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Simple Summary

Cancer has become a more common cause of death in patients after kidney transplantation.
Patients receiving immunosuppressive therapy, including those after organ transplantation,
are more prone to developing malignancies than the general population. In some patients
with a history of malignancy, malignancy recurrence may also occur. Among patients who
develop neoplasm after kidney transplantation, urinary tract malignancies are the most
common. The diagnosis, treatment, and screening of these malignances may differ from
those in the general population. Therefore, close collaboration among medical oncologists,
urologists, nephrologists, and surgeons is crucial.

Abstract

Kidney transplantation is the optimal treatment for end-stage kidney failure. However,
after successful kidney transplantation, patients require long-term immunosuppression.
Due to immunosuppressive therapy, the development of malignancies is more common
in solid organ transplant recipients than in the general population. Because renal trans-
plantation has been performed for many decades—much longer than other solid organ
transplants—data on malignancies in kidney allograft recipients are the most comprehen-
sive. Malignancies are the third most common cause of death in kidney allograft recipients,
after cardiovascular disease and infections. In kidney allograft recipients, malignancies
may develop de novo, be transmitted with the transplanted organ, or arise from previ-
ously present but undiagnosed cancers in the recipient. Over 90% of malignancies in
renal allograft recipients are de novo. In this review, we first present the epidemiology
of malignancies after kidney transplantation. Subsequently, the most common urinary
tract malignancies, along with their diagnosis, treatment, and screening, are discussed. We
also outline the limitations of the published data, propose research priorities, and identify
existing gaps and unmet needs.
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1. Introduction

Kidney transplantation is commonly performed and currently the preferred method
of treating patients with end-stage kidney disease. Following renal transplantation, pa-
tients must take immunosuppressive drugs for the rest of their lives or as long as the
transplanted organ functions. Inmunosuppressive drugs are necessary to prevent rejection,
but unfortunately also cause numerous side effects including infections and malignancies.

Since the pioneering work of Dr. Israel Penn (1968-1969), it is known that kidney
transplant recipients (KTR) have a significantly higher risk of developing malignancies com-
pared to the general population, a predisposition linked to immunosuppressive therapy [1].
Among solid organ transplants, cancers are the best studied due to the volume and
longevity of kidney transplants. Registry data indicate they are the third leading cause of
death in KTR, after cardiovascular disease, and their incidence is rising [1-4]. Mortality
attributable to these malignances can reach 13-20% of all deaths in this population [5-8]. In
organ transplant recipients, the following situations can occur: de novo cancers, pre-existing
cancers in transplant recipients and tumors transmitted from donor to recipient.

2. Methods

Two researchers independently conducted a systematic search of medical databases
(Medline, Web of Science, PubMed and Google Scholar) using controlled vocabulary and
keywords related to cancer/malignancy/tumor, kidney transplantation (renal transplanta-
tion, kidney allograft recipients, kidney transplant recipients), genitourinary tract (renal,
kidney, renal cell carcinoma, bladder, urothelial, testicular, testis, penis, penile) and treat-
ment/therapy (surgery, radiotherapy, chemotherapy, immunotherapy, targeted therapy,
immune checkpoint inhibitors), screening, and immunosuppression. Following duplicate
removal, four independent reviewers screened titles and abstracts, followed by full-text
review of potentially eligible studies. Studies were excluded that addressed preclinical
data, only those with abstracts, those presented as posters and non-English studies. Dis-
agreements were resolved through discussion or consultation with a third reviewer.

3. Incidence of Cancer After Transplantation

An article published in 2020 based on data from the Israel Penn International
Transplant Tumor Registry (IPITTR)—the largest registry of patients with cancer after
transplantation—reported nearly 10,000 cases of tumor in transplant recipients [2]. The
most common malignances observed in patients after organ transplantation were skin
cancer followed by post-transplant lymphoproliferative disease (PTLD). The vast major-
ity (over 90%) are de novo cancers in recipients. Malignant neoplasm can occur at any
time after transplantation. These findings emphasize the need for ongoing malignancy
surveillance in transplant recipients due to their heightened susceptibility, influenced by
immunosuppression and other factors.
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The latest data from the 47th ANZDATA (Australia and New Zealand Dialysis and
Transplant Registry) Annual Report (2024) provides updated figures for malignant disease
incidence among KTR [4]. These updated data reflect a continued increase in tumor
incidence among long-term transplant recipients, emphasizing the importance of ongoing
surveillance and preventive care. Data from registries indicate that urinary tract cancers
are relatively rare and are not encountered as frequently after organ transplantation as skin
cancers or lymphomas; however, they rank third in terms of incidence [2,4]. Posttransplant
malignancy is associated with increased morbidity and mortality [5-8].

In Taiwan’s National Health Institute Research Database (1997 to 2011) in 5038 kidney
transplant recipients (50% living related donors) the most common de novo malignances
were transitional cell carcinoma, renal cell carcinoma (RCC) and non-Hodgkin lym-
phoma [9]. Krynitz et al. [10] reported that in a Swedish population-based study (7952 KTR
between 1970 and 2008) the cumulative incidence of cancer was 12% twenty years post-
transplantation. In addition, the overall age-sex adjusted standardized incidence ratio
(SIR) was the highest for Kaposi sarcoma (KS) (40), followed by vulvar and vaginal (14),
lip and oral cavity (10), anal (6.3), and kidney (6.2) cancers. Collet et al. [11] in the United
Kingdom (UK) registry examined SIR in 25,104 renal transplant recipients and found that
the highest SIR were for lip cancer (65.6), followed by Kaposi sarcoma (17.1), lymphoma
(non-Hodgkin lymphoma 12.5, Hodgkin lymphoma 7.4), anal cancer (10.0), and kidney tu-
mor (7.9). In the United States of America (USA) in 35,765 KTR showed a 3-year cumulative
incidence of 7.5% for skin and non-skin neoplasms [12]. In the Canadian study the SIR was
greatest for non-Hodgkin lymphoma (8.8), oral (7.7), and kidney tumor (7.3) [13]. On the
other hand, in the Canadian study by Kitchlu et al. [14] on 325,895 malignancy diagnoses
during 29,993,847 person-years of follow-up, bladder tumor, kidney cancers and multiple
myeloma were particularly increased in patients with chronic kidney disease (CKD). In
addition, mortality rates were negatively associated with impaired kidney function. Higher
proportions of stage 4 cancers at diagnosis were more common in patients with CKD.
Moreover, KTR had increased risks of cancer-specific death (adjusted hazard ratio (aHR)
of 1.48 [95% CI, 1.18-1.87]). In all these studies, the SIR for prostate malignancy was not
significantly increased. According to Blosser et al. [15] SIR has remained stable over the
last 30 years, except for prostate cancer, for which a significant reduction in SIR was noted
in recent years. When comparing the incidence of neoplasms in KTR to patients on waiting
lists for kidney transplantation, it was found that transplant recipients have a 39% higher
risk of developing kidney tumors compared to those awaiting transplantation [8]. The
keynote studies on cancers in renal transplant recipients are presented in Table 1.
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Table 1. Keynote studies on malignancy in transplant recipients, methodology and main findings.

