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Abstract

Background: Prostate cancer is highly prevalent, and current PSA-only screening leads to overdiagnosis and unnecessary
biopsies. Recent trials show that using multiparametric MRI (mpMRI) as triage before biopsy reduces invasive procedures
without missing clinically significant tumors. Objective: To evaluate the cost-effectiveness of an MRI-first strategy vs.
traditional systematic biopsy for initial prostate cancer diagnosis in the Brazilian private healthcare sector. Methods: A
decision-tree model based on Géteborg-2 trial data was developed using TreeAge Pro®. The analysis adopted the private
payer perspective, with a time horizon limited to the initial diagnostic episode. Effectiveness was defined as detection
of clinically significant prostate cancer (ISUP > 2). Direct medical costs were obtained from three sources: Delboni/Dasa
(V1), Hospital Sirio-Libanés (V2), and an estimate for supplementary health operators (V3). Two scenarios were evaluated:
Scenario A (mpMRI included in both strategies) and Scenario B (mpMRI only in the MRI-first arm). Deterministic sensitivity
analyses varied MRI costs by +20%. Results: The MRI-first strategy was dominant across all scenarios and cost sources. In
Scenario A (V1), mean costs were RS 6,000.20 (MRI-first) vs. RS 8,893.16 (systematic biopsy), with effectiveness of 0.35
vs. 0.17, respectively (ICER: dominated). In Scenario B (V1), costs were RS 6,000.20 vs. RS 6,159.24, maintaining higher
effectiveness for MRI-first (0.35 vs. 0.17). Results remained robust across V2 and V3, and in sensitivity analyses with +20%
variation in MRI costs. Within each cost source, the cost-effectiveness ratio (cost per clinically significant cancer detected)
was consistently lower for the MRI-first strategy than for systematic biopsy (e.g., RS 17,143 vs. RS 52,313 for V1; RS 25,690
vs. RS 77,644 for V2; and RS 10,710 vs. RS 32,489 for V3 in Scenario A), confirming the superior efficiency of the MRI-first
approach across all evaluated cost structures. Conclusions: The MRI-first approach is a cost-effective and dominant strategy
for initial prostate cancer diagnosis in the Brazilian private setting across all evaluated scenarios, reducing unnecessary
biopsies while optimizing detection of clinically significant tumors and promoting efficient resource allocation.

Keywords: Prostate cancer; Screening; Multiparametric magnetic resonance imaging; Prostate biopsy; Cost-effectiveness
analysis; Health economics.

Introduction

Prostate cancer (PC) is the most prevalent malignant neoplasm among men worldwide, with an estimated 1.4
million new cases annually, representing 14.1% of all male cancers.” In Brazil, PC is the second most common cancer
in men, with approximately 65,840 new cases expected in 2023, corresponding to an estimated risk of 62.95 cases
per 100,000 men.?* Despite advances in early detection, PC remains a significant cause of morbidity and mortality,
with an estimated 15,983 deaths in Brazil in 2021.>* Regional inequalities in hospitalization rates and mortality from
prostate cancer persist across Brazilian states, with marked differences in access to specialized oncological care.*
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While various randomized clinical trials on PC screening have been conducted, there is still no consensus in medical
literature regarding the most appropriate population screening model.>® The European Randomized Study of Screening
for Prostate Cancer (ERSPC) demonstrated a 20% reduction in prostate cancer-specific mortality with PSA-based
screening,” while the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial showed no mortality benefit.?
This discrepancy has fueled ongoing debate about the net benefit of population-based PSA screening.

The main challenges lie in the overdiagnosis and overtreatment of indolent tumors, especially when
prostate-specific antigen (PSA) is used in isolation for PC screening.*° Studies estimate that 20-50% of screen-detected
prostate cancers are clinically insignificant, leading to unnecessary treatment-related morbidity, including urinary
incontinence and erectile dysfunction.'*** Furthermore, the risk of complications inherent to systematic prostate
biopsies, including infection (0.5-6%), hematuria (up to 58%), and hematospermia (up to 37%), reinforces the need
for more selective and precise strategies to better indicate this invasive procedure.’***

In this context, the Géteborg-2 clinical trial™ presents robust and potentially transformative evidence for prostate
cancer screening. The study compared two diagnostic strategies based on PSA and multiparametric magnetic resonance
imaging (mpMRI) of the prostate, demonstrating that introducing mpMRI as a triage tool for indicating targeted biopsy
significantly reduced the detection of benign alterations and clinically insignificant neoplasms. Specifically, the MRI-
first strategy reduced the number of biopsies by 46% while maintaining similar detection rates of clinically significant
cancers (ISUP grade > 2) compared to systematic biopsy.* The higher diagnostic accuracy of mpMRI—with sensitivity
of 85-95% and specificity of 70-85% for clinically significant prostate cancer’®'’ allows to overcome overdiagnosis, the
main obstacle for widespread population screening of PC. Therefore, mpMRI contributes to a decrease in unnecessary
interventions, rationalizing the use of health resources without compromising the detection of clinically relevant tumors.

International cost-effectiveness studies have demonstrated favorable economic profiles for MRI-based
screening strategies in high-income countries.”®?° However, the economic impact of this strategy in the Brazilian
private context remains poorly defined. The Brazilian private healthcare sector serves approximately 49.6 million
beneficiaries (23.5% of the population) and operates under a unique reimbursement structure distinct from both
public systems and international private markets.’* Given this scenario, it is essential to analyze the cost-effectiveness
of the mpMRI-first strategy (i.e., biopsy only in cases with suspicious findings on mpMRI) in the initial diagnosis of
prostate cancer, considering the specificities of the Brazilian private healthcare system context.

The results of this study may support decisions of health insurers and inform current clinical protocols, providing
economic evidence for the potential incorporation of mpMRI in the screening and early diagnosis of prostate cancer
in Brazil.

Methods

Study Type and Design

An analytical decision model was developed in TreeAge Pro® software (TreeAge Software, Williamstown, MA,
USA)?? to estimate the cost and diagnostic effectiveness of two prostate cancer screening strategies, based on data
from the Goteborg-2 study.'® The model was structured as a decision tree, contemplating only the first screening
round (Round 1), with a time horizon restricted to the diagnostic episode—from the PSA request to the issuance of
the anatomopathological report.

The analysis adopted the perspective of the Brazilian private payer, considering only direct medical costs
(consultations, laboratory and imaging exams, biopsies, and anatomopathological analyses). Costs or outcomes
related to treatment, follow-up, or mortality were not included, as the primary objective was to evaluate only the
economic impact of the initial diagnostic process. This restricted time horizon was chosen to reflect the decision-
making context faced by private payers when evaluating reimbursement policies for initial diagnostic workup,
independent of subsequent treatment costs.

All costs were expressed in 2024 Brazilian Reais (BRL/RS). No discount rate was applied given the short time
horizon (single diagnostic episode). The analysis followed the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) guidelines for reporting economic evaluations.?®

Compared Strategies
Two main diagnostic strategies were simulated, each representing an arm of the Géteborg-2 study:**
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Group 1 (G1) — PSA + mpMRI + Targeted Biopsy (MRI-first/MRI-only): Multiparametric MRl is performed in all
individuals with elevated PSA (= 3 ng/mL); only those with suspicious findings (PI-RADS 3-5) undergo targeted biopsy
guided by MRI findings.

