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Abstract
Background
Despite National Institute for Clinical Excellence (NICE) guidelines suggesting the use of urine cytology
(UC) for the diagnosis of bladder cancer, its use is variable. Reasons for this include sub-optimal sensitivity,
financial cost, availability of alternative tests, and uncertainty over interpretation of results. Anecdotally,
however, suspicious or malignant UC when other investigations are normal, occasionally leads to a cancer
diagnosis. Therefore, we retrospectively assessed a cohort of our haematuria patients to determine the value
of UC in cancer diagnosis and the clinical significance of atypical UC (graded as C3).
Patients and methods
We identified 3018 patients with haematuria referred on the suspected cancer pathway (“two-week wait”) in
2015. We retrospectively analysed clinical, demographic, and follow-up/outcome data in a random cohort
of 500 cases.
Results
Median follow up was 58 months. Urological malignancy was diagnosed in 61/500 patients; all were
identified by cystoscopy or imaging, i.e., irrespective of UC result. No cases of atypical UC re-presented
with a ‘missed’ cancer diagnosis within the five-year follow-up period. However, suspicious and malignant
cytology was associated with high-grade/aggressive tumours and subsequent tumour recurrence.
Conclusion
Urine cytology did not identify any cancers that were not already found by imaging or cystoscopy. Atypical
UC in the presence of negative haematuria investigations does not appear to be associated with malignancy,
and therefore should not alter patient management nor prompt further investigation. Suspicious and malignant UC was associated with higher risk cancers and could therefore be used to prioritise waiting lists
for transurethral resection of bladder tumour (TURBT), however, it is unclear whether this might benefit
patient outcomes. We conclude therefore that UC has no role in haematuria investigations.
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INTRODUCTION

Anecdotally, we noticed that a significant number
of UC samples return as ‘insufficient’ or ‘atypical.’
This presents clinical diagnostic uncertainty, which
has resulted in multiple case discussions at cancer
multi-disciplinary team (MDT) meetings and numerous repeated cytology tests. This ultimately leads to
delay in diagnosis, treatment, or discharge for patients
(with resultant anxiety) and increases financial and
service demands on already over-stretched services.
Furthermore, in our experience, the repeat UC has
seldom been ‘upgraded’ to suspicious (C4) or malignant (C5) and has rarely led to a cancer diagnosis
that would not have been made without the cytology
result. In view of this we retrospectively analysed our
haematuria pathway patient’s urine cytology results
within the context of their suspected bladder cancer
investigations, with the premise of understanding
whether UC has any role as a diagnostic adjunct to
routine haematuria investigations or whether it just
causes clinical confusion, uncertainty, and leads to
unnecessary investigations, procedures and burden
on our service locally and the wider NHS.

Current National Institute for Clinical Excellence (NICE) guidelines suggest that assessment
of patients with haematuria, should comprise urine
microbiological culture and protein:creatinine ratio,
blood tests including estimated glomerular filtration
rate (eGFR), upper tract imaging, and direct visualisation of the bladder (flexible cystoscopy).1 In addition
to these ‘standard’ investigations, NICE guidelines
recommend using an adjunct diagnostic test in the
context of suspected bladder cancer. These include
narrow-band imaging, urine cytology, or another
urinary biomarker.1 However, there is huge variation
in practice across the UK between centres, and even
within individual departments, as to how, when, and
which test is used as an adjunct in bladder cancer
diagnosis; furthermore, in some centres, none of the
available adjunct investigations are used.2
Our University teaching hospital and tertiary cancer centre uses urine cytology (UC) as part of initial
haematuria investigations. UC has variable sensitivity and specificity for bladder cancer (28–100% and
83-99.7%, respectively,3–5), dependent on tumour
factors such as grade, stage, multifocality, and size
(i.e., factors that might affect tumour cell exfoliation
into urine).4 UC is particularly sensitive for bladder
carcinoma-in-situ (CIS), where, as a highly exfoliative but flat urothelial lesion, this clinically significant
tumour type may be missed on flexible cystoscopy
but detected by UC[5]. Our department favours UC
given the high smoking rates and prevalent (but historic) environmental risk factors locally, such as tyre
manufacture and the pottery industries. These factors
likely contribute to a higher-than-average prevalence
of high-risk non-muscle-invasive bladder cancer and
CIS in our patients.6 Additionally, UC is a relatively
inexpensive investigation (approximately £70 per test),
is non-invasive, and can be quick to perform, albeit
with the caveat that histopathologist review adds time
and service demands. We use a standardised (Paris)
urine cytology reporting system: C1 – insufficient for
analyses, C2 – benign, C3 – atypical, C4 – suspicious,
and C5 – malignant, which aids in risk stratification
and can be easily used by allied health professionals,
such as nurse specialists.7

