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Objective
To investigate whether post-transplantation
immunosuppression negatively affects prostate
cancer outcomes in male kidney transplant
recipients.

Patients and Methods
We used the Swedish Renal Register and the National
Prostate Cancer Register to identify all kidney
transplantation recipients diagnosed with prostate cancer
in Sweden 1998–2016. After linking these registers with
Prostate Cancer Database Sweden (PCBaSe), a case-
control study was designed to compare time period and
risk category-specific probabilities of a prostate cancer
diagnosis amongst kidney transplantation recipients
versus the male general population. The registers did not
include information about the specific
immunosuppression agent used in all transplantation
recipients. Data from PCBaSe were used to compare
prostate cancer characteristics at diagnosis and survival
for patients with prostate cancer with versus without a
kidney transplant. Propensity score matching, Cox
regression analysis and Fisher’s exact test were used and
95% confidence intervals (CIs) calculated.

Results
Almost half of the 133 kidney transplantation recipients were
transplanted before the mid-1990s, when PSA testing became
common. The transplant recipients were not more likely than
age-matched control men to be diagnosed with any (odds ratio
[OR] 0.84, 95% CI 0.70–0.99) or high-risk or metastatic
prostate cancer (OR 0.84, 95% CI 0.62–1.13). None of the ORs
for the different categories of prostate cancer increased with
time since transplantation. Cancer characteristics at the time of
diagnosis and cancer-specific survival were similar amongst
transplant recipients and the control group of 665 men
diagnosed with prostate cancer without a kidney transplant.

Conclusions
This Swedish nationwide, register-based study gave no
indication that immunosuppression after kidney transplantation
increases the risk of prostate cancer or adversely affects prostate
cancer outcomes. The study suggests that men with untreated
low-grade prostate cancer can be accepted for transplantation.
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Introduction
Active cancer has traditionally been considered a
contraindication for organ transplantation because of
concerns that the subsequent immunosuppressive therapy
might facilitate cancer progression, and register studies have
indeed shown increased incidence of and mortality from
some cancer forms in transplant recipients [1,2]. Many

transplant centres routinely screen men for prostate cancer
with serum PSA tests before considering them for a kidney
transplant [3,4]. For those men that are diagnosed with
localised prostate cancer, transplantation is typically
postponed until the cancer has been treated and the patient
has been recurrence-free for 2–5 years, even if the cancer is
of low-grade and would otherwise be managed with active
surveillance (AS) [5,6].
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A growing body of evidence suggests that low-grade prostate
cancer, graded according to modern criteria [7,8], is indolent
and lacks metastatic potential [9–11]. The practice of subjecting
men with low-grade prostate cancer to a radical prostatectomy
and prolonged subsequent follow-up before they can be
accepted for an organ transplantation, can therefore be
questioned, not least as longer time on dialysis is associated
with worse outcomes after kidney transplantation [12,13].

Subclinical prostate cancer is highly prevalent in middle-aged
and older men [14], even in those with a normal serum PSA
level and a clinically benign prostate [15]. It is therefore
reasonable to assume that, despite routine pre-transplantation
investigations to exclude prostate cancer, many male kidney
transplant recipients actually had an undetected prostate cancer
at the time of the transplantation. If post-transplantation
immunosuppression adversely affects prostate cancer
outcomes, the incidence of advanced and poorly differentiated
prostate cancer would thus be raised and the prostate cancer-
specific survival poor in kidney transplant recipients.

A large USA population-based study showed a similar
incidence of prostate cancer in solid organ transplant recipients
as in the general population [1]. Three other population-based
studies have been published: one from Australia and New
Zealand showing similar results as the USA study [16], and one
from Ireland and another from Switzerland, reporting a
substantially increased prostate cancer incidence in male
kidney transplant recipients [17,18]. None of these studies
differentiated between localised, low-grade prostate cancer
(that is most often detected after PSA testing) and advanced or
high-grade cancer (that is more likely to be lethal). Nor did
they account for time on immunosuppression treatment.

We used nationwide, population-based Swedish registers to
design a study that allowed for investigation of the
association between time on immunosuppression and the
probability of being diagnosed with any or advanced prostate
cancer. We also compared cancer-specific survival in patients
with prostate cancer with vs without a kidney transplant.

