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Screening for bladder cancer: the best opportunity to reduce 
mortality

REVIEW

S180

Yves Fradet, MD, FRCSC

Abstract

Bladder cancer kills more women than cervical cancer and is also
a significant cause of mortality in men. Little progress has been
made in improving survival in patients with advanced bladder
cancer. Two pilot studies using microhematuria screening have
shown that screening for bladder cancer results in close to 80%
downstaging, with high-grade cancers being detected before they
have invaded the bladder wall. Results of long-term follow-up
even suggest a striking reduction in bladder cancer mortality. The
main obstacles to screening for bladder cancer may be overcome
if a higher-risk population is identified by designing a risk scale
for exposure to cigarette smoke and occupational carcinogens,
and through genetic testing for susceptibility to cancer and home
hematuria screening, which in itself identifies a population with
approximately 3% to 4% risk of bladder cancer. The feasibility
and cost effectiveness of screening for bladder cancer can be
significantly improved by incorporating a secondary screening
strategy using a more sensitive and specific bladder cancer marker
that is currently available, and by limiting urological evaluations
to patients who show positive results on one or more of these
tests. Bladder cancer is the most costly cancer to treat in the
United States and pharmacoeconomic studies suggest that screen-
ing for bladder cancer could not only save lives but also reduce
costs per year-life saved. A pilot study is underway and the urol-
ogy community should be very supportive of studies to validate
this opportunity. 
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Introduction
Screening for bladder cancer is not part of health care rec-
ommendations in any country but urinalysis and dipstick
testing for microhematuria is routinely performed as part
of a regular check-up. Several studies have suggested that
the presence of microhematuria is rarely investigated due
to fears that cystoscopy creates discomfort to the patient.1

Even gross hematuria is frequently neglected, particularly
in women, and is often treated as an infection without fur-
ther evaluation. However, gross and even microscopic hema-
turia are the most frequent symptoms leading to the diag-
nosis of bladder cancer. 

In the academic urology community, much emphasis
has been placed on the treatment of muscle-invasive dis-
ease, including the role of chemotherapy and novel thera-
pies. However, despite decades of research and discover-
ies, at least 25% of patients with bladder cancer at first
diagnosis have muscle-invasive disease that is associated
with less than 50% survival.2 Moreover, outcomes of patients
with metastatic bladder cancer have been largely unchanged
since the introduction of chemotherapy with MVAC
(methotrexate, vinblastine, doxorubicin and cisplatin). As
well, the benefit of combining systemic chemotherapy with
surgery in a neoadjuvant or adjuvant setting has, at best,
only modestly improved outcomes. Looking at the evolu-
tion in the treatment of cervical cancer over the last several
decades, little progress was made through emphasis on
more aggressive treatment of advanced disease. Rather, a
significant decrease in mortality was achieved by the imple-
mentation (without confirmation by randomized trials) of
screening with a somewhat invasive test, the Pap test, which
is at best 50% sensitive. At present, young women can even
benefit from preventive vaccines for cervical cancers.

It is the author’s belief that the real opportunity for reduc-
ing bladder cancer mortality lies in early detection and
screening and that tools are available that are at least as
effective as, if not better than, the Pap test or PSA testing
for prostate cancer. The burden is on urologists and spe-
cialists of the disease to promote the importance of improved
bladder cancer screening and the need for funding of appro-
priate studies.

Rationale for screening for bladder cancer

Conceptually, several features of bladder cancer make screen-
ing an attractive intervention. There are also several fac-
tors that limit the effectiveness of cancer screening, includ-
ing questions regarding survival rate, disease prevalence,
screening efficacy and costs. One common argument against
the use of screening for bladder cancer is the low preva-
lence of the disease. However, factors defining higher risks
of bladder cancer have long been recognized. Indeed, ciga-
rette smoking accounts for approximately half of bladder can-
cers diagnosed and occupational exposure to carcinogens
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has long been identified as a risk factor for bladder can-
cer.3 Moreover, bladder cancer is the fourth most common
cancer prevalent in men and the ninth most prevalent in
females. Compared to cervical cancer, for which screen-
ing is widely practised, bladder cancer is significantly more
common with 63 210 cases versus 10 370, and has a higher
mortality than cervical cancer (13 180 deaths vs. 3710 deaths)
in the United States.2

All patients who die from bladder cancer do so because
of metastatic disease and most have muscle-invasive can-
cers (stage ≥T2). More than 80% of muscle-invasive can-
cers are found at initial diagnosis and in patients who do
not have a history of prior superficial tumours.4 Hence, the
rationale for promoting early bladder cancer screening and
detection is to diagnose cancers that are destined to become
muscle-invasive before they invade. An additional impor-
tant factor supporting screening is that, unlike prostate can-
cer for example, bladder cancer is rarely, if ever, found
incidentally at autopsy.5,6 Thus, individuals who are diag-
nosed with bladder cancer through screening would not
be subject to over-diagnosis. Finally, urine provides an easy
and non-invasive access to cancer cells or shed products
that can facilitate early detection of bladder cancer.

