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BACKGROUND: In renal cell carcinoma (RCC), the discovery of biomarkers for clinical use is a priority. This study aimed to identify and
validate diagnostic and prognostic serum markers using proteomic profiling.
METHODS: Pre-operative sera from 119 patients with clear cell RCC and 69 healthy controls was analysed by surface-enhanced laser
desorption/ionisation time-of-flight mass spectrometry with stringent in-house quality control and analysis routines. Following
identification of one prognostic peak as a fragment of serum amyloid A (SAA), total serum SAA and CRP were also determined by
immunoassay for further validation.
RESULTS: Several peptides were identified as having independent prognostic but not diagnostic significance on multivariable analysis.
One was subsequently identified as a 1525 Da fragment of SAA (hazard ratio (HR)¼ 0.26, 95% CI 0.08–0.85, P¼ 0.026). This was
weakly negatively correlated with total SAA, which was also of independent prognostic significance (HR¼ 2.46, 95% CI 1.17–5.15,
P¼ 0.017). Both potentially strengthened prognostic models based solely on pre-operative variables.
CONCLUSIONS: This is the first description of the prognostic value of this peptide in RCC and demonstrates proof of principle of the
approach. The subsequent examination of SAA protein considerably extends previous studies, being the first study to focus solely on
pre-operative samples and describing potential clinical utility in pre-operative prognostic models.
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Renal cell carcinoma (RCC) is the most common cancer of the
kidney with the main histological subtype being conventional
(clear cell), which accounts for around 75% of cases (Rini et al,
2009) and commonly involves the VHL tumour suppressor gene
(Young et al, 2009). Approximately 60% of patients have clinically
localised disease at presentation, with the majority undergoing
curative nephrectomy. However, a third of these patients subse-
quently relapse with metastatic disease. Although several promis-
ing markers for RCC have been identified, none currently have
been validated and are in routine use (Eichelberg et al, 2009).
There is considerable interest in biomarker development generally,
both in the context of improving safety and in ‘personalised/
individualised’ medicine by facilitating earlier and more accurate
diagnosis, improving assessment of prognosis, detection of relapse
and prediction/monitoring of response (Eichelberg et al, 2009), all
of which have additional quality of life and economic benefits.
For RCC, diagnostic markers would be particularly valuable in
high-risk populations and in patients with unresectable disease,
possibly obviating the need for biopsies. Post-surgery, imaging is
the key follow-up modality although a multiplicity of regimens
have been proposed (Rouviere et al, 2006). Prognostic algorithms

generally combine TNM staging system with tumour grade, and
pathological or clinical factors (Galfano et al, 2008; Lane and
Kattan, 2008) but estimates of individual risk are relatively wide
and several parameters such as grading are subjective. More
recently, the possibility of using algorithms based on pre-operative
information has been explored with some success (Cindolo et al,
2003; Raj et al, 2008; Karakiewicz et al, 2009).

Various proteomics-based approaches are being applied
to biomarker discovery, each with their own strengths and
weaknesses (Issaq et al, 2007; Koomen et al, 2008). One of the
approaches that has attracted a lot of interest has been that
of surface-enhanced laser desorption/ionisation time-of-flight
mass spectrometry (SELDI-TOF-MS) for profiling samples.
Significant criticism has been applied to some earlier studies in
terms of experimental design, reproducibility and resolution
(Kiehntopf et al, 2007; Whelan et al, 2008), but much effort has
been made in addressing these issues. We have used SELDI
together with stringent in-house quality control (QC) (Cairns et al,
2009) and peak detection methods (Rogers et al, 2003) to
investigate whether we can find and validate new serum
markers of potential diagnostic or prognostic utility in RCC. On
the basis of the subsequent identification of a peak with significant
prognostic value as a fragment of serum amyloid A (SAA), we
have subsequently analysed total SAA as determined by
ELISA and compared the clinical prognostic value of both
total and C-terminal fragment of SAA pre-operatively, together
with CRP.
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MATERIALS AND METHODS

Materials

All routine chemicals were from Sigma-Aldrich (Poole, UK) or
VWR Merck (Poole, UK). ProteinChips and calibrants were
purchased from Ciphergen Biosystems (now Bio-Rad, Herts, UK)
and sinapinic acid from Fluka (Fluka Chemicals Ltd., Buchs,
Switzerland). Bio-Suite CM 10 mm CXC cation exchange HPLC
column 7.5� 75 mm was obtained from Waters (Herts, UK), Bond-
Elut 500 mg C18-EWP solid-phase columns from Varian (Varian
Inc., Yarnton, Oxford, UK) and C18-zip tips were from Millipore
(Herts, UK). Milli-Q water (Millipore (UK) Ltd., Livingston, UK)
was used throughout. Monoclonal anti-human SAA (ab18713) was
purchased from Abcam (Cambridge, UK) and mouse IgG (MOPC-
21) from Sigma. Protein-G-coated Dynabeads (cat no: 100-03D)
were purchased from Invitrogen (Paisley, UK).

