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Abstract: Prostate cancer (PCa) is a low tumor mutational burden (TMB) cancer with a poor response
to immunotherapy. Nonetheless, immunotherapy can be useful, especially in metastatic castration-
resistant PCa (mCRPC). Increased cytotoxic T lymphocytes (CTLs) density is correlated with a shorter
overall survival (OS), an early biochemical relapse, and a generally poor PCa prognosis. An increased
number of CCR4+ regulatory T cells (CCR4 + Tregs) relates to a higher Gleason score or earlier
progression. The same therapeutic options are available for renal transplant recipients (RTRs) as
for the population, with a comparable functional and oncological outcome. Radical retropubic
prostatectomy (RRP) is the most common method of radical treatment in RTRs. Brachytherapy and
robot-assisted radical prostatectomy (RARP) seem to be promising therapies. Further studies are
needed to assess the need for prostatectomy in low-risk patients before transplantation. The rate
of adverse pathological features in RTRs does not seem to differ from those observed in the non-
transplant population and the achieved cancer control seems comparable. The association between
PCa and transplantation is not entirely clear. Some researchers indicate a possible association between
a more frequent occurrence of PCa and a worse prognosis in advanced or metastatic PCa. However,
others claim that the risk and survival prognosis is comparable to the non-transplant population.

Keywords: prostate cancer; transplant; immunosuppression; progression; metastatic prostate cancer

1. Introduction
1.1. Prostate Cancer in Immunocompromised Patients—Pathophysiology and Mechanisms
of Development

The mechanism lying behind the increased risk of cancer development and progression
in immunocompromised individuals has been described as a result of the cross-talk between
the host immune system and the tumor microenvironment (TME).

The TME consist of many different types of cells that can be found within the tumor
margins and distant tumor locations. Although it is believed to bear poor immunogenicity,
prostate cancer develops a unique TME with an improper amount and/or function of im-
mune cells compared to normal prostate tissue [1]. The most potent effectors in the immune
response against cancer are CD8+ cytotoxic T lymphocytes (CTLs) [2]. It is important to
note that the increased presence of CTLs within tumor margins is an optimistic prognostic
factor in many solid tumors, and a number of studies show a correlation between elevated
CD8+ CTLs and better prognosis [3,4]. However, the TME of typical PCa features decreased
CTL infiltration [5]. Furthermore, PCa is an interesting example in which an increased
CTL density correlates with a shorter overall survival (OS), early biochemical relapse, and
generally poor prognosis [6,7]. The causes of this dysfunctional activity of CTLs are not
clear at this time and requires further research. Another T lymphocyte subpopulation
which is a part of the TME is regulatory T lymphocytes (Tregs). In normal tissue, these cells
suppress the immune system response and prevent its overactivity. Furthermore, Tregs
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show immunosuppressive activity also in tumor tissue, limiting the anti-tumor response of
other immune cells, including CTLs [8]. FOXP3+ Tregs are present within tumor margins
in most PCa cases, with a significantly higher burden when compared to healthy tissue [9].
Additionally, there is a correlation between a higher infiltration of FOXP3+ Tregs and
shorter progression-free survival (PFS) and shorter OS [10]. Another report shows that an
increased number of CCR4+ Tregs correlates with a poor prognosis, more advanced clinical
stage of PCa, higher Gleason score, earlier progression, and shorter survival time [11].
B cell infiltration and density are also increased in the typical PCa TME [5]. Notewor-
thy, although the B cell density does not correlate with the baseline PCa characteristics,
it becomes significantly higher in patients experiencing recurrence or progression [12].
One of the most noticeable innate immune cell types infiltrating PCa is the macrophage.
Macrophages can present with two different types of activity—classic, proinflammatory
activity (M1) or immunosuppressive activity (M2), with M2 macrophages expressing vari-
ous immunosuppressive chemokines and cytokines (e.g., TGF-β, CCL17, CCL22, CCL24,
IL-10) resulting in the recruitment of Tregs and inhibition of CTLs [13]. Some studies show
increased numbers of both M1 and M2 macrophages in tumor tissue compared to normal
tissue [5]. However, another report suggests that in PCa, the majority of tumor-infiltrating
macrophages are M2 macrophages [14]. This study also shows that high infiltration of M2
macrophages correlates with a worse prognosis. Additionally, other reports present similar
results showing that in general, the increased infiltration of macrophages within the PCa
tissue is associated with a poor prognosis [15,16]. Another group of cells participating in
creating the TME of PCa are cancer-associated fibroblasts (CAFs). Chronic inflammation
within the tumor tissue activates CAFs, which leads to monocyte recruitment and promotes
their differentiation into immunosuppressive M2 macrophages [17]. Interestingly, M2
macrophages can affect CAFs leading to their increased reactivity, which creates positive
feedback and results in suppressing the anti-tumor response and CTL activity [17].

Immunosuppression can interact with the immune aspects of PCa pathophysiology
and its natural history in a large spectrum of patterns. As shown in the previous part, the in-
teractions between the immune system and PCa are complex and it is hard to determine how
immunosuppression impacts PCa development. The main agents used for pharmacological
immunosuppression are calcineurin inhibitors (CNIs, e.g., cyclosporine A, tacrolimus),
mammalian target of rapamycin (mTOR) inhibitors (e.g., sirolimus and everolimus), an-
timetabolites (e.g., azathioprine and mycophenolate), and glucocorticoids [18].

Immunosuppressive therapy affects mainly cell-mediated immunity, decreasing the
activity of T cells. It is especially important in cancer with immunosuppressive TME, such
as PCa. Studies show that immunosuppression may affect the incidence of post-transplant
neoplasms [19]. However, there is no unambiguous evidence of an increased incidence of
PCa in the immunocompromised population. CNIs suppress the immune system function
by inhibiting the interleukin 2 production, leading to reduced CTL activity [20]. Azathio-
prine and mycophenolate inhibit de novo purine synthesis, blocking B and T lymphocyte
proliferation, including CTL proliferation [20]. Decreased CTL activity and proliferation
may lead to the decreased CTL infiltration of PCa tissue and potentially exacerbate the
immunosuppressive character of the PCa TME. The improper function of CTLs may po-
tentially lead to the faster loss of immune surveillance and faster progression of PCa.
However, as was highlighted in previous section, CTLs’ influence on the PCa prognosis
is inconclusive. Thus, it is hard to define the impact of decreased CTL activity on PCa
development. It has been speculated that PCa carcinogenesis can be associated with chronic
inflammation [21]. Based on that, immunosuppressive agents might theoretically prevent
PCa carcinogenesis in some individuals by inhibiting the inflammatory response. Also,
some immunosuppressive drugs demonstrate anti-tumor activity. Cyclosporine A and
tacrolimus can potentially inhibit PCa cell proliferation, migration and invasion in both
hormone-naïve and castration-resistant PCa [22]. Everolimus can sensitize PCa cells to doc-
etaxel, and combined with docetaxel can decrease the production of vascular endothelial
growth factor (VEGF) by PCa cells [23,24]. Glucocorticoids, on that matter, can potentially
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reduce tumor growth by blocking angiogenesis due to VEGF gene inhibition [25,26]. The
reduction in VEGF production potentially inhibits tumor angiogenesis in PCa. Finally, it
has been suggested that mycophenolate mofetil might reduce the invasive behavior of PCa
cells [27]. These data suggest that definite conclusions on the influence of immunosuppres-
sion on the development of PCa are still hard to draw.

It is also worth mentioning that the post-COVID era has yielded several observational
reports providing a significant amount of evidence of its impact on the RTR population.
The presence of ACE2 receptors in the kidneys allows the binding of SARS-CoV-2’s spike
proteins, leading to endocytosis [28]. The resulting cytokine storm, triggered by the body’s
exaggerated response to the virus, can affect not only the lungs but also the kidneys [29,30].
Studies have indicated that RTRs face an elevated risk of acute kidney injury (AKI) and
often require dose adjustments for immunosuppressive medications [31–34].

