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Abstract

Purpose: To identify preoperative risk factors for disease recurrence, following radical nephroureterectomy (RNU) for upper tract uro-
thelial carcinoma (UTUC), and to create a predictive nomogram.

Materials and methods: Based on a multicenter database, we identified patients who underwent RNU due to high grade UTUC. Urothe-
lial carcinoma of the bladder or contralateral UTUC was not considered as recurrence. Cox regression model was used to determine the
effect of different preoperative variables as predictors of recurrence.

Results: Two hundred and forty-five patients were included in the analysis. The 2 and 5 years recurrence rates were 16.3% and 19.2%,
respectively. Factors associated with recurrence on univariable analysis were sessile architecture hazard ratio (HR) 3.16 (95% CI, 1.38—
7.26, P = 0.006), >cT3 disease HR 2.30 (95% CI, 1.12—4.72, P=0.023), age >65 HR 2.02 (95% CI, 1.00—4.05, P=0.048), Eastern Cooper-
ative Group > 0 HR 1.98 (95% CI, 1.09-3.57, P= 0.023), hydronephrosis HR 1.93 (95% CI, 1.04—3.57, P= 0.035). Higher hemoglobin
levels HR 0.81 (95% CI, 0.69—0.96, P= 0.013) and preoperative estimated glomerular filtration rate > 50 HR 0.48 (95% CI, 0.25—-0.92,
P =0.028) were associated with lower probability for recurrence. Multivariable analysis identified sessile architecture as the only indepen-
dent predictor of recurrence HR 2.52 (95% CI, 1.09—5.86, P=0.0308). C-index of 0.71 was calculated for a predictive model including all
variables in the multivariable analysis, indicating good predictive accuracy. A nomogram predicting 2 and 5 year recurrence free probability
was developed accordingly.

Conclusions: Based on a multicenter database, we developed a nomogram with good predictive accuracy for recurrence following RNU.
This may serve as an aid in decision-making regarding the use of neoadjuvant chemotherapy. © 2019 Elsevier Inc. All rights reserved.
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of urothelial malignancies [1,2]. Unlike urothelial carci-
noma of the bladder (UCB), most UTUC tumors are inva-
sive at the time of diagnosis [3.4], leading to relatively high
recurrence rates of >30% at 5 years [5].

High level evidence suggest a significant survival benefit
associated with neoadjuvant, cisplatin-based chemotherapy
(NAC), for the treatment of muscle invasive UCB [6,7].
Successful integration has been predicated in part on accu-
rate preoperative staging through transurethral resection of
bladder tumors. Recently, adjuvant chemotherapy after radi-
cal nephroureterectomy (RNU) has demonstrated a survival
benefit in a randomized controlled trial [8]. Nevertheless,
many patients experience significant decline in kidney func-
tion following RNU and are no longer eligible for cisplatin-
based chemotherapy following surgery [9—12].The use and
evidence for NAC for UTUC is less robust and therefore
utilization in clinical practice is more limited. Decision-
making regarding the use of NAC is particularly challenging
in UTUC due to difficulties with accurate staging as a conse-
quence of small biopsy samples and limitations of current
imaging. Hence, proper patient selection for neoadjuvant
chemotherapy, balancing the potential benefits vs. the risk
of overtreatment is of utmost importance.

In this study we sought to determine predictors of dis-
ease recurrence following RNU based on preoperatively
available data. We develop a nomogram predicting individ-
ualized risk of recurrence, which may aid in proper patient
selection for neoadjuvant chemotherapy.

2. Materials and methods

2.1. Study design and patient eligibility

This study is a retrospective analysis of a multicenter
UTUC database including all patients who underwent RNU
due to UTUC in 3 referral centers in the United States
between 1993 and 2016. Institutional review board approval
was obtained locally by each participating center as needed
and deidentified data was used for the combined database
analysis. Requirement for informed consent was waived by
the IRB.

