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IMPORTANCE Overtreatment of prostate cancer is a public health concern that undermines
prostate cancer screening efforts.

OBJECTIVE To assess trends in pathologic grade on prostatectomy during the past 2 decades
as a surrogate for overtreatment.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study examined the grade of
prostate cancer on final pathology reports among patients undergoing prostatectomy
between January 1, 2010, and September 1, 2024, in 2 parallel cohorts: Surveillance,
Epidemiology, and End Results (SEER), a nationwide cancer registry, and Michigan Urological
Surgery Improvement Collaborative (MUSIC), a statewide clinical registry. The presence of
higher-risk features among patients who underwent grade group 1 prostatectomy during this
period was also assessed.

EXPOSURES The primary exposure of interest was year of radical prostatectomy.

MAIN OUTCOMES AND MEASURES The primary outcome was the proportion of all
prostatectomies that were pathologic grade group 1 (pGG1) on final pathology reports. The
secondary outcome was the proportion of pGG1 prostatectomies with a higher-risk
preoperative feature, assessed as a binary variable and including at least 1 of the following:
more than 50% of biopsy cores positive, prostate-specific antigen of 10 ng/mL or higher, or
grade group 2 on biopsy.

RESULTS A total of 162 558 male patients in SEER (median [IQR] age, 63 [57-67] years) and
23 370 in MUSIC (median [IQR] age, 64 [59-69] years) underwent prostatectomy. The
proportion of radical prostatectomies resulting in pGG1 on final pathology reports decreased
from 32.4% (5852 of 18 071) to 7.8% (978 of 12 500) between 2010 and 2020 in SEER and
from 20.7% (83 of 401) to 2.7% (32 of 1192) between 2012 and 2024 in MUSIC. A more
recent prostatectomy was associated with a lower likelihood of a pGG1 prostatectomy while
controlling for age and race within SEER (odds ratio [OR] per 5 years, 0.41; 95% CI,
0.40-0.42; P < .001) and MUSIC (OR per 5 years, 0.39; 95% CI, 0.36-0.43; P < .001). Within a
subset analysis of those prostatectomies that were final pGG1, a more recent prostatectomy
was associated with the presence of a higher-risk preoperative feature, including more than
50% of biopsy cores positive, prostate-specific antigen of 10 ng/mL or higher, and grade
group 2 on prior biopsy within SEER (OR per 5 years, 1.60; 95% CI, 1.54-1.67; P < .001) and
MUSIC (OR per 5 years, 1.60; 95% CI, 1.34-1.90; P < .001)

CONCLUSIONS AND RELEVANCE This cohort study found that since 2010, the frequency of
pGG1 prostatectomies markedly decreased, and those few that were performed were more
likely to have a higher-risk feature. This reduction in the proportion of prostatectomies that
are pGG1 likely reflects improved diagnostic pathways, adherence to active surveillance
protocols for low-risk cases, and ongoing efforts at both the state and national levels to
minimize unnecessary surgical interventions in patients diagnosed with clinically insignificant
prostate cancer.
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P rostate cancer is the most common malignant neo-
plasm among men in the US, with an estimated 299 010
new cases in 2024. Prostate cancer is also the second-

leading cause of cancer-related death among men, with 35 250
estimated deaths in the same year.1 Despite this, the wide-
spread adoption of prostate cancer screening is controversial.
Screening for prostate cancer is facilitated by a prolonged asymp-
tomatic period in which localized treatment offers a meaning-
ful chance to cure, a high baseline prevalence in patients of a cer-
tain age, and an affordable blood test of reasonable sensitivity
(ie, prostate-specific antigen [PSA]). However, there are war-
ranted concerns that the potential morbidity and health care
costs of diagnosis and treatment often outweigh the oncologic
benefit for many patients. Radiation and prostatectomy both
have long-term risks, and many patients with indolent prostate
cancer will not be affected by their disease in their lifetime.

