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Abstract
Background—Although the performance of immunocytology has been established in the
surveillance of patients with urothelial carcinoma of the bladder (UCB), its value in the initial
detection of UCB in patients with painless hematuria remains unclear.
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Objective—To determine whether immunocytology improves our ability to predict the
likelihood of UCB in patients with painless hematuria. Further, to test the clinical benefit of
immunocytology in this setting using decision curve analysis.

Design, setting, and participants—The subjects were 1182 consecutive patients without a
history of UCB presenting with painless hematuria and were enrolled at three centres.

Intervention—All patients underwent upper-tract imaging, cystourethroscopy, voided urine
cytology, and immunocytology analysis. Bladder tumors were biopsied and histologically
confirmed as UCB.

Measurements—Multivariable regression models were developed. Area under the curve was
measured and compared using the DeLong test. A nomogram was constructed from the full
multivariable model. Decision curve analysis was performed to evaluate the clinical benefit
associated with use of the multivariable models including immunocytology.

Results and limitations—Immunocytology had the largest contribution to a multivariable
model for the prediction of UCB (odds ratio: 18.3; p < 0.0001), which achieved a 90.8%
predictive accuracy. Decision curve analysis revealed that models incorporating immunocytology
achieved the highest net benefit at all threshold probabilities.

Conclusions—Immunocytology is a strong predictor of the presence of UCB in patients who
present with painless hematuria. Incorporation of immunocytology into predictive models
improves diagnostic accuracy by a statistically and clinically significant margin. The use of
immunocytology in the diagnostic workup of patients with hematuria appears promising and
should be further evaluated.

Keywords
Cystoscopy; Decision curve analysis; Early detection of cancer; Hematuria; Immunocytology;
Nomograms; Urinary bladder neoplasms

1. Introduction
The diagnostic workup of patients with painless hematuria generally includes imaging of the
upper urinary tract, urine cytology, and cystourethroscopy. Although cystourethroscopy is
both sensitive and specific, its drawbacks include invasiveness and cost. Despite
international guidelines suggesting urologic evaluation for most patients with hematuria
[1,2], many patients are not appropriately referred to urologists [3,4]. Increased awareness of
bladder cancer risk for patients with hematuria and appropriate use of urinary biomarkers
may help to more accurately risk-stratify patients and ensure improved referral patterns.

Urine cytology has reasonable sensitivity for high-grade tumors but is not adequate for
detecting low-grade tumors, which represent the most common type of urothelial carcinoma
of the bladder (UCB) [5]. Moreover, it suffers from interrater variability, and its
performance depends on cytopathologists’ expertise [6,7]. These limitations have generated
a good deal of interest in the development and validation of other urinary biomarkers for
UCB. One candidate biomarker is immunocytology, which uses three fluorescently labelled
monoclonal antibodies directed against UCB-associated antigens (carcinoembryonic antigen
and two bladder tumor–associated mucins). Previous multicentre studies have demonstrated
that immunocytology has a higher sensitivity than urinary cytology in the surveillance of
UCB patients, especially for low-grade tumors [5,8], leading to US Food and Drug
Administration approval for its use in conjunction with cytology for surveillance. Several
small single-institution studies have suggested that immunocytology may also perform well
in the detection of UCB in patients with painless hematuria [9,10]. Therefore, we conducted
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a tri-institutional study to assess the performance of immunocytology in the detection
setting. We used decision curve analysis to assess the benefit of prediction tools
incorporating immunocytology for clinical decision making.

