University
College of Medicine, 101 Daehak-ro, Jongno-gu,

Seoul 110-744, Korea

e-mail: paengjc@snu.ac.kr

H.-J. Yoon
Department of Nuclear Medicine, Ewha Womans University
School of Medicine, Seoul, Korea

C. Kwak (X)) - Y. H. Park

Department of Urology, Seoul National University College
of Medicine, 101 Daehak-ro, Jongno-gu,

Seoul 110-744, Korea

e-mail: mdrafael@snu.ac.kr

T. M. Kim - S.-H. Lee
Department of Internal Medicine, Seoul National University
College of Medicine, Seoul, Korea

E. Edmund Kim - D. S. Lee
Department of Molecular Medicine and Biopharmaceutical
Sciences, Seoul National University, Seoul, Korea

E. Edmund Kim

Department of Radiological Sciences, University of California,
Irvine, CA, USA

@ Springer

of lesions were measured, and metabolic tumor burden was
measured as total lesion glycolysis (TLG) by multiplying
tumor volume and mean SUV. An overall TLG was cal-
culated as the sum of those of all lesions. The prognostic
value of PET parameters (SUV .« and TLG), and estab-
lished major clinical factors (serum hemoglobin and cor-
rected calcium, and number of metastatic sites) were tested
with regard to overall survival.

Results Among 44 patients, 8 died during mean follow-
up time of 21.9 £+ 17.7 months. On FDG PET/CT, a total
of 250 lesions were analyzed. In univariate analyses,
SUV,ax, TLG, number of metastatic sites, serum hemo-
globin and corrected calcium were significant prognostic
factors. Among them, TLG remained as an independent
prognostic factor in a multivariate analysis (P = 0.038). In
subgroup analyses, TLG was still a significant prognostic
factor in patients treated with sunitinib only and in patients
on the first staging as well as restaging.

Conclusions Extrarenal metabolic tumor burden is a
significant prognostic factor in advanced RCC patients
treated with targeted therapy. In selection of candidates for
cytoreductive surgery, the measurement of metabolic
tumor burden may be effective.

Keywords Advanced renal cell carcinoma - PET/CT -
Prognosis - Metabolic tumor burden - Targeted therapy

Introduction

In the US, renal cell carcinoma (RCC) is estimated to be
3.8 % of all cancers in 2011; approximately 61,000 indi-
viduals would be diagnosed with RCC and 13,000 would
die from RCC [1]. In case of locally limited RCC, radical
nephrectomy can be a curative treatment [2]; however, no
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radical treatment exists for advanced metastatic RCC at
present. Recently, the prognosis of advanced RCC has been
improved with development of molecular targeted therapy
[3], and now there are several potential treatment strategies
for advanced RCC, including targeted therapy with or
without cytoreductive surgery such as nephrectomy and
metastasectomy [4]. Although tumor burden reduction with
cytoreductive surgery is supported by several studies in the
era of targeted therapy [5-7], appropriate prediction of
prognosis and selection of surgical candidates are of par-
amount importance.

"®E_fluorodeoxyglucose (FDG) positron emission tomo-
graphy (PET)/computed tomography (CT) provides infor-
mation on metabolic characteristics of cancers. FDG PET/
CT has been used effectively for diagnosis, staging, treat-
ment monitoring, and prognosis prediction in diverse
cancers. In addition, it was suggested to use FDG PET for
evaluation of tumor burden or therapeutic response moni-
toring [8, 9]. However, scarce reports exist with regard to
the prognosis prediction of RCC with FDG PET/CT. In a
recent preliminary study, the maximal standardized uptake
value (SUV,,.x) on FDG PET was a significant prognostic
factor for prediction of RCC patients’ survival [10], which
was the first report on the impact of FDG PET for prog-
nosis prediction in advanced RCC. Total lesion glycolysis
(TLG) is another PET parameter for metabolic tumor
burden, which reflects both the metabolic activity and
tumor volume [8]. TLG has been utilized in several cancers
as an effective marker of metabolic tumor burden.