Patients and samples

Venous blood samples collected from 188 individuals in
2000– 2003 (Table 1) comprising 69 healthy controls and 119
patients with clear cell RCC before nephrectomy (102 radical, 6
partial; 11 unknown) or other treatment were analysed. Four

Table 1 Demographic and clinical details of the patients and healthy
controls included in the study

Characteristic n (%)

Gender
Controls – male/female (n¼ 69) 40:29 (58.0 : 42.0)
RCC – male/female (n¼ 119) 61:58 (51.3 : 48.7)

Age at sampling (year)
Controls – median (range) 62 (28, 85)
Mean (s.d.) 59.0 (16.5)
RCC – median (range) 63 (28, 85)
Mean (s.d.) 61.1 (12.0)

p(Max tumour size; cm)
Median (range) 6 (2,16)
Mean (s.d.) 6.7 (3.4)
Missing 5 (4.2)

ct(Max tumour size; cm)
Median (range) 6 (1.7,16)
Mean (s.d.) 6.7 (3.4)
Missing 26 (21.9)

Fuhrman grade
1 5 (7.2)
2 35 (29.4)
3 43 (36.1)
4 35 (29.4)
Missing 1 (0.8)

pT stage
1a 25 (21.0)
1b 31 (26.1)
2 11 (9.2)
3a* 25 (21.0)
3b* 25 (21.0)
4 1 (0.8)
Missing 1 (0.8)

ctT stage
1a 30 (25.2)
1b 20 (16.8)
2 19 (16.0)
3 21 (17.6)
4 4 (3.4)
Missing 25 (21.0)

Table 1 (Continued )

Characteristic n (%)

N stage
0 92 (77.3)
X1 20 (16.8)
Missing 7 (5.9)

M stage
0 91 (76.5)
1 28 (23.5)

TNM stage
I 52 (43.7)
II 8 (6.7)
III** 29 (24.4)
IV 29 (24.4)
Missing 1 (0.8)

MVI/VI
No 44 (37.0)
Yes 75 (63.0)
Missing 0 (0)

Necrosis
No 73 (61.3)
Yes 38 (31.9)
Missing 8 (6.7)

Symptoms
Incidental/Asymptomatic 46 (38.7)
Local 38 (31.9)
Systemic 30 (25.2)
Missing 5 (4.2)

Follow-up (year)
Median (range) 2.52 (0.01, 5.88)
Mean (s.d.) 2.52 (1.38)

DFS
Events 20 (18.9)
Censored 49 (74.3)
Missing 5 (6.8)

CSS
Events 14 (14.7)
Censored 76 (80.0)
Missing 5 (5.3)

OS
Events 24 (25.3)
Censored 62 (65.3)
Missing 9 (9.5)

SAA fragment peak intensity
Median (range) 2.818 (0, 12.20)
Mean (s.d.) 3.71 (2.31)

SAA (mg l�1)
Median (range) 6.30 (0.80, 1470.0)
Mean (s.d.) 148.10 (352.6)

CRP (mg l�1)
Median (range) 7.15 (o5.00, 201.6)
Mean (s.d.) 27.33 (45.3)

Abbreviations: CRP¼C-reactive protein; CSS¼ cancer-specific survival; DFS¼
disease-free survival; OS¼ overall survival; RCC¼ renal cell carcinoma; SAA¼ serum
amyloid A. aIncludes two and five patients, where pT¼ ‘at least’ 3a or 3b, respectively.
**Includes three patients for whom a minimum value only of III only could be
assigned for stage. For ctT, 3a and 3b are recorded as 3 only, as used in the
Karakiewicz et al (2009) model.
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patients subsequently received adjuvant therapy. Samples were
obtained after informed consent and with the approval of the local
research ethics committee. Blood was collected into Z/serum clot
activator tubes (Greiner Bio-One Ltd, Stonehouse, UK) and
allowed to clot at room temperature for 30–60 min before being
centrifuged at 1800 g and 201C for 10 min. Serum was aspirated,
aliquotted and stored at �801C until analysis.

