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Abstract

Background: Patient factors associated with urinary tract cancer can be used to risk
stratify patients referred with haematuria, prioritising those with a higher risk of cancer
for prompt investigation.
Objective: To develop a prediction model for urinary tract cancer in patients referred
with haematuria.
Design, setting, and participants: A prospective observational study was conducted in
10 282 patients from 110 hospitals across 26 countries, aged �16 yr and referred to sec-
ondary care with haematuria. Patients with a known or previous urological malignancy
were excluded.
Outcome measurements and statistical analysis: The primary outcomes were the pres-
ence or absence of urinary tract cancer (bladder cancer, upper tract urothelial cancer
[UTUC], and renal cancer). Mixed-effect multivariable logistic regression was performed
with site and country as random effects and clinically important patient-level candidate
predictors, chosen a priori, as fixed effects. Predictors were selected primarily using clin-
ical reasoning, in addition to backward stepwise selection. Calibration and discrimina-
tion were calculated, and bootstrap validation was performed to calculate optimism.
Results and limitations: The unadjusted prevalence was 17.2% (n = 1763) for bladder
cancer, 1.20% (n = 123) for UTUC, and 1.00% (n = 103) for renal cancer. The final model
included predictors of increased risk (visible haematuria, age, smoking history, male
sex, and family history) and reduced risk (previous haematuria investigations, urinary
tract infection, dysuria/suprapubic pain, anticoagulation, catheter use, and previous pel-
vic radiotherapy). The area under the receiver operating characteristic curve of the final
model was 0.86 (95% confidence interval 0.85–0.87). The model is limited to patients
without previous urological malignancy.
Conclusions: This cancer prediction model is the first to consider established and novel
urinary tract cancer diagnostic markers. It can be used in secondary care for risk strati-
fying patients and aid the clinician’s decision-making process in prioritising patients for
investigation.
Patient summary: We have developed a tool that uses a person’s characteristics to
determine the risk of cancer if that person develops blood in the urine (haematuria).
This can be used to help prioritise patients for further investigation.

� 2022 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
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1. Introduction

Haematuria is the most common presentation of suspected
urinary tract cancers and is the leading cause of referral to
secondary care amongst the urological cancer pathways
[1,2]. Bladder cancer is the most prevalent cancer diagnosis
in these patients, whilst upper tract urothelial cancers
(UTUCs) and renal cell carcinomas (RCCs) are rarer [3,4].
Urinary tract cancers carry high morbidity and mortality
[5,6], and early diagnosis is important. The investigation
of haematuria poses a huge global health burden as there
are many causes, including benign pathology [7]. Reducing
unnecessary investigations whilst identifying clinically
important urinary tract cancers is an important unmet need
[8]. As a result, risk markers should be used to select
patients for referral and to determine urgency for further
investigation. A recent prediction model to identify bladder
cancer in patients with haematuria was developed to rec-
ommend a threshold for investigation [9]. Four well-
established risk markers were used to predict bladder can-
cer (type of haematuria, age, sex, and smoking history)
[7,10–13]. However, the model neither predicted upper
tract cancer nor included other important clinical risk mark-
ers such as anticoagulation, previous radiotherapy, and uri-
nary tract infections, which have been described in the
literature [14–16].

The IDENTIFY study is the largest prospective cohort
study of patients referred with suspected urinary tract can-
cer. One aim of the study was to develop a model to predict
urinary tract cancer in patients referred with haematuria,
using several predetermined clinical risk markers. The
effects of such a wide range of potential risk markers have
not been investigated simultaneously in a study of this
scale. This is necessary to account for the complex interplay
of factors related to an individual’s particular risk of cancer.
Individualised risk predictions can then guide a shared
decision-making process between the patient and the clini-
cian about further investigation.
2. Patients and methods

2.1. Study design and source of data

The IDENTIFY study was an international prospective cohort study in

patients referred to secondary care with suspected urinary tract cancer

[17]. Further details of the study including the adjusted prevalence of

cancer have been published [4]. Data collected included the reason for

referral, baseline demographic information, clinical history, urine analy-

sis, cytology, imaging findings, cystoscopy findings, histopathology from

biopsies or surgery, and multidisciplinary team decisions.