2. Materials and methods
2.1. Patients

The study was performed at three sites: EuromedClinic/Urologie24 (Fürth/Nürnberg,
Germany), University of Tübingen (Tübingen, Germany), and General Hospital of Bolzano
(Bolzano, Italy). Institutional review boards approved the study protocol for each site.
Between 2000 (Fürth, n = 434), 2002 (Bolzano, n = 309), 2006 (Tübingen, n = 439), and
2010, 1216 consecutive patients with newly diagnosed painless hematuria (without voiding
symptoms) and without a history of urothelial carcinoma (UC) were included. Patient age,
gender, smoking history, and degree of hematuria were recorded. Microscopic hematuria
was defined as three or more erythrocytes per high-power field under white-light
microscopy from two of three properly collected urine specimens. Thirty-four patients were
excluded from the analyses for inconclusive results, 14 for immunocytology, 11 for
cytology, and 9 for absence of both. A retrospective analysis of prospectively collected data
was performed.

Midstream urine specimens were collected, immediately processed, and subsequently
examined cytologically and immunocytologically. Urine cytology was considered positive
when malignant cells were present. All patients underwent clinical examination, including
upper-tract imaging and cystourethroscopy, with biopsy of any suspicious lesions; they were
considered positive for malignancy if histologically confirmed UCB was detected during
initial cystourethroscopy or within the subsequent 3 mo. Histology and urine cytology slides
were reviewed by genitourinary pathologists at each institution who had no knowledge of
the clinical data. Pathologic stage and tumor grade were assigned according to the 2002
American Joint Cancer Committee TNM staging system and the 1998 World Health
Organisation/International Society of Urologic Pathology grading system [11–14].

2.2. Immunocytology
uCyt+/ImmunoCyt (Scimedx, Denville, NJ, USA), a commercially available assay, was
performed according to the manufacturer’s protocol, as previously described [9]. Positive
and negative controls were performed with each test run. Specimens with more than one
green or red urothelial cell were considered immunocytologically positive. A minimum of
500 cells needed to be analysed before a test was considered negative. All samples were
processed and analysed by experienced staff members with no knowledge of the clinical
data. More than 1000 immunocytology analyses are performed annually at each of the three
study sites.

2.3. Statistical analysis
Descriptive statistics were calculated. Logistic regression analyses evaluated the
associations between UCB and predictor variables. Odds ratios (ORs) and 95% confidence
intervals (CIs) were estimated from the models. The area under the curve (AUC) method
was used to quantify the predictive accuracy of each individual variable and of the combined
multivariable model. All AUC estimates were internally validated using 200 bootstrap
samples [15]. The DeLong test was used to evaluate the increments in AUC achieved by
successively adding cytology and immunocytology results to a multivariable model.
Regression coefficients from the multivariable model were used to generate a predictive
nomogram [16]. A calibration plot was fitted to evaluate the extent of over- or
underestimation of the observed UCB rate from the multivariable model.
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Decision curve analysis was used to explore the clinical value of the multivariable models
[17]. Decision curve analysis is a method for evaluating the clinical “net benefit” of
prediction models; one sums the benefits (true positives) and subtracts the harms (false
positives). Because the value of a true positive (eg, early detection of UCB) may differ from
the disadvantages resulting from a false positive (eg, avoidable cystourethroscopy), the net
benefit differentially weights true and false positives by using the threshold probability at
which a patient (or provider) would opt for cystourethroscopy. For example, if a patient (or
provider) would opt for cystourethroscopy with a 10% risk of UCB but would forgo
cystourethroscopy with only a 9% risk, then the threshold probability is 10%. The best
model displays higher net benefits throughout the clinically applicable range of threshold
probabilities.

All p values are two-sided, with statistical significance evaluated at the 0.05 alpha level.
Analyses were performed in SAS v.9.2 statistical software (SAS Institute, Cary, NC, USA).
The nomogram and calibration plot were constructed in the R v.2.10.1 software environment
(The R Foundation for Statistical Computing). Decision curve analysis was performed in the
Stata v.11.0 statistical package (StataCorp, College Station, TX, USA).