Country Population Study Design Malignancy Main Findings
. . Cancer was associated with greater risk of mortality with functioning
1. Taborelli et al. [16] Italy 13,245 KTR retrospective matched cohort all graft (HR = 3.31), for kidney cancer (HE = 2.38)
2. Taborelli et al. . Malignancy is a leading cause of death (32.4%), kidney cancer
[17] Italy 7373 KTR retrospective cohort all (SMR = 5.4, 95% CI: 2.97-8.88)
Urothelial cancer—6.9 per 1000 person-years (age-and sex-adjusted
3. Laowalert et al. [18] Thailand 1156 KTR retrospective cohort all incidence rate after Ktx), SIR—42.5, kidney cancer—SIR of 24.4
association of cancer with death, but not graft failure
retrospective population-based Kidney cancer SIR of 12.5 (8.51-18.36), bladder cancer—8.22 (4.67-14.47),
4. Cheung et al. [19] Hong Kong 4895 KTR P cghg ot all prostate cancer—0.88 (0.39-1.95). Mortality rates for kidney and bladder
cancer higher in transplant recipients over general population
nationwide population-based Kidney cancer SIR of 44.29, bladder cancer SIR of 42.89, age less than
5. Lietal. [20] Taiwan 4716 KTR pop all 20 years at transplantation associated with the highest risk of
cohort study .
post-transplantation cancer
6. Tsaur et al. [21] Germany 1990 KTR retrospective all Urological malignances—3.3 /:3 cumulative mc[l)dence and most common
mortality cause—(44.4%)
aRR for kidney cancer—14.9; 95% CI, 7.9-28.3, bladder /urinary
retrospective nationwide tract—4.1; 95% CI, 2.3-7.3. Higher risk for kidney cancer males and
7. Jungetal. [22] Korea 12,634 KIR population-based cohort study all females, whereas only in females, bladder/urinary tract cancers had
higher relative risk
. . . Kidney, bladder and urinary tract cancers had 3-5 higher risk than
8. Oliveras et al. [23] Catalan/Spain 8037 KTR population-based study all expected, whereas only prostate cancer was lower risk than expected
Urinary tract cancers together with non-melanoma skin cancers, Kaposi
9. Ietto et al. [24] Varese, Italy 462 KTR retrospective cohort all sarcoma, hematological tumors were the most common. SIR of 2.8;
95% CI1.8-4.3 for all cancers in kidney transplant recipients
Non-melanomatous skin cancer (57.9%), lymphoma (7.9%), kidney
(7.0%), lung (6.8%), breast (4.0%), and prostate (3.7%) cancer are the most
. . . common. SIR of 9.4 [IQR 4.2-20.9] in females and 12.2 [IQR 8.0-18.5] in
10. Nimmo et al. [25] Scotland 4033 KTR nationwide cohort study all males aged 45-59 years. SIR of 3.1 [IQR 1.1-8.2] in females, SIR 5.0
[IQR 3.2-8.0] in males over 60 years of age. Bladder cancer had higher
incidence of stage 4 metastatic disease
Urothelial cancer most common, (20% of all cancers) with an SIR of 114.7
11. Srisuwarn et al. [26] Thailand 2024 KTR retrospective cohort single center all (95% CI 66.8, 183.6) in females. The SIR for prostate cancer 8.11
(95% C13.71,15.4)
The most prevalent cancers in males were kidney (16.4%), lung (15.7%),
12. Komorowska-Jagielsk all except and prostate (14%), in females, breast cancer led (17.8%), followed by
- homorowskajagielska Poland 246 KTR retrospective cohort 2 centers non-melanoma colon (14.5%), lung, and PTLD (8.9% each). Notably, native kidney cancer

etal. [27]

skin cancer

was highly frequent, with 5.8% of transplant recipients having a history
of prior malignancy
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Table 1. Cont.

Country Population Study Design Malignancy Main Findings
. . . Gastrointestinal tract (25%), urinary tract tumors (23.2%), lung cancer
13. Lizakowski et al. [28] Poland 3069 KTR retrospective cohort 2 centers all (n = 18; 16%), and lymphoma (13.4%) were the most common

. In retransplants only renal/pelvis cancers had a higher incidence, in
14. Kalil et al. [29] USA 102;%;42}6);1111;21ETI§{TR retrospective cohort all particular RCC (IRR 1.72, 95% CI 1.24-2.31, p = 0.0007), whereas prostate
cancer had lower incidence in retransplants (IRR 0.61, 95% CI 0.37-0.94)

- - - - o
15. Gioco et al. [30] Catania, Italy 535 KTR retrospective cohort all After Kix native kidney cancer was d1agnos§ d 1r1013 ‘e, the most common
was Kaposi sarcoma in 23%

De novo cancers in 13%, with PTLD (25%), urinary tract cancers (18%)

. Australia, . and malignant melanoma (12%) diagnosed early (<12 months after Ktx).
16. Krishnan etal. [31] New Zealand 21844 KTR retrospective cohort all PTLD (14%), urinary tract cancers (13.6%) and melanomas (10.6%)
diagnosed late (more than 1 year after Kix)
7,147,476 general o . . . . .