Evidence for the potential efficacy of screening

Most of the knowledge regarding bladder cancer screen-
ing is based on 2 studies that tested urine with haemoglo-
bin chemical reagent strips. The rationale for using micro-
hematuria screening with a dipstick test is based on the
low initial cost and the recognition that most bladder can-
cers are diagnosed because they induce hematuria. Messing
and colleagues screened 1575 men aged 50 and older who
were asked to test their urine for 14 consecutive days at
the beginning of the study and to repeat this test 9 months
later if all tests during the first 14 days were negative.7 If a
single test was positive (≥“trace”), men were asked to under-
go an evaluation that included microscopic urinalysis, urine
culture, intravenous urography and office cystoscopy. They
found 258 (16.4%) with hematuria, of which 21 (8.1%)
were diagnosed with bladder cancer. The grade and stage
of the tumours were compared to that of men aged 50 years
and older with newly diagnosed bladder cancer from the
Minnesota State Tumor Registry in the same year as the
study (509 men). They observed an 80% downstaging, with
only 5% of screened men detected compared to 24% of
non-screened men with muscle-invasive cancer. At 14 years
follow-up, no man with screen-detected bladder cancer
had died of bladder cancer, whereas 20.4% of men with
bladder cancer detected in the non-screened population
of the same year died of bladder cancer.8 In a similar study,
Britton and colleagues enrolled 2356 men who were asked
to perform home hematuria dipstick testing for 10 days.9

They found hematuria in 474 (20%) and bladder cancer in
17 of these men (3.5%). At 7 years follow-up, 3 of 9 patients
considered high grade died of bladder cancer.10 These stud-
ies suggest that bladder cancer may be detected in patients
in a screening setting at an earlier stage, instead of waiting
for them to later become symptomatic.

There are several concerns in developing a rationale for
a screening policy. One important factor relates to the num-
ber of false positives. The home hematuria screening test
has a false positive rate ranging from 85% to 95% based
on the 2 studies. These false positives result in invasive,
expensive and unnecessary work-up and introduce a sig-
nificant physical and emotional burden for the patient.
Another consideration involves the finding of a population
with sufficient disease prevalence that results in a decrease
in the number of false positive evaluations. Recent advances
in diagnostic testing provide potential significant solutions
to these concerns.

Diagnostic advances

Three urine-based tests have been commercialized for sev-
eral years.11 The NMP22 point-of-care test (Matritech,
Newton, MA) has the advantage that it is an office-based
test and is ideally suited for screening. Its sensitivity for
detecting tumours is approximately only 50%, with a speci-
ficity of 70% to 80%. Urine cytology has long been avail-
able. It has a very high specificity when considering only
those tests positive for cancer cells. However, the sensitiv-
ity is low even for high-grade cancer, where it is between
50% and 75% depending on the study.11,12 Moreover, when
atypia or suspicious samples are considered, false positive
rates increase significantly.13 Two cell-based tests are cur-
rently available. The UroVysion test (Abbott Molecular)
detects loss or gain of 4 chromosomes by in situ hybridiza-
tion with fluorescent probes. The test is complex and costly.
Studies have, however, reported a high specificity but sen-
sitivities varied significantly, from as low as 20% to as high
as 80%.14 ImmunoCyt (SCIMEDX Corporation, Denville,
NJ) is also a fluorescent test using a cocktail of monoclonal
antibodies against 2 antigens. The test is performed on a
cytology slide and therefore can provide a cytology result
in combination with marker results.15,16 ImmunoCyt is less
specific than cytology or UroVysion but its sensitivity is
the highest among all tests. A recent comparative study of
UroVysion and ImmunoCyt in 100 consecutive cases showed
a low sensitivity of 13% for cytology and UroVysion com-
pared to a 73% sensitivity for ImmunoCyt.17

A study of 189 consecutive patients with asymptomatic
microhematuria compared ImmunoCyt testing to complete
urological evaluation.18 ImmunoCyt was positive in 7 out
of 8 bladder tumours detected (87% sensitivity) and had
91% specificity. If assessment of these patients had been
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based on ImmunoCyt testing alone, 154 costly and inva-
sive diagnostic procedures could have been avoided and
only one small low-malignant potential tumour would have
been missed. ImmunoCyt and cytology were also used to
screen aluminum workers in the United States, Brazil and
Germany who participated on a voluntary basis under the
supervision of epidemiologists. The preliminary analysis of
4494 workers screened in the first year detected 6 cancers.
Cytology detected 3 out of 6 and ImmunoCyt detected 6
out of 6 (100% sensitivity). The specificity of both tests was
99% in this cohort of asymptomatic men. Hemstreet and
colleagues used 1 of the 2 markers of the ImmunoCyt test
to screen a cohort of 1788 exposed and 373 non-exposed
workers in China.19 This single marker showed a 56% sen-
sitivity and a 98% specificity. Interestingly, in patients with
a positive test and negative cystoscopy, the risk of subse-
quent finding of cancer 6 months later was 38 times greater
than for workers with negative urine test (CI 17-85). The
combination of ImmunoCyt and cytology in several studies
showed more than 95% sensitivity in detecting high-grade
cancers at the non-invasive stage of carcinoma in situ, which
are the primary target in screening strategies, since they are
more likely to lead to muscle-invasive cancer.