Patients and Methods
The study used several nationwide population-based registers.
The Swedish Renal Register (SNR) has collected data for all
kidney transplantations in Sweden since 1966 [19]. The
National Prostate Cancer Register of Sweden (NPCR) includes
the clinical characteristics at the time of diagnosis and
information about the primary treatment for all Swedish men
diagnosed with prostate cancer since 1998. The Prostate
Cancer database Sweden (PCBaSe) version 4, includes data up
until the end of 2016 from the NPCR and several other
nationwide registers with nearly complete capture rates
[20,21], not only for men diagnosed with prostate cancer and
registered in the NPCR but also for five control men per
prostate cancer case. The control men were not diagnosed with

prostate cancer on the day that their corresponding NPCR
case was diagnosed with prostate cancer. They were randomly
selected from the Swedish Register of the Total Population
among men that were born in the same year and were
residents in the same county as the NPCR case. A Charlson
Comorbidity Index (CCI) was determined for each man by
using the International Classification of Diseases (ICD)
discharge diagnosis codes in the In-Patient Register [22].

We did three separate analyses:

1. A case-control study was designed to investigate the
probability of being diagnosed with prostate cancer in male
kidney transplant recipients vs men without a kidney
transplant. Cases were all men in the NPCR that were
diagnosed with prostate cancer between January 1998 and
December 2016. The control group consisted of these cases’
five matched control men without prostate cancer in the
PCBaSe. The exposure was kidney transplantation. To
minimise bias from PSA testing of asymptomatic men,
which specifically raises the incidence of low-risk and of
low-volume intermediate-risk cancers, three separate
analyses were done: one using all cases diagnosed with
prostate cancer, another using cases diagnosed with non-
low-risk cancer (T3–4 and/or N1 and/or M1 and/or Gleason
Grade Group (GGG) 2–5, and/or PSA level ≥ 10 ng/mL),
and a third using cases diagnosed with high-risk non-
metastatic or metastatic disease only (T3–4 and/or N1 and/
or M1 and/or GGG 4–5, and/or PSA level ≥ 20 ng/mL). A
time period analysis was done to investigate whether the
odds ratios (ORs) increased over time after transplantation,
which would be expected if immunosuppression facilitates
progression of prostate cancer [23].

2. The distributions of prostate cancer grade and stage at the
time of diagnosis were compared for patients with prostate
cancer with vs without a kidney transplant. For each kidney
transplant recipient diagnosed with prostate cancer, five men
were selected from the NPCR that were diagnosed the same
calendar year in the same county at the same age and had a
similar duration of education (≤9, 10–12 or ≥ 12 years), but
who did not have any kidney transplantation before or after
their prostate cancer diagnosis.

3. The overall and prostate cancer-specific survival of kidney
transplant recipients diagnosed with prostate cancer were
compared with the survival of the same matched control
group of patients with prostate cancer as above.

The study was approved by the Ethics Review Board at
Uppsala University.

Statistics

In the case-control study that was done to assess the risk of
prostate cancer in kidney transplant recipients, bivariate ORs
with 95% CIs were calculated for the exposure (kidney
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transplantation) among cases (men with prostate cancer) vs
controls (matched men without prostate cancer).

Prostate cancer grade and stage distributions at the time of
diagnosis were compared for kidney transplant recipients’ vs
patients with prostate cancer without a kidney transplant. The
latter were selected from the PCBaSe using propensity score
matching with Caliper 0.1 on age, calendar year of diagnosis,
county of residence, and duration of education.

P values were calculated with Fisher’s exact test. Monte Carlo
simulation was used for calculation of the P values for
differences in the distribution of serum PSA levels at the time
of diagnosis. P values were calculated both with and without
Bonferroni correction for multiple testing.

Survival curves were constructed with the Kaplan–Meier
method and differences in survival analysed with the log-rank
test. The comparison group of men with prostate cancer but
no kidney transplant was matched for age, calendar year of
prostate cancer diagnosis, county of residence, and duration
of education. Multivariable Cox proportional hazards models
included GGG, T category, M category, and PSA level at the
time of diagnosis, and curative treatment planned within
6 months from the time of diagnosis. Five imputation sets
were pooled according to Rubin’s rule using R’s Mice package
(R Foundation for Statistical Computing, Vienna, Austria).
Hazard ratios (HRs) with 95% CIs were calculated.

R version 3.5.1 was used for statistical analysis, matching and
imputation.

Results
Among 185 579 men with prostate cancer in the NPCR, 133
(0.07%) had a kidney transplant before the date of their
prostate cancer diagnosis. Their median (interquartile range
[IQR]) age when they received the kidney transplant was
56 (48–62) years. The median (range, IQR) time from the
kidney transplantation to the prostate cancer diagnosis was
10 (0–41, 6–18) years. The clinical characteristics of the 133
kidney transplant recipients and of the comparison group of
665 matched men with prostate cancer but no kidney
transplant are shown in Table 1. Transplantation related data
for the 133 kidney transplant recipients are shown in Table 2.

