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c-MYC, Ki67, p53, vimentin and PTEN. Images were cap-
tured through an Ultra Fast Scanner. Tumor expression 
was measured with Image Pro Plus. Cytoplasmic markers 
(PTEN, CAIX, vimentin, c-MYC) were expressed as sur-
face percentage of expression. Nuclear markers (Ki67, p53) 
were expressed as number of cells/mm2. Clinical data and 
markers expression were compared with clinical outcomes. 
Each variable was included in the Cox proportional multi-
variate analyses if p < 0.10 on univariate analyses. Discrim-
ination of the new marker was calculated with Harrell’s 
concordance index.
Results  At median follow-up of 63  months (IQR 35.0–
91.8), on multivariate analysis, CAIX under-expression and 
vimentin over-expression were associated with worse sur-
vival (recurrence, specific and overall survival). A categori-
cal marker CAIX-/Vimentin+ with cutoff points for CAIX 
and vimentin of 30 and 50 %, respectively, was designed. 
The new CAIX-/Vimentin+  marker presented a good 
concordance and comparable calibration to the reference 
model. Limitations are the retrospective design, the need 
for external validation and the large study period.
Conclusion  Using an automated technique of measure-
ment, CAIX and vimentin are independent predictors of 
clinical outcomes in ccRCC.

Keywords  Renal cell carcinoma · Markers · Prognostic · 
Immunohistochemistry · Pathology

Introduction

Renal cell carcinoma (RCC) management has tremen-
dously changed during the last decade. From mostly surgi-
cal management in localized tumors, a broad panel of sys-
temic therapies can now be administered when metastatic 

Abstract 
Purpose  Clinical outcomes prognostic markers are awaited 
in clear-cell renal carcinoma (ccRCC) to improve patient-
tailored management and to assess six different markers’ 
influence on clinical outcomes from ccRCC specimen and 
their incremental value combined with TNM staging.
Materials and methods  This is a retrospective, multi-
center study. One hundred and forty-three patients with 
pT1b-pT3N0M0 ccRCC were included. Pathology speci-
mens from surgeries were centrally reviewed, mounted on 
a tissue micro-array and stained with six markers: CAIX, 
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progression occurs [1]. Reliable prediction of clinical 
outcomes at time of surgery is paramount to tailor the 
follow-up and for potential treatment adjustment for high-
risk patients (to predict which patient might fit a particu-
lar systemic treatment). Although many markers had been 
reported to be associated with clinical outcomes in RCC, 
their clinical applicability is often limited by subjective 
interpretation of immunohistochemistry (IHC) or limited 
impact of the new marker on prediction models [2]. At the 
moment, clinical use of biomarkers to predict RCC out-
come is not validated [1]. The aim of this study is to assess 
the ability of a set of IHC markers reported several times as 
associated with outcomes to predict oncological outcomes 
in clear-cell renal carcinoma (ccRCC).

Patients and methods

Patient selection

From January 1998 to December 2009, 184 patients who 
underwent surgical treatment (partial or radical nephrec-
tomy) for non-metastatic pT1b-pT3 ccRCC (144 radical, 
40 partial nephrectomies) according to 2002 TNM [3] were 
selected, and non-cN0MO were excluded. Pathological 
T1a tumors were excluded because of its relative benign 
course and rare metastatic or local progression events [4]. 
For descriptive purposes, cases were also converted to 2009 
TNM [5]. Central pathology re-review was performed by a 
dedicated uro-pathologist.

Patients were excluded if central review showed other 
subtype than ccRCC, if there were concomitant cancers 
with doubts on origin of the metastatic occurrence, if 

patient received neo-adjuvant treatment or if patients died 
within 1 month of surgery for other cause that RCC cancer 
(Fig. 1).

Immunohistochemistry

For every patient, the clear-cell subtype and the Fuhrman 
tumor grade were confirmed by one uro-pathologist with 
hematoxylin and eosin (HE)-stained slides. In case of dis-
crepancies in tumor grading, our uro-pathologist estimation 
was finally retained to prevent inter-observer variability. 
For each tumor, representative regions of the tumor were 
defined from the corresponding HE slide and the block 
was punched in the corresponding area to extract the tissue 
micro-array (TMA) core. One to six cores per patient were 
extracted and mounted on paraffin-embedded TMA blocks. 
The TMA was stained with HE for architectural analyses 
and 6 immunomarkers previously reported to be associ-
ated with ccRCC clinical outcomes: Ki67 (DAKO clone 
MIB1) [6, 7], C-myc (Abcam, Agilent Technologies) [8], 
p53 (DAKO clone DO7) [9], carbonic anhydrase 9 (CAIX) 
(Abcam, clone ab15086) [10–12], vimentin (DAKO clone 
V9) [13–16] and PTEN (DAKO clone 6H2.1) [17].