1.1.1. PCa as “Immunologically Cold” Neoplasm

Along with advances in immunotherapy, PCa has been initially described as an “im-
munologically cold” neoplasm based on its modest immunoreactivity and poor response
to immune checkpoint inhibitors (ICIs) [35]. Possible biological mechanisms that make
PCa unresponsive to immunotherapies are the immunosuppressive TME, low tumor muta-
tional burden, loss of MHC class I expression, mutations in specific genes, and low PD-L1
expression [36,37]. Low CTL infiltration combined with the high infiltration and activity
of M2 macrophages and Tregs create a highly immunosuppressive TME, resulting in the
inhibition of anti-tumor CTL activity. The tumor mutational burden (TMB), defined as the
number of somatic nonsynonymous mutations per megabase, has been shown to differ
among different types of cancer. A high TMB is associated with a high cancer neoantigen
expression, while a low TMB correlates with a low cancer neoantigen expression [36]. A
low neoantigen expression on tumor cells results in a poorly immunogenic cancer [38]. The
TMB is also a prognostic factor for the clinical response to ICI treatment and there is a cor-
relation between a higher TMB and better OS among cancer patients treated with ICIs [39].
PCa is a low TMB cancer [40]. In comparison to PCa, high TMB cancers, such as melanoma
or bladder cancer, have a good response to ICIs [39,40]. Consequently, clinical samples and
metastatic PCa cell lines both exhibit a decrease in MHC Class I expression, which may
indicate that this mechanism participates in creating the cold TME of PCa [41,42]. Finally,
regarding the checkpoint inhibition of PD-1/PD-L1, which strongly correlates with the
expression of target antigens, PCa cells present with a low expression of PD-L1 [43].

1.1.2. Immunotherapy in PCa—Defining the Subset of Immunoreactive PCa Patients

Several immunotherapies have been developed and successfully implemented in PCa,
in particular in the metastatic, castration-resistant setting. For instance, sipuleucel-T is a
therapeutic cancer vaccine, consisting of autologous peripheral dendritic cells collected
from blood by leukapheresis. These cells are then incubated ex vivo with a recombinant
fusion protein (PA2024) composed of prostatic acid phosphatase (PAP) and GM-CSF, al-
lowing them to activate PAP-specific CTLs. This therapy was registered by the Food
and Drug Administration (FDA) as a treatment of metastatic castration-resistant PCa
(mCRPC). A double-blind, placebo-controlled, multicenter, phase III trial (IMPACT) of
mCRPC treatment showed that the median OS was 4.1 months longer in the sipuleucel-T
group compared to the placebo group (25.8 month vs. 21.7 months; hazard ratio (HR), 0.77;
p = 0.02) and the 36-month survival probability was also better in the sipuleucel-T group
than in the placebo group (31.7% vs. 23.0%) [44]. Moreover, a further analysis of these
data showed that the best effects of the treatment were associated with lower PSA serum
levels. According to researchers, it suggests that patients with less advanced mCRPC may
be better targets for sipuleucel-T treatment [45]. In another review, researchers suggest that
it might be due to a more active immune system and less immunosuppressive TME in the
early stage mCRPC [46].
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Another cancer vaccine that could be potentially used for PCa treatment is PROSTVAC.
PROSTVAC is a drug composed of two live poxviral-based vectors that contain the PSA
gene and three costimulatory molecules for T cells (TRICOM): B7.1, ICAM-1, and LFA-3. A
phase II randomized, controlled, and blinded clinical trial for the treatment of mCRPC with
PROSTVAC showed promising results. In this trial, 82 patients received PROSTVAC with
GM-CSF and 40 received empty vectors (control group). Although there was no significant
difference in the PFS, there was a better median survival (25.1 vs. 16.6 months), OS at
3 years post-treatment (30.5% vs. 17.5%) and the estimated hazard ratio was 0.56 (95% CI,
0.37 to 0.85; p = 0.0061) compared to the control group [47]. However, further randomized,
double-blind, placebo-controlled phase III trials for the mCRPC treatment did not confirm
the previous results. There was no significant difference in the primary and secondary
endpoints between the PROSTVAC and placebo groups [48].

In the phase II trial, another vaccine consisting of myeloid and plasmocytic den-
dritic cells (mDCs, pDCs) was administered to the group of 21 patients with asymp-
tomatic/minimally symptomatic, chemotherapy-naïve, castration-resistant prostate cancer
(CRPC). DCs present in vaccines were loaded with tumor-associated antigens: NY-ESO-1,
MAGE-C2, and MUC1. Patients were randomly assigned to three groups treated with the
mDCs vaccine, pDCs vaccine, and mDCs-pDCs combined vaccine, respectively. No signif-
icant difference in the radiological PFS (rPFS) between the treatment groups was found.
Tumor antigen-specific (dm+) and IFN-γ expressing (IFN-γ+) T cells were detected in 5 of
13 (38%) radiological non-progressive patients and in 0 of 8 (0%) radiological progressive
patients. Moreover, the dm+ and IFN-γ+ patients presented with a better rPFS compared
to the dm- or IFN-γ- patients (18.8 months vs. 5.1 months, p = 0.02) [49].

DCVAC/PCa is an immunotherapy based on dendritic cells that activate an anti-
tumor immune response. A phase I/II trial of DCVAC/PCa treatment of mCRPC presented
promising results, with an improved OS and the increased presence of PSA-specific T
cells [50]. However, the phase III trial did not meet previous outcomes and no significant
differences in any primary or secondary endpoints were found [51].

ICIs are a group of monoclonal antibodies targeting and blocking immune checkpoint
proteins (CTLA-4, PD-1, PD-L1) which increase CTLs’ cytotoxic response against tumor
cells. Ipilimumab, a CTLA-4 inhibitor, was used in several phase III trials of mCRPC treat-
ment. In one trial, ipilimumab following radiotherapy was administered to patients with
mCRPC after the failure of previous docetaxel therapy. Although there was no significant
difference in the OS between ipilimumab plus radiotherapy and placebo plus radiotherapy
groups, the PFS was significantly higher in the ipilimumab group [52]. However, the pro-
longed observation of these patients and further analysis of this trial showed a significant
improvement in the OS in the ipilimumab group [53]. In another trial, ipilimumab was
administered to patients with asymptomatic/minimally symptomatic, chemotherapy-naïve
mCRPC. Similar to the previous study, there was no significant difference in the OS but
the median PFS was higher in the ipilimumab group (5.6 months vs. 3.8 months) [54]. In
the phase II trial, pembrolizumab (PD-1 inhibitor) was used as a monotherapy in mCRPC
patients treated previously with docetaxel and targeted endocrine therapy. There were
three cohorts in this study: PD-L1+ with measurable disease, PD-L1- with measurable dis-
ease, and bone-predominant, respectively. The best OS, disease control rate, and the most
satisfying anti-tumor activity were found in the bone-predominant cohort. Additionally,
the objective response rate (5% vs. 3%) and OS (9.5 months vs. 7.9 months) were higher in
the PD-L1+ cohort when compared to the PD-L1- cohort [55]. Moreover, a retrospective
study assessing the correlation between the TMB and pembrolizumab treatment efficiency
showed that a TMB ≥ 175 mutations/exome is associated with a greater efficiency of
pembrolizumab monotherapy and better outcomes compared to chemotherapy in many
advanced solid tumor types, including mCRPC [56]. Another phase II trial checked the
efficiency of avelumab (PD-L1 inhibitor) as a treatment for progressive neuroendocrine
or aggressive-variant metastatic prostate cancer (NEPC/AVPC). Out of the 15 patients
enrolled on this trial, only one (6.7%) experienced complete remission. Importantly, this
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patient had an MSH2 somatic mutation, a high TMB (73 mut/Mb) and a high microsatellite
instability status. Additionally, the flow cytometry results from this patient with com-
plete remission presented qualitatively increased levels of NKT cells, PD-1+ helper T-cells,
CXCR2+ CTLs, and decreased levels of CXCR2+ monocytes, which suggest enhanced
CXCR2-dependent myeloid and T-cell responses in this exceptional responder. Except for
this unique individual, the rest of the patients (microsatellite stable) experienced stable or
progressive disease with a poor efficacy of the treatment [57].