The database was queried for patients who had an initial
diagnosis of nonmetastatic high grade (HG) UTUC based
on either biopsy or positive cytology. Patients who received
neoadjuvant chemotherapy or underwent prior cystectomy
due to UCB were excluded (Fig. 1). Patients generally had
follow-up at the participating institutions, including evalua-
tion at 3 and 6 months after RNU and every 6 to 12 months
thereafter. Follow-up generally included a history, physical
examination, routine blood work, cystoscopy, urine cytol-
ogy, and imaging.

2.2. End point definition

Recurrence was defined as any visceral, local, or nodal
disease documented following RNU. UCB or contralateral
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Fig. 1. Patient selection flowchart.

UTUC were not considered as recurrence for the purpose of
this study.

2.3. Statistical analysis

Covariates assessed as possible predictors of recurrence
were age, gender, race, body mass index, symptoms, East-
ern Cooperative Group (ECOG) performance status, Amer-
ican Society of Anesthesiologists score, history of bladder
cancer, hydronephrosis, tumor size, tumor architecture
(papillary vs. sessile — subjectively assigned by the surgeon
in case of intraluminal findings), tumor focality, tumor
location, locally advanced disease on imaging (cT3) preop-
erative estimated glomerular filtration rate (¢GFR), hemo-
globin levels and performance of lymph node dissection.

Summary statistics for patient characteristics were reported
using mean and standard deviation for continuous variables,
and using counts and percentages for categorical variables.
Patient tumor, and imaging characteristics were compared
between patients with recurrence and patients without
recurrence using 2-sample ¢ test for continuous variables
and using the chi-square test for categorical variables.
The recurrence-free survival was estimated using the
Kaplan-Meier method. Univariable and multivariable Cox
regression analyses were used to assess the association
between recurrence-free survival and patient, tumor, and
imaging characteristics. Variables with a univariable
Pvalue of 0.1 or less were entered in a multivariable
regression model, and multiple imputation chained equa-
tions [13] were used to impute missing data. Hazard
ratios (HR) and 95% confidence intervals (CI) were
reported. Two-sided Pvalues were reported and a Pvalue
less than 0.05 was considered statistically significant. The
bootstrap validation method was used to estimate the
bias-corrected or overfitting-corrected predictive accuracy
of the model, which is presented by concordance index
(C-index). A nomogram was developed to predict the
2-year and 5-year recurrence-free probabilities for the
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multivariable regression model with the highest C-index.
All analyses were conducted using SAS version 9.4 (SAS
Institute Inc. Cary, NC).

3. Results

3.1. Cohort characteristics

A total of 245 patients with nonmetastatic UTUC who
underwent RNU were included in the final cohort. Cohort
characteristics are described in Table 1. After a median
follow-up of 27 months, disease recurrence was identified
in 20% (49/245) of patients. The 2- and 5-year recurrence
rates were 16.3% (40/245) and 19.2% (47/245) respec-
tively. Patients who had disease recurrence had lower mean
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hemoglobin levels, higher proportion of sessile tumors and
of tumors located in the renal pelvis (Table 1).

3.2. Prediction of recurrence

Variables evaluated as predictors of recurrence are
described in Table 2 and include: sessile architecture HR
3.16 (95% CI, 1.38—7.26), cT3 disease HR 2.30 (95% CI,
1.12—4.72), age >65 HR 2.02 (95% CI, 1.00—4.05),
ECOG>0 HR 1.98 (95% CI, 1.09—3.57), hydronephrosis
HR 1.93 (95% CI, 1.04—3.57), hemoglobin level HR 0.81
(95% CI, 0.69—0.96) and preoperative eGFR > 50 HR 0.48
(95% CI, 0.25—0.92). Multivariable logistic regression
model (Table 2) identified sessile architecture as the only

Table 1
Cohort characteristics.
Total No recurrence Had recurrence P value
(n=245) (n=196) (n=49)
n % n % n %

Age, years (Mean + SD) 70 £9.8 70 £ 10.0 71+9.0 0.5454

Gender Female 93 38.0% 77 39.3% 16 32.7% 0.4160
Male 152 62.0% 119 60.7% 33 67.3%

