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The objective of this study was to evaluate the cost-effectiveness of
18F-choline PET/multiparametric MRI (mpMRI) versus mpMRI alone

for the detection of primary prostate cancer with a Gleason score of
greater than or equal to 31 4 in men with elevated prostate-specific

antigen levels. Methods: A Markov model of prostate cancer onset

and progression was used to estimate the health and economic

consequences of 18F-choline PET/mpMRI for the detection of
primary prostate cancer with a Gleason score of greater than or

equal to 3 1 4 in men with elevated prostate-specific antigen levels.

Multiple simultaneous hybrid 18F-choline PET/mpMRI strategies

were evaluated using Likert or Prostate Imaging Reporting and Data
System version 2 (PI-RADSv2) scoring; the first was biopsy for Likert 5

mpMRI lesions or Likert 3–4 lesions with 18F-choline target-to-background

ratios of greater than or equal to 1.58, and the second was biopsy for
PI-RADSv2 5 mpMRI lesions or PI-RADSv2 3–4 mpMRI lesions with
18F-choline target-to-background ratios of greater than or equal to

1.58. These strategies were compared with universal standard bi-

opsy, mpMRI alone with biopsy only for PI-RADSv2 3–5 lesions,
and mpMRI alone with biopsy only for Likert 4–5 lesions. For each

mpMRI strategy, either no biopsy or standard biopsy could be per-

formed after negative mpMRI results were obtained. Deaths averted,

quality-adjusted life years (QALYs), cost, and incremental cost-
effectiveness ratios were estimated for each strategy. Results: When

the results of 18F-choline PET/mpMRI were negative, performing a

standard biopsy was more expensive and had lower QALYs than
performing no biopsy. The best screening strategy among those con-

sidered in this study performed hybrid 18F-choline PET/mpMRI with

Likert scoring on men with elevated PSA, performed combined bi-

opsy (targeted biopsy and standard 12-core biopsy) for men with
positive imaging results, and no biopsy for men with negative imaging

results ($22,706/QALY gained relative to mpMRI alone); this strategy

reduced the number of biopsies by 35% in comparison to mpMRI

alone. When the same policies were compared using PI-RADSv2
instead of Likert scoring, hybrid 18F-choline PET/mpMRI cost

$46,867/QALY gained relative to mpMRI alone. In a threshold anal-

ysis, the best strategy among those considered remained cost-
effective when the sensitivity and specificity of PET/mpMRI and

combined biopsy (targeted biopsy and standard 12-core biopsy)

were simultaneously reduced by 20 percentage points. Conclu-
sion: 18F-choline PET/mpMRI for the detection of primary prostate

cancer with a Gleason score of greater than or equal to 3 1 4 is
cost-effective and can reduce the number of unneeded biopsies in

comparison to mpMRI alone.
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Early detection of prostate cancer via prostate-specific antigen
(PSA) screening is controversial, in large part because of the poor

predictive performance of PSA—the most commonly used biomarker

(1). The poor sensitivity and specificity of PSA are associated with

unnecessary biopsies, overdiagnosis, and overtreatment (1). As a result,

some have called for the elimination of PSA screening (2), whereas

others have called for more careful use of PSA screening in a shared

decision-making framework (3).
Evidence for the cost-effective use of multiparametric prostate

MRI (mpMRI) for the early detection of prostate cancer has

developed in recent years (4,5). The benefits of mpMRI over PSA

testing alone are due to the higher sensitivity and specificity of

mpMRI for clinically important prostate cancer (i.e., Gleason

score of $3 1 4). However, mpMRI is not perfect. In particular,

the specificity of mpMRI for low- and intermediate-risk lesions is

relatively low, resulting in negative biopsy results in a large frac-

tion of patients (6,7). If a technique existed to mitigate these false-

positive results, it would substantially mitigate biopsy-related

costs and complications. However, there is no established method

for doing so within an mpMRI-only framework.
There is growing evidence that PET/mpMRI using radiolabeled

choline (8) or prostate-specific membrane antigen ligands (9) might

address this issue by improving diagnostic accuracy and reducing

false-positive findings at mpMRI. A prospective trial studying the

addition of 18F-choline PET to mpMRI demonstrated a significant

improvement in diagnostic accuracy for the detection of prostate

cancer with a Gleason score of greater than or equal to 3 1 4 over

mpMRI alone (8,10), with the primary effect being a reduction in

false-positive results for mpMRI-identified intermediate-risk lesions.