3. Results
The cohort included 919 men and 263 women (male-to-female ratio: 3.5) whose median age
was 65 yr (range: 18–93). Sixty-eight percent of subjects presented with microscopic
hematuria and 32% with gross hematuria. Forty-eight percent of subjects were current or
past smokers. Overall, 245 of 1182 (20.7%) subjects had UCB; 138 (58.7%) had low-grade
tumors, and 97 (41.3%) had high-grade tumors. Stage distribution of the tumors was as
follows: 160 (65.8%) pTa, 13 (5.3%) pTis, 44 (18.1%) pT1, 20 (8.2%) pT2, 3 (1.2%) pT3,
and 3 (1.2%) pT4. Other aetiologies for hematuria included cystitis or urinary tract infection
(UTI; n = 142), urolithiasis (n = 122), locally invasive or metastatic nonurothelial
malignancies (n = 51), medical renal disease (n = 39), upper-tract UC (n = 16), prostatitis (n
= 16), and renal cell carcinoma (n = 6).

Of the 1182 patients, 162 (13.7%) had positive cytology, 328 (27.7%) had positive
immunocytology, and 150 (12.7%) had positive results for both tests. Stage distribution of
immunocytology-positive versus immunocytology-negative cases was 128 (63.7%) versus
32 (76.2%) pTa, 12 (6.0%) versus 1 (2.4%) pTis, 38 (18.9%) versus 6 (14.3%) pT1, and 17
(8.5%) versus 3 (7.1%) pT2, respectively. Stage distribution of cytology-positive versus
cytology-negative cases was 56 (49.6%) versus 104 (80.0%) pTa, 9 (8.0%) versus 4 (3.1%)
pTis, 25 (22.1%) versus 19 (14.6%) pT1, and 17 (15.0%) versus 3 (2.3%) pT2, respectively.
All six pT3 and pT4 tumors were positive for both immunocytology and cytology.

The sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of urinary cytology for predicting UCB were 46.5%, 94.9%, 70.4%, and 87.2%,
respectively. The sensitivity, specificity, PPV, and NPV of immunocytology for predicting
UCB were 82.4%, 86.6%, 61.6%, and 95.0%, respectively. Subgroup analyses of
immunocytology in gross (n = 378) versus microscopic (n = 804) hematuria yielded similar
performance characteristics in univariable (sensitivity 84% vs 81%; specificity 84% vs 88%;
NPV 92% vs 96%) and multivariable analyses (OR: 20.2 vs 16.8; both p values <0.0001).

Univariable logistic regression analyses identified older age, male gender, past or current
smoking history, gross hematuria, positive urine cytology, and positive immunocytology as
predictors of UCB presence (Table 1). Abnormal upper-tract imaging was not associated
with UCB presence (OR: 0.56; p = 0.07), but it was strongly associated with the presence of
upper-tract UC (abnormal imaging in 15 of 16 patients). Immunocytology had the highest
AUC (84.5%), followed by urine cytology (70.8%) and age (64.5%).
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In addition to age, smoking history, and gross hematuria, immunocytology (OR: 18.26; p <
0.0001) and cytology (OR: 2.92; p < 0.0001) were independently associated with UCB in
multivariable analyses (Table 2). We also analysed the data by centre. In multivariable
analyses adjusting for the effects of age, gender, smoking status, type of hematuria (gross vs
microscopic), and cytology, immunocytology was an independent predictor of UCB
presence within each centre (Bolzano cohort: OR: 23.3; p < 0.0001; Fürth/Nürnberg cohort:
OR: 16.3; p < 0.0001; Tübingen cohort: OR; 10.4; p < 0.0001).

The base multivariable model, which included age, gender, smoking status, and type of
hematuria, predicted UCB presence with an AUC of 73.8%. The addition of cytology
improved the AUC to 83.1% (+9.3%; p < 0.0001), while adding immunocytology improved
the AUC to 90.4% (+16.6%; p < 0.0001). The addition of immunocytology to the model
with cytology (model 1 plus immunocytology) significantly improved the AUC (+7.7%; p <
0.0001). In contrast, the addition of cytology to the model with immunocytology (model 2
plus cytology) did not (+0.4%; p = 0.06). Including information on abnormalities of the
lower urinary tract detected on standard imaging did not improve the predictive accuracy of
the model by a prognostically or clinically significant margin.