In this analysis, we used the cohort of patients with haematuria (vis-

ible or nonvisible haematuria) to develop the prediction model. Nonvis-

ible haematuria was defined as a trace or more on urinalysis, or three or

more red blood cells per high power field on microscopy. Microscopy

was not required to confirm a urinalysis positive for blood. Patient data

were obtained from hospital records of consecutive patients attending a

secondary care ‘‘haematuria clinic’’ for a flexible cystoscopy between

December 2017 and December 2018. Patients were followed up until

their haematuria investigations were concluded and a diagnosis was

confirmed or ruled out, as per the judgement of the clinical care team.
We report this study according to the Transparent Reporting of a Multi-

variable Prediction Model for Individual Prognosis or Diagnosis (TRIPOD)

statement (Supplementary material) [18].

2.2. Participants

We included patients aged �16 yr, with haematuria, who were referred

to a urologist and underwent investigation for suspected urinary tract

cancer. The investigations performed were determined by the urologist’s

standard practice. Patients were excluded if they had a previous or

known diagnosis of primary urological cancer or were undergoing inves-

tigations for the recurrence of a primary urological cancer.

2.3. Outcome

The primary outcome was the absence or presence of any urinary tract

cancer (defined as bladder cancer, UTUC, or RCC) [4,17]. We defined can-

cer as per Supplementary Table 1 [19,20]. We developed the main model

to predict urinary tract cancer. This was derived from three secondary

prediction models, one for each type of urinary tract cancer. The sec-

ondary outcomes were the absence or presence of each type of urinary

tract cancer in their respective models.

2.4. Candidate predictors

Candidate predictors for each type of cancer were chosen based on clin-

ical reasoning and evidence from literature. Table 1 shows the candidate

predictors that were used to develop the initial models for each type of

cancer. These were chosen a priori as clinically relevant predictors of uri-

nary tract cancer, by the research steering committee and clinical

experts during study design [17].

2.5. Sample size

We used the fixed sample size of 10 282 patients based on the primary

goal of the study, which was the estimated prevalence of urinary tract

cancers [4,17].

2.6. Statistical analysis methods

We used a multilevel mixed-effect logistic regression model with coun-

try and site as random effects, and all other candidate predictors as fixed

effects. Age was included as a continuous predictor; all other predictors

were categorical. We performed a complete case analysis and did not

impute the small proportion of missing data (see the Supplementary

material).

We developed separate models for each type of cancer (ie, bladder

cancer, UTUC, and RCC) first, as different predictors may be relevant

for one type of cancer but not the other. An example is flank pain, which

would be hypothesised to be more relevant in UTUC and renal cancer

than in bladder cancer. These secondary predictive models for each type

of cancer were developed using a combination of clinical judgement and

the backward stepwise elimination process for the poorly understood

predictors. We initially fitted the full multivariable model and then per-

formed backward stepwise elimination as we were exploring new candi-

date predictors. Crucially though, we judged the clinical importance of

keeping each predictor before it was eliminated, as clinical selection of

predictors is more important than statistical methods alone. The perfor-

mance of each model was reported.

We fitted statistically significant two-way interaction terms that we

deemed clinically important and made clinical sense. The rationale for

fitting interaction terms was to account for differences in the predictor’s

effect between subgroups. A p value of <0.05 was considered statistically

significant.



Table 1 – List of predictors for bladder cancer, upper tract urothelial cancer (UTUC), and renal cancer

Predictors for all cancers
Type of haematuria (visible or nonvisible haematuria)
Age in years
Sex (male, female)
Smoking history (current, ex-smoker, never smoker, or unknown)
High-risk occupation (yes/no or unknown), defined as exposure to occupational hazards associated with bladder cancer, for example, dyes, rubber,

textiles, and pesticides
High-risk travel (yes/no or unknown)—risk of schistosomiasis in freshwater lakes in Africa, South America, or Middle East
High-risk medications, for example, cyclophosphamide and pioglitazone (yes/no or unknown)
Episode of urinary tract infection associated with the patient’s presentation (none/single/recurrent)
Anticoagulation (yes/no)—includes warfarin, novel anticoagulant (eg, rivaroxaban, apixaban), antiplatelet (eg, aspirin, clopidogrel), and heparin

