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ABSTRACT

BACKGROUND: To develop a novel nomogram to improve the preoperative diagnosis of pathological grade of upper tract urothelial carci-
noma (UTUC).

METHODS: Retrospective study was conducted with 245 patients with UTUC treated by radical nephroureterectomy from 2002 to 2016. Of
the cohort, 57.6% received ureteroscopic (URS) biopsy and 35.9% received urine cytology examination. Preoperative clinical characteristics
and examination results were collected. Final pathological grade was diagnosed by postoperative pathology. Univariable and multivariable
binary logistic regressions were applied to establish a preoperative predictive model for tumor grade, and significant factors were included
in the nomogram. The area under curve (AUC) was used to show the predictive efficacy, and the calibration plot was drawn for validation.

RESULTS: Of the 245 patients, 72.7% were diagnosed with pathological high-grade disease. Age (odds ratio [OR]=1.03, P=.039), sessile
(OR=3.86, P=.021), positive urinary cytology (OR=6.87, P=.035), and biopsy high-grade result (OR=10.85, P<.001) were independent
predictors for pathological high-grade disease. The predictive nomogram containing these factors achieved an AUC of 0.78, which was sig-
nificantly better than URS biopsy alone (AUC =0.62, P=.003) in the whole cohort. In the URS biopsy subgroup, the nomogram achieved an
AUC of 0.79, better than biopsy alone (AUC =0.76), but was not statistically significant (P=.431). When the cutoff value of the nomogram was
set at 0.64, the sensitivity of detecting a high-grade lesion versus low-grade lesion was 80.3%, better than that of URS biopsy alone
(sensitivity =65.7%).

CONCLUSIONS: Advanced age, sessile, positive urinary cytology, and biopsy high-grade were independent predictors of pathological
high-grade disease in patients with UTUC. A nomogram containing these factors can improve diagnostic accuracy, potentially reducing the

risk of “undergrading” by URS biopsy.
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Introduction

Urothelial carcinoma comprises lower urinary tract urothelial
carcinoma (including bladder cancer and uretheral cancer) and
upper tract urothelial carcinoma (UTUC, including renal pel-
vic cancer and ureteral cancer). Of all urothelial carcinomas, 5%
to 10% cases are UTUC, whereas bladder cancer accounts for
the other 90% to 95%.1 The prevalence of UTUC has increased
in recent years because of the increase in both diagnostic rate
and survival rate.2? In western countries, the annual incidence
of UTUC is about 2 of 100000! with more cases in men than
those in women (2:1),> and the average age of patients at the
time of diagnosis is around 70.3 Incidence of renal pelvis cancer
is about twice as high as that of ureteral cancer.3 At the time of
diagnosis, about 60% of patients with renal pelvis cancer have

muscle-invasive disease, which is more common than in blad-
der cancer (15%-25%),* and about 7% of patients have meta-
static diseases.3

Traditionally, radical nephroureterectomy (RNU) with
bladder cuff excision was the standard treatment of UTUC,
whereas kidney sparing surgery (KSS) was only suitable for
patients with anatomically/functionally solitary kidneys or
bilateral UTUC, or for those unsuitable for radical surgeries.’
However, the indications for KSS have expanded recently. The
current 2019 European Association of Urology (EAU) guide-
line recommends KSS as an option for patients who meet all
low-risk criteria, which includes (1) unifocal disease, (2) tumor
size <2cm, (3) low-grade cytology, (4) low-grade ureteroscope
(URS) biopsy, (5) no invasive indication on computerized
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tomography urogram (CTU) or magnetic resonance urography
(MRU), (6) no hydronephrosis, (7) no previous radical cystec-
tomy or bladder cancer history, and (8) no variant histology,
irrespective of contralateral kidney status.” This risk-stratified
strategy can preserve up to 15% estimated glomerular filtration
rate (eGFR) compared with RNU and can potentially avoid
long-term cardiovascular morbidity.®® However, the preopera-
tive diagnosis of tumor grade is difficult. At present, urinary
cytology and URS biopsy can both provide useful information
for tumor grading, but their sensitivity of distinguishing high-
grade disease from low-grade disease is low (about 60% for
URS biopsy)’ with tremendous risk of “undergrade,” which
requires frequent follow-up after KSS and has a potential to
affect the oncological outcome.! Thus, our aim is to establish a
predictive nomogram containing comprehensive preoperative
factors to improve the preoperative diagnostic accuracy of
tumor grade and facilitate patient selection for KSS.