Group 2 (G2) — PSA + Systematic Biopsy (+ mpMRI): All individuals with elevated PSA (> 3 ng/mL) undergo systematic
transrectal biopsy (typically 10-12 cores), with or without prior mpMRI depending on the scenario evaluated.

Each strategy was modeled independently, allowing for the calculation of expected cost and effectiveness in
each scenario.

Model Structure

The model was represented by a decision tree in TreeAge Pro® (Figure 1).

In Group 1 (MRI-first): The initial node corresponds to mpMRI, which can result in a positive (PI-RADS 2= 3)
or negative (PI-RADS 1-2) exam. Only cases with positive MRI proceed to the prostate biopsy node, with terminal
outcomes of absence of cancer or presence of cancer. Cases with cancer are subdivided into clinically non-significant
(ISUP grade 1), clinically significant (ISUP grade = 2), and advanced disease.

In Group 2 (systematic biopsy): The initial node represents direct prostate biopsy, independent of the MRI
result (in Scenario A, MRl is performed but does not affect the decision to biopsy). The outcomes follow the same
hierarchical structure as Group 1.

Each terminal node incorporates the expected cost and the probability of the outcome, allowing the calculation
of the weighted average cost per screened individual in each strategy.
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Figure 1. Decision trees of the cost-effectiveness model (private sector), by cost source and scenario. V1 = Delboni/Dasa;
V2 = Hospital Sirio-Libanés; V3 = supplementary health operators estimate. Scenario A = mpMRI included in both strategies;
Scenario B = mpMRI in the MRI-first arm only. Terminal node values are shown as cost (RS) \ effectiveness.

Clinical Parameters and Data Sources

The primary clinical parameters used to populate the decision-tree model were derived from the proportions
observed in Round 1 of the Goéteborg-2 clinical trial,*> which enrolled 38,366 men aged 50-60 years in Sweden between
2015 and 2021. The baseline clinical probabilities incorporated into the model were as follows: a prevalence of elevated
PSA (= 3 ng/mL) of 6.4% (0.064); a 58.0% (0.58) proportion of positive mpMRI (PI-RADS 3-5) among men with elevated
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PSA; a detection rate of clinically significant prostate cancer (ISUP = 2) of 35.0% (0.35) for the MRI-first (targeted biopsy)
strategy; and a detection rate of clinically significant cancer of 17.0% (0.17) for the traditional systematic biopsy strategy.
Biopsy-related complication rates were not factored into the initial diagnostic episode horizon. All clinical probabilities
are thus fully detailed within the decision-tree structure, while cost parameters are presented in Table 1.

Table 1. Unit costs of diagnostic procedures by cost source (V1, V2, V3). The BRL/USD exchange rate was approximately
RS 5.20 = USS 1.00 at the time of data collection (June 2024).

Procedure V1 (RS) V2 (RS) V3 (RS)
PSA 163.20 234.06 99.31
Complete Blood Count (Hemograma) 110.00 148.45 64.61
Creatinine 89.00 113.78 50.69
Coagulogram 166.24 258.00 106.06
Urinalysis (Urina 1) 80.00 126.78 51.69
Urine Culture 82.80 199.38 70.54
Transrectal Prostate Ultrasound 724.90 1,305.11 507.50
Multiparametric Prostate MRI 2,645.02 3,401.44 1,511.61
Biopsy + Anatomopathological 4,532.00 6,512.49 2,761.12
Urologist Consultation 300.00 900.00 300.00

Note: V1 = Delboni/Dasa; V2 = Hospital Sirio-Libanés; V3 = Supplementary health operators estimate (mean of V1 and V2 with 50% discount).

Cost Parameters

Direct medical costs included all components of the diagnostic process: urological consultations, laboratory
exams, imaging exams, prostate biopsies, and anatomopathological analyses. All individuals evaluated, regardless
of the screening strategy, underwent serum PSA and creatinine dosage, the latter being necessary for renal function
evaluation before administering the contrast used in mpMRI. For patients undergoing prostate biopsy, pre-procedure
laboratory exams recommended in clinical practice—complete blood count, coagulogram, urinalysis (Type 1), and
urine culture, were also incorporated.

Reference values were obtained directly from two major private diagnostic services in Brazil through institutional
fee schedules accessed in June 2024:

V1 (Delboni/Dasa): Largest private diagnostic network in Brazil, representing high-volume private laboratory pricing

V2 (Hospital Sirio-Libanés): Premium tertiary hospital in Sdo Paulo, representing high-end private healthcare pricing

In the V1 scenario, the value of the urological consultation was defined based on the fee stipulated by the
Brazilian Medical Association (AMB) Hierarchical Classification of Medical Procedures (CBHPM)* to standardize
professional costs and reduce variability associated with private practice medical consultation fees.

For comparative analysis, a third cost source was defined:

V3 (Supplementary Health Operators Estimate): Calculated as the arithmetic mean of V1 and V2 values, with a
subsequent 50% discount applied. This approach was adopted to realistically simulate the reimbursement pattern
practiced by supplementary health operators in Brazil, who typically remunerate procedures at values substantially
lower than those practiced in direct private care.”

Additionally, two distinct analytical scenarios were evaluated:

Scenario A: The cost of prostate mpMRI was included in both the MRI-first and systematic biopsy strategies,
faithfully reproducing the Géteborg-2 study protocol.*

Scenario B: Both the cost of mpMRI and the costs associated with renal function evaluation (creatinine dosage),
mandatory for contrast administration—were excluded from the systematic biopsy strategy, simulating clinical
practice where the decision for biopsy occurs without prior realization of this exam.

The definition of these two scenarios allowed for a systematic evaluation of the impact of including or not
including mpMRI—and its mandatory accessory exams—on the total estimated cost of the systematic biopsy strategy,
expanding the robustness of the comparative analysis.

All costs are expressed in 2024 Brazilian Reais (RS). At the time of data collection, the exchange rate was
approximately RS 5.20 = USS 1.00. The unit costs used in the model are presented in Table 1.
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Outcome Measures

Effectiveness: Defined as the probability of detecting clinically significant prostate cancer, corresponding to
tumors classified as International Society of Urological Pathology (ISUP) grade > 2 %, according to Géteborg-2 study
data.* This outcome measure was chosen because ISUP grade > 2 tumors are generally considered to require active
treatment, whereas ISUP grade 1 tumors are often candidates for active surveillance.?®

Cost: Mean cost per patient screened, calculated as the sum of all direct medical costs weighted by the probability
of each pathway through the decision tree.

Cost-Effectiveness Analysis

The analysis compared the mean cost per screened patient and the diagnostic effectiveness of each strategy.
Absolute differences in cost (AC) and diagnostic effectiveness (AE) between strategies were calculated. The incremental
cost-effectiveness ratio (ICER) was determined by the ratio between AC and AE:

ICER = (Cost_G2 - Cost_G1) / (Effectiveness_G2 - Effectiveness_G1)

The ICER represents the additional cost necessary for each additional unit of diagnostic effectiveness obtained.
Results with a negative ICER were interpreted as dominance, indicating that one strategy presented simultaneously
lower cost and higher diagnostic effectiveness.

