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BACKGROUND. The U.S. Food and Drug Administration recently approved screen-

ing high-risk patients for bladder cancer using urine-based markers. The cost and

life-years saved associated with bladder cancer screening were evaluated.

METHODS. A Markov model was created to estimate cumulative cancer-related

costs and efficacy of screening (vs. no screening) of a high-risk population for

bladder cancer using a urine-based tumor marker over a 5-year period. Assump-

tions were based on literature review of survival and progression rates for patients

with bladder cancer and costs associated with different bladder cancer disease

states.

RESULTS. Screening for bladder cancer in a population with a 4% incidence of blad-

der cancer resulted in a gain of 3.0 life years per 1000 subjects at a cost savings of

$101,000 for the population, assuming a 50% downstaging in the screened popula-

tion from muscle-invasive to nonmuscle-invasive disease. One-way sensitivity anal-

yses found that screening is the most cost-effective strategy if cancer incidence is

>1.6%, tumor marker costs <$126, marker sensitivity is >26%, marker specificity is

>54%, downstaging with screening is >20%, and office cystoscopy costs <$694.

Varying costs of cystectomy, transurethral resection of bladder tumor (TURBT),

chemotherapy, end-of-life care, costs of metastatic disease, and a computed tomog-

raphy scan over a wide range did not affect the superiority of screening.

CONCLUSIONS. The model found that urine-based markers are cost-effective in a

high-risk population. Prospective randomized trials in a completely asymptomatic

high-risk cohort are indicated before bladder cancer screening can be recom-

mended. Cancer 2006;107:982–90. � 2006 American Cancer Society.
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Cancer screening is generally considered a valuable tool to save

lives but at this time it is limited to prostate, breast, colon, and

cervical cancer. There are several factors that limit the effectiveness

of cancer screening, including questions regarding survival benefit,

disease prevalence, screening efficacy, and cost. One must ask why

we do not screen for bladder cancer in high-risk persons such as

heavy cigarette smokers or patients exposed to industrial chemicals.

Smoking accounts for approximately half of bladder cancers diag-

nosed among men and approximately one-third of women.1 More-

over, bladder cancer is the fourth most prevalent cancer in males and

the ninth most prevalent cancer in females and is the most costly

cancer from diagnosis to death.2,3 When one compares disease preva-

lence and death rates, bladder cancer is significantly more common

and has a higher mortality than cervical cancer (with 63,210 cases
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and 13,180 deaths versus 10,370 cases and 3710 deaths

estimated for 2005, respectively).2 The best possibility

for reducing bladder cancer mortality is early detec-

tion. Survival rates for bladder cancers are stage-de-

pendent and 5-year survival for tumors confined to the

mucosa are significantly higher than for cancers that

are muscle-invasive or metastatic.4 Because 25% of

bladder tumors are diagnosed beyond the superficial

cancer stage, a screening program that leads to earlier

detection can decrease mortality.5 Downstaging of

bladder cancer with screening has been demonstrated

using hematuria screening by Messing et al.6 Only

4.8% of tumors in an asymptomatic screening group

age >50 years were muscle-invasive compared with

23.9% in an unscreened population. Use of urine dip-

stick testing for hematuria is cheap and noninvasive

but has a positive predictive value of only 5%, which

limits its utility.7,8 Other urine-based bladder markers

such as NMP22 have been shown to have superior sen-

sitivity and specificity as compared with hemoglobin

dipstick.9

Recently, the Food and Drug Administration (FDA)

approved the use of several urine-based tumor mar-

kers such as BladderChek (Matritech, Newton, MA) for

diagnosis of bladder cancer in high-risk patients. Blad-

derChek (NMP22) is a point-of-care test that provides

immediate results and does not require a clinical labo-

ratory for evaluation. A multiinstitutional study by

Grossman et al.10 utilized NMP22 to evaluate urine

specimens from a large cohort of patients at elevated

risk for bladder cancer due to factors such as age, his-

tory of smoking, or hematuria. They found cancer in

6% of their cohort and NMP22 rendered a sensitivity,

specificity, and positive predictive value (PPV) of

55.7%, 85.7%, and 19.7%, respectively.

The purpose of this analysis was to assess the

cost-effectiveness in terms of cost per life-years saved

associated with implementing a screening program

using bladder markers such as NMP22 in a high-risk

population.