However, combining PET with mpMRI raises the cost of imaging

and may negate the incremental cost-effectiveness imparted by the

improved diagnosis. Here, we present a cost-effectiveness analysis
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investigating deaths averted, quality-adjusted life years (QALYs),

cost, and incremental cost-effectiveness ratios (ICERs) for standard
of care (i.e., universal standard biopsy, mpMRI-directed strategies)

versus 18F-choline PET/mpMRI strategies for the early detection of

clinically important prostate cancer. The study purpose was to evaluate

the cost-effectiveness of 18F-choline PET/mpMRI versus mpMRI

alone for the detection of primary prostate cancer with a Gleason score

of greater than or equal to 3 1 4 in men with elevated PSA levels.

MATERIALS AND METHODS

We extended a previously published partially observable Markov

model (4,11) for the early detection of prostate cancer to estimate

outcomes from 18F-choline PET/mpMRI used to stratify patients with

elevated PSA levels before they receive a biopsy (ClinicalTrials.gov

NCT01751737). This model was recently used to estimate the cost-

effectiveness of mpMRI alone (4). The extended Markov model (detailed

in Supplemental Appendix 1 [supplemental materials are available at

http://jnm.snmjournals.org]) includes 5 pretreatment states that are

not directly observable, including no prostate cancer, organ-confined

prostate cancer (Gleason score ,7, 57, or .7), and extraprostatic or

lymph node–positive prostate cancer. The model (implemented in

C/C11 [3.40-GHz processor; 16 GB of random-access memory])

simulates the onset and progression of prostate cancer from age 40

until the end of life from any cause and has been validated by Barnett

et al. (11).

Model Screening Strategies

The screening strategies are defined in Table 1. For each strategy,
we used 10,000,000 samples of biopsy-naive men who were screened

every 2 y from age 55 to age 69 in accordance with the American

Urological Association guideline (3). In strategy 1, a standard biopsy

was recommended for all patients with elevated PSA levels (.4 ng/mL).

Strategies 2–9 recommended mpMRI with or without 18F-choline

PET/mpMRI for patients with elevated PSA levels (.4 ng/mL).

In strategies 2 and 6, mpMRI was used alone and combined biopsy

(targeted biopsy and standard 12-core biopsy) was performed on all

patients with Likert 4–5 lesions on mpMRI. In strategies 3 and 7,

mpMRI was used alone and combined biopsy was performed on all

patients with Prostate Imaging Reporting and Data System version 2

(PI-RADSv2) 3–5 lesions on mpMRI. In strategies 4 and 8, hybrid
18F-choline PET/mpMRI was used and combined biopsy was per-

formed on all patients with Likert 5 lesions on mpMRI or an elevated
18F-choline target-to-background ratio (TBR) ($1.58) of Likert 3–4

lesions on mpMRI. In strategies 5 and 9, hybrid 18F-choline PET/

mpMRI was used and combined biopsy was performed on all patients

with PI-RADSv2 5 lesions on mpMRI or an elevated 18F-choline TBR

($1.58) in PI-RADSv2 3–4 lesions on mpMRI. Strategy pairs with the

same imaging approach varied by the decision to perform standard bi-

opsy (strategies 2–5) or no biopsy (strategies 6–9) after negative imag-
ing results were obtained (Table 1). Our model focuses on initial biopsy