The net monetary benefit (NMB) was calculated using a willingness-to-pay threshold of RS 0 per unit of
effectiveness, reflecting the fact that both strategies represent diagnostic approaches without direct health outcome
gains measurable in monetary terms:

e NMB = (Effectiveness x WTP) - Cost

The cost-effectiveness ratio (C/E) was calculated as:
e C/E = Cost / Effectiveness

Lower C/E ratios indicate better cost-effectiveness.

Sensitivity Analysis
Deterministic one-way sensitivity analyses were performed to assess the robustness of the base-case results to
variations in key parameters. The cost of multiparametric MRI was varied by £20% from the base-case value, as this
represents the parameter with the greatest potential impact on the relative cost-effectiveness of the two strategies.
Sensitivity analyses were conducted for all three cost scenarios (V1, V2, V3) and both clinical scenarios (A and B).
Probabilistic sensitivity analysis and extended sensitivity analyses on clinical parameters were not performed
due to the exploratory nature of this initial economic evaluation.

Ethical Aspects

As this study uses secondary data from the public domain without individual identification, it was exempted
from submission to the Research Ethics Committee, in accordance with Brazilian National Health Council Resolution
n? 510/2016.”

Results

Overall, the MRI-first strategy (G1) demonstrated superior economic performance compared to systematic
biopsy (G2) in all analyzed scenarios, characterizing itself as a dominant strategy regardless of the cost profile
adopted. The results are detailed below according to each cost scenario.

In the cost-effectiveness analysis using V1 values (Dasa/Delboni), the MRI-first strategy (G1) proved dominant
over systematic biopsy (G2) in both evaluated scenarios (Table 2).

Table 2. Cost and Effectiveness Results V1.

Scenario Strategy Mean Cost (RS) Efficacy (Prob.) A Cost (Incr.) A Efficacy (Incr.) ICER (IC/IE) NMB C/E
A G1 (Targeted Biopsy) 6,000.20 0.35 — — Dominant -6,000.20 17,143.43
A G2 (Systematic Biopsy) 8,893.16 0.17 2,892.96 -0.18 -16,072.00 -8,893.16 52,312.71
B G1 (Targeted Biopsy) 6,000.20 0.35 -159.04 0.18 Dominant -6,000.20 17,143.43
B G2 (Systematic Biopsy) 6,159.24 0.17 — — — -6,159.2 36,230.82

Notes: A = incremental; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; C/E = cost-effectiveness ratio. “Dominant” indicates lower cost
and higher effectiveness simultaneously. Negative ICER indicates dominated strategy.
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Scenario A (MRl included in both strategies): The mean cost per patient was RS 6,000.20 for G1 and RS 8,893.16 for
G2, representing an incremental cost of RS 2,892.96 for the systematic biopsy approach. Effectiveness was 0.35 for G1
and 0.17 for G2, indicating an incremental effectiveness of -0.18 (i.e., G2 detected fewer clinically significant cancers). This
resulted in a negative ICER of RS —16,072.00, characterizing G1 as the dominant strategy (lower cost, higher effectiveness).

Scenario B (MRl onlyin G1): Simulating clinical practice where G2 does not include MRI, the mean cost of systematic
biopsy was RS 6,159.24 compared to RS 6,000.20 for G1, with effectiveness remaining at 0.17 vs. 0.35, respectively.
G1 maintained dominance with an incremental cost of RS —=159.04 and incremental effectiveness of 0.18.

The cost-effectiveness ratio (C/E) was consistently more favorable for G1 in both scenarios: RS 17,143.43 per
unit of effectiveness in G1 compared to RS 52,312.71 (Scenario A) and RS 36,230.82 (Scenario B) in G2.

In the analysis using V2 values (Sirio-Libanés), the MRI-first strategy (G1) was dominant over systematic biopsy
(G2) in both scenarios (Table 3).

Table 3. Cost and Effectiveness Results V2.

Scenario Strategy Mean Cost (RS$) Efficacy (Prob.) A Cost (Incr.) A Efficacy (Incr.) ICER (IC/IE) NMB C/E
A G1 (Targeted Biopsy) 8,991.55 0.35 — — Dominant -8,991.5 25,690.14
A G2 (Systematic Biopsy) 13,199.49 0.17 4,207.94 -0.18 -23,377.4 -13,199.49 77,644.06
B G1 (Targeted Biopsy) 8,991.55 0.35 -692.72 0.18 Dominant -8,991.5 25,690.14
B G2 (Systematic Biopsy)  9,684.27 0.17 = = = -9,684.27 56,966.29

Notes: A = incremental; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; C/E = cost-effectiveness ratio. “Dominant” indicates lower cost
and higher effectiveness simultaneously. Negative ICER indicates dominated strategy.

Scenario A: With MRI included in both strategies, the mean cost per patient was RS 8,991.55 for G1 and RS
13,199.49 for G2, representing an incremental cost of RS 4,207.94. With effectiveness of 0.35 vs. 0.17, the systematic
strategy showed a negative incremental effectiveness of -0.18, resulting in an ICER of R$ -23,377.44, indicating clear
dominance of the MRI-first strategy.

Scenario B: Without mpMRI in G2, the systematic biopsy cost was RS 9,684.27 compared to RS 8,991.55 for G1,
with effectiveness remaining at 0.17 vs. 0.35. G1 maintained dominance with an incremental cost of RS -692.72.

The magnitude of cost differences was more pronounced in V2 compared to V1, reflecting the higher unit costs
in premium healthcare settings. The cost-effectiveness ratio for G1 was RS 25,690.14 compared to RS 77,644.06
(Scenario A) and RS 56,966.29 (Scenario B) for G2.

Using estimated supplementary health operator reimbursement values (V3), G1 was dominant in both scenarios
(Table 4).

Table 4. Cost and Effectiveness Results V3.

Scenario Strategy Mean Cost (RS) Efficacy (Prob.) A Cost (Incr.) A Efficacy (Incr.) ICER (IC/IE) NMB C/E
A G1 (Targeted Biopsy) 3,748.64 0.35 — — Dominant -3,748.64 10,710.40
A G2 (Systematic Biopsy) 5,523.17 0.17 1,774.53 -0.18 -9,858.50 -5,523.17 32,489.24
B G1 (Targeted Biopsy) 3,748.64 0.35 -221.22 0.18 Dominant -3,748.64 10,710.40
B G2 (Systematic Biopsy)  3,969.86 0.17 = = = -3,969.86 23,352.12

Notes: A = incremental; ICER = incremental cost-effectiveness ratio; NMB = net monetary benefit; C/E = cost-effectiveness ratio. “Dominant” indicates lower cost
and higher effectiveness simultaneously. Negative ICER indicates dominated strategy.