Patients and Methods
Study design and population

This study was conducted retrospectively with the approval of
the ethics committee of Peking University Third Hospital (ref-
erence number 1RB00006761—M2019138). The case inclu-
sion criteria included the following: (1) patients who received
RNU + bladder cuff excision in our medical center from
January 2002 to December 2016 and (2) postoperative pathol-
ogy confirmed as UTUC. The exclusion criteria included the
following: (1) history of previous UTUC, (2) history of renal
transplantation, (3) harboring UTUC in both sides, (4) con-
comitant with other malignant tumors than bladder cancer,
and (5) concomitant with distant metastases.

Definition of preoperative clinical factors and
pathological grade

(1) The formula of eGFR was as follow: eGFR (mL/
min/1.73m?) =186 X serum creatinine 1% X age 0203 X
0.742 (if female).? (2) Clean catch, catheterized, or in situ
urine were used as urine specimens for urinary cytology.
Detection of malignant urothelial cells or atypical cells highly
suspected as urothelial carcinoma were defined as positive.
Other results such as atypical hyperplasia, too few cells, or
inability to judge were defined as negative. (3) Hydronephrosis
was determined according to preoperative imaging examina-
tion (CTU, MRU, or B ultrasound). (4) Tumor, lymph node,
and metastasis (TINM) stage was evaluated according to 2017
TNM staging system.! (5) Morphology was determined by
imaging and URS results as pedicle or sessile. (6) Multifocality
was diagnosed by preoperative images (CTU, MRU, or B
ultrasound) and URS results. Two or more lesions in the
upper urinary tract were defined as multifocal. (7) Pathological
grade of biopsy was evaluated according to the 2016 World
Health Organization (WHO) histological grading system

and was divided into high grade and low grade.! (8) For mul-
tifocal tumors, tumor size was determined by the largest
lesion, and tumor architecture was considered “sessile” if any
sessile lesion was suspected.

Ureteroscopy and biopsy

After epidural or general anesthesia, the patient was placed in
lithotomy position. The F21 cystoscope was placed into the
urethra under direct vision. The bladder mucosa was observed
and the bilateral ureteral orifices were identified. A guide wire
was inserted through cystoscope into the ureteral orifice of the
affected side, to the renal pelvis, and then cystoscope was with-
drawn. A F8/9.8 or F4.5/6.5 rigid ureteroscope was inserted,
entering the ureter along the guide wire for ureter and renal
pelvis observation. If any suspicious lesion was found, a biopsy
forceps or biopsy basket was used to collect tissue biopsy for
pathology evaluation.

After 2010, flexible ureteroscope was used for some patients
with renal pelvic cancer. The guide wire was inserted into the
ureter in the same way mentioned above. The F11/13 or
F12/14 ureteric soft sheath was inserted along the guide wire
into the ureter, and then the flexible ureteroscope was inserted
into the soft sheath all the way up for observation of renal pel-
vis and upper, middle, and lower calices lesions. A basket or
biopsy forceps were used to collect tissue specimens. Then the
sheath and flexible ureteroscope were removed slowly, and ure-
ter were observed meticulously in case there was any other
lesion.

Treatment modality

UTUC was diagnosed by image studies (CT urography, MR
urography, or ultrasound), and some were confirmed by biopsy.
All included patients received open or laparoscopic RNU.
Adjuvant chemotherapy was instilled intravesically after
1week. Follow-up plan was scheduled depending on the tumor
risk stratification.