In 2012, the US Preventive Services Task Force recom-
mended against PSA screening, citing overtreatment of indo-
lent disease and its associated morbidity as a major limitation
to the safety of widespread screening.2 This recommendation
was revised in 2018, and the US Preventive Services Task Force
now advises that PSA screening should only be pursued after an
individualized discussion with the patient, emphasizing the risk
of overtreatment.3 During this period, urologists, radiation on-
cologists, and medical oncologists have made concerted ef-
fortstoreduceoverdiagnosisandovertreatmentinlocalizedpros-
tatecancer,withallmajorguidelines(ie,NationalComprehensive
Cancer Network, European Association of Urology, and
American Urological Association/American Society for Radia-
tion Oncology) expanding and strengthening their recommen-
dations in favor of active surveillance for low-risk prostate
cancer.4-6 Given this rapidly evolving landscape, we sought to
evaluate trends in the surgical overtreatment of prostate can-
cer during the past 2 decades.

Methods
We evaluated the proportion of patients undergoing radical
prostatectomies with pathologic grade group 1 (pGG1) on fi-
nal surgical specimen as a surrogate for clinically insignifi-
cant disease between January 1, 2010, and December 31, 2020,
within the Surveillance, Epidemiology, and End Results (SEER)
Research Plus Data, 17 Registries and between January 1, 2012,
and September 1, 2024, within the Michigan Urological
Surgery Improvement Collaborative (MUSIC) registry. All analy-
sis was performed strictly in parallel, and data were not com-
bined. MUSIC is a statewide quality improvement collabora-
tive consisting of more than 260 urologists providing care at
46 diverse urology practices in Michigan, funded by Blue Cross
Blue Shield of Michigan. SEER served as a national sample,
whereas MUSIC served as a more granular statewide sample
with a focus on validated urologic outcomes, including early
adoption of active surveillance.7-9 Approval to participate in
MUSIC was obtained by each practice's or institution's insti-
tutional review board. Deidentified data were abstracted, and
patient consent was waived by the University of Michigan
Institutional Review Board. This study was deemed exempt

by the University of Michigan Institutional Review Board.
The study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline for cohort studies.

Statistical Analysis
Within both SEER and MUSIC, pGG1 was modeled as a bi-
nary variable against time while controlling for age and self-
reported race. Within MUSIC, we included a mixed-effects lo-
gistic model with nested random effects for practice and sur-
geon. A similar approach was used in a subset analysis to further
assess the proportion of pGG1 prostatectomies with preopera-
tive higher-risk features: PSA of 10 ng/mL or higher (to convert
to micrograms per liter, multiply by 1), more than 50% of bi-
opsy cores positive, or clinical grade group 2 on biopsy. The pres-
ence of any of these risk features was modeled as a binary vari-
able against time, controlling for age and race. Age and race were
chosen as known drivers of prostate cancer outcomes and man-
agement. In all models, age was taken at the time of the pros-
tate cancer diagnosis. Patients with missing data for any of the
variables included in the analysis were excluded.

To provide added detail regarding the biopsy grade of
patients undergoing prostatectomy in both cohorts, we also re-
ported both the final pathologic grade and the biopsy grade of
patients undergoing prostatectomy at each year. Additionally,
to report practice-level variation in rates of pGG1 prostatecto-
mies within MUSIC, we reported the proportion of prostatecto-
mies that were pGG1 in 2012 to 2015, 2016 to 2020, and 2021 to
2024 within each practice included in the MUSIC analysis.

We used R statistical software, version 4.4.2 (R Project for
Statistical Computing) for our data analyses. A 2-sided P < .05
was considered statistically significant.

Results
Demographics and characteristics of the 162 558 male
patients in the SEER cohort (median [IQR] age, 63 [57-67] years;
13.0% Black, 80.2% White, and 5.9% other race, including

Key Points
Question Has there been an improvement in the rate of surgical
overtreatment of prostate cancer during the past 2 decades?