Scenario A: Mean cost was RS 3,748.64 for G1 and RS 5,523.17 for G2, with an incremental cost of RS 1,774.53.
The systematic strategy had lower effectiveness (0.17 vs. 0.35), resulting in a negative ICER of RS -9,858.50,
characterizing dominance.

Scenario B: Systematic biopsy cost was RS 3,969.86 compared to RS 3,748.64 for G1, with effectiveness remaining
at 0.17 vs. 0.35. G1 maintained dominance with an incremental cost of RS -221.22.
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The cost-effectiveness ratio for G1 was RS 10,710.40 compared to RS 32,489.24 (Scenario A) and RS 23,352.12
(Scenario B) for G2, demonstrating that the dominance of the MRI-first strategy persists even in contexts of reduced
reimbursement typical of supplementary health operators.

Deterministic sensitivity analyses were performed varying the cost of multiparametric MRI by +20% to assess the
robustness of the base-case results. The MRI-first strategy maintained dominance across all scenarios and cost sources.

With a 20% reduction in MRI cost (Table 5), the MRI-first strategy maintained or strengthened its dominant
position across all cost sources and scenarios.

Table 5. Results of the deterministic sensitivity analysis with a 20% reduction in the cost of magnetic resonance imaging
(scenarios A and B).

Center / Payer Strategy Mea: S():OSt Effcz;t;i:zf;ess (Inc?e(r::::\tal) A(If‘ifre::;‘;i::r)s ICER (IC/IE) NMB C/E
Delboni
A G1 (Targeted) 5,475.98 0.35 — — Dominant  -5,475.98  15,645.66
G2 (Systematic) 8,364.16 0.17 2,888.18 -0.18 -16,045.44 -8,364.16 49,200.94
B G1 (Targeted) 5,475.98 0.35 = = Dominant  -5,475.98  15,645.66
G2 (Systematic) 6,159.24 0.17 = = = -6,159.24 36,230.82
Sirio-Libanés
A G1 (Targeted)  8,309.80 0.35 — — Dominant -8,309.80 23,742.29
G2 (Systematic) 12,519.20 0.17 4,209.40 -0.18 -23,960.83 -12,519.20 73,642.35
B G1 (Targeted)  8,309.80 0.35 — — Dominant -8,309.80 23,742.29
G2 (Systematic) 9,684.27 0.17 1,374.47 -0.18 -7,823.73 -9,684.27 56,966.29
Private
A G1 (Targeted) 3,446.44 0.35 = = Dominant -3,446.44 9,846.97
G2 (Systematic) 5,220.84 0.17 1,774.40 -0.18 -9,857.78 -5,220.84 30,710.82
B G1 (Targeted) 3,446.44 0.35 = = Dominant -3,446.44 9,846.97
G2 (Systematic) 3,969.86 0.17 523.42 -0.18 -2,907.89  -3,969.86  23,352.12

Scenario A: MRI performed in both strategies (faithful to Géteborg-2 protocol). Scenario B: MRI performed only in MRI-first strategy (systematic biopsy without MRI).
Costs are expressed in 2024 Brazilian reais (R$). Negative ICERs indicate a dominated strategy. ‘Dominant’ indicates lower cost and higher effectiveness simultaneously.

V1 (Dasa/Delboni): In Scenario A, G1 cost decreased to RS 5,475.98 while G2 cost decreased to RS 8,364.16,
maintaining G1 dominance. In Scenario B, G1 cost remained at RS 5,475.98 while G2 cost (without MRI) stayed at RS
6,159.24, further strengthening G1 advantage.

V2 (Sirio-Libanés): Similar patterns were observed, with G1 costs of RS 8,309.80 in both scenarios, compared to
G2 costs of RS 12,519.20 (Scenario A) and RS 9,684.27 (Scenario B).

V3 (Operators Estimate): G1 cost decreased to RS 3,446.44, compared to G2 costs of RS 5,220.84 (Scenario A)
and RS 3,969.86 (Scenario B).

The cost-effectiveness ratios for G1 improved across all scenarios, ranging from RS 9,846.97 to RS 23,742.29,
while G2 ratios ranged from RS 23,352.12 to RS 73,642.35.

Deterministic sensitivity analyses varying MRI costs by £20% confirmed the robustness of the MRI-first strategy’s
dominance (Tables 5 and 6). Even with a 20% cost increase for mpMRI, G1 remained dominant in most scenarios,
with favorable ICERs in the remaining cases (RS 283 to RS 2,029 per additional significant cancer detected). These
results demonstrate that the economic advantage of MRI-first is not sensitive to moderate fluctuations in MRl pricing.

With a 20% increase in MRI cost (Table 6), the MRI-first strategy maintained dominance in most scenarios,
though cost differences narrowed in some cases.

V1 (Dasa/Delboni): In Scenario A, G1 cost increased to RS 6,524.42 while G2 increased to RS 9,422.16, maintaining
G1dominance. In Scenario B, G1 cost was R$ 6,524.42 compared to G2 cost of RS 6,159.24, resulting in a smallincremental
cost of RS 365.18 but maintaining substantially higher effectiveness (0.35 vs. 0.17), with an ICER of RS 2,028.78.
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Table 6. Results of the deterministic sensitivity analysis with a 20% increase in the cost of magnetic resonance imaging

(scenarios A and B).

Center / Payer  Strategy Me?};‘s‘):“t Eﬁi:?;’;f‘)ess (Incfef:::‘tal) A(Iiff:;‘;i::f)s ICER (IC/IE)  NMB C/E
Delboni
A G1 (Targeted) 6,524.42 0.35 = = Dominant -6,524.42 18,641.20
G2 (Systematic) 9,422.16 0.17 2,897.74 -0.18 -16,098.56 -9,422.16 55,424.47
B G1 (Targeted) 6,524.42 0.35 365.18 0.18 2,028.78 -6,524.42 18,641.20
G2 (Systematic) 6,159.24 0.17 = = — -6,159.24 36,230.82
Sirio-Libanés
A G1 (Targeted) 9,670.38 0.35 = = Dominant -9,670.38 27,629.66
G2 (Systematic) 13,879.78 0.17 4,209.40 -0.18 -23,860.63 -13,879.78 81,645.76
B G1 (Targeted) 9,670.38 0.35 = = Dominant -9,670.38 27,629.66
G2 (Systematic) 9,684.27 0.17 13.89 -0.18 -78.08 -9,684.27 56,966.29
Private
A G1 (Targeted) 4,020.83 0.35 — — Dominant -4,020.83 11,488.09
G2 (Systematic) 5,825.49 0.17 1,804.66 -0.18 -10,253.75 -5,825.49 34,267.59
B G1 (Targeted) 4,020.83 0.35 50.97 0.18 283.17 -4,020.83 11,488.09
G2 (Systematic) 3,969.86 0.17 = = = -3,969.86 23,352.12

Scenario A: MRI performed in both strategies (faithful to Goteborg-2 protocol). Scenario B: MRI performed only in MRI-first strategy (systematic biopsy without MRI).
Costs are expressed in 2024 Brazilian reais (RS). Negative ICERs indicate a dominated strategy. ‘Dominant’ indicates lower cost and higher effectiveness simultaneously.

