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INTRODUCTION

Historical Perspective
Localized RCC is potentially curable by surgery alone 

(ie, stage I–III), though recurrence is seen in 3%–30% 
dependent on stage.1-3 The prognosis of metastasized or 

locally advanced disease (ie, stage IV) has traditionally 
been poor due to this tumor’s inherent resistance to stand-
ard chemotherapy and radiotherapy.4 Based on advances 
in the understanding of immuno-oncology and molecular 
tumor biology, the last decades have brought new major 
treatment principles to the clinic:

First, involvement of the immune system was long 
anticipated. Case reports since 1928 described spontane-
ous regression of metastatic RCC after nephrectomy of 
the primary tumor.5,6 However, initial experiences from 
the mid-1980s with immunotherapy were disappointing. 
Interleukin-2 or interferon alpha were used until mid-
2000s to stimulate antitumor immune responses, but 
enthusiasm was hampered by low response rates (7%–
27%) and high rate of toxicity.7-9

The second advance in treatment of RCC was based on 
improved understanding of the molecular pathways underly-
ing tumor progression. Briefly, both hereditary and sporadic 
clear-cell RCC display mutations stimulating the vascu-
lar endothelial growth factor (VEGF) receptor pathway.1 
Tyrosin kinase inhibitors (TKI) and other VEGF receptor 
inhibitors and mechanistic (mammalian) target of rapamycin 
(mTOR) inhibitors affect this pathway and improved pro-
gression-free10,11 and overall survival,12 with Food and Drug 
Administration (FDA) approval from 2005 onward.13

Last, immunotherapy has since 2018 been the frontline 
therapy. Compared with the previous standard of care for 
metastatic RCC with monotherapy TKI, either a combina-
tion of 2 immune checkpoint inhibitors, nivolumab plus 
ipilimumab,14 or a combination of a checkpoint inhibi-
tor and a TKI, for example, pembrolizumab plus axi-
tinib,15 was found to be superior as the first-line medical 
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Review

Abstract. Kidney transplant recipients (KTRs) are at increased risk of developing renal cell carcinoma (RCC). The can-
cer can be encountered at different steps in the transplant process. RCC found during work-up of a transplant candidate 
needs treatment and to limit the risk of recurrence usually a mandatory observation period before transplantation is recom-
mended. An observation period may be omitted for candidates with incidentally discovered and excised small RCCs (<3 cm). 
Likewise, RCC in the donor organ may not always preclude usage if tumor is small (<2 to 4 cm) and removed with clear 
margins before transplantation. After transplantation, 90% of RCCs are detected in the native kidneys, particularly if acquired 
cystic kidney disease has developed during prolonged dialysis. Screening for RCC after transplantation has not been found 
cost-effective. Treatment of RCC in KTRs poses challenges with adjustments of immunosuppression and oncologic treat-
ments. For localized RCC, excision or nephrectomy is often curative. For metastatic RCC, recent landmark trials in the 
nontransplanted population demonstrate that immunotherapy combinations improve survival. Dedicated trials in KTRs are 
lacking. Case series on immune checkpoint inhibitors in solid organ recipients with a range of cancer types indicate partial or 
complete tumor response in approximately one-third of the patients at the cost of rejection developing in ~40%.

(Transplantation 2022;106: e52–e63).
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treatment in terms of progression-free survival, objective 
response rate, and overall survival. Both regimens are 
FDA-approved, though the former is only for intermedi-
ate- and high-risk patients. No head-to-head trial between 
these combination regimens has been undertaken, and 
recently updated European Association of Urology (EAU) 
guidelines recommend either as the first-line therapy.3 No 
systematic trial utilizing immune checkpoint inhibitors in 
solid organ transplant recipients on immunosuppression 
has been conducted.

This aim of this review is to summarize the state of evi-
dence for RCC in kidney transplantation, including the 
epidemiology, pathology, diagnosis, and treatment of RCC.

MATERIALS AND METHODS
This review is largely based on the current guidelines 

from EAU and the European Society of Medical Oncology 
(ESMO), including current electronic updates,3,16,17 sup-
plemented by a literature search in PubMed with the search 
words including “kidney transplant recipient” or “renal 
transplant recipient” and “renal cell carcinoma.” This 
search identified 659 articles on human subjects (search 
date July 28, 2020). Titles and abstracts were screened 
by the first author, identifying 219 articles of relevance to 
the subject (Figure 1 and Table S1, SDC, http://links.lww.
com/TP/C193) and prioritizing large cohorts and system-
atic reviews for inclusion herein (ie, excluding most case 
reports and case series). Additional articles were selected 

from reference lists and personal archives. Staging was 
defined according to The Union for International Cancer 
Control tumor, node, and metastasis 8th Edition.18

REVEIW
Epidemiology, Classification, and Risk Factors

Kidney transplantation is widely regarded as the best 
treatment option for patients with kidney failure. Compared 
with remaining waitlisted in dialysis, kidney transplanta-
tion is associated with improved survival19,20 and quality of 
life21,22 and entails a lower cost for the society.23 Modern 
immunosuppression has reduced acute rejections to <10%, 
and >90%–95% of grafts function beyond the first year.24 
In parallel, mortality has decreased so that 60%–80% of 
patients survive >10 y after a first deceased or living donor 
kidney transplant, respectively.24 Cardiovascular disease 
has traditionally dominated outcomes in these patients but 
has now decreased to the extent that, beyond the first year 
after transplantation, malignancy and infectious diseases 
have become relatively more frequent.25,26 A recent report 
from the European Renal Association-European Dialysis 
and Transplant Association highlights a worrisome increase 
in cancer mortality among elderly kidney transplant recipi-
ents (KTRs) during the last decades,27 though possibly 
linked to acceptance of more elderly and comorbid patients 
for kidney transplantation.28 This indicates that transplant 
physicians need to have increased focus on early detection 
and possible prevention of death from cancer.