, o . Cancer-specific mortality was higher in solid organ transplant recipients,

17. D’Arcy etal. [32] usa populatllon 11,416 SOT retrospective cohort all in particular for. melanoma, breast and bladder cancers (1.85, 1.58, 2.17)

with cancer

Cancer was cause of death in 7.4%. Lymphoma (18.4%), lung (17.6%) and

18. Farrugia et al. [33] UK 19,103 KTR retrospective cohort all renal (9.8%) were the three most common. Cancer-related deaths were

more common in the 2006-2012 versus 2001-2006 era
73.5 KIR all, 57 solid cancers, After Ktx—2.1-fold rise in cancer risk
. North-western (75 with cancer) . 13 PTLD, 12 KS, . . X K . . .
19. Mazzucotelli et al. [34] . . retrospective L . induction therapy associated with a significant increased risk of KS;
Italy 912 dialysis in dialysis,

(42 with cancer)

42 solid cancers

virus-related cancers only diagnosed after post-transplant

SOT—solid organ transplant, KTR—kidney transplant recipients, Kitx—kidney transplantation, PTLD—post-transplant lymphoproliferative disease, KS—Kaposi sarcoma,
SMR—standardized mortality ratio, SIR—standardized incidence ratio, HR—hazard ratio, CI—confidence interval, IQR—interquartile range, aRR—adjusted risk ratio, IRR—incidence

rate ratio.
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4. Urinary Tract Malignances—Epidemiology
4.1. Kidney Cancer

Among KTR, renal cell carcinoma is the most frequent urinary tract malignancy, af-
fecting 0.5-3.9% of vessels [35-38]. There are three main types: clear-cell carcinoma-RCC
(75%), papillary carcinoma (10%), chromophobe carcinoma (5%), and other types (10%) [39].
Kidney cancer is the most common urinary system malignancy in renal transplant patients,
occurring in 0.5-3.9% of kidney recipients [35-38]. According to the IPITTR registry, it
accounts for 4.1% of all post-transplant tumors [2]. The risk of its occurrence in trans-
plant patients is many times (x10-100) higher than in the general population. According
to the United States Renal Database (USRDS) from 2024, there is a continued elevated
risk of urinary tract malignances among recipients, though specific incidence rates have
evolved [3]. Most detected kidney cancers are found in the patient’s own kidneys, and only
9% in the transplanted kidney. It should be remembered that they can occur in the trans-
planted organ even many years after transplantation. Very rarely, they can be transferred
with the transplanted kidney (graft) [40,41]. Such disease is often diagnosed incidentally
(e.g., during nephrectomy due to hypertension). Unfortunately, the course of the RCC is
more aggressive in KTR than in dialysis patients and the disease has a high mortality rate
of about 40%.

Predisposing factors for genitourinary tumors in transplant patients [40—45] are the
following: abuse of painkillers [42], acquired cysts in the native kidneys, in patients with
long dialysis vintage [43,45], and history of prior RCC [40,41]. In addition, older age and
male gender are risk factors for native kidney cancer [45].

4.2. Prostate Cancer

Prostate cancer is a common malignancy in the general population. In the USA, it is
the second leading cause of cancer-related deaths in men with no significant changes in
the proportional increase [3]. In KTR, this malignancy is often underdiagnosed and the
incidence in organ transplant recipients ranges from 0.3% to 1.9% according to various
registries [3,4]. Recently, it has been diagnosed more frequently, likely due to the increasing
age of transplant patients [3,4].

According to American data, prostate tumor occurs twice as often in allograft recipients
compared to the general population [3], whereas a Swedish nationwide, register-based
study showed that kidney transplant patients were not more likely than age-matched
control men to be diagnosed with any or high-risk or metastatic prostate cancer [46].

Previous studies did not show a higher incidence in kidney allograft recipients, proba-
bly because this population was generally younger [47,48]. Now, as older patients are more
frequently transplanted, an increase in prostate malignancy incidence has been observed in
this population.

4.3. Bladder Cancer

In the general population, bladder malignancy predominantly affects older individuals
(60-70 years) [39,49]. It ranks as the fourth most common neoplasm in men (5.5% of all
cases) after lung, stomach, and prostate cancer, and the eighth in women (2.3%) [49]. Over
90% of cases are transitional cell carcinoma, originating from the cells lining the urinary tract
mucosa [39,49]. Bladder cancer incidence continues to be elevated, approximately three
times higher than in the general population in the USA kidney transplant recipients [3].
Moreover, the incidence of bladder tumor is significantly higher in some Asian countries
compared to American or European populations [50].
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Factors that contribute to bladder cancer have long been known. These include
occupational factors (exposure to chemicals such as aromatic amines, dyes, rubber, aniline),
lifestyle factors (tobacco smoking), genetic abnormalities and mutations [51,52].

A proven increase in this oncological disease frequency has been observed in patients
who received a cumulative cyclophosphamide dose exceeding 20 g [53]. In addition, it has
been reported that BK polyoma virus may be a risk factor for development of urothelial
bladder cancer in kidney transplant recipients [54-56].

4.4. Penile and Testicular Cancer

Basile et al. [57] pointed out in their work penile cancer prevalence from 0.04% to 0.3%
in their systematic review (in 7 studies out of 21, prevalence of this cancer was reported),
with the highest number of 10 cases reported by Besarani et al. [58]. Testicular cancer
prevalence ranged from 0.03% to 0.55% in 18 out of 21 examined studies, with the highest
number of cases provided by Besarani et al. [58] and Jiang et al. [59] for the systematic
review. In only one study, by Piselli et al. [60], SIR was reported to be 4.1 (95% CI 1.3-9.6,
p < 0.05). The keynote studies on genitourinary malignances are presented in Table 2.

Table 2. Keynote studies on genitourinary tract malignances in kidney transplant recipients, method-
ology and main findings.

Country Population Study Design Malignancy Main Findings

The most common malignances were
RCC (native and transplanted

genitourinary (kidney kidney) prostate and bladder.
. US, University of graft and native, Higher incidence of RCC, lower
{¢
L. Jiang etal. [59] Minnesota, USA 6172KTR cohort prostate, bladder, incidence of prostate, and
penile, testicular) comparable incidence of bladder
cancer relative to the national
age-matched population
Among all, 2.2% had urologic
retrospective ) ) ) mahgnar‘laes. The overall ‘;’)-year
2. Antunes etal. [61] Portugal 2897 KTR urologic malignancies survival rate was 82.8%.

single-center Tumor-related death was in 13.8%,

while graft loss in 1/3 of the patients

3. Elkentaoui et al. [62]

France 1350 KTR retrospective study urologic malignancies

Amongall, 3.1% had
urologic malignancies

4. Kim et al. [63]

Korea 31,542 KTR national cohort urologic malignancies

Urinary malignances have increased
risk in KTRs, prostate cancer risk
comparable to the
general population