Amongst the control group of 923 221 prostate cancer-free
men in the PCBaSe, 895 (0.1%) had a kidney transplantation
a median of 10 years before the date when they were
included in the PCBaSe (range 0–46, IQR 5–17 years). These
proportions yielded an OR of 0.84 (95% CI 0.70–0.99), which
means that the transplant recipients were 16% less likely to
be diagnosed with prostate cancer than the matched control
men. The ORs calculated for men with non-low-risk cancer
and for men with high-risk cancer were similar (Table 3).
The ORs did not increase with longer observation time after
the transplantation (Table 4).

The 133 transplant recipients that were diagnosed with
prostate cancer had more comorbidities than 665 matched
men with prostate cancer but no kidney transplant, but their
cancer characteristics at the time of diagnosis were similar
(Table 1). Slightly smaller proportions of the transplant
recipients had a PSA level of 3–9.9 ng/mL at diagnosis (41%
vs 53%) and had radical local treatment (37% vs 49%). These
differences were of borderline statistical significance (P = 0.03
and P = 0.02), but after Bonferroni correction for multiple
testing they were no longer statistically significant (P> 0.1).

Of the 133 kidney transplant recipients with prostate cancer,
12 died from prostate cancer during follow-up (median
9 years). Five of them had localised and seven locally
advanced or metastatic disease at the time of diagnosis. The
15-year prostate cancer-specific survival was similar for the
transplant recipients and the 665 men with prostate cancer
but no kidney transplants (Fig. 1). A multivariable Cox
regression analysis, adjusting for differences in cancer
characteristics, also showed no difference in survival between
patients with prostate cancer with vs without a kidney
transplant (HR for prostate cancer death 0.87, 95% CI 0.47–
1.62). However, overall survival was 3.7 years shorter for the
transplant recipients than for the comparison group of men
with prostate cancer but no kidney transplant (8.7 vs
12.5 years, P = 0.003; Fig. 1).

Discussion
The present nationwide, population-based study investigated
the probability of being diagnosed with any or advanced
prostate cancer in male kidney transplant recipients
compared with the general male population. The present
study also compared cancer characteristics and survival of
male kidney transplant recipients diagnosed with prostate
cancer vs patients with prostate cancer without a kidney
transplant. The results gave no indication of that
immunosuppression after kidney transplantation increases the
risk of prostate cancer or negatively affects prostate cancer
outcomes in transplant recipients.

Prostate cancer was slightly less commonly diagnosed in kidney
transplant recipients than in control men. The most likely
reason is that pre-transplantation investigations excluded some
men with prevalent prostate cancer, thereby making the
transplanted men a selected group with lower-than-average
probability of a prostate cancer diagnosis over the next few
years. The present study result that most strongly refutes a
prostate cancer-promoting effect of immunosuppression is the
absence of any indication of a more rapidly rising incidence of
high-risk prostate cancer over time amongst transplant
recipients than amongst control men, not even after> 9 years
of follow-up. In the Gothenburg screening study, prostate
cancer incidence and mortality were both reduced from the end
of screening up until 9 years thereafter [24]. It is thus highly
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unlikely that the selection bias introduced by pre-
transplantation investigations in our present study would affect
the probability of being diagnosed with a high-risk or
metastatic prostate cancer> 9 years after transplantation.

Some 20–40% of men in their fifties and sixties have a
subclinical prostate cancer [14], which often is missed by
investigations such as DRE, PSA tests and prostate biopsies

[15,25]. One can therefore assume that a substantial
proportion of the transplant recipients in our present study
had an undetected prostate cancer when they started
immunosuppression, despite pre-transplantation investigations
to exclude prostate cancer. Notably, half of the transplant
recipients were transplanted before the mid-1990s, when PSA
testing became common practice in Sweden [26]. Thus, the
transplant recipients in our present study with the longest

Table 1 Clinical characteristics of all 133 Swedish men who between 1998 and 2016 were diagnosed with prostate cancer after kidney transplantation,
and for a comparison group of men with prostate cancer without a kidney transplant, matched for age, year of prostate cancer diagnosis,
educational duration, and county of residence.