decisions; thus, the screening strategy terminates after the patient re-
ceives an initial biopsy or 2 negative imaging results. However, the

patient continues to make state transitions in the absence of

TABLE 1
Definitions of Screening Strategies

Screening
strategy

designation Screening strategy description

Definition of positive

imaging result

After positive

imaging results

After negative

imaging results

1 Standard biopsy N/A (no imaging) N/A; always
standard biopsy

N/A; always
standard biopsy

2 mpMRI alone (Likert scores) Likert 4–5 Combined biopsy Standard biopsy

3 mpMRI alone (PI-RADS scores) PI-RADSv2 3–5 Combined biopsy Standard biopsy

4 18F-choline PET/mpMRI

(Likert scores)

Likert 5 mpMRI

lesion or Likert 3–4

mpMRI lesion with
18F-choline TBR of $1.58*

Combined biopsy Standard biopsy

5 18F-choline PET/mpMRI

(PI-RADS scores)

PI-RADS 5 mpMRI

lesion or PI-RADS 3–4
mpMRI lesion with
18F-choline TBR of $1.58

Combined biopsy Standard biopsy

6 mpMRI alone (Likert scores) Likert 4–5 Combined biopsy No biopsy

7 mpMRI alone

(PI-RADS scores)

PI-RADS 3–5 Combined biopsy No biopsy

8 18F-choline PET/mpMRI

(Likert scores)

Likert 5 mpMRI

lesion or Likert 3–4

mpMRI lesion with
18F-choline TBR of $1.58

Combined biopsy No biopsy

9 18F-choline PET/mpMRI

(PI-RADS scores)

PI-RADS 5 mpMRI

lesion or PI-RADS 3–4
mpMRI lesion with
18F-choline TBR of $1.58

Combined biopsy No biopsy

*TBR threshold was defined in study by Piert et al. (8).

N/A 5 not applicable.
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screening until all-other-cause mortality or mortality from prostate

cancer after clinical detection.

Model Assumptions: Detection of Prostate Cancer

The model is made up of discrete health states that are based on the
Gleason score, that are not directly observable, but that can be inferred

from PSA and PET/mpMRI subject to published estimates of
sensitivity and specificity. In our model, we considered clinically

important disease to have any Gleason score of greater than or equal to
3 1 4. For standard biopsy, the results were randomly sampled as either

positive or negative for any prostate cancer assuming a sensitivity of
80.0% (2). If the biopsy result was positive, then the probability that

the biopsy provided an incorrect grading at diagnosis was based on data
reported by Epstein et al. (12). The sensitivity and specificity of combined

biopsy (targeted biopsy and standard 12-core biopsy) for clinically im-
portant cancer (Gleason score of$3 1 4) were considered to be 85.0%

and 49.0%, respectively (13). On the basis of Medicare infection rates,
1.1% of biopsies led to hospitalization for postbiopsy infection (14,15).

In addition to the detection of prostate cancer through routine screening,
the model incorporated the clinical detection of symptomatic prostate

cancer. For each patient, we randomly sampled a lead time from an
elevated PSA measurement of greater than or equal to 3 ng/mL to a

clinical diagnosis of prostate cancer from a distribution developed by
Savage et al. (16). If a patient had prostate cancer and a PSA level of greater

than or equal to 3 ng/mL (16) and had not yet been diagnosed with prostate
cancer in the model during the lead time, then it was assumed that the

patient’s cancer was later clinically detected on the basis of symptoms.

