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ABSTRACT

Introduction: Polyamines, spermine and spermidine, are ubiquitous polycationic structures,
which are essential for cell proliferation and differentiation. We tested whether spermine
and spermidine could improve the prognostic ability of six established preoperative predic-
tors of cancer-specific mortality (CSM) after partial or radical nephrectomy for renal cell
carcinoma (RCC).
Materials and methods: Overall, 385 patients with clinical stages T;1-3, Mo-; RCC were treated
with radical or partial nephrectomy at a single institution between 1990 and 2007. Kaplan-
Meier plots depicted CSM after stratification according to spermine and spermidine levels
(dichotomised to above and below the median value). Univariable and multivariable Cox
regression models tested the prognostic ability of continuously coded spermine and sper-
midine levels in preoperative CSM predictions. Covariates consisted of pre-treatment T
stage, M stage, age, gender and symptom classification.
Results: The 5-year CSM-free survival of patients with spermine levels <4.5 and >4.5 nmol/
8 x 10° erythrocytes were, respectively, 79.5% and 65.0%. Similarly, the 5-year CSM-free sur-
vival of patients with spermidine levels <9.0 and >9.0 nmol/8 x 10° erythrocytes were,
respectively, 81.1% and 63.7%. In multivariable analyses addressing CSM after surgery, both
spermine (p < 0.002) and spermidine (p < 0.001) achieved independent predictor status and
improved the accuracy of established preoperative CSM predictors by 2.1% (p < 0.001).
Conclusions: Circulating polyamine levels may significantly improve the prognostic value of
established determinants of CSM in patients with RCC of all stages prior to nephrectomy.
External validation of our findings is required prior to implementation in clinical practice.
Crown Copyright © 2010 Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The natural history of renal cell carcinoma (RCC) is highly
variable, and, to date, only one pre-treatment prognostic
model showed adequate ability to predict cancer-specific
mortality (CSM) after partial or radical nephrectomy.! This
model was based on age, gender, clinical-determined T and
M stages, tumour size and symptom classification and
achieved 84.2-88.1% accuracy in an external validation co-
hort." Although the predictions of this model are very robust
and informative, they are not perfect.’ Therefore, the search
for additional predictors that could improve existing models
continues.

Polyamines, spermine and spermidine, are ubiquitous
polycationic structures that originate from putrescine, which
is synthesised from ornithine through a reaction catalysed by
ornithine decarboxylase.? The function of polyamines is dri-
ven by electrostatic interactions with macromolecules such
as nucleic acids (RNA and DNA), nucleotides (ATP), proteins
and membrane components such as phospholipids. Poly-
amines are essential for normal cell proliferation and differ-
entiation as they play a role in DNA synthesis and
stabilisation.?™* Moreover, polyamines are released by dead
cells and are also produced during physiological and tumour-
al cell proliferation.” Free circulating polyamines are trans-
ported by erythrocytes.>*>

In the current study, we hypothesised that two specific cir-
culating polyamines, spermine and spermidine, may improve
the predictive accuracy of our previously validated preopera-
tive model.> Our hypothesis was based on promising data that
originated from prostate cancer,®” acute leukaemia' and
supratentorial malignant glioma studies,’'> where poly-
amines achieved statistical significance and independent pre-
dictor status in the prognostic stratification of patients with
those malignancies. Additionally, renal tissue-derived poly-
amines levels were able to stratify the survival of patients
after radical nephrectomy for RCC and were predictors of
metastatic progression.?

Our tests relied on multivariable models. They focused on
the ability of erythrocyte polyamines to improve the prognos-
tic accuracy of the previously externally-validated pre-
nephrectomy nomogram predicting CSM after partial or radi-
cal nephrectomy. Predictive accuracy, defined by the concor-
dance index (c-index), was used as a benchmark.
Specifically, we quantified the gain in accuracy (increase in
c-index values) related to the consideration of the two poly-
amines, relative to a model without these two variables.

2. Materials and methods

2.1. Patient population

After review board approval, data were retrieved from an
institutional database and yielded 385 assessable patients
treated with partial or radical nephrectomy between 1990
and 2007 at Rennes University Hospital. Preoperative-deter-
mined variables consisted of patient age, gender, clinical T
stage, presence of distant metastases, tumour size, symptom
classification and erythrocyte spermine and spermidine
levels.