FIGURE 1.  Flowchart of literature search. For Supplemental Digital Content please refer to http://links.lww.com/TP/C193. ACKD, 
acquired cystic kidney disease; RCC, renal cell carcinoma.
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Overall, KTRs have a 2- to 4-fold increased risk for 
cancer compared with the general population, most pro-
nounced for c ancers associated with UV radiation (ie, 
skin cancer) and infection-related cancer (eg, Ebstein–
Barr virus–induced lymphoma) but also extending to 
several cancer types unrelated to infection.29 The risk of 
RCC in KTRs is about 5–10 times higher compared with 
the general population,29 and predominantly (~90%) 
encountered in the native kidneys, rarely in the kidney 
allograft.30,31 The absolute risk of RCC in KTRs, how-
ever, is relatively low. An early single-center study where 
routinely ipsilateral native nephrectomy was performed 
at transplantation detected RCC in 4.2 % of KTRs,32 but 
publications addressing large epidemiological cohorts 
identify RCC in <1% of KTRs (Table 1). Acquired cystic 
kidney disease (ACKD) is a risk factor for RCC devel-
opment (Figure 2A) as detailed below. Most tumors are 
localized (Figure  2B), and small tumors herald a good 
prognosis (Figure  2C). Interestingly, a 1.5 to 3 times 
increased risk of kidney cancer has also been found in 
patients with lung, heart, or liver transplants.43 This 
could indicate an increased risk for RCC related to cer-
tain immunosuppressive drugs, although the increased 
detection of RCC due to frequent radiological imaging 
in transplant recipients (versus the general population) is 
also plausible.

RCC accounts for 80%–90% of all kidney cancers,3,16 
the majority of the remaining being urothelial (transitional 
cell) cancers of the kidney pelvis, which are reviewed else-
where.44 The classification further subdivides RCCs based 
on morphological and cytogenetic characteristics,45 with 
clear-cell RCC being the most common type (~75%–85%) 
followed by papillary (type I and II; ~10%–15%), chromo-
phobe, and several less common subtypes.46

In the general population, kidney cancer is among the 
10 most common cancer types, accounting for 5% of all 
cancer in men and 3% in women, with a peak incidence 
between 60 and 70 y of age.3,16 Its incidence rose during the 
latter 2–3 decades and then levelled off, correlating with 
the establishment of radiological imaging and increased 
detection of lower-stage tumors. The known risk factors for 
RCC include older age, male gender, tobacco smoking, obe-
sity, and ACKD, whereas evidence is inconclusive on dia-
betes, physical inactivity, dietary factors, and occupational 
carcinogens.3,16 On a population level, smoking cessation 
and decreased obesity may be the most effective prophylac-
tic measures.47 Although most RCC are sporadic, 5%–8% 
are part of hereditary syndromes, with 10 germline syn-
dromes currently known.3 Genetic testing has been recom-
mended for patients with multiple or bilateral RCC or in 
the presence of associated disorders/phenotypes.16

Chronic kidney disease of any cause uniquely predis-
poses for RCC through accumulation of cystic degenera-
tive changes in the native kidneys, with RCC developing 
from the cyst walls. Such ACKD is reported in 5% to 20% 
of patients initiating dialysis, and in close to all patients 
after ~10 y of dialysis, independent of cause of CKD and 
dialysis modality (ie, hemodialysis or peritoneal dialy-
sis).48,49 One study found RCC in nearly 20% of patients 
with ACKD, but in only 0.5% of patients without ACKD.50 
Thus, ACKD may (along with tuberous sclerosis complex 
and von Hippel–Lindau disease) be viewed as a premalig-
nant disease.49

The RCCs developing in CKD are often multicentric 
and bilateral but herald a better prognosis compared with 
sporadic RCC.3 Whether this relates to earlier detection 
or specific CKD-related factors is unknown. The histologic 
appearance mirrors sporadic cases, though papillary RCC 
is more common, followed by clear-cell RCC. A variant 
specific for CKD is termed acquired cystic disease–associ-
ated RCC.

