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Abstract

Solid organ transplant (SOT) candidates and recipients are often subject to intense
screening regimens that can potentially delay transplantation and cause unneces-
sary harm. Although initial studies suggested that SOT recipients had elevated risk
of prostate cancer (PCa), contemporary studies have shown that transplant recipi-
ents with low- or intermediate-risk PCa have similar outcomes to their counter-
parts without a transplant. However, there are limited data on the relationship
between prior transplant exposure and the risk of clinically significant aggressive
PCa at presentation. To provide additional insight, we queried the Surveillance,
Epidemiology and End Results-Medicare database to establish a cohort of
prostate-specific antigen (PSA)-screened transplant patients who then went on to
develop PCa. Procedure and diagnosis codes were then used to identify patients
with a history of SOT. Aggressive PCa phenotype was defined as death from PCa
or de novo metastasis, regional lymph node metastasis, PSA >20 ng/l, or Gleason
score 8–10 at presentation. On univariable and multivariable (adjusted for age
and race) analyses, transplant patients (n = 292) were not at significantly higher
risk of an aggressive prostate cancer phenotype with odds ratios of 0.95 (95% con-
fidence interval 0.72–1.25) and 1.18, (95% confidence interval 0.90–1.57), respec-
tively. The results suggest that transplant recipients can have similar screening
protocols to those for the general population.
Patient summary: Using database results for transplant recipients, we investigated
their risk of developing aggressive prostate cancer after transplantation. We found
that having a transplant did not increase the risk of aggressive prostate cancer. This
work suggests that transplant recipients are unlikely to benefit from more rigorous
screening protocols than those for the general population.
� 2022 Published by Elsevier B.V. on behalf of European Association of Urology. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
Cancer is becoming a leading cause of death among trans-
plant recipients with improvements in surgical transplant
techniques and the use of immunosuppressive regimens
that prolong survival [1]. The connection between chronic
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immunosuppression in solid organ transplant (SOT)
patients and overall cancer development is well defined,
although the relationship with prostate cancer (PCa) specif-
ically is less clear [2]. Initial studies suggested a higher risk
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of PCa for SOT recipients; however, these studies failed to
account for detection bias whereby more frequent health
encounters and more intense screening of transplant
patients lead to higher rates of detection [3]. Recognizing
this inherent bias, more recent population studies with rig-
orous methodology have found no relationship between
immunosuppression or transplant exposure and the risk of
PCa [4,5]. Despite these findings, owing to the perceived
higher risk of PCa, SOT candidates and recipients are often
subject to intense screening regimens that can potentially
delay transplantation and cause unnecessary harm [6].
Although many studies have examined the overall risk of
PCa for SOT recipients, there are limited data on clinically
high-risk/aggressive disease at presentation. The aim of
the present study was to define the risk of presenting with
de novo aggressive, potentially lethal PCa at diagnosis for
patients with a history of transplantation using a methodol-
ogy to limit the effects of detection bias.

To evaluate the relationship between SOT and diagnosis
of aggressive PCa, we queried the linked Surveillance, Epi-
demiology and End Results (SEER)-Medicare database from
2004 to 2015 to identify men with PCa. To account for
potential detection bias for SOT patients, we limited our
analysis to a cohort of screened men. Screening was defined
as a prostate-specific antigen (PSA) laboratory test or digital
rectal examination in both the 12-mo period and the 13–
36-mo period before PCa diagnosis. The SEER registry was
used to extract demographic data (patient age, race) and
tumor characteristics (de novo metastasis, nodal status,
Gleason grade, tumor stage, PSA at diagnosis, and death
from prostate cancer). Patients were excluded if data were
missing for more than three of the following characteristics:
Table 1 – Baseline demographics for the transplant patients and the non

Parameter No transplan
(n = 113 991

Median age at diagnosis, yr (IQR) 74 (71–78)
Race, n (%)
White 91 214 (80.2)
Hispanic 5695 (5.0)
Black 10 218 (9.0)
Other 6572 (5.8)