This study was designed to follow the STARD and REMARK
(Bossuyt et al, 2003; McShane et al, 2005) guidelines for marker
identification and evaluation with the primary objective of
investigating differential expression in the SELDI profiles of RCC
and healthy controls and the planned subset analysis of
investigating prognostic significance of the profile. Using pilot
data it was shown that in order to detect a two-fold change in peak
intensity with a power of 95% at a significance level of a¼ 0.001
(to control false discovery rate) in 90% of the peaks in the serum
profile, 68 samples analysed in duplicate would be required in each
group. Additional samples were included in the RCC group as for
the prognostic investigation, it was calculated 137 samples would
be required at these significance levels and power to detect a
hazard ratio (HR) of 5 in a two-fold change in concentration, with
a probability of death of 27.5% in the expected follow-up period.
However, as only 119 samples were available, this power is
achieved in slightly fewer than 90% of the peaks.

For the diagnostic study, an initial set of 153 samples (51 normal
and 102 RCC) were analysed by SELDI over a period of 5 days. This
sample set was then split into a test and training set with similar
proportions of cases and controls. A further late test set of 49
samples (26 normal and 23 RCC, including 8 controls and 6 RCC
samples previously run in the initial set, to check the longer-term
reproducibility) was analysed by SELDI 6 months later. For the
prognostic analysis, data from all 119 RCC patients were used.

SELDI profiling

CM10 chips were prepared and samples applied as previously
described (Banks et al, 2005) but using 50 mM HEPES/0.1% v/v
Triton X-100, pH 7.0 as the wash/dilution buffer. Chips were
analysed using a PBS-II SELDI-TOF (Ciphergen Biosystems) with
conditions and calibration described in Supplementary methods. All
serum samples were analysed in duplicate with each replicate being
randomised across days and chips. An experimental QC sample
(a serum pool prepared from 20 RCC and 20 normal serum samples)
was also included on each chip, assigned to spot A for the first chip,
spot B for the second and so on to ensure representative coverage of
each spot. Peak detection was carried out using in-house software as
previously described (Rogers et al, 2003). All samples and QC spectra
were subjected to a range of QC analyses using in-house software
(Cairns et al, 2009) and rerun as necessary.

Purification and identification of peak m/z 1528 Da

In brief (full details in Supplementary Methods), serum diluted
with 25 mM HEPES, pH 6.8 was injected onto a BioSuite CM 10 mm,
CXC column. After washing, bound material was eluted with
increasing gradient to 1 M NaCl, with the presence of the 1528 Da
peak in fractions being monitored by SELDI. Relevant fractions
were then concentrated, reduced, alkylated and desalted and
applied to a 384-well MALDI plate in a solution of 4-hydroxy-a-
cyano-cinnamic acid (CHCA) in 50% aqueous (v/v) acetonitrile/
0.1% (v/v) TFA. Positive-ion MALDI mass spectra were acquired
over a mass range of m/z 800–4000 using a Bruker Ultraflex III
(Bruker Daltonics, Bremen, Germany) in reflectron mode with
external calibration. Peaks in the relevant mass range were
manually selected for MS/MS fragmentation and MS/MS spectra
were baseline-subtracted and smoothed; monoisotopic peak
detection used a SNAP averaging algorithm with a minimum S/N
of 3. Bruker FlexAnalysis software was used to perform the spectral

processing and peak list generation. Tandem mass spectral data were
submitted to database searching against the NCBInr protein database
(2 July 2008) containing 194674 human sequences using Mascot
(Matrix Science Ltd., Matrix Science, Boston, MA, USA; version 2.1)
with search criteria including: Variable modifications – oxidation
(M); Peptide tolerance – 200 p.p.m.; MS/MS tolerance – 0.8 Da; and
Fixed modification – carbamidomethyl for all alkylated samples.

The identification of the 1525– 1528 Da peak was also confirmed
by immunoprecipitation of several RCC serum samples. In brief
(full details in Supplementary Methods), 20 ml of serum was mixed
with protein G-Dynabeads coupled with either 2 mg of mouse anti-
human SAA Ab or 2 mg of mouse MOPC-21 antibody (negative
control). After washing, bound antigens were eluted with 20 ml of
100 mM acetic acid before application to 0.6 ml C18-zip-tips.
After washing with 0.1% (v/v) TFA bound species were eluted
onto gold chips using sinappinic acid or CHCA (for mass range
5–20 or 1– 5 kDa, respectively). Spectra were acquired using a PCS
4000 Enterprise Protein Chip Reader (Bio-Rad). Mass accuracy was
calibrated externally using the all-in-one peptide standard. Peaks
were detected after baseline subtraction and spectral calibration.