Race White 205 90.3% 164 90.6% 41 89.1% 0.8365
Black 9 4.0% 7 3.9% 2 4.3%
Other 13 5.7% 10 5.5% 3 6.5%

BMI, kg/m? (Mean + SD) 290+ 6.4 292 +£6.5 28.1+£5.6 0.2708

ECOG performance status 0 126 56.3% 106 59.2% 20 44.4% 0.0927
>1 98 43.7% 73 40.8% 25 55.6%

ASA Score <2 70 31.8% 57 32.4% 13 29.5% 0.6267
3 138 62.7% 108 61.4% 30 68.2%
4 12 5.5% 11 6.3% 1 2.3%

HgB, g/dl (mean £ SD) 129+1.8 13.0+1.7 124+ 1.7 0.0438

eGFR, ml/min/m? (mean =+ SD) 61.7+21.4 62.3 £21.6 59.1+20.9 0.3253

History of bladder cancer No 162 66.9% 129 66.5% 33 68.7% 0.8645
Yes 80 33.1% 65 33.5% 15 31.3%

symptoms No 72 29.4% 56 28.6% 16 32.7% 0.6009
Yes 173 70.6% 140 71.4% 33 67.3%

Hydronephrosis None/mild 162 69.5% 136 71.6% 26 60.5% 0.1983
Moderate/severe 71 30.5% 54 28.4% 17 39.5%

Tumor location (imaging) Renal pelvis 116 52.7% 89 49.7% 27 65.9% 0.0293
Ureter 85 38.6% 71 39.7% 14 34.1%
Both 19 8.6% 19 10.6% 0 0.0%

Tumor focality (imaging) Unifocal 179 83.6% 146 83.9% 33 82.5% 0.8147
Multifocal 35 16.4% 28 16.1% 7 17.5%

Tumor size, cm (mean + SD) 3.36 £2.28 340+£2.24 321 +£2.46 0.4990

Clinical T stage” <T3 179 84.8% 150 87.2% 29 74.4% 0.0509
>T3 32 15.2% 22 12.8% 10 25.6%

Tumor location (Ureteroscopy) Renal 114 50.4% 88 48.4% 26 59.1% 0.4360
Ureter 94 41.6% 78 42.9% 16 36.4%
Both 18 8.0% 16 8.8% 2 4.5%

Tumor focality (Ureteroscopy) Unifocal 143 84.6% 122 83.6% 21 91.3% 0.5349
Multifocal 26 15.4% 24 16.4% 2 8.7%

Architecture Papillary 185 91.1% 156 93.4% 29 80.6% 0.0224
Sessile 18 8.9% 11 6.6% 7 19.4%

Lymph node dissection No 112 47.3% 88 46.3% 24 51.1% 0.6255
Yes 125 52.7% 102 53.7% 23 48.9%

ASA = American Society of Anesthesiologists; BMI = basal metabolic index; ECOG = Eastern Cooperative Oncology Group; eGFR = Estimated
glomerular filtration rate; HgB = Hemoglobin; SD = standard deviation.

#Based on presurgical imaging.
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Table 2
Univariable and multivariable analysis.
Univariable Multivariable
HR (95% CI) P value HR (95% CI) P value

Age, years <66 Reference Reference

>66 2.020 (1.006—4.056) 0.048 1.856 (0.825—4.175) 0.1349
Gender Male Reference

Female 0.747 (0.411—-1.357) 0.337
Race White Reference

Non-white 1.362 (0.538—3.448) 0.514
BMI (continuous) 0.969 (0.919 - 1.021) 0.239
Symptoms Yes Reference

No 1.182 (0.651-2.148) 0.582
ECOG 0 Reference Reference

>1 1.981 (1.098-3.573) 0.023 1.468 (0.786—2.739) 0.2279
ASA 2 Reference

3 1.351 (0.700—2.607) 0.370

4 0.704 (0.091-5.435) 0.736
History of Bladder Cancer No Reference

Yes 1.004 (0.545—1.850) 0.989
HgB (continuous) 0.814 (0.691—0.958) 0.013 0.912 (0.761—1.094) 0.3200
eGFR <50 Reference