MATERIALS AND METHODS
Markov Decision Analysis
A Markov decision analysis model was created to esti-

mate the cumulative cancer-related survival and costs

for a population screened or not screened for bladder

cancer with NMP22 (BladderChek) over a 5-year pe-

riod. The Markov model was designed with TREEAGE

PRO HEALTHCARE (Treeage Software, Williamstown,

MA). The model assumes a subject to enter at age

50 years at high risk for bladder cancer due to heavy

smoking or significant occupational exposure. The

model allows varying the baseline age of screening by

modifying mortality due to other causes. Patients in the

standard group will either have cancer or no cancer at

a rate dependent on cancer incidence. Those subjects

found to have bladder tumor(s) are treated with a

transurethral resection and enter 1 of 4 bladder cancer

disease states: 1) low-grade superficial (American Joint

Committee on Cancer [AJCC] Stage T0, Tis, T1); 2)

high-grade superficial (AJCC Stage T0, Tis, T1); 3) mus-

cle invasive (AJCC Stage T2-T4); or 4) metastatic disease.

We assumed a simple model of disease progression that

occurs in a fixed sequence of health states. At the con-

clusion of each 12-month cycle, the patient could be

considered disease-free and undergo routine surveil-

lance, experience recurrence or progression of their dis-

ease, or die of unrelated causes. Patients with metastatic

disease can die of their disease, die of other causes, or

remain in the metastatic state. Patients with high-grade

superficial disease received bacillus Calmette–Guerin

(BCG) treatment. Patients diagnosed with muscle-inva-

sive disease underwent immediate radical cystectomy

with pelvic lymph node dissection. Twenty-five percent

of patients with muscle-invasive disease have lymph

node involvement and were assumed to undergo treat-

ment with chemotherapy.11,12 Patients diagnosed with

metastatic disease received 4 cycles of chemotherapy

(methotrexate, vinblastine, doxorubicin, and cisplatin

[MVAC] or cisplatin/gemcitabine). In the screened

population, the base case is screened 1 time at study

entry; however, we also examined the model with an-

nual and biannual screening. Subjects with a positive

BladderChek test were evaluated with an office visit,

cystoscopy, and urine cytology. Patients with a true-

positive screen entered into 1 of the 4 cancer disease

states as above but a proportion of the muscle-invasive

cancers was downstaged to superficial disease. Those

patients with a false-negative screen had cancer diag-

nosed in standard fashion and did not benefit from

downstaging. Patients with a false-positive screen

accrued the costs of screening but had the same sur-

vival as those with no cancer.

Assumptions
All model assumptions are displayed in Table 1. Blad-

der cancer incidence rates for a high-risk population

were derived from a study by Grossman et al.10 evaluat-

ing the utility of the BladderChek test among a large

cohort of patients at elevated risk for bladder cancer

due to factors such as age, history of smoking, or he-

maturia. They found cancer in 6% of their cohort over a

9-month period. We assumed an annual baseline can-

cer incidence of 4% in the model because a portion of

the patients in the Grossman et al. study had hematuria

and we are modeling a purely asymptomatic high-risk

screening population. Sensitivity analyses were used to
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model various cancer incidence rates. The model as-

sumes that all cancers will become symptomatic and

be diagnosed based on the fact that bladder cancer is

rarely first discovered at the time of autopsy. The blad-

der cancer AJCC stage distribution was based on the

National Cancer Database including over 70,000 patients:

Stage 0 (44.3%), Stage I (28.9%), Stage II (12.9%), Stage

III (7%), and Stage IV (6.9%).4 The grade distribution

for patients with T0 and T1 disease was 29%, 52.6%,

and 18.4% for WHO Grades 1, 2, and 3, respectively,

based on weighted means derived from 6 articles

involving 4514 patients.13–18 In patients with T2 disease

and higher, 90% of patients had high-grade disease.11

Cancer recurrence and progression rates depend heav-

ily on the stage of disease. A literature review was per-

formed to determine risks of recurrence and

progression for patients with superficial disease, risk of

progression in patients after cystectomy, and risk of

death for patients with metastases after chemotherapy

(Table 2). Weighted means were utilized to determine

recurrence and progression rates when more than 1

study was utilized. Cancer-specific death rates in

patients with metastatic disease who received chemo-

therapy were obtained from a large multicenter Phase

III study.19 The yearly risk of dying from other causes

was based on life-tables from the National Center for

Health Statistics.20

The model assumed a baseline rate of downsta-

ging of 50%. This is a conservative estimate of risk

reduction based on published data regarding hematu-

ria screening for bladder cancer by Messing et al.6 In

that analysis, only 4.8% of patients identified during

screening had muscle-invasive disease compared with

23.9% in an unscreened population, an 80% risk reduc-

tion. Screening was assumed to lead to a downstaging

but not downgrading, so muscle-invasive cancers that

were high grade were assumed to be downstaged to

superficial high-grade cancers.6 Those tumors that are

downstaged will still recur and progress in the Markov

model at a rate dependent on their stage and grade.