PATIENTS AND METHODS
All patients referred to our University teaching
hospital on the suspected bladder cancer (“two-week
wait haematuria”) pathway in 2015 were identified
(n=3018). A random sample of 500 cases (including
patients with visible and non-visible haematuria)
was selected for analyses. Patients were randomised
using the ‘random sort’ function in Microsoft Excel
(Microsoft Corporation, USA, v16.0, 2016).
Patients were excluded if they did not attend
(‘second stop’) for further investigations (n=6). Data
collected included smoking status, occupational and
environmental risk factors for urothelial cell carcinoma
(UCC), comorbidities, and outcomes of haematuria
investigations. As part of our local haematuria pathway, patients with VH underwent CT Urogram (unless
specific contraindications such as poor renal function
or contrast allergy), and patients with NVH routinely
underwent ultrasound (in some cases, subsequent CTU
was performed based upon US findings or patient risk
factors for UCC)
Microsoft Excel and online MedCalc software8 were
used for statistical analyses and multivariate analyses
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where appropriate (p<0.05 considered significant),
otherwise simple descriptive methods were used.

upper tract (renal pelvic) UCC, 1%), and 52 bladder
cancers (10.4).

RESULTS

UC outcome
Of the 500 urine cytology reports, 48 (9.6%) were
insufficient for analyses (C1), 302 (60.4%) were benign (C2), 114 (22.8%) were atypical (C3), 25 (5.0%)
were suspicious (C4) and 21 (4.2%) were malignant
(C5). Of these cases, 2 C1, 9 C2, 12 C3, 17 C4 and
21 C5 cases were associated with a cancer diagnosis,
respectively (Figure 1.).
Of the 114 atypical C3 cytology results, eight
(7.0%) were brought to cancer multi-disciplinary team
(MDT) meetings for case discussion and review, and
61 (53.5%) were repeated (no apparent cause for the
atypical result). Of the remaining 45 C3 results, 12
patients had positive microbiological urine culture
(e.coli and Kelbsiella species).
Of the 61 that were repeated, importantly, none
returned as C4 or C5 (suspicious or malignant); 9 were
C1, 29 were C2, and 23 were C3. A further 16 UC were
performed a third time in patients that had C3 twice
before; again, none returned as C4 or C5 on this repeat,
and none were found to have Urological malignancy.

Demographics
Of the 500 cases evaluated, 294 (58.8%) were
female, and 206 (41.2%) were male. The age range
was 33 – 92 years, median 67. The follow-up ranged
from 54 – 66 months, median 58. Thus, 302 (60.4%)
cases were referred for non-visible haematuria
(NVH) and 198 (39.6%) for visible haematuria
(VH). Seventy-eight patients (15.6%) were current
or previous smokers, 34 (6.8%) had potential occupational risk factors for UCC, and five (1.0%)
had a relevant family history of bladder cancer. The
majority of referrals, 478 cases (95.6%), were from
Primary care; the remaining comprised 12 (2.4%)
from renal medicine outpatients, six (1.2%) from
urology outpatients, and four (0.8%) from general
medical inpatient admissions (all were still suspected
cancer pathway referrals).
We identified a total of 61 urological malignancies (12.2% of patients); four prostate (0.8% total
cohort), five upper tract (four renal tumours and one

Figure 1. Percentage of cytology results associated with benign or cancer diagnosis
Bar chart illustrating the percentage of each urine cytology grade (C1-C5) associated with cancer
diagnosis (blue bar) or benign/non-cancer diagnosis (orange bar) at the conclusion of all haematuria
investigations
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Table 1. Diagnostic Performance of Urine Cytology
Sensitivity Specificity Negative Predictive Value (NPV) Positive Predictive Value (PPV)
C2 benign, C4 and
C5 malignant
C2 and C3 benign,
C4 and C5 malignant