Immunoassay of SAA and CRP

Of the original RCC serum samples, 99 were available for subsequent
measurement of total SAA at the Supra-Regional Assay service in
Sheffield, UK, using rate nephelometry performed on Siemens BNII
with a Siemens (Siemens, Deerfield, IL, USA) kit based on a
polyclonal antibody. The CRP concentrations were also determined
using the Advia 1650 analyser (Bayer, Newbury, UK) in the Clinical
Biochemistry Department, St James’s University Hospital, Leeds, UK.
Normal range for both analytes was o10 mg l�1.

Data analysis

Diagnosis Peak detected profiles of RCC patients and healthy
controls were compared peak-by-peak using a linear mixed effects
(LMEs) model similarly to previously reported (Munro et al, 2006)
with a random effect for subject, and age and sex included as
covariates. The Random Forest classification algorithm (Liaw and
Weiner, 2002) selecting 10 random variables at each data split and
growing 50 000 trees was used to assess the classification ability of
the profile, and identified differentially expressed peaks. Receiver
operating characteristic (ROC) curve analysis was undertaken to
quantify the diagnostic potential of the identified differentially
expressed peaks, with the area under the ROC curve (AUC)
estimated and a one-sided significance test performed of the null
hypothesis that AUC40.5, against the alternative that AUCp0.5
(i.e., no diagnostic ability). When examining multiple significance
tests from the LMEs for differential expression (and tests on HRs
for prognosis), significance levels of 0.1% (Po0.001) were used as
an ad hoc method of controlling the FDR.

Prognosis Peak detected profiles from RCC patients were
averaged across technical replicates and analysed (peak-by-peak)
with primary end points, including overall survival (OS), cancer-
specific survival (CSS) and disease-free survival (DFS; defined as
date of relapse or death from any cause in patients who were
disease-free after surgery), timed from the date of nephrectomy.
The Kaplan–Meier (KM) method, simple and multivariable Cox
proportional hazards regression and the likelihood ratio test (LRT)
were used to estimate and evaluate OS, CSS and DFS for the peaks,
other known prognostic variables and immunoassay-determined
total SAA and CRP. The distribution of the continuous measure-
ments was transformed to the log2 scale to simplify interpretation
of estimated HR, and when comparing peak and ELISA measure-
ments the concentrations were scaled by dividing by their standard
deviation to make the obtained HRs comparable. The relationship
between survival and each standard prognostic clinicopathological
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variable considered for inclusion in the multivariable model
(Table 1) was assessed using HRs. In addition, given the interest in
using markers pre-operatively to assess prognosis, SAA and CRP
were considered together with the variables of age, gender,
symptom score, CT-derived size, T stage and presence or absence
of metastatic disease, as used in the pre-operative predictive
model of Karakiewicz et al (2009) to assess their independent
pre-operative predictive value. The assumption of proportional
hazards in the Cox regression was checked using the test of
Grambsch and Therneau for simple and multivariable analysis.

Analysis was undertaken using the R Environment for Statistical
Computing (R Development Core Team, Vienna) applying
functions in the nlme and survival libraries and in Stata 9.0
(College Station, TX, USA) using the lroc function.

RESULTS

Diagnosis

Over all spectra, a total of 383 different peaks were detected with a
median number of 92 in the healthy controls and 95 in the RCC
spectra. Three peaks (m/z 4802.1, 6675.9, 7341.1 Da) were
significantly differently expressed between cases and controls.
Although these peaks were highly significant in terms of
differences in means, the distributions of the peak intensities
overlapped (Supplementary Figure 1). The intra-class correlation
coefficients are also quite small indicating only moderate
reproducibility (Supplementary Table 1). The limited value of
these peaks as diagnostic biomarkers was confirmed by ROC curve
analysis, in which each peak was found to have only limited
predictive ability with AUCE60%. The ability of the profile to
classify cases and controls was assessed using the Random
Forest. Examining the training set, first test set and blind test set
resulted in a high out-of-bag classification error (44%) and poor
classification in terms of sensitivity/specificity, that is in the training
set 73%/22%, in the test set 72%, 27% and in the blind validation
set 76%/31%, respectively. Considering that these results were
achieved in a comparison of healthy controls and RCC patients, a
subsequent comparison including benign disease controls in which
even poorer performance could be anticipated was not performed.