Marker sensitivity for different grade and stage disease

was obtained from metaanalysis of the literature in-

cluding 15 studies for NMP22.9 Specificity was ob-

tained from an evaluation of 1331 patients at elevated

risk for bladder cancer due to factors such as age, his-

tory of smoking, or hematuria.10

Costs
Cost data are shown in Table 1. All data were collected

from cost, not charge, data. All costs were updated to

2005 U.S. dollars with the Gross Domestic Product

Deflator Inflation Calculator (available at URL: http://

TABLE 1
Model Assumptions

Variable

Base

case Range

One-way

sensitivity
cost-effectiveness

threshold

Cancer incidence10 4% 0.1–8% 1.6%

Cost parameters

NMP22 test10 $24 $1–1000 $126

Office cystoscopy* $206 0–$1000 $694

Cytology* $56 $50–750 y

Intravenous

pyelogram{ $126 0–$1000 y

CT scan

abdomen/pelvis{ $337 $100–3000 y

Office visit level 3

(established)* $55 0–$500 y

TURBT{ $3,812 $1000–$10,000 y

BCG $1,620 $100–5000 y

Cystectomy{ $22,292 $10,000–$50,000 y

Chemotherapy{ $43,000 $10,000–100,000 y

Yearly cost of

metastatic disease $500 0–$3000 y

Last 6 mos of life $50,000 $10,000–500,000 y

Discount rate21 3% 0–10% y

Marker accuracy

Sensitivity

Low grade9 .61(.35–.81) .5–1 y

High grade9 .79 (.63–.89) .5–1 26%

Specificity10 .86 (.84–.88) .1–1 54%

Downstaging with

screening6 50% 10–100% 20%

Yearly rate of death

from other causes20 0.65% 0–20% y

CT indicates computed tomography; TURBT, transurethral resection of bladder tumor; BCG, bacillus

Calmette–Guerin.

* Medicare reimbursement 2005.
y Screening was more cost-effective over entire variable range.
{ Local hospital cost.

TABLE 2
Recurrence, Progression, and Death Rates for Different Stages
of Bladder Cancer

Yearly %

1 2 3 4 5

Recurrence, superficial

stage13,14

Low-grade 30 10 5 5 5

High-grade 35 15 5 3 3

Progression, superficial

stage13,14,18,23

Low-grade 4 2 2 1 1

High-grade 10 10 5 3 2

Progression to metastases

after cystectomy11,12 25 13 8 4 4

Death from bladder cancer

in patients with metastatic

disease after chemotherapy19 42 80 50
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www1.jsc.nasa.gov/bu2/inflateGDP.html). A 3% annual

discount rate was applied to all future costs and bene-

fits.21 Discounting is necessary when the experience of

the patient in the near term is valued more than future

costs and health outcomes. The transurethral resection

of bladder tumor (TURBT) and cystectomy costs were

based on the mean total costs for 60 and 37 consecu-

tive patients in 2003 and 2004, respectively. At our hos-

pital, 4 cycles of MVAC and cisplatin/gemcitabine have

a similar cost of $42,776 and $41,936, respectively. The

model cost of $43,000 assumed additional cost of phy-

sician reimbursement during hospitalization. Due to

variations in geographic reimbursement for proce-

dures as well as to account for different practice pat-

terns and complications, we performed sensitivity

analyses with a wide range of values to determine the

effect on cost-effectiveness of screening. This range of

values is shown in Table 1.

Costs for Different Stages
All patients with cancer underwent an initial evalua-

tion with office cystoscopy and cytology as well as a

physician visit and an intravenous pyelogram (IVP).

Those patients in the screening group had the addi-

tional cost of a marker. Each patient, regardless of

stage, also had the cost of initial TURBT. Additional

costs over the 5-year period depended on stage of dis-

ease. Although we recognize that there are variations

in practice regarding follow-up protocols, we made

assumptions utilizing our standard follow-up proce-

dures. Using our sensitivity analyses, we varied costs

per stage over a wide range to account for different

practices (Table 1).