Statistical analysis

Continuous variables were reported as median (range).
Categorical variables were reported as number (percentage).
Univariate binary logistic regression analysis was used to ana-
lyze preoperative factors related to pathological grade, and sta-
tistically significant factors were included in multivariate binary
logistic regression analysis to establish pathological grade pre-
diction models. The above statistical analysis was completed by
SPSS 24.0 software. R software (3.5.0) was used to construct
the nomogram; calculate the Harrell's concordance index
(c-index), which is a measurement of the model’s discrimina-
tion ability; and draw the calibration curve to evaluate the
model’s consistency (300 bootstrap resampling). Bilateral
P<.05 was defined as statistically significant.
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Results Table 1. Clinical features of patients with upper tract urothelial
Baseline clinical characteristics earenoma.
A total of 245 patients fulfilled the inclusion criteria. Clinical CLINICAL FEATURES ?ANiI:;Iﬁsl\; (RANGEYNO. (%)
features are listed in Table 1. There were 113 men and 132
women, with a median age of 69 years; 109 cases had renal pel- Gender (male/female) 132/113
vic cancer, 121 cases had ureteral cancer, and 15 cases had can- Age,?y 69 (31-88)
cer in both locations. The median tumor size was 3cm. BMI* (1= 179). ka/m? 94.3 (15.6-34.0
Muscle-invasion (=pT2) was diagnosed in 66.0% cases, and (n=179). kg/m 3 (18. 0
pathological high grade in 72.7%. ASA score (n=216), %
1 32 (14.8)
Diagnostic power of URS biopsy ) 146 (678)
Among these patients, 141 (57.6%) underwent URS biopsy, 3 38 (176)
result of which is shown in Figure 1. In total, 98 (69.5%) speci- :
mens obtained a biopsy grade. The diagnostic specificity of Surgery year, %
high-grade disease was 87.1%, sensitivity was 65.7%, positive 2002-2010 69 (28.2)
predictive value was 91.7%, negative predictive value was 0112016 176 (71 8
54.0%, and overall accuracy was 72.4% (Table 2). ) (71.8)
Gross hematuria, % 182 (74.3)
Construction of tumor grade predictive nomogram Concomitant bladder cancer, % 28 (11.4)
To improve the sensitivity of preoperative diagnosis of high- History of bladder cancer, % 10 (4.1)
grade lesions, we analyzed preoperative clinical predictors of Smoking history (n=240), % 29 (12.1)
high-grade UTUC by univariate regression. As shown in
Table 3, male (odds ratio [OR] =0.51; 95% confidence interval eGFR (n=243), mL/min/1.73m?
[CI]: 0.29-0.90; P=.021), advanced age (OR=1.03; 95% CI: =90 20 (8.2)
1.00-1.06; P=.024), sessile (OR=4.57; 95% CI: 1.57-13.31;
P=.005), positive urine cytology (OR=4.20; 95% CI: 1.13- 60-90 104 (42.4)
15.59; P=.032), and high-grade biopsy result (OR=11.75; 30-60 96 (39.2)
95% CI: 4.04-34.15; P<<.001) were significantly associated a0 23 (9.4)
with pathological grade.
We then performed multivariate regression analysis by Side (left/right) 109/136
including the above significant clinical factors (Table 4). Location, %
Advanced age (OR=1.03; 95% CI: 1.00-1.07; P=.039), sessile .
(OR=3.86;95% CI: 1.22-12.21; P=.021), positive urine cytol- Renal pelvis 109 (44.5)
ogy (OR=6.87;95% CI: 1.59-29.77; P=.010), and high-grade Ureter 121 (49.4)
biopsy finding (OR=10.85; 95% CI: 3.58-32.91; P<<.001) Both 15 (6.1)
were independently associated with pathological grade. These .
factors were included in the final predictive nomogram, as Tumor size (n=223), cm 3.0 (0.5-11.0)
shown in Figure 2. Hydronephrosis (n=230), % 132 (57.4)
The optimal cutoff value for the predictive model was 0.73 Multifocallty. % 42 (179)
(sensitivity + specificity maximum) with a sensitivity of 69.7% v '
and a specificity of 74.6%. When we defined the cutoff value as Sessile, % 44 (18.0)
0.64, the diagnostic sensitivity achieved 80.3% and specificity pT, %
56.7%. The calibration plot of the model showed that the pre- T a1 (127
diction was more accurate when high-grade probabilities é (12.7)
=70% (Figure 3). 1 52 (21.2)
2 78 (31.8)
Comparison between predictive nomogram and
URS biopsy 8 78 (318)
The nomogram model’s receiver operating characteristic ¢ )
(ROC) curve had an area under the curve (AUC) of 0.78, (Continued)
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Table 1. (Continued)

CLINICAL FEATURES MEDIAN (RANGE)/NO. (%)

(N=245)
pN+, % 7(2.9)
Urine cytology positive (n=88), % 27 (30.7)
Biopsy high-grade (n=141), % 48 (34.0)
Postop pathologic high grade, % 178 (72.7)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index; eGFR, estimated glomerular filtration rate.
aContinuous variables were presented in median (range).

Ureteroscopic biopsy
N =141

Failed to obtain
tumor tissue (N =29)

Obtained tumor tissue
N=112

Failed to diagnose
grade (N = 14)

Obtained grade diagnosis
N =98

Figure 1. Information of ureteroscopic biopsy.

Table 2. Ureteroscopic biopsy’s diagnostic power of tumor grade.

