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In prostate specific antigen (PSA)-based prostate cancer mass screening, the optimal re-screening
interval is still in question, although guidelines suggest that a prolonged interval would be safe and cost-
saving. We examined the socioeconomic feasibility of prolonged re-screening interval based on individual
baseline PSA values. Markov decision-analytic models of prostate cancer screening were established for
cost-effectiveness comparison of prolonged re-screening in men with low (= 1 ng/ml) PSA level (meta-
interval strategy) and annual re-screening in every participant (control strategy). Effectiveness and
socioeconomic feasibility were evaluated according to quality-adjusted life years (QALYs) and incremental
cost-effectiveness ratio (ICER ; Acost per 4QALY), respectively. As a result, outcomes including cancer
detection rates and stage shift suggested that these models well recapitulated actual prostate cancer mass
screening.  The meta-interval strategy was more cost-effective than the control strategy. The ICER for the
control strategy with respect to the meta-interval strategy exceeded US$62, 000/QALY through the
sensitivity analyses for every assumption. The meta-interval strategy was more effective and less expensive if
the trade-off of impaired clinical outcomes caused by delayed detection was small. In conclusion, our
models suggest that the meta-interval strategy is more cost-effective than annual screening. It can be even
more effective if the interval is determined appropriately such that cancer can be detected within the
therapeutic window.

(Hinyokika Kiyo 59: 159-166, 2013)
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Fig. 1.

A': Schematic design showing relationship of each Markov status.
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Organ-confined disease, ECD: Extracapsular disease, MD: Metastatic

disease.

B: Excerpt of scheme for men with baseline PSA level 0.0-1.0

ng/ml in the meta-interval strategy. Note that trade-off risks are higher
from light- to dark-colored Markov status of =4.0 ng/ml (4.0 ng/ml).
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Table 1. Assumption of clinical variables used in the base case model

Variables

Value Reference

Cancer detection rate on biopsy

Proportion of disease stage
Organ-confined disease (OCD)
Extracapsular disease (ECD)
Metastatic disease (MD)

Biopsy rate in men with PSA =4.0 ng/ml

Recurrence rate in OCD
Recurrence rate in ECD
Mean prognosis in MD (years)
Cost (US$)
PSA test
Biopsy
Treatment of OCD
Treatment of ECD
Treatment of MD
Other cause of death
Quality of life utility
Curable disease
Metastatic disease

Recurrent disease

25)
0.250  (hmbeon cf 3}

Andriole, et al.”
0.900  Kubota, et al.2®¥
0.070

0.030

Schroder, et al.”
0.600 Andriole, et al.!

0.050  THull, et al.?”

0.500  D’Amico, et al.2¥
Hummel, et al??

20 Krahn, et al.*"
250

20,000

50,000

45,000

Hummel, et al2?
0.9 Krahn, et al?!
0.5
0.7

Table 2. Probabilities of PSA elevation to =4.0 ng/ml at a year after negative PSA results (Ito, et al.m)

Age range of participants (years)

Baseline PSA

50-59 60-69 70-
0.0-1.0 ng/ml 0.001 (0.0005, 0.002, 0.004) 0.002 (0.001, 0.003, 0.008) 0.002 (0.001, 0.003, 0.008)
1.1-2.0 ng/ml 0.002 (0.0001, 0.003, 0.008) 0.01 (0.005, 0.02, 0.03) 0.004 (0.002, 0.006, 0.012)
2.1-3.0 ng/ml 0.017 (0.01, 0.025, 0.03) 0.041 (0.02, 0.05, 0.06) 0.022 (0.01, 0.03, 0.04)
3.1-4.0 ng/ml 0.316 (0.25, 0.35, 0.40) 0.250 (0.20, 0.30, 0.35) 0.306 (0.25, 0.35, 0.40)

Numbers in parentheses represent low, intermediate and high values for sensitivity analysis, respectively.
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E Cancer detection rate in biopsy
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Recumrence rate in OCD
Recurrence rate in ECD
Prognosis in recurrent disease
Prognosis in MD

QOL utility for curable disease
QOL utility for metastatic disease
QOL utility for recurrent diseasse

Cost of PSA
Cost of biopsy
Annual discount rate

Treatment cost for OCD
Treatment cost for ECD
Treatment cost for MD L

400,000 984,756 1,700,000

ICER (US$/QALY) change in
one way sensitivity analysis

A-C: Gumulative overall cancer (A), Extracapsular disease (ECD) (B) and Metastatic disease (MD) (C)

detection for both screening strategies throughout the study period of 30 rounds. Note that there is a
rightward shift representing lead time for cancer diagnosis in the meta-interval strategy. D: Cost-
effectiveness analysis showed that meta-interval strategy (white square) is more cost-effective than annual
screening strategy (black square) and that the ICER for annual screening strategy from meta-interval
strategy (4Cost/AEffectiveness) is very high.  E: One-way sensitivity analyses revealed the high ICER of
the control strategy in relation to the meta-interval strategy, as a function of assumed parameters in the

model.

OCD : Organ-confined disease, ECD : Extracapsular disease, MD : Metastatic disease, ICER :

Incremental cost-effectiveness ratio, QALY : Quality-adjusted life years.
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Table 3. Results of sensitivity analysis (1)

Assumptions (US%?&IELY)
Decrease in OCD rate  Increase in ECD rate
1.00 1.00 Dominated
0.99 1.10 Dominated
0.97 1.20 Dominated
0.96 1.30 2,178,483
0.95 1.30 984,756
0.90 1.45 319,815
0.80 1.60 127,989
Increase in recurrence rate
OCD ECD
1.0 1.0 2,311,609
1.1 1.2 1,411,636
1.2 1.4 984,756
1.3 1.6 738,636
1.4 1.8 580,216
Change in prognosis in MD
1.000 1,410,864
0.875 1,150,014
0.750 984,756
0.625 872,172
0.500 791,891

ICER : Incremental cost-effectiveness ratio.

Values in bold

characters are those assumed in the base case analysis.
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Table 4. Results of sensitivity analysis (2)

Increase in recurrence Increase in recurrence . . ICER

OCD rate ~ ECD rate rate i OCD rate in ECD Change in prognosis in MD (USS/QALY)
1.00 1.00 1.00 1.00 1.000 Dominated
0.98 1.15 1.05 1.10 0.900 Dominated
0.97 1.20 1.10 1.20 0.850 Dominated
0.96 1.25 1.15 1.30 0.800 2,162,143
0.95 1.30 1.20 1.40 0.750 984,756
0.80 1.60 1.40 1.80 0.500 130,266

e . . ICER

Probabilities of PSA elevation to =4.0 ng/ml (shown in Table 2) (US$/QALY)
Low Dominated
Base case 984,756
Intermediate 631,870
High 199,753

Life and mortality tables by country (US&I}S(/ja%LY)
The United States 872,706
Canada 900,541
United Kingdom 916,453
The Netherlands 958,910
Sweden 949,506
Japan 984,756

ICER : Incremental cost-effectiveness ratio.

Values in bold characters are those assumed in the base case analysis.
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