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Abstract

Purpose—We externally validated 3 previously published nomograms to predicting recurrence, 

and cancer specific and overall survival following radical cystectomy and pelvic lymph node 

dissection for urothelial carcinoma of the bladder.

Materials and Methods—Two surgeons from a single institution performed a total of 197 

consecutive radical cystectomies and pelvic lymph node dissections for bladder cancer from 

January 2003 to September 2009. A total of 23 patients were excluded from analysis. Examined 

parameters were those used in the original nomograms, including patient age, gender, pathological 

T stage, N stage, tumor grade, presence of carcinoma in situ and lymphovascular invasion, 

neoadjuvant chemotherapy, adjuvant chemotherapy and adjuvant radiation therapy. Nomogram 

predictions were compared to actuarial outcomes and predictive accuracy was quantified using 

measures of discrimination and calibration.

Results—At the time of analysis 34 patients had experienced recurrence, of whom 28 died of 

disease and 6 were currently alive with disease. Discrimination at 2, 5 and 8 years was 0.776, 

0.809 and 0.794 for recurrence, 0.822, 0.840 and 0.849 for cancer specific survival, and 0.812, 

0.820 and 0.825, respectively, for overall survival. Calibration plots revealed nomogram 

overestimation of all 3 end points.

Conclusions—Nomograms for bladder cancer recurrence, cancer specific survival and overall 

survival following radical cystectomy and pelvic lymph node dissection performed well in our 
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series with accuracy comparable to that in the original series. The use of nomogram predictions 

should be further explored in clinical trials to assess the impact on patient care in clinical practice.
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The natural history of bladder UC varies considerably from noninvasive low grade disease, 

which has a high probability of recurrence but low mortality following local treatment, to 

high grade muscle invasive disease, which has rates of recurrence and mortality that depend 

on a variety of clinical, pathological and treatment factors. Although treatment modalities 

continue to evolve, RC with PLND remains the primary treatment for muscle invasive and 

refractory high grade nonmuscle invasive UC of the bladder.1 Despite treatment with 

curative intent oncologic outcomes still vary considerably and recurrence-free survival after 

RC and PLND at 5 years ranges from 58% to 62%.2,3

As defined by AJCC after RC for UC of the bladder prognostic pathological stages represent 

the gold standard for outcome prediction and are based on pathological staging and lymph 

node status.4 Longitudinal outcome based studies using AJCC stages alone have 

demonstrated less than ideal recurrence and mortality predictions due to the relatively low 

predictive accuracy and significant outcome heterogeneity for individuals in AJCC stages.3,5 

In contrast, nomograms use a multivariable approach that incorporates significant clinical, 

pathological and treatment factors to improve overall predictive accuracy and provide 

individualized risk assessments for each patient.6

Multivariable nomograms were previously developed to predict recurrence, and overall and 

cancer specific survival following RC for bladder UC.7,8 These nomograms, which are based 

on the patient outcomes observed in a single multi-institutional series from March 11, 1984 

through January 24, 2003, use patient characteristics including age, pathological T stage and 

N stage, presence of lymphovascular invasion, presence of carcinoma in situ and use of 

neoadjuvant chemotherapy, adjuvant chemotherapy and adjuvant external beam 

radiotherapy. In the study group both nomograms demonstrated statistically significant 

improvement in predictive accuracy over the accuracy of AJCC predictions.

At the time of the current study the recurrence, overall survival and cancer specific survival 

nomograms had not been externally validated in the United States. This critical step was 

required before these predictive models could finally be tested in clinical trials and/or be 

incorporated into clinical practice for patient treatment.6

The objective of the current study was external validation of the previously published 

nomograms. We hypothesized that in our series of patients with UC of the bladder treated 

with RC and extended PLND by 2 experienced surgeons using a standardized technique the 

nomogram predictions of recurrence, and overall and cancer specific survival would be 

accurate and highly correlate with actual oncological outcomes.
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MATERIALS AND METHODS

Study Group

Patient consent was obtained during the initial evaluation and patient data were entered into 

a prospectively updated institutional review board approved database (Caisis, http://

caisis.org/). The study group included 197 consecutive patients who underwent RC and 

PLND performed by 2 experienced urological oncologists at a tertiary academic medical 

center from January 2003 to September 2009. All patients were treated with curative intent 

and 7 had pathologically positive margins at cystectomy. All patients underwent RC using a 

standardized approach as well as bilateral extended PLND, including para-aortic and 

paracaval lymph nodes above the bifurcation of the aorta up to the level of the inferior 

mesenteric artery as the proximal limit of dissection. PLND also included the presacral 

nodes and the bilateral presciatic nodes as well as the common iliac, external iliac, obturator 

and hypogastric nodes by removing all potential node bearing tissue surrounding those 

vessels.