>50 0.489 (0.258—0.928) 0.028 0.673 (0.340—1.332) 0.2554
Hydronephrosis No Reference Reference

Yes 1.931 (1.045-3.571) 0.035 1.816 (0.977-3.377) 0.0594
Tumor location (imaging) Kidney Reference

Ureter 0.762 (0.400—1.454) 0.409
Tumor focality (imaging) Unifocal Reference

Multifocal 1.145 (0.506—2.590) 0.745
Tumor size (continuous) 0.977 (0.832—1.146) 0.771
Clinical T stage” <T3 Reference Reference

>T3 2.299 (1.119—4.725) 0.023 1.722 (0.839-3.533) 0.1381
Tumor location (ureteroscopy) Kidney Reference

Ureter 0.841 (0.451—1.569) 0.586

Both 0.558 (0.132 - 2.354) 0.427
Tumor focality (ureteroscopy) Unifocal Reference

Multifocal 0.573 (0.134—2.448) 0.452
Architecture Papillary Reference Reference

Sessile 3.167 (1.381-7.260) 0.006 2.527 (1.090-5.861) 0.0308
Lymph node dissection No Reference

Yes 0.947 (0.534—1.679) 0.852

HR = hazard ratio; CI = confidence interval; BMI = basal metabolic index; ECOG = Eastern Cooperative Oncology Group; ASA = American Society of

Anesthesiologists; HgB = hemoglobin; eGFR = estimated glomerular filtration rate.

“Based on presurgical imaging.

independent predictor of recurrence, HR 2.52 (95% CI, 1.09
—5.86). Kaplan-Meier curves were plotted (Fig. 2) stratify-
ing patients based on the number of risk factors (HB dichot-
omized at 12.4 g/dl). Patients with <3 risk factors had a
5-year recurrence free survival of 78%, compared to those
with >3 risk factors who had a recurrence free survival of
43% (log rank test, P< 0.0001).

3.3. Nomogram development and validation

Based on the variables described above, a nomogram was
developed for predicting disease recurrence following RNU
(Fig. 3). C-index was calculated to evaluate the predictive
value of the model. The bootstrap corrected C-index was

0.71 indicating good predictive ability. Calibration plots of
the nomogram are provided in supplementary Fig. 1.

4. Discussion

Neoadjuvant, cisplatin-based chemotherapy (NAC) for
the treatment of UCB is based on level 1 evidence and
has an established role in the treatment algorithms of the
disease [14]. Recent high level data suggest that adjuvant
chemotherapy has an important role in UTUC [8], yet, after
RNU many patients may be ineligible for such treatment
due to decline in renal function [9—11]. NAC for UTUTC
was associated with improved disease-specific survival and
overall survival, yet the evidence supporting this is mainly
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Fig. 2. Kaplan-Meier curves for recurrence free survival stratified based on number of risk factors.

based on small studies or retrospective cohorts [12].
Despite the potential benefit, data suggest that NAC for
UTUC is extremely underutilized [15]. For those ineligible
for cisplatin-based adjuvant chemotherapy, alternative regi-
mens show decreased efficacy [12], making proper patient
selection for NAC imperative.

In this study we developed a nomogram for individual-
ized prediction of the risk of disease recurrence following
RNU for HG UTUC. Older age (>65 years), ECOG score
>0, the presence of hydronephrosis and >cT3 disease,
sessile architecture, low eGFR (<50) and lower hemoglobin
levels were all associated with recurrence. Several of these
factors have been previously identified as associated with
adverse pathological outcomes. Brien et al. found that
hydronephrosis, positive cytology and HG biopsy results
were associated with muscle invasive disease or non
—organ-confined disease at RNU [16]. Favaretto et al.
reported on HG biopsy results and signs of local invasion
on imaging as predictors of muscle invasive or non—organ-
confined disease [17]. Margulis et al. found that HG disease
and sessile architecture were associated with non—organ-