PATHOLOGICAL PATHOLOGICAL

HIGH GRADE LOW GRADE
Biopsy 44 4 Positive
high grade predictive
value 91.7%
Biopsy 23 27 Negative
low grade predictive
value
54.0%
Sensitivity Specificity Accuracy
65.7% 871% 72.4%

compared with that of 0.62 from URS biopsy (P<.001;
Hanley & McNeil method), as shown in Figure 4A. The ROC
curves of these 2 diagnostic methods were also compared in the
subgroup with available URS biopsy grade. The AUC of the
predictive model was 0.79, and the AUC of the URS biopsy
was 0.76 (P=.431; Hanley & McNeil method), as shown in
Figure 4B.

Discussion
Our study showed that advanced age, sessile, positive urine

cytology, and high-grade biopsy finding were predictive factors

of high-grade UTUC. A nomogram including these 4 factors
improved the diagnostic power compared with URS biopsy
alone.

Preoperative diagnosis of pathological grade is difficult
in UTUC risk stratification. At present, the grade diagnosis
depends on urine cytology or preoperative ureteroscopy.
Urine cytology can provide useful information, but the
overall sensitivity is only 34%,10 especially for low-grade
lesions.'t12 Studies have reported that selective urine
through catheterization, washing or brushing the cavities
and lumen of the suspected renoureteral unit can improve
the diagnosis,'® but its application in predicting tumor
grade is still limited with the lack of reporting standard,
the susceptibility of sampling technique,’® the influence of
possible urinary infection,' and the dependence on the
cytopathologist’s experience.!®

Our study confirmed the “undergrade” risk of URS biopsy
and the potential of failure to obtain grade information. The
accuracy of URS biopsy for pathological grade diagnosis is
between 69% and 90%.1 As most high-grade biopsy results are
consistent with final pathology, the “undergrade” rate of low-
grade biopsy results can be as high as 30%.13 Clements et al’
reported that the sensitivity of diagnosing high-grade lesion by
URS biopsy was 60%, with a negative predictive value of only
54%. Moreover, considering the chance of failure to diagnose
tumor grade was 17.6%,'® now we eagerly need a better diag-
nostic solution for tumor grade.

In this study, we constructed a nomogram to improve pre-
operative diagnosis of tumor grade. The nomogram included
patient age, tumor architecture, urine cytology result, and
biopsy finding, which improved diagnostic performance com-
pared with URS biopsy alone. The nomogram can be conveni-
ently applied by adding the score of each risk factor and
converting the total score to a predicted possibility.

The features included in the nomogram have all been widely
mentioned in previous studies. Advanced age was reported to
be related to high-grade UTUC both in a large Chinese
cohort” and in Surveillance, Epidemiology, and End Results
(SEER) database's; sessile architecture was also a well-recog-
nized feature associated with high-grade disease!”?%; and urine
cytology and URS biopsy, as we discussed previously, were
most widely used methods to determine preoperative grade.!3
WEe also included other previously reported predictors for path-
ologic grade in our analysis, such as smoking history,?2! blad-
der cancer history,?? and hydronephrosis,'”?3 and no statistically
significant correlation was observed between these factors and
high-grade disease in our cohort.

Our results showed that, compared with URS biopsy alone,
the nomogram significantly improved AUC from 0.62 to 0.78
in the overall cohort, while slightly improved AUC from 0.76
to 0.78 in the subgroup with available biopsy grade informa-
tion. This indicated that the nomogram can be used to provide
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Table 3. Univariable regression analysis of relevant predicters to tumor grade.

CLINICAL FEATURES UNIVARIABLE
95% Cl P VALUE

Male vs female 0.51 0.29-0.90 .021
Age, y 1.03 1.00-1.06 024
Right vs left 1.42 0.81-2.49 .228
BMI, kg/m? 1.06 0.96-1.18 .271
Location .468

Renal pelvis Ref. Ref. Ref.

Ureter 0.00 - .998

Both 0.00 - .998
Gross hematuria 0.87 0.46-1.68 .687
Flank pain 0.82 0.33-2.00 .661
Smoking history 0.69 0.30-1.57 .371
Concomitant/history of bladder cancer 1.38 0.59-3.19 .457
Hydronephrosis 1.44 0.80-2.59 .227
eGFR, mL/min/1.73m? 1.00 0.99-1.01 .934
Tumor size, cm 1.02 0.88-1.20 773
Multifocality 2.10 0.88-4.99 .093
Sessile 4.57 1.57-13.31 .005
Positive urine cytology 4.20 1.13-15.59 .032
Biopsy high grade 11.75 4.04-34.15 <.001

Abbreviations: BMI, body mass index; Cl, confidence interval; OR, odd ratios; Ref., reference.