Model Assumptions: PSA and mpMRI Sensitivity

and Specificity

A published statistical model was used to sample age-dependent

and cancer onset–dependent PSA scores (17). mpMRI results were
based on either Likert scoring (from 1 to 5) or PI-RADSv2 scoring

(from 1 to 5), with an increasing score indicating an increasing likeli-
hood of clinically important cancer. Likert and PI-RADSv2 scores of

1 and 2 were treated as negative. Likert and PI-RADSv2 scores of
3 were treated as low risk, Likert and PI-RADSv2 scores of 4 were

treated as intermediate risk, and Likert and PI-RADSv2 scores of
5 were treated as high risk. Likert scoring was tested because it was

used in the study of Davenport et al. (10). PI-RADSv2 scoring was
tested because it is the current standard of care. The 18F-choline PET/

mpMRI results in the model were based on data from a prospective
clinical trial of 56 patients who had elevated PSA levels and who

underwent 18F-choline PET/mpMRI (10). Hybrid 18F-choline PET/

mpMRI was considered to be without gadolinium-containing contrast

material (i.e., no dynamic contrast-enhanced imaging). The sensitiv-

ities and specificities shown in Table 2 are consistent with other pub-

lished estimates of the sensitivity and specificity of mpMRI (6,7). For

example, the sensitivity and specificity of mpMRI presented in the

PROMIS trial, 93% and 41%, respectively (7), fall within the 95% CIs

used for the sensitivity analysis in our study (Table 2).

Model Assumptions: Prostate Cancer Staging

and Treatment

Patients with PSA levels of greater than 20 ng/mL or a Gleason score of

greater than or equal to 4 1 4 received a bone scan and a CT scan for

staging (18,19). Patients who had biopsy-detected prostate cancer with a

Gleason score of greater than or equal to 3 1 4 received radical prosta-

tectomy. On the basis of practice patterns reported by Liu et al. (20), 48.5%

of patients diagnosed with prostate cancer with a Gleason score of 3 1 3

received active surveillance, whereas the remaining patients received pros-

tatectomy. If prostate cancer was clinically detected in a patient after age

80, then we assumed that the patient received watchful waiting.
Men on active surveillance received an annual PSA test and a biopsy

every 2 y and continued to progress through the natural history of the
disease. If any biopsy indicated progression in the Gleason score, then the

patient received prostatectomy. Similar to past studies (4,11), for men with
no indication of progression within 10 y, survival was assumed to be con-

sistent with survival for men with untreated prostate cancer (11). Men
treated via prostatectomy had survival consistent with a treated popula-

tion (21), with the potential for progression to metastatic prostate cancer
and prostate cancer mortality. Other-cause mortality was based on esti-

mates from Center for Disease Control and Prevention life tables (22).

Cost-Effectiveness

We estimated the difference in costs and QALYs for each of the
9 screening strategies on the basis of cost and QALY estimates in

Table 3 using a third-party payer perspective and assumptions sim-
ilar to those of previous studies (4,11,23–25). The difference in cost

between mpMRI and 18F-choline PET/mpMRI was $449.92 for
hybrid PET/mpMRI (Table 3). Because there is not yet a defined re-

imbursement for PET/mpMRI, we estimated the cost for prostate PET/
mpMRI using the Medicare cost for 18F-FDG PET/CT (i.e., $1,414).

Applying the cost for 18F-FDG is justified because the production
costs for 18F-choline and 18F-FDG are similar. The Medicare cost

for prostate mpMRI without gadolinium-containing contrast material
is $964.21. Data have indicated that biparametric MRI is not inferior to

mpMRI for prostate cancer detection (26). Furthermore, when mpMRI
is combined with PET, 18F-choline improves specificity well beyond the

limited contribution of dynamic contrast-enhanced imaging (10).

TABLE 2
Sensitivity and Specificity of mpMRI and 18F-Choline PET/mpMRI Techniques for Detection of Gleason Score $3 1 4

Cancers

Technique Sensitivity* Specificity* Source

mpMRI alone (Likert 4–5) 85.19 (66.27–95.81) 55.17 (35.69–73.55) mpMRI base case (Likert 4–5) from

Davenport et al. (10)

mpMRI alone

(PI-RADSv2 3–5)

92.59 (75.71–99.09) 58.62 (38.94–76.48) mpMRI base case (PI-RADSv2 3–5) from

Davenport et al. (10)