In the present study, we evaluated extrarenal metabolic
tumor burden of advanced RCC using FDG PET/CT, with
regard to prediction of patients’ survival who was treated
with targeted therapy after nephrectomy.

Materials and methods
Patients and follow-up

Forty-four patients who underwent FDG PET/CT for RCC
were retrospectively enrolled in this study from our PET/
CT database between September 2006 and October 2012.
The inclusion criteria were as follows: (1) pathologically
confirmed advanced RCC with stage IV (according to
American Joint Committee on Cancer) which was treated
with targeted therapy agents; (2) absence of other com-
bined primary malignancy or previous systemic anti-cancer
therapy; (3) PET/CT for initial staging of newly diagnosed
RCC or restaging of recurred RCC after initial radical
nephrectomy; (4) nephrectomy for primary renal lesion and
presence of at least one measurable (>1 cm) extrarenal
metastatic lesion on chest and abdominopelvic contrast-
enhanced CT studies. Survival time was defined as the time

from PET/CT to the date of death or last follow-up. The
date of death or last follow-up was surveyed by medical
record review or telephone interview in case medical
record was insufficient for determination of survival.
The study design and exemption of informed consent
were approved by the Institutional Review Board of our
institution.

FDG PET/CT and image analysis

PET/CT images were acquired before start of targeted
therapy. For FDG PET/CT, patients fasted for at least 6 h
and blood glucose levels were confirmed <140 mg/dL.
Patients were injected with FDG (5.18 MBq/kg) and images
were acquired 1 h later. A CT scan was obtained first and an
emission scan was consecutively obtained from skull base
to proximal thigh, using PET/CT scanners (Gemini, Philips,
or Biograph 40, Siemens). PET images were reconstructed
using iterative algorithms. All images were displayed and
analyzed using single analysis software (syngo.via, Sie-
mens). Images were reviewed by two experienced nuclear
medicine physicians, and all extrarenal metastatic lesions
with visually discernible hypermetabolism were selected
for analysis with assistance of CT images. Hypermetabolic
focus that was regarded inflammatory lesion or physiologic
activity was excluded from the analysis.

For each metastatic lesion, SUV,,.x and TLG values
were measured. SUV was calculated in a pixel as (radio-
activity)/(injected dose/body weight). TLG of a lesion was
calculated as (mean SUV) x (metabolic tumor volume;
MTV), in which MTV was measured with setting a margin
threshold as 50 % of SUV ... All the values of SUV ..,
MTV, and mean SUV were automatically measured by the
analysis software for each lesion. A patient’s SUV ., was
defined as the highest SUV ., among those of all lesions,
and TLG was defined as the sum of those of all lesions. An
example case is shown in Fig. 1.

Survival analysis and statistics

A patient’s survival time was determined from the date of
PET/CT scan to the date of death or the last follow-up.
Optimal cutoff of SUV ,.x and TLG for survival analysis
was derived from receiver-operating characteristic (ROC)
curve analysis. The survival curves were evaluated by
Kaplan—Meier methods according to clinical and metabolic
parameters; serum hemoglobin, serum calcium corrected as
previously reported [11], number of metastatic sites,
SUV,..x,» and TLG. Hazard ratios were calculated and
tested by log-rank tests. Multivariate analyses were per-
formed using Cox proportional hazard regression models in
stepwise manner, for independent significant factors. Data
were demonstrated as mean £+ SD, and P values less than
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Fig. 1 An example of PET a
image analysis with maximal
intensity projection (a), PET
axial (b), and fusion axial

(c) images. This patient’s

SUV hax Was that of the
subcarinal lymph node (11.76).
By selecting a lesion, a volume
margin was automatically
drawn to measure MTV and
TLG (b and ¢). The MTV and
TLG of the subcarinal lymph
nodes were 2.84 cm® and 21.99,
respectively. The sum of TLGs
of the all lesions was 52.13 in
this patient

0.05 were regarded significant. All statistical analyses were
performed using a software package (MedCalc ver. 9.5,
MedCalc Software, Belgium).