Successful kidney transplantation may reduce the size of 
cysts and prevalence of ACKD, but it has been debated if 
transplantation also decreases the long-term risk of RCC 
development in native kidneys.48,49 Transplantation nor-
malizes kidney function but adds immunosuppression to 
the risk of cancer development. In an ANZDATA study 
by Vajdic et al,51 kidney cancer incidence was increased 
about 10-fold in patients both on dialysis and after trans-
plantation when compared with the general population, 
whereas another study from the USRDS by Kasiske et 
al52 reported an increased risk of kidney cancer (39%) 
early after transplant compared with patients remaining 
waitlisted. A recent study of >200 000 patients from the 
Scientific Registry of Transplant Recipients assessed cancer 
patterns across periods of dialysis versus periods with a 
functioning graft.53 Due to the size of the study, one could 
evaluate risk for development of specific cancer types and 
the relationship toward immunosuppression and poor 
kidney function. The kidney cancer incidence was clearly 
increased during periods of dialysis.53

Pathogenesis
Both clear-cell RCC and papillary RCC originate from 

the proximal tubule.1 For clear-cell RCC, discovery of 
the von Hippel–Lindau tumor-suppressor gene (VHL) in 
1993 improved our understanding of its pathogenesis and 
heralded development of the VEGF receptor inhibitors 
and other TKIs. The gene product, VHL protein, inhibits 
hypoxia-inducible factors, which if unopposed will con-
stitutively stimulate growth factors including VEGF, and 
thereby epithelial cell proliferation. Additional genetic 
alterations accrue over time and may worsen the prognosis. 
Interestingly, several of these genes are located on the short 
arm of chromosome 3 with the VHL gene. Thus, clear-cell 
RCC is a heterogeneous disease in terms of molecular biol-
ogy, presentation, and prognosis.54 Other genetic aberra-
tions underlie the development of papillary RCC type 1 
and 2, with frequent alterations in MET- and NRF2-ARE 
pathways, respectively. As for clear-cell RCC, most papil-
lary RCCs are sporadic but may occur in distinct familial 
syndromes. Chromophobe RCC should be differentiated 
from oncocytoma,16 with frequent mutated tumor sup-
pressor protein 53 (TP53) and involvement of the mTOR 
pathway. Other types of RCCs include the aggressive col-
lecting duct carcinoma and renal medullary carcinoma, the 
latter associated with sickle cell disease, including sickle 
cell trait. Noteworthy, about 15% of renal tumors are 
benign, including angiomyolipoma and renal oncocytoma, 
with further elaboration in the current EAU guidelines.3

Diagnosis
In the general population, more than half of RCC are inci-

dentally detected early by radiologic imaging for other dis-
eases or unspecific symptoms.3 As symptoms tend to occur 
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late, about 25% of patients present with advanced disease 
when the tumor extends to neighboring structures or has 
spread. In about one-third of symptomatic patients, para-
neoplastic symptoms can be observed, sometimes related to 
secretion of various vasoactive peptides or hormones, such 
as parathyroid hormone–related protein, erythropoietin, 
gonadotropins, human chorionic somatomammotropin, 
adrenocorticotropic hormone–like substance, renin, gluca-
gon, or insulin. Symptoms and findings may include weight 
loss, night sweats, fatigue, edema, liver dysfunction, pain, 
cough, anemia, erythrocytosis, hypercalcemia, and other 
metabolic disturbances. This varied presentation historically 
coined RCC as the internist’s tumor; however, in the present 
era, it has been renamed as the radiologist’s tumor.55

Radiology (computed tomography [CT] or magnetic 
resonance imaging) before and after intravenous contrast 
is used to demonstrate enhancement of renal masses indi-
cating the presence of a solid tumor (versus benign cyst) 
although differentiating malignancy from the benign onco-
cytoma or fat-free angiomyolipoma may require biopsy.3 
Similarly, contrast-enhanced CT has been the basis for 
characterization of renal cysts according to the Bosniak 
classification,56 with enhancement of thickened walls or 
septa indicating malignancy. Magnetic resonance imaging 
or contrast-enhanced ultrasound may be superior for cyst 
classification. If malignancy is highly suspected, biopsy is 

not required before surgery (radical or partial nephrec-
tomy), but chest, abdominal, and pelvic CT are required 
for staging. According to the EAU and ESMO guidelines, 
there is consensus that skeletal metastases are symptomatic, 
and that imaging of bone or brain is needed only on clini-
cal indication.3,16 Limited evidence for the sensitivity of 
fluorodeoxyglucose positron emission tomography leaves 
guidelines arguing against its use. Systemic therapy may be 
indicated without nephrectomy in poor prognosis patients 
with metastatic disease57; in such instance, a metastasis 
may be easier to biopsy than the primary kidney tumor to 
provide a histopathological diagnosis. Other possible indi-
cations for biopsy include small masses to be treated with 
ablative therapy or followed by active surveillance. For 
percutaneous biopsy, a coaxial cannula is recommended 
to avoid tumor seeding the biopsy canal,3 targeting at least 
2 biopsy cores and avoiding central necrotic areas. Tumor 
seeding has been regarded as extremely rare (0.01%)58 
though a recent report of 7 cases of tumor seeding in 218 
partial nephrectomies indicates heightened awareness may 
be necessary.59 Lower accuracy is reported for biopsy of 
cystic lesions and is not recommended unless there are 
areas of solid tissue (Bosniak IV cysts). Caution is required 
with biopsies, as the negative predictive value is only 
63%60; moreover, oncocytoma (benign) and chromophobe 
RCC may appear similar on core biopsy.61

TABLE 1.