18F-choline PET/mpMRI

(Likert)

92.59 (75.71–99.09) 93.10 (77.23–99.15) Model L1 from Davenport et al. (10)

18F-choline PET/mpMRI

(PI-RADSv2)

88.89 (70.84–97.65) 93.10 (77.23–99.15) Model P1 from Davenport et al. (10)

*Reported as percentage, with 95% CI in parentheses.
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The postrecovery period for prostatectomy was assumed to last 9 y

(25). Li et al. reported the disutility for hospitalization because of
postbiopsy infection to be 0.28 (27), which we assumed lasted for

3 wk (25). Grann et al. reported the disutility for mpMRI to be 0.04
(28), which we assumed lasted for 1 wk (25).

Future costs and QALYs were discounted to net present value using
an annual discount rate of 3% (29). We removed dominated strategies

(i.e., strategies that were more expensive or less effective than another
strategy) as well as strategies ruled out by extended dominance (i.e.,

strategies that had higher ICERs than a combination of 2 or more
effective strategies) (29). The ICERs of the efficient policies were cal-

culated as the incremental costs divided by the incremental health gains
in comparison to the next most effective strategy. Consistent with stan-

dard cost-effectiveness analysis procedures, we considered the strategy
to be cost-effective if the ICER was less than $100,000/QALY (30).

Sensitivity Analysis

A 1-way sensitivity analysis was performed on the net costs per QALY

gained relative to no screening for the best screening strategy among those

considered in this study (deemed the ‘‘best’’ strategy). The ranges used for

the QALY disutilities are shown in Table 3. Cost estimates and other-
cause mortality rates (22) were varied by 620%. The sensitivity and

specificity of mpMRI and PET/mpMRI results were varied using the
95% CIs reported in Table 2. The annual metastasis rate for patients with

undiagnosed prostate cancer was varied within the 95% CI reported by
Johansson et al. (31). Finally, we varied the annual prostate cancer

incidence rate within the 95% CI reported by Haas et al. (2).
A threshold analysis was performed on the sensitivity and specificity of

18F-choline PET/mpMRI and combined biopsy for the ‘‘best’’ strategy.
During the threshold analysis, we simultaneously reduced the sensitivity

and specificity of hybrid PET/mpMRI and combined biopsy until it was
no longer cost-effective to use hybrid 18F-choline PET/mpMRI for

screening.

RESULTS

Figure 1 shows the incremental health benefits and costs per
1000 men for the alternative screening strategies relative to no

TABLE 3
Costs and Annual Disutilities for Health States Considered in Our Cost-Effectiveness Analysis

Intervention Unit costs in USD ($) Source Annual disutility (range)

PSA screening 33.86 Medicare

mpMRI 964.21 Medicare

Hybrid 18F-choline PET/mpMRI 1,414.13 Medicare

Standard prostate biopsy* 2,953.67 Medicare

Combined prostate biopsy† 3,018.35 Medicare

Post-biopsy infection-related hospitalization 6,361.31 (36)

(15)

Staging 1,059.28 Medicare

Active surveillance – standard biopsy (per year)‡ 1,642.58 Medicare

Active surveillance – combined biopsy (per year)‡ 1,674.92 Medicare

Prostatectomy 15,752.37 (23)

Distant-stage initial treatment 17,831.29 (24)

Distant-stage management (per year) 2,500.65 (24)

Other cause of death 5,975.15 (37)

Prostate cancer death (age ,65) 103,884.24 (37)

Prostate cancer death (age $65) 69,256.16 (37)

Health state

PSA screening (25) 0.00019 (0.0–0.00019)

PET/mpMRI (28)
(25)

0.00077 (0.00038–0.0012)

Biopsy (25) 0.00577 (0.00346–0.0075)

Postbiopsy infection (27)

(25)

0.0161 (0.00969–0.0291)

Diagnosis (25) 0.0167 (0.0125–0.0208)