An optimal strategy for bladder cancer screening remains
to be determined. Home hematuria screening during 10 to 15
days on a yearly basis would be inexpensive as a primary
tool; however, it would be very costly if all patients who
tested positive received a full urological evaluation. Using
a sensitive and specific non-invasive urine test as a second-
ary screening tool would be more easily accepted by patients
and primary physicians and would lead to significantly fewer
unnecessary investigations by cystoscopy. This strategy is
currently being tested in a screening study funded through
the MD Anderson Specialized Programs of Research
Excellence (SPORE), in which subjects use multiple Hemastix
tests and patients with positive Hemastix tests undergo cys-
toscopy along with 3 marker tests; NMP22, UroVysion and
ImmunoCyt. Several centres, including this one, are involved
in this pilot study, which could lead to a short-term recom-
mendation for the investigation of microhematuria as well
as a design of a larger-scale screening trial.

Identification of higher-risk populations

The ability to identify populations at higher risk of devel-
oping urothelial carcinoma would be helpful. This could
be done in part by refining our understanding of age, ciga-
rette smoking and occupational exposure and by develop-
ing a model for risk assessment. Genetic analyses provide
yet another approach to identifying individuals more sus-
ceptible to the development of bladder cancer under expo-
sure to these carcinogens. Moore and colleagues adequately
addressed this issue by studying blood samples from a Spanish

case-control study that tested the hypothesis that  hypomethy-
lation of DNA from white blood cells was more frequently
observed in patients with urothelial carcinoma.20 The cyto-
sine methylation content in leukocyte DNA of 775 patients
with bladder cancer (cases) and 397 controls were ana-
lyzed by high-performance capillary electrophoresis and
HpaII digestion. The median percentage of cytosine methy-
lation DNA was significantly lower in cases than in con-
trols. Moreover, investigators were able to stratify patients
in groups at increasing risk of cancer on the basis of their
smoking status and level of methylation. Non-smokers with
the highest level of methylation had the lowest risk of blad-
der cancer, whereas current smokers with hypomethyla-
tion had a 25.5 times higher risk of cancer. A number of
other genetic markers are under investigation and may pro-
vide improved methods to identify the appropriate popula-
tion for bladder cancer screening.

Cost-effectiveness

Bladder cancer is the most costly cancer per patient (from
diagnosis to death) in the United States.21,22 A recent study
using a Markov model to estimate the cumulative cancer-
related cost and efficacy of screening versus no screening
showed that urine-based markers are cost-effective in a
high-risk population.23 Indeed, screening is the most cost-
effective strategy when cancer incidence in the population
is >1.6% if tumour markers cost less than $126 and have a
sensitivity of >26% and specificity >54%, assuming a down-
staging with screening of 20%+ and office cystoscopy costs
less than $694. Obviously, if downstaging is closer to the
70% to 80% observed in the 2 small available studies, it
would have a significant impact on cost savings. Equally
effective would be the selection of a target population at
higher risk and the use of more specific tests. For example:
at 4% cancer incidence, which is the incidence observed
in individuals testing positive in hematuria screening, a tumour
marker specificity of 86% yields a cost per life-year sav-
ings of $101,000. A decrease in specificity to 50% would
result in a discounted cost per life-year saved of $4,384
and a specificity of 30% would increase this cost to $25,599
per life-year saved. By comparison, the cost per life-year
saved for breast cancer patients screened by mammogra-
phy varies from $16,000 to $19,000, and for cervical can-
cer it is estimated to be $80,000. The cost per life-year
saved for prostate cancer is estimated to be between $2300
and $5000.

Conclusion

In summary, bladder cancer is frequent and an important
cause of mortality that could potentially be prevented.
Improved use of new urine-based tumour markers should
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be emphasized, since they could represent an immediate,
efficient screening tool in patients already identified at higher
risk due to the presence of microhematuria during routine
urinalysis. The identification of high-risk cancer at a non-
muscle-invasive stage coupled with improvements in intra -
vesical therapy (that will hopefully result from ongoing
research and discovery) would not only reduce mortality
but also morbidity as well as costs associated with the treat-
ment of more advanced disease. Improvements in fluores-
cent cystoscopy also enable the detection of non-visible
cancers more effectively in patients with seemingly false-
positive tests.24 Altogether, these observations suggest that
the opportunity provided by bladder cancer screening with
these new strategies could be at least as efficient as the sig-
nificant advancements achieved by Pap test screening for
cervical cancer. It is the responsibility of the urology com-
munity to move the field forward in this direction.
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