De novo metastasis, n (%)
No 107 679 (94.7
Yes 4202 (3.7)
Unknown 1818 (1.6)

Regional lymph node status, n (%)
Clinical N0 95 856 (84.3)
Pathologic N0 12 008 (10.7)
Pathologic N1 1818 (1.6)
Unknown 4017 (3.5)

Prostate-specific antigen category, n (%)
0.1–10.0 ng/ml 69 439 (61.1)
10.1–20.0 ng/ml 16 332 (14.4)
>20.1 ng/ml 9698 (8.5)
Unknown 18 230 (16.0)

Gleason score, n (%)
2–6 35 755 (31.5)
7 35 348 (31.1)
8–10 18 845 (16.6)
Unknown 23 751 (20.9)

Death from prostate cancer, n (%) 1507 (1.3)
Aggressive disease, n (%) 26 361 (23.2)

IQR = interquartile range.
a All results for which n < 10 and the associated percentage are suppressed acc
guidelines.
metastasis (yes/no), lymph node metastasis (yes/no), PSA,
or Gleason score. Supplementary Figure 1 shows the patient
selection criteria used to build the study population.

SOT status was extracted from Medicare claims data
using diagnosis or procedure codes for kidney, lung, liver,
pancreas, and intestine transplants. Heart transplantation
was excluded owing to potential coding errors limiting
our ability to differentiate heart transplantation and heart
valve transplantation. Patients were considered to have
SOT if they had either a diagnosis of or procedure for SOT
in the 3 yr before diagnosis of PCa. Supplementary Tables
1 and 2 list all the diagnosis and procedure codes included.

Patients were considered to have an aggressive PCa phe-
notype if they presented with de novo metastasis, regional
lymph node metastasis, PSA >20 ng/ml, or Gleason score
�8 at diagnosis or died from PCa within 1 yr from diagnosis.

Baseline comorbidities and demographic characteristics
for the transplant and nontransplant cohorts were com-
pared using the Pearson v2 test, Fischer’s exact test, or Stu-
dent two-sided t test, as appropriate. Risk estimates of the
likelihood of aggressive PCa at presentation for transplant
versus nontransplant patients were calculated in univari-
able and multivariable logistic regression models adjusted
for age (continuous) and race. Statistical significance was
set at a < 0.05. All analyses were performed using SAS
v9.4 (SAS Institute, Cary, NC, USA).

A total of 114 283 patients met our criteria for prior
screening. Of these, 292 (0.26%) had a history of SOT and
adequate clinical and pathological information necessary
for analysis. The transplant cohort included 220 kidney,
27 lung, 57 liver, 13 pancreas, and six intestinal transplants,
with some patients receiving multiple SOTs. Table 1 lists the
transplant control subjects in the comparative analysis cohort

t
)

Transplant
(n = 292)

p value

72 (69–75) <0.0001
<0.0001

200 (68.5)
28 (9.6)
42 (14.4)
22 (7.5)

0.69
) 279 (95.5)

<11 (<3)a

<11 (<2)a

0.88
249 (85.3)
30 (10.3)
<11 (<1.0)a

10 (3.4)
0.39

186 (63.7)
45 (15.4)
25 (8.6)
36 (12.3)

0.07
90 (30.8)
109 (37.3)
46 (15.8)
47 (16.1)
<11 (<2)a 0.56
65 (22.2) 0.71

ording to the Surveillance, Epidemiology and End Results cell suppression



Table 2 – Univariable and multivariable odds of aggressive prostate cancer phenotype at diagnosis

Variable Univariable Multivariable

OR (95% CI) p value OR (95% CI) p value

Transplant receipt 0.95 (0.72–1.25) 0.71 1.19 (0.90–1.57) 0.23
Age 1.11 (1.11–1.12) <0.0001 1.10 (1.09–1.10) <0.0001
Black race 1.28 (1.21–1.35) <0.0001 1.26 (1.20–1.32) <0.0001

CI = confidence interval; OR = odds ratio.
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demographic data for the two cohorts. There was a signifi-
cant difference in median age at diagnosis (p < 0.001) and
race composition (p < 0.001) between the transplant and
nontransplant cohorts. There were no differences for any
of the other clinical or pathological characteristics, includ-
ing screening intensity (p = 0.34; Supplementary Table 3).