In the phase II clinical trial, sipuleucel-T combined with ipilimumab (CTLA-4 inhibitor)
was used as a treatment for asymptomatic/minimally symptomatic, chemotherapy-naïve
mCRPC patients. Fifty patients initially received three doses of sipuleucel-T and then
were divided with randomization into two groups. The first group (26 patients) received
ipilimumab immediately after the last dose of sipuleucel-T, and in the second group
(24 patients), ipilimumab treatment was delayed by 3 weeks. Six patients responded to
the treatment, with a reduction in serum PSA levels of at least >30%. The median OS was
31.9 months, the median rPFS was 5.72 months, and there were no significant differences
between these groups in these parameters. Interestingly, the patients that responded to
the treatment presented with a significantly decreased expression of CTLA-4+ on T-cells,
compared to other patients. This difference was present even prior to the treatment.
Moreover, this lower CTLA-4 expression correlated with prior radiotherapy of the prostate
or prostatic fossa. Prior radiotherapy also correlated with a better rPFS [58]. However,
in another phase II trial, 51 patients with mCRPC received sipuleucel-T treatment with
or without prior radiotherapy and there was no significant difference in any parameter
between those groups. Radiotherapy did not enhance the immunological response to
sipuleucel-T treatment in this trial [59].

In another trial, patients with mCRPC treated with sipuleucel-T were randomly as-
signed to two groups: the observation group and the IL-7 group that received recombinant
human IL-7 (rhIL-7). Although, there was no significant difference in the clinical outcomes
(rPFS, OS) between those groups, rhIL-7 treatment caused the increased expansion of CD4+
and CD8+ T cells, and CD56bright natural killer cells [60].

Cetuximab is a monoclonal antibody that inhibits epidermal growth factor receptor
(EGFR). It is used in the immunotherapy of colorectal cancer and squamous cell carcinoma
of the head and neck. In the phase II trial of mCRPC treatment based on cetuximab and
docetaxel, 34% of the patients achieved a confirmed PFS at 12 weeks and 20% achieved
it at 24 weeks. Additionally, the median PFS was 2.8 months and the median OS was
13.3 months. Importantly, a better PFS significantly correlated with the overexpression
of EGFR and the persistent expression of the PTEN gene, which may indicate the better
efficiency of cetuximab treatment in this specific group of patients [61].

The population of patients with immunoreactive PCa is not easy to define. Many
factors could potentially affect PCa immunological reactivity, such as the progression of
PCa, specific gene mutations, TMB, expression of cellular proteins, type of immunotherapy,
and accompanying treatments. The sipuleucel-T treatment efficiency may depend on the
PAP expression on PCa cells and lesser disease progression. Simultaneously, ICI treatment
efficiency depends on the target protein expression (PD-1, PD-L1, CTLA-4) and potentially
is associated with a high TMB. Patients with the overexpression of EGFR and persistent
expression of PTEN may be potentially good targets for cetuximab therapy.

2. Prostate Cancer Treatment in Transplant Receivers
2.1. Radical Treatment in Transplant Receivers

Systemic reviews from 2018 have shown that the most frequent therapy for patients
with localized PCa after kidney transplantation is radical prostatectomy (RP) (82%), fol-
lowed by external beam radiotherapy (ERBT) (12%) and brachytherapy (6%) [62]. All
surgical approaches seem feasible but retropubic radical prostatectomy (RRP) remains the
most common surgical choice [62,63]. Intraoperative difficulties are usually associated with
the typical location of the graft and the transplanted ureter in the iliac fossa. Previous
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operations in this area also disrupt the normal anatomy and result in the formation of
numerous adhesions.

A transperineal approach to RP has been suggested to provide better exposure to
the bladder neck and prostate. Yiou et al. [64] implied that it prevents the potential
risk of graft damage as well as provides a wider feasibility of kidney transplants in the
further track, which is advantageous, especially for young people [64–66]. Unfortunately,
the major limitation of this approach is poor access to the regional lymph nodes, which
limits the candidates for transperineal RP to rare low-risk individuals detected in the post-
transplantation setting in whom lymphadenectomy might be spared. Among the advances
in minimally invasive techniques, laparoscopic radical prostatectomy (LRP) has also been
confirmed as technically feasible and safe [67–70], with a robot-assisted approach (RARP)
as the emerging surgical standard. Currently, RARP is the second most frequent technique
in renal transplant recipients (RTRs) [71] because it seems to be a safe and minimally
invasive method.

Radiotherapy is relatively rarely used to avoid potential radiation nephritis and graft
ureteric stricture [72]. The majority of patients scheduled for RT will be treated with
adjuvant androgen deprivation therapy (ADT). However, in recent years, brachytherapy
has gained more popularity and some studies have shown very positive oncological and
non-oncological outcomes [73–75]. This technique enables limiting the range of radiation
and thus reducing the risk of the above-mentioned complications.

It should be mentioned that active surveillance (AS) can also be considered a viable
option in selected individuals, including elderly transplant recipients and those with
multiple comorbidities, who are at a potentially low risk of cancer progression. A recent
case–control study has evaluated the difference in the active surveillance of renal transplant
recipients and the general population [76,77]. Soeterik et al. [76], respectively matched
(13) RTRs to (24) non-transplant PCa patients. The median total follow-up exceeded
5 years in both groups. The median AS duration was longer in the RTRs group 4.5 vs. 3.3
(p = 0.223) and discontinuation due to tumor progression was reported more commonly
after transplant than in controls (47 vs. 34%). The five-year survival of the RTR and non-RTR
patients was 39 vs. 76% (p = 0.067) for the progression-free survival, 59 vs. 76% (p = 0.29)
for the retreatment-free survival and 88 vs. 100% (p = 0.046) for the overall survival. That
might suggest that severe chronic diseases and problems related to organ transplantation
are associated with a higher risk of death than prostate cancer itself. It should be noted,
however, that the non-randomized character of the existing evidence bears an inevitable
selection bias. Delaying transplantation until the eradication of prostate cancer remains
the standard in the majority of cases, including low-risk individuals. The guidelines for
kidney transplantation as well as other organ transplants assume that the recipient does not
have any active malignancies [78,79]. Along with the increasing awareness of the natural
history of PCa, the “cancer-free” rule in patients diagnosed with low-risk prostate cancer
becomes more frequently contested [77]. It has been recently suggested that the course of
PCa after transplantation remains similar to the general population and surgical treatment
for low-risk cases can be considered overtreatment as in a standard setting [80]. Based
on a survey study, 2/3 of transplantologists would consider AS oncologically safe among
treatment-naïve candidates for transplantation [81]. Bieri et al. [80] conducted a simulated
study which was developed based on a systemic literature search, clinical guidelines, and
expert opinion. The simulation included 400,000 men aged 50–75 with stage 4 or 5 CKD
and prostate cancer managed with AS. Four treatment strategies were considered and the
primary outcomes included quality-adjusted life years (QALYs). Active surveillance and
immediate listing proved to provide the best summaric health outcomes (6.97 QALYs),
while definitive treatment and listing after a waiting period of 2 years were associated
with significantly lower survival benefits (6.32 QALYs). However, due to the simulative
character of the study, its results should be interpreted with caution.

In addition, immunosuppression does not appear to promote prostate cancer progres-
sion, but research on this topic remains inconsistent [82]. The time that should pass from
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radical treatment to transplantation is also a matter of dispute. The decision to transplant
should be made by a multidisciplinary team consisting of a urologist and a transplantol-
ogist. It should depend on the biochemical response and adverse pathological features.
Until high-level evidence emerges, the decision on active treatment in low-risk transplant
receivers should be made on an individual basis [62,63].

Beyond individual patients, the COVID-19 pandemic has put a strain on the healthcare
system. The waiting period for organ transplantation has increased and the number of
procedures performed, including oncological surgeries, has decreased [83,84]. Interestingly,
researchers have discovered that SARS-CoV-2’s spike proteins can exert antiproliferative
effects in vitro by downregulating cyclin-dependent kinase 4 (CDK4). Furthermore, they
can enhance apoptosis by upregulating the expression of FAS ligand (FasL) [85]. However,
further in vivo research is essential to establish the actual correlation between SARS-CoV-2
infection and PCa.