Findings This cohort study of 185 928 male patients in 2 parallel
registries—Surveillance, Epidemiology, and End Results and
Michigan Urological Surgery Improvement Collaborative—found a
greater than 5-fold decrease in the proportion of patients
undergoing prostatectomies with pathologic grade group 1
between 2010 and 2024. On a subset analysis of those
prostatectomies that were pathologic grade group 1, an increase in
the proportion that had a higher-risk preoperative feature (>50%
of biopsy cores positive, prostate-specific antigen �10 ng/mL, or
grade group 2 on biopsy) during that time was observed.

Meaning These findings suggest that management of low-risk
prostate cancer has improved during the past 2 decades, with a
substantial decrease in the frequency of pathologic grade group 1
prostatectomies.
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Alaska Native, American Indian, Asian, and Pacific Islander)
and the 23 370 male patients (median [IQR] age, 64 [59-
69] years; 12.3% Black, 75.1% White, and 2.6% other race,
including Alaska Native, American Indian, Asian, and Pacific
Islander) in the MUSIC cohort are summarized in Table 1. The
PSA values were broadly similar between the 2 cohorts.
A greater percentage pGG1 prostatectomies were observed in
SEER compared with MUSIC (18.7% vs 9.2%).

In our primary analysis, the proportion of prostatecto-
mies that were pGG1 decreased from 32.4% (5852 of 18 071)
to 7.8% (978 of 12 500) between 2010 and 2020 in SEER and
from 20.7% (83 or 401) to 2.7% (32 of 1192) between 2012 and
2024 in MUSIC (Figure 1; eTables 1 and 2 in Supplement 1). In
our multivariable model, adjusting for age and race, this de-
crease was statistically significant in both SEER (odds ratio [OR]
per 5 years, 0.41; 95% CI, 0.40-0.42) and MUSIC (OR per 5 years,
0.39; 95% CI, 0.36-0.43) (Table 2). Age was associated with de-
creased likelihood of a pGG1 prostatectomy in both SEER
(OR per 5 years, 0.81; 95% CI, 0.81-0.82) and MUSIC (OR per 5
years, 0.77; 95% CI, 0.74-0.80) Black race was also associated
with a decreased likelihood of a pGG1 prostatectomy in SEER
(OR, 0.86; 95% CI, 0.83-0.90) and MUSIC (OR, 0.70; 95% CI,
0.60-0.83).

Our subset analysis of patients who underwent a pGG1
prostatectomy included 30 358 patients within SEER and 2160
patients within MUSIC. In this cohort, the proportion with more
than 50% of cores positive on preoperative biopsy increased
from 10.5% (260 of 2478) to 14.6% (89 of 611) in SEER and from
3.8% (3 of 79) to 18.8% (6 of 32) in MUSIC (Figure 2). The pro-
portion with preoperative PSA values of 10 ng/mL or greater
increased from 9.2% (472 of 5158) to 12.8% (102 of 794) in SEER
and from 6.0% (5 of 83) to 12.5% (4 of 32) in MUSIC. Finally,
the proportion of pGG1 prostatectomies with clinical grade
group 2 or greater on biopsy (therefore representing down-
grading on final pathology report) varied widely between 2012
and 2024 in MUSIC (28.2% [70 of 248] to 50.0% [37 of 74]) but
increased from 16.9% (898 of 5312) to 28.3% (231 of 816) be-
tween 2010 and 2020 in SEER. A more recent pGG1 prostatec-
tomy was significantly associated with the presence of any of
these features, modeled as a binary variable, adjusting for age
and race, in both SEER (OR per 5 years, 1.60; 95% CI, 1.54-
1.67; P < .001) and MUSIC (OR per 5 years, 1.60; 95% CI, 1.34-
1.90; P < .001) (Table 3).

