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Abstract

Introduction: We examined the most recent Surveillance, Epidemiology, and End Results release to corroborate temporal trends in non-

metastatic and distant prostate cancer metastases in the United States.

Methods: Surveillance, Epidemiology, and End Results was analyzed for the incidence of nonmetastatic and distant metastasis for men

with prostate cancer aged 50−74 and ≥75 years during 2004−2015. Incidence ratios (IR) were calculated relative to the year prior.
Results: The incidence of distant metastasis significantly increased from 451.0 to 504.0 per million (IR:1.12, 95% CI:1.01−1.24) from

2011 to 2012 and 532.3 to 586.1 per million (IR:1.10, 95% CI:1.00−1.21) from 2014 to 2015 in men aged ≥75 years. The incidence

of distant metastasis did not significantly increase in men aged 55−74 over the study period.

Conclusion: We demonstrate a sustained and definitive increase in prostate cancer distant metastases in men aged ≥75 years. Although

our observational study design cannot pinpoint the exact cause of this increase, which is likely multifactorial, this shift reverses declines in

metastases at diagnoses that followed the advent of prostate-specific antigen screening. � 2019 Elsevier Inc. All rights reserved.
1. Introduction

Due to the high incidence of prostate cancer in men and the

potential to cure localized disease, population screening pro-

grams were implemented in the United States in the 1990s [1].

With the introduction of widespread prostate-specific antigen

screening, a significant decrease in the incidence of metastatic

disease at presentation and more importantly a decline in

prostate cancer specific (PCSM) mortality was observed [2].

Following consecutive years of decline a significant

increase in distant prostate cancer metastases at diagnosis
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was witnessed from 2011 to 2013 in the United States [3].

However, these findings were met with justifiable skepti-

cism due to concerns that the rise, following a decline

from 2004 to 2011, may be due to random statistical varia-

tion [4]. In this study, using the most recent Surveillance,

Epidemiology, and End Results (SEER) release, we sought

to further examine the temporal trends in nonmetastatic and

distant metastases.
2. Methods

We analyzed SEER Collaborative Staging for the inci-

dence per million US men, standardized to the population
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in 2000, of nonmetastatic disease (T1-T4N0M0) and distant

metastasis (M1) for men aged 50−74 and ≥75 years during

2004−2015. T-stage was determined clinically and N and

M stage were based on combined information from clinical

and pathological assessment, as determined by SEER. To

account for missing stage, incidence rates were derived by

applying the proportion of each disease stage to the total

number of men diagnosed with prostate cancer [3]. Tempo-

ral trends in incidence were visualized with restricted cubic

spline or linear model by quarter. Incidence ratios (IR) with

95% confidence intervals (CI) were calculated relative to

consecutive years (e.g., 2015 vs. 2014) as done in prior tem-

poral analysis studies [5,6]. All analyses were performed

using SAS v9.3 (SAS Institute, Cary, NC).

3. Results

The incidence of nonmetastatic prostate cancer decreased

from 4618.0 to 2977.7 per million in men aged 50−74 years

and from 6919.3 to 3221.1 per million in men aged≥75 years
between 2004 and 2015 (Fig. 1). On the other hand, the inci-

dence of distant metastases gradually increased from 130.1

to 157.3 per million men aged 50−74 years between 2007

and 2015 after the slight decline between 2005 and 2007;

and from 451.0 to 586.1 per million men aged ≥75 years

between 2011 and 2015 after the progressive decline

between 2004 and 2011. Notably, the incidence of distant
Fig. 1. Standardized prostate cancer incidence of nonmetastat
metastasis significantly increased from 451.0 to 504.0

per million (IR: 1.12, 95% CI: 1.01−1.24) from 2011 to

2012 and 532.3 to 586.1 per million (IR: 1.10, 95% CI:

1.00−1.21) from 2014 to 2015 in men aged ≥75 years.

4. Discussion

Using recent evidence from a national tumor registry and

methodology consistent with prior studies [5,6], we demon-

strate a definitive increase in distant metastases in men

aged 75 years and older in 2015 that contrasts a relatively

stable incidence between 2005 and 2011. These findings

coincide with an overall decrease in the incidence of pros-

tate cancer, which may be either secondary to a decline in

prostate-specific antigen screening, or a depletion in preva-

lence due to widespread dissemination of prostate biopsies

and treatment in the early 2000s. However, the increased

incidence of distant metastases in elderly men from 2011 to

2013 in our prior study [3] that is sustained in 2015 is con-

cerning. The morbidity and detriment to quality of life that

is associated with hormonal therapy and chemotherapy, the

standard of care in men distant metastases, is significant

and confers a higher risk for PCSM [7].

Our use of SEER Collaborative Staging differs from ear-

lier studies [5,6]. Collaborative Staging better represents

prostate cancer staging compared to SEER Summary Stag-

ing in which localized and regional stages are pooled into a
ic and distant metastases by quarter during 2004−2015.
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“loco-regional” categorization. This clustering of nodal dis-

ease is difficult to interpret as regional disease in Summary

staging is comprised of pT3, pT4, and N1, despite these dis-

ease states having distinctly different prognosis and clinical

management. Our use of Collaborative Staging, a more con-

temporary classification scheme is more clinically relevant

as it separates out pelvic lymph node metastases. Men with

isolated pelvic lymph nodes metastases clearly have a

worse overall survival even when treated with aggressive

multimodal treatments and thus should not be pooled with

localized disease [8].