The rates of aggressive disease at presentation were sim-
ilar between the nontransplant (23.2%) and transplant
(22.2%) cohorts (p = 0.71). On both univariable and multi-
variable (adjusted for age and race) analyses there was no
significant difference in the risk of aggressive PCa between
the SOT and nontransplant groups (univariable OR 0.95,
95% confidence interval 0.72–1.25; adjusted OR 1.18, 95%
confidence interval 0.90–1.57; Table 2).

Our findings are in-line with other contemporary studies
that showed that prior transplantation does not seem to
influence the natural progression of PCa. In a large retro-
spective cohort study of nearly 180,000 transplant recipi-
ents using the Scientific Registry of Transplant Recipients,
Engels et al. [7] found that transplant exposure did not
increase the risk of PCa. A recently published systematic
review examined recurrence rates and overall survival for
men who underwent treatment for urologic malignancy
before renal transplantation and found that men treated
for low- or intermediate-risk PCa did not have a higher risk
of PCa recurrence after their transplant [8]. Using SEER-
Medicare data, Liauw et al. [9] observed no difference in
PCa-specific mortality between transplant and nontrans-
plant cohorts. Our findings indicate that SOT recipients are
not at higher risk of developing aggressive PCa, even after
adjusting for multiple confounders. Collectively, these
studies suggest that SOT recipients can be managed using
PCa screening protocols and management strategies simi-
lar to those for the general population. This not only
decreases the likelihood of unnecessary treatment in this
cohort but also mitigates costs associated with increased
surveillance.

Despite attempts to limit the effects of detection bias and
accounting for potential confounders, potentially unknown
confounders may still have influenced our results because
of the retrospective nature of the study design. For example,
owing to racial differences, our SOT patients may have
higher rates of certain comorbidities (eg, diabetes, hyper-
tension). However, addition of these variables had a negligi-
ble effect on the risk estimates in the multivariable model
and are thus unlikely to have biased the association
observed. In addition, the cohort is restricted to those aged
>68 yr and did not include heart transplant recipients, who
require higher immunosuppressive doses, limiting the gen-
eralizability of the findings [10].
Author contributions: George R. Schade had full access to all the data in

the study and takes responsibility for the integrity of the data and the

accuracy of the data analysis.

Study concept and design: Holt, Schade, Singh.

Acquisition of data: Holt.

Analysis and interpretation of data: Schade, Holt, Singh.

Drafting of the manuscript: Singh, Schade, Holt.

Critical revision of the manuscript for important intellectual content: Gore,

Wright, Nyame, Schade, Holt, Singh.

Statistical analysis: Holt.

Obtaining funding: None.

Administrative, technical, or material support: None.

Supervision: Gore, Wright, Schade.

Other: None.

Financial disclosures: George R. Schade certifies that all conflicts of inter-

est, including specific financial interests and relationships and affiliations

relevant to the subject matter or materials discussed in the manuscript

(eg, employment/affiliation, grants or funding, consultancies, honoraria,

stock ownership or options, expert testimony, royalties, or patents filed,

received, or pending), are the following: None.

Funding/Support and role of the sponsor: None.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.euros.2022.03.001.

References

[1] Cosio FG, Hickson LJ, Griffin MD, Stegall MD, Kudva Y. Patient
survival and cardiovascular risk after kidney transplantation: the
challenge of diabetes. Am J Transplant 2008;8:593–9. https://doi.
org/10.1111/J.1600-6143.2007.02101.X.