5. Minkovich et al. [64]

Canada 2443 KTR

RCC had higher risk in KTR relative
to general population, found in 2.1%
of all KTRs, mainly within 4 years
after Ktx. Predominant stage—T1a in
86.3%. clear-cell type diagnosed in
45.1%, RCC found in the native
kidney in 80.4% was associated with
higher incidence of other
malignancies in KTR

observational renal cell
cohort study carcinoma-RCC

6. D’Arcy etal. [65]

USA 262,455 SOT retrospective cohort 694 subtypes, including

The most common types of RCC
were clear-cell, papillary and renal
cell adenocarcinomas. Strong
associations (SIR = 10-19 range)
between bladder micropapillary
transitional cell carcinoma and signet
ring cell adenocarcinoma; as well as
kidney papillary adenocarcinoma
and collecting duct carcinoma. More
modest associations (SIR =2.2-10)
were observed for bladder
(adenocarcinoma NOS, penis, SCC,
RCC chromophobe type). Increased
incidence of papillary
adenocarcinoma after 5 years
post-transplant

33 rare cancers, with

kidney, bladder, penile

SOT—solid organ transplant, KTR—kidney transplant recipients, Kix—kidney transplantation, PTLD—post
-transplant lymphoproliferative disease, KS—Kaposi sarcoma, SMR—standardized mortality ratio,
SIR—standardized incidence ratio, HR—hazard ratio, Cl—confidence interval, NOS—not otherwise
specified, SCC—squamous cell carcinoma.
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5. Symptoms and Diagnosis
5.1. Kidney Cancer

Clinical presentation of kidney cancer in transplant patients includes fever, weight
loss, feeling of early satiety, anorexia, and hematuria, among other symptoms. It should
be noted that many patients are free of symptoms until the disease is very advanced. In
some patients, though rarely, the disease may progress rapidly. Kidney tumor metastasizes
to lymph nodes, liver, lungs, and invades the renal vein and inferior vena cava. Imaging
studies are fundamental in making a correct, early diagnosis. The simplest and easiest
imaging study to perform is ultrasound examination. However, renal ultrasound has
limited sensitivity when the tumor is small [66]. Computed tomography (CT) and magnetic
resonance imaging (MRI) are more sensitive in detecting small tumors. However, these
are more expensive tests, and it should be remembered that in patients with impaired
glomerular function, complications may occur after these tests such as contrast-induced
nephropathy due to contrast agents used in CT. In the diagnostic process, it should be
remembered that cytological analysis of urine is of little use, as tumors most often occur
in the native kidneys, not in the graft [67,68] and in most KTR the native organs do not
produce urine, and only the transplanted kidney produces urine.

5.2. Prostate Cancer

The main symptoms include frequent urination, dysuria, urinary retention, hematuria,
and bone pain (due to metastases, often to bones). Digital rectal examination (DRE)
is a basic, simple examination [69]; however, according to recent data, DRE is not the
optimal routine screening test for prostate cancer on its own [70]. The most important
laboratory test is Prostate-Specific Antigen (PSA). Using both tests seems to be valuable
in making a correct diagnosis [71]. Other tests used include transrectal ultrasound, CT,
and MRI. Prostate biopsy in transplant patients is as safe as in the general population [72].
Patients should receive prophylactic antibiotics (fluoroquinolone) before biopsy. Recently,
Whang et al. [73] proposed genomic testing in addition such as Oncotype DX, Decipher
or Polaris.

5.3. Bladder Cancer

The main symptom of bladder cancer is hematuria, which is usually painless and
accompanied by blood clots. Other common symptoms include frequent urination and
dysuria. These symptoms may suggest urinary tract infection, but if urine culture is
negative and symptoms persist, further tests for bladder malignancy should be conducted.
Diagnosis involves ultrasound, cystoscopy, urography, and CT [74]. Cytological diagnostics
can be helpful in diagnosing lower urinary tract tumors.

5.4. Penile and Testicular Cancer

Penile cancer symptoms include an abnormal growth on the penis, rash, or sore
that does not heal, bleeding, changes in skin color or thickness, and discharge under
the foreskin. Testicular cancer symptoms often involve a lump or swelling in a testicle,
a feeling of heaviness in the scrotum, or a dull ache in the lower abdomen or groin.
Some testicular malignances may not cause any symptoms, making regular self-exams
important. Diagnosis of penile and testicular tumors begins with a physical exam, followed
by imaging tests like ultrasound to confirm masses. For penile cancer, a tissue biopsy is
necessary for a definitive diagnosis. For testicular cancer, if an ultrasound is positive, an
inguinal orchidectomy is often performed to obtain tissue for a definitive pathological
diagnosis. Further diagnostic steps often include blood tests, especially for testicular
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malignancy markers (beta-human chorionic gonadotropin, alpha-fetoprotein and lactate
dehydrogenase), and imaging, such as CT scans, to check for metastases.

6. Treatment
6.1. Surgery

In general surgery is the first line option for genitourinary tract malignances. Sur-
gical treatment is central in the management of kidney cancer, with good results when
implemented early in the disease course. In advanced forms, results are unfortunately
much worse [75]. Therefore, as with other malignances, early diagnosis is crucial for a
better prognosis.

When a tumor is in the transplanted kidney, graftectomy and return to dialysis may
be necessary. Nephron-sparing surgeries in cases of non-metastatic cancers smaller than
4 cm, located peripherally, have been described in only a few cases. Radiofrequency ab-
lation and cryoablation could also be considered [76]. Thus, localized RCC in KTR is
treated similarly to the non-transplanted population [77]. When metastases are present
in KTR, immunosuppression should be discontinued, nephrectomy performed, and im-
munotherapy initiated [78]. The most common treatment for prostate cancer is a radical
prostatectomy, the same as in the general population [79]. Removal of lymph nodes on
the graft side can also be problematic during prostatectomy. For bladder cancer, treatment
is the same as in the general population, primarily involving surgical intervention such
as transurethral resection of bladder tumor (TURBT) for low-risk non-muscle invasive tu-
mors. In the recent review by Grabe-Heyne [80], treatment options for non-muscle-invasive
bladder cancer (NMIBC), with its burden and limitations, are presented. Intravesical Bacil-
lus Calmette-Guérin (BCG) is an adjunctive therapy to the surgery in intermediate and
high-risk patients to reduce recurrence and progression [81,82]. An alternative to BCG is
intravesical chemotherapy in patients with intermediate-risk NMIBC, whereas in high-risk
patients, when BCG is not available or not tolerated, other options include mitomycin C,
epirubicin, docetaxel or gemcitabine [83]. In muscle-invasive tumors, the gold standard
is radical cystectomy. In kidney transplant recipients, together with radical cystectomy,
limited pelvic node dissection, urinary diversion with eventual bilateral nephrouretec-
tomy is the preferred method of treatment [84]. Primary penile and testis malignances are
treated surgically (penectomy or orchidectomy, respectively) as in the general population.
In the recent narrative review, Dell’Atti and Slyusar [85] stressed that the treatment of
locally advanced disease posed unique challenges due to the presence of the graft, regard-
ing both chemotherapy (mainly cisplatin-based regimen) and radiotherapy. However, in
localized disease, non-cytotoxic alternatives should be prioritized when feasible. They
also underlined limited evidence available on therapy of penile and testicular cancers in
this population. Therefore, deviations from established treatment guidelines are to be
justified [57,85].