Superficial (AJCC T0, T1) Disease
We assumed that there would be routine follow-up

with cystoscopy and cytology every 3 months in the

first 2 years and then every 6 months in Years 2–5 and

then yearly thereafter. The costs of these visits were

included for each patient. We also added in the cost of

an upper tract study (IVP) every 2 years. Patients with

high-grade disease had the additional cost of BCG.

Muscle Invasive Disease
All patients with muscle-invasive (regional) disease

underwent a cystectomy after initial evaluation and

TURBT. Additional costs included physician visits, rou-

tine laboratory, chest radiograph, and follow-up com-

puted tomography (CT) of the abdomen and pelvis.

Metastatic Disease
All patients with metastatic disease underwent chemo-

therapy after initial evaluation and TURBT. Additional

costs included physician visits, routine laboratory, chest

radiograph, and follow-up CT scans of the abdomen

and pelvis. We also added an additional cost of living

with metastatic disease that we varied within our sensi-

tivity analyses (Table 1).

Outcomes
There were 2 primary outcome measures including

cost and survival for both the screening and standard

groups. One-way and 2-way sensitivity analyses were

performed varying the costs of treatment for different

stage cancers, cancer incidence, marker variable (cost,

sensitivity, and specificity), and risk reduction from

screening. Two-way sensitivity analyses compared the

screening and standard strategies based on best cost-

effectiveness (cost divided by life-years saved).

An additional analysis was performed to adjust the

interval of screening patients. In our base analysis, we

assumed a 1-time screen at the initiation of the study.

To our knowledge, there are no data in the literature

regarding the incidence rates of bladder cancer for

high-risk patients after an initial screening. We per-

formed analyses evaluating yearly and every other year

screening assuming an initial incidence of 4% followed

by a low incidence of 0.1%, which approximates the

cancer incidence for bladder cancer in Surveillance,

Epidemiology, and End Results (SEER) data.5

RESULTS
Screening for bladder cancer in a population with an

annual 4% incidence of bladder cancer resulted in a

gain of 3.0 life-years per 1000 subjects at a cost savings

of $101,000 for the population assuming a 50% down-

staging in the screened population from muscle-inva-

sive to nonmuscle-invasive disease. Adjusting for other

cause mortality did not vary the results significantly.

Even with a 3.5% yearly death rate from other causes,

as seen in men in their early 70s, a screened group

gains 2.9 life-years at a cost savings of $100,000. The

cancer incidence had the greatest impact on the cost-

effectiveness of screening. At a 2% annual cancer inci-

dence, screening resulted in a gain of 1.48 life-years

per 1000 subjects at a saving of $16,000. An annual

incidence of 1%, however, only resulted in a gain of 0.7

life-years at a cost of $35,358 per life-year saved.

One-Way Sensitivity Analyses
One-way sensitivity analyses were performed to iden-

tify the threshold where screening and standard iden-

tification of bladder cancer were equally cost-effective

(Table 1). Screening is the most cost-effective strategy

as long as cancer incidence is greater than 1.6%, tu-

mor marker costs <$126, marker sensitivity is >26%,

marker specificity is >54%, downstaging with screen-

ing is >20%, and office cystoscopy costs <$694.
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Varying the costs of cystectomy, TURBT, chemo-

therapy, end-of-life care, costs of metastatic disease,

and CT scan over a wide range did not affect the supe-

riority of screening. Rates of death from other causes

between 0% and 20% per year also did not affect the

superiority of screening.

Two-Way Sensitivity Analyses
We performed several 2-way sensitivity analyses to

evaluate the effect of varying 2 variables over a range

of values (Figs. 1–4). The incidence of cancer greatly

influences both the risk reduction and cost required of

a screening test for it to be cost-effective (Figs. 1, 2).

The greater the possibility of downstaging bladder can-

cer, the lower the incidence of disease necessary for

screening to be cost-effective (Fig. 1). At a 1% inci-

dence, a marker would need to result in a downstaging

of 80% to remain cost-effective, but with an incidence

of 4%; screening is cost-effective if downstaging is

greater than 20%. Likewise, a higher incidence of dis-

ease will allow for a higher cost of tumor marker (Fig.

