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and the Cindolo model (p < 0.01). The Kattan model showed 
better discriminative capability versus the Cindolo model 
(p < 0.01). No statistical difference was observed between 
both Karakiewicz models (p = 0.730) (Table 3). 

Discussion 

Renal cancer nomograms have been established to counsel 
patients before treatment. In this context, the Karakiewicz, 
Kattan and Cindolo models have been widely validated in 

accuracy of nomogram for renal cancer

Fig. 2. Analysis of risk of publication bias. Funnel plot of studies included in meta-analysis on disease recurrence free survival (A) and cancer-specific survival (B). 
The effect of each study is marked by a circle. Uneven distributions of the studies around 95% confidence interval line should suggest the presence of publication 
bias, which is not the case in this funnel plot. SE: standard error; OR: odds ratio.  

Fig. 3. Forest plot for postoperative Karakiewicz, Kattan and Cindolo nomograms in predicting disease recurrence-free survival. 
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different populations from different countries.25 However, 
the best-performing model remains unknown. 

Kattan and colleagues from the Memorial Sloan-Kettering 
Cancer Center developed a nomogram to predict the 5-year 

progression-free survival of patients undergoing radical 
nephrectomy for non-metastatic RCC of various histological 
subtypes. The four factors included in this nomogram were 
the presence of symptoms, histological subtype, tumour size, 

Table 3. Summary of the pooled ORs and corresponding AUCs of each models for predictive capability of CSS

Preoperative Karakiewicz
Postoperative 
Karakiewicz

Kattan Cindolo

No. studies 4 7 4 2

Heterogeneity test
x2 0.40 0.40 0.02 0.20

df 3 6 3 1

p value 0.94 1.00 1.00 0.59

Combined Odds Ratio

OR 8.47 8.82 6.52 2.61

95%CI 2.79-25.70 2.08-37.40 1.80-23.57 1.58-4.30

Converted AUC (SE) 0.810 (0.01) 0.814 (0.01) 0.780 (0.01) 0.655 (0.01)

Gain in predictive accuracy %  
(p value)

0.030 (0.020)a 
0.155 (<0.01)c 

0.004 (0.730)b

0.034 (<0.01)d

0.159 (<0.01)e

0.125 (<0.01)f -

OR: odds ratio; AUC: area under the curve; CSS: cancer-specific survival; df: degree of freedom; CI: confidential interval; SE: standard error. aPreoperative Karakiewicz vs. Kattan; bPreoperative 
Karakiewicz vs. Postoperative Karakiewicz; cPreoperative Karakiewicz vs. Cindolo; dPostoperative Karakiewicz vs. Kattan; ePostoperative Karakiewicz vs. Cindolo; fKattan vs. Cindolo.

Fig. 4. Forest plot for preoperative Karakiewicz, postoperative Karakiewicz, Kattan and Cindolo nomograms in predicting cancer-specific survival.
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and standard TNM stage according to the 1997 version.9 
When applied to external populations in Europe, the original 
Kattan nomogram has shown variable prognostic accuracy 
ranging from 61% to 81%.4,18-21,23

In 2007, Karakiewicz and colleagues attempted to improve 
on the accuracy of the aforementioned models by including 
more variables that have traditionally been shown to predict 
survival among patients with RCC. The cohort on which the 
model was developed included over 2500 patients with vari-
ous stages of RCC treated at 5 different centres. Their final 
model ultimately incorporated TNM stage, tumour size, his-
tological subtype, age, sex, and symptoms at presentation to 
predict 1-, 2-, 5- and 10-year cancer-specific mortality. The 
internally validated accuracy of the nomogram was 86%,6 but 
the externally accuracy reached 90.5%.1,6,15,24

Karakiewicz and colleagues examined the ability of T and 
M stages to predict freedom from cancer-specific mortality 
(CSM) (n = 2474).7 In addition to T and M stages, other 
variables, such as age, gender, tumour size, and symptoms, 
resulted in an integrated staging system that provided pre-
dictions of CSM-free survival at 1, 2, 5, and 10 years after 
nephrectomy. Discrimination of that model ranged from 
84% to 88% within an external validation cohorts.1,7,16,17 

A second preoperative model focusing on RCC recur-
rence after nephrectomy was developed by Cindolo and 
colleagues (n = 660).8 This staging system relied on symp-
toms at presentation and on preoperative tumour size. The 
Cindolo and colleagues nomogram’s discriminatory ability 
ranged from 67% in European patients to 75% in Chinese 
patients.4,8,22 