2.2. Functional Outcomes and Complications following Radical Treatment
2.2.1. Surgery

Heidenreich et al. [86] delivered a series of open approach (retropubic and transper-
ineal) radical prostatectomies and reported no major complications during the operation
and postoperative track. Blood loss, operative duration, and postoperative recovery also
did not differ significantly between the RTRs and non-transplant group [86], although,
some previous series [87] found a longer RRP operating time in RTRs (108 vs. 89 min).
Among the RTRs, impaired wound healing and perioperative wound infections were ob-
served significantly more frequently (29% vs. 7%, p < 0.05) [88]. The functional outcomes
remained maintained with only two (9%) patients requiring one safety pad per day at
1 year after surgery [86]. The corresponding results were delivered by Kleinclauss et al. [65].
Noteworthily, erectile function with or without 5-phosphodiesterase inhibitors could be
preserved in as much as 60% of the patients utilizing a nerve-sparing approach [86], which
becomes a major point considering erectile dysfunction in patients after kidney transplan-
tation is significantly less common than among dialysis patients [89]. Finally, graft function
was maintained in all patients analyzed [65,86,87,89].

The choice of approach (minimally invasive vs. open) is currently an issue of shifting
dogma. It has been suggested that laparoscopic radical prostatectomy in RTRs might bear
an increased risk of rectal injury due to technical difficulties [70], although, no need for
temporal colostomy or fistula was recorded in the available series [90–92]. The major-
ity of the series was, however, carried out on patients treated with a robotic approach.
The mean estimated blood loss (EBL) in open surgery seems to be higher than in RARP
(404 vs. 300 mL) [63,90]. In fact, some studies have shown that in RARP, EBL may be much
less than 200 mL [87,93,94]. In a contemporary series of patients treated with RARP by
Marra et al. [90], no complications scored as Clavien 4 or 5 were recorded. The authors
point out that, similarly to the open-approach series [86], the most common complications
remain infections. On the contrary, Felber et al. [92] reported a significantly higher number
of complications in RTRs matched for age, PSA level, and clinical stage in a case–control
study. Postoperative complications were encountered in 51.2 vs. 8.2% and 10.2% of patients
experiencing a Clavien–Dindo classification graded 3 or higher [64,95].

Lymphadenectomy (LND) in post-transplant settings remains a controversial topic.
Although feasible, LND carries a particular risk of complications and impedes access
to a potential second kidney transplantation. Furthermore, even normally low-grade
complications such as hematoma or lymphocele in the area of the graft can carry serious
consequences [90]. Although previously reported DVT-related graft loss reported in the
literature did not follow lymphadenectomy [96], it should be emphasized that LND in-
creases the risk of DVT, which eventually can lead to graft loss. The aforementioned risks
discourage surgeons from performing lymphadenectomy; therefore, about 2/3 of patients
are estimated to be spared an LND [63], with bilateral lymphadenectomy being performed
even less frequently (in 5% of patients) [63,90]. The nodal staging remains the only ratio-
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nale of LND and increasing the access to PET-PSMA might facilitate a more conservative
approach, especially considering that the majority of patients will be staged pN0 [62,90].
The risk cutoff set for the general population should be reconsidered for recipients, so that
the risk of progression and the risk of severe complications can be balanced [97].

2.2.2. Radiotherapy

Evidence regarding the utility of RT in RTRs remains limited and a consecutive post-
transplant dedicated complication reporting system is lacking [62,98]. In all available
studies to date [74,75,98,99], graft function was maintained and glomerular filtration re-
mained satisfying after irradiation. Based on the limited existing evidence, the prevalence
of the most common complications does not differ from the standard post-radiation track
and includes diarrhea and cystitis as the most common early complication (67.5%) [100],
and urethral strictures as late complications (13–38%) (3/23 = 13%) [75,101].

2.3. Oncological Outcomes and Prognosis

All curative modalities seem feasible in post-transplant settings, although RP—both
RRP and minimally invasive—is the most frequently chosen method of radical treatment in
RTRs. The rate of adverse pathological features in RTRs does not seem to differ from those
observed in the standard post-RP population [63,90,92,95], with positive surgical margins
(PSM) estimated to be present in 17–32% of individuals. The cancer control achieved in the
post-transplant setting also seems comparable [90]. In the PCa cohort recruited from RTRs
and treated with RARP delivered by Marra et al., the majority of patients remained free of
PCa and no patients experienced systemic progression. During the follow-up of 42 months
(22–64), out of 41 patients, four underwent adjuvant RT, two experienced biochemical
recurrence (BCR) and two PSA persistence, one had localized disease persistence and one
had local recurrence after RARP [90].

A multicenter study by Felber et al. enrolled 321 patients, including RTRs (group 1,
n = 39) and non-transplant patients (group 2, n = 282). After a mean follow-up of 47.9 months,
a total of 3 (7%) and 24 (8.5%) patients experienced BCR in group 1 and 2, respectively. The
RTRs had a 96.4% progression-free survival rate at 4 years, while the non-transplant group
had a rate of 90.6% [92].

The systematic review by Hevia et al. included 41 studies, with 319 patients with
localized PCa after KTx. The patients were stratified according to the curative intent
strategy, and the outcomes were compared after a mean follow-up of 33 (1–240) months.
The recurrence of PCa after RP and EBR at 5 years, respectively was 12.3% and 50%. There
were no recurrences of PCa after brachytherapy, but it was utilized only in 6% of the
patients, so the heterogeneity analysis could have been biased. The cancer-specific survival
(CSS) at 5 years after RP, EBR, and brachytherapy was 97.5%, 87.5%, and 94.4%, respectively,
whereas the OS at 5 years was 85.3%, 75.9%, and 94.4%, respectively [63].

From the clinical point of view, many surgeons would go for open-approach surgery,
bearing in mind the potential risk of the laparoscopic approach in RTRs. Smaller con-
temporary series have introduced RRP as a safe and oncologically efficient modality in
RTRs [71,86]. Kleinclauss et al. evaluated the oncological outcomes of RRP in RTRs (n = 20)
and compared it with the non-transplant group (n = 40). In fact, a tendency towards a lower
rate of PSM in RTRs was observed, although it failed the conventional level of significance
(10% vs. 37.5%; p = 0.06). The PCa recurrence rate was 10% (n = 2) in the RTRs and 25%
(n = 10) in the non-recipients (p = 0.3) [65].

3. Metastatic and Progressive Prostate Cancer in Transplant Receivers
3.1. Metastatic Prostate Cancer in Transplant Receivers

The a priori aggressive screening in the transplant recipient population is very likely to con-
stitute one of the main reasons for the more frequent PCa detection in this population [102,103].
This could also be the cause of TRs being diagnosed with PCa at a younger age than in
the general non-transplant population [62,63,102,104,105]. Regarding the mean age of PCa
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diagnosis, RTRs were diagnosed around the age of 63 while the general population was
around 70 years [102]; TRs vs. the general non-transplant population age at PCa diagnosis
were 62 and 67 years, respectively [105]; and the RTR age at diagnosis was younger that in
the general population (mean age 61.8 years) [63].

The largest group of studies was conducted on patients after kidney transplant (KTx),
however, the association between PCa and transplantation is not entirely clear. Some
previous research indicate a connection with a more frequent occurrence of PCa in patients
after KTx [106–110]. The incidence ratio for PCa in RTRs is estimated to range from
0.88 to 1.70 [107]. Another analysis noticed that for 18 RTRs diagnosed with PCa, the
standardized incidence ratio (SIR) was 4.47 (95% CI 2.64–7.06) [108]. A multicenter French
study shows 1680 RTRs with 11 (0.65%) cases of PCa and after a follow-up, 1,2% of cases
of PCa (n = 28/2338), which meant a higher incidence than expected [109]. Likewise, the
study by Haroon et al. indicates a more frequent incidence of PCa—the RTR vs. non-
transplant population was 1126/100,000 and 160/100,000 (p = 0.01), respectively [110].
However, others claim that the risk was not increased and is comparable to the risk in
the non-transplant population [19,103,111,112]. According to Bratt et al., RTRs were not
more likely to be diagnosed with PCa than the non-transplant population (OR 0.84, 95% CI
0.70–0.99) [100]. Another study compares the observed cases and expected cases of PCa,
with the result of 1039 vs. 1126.9, respectively (95% CI 0.87–0.98, p = 0.009) [19].