80.0%

97.3%

65.4%

98.7%

63.2%

99.2%

82.6%

97.7%

Table showing the sensitivity, specificity, negative and positive predictive values of ‘positive’ urine cytology as diagnostic for bladder or
upper tract urothelial cancer, compared to ‘negative’ benign cystology; the first row considers only C2 cytology to be benign. The second
row considers both C2 and C3 UC as benign/negative

Table 2. Multivariate Regression Analyses for Bladder and Upper Tract Urothelial Cancer Risk Factors
Positive urine cytology
Age ≥75
Male gender
Visible haematuria
Current or previous smoker
Occupational risk factor(s)

and specificity of 97.3%, and positive and negative
predictive values of 65.4% and 98.7%, respectively,
for bladder or upper tract cancer diagnosis in our
cohort. Using C2 and C3 as benign, and C4 and C5
as malignant, positive UC had a sensitivity of 63.2%
and specificity of 99.2%, and positive and negative
predictive values of 82.6% and 97.7%, respectively,
for bladder or upper tract cancer diagnosis (Table 1.).

P < 0.001
P = 0.001
P = 0.063
P = 0.012
P = 0.097
P = 0.532

Table showing the outcome of multivariate regression analyses,
identifying positive urine cytology, age ≥75, and visible
haematuria as risk factors significantly associated with bladder
or upper tract urothelial cancer diagnosis in patients with
haematuria. P<0.05 is considered statistically significant.

Regression analyses
As shown in Table 2., visible haematuria, age equal
to or greater than 75, and suspicious and malignant
cytology (C4, and C5 respectively) were significantly
associated with a bladder cancer diagnosis (p<0.05).
Smoking status (current or ex-) and male gender were
not significantly associated, but positively correlated
with, cancer diagnosis and trended toward significance.

Of those who had a C4 or C5 result, 29/38 (76.3%)
were associated with tumours that were ultimately
high-risk (including locally advanced prostate, upper tract UCC, muscle-invasive bladder cancer, or
high-risk non-muscle invasive bladder cancer). Of
the eight patients with C4 UC, no malignancy was
found on routine haematuria investigations, and three
underwent further investigation (two photodynamic
diagnosis “PDD” cystoscopy, and one rigid cystoscopy
with bilateral ureteroscopy upper tract UC sampling);
all cases were negative/benign. The other five cases
had their UC repeated, of which two remained C4
and were subject to MDT discussion but ultimately
discharged. In these cases, urinary tract stone disease
identified on imaging and microbiologically proven
urinary tract infections were deemed to be the cause of
the C4 UC. There was no recorded patient morbidity
from any additional procedure undertaken because
of abnormal UC.

Diagnostic relevance of UC
Despite initial atypical (C3) or suspicious cytology
(C4), leading to additional, and sometimes invasive
investigations for the majority of cases, we did not find
any positive UC where all other haematuria investigations were negative led to an initially ‘missed’ cancer
diagnosis, i.e. all cancers were identified by imaging
and/or flexible cystoscopy, and no cancers would have
been missed if UC had not been performed.
DISCUSSION
Urine cytology has proven helpful in bladder and
upper tract cancer surveillance, mainly where, for
example, narrow-band imaging or photodynamic
diagnosis cystoscopy are unavailable. In these cases,
and in patients who have received pelvic irradiation or intravesical therapies, UC has an important
role in differentiating non-malignant erythematous
urothelium (identified commonly as “red patches”