Results
Clinical features and outcomes

Forty-four patients (M:F = 32:12) were included in the
analysis; the age was 62.0 £ 13.0 (range 28-89) years. In
21 patients, FDG PET/CT was performed for initial stag-
ing; before nephrectomy in 8 patients, and after nephrec-
tomy in 13 patients. The time interval between
nephrectomy and PET/CT was 11.0 & 27.5 (range 5-65)
days. In the other 23 patients, PET/CT was performed for
restaging of recurred disease. As targeted therapy agents,
sunitinib was used in 29 patients, sorafenib in 5, everoli-
mus in 5, temsirolimus in 4, and pazopanib in 1. There was
no severe adverse effect of targeted therapy such as hepatic
failure, heart failure, high blood pressure, serious bleeding,
osteonecrosis and tumor lysis syndrome. The characteris-
tics of the 44 patients are summarized in Table 1. Three
patients received local treatment (cyber-knife for the cer-
vical spine metastases in 2, and liver segmentectomy in 1).
During follow-up period of 21.9 & 17.7 (range
2.9-78.7) months, 8 (18.2 %) patients died from RCC.

Prognostic factors in survival analysis

A total of 250 metastatic lesions were discernible and
included in the analysis (5.7 & 3.9, range 1-19). Eighteen
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Table 1 Characteristics of patients

Characteristics Case number
Status
Initial staging 21
Restaging for recurrence 23
Age
<60 19
>60 25
Sex
Male 32
Female 12
Pathologic subtype
Clear cell 33
Papillary
Xp11.2 associated
Others
Treatment
Sunitinib 29
Sorafenib 5
Everolimus 5
Temsirolimus 4
Pazopanib 1

patients had 1 site of organ metastasis and 26 patients had
>?2 sites of organ metastasis. Most common metastatic site
was the lung, which had metastases in 26 patients. Other
metastatic sites included the liver, spleen, bone, muscle,
pancreas, adrenal gland, lymph node, mesentery and peri-
toneum. There was no brain metastasis in the study
population.
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On patient basis, overall SUV,,,,x was 9.4 &+ 6.9 (range
1.4-29.4) and overall TLG was 261.6 & 585.7 (range
1.3-3189.2). Serum hemoglobin level at the time of PET
imaging was 13.1 £ 1.7 g/dL for male and 11.6 + 1.3 g/dL
for female. Corrected serum calcium level was 8.9 £ 0.6
mg/dL. Cutoff values were used as; 13.0 and 11.5 g/dL for
male and female serum hemoglobin, respectively, and
9.0 mg/dL for corrected serum calcium according to pre-
vious studies [12, 13], 2 or more sites of organ metastasis
[14], 7.0 for SUV ., and 160 for TLG according to the
results of ROC curve analysis.

On univariate survival analyses, serum hemoglobin,
corrected calcium, number of metastatic sites, SUV .« and
TLG were selected as significant prognostic factors for
survival (Table 2). Survival curves for these parameters are
shown in Fig. 2. When the significant parameters of serum
hemoglobin, corrected calcium, number of metastatic sites,
SUVax, and TLG were tested on a multivariate analysis,
TLG remained as the only independent significant factor
with eliminating other parameters (P = 0.038, regression
coefficient; 2.984). Median survival of high TLG group
was 45.4 months, while it was not available to estimate that
of low TLG group because the cumulative survival did not
fall below 50 %.

Subgroup analyses

A subgroup survival analysis was performed in 21 patients
in whom PET was performed for initial staging. In this

Table 2 Significance of parameters on survival analyses

subgroup, 4 patients died from the progress of RCC. In
Kaplan—-Meier survival analysis, only TLG (P = 0.008)
was a significant predictor, whereas SUV .x (P = 0.13),
number of metastatic sites (P = 0.19), serum hemoglo-
bin (P = 0.72), and corrected calcium (P = 0.82) were
not.

In the subgroup of 23 patients in whom PET was per-
formed for restaging, 4 patients died from progress of
RCC. In Kaplan-Meier survival analysis, TLG
(P = 0.0009), SUV .x (P = 0.02), number of metastatic
sites (P = 0.04), serum hemoglobin (P = 0.01), and cor-
rected calcium (P = 0.0006) were significant prognostic
factors. However, TLG remained as the only independent
significant factor on multivariate analysis (P = 0.04).