(any)
Previous negative investigation for haematuria (yes/no)

Predictors specific to type of cancer
Bladder cancer UTUC Renal cancer

Family history of urothelial cancer (yes/no) Family history of urothelial
cancer

Family history of renal
cancer

Dysuria or suprapubic pain (yes/no) Flank pain (yes/no) Flank pain (yes/no)
Any lower urinary tract symptoms (obstructive/voiding, storage/irritative or mixed)
The current use of a catheter (yes/no), including urethral, suprapubic, and

intermittent
Ethnicity (White, Asian, Black/African American, other)
History of previous pelvic radiotherapy (yes/no)
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The predictors used in the predictive model for all urinary tract can-

cers were selected from all three secondary models, based on the clinical

judgement of the study’s steering committee. Further detailed statistical

analysis methods are included in the Supplementary material.

2.7. Evaluation of performance

The calibration slope, area under the receiver operating characteristic

curve (AUC), and decision curve analysis were used to assess the perfor-

mance of the final predictive model for all urinary tract cancers. The

model was internally validated using bootstrap resampling with 200

repetitions, and the optimism was calculated, as per the TRIPOD state-

ment (ie, development of the model in each bootstrap sample) [18]. Fur-

thermore, we evaluated the performance (AUC) of the model in different

countries. We chose not to split the data into a development and valida-

tion cohort firstly due to the low number of events in the rarer cancers,

which would limit the number of candidate predictors in their models,

and secondly as we intend to perform a separate study to externally val-

idate the prediction model recommended by the TRIPOD statement.

2.8. Risk calculation tool

The risk scorewas created using the coefficients from the linear equation of

the multivariable logistic regression. We subsequently developed an online

calculator rather than a nomogram to predict an individual’s probability of

urinary tract cancer, for its ease of use and to demonstrate the tool.

2.9. Development of risk score and risk groups

As a guide, we developed risk groups to aid clinicians in determining fur-

ther investigation. To this end, we defined four categories of cancer risk:

very low, low, intermediate, and high. The justification for a very low risk

category was to identify a group where investigation may be avoided or

delayed. Low-, intermediate-, and high-risk groups are commonly used

in clinical practice and reflect a gradient where increasing intensity

and urgency of investigation are required. We selected a threshold of

<1% predicted risk for the very low group, and 5% and 20% as cut-offs

to create low-, intermediate-, and high-risk groups. All thresholds were

selected based on clinical reasoning by the study steering committee, as

there are no established risk stratification thresholds in use within sec-

ondary care in this field. Clinical reasoning was felt to be more appropri-

ate and meaningful than statistical methods for risk thresholds. The
observed cancer prevalence from the cohort was cross-checked in each

risk group to ensure that they reflected clinically appropriate

stratification.

All analyses were performed using Stata version 16.1 (StataCorp, Col-

lege Station, TX, USA). This study was registered with clinicaltrials.gov

NCT03548688, and the study protocol was published in advance [17].

3. Results

3.1. Participants

Figure 1 describes the flow of patients through the study.
The prevalence was 17.2% (n = 1763) for bladder cancer,
1.20% (n = 123) for UTUC, and 1.00% (n = 103) for renal can-
cer. The clinical characteristics of the cohort are described
in Table 2 and include patient demographics and all candi-
date predictors.

3.2. Model development and specification

Supplementary Tables 2–7 show model development for
each type of cancer (candidate predictors and number of
patients included in each backward stepwise elimination),
in addition to the coefficients and odds ratios of variables
in their respective final prediction models. The final predic-
tors in the UTUC model were type of haematuria, age, flank
pain, and smoking history, and those in the RCC model were
type of haematuria and flank pain. There were 11 final pre-
dictors in the bladder cancer model. Table 3 shows the main
predictive model for urinary tract cancers using selected
predictors from all three secondary models. The number
of events (cancers) in the main model was 1863 (19.7%).