Prognosis

Details of the length of follow-up and number of events (CSS, DFS
and OS) are given in Table 1. CSS rates (95% CI) from nephrectomy
for all RCC patients were 87.5% (80.8–94.7%) for 1 year and 71.3%
(61.4–83.1%) for 3 years. DFS rates (95% CI) from nephrectomy for
all RCC patients were 91.0% (84.4–98.1%) for 1 year and 77.3%
(66.7–89.5%) for 3 years. Overall survival rates from nephrectomy
for all RCC patients were 86.5% (79.7–94.0%) for 1 year and 66.5%
(56.2–78.8%) for 3 years. Median CSS, DFS and OS were not
reached in this follow-up period. The characteristics of the cohort of
RCC patients were checked according to known prognostic factors
(Table 2) and, as expected, significant associations were identified
between CSS and several clinicopathological features including
grade, stage, microvascular invasion and necrosis.

Considering all RCC patients, no peaks were identified that were
significantly associated with DFS (Po0.001), but 12 peaks were
identified that were significantly associated with CSS (Po0.001 –
Supplementary Table 2). Six of these peaks (three of which are
shown in Figure 1) have independent prognostic value (Po0.001)
when fitting a multivariable model with age, sex, pT, M and
maximum tumour size included as covariates. One peak was
subsequently identified, namely, the peak of approximate m/z
1525– 1528 Da, the intensity of which was inversely related to
survival, as the C terminal 13 amino acid fragment of SAA
(P02735) with a predicted mass of 1525.8 Da and Mascot score of 41,

indicating significant homology and common to both SAA-1 and
SAA-2 (Figure 2). The estimated HR for this peak in the univariate
analysis is shown in Table 2. It is encouraging that the HR in the
multivariable analysis (HR¼ 0.26, 95% CI 0.08– 0.85, P¼ 0.026) is
similar to that in the single variable analysis and the 95% CIs
overlap to an extent also. As can be seen from examining the HR, P
columns in Table 2, no prognostic variables provided any evidence
of violating the proportional hazards assumptions in both the
simple and multivariable models. The identity of this peak was also
confirmed by immunoprecipitation (Figure 3) with several
additional peaks being specifically precipitated including the
11 kDa cluster of three peaks previously identified (Tolson et al,
2004; Engwegen et al, 2007) as intact SAA (11.68 kDa), des-R SAA
(11.5 kDa) and des-RS SAA (11.4 kDa). Peaks at 9.29 and 7.61 kDa,
which may correspond to previously observed proteolytic break-
down products of SAA by cathepsin-B action (Rocken et al, 2005),
were also seen (data not shown).

The summary statistics for SAA as determined by immunoassay
are shown in Table 2, and show weak evidence of a negative
correlation of r¼�0.16 (95% CI �0.35 to 0.04, P¼ 0.11) with the
intensity of the 1528 Da SAA fragment. SAA was also strongly
positively correlated with CRP (r¼ 0.88, 95% CI 0.82–0.92,
Po10�15) and showed evidence of an association (details in
Supplementary Results) with grade Po10�5), pT (P¼ 0.002),
CT-determined T-stage (Po10�3), TNM stage (P¼ 0.0003),
N stage (Po10�3) and symptoms score (P¼ 0.007). In addition,
there was evidence of a positive correlation with tumour size
determined by CT (Pearson r¼ 0.416, Po10�4) or pathology
(r¼ 0.368, Po10�3). However, there was no evidence of an
association with M stage (P¼ 0.1611). There was no evidence of
significant association or correlation between these clinicopatho-
logical variables and the SAA peak fragment.

Figure 4 shows CSS for the SAA fragment of 1528 Da, mature SAA
and CRP with increases in mature SAA and CRP being associated
with poorer survival. It is clear that the relationship between hazard
of death and concentration of SAA as measured by immunoassay is
in an opposing direction to the SAA fragment (Figure 4). This is
confirmed by examining the HR for SAA for univariate analysis in
Table 2 (HR¼ 3.77, 95% CI 2.35–6.05, Po10�7). In fact, it is almost
exactly the reciprocal of the HR for the peak at 1528 Da
(e(�log(3.77))¼ 0.27), a near perfect inverse relationship. The survival
function for CRP is very similar to that for SAA, which is possibly
not surprising considering their strong positive correlation.