The nomogram for the full multivariable model, where age, gender, smoking status, type of
hematuria, cytology, and immunocytology define the risk of having UCB, is shown in
Figure 1. There is an approximately linear increase in the risk of UCB with advancing age.
Immunocytology contributes the most risk points (100), followed by smoking history (45),
urine cytology (37), and type of hematuria (17). The nomogram was well calibrated (Fig. 2),
with minimal underestimation for individuals with a nomogram-predicted probability < 60%
and slight overestimation for those with a nomogram-predicted probability >60%.

In the decision curve analysis, models containing immunocytology (model 2 and model 3)
provide significantly higher net benefit than the model with cytology (model 1) up to
threshold probabilities of 60% (Fig. 3a). The various prediction models offer net benefit
over the “cystourethroscopy all” strategy at threshold probabilities >2% (Fig. 3b). At
threshold probabilities of 2% and 5%, the full multivariable model, including
immunocytology and cytology, resulted in a 13.6% and 29.1% net reduction in avoidable
cystourethroscopies, respectively (Fig. 3c). The analyses in Table 3 show the clinical effects
of using the prediction models with and without immunocytology. For example, using the
full prediction model and only performing cystourethroscopy on patients with a predicted
probability of UCB ≥2% could result in 211 fewer cystourethroscopies (18%) while missing
only one cancer (0.4%).

4. Discussion
In this analysis of prospectively collected multicentre data, immunocytology was a strong
predictor of UCB in patients with painless hematuria. This was true within each centre,
despite differences in disease prevalence and severity. Immunocytology outperformed all
other predictor variables, including cytology. Previous reports demonstrated a high
sensitivity for immunocytology in the surveillance of patients with recurrent UCB [5,8,18],
but there are only a few small studies of immunocytology for the initial detection of UCB
[9,10]. In agreement with these prior studies, we demonstrated that immunocytology has
good sensitivity and specificity. In addition, previous studies have only reported the
sensitivity and specificity of cytology and immunocytology rather than combining the
results with clinical risk factors.

Immunocytology improved our ability to predict UCB presence by a statistically significant
margin. The multivariable models we developed demonstrate the increase in AUC obtained
by adding immunocytology to urine cytology results and readily available clinical risk
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factors. In fact, the full multivariable model achieved an extremely high level of accuracy
(bootstrap-corrected AUC: 90.8%) in predicting UCB. Therefore, we developed a
nomogram that urologists and other health care providers can use to predict an individual’s
risk of UCB. Prediction tools such as nomograms have been shown to perform better than
clinical judgment [19,20]. That being said, physician input is obviously essential in medical
decision-making, both for the measurement of predictive variables and for the interpretation
and application of prediction tools in clinical practice.

The addition of immunocytology also improved our ability to predict UCB presence by a
clinically (not only statistically) significant margin. To examine the potential clinical impact
that the use of immunocytology provides, we performed a decision curve analysis [17]—a
technique by which the consequences of clinical decisions are evaluated. For example, if a
provider considers not performing cystourethroscopy on a patient with painless hematuria,
the clinical consequences of performing a potentially unnecessary cystourethroscopy must
be weighed against the risk of missing a tumor or other pathology. The threshold probability
—the probability at which a physician (or patient) would opt for cystourethroscopy—is
informative of how the physician weighs these relative harms. The addition of
immunocytology to multivariable predictive models for UCB presence increased the net
benefit for patients in the range of clinically relevant threshold probabilities. For example, if
one decided to perform cystourethroscopy if the risk of UCB would be ≥2% based on the
full model, one would spare 211 (18%) patients cystourethroscopy while missing only one
low-grade, low-stage UCB (data not shown).