Prostatectomy (25) 0.247 (0.0917–0.323)

Postprostatectomy recovery (25) 0.05 (0.0–0.07)

Active surveillance (25) 0.03 (0.0–0.15)

Palliative therapy (25) 0.4 (0.14–0.76)

Terminal illness (25) 0.3 (0.3–0.38)

*Includes professional, technical, and facility fees; pathology costs; and office visit.
†Includes professional, technical, and facility fees; pathology costs; office visit; and 3-dimensional reconstruction.
‡Assumed to include an annual office visit, annual PSA test, and biopsy every two years
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screening. Points are labeled with the screening strategy. Lines con-
necting points representing 2 efficient screening strategies indicate
the ICER. The ‘‘best’’ strategy was strategy 8 (hybrid 18F-choline
PET/mpMRI with Likert scoring), with an ICER of $35,108/QALY
and with $22,706/QALY gained relative to strategy 6 (mpMRI
alone with biopsy for Likert 4–5 lesions). When the same pol-
icies were compared using PI-RADSv2 (strategies 7 and 9),
hybrid 18F-choline PET/mpMRI cost $46,867/QALY gained
relative to mpMRI alone when biopsy was performed for PI-
RADS 3–5.
Strategies in which standard biopsy was performed after a negative

imaging result (strategies 2–5) were dominated (i.e., were more
expensive while resulting in fewer QALYs) by strategies in which
no biopsy was performed after a negative imaging result (strategies
6–9). This finding suggests that performing a biopsy after a nega-
tive imaging result is more expensive and does not provide aggre-
gate health benefits than performing no biopsy, despite the fact that
imaging does not have 100% sensitivity for clinically important
prostate cancer.
Table 4 shows the prostate cancer deaths averted, life-years

gained, QALYs gained relative to no screening, and the num-
ber of biopsies performed for each strategy. The ‘‘best’’ strategy
(strategy 8: hybrid 18F-choline PET/mpMRI with Likert scoring)
maximized the number of QALYs gained while substantially reduc-
ing the number of needed biopsies in comparison to screening with
PSA alone (strategy 1, by 44%) or mpMRI alone (strategy 6; by 35%).

Figure 2 shows a 1-way sensitivity analysis of the net costs
per QALY gained for strategy 8 relative to no screening. All model
parameters were evaluated, but Figure 2 shows only the parame-
ters for which the net costs varied by at least $3,500/QALY. The 3
model parameters that had the greatest impact were metastasis rate
for undiagnosed prostate cancer, annual QALY disutility for the 9-y
postprostatectomy recovery period, and annual QALY disutility
for living with metastatic disease. In the sensitivity analysis, the
only parameter estimate with a cost per QALY gained over
$100,000 relative to no screening was a substantially lower risk of
metastasis in comparison to the base case, suggesting that our results
are robust for most patients and cost-effective under a willingness-
to-pay threshold of $100,000/QALY. A threshold analysis showed
that strategy 8 remained cost-effective when sensitivity and speci-
ficity for clinically important prostate cancer assessed by hybrid
18F-choline PET/mpMRI and combined biopsy were all simulta-
neously reduced by 20 percentage points. Specifically, it was still
cost-effective when the sensitivity and specificity of hybrid PET/
mpMRI were greater than or equal to 72.6% and greater than or
equal to 73.1%, respectively, and when the sensitivity and speci-
ficity of combined biopsy were greater than or equal to 65.0% and
greater than or equal to 29.0%, respectively. Furthermore, analysis
for strategy 8 with all parameters at their minimum or respective
maximum values resulted in a range of net costs per QALY from
$32,754 for the low values to $39,749 for the high values. Thus,
our main conclusions still hold under these extreme cases.