There is a significant lack of well-established studies evaluating the treatment options
available for mCRPC in RTRs. Despite this limitation, the existing reports seem promising,
indicating that these patients can access contemporary therapies such as Lutetium-177 and
abiraterone. Lutetium-177 targeted therapy, highlighted in both a prospective study and a
case report, underscores the importance of dose reduction in minimizing the nephrotoxicity
risk. These studies show the therapy’s effectiveness while maintaining an acceptable
adverse event profile [113,114]. There are several cases in the literature describing the
possibility of using drugs in the treatment of PCa during immunosuppression caused by
liver or renal transplantation [115,116]. A noteworthy case involved the use of abiraterone
alongside dexamethasone, achieving notable efficacy in an mCRPC patient. Interestingly,
the treatment strategy adapted by switching from dexamethasone to prednisone when
the PSA levels constantly increased in the subsequent measurements. In addition to new
anti-androgen drugs, the patient received denosumab for bone metastases. This diverse
array of treatment options illustrates a very wide range of possibilities in the treatment
of mCRPC. Importantly, the effectiveness and safety profiles of these treatments appear
comparable to those observed in the general population. Further exploration is essential to
confirm these observations and improve our knowledge regarding treatment approaches
specifically for this group of patients.

3.2. Progression to mPCa in Organ-Confined or Locally Advanced Patients after Transplant

The most commonly diagnosed form of PCa is localized disease. Pettenati et al. show
that cT1-T2 Pca was diagnosed in 87.5% (n = 21) of patients whereas T3 was found in 12.75%
of patients (n = 3) [117].

Retrospective analyses by Haroon and Hevia yielded similar results—76% (n = 26/34) and
89% (n = 8/9) of patients were reported with localized PCa in both studies, respectively [110,118].
Cormier et al. indicate that clinical stage T1 and T2 were diagnosed in 50% and 25% of
patients, respectively [109]. On the other hand, a higher incidence of advanced/metastatic
PCa in TRs has been recently raised [102,105]. More recent observational studies report that
11–36% and 19.3–40% of PCa patients in the TR population are a priori staged as locally
advanced and metastatic, respectively [102,105].

The increased prevalence of mPCa has been questioned recently [108,111,119]. The
case–control study by Bratt et al. shows that patients with high-risk organ-confined or
metastatic PCa were less likely to be diagnosed with PCa than the control group (OR 0.84,
95% CI 0.62–1.13). The authors concluded that the probability of developing advanced
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PCa over time in RTRs, even on immunosuppression, is not significantly higher than in the
general population [111,119].

Furthermore, it is not entirely clear whether TRs have a worse prognosis in advanced
or metastatic PCa. It has been speculated that biochemical recurrence in TRs can have a
more aggressive track, and survival outcomes can be significantly compromised in post-
transplant individuals with metastatic progression [103–105,107,109]. Konety et al. show
that advanced or metastatic PCa can progress more rapidly in TRs and it is correlated
with poor prognosis—33% mortality after a mean follow-up of 32 (1–79) months [104].
Sherer et al. noticed that in RTRs, after diagnosis, PCa progresses more rapidly and the
disease-specific survival for stages II, III, and IV is shorter [107]. Miao et al. observed
that PCa stage III was diagnosed more frequently in the general population than in TRs
(24% vs. 11%; p = 0.043). However, stage IV occurred more often in RTs than in the non-
transplant population (30% vs. 24%; p = 0.043) [105].

On the other hand, some studies suggest that the survival prognosis in TRs is compa-
rable to that of non-transplant recipients. In the cross-sectional study by D’Arcy et al., there
were 30 cancer-specific deaths (7.3 cancer-specific mortality rate) and 36.891 cancer-specific
deaths (7.9 cancer-specific mortality rate) among TRs and non-recipients, respectively [120].
Likewise, Bratt et al. noticed that RTRs were not more likely to be diagnosed with PCa than
the non-transplant population (OR 0.84, 95% CI 0.70–0.99), and no significant difference in
the survival between RTRs with PCa and without KTx (PCa-related death—HR 0.87, 95%
CI 0.47–1.62) was observed [111].

A consecutive review on transplant and non-transplant patients stratified by baseline,
pathological, and clinical characteristics is depicted in Table 1.
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Table 1. PCa characteristics in RTRs and non-RTRs.

Author, Year Accrual Period RTR Patients, n Local T Stage, n (%) Gleason Score, n (%) Mean (Range) Age of
the RTRs, Years

Mean PSA at PCa
Presentation, ng/mL

Mean (Range)
Follow-Up, Months

Time from KTx to
PCa Detection,
Months

Cormier et al., 2003 [109] 1998 YES 28

T1 n = 12 (43)
T2 n = 10 (36)
T3 n = 5 (18)
T4 n = 1 (3)

<7 n = 18 (64.3)
≥7 n = 10 (35.7) 63.0 (54–74) 8.0 (1.9–318) 18 (6–30) 60 (1–156)

Hafron et al., 2004 [66] 1991–2004 YES 7 T1 n = 5 (71.4)
T2 n = 2 (28.6)

<7 n = 5 (71.4)
≥7 n = 2 (28.6) 62.3 (2.5, 55–74) 7.9 (5.6–10) 22 (2–130) 86.5 (25.25, 24–192)

Kleinclauss et al., 2008 [102] 1983–2005 YES 62

T1 n = 19 (30.6)
T2 n = 21 (33.9)
T3 n = 21 (33.9)
T4 n = 1 (1.6)

<7 n = 42 (67.7)
≥7 n = 20 (32.3) 69.2 (50.8–75.1) 7.6 (1.6–597) 24.7 ±24 67 ±42

Hoda et al., 2010 [87] 2001–2007

YES 16 T2 n = 16 (100) <7 n = 14 (87)
≥7 n = 2 (13) 61.8 (51–66) 4.7 ±1.4 25 81.2 ±19.1

NO 294 T2 n = 194 (66)
T3 n = 100 (34)

<7 n = 248 (84.4)
≥7 n = 46 (15.6) 64.4 ±9.3 6.32 ±1.7 34 -

Heidenreich et al., 2014 [86] 2000–2011 YES 23 T2 n = 16 (69.6)
T3 n = 7 (30.4)

<7 n = 14 (60.9)
≥7 n = 9 (39.1) 64 (59–67) 4.5 (3–17.5) 43.5 (10–141) 95 (24–206)

Hevia et al., 2014 [118] 1977–2010 YES 9 NA NA 59 (56–65.5) NA 31 (15.8–34.0) 57 (39–76)

Pettenati et al., 2016 [117] 2000–2013

YES 24
T1 n = 7 (29.2)
T2 n = 14 (58.3)
T3 n = 3 (12.5)

<7 n = 10 (41.7)
≥n = 14 (58.3) 63.5 (51–78) 7.5 (3.8–11.2) 46 ±29 55 (1–402)

NO 64 ≤T2c n = 55 (86)
T3 n = 9 (14)

<7 n = 30 (46.9)
≥7 n = 34 (53.1) 63.9 ±5.1 7.5 ±3.3 34.1 ±25 -

Bratt et al., 2020 [111] 1998–2016

YES 133

T1 n = 73 (55)
T2 n = 39 (29)
T3 n = 11 (8)
T4 n = 3 (2)
Missing n = 7 (5)

<7 n = 67 (50)
≥7 n = 63 (48)
Missing n = 3 (2)

56 (47–63) NA NA 120 (72–216)

NO 665

T1 n = 360 (54)
T2 n = 182 (27)
T3 n = 93 (14)
T4 n = 18 (3)
Missing n = 12 (2)

<7 n = 307 (46)
≥7 n = 350 (53)
Missing n = 8 (1)

66 (61–72) NA NA -

Marra et al., 2022 [90] 2009–2019 YES 41
T2 n = 29 (70.7)
T3 n = 11 (26.8)
Missing n = 1 (2.5)

<7 n = 9 (22)
≥7 n = 32 (78) 60 (57–64) 6.5 (5.2–10.2) 42 (22–64) 118 (57–184)
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27. Engl, T.; Makarević, J.; Relja, B.; Natsheh, I.; Müller, I.; Beecken, W.-D.; Jonas, D.; Blaheta, R.A. Mycophenolate mofetil modulates
adhesion receptors of the beta1 integrin family on tumor cells: Impact on tumor recurrence and malignancy. BMC Cancer 2005,
5, 4. [CrossRef]