V2 (Sirio-Libanés): G1 costs increased to RS 9,670.38 in both scenarios, compared to G2 costs of RS 13,879.78
(Scenario A) and RS 9,684.27 (Scenario B). In Scenario B, costs were nearly identical (RS 9,670.38 vs. RS 9,684.27),
but G1 maintained substantially higher effectiveness.

V3 (Operators Estimate): G1 cost increased to RS 4,020.83, compared to G2 costs of RS 5,825.49 (Scenario A)
and RS 3,969.86 (Scenario B). In Scenario B, G1 had a small incremental cost of RS 50.97 but maintained higher
effectiveness, with an ICER of RS 283.17.

Even with a 20% increase in MRI costs, the cost-effectiveness ratios for G1 remained favorable, ranging from RS
11,488.09 to RS 27,629.66, compared to G2 ratios of RS 23,352.12 to RS 81,645.76.

Discussion

This study evaluated the cost-effectiveness of prostate cancer screening strategies based on multiparametric
magnetic resonance imaging, comparing an mpMRI-first approach (G1) to traditional systematic biopsy (G2) across
different health financing scenarios in the Brazilian private healthcare context. The results demonstrate that the MRI-
first strategy presents consistently superior economic performance, characterized as a dominant strategy (lower
cost, higher effectiveness) in the vast majority of evaluated scenarios.

The MRI-first strategy demonstrated dominance across all three cost scenarios (V1, V2, V3) and both clinical
scenarios (A and B), with mean costs ranging from RS 3,749 to RS 8,992 compared to RS 3,970 to RS 13,199 for
systematic biopsy, while maintaining substantially higher diagnostic effectiveness (0.35 vs. 0.17). This translates to a
106% improvement in detection of clinically significant prostate cancer (ISUP > 2) with simultaneous cost reduction
or minimal cost increase.

The magnitude of dominance was particularly pronounced in Scenario A (where both strategies include MRI),
with incremental cost savings ranging from RS 1,775 to RS 4,208 per patient screened across the three cost sources.
This finding indicates that the primary cost driver is not the MRI itself, but rather the high cost associated with
systematic prostate biopsies and their complications. By using MRI as a triage tool, the MRI-first strategy reduces
unnecessary biopsies by approximately 46%, as demonstrated in the Goteborg-2 trial,’® without compromising
detection of clinically significant cancers.
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Even in Scenario B, which simulates clinical practice where systematic biopsy is performed without prior
MRI (representing current standard practice in many Brazilian settings), the MRI-first strategy maintained cost-
effectiveness. In V1 and V3, G1 remained dominant with small incremental costs (RS =159 and RS 221, respectively),
while in V2, costs were nearly identical (RS 8,992 vs. RS 9,684) but with substantially higher effectiveness. This
demonstrates that incorporating MRI into the diagnostic pathway is economically justified even when compared to
the current standard of care without MRI.

Our findings align with and extend the growing international evidence base supporting MRI-based prostate
cancer screening strategies. The PROMIS trial”® demonstrated that mpMRI had superior sensitivity (93%) and
specificity (41%) compared to transrectal ultrasound-guided biopsy (48% and 96%, respectively) for detecting
clinically significant prostate cancer. The PRECISION trial*® showed that MRI-targeted biopsy detected 12% more
clinically significant cancers than systematic biopsy while detecting 13% fewer clinically insignificant cancers.

Economic evaluations from high-income countries have consistently demonstrated favorable cost-effectiveness
profiles for MRI-based strategies. A UK-based analysis'® found that MRI-targeted biopsy was cost-effective compared
to systematic biopsy, with an ICER of £1,072 per additional clinically significant cancer detected. A US-based study®’
demonstrated that MRI-first strategies could reduce costs by $189-$497 per patient while improving quality-
adjusted life years. A Dutch analysis?® found that MRI-targeted biopsy was dominant over systematic biopsy in 78%
of probabilistic sensitivity analysis iterations.

Our study extends these findings to the Brazilian private healthcare context, demonstrating that the economic
advantages of MRI-first strategies are maintained—and in some cases amplified—in a middle-income country
setting with distinct cost structures and reimbursement patterns. The dominance of the MRI-first strategy across
all evaluated scenarios (including the conservative Scenario B) suggests that these findings may be generalizable to
other Latin American and middle-income country contexts with similar healthcare financing structures. Comparative
epidemiological analyses of cancer mortality between Brazil and high-income countries reveal marked differences
shaped by undernotification, population heterogeneity, and differential access to novel therapies,*® reinforcing the
need for context-specific economic evaluations rather than direct extrapolation from international models.

Economic Mechanisms Underlying Cost-Effectiveness
The superior cost-effectiveness of the MRI-first strategy is driven by several interconnected mechanisms:

Reduction in unnecessary biopsies: By using MRI as a triage tool, approximately 46% of biopsies can be
avoided," directly reducing procedure costs, anatomopathological analysis costs, and costs associated with
biopsy complications (infection, bleeding, hospitalization).

Improved diagnostic accuracy: The higher sensitivity and specificity of MRI-targeted biopsy'®*”? result in
better detection of clinically significant cancers while avoiding detection of indolent tumors, optimizing the
diagnostic yield per invasive procedure performed.

Reduced overdiagnosis and overtreatment: By detecting fewer clinically insignificant cancers (ISUP grade 1), the
MRI-first strategy reduces downstream costs associated with unnecessary active surveillance, repeat biopsies,
and potential overtreatment.*?

Economies of scale for MRI: As MRI technology becomes more widely available and MRI acquisition times
decrease with technological advances,*! the unit cost of mpMRlI is likely to decrease further, strengthening
the economic case for MRI-first strategies.

The sensitivity analyses demonstrated that these economic advantages are robust to substantial variations
(£20%) in MRI costs, indicating that the conclusions are stable even in the face of uncertainty about future MRI
pricing or variations across different Brazilian regions and healthcare providers.

Implications for Brazilian Healthcare Policy
These findings have important implications for healthcare policy and reimbursement decisions in the Brazilian
private sector:

Reimbursement policy: Supplementary health operators should consider prioritizing reimbursement for
mpMRI in men with elevated PSA, as this strategy is economically dominant even under conservative
reimbursement scenarios (V3).

ISSN 2447-8989. Clin Onc Let, 2026;6:2026007 9



Cost-effectiveness evaluation of initial prostate cancer diagnosis using PSA and multiparametric Deverlan et al.
magnetic resonance imaging in the Brazilian private sector: a comparison between systematic
biopsy and MRI-first strategy

Clinical guidelines: Brazilian urological societies and supplementary health regulatory agencies should
consider updating clinical practice guidelines to incorporate MRI-first strategies as the preferred approach
for prostate cancer diagnosis in men with elevated PSA.

Healthcare resource allocation: The demonstrated cost savings could be redirected to expand screening
coverage, improve MRI technology and expertise, or invest in other preventive health services. The
substantial economic burden of oncological hospitalizations in Brazil—estimated at billions of reais annually
for individual cancer types*>—underscores the systemic importance of early detection strategies capable of
reducing unnecessary high-cost invasive procedures.