Patients were staged preoperatively with computerised
tomography of the abdomen and pelvis, with computerised
tomography of the chest, or with chest X-rays. The largest tu-
mour dimension was used to define tumour size. Symptoms
were prospectively recorded and defined as asymptomatic, lo-
cal (lumbar pain, haematuria, palpable mass) and systemic
(fever, fatigue, weight loss, night sweats).'*

Follow-up consisted of one postoperative baseline visit
and was then performed every 6 months for a minimum of
2 years. Subsequently, minimum follow-up consisted of an-
nual visits. At each visit, a CT of the chest or a chest X-ray
accompanied a CT of the abdomen. The cause of death was
either obtained from the medical chart and recorded prospec-
tively or obtained from the death certificate in a retrospective
fashion. RCC-specific mortality included deaths that were di-
rectly attributed to RCC.

2.2.  Erythrocyte polyamine level determination

Informed consent for blood sample testing was obtained in all
cases. Erythrocyte spermine and spermidine levels were
determined preoperatively from patient blood samples, as de-
scribed by Cipolla et al.® Five millilitres (mL) blood samples
were collected preoperatively in blood collection tubes con-
taining a 0.129 M (M) buffered sodium citrate solution and
were centrifuged at 2500 relative centrifugal force (g). After
the removal of plasma and buffy coat layer, the red blood cell
pellet was washed with 0.14 M Nacl solution. One millilitre of
the packed red blood cell pellet was removed and haemolysed
with 2 mL of distilled water. Proteins were removed from the
hemolysate by the addition of 2mL of ice-cold 10% HCIO.
After centrifugation at 3000 g, free polyamines contained in
red blood cells were measured from 1 mL perchloric superna-
tant. For each sample, 0.5 mL of aqueous sodium carbonate
saturated solution was added with 1 mL of dansyl chloride
dissolved in acetone. The samples were kept in the dark dur-
ing 16 h, under a slight air depression for allowing a selective
evaporation of acetone. Dansylated derivatives of polyamines
were recovered by two successive dry extractions using cyclo-
hexane. The residue was then resuspended in 1 mL of aceto-
nitrile. Ten microlitres of this extract were used for high
performance liquid chromatography (HPLC) analysis. The
supernatant fluid was stored frozen at —40°C. HPLC poly-
amine determination was performed as previously de-
scribed.®® In the following determinations, circulating

polyamine values were expressed in nmol/8x 10°
erythrocytes.
2.3.  Statistical analyses

Spermine and spermidine blood levels were dichotomised
according to the median. Kaplan-Meier plots were used to
graphically illustrate the CSM rates for the entire cohort, as
well as the CSM rates according to dichotomised spermine
and spermidine levels. Differences between spermine and
spermidine groups above and below the median were as-
sessed using the pairwise log-rank test.

Univariable and multivariable Cox regression models
tested the effect of continuously coded spermine and sper-
midine on CSM. Covariates consisted of established preoper-
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ative CSM predictors, namely patient age, gender, tumour
size, symptom classification and preoperative T and M
stages.

Subsequently, Cox regression coefficients were used to
quantify the univariable accuracy of continuously coded
erythrocyte polyamine levels in the prediction of CSM. More-
over, we quantified the multivariable accuracy gain related
to the addition of spermine, spermidine or both variables
to the established clinical predictors of CSM that consisted
of age, gender, tumour size, symptom classification and pre-
operative T and M stages.’ In accuracy analyses, a value of
100% indicates perfect prediction whereas 50% is equivalent
to the toss of a coin. Predictive accuracy is usually quantified
with receiver operating characteristics-derived area under
the curve (AUC) estimates. In Cox regression models, the
AUC is substituted with Harrell’s concordance index (c-in-
dex),'”> which was used in the current analyses. The Man-
tel-Haenszel test was used to assess the statistical
significance of the accuracy gain related to the addition of
continuously coded spermine and spermidine blood levels
to the other predictors. Two hundred bootstrap resamples
were used to reduce overfit bias and for internal validation
of all accuracy estimates.

Finally, since the predictive value of circulating spermine
and spermidine may vary with tumour stage, all steps of
the analyses were then repeated in patients with non-meta-
static (Mp) RCC, as well as in patients with metastatic RCC
(My). All statistical tests were performed using either the Sta-
tistical Package for Social Science, version 16.0 (SPSS, Chicago,
IL) or the S-PLUS Professional, version 1 (Mathsoft, Seattle,
WA). All tests were two-sided with a significance level set at
0.05.