Table 4. Multivariable regression analysis of relevant predicters to Points 0 10 20 30 40 50 60 70 80 90 100
tumor grade.
Age 30 35 40 45 50 55 60 65 70 75 80 85 90
CLINICAL FEATURES ~ MULTIVARIABLE ressile
Architect P
95% Cl P VALUE rehitecture pspillary Pasitive
. Negative
Male vs female 0.57 0.30-1.08 .085 Urine cytology No results
Negative .
Age, y 1.03 1.00-1.07 .039 High-grade
Ureteroscopic Low-grade
. No r It
Sessile 3.86 1.22-12.21 .021 biosy e o resutts
Urine cytolo .035 i
ylology Total points 50 100 150 200 250 300

Negative Ref. Ref. Ref. High-grade risk 0.2 0.30.40.50.60.7 0.8 0.9 0.95 0.99

Positive 6.87 1.59-29.77 .010 Figure 2. Diagnostic nomogram of tumor grade.

No results 1.50 0.74-3.03 .259
Ureteroscopic <.001 additional information to biopsy results and can also risk strat-

ify patients who have not undergone URS biopsy, or those who
Low grade Ref. Ref. Ref.

were unable to be diagnosed for tumor grade even with biopsy.
High grade 10.85 3.58-32.91 <.001 The best cutoff value of the nomogram can be determined
individually. For example, in case of reducing the possibility of
“undergrade” before KSS, the cutoff value can be lowered to
Abbreviations: Cl, confidence interval; OR, odd ratios; Ref., reference. improve the sensitivity of high-grade diagnosis. If the cutoff

No results 3.61 1.77-7.35 <.001
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value is set to 0.64, the model’s sensitivity of diagnosing high-
grade disease reaches 0.80, significantly reducing the risk of
“undergrade.”

According to our results, cases of younger patients with
pedicle lesion, negative urine cytology finding, and low-grade
biopsy result are most likely to be pathologically low-grade
ones. In theory, such patients are also more suitable for kidney
sparing treatment. Younger patients have a longer life expec-
tancy, which means that kidney sparing may have a greater
benefit (theoretic speculation, still needs to be confirmed);
pedicle lesion tends to be low grade and noninvasive and

LA I U R
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Figure 3. Calibration plot of the diagnostic nomogram.
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usually harbors a better prognosis,’® which means less likely
compromised oncological outcome following kidney sparing
treatment and has been included in current risk stratification
system?; urine cytology and URS biopsy are also necessary
examinations to risk stratify preoperative patients.! Thus, our
grade-diagnostic nomogram is consistent with current under-
standing of indications for KSS and does not need any addi-
tional examinations.

There are several limitations in our study. First, 2 factors in
our nomogram, urine cytology and URS biopsy findings, were
still assigned a score when they had “no result,” which may cause
instability of predictive performance due to the inherently incon-
sistent biopsy rate, urine cytology reporting system, and biopsy
techniques across different medical centers. It suggests caution
to extrapolate the conclusion of this study and external valida-
tion is needed in the future. However, the advantage is that the
nomogram can be applied to patients who lack these examina-
tion results, for example, when patients do not undergo biopsy or
fail to obtain biopsy grade. Second, with limited cohort size, this
study may be under-powered when analyzing independent pre-
dictors for high-grade disease. Limited sample size restricts the
number of factors that can be included in the nomogram, and
may limit the diagnostic performance of the nomogram. Thus
more cases are needed in the future.

Conclusions

In conclusion, our study confirmed that advanced age, sessile,
positive urinary cytology, and biopsy high-grade were inde-
pendent predictors of high-grade disease in patients with
UTUC. A nomogram including these factors can improve
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Figure 4. Comparison between ureteroscopic (URS) biopsy and nomogram on diagnosing tumor grade. (A) Receiver operator characteristic (ROC) curve
of URS biopsy and the nomogram in the whole cohort, which showed the nomogram performed significantly better than URS biopsy and (B) ROC of URS
biopsy and the nomogram in the subgroup with available biopsy grade, which showed the nomogram slightly improved the area under the curve (AUC) but

not statistically significant.
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diagnostic accuracy, potentially reducing the risk of “under-
grading” before kidney-sparing treatment.
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