Image analysis

The TMA slides were digitized using the Philips IntelliSite 
Ultra Fast Scanner (Philips Digital Pathology Solutions, 
Best, the Netherlands). Individual cores were manually out-
lined in the user interface and saved at 20× magnification 
(2  px/mu). Digital images were analyzed with Image Pro 
Premier (IPP) software (vs 9.1, Media Cybernetics, Rock-
ville, MD), previously used for onco-pathology evaluations 

Fig. 1   Flowchart for patient 
inclusion/exclusion pT1b-pT3 M0 ccRCC treated 

with surgical ex�rpa�on
184 pa�ents

143 tumors. 1 to 6 spots per 
tumor

Histological re-
analyses and TMA 
moun�ng

41 exclusions:
1. Clinical reasons (15)
- 5 concomitant cancers 

(recurrences confusion)
- 5 neo-adjuvant treatments
- 4 deaths within first month
- 1 euthanasia wish 
2. 13 Pathological revision 

(histological subtype 
reclassifica�ons)

3. 13 failures on TMA 
moun�ng

2105 spots. Marker’s 
quan�fica�on by Image Pro

IHC staining: 
p53, cMYC, 
CAIX, Vimen�n, 
Ki67, PTEN
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[18–22]. If necessary, regions of interest were delineated 
to exclude zones of normal parenchyma, fibrosis, necrosis, 
cysts or folded tissue that might jeopardize analyses (834 
ROI (39  %) for 2105 spots). Using the smart segmenta-
tion option of IPP, one segmentation setting was designed 
to detect 3,3′-diaminobenzidine (DAB) signal and a second 
one for determining total tissue area. The same segmenta-
tion settings were used to analyze all spots and markers. 
Cytoplasmic markers outcomes (CAIX, C-Myc, vimentin 
and PTEN) were expressed as a percentage of the immune-
positive area (100*number of DAB+ pixels/total tissue area 
in pixels). Nuclear markers (Ki67 and p53) were expressed 
as number of positive cells/mm2. DAB+ particles smaller 
than 9 pixels2 were considered as noise. The relative size 
option of IPP was used for counting clustered nuclei 
(Fig. 2). For each patient, the value used for statistical anal-
ysis was the median of the several spots measurements.

Statistics

Univariate and multivariate Cox regression analyses were 
performed to identify independent predictors (age, gender, 
body mass index, pathological stage, grade, physical status 
score, CAIX, vimentin, PTEN, c-MYC, p53, Ki67) of RFS, 
CSS and OS. Stages were split in two groups pT1b versus 
pT2-3 since no significant difference in survival outcomes 
appeared between the pT2 and pT3 groups in our cohort. 
Variables were analyzed in Cox multivariate analysis if 

p  <  0.10 on univariate analysis. Association was consid-
ered significant when p < 0.05. We defined the clinical and 
pathological parameters that were prognostic of the disease 
recurrence-free survival (time from surgery to distant or 
local recurrence or censor), the CSS (time from surgery to 
RCC-related death or censor) and the OS (time from sur-
gery to any kind of death or censor) within our cohort. For a 
better clinical relevance, we designed a categorical variable 
based on IHC markers independently associated (p < 0.05) 
with primary outcome on multivariate analyses. To the best, 
the cutoff point to transform a continuous variable into cat-
egorical was found with a lower p value approach based 
on a log-rank test [23]. Secondly, we tested these variables 
in the multivariate analyses of the recurrence-free, cancer-
specific and overall survival. Pathological stage and grade’s 
correlations with markers were tested with a binary logistic 
regression model treating pathological features as two val-
ues variables (grade: I–II or III–IV; stage: 1b or 2–3). The 
correlation between significant markers was tested with a 
nonparametric Spearman test (bilateral hypothesis). Two 
sensitivity analyses were performed categorizing stages as 
pT1b, pT2 or pT3 and assessing markers as continuous.