3. Results

Overall, 385 patients were treated with either radical nephrec-
tomy (n=287) or partial nephrectomy (n=298) for RCC be-
tween 1990 and 2007 (Table 1). Most of them were male
(59.2%). Mean age was 62.6 (+12.8) years. Overall, 25.5%,
18.4%, 15.6% and 40.5% patients had, respectively, clinical
stages T1a, T1pb, T2 and T3 disease. Distant metastases were ob-
served in 58 (15.1%) patients. Median levels of spermine and
spermidine were 4.5 and 9.0 nmol/8 x 10° erythrocytes.

Fig. 1 shows CSM-free survival for the entire cohort. CSM-
free survival rates at 1, 2 and 5years after surgery were,
respectively, 88.9%, 81.1% and 72.0%. After stratification
according to dichotomised circulating polyamines levels, the
5-year CSM-free survival rates were, respectively, 79.5% ver-
sus 65.0% for, respectively, patients with spermine levels of
<45 and >4.5nmol/8x10° erythrocytes (log-rank test:
p=0.001) (Fig. 2A). Similarly, the 5-year CSM-free survival
rates were 81.6% versus 67.0% for, respectively, patients with
spermidine levels of <9.0 and >9.0 nmol/8 x 10° erythrocytes
(log-rank test: p <0.001) (Fig. 2B). When survival analyses
were limited to patients with non-metastatic RCC (M), the
S-year CSM-free survival rates were, respectively, 88.1 versus
70.1% for patients with spermine levels of <4.5 and
>4.5nmol/8x 10° erythrocytes (log-rank test: p < 0.001)
(Fig. 2C). In the same patient subgroup, the 5-year CSM-free

Table 1 - Characteristics of the study population of patients

treated with partial or radical nephrectomy for renal cell
carcinoma between 1990 and 2007 (n = 385).

Characteristics of the study population (n = 385)

Clinical variables
Age (years)

Mean (+SD) 62.6 (+12.8)
Gender

Male 228 (59.2%)

Female 157 (40.8%)

Tumour size (cm)

Mean (+SD) 7.2 (£4.0)

Circulating spermine level (nmol/8 x 10° erythrocytes)?
Mean (+SD) 6.3 (£7.6)

Circulating spermidine level (nmol/8 x 10° erythrocytes)®
Mean (+SD) 10.9 (+6.2)

Surgery type
Partial nephrectomy
Radical nephrectomy

98 (25.5%)
287 (78.7%)

Symptom classification

Asymptomatic 198 (51.4%)

Local 105 (27.3%)

Systemic 82 (21.3%)
Clinical T stage

Tia 98 (25.5%)

Tip 71 (18.4%)

T 60 (15.6%)

s 156 (40.5%)
M stage

Mo 327 (84.9%)

M, 58 (15.1%)

Pathological variables
RCC histological subtypes

Clear-cell 329 (85.5%)
Papillary 37 (9.6%)
Chromophobe 19 (4.9%)
Fuhrman grade

I 13 (3.4%)

11 155 (40.3%)
III 149 (38.7%)
v 68 (17.7%)

Follow-up of censored patients (months)
Mean (+SD) 42.3 (+40.6)

SD: standard deviation.

RCC: renal cell carcinoma.
2 Circulating spermine level, median: 4.5 nmol/8 x 10° erythrocytes.
Y Circulating  spermidine level, median: 9.0 nmol/8 x 10°
erythrocytes.

survival rates were 84.9% versus 72.8% for, respectively, pa-
tients with spermidine levels of <9.0 and >9.0 nmol/8 x 10°
erythrocytes (log-rank test: p = 0.01) (Fig. 2D).