Quality of care: Beyond economic considerations, the MRI-first strategy improves patient quality of life by
reducing unnecessary invasive procedures and their associated complications, anxiety, and recovery time.

The fact that dominance was maintained across V1 (high-volume diagnostic network), V2 (premium hospital),
and V3 (operator reimbursement estimate) suggests that the economic case for MRI-first strategies is robust across
the diverse landscape of Brazilian private healthcare provision.

Limitations
This study has several limitations that should be considered when interpreting the results:

Model structure and time horizon: The analysis used a simple decision-tree model with a time horizon
limited to the initial diagnostic episode. This approach does not capture long-term outcomes such as
cancer-specific mortality, quality-adjusted life years, or costs associated with treatment, follow-up, and
management of overdiagnosed cancers. While this limitation is appropriate for evaluating the initial
diagnostic decision faced by payers, future studies should incorporate extended time horizons and
Markov or microsimulation models to capture the full lifetime costs and health outcomes of different
screening strategies.*

Effectiveness measure: The effectiveness outcome was defined as probability of detection of clinically
significant cancer, rather than health outcomes such as mortality reduction or quality-adjusted life years.
While detection of ISUP > 2 cancers is a clinically meaningful intermediate outcome,?*** it does not directly
measure impact on patient survival or quality of life. Future studies should incorporate longer-term health
outcomes when sufficient data become available.

Clinical probabilities: All clinical transition probabilities were derived from the Goéteborg-2 trial,*> which
was conducted in a Swedish population of men aged 50-60 years. While this is the most robust randomized
trial comparing MRI-first and systematic biopsy strategies, the probabilities may not perfectly reflect
the Brazilian population due to differences in prostate cancer epidemiology, PSA testing patterns, and
healthcare-seeking behavior. Sensitivity analyses on clinical parameters would strengthen confidence in
the generalizability of findings.

Absence of probabilistic sensitivity analysis: The study performed only deterministic one-way sensitivity
analyses on MRI costs. Probabilistic sensitivity analysis (PSA) simultaneously varying all model parameters
according to appropriate probability distributions would provide a more comprehensive assessment of
parameter uncertainty and generate cost-effectiveness acceptability curves.* The absence of PSA limits our
ability to quantify the probability that MRI-first is cost-effective at various willingness-to-pay thresholds.

Complications and adverse events: The model did not explicitly incorporate costs and health outcomes
associated with biopsy complications (infection, bleeding, urinary retention, hospitalization). Including
these would likely strengthen the economic case for MRI-first strategies, as reducing biopsy volume directly
reduces complication-related costs and morbidity.****

MRI quality and expertise: The model assumes that mpMRI is performed and interpreted at the quality
level demonstrated in the Goteborg-2 trial, with experienced radiologists using standardized PI-RADS
reporting.®® The cost-effectiveness of MRI-first strategies in real-world practice depends critically on
maintaining high-quality MRI acquisition and interpretation, which may require investment in training
and quality assurance programs.
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Generalizability to public sector: This analysis focused exclusively on the Brazilian private healthcare sector.
The findings may not be directly generalizable to the Brazilian public sector (Sistema Unico de Saude, SUS),
which operates under different cost structures, resource constraints, and organizational models. Future
studies should evaluate the cost-effectiveness of MRI-first strategies in the SUS context. Recent ecological
analyses of perioperative outcomes and government reimbursements for urological procedures in the
Brazilian public health system*® demonstrate that cost structures, procedure volumes, and clinical outcomes
differ substantially between public and private settings, reinforcing the importance of separate economic
analyses for each context.

Discounting and inflation: Although no discount rate was applied due to the short time horizon, future
studies with extended time horizons should incorporate appropriate discount rates for costs and health
outcomes. Additionally, while all costs were expressed in 2024 values, inflation adjustments should be
applied when comparing to costs from different time periods.

Despite these limitations, the consistency of findings across multiple cost scenarios, clinical scenarios, and
sensitivity analyses provides confidence in the robustness of the conclusion that MRI-first strategies are economically
favorable in the Brazilian private healthcare context.

Future Research Directions
Several important questions remain for future research:

Extended time horizon modeling: Markov or microsimulation models incorporating lifetime costs,
quality-adjusted life years, cancer-specific mortality, and treatment outcomes would provide a more
comprehensive economic evaluation.

Real-world implementation studies: Pragmatic trials or observational studies evaluating the cost-effectiveness
of MRI-first strategies in routine Brazilian clinical practice would complement the trial-based modeling
approach used here.

Public sector evaluation: Cost-effectiveness analysis from the SUS perspective, considering public sector
costs, resource constraints, and budget impact.

Optimal PSA threshold: Evaluation of different PSA thresholds (e.g., 2.5, 3.0, 4.0 ng/mL) for triggering MRI
to identify the optimal screening algorithm for the Brazilian population.

Risk-stratified approaches: Evaluation of incorporating additional risk factors (age, family history, genetic
markers, prostate health index) to further refine patient selection for MRI.

Budget impact analysis: Assessment of the financial impact on supplementary health operators and
healthcare systems of transitioning from systematic biopsy to MRI-first strategies at the population level.

Implementation science: Studies evaluating barriers and facilitators to implementing MRI-first
strategies in Brazilian clinical practice, including radiologist training needs, MRI capacity, and guideline
dissemination.

Conclusions

This cost-effectiveness analysis demonstrates that the MRI-first strategy for prostate cancer diagnosis is
economically dominant compared to traditional systematic biopsy across all evaluated scenarios in the Brazilian
private healthcare sector. The strategy simultaneously reduces costs (or increases costs minimally) while substantially
improving detection of clinically significant prostate cancer (ISUP > 2). These findings were robust to £20% variations
in MRI costs and consistent across diverse cost structures representing high-volume diagnostic networks, premium
hospitals, and supplementary health operator reimbursement patterns.

The economic advantages of the MRI-first approach are driven primarily by reduction in unnecessary
biopsies and improved diagnostic accuracy, rather than by the cost of MRl itself. These findings support policy
recommendations for Brazilian supplementary health operators to prioritize reimbursement for mpMRI in
men with elevated PSA and for clinical practice guidelines to incorporate MRI-first strategies as the preferred
diagnostic approach.
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While this analysis focused on the initial diagnostic episode, the demonstrated economic and clinical advantages
suggest that MRI-first strategies represent an important opportunity to modernize prostate cancer screening in
Brazil, reconciling clinical efficiency, patient quality of life, and economic rationality. Future research incorporating
extended time horizons, real-world implementation studies, and public sector perspectives will further inform
evidence-based policy decisions regarding prostate cancer screening in Brazil.

References

1. SungH, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-49. https://doi.org/10.3322/caac.21660.
PMid:33538338.

2. Instituto Nacional de Cancer José Alencar Gomes da Silva. Estimativa 2023: incidéncia de cancer no Brasil. Rio de Janeiro:
INCA; 2022.