6.2. Radiotherapy

Radiotherapy is not used to treat renal cancer and is limited to exceptional cases;
however, it may be a viable option if the neoplasm is still only in the kidney, but a person
is not healthy enough for (or does not want to undergo) surgery or has a solitary kidney
(dialysis after the surgery is also an option to be discussed) [86,87]. The technique used is
called External Beam Radiation Therapy (EBRT). However, when treating the tumor in the
kidney or a small area of cancer spread (such as single lung metastasis), radiation is usually
given as a stereotactic body radiation therapy (SBRT) known also as a stereotactic ablative
body radiotherapy (SABR).
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In bladder cancer, radiotherapy can be used as part of the treatment for some early
stage of this disease when surgical treatment was not radical in removing the whole
bladder (such as TURBT), as part of the treatment for people who cannot have (or do
not want) a cystectomy, as part of treatment for advanced bladder tumor or as in other
cases to help prevent or treat symptoms caused by advanced kidney/bladder or prostate
malignancy as palliative therapy. In case of bladder cancer, radiotherapy is often combined
with chemotherapy (with cisplatin, gemcitabine, capecitabine, or 5-fluorouracil (5-FU) plus
mitomycin; these two latter therapies are not used in the treatment of urothelial malignancy)
as chemoradiation to enhance the radiation therapy efficacy [88,89].

Radiotherapy may be used as the only treatment for prostate cancer, or it may be
used with other treatments, such as chemotherapy or surgery [90,91]. It is a common and
effective treatment for all stages of the disease and can be delivered either externally (EBRT)
or internally (brachytherapy).

In KTR, there are some specific limitations and difficulties in treatment as the graft is lo-
cated close to the prostate gland, and radiotherapy can cause radiation nephritis. Shielding
of the transplanted kidney during radiotherapy is recommended. In the case of penile or
testicular tumor, prophylactic radiotherapy to retroperitoneal nodes can present a problem
with injury to allograft in the pelvis and the development of retroperitoneal fibrosis.

6.3. Hormone Therapy

Hormone therapy, also called androgen deprivation therapy, lowers or blocks testos-
terone [90,91], and is used for treatment of prostate cancer.

6.4. Chemotherapy, Targeted Therapy and Immunotherapy

Kidney cancer typically does not respond well to classical chemotherapy, while tar-
geted therapy and immunotherapy are the most common treatments for most advanced
kidney malignances. Treatment of kidney cancer in the allograft does not differ from the
general population and includes either a combination of 2 immune checkpoint inhibitors
(ICI) of different modes of action (i.e., Programmed Death-1 (PD-1) inhibitor—nivolumab
and cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) inhibitor—ipilimumab, or a
combination of a checkpoint inhibitor with a tyrosine kinase inhibitor (TKI), for example,
pembrolizumab and axitinib or cabozantinib with nivolumab. These combinations admin-
istered as a first line treatment in metastatic RCC showed superiority in progression-free
survival, objective response rate, and overall survival when compared to monotherapy
with TKI, the previous standard of care [92-94]. In 2025, Updated European Association of
Urology Guidelines on the Use of Adjuvant Inmmune Checkpoint Inhibitors and Subsequent
Therapy for Renal Cell Carcinoma, adjuvant use of pembrolizumab, PD-1 inhibitor receives
a strong recommendation [95]. For advanced RCC, there is currently no trial evidence for
the optimal immunosuppression regimen or oncological treatment in kidney and/or solid
organ transplant recipients.

For prostate cancer, most often, docetaxel is the first chemotherapeutic drug given,
together with steroids (followed by cabazitaxel along with a steroid) if docetaxel does not
work or stops working. Other options include mitoxantrone, estramustine, and carbo-
platin [90]. Pembrolizumab in the first line, followed by cabazitaxel in the second line is the
new standard [91].

Chemotherapy for bladder cancer can be given in 2 different ways, either intrav-
esically (for early stage usually given within 24 h of the TURBT) or systematically in
neoadjuvant settings (before surgery) or after surgery or sometime after radiotherapy in
adjuvant settings. Considering choice of chemotherapy, we have to consider first of all
graft function to adjust the dose of the drug or look for an alternative [96]. Immunotherapy
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or antibody-drug conjugates, i.e., enfortumab vedotin or plus pembrolizumab in first line
is the new gold standard. Sacituzumab govitecan, only in subsequent lines [88,89] may
also be an option depending on the indications and availability.

For penile and testicular malignances, chemotherapy has been reported as an option
in selected cases. A few reports described the use of chemotherapy in transplant recip-
ients for the management of metastatic diseases [97]. In KTR, the choice and dosing of
chemotherapeutic agents should be carefully determined considering graft function and po-
tential drug—drug interactions. Increased allograft rejection rates have been reported with
several chemotherapeutic agents and especially ICI [98-102]. Particular attention should
be paid to possible adverse events such as thrombotic microangiopathy after treatment
with gemcitabine or anti-angiogenic therapies [103]. It is of paramount importance as cal-
cineurin inhibitors (CNI), an essential part of the immunosuppressive regimen, predispose
to endothelial injury and development of this life-threatening complication.