Additionally, preoperative biopsy results of patients
undergoing prostatectomy in SEER and MUSIC are provided
in eTables 3 and 4 in Supplement 1. The biopsy grade group
of patients undergoing prostatectomy closely paralleled the
final pathologic grade group across the years examined with
less grade group 1 in recent years. For instance, within SEER
in 2010, 47.5% of prostatectomies (7927 of 16 705) were in
patients biopsied as grade group 1, whereas in 2020 only
14.1% of prostatectomies (1666 of 11 849) were in patients
biopsied as grade group 1. Within MUSIC, this number
decreased from 24.7% (99 of 401) to 8.3% (99 of 1190) from
2012 to 2024.

Practice-level variation in rates of pGG1 prostatectomy
within MUSIC are shown in the eFigure in Supplement 1. In al-
most every one of the 31 practices assessed, a numerically lower

proportion of prostatectomies were pGG1 in 2021 to 2024 com-
pared with 2012 to 2015, regardless of their initial proportion
in 2012 to 2015. From 2012 to 2015, the proportion of prosta-
tectomies that were pGG1 varied widely among practices,
mostly falling between 10.0% and 30.0%, whereas from 2021
to 2024 the proportion was less than 10.0% in almost all
practices.

Discussion
Our analyses show that the proportion of prostatectomies that
are pGG1 has decreased more than 5-fold since 2010, and the
pGG1 prostatectomies that are now performed are more likely
to have higher-risk preoperative features. Although further im-
provement in surgical overtreatment of prostate cancer is nec-
essary, these results reflect a dramatic shift in how low-risk
prostate cancer has been managed in the US during the past 2
decades.

Table 1. Cohort Characteristics

Characteristic

No. (%) of participantsa

SEER
(n = 162 558)

MUSIC
(n = 23 370)

Age, median (IQR), y 63 (57-67) 64 (59-69)

Raceb

Black 21 087 (13.0) 2883 (12.3)

White 130 317 (80.2) 17 556 (75.1)

Otherc 9494 (5.9) 616 (2.6)

Highest preoperative PSA,
median (IQR), ng/mL

6.3 (4.8-9.3) 6.7 (5.0-9.8)

Highest preoperative PSA,
ng/mL

<10 114 899 (70.7) 17 386 (74.4)

10-20 23 691 (14.6) 4178 (17.9)

>20 8757 (5.4) 1411 (6.0)

Pathologic grade group

1 30 358 (18.7) 2160 (9.2)

2 75 457 (46.4) 12 391 (53.0)

3 33 424 (20.6) 5685 (24.3)

4 9296 (5.7) 1125 (4.8)

5 14 023 (8.6) 2009 (8.6)

Pathologic stage

T2 109 087 (67.1) 14 430 (61.7)

≥T3 51 890 (31.9) 8928 (38.2)

Pathologic N stage

N0 103 038 (63.4) 17 677 (75.6)

N1 7886 (4.8) 958 (4.1)

Nx 51 634 (31.8) 4735 (20.3)

Abbreviations: MUSIC, Michigan Urological Surgery Improvement Collaborative;
PSA, prostate-specific antigen; SEER, Surveillance, Epidemiology, and End
Results.

SI conversion factor: To convert PSA to micrograms per liter, multiply by 1.
a Unless otherwise indicated.
b Race was self-reported within each registry.
c Races in the other group include Alaska Native, American Indian, Asian, and

Pacific Islander.
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These results are also consistent with other studies report-
ing the increased use of active surveillance for low-risk pros-
tate cancer since 2010, which now represents the predomi-
nant approach for managing grade group 1 prostate cancer and
is increasingly accepted for certain grade group 2 prostate
cancers.10-12 This increased adoption of active surveillance has
been facilitated by guideline changes, prospectively moni-
tored active surveillance protocols, and broad quality improve-
ment initiatives throughout the country.4,8,13,14