RCC occurrence in KTRs, including the largest cohorts (N > 5000 KTRs)a

References
No. of 

transplants Study details
Calendar period; 
(follow-up time)

No. of tumors (%) 
in native kidney

No. of  
tumors (%)  
in allograft

No. histology (%)

ccRCC
Papillary 

RCC Other

Hoover and 
Fraumeni33

6297 Multinational Tx registry study 1951-1971 Category “other”  
ie ≤12 (≤0.2%)

    

Wunderlich  
et al34

10 997 Survey of 38 German 
Tx centers, 27 (71%) 
responded

1990-1998 16 (0.15%)     

Einollahi  
et al35

5532 5 Tx centers in Iran 1984-2008 4 (0.07%) 1 (0.02%)    

Hurst et al36 40 821 USRDS billing claims,  
location in native kidney vs 
allograft not discernible

2000-2005 
(within 3 y 
after tx)

368 (0.9%)     

Tillou et al37 41 806 Survey of 32 French 
Tx centers. Yearly us 
screening since 2007

1988-2009  79 (0.2%) 32  
(40%)

44  
(56%)

3 (4%)

Desai et al38 21 029 UK study on donor origin 
cancer

2001-2010  6 (0.03%)    

Smith et al39 10 474 NAPRTCS pediatric registryb 1987-2009 (until 
21st birthday)

3 (0.03%) 2 (0.02%)    

Zhang et al40 30 632 Several Chinese databases 1974-2014 42 (0.1%)     
Karami et al31 116 208 US Transplant Cancer  

Match Study
1987-2010 683 (0.6%)c  219  

(32%)
191 

(28%)
273  

(40%)
Ranasinghe  

et al41
8850 ANZDATA 2000-2012 47 (0.5%)  8 (0.09%)    

Eggers et al42 5250 Hannover, Germany. 1970-end 
unspecified

61 (1.2%)  20 (0.4%)    

aSmaller cohorts and case studies are shown in the SDC, http://links.lww.com/tp/c193.
bNorth American Pediatric Renal Transplant and Collaborative Studies (NAPRTCS)-registry including 120 centers in United States, Canada, Mexico, Costa Rica; data on pediatric KTRs until 21st birthday.
cSubset analysis indicated 11% were in the allograft.
ANZDATA, Data from the Australia and New Zealand Dialysis and Transplant Registry; ccRCC, clear-cell RCC; KTR, kidney transplant recipient; NAPRTCS, North American Pediatric Renal Trials and 
Collaborative Studies; RCC, renal cell carcinoma; Tx, transplantation; us, ultrasound; USRDS, United States Renal Data System.
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Treatment of RCC in the General Population
Treatment options for RCC include surgery, ablation, 

TKIs and immunotherapy, with active surveillance as an 
option for slowly growing small lesions in patients at high 
surgical risk.3 Surgery has become less mutilating with 
nephron-sparing (ie, partial nephrectomy) and minimal-
invasive (ie, laparoscopy or robot-assisted) approaches. 
Thermal ablative therapies (cryotherapy, microwave, or 
radiofrequency ablation) show promising results,62 and 
for metastatic RCC, prognosis has improved with newer 
oncologic treatments targeting tyrosin kinases and immu-
notherapy with immune checkpoint inhibitor combina-
tions. mTOR inhibition is less effective but may still be 
used as the third- or fourth-line drug option. Standard 
chemotherapy is ineffective. An updated and detailed treat-
ment algorithm is presented in the 2020 revision of the 
EAU guidelines3 and will be summarized below. Currently, 
most trial evidence is for treatment of clear-cell RCC.

For localized disease (stages I–III), surgical resection is 
curative in a majority, though recurrence is seen in 3%–
30% dependent on stage.1-3 Partial nephrectomy preserves 
kidney function and is preferred for stage T1 tumors 
and may be considered for some T2 tumors. It is uncer-
tain if regional lymph node resection improves prognosis. 
Currently, there is a weak recommendation for resection 
of clinically suspected metastatic nodes (on imaging or by 
intraoperative assessment), and for patients with adverse 
clinical features, including a large diameter of the primary 
tumor. For small tumors <4 cm (stage T1a) in patients at 
increased operative risk, thermal ablation or active surveil-
lance can be considered. The risk of local recurrence and 
metastasis associated with these approaches is very low in 
absolute numbers (1%–2%). Several trials demonstrate 
that adjuvant therapy with TKI did not improve overall 
survival, and none carries European Medicines Agency 
approval for this indication, whereas sunitinib carries FDA 
approval as adjuvant therapy based on improved disease-
free survival. However, disease-free survival is poorly cor-
related with overall survival in RCC. Trials are ongoing 
with adjuvant everolimus (NCT01120249) and with dif-
ferent immune checkpoint inhibitors (Nivolumab plus 
ipilimumab, NCT03138512; Nivolumab, NCT03055013; 
Pembrolizumab, NCT03142334; Atezolizumab, 
NCT03024996). Recent data indicate that active surveil-
lance may also be a viable option for small tumors. Note 
that active surveillance is different from watchful waiting, 
that is, the former includes planned follow-up to detect 
progression. In particular, tumors <2 cm have little meta-
static potential.