Indications for RC and PLND included refractory, high grade, nonmuscle invasive disease 

and muscle invasive UC of the bladder. Neoadjuvant and adjuvant chemotherapy regimens 

varied but typically included 4 cycles of methotrexate, vinblastine, doxorubicin and cisplatin 

or gemcitabine and cisplatin. Salvage external beam radiation was performed in only 3 cases 

and regimen and radiation dose varied depending on treatment facility. After excluding 23 

patients from analysis, including 12 because of nonUC histology, 8 because of lack of 

sufficient data and 3 because they had undergone salvage RC, the final study group included 

174 patients.

Pathology Evaluation

All surgical specimens were evaluated by pathologists with expertise in genitourinary 

cancer. Pathological staging was performed in accordance with the 2002 AJCC staging 

system to provide consistency with definitions used in the original nomogram development.

Followup

Patients were typically followed at 4-month intervals for the first year, at 6-month intervals 

for the second year and annually thereafter. The majority of patients were followed by the 

treating surgeon. Outcome information was obtained from patients, primary physicians, 

referring urologists and death certificates. As with the original definitions used for 

nomogram development patients in whom upper urinary tract or urethral UC developed were 

defined as having second primary urothelial tumors rather than recurrent disease.7,8

Statistical Analysis

Differences between characteristics of patients in the original series and those of patients in 

the validation series were assessed using the Pearson chi-square and Fisher exact tests. 

Actuarial survival curves were estimated using the Kaplan-Meier method. Performance of 

the nomograms was evaluated with measures of predictive accuracy. 1) Discrimination 

accuracy was quantified using ROC derived AUC analysis.9 In this type of analysis 1.0 

represents perfect predictions and 0.5 is the equivalent of a coin toss. Recurrence, death from 
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cancer and death from any cause were coded as events in the recurrence, the cancer specific 

survival and the overall survival analyses, respectively. Patients who did not have events 

were censored at the last followup. 2) Actual and predicted probabilities were compared 

using methods of calibration. The mentioned steps were repeated on each examined end 

point.

Statistical analyses were performed using R (https://www.r-project.org/) with significance 

considered at p <0.05. The nomograms are available as an online calculator 

(www.nomogram.org) where one can enter covariate data and retrieve the specific prediction 

probabilities for recurrence or survival after RC and PLND.10

RESULTS

The patient characteristics of our series closely resembled those of the series used for 

nomogram development (table 1). The proportion of male patients was the only statistically 

significant difference between the validation series and original nomogram series (88.5% vs 

82.4%, p = 0.05). The majority of patients had muscle invasive disease and high grade 

tumors, and 24.1% had positive nodes. Lymphovascular invasion and carcinoma in situ were 

present in 32.2% and 52.9% of patients, respectively.

Of the patients 59.8% underwent RC and PLND as the only treatment for bladder cancer. 

NACH was done in 9.2% of patients while ACH was performed in 31.6% (table 2). AXRT 

was administered in only 1.7% of cases. Median followup in patients alive at the end of the 

study was 24 months (IQR 11, 48) and median followup in all patients was 23 months (IQR 

11, 46).

At the time of analysis 34 patients had experienced recurrence with a median time to 

recurrence of 9 months (IQR 6, 16) after RC with PLND. In 79.4% of these cases disease 

recurred within 24 months. Of the 34 patients 28 died of disease and 6 were alive with 

disease at the time of analysis. Additionally 15 patients died of another cause. There were no 

perioperative deaths but 1 patient died of complications associated with ACH. Figure 1 

shows Kaplan-Meier plots with estimates of the 3 oncologic end points.

ROC-AUC values at 2, 5 and 8 years for recurrence, cancer specific survival and overall 

survival ranged from 0.776 to 0.849 (table 3). Calibration plots revealed overestimation of 

outcomes for all 3 end points (fig. 2).

DISCUSSION

A new emphasis on the development of multivariable predictive tools has led to an 

abundance of predictive models for oncologic outcomes but only a minority have been 

subjected to external validation.11 While the majority undergo some type of internal 

validation to eliminate overfitting data used in model development, external validation with 

separate cohorts represents the only true assessment of model predictive accuracy. 