The AUC of the final model was 0.86 (95% confidence
interval [CI] 0.85–0.87), its calibration slope was 1.03 (95%
CI 0.98–1.09), and its intercept was –0.01 (95% CI –0.02 to
0.01) [21]. The decision curve analysis shows a net benefit
over investigating all or none (Supplementary Fig. 1). The
optimism between the bootstrap model and the test model
was 0.005 (difference between an apparent model AUC of
0.858 and a corrected model AUC of 0.853). Evaluation of



Patients assessed for 
eligibility (n = 11 059)

Included pa�ents
(n = 10 282)

Bladder cancer
n = 1763
(17.2%)

Upper tract urothelial cancer
n = 123
(1.20%)

Renal cancer
n = 103
(1.00%)

Excluded (n = 163):

-Not met inclusion criteria: 6

-Withdrawn: 134 patients

-Insufficient data : 23

Pa�ents with no haematuria 
excluded for development 

cohort (n = 614)

Fig. 1 – Cohort flow diagram.

Table 2 – Patient demographics and clinical characteristics

Total No cancer Any urinary tract cancer Bladder cancer Upper tract urothelial cancer Renal cancer
n (%) n (%) n (%) n (%) n (%) n (%)

Total 10 282 8329 (81.0) 1953 (19.0) 1763 (17.1) 123 (1.20) 103 (1.00)
Type of haematuria
Nonvisible haematuria 3152 (30.7) 2967 (35.6) 185 (9.47) 165 (9.36) 9 (7.32) 13 (12.6)
Visible haematuria 7130 (69.3) 5362 (64.4) 1768 (90.5) 1598 (90.6) 114 (92.7) 90 (87.4)

Age (yr), mean (SD) 64.3 (14.6) 62.8 (14.8) 70.4 (11.9) 70.7 (11.8) 71.9 (11.7) 64.8 (13.1)
Sex
Female 3853 (37.5) 3384 (40.6) 469 (24.0) 413 (23.4) 40 (32.5) 25 (24.3)
Male 6423 (62.5) 4940 (59.3) 1483 (75.9) 1349 (76.5) 83 (67.5) 78 (75.7)
Other 6 (0.06) 5 (0.06) 1 (0.05) 1 (0.06) 0 (0) 0 (0)

Smoking
Never smoker 4651 (45.2) 4099 (49.2) 552 (28.3) 477 (27.1) 41 (33.3) 44 (42.7)
Ex-smoker 3066 (29.2) 2267 (27.2) 739 (37.8) 680 (38.6) 38 (30.9) 36 (35.0)
Current smoker 1881 (18.3) 1367 (16.4) 514 (26.3) 471 (26.7) 35 (28.5) 17 (16.5)
Unknown 744 (7.24) 596 (7.16) 148 (7.58) 135 (7.66) 9 (7.32) 6 (5.83)

Occupational riska

No 8548 (83.1) 6958 (83.5) 1590 (81.4) 1428 (81.0) 102 (82.9) 90 (87.4)
Yes 393 (3.82) 279 (3.35) 114 (5.84) 109 (6.18) 5 (4.07) 2 (1.94)
Unknown 993 (9.66) 784 (9.41) 209 (10.7) 190 (10.8) 13 (10.6) 9 (8.74)
Missing 348 (3.38) 308 (3.70) 40 (2.05) 36 (2.04) 3 (2.44) 2 (1.94)

Medication riskb

No 9203 (89.5) 7459 (89.6) 1744 (89.3) 1575 (89.3) 108 (87.8) 93 (90.3)
Yes 77 (0.75) 57 (0.68) 20 (1.02) 17 (0.96) 2 (1.63) 1 (0.97)
Unknown 628 (6.11) 478 (5.74) 150 (7.68) 137 (7.77) 9 (7.32) 7 (6.80)
Missing 374 (3.64) 335 (4.02) 39 (2.00) 34 (1.93) 4 (3.25) 2 (1.94)

Travel/environmental riskc

No 8761 (85.2) 7030 (84.4) 1731 (88.6) 1566 (88.8) 105 (85.4) 91 (88.4)
Yes 108 (1.05) 99 (1.19) 9 (0.46) 9 (0.51) 0 (0) 0 (0)
Unknown 948 (9.22) 786 (9.44) 162 (8.29) 143 (8.11) 13 (10.6) 10 (9.71)
Missing 465 (4.52) 414 (4.97) 51 (2.61) 45 (2.55) 5 (4.07) 2 (1.94)