For advanced/metastatic RCC with resectable and few 
(≤3) metastases, radical nephrectomy and metastasec-
tomy should be considered. Cytoreductive nephrectomy 
is recommended if radical treatment is planned for oligo-
metastatic disease.3 Oligometastases can be treated with 
surgery, stereotactic radiotherapy, and other ablative tech-
niques. Other nonresectable metastatic RCC are medically 
treated. In the latter case, performing an up-front cytore-
ductive nephrectomy (ie, nephrectomy and surgery to 
remove as much of the tumor as possible) did not improve 
outcomes compared with TKI alone in poor prognosis 
patients and is currently not recommended by the EAU 

FIGURE 2.  Epidemiology of RCC in kidney transplant recipients. 
A, Time to RCC, by history of renal cyst. Adapted from Hurst 
et al36 with permission. B, Risk of local or regional/distant RCC 
after kidney transplant. Vertical axis shows hazard in units of “per 
1000 person-y.” Adapted from Karami et al31 with permission. 
C, Survival after diagnosis of RCC in allograft, by size of tumor. 
Adapted from Tillou et al37 with permission. RCC, renal cell 
carcinoma.
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guidelines, although there is a weak recommendation to 
consider cytoreductive nephrectomy after documented 
response to oncological treatment. Studies are ongoing for 
cytoreductive nephrectomy in the era of immunotherapy 
(NORDIC-SUN, NCT03977571, CYTOSHRINK, and 
NCT04090710).

Until recently, the first-line therapy for metastatic RCC 
consisted of monotherapy with a TKI. Advances with 
immune checkpoint inhibitor combinations have improved 
prognosis and changed recommendations. Recent trials in 
the nontransplant population are presented in Table  2. 
Albeit oncologic outcomes and overall survival have 
improved, complete responses are still rare (~10% with 
double checkpoint blockade), and for most patients, drug 
therapy continues to be palliative. Thus, asymptomatic 
patients with low-volume metastatic disease in nonthreat-
ening locations can initially be followed for progressive 
disease before commencing active treatment.

Risk classification of metastatic disease is based on 
models developed in the era of first-line TKI monother-
apy but has also been validated in the recent trials involv-
ing immune checkpoint inhibitors. The International 
Metastatic Renal Cell Carcinoma Database Consortium 
risk model stratify patients into favorable/low risk (no 
risk factors), intermediate risk (1–2 risk factors), or poor/
high risk (3–6 risk factors) using the following 6 risk fac-
tors: Karnofsky performance status <80%, time from 
diagnosis to treatment <12 mo, hemoglobin less than 
the lower reference limit, corrected serum calcium >2.4 
mmol/L (10.0 mg/dL), absolute neutrophil count greater 
than the upper reference limit, platelets greater than the 
upper reference limit. In the era of the first-line TKI mon-
otherapy, median survival is 43, 23, and 8 mo for these 
risk groups.

The currently recommended first-line therapy for met-
astatic RCC involves either a combination of 2 immune 
checkpoint inhibitors (nivolumab plus ipilimumab) in 
intermediate- or poor-risk group patients or a combination 
of a checkpoint inhibitor and a TKI (axitinib plus pem-
brolizumab) in all risk groups. Compared with sunitinib, 
both regimens improved progression-free survival, objec-
tive response rate, and overall survival, though for the for-
mer (nivolumab plus ipilimumab), this did not extend to 
International Metastatic Renal Cell Carcinoma Database 
Consortium low-risk patients. Beneficial treatment effects 
were seen regardless of PD-L1 status, and PD-L1 status is 
currently not used for patient selection. The 2 regimens 
have not been directly compared head to head. For patients 
who cannot receive or tolerate immune checkpoint inhibi-
tors, a TKI is recommended.

Second lines of therapy have less evidence and may 
include TKIs not used in the first-line treatment. An mTOR 
inhibitor is not recommended before third or fourth line. 
Of note, immunotherapy is also supported by recent epi-
demiologic evidence even in advanced cancer with brain 
metastasis.65

Most trials have focused on clear-cell RCC. Nonclear-cell 
RCC seems to be less responsive to TKI and mTOR inhibi-
tors than clear-cell RCC and patients should be referred 
to clinical studies if available. The recent immunotherapy 
combination regimens hold approvals regardless of RCC 
histology. For patients not included in studies, nonclear-
cell RCC can be treated similarly to clear-cell RCC.66 T
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Issues Specific to Kidney Transplantation

RCC in the Donor Kidney
The incidence of donor-transmitted RCC is unknown. 

