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Radiotherapy of prostate cancer in renal transplant recipients: single-center 
experience 
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This study analyzed the long-term outcomes of localized prostate cancer in renal transplant recipients after radiotherapy 
treatment - mainly brachytherapy. We retrospectively analyzed clinical data of renal transplant recipients between 2003 
and 2016 at a single tertiary center, and identified four patients with high serum PSA level during regular follow-up, 1-108 
months after primary renal transplantation. The mean age of patients with detected high serum PSA level with 9.25µg/l 
median was 59.05 years. All four patients had functioning grafts. To prove prostate cancer, they underwent trans-rectal 
prostate biopsy, with no complications. Histological evaluation identified prostate adenocarcinoma (Gleason 6-7, stage 
T1-2cN0M0) in three patients. The biopsy in the fourth patient was negative and he therefore had trans-urethral prostate 
resection. Histological evaluation of resected prostate tissue revealed prostate adenocarcinoma (Gleason 7, 4+3). All 
patients began treatment with androgen deprivation therapy. Three patients were indicated for permanent prostate brachy-
therapy (BT) with iodine-125 (125I) seeds and the trans-urethral resection patient was referred for external beam radio-
therapy (EBRT). After a mean follow-up of 49 months (range, 30-73), all patients, irrespective of type of radiotherapy, were 
in complete clinical and biochemical remission, with undetectable PSA levels. The kidney grafts remained functional, with 
a mean creatinine level of 99 µmol/l (range 64-123) and a glomerular filtration rate of 1.17 ml/s/1.73 m2 (range, 0.89-1.59). 
Radiation-induced late adverse effects were reported in two BT patients; one had clinically significant urine incontinency 
and the other suffered urethral stricture. Localized prostate tumor was identified in all reported patients, and all received 
radiotherapy plus androgen deprivation. All patients were disease-free at the time of the last follow-up. Therefore, combined 
BT and twelve months androgen deprivation appears both safe and effective for patients with prostate cancer after kidney 
transplantation. 
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Prostate cancer (PCa) is the second most common solid 
malignancy in males; with recorded 54.9/100 000 per year 
Slovak incidence in 2010 [1]. Compared with age-matched 
controls in the general population, transplant recipients have 
increased risk of a variety of malignancies due to risk factors 
such as patient-, transplant- and medication-related aspects. 
According to a recent meta-analysis by Shang et al., the 
pooled standardized incidence rate for PCa is more frequent 
than in the general population [2]. A Slovak multi-center 
analysis of cancer occurrence in renal transplant recipients 
revealed that PCa ranked sixth, with an incidence of 9.4% [3].

Currently, Slovakia publishes no specific guidelines or 
consensus regarding prostate cancer screening in patients 

after kidney transplantation. However, the European Associ-
ation of Urology advises use of general population guide-
lines, with an annual test for prostate-specific antigen (PSA) 
and a digital rectal exam for all male patients aged 50 years 
and over who have an expected life span of at least 10 years 
[4]. There are several possibilities for PCa management, 
including active surveillance, surgery and radiotherapy, with 
or without androgen deprivation therapy; but there is no 
clear evidence to suggest the best choice. Therefore, decisions 
on PCa treatment are highly preference-sensitive and require 
shared decision-making to ensure that the preference of each 
patient is met [5]. Management of localized PCa in renal 
transplant recipients is challenging because of long-term 
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immuno-suppression, often using drugs and regimens that 
are not optimal for the patient. Consideration must also 
be given to possible treatment-induced injury to the trans-
planted kidney and ureter located in the iliac fossa. Irradia-
tion of localized PCa is not usually an option for the general 
population because of the post-radiation risks which include 
urethal stenosis and gastrointestinal toxicity.

Trans-perineal interstitial permanent prostate brachy-
therapy (BT) is a minimally invasive approach to treating 
localized PCa, and although it also has a favourable toxicity 
profile there is little data on BT utility in renal trans-
plant patients. This paper therefore analyzes the long-term 
outcomes of radiotherapy (mainly BT) treatment of local-
ized prostate cancer in renal transplant recipients. Results are 
then discussed in co-ordination with non-systematic litera-
ture reviews.