The diffusion of several nomograms to discriminate 
between similar end points is problematic. It seems obvious 
that the choice of one or several of these models should be 
based on their predictive ability and accuracy.25 

One should also take into account that not all of these 
end points can be defined with certainty. For example, the 
recurrence-free rate could be limited by the heterogeneity 
of follow-up or the characteristics of the imaging techniques 
used. Moreover, it seems obvious that predicting mortality 
improves the gain in accuracy of the model itself. Based on 
our results, the converted cAUC values of the pooled ORs 
for predicting CSS were higher than those for predicting 
DFS. Therefore, common limitations of the models, such as 
racial difference among population and sample size, should 
be considered. 

For these reasons, we performed a systematic review and 
meta-analysis to obtain the derived AUC from pooled ORs 
for each model and to compare models. We transformed 
the converted AUC values into ORs using methods reported 
by Walter and colleagues.11 

To the best of our knowledge, this is the first meta-analysis 
investigating the discriminative capabilities of current nomo-
gram for RCC and including 26 710 patients. 

Our results confirmed that the preoperative Karakiewicz, 
postoperative Karakiewicz, and the Kattan models had a 
combined AUC value more than 0.70 for predicting CSS, 
while only the postoperative Karakiewicz model to predict 
DFS suggested stable discriminative capabilities in different 
populations. 

In particular, the postoperative Karakiewicz (p < 0.01) 
and Cindolo (p = 0.32) models better exhibited cAUC values 
than the Kattan nomogram for DFS (Table 2). Regarding the 
discriminative capability for CSS, both Karakiewicz mod-
els showed the best predictive ability over the Kattan (all 
p < 0.01) and the Cindolo (all p < 0.01) models (Table 3). 

Based on accuracy and pooled ORs derived from the 
current meta-analysis, the preoperative and postoperative 
Karakiewicz models have given the better predictive capabil-
ity for predicting CSS (both cAUC = 0.81), while the postop-
erative Karakiewicz (cAUC = 0.728) was better than Cindolo 
and Kattan for predicting DFS (cAUC = 0.728). On the con-
trary, the Kattan and Cindolo models showed intermediate 
predictive capability in predicting CSS and DFS, respectively. 

The differences in pooled OR observed between nomo-
grams could be explained by the heterogeneity of variables 
included in the models itself. In fact, this may be considered 
a use for these nomograms. We attempted to counteract 
these limitations by calculating the pooled AUC of all pub-
lished data. 

Our study has its limitations. Firstly, the median follow-
up was different among studies. Secondly, we used a new 
method proposed by Walter and colleagues to convert the 
reported AUCs to ORs for the meta-analysis. However, the 
precision of this conversion will be affected by the reported 
AUC values with varying decimal places (we used three dec-
imal places). Moreover, the conversion formula (equation 1) 
(from OR to AUC) cannot be inverted analytically (from AUC 
to OR). Therefore, we obtained the OR through by graphing 
using Derive v.6 (Texas Instruments, Inc.). Furthermore, the 
formula is a monotonically increasing function, guaranteeing 
the feasibility of getting OR through this method. Moreover 
we did not conduct this meta-analysis at a patient level, but 
only statistically combined accuracies of studies using previ-
ous nomograms. It may be expected that the same patients 
were included in more models. However, it is impossible 
to discriminate this at this manuscript level. 

Thirdly, although there is a low risk of publication bias, 
the choice of nomograms was made based on previous pub-
lications and available local data. Finally we did not evalu-
ate possible confounding factors that could have influenced 
that AUC. However, this was out of the scope of the study. 

We would also underline that, although these nomograms 
have been originally created for specific outcomes, they 
have also been applied for different end points. We included 
forest plots to evaluate the same outcome and this can be 
translated in the clinical practice.
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Conclusion 

The predictive abilities of the pre- and post-operative 
Karakiewicz models are higher than Kattan or Cindolo in 
predicting DFS and CSS. The Cindolo and the Kattan nomo-
gram showed relatively intermediate capability for DFS and 
CSS, respectively, if compared to other models. These results 
allow us to evaluate the risk of RCC-specific recurrence and 
mortality before suggesting nephrectomy, partial nephrec-
tomy or adjuvant chemotherapy after surgery. 
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