Transplantation of kidneys after ex vivo excision of 
small tumors has been reported since 1982.67 A system-
atic review of published cases until June 2017 identi-
fied 109 such transplantations.68 Most excised tumors 
were RCC (81%), mean tumor size was 2 cm (range 0.5–
6.0 cm; predominantly <4 cm), and nucleolar/Fuhrman 
grade I–II in 93%, all had clear margins. Mean follow-
up was 39.9 mo, there was only 1 local tumor relapse 
(after 9 y), other outcomes were inconsistently reported. 
From studies with available data, 5-y patient and graft 
survival were 92% and 95.6%, respectively. Limitations 
included a relatively short follow-up and risk of publica-
tion bias. The authors suggested preoperative percutane-
ous biopsy to exclude grade 4 RCC and frozen section 
to ensure complete resection. Most transplant programs 
restrict these “restored” kidneys to patients >60 y of age 
or who have dialysis access problems and require recipi-
ent consent.68

The case series of restored kidneys most often describe 
incidentally discovered tumors in living or deceased donors 
though some transplant programs also utilize kidneys from 
patients undergoing nephrectomy for a known RCC. The 
latter has been pioneered by Australian transplant centers, 
and a recent report summarize that among 107 such trans-
plantations, only 2 recurrences (1.87%) were seen after a 
median of 7 y of follow-up, making a strong argument for 
the low oncological risk.69 However, most patients with 
a small RCC require only partial nephrectomy, ruling out 
donation.70 Details of surgical technique and monitoring 
are reviewed elsewhere.71

There is no consensus on the acceptable size of tumor 
before restoration of a donor kidney for transplantation 
though several reviews mention <4 cm,68,70 some <3 cm.29 
The Council of Europe stratify risk according to size 
and grade of the RCC, that is, <1, 1–4, and 4–7 cm as 
minimal, low, and intermediate risk, respectively, condi-
tional on nucleolar/Fuhrman grade I–II.72 Higher nucleo-
lar/Fuhrman grades (III/IV) are considered high risk for 
transmission. Similar risk categories are reported from the 
US-based Disease Transmission Advisory Committee of 
the Organ Procurement and Transplantation Network–
United Network for Organ Sharing,73 though the low-
risk category was restricted from 1 to 2.5 cm. Use of the 
contralateral kidney and other organs is considered mini-
mal risk with RCC ≤ 4 cm and nucleolar/Fuhrman grade 
I–II.72 A previous RCC in the donor history is regarded 
similar to the above categories within the first 5 y after 
treatment.72

The unintentional transplantation of a kidney with an 
undetected RCC is a rare event and until December 2012 
reported in only 20 patients according to a systematic 
review.74 Although prognosis may be more benign than 
after transmission of other cancer types, that is, over 70% 
of recipients survived for at least 24 mo after transplan-
tation, reports of detrimental transmissions also exist.72 
Publication bias is likely. The World Health Organization 
and the Italian national Transplant Center encourage 
to report cases to a surveillance database, the NOTIFY 
library (www.notifylibrary.org).

RCC in the Kidney Transplant Candidate
Recipient evaluation before transplantation aims to 

exclude cancer for 2 main reasons: (1) to avoid aggravat-
ing the prognosis of any cancer with immunosuppression, 
and (2) to avoid transplantation in patients with a short 
life expectancy as donor organs are a scarce resource.29 To 
avoid aggravating the risk of early recurrence, an observa-
tion period between completion of curative cancer ther-
apy and transplantation (or enlisting) is usually required. 
Previously, general guidelines varied in their recommenda-
tion for an observation period between 2 and 5 y, though 
for small or incidentally discovered RCC, no observa-
tion period was required.75 The 2020 KDIGO Clinical 
Practice Guideline on the Evaluation and Management 
of Candidates for Kidney Transplantation provides an 
ungraded recommendation to “screen candidates at 
increased risk for RCC (eg, ≥3 y dialysis, family history of 
renal cancer, acquired cystic disease, or analgesic nephrop-
athy) with ultrasonography”.76 Long-term smoking is also 
mentioned as a risk factor. Further, the guideline states 
that renal tumors ≤1 cm are no exclusion for transplanta-
tion, curatively treated RCC < 3 cm requires no observa-
tion period, and for “early” or “large and invasive” kidney 
cancer, observation periods of 2 and 5 y are suggested, 
respectively. It is advised that oncologists, transplant neph-
rologists, patients, and their caregivers should be involved 
in the decision to transplant patients in remission from 
cancer.76

The long observation periods mentioned above has 
recently been challenged. Our group analyzed cancer 
recurrence deaths from the national transplant program 
in Norway, in which only a 1-y cancer-free observation 
period before transplantation (or enlisting) is required. 
We found no association between observation periods 
and all-cause or cancer-specific mortality.77 Among 100 
KTRs with a pretransplant RCC, 13 died from a post-
transplant recurrent RCC; however, none of these 13 
patients had a short (<2 y) observation period, and 7 of 
13 had an observation period of >5 y. Similar findings 
were noted from an analysis of 501 patients with renal-
malignancy–associated cause of end-stage kidney from 
the United States.78 Observation period was not associ-
ated with cancer-specific mortality, and overall survival 
was better with shorter (0–2 y) than longer observation 
periods. Additionally, a French study on 143 KTRs with 
a previous RCC found recurrence in 13 at a mean of 3 y 
after transplantation, again without any association with 
observation period.79 Collectively, these publications find 
lack of benefits with prescribing long observation peri-
ods, and that the resulting prolonged time in dialysis may 
worsen the overall prognosis.