2). At a 1% cancer incidence, a marker costing $24 has

a discounted cost per life-year saved of $34,841, but a

marker can cost up to $200 if the incidence is over 6%,

assuming equivalent sensitivity and specificity. The

marker specificity and sensitivity have a significant im-

pact on the cost-effectiveness of screening (Fig. 3). A

lower specificity results in more false-positive findings

and resultant increase in evaluations. At a 4% cancer in-

cidence, a tumor marker specificity of 86% yields a dis-

counted cost per life-year savings of $101,000, but a

decrease of specificity to 50% results in a discounted

cost per life-year saved of $4,384 and a specificity of

30% increases costs to $25,599 per life-year saved. The

more expensive a marker utilized, the higher the speci-

ficity required for the marker to be cost-effective (Fig. 4).

The additional cost of the marker must be balanced by

fewer false-positive results and less cost for unneces-

sary workups.

Varying Interval of Screening
In our base model, we evaluated a 1-time screen of the

patient group due to lack of data regarding yearly inci-

dence rates of cancer in high-risk patients with a nega-

tive prior screen. However, we modified our model to

allow for both annual and biannual screening assum-

ing a cancer incidence of 0.1%, which is similar to

SEER rates. If a population is screened annually with

FIGURE 1. Two-way sensitivity analysis. The impact of varying the annual
incidence of cancer and the risk reduction on the cost-effectiveness of differ-

ent detection strategies. Shaded regions (labeled screening) represent scenar-

ios in which screening is more cost-effective than not screening.

FIGURE 2. Two-way sensitivity analysis. The impact of varying the annual
incidence of cancer and the marker cost on the cost-effectiveness of different

detection strategies. Shaded regions (labeled screening) represent scenarios

in which screening is more cost-effective than not screening.

FIGURE 3. Two-way sensitivity analysis. The impact of varying marker sen-
sitivity and specificity on the cost-effectiveness of different detection strate-

gies at a fixed cost of $24. Shaded regions (labeled screening) represent

scenarios in which screening is more cost-effective than not screening.
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an initial cancer incidence of 4% and subsequent

yearly incidence of 0.1%, the discounted cost per life-

year saved is $46,693. For such a strategy to be cost-

effective the initial cancer incidence would have to be

> 7%. If a population is screened biannually with an

initial cancer incidence of 4% and subsequent yearly

incidence of 0.1%, the discounted cost per life-year

saved is $6,837. Because there are very few additional

cancers detected, the incremental discounted life-year

gain is <0.1 years with either of these strategies.

Cystoscopy and Cytology as Screening Tools
If one were to use cystoscopy and cytology in all

patients as the screening tool for bladder cancer with-

out an IVP assuming a 95% sensitivity and specificity,

there would be a 3.6 discounted life-year survival ad-

vantage at a cost of $30,387 per life-year saved with a

cancer incidence of 4%. A cancer incidence of only

1% will result in a cost per life-year saved of $291,000.

DISCUSSION
Bladder cancer is an ideal disease for screening in a

high-risk population. The risk factors for bladder cancer

are well known, including smoking and environmental/

occupational toxins such as petroleum products and

aniline dyes.1 The disease has a high prevalence and

>25% of patients present at an advanced stage.4 Sur-

vival is significantly improved in patients with nonmus-

cle-invasive cancer.4 The main limitations to broad use

of screening have been the identification of accurate

and cost-effective markers for disease presence and tar-

geting an appropriate population. With the approval of

BladderChek (NMP22) testing by the FDA for high-risk

patients, one has an initial test that can be assessed for

efficacy in screening.

A recent evaluation of the cost per cancer-detected

found that the use of BladderChek (NMP22) would be

in the $2000 to $5000 range if used in a high-risk popu-

lation but would be >$100,000 if used in the overall

population.22 In that analysis, the cost per cancer

detected in the high-risk population was similar or

superior to screening for prostate, breast, and colon

cancer. The current analysis found that in a population

with a >1.6% cancer incidence, screening with Blad-

derChek would result in both improved overall survival

and a cost savings. This is a unique finding because

most evaluations of screening policies for other can-

cers such as prostate, breast, colon, and cervical found

a cost per life-years saved of up to $50,000 (Table 3).

Despite the low overall bladder cancer incidence uti-

lized in the model, downstaging as a result of screen-

ing rendered a discounted life savings of 3 life-years

over a 5-year period.