Discrimination of the new marker was calculated by 
Harrell’s concordance index. Bootstrap correction (150 
samples) for over-fitting biases was conducted. Harrell’s 
concordance index was calculated for models including 
significant clinical and pathological variables in multivari-
ate analysis (reference) and for the model including the 

Fig. 2   Automatic image analyses. A–D: same tissue sample (original 
scanning magnification ×10, 1  px/µm)  with HE staining (a), CAIX 
staining (b), automatic detection of DAB signal (c) and detection of 
the total surface area (d). Results are expressed as the percentage 
immunopositive surface area (number of segmented pixels in c/num-

ber of pixels segmented in d). e, f Representative example of auto-
matic counting of Ki67 +  cells. Detail of Ki 67 DAB staining (e) 
and automatic particle counting based on DAB signal (f). Results are 
expressed as number of Ki67 + cells/µm2
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new markers. An increase in the C-index superior to 0.005 
was considered as the criteria to not discard the model [24]. 
We explored calibration plots by comparing the models 
including the new marker with the rest of the models.

Results

Clinical outcomes

Forty-one patients were excluded of analyses for diverse 
reasons (Fig.  1). One hundred forty-three patients were 
included in analyses. Characteristics of the population are 
resumed in Table 1. Median follow-up was of 62.9 months 
(IQR 35.0–91.8). Forty-six patients (32.2  %) recurred 

(2 local, 44 metastatic), 24 (16.8  %) died specifically of 
ccRCC, and 46 (32.2  %) died of any cause. Stage pT1b 
exhibited 90 % 5-year RFS, 98 % CSS and 91 % OS; the 
respective figures for pT2 and pT3 were 51 and 62 % for 
RFS, 81 and 78 % for CSS and 78 and 67 % for OS.

Clinical outcomes’ predictors

Univariate analysis for RFS is presented in Table  2. BMI 
(p 0.002), stage (p  <  0.001), grade (p 0.003) and vimen-
tin (p 0.03) were predictors of recurrence. Because of 15 
missing data, we decided to perform analyses without 
the BMI; results were consistent while implementing this 
variable (better survival among over-weighted population, 
supplement, Table  5). Cox multivariate analyses for RFS 
are reported in Table 2. In the first set of analyses, marker 
expressions were treated as continuous variables. Recur-
rence-free survival was significantly associated with lower 
body mass index (BMI), higher pathological T stage and 
Fuhrman grade, lower CAIX and higher vimentin expres-
sion. Cancer-specific survival was significantly associ-
ated with higher age, higher Fuhrman grade, lower CAIX 
and higher vimentin expression. Overall survival was sig-
nificantly associated with higher age, Fuhrman grade and 
vimentin expression.

Stage and grade were neither correlated with vimentin 
(stage p = 0.239, grade p = 0.660) nor with CAIX (stage 
p = 0.608, grade = 0.963). Vimentin and CAIX were not 
correlated with each other (p  =  0.443). Therefore, they 
could be included in a common variable CAIX-/Vimen-
tin+ leading to a more discriminative test. The best cutoff 
points to discriminate CAIX under-expression and vimen-
tin over-expression were, respectively, of 30 and 50 %.

We built-up the categorical variable CAIX-/Vimentin+: 
patients were considered positive when the tumor harbored 
less than 30  % of CAIX expression and more than 50  % 
of vimentin expression together (group 1) and negative in 
any other situation (group 2). Thirty-nine (27.3 %) patients 
belonged to group 1, 103 (72.0  %) belonged to group 
2, and 1 (0.7 %) patient had missing data (vimentin). On 
multivariate analysis, group 1 presented a higher risk of 
recurrence (p < 0.001, HR = 3.6) (Table 2), specific RCC 
death (p < 0.001, HR = 4.6) and overall death (p = 0.010, 
HR = 2.4).