Screening for RCC After Transplantation
There are no clinical trials of cancer screening in KTRs 

demonstrating improved survival. Although the risk of 
cancer is high, so is the competing risk of noncancer death, 
precluding generalizations from cancer screening trials in 
the general population.29 A recent review highlighted the 
discrepancies and other shortcomings of cancer screening 
guidelines in transplant recipients, including the lack of 
clinical trial evidence and involvement of key stakehold-
ers.80 The review found inconsistent recommendations 
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to screen for RCC in KTRs, with the 2002 European 
Best Practice Guidelines in favor and the 2011 Renal 
Association Clinical Practice Guidelines in disfavor of 
screening, while 5 other guidelines provided no clear rec-
ommendations. The 2009 KDIGO clinical practice guide-
line for the care of kidney transplant recipients notes that 
several centers are screening for RCC in KTRs without evi-
dence of a mortality benefit.81 Further, the KDIGO states 
that screening will likely detect many unimportant lesions 
though may be beneficial in certain high-risk groups such 
as KTRs with prior RCC, tuberous sclerosis, ACKD, and 
analgesic nephropathy, and a randomized controlled study 
is adviced.81 A Markov model of ultrasound screening 
for RCC found minimal survival benefit, that is, only 2 
deaths avoided from RCC per 1000 KTRs screened annu-
ally for 62 y, at an incremental cost-effectiveness ratio of 
>$300 000 per life-y saved.82 In conclusion, in most KTRs, 
there is little evidence to support screening for RCC.

Treatment of RCC in KTRs
No specific guidelines exist for the evaluation or treat-

ment of tumors in renal allografts or RCC in KTRs.83 In 
practice, treatment strategies outlined for the general pop-
ulation are used as long as appropriate with some modi-
fications. Localized RCC in dysfunctional native kidneys 
is often treated with nephrectomy, whereas for localized 
RCC in the allograft, several case reports describe suc-
cessful nephron sparing surgery or ablative therapy.44,84 

A systematic review on solid masses in kidney allografts 
found 175 tumors reported in 163 patients, mostly clear-
cell RCC (46%) or papillary RCC (42%).2 The majority 
were treated with partial nephrectomy (68%), fewer with 
allograft nephrectomy (19%), radiofrequency ablation 
(10%), and cryoablation (2%). Cancer recurrence after 
partial nephrectomy was 3.6% after 3.1 y, which is similar 
to nontransplanted patients.2

For metastatic RCC in KTRs, it is not known if immune 
checkpoint inhibitor combination therapy provides 
survival benefit, as recently shown in nontransplanted 
patients. Case reports caution that maintenance immu-
nosuppression may render the checkpoint inhibitors less 
effective and there is a high risk of rejection and graft loss.85 
A recent systematic review on immune checkpoint inhibi-
tors in solid organ recipients identified 83 treated patients, 
of whom 53 were KTRs.86 Most patients had melanoma 
or other skin cancers, only 2 had RCC. Acute rejections 
were seen in 39.8%, often (71%) leading to graft failure. 
Stable or responsive disease was noted in 3 (3.6%) and 
23 (27.7%) patients, respectively. Tumor response was not 
associated with immune-related adverse events, time since 
transplant, specific immunosuppressant drugs, or rejec-
tion. Receipt of at least 1 immunosuppressant drug other 
than steroids was associated with less rejection but also a 
trend for lower progression-free survival. The median sur-
vival was 36 wk, 48 (57.8%) patients died, mostly attrib-
uted to tumor progression. Even though 19.3% were alive 

FIGURE 3.  Overview of recommendations. Please refer to Table 3 for details.
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and free from rejection and tumor progression at the end 
of study, this review highlights the difficult tradeoffs fac-
ing transplant specialists and oncologists managing solid 
organ recipients with cancer.87 Clearly, better predictive 
biomarkers are needed to decipher which patients will 
benefit from these treatments.

Although immunosuppression is a recognized risk factor 
for development of malignancies, the optimal adjustments 
to maintenance immunosuppression in KTRs with de 
novo cancer are uncertain.88 For some malignancies, that 
is, posttransplant lymphoproliferative disease and Kaposi 
sarcoma, a reduction of immunosuppression89 or switch 
to mTOR inhibitor90 has been shown to facilitate tumor 
regression, respectively. For other cancer types, reduc-
tion of immunosuppression has not proven beneficial. 
One cohort study found that immunosuppression reduc-
tion did not prolong cancer-free survival.91 A recent study 
from France in kidney and liver transplant recipients with 
de novo malignancy found that optimal oncologic treat-
ment and introduction of mTOR inhibition was associated 
with improved survival.92 Notably from this study, opti-
mal oncologic therapy was delivered in 80% and 38% of 
patients with localized and advanced cancer, respectively, 
and among the latter, 27% had only supportive care.92 For 
RCC, no trials of mTOR inhibition included KTRs, and 