Sensitivity and specificity
Using C2 as benign and classifying C4 and C5 as
malignant, ‘positive’ UC had a sensitivity of 80.0%
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on surveillance cystoscopy) from malignant urothelium/tumour recurrence.5,9 UC is beneficial if it was
positive at initial presentation; in such cases, it can
provide confidence to the clinician and reassurance to
the patient during surveillance if it remains negative/
benign, or prompts further investigation if it becomes
suspicious/malignant.
However, as an adjunct to diagnosis in suspected
bladder cancer, the value of UC is less clear, mainly
when it is performed on all haematuria patients, not
just in those in whom bladder (or upper tract) cancer
is suspected. Previous studies have suggested some
benefit of UC in this context, albeit minimal, quoting
figures of between 0.07% and 0.2% of patient cohorts
where bladder cancers were missed by imaging and
cystoscopy but suggested by positive UC.10,11 Therefore, although there is some evidence to suggest that
there some ‘missed’ cancers are detected by UC, and
anecdotal/experiential evidence to the same effect,
similar to the recent DETECT I study cohort,2,4 we
did not find this diagnostic benefit in our patients.
Specifically, there were no instances of a positive UC
result where other initial haematuria investigations were
negative, and therefore no cancers were only detected
by UC. We recognise, however, that as a retrospective
single-centre study, our random cohort data may not
be fully representative of the local population nor
generalisable to the rest of the UK. In addition, we
recognise the limitations that we have assumed on the
basis of available clinic letters, MDT discussions and
imaging, that patients have not been re-referred or
otherwise diagnosed with any urological malignancy
during the five-year follow-up period, however, the
all-cause mortality rate in this predominantly elderly
population, and the movements of patients out of the
area, may affect the reliability of our data.
Interestingly, we found that the sensitivity and
specificity for bladder cancer diagnosis, where C2
cytology is ‘negative’, and C4 and C5 are ‘positive,’
was slightly higher than some previous reports.2 This
may reflect a chance finding in our random cohort
but is more likely to reflect a combination of our
higher-than-average prevalence of cancers, particularly
high-risk tumours, within our local population and the
experience and expertise of the histo/cytopathology
consultants reporting the samples.12 The positive and

negative predictive values were calculated based upon
our cohort bladder and upper tract cancer prevalence.
We advise caution in the interpretation of these values and their generalisability, given the variability in
bladder cancer prevalence, the sporadic use of UC,
and inter-user reporting variability and differences in
classification systems used across the UK.2,13
Additionally, and although previous reports offer
conflicting data regarding atypical urine cytology,14,15
we did not find any significant association of atypical
(C3) UC with cancer in our cohort, and reassuringly,
no patients who had C3 UC at presentation in 2015,
represented with a ‘missed’ cancer within the five-year
follow-up period. Furthermore, we found no increase
in smoking status or presence of occupational or family
risk factors in cases with C3 cytology (compared to
other grades) that might suggest further investigation
in these cases is warranted.
Although atypical UC was not associated with
cancer, similarly to previous reports, our data highlighted the strong association of C4 and C5 cytology
with high-risk tumours, and tumours that recurred
over the follow-up period.9,14 One could therefore
suggest that patients with C4 or C5 cytology could
or should be prioritised for TURBT or nephroureterectomy; however, even in cases where we attempted
this, waiting times for TURBT were seldom reduced
by more than a week, and it is difficult to estimate
any potential beneficial effect this may have had on
the patient or oncological outcomes.
Whilst we support the use and recognise the
clear benefits of performing UC for bladder and upper tract cancer surveillance, its use in haematuria
investigations has frequently introduced diagnostic
uncertainty and has primarily been disadvantageous in
our experience. In particular, atypical C3, UC results
have led to many repeated samples, discussions at
cancer MDT, and additional invasive investigations
(all negative within our representative cohort). This
has introduced, in retrospect, unnecessary delays in
patient management or reassurance and discharge,
with resultant patient anxiety.
It is important to note also the volume of work that
UC sample analyses represent for the histo/cytopathology
department, particularly in the context of the current
UK national workforce shortage in this specialty, with
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only 3% of laboratories being adequately staffed.16 The
thousands of samples per year analysed and reported
by histo/cytopathology consultants at our Trust has
almost certainly contributed to the (understandable)
delays in sample processing and increased waiting
time for results that we observed in our study, with
the ‘knock-on’ effects of delay in diagnosis, and again
resultant patient anxiety, and inevitable cancer target
breaches. One must likewise consider the significant
financial implications that the uncertainty of UC
introduces, primarily in the cost of repeated samples
(approximately 15% of all patients in our cohort), but
also in the further invasive investigations, including the
costs of general anaesthesia and theatre time. Perhaps
more importantly, cancer target breach penalties may
be incurred when patients remain on the tracked cancer
pathway ‘clock’ and are not ‘taken off’ pending the
results of these additional investigations. We estimate
that 5-10% of our haematuria cases may risk target
breaches due to the responsible clinician not actively
removing the patient from the cancer pathway clock
at the time of requesting a repeat sample. Therefore,
it is difficult to estimate the potential cost savings of
not performing UC routinely; however, our conservative estimate, based upon the number of UC samples
analysed per year (excluding cancer target breach
fines), is £250,000.

higher risk cancers and could therefore be used as a
tool to aid prioritisation in waiting lists for TURBT.
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