3. Costa de Sousa FR, Araujo FJ No, Souza das Chagas PA, et al. Analise epidemioldgica dos pacientes internados no Ceara
com neoplasia maligna de préstata: um recorte temporal de 2019 a 2023. Rev Epidemiol Saude Publica. 2024;2(3):78-91.
https://doi.org/10.59788/resp.v2i3.111.

4. Alcantara SSA, Martinelli PM, Sousa LVA, Fonseca FIA. Epidemiological profile of prostate cancer mortality and access
to hospital care in Brazilian regions: an ecological study. ] Hum Growth Dev. 2021;31(2):264-72. https://doi.org/10.36311/
jhgd.v31.12227.

5. llic D, Djulbegovic M, Jung JH, et al. Prostate cancer screening with prostate-specific antigen (PSA) test: a systematic
review and meta-analysis. BMJ. 2018;362:k3519. https://doi.org/10.1136/bmj.k3519. PMid:30185521.

6. Fenton JJ, Weyrich MS, Durbin S, Liu Y, Bang H, Melnikow J. Prostate-specific antigen-based screening for prostate
cancer: evidence report and systematic review for the US Preventive Services Task Force. JAMA. 2018;319(18):1914-31.
https://doi.org/10.1001/jama.2018.3712. PMid:29801018.

7. Schréder FH, Hugosson J, Roobol MJ, et al. Screening and prostate cancer mortality: results of the European
Randomised Study of Screening for Prostate Cancer (ERSPC) at 13 years of follow-up. Lancet. 2014;384(9959):2027-35.
https://doi.org/10.1016/50140-6736(14)60525-0. PMid:25108889.

8. Andriole GL, Crawford ED, Grubb RL 3rd, et al. Prostate cancer screening in the randomized Prostate, Lung, Colorectal,
and Ovarian Cancer Screening Trial: mortality results after 13 years of follow-up. J Natl Cancer Inst. 2012;104(2):125-32.
https://doi.org/10.1093/jnci/djr500. PMid:22228146.

9. Loeb S, Bjurlin MA, Nicholson J, et al. Overdiagnosis and overtreatment of prostate cancer. Eur Urol. 2014;65(6):1046-55.
https://doi.org/10.1016/j.eururo.2013.12.062. PMid:24439788.

10. Welch HG, Albertsen PC. Prostate cancer diagnosis and treatment after the introduction of prostate-specific antigen
screening: 1986-2005. J Natl Cancer Inst. 2009;101(19):1325-9. https://doi.org/10.1093/jnci/djp278. PMid:19720969.

11. Wilt TJ, Jones KM, Barry MJ, et al. Follow-up of prostatectomy versus observation for early prostate cancer. N Engl J
Med. 2017;377(2):132-42. https://doi.org/10.1056/NEJM0al615869. PMid:28700844.

12. Hamdy FC, Donovan JL, Lane JA, et al. 10-year outcomes after monitoring, surgery, or radiotherapy for localized
prostate cancer. N Engl J Med. 2016;375(15):1415-24. https://doi.org/10.1056/NEJM0a1606220. PMid:27626136.

13. Loeb S, Vellekoop A, Ahmed HU, et al. Systematic review of complications of prostate biopsy. Eur Urol. 2013;64(6):876-92.
https://doi.org/10.1016/j.eururo.2013.05.049. PMid:23787356.

14. Rosario DJ, Lane JA, Metcalfe C, et al. Short term outcomes of prostate biopsy in men tested for cancer by prostate
specific antigen: prospective evaluation within ProtecT study. BMJ. 2012;344(1):d7894. https://doi.org/10.1136/bmj.
d7894. PMid:22232535.

15. Hugosson J, Godtman RA, Wallstrom J, et al. Results after four years of screening for prostate cancer with PSA and
MRI. N Engl J Med. 2024;391(12):1083-95. https://doi.org/10.1056/NEJM0a2406050. PMid:39321360.

16. Hugosson J, Roobol MJ, Mansson M, et al. A 16-yr follow-up of the european randomized study of screening for
prostate cancer. Eur Urol. 2019;76(1):43-51. https://doi.org/10.1016/j.eururo.2019.02.009. PMid:30824296.

17. Kasivisvanathan V, Rannikko AS, Borghi M, et al. MRI-targeted or standard biopsy for prostate-cancer diagnosis. N Engl
J Med. 2018;378(19):1767-77. https://doi.org/10.1056/NEJM0a1801993. PMid:29552975.

18. Ahmed HU, El-Shater Bosaily A, Brown LC, et al. Diagnostic accuracy of multi-parametric MRI and TRUS biopsy

in prostate cancer (PROMIS): a paired validating confirmatory study. Lancet. 2017;389(10071):815-22. https://doi.
org/10.1016/S0140-6736(16)32401-1. PMid:28110982.

ISSN 2447-8989. Clin Onc Let, 2026;6:2026007 12


https://doi.org/10.3322/caac.21660
https://pubmed.ncbi.nlm.nih.gov/33538338
https://pubmed.ncbi.nlm.nih.gov/33538338
https://doi.org/10.59788/resp.v2i3.111
https://doi.org/10.36311/jhgd.v31.12227
https://doi.org/10.36311/jhgd.v31.12227
https://doi.org/10.1136/bmj.k3519
https://pubmed.ncbi.nlm.nih.gov/30185521
https://doi.org/10.1001/jama.2018.3712
https://pubmed.ncbi.nlm.nih.gov/29801018
https://doi.org/10.1016/S0140-6736(14)60525-0
https://pubmed.ncbi.nlm.nih.gov/25108889
https://doi.org/10.1093/jnci/djr500
https://pubmed.ncbi.nlm.nih.gov/22228146
https://doi.org/10.1016/j.eururo.2013.12.062
https://pubmed.ncbi.nlm.nih.gov/24439788
https://doi.org/10.1093/jnci/djp278
https://pubmed.ncbi.nlm.nih.gov/19720969
https://doi.org/10.1056/NEJMoa1615869
https://pubmed.ncbi.nlm.nih.gov/28700844
https://doi.org/10.1056/NEJMoa1606220
https://pubmed.ncbi.nlm.nih.gov/27626136
https://doi.org/10.1016/j.eururo.2013.05.049
https://pubmed.ncbi.nlm.nih.gov/23787356
https://doi.org/10.1136/bmj.d7894
https://doi.org/10.1136/bmj.d7894
https://pubmed.ncbi.nlm.nih.gov/22232535
https://doi.org/10.1056/NEJMoa2406050
https://pubmed.ncbi.nlm.nih.gov/39321360
https://doi.org/10.1016/j.eururo.2019.02.009
https://pubmed.ncbi.nlm.nih.gov/30824296
https://doi.org/10.1056/NEJMoa1801993
https://pubmed.ncbi.nlm.nih.gov/29552975
https://doi.org/10.1016/S0140-6736(16)32401-1
https://doi.org/10.1016/S0140-6736(16)32401-1
https://pubmed.ncbi.nlm.nih.gov/28110982

Cost-effectiveness evaluation of initial prostate cancer diagnosis using PSA and multiparametric Deverlan et al.

magnetic resonance imaging in the Brazilian private sector: a comparison between systematic

biopsy and MRI-first strategy
19. Barnett CL, Davenport MS, Montgomery JS, Wei JT, Montie JE, Denton BT. Cost-effectiveness of magnetic resonance
imaging and targeted fusion biopsy for early detection of prostate cancer. BJU Int. 2018;122(1):50-8. https://doi.
org/10.1111/bju.14151. PMid:29388388.