confined disease, recurrence and worse cancer-specific sur-
vival [18]. Similar to those reports, our analysis suggest
that imaging related parameters such as hydronephrosis and
cT3 disease were associated with recurrence. Interestingly,
the only independent predictor of recurrence was sessile
appearance of the tumor during initial diagnostic uretero-
scopy. Both Margulis et al. and Krabbe et al. similarly
found this factor to be associated with recurrence after
RNU. Petros et al. have recently shown sessile tumors to be
associated with non—organ-confined disease at the time of
RNU [19]. This is further supported by evidence suggesting
that sessile tumor architecture in RNU specimens is associ-
ated with more aggressive disease [20,21]. This information
is readily available and is appreciated by the urologic sur-
geon as part of the initial standard evaluation of UTUC
patients. Although in some cases there is limited evidence
of intraluminal disease, we believe that when sessile tumors
are found, even in the absence of additional risk factors, this
should raise specific concerns and NAC should be consid-
ered. Since patients with low-risk disease are not candidates
for neoadjuvant chemotherapy, only patients with HG
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Fig. 3. Nomogram for prediction of 2 and 5 years recurrence rates following radical nephroureterectomy.

disease proven by either biopsy or positive cytology were
initially included in our analysis. As such, biopsy grade and
cytology were not considered in our predictive model.

Older age, higher ECOG score and decreased eGFR
were also associated with increased risk of recurrence in
our model. While some of these factors may not necessarily
indicate more aggressive disease they may influence phys-
icians’ tendency for the use of adjuvant systemic therapy.
Undertreatment is a known problem in elderly population
and was shown to affect survival in elderly patients with
UCB [22]. Based on our nomogram, a 70-year-old patient
with ECOG 1 and no other risk factor will automatically
accumulate 90 points which correspond to almost 20% risk
of recurrence at 5 years. These results indicate that older
patients with impaired performance status and renal func-
tion, may very well be at higher risk of recurrence follow-
ing RNU and should not be automatically excluded from
consideration of neoadjuvant chemotherapy.

Most of the currently available predictive models [16—
19,23] are focused on predicting invasive or non—organ-
confined disease at RNU, or, predicting recurrence / sur-
vival after surgery, using data which is not available prior
to surgery, such as final pathology [5,24,25]. Adverse
pathology on RNU specimen is an important end point and
is associated with adverse outcomes [18,26]; however,
since not all patients with invasive disease will develop
recurrence, we believe that a preoperative predictive model

for disease recurrence following surgery, may serve as a
more useful aid for decision-making regarding the use of
NAC. We suggest using this nomogram to further evaluate
patients eligible for NAC before surgery, for those with
low-risk NAC may be differed, thus lowering the rates
of overtreatment and the associated side effects. Further
considerations may rely on predictive models evaluating
postoperative renal function and eligibility for adjuvant
treatment [27]. In another scenario, those at high risk, espe-
cially with impaired renal function at baseline, should be
strongly encouraged to receive NAC. Our model is based
on multicenter database, and integrates perioperative clini-
cal data obtained by the various modalities used for staging
and diagnosis of UTUC, including ureteroscopy, imaging,
and laboratory studies. The nomogram demonstrates an
accuracy of 71% after internal validation, indicating a
good predictive model. Based on the simplicity of use and
the data needed, which is readily available in daily prac-
tice, we hope this may prove to be a useful tool for the
treating physician.

Several limitations of our study should be noted. First
this is a retrospective analysis and should be reviewed as
such. Second this model is based on data from 3 referral
centers with no external validation, which may impact the
applicability of this model to the general patient population.
Third, as mentioned above, since data regarding adjuvant
therapies is not available prior to surgery this was not
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included in the analysis, yet this may obviously influence
recurrence rates.

5. Conclusions

We developed a nomogram for individualized risk cal-
culation of disease recurrence following RNU due to HG
UTUC. The nomogram is based on readily available clini-
cal information and demonstrates good predictive accuracy
of 71%. This nomogram may be used as a tool for preopera-
tive risk assessment and guide decision-making on the use
of neoadjuvant chemotherapy. External validation of this
nomogram is needed.
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