The observed rise in distant metastases in older men

could be for several reasons. First, the absence of an

increase in men younger than 75 years may be due to the

United States Preventive Services Task Force’s (USPSTF)

recommendation in 2008 against prostate cancer screening

in men 75 years or older. However, given the significant

lead time associated with prostate cancer progression it is

unclear how much time is required to elapse before epide-

miologic shifts manifest. Second, the median age of death

from prostate cancer is 80 years old [9]. Thus, metastases

are likely to be seen in older men compared to younger men

who are often diagnosed in the window of curability.

The rise in distant metastases should also be interpreted

with caution given the changing landscape of imaging used

for prostate cancer staging. However, attributing the

increases in the incidence of metastases at diagnosis to

advances in imaging may not currently be a well-supported

hypothesis for several reasons. First, the standard imaging

modality for distant metastases during our study period has

remained bone scan [10]. New technologies such as Choline

positron emission tomography (PET) and PET/CT are still

experimental and not widely utilized in the United States

[11,12]. Also during the study period, prostate specific

membrane antigen PET was not and is still not approved by

the Food and Drug Administration (FDA). Second,

although there has been an increase in the use of multipara-

metric magnetic resonance imaging, this modality is not

typically used to assess distant disease. Additionally, mag-

netic resonance imaging, even with diffusion weighted

imaging has not increased in sensitivity to detect clinical

metastases, which are still radiographically positive at

greater than 1 cm [12−14].
In conclusion, we demonstrate significant epidemiologic

shifts in disease presentation that has significant implica-

tions for prostate cancer screening guidelines and manage-

ment of disease burden at diagnoses. The recent shift

USPSTF shift toward individualized screening for men

aged 55−69 years along with the strong uptake of active
surveillance [15] may attenuate over-detection and over-

treatment of indolent disease while capturing clinically sig-

nificant prostate cancer within the window of curability.

Continued, close monitoring of population-based shifts in

disease presentation is needed to determine the downstream

epidemiologic sequelae on PCSM.
References

[1] Welch HG, Albertsen PC. Prostate cancer diagnosis and treatment

after the introduction of prostate-specific antigen screening: 1986-

2005. J Natl Cancer Inst 2009;101:1325–9.

[2] National Cancer Institute Surveillance, Epidemiology, and end results

program http://seer.cancer.gov/. Accessed June 30, 2019.

[3] Hu JC, Nguyen P, Mao J, et al. Increase in prostate cancer distant

metastases at diagnosis in the United States. JAMA Oncol 2017;

3:705–7.

[4] Thomas CR, Shyr Y. Determining penetration of prostate-specific

antigen screening recommendations. JAMA Oncol 2017;3:707.

[5] Jemal A, Ma J, Siegel R, et al. Prostate cancer incidence rates 2 years

after the US preventive services task force recommendations against

screening. JAMA Oncol 2016;2:1657–60.

[6] Jemal A, Fedewa SA, Ma J, et al. Prostate cancer incidence and PSA

testing patterns in relation to USPSTF screening recommendations.

JAMA 2015;314:2054–61.

[7] Cheng L, Zincke H, Blute ML, et al. Risk of prostate carcinoma death

in patients with lymph node metastasis. Cancer 2001;91:66–73.

[8] Touijer KA, Karnes RJ, Passoni N, et al. Survival outcomes of men

with lymph node-positive prostate cancer after radical prostatectomy:

a comparative analysis of different postoperative management strate-

gies. Eur Urol 2018;73:890–6.

[9] US Preventive Services Task Force, Grossman DC, Curry SJ, et al.

Screening for prostate cancer: US preventive services task force rec-

ommendation statement. JAMA 2018;319:1901–13.

[10] Anon:https://www.nccn.org/professionals/physician_gls/pdf/prosta-

te_blocks.pdf. Available at: https://www.nccn.org/professionals/

physician_gls/pdf/prostate_blocks.pdf. Accessed June 27, 2018.

[11] Evangelista L, Guttilla A, Zattoni F, et al. Utility of choline positron

emission tomography/computed tomography for lymph node involve-

ment identification in intermediate- to high-risk prostate cancer: a sys-

tematic literature review and meta-analysis. Eur Urol 2013;63:1040–8.

[12] Budiharto T, Joniau S, Lerut E, et al. Prospective evaluation of 11C-

choline positron emission tomography/computed tomography and

diffusion-weighted magnetic resonance imaging for the nodal staging

of prostate cancer with a high risk of lymph node metastases. Eur

Urol 2011;60:125–30.

[13] Van den Bergh L, Lerut E, Haustermans K, et al. Final analysis of a

prospective trial on functional imaging for nodal staging in patients

with prostate cancer at high risk for lymph node involvement. Urol

Oncol 2015;33:109.e23−31.
[14] Roy C, Bierry G, Matau A, et al. Value of diffusion-weighted imag-

ing to detect small malignant pelvic lymph nodes at 3 T. Eur Radiol

2010;20:1803–11.

[15] Cooperberg MR, Carroll PR. Trends in management for patients with

localized prostate cancer, 1990-2013. JAMA 2015;314:80–2.

http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0001
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0001
http://seer.cancer.gov/
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0002
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0003
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0004
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0005
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0006
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0007
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0008
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0008
https://www.nccn.org/professionals/physician_gls/pdf/prostate_blocks.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate_blocks.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate_blocks.pdf
https://www.nccn.org/professionals/physician_gls/pdf/prostate_blocks.pdf
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0009
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0010
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0011
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0012
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0013
http://refhub.elsevier.com/S1078-1439(19)30320-5/sbref0013

	Definitive and sustained increase in prostate cancer metastases in the United States
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	References