Continuously coded spermine (p <0.001) and spermidine
(p < 0.001) achieved statistical significance in univariable anal-
yses predicting CSM rates after surgery (Table 2). Similarly,
continuously coded spermine (p <0.002) and spermidine
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Overall population (n=385)

n=385

Proportion of CSM-free survival (%)

0.51
0.4+
0.3
0.2 Follow-up CSM-free survival rate (95% CI)
’ 1 year 88.9% (85.1-91.8)
2 years 81.1% (76.2-85.0)
0.1 5 years 72.0% (65.7-77.3)
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Fig. 1 - Kaplan-Meier survival curve depicting cancer-specific mortality after partial or radical nephrectomy in the overall
population of renal cell carcinoma patients (n = 385).
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Fig. 2 - Kaplan-Meier survival curves depicting cancer-specific mortality in the overall population (A and B) and in patients
with non-metastatic renal cell carcinoma only (C and D), stratified according to the median spermine (A and C) and
spermidine (B and D) values.



able 2 - Univariable and multivariable analyses predicting the probability of cancer-specific mortality after surgery in the overall population of patients with renal cell

carcinoma treated with partial or radical nephrectomy (n = 385). The area under the curve (AUC) reflects the prognostic value of individual variables (columns), as well as o
the multivariable models in predicting the probability of cancer-specific mortality.

Predictors

Univariable analysis

Multivariable analysis

p-Value
HR (95% CI)

AUC of individual
predictor variables

Full model without

spermine and
spermidine
p-Value
HR (95% CI)

Full model with spermine

p-Value

HR (95% CI)

Full model with
spermidine

p-Value
HR (95% CI)

Full model with
spermine and spermidine

p-Value

HR (95% CI)

Continuously coded
spermine
Continuously coded
spermidine

Symptom classification
Local versus asymptomatic
Systemic versus
asymptomatic

T stage

Tqp versus Tq4
T, versus Ty,
T3 versus Tq,

M stage
M; versus M,

Tumour size

Age

Gender
Female versus male

AUC of multivariable models
Gain in predictive accuracy
(Mantel-Haenszel, p-value)

p <0.001
1.04 (1.03-1.06)
p <0.001

1.07 (1.05-1.09)

p <0.001
5.56 (2.74-11.3)
13.54 (6.77-27.1)

p <0.001
2.21 (0.55-8.83)
6.13 (1.75-21.5)
13.94 (4.38-44.4)

p =0.001
5.34 (3.33-8.58)

p <0.001

1.13 (1.08-1.18)
p=0.3

1.01 (0.99-1.03)

p=0.3
0.79 (0.51-1.23)

69.1%

69.2%

76.3%

72.6%

64.5%

70.0%

51.1%

51.6%

p <0.001
3.08 (1.40-6.61)
5.58 (2.63-12.0)

p=0.02

1.56 (0.42-6.41)
2.35 (0.61-9.42)
4.17 (1.12-15.3)

p =0.001
2.34 (1.42-3.91)

p=0.5
1.02 (0.91-1.13)
p=04
1.01 (0.91-1.03)

p=04
1.20 (0.82-1.93)

79.8%

p <0.001
1.03 (1.02-1.05)

p <0.001
2.81 (1.31-6.03)
4.83 (2.22-10.5)

p=0.03
1.65 (0.40-6.82)
2.31 (0.57-9.29)
4.02 (1.09-14.8)

p <0.001
2.76 (1.62-4.69)

p=0.5
1.02 (0.96-1.09)
p=04
1.01 (0.99-1.03)
p=0.5
0.84 (0.54-1.32)
81.0%

+1.2%
(p < 0.001)

p <0.001
1.06 (1.03-1.08)

p <0.001
3.012(1.43-6.37)
5.32 (2.47-11.4)

p=0.03
2.07 (0.49-8.65)
3.02 (0.74-12.3)
4.69 (1.29-17.0)

p =0.002
2.33 (1.37-3.98)

p=0.6
1.02 (0.95-1.08)
p=0.2
1.01 (0.99-1.03)
p=0.6
0.88 (0.56-1.39)
81.6%

+1.8%
(p < 0.001)

p =0.002
1.03 (1.01-1.04)
p=0.001

1.05 (1.02-1.08)

p=0.001
2.85 (1.35-6.03)
4.64 (2.14-10.1)

p=0.04
2.15 (0.51-9.03)
2.96 (0.72-12.1)
4.63 (1.27-16.9)

p <0.001
2.69 (1.56-4.63)

p=0.8
1.01 (0.95-1.09)
p=02
1.01 (0.99-1.03)
p=0.5
0.87 (0.55-1.37)
81.9%

+2.1%
(p < 0.001)

AUC: area under the curve.
HR: hazard ratio.
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Table 3 - Univariable and multivariable analyses predicting the probability of cancer-specific mortality after surgery in the subgroup of patients with non-metastatic renal

cell carcinoma (M) (n = 327). The area under the curve (AUC) reflects the prognostic value of individual variables (columns), as well as of the multivariable models in
predicting the probability of cancer-specific mortality.