In a few studies on organ transplant recipients, ICI were mainly used in skin cancer,
malignant melanoma and non-small cell lung cancer [95,99-102]. In the French study of
Legris et al. [104], 34 patients after kidney transplantation were analyzed, none of whom
had genitourinary tract malignancy. Use of ICI was associated with a 38% tumor response
rate and a 15% incidence of graft loss. The major limitation of the studies on ICI use in organ
transplant recipients is the lack of data on genitourinary tract malignances; only in the study
by Murakami et al. [101], 3 kidney and 2 bladder tumors among 69 transplant recipients
were analyzed. In addition, data on the outcomes, graft failure and deaths were mainly
analyzed. It has been reported that in solid organ transplant recipients with malignancy,
treatment with ICI either in monotherapy or in combination has been associated with an
increased risk of rejection [105-108]. It was also reported that use of ICI may cause acute
kidney injury [109,110], which can manifest in renal transplant recipients as worsening
of graft function. In solid organ transplant recipients, except kidney, acute rejection not
responding to therapy leads to a fatal outcome, whereas in renal allograft recipients, kidney
replacement therapy in the form of dialysis is a viable backup option in case of graft loss.
A possibility of evaluation for a retransplantion is another option upon curative cancer
treatment. Therefore, personalized approach, individual risk-benefit assessment with a
multidisciplinary team. is of paramount importance. In particular—in the setting where
there are no definitive recommendations due to the lack of good large clinical trials, and very
limited data available. Moreover, the 34th Acute Disease Quality Initiative meeting held in
Charlottesville in 2024 aimed to develop a Consensus Statement to present guidance on the
prevention, diagnosis and management of anti-cancer therapy nephrotoxicity. Finally, “The
nephrotoxic effects of anti-cancer therapies: consensus report of the 34th Acute Disease
Quality Initiative workgroup” was published in Nature Review Nephrology in December
2025 [111]. The consensus panel stated that kidney allograft recipients, being at increased
risk of renal complications of ICI, required careful assessment of the risks and benefits
of treatment with these drugs, along with possible immunosuppression adjustment and
close monitoring of graft function. In addition, the panel also acknowledged the shared
decision to initiate ICI in kidney allograft recipients considering duration of transplantation,
immunization, i.e., presence of donor-specific antibodies, previous rejection, availability of
alternative anti-cancer therapy as well as patient preferences (weighing the risk of inferior
neoplasm outcomes versus the risk of returning to dialysis). The panel also discussed the
role of steroids (increasing dose or restarting) before ICI initiation together with switch
from CNI to mammalian target of rapamycin (mTOR) inhibitors [111].
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7. Inmunosuppression in Kidney Transplant Patients with Malignances

The issue of immunosuppressive treatment in patients with genitourinary tract ma-
lignances is extremely important. Unfortunately, due to the relatively small number of
these malignances in patients after transplantation, there is a lack of large studies and,
consequently, recommendations. The general approach, although without evidence, is
reduction in immunosuppression, rather than withdrawal of immunosuppressive therapy.
The assumption is made on the basis that malignancy development after kidney transplan-
tation is due to the cumulative burden of immunosuppression [112]. This is the primary
approach for graft recipients, as even the graft loss is not a fatal event as in the case of other
solid organ transplantation. The optimal approach to reduce immunosuppression is still de-
batable/uncertain. Discontinuation of antimetabolite rather than withdrawal of CNI is the
preferred strategy. Switching from CNI to mTOR is rather not recommended due to the ad-
verse impact on overall survival [113,114]. Switching to an mTOR inhibitor and prednisone
may also be an option; however, no data support this approach. In very well-matched
human leukocyte antigen (HLA) transplant recipients (0-HLA or 0-B, 0-DR mismatches),
with low risk of rejecting the combination of an antimetabolite and prednisone could be a
viable option. In these patients, CNI withdrawal rather than the antimetabolite appears
reasonable as nephrotoxicity and malignancy potential associated with a CNI is to be mini-
mized. When ICl is to be introduced, the maintenance immunosuppression regimen should
be adjusted, bearing in mind the worsening of graft function and/or rejection, although the
optimal approach to this is not known. Combination of low-dose tacrolimus (target trough
level 3 to 5 ng/mL) and steroids may be considered; however, Schenk et al. [115] in one
small trial in kidney transplant recipients with advanced skin cancers found that this com-
bination did not provide adequate protection against allograft rejection and compromised
immune-mediated tumor regression. Data on efficacy and safety of immunosuppression
reduction in renal allograft recipients are scarce and based mainly on observational studies,
case reports and case series. The same applies for immunosuppression and genitourinary
malignances, where data are even more limited. Pommerolle et al. [43] suggested that
modification of immunosuppressive treatment should be discussed in patients with RCC.

8. Screening
8.1. Kidney Cancer [12,39]

Compared to the general population, KTR at the time of renal cancer diagnosis are
younger (47 vs. 62 years), while the stage at diagnosis and 1-year survival rates did not differ
between the populations. According to the authors of this study, immunosuppression has a
relatively small impact on short-term survival of transplant patients with kidney neoplasm
compared to the general population. A Japanese study [116] also found good survival
rates for renal cancer patients, with 67% of patients surviving for five years. However,
a limitation of this study, as well as many others in the post-transplant population, is
the small number of cases. Recently, updated, less restrictive guidelines regarding the
suitability of oncological patients, including urinary tract malignancies for the transplant
waiting list, were reported by the Kidney Disease: Improving Global Outcomes (KDIGO)
(2020) (Tables 1 and 2) [117,118], and the American Society of Transplantation (AST) (2021)
(Tables 2 and 3) [119,120]. Cancer screening and treatment in KTR were nicely reviewed in
2024 by Bigotte-Vieira et al. [121]. AST and KDIGO guidelines do not recommend screening
for RCC [122-124]. The European Association of Urologists recommends annual evaluation,
and the European Best Practice Guidelines group recommends regular RCC screening in
the native organs using ultrasonography, with no specification about frequency [125-127].
In 2007, a German group published a study involving 561 KTR in whom ultrasound
examinations revealed the presence of kidney cancer in 4.8% of patients, and in those
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with acquired cysts, the rate was as high as 19.4% [67] (Figure 1). It seems that these
recommendations are reasonable and should be applied to kidney transplant patients. In
addition, kidney transplant recipients with a family history of RCC, familial syndrome,
and acquired cystic disease (ACKD) should be screened for RCC on an individualized
basis [128,129]. As stressed by Dahle et al. [77], screening for RCC in all KTRs is not cost-
effective but may be of value in high-risk subsets, such as patients with a previous RCC
and patients with known ACKD. Ultrasonography, despite being operator-dependent, is
the preferred method of screening. However, CT remains a gold standard for diagnosis
in acquired kidney disease, despite higher costs, risk of radiation, and post-contrast acute
kidney injury [129].