Our current understanding of surgical overtreatment is in-
formed by who benefits from prostatectomy. The few random-
ized clinical trials comparing surgery and observation were

all published during the era investigated by our study (2010-
2024) and greatly increased the acceptance of active
surveillance for low-risk prostate cancer during that period.
The PIVOT (Prostate Cancer Intervention vs Observation Trial),
PROTECT (Prostate Testing for Cancer and Treatment), and
SPCG-4 (Scandinavian Prostate Cancer Group Study 4) trials
included most patients with grade group 1 prostate cancer
on biopsy (72%, 77%, and 61%, respectively), meaning cur-
rent guidelines would now recommend surveillance for many
of the patients in these studies.15-17 Within these studies, the
modest survival benefit of prostatectomy appears to be driven
by those patients with grade group 2 or higher because can-

Figure 1. Trends in Grade Group (GG) Among 162 558 Surveillance, Epidemiology, and End Results (SEER)
Prostatectomies and 23 370 Michigan Urological Surgery Improvement Collaborative (MUSIC) Prostatectomies

0

100

80

Pr
os

ta
te

ct
om

ie
s,

 %

60

40

20

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

SEER groupA

0

100

80

Pr
os

ta
te

ct
om

ie
s,

 %

60

40

20

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year

MUSIC groupB

GG4

GG3

GG2

GG1

GG5

Table 2. Multivariable Analysis Modeling of the Likelihood of Pathologic Grade Group
1 on Prostatectomy Within SEER and MUSIC

Variable

SEER (n = 162 558) MUSIC (n = 21 039)

OR (95% CI) P value OR (95% CI) P value
Year (+5 y) 0.41 (0.40-0.42) <.001 0.39 (0.36-0.43) <.001

Age (+5 y) 0.81 (0.81-0.82) <.001 0.77 (0.74-0.80) <.001

Race

White 1 [Reference] NA 1 [Reference] NA

Black 0.86 (0.83-0.90) <.001 0.70 (0.60-0.83) <.001

Othera 0.74 (0.70-0.79) <.001 0.70 (0.51-0.97) .03

Abbreviations: MUSIC, Michigan
Urological Surgery Improvement
Collaborative; NA, not applicable; OR,
odds ratio; SEER, Surveillance,
Epidemiology, and End Results.
a Races in the other group include

Alaska Native, American Indian,
Asian, and Pacific Islander.
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cer death and even progression were extremely rare in those
patients with grade group 1 cancer. These studies support the
current understanding that pGG1 cancer at prostatectomy rep-
resents clinically indolent disease and likely overtreatment.

Still, surgical treatment of pGG1 represents a limited defi-
nition of overtreatment. We focused only on pGG1 and not PSA
or biopsy core characteristics in our primary analysis given con-
cerns of missing data and coding inaccuracy for these more nu-
anced variables within cancer registries. Additionally, our
analysis reflects only the biology of the cancer and not the com-
peting comorbidities of the patient. Reducing treatment of lo-
calized prostate cancer in patients with limited life expec-
tancy, regardless of cancer aggressiveness, is an essential aspect
of improving overtreatment and one unmeasured in this cur-

rent analysis.18 Nevertheless, at each step (screening, workup,
and treatment), management of localized prostate cancer
should be informed by the individual patient and appropri-
ately deferred in patients with limited life expectancy.

A substantial number of patients with pGG1 prostatecto-
mies in this study were downgraded from their initial biopsy.
This finding is consistent with the literature, which suggests
that approximately 8% of biopsy grade group 2 are down-
graded to grade group 1 on prostatectomy and highlights the
limitations of biopsy grade alone to guide selection for active
surveillance.19 This finding also supports the increasing ac-
ceptance of certain grade group 2 prostate cancers for active
surveillance and the need for continued quality improve-
ment in grade group 2 prostate cancer management.