UTI history
None 7873 (76.6) 6155 (73.9) 1718 (88.0) 1548 (87.8) 110 (89.4) 92 (89.3)
Single 1250 (12.2) 1123 (13.5) 127 (6.50) 115 (6.52) 8 (6.50) 6 (5.83)
Recurrent 1018 (9.90) 930 (11.2) 88 (4.51) 80 (4.54) 5 (4.07) 5 (4.85)
Missing 141 (1.37) 121 (1.45) 20 (1.02) 20 (1.13) 0 (0) 0 (0)

Dysuria/suprapubic pain
No 7909 (76.9) 6300 (75.6) 1609 (82.4) 1442 (81.8) 111 (90.2) 84 (81.6)

(continued on next page)
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Table 2 (continued)

Total No cancer Any urinary tract cancer Bladder cancer Upper tract urothelial cancer Renal cancer
n (%) n (%) n (%) n (%) n (%) n (%)

Yes 2144 (20.9) 1830 (22.0) 314 (16.1) 292 (16.6) 11 (8.94) 19 (18.4)
Missing 229 (2.23) 199 (2.39) 30 (1.54) 29 (1.64) 1 (0.81) 0 (0)

Previous haematuria evaluation
No 9130 (88.8) 7312 (87.8) 1818 (93.1) 1640 (93.0) 115 (93.5) 96 (93.2)
Yes 1023 (9.95) 907 (10.9) 116 (5.94) 104 (5.90) 8 (6.50) 7 (6.80)
Missing 129 (1.25) 110 (1.32) 19 (0.97) 19 (1.08) 0 (0) 0 (0)

Family history of urothelial cancer
No 9734 (94.7) 7874 (94.5) 1860 (95.2) 1680 (95.3) 119 (96.8) 96 (93.2)
Yes 219 (2.13) 157 (1.88) 62 (3.17) 55 (3.12) 2 (1.63) 5 (4.85)
Missing 329 (3.20) 298 (3.58) 31 (1.59) 28 (1.59) 2 (1.63) 2 (1.94)

LUTS
None 5991 (58.3) 4765 (57.2) 1226 (62.8) 1096 (62.2) 82 (66.7) 67 (65.1)
Obstructive/voiding 1354 (13.2) 1085 (13.0) 269 (13.8) 247 (14.0) 14 (11.4) 13 (12.6)
Storage/irritative 1800 (17.5) 1543 (18.5) 257 (13.2) 232 (13.2) 15 (12.2) 15 (14.6)
Mixed 1010 (9.82) 826 (9.92) 184 (9.42) 171 (9.70) 12 (9.76) 8 (7.77)
Missing 127 (1.24) 110 (1.32) 17 (0.87) 17 (0.96) 0 (0) 0 (0)

Use of catheter
No 9833 (95.6) 7930 (95.2) 1903 (97.4) 1715 (97.3) 120 (97.6) 101 (98.1)
Yes 334 (3.25) 301 (3.61) 33 (1.69) 31 (1.76) 3 (2.44) 2 (1.94)
Missing 115 (1.12) 98 (1.18) 17 (0.87) 17 (0.96) 0 (0) 0 (0)

Ethnicity
White 7930 (77.1) 6288 (75.5) 1642 (84.1) 1482 (84.1) 108 (87.8) 85 (82.5)
Asian 1195 (11.6) 1014 (12.2) 181 (9.27) 170 (9.64) 6 (4.88) 7 (6.80)
Black 297 (2.89) 277 (3.33) 20 (1.02) 14 (0.79) 3 (2.44) 3 (2.91)
Other 518 (5.04) 450 (5.40) 68 (3.48) 60 (3.40) 3 (2.44) 5 (4.85)
Missing 342 (3.33) 300 (3.60) 42 (2.15) 37 (2.10) 3 (2.44) 3 (2.91)

Pelvic radiotherapy
No 10 043 (97.7) 8125 (97.6) 1918 (98.2) 1731 (98.2) 123 (100) 100 (97.1)
Yes 203 (1.97) 172 (2.07) 31 (1.59) 28 (1.59) 0 (0) 3 (2.91)
Missing 36 (0.35) 32 (0.38) 4 (0.20) 4 (0.23) 0 (0) 0 (0)