Consequently external validation is a crucial step toward integrating predictive models into 

clinical practice.
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This study represents a statistically rigorous external validation of the accuracy of all 3 

nomograms to predict the respective oncologic end points. The nomograms performed well 

with predictive accuracy comparable to that of other robust and accepted models for long-

term outcome prediction in genitourinary cancer following curative radical surgery.12–14

In the original development of the nomograms internal validation was performed using a 

bootstrap method. Each nomogram was significantly superior to AJCC staging for the 3 end 

points, including 0.780 vs 0.748, 0.791 vs 0.630 and 0.732 vs 0.615 for recurrence, and 

cancer specific and overall survival, respectively.7,8

Recently external validation including a total of 246 patients from 2 German academic 

centers demonstrated the superiority of the nomograms to AJCC staging alone to predict 5-

year end points, including 0.84 vs 0.82, 0.78 vs 0.75 and 0.85 vs 0.82 for recurrence, and 

overall and cancer specific survival, respectively.15 Subsequently in a larger study including 

patients from 8 European academic centers mortality predictions were validated in 2,404 

patients and recurrence predictions were validated in 2,243.16 Similarly discrimination 

accuracy ranged from 0.68 to 0.75. Neither study group included patients who received 

NACH. In the current series 9.2% of patients received NACH. Our series also provides 

additional evidence of accuracy in a patient population in the United States and validates 2-

year and 8-year outcome predictions.

In this study end points were overestimated in all 3 nomograms, which could be due to 

several causes. The original nomograms were derived using cystectomy data extending back 

to March 11, 1984. Given improvements in detection, treatment and supportive care, it is 

reasonable to expect that the nomogram predictions would overestimate cancer recurrence, 

cancer related mortality and overall mortality in a more contemporary series.

Additionally perioperative therapy practices have evolved significantly whereas AXRT has 

largely been abandoned because of lack of efficacy and level 1 evidence supports NACH for 

muscle invasive disease.17–19 Therefore, in our more contemporary series NACH as the 

standard of care is reflected in these changes (9.2% vs 5.2% in the original series), although 

it is still quite low during the accrual period. The increased use of NACH in this study may 

have contributed to the increased proportion of low pT stage disease (pT0, pTa and pTis) 

compared with the proportion in the original series (29.9% vs 23.4%, p = 0.07), although 

differences were not statistically significant.

Finally, our median followup was 24 months, similar to the median 24.9 months in the 

original cohort. However, with longer followup one would expect that the additional events 

might potentially contribute to decrease overestimation. Nonetheless it is known that most 

oncologic outcomes after RC develop within the first 2 years after the procedure with 

multiple large series demonstrating a median time to recurrence of 10 to 16 months after RC.
2,3

Another available nomogram to predict 5-year recurrence risk following RC and PLND was 

created by IBCNC.12 One distinguishing feature of the nomograms validated in our study is 

that NACH, ACH and AXRT are included as predictive variables while patients who 

received these treatments were excluded from IBCNC nomogram development.12 Including 
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these variables allows for risk prediction in the growing subset of patients who receive these 

treatments and increases overall predictive accuracy. Because the recommendation for 

NACH has become the standard of care, we are already observing an increase in its use, 

especially in academic centers.20 The inclusion of this treatment as a predictive variable is 

the main advantage of the nomogram addressed in our study and also the reason why the 

validation that we performed is unique to our knowledge. Furthermore, a recent study 

demonstrated superior accuracy of the Bladder Cancer Research Consortium nomogram in 

5-year recurrence risk prediction vs IBCNC predictions and TNM staging alone (ROC-AUC 

0.863 vs 0.847 and 0.829, respectively, p = 0.02).21

Although our current study represents a statistically rigorous validation of the outcome 

nomograms, limitations exist. Patient data were prospectively entered in a database at the 

time of evaluation and treatment but followup data were at times obtained in retrospective 

fashion. Thus, selection bias may have been created when several patients lacked sufficient 

followup information for inclusion in analysis. In our study group multiple data reviews 

assured the accuracy of data.

The nomograms are a statistical tool based on correlation of patient characteristics, and 

pathological and treatment factors with patient outcomes. In the original nomogram study 

series and the validation series patients were selected for treatments based on physician 

judgment and available evidence. Therefore, the accuracy of outcome predictions may differ 

in groups with different treatment practices.