other trials of mTOR inhibition in KTRs warrant caution. 
A systematic review and meta-analysis of 5876 KTRs ran-
domized to sirolimus immunosuppression found a 40% 
reduced risk of malignancy, driven by a 56% reduced risk 
of nonmelanoma skin cancer though at a 43% increased 
risk of mortality.93 Moreover, in organ transplant recipi-
ents, a switch to mTOR inhibition seems to be most effec-
tive in early-stage cancer. For instance, in KTRs with skin 
cancer, the effect of mTOR conversion is significant only 
in subgroups with less advanced disease at baseline, ie, ≤1 
previous skin cancer.94 Similarly, in a randomized study in 
liver transplant recipients, sirolimus conversion for hepa-
tocellular carcinoma surprisingly only benefited patients 
with low-risk cancer.95 Thus, the effect of mTOR conver-
sion in KTRs with metastatic RCC would need confirma-
tion in a randomized trial. Nevertheless, reduction in the 
maintenance immunosuppression regimen is customary in 
KTRs with active cancer.29 No particular pattern of reduc-
tion is discernible from the current literature.96 Reduction 
or stopping the antimetabolite would be beneficial to 
avoid leukopenia, others would advocate for switching 
the calcineurin-inhibitor to mTOR, particularly knowing 
the benefits of mTOR inhibitors as treatment options for 
nontransplanted patients with RCC. For patients planning 
immune checkpoint inhibitor treatment, some would favor 

TABLE 3.

Suggested recommendations.

RCC in donor
• � Donor kidney can be used for transplantation after excision of RCC if size <2–4 cm, nucleolar grade ≤II and clear surgical margins. Most data are 

for the clear-cell type.
• � Preferentially used to higher-risk recipients (age above 60 y, dialysis access problems), and after informed consent.
• � For a deceased donor, if RCC ≤ 4 cm and nucleolar grade ≤ II, the contralateral kidney can be used.
• � For a donor with a previous RCC, precautions apply as above until 5 y after treatment.

RCC in transplant candidate
• � Incidentally detected small renal masses (≤1 cm) are no contraindication to transplantation.
• � It is reasonable routinely to screen candidates for RCC with ultrasound or other modality if they are at high risk for RCC (eg, ≥3 y dialysis, family 

history of renal cancer, ACKD, analgesic nephropathy, or long-term smoking).
• � A curatively treated RCC <3 cm requires no observation period before transplantation.
• � Larger (>3 cm) curatively treated RCCs require an observation period before transplantation, the length of which is debatable. Our center use 1 y, 

after which a thorough reexamination for recurrence is required. The KDIGO guidelines suggest longer observation periods of 2–5 y in “early” or 
“large and invasive” kidney cancer, respectively.

Screening for RCC in kidney transplant recipient
• � Routine screening for RCC not recommended for average risk individuals.
• � Not cost-effective.
• � May be considered in high-risk groups (see above).

Treatment of RCC in KTRs
• � For localized RCC in native kidney, nephrectomy is suggested.
• � For localized RCC in allograft, nephron sparing surgery or ablative therapy is suggested.
• � For advanced or metastatic RCC, shared decision making with involvement of the patient, caregivers, oncologist and transplant nephrologist is paramount.

◦  �There are no randomized controlled studies to guide recommendations.
◦  �Consider risks and consequences of rejection (ie, able or willing to return to dialysis?)
◦  �Consider adjustment of immunosuppression: minimization and/or switch to mTOR inhibitor (the latter delayed until after potential surgery, as wound 

healing is impaired by mTOR inhibitors). Graftectomy and complete withdrawal of immunosuppression is an option though rarely reported.
◦  �Consider immunotherapy combination or tyrosin kinase inhibitor
◦  �For patients who are frail, elderly and/or in poor prognosis groups, maintained standard immunosuppression is a valid option to maximize graft 

survival and quality of life.

ACKD, acquired cystic kidney disease; KDIGO, Kidney Disease: Improving Global Outcomes; KTR, kidney transplant recipient; mTOR, mechanistic (mammalian) target of rapamycin; RCC, renal cell carcinoma.
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an mTOR combined with 10 mg of prednisolone,97 though 
as stated above, there is no clinical supporting evidence.86 
The option of graftectomy and stopping all immunosup-
pression followed by checkpoint inhibition has, to our 
knowledge, not been explored, though stopping immuno-
suppression was recommended in the era of interleukin 2 
treatment.98

With these highly uncertain outcomes of treatment, 
shared decision making between a fully informed patient, 
the oncologist and transplant nephrologist is essential. 
Many patients will likely decline immunotherapy, in par-
ticular if frail or unable/unwilling to return to dialysis (in 
whom rejections are indeed life threatening). No treat-
ment, an introduction of mTOR inhibitor, and/or therapy 
with TKI are all valid options. No trial evidence exists for 
TKI in KTRs, few case reports show effect in localized99,100 
and metastatic101-103 disease, though as for immune check-
point inhibitors, toxicity may limit treatment.104,105 Based 
on the current available data, we present our suggested 
recommendations as an overview in Figure  3 and with 
details in Table 3.

CONCLUSIONS
KTRs are at increased risk of RCC, in particular of the 

native kidneys. 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. Localized RCC is treated similar to the nontrans-
planted population. For advanced RCC, there is currently 
no trial evidence for the optimal immunosuppression regi-
men or oncological treatment. Prospectively collected data 
and randomized trials are urgently needed.
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