Clinical characteristics at
diagnosis and treatment
planned within 6 months
from diagnosis

Kidney transplant
recipients diagnosed
with prostate
cancer (n = 133)

Matched men with
prostate cancer but
no kidney transplant (n = 665)

P*

Age at prostate cancer diagnosis, years
Median (IQR) 65 (61–71) 66 (61–72)
<49, n (%) 0 (0) 13 (2)
50–69, n (%) 91 (68) 420 (63)
≥70, n (%) 42 (32) 232 (35)

CCI at the time of prostate cancer diagnosis
Median (IQR) 2 (2–3) 0 (0–0)

<0.0010, n (%) 16 (12) 529 (80)
1, n (%) 1 (1) 75 (11)
2, n (%) 59 (44) 37 (6)
3, n (%) 26 (20) 17 (3)
≥4, n (%) 31 (23) 7 (1)

Risk category, n (%)
Low risk 44 (33) 208 (31)

0.61Intermediate risk 37 (28) 201 (30)
High-risk non-metastatic 29 (22) 158 (24)
Distant metastasis 13 (10) 67 (10)
Missing 10 (8) 31 (5)

GGG, n (%)
GGG 1 67 (50) 307 (46)

0.49GGG 2 or 3 46 (35) 244 (37)
GGG 4 or 5 17 (13) 106 (16)
Missing 3 (2) 8 (1)

PSA level, n (%)
<3 ng/mL 10 (8) 26 (4)

0.033–9.9 ng/mL 54 (41) 351 (53)
10–19.9 ng/mL 29 (22) 115 (17)
20–99 ng/mL 26 (20) 108 (16)
≥100 ng/mL 8 (6) 52 (8)
Missing 6 (5) 13 (2)

Local T stage, n (%)
T1 73 (55) 360 (54)

0.08T2 39 (29) 182 (27)
T3 11 (8) 93 (14)
T4 3 92) 18 (3)
Missing 7 (5) 12 (2)

M stage, n (%)
M0 66 (50) 367 (55)

0.54MX 57 (43) 248 (37)
M1 10 (8) 45 (7)
Missing 0 (0) 5 (1)

Primary treatment, n (%)
AS or watchful waiting 51 (38) 175 (26)

0.02Radical prostatectomy 14 (11) 206 (31)
Radiotherapy 35 (26) 119 (18)
Androgen-deprivation therapy 28 (21) 147 (22)
Other/missing 5 (4) 18 (3)

*Without correction for multiple testing.
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follow-up were particularly likely to have a subclinical
prostate cancer when they started on immunosuppression.
We therefore argue that men on AS for a low-grade prostate
cancer in need of a kidney transplant do not need to undergo
a radical prostatectomy before transplantation. The latter is
particularly important, as longer time on dialysis not only
reduces quality of life but also impairs the outcome of a
subsequent transplantation and, indeed, shortens survival
[11,12]. Furthermore, our present results support the
conclusion from a recent systematic review that kidney

transplant recipients with localised prostate cancer should be
managed according to standard clinical guidelines [27].

Our present results, based on 133 prostate cancer cases, agree
well with the by far largest study of cancer incidence amongst
solid transplant recipients (1039 prostate cancer cases) [1],
with a meta-analysis of six studies published before 2015 [28],
and with a recent study from Australia and New Zealand (41
prostate cancer cases) [16]. At odds with these and with our
present study are two smaller studies: one Irish (34 prostate
cancer cases) and one Swiss (18 prostate cancer cases), which
reported a seven-fold and a four-fold higher prostate cancer
incidence in kidney transplant recipients compared with the
male population [17,18]. One explanation for the raised
incidence amongst Irish kidney transplant recipients is that
they, in contrast with Irish men in general, were routinely
offered PSA screening [17]. Neither the Irish nor the Swiss
study described the method for comparing the prostate
cancer incidence in kidney transplant recipients and in the
general male population, e.g., whether the analysis was
adjusted for differences in age, time period, or duration of
follow-up, which makes their results difficult to interpret.

In a recent report from the USA National Cancer Institute’s
Transplant Cancer Match study, solid organ transplant
recipients with localised prostate cancer had an adjusted HR
of 1.6 (95% CI 1.1–2.3) for prostate cancer death after radical
treatment [29]. Our present study included too few (five)
kidney transplant recipients who died from a prostate cancer
that was localised at the time of diagnosis to allow for a
subgroup analysis similar to the one in the USA study. In the
USA study, mortality from all cancer forms was analysed and
a very large number of subgroup analyses were done without
correction for multiple testing, so some of their statistically
significant results may be random chance findings. Of note, is
that prostate cancer mortality was not increased in men who
had non-curative treatment in the USA study. A nationwide
Irish study showed similar clinical outcomes for the 34 men
diagnosed with prostate cancer after kidney transplantation as
in the male Irish population [17]. However, even if transplant
recipients with radically treated localised prostate cancer do
have a 60% higher relative risk of dying from prostate cancer,
this would translate to a mere 1% absolute increase after
10 years [30]. Considering that over half of the men in our
present study died from other causes than prostate cancer
within 10 years, a 1% absolute risk increase of prostate cancer
death is of little clinical significance and does not outweigh
the negative effects of a longer time on dialysis if
transplantation is postponed. According to the SNR, the
annual overall mortality is 19% in patients on chronic dialysis
but only 3% in kidney transplant recipients [31].