28. Sagnelli, C.; Sica, A.; Gallo, M.; Peluso, G.; Varlese, F.; D’Alessandro, V.; Ciccozzi, M.; Crocetto, F.; Garofalo, C.; Fiorelli, A.; et al.
Renal involvement in COVID-19: Focus on kidney transplant sector. Infection 2021, 49, 1265–1275. [CrossRef]

29. Farkash, E.A.; Wilson, A.M.; Jentzen, J.M. Ultrastructural Evidence for Direct Renal Infection with SARS-CoV-2. J. Am. Soc.
Nephrol. 2020, 31, 1683–1687. [CrossRef]

30. Hassanein, M.; Radhakrishnan, Y.; Sedor, J.; Vachharajani, T.; Vachharajani, V.T.; Augustine, J.; Demirjian, S.; Thomas, G.
COVID-19 and the kidney. Cleve. Clin. J. Med. 2020, 87, 619–631. [CrossRef]

31. Yang, X.; Tian, S.; Guo, H. Acute kidney injury and renal replacement therapy in COVID-19 patients: A systematic review and
meta-analysis. Int. Immunopharmacol. 2021, 90, 107159. [CrossRef]

32. Hirsch, J.S.; Ng, J.H.; Ross, D.W.; Sharma, P.; Shah, H.H.; Barnett, R.L.; Hazzan, A.D.; Fishbane, S.; Jhaveri, K.D. Acute kidney
injury in patients hospitalized with COVID-19. Kidney Int. 2020, 98, 209–218. [CrossRef] [PubMed]

33. Coates, P.T.; Wong, G.; Drueke, T.; Rovin, B.; Ronco, P. Early experience with COVID-19 in kidney transplantation. Kidney Int.
2020, 97, 1074–1075. [CrossRef] [PubMed]

34. Banerjee, D.; Popoola, J.; Shah, S.; Ster, I.C.; Quan, V.; Phanish, M. COVID-19 infection in kidney transplant recipients. Kidney Int.
2020, 97, 1076–1082. [CrossRef] [PubMed]

35. Venkatachalam, S.; McFarland, T.R.; Agarwal, N.; Swami, U. Immune Checkpoint Inhibitors in Prostate Cancer. Cancers 2021,
13, 2187. [CrossRef]

36. Vitkin, N.; Nersesian, S.; Siemens, D.R.; Koti, M. The Tumor Immune Contexture of Prostate Cancer. Front. Immunol. 2019, 10, 603.
[CrossRef]

37. Wang, I.; Song, L.; Wang, B.Y.; Rezazadeh Kalebasty, A.; Uchio, E.; Zi, X. Prostate cancer immunotherapy: A review of recent
advancements with novel treatment methods and efficacy. Am. J. Clin. Exp. Urol. 2022, 10, 210–233.

38. Schreiber, R.D.; Old, L.J.; Smyth, M.J. Cancer Immunoediting: Integrating Immunity’s Roles in Cancer Suppression and Promotion.
Science 2011, 331, 1565–1570. [CrossRef]

39. Samstein, R.M.; Lee, C.-H.; Shoushtari, A.N.; Hellmann, M.D.; Shen, R.; Janjigian, Y.Y.; Barron, D.A.; Zehir, A.; Jordan, E.J.;
Omuro, A.; et al. Tumor mutational load predicts survival after immunotherapy across multiple cancer types. Nat. Genet. 2019,
51, 202–206. [CrossRef]

40. Lawrence, M.S.; Stojanov, P.; Polak, P.; Kryukov, G.V.; Cibulskis, K.; Sivachenko, A.; Carter, S.L.; Stewart, C.; Mermel, C.H.;
Roberts, S.A.; et al. Mutational heterogeneity in cancer and the search for new cancer-associated genes. Nature 2013, 499, 214–218.
[CrossRef]

41. Sanda, M.G.; Restifo, N.P.; Walsh, J.C.; Kawakami, Y.; Nelson, W.G.; Pardoll, D.M.; Simons, J.W. Molecular Characterization of
Defective Antigen Processing in Human Prostate Cancer. JNCI J. Natl. Cancer Inst. 1995, 87, 280–285. [CrossRef]

42. Bander, N.H.; Yao, D.; Liu, H.; Chen, Y.-T.; Steiner, M.; Zuccaro, W.; Moy, P. MHC class I and II expression in prostate carcinoma
and modulation by interferon-alpha and -gamma. Prostate 1997, 33, 233–239. [CrossRef]

43. Martin, A.M.; Nirschl, T.R.; Nirschl, C.J.; Francica, B.J.; Kochel, C.M.; Van Bokhoven, A.; Meeker, A.K.; Lucia, M.S.; Anders, R.A.;
DeMarzo, A.M.; et al. Paucity of PD-L1 expression in prostate cancer: Innate and adaptive immune resistance. Prostate Cancer
Prostatic Dis. 2015, 18, 325–332. [CrossRef] [PubMed]

44. Kantoff, P.W.; Higano, C.S.; Shore, N.D.; Berger, E.R.; Small, E.J.; Penson, D.F.; Redfern, C.H.; Ferrari, A.C.; Dreicer, R.; Sims,
R.B.; et al. Sipuleucel-T Immunotherapy for Castration-Resistant Prostate Cancer. N. Engl. J. Med. 2010, 363, 411–422. [CrossRef]

45. Schellhammer, P.F.; Chodak, G.; Whitmore, J.B.; Sims, R.; Frohlich, M.W.; Kantoff, P.W. Lower Baseline Prostate-specific Antigen
Is Associated With a Greater Overall Survival Benefit From Sipuleucel-T in the Immunotherapy for Prostate Adenocarcinoma
Treatment (IMPACT) Trial. Urology 2013, 81, 1297–1302. [CrossRef]

https://doi.org/10.1007/978-3-319-95693-0_3
https://doi.org/10.1002/pros.22937
https://www.ncbi.nlm.nih.gov/pubmed/25631176
https://doi.org/10.18632/oncotarget.13115
https://www.ncbi.nlm.nih.gov/pubmed/27821815
https://doi.org/10.1038/s41598-017-03728-3
https://www.ncbi.nlm.nih.gov/pubmed/28615679
https://doi.org/10.1158/1078-0432.CCR-05-2085
https://doi.org/10.1158/1078-0432.CCR-06-0749
https://doi.org/10.1186/1471-2407-5-4
https://doi.org/10.1007/s15010-021-01706-6
https://doi.org/10.1681/ASN.2020040432
https://doi.org/10.3949/ccjm.87a.20072
https://doi.org/10.1016/j.intimp.2020.107159
https://doi.org/10.1016/j.kint.2020.05.006
https://www.ncbi.nlm.nih.gov/pubmed/32416116
https://doi.org/10.1016/j.kint.2020.04.001
https://www.ncbi.nlm.nih.gov/pubmed/32354635
https://doi.org/10.1016/j.kint.2020.03.018
https://www.ncbi.nlm.nih.gov/pubmed/32354637
https://doi.org/10.3390/cancers13092187
https://doi.org/10.3389/fimmu.2019.00603
https://doi.org/10.1126/science.1203486
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1038/nature12213
https://doi.org/10.1093/jnci/87.4.280
https://doi.org/10.1002/(SICI)1097-0045(19971201)33:4%3C233::AID-PROS2%3E3.0.CO;2-I
https://doi.org/10.1038/pcan.2015.39
https://www.ncbi.nlm.nih.gov/pubmed/26260996
https://doi.org/10.1056/NEJMoa1001294
https://doi.org/10.1016/j.urology.2013.01.061


Biomedicines 2023, 11, 2941 14 of 17

46. Crawford, E.D.; Petrylak, D.P.; Higano, C.S.; Kibel, A.S.; Kantoff, P.W.; Small, E.J.; Shore, N.D.; Ferrari, A. Optimal timing of
sipuleucel-T treatment in metastatic castration-resistant prostate cancer. Can. J. Urol. 2015, 22, 8048–8055.