Anticoagulation
No 7306 (71.1) 6027 (72.4) 1279 (65.5) 1153 (65.4) 83 (67.5) 69 (67.0)
Yes 2611 (25.4) 1981 (23.8) 630 (32.3) 569 (32.3) 38 (30.9) 33 (32.0)
Missing 365 (3.55) 321 (3.85) 44 (2.25) 41 (2.33) 2 (1.63) 1 (0.97)

Flank pain
No 9131 (88.8) 7310 (87.8) 1821 (93.2) 1670 (94.7) 97 (78.9) 87 (84.5)
Yes 922 (8.97) 820 (9.85) 102 (5.22) 64 (3.63) 25 (20.3) 16 (15.5)
Missing 229 (2.23) 199 (2.39) 30 (1.54) 29 (1.64) 1 (0.81) 0 (0)

LUTS = lower urinary tract symptom; SD = standard deviation; UTI = urinary tract infection.
Percentages are column percentages except in the first row (‘‘Total’’), which are row percentages. Individual cancers do not add up to total cancers as some
patients were diagnosed with more than one type of cancer.
Occupational, medication, and travel/environmental risks were considered regardless of time since exposure.
a Defined as exposure to dyes, rubber, textiles, and pesticides.
b For example, cyclophosphamide and pioglitazone.
c Risk of schistosomiasis: relevant exposure to freshwater lakes in Africa, South America, and Middle East.

Table 3 – Final prediction model for urinary tract cancer using mixed effects multivariable logistic regression

Variable Coefficient Odds ratio 95% Confidence interval p value

Nonvisible haematuria 1.00
Visible haematuria 1.99 7.29 5.24–10.1 <0.001
Female 1.00
Male 0.69 2.00 1.40–2.87 <0.001

Age (yr) 0.07 1.07 1.06–1.09 <0.001
Age per 5-yr difference 0.15 1.17 1.10–1.23 <0.001
Never smoker 1.00
Ex-smoker 0.70 2.02 1.74–2.34 <0.001
Current smoker 1.06 2.88 2.44–3.41 <0.001
Family history of urothelial cancer
No 1.00
Yes 0.72 2.06 1.39–3.03 0.001

Previous benign haematuria investigation
No 1.00
Yes –0.84 0.43 0.34–0.55 <0.001

UTI history
None 1.00
Single –0.74 0.48 0.38–0.60 <0.001
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Table 3 (continued)

Variable Coefficient Odds ratio 95% Confidence interval p value

Recurrent –0.75 0.47 0.36–0.62 <0.001
Catheter use
No 1.00
Yes –1.57 0.21 0.14–0.31 <0.001

Pelvic radiotherapy history
No 1.00
Yes –0.59 0.56 0.35–0.88 0.013

Anticoagulation
No 1.00
Yes –0.17 0.84 0.70–1.01 0.060

Dysuria/suprapubic pain
No 1.00
Yes –0.32 0.72 0.61–0.86 <0.001

Interaction terms
Visible haematuria & male –0.82 0.44 0.30–0.65 <0.001
Visible haematuria & age –0.02 0.98 0.96–0.99 0.007
Age & anticoagulation –0.02 0.98 0.97–1.00 0.007

Intercept –2.79
Intercountry variance 0.84 0.40–1.78
Intercentre variance 0.35 0.25–0.56
Intraclass correlation for country 0.19 0.10–0.33
Intraclass correlation for centre 0.26 0.17–0.38

AUC = area under the curve for receiver operating characteristics; CI = confidence interval; UTI = Urinary tract infection.
Number of observations in model = 9464 (92.0% of cohort); missing data = 818 (8.0%); number of events = 1863/9464 (19.7%); number of country groups = 26
with a mean of 364 observations per group (minimum = 30, maximum = 4294); number of centre groups = 110 with a mean of 85.3 observations per group
(minimum = 36, maximum = 611). Age has been centred about its mean. Performance in predicting all urinary tract cancers in cohort: AUC = 0.86 (95% CI 0.85–
0.87).