A somewhat smaller proportion of men diagnosed with
prostate cancer after kidney transplantation had a PSA level in
the range 3–9.9 ng/mL at the time of diagnosis. The kidney

Table 2 Transplantation related data for all 133 Swedish men who were
diagnosed with prostate cancer after kidney transplantation between
1998 and 2016.

Variable Kidney transplant recipients
diagnosed with prostate
cancer (n = 133)

Calendar year at transplantation, n (%)
1969–1984 22 (17)
1985–1994 36 (27)
1995–2004 49 (37)
2005–2014 26 (20)

Age at transplantation, years
Median (IQR) 56 (47–63)
<30, n (%) 6 (5)
30–49, n (%) 38 (29)
50–69, n (%) 82 (62)
≥70, n (%) 7 (5)

Time from transplantation to prostate cancer diagnosis, years
Median (IQR) 10 (6–18)
<3, n (%) 16 (12)
3–6, n (%) 28 (21)
7–9, n (%) 15 (11)
9–12, n (%) 18 (14)
≥12, n (%) 56 (42)

Table 3 ORs for a prostate cancer diagnosis up to 47 years after
transplantation in Swedish male kidney transplant recipients, stratified by
clinical cancer characteristics at diagnosis.

Prostate cancer risk category OR (95% CI)

Any 0.84 (0.70–0.99)
Not low risk 0.81 (0.65–1.01)
High risk, including N1 and M1 0.84 (0.62–1.13)

The ORs were calculated in a case-control study including 185 579 men with prostate
cancer and 923 221 matched prostate cancer-free men in the PCBaSe.

Table 4 ORs for a prostate cancer diagnosis in Swedish male kidney
transplant recipients compared with matched control men from the
general population, stratified by follow-up time after the transplantation.

Years after transplantation OR for a prostate
cancer diagnosis
(95% CI)

<3 0.63 (0.39–1.01)
3–6 0.71 (0.45–1.14)
6–9 0.93 (0.62–1.39)
9–12 0.74 (0.46–1.20)
≥12 0.97 (0.74–1.27)
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transplant recipients were also somewhat less likely to receive
radical treatment than recently diagnosed patients with
prostate cancer without a transplant. These differences
probably reflect that kidney transplant recipients have a shorter
life-expectancy as a consequence of higher comorbidity burden,
more rapid progression of cardiovascular disease [32,33], and
deleterious side-effects of long-term immunosuppression [34].

Strengths of our present study include that it covers the
entire population of a whole country, the accuracy of the
Swedish registries (which rely on unique personal
identification numbers), the long-term follow-up, and the risk
category-specific analysis that minimised detection bias from
selective PSA testing.

Limitations include lack of exact information about the
proportion of kidney transplant recipients that were screened
for prostate cancer before transplantation, but since the mid-
1990s most Swedish transplantation centres recommend PSA
testing as part of the pre-transplant evaluation. Another
limitation is that we had no information about recurrence,
cancer progression or secondary treatment. The lack of
detailed information about the type of immunosuppressing
agents used means that we cannot rule out that long-term
treatment with some specific agents facilitates progression of
prostate cancer.

Conclusions
In the present nationwide study, the diagnosis of any and of
advanced prostate cancer, clinical prostate cancer

characteristics and prostate cancer-specific mortality were
similar amongst male kidney transplant recipients compared
with matched control men without a kidney transplant. The
probability of an advanced or poorly differentiated prostate
cancer did not increase more over time in transplant
recipients than in control men. Almost half of the
transplant recipients were transplanted before PSA testing
became part of the routine pre-transplantation evaluation
and more than half had been on immunosuppression
for >9 years. Immunosuppression after kidney
transplantation is thus unlikely to adversely affect prostate
cancer initiation or progression. This suggests that men on
AS for a low-grade prostate cancer can be accepted for
transplantation without first having to undergo radical
treatment for their cancer.
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