Immunocytology outperformed cytology in the detection of UCB, regardless of disease
severity (data not shown). The performance of urine cytology, the most widely used
biomarker in UCB, is limited in low-grade tumors and remains dependent on the skill of the
cytopathologist [6,7]. The cytopathologists at the three centres in the current study are
highly experienced. Nevertheless, immunocytology was more sensitive than cytology for the
detection of UCB (82.4% vs 46.5%). Moreover, ruling out cancer is the most desired
characteristic of an early detection biomarker. The NPV of immunocytology was higher than
that of cytology (95.0% vs 87.2%). In addition, in univariable analyses, the OR and AUC of
immunocytology were higher than those for cytology (30 vs 16 and 84.5% vs 70.8%,
respectively). Furthermore, the addition of immunocytology to the base multivariable model
improved its AUC by 17%, while the addition of cytology only resulted in a 9%
improvement. Finally, the addition of immunocytology to a model, including clinical factors
and cytology, significantly improved its AUC.

The current study has some potential limitations. The diagnostic performance of both
cytology and immunocytology are dependent on pathologists’ skill and experience. This
study was performed at high-volume cytology and immunocytology centres; therefore, the
results might not be immediately generalisable. However, a previous study of
immunocytology reported high interobserver concordance among pathologists after only 1 d
of training [5]. Moreover, our nomogram was internally validated using a bootstrapping
method [21]. External validation in a different population at other centres should be
performed to confirm our findings before inclusion in daily clinical practice.

5. Conclusions
Immunocytology is a strong predictor of UCB presence in patients who present with
painless hematuria, outperforming cytology. Incorporating immunocytology into
multivariable prediction models for the detection of UCB dramatically increases their
predictive accuracy by a statistically significant margin. This increment in predictive
accuracy is clinically significant as evaluated by decision curve analysis. We developed
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highly accurate, well-calibrated nomograms to help in the clinical decision-making process
regarding patient counseling, referral prioritisation, and possibly the extent of diagnostic
workup for patients with painless hematuria. Further studies on the performance of
immunocytology at different centres are needed before widespread utilisation in the early
detection setting.
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Fig. 1.
Nomogram for the prediction of bladder cancer (BCa) presence in patients with painless
hematuria, where age, gender, smoking history, degree of hematuria, urine cytology, and
immunocytology define the risk of BCa at cystourethroscopy.
Nomogram instructions: To obtain the nomogram-predicted probability of BCa at
cystourethroscopy, locate patient values on each axis. Draw a vertical line to the Points axis
to determine how many points are attributed for each variable value. Sum the points for all
variables. Locate the sum on the Total Points line to assess the individual probability of BCa
at cystourethroscopy on the Probability of BCa line.
BCa = bladder cancer.
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Fig. 2.
Calibration plot, where the x-axis represents the predicted probability and the y-axis
represents the observed fraction of bladder cancer in 1182 patients with painless hematuria.
The 45° dashed line represents ideal predictions, the solid line (bias-corrected) represents the
internally validated predictions (using 200 bootstrap samples), and the dotted line (apparent)
represents the uncorrected predictions. The scatter plot at the top of the figure shows the
distribution of the individual nomogram-predicted probabilities.
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Fig. 3.
(a) Decision curve analysis of the effect of prediction models for detection of urothelial
carcinoma of the bladder (UCB) in 1182 patients with painless hematuria. Net benefit is
plotted against threshold probabilities. (b) Expanded view of decision curves in the range of
threshold probabilities from 1% to 10%. (c) Net benefit and reduction in avoidable
cystourethroscopies for each model compared with the “cystourethroscopy all” strategy.
Example of derivation of net benefit from prediction models in Figure 3c: At a 5%
threshold, the value of 0.1809 (“net benefit from prediction model” for base model plus
cytology plus immunocytology) is derived from the following 2 × 2 table. This table
classifies patients with a predicted probability from the multivariable model ≥5% as positive
for UCB and a predicted probability < 5% as negative for UCB (ie, the chosen threshold
value). This predicted probability classification is then compared with the true UCB status
for the patient.

