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We thank Regmi et al. (1) and Fonteyne et al. (2) for their 
comments on our recently published article in Annals of 
Surgical Oncology (3). As noted by Dr. Fonteyne (2), the key 
point of our study is that, differently from all the current 
available comorbidity indices (4), our new comorbidity 
assessment tool was developed and validated, in a cohort 
of respectively ~6,000 and 1,000 muscle invasive bladder 
cancer (BCa) patients treated with radical cystectomy 
(RC), for prediction of 90-day mortality. Therefore, it was 
specifically designed for RC patients. In this context, it is 
important to emphasize that comorbidity profiles differ 
depending on the primary underlying pathology of interest, 
here BCa. The Charlson comorbidity index (CCI) (5), that 
is the most used and supported by urological guidelines 
for retrospective quantification of comorbid conditions 
(4,6), was developed in 1987 using a sample of hospitalized 
medical patients. As such, it is not tailored for RC patients. 
Moreover, it relies on several comorbid conditions that are 
rare or even non applicable to contemporary RC patients, 
such as connective tissue disease, moderate or severe 
liver disease, dementia, leukemia, lymphoma, metastatic 
solid tumours and AIDS (3,7,8). Furthermore, other 
conditions, such as BCa manifestations, are not included 
in the CCI, even though they are specific to and apply in 

to contemporary RC patients (3,8). These observations 
strongly suggest that, if we rely on the original CCI (5), 
we cannot properly quantify the comorbidity profile of 
contemporary RC patients. As a consequence, improper 
classification of comorbidity profiles cannot result in valid 
application of the outdated CCI in contemporary analyses 
of RC studies. Indeed, when we analyzed all possible 
baseline comorbid conditions and BCa manifestations 
using 5,920 ICD-9-CM diagnostic codes relying on highly 
robust statistical analyses (i.e., simulated annealing) (3), we 
identified a group of 6 individual comorbid conditions and 
2 BCa manifestations that satisfied the criteria of maximal 
accuracy and parsimony for prediction of 90-day mortality 
after RC (Figure 1), after accounting for patient (i.e., age, 
gender, race) and tumour characteristics (i.e., pathological 
T stage and N stage). Only two of these conditions were 
accounted within the original CCI, namely chronic 
obstructive pulmonary disease and congestive heart failure. 
It is also of note that 2 BCa manifestations (i.e., urinary 
tract infection-UTI and hydronephrosis) were also included 
in the final model, suggesting that comorbidities should 
not be the sole determinant for predicting perioperative 
mortality after RC, as outlined by Regmi et al. (1) and 
Fonteyne et al. (2). To the best of our knowledge, we are the 
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first to introduce the presence of disease manifestations within 
a model framework. It indicates that their documentation 
prior to RC is crucial. Of note, hydronephrosis is known 
to be associated with aggressive disease and lower survival 
rates after RC (9). Conversely, for the first time, UTI 
recorded prior to RC was demonstrated to represent a risk 
factor for 90-day mortality after surgery. Regmi et al. (1) 
and Fonteyne et al. (2) accurately stated that other factors, 
such as frailty and sarcopenia, that are both well-recognized 
elements for increased risk of mortality after RC (4), “should 
be part of the puzzle” to predict perioperative mortality 
after RC and therefore should be included into our model. 
However, despite being considered in our statistical analyses 
(>5,900 ICD-9-CM diagnostic codes were assessed), they 
failed to make the cut into the final tool. Nevertheless, 
future studies should validate or reject the need for their 
consideration in RC-specific comorbidity assessments.

Furthermore, in their comment, Regmi and colleagues (1)  
questioned the ability of ICD-9-CM diagnostic codes 
to capture all relevant comorbidities and commented 
on the high mortality rate of our cohort, which might 
have influenced our results (i.e., 10.4% and 13.1% in 
the development and validation cohort, respectively). 
Despite the latter is located within the upper perioperative 
mortality rate range of RC patients (2–13%) (4), we agree 
that ICD-9-CM diagnostic codes might not capture all 

comorbidities. However, they are generally considered 
a reliable method (10). To ensure that all relevant codes 
were included in our analyses, we calculated the frequency 
of all possible individual diagnostic codes that appeared 
in the database by classifying inpatient, outpatient claims 
and physician billing claims, up to 12 months prior RC (3). 
This methodology added to the list of codes. Our concern 
in that regard is based on potential under-reporting of 
BCa manifestations (such as UTI and hydronephrosis) in 
discharge records and consequently in databases that rely 
on discharge records. However, we also believe that the 
large size of population-based studies allows to compensate 
for some of such limitations and provides accurate 
assessment of “real world” outcomes, ensuring broad 
generalizability of findings.

Regmi et al. (1) also pointed out that we did not provide 
comparative statistics between the increase in accuracy of 
our tool relative to the original CCI (AUC 71.1% vs. 68%). 
In response to this pertinent comment, we refer to the 
European guidelines for reporting statistics in urology (11) 
which do not recommend to add p–values for differences 
in discrimination between two models. This said, even if 
there is still margin to improve the predictive ability of 
the model, this difference in accuracy suggests that our 
model performs better than the original CCI and it is also 
simpler requiring only 8 variables for individual 90-day 

Figure 1 Risk calculator based on the combination of 6 individual comorbid conditions and 2 individual bladder cancer manifestations that 
allows individual estimate of 90-day mortality after radical cystectomy (3).

Age
Race
Gender
T stage
N stage

Chronic obstructive pulmonary disease
Congestive heart failure
Anemia
Cardiomegaly
Type II diabetes mellitus without complications
Aortocoronary bypass
Urinary tract infection
Hydronephrosis

Probability of 90-day mortality
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mortality risk estimation (Figure 1). Another strength of 
our manuscript that should be pointed out is that this new 
developed risk tool (Figure 1) does not rely on artificial 
weights of comorbidities as the original CCI (5), that might 
attribute incorrect importance to one or more comorbid 
conditions. Specifically, in our model, the impact of each 
comorbid conditions on 90-day mortality after surgery was 
defined using logistic regression derived coefficients.

To conclude, our study represents the first attempt 
to develop a contemporary comorbidity tool specific 
for RC patients as recommended by several authorities 
(4,6,7). Despite its strengths, our model is not devoid 
of important limitations. Indeed, it was devised using 
administrative data that rely on ICD-9-CM diagnostic 
codes and on patients aged 66 years or older. Although, 
we could argue that two third of RC candidates are 
older than 60 (4), our tool is not applicable to younger 
patients. Moreover, as correctly underlined by Fontayne 
and colleagues (2), we were not able to take into account 
other key factors, such as nutritional status, prehabilitation 
programs, hospital annual surgical volume and smoking 
exposure (12). All these might impact postoperative 
mortality after RC. Therefore, we agree with the authors 
that there is still work to be done in order to increase the 
accuracy of our model and to implement it in daily clinical 
practice. However, researchers should take advantage 
of our study and its methodology to promote disease-
specific comorbidity indices in order to improve patient 
counselling and provide accurate risk-adapted strategies. 
“What you measure depends on the tool you use” (13)  
and contemporary disease specific comorbidity tools are 
mandatory to optimally characterize patients candidate for a 
specific treatment and to avoid to rely on unprecise data.
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