47. Kantoff, P.W.; Schuetz, T.J.; Blumenstein, B.A.; Glode, L.M.; Bilhartz, D.L.; Wyand, M.; Manson, K.; Panicali, D.L.; Laus, R.; Schlom,
J.; et al. Overall Survival Analysis of a Phase II Randomized Controlled Trial of a Poxviral-Based PSA-Targeted Immunotherapy
in Metastatic Castration-Resistant Prostate Cancer. J. Clin. Oncol. 2010, 28, 1099–1105. [CrossRef] [PubMed]

48. Gulley, J.L.; Borre, M.; Vogelzang, N.J.; Ng, S.; Agarwal, N.; Parker, C.C.; Pook, D.W.; Rathenborg, P.; Flaig, T.W.; Carles, J.; et al.
Phase III Trial of PROSTVAC in Asymptomatic or Minimally Symptomatic Metastatic Castration-Resistant Prostate Cancer. J. Clin.
Oncol. 2019, 37, 1051–1061. [CrossRef]

49. Westdorp, H.; Creemers, J.H.A.; Van Oort, I.M.; Schreibelt, G.; Gorris, M.A.J.; Mehra, N.; Simons, M.; De Goede, A.L.; Van
Rossum, M.M.; Croockewit, A.J.; et al. Blood-derived dendritic cell vaccinations induce immune responses that correlate with
clinical outcome in patients with chemo-naive castration-resistant prostate cancer. J. Immunother. Cancer 2019, 7, 302. [CrossRef]
[PubMed]

50. Podrazil, M.; Horvath, R.; Becht, E.; Rozkova, D.; Bilkova, P.; Sochorova, K.; Hromadkova, H.; Kayserova, J.; Vavrova, K.;
Lastovicka, J.; et al. Phase I/II clinical trial of dendritic-cell based immunotherapy (DCVAC/PCa) combined with chemotherapy
in patients with metastatic, castration-resistant prostate cancer. Oncotarget 2015, 6, 18192–18205. [CrossRef]

51. Vogelzang, N.J.; Beer, T.M.; Gerritsen, W.; Oudard, S.; Wiechno, P.; Kukielka-Budny, B.; Samal, V.; Hajek, J.; Feyerabend, S.; Khoo,
V.; et al. Efficacy and Safety of Autologous Dendritic Cell–Based Immunotherapy, Docetaxel, and Prednisone vs Placebo in
Patients With Metastatic Castration-Resistant Prostate Cancer: The VIABLE Phase 3 Randomized Clinical Trial. JAMA Oncol.
2022, 8, 546. [CrossRef]

52. Kwon, E.D.; Drake, C.G.; Scher, H.I.; Fizazi, K.; Bossi, A.; Van Den Eertwegh, A.J.M.; Krainer, M.; Houede, N.; Santos, R.;
Mahammedi, H.; et al. Ipilimumab versus placebo after radiotherapy in patients with metastatic castration-resistant prostate
cancer that had progressed after docetaxel chemotherapy (CA184-043): A multicentre, randomised, double-blind, phase 3 trial.
Lancet Oncol. 2014, 15, 700–712. [CrossRef] [PubMed]

53. Fizazi, K.; Drake, C.G.; Beer, T.M.; Kwon, E.D.; Scher, H.I.; Gerritsen, W.R.; Bossi, A.; Den Eertwegh, A.J.M.V.; Krainer, M.; Houede,
N.; et al. Final Analysis of the Ipilimumab Versus Placebo Following Radiotherapy Phase III Trial in Postdocetaxel Metastatic
Castration-resistant Prostate Cancer Identifies an Excess of Long-term Survivors. Eur. Urol. 2020, 78, 822–830. [CrossRef]
[PubMed]

54. Beer, T.M.; Kwon, E.D.; Drake, C.G.; Fizazi, K.; Logothetis, C.; Gravis, G.; Ganju, V.; Polikoff, J.; Saad, F.; Humanski, P.; et al.
Randomized, Double-Blind, Phase III Trial of Ipilimumab Versus Placebo in Asymptomatic or Minimally Symptomatic Patients
With Metastatic Chemotherapy-Naive Castration-Resistant Prostate Cancer. J. Clin. Oncol. 2017, 35, 40–47. [CrossRef] [PubMed]

55. Antonarakis, E.S.; Piulats, J.M.; Gross-Goupil, M.; Goh, J.; Ojamaa, K.; Hoimes, C.J.; Vaishampayan, U.; Berger, R.; Sezer,
A.; Alanko, T.; et al. Pembrolizumab for Treatment-Refractory Metastatic Castration-Resistant Prostate Cancer: Multicohort,
Open-Label Phase II KEYNOTE-199 Study. J. Clin. Oncol. 2020, 38, 395–405. [CrossRef]

56. Cristescu, R.; Aurora-Garg, D.; Albright, A.; Xu, L.; Liu, X.Q.; Loboda, A.; Lang, L.; Jin, F.; Rubin, E.H.; Snyder, A.; et al. Tumor
mutational burden predicts the efficacy of pembrolizumab monotherapy: A pan-tumor retrospective analysis of participants with
advanced solid tumors. J. Immunother. Cancer 2022, 10, e003091. [CrossRef] [PubMed]

57. Brown, L.C.; Halabi, S.; Somarelli, J.A.; Humeniuk, M.; Wu, Y.; Oyekunle, T.; Howard, L.; Huang, J.; Anand, M.; Davies, C.; et al.
A phase 2 trial of avelumab in men with aggressive-variant or neuroendocrine prostate cancer. Prostate Cancer Prostatic Dis. 2022,
25, 762–769. [CrossRef]

58. Sinha, M.; Zhang, L.; Subudhi, S.; Chen, B.; Marquez, J.; Liu, E.V.; Allaire, K.; Cheung, A.; Ng, S.; Nguyen, C.; et al. Pre-
existing immune status associated with response to combination of sipuleucel-T and ipilimumab in patients with metastatic
castration-resistant prostate cancer. J. Immunother. Cancer 2021, 9, e002254. [CrossRef]

59. Twardowski, P.; Wong, J.Y.C.; Pal, S.K.; Maughan, B.L.; Frankel, P.H.; Franklin, K.; Junqueira, M.; Prajapati, M.R.; Nachaegari,
G.; Harwood, D.; et al. Randomized phase II trial of sipuleucel-T immunotherapy preceded by sensitizing radiation therapy
and sipuleucel-T alone in patients with metastatic castrate resistant prostate cancer. Cancer Treat. Res. Commun. 2019, 19, 100116.
[CrossRef]

60. Pachynski, R.K.; Morishima, C.; Szmulewitz, R.; Harshman, L.; Appleman, L.; Monk, P.; Bitting, R.L.; Kucuk, O.; Millard, F.;
Seigne, J.D.; et al. IL-7 expands lymphocyte populations and enhances immune responses to sipuleucel-T in patients with
metastatic castration-resistant prostate cancer (mCRPC). J. Immunother. Cancer 2021, 9, e002903. [CrossRef]

61. Cathomas, R.; Rothermundt, C.; Klingbiel, D.; Bubendorf, L.; Jaggi, R.; Betticher, D.C.; Brauchli, P.; Cotting, D.; Droege, C.;
Winterhalder, R.; et al. Efficacy of Cetuximab in Metastatic Castration-Resistant Prostate Cancer Might Depend on EGFR and
PTEN Expression: Results from a Phase II Trial (SAKK 08/07). Clin. Cancer Res. 2012, 18, 6049–6057. [CrossRef]

62. Marra, G.; Dalmasso, E.; Agnello, M.; Munegato, S.; Bosio, A.; Sedigh, O.; Biancone, L.; Gontero, P. Prostate cancer treatment in
renal transplant recipients: A systematic review. BJU Int. 2018, 121, 327–344. [CrossRef] [PubMed]

63. Hevia, V.; Boissier, R.; Rodríguez-Faba, Ó.; Fraser-Taylor, C.; Hassan-Zakri, R.; Lledo, E.; Regele, H.; Buddde, K.; Figueiredo, A.;
Olsburgh, J.; et al. Management of Localised Prostate Cancer in Kidney Transplant Patients: A Systematic Review from the EAU
Guidelines on Renal Transplantation Panel. Eur. Urol. Focus 2018, 4, 153–162. [CrossRef] [PubMed]