The results of the multivariable analysis to test for independent
prognostic ability are shown in Table 2. The estimated HRs in the pre-
operative predictive model of Karakiewicz et al (2009) were contained
in the 95% CIs for HR for all, except one of the variables in Table 4
(local vs asymptomatic symptoms) indicating the transferability of this
model to our data. In addition, SAA is shown to have independent
prognostic ability (LRT, P¼ 0.017). The HR of the multivariable
analysis for SAA was similar, but reduced to that for the univariate
analysis, indicating that some of the relationship with survival time
explained by SAA is explained by the other variables in the model. The
SAA fragment was also an independent prognostic factor but when
CRP was added to the model, SAA or the SAA fragment were no
longer independent prognostic factors (SAA; LRT, P¼ 0.208), but
adding CRP to the model containing SAA and the other pre-operative
factors was independently prognostic (LRT, P¼ 0.004).

This analysis was similarly undertaken for OS and DFS
(Supplementary Tables 3 and 4). The SAA fragment and
immunoassay SAA measurement were found to be significantly
related with OS (Po0.05) on single variable analysis, and on
multivariable analysis there was some evidence of independent
prognostic ability for the SAA immunoassay measurement (LRT,
P¼ 0.080). However, these measurements were not found to be
significantly independently prognostic of DFS (LRT, P40.05),
although the HRs were similar to those found in CSS/OS. The CRP
was shown to be highly significantly related to OS (Po10�7) and
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DFS (Po10�3) in RCC. Similar analysis was undertaken for CSS,
DFS and OS considering non-cancer deaths, and no relationship
was found between the SAA fragment or total SAA or CRP
(P40.05), indicating the specific nature of the relationship of these
factors with prognosis and RCC.

DISCUSSION

This study demonstrates an important proof of principle of the
ability of a proteomic profiling approach to successfully detect a

potential prognostic serum biomarker, specifically a C-terminal
fragment of SAA, for renal cancer. Few such examples that exist in
the cancer literature currently and mainly address diagnosis. The
validity of the identified C-terminal fragment of SAA in serum as
being of independent prognostic significance in RCC with higher
levels being associated with better survival was further demon-
strated by its inverse correlation with intact SAA, as measured
by immunoassay and, importantly, almost perfectly inverse HRs
between the two. Critically, both this fragment and intact SAA have
been shown for the first time to provide additional information

Table 2 Univariate and multivariable prognostic modelling results for all RCC patients for CSS using Cox proportional hazards regression

Univariate analysis Multivariable analysis

Characteristic HR 95% CI P PH P HR 95% CI P PH P

SAA peak fragment 0.28 (0.12, 0.68) 0.005 0.229

SAA (mg l�1) 3.77 (2.35, 6.05) o10�7 0.490 2.46 (1.17, 5.15) 0.017 0.176

CRP (mg l�1) 2.30 (1.75, 3.01) o10�8 0.144

Age (year) 0.98 (0.95, 1.02) 0.330 0.157 0.95 (0.89, 1.01) 0.079 0.037

Sex
Male vs female 1.20 (0.52, 2.8) 0.670 0.346 1.13 (0.35, 3.66) 0.840 0.840

pT stage
T2 vs T1 4.96 (0.70, 35.2) 0.110 0.411
T3 vs T1 17.91 (4.10, 78.6) o10�3 0.988
T4 vs T1 90.42 (7.41, 1103.3) o10�3 0.714

0.695

ctT stage
T2 vs T1 2.69 (0.67, 10.8) 0.160 0.168 4.14 (0.36, 47.1) 0.250 0.071
T3/T4 vs T1 11.40 (3.65, 35.6) o10�4 0.824 6.62 (0.81, 53.8) 0.077 0.214

0.286

N stage
N1 vs N0 15.40 (5.67, 42.1) o10�7 0.498
N2 vs N0 16.80 (3.39, 83.6) o10�3 0.937

0.744

M stage
M1 vs M0 15.90 (6.14, 41.2) o10�7 0.967 5.81 (1.23, 27.4) 0.026 0.713

TNM stage
III vs I/II 16.80 (1.94, 145) 0.010 0.723
IV vs I/II 74.90 (9.84, 157) o10�4 0.940