Another subgroup analysis was performed in the
patients who were treated with sunitinib only, which is the
most commonly used targeted therapy agent for RCC.
Twenty-nine patients were included in this subgroup, of
which 6 died. In Kaplan—Meier analysis, SUV,.x
(P = 0.04), and TLG (P = 0.004) were selected as sig-
nificant prognostic factors, whereas serum hemoglobin
(P = 0.43), corrected calcium (P = 0.12) and number of
metastatic sites (P = 0.11) were not, in spite of some
borderline significance. In addition, only TLG remained
an independent prognostic factor with eliminating other
factors, on a multivariate analysis (P = 0.02, regression
coefficient; 2.523). Survival curves according to serum
hemoglobin, SUV,,.x and TLG in this subgroup are dem-
onstrated in Fig. 3.

Factors N Univariate analysis Multivariate analysis
Hazard ratio (95 % CI) P Hazard ratio (95 % CI) P
Serum hemoglobin® 0.01 ns
<13.0/11.5 g/dL 16 6.06 (1.39-26.42)
>13.0/11.5 g/dL. 28 1.00
Corrected serum calcium 0.04 ns
<9.0 mg/dL 28 1.00
>9.0 mg/dL 16 3.87 (0.85-17.53)
Number of metastatic sites 0.03 ns
1 18 1.00
>2 26 6.67 (1.67-26.69)
SUV nax 0.004 ns
<7.0 22 b
>7.0 22 b
TLG 0.0001 0.038
<160 30 1.00
>160 14 11.17 (2.05-60.95) 19.77 (2.37-164.6)

ns Not significant
#13.0 g/dL for male and 11.5 g/dL for female patients

® Hazard ratio was not calculated as no death was observed in the low SUV,,.x group
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Fig. 2 Survival curves of overall RCC patients according to serum
hemoglobin (a), corrected calcium (b), number of metastatic sites (c),
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number of metastatic sites (¢), SUV .« (d), and TLG (e). SUV,,.x and
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Discussion

The present study demonstrated that extrarenal metabolic
tumor burden has significant prognostic implication in
predicting survival of advanced RCC patients who were
treated with targeted therapy agents after nephrectomy.

In advanced RCC that is usually resistant to conven-
tional chemotherapy [2], nephrectomy or metastasectomy
was performed only for palliation because it was regarded
to have minimal effect on the survival of patients [15].
With the emergence of immunotherapy, it was reported
that nephrectomy reduces cancer-specific death and delays
disease progression [16, 17]. Recently, molecular targeted
therapy has improved prognosis of patients, and the effect
of nephrectomy was reevaluated. In a recent study, overall
survival was longer in combined cytoreductive surgery and
targeted therapy group than targeted therapy-only group
[5]. Nephrectomy is commonly performed in advanced
RCC patients currently, and all the enrolled patients
underwent nephrectomy in the present study. Regarding
metastasectomy, there are limited data on its prognostic
role although recent studies demonstrated benefit of me-
tastasectomy for survival in patients with advanced RCC
[6, 7].

For optimal application of cytoreductive surgery, prog-
nosis prediction is of paramount importance for selection
of surgery candidates who can get benefit. Several prog-
nosis prediction systems have been developed, and one of
the most commonly used systems was suggested by the
Memorial Sloan-Kettering Cancer Center group, including
Karnofsky performance status (KPS), lactate dehydroge-
nase (LDH), serum hemoglobin, corrected serum calcium,
and prior nephrectomy [12]. Among these 5 factors, 3
factors including KPS, serum hemoglobin, and corrected
calcium were selected again as significant prognostic fac-
tors in previously treated RCC patients [13]. Another pre-
diction system suggested by National Comprehensive
Cancer Network (NCCN) Guideline included 6 factors;
KPS, LDH, serum hemoglobin, corrected serum calcium,
interval from original diagnosis to the start of systemic
therapy, and number of metastatic sites [14]. The present
study also demonstrated significant prognostic values of
serum hemoglobin, corrected serum calcium and number of
metastatic sites, although KPS was not evaluated due to
lack of complete clinical data. The analyses in some sub-
group demonstrated those factors were not significant,
which might be caused by low statistical power of small
case numbers and different cutoff values.