Table 4 – Validation of the predictive model for urinary tract cancer:
AUC of different countries

Country AUC

UK 0.80
France 0.78
Italy 0.75
Spain 0.75
USA 0.84
Canada 0.77
Ireland 0.85
Portugal 0.81
Turkey 0.78
China 0.89

AUC = area under the curve for receiver operating characteristics.
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the model on different countries showed good performance,
with an AUC of at least 0.75 (Italy and Spain) to 0.89 (China;
Table 4).
3.3. Risk calculator

The predicted risk was calculated from the risk score, which
is derived from the linear coefficients as follows:

Risk score = Intercept + 0.07 * (age �mean age) + 0.69 *
(male) + 1.99 * (visible haematuria) + 1.06 * (smoker)
+ 0.70 * (ex-smoker) + 0.72 * (family history of urothelial
cancer) � 0.84 * (previous benign haematuria investiga-
tion)� 0.74 * (single episode of UTI)� 0.75 * (recurrent epi-
sodes of UTI)� 1.57 * (catheter use)� 0.59 * (pelvic
radiotherapy history)� 0.17 * (anticoagulation)� 0.32 * (dy-
suria)� 0.82 * (sex * visible haematuria) � 0.02 * (visible
haematuria * [age�mean age]) � 0.02 * (anticoagulation *
[age �mean age])

which relates to an individual’s probability of urinary tract
cancer as follows:
Patient’s individual risk of urinary tract cancer =
1/1 + exponential � (Risk Score)

where age is a continuous variable in years, and all other
variables are assigned a value of 0 if absent and a value of 1
if present.

As an example of its use, a 70-yr-old man with visible
haematuria who is a current smoker has a predicted risk
of 51.7% and would be classified to have a high risk. Con-
versely, a 40-yr-old woman with a single urinary tract
infection (UTI) associated with visible haematuria has a
predicted risk of 4.0% and would be classified to have a
low risk.

When stratified by risk groups, the majority of patients
(over 80%) from our cohort were stratified into
intermediate- and high-risk groups (Table 5), which also
had the largest proportion of cancers (Supplementary
Fig. 2). Within the very-low-, low-, intermediate-, and
high-risk groups from our cohort, the cancer prevalence
was 0.82%, 3.90%, 10.5%, and 30.5%, respectively.
4. Discussion

Our principal finding in this analysis was the development
of a clinically relevant and practical prediction model for
urinary tract cancer, with good discrimination, which can
support clinicians in prioritising the investigation of
patients with haematuria. This is the first model developed
using a broad international cohort and was designed to
investigate a number of clinically important risk markers
commonly proposed to be associated with cancer detection.
The final predictors of increased risk of cancer in our model
were visible haematuria, older age, current or ex-smoker
history, family history of urothelial cancer, and male sex.
Predictors associated with a decreased risk of cancer in



Table 5 – Stratification of observed cancers by risk categories

Very low risk Low risk Intermediate risk High risk Total

Number of patients, n (row %) 366 (3.56) 1411 (13.7) 3318 (32.3) 5187 (50.5) 10 282
Cancer prevalence, n (column %) 3 (0.82) 55 (3.90) 349 (10.5) 1581 (30.5) 1988a

Bladder cancer, n 2 45 314 1401 1762
UTUC cancer, n 0 2 11 110 123
Renal cancer, n 1 8 24 70 103

UTUC = upper tract urothelial cancer.
a Some patients had more than one type of cancer, so the total sum is higher than the number of patients with cancer.

E U R O P E A N U R O L O G Y F O C U S 8 ( 2 0 2 2 ) 1 6 7 3 – 1 6 8 21680
the model were previous benign haematuria investigations,
UTIs associated with the haematuria presentation, dysuria
or suprapubic pain, anticoagulation, catheter use, and previ-
ous pelvic radiotherapy.

The study was specifically designed to include a wide
variety of risk markers associated with urinary tract cancer
in patients with haematuria. Another strength of the study
includes its large cohort size (with a large number of events
per predictor), which is important for a multivariable anal-
ysis especially with rarer cancers. The relatively higher can-
cer prevalence than that reported in previous studies has
been explained further in the prevalence analysis and is
due to adjustment of confounders and a more representa-
tive, larger, international population sample [4]. Further-
more, results are generalisable within secondary care
given the diversity of the cohort, as it is the first multina-
tional study on patients with haematuria. The adjustment
for geographical effects within the model takes into consid-
eration the heterogeneity in the background risk of different
countries.