Patients and methods

Patients. Transplant recipients were reviewed between 
2003 and 2016; with 516 renal transplantations performed 
at a single tertiary center. Patients with cadaveric and living 
kidney transplants were analyzed, and all patients were 
followed up by transplant physicians each 6 months – and 
more frequently if clinically indicated. Follow-up evaluation 
included basic clinical examination, laboratory parameters 
and kidney ultrasound. All Slovak renal transplant recipi-
ents undergo annual PCa screening from 50 years of age; the 
tests include measurement of serum prostate-specific antigen 

(PSA) levels and a digital rectal examination. Patients with 
elevated PSA undergo a prostate biopsy under trans-
rectal ultrasound guidance. If PCa is diagnosed, a decision 
regarding further treatment is made by a multidisciplinary 
team comprising a uro-oncologist, a radiation oncologist 
and a transplant physician. Treatment decisions are based on 
the patient’s particular circumstances and preferences, but 
they also depend on clinical staging and the patient’s overall 
clinical condition. Following PCa diagnosis and treatment, 
patients were followed up every 3 months to assess clinical, 
biochemical and radiology signs of local recurrence or distant 
metastasis. All data was analyzed retrospectively; and no 
patients missed their follow-up procedures after diagnosis.

Radiotherapy treatment. BT implantation was performed 
under general anesthesia in an operating theatre. The patients 
were placed in the dorsal lithotomy position and the median 
operative time was 105 min. Guided by trans-rectal ultra-
sound, and depending on prostate size, 40 to 48 radioac-
tive (125I) seeds (model BebigS17/S06), with prescribed low 
145.0 Gy dose and single grain activity on the application day 
of 0.5–0.555 mCi were injected through the perineum and 
into the prostate (Figure 1).

The dose rate, measured 30cm ventrally from the small 
pelvis, was up to 1.0 μSv/h. All three patients recovered 
quickly and were discharged within 48 hours. The dose from 
the permanent prostate implant was delivered over several 
months with decreasing dosage. Although the actual radio-
biological effect on the organ cannot be calculated simply, 
the maximum dose to the transplanted kidney was approxi-

Figure 1. Orthogonal CT view of patient after kidney transplantation showing the long distance from the transplanted kidney to the prostate with 
permanent implantation. The 3D model showing organs: bladder (M), transplanted kidney (K), prostate (P), and rectum (R).
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mately 10.2% of the prescribed dose (145.0 Gy LDR). This 
was used because of the very steep gradient in the BT dose 
and it preserved transplanted organ function. Treatment 
with the LH-RH agonist continued for 1-year post-brachy-
therapy (BT).

Patient with contra-indications for BT due to trans-
urethral prostate resection underwent radical external beam 
radiotherapy with 3D CRT (3-dimensional conformal radio-
therapy), with a dose of 74 Gy to the prostate. The maximum 
dose received by the transplanted kidney was 2.33 Gy. 

Results

Four renal transplant patients (mean age, 59.05 years; 
range, 56.0–62.8) who underwent annual follow-up due to 
increased serum PSA level were identified. This occurred 
1–108 months after primary renal transplantation (2011–
2014). Immunosuppressive therapy remained unchanged 
after PCa diagnosis in three of these patients, and this 
consisted of sirolimus plus corticosteroids or a combination 
of tacrolimus, mycophenolate mofetil and corticosteroids. 
The remaining patient was switched from tacrolimus plus 
mycophenolate mofetil to sirolimus plus corticosteroids. No 
patient had previous cancer diagnosis, all had functioning 
grafts and we observed no change in graft function after 
changing medication. One patient experienced acute graft 
rejection 2 months after transplantation, and this was treated 
with rituximab combined with immunoglobulins and 
plasmapheresis. Table 1 lists the patients’ demographic and 
clinical characteristics.

Despite maintenance immuno-suppressive therapy, all 
patients underwent a trans-rectal prostate biopsy under 
antibiotic prophylaxis, with no complications. Histological 
evaluation identified prostate adenocarcinoma (Gleason 

6–7, stage T1-2cN0M0) in three patients, and the remaining 
patient returned a negative PCa biopsy. Despite this, his 
serum PSA was elevated and he underwent trans-urethral 
prostate resection. Histological evaluation of the resected 
organ revealed incidental localized prostate adenocarcinoma 
(Gleason 7, 4+3).