64. Yiou, R.; Salomon, L.; Colombel, M.; Patard, J.-J.; Chopin, D.; Abbou, C.-C. Perineal approach to radical prostatectomy in kidney
transplant recipients with localized prostate cancer. Urology 1999, 53, 822–824. [CrossRef] [PubMed]

https://doi.org/10.1200/JCO.2009.25.0597
https://www.ncbi.nlm.nih.gov/pubmed/20100959
https://doi.org/10.1200/JCO.18.02031
https://doi.org/10.1186/s40425-019-0787-6
https://www.ncbi.nlm.nih.gov/pubmed/31727154
https://doi.org/10.18632/oncotarget.4145
https://doi.org/10.1001/jamaoncol.2021.7298
https://doi.org/10.1016/S1470-2045(14)70189-5
https://www.ncbi.nlm.nih.gov/pubmed/24831977
https://doi.org/10.1016/j.eururo.2020.07.032
https://www.ncbi.nlm.nih.gov/pubmed/32811715
https://doi.org/10.1200/JCO.2016.69.1584
https://www.ncbi.nlm.nih.gov/pubmed/28034081
https://doi.org/10.1200/JCO.19.01638
https://doi.org/10.1136/jitc-2021-003091
https://www.ncbi.nlm.nih.gov/pubmed/35101941
https://doi.org/10.1038/s41391-022-00524-7
https://doi.org/10.1136/jitc-2020-002254
https://doi.org/10.1016/j.ctarc.2018.100116
https://doi.org/10.1136/jitc-2021-002903
https://doi.org/10.1158/1078-0432.CCR-12-2219
https://doi.org/10.1111/bju.14018
https://www.ncbi.nlm.nih.gov/pubmed/28921938
https://doi.org/10.1016/j.euf.2018.05.010
https://www.ncbi.nlm.nih.gov/pubmed/29921544
https://doi.org/10.1016/S0090-4295(98)00365-3
https://www.ncbi.nlm.nih.gov/pubmed/10197867


Biomedicines 2023, 11, 2941 15 of 17

65. Kleinclauss, F.M.; Neuzillet, Y.; Tillou, X.; Terrier, N.; Guichard, G.; Petit, J.; Lechevallier, E. Renal Transplantation Committee of
French Urological Association. Morbidity of retropubic radical prostatectomy for prostate cancer in renal transplant recipients:
Multicenter study from Renal Transplantation Committee of French Urological Association. Urology 2008, 72, 1366–1370.
[CrossRef]

66. Hafron, J.; Fogarty, J.D.; Wiesen, A.; Melman, A. Surgery for localized prostate cancer after renal transplantation. BJU Int. 2005,
95, 319–322. [CrossRef]

67. Shah, K.K.; Ko, D.S.C.; Mercer, J.; Dahl, D.M. Laparoscopic radical prostatectomy in a renal allograft recipient. Urology 2006, 68,
672.e5–672.e7. [CrossRef]

68. Thomas, A.A.; Nguyen, M.M.; Gill, I.S. Laparoscopic Transperitoneal Radical Prostatectomy in Renal Transplant Recipients: A
Review of Three Cases. Urology 2008, 71, 205–208. [CrossRef]

69. Maestro, M.Á.; Gómez, A.T.; Alonso, Y.; Gregorio, S.; Ledo, J.C.; De La Peña Barthel, J.; Martínez-Piñeiro, L. Laparoscopic
transperitoneal radical prostatectomy in renal transplant recipients: A review of the literature. BJU Int. 2010, 105, 844–848.
[CrossRef]

70. Robert, G.; Elkentaoui, H.; Pasticier, G.; Couzi, L.; Merville, P.; Ravaud, A.; Ballanger, P.; Ferrière, J.-M.; Wallerand, H. Laparoscopic
Radical Prostatectomy in Renal Transplant Recipients. Urology 2009, 74, 683–687. [CrossRef]

71. Narváez, A.; Suarez, J.; Riera, L.; Castells-Esteve, M.; Cocera, R.; Vigués, F. Nuestra experiencia en el manejo del cáncer de
próstata en pacientes trasplantados renales. Actas Urológicas Españolas 2018, 42, 249–255. [CrossRef]

72. Marks, L.B.; Yorke, E.D.; Jackson, A.; Ten Haken, R.K.; Constine, L.S.; Eisbruch, A.; Bentzen, S.M.; Nam, J.; Deasy, J.O. Use of
Normal Tissue Complication Probability Models in the Clinic. Int. J. Radiat. Oncol. Biol. Phys. 2010, 76, S10–S19. [CrossRef]
[PubMed]

73. Beydoun, N.; Bucci, J.; Malouf, D. Iodine-125 prostate seed brachytherapy in renal transplant recipients: An analysis of oncological
outcomes and toxicity profile. J. Contemp. Brachytherapy 2014, 1, 15–20. [CrossRef] [PubMed]

74. Coombs, C.C.; Hertzfeld, K.; Barrett, W. Outcomes in transplant patients undergoing brachytherapy for prostate cancer. Am. J.
Clin. Oncol. 2012, 35, 40–44. [CrossRef] [PubMed]

75. Tasaki, M.; Kasahara, T.; Kaidu, M.; Kawaguchi, G.; Hara, N.; Yamana, K.; Maruyama, R.; Takizawa, I.; Ishizaki, F.; Saito, K.; et al.
Low-Dose-Rate and High-Dose-Rate Brachytherapy for Localized Prostate Cancer in ABO-Incompatible Renal Transplant
Recipients. Transplant. Proc. 2019, 51, 774–778. [CrossRef]

76. Soeterik, T.F.W.; Van Den Bergh, R.C.N.; Van Melick, H.H.E.; Kelder, H.; Peretti, F.; Dariane, C.; Timsit, M.-O.; Branchereau, J.;
Mesnard, B.; Tilki, D.; et al. Active surveillance in renal transplant patients with prostate cancer: A multicentre analysis. World J.
Urol. 2023, 41, 725–732. [CrossRef]

77. Liauw, S.L.; Ham, S.A.; Das, L.C.; Rudra, S.; Packiam, V.T.; Koshy, M.; Weichselbaum, R.R.; Becker, Y.T.; Bodzin, A.S.; Eggener, S.E.
Prostate Cancer Outcomes Following Solid-Organ Transplantation: A SEER-Medicare Analysis. JNCI J. Natl. Cancer Inst. 2020,
112, 847–854. [CrossRef]

78. Kälble, T.; Lucan, M.; Nicita, G.; Sells, R.; Revilla, F.J.B.; Wiesel, M. Eau Guidelines on Renal Transplantation. Eur. Urol. 2005, 47,
156–166. [CrossRef]

79. EASL Clinical Practice Guidelines: Liver transplantation. J. Hepatol. 2016, 64, 433–485. [CrossRef]
80. Bieri, U.; Hübel, K.; Seeger, H.; Kulkarni, G.S.; Sulser, T.; Hermanns, T.; Wettstein, M.S. Management of Active Surveillance-

Eligible Prostate Cancer during Pretransplantation Workup of Patients with Kidney Failure: A Simulation Study. Clin. J. Am. Soc.
Nephrol. 2020, 15, 822–829. [CrossRef]

81. Gin, G.E.; Pereira, J.F.; Weinberg, A.D.; Mehrazin, R.; Lerner, S.M.; Sfakianos, J.P.; Phillips, C.K. Prostate-specific antigen screening
and prostate cancer treatment in renal transplantation candidates: A survey of U.S. transplantation centers. Urol. Oncol. Semin.
Orig. Investig. 2016, 34, 57.e9–57.e13. [CrossRef]

82. Stöckle, M.; Junker, K.; Fornara, P. Low-risk Prostate Cancer Prior to or After Kidney Transplantation. Eur. Urol. Focus 2018, 4,
148–152. [CrossRef] [PubMed]

83. Craig-Schapiro, R.; Salinas, T.; Lubetzky, M.; Abel, B.T.; Sultan, S.; Lee, J.R.; Kapur, S.; Aull, M.J.; Dadhania, D.M. COVID-19
outcomes in patients waitlisted for kidney transplantation and kidney transplant recipients. Am. J. Transpl. 2021, 21, 16351.
[CrossRef]
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