Correlation and calibration

Differences between the reference models and models 
including the new markers’ C-indexes were always supe-
rior to 0.005. This statement was confirmed for the three 
clinical outcomes: recurrence-free (+0.03), cancer-specific 
(+0.02) and overall survival (+0.01). The comparable cali-
bration plots between the reference models and the models 

Table 1   Patients’ characteristics (all clear-cell RCC)

BMI body mass index, IQ interquartile (25–75)

*  pT3b cases according to 2002 TNM became pT4 in 2009 TNM 
because contiguous extension into ipsilateral adrenal gland

Patients (n = 143)

Age at treatment (year)

 Median (IQ) 65.5 (57–73)

Gender

 Male (%)/female (%) 91 (63.6)/52 (36.4)

BMI [median (IQ)] 26.5 (24.4–28.8)

2002/2009 TNM pathological stage [no (%)]

 pT1b 48 (33 %)/48 (33 %)

 pT2 31 (22 %)/pT2a 18 
(13 %) − pT2b 13 (9 %)

 pT3a 29 (21 %)/42 (29 %)

 pT3b 35 (24 %)/20 (14 %)

 pT4* –/2 (1.4 %)

Tumor size (mm)

 Median (IQ) 66 (50–100)

Fuhrman grade—no (%)

 I 49 (34 %)

 II 60 (42 %)

 III 28 (20 %)

 IV 6 (4 %)

Follow-up (in months)

 Median (IQ) 62.9 (35.0–91.8)

Recurrence

 No (%) 46 (32.2 %)

 Median time (in months) (IQ) 14.4 (5.0–30.5)

RCC-specific death

 No (%) 24 (16.8 %)

 Median time (in months) (IQ) 33.9 (17.7–66.1)

All-cause death

 No (%) 46 (32.2 %)

 Median time (in months) (IQ) 33.9 (17.7–66.1)
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including the CAIX-/Vimentin+ marker demonstrated that 
the new model did not lose too much calibration while 
increasing the discrimination.

Discussion

In this study, we demonstrated with a long-term follow-
up cohort, the negative effect on clinical outcomes of an 
under-expression of CAIX and over-expression of vimen-
tin in the resected tumor tissue of non-metastatic ccRCC. 
These associations were robust enough to be considered as 
independent predictors of recurrence, cancer-specific and 
overall death with higher accuracy than the clinicopatho-
logical models.

CAIX protein is a member of the carbonic anhydrase 
family, and it has been reported to interfere in cell prolif-
eration regulation in response to hypoxia, in oncogenesis 
and in tumor progression [25]. CAIX is expressed in about 
85 % of ccRCC but not in non-ccRCC. The negative asso-
ciation between CAIX under-expression and clinical out-
comes in RCC had been reported in other studies [10, 11]. 
This association concerns other malignancies such as cer-
vical [26], esophageal [27] and colorectal carcinoma [28]. 
The interest of CAIX in the diagnosis, prognosis and treat-
ment had been reported in various studies [29].

Vimentin is an intermediate filament protein; it is physi-
ologically expressed in mesenchymal cells. In oncogen-
esis, vimentin plays a role in epithelial-to-mesenchymal 

transition conferring migratory and invasive properties to 
carcinoma [30]. Vimentin is expressed in up to 87  % of 
ccRCC [16]. The deleterious impact of vimentin expression 
on RCC clinical outcomes had also been reported in several 
studies before [13–15].

Previous studies reported the potential of IHC mark-
ers to predict ccRCC clinical outcomes. Kim et  al. [13] 
designed a nomogram based on a cohort of 318 patients 
harboring ccRCC at any stage, including metastatic. The 
IHC prognostic markers included in their model were p53, 
CAIX and vimentin. By including CAIX under-expression 
and vimentin over-expression role in ccRCC outcomes, 
their model is fairly close to ours despite the additional 
parameters p53. Other studies support negative outcomes 
associated with CAIX under-expression [31, 32]. Klatte 
et al., assessing different markers in their original hypoth-
esis, eventually presented a model with different markers: 
Ki-67, p53, endothelial VEGFR-1, epithelial VEGFR-1 and 
epithelial VEGF-D. In their model, CAIX was not predic-
tive of clinical outcomes. However, their cohort was under-
powered with 170 patients included and 20 different mark-
ers tested, which presents a risk of bias in their statistical 
analyses [33]. For this reason, we designed our marker 
inclusion in a stepped way.