[2] Wimmer CD, Rentsch M, Crispin A, et al. The Janus face of
immunosuppression — de novo malignancy after renal
transplantation: the experience of the Transplantation Center
Munich. Kidney Int 2007;71:1271–8. https://doi.org/10.1038/SJ.
KI.5002154.

[3] Cormier L, Lechevallier E, Barrou B, et al. Diagnosis and treatment of
prostate cancers in renal-transplant recipients. Transplantation
2003;75:237–9. https://doi.org/10.1097/01.TP.0000041785.38998.6C.

[4] Shand W, Huang L, Li L, et al. Cancer risk in patients receiving renal
replacement therapy: A meta-analysis of cohort studies. Mol Clin
Oncol 2016;5:315–25. https://doi.org/10.3892/MCO.2016.952.

[5] Stöckle M, Junker K, Fornara P. Low-risk prostate cancer prior to or
after kidney transplantation. Eur Urol Focus 2018;4:148–52.
https://doi.org/10.1016/J.EUF.2018.07.003.

[6] Vitiello GA, Sayed BA, Wardenburg M, et al. Utility of prostate
cancer screening in kidney transplant candidates. J Am Soc Nephrol
2015;27:2157–63. https://doi.org/10.1681/ASN.2014121182.

[7] Engels EA, Pfeiffer RM, Fraumeni JF, et al. Spectrum of cancer risk
among US solid organ transplant recipients. JAMA 2011;306:
1891–901. https://doi.org/10.1001/JAMA.2011.1592.

https://doi.org/10.1016/j.euros.2022.03.001
https://doi.org/10.1111/J.1600-6143.2007.02101.X
https://doi.org/10.1111/J.1600-6143.2007.02101.X
https://doi.org/10.1038/SJ.KI.5002154
https://doi.org/10.1038/SJ.KI.5002154
https://doi.org/10.1097/01.TP.0000041785.38998.6C
https://doi.org/10.3892/MCO.2016.952
https://doi.org/10.1016/J.EUF.2018.07.003
https://doi.org/10.1681/ASN.2014121182
https://doi.org/10.1001/JAMA.2011.1592


E U R O P E A N U R O L O G Y O P E N S C I E N C E 3 9 ( 2 0 2 2 ) 7 9 – 8 282
[8] Boissier R, Hevia V, Bruins HM, et al. The risk of tumour recurrence in
patients undergoing renal transplantation for end-stage renal disease
after previous treatment for a urological cancer: a systematic review.
Eur Urol 2018;73:94–108. https://doi.org/10.1016/J.EURURO.2017.07.
017.

[9] Liauw SL, Ham SA, Das LC, et al. Prostate cancer outcomes following
solid-organ transplantation: a SEER-Medicare analysis. J Natl
Cancer Inst 2020;112:847–54. https://doi.org/10.1093/JNCI/DJZ221.

[10] Cresp-Leiro MG, Pulpon LA, Prada JAV, et al. Malignancy after heart
transplantation: incidence, prognosis and risk factors. Am J Transplant
2008;8:1031–9. https://doi.org/10.1111/J.1600-6143.2008.02196.X.
aDepartment of Urology, University of Washington Medical Center, Seattle,
WA, USA

bDivision of Urology, Albany Medical College, Albany, NY, USA

* Corresponding author. Department of Urology, University of
Washington Medical Center, 1959 NE Pacific Street, Seattle, WA 98195,

USA. Tel. +1 206 7973722.
E-mail address: grschade@uw.edu (G.R. Schade).

https://doi.org/10.1016/J.EURURO.2017.07.017
https://doi.org/10.1016/J.EURURO.2017.07.017
https://doi.org/10.1093/JNCI/DJZ221
https://doi.org/10.1111/J.1600-6143.2008.02196.X
mailto:grschade@uw.edu

	Aggressive Prostate Cancer at Presentation Following Solid Organ Transplantation
	Appendix A Supplementary material
	References