FIGURE 1. Incremental health benefits and costs associated with alternative strategies relative to no screening. Costs and QALYs are discounted at rate of

3%. Each point is labeled with screening strategy (defined in Table 1). Lines connecting points representing 2 efficient screening strategies indicate ICER.
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DISCUSSION

We found that hybrid 18F-choline PET/mpMRI is more cost-
effective than mpMRI alone for the detection of primary prostate
cancer with a Gleason score of greater than or equal to 3 1 4 in
men with elevated PSA levels. The ‘‘best’’ strategy involved com-
bined biopsy (targeted biopsy and standard 12-core biopsy) for
Likert 5 mpMRI lesions as well as for Likert 3–4 mpMRI lesions
with an elevated 18F-choline TBR of greater than or equal to 1.58.
When imaging results were negative, no biopsy was performed. The
ICER for this strategy was $35,108/QALY, which is well below the

commonly used willingness-to-pay threshold of $100,000/QALY.
An additional sensitivity analysis showed that these results were
robust in the presence of variations in all model parameters.
mpMRI was previously shown to be cost-effective for the early

detection of clinically important prostate cancer (4,5,32). Al-

though hybrid 18F-choline PET/mpMRI is more expensive than

mpMRI alone (by $449.92, according to Medicare data), the in-

creased accuracy of hybrid 18F-choline PET/mpMRI leads to better

stratification of who should receive biopsy, allowing unneeded biop-

sies to be avoided in approximately 35% of cases in comparison

TABLE 4
Predicted Effects for Various Screening Strategies per 1,000 Men

Screening strategy

Prostate cancer

deaths averted* Life-years gained*

QALYs gained* (95%

confidence interval) Number of biopsies

No screening (reference) (reference) (reference) 0.0

Strategy 1 4.7 57.8 46.9 (45.9–47.9) 151.0

Strategy 2 5.6 69.0 57.0 (55.9–58.0) 151.0

Strategy 3 5.7 69.8 57.7 (56.6–58.8) 151.0

Strategy 4 5.6 68.6 56.9 (55.8–58.0) 151.0

Strategy 5 5.6 68.1 56.4 (55.4–57.5) 151.0

Strategy 6 5.6 68.6 57.3 (56.3–58.4) 128.3

Strategy 7 5.8 70.5 59.3 (58.2–60.3) 127.3

Strategy 8 5.7 69.4 60.4 (59.4–61.4) 83.9

Strategy 9 5.6 68.3 59.4 (58.4–60.4) 83.2

*Compared with no screening.

Screening strategies are defined in Table 1. Effects are shown without discount.

FIGURE 2. Tornado diagram of 1-way sensitivity analysis of net costs per QALY gained of screening strategy 8 relative to no screening. Costs and

QALYs are discounted at rate of 3%. PCa 5 prostate cancer; RP 5 radical prostatectomy.
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to mpMRI alone. This factor contributes sufficient health benefits
in terms of QALYs to justify the added cost based on standard
estimates of willingness to pay in the United States. Prostate
biopsies are stressful experiences that carry small but important
risks of temporary and permanent harm (e.g., hospitalization and
death due to sepsis).

18F-choline PET was previously explored for primary prostate
cancer detection, with mixed results (33). Although the sensitivity
generally has been reported to be high (73%–100%), the specific-
ity has been shown to be limited (43%–86%). The reason is that,
although there is increased uptake in clinically important cancer,
there is also false-positive uptake in benign conditions, such as
benign prostatic hyperplasia and prostatitis. Therefore, using
18F-choline PET alone for primary prostate cancer detection is
not advised. However, when data from mpMRI are used for lesion
selection and data from 18F-choline PET are used to stratify the
risk of observed lesions, the diagnostic accuracy substantially im-
proves (8,10)—likely because common confounders can be more
readily identified with mpMRI. This approach enables the sensi-
tivity of 18F-choline PET to be harnessed without the harm of its
comparatively lower specificity. Although we explored 18F-choline
in the present study, prostate-specific membrane antigen–based
tracers may outperform 18F-choline in a hybrid PET/mpMRI
context (9). Further studies are needed to determine whether that
is the case.
The present study has limitations based on assumptions made