Immunohistochemistry is a powerful strategy for protein 
expression analysis. The problem is the subjectivity [2]. 
Previous IHC markers evaluations in RCC cited above are 
based on manual readings with semiquantitative measure-
ments. The method is changing from one study to another 

Table 2   Recurrence-free survival–univariate and multivariate analyses

Variable Univariate Multivariate

p HR HR–95 % CI p HR HR–95 % CI

Clinical features

 Age 0.53 1.01 0.98–1.03 – – –

 Gender (M vs F) 0.88 1.05 0.58–1.91 – – –

 BMI 0.002 0.89 0.82–.96 0.021 0.912 0.844–0.986

 ASA (3–4 vs 1–2) 0.463 1.31 0.642–2.653 – – –

Pathological features

 Stage (T2–3 vs T1b) <0.001 4.9 1.9–12.4 0.004 4.531 1.598–12.845

 Grade (III–IV vs I–II) 0.003 2.5 1.4–4.6 0.000 3.291 1.688–6.415

Immunohistological markers

 CAIX 0.07 0.98 0.96–1.00 0.013 0.971 0.949–0.994

 Vimentin 0.03 1.027 1.003–1.052 0.007 1.035 1.009–1.062

 PTEN 0.41 1.01 0.99–1.04 – – –

 CMYC 0.17 1.01 0.99–1.03 – – –

 p53 0.47 1.00 0.99–1.003 – – –

 Ki67 0.45 1.00 1.00–1.001 – – –

 CAIX-/Vimentin+ (categorical, CAIX-/Vimentin+ vs non-
CAIX-/Vimentin+)

0.001 2.84 1.57–5.13 0.000 3.435 1.789–6.596
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and authors often base their quantification on DAB signal 
intensity, which is wrong since IHC is not a stoichiometric 
procedure [34]. Automatic image analysis aims to palliate 
this limitation. For this study, we performed our analy-
sis with the software IPP. The setting we defined could 
be used on other cohorts for potential external validation 
without interpretation bias. This point makes our methodol-
ogy more reproducible than the previous reports. The reli-
ability of this software had been compared with the visual 
assessment for survivin expression in rectal cancers [18]. 
They concluded in a substantial agreement between the 
two methods and an advantage of IPP automatic analysis 
in terms of increased sensitivity in scoring, reliability and 
reproducibility for protein expression measurements. The 
software had been tested in oncology to evaluate the asso-
ciation between IHC markers, clinicopathological features 
and clinical outcomes in endometrioid [19], non-small cell 
lung [20], laryngeal [21] and colorectal [22] cancers. To 
our knowledge, this study is the first application in ccRCC.

Another limitation of IHC is to define a good threshold 
to define risk groups based on the level of marker expres-
sion. We aimed to define a rationale threshold by using 
automatic image analysis instead of manual reading, pro-
viding a precise percentage instead of semiquantitative 
data. Secondly, we used the lower p value approach to 
define the best cutoff point. In our series, 50 % for vimen-
tin and 30 % for CAIX seemed to be the right thresholds 
to separate patients at risk. Indeed, other cutoffs have been 
used in previous reports, mostly arbitrarily chosen. The aim 
of our model was to distinguish risk groups for recurrence, 
independent from the TNM groups. In order to simplify 
the number of groups (high- vs low-risk patients), we have 
decided to combine the CAIX-/Vimentin+ group.

Despite a long follow-up and robust results confirmed 
on three different survival analysis plus the sensitivity 
analysis, our study presents some limitations. As in any 
retrospective study, there is a risk of selection bias. In the 
11-year study period, follow-up varied and even a slight 
variation was detected among participating centres. Mean-
time, the emergency of targeted therapies during the same 
period shifted the specific and overall survival of meta-
static ccRCC. Exclusion of pT1a tumors was considered 
based on the low prevalence of metastatic events. While 
this exclusion supports our statistical analysis, we can-
not rule out the possible interest of markers determination 
in the pT1a population although a longer follow-up and 
a larger cohort is needed. This study is based on a TMA 
with sometimes, delineation of region of interest instead of 
a whole tumor surface analysis. This might lead to inter-/
intra-observer variation. Some variables such as lympho-
vascular invasion or necrosis were not evaluated because 
not systematically reported in our database. However, 
TNM classification remains the only universal prognostic 

system used in clinics. The size of our cohort was too small 
to split a validation subcohort. Consequently, our encourag-
ing results remain pending on external validation and the 
present report has to be considered as exploratory.

Conclusion

In this study, we report the potential role of two IHC mark-
ers (CAIX and vimentin) to predict clinical outcomes for 
localized (pT1b-pT3) ccRCC treated surgically. We report 
a reliable and reproducible technique to evaluate these 
markers’ expression that should allow easy external valida-
tion and potential applicability in daily clinical practices.
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