Metabolic characteristics of cancer cells are used for
prognosis prediction in many cancers. SUV ., on FDG
PET, which reflects most aggressive component of cancer
cells, has prognostic values in various solid tumors such as
hepatocellular carcinoma, osteosarcoma, and lymphoma

[18-20]. Also for RCC, SUV,,,.x was tested as a prognostic
factor, in which patients with high SUV ., (=8.8) had
64 % of death rate and median survival of 156 days, while
patients with low SUV .« (<8.8) had only 13 % of death
rate [10]. The present study also demonstrated that high
SUV ax s significantly related with poor prognosis.

Tumor burden is another important prognostic factor in
advanced RCC. Motzer et al. [21] included the number of
metastatic sites in their nomogram for prognosis prediction
of RCC patients who received sunitinib therapy. Further-
more, Barbastefano et al. [7] reported that the percentage of
tumor burden reduction had significant correlation with
progression-free survival of patients, in which the method
of Response Evaluation Criteria in Solid Tumors (RECIST)
[22] was used for evaluation of tumor burden. However,
metabolic tumor burden that is measured as TLG on FDG
PET/CT can provide comprehensive information on met-
abolic activity and tumor volume. TLG was suggested as a
complementary parameter to RECIST system in evaluation
of treatment response [9]. TLG has been used for treatment
monitoring after chemotherapy in several cancers [23-25]
including RCC [26]. Regarding prognosis prediction, TLG
proved a significant prognostic factor in several cancers
such as osteosarcoma, small cell lung cancer, and pleural
mesothelioma [19, 27, 28]. Thus, we measured TLG for
tumor burden of extrarenal metastatic lesions and tested its
prognostic significance in advanced RCC.

In the present study, metabolic tumor burden was a
significant prognostic factor comparable to conventional
clinical factors. In patients with high metabolic tumor
burden (TLG > 160), median survival was shorter than
patients with low metabolic tumor burden. However, it is
still unclear which group can get benefit from cytoreduc-
tive surgery. In the present study, most of the patients
received targeted therapy only without local therapy,
except 3 patients who received palliative radiotherapy or
surgery. Thus, it may be speculated that aggressive tumor
burden reduction would be beneficial for the patients with
high metabolic tumor burden if available, because they
showed shorter survival despite use of targeted therapy. In
addition, changes in metabolic tumor burden after targeted
therapy would be effective for selection of the surgical
candidates. Further studies are warranted whether and how
metabolic tumor burden can be used for selection of
appropriate candidates for cytoreductive surgery.

Regarding FDG PET in urological cancers, FDG activity
in urine may be a limitation, because it may mask true
lesions. However, most of primary renal lesions can be
delineated with use of hybrid PET/CT images, and we
evaluated only extrarenal lesions in the nephrectomized
patients. Thus, FDG activity in urine was not a significant
limitation in this study. Another limitation of the present
study is small number and relative heterogeneity of
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patients. To reduce possible confounding from drugs, a
subgroup analysis was performed in the patients who were
treated with sunitinib, the most commonly used targeted
therapy agent [29]. In this subgroup, similar result was
obtained that TLG has a significant and independent
prognostic value, while other factors were eliminated in a
multivariate analysis. Likewise, both of initial staging and
restaging subgroups also showed that TLG was a signifi-
cant prognostic factor. However, low number of events per
independent variable is still a limitation of this study. The
results should be cautiously interpreted because the
regression coefficients may be biased in case of low
number of events. Thus, more patient number and pro-
spective design are required in further studies to confirm
the prognostic role of metabolic tumor burden.

In conclusion, extrarenal metabolic tumor burden is a
significant prognostic factor in advanced RCC patients who
were treated with targeted therapy. For selection of can-
didates for cytoreductive surgery, measurement of meta-
bolic tumor burden would be effective. Further studies are
warranted on whether and how metabolic tumor burden
may be used for selection of appropriate candidates for
cytoreductive surgery.
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