during the modeling process. The sensitivity and specificity of 18F-
choline PET/mpMRI were based on a prospective trial of 56 sub-
jects who had 90 mpMRI-identified lesions and who underwent
hybrid 18F-choline PET/mpMRI. Although these data were the
best available for the 18F-choline PET/mpMRI patient population,
the sample size was small. We accounted for this in our sensitivity
analysis. The sensitivity and specificity of mpMRI were consis-
tent with other published estimates based on large trials (6,7),
and those estimates were included in our sensitivity analysis. A
standard approach (for U.S. studies) of using Medicare reim-
bursements for cost estimates was applied; however, these costs
are specific to the United States and vary depending on the payer.
Sensitivity and threshold analyses demonstrated that our conclu-
sions were not sensitive to diagnostic accuracy or cost estimates.
An additional limitation involved the inconsistent definitions of

clinically important prostate cancer in the literature. For example,
Siddiqui et al. (13) defined clinically important cancer to be cancer
with a high-volume Gleason score of 3 1 4 or a Gleason score of
greater than or equal to 41 3, whereas our model assumed it to be
cancer with any Gleason score of greater than or equal to 3 1 4.
Finally, prostatectomy was the only curative treatment included in
our model. Although prostatectomy is the most common curative
treatment, patients undergoing radiation therapy have similar health
outcomes (34).
The Centers for Medicare & Medicaid Services have not de-

fined specific reimbursement codes for hybrid PET/mpMRI. Ef-
fectively, the reimbursement for PET/mpMRI procedures in the
United States is the same as that for PET/CT (35). Because 18F-
choline is not a U.S. Food and Drug Administration–approved
radiopharmaceutical, we estimated radiotracer reimbursement on
the basis of 18F-FDG. As a result, the cost for hybrid 18F-choline
PET/mpMRI was estimated on the basis of the cost for hybrid 18F-
FDG PET/CT and not on the sum of the costs for separately
performed mpMRI and PET/CT. Additionally, the hybrid imaging
approach assumed that the mpMRI part of PET/mpMRI did not

include dynamic contrast-enhanced imaging. This assumption
was considered justifiable because prior work showed that the
incremental benefit of dynamic contrast-enhanced imaging is
low (26).

CONCLUSION

18F-choline PET/mpMRI for the early detection of primary
prostate cancer with a Gleason score of greater than or equal to
3 1 4 appears to be cost-effective and can reduce the number of
unneeded biopsies in comparison to mpMRI alone. Screening
strategies that involved performing a biopsy after negative imag-
ing were more expensive and resulted in fewer QALYs than strat-
egies that involved performing no biopsy after screening.
Regardless of the particular scoring system used (PI-RADSv2 or
Likert), strategies involving hybrid 18F-choline PET/mpMRI for
patients with elevated PSA levels, in which a combined biopsy is
performed for all high-risk mpMRI targets as well as all low- or
intermediate-risk mpMRI targets with18F-choline TBRs of greater
than or equal to 1.58, and no biopsy otherwise were cost-effective.
These findings were robust in sensitivity and threshold analyses.
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KEY POINTS

QUESTION: Given the improved accuracy of 18F-choline PET/

mpMRI over mpMRI alone for the detection of prostate cancer

with a Gleason score of greater than or equal to 3 1 4 in men with

elevated prostate-specific antigen levels, is hybrid PET/mpMRI

cost-effective?

PERTINENT FINDINGS: The analysis showed that hybrid
18F-choline PET/mpMRI was cost-effective in comparison to

mpMRI alone or standard biopsy without imaging, largely by re-

ducing the number of unneeded biopsies and treatments.

IMPLICATIONS FOR PATIENT CARE: Within the current health-

care environment of the United States, hybrid 18F-choline PET/

mpMRI offers important health benefits for patients with signifi-

cant prostate cancer.
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