Multivariable analysis
Full model with Full model with

Predictors Univariable analysis

AUC of individual

Full model without Full model with

CE6T

predictor variables spermine and spermine spermidine spermine and
spermidine spermidine
p-Value p-Value p-Value p-Value p-Value
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Continuously coded p <0.001 73.9% = p <0.001 - p=0.02
spermine 1.05 (1.03-1.06) 1.03 (1.01-1.04) 1.02 (1.01-1.04)
Continuously coded p <0.001 68.4% — = p <0.001 p=0.001
spermidine 1.08 (1.05-1.10) 1.07 (1.03-1.11) 1.07 (1.03-1.11)
Symptom classification p <0.001 76.4% p <0.001 p=0.001 p <0.001 p <0.001
Local versus asymptomatic  6.83 (2.98-15.6) 3.71 (1.53-9.02) 3.46 (1.41-8.46) 3.79 (1.56-9.22) 3.66 (1.50-8.94)
Systemic versus 13.74 (5.80-32.5) 7.38 (2.87-18.9) 6.52 (2.50-17.0) 7.80 (3.01-20.2) 6.87 (2.61-18.1)
asymptomatic
T stage p <0.001 74.1% p=0.02 p=0.04 p=0.1 p=0.1
T, versus T; 4.98 (1.81-13.7) 2.37 (0.75-7.48) 2.24 (0.70-7.15) 1.89 (0.58-6.16) 1.84 (0.61-6.01)
T versus T; 9.89 (4.19-23.4) 3.73 (1.38-10.1) 3.44 (1.25-9.44) 2.67 (0.96-7.45) 2.62 (0.93-7.33)
Tumour size p <0.001 69.7% p=0.5 p=0.5 p=0.3 p=04

1.15 (1.10-1.22) 1.03 (0.95-1.12) 1.03 (0.94-1.12) 1.05 (0.96-1.16) 1.04 (0.96-1.13)
Age p=0.2 53.5% p=0.2 p=0.2 p=0.2 p=0.2

1.02 (0.99-1.04) 1.02 (0.99-1.04) 1.02 (0.99-1.04) 1.02 (0.99-1.04) 1.02 (0.99-1.04)
Gender p=0.5 50.6% p=0.3 p=0.3 p=0.2 p=02
Female versus male 0.82 (0.48-1.41) 0.72 (0.41-1.26) 0.73 (0.42-1.28) 0.69 (0.39-1.20) 0.67 (0.39-1.18)
AUC of multivariable models - = 79.2% 80.0% 81.1% 81.5%
Gain in predictive accuracy = = = +0.8% +1.9% +2.3%
(Mantel-Haenszel p-value) (p =0.002) (p < 0.001) (p < 0.001)

AUC: area under the curve.
HR: hazard ratio.
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(p < 0.001) achieved independent predictor status in multivar-
iable Cox regression analyses (Table 2).

In analyses that quantified predictive accuracy, when each
variable was examined continuously spermidine and sperm-
ine ranked, respectively, 4th (69.2%) and 5th (69.1%) (Table 2).
When spermine was added to T and M stages, tumour size,
symptom classification, age and gender, accuracy increased
by 1.2% (Mantel-Haenszel test: p < 0.001). When spermidine
was added to the same CSM predictors, accuracy increased
by 1.8% (Mantel-Haenszel test: p <0.001). When spermine
and spermidine were added to T and M stages, tumour size,
symptom classification, age and gender, accuracy increased
by 2.1% (Mantel-Haenszel test: p < 0.001).

Virtually the same results were obtained when univariable
and multivariable Cox regression analyses were limited to pa-
tients with non-metastatic RCC (M) (Table 3). Both spermine
(p <0.02) and spermidine (p <0.001) achieved independent
predictor status. In accuracy analyses, the inclusion of both
spermine and spermidine increased the AUC of the baseline
model by 2.3% (Mantel-Haenszel: p < 0.001).