The conclusions of this analysis are strengthened

by the results of additional analyses that relaxed vari-

ous model assumptions. Our model found that screen-

ing is more cost-effective than not screening as long as

the cancer incidence is >1.6%, tumor marker costs are

<$126, marker sensitivity is >26%, marker specificity

is >54%, downstaging with screening is >20%, and

office cystoscopy costs <$694. Although there is geo-

graphic variation in Medicare reimbursement and costs

vary by hospital and institution, our analysis evaluated

a wide range of values for TURBT, cystectomy, chemo-

therapy, end-of-life care, costs of metastatic disease,

and radiologic tests (CT/IVP) and found no impact on

the advantage of bladder cancer screening. In addition,

taking into account other-cause mortality did not

change the overall life-savings if screening was per-

formed in 50-year-old subjects or 70-year-old subjects.

There are several reasons bladder cancer screen-

ing was a superior strategy in terms of both survival

and cost. First, there is a survival benefit to earlier

TABLE 3
Cost Per Life-Years Saved for Cancer

Disease Cost per life-year saved ($)

Prostate cancer (prostate-specific

antigen and digital rectal examination)27 2300–5000

Colon cancer (colonoscopy)28,29 10,000–40,000

Breast cancer (mammography)30 16,000–18,800*

Breast cancer (mammography)31 48,000–89,000y

Cervical cancer32 £36,000

* Marginal cost life-year saved.
y Marginal cost quality life-year saved.

FIGURE 4. Two-way sensitivity analysis. The impact of varying marker cost
and specificity on the cost-effectiveness of different detection strategies. Shaded

regions (labeled screening) represent scenarios in which screening is more cost-

effective than not screening.
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cancer detection from muscle-invasive disease to non-

muscle-invasive disease even if only a small propor-

tion of subjects develop cancer. We assumed that our

population would have a 4% cancer incidence. This is

a reasonable assumption if one targets high-risk pa-

tients. Grossman et al.10 found a 6% cancer incidence

in patients who are at high risk or symptomatic. Be-

cause we are limiting our screening population to as-

ymptomatic high-risk patients, this rate is likely to be

lower, leading to our baseline assumption of 4% inci-

dence. The cost-advantage of $101,000 for 1000 screened

subjects comes from the significant costs associated

with muscle-invasive and metastatic bladder cancer.

Even patients with organ-confined disease have a high

risk of progression and death from bladder cancer.11,12

Costs of chemotherapy and cystectomy far outweigh

the costs associated with repeat TURBT and intravesi-

cal therapy. Another advantage for bladder cancer

screening is the low cost of BladderChek ($24), such

that most patients without cancer do not have a high

cost burden as compared with screening using colono-

scopy or mammography. Even those with false-positive

testing only have the additional cost of cystoscopy and

cytology and physician visit ($317). As long as cystos-

copy costs were <$694, screening was less costly than

no screening.