20. Pahwa S, Schiltz NK, Ponsky LE, Lu Z, Griswold MA, Gulani V. Cost-effectiveness of MR imaging-guided strategies
for detection of prostate cancer in biopsy-naive men. Radiology. 2017;285(1):157-66. https://doi.org/10.1148/
radiol.2017162181. PMid:28514203.

21. de Rooij M, Crienen S, Witjes JA, Barentsz JO, Rovers MM, Grutters JP. Cost-effectiveness of magnetic resonance
(MR) Imaging and MR-guided targeted biopsy versus systematic transrectal ultrasound-guided biopsy in diagnosing
prostate cancer: a modelling study from a health care perspective. Eur Urol. 2014;66(3):430-6. https://doi.org/10.1016/].
eururo.2013.12.012. PMid:24377803.

22. Brasil. Agéncia Nacional de Saude Suplementar. Dados gerais: beneficiarios de planos privados de saude [Internet].
Brasilia: ANS; 2024 [cited 2026 June 15]. Available from: https://www.gov.br/ans/pt-br

23. TreeAge Software. TreeAge Pro Healthcare 2024. Williamstown: TreeAge Software; 2024.

24. Husereau D, Drummond M, Augustovski F, et al. Consolidated Health Economic Evaluation Reporting Standards 2022
(CHEERS 2022) statement: updated reporting guidance for health economic evaluations. Value Health. 2022;25(1):3-9.
https://doi.org/10.1016/j.jval.2021.11.1351. PMid:35031096.

25. Associacdo Médica Brasileira. Classificagdo Brasileira Hierarquizada de Procedimentos Médicos (CBHPM). 10. ed. Sdo Paulo:
AMB; 2023.

26. Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Humphrey PA. The 2014 International Society of
Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma: definition of grading
patterns and proposal for a new grading system. Am J Surg Pathol. 2016;40(2):244-52. https://doi.org/10.1097/
PAS.0000000000000530. PMid:26492179.

27. Cooperberg MR, Carroll PR. Trends in management for patients with localized prostate cancer, 1990-2013. JAMA.
2015;314(1):80-2. https://doi.org/10.1001/jama.2015.6036. PMid:26151271.

28. Brasil. Ministério da Saude. Conselho Nacional de Saude. Resolugao n2 510, de 7 de abril de 2016. Dispde sobre as normas
aplicaveis a pesquisas em Ciéncias Humanas e Sociais. Didrio Oficial da Unido; Brasilia; 24 maio 2016: Segdo 1: 44-6.

29. Barentsz JO, Richenberg J, Clements R, et al. ESUR prostate MR guidelines 2012. Eur Radiol. 2012;22(4):746-57.
https://doi.org/10.1007/s00330-011-2377-y. PMid:22322308.

30. Borba LR, Fonseca JM, Pinho AGSF, et al. Andlise comparativa da mortalidade por melanoma no Brasil vs. Estados
Unidos de 2010 a 2020. Rev Epidemiol Saude Publica. 2024;2(2):1-12. https://doi.org/10.59788/resp.v2i2.65.

31. Briggs A, Claxton K, Sculpher M. Decision modelling for health economic evaluation. Oxford: Oxford University Press;
2006. https://doi.org/10.1093/0s0/9780198526629.001.0001.

32. Simas JT. Epidemiologia das internagGes hospitalares por neoplasia maligna de célon no Brasil entre 2009 e 2024.
Rev Epidemiol Saude Publica. 2025;3(1):131-41. https://doi.org/10.59788/resp.v3i1.170.

33. Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, Paltiel AD. Model parameter estimation and uncertainty
analysis: a report of the ISPOR-SMDM Modeling Good Research Practices Task Force Working Group-6. Med Decis Making.
2012;32(5):722-32. https://doi.org/10.1177/0272989X12458348. PMid:22990087.

34. Santos IS, Uga MAD, Porto SM. O mix publico-privado no Sistema de Saude Brasileiro: financiamento,
oferta e utilizagdo de servicos de sadde. Cien Saude Colet. 2008;13(5):1431-40. https://doi.org/10.1590/51413-
81232008000500009. PMid:18813646.

35. Turkbey B, Rosenkrantz AB, Haider MA, et al. Prostate imaging reporting and data system version 2.1: 2019 update
of prostate imaging reporting and data system version 2. Eur Urol. 2019;76(3):340-51. https://doi.org/10.1016/j.
eururo.2019.02.033. PMid:30898406.

36. Takemura LS, Kirche-Duarte |, Camargo Galindo GF, et al. Perioperative outcomes and economic impact of benign prostatic
hyperplasia surgeries in Brazil's public health system. BMC Health Serv Res. 2025;25(1):1225. https://doi.org/10.1186/s12913-
025-13261-z. PMid:41029732.

Corresponding author:
Luiz Vinicius de Alcantara Sousa
luiz.alcantara@fmabc.net

ISSN 2447-8989. Clin Onc Let, 2026;6:2026007 13


https://doi.org/10.1111/bju.14151
https://doi.org/10.1111/bju.14151
https://pubmed.ncbi.nlm.nih.gov/29388388
https://doi.org/10.1148/radiol.2017162181
https://doi.org/10.1148/radiol.2017162181
https://pubmed.ncbi.nlm.nih.gov/28514203
https://doi.org/10.1016/j.eururo.2013.12.012
https://doi.org/10.1016/j.eururo.2013.12.012
https://pubmed.ncbi.nlm.nih.gov/24377803
https://doi.org/10.1016/j.jval.2021.11.1351
https://pubmed.ncbi.nlm.nih.gov/35031096
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.1097/PAS.0000000000000530
https://pubmed.ncbi.nlm.nih.gov/26492179
https://doi.org/10.1001/jama.2015.6036
https://pubmed.ncbi.nlm.nih.gov/26151271
https://doi.org/10.1007/s00330-011-2377-y
https://pubmed.ncbi.nlm.nih.gov/22322308
https://doi.org/10.59788/resp.v2i2.65
https://doi.org/10.1093/oso/9780198526629.001.0001
https://doi.org/10.59788/resp.v3i1.170
https://doi.org/10.1177/0272989X12458348
https://pubmed.ncbi.nlm.nih.gov/22990087
https://doi.org/10.1590/S1413-81232008000500009
https://doi.org/10.1590/S1413-81232008000500009
https://pubmed.ncbi.nlm.nih.gov/18813646
https://doi.org/10.1016/j.eururo.2019.02.033
https://doi.org/10.1016/j.eururo.2019.02.033
https://pubmed.ncbi.nlm.nih.gov/30898406
https://doi.org/10.1186/s12913-025-13261-z
https://doi.org/10.1186/s12913-025-13261-z
https://pubmed.ncbi.nlm.nih.gov/41029732