Our model improves on an existing predictive model [9]
by including upper tract cancers and a wider variety of
markers, whilst being consistent with the association of vis-
ible haematuria, male sex, age, and smoking with bladder
cancer. Another difference between models is the use of a
risk threshold for investigation versus risk stratification of
all referred patients. By using a risk threshold over which
patients should be investigated, cancers may be missed if
their predicted risk is below this threshold. By applying it
to our cohort, 53/1953 (2.71%) of all urinary tract cancers
would be missed. Conversely, our model uses risk stratifica-
tion and so considers all referred patients for investigation.

Some risk markers in our model showed a decreased risk
of cancer, likely because their presence is a sign of benign
causes of haematuria rather than malignant disease. In
patients with UTIs and haematuria, prior studies did not
find a difference in the cancer risk between these patients
and a control group [7,16]. The association of pelvic radio-
therapy with bladder cancer has mainly been shown in
selected patients with prostate cancer comparing radiother-
apy with radical surgery [14,22], not in patients presenting
with haematuria. Similarly, evidence showing the associa-
tion of catheter use with bladder cancer is limited and
demonstrated in a selected population without haematuria
[23]. Our study population is therefore different, and our
analysis suggests that these markers are more likely associ-
ated with benign disease such as cystitis [24].

It has been reported that the most common cause for
haematuria admissions to hospital among patients on an
oral anticoagulant is benign disease (21%), followed by
urothelial carcinoma (17%) [15]. This may explain its effect
in our model as it was generally associated with a reduced
risk of cancer, except in older patients due to its interaction
with age. We included anticoagulation as a predictor in the
final model even though it was not statistically significant
for urinary tract cancers (p = 0.06), due to its clinical impor-
tance and common use in patients with haematuria.

The main limitation of the prediction model is that it
excludes patients with a prior history of urological malig-
nancy or without haematuria, and it should not be applied
to such patients. Furthermore, one significant predictor
(flank pain) was excluded from the final model for urinary
tract cancer following clinical judgement, as upper tract
cancers are much rarer than bladder cancer in patients with
haematuria. In addition, flank pain is commonly associated
with benign pathology such as urolithiasis. However, we
suggest that the model may be modified to upstage
patients’ risk category if they had flank pain and haema-
turia. Secondly, although we conducted thorough internal
validation, we were unable to perform external validation
on a separate dataset as, to our knowledge, such an exten-
sive dataset of predictors in patients referred to secondary
care has not been published or made available.

After external validation, we envisage the typical use of
our predictive model, as an online calculator, by urologists
in a ‘‘haematuria clinic’’ setting to prioritise and triage
patients referred to them with any type of haematuria
based on the overall risk of urinary tract cancer. We would
also recommend this tool to be used to prompt a shared
decision-making process between the clinician and the
patient regarding their individual risks and to guide the
urgency and necessity of investigations. Though we have
set thresholds for risk stratification, clinicians may use their
own judgement of risk based on the patients’ individual
predicted risks of cancer. These thresholds were also the
most voted thresholds for use in a Twitter poll by urologists
[25]. The threshold of <1% for very-low-risk cancer was cho-
sen as this is less than the risk of infection in patients
undergoing a flexible cystoscopy [26]. Therefore, avoidance
of investigation in these patients may be considered. Priori-
tising high-risk patients for early investigation and detec-
tion of urinary tract cancer are important for reducing
morbidity and mortality, and for prioritising the use of lim-
ited resources. Similarly, avoiding or delaying investigation
in very-low-risk patients and choosing a less invasive or
lower urgency investigative approach in low-risk patients
may improve patient experience and resource burden.

Additional research to build on this analysis should
include external validation of the model and assessment
of its use in a clinical trial evaluating a new diagnostic path-
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way for patients referred with haematuria. Further recom-
mendations for the clinical implication and type of investi-
gation required in each risk category, especially with regard
to imaging and cytology, require diagnostic test evaluation
and will be the subject of future analysis from the IDENTIFY
study.

5. Conclusions

We present a risk prediction model for the detection of uri-
nary tract cancer based on a large international cohort of
patients presenting with haematuria in secondary care. It
can be used in secondary care for risk stratification and to
aid the shared decision-making process between clinicians
and patients for any further investigation. This could have
a major impact on healthcare resource usage.
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