The potential for downstaging and decreased mor-

tality with bladder cancer screening has been demon-

strated using hemoglobin dipstick testing.6 Messing

et al.6 found a 4.8% incidence of muscle-invasive dis-

ease and a 0% mortality at 2 years compared with a

23.9% incidence of muscle-invasive disease with 16%

cancer-specific mortality in a screened and nonscreened

population, respectively.6 We recognize that our model

hinges on the assumption that bladder cancers can be

detected before muscle invasion. Although the study

by Messing et al.6 found an 80% downstaging among

1500 asymptomatic men screened with hemoglobin

dipstick, we assumed only a 50% downstaging but

evaluated the model over a wide range of values. Our

model found that even a 20% downstaging favored a

strategy of screening for bladder cancer. Because many

high-grade cancers are identified before muscle inva-

sion, it is not unreasonable to believe that a screening

strategy could detect these cancers.14,23

The advantage of BladderChek and other recently

developed urine-based markers is the increase in sensi-

tivity, specificity, and PPV compared with hemoglobin

dipstick.9,10 This allows improved detection of cancer

and fewer unnecessary work-ups. Data from studies ex-

amining NMP22 for patients without a history of blad-

der cancer reveal a PPV of 19.7% to 29%.10,24 This is

comparable to a 25% to 33% PPV afforded by a trans-

rectal ultrasound-guided (TRUS) biopsy for a prostate-

specific antigen (PSA) >4 ng/mL.25 In their prospective

trial evaluating the use of NMP22 in patients with risk

factors for bladder cancer, Grossman et al.10 reported

an improvement in the PPV of the NMP22 test from

19.7% to 37% when including only those patients at

highest risk (men age >60 years with a history of

smoking). Ponsky et al.26 found an improvement in the

specificity of NMP22 from 84% to 99% by excluding

patients with benign inflammatory or infectious condi-

tions, calculi, stents, nephrostomy tubes, bowel inter-

position, and recent genitourinary instrumentation. A

disadvantage of a low PPV is a high number of unne-

cessary workups with resultant cost, patient morbidity,

and anxiety. In our analysis, for every 1000 subjects

there is an additional cost of $44,000 accrued due to

false-positive tests. Fortunately, cystoscopy and cytol-

ogy have a minimal morbidity and have a high specific-

ity and sensitivity. As such, complications are rare and

even patients with false-positive results can have a

quick examination that can alleviate their anxiety. Used

alone as a screening tool, cystoscopy and cytology were

found to be more costly without a significant increase

in overall survival compared with BladderChek.

The question of frequency of screening is impor-

tant but difficult to assess. Our model is limited by the

available literature, which does not include studies

evaluating the cancer incidence in patients previously

screened for bladder cancer. We modeled a scenario in

which the initial screen has a 4% incidence but subse-

quent annual incidence of cancer is 0.1%, which is sim-

ilar to SEER incidence rates. Using yearly screening will

significantly increase the cost per discounted life-year

without improving overall survival. Biannual screening

reduces this cost but future studies will be necessary to

provide more information on actual cancer incidence

in men who are screened for bladder cancer.

There are several limitations with this analysis. To

our knowledge there are no randomized trials compar-

ing survival with and without a screening strategy for

bladder cancer. To counter this problem, we used a

Markov model and an analysis of the literature to esti-

mate survival with and without screening. We recog-

nize that the incidence of cancer in asymptomatic

patients may not be as high as 4% to 6% and performed

various analyses evaluating a range of incidence rates.

A population with over a 1.6% cancer incidence is ideal

for screening and a prospective study stratifying pa-

tients by age, smoking history, and occupational expo-

sures will be required to identify an appropriate subset

of patients. The costs utilized for managing superficial,

muscle-invasive, and metastatic disease will likely vary

by institution and health care environment, but the

conclusions of this analysis did not change despite

>100% variance in these values. Furthermore, this
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analysis addressed cause-specific survival and costs

but did not consider quality-of-life issues. Certainly

those patients in the screening group who could avoid

cystectomy probably benefit from both improved sur-

vival and better quality of life. However, the anxiety

associated with a false-positive diagnosis will lessen

the quality of life of patients in the screening groups.

Future studies will be necessary to assess the impact of

screening on quality of life of these patients. We also

assumed that patients with a false-negative screen will

present to their physicians when their cancers become

symptomatic. It is difficult to speculate whether these

patients may delay their care if they have the false

assumption that they are cancer-free. In our base

model, we assumed that all patients with cancer will

be diagnosed in the first year. We did not include a

lead-time bias. We recognize that this biases for the

screening group because some patients will die of

other causes before diagnosis of bladder cancer. How-

ever, unlike prostate and kidney cancer, bladder cancer

is rarely discovered at autopsy and, thus, most cancers

will become symptomatic and there is a low likelihood

to find a ‘‘clinically insignificant’’ bladder cancer.

Although we specifically evaluated BladderChek, our

model can be used to evaluate the cost-effectiveness of

any marker using its cost, sensitivity, and specificity.

We also utilized performance characteristics (sensitivity

and specificity) from the literature, but performance

characteristics for small tumors may be significantly

different. Future studies will need to evaluate the effect

of tumor size on screening, but our sensitivity analyses

demonstrate that even a significant drop in sensitivity

and specificity will allow bladder cancer screening to

be cost-effective. Future markers will likely be devel-

oped that may improve specificity or sensitivity and

one can determine what cost would result in their

being cost-effective for screening.

Conclusions
The decision to implement a screening program de-

pends on multiple factors including survival benefits,

cost, and accurate, noninvasive tests for the disease.

Bladder cancer, with an estimated >63,210 cases and

13,180 deaths for 2005, may be an ideal disease for

screening in a high-risk population.2 We found that a

urine-based marker such as NMP22 can reduce mor-

tality and save costs in a high-risk population. Pro-

spective randomized trials testing the accuracy of

bladder cancer detection in a completely asymptom-

atic cohort and evaluation of outcomes regarding can-

cer-specific mortality are indicated before a bladder

cancer screening policy can be determined.
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