0.943

pMax. tumour diameter (cm) 1.21 (1.09, 1.34) o10�3 0.294

ctMax. tumour diameter (cm) 1.22 (1.08, 1.36) o10�3 0.393 1.03 (0.79, 1.33) 0.850 0.145

Fuhrman grade
G3 vs G1/G2 6.23 (0.72, 53.7) 0.096 0.921
G4 vs G1/G2 28.62 (3.65, 209.10) 0.001 0.862

0.998

MVI
Yes vs no 63.40 (8.39, 480) o10�4 0.802

Necrosis
Yes vs no 6.50 (2.52, 16.8) o10�3 0.498

Symptoms
Local vs asymptomatic 1.48 (0.30, 7.32) 0.630 0.829 0.16 (0.02, 1.56) 0.124 0.541
Systemic vs asymptomatic 11.84 (3.43, 40.75) o10�4 0.791 1.36 (0.22, 8.50) 0.740 0.898

0.848 0.691

Abbreviations: CI¼ confidence interval; CRP¼C-reactive protein; CSS¼ cancer-specific survival; HR¼ hazard ratio; RCC¼ renal cell carcinoma; SAA¼ serum amyloid A.
Multivariable results refer to the model considering immunoassay-determined SAA. PH P columns refer to the test for evidence of violation of the proportional hazards assumption.
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when used in combination with other clinical variables in pre-
operative prognostication.

There has been increasing interest in SAA, a major apolipopro-
tein of HDL, in cancer with the recognition that it is not just an
acute phase protein synthesised by the liver but is also produced
extrahepatically including by many cancers (Malle et al, 2009).
This includes renal cancer, particularly aggressive disease, on the
basis of microarray gene expression profiling studies and/or
quantitative RT-PCR (Liou et al., 2004; Kosari et al., 2005; Paret
et al, 2010). Epithelial cell expression of SAA-1 was subsequently
demonstrated by immunohistochemistry of clear cell RCC samples
as part of a TMA, correlating with a poor clinical outcome,
although only 15 of 87 cases were positive (Paret et al, 2010). As
such, it may therefore be both a tumour-derived factor in addition
to being a systemic reflection of the cytokines produced either
by the tumour or as a result of the host response and is present
in elevated concentrations in serum in many types of cancer
(Malle et al, 2009). Sustained chronic elevation of SAA, such as
that observed in some inflammatory diseases and cancers,
including renal cancer is thought to contribute to amyloidosis.

The ability of MALDI or SELDI-based fluid profiling to deliver
new potential biomarkers is still largely unproven (Findeisen and
Neumaier, 2009). The critical nature of sample handling (Banks
et al, 2005), the relatively poor mass resolution of some platforms
and lack of QC procedures have been problematic (Whelan et al,
2008; Findeisen and Neumaier, 2009). Although discrimination
between groups on the basis of profiles may be achieved,
the failure to demonstrate long-term robustness or to easily
identify peaks of interest has limited progress (Whelan et al, 2008).
This study has adopted stringent QC and analysis methods
together with consistent sample processing and has shown results

of potential utility, although again only one peak was able to be
identified despite extensive efforts. With MALDI-TOF-MS, the
peak was observed at an m/z 1525.81 Da (1525–1528 Da by SELDI-
TOF-MS) compared with a theoretical mass of 1525.73 Da. The
theoretical pI is 9.01, which would be expected to bind to the chip
surface under the conditions used in this study, unlike SAA minus
the C terminal 13 amino acids with a pI of 6.57. Similarly, intact
SAA and the N-terminal truncated des-R and des-RS forms of
SAA-1 in RCC serum as previously described (Tolson et al, 2004;
Engwegen et al, 2007) were not detected by profiling as expected,
given their predicted pIs of 5.5–6.5 but were present in RCC serum
as revealed by our immunoprecipitation-MS experiments, along
with other fragments of SAA.