Additionally statistical correlations require cautious interpretation as causation cannot be 

inferred without an appropriate prospective, controlled study design. The nomograms 

include a negative correlation of patient outcomes with NACH, ACH and AXRT.7,8 A likely 

explanation for this observed phenomenon is that patients with poor prognostic factors were 

selected for these treatments and subsequently did worse because of advanced and 

aggressive disease. Therefore, it is inappropriate to infer a causal relationship based on 

nomogram predictions alone between adjuvant therapies and an increased risk of poor 

outcomes. Rather, nomogram predictions should be used to identify certain patient 

subgroups with particularly poor predicted outcomes for clinical trials that may involve 

supplementary adjuvant therapies or altered followup. Conversely patients with particularly 

good outcome predictions could be entered into clinical trials that spare certain routine 

followup after RC or toxic therapies with the aim of decreasing undue stress, unwanted side 

effects, unnecessary invasive procedures and financial burden.

CONCLUSIONS

The nomograms for bladder cancer recurrence, cancer specific survival and overall survival 

following RC and PLND performed well in our series with accuracy comparable to that in 

the original series. To our knowledge this study is the first validation of these nomograms in 

an American cohort that received NACH and ACH. Calibration plots demonstrated 

significant nomogram overestimation of end points as actuarial patient outcomes were better 

than nomogram predictions for recurrence, and cancer specific and overall survival. Clinical 

Brooks et al. Page 6

J Urol. Author manuscript; available in PMC 2018 December 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



trials are required to determine the potential impact of nomogram predictions on disease 

management with further implementation into clinical practice.
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Abbreviations and Acronyms

ACH adjuvant chemotherapy

AJCC American Joint Committee on Cancer

AXRT adjuvant external beam radiotherapy

IBCNC International Bladder Cancer Nomogram Consortium

NACH neoadjuvant chemotherapy

PLND pelvic lymph node dissection

RC radical cystectomy

UC urothelial carcinoma
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Figure 1. 
Kaplan-Meier plots of estimated recurrence-free (A), cancer specific (B) and overall (C) 

survival outcomes
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Figure 2. 
Calibration plots of predicted cancer specific (A), overall (B) and recurrence-free (C) 

survival outcomes calculated by nomogram.
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Table 1

Patient characteristics and pathological staging

Covariates Validation Original p Value

No. pts (%) 174 731 –

Median age 69 65.9 –

No. male (%) 154 (88.5) 602 (82.4) 0.05

No. tumor grade (%):* 0.16

  G1, G2 19 (10.9) 56 (7.7) 0.16

  G3 137 (78.7) 619 (84.6) 0.06

  GX† 18 (10.3) 56 (7.7) 0.25

No. tumor stage (%):* 0.30

  T0, Ta, Tis 52 (29.9) 171 (23.4) 0.07

  T1 23 (13.2) 94 (12.9) 0.89

  T2a, T2b 29 (16.7) 164 (22.4) 0.10

  T3a, T3b 52 (29.9) 216 (29.5) 0.92

  T4a, T4b 18 (10.3) 86 (11.8) 0.60

No. nodal stage (%):* 0.11

  N0 132 (75.9) 557 (76.2) 0.92

  N1 10 (5.7) 67 (9.2) 0.19

  N2 31 (17.8) 93 (12.7) 0.10

  N3 1 (0.6) 14 (1.9) 0.33

Lymphovascular invasion pos 56 (32.2) 274 (37.5) 0.19

Ca in situ pos 92 (52.9) 392 (53.6) 0.86

*
AJCC 2002, 6th edition definitions.

†
T0 on final pathological evaluation.
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Table 2

Additional treatment and observed end points after RC and PLND

No. Pts (%) Median Mos Followup (IQR)

Treatment:

  NACH 16 (9.2) –

  ACH 55 (31.6) –

  AXRT 3 (1.7) –

Observed end points:

  Recurrence 34 9 (6–16)

  Death from disease 28 18 (12–26)

  Overall deaths 43 19 (12–33)
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Table 3

Nomogram ROC-AUC analysis results

ROC-AUC

Predicted Outcome 2 Yrs 5 Yrs 8 Yrs

Recurrence 0.776 0.809 0.794

Ca specific survival 0.822 0.840 0.849

Overall survival 0.812 0.820 0.825
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