Treatment with a luteinizing hormone-releasing hormone 
(LH-RH) agonist was begun in all patients and they were 
referred to a radiation oncologist. Three patients were 
referred for BT with iodine-125 (125I) seeds and the patient 
with incidental pCa diagnosed after trans-urethral resection 
was referred for external beam radiotherapy (EBRT).

After a mean follow-up of 49 months (range, 30–73) 
from radiotherapy, seed implantation or EBRT, all patients, 
irrespective of type of radiotherapy, were in complete 
clinical and biochemical remission, with undetectable 
PSA level. The kidney grafts remained functional, with a 
mean creatinine level of 99 µmol/l (range, 64–123) and 
a glomerular filtration rate of 1.17 ml/s/1.73 m2 (range, 
0.89–1.59). Although there was no acute rejection from 
altered immunosuppressive therapy or PCa treatment, 
radiation-induced late adverse effects were reported by 
two of the BT patients. Compared with baseline measure-
ments, one patient experienced clinically significant 
urgent urinary incontinence (Radiation Therapy Oncology 
Group (RTOG) grade 1–2) and treatment with the potent 
β3-adrenoceptor agonist mirabegron was ineffective. The 
remaining BT patient had to undergo optic urethrec-
tomy due to urethral stricture 30 months after BT. This 
may have been caused by repeated ureteroscopies before 
CaP diagnosis. Urinary function in the other two patients 
returned to baseline levels, and none of the four patients 
experienced significant baseline changes in bowel function 
or kidney graft injury.

Table 1. Patient demographic and clinical characteristics.

Clinical characteristics Patient 1 Patient 2 Patient 3 Patient 4
Age at the time of PCa diagnosis (years) 56.0 57.8 62.8 59.6
Time after renal transplantation (months) 108 6 1 38
Type of graft donor Living unrelated Deceased Deceased Deceased 
Aetiology of kidney failure unknown TIN TIN FSGS
Type of dialysis Hemo Hemo Hemo Hemo
Time of dialysis (months) 3 21 15 36
Gleason score 6 (3+3) 6 (3+3) 7 (4+3) 6 (3+3)
Clinical stage T1cN0M0 T2cN0M0 T2cN0M0 T2cN0M0
PSA at the diagnosis (µg/l) 8.94 12.24 7.82 9.55
Immunosuppression at the time of PCa diagnosis SIR+KS TAC+MMF TAC+MMF+KS TAC+MMF+KS
Immunosuppression after diagnosis of PCa SIR+KS SIR+KS TAC+MMF+KS TAC+MMF+KS
Type of radiotherapy BT BT EBRT BT
Androgen deprivation therapy Yes Yes Yes yes

PCa= prostate cancer; PSA= prostate specific antigen; TIN= tubuloinerstitial nephritis; FSGS= focal segmental glomerulosclerosis; SIR=sirolimus; TAC= 
tacrolimus; KS= corticosteroids; MMF= mycophenolate mofetil; BT=brachytherapy; EBRT=external beam radiotherapy
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radiotherapy was 2.33 Gy. The survival rate of all patients 
undergoing BT, in both our study and others, is 100%. We 
also experienced no graft loss or changes in renal function 
after PCa treatment, and this is supported by other studies.

Although immuno-suppression has been implicated in 
malignant cell growth, it is uncertain if prostate cancer runs 
a more aggressive course in renal transplant recipients [12], 
but androgen deprivation therapy also has a crucial role in 
the radio-therapeutic management of intermediate- and 
high-risk PCa [13]. To our knowledge, this is the first study 
that focuses on a series of kidney transplant patients with 
prostate cancer treated with a combination of radiotherapy, 
either EBRT or BT, and androgen deprivation therapy (deliv-
ered over 12 months), which resulted in long-term prostate 
cancer clinical remission.