After restricting the analysis to metastatic RCC patients,
spermine (p = 0.006) and spermidine (p = 0.03) achieved statis-
tical significance in univariable Cox regression models
addressing CSM (table not shown). In multivariable models,
spermine (p=0.02) remained an independent predictor of
CSM, but not spermidine (p = 0.09).

4, Discussion

The natural history of patients with RCC treated with nephrec-
tomy is highly variable. Individuals with T;NoM, tumours may
not require any form of therapy due to the indolent nature of
their disease.’®'” Conversely, patients with T5sNoMy RCC may
rapidly succumb to their disease. Similarly, heterogeneity ex-
ists in patients with nodal metastases.'® As many as 50% of
patients may remain alive at 5 years. Conversely, others may
die within 2 years after nephrectomy. Finally, patients with
metastatic RCC may also show important variability in
CSM." Long-term survivors may not succumb to RCC for sev-
eral years or even decades without active chemotherapy. Con-
versely, some patients with metastatic RCC may die within
less than one year after cytoreductive nephrectomy.

Several prognostic models have been devised to assist cli-
nicians with risk stratification prior to nephrectomy. Those
models may help with sub-stratification of patients with all
RCC stages. They may help with the identification of patients
with aggressive variants of T{NoMy RCC, and they may also
help discriminating between rapidly versus slowly evolving
metastatic RCC variants. To date, three models have been de-
vised with the intent of predicting RCC recurrence or CSM
prior to nephrectomy.?>?* The two recurrence models dem-
onstrated poor accuracy (65-67%).2%?* Conversely, the CSM
model showed 84-88% accuracy in external validation.® To
date, no additional studies attempted to improve the accuracy
of this model. In the current study, we describe the results of
multivariable accuracy tests that quantified the gain in pre-
dictive accuracy related to the inclusion of two circulating
polyamines, spermine and spermidine to the previously de-
vised model.

Our results showed that spermine and spermidine can en-
hance the accuracy of the pre-nephrectomy nomogram in the
prediction of CSM. The nomogram was 79.8% accurate in the
current cohort. The addition of spermine and spermidine re-
sulted in a 2.1% gain, which was statistically significant
(p <0.001). It is noteworthy that virtually the same results
were observed when accuracy analyses were limited to pa-
tients with non-metastatic RCC. In this patient subgroup,
the accuracy gain related to the addition of circulating poly-
amines to the baseline prognostic model was 2.3% (p < 0.001).

From a practical perspective, a 2.1-2.3% gain implies that
between 21 and 23 additional patients will be correctly classi-
fied out of 1000. Although this may appear trivial on an indi-
vidual basis, it is of significance in RCC chemotherapy trials,
where hundreds or even thousands of patients may be strat-
ified. The biological rationale for the observed prognostic abil-
ity of spermine and spermidine stems from the functional
role of those two polyamines that are critical for cell prolifer-
ation and differentiation, and are involved in DNA, RNA and
protein synthesis.?**3

Several other serum markers capable of predicting the nat-
ural history or the prognosis of RCC patients have been pro-
posed. Vascular endothelial growth factor (VEGF) was found
to be related with RCC grade and stage.?* However, in multi-
variable analyses addressing CSM, VEGF failed to achieve
the independent predictor status.>*?* Circulating interleu-
kin-6 was found to be an independent predictor of survival
in patients with metastatic RCC.?® Li et al. showed that serum
carbonic anhydrase IX level is associated with postoperative
RCC recurrence.® Similarly, in patients with RCC, Vasudev
et al. observed that low preoperative sodium concentration
was associated with worse survival.”’ However, the gain in
predictive accuracy related to the addition of such markers
to established CSM predictors has not been tested. Previous
analyses showed that independent predictor status does not
always result in a predictive accuracy gain, which represents
the cornerstone of the prognostic qualities of a variable of
interest.”®

To date, only C-reactive protein showed an improvement
in the predictive accuracy of pathological and clinical disease
characteristics after nephrectomy.?® Our model confirms that
highly accurate markers, such as spermine and spermidine,
can also improve the predictive accuracy, but can be applied
preoperatively, without the knowledge of histological subtype
or Fuhrman grade.