Model with cytology and immunocytology BCa Total

Absent Present

Predicted probability <5% (classified as negative) 534 10 544

≥5% (classified as positive) 403 235 638

Total 937 245 1182

Net benefit = true positive proportion − [false positive proportion × (0.05/0.95)] = 235/1182
− [403/1182 × 0.0526] = 0.1809
The reduction in the number of unnecessary cystourethroscopies per 100 patients is then
calculated as follows: (net benefit of the model − net benefit of treat all)/(pt/(1 − pt)) × 100,
where pt is the threshold probability. This value is net of false negatives and is therefore the
equivalent of the reduction in unnecessary cystourethroscopies without a decrease in the
number of patients with UCB who duly have cystourethroscopy.
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Example of net reduction in avoidable cystourethroscopies in Fig. 3c: For base model +
cytology + immunocytology at 5% threshold probability, we would get: (0.1809 − 0.1656)/
(0.05/0.95) × 100 = 29.1% (29.1 avoidable cystourethroscopies per 100 patients).
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Table 1

Univariable logistic regression analyses assessing the association between predictor variables and the presence
of bladder cancer in 1182 patients with painless hematuria*

Predictors of UCB OR 95% CI p value AUC, %

Age (continuous) 1.04 (1.03–1.06) <0.0001 64.5

Gender (male vs female) 1.49 (1.04–2.15) 0.03 52.3

Smoker (past or current vs never) 3.38 (2.49–4.58) <0.0001 64.4

Hematuria (gross vs microscopic) 2.47 (1.85–3.30) <0.0001 60.3

Cytology (positive vs negative) 16.12 (10.98–23.66) <0.0001 70.8

Immunocytology (positive vs negative) 30.24 (20.70–44.17) <0.0001 84.5

UCB = urothelial carcinoma of the bladder; OR = odds ratio; CI = confidence interval; AUC = area under the curve.

*
AUC estimates are based on internal validation using 200 bootstrap samples.
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Table 3

Reduction in cystourethroscopies and number of cancers missed, according to the threshold probabilities of
1%, 2%, and 5% for the different models in 1182 patients with painless hematuria

Cystourethroscopies BCa

Performed (%) Avoided (%) Found (%) Missed (%)

Cystourethroscopy all 1182 (100) – 245 (100) –

Cystourethroscopy those with ≥1% risk of cancer

 Base model 1182 (100) – 245 (100) 0 (0)

 Base model plus cytology 1182 (100) – 245 (100) 0 (0)

 Base model plus immunocytology 1159 (98) 23 (2) 245 (100) 0 (0)

 Base model plus cytology plus immunocytology 1159 (98) 23 (2) 245 (100) 0 (0)

Cystourethroscopy those with ≥2% risk of cancer

 Base model 1177 (99.6) 5 (0.4) 245 (100) 0 (0)

 Base model plus cytology 1171 (99) 11 (1) 245 (100) 0 (0)

 Base model plus immunocytology 990 (84) 192 (16) 244 (99.6) 1 (0.4)

 Base model plus cytology plus immunocytology 971 (82) 211 (18) 244 (99.6) 1 (0.4)

Cystourethroscopy those with ≥5% risk of cancer

 Base model 1103 (93) 79 (7) 244 (99.6) 1 (0.4)

 Base model plus cytology 968 (82) 214 (18) 237 (97) 8 (3)

 Base model plus immunocytology 634 (54) 548 (46) 234 (96) 11 (4)

 Base model plus cytology plus immunocytology 638 (54) 544 (46) 235 (96) 10 (4)

BCa = bladder cancer.

Eur Urol. Author manuscript; available in PMC 2013 April 17.