Several phase 3 randomized trials showed that combined 
treatment increases overall survival of patients with locally 
advanced disease compared to radiation therapy alone. 
The European Organization for Research and Treatment of 
Cancer found that 74% of surviving patients in the combined 
treatment group were free of disease after 5 years compared 
with 40% in the radiation only group (p=0.001) [14]. Pilepich 
et al. then performed trialed androgen suppression therapy 
and found that it improved overall survival in the combined 
androgen deprivation and radiotherapy group, with an 
estimated 10-year absolute survival rate of 53% versus 38% 
for the radiation only group (p=0.004) [15]. In contrast, it is 
long accepted that androgen deprivation therapy in patients 
with PCa can have side effects; including reduced libido, 
impotence, decreased lean body mass, increased fat mass, 
increased insulin resistance, and osteoporosis [16, 17]. It is 
most important then to minimize morbidity by exercising 
caution when prescribing androgen suppression with radio-
therapy; particularly in older men and those with cardio-
vascular disease.While we analyzed all patients who had 
renal transplantation at our center between 2003 and 2016 

Discussion

Treatment of PCa in renal transplant recipients is quite 
challenging because of the anatomical and clinical manage-
ment-related issues; including the position of the graft in the 
iliac fossa, immunosuppression to prevent graft rejection and 
a lack of knowledge of natural cancer history.

This study at a single transplant center in Slovakia reports 
our experience of combined radiotherapy and androgen 
deprivation as PCa treatment in renal transplant recipi-
ents. In general, individuals diagnosed with PCa receive BT 
because this treatment has excellent long-term outcomes, 
including a high level of local disease control, high rates of 
disease-free survival, low invasiveness and a low incidence of 
acute and late toxicity [6]. 

A recent review of treatment approaches in renal trans-
plant recipients with diagnosed PCa reports that the most 
frequent treatment is surgery (n=186), with overall survival 
rates of 96.8% [7]. Further, only 20 renal transplant recipients 
with PCa undergoing brachytherapy treatment have been 
reported in the literature (Table 2); and all as solo therapy 
[8–12]. Herein, we report our experience with four patients 
diagnosed with PCa after renal transplantation and under-
going radiotherapy treatment (three had BT and one had 
external beam radiotherapy). 

Because kidneys are inherently radiosensitive (even to 
modest doses), there are potential problems specific to renal 
transplant recipients; these include radiation nephritis and 
ureteric strictures [13]. Dosage for prostate BT with 125I 
drops off rapidly at approximately 2.5cm distance from the 
prescribed 100% isodose to 10%. Only 1% of the prescribed 
dose is detectable at a distance of 6.0 cm. The calculated 
maximum dose received by the transplanted kidney after 
BT ranged from 0.1–0.2% of the prescribed dose of LDR BT 
due to the low dose rate (several months of radiation and 
radio-biologically negligible), whereas that after external 

Table 2. Brachytherapy treatment of prostate cancer in the literature.

Study
Pts Age

(years) a

Time
after Txb

(months)
Gleason Clinical 

stage

Mean 
follow up
(months)

Adverse events BR GF

Pettenati et al. 2016 [8] 3 69.33±1.25 15(12-134) 6 (n=3) T1c (n=1)
T2a (n=2)

47 one patient voiding symptoms 
12 months after BT

free No alteration

Beydoun et al. 2014 [9] 4 64(61-66)c 13(6-17) 7 (n=3)
8 (n=1)

T1c (n=3)
T2a (n=1)

44 no free No alteration

Coombs et al. 2012 [10] 3 62.53±7.41 10(5-28) 7 (n=2)
6 (n=1)

Not clear 90 no free No alteration

Iizuka et al. 2016 [11] 2 62.5±8.5 16(4-26) 6 (n=1)
9 (n=1)

T1c (n=2) 45 no free No alteration

Rivero-Belenchon et al. 
2018 [12]

8 64.4±7.5 6.6±6.1a 6 (n=8) T1c (n=7)
T2a (n=1)

48 no free No alteration

Pts – number of patients, Time after Tx – time after renal transplantation, BR – biochemical recurrence, GF - graft function, amean±SD, bmean (range), 
cmedian (range)
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(n= 516) and included all patients with diagnosed prostate 
cancer, we acknowledge the limited sample size of the study 
cohort. The number of included patients also prohibited a 
priory calculation of the sample size necessary to yield suffi-
cient statistical power.

In conclusion, all reported patients presented with local-
ized tumors and received radiotherapy plus androgen depri-
vation. All were disease-free at the time of the last avail-
able follow-up. Therefore, combined BT and twelve months 
androgen deprivation appears both safe and effective for 
patients following kidney transplantation.
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