The prognostic value of circulating polyamines was con-
firmed both in the overall population and in the non-meta-
static patient subgroup. Conversely, in patients with
metastatic RCC, only spermine achieved the independent pre-
dictor status. It is noteworthy that, in the current study, all
patients with metastatic RCC were diagnosed and treated
prior to the advent of tyrosine-kinase inhibitors. Interferon-
alpha and interleukin-2 were administered to some of these
patients. However, as shown by numerous previous studies,
they failed to significantly improve the survival of most pa-
tients with metastatic RCC.*° In consequence, the available
treatment options unlikely affected CSM in the current pa-
tient population.

In spite of its promising results, our study has some lim-
itations. Its retrospective nature is shared with all previous
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tumour markers analyses.?*?>27:2%31-33 An additional limita-
tion consisted of the inability of the current study to per-
form a head-to-head comparison between circulating
polyamine levels and other promising serum markers.
Unfortunately, the current dataset did not contain alterna-
tive novel markers to generate such comparisons. However,
lack of independent external validation represents the most
important limitation, and is required in future studies of
those two promising markers. Additionally, spermine and
spermidine measurements require inter-institutional stan-
dardisation to ensure stable performance in future studies
evaluating the prognostic value of these biomarkers in RCC
patients.

In conclusion, spermine and spermidine erythrocyte levels
may significantly improve the accuracy of established deter-
minants of CSM in the preoperative prognostic stratification
of patients with RCC. Independent external validation of our
findings is required, prior to implementation in clinical
practice.

Conflict of interest statement

None declared

Acknowledgements

Dr. Pierre I. Karakiewicz is partially supported by the Univer-
sity of Montreal Urology Specialists, Fonds de la Recherche
en Santé du Québec, the University of Montreal, Department
of Surgery and the University of Montreal Foundation.

REFERENCES

1. Karakiewicz PI, Suardi N, Capitanio U, et al. A preoperative
prognostic model for patients treated with nephrectomy for
renal cell carcinoma. Eur Urol 2008.

2. Thomas T, Thomas TJ. Polyamines in cell growth and cell
death: molecular mechanisms and therapeutic applications.
Cell Mol Life Sci 2001;58(2):244-58.

3. Pegg AE, McCann PP. Polyamine metabolism and function. Am
J physiol 1982;243(5):C212-21.

4. Tabor CW, Tabor H. Polyamines. Ann Rev Biochem
1984;53:749-90.

5. Seiler N, Delcros JG, Moulinoux JP. Polyamine transport in
mammalian cells. An update. Int J Biochem Cell Biol
1996;28(8):843-61.

6. Cipolla B, Moulinoux JP, Quemener V, et al. Erythrocyte
polyamine levels in human prostatic carcinoma. J Urol
1990;144(5):1164-6.

7. Cipolla B, Guille F, Moulinoux JP, et al. Polyamines and
prostatic carcinoma: clinical and therapeutic implications.
Eur Urol 1993;24(1):124-31.

8. Cipolla BG, Ziade J, Bansard JY, et al. Pretherapeutic
erythrocyte polyamine spermine levels discriminate high risk
relapsing patients with M1 prostate carcinoma. Cancer
1996;78(5):1055-65.

9. Cipolla B, Guille F, Moulinoux JP, et al. Erythrocyte polyamines
and prognosis in stage D2 prostatic carcinoma patients. J Urol
1994;151(3):629-33.

10. Bergeron C, Bansard]Y, Le Moine P, et al. Erythrocyte spermine
levels: a prognostic parameter in childhood common acute
lymphoblastic leukemia. Leukemia 1997;11(1):31-6.

11. Chatel M, Darcel F, Quemener V, Hercouet H, Moulinoux JP.
Red blood cell polyamines as biochemical markers of
supratentorial malignant gliomas. Anticancer Res
1987;7(1):33-8.

12. Moulinoux JP, Quemener V, TheronJ, et al. Erythrocyte
polyamines: their diagnostic and therapeutic importance in
human neuro-oncology. Adv Exp Med Biol 1988;250:353-63.

13. Rioux-Leclercq N, Delcros JG, Bansard JY, et al.
Immunohistochemical analysis of tumor polyamines
discriminates high-risk patients undergoing nephrectomy for
renal cell carcinoma. Hum Pathol 2004;35(10):1279-84.

14. Patard J], Leray E, Rodriguez A, et al. Correlation between
symptom graduation, tumor characteristics and survival in
renal cell carcinoma. Eur Urol 2003;44(2):226-32.