All patients, regardless of the presence of

cystsin kidney ultrasound, once a year \

[

Cyst category I

Cyst category II Cyst category IIF Cyst category IIT or IV
according to Bosniak classification according to Bosniak classification according to Bosniak classification according to Bosniak classification

v

v v v

[ Ultrasound twice a year } [ Etfascand 4times o year } [ Nephrectomy ]

CT or MRI once a year

v

v v

[ Progressive changes

b S

} [ No progressive changes } [ Progressive changes

)

v v

[ Computer Tomography J { TUltrasound twice a vear ] [ Nephrectomy }

Figure 1. Screening algorithm and management in the patients with kidney cysts.

Recently, since risk factors and the value of screening remain unclear for RCC, Pom-
merolle et al. [43] conducted a multicenter case-control study comparing annual screening
for RCC with other strategies (either ultrasound at 1 year of KTx then every 3 years or no
systemic screening). They found that annual screening could improve outcomes (fewer
relapses and lower rate of mortality due to malignancy). However, they stressed that their
findings should be evaluated in larger studies and special high-risk groups (males and
patients with ACKD) should have priority for screening.

8.2. Prostate Cancer

There are no specific guidelines for prostate cancer screening in KTR. American
guidelines for transplant recipients recommend that patients over 50 years old should have
a DRE and PSA test once a year if their expected survival is 10 years. For men between
40 and 50 years old, these tests are recommended for selected high-risk patients (African
Americans, family history of the disease) [119,130]. Vitiello et al. [131] retrospectively
analyzed the effect of PSA-based screening on transplantability. They found that patients
screened based on PSA (positive PSA screening with level more than >4 ng/mL) not only
had a lower chance of receiving a transplant, had a longer time to be actively waitlisted,
but also had no improved survival after transplantation. On the basis of their findings,
Vitiello et al. [131] were not in favor of PSA screening for prostate malignancy in KTR.

8.3. Bladder

There are no screening tests (urine tests) for asymptomatic kidney transplant patients
for urinary tract cancers. However, annual screening with cystoscopy and cytological exam-
ination is recommended for patients with non-glomerular hematuria who were previously
treated with cyclophosphamide [132-134]. Additionally, screening may be necessary for
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patients who previously abused painkillers, Chinese herbs, or were treated with cyclophos-
phamide. American centers recommend the following for patients with hematuria or at
risk: urine assessment every 3-6 months, urine cytology (repeated 3 times), ultrasound of
native kidneys, graft, and bladder, PCR for BK polyoma virus, and PSA test.

It is crucial to include bladder examination during routine ultrasound scans for trans-
plant patients, especially those with a history of cyclophosphamide treatment, painkiller
use, or Chinese herb consumption.

No data are available on penile and testicular cancer screening as they are very rare
in KTR.

9. Cancers Transmitted Through Transplantation

Cancer cells can be transferred along with a transplant when an undiagnosed tumor
is present in the organ donor. While these cases are sporadic, it is important to keep this
possibility in mind. Therefore, donors with a history of malignancy should be excluded
(except for non-metastatic brain tumors). Currently, cases of tumor transmission through
transplantation are very rare and do not pose a significant problem [36,37]. According to
American data from the United Network for Organ Sharing (UNOS) from 1994 to 2001
(34,933 donors, 108,062 recipients), only 21 cases of cancer transmission from donor organs
were reported [37]. There were also 8 deaths among such patients out of 108,062 recipients
(0.007%). The authors of this report conclude that the risk of neoplasm transmission from a
donor organ and subsequent death is exceptionally low, especially when compared to the
mortality rate of patients on the transplant waiting list. The most reported transmitted ma-
lignances include primary brain tumors, kidney cancer, lung cancer, malignant melanoma,
choriocarcinoma, liver, bile duct, and breast cancer [37]. Based on the data obtained so far,
among urinary system malignances, only renal tumor is considered a potential risk for
transmission through transplantation.

10. Pre-Existing Cancers

The presence of cancer is, of course, a contraindication for kidney transplantation.
However, many patients on dialysis and waiting for a transplant have previously had
malignances [23,135-138]. In our recent study, among 5879 prevalent hemodialysis subjects
(60% men), 757 had a history of malignancy. In this population, 449 patients were actively
waitlisted, including 27 patients with a prior cancer, representing 3.8% of the patients
studied [138].

Studies have shown that the recurrence rate in patients with a history of cancer ranged
from 22 to 27% [139]. Patients with previous oncological history are also at increased risk
of de novo cancers after kidney transplantation [140].

Significant differences were observed depending on the type of previous neoplasm
as shown in Table 3. These data indicate that urinary tract cancers can recur and do so
quite frequently.

The high frequency of cancer recurrence has forced us to assess the risk of recurrence
of past malignancy in transplant recipients. The difficult question “When can a transplant
be safely performed?” depends primarily on the type of cancer. Different waiting periods
are recommended for various types of neoplasm (and stage and aggressiveness), usually
ranging from 2 to 5 years [80,82,84,101].

Therefore, a decision concerning waiting time should be discussed with an oncologist
on an individual basis. For such patients, after kidney transplantation, it is certainly
necessary to avoid aggressive immunosuppression and consider use of mTOR inhibitors. It
is probably better to discontinue calcineurin inhibitors as quickly as possible or use them
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with low target trough levels. Unfortunately, there are no definitive recommendations due
to the lack of good large clinical trials.

Table 3. Recurrence rate of malignancy after kidney transplantation [139,140].

Recurrence Rate After Transplantation (%) Cancer Type

localized kidney cancer
testicular cancer
cervical cancer

thyroid cancer

0-10%

Wilms tumor
colon cancer
prostate cancer
breast cancer
uterine cancer

11-25%

bladder cancer
advanced kidney cancer
sarcoma

multiple myeloma

skin cancers

>25%

11. Counseling About Individual Cancer Risk and the Importance of
Screening Regarding Urinary Tract Cancers

First, counseling about individual cancer risk and the importance of screening is
critical and should be done at the time of evaluation for renal transplantation (ideally at
low clearance clinic or outpatient nephrology care).

In the conversation, increased risks, the importance of pre-transplant screening for
latent malignances, and tailored post-transplant screening schedules for all neoplasms,
including urinary tract malignances, should be covered. (for kidney cancer, i.e., repeated
sonography of native kidney/s, if something abnormal on sonography, proceed with
further imaging such as CT with contrast).