Functions of SAA relating to tumourigenesis (Malle et al, 2009)
include binding to extracellular matrix components with sub-
sequent potential modification of cell binding, enhancement of
plasminogen activation and stimulation of matrix metalloprotei-
nase (MMP) production, reported in several cell types including
renal cancer cell lines (Paret et al, 2010). Matrix metalloproteinases
can cleave SAA proteins (Stix et al, 2001), and C-terminal cleavage
of SAA by cathepsin-B (Rocken et al, 2005) and cathepsin-D has
been described (van der Hilst et al, 2009). There is no defined
motif for a specific protease cleavage site in SAA, which would
generate the 1528 Da fragment described here. Numerous peptides
present in plasma or serum are largely generated from proteins
such as fibrinogen, thrombin and complement components
(Richter et al, 1999; Koomen et al, 2005; Zhou et al, 2006; Peng
et al, 2009). However, ‘disease-specific’ N- and C-terminal
exoprotease activities superimposed on these coagulation and
complement-based proteolytic events have been proposed to
generate disease-specific serum peptide signatures, including for
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prostate, bladder and breast cancer (Villanueva et al, 2006). Such a
mechanism may account for the SAA fragment identified here.
Several SELDI profiling studies have detected elevated concentra-
tions of 11.7 kDa mature form and peak clusters at 11.4– 11.7 kDa
lacking one or two amino acids in various cancers, including renal
cancer and particularly metastatic disease (Tolson et al, 2004;
Engwegen et al, 2007; Malle et al, 2009), with some subsequent
validation through immunoassay of SAA and demonstration of
high prognostic significance, for example, in melanoma (Findeisen
et al, 2009). These and other novel N-terminal truncated forms
and/or post-translationally modified forms of SAA1 and 2 have
been described in plasma samples from healthy controls and
patients with inflammatory diseases (Ducret et al, 1996; Kiernan
et al, 2003), although their significance is as yet unknown.

The possibility of serum SAA as measured by immunoassay
being of prognostic value in RCC has previously been examined in
two studies. The first involved 72 patients with RCC (47 clear cell),
where poor CSS was associated with higher SAA and SAA was an
independent prognostic factor on multivariate analysis, although
few parameters were examined (Kimura et al, 2001). A more recent
study involving 98 RCC patients (70 clear cell) found that SAA
concentration correlated significantly with T stage and grade.
Again only CSS was examined and SAA was found to be

independently significantly associated with survival, although only
T and M stage and grade were examined. (Ramankulov et al, 2008).
Interestingly, significantly higher concentrations of SAA were
found in patients with metastatic disease with the AUC for a ROC
analysis of metastatic vs non-metastatic disease of 0.86. However,
our study did not confirm this, with no evidence of metastatic
diagnostic potential being seen. The earlier study was slightly
complicated by the fact that almost half of the patients with
metastatic disease were sampled 1–76 months post-nephrectomy
when metastases were diagnosed, whereas in our study all samples
were obtained before any treatment. To what extent these assays
detect SAA fragments is not known but is very likely to be assay-
specific and dependent on antibody combinations and epitopes
recognised.

Our study clearly adds considerably to the literature being based
solely on patients with conventional clear cell RCC and all samples
being pre-treatment. In addition, OS, CSS and DFS were all
examined and with multiple variables for the models including
specifically a focus on pre-operative ones. The strong correlation
between CRP and SAA is to be expected, given their commonality
in terms of being induced by similar cytokines, although
kinetics in the acute situation differ with SAA being much more
sensitive and rapid in terms of increase and subsequent decline
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(Banks et al, 1995; Malle and De Beer, 1996). Both CRP and SAA
were very highly independently statistically significant for prog-
nosis pre-operatively, although SAA lost this independence
when CRP was added, implying that CRP may provide additional
information. There is a body of evidence supporting CRP as an
independent prognostic marker in RCC (Ito et al, 2006;
Karakiewicz et al, 2007; Komai et al, 2007; Ramsey et al, 2008;
Iimura et al, 2009) and this may arise as a result of production by
the tumour cells themselves (Jabs et al, 2005). Clearly, although
correlated with many clinical variables, including T stage, nodal
status, grade, TNM stage and tumour size, both SAA and CRP
provide additional information of interest.

These findings warrant further study in larger patient groups
prospectively to determine conclusively the prognostic value of
SAA and CRP either alone or in combination with each other and
other prognostic variables available pre-operatively. Possible
utility in longitudinal monitoring should also be examined with
specificity being determined by repeated measurements to check
for transient rises due to episodes of acute inflammatory illnesses.
Clearly, measurement of SAA by immunoassay is superior to the
SAA fragment in terms of prognostic ability power, and therefore

developing an assay specifically for this fragment would not be
justified at present given the challenges involved, although it could
potentially provide additional information if a disease-specific
cleavage. Robust assays for SAA and CRP are already in place in
hospital clinical chemistry laboratories, providing relatively inexpen-
sive and objective measurement and facilitating future studies.
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