15. Harrell Jr FE, Califf RM, Pryor DB, Lee KL, Rosati RA. Evaluating
the yield of medical tests. Jama 1982;247(18):2543-6.

16. Volpe A, Panzarella T, Rendon RA, et al. The natural history of
incidentally detected small renal masses. Cancer
2004;100(4):738-45.

17. Chawla SN, Crispen PL, Hanlon AL, et al. The natural history
of observed enhancing renal masses: meta-analysis and
review of the world literature. J Urol 2006;175(2):425-31.

18. Karakiewicz PI, Trinh QD, Bhojani N, et al. Renal cell
carcinoma with nodal metastases in the absence of distant
metastatic disease: prognostic indicators of disease-specific
survival. Eur Urol 2007;51(6):1616-24.

19. Bukowski RM, Negrier S, Elson P. Prognostic factors in patients
with advanced renal cell carcinoma: development of an
international kidney cancer working group. Clin Cancer Res
2004;10(18 Pt 2):6310S—-4S.

20. Yaycioglu O, Roberts WW, Chan T, et al. Prognostic
assessment of nonmetastatic renal cell carcinoma: a
clinically based model. Urology 2001;58(2):141-5.

21. Cindolo L, de la Taille A, Messina G, et al. A preoperative
clinical prognostic model for non-metastatic renal cell
carcinoma. BJU Int 2003;92(9):901-5.

22. Janne J, Poso H, Raina A. Polyamines in rapid growth and
cancer. Biochim Biophys Acta 1978;473(3-4):241-93.

23. Pegg AE. Polyamine metabolism and its importance in
neoplastic growth and a target for chemotherapy. Cancer Res
1988;48(4):759-74.

24. Jacobsen ], Rasmuson T, Grankvist K, Ljungberg B. Vascular
endothelial growth factor as prognostic factor in renal cell
carcinoma. J Urol 2000;163(1):343-7.

25. Negrier S, Perol D, Menetrier-Caux C, et al. Interleukin-6,
interleukin-10, and vascular endothelial growth factor in
metastatic renal cell carcinoma: prognostic value of
interleukin-6 - from the Groupe Francais d’Immunotherapie. J
Clin Oncol 2004;22(12):2371-8.

26. LiG, FengG, Gentil-Perret A, Genin C, Tostain J. Serum carbonic
anhydrase 9 level is associated with postoperative recurrence
of conventional renal cell cancer. ] Urol 2008;180(2):510-3
[discussion 3-4].

27. Vasudev NS, Brown JE, Brown SR, et al. Prognostic factors in
renal cell carcinoma: association of preoperative sodium
concentration with survival. Clin Cancer Res 2008;14(6):1775-81.

28. Kattan MW. Judging new markers by their ability to improve
predictive accuracy. J Natl Cancer Inst 2003;95(9):634-5.

29. Karakiewicz PI, Hutterer GC, Trinh QD, et al. C-reactive
protein is an informative predictor of renal cell carcinoma-
specific mortality: a European study of 313 patients. Cancer
2007;110(6):1241-7.

30. Coppin C, Porzsolt F, Kumpf ], Coldman A, Wilt T.
Immunotherapy for advanced renal cell cancer. Cochrane
Database Syst Rev 2000(3):CD001425.



EUROPEAN JOURNAL OF CANCER 46 (2010) 1927-1935 1935

31.

32.

Karakiewicz PI, Trinh QD, de la Taille A, et al. ECOG
performance status 0 or 1 and symptom classification do not
improve the ability to predict renal cell carcinoma-specific
survival. Eur J Cancer 2007;43(6):1023-9.

Karakiewicz PI, Trinh QD, Lam JS, et al. Platelet count and
preoperative haemoglobin do not significantly increase the

33.

performance of established predictors of renal cell
carcinoma-specific mortality. Eur Urol 2007;52(5):1428-36.
Trinh QD, Karakiewicz PI, Antebi E, et al. The presence of
tumor necrosis within the primary tumor cannot
independently predict renal cell carcinoma-specific mortality
after nephrectomy. J Urol 2007;177:410.



	The prognostic value of erythrocyte polyamines in the preoperative evaluation of patients with renal cell carcinoma
	Introduction
	Materials and methods
	Patient population
	Erythrocyte polyamine level determination
	Statistical analyses

	Results
	Discussion
	Conflict of interest statement
	Acknowledgements
	References