Figure 2. Higher-Risk Features Among Grade Group 1 (GG1) Prostatectomies
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High-risk features included biopsy grade group of 2 or higher, more than 50%
biopsy cores positive, and preoperative prostate-specific antigen value of 10
ng/mL (to convert to μg/L, multiply by 1.0) or greater in the Surveillance,

Epidemiology, and End Results (SEER) and Michigan Urological Surgery
Improvement Collaborative (MUSIC) study groups. Error bars represent 95%
CIs of the mean proportion.
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Although not the main aim of our study, we did note sub-
stantial practice-level variation in the rate of pGG1 prostatec-
tomy that seemed to decrease over time; more consistency was
observed across practices in the low proportion of pGG1 in 2021
to 2024 compared with the higher proportion in 2012 to 2015
(eFigure in Supplement 1). This finding may reflect different rates
of acceptance of active surveillance across practices, with some
early adopters and some latecomers, and underscores the need
for practice-level engagement in prostate cancer quality im-
provement initiatives.8

Limitations
This study is limited by its retrospective nature and the potential
codinginaccuraciesinherenttoregistrydata,particularlyforlabo-
ratory data such as PSA. Although large registries, SEER and
MUSIC may also not reflect clinical practice in all regions and
populations in the United States. Despite being retrospective, our
studyisstrengthenedbytheparallelanalysisof2largecancerreg-
istrieswithoverlappingperiods—onenationalandonestatewide.
The Detroit/Michigan registry is not included in SEER 17, so our
observations within SEER and MUSIC are strictly among separate
populations. Similar findings were observed in both cohorts. For
instance, for the years shared between MUSIC and SEER, 2012 to
2020,theabsolutepercentagedifferenceinpGG1betweencohorts
was always less than 5%. In addition, the graphical trends of a de-

crease in pGG1 in Figure 1 and an increase in higher-risk features
in Figure 2A-B were approximately parallel in both cohorts. Fi-
nally,theORforpGG1andyearofprostatectomywas0.41inSEER
and 0.39 in MUSIC, and the OR for higher-risk feature and year
of pGG1 prostatectomy was 1.60 in SEER and 1.60 in MUSIC. The
similarityofthesefindingsin2independentcohortssupportstheir
validity and our conclusion that the incidence of pGG1 prostatec-
tomies has markedly decreased.

Conclusions
Prostate cancer remains a major public health concern. Al-
though often indolent because of its very high prevalence, pros-
tate cancer remains the second-most lethal cancer among pa-
tients in the US. Progress in prostate cancer management
involves early identification of patients with lethal cancer who
need treatment but also reduction in treatment of the many
patients who do not need it. To this second end, we observe a
greater than 5-fold reduction in the proportion of prostatec-
tomies that were pGG1 between 2010 and 2024. Although pGG1
is a narrow definition of overtreatment, our results reflect a pro-
found change in how low-risk prostate cancer is managed in
the US. Surgical overtreatment has decreased markedly since
2010.
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Table 3. Subset Analysis Evaluating Only Patients With Final Pathologic Grade Group 1
on Prostatectomy and Modeling of the Likelihood of Having at Least 1 of 3 Defined Higher-Risk Featuresa

Variable

SEER (n = 30 358) MUSIC (n = 1930)

OR (95% CI) P value OR (95% CI) P value
Year (+5 y) 1.60 (1.54-1.67) <.001 1.60 (1.34-1.90) <.001

Age (+5 y) 1.14 (1.12-1.16) <.001 1.10 (1.03-1.18) .004

Race .02

White 1 [Reference] NA 1 [Reference] NA

Black 1.39 (1.29-1.50) <.001 1.59 (1.15-2.19) .005

Otherb 1.19 (1.06-1.35) .004 1.21 (0.63-2.33) .57

Abbreviations: MUSIC, Michigan Urological Surgery Improvement Collaborative;
NA, not applicable; OR, odds ratio; SEER, Surveillance, Epidemiology, and End
Results.
a Higher-risk features were prostate-specific antigen value of 10 ng/mL (to

convert to μg/L, multiply by 1.0) or higher, more than 50% of positive biopsy
cores, or clinical grade group of 2 or higher on initial biopsy.

b Other races included Alaska Native, American Indian, Asian, and Pacific
Islander.
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each participating MUSIC practice (details can be
found at www.musicurology.com) as well as
members of the MUSIC Coordinating Center at the
University of Michigan.
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