Explanations about increased tumor risk due to long-term immunosuppression, neces-
sary to prevent graft rejection also weakening the immune system’s ability to fight cancer
cells, pre-transplant history of malignances, and age, should be given to candidates/renal
transplant recipients.

A personalized screening plan after the transplant is to be presented for recipients
with prior neoplasm (in particular urinalysis, ultrasonography of native kidneys/renal
allograft, bladder, PSA, on regular basis at least annually).

Patient-specific considerations should be brought up such as harms vs. benefits
(i.e., cancer screening has potential harms, such as false positives, and that the benefits must
be weighed against the risks for each individual), potential chances for recurrence for the
patient with prior malignancy (i.e., importance of monitoring for recurrence and the need
for potential adjustment of immunosuppression, for the price of potential enhanced risk of
graft rejection) and symptom awareness (patients to be encouraged and vigilant about any
new or unusual symptoms to report them immediately, i.e., hematuria, flank pain).

12. Limitations of Published Data, Research Priorities and Unmet Needs

Epidemiology data on de novo cancers in kidney transplant recipients are generally
retrospective, single-center, with no abundant number of patients relative to epidemio-
logical studies on malignancy prevalence in the general population. In addition, data
are mainly derived from North America [5,13-15], Australia and New Zealand [4,141],
and Northern and Western Europe [7,10,11,142]. Studies from other continents such as
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Africa, South America, different parts of Asia or Central-Eastern European countries are
limited. Some of them are historical today [143,144], and substantial number of papers
were published more than 10 years ago, and their relevance today could be questionable.

Retrospective design has certain bias, in particular missing or incomplete data, hetero-
geneity, different immunosuppressive regimen, immunosuppressive treatment/cumulative
immunosuppression before transplantation, different characteristics of donor and recipient
(extended criteria donors, non-heart beating donors), prevalence of rejection episodes and
treatment, different rates of BK virus and cytomegalovirus infections, year of transplanta-
tion, dialysis vintage, HLA-matching, number of transplantation, history of malignancy
prior to transplantation and its stage and therapy. Many of these data are unavailable, in
particular in patients undergoing renal transplantation many years ago. There is a lack of
prospective studies. There are also discrepances in available guidelines and updates would
be of value [111,120-122,145,146].

Taking all these into consideration, we propose research priorities (Table 4) and
stressed unmet needs and knowledge gaps from both perspectives: oncology and
nephrology (Table 5).

Table 4. Research priorities in urinary tract malignancy after kidney transplantation.

Research Priorities

Epidemiology

generate observational data of good quality

unify coding (ICD-O)

merge and harmonize transplant data with oncology sources

capture granular data on histology, stage, and outcomes

establish global registry of good quality (kidney replacement therapy
including transplantation)

Recipients with history of malignancy

establish observational data of good quality
merge data with oncology sources
immune profiling and genomic profiling

Cancer screening in KTx

e  enhance malignancy screening across major nephrology and transplant
centers and report data

) perform an intervention trial for RCC screening in the at-risk
population globally

Malignancy management after KTx

create/merge cancer registry with transplant registry

develop malignancy treatment protocol

industry to be involved

enroll patients to RCT with the new cancer therapies in KTR, including those

with low GFR

. conduct RCT to assess mTORs versus other immunosuppressive regimens in
cancer patients after Kix

. create exchange platform to share data

CKD—<chronic kidney disease; GFR—glomerular filtration rate; ICD-O—International Classification of Diseases
for Oncology; KTR—kidney transplant recipients, KTx—kidney transplantation; mTOR—mammalian target of
rapamycin; RCT—randomized controlled trials.

Table 5. Knowledge gap and unmet needs in transplant oncology.

Oncology Perspective Nephrology Perspective

huge burden of patients

transplant recipients are under care of transplant
physicians/general practitioners/nephrologists—fragmented care

limited human resources not every nephrologist takes care of transplant patients

patients with impaired kidney function, in particular kidney
transplant recipients are very challenging

very limited data on malignancy in kidney transplant recipients
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Table 5. Cont.

Oncology Perspective Nephrology Perspective
lack of /limited access to nephrology consults limited /lack of access to oncology consults
lack/limited dialysis support in some cancer centers dialysis support is challenging in oncology patients
problems with nephrology referral problems with oncology referral
lack of expertise on nephrology treatment lack of expertise in oncology treatment

prejudice on contract use for imaging studies, CT with contrast difficult to perform on ambulatory basis

patients after kidney transplantation—issues with drug dosing, alternate therapies, contraindications, severe adverse events,
limited treatment option due to impaired kidney function, drug interactions

lack of specialists with expertise in onconephrology /nephrooncology

lack of data on patients with impaired renal function/after kidney transplantation,

exclusion of patients with impaired kidney function/after kidney transplantation from oncology trials

data coming from case series, case studies, no RTCs

very demanding, selected population with multimorbidities

different data collected depending on the specialty, data from cancer registries on the first course of cancer treatment, type of can-
cer, data from transplant registries mainly on cancer prevalence

data mainly from retrospective cohort studies

lack of /very limited detailed longitudinal cancer treatment information in kidney transplant recipients

the evidence for robust cancer screening pre- and posttransplantation is limited

CT—computed tomography, RTC—randomized controlled trial.

13. Conclusions

Cancers are the third most common cause of death in KTR. In addition, urinary tract
malignances became the third most common neoplasm after kidney transplantation. In
addition to modifying immunosuppression regimen, KTR are eligible for most cancer-
targeted therapies, including surgery, cytotoxic chemotherapy and radiation. Moreover,
current recommendations on screening and therapy are still largely based on the data
from the general population, but their validity is uncertain in KTR. All data collected
from registries, cohort, retrospective studies, etc., are shared and analyzed to develop
standardized screening guidelines for malignancy posttransplant. This is not only clinically
relevant but of paramount importance for highly prevalent cancers after transplantation
including urinary tract malignancies. In the most recent systematic review, the incidence,
clinical presentation, treatment and survival outcomes of upper urinary tract, in KTR
based on 16 retrospective studies including 526 patients were presented [147]. In our nar-
rative review we also included lower urinary tract malignances, epidemiology, screening,
and immunosuppression.

In conclusion, the approach to posttransplant malignancies begins with general pre-
ventive measures. Careful screening of the patient and donor prior to transplantation to
help detect an underlying, preexisting malignancy should also be performed to yield the
best possible outcomes after transplantation.
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