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ABSTRACT

Background. Cancer risk is increased by 2- to 4-fold in kidney transplant recipients (KTRs) compared with the general
population. Little attention, however, has been given to KTRs with ultra long-term survival >20 years.

Methods. We studied 293 of 1241 KTRs (23.6%), transplanted between 1981 and 1999, who showed kidney allograft
survival >20 years. These long-term survivors were analysed for cancer development, cancer type, cancer-associated risk
factors and patient and allograft outcomes.

Results. By 10, 20 and 30 years post-transplantation, these long-term KTRs showed a cancer rate of 4.4%, 14.6% and
33.2%, and a non-melanoma skin cancer (NMSC) rate of 10.3%, 33.5% and 76.8%, respectively. By recipients’ ages of 40, 60
and 80 years, KTRs showed a cancer rate of 3.4%, 14.5% 55.2%, and a NMSC rate of 1.7%, 31.6% and 85.2%, respectively. By
30 years post-transplantation, post-transplant lymphoproliferative disorder (PTLD) showed the highest incidence of
8.5%, followed by renal cell carcinoma (RCC) with 5.1%. Risk factors associated with the development of cancer were only
recipient age (P = 0.016). Smoking history was associated with the risk of lung cancer (P = 0.018). Risk factors related to
the development of NMSC included recipient age (P = 0.001) and thiazide diuretics (P = 0.001). Cancer increased the risk
of death by 2.4-fold (P = 0.002), and PTLD increased the risk of kidney allograft loss by 6.5-fold (P = 0.001). No differences
were observed concerning the development of donor-specific antibodies (P > 0.05).

Conclusions. In long-term KTRs, cancer is a leading cause of death. PTLD remains the most common cancer type
followed by RCC. These results emphasize the need for focused long-term cancer surveillance protocols.
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INTRODUCTION immunosuppression has substantially increased [1-3]. The im-
proved life expectancy of KTRs compared with dialysis patients
and the improvement of long-term survival contribute to this
observation [4, 5]. Five-year deceased-donor patient and kidney

Since kidney transplantation has become the standard treat-
ment for end-stage kidney disease, the number of kidney
transplant recipients (KTRs) dependent on maintenance
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allograft survival rates in Europe improved to 87.1% and 77.8%,
respectively [6, 7]. In addition, the Collaborative Transplant
Study (CTS) reports an estimated 20-year allograft survival as
high as 41% for first deceased-donor KTRs between 1990 and
2019, and an estimated allograft half-life of 16.8 years [7]. This
improvement is due to more potent immunosuppressive drugs
that strongly decreased acute rejection rates [8, 9]. As a result
of these improved therapy options, increasing incidences of
cancer have been observed [8-10]. Several studies have reported
that the incidence of post-transplant cancer ranges between 2%
and 31% depending on the follow-up time and cancer type, and
increases up to 50% in KTRs followed up for a longer time [11, 12].

In short-term studies, cancer-associated risk factors in KTRs
included recipient age, duration under immunosuppression and
the duration of dialysis treatment [11, 12]. In contrast to the gen-
eral population, the overall level of immunosuppression appears
to be the principal factor that increases post-transplant cancer
risk [5]. Calcineurin inhibitors (CNIs) themselves may promote
cancer progression, principally via the production of transform-
ing growth factor-beta [13]. The use of azathioprine has been as-
sociated with neoplastic development, particularly an increased
risk of non-melanoma skin cancer (NMSC) [5] via inhibition of
DNA repair mechanisms [14]. Interestingly, some studies suggest
that the risk of developing cancer is not higher with mycophe-
nolate mofetil (MMF) and may be associated with a trend for de-
creased risk [5, 15, 16]. In addition, impaired immune responses
to oncogenic viruses like Epstein-Barr virus (EBV), human papil-
lomavirus (HPV), human herpesvirus-8 (HHV8) or polyomavirus
BK contribute to the increased cancer risk after kidney trans-
plantation [11, 12].

Considering this development, surprisingly little attention
has been given to ultra long-term survivors [1-3]. The litera-
ture has mainly focused on the first decade post-transplant, and
none of the registry reports reveals further data on ultra long-
term survivors [6, 7, 17-19]. Short-term studies showed an in-
creased risk of a wide range of cancers associated with kidney
transplantation: a 2-fold higher risk of colorectal, lung, prostate,
stomach, esophagus, pancreas, ovarian and breast cancer; a 3-
fold higher risk of testicular and bladder cancer; a 5-fold higher
risk of melanoma, leukaemia, hepatobiliary, cervical and vul-
vovaginal cancer; a 15-fold higher risk of renal cell carcinoma
(RCC); and a 20-fold higher risk of Kaposi’s sarcoma, NMSC and
post-transplant lymphoproliferative disorder (PTLD) than the
general population [20]. Although recently, colleagues from the
Swiss Transplant Cohort Study (STCS) suggested a very low in-
cidence of PTLD with a cumulative incidence at 5 years of 0.96%
[21, 22], long-term outcomes were not studied.

Due to the lack of studies in ultra long-term KTRs, we anal-
ysed whether the distribution of cancer rates and types, known
from registry analyses for the short- and medium-term, is also
true for the ultra long-term. We attempted to address the follow-
ing questions: (i) What is the cancer rate among KTRs with kid-
ney allograft survival >20 years? (ii) What are the cancer types
among KTRs with kidney allograft survival >20 years? (iii) What
are the risk factors for cancer among KTRs with kidney allograft
survival >20 years? (iv) What are the patient and kidney allograft
outcomes among KTRs with kidney allograft survival >20 years?

MATERIALS AND METHODS
Patients

Our study was approved by the cantonal ethic commission re-
view board of Zurich, Switzerland (KEK-ZH-Number 2019-02082)
and has been conducted in compliance with the declaration of
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Helsinki. We performed a retrospective data analysis at our sin-
gle transplant centre at the University Hospital Zurich. We stud-
ied a total of 304 of 1241 KTRs (24.5%), who were transplanted
between 1 January 1981 and 31 December 1999, and showed kid-
ney allograft survival of at least 20 years. A total of 11 of 304
KTRs (3.6%) with kidney allograft survival >20 years were lost-
to-follow-up, and were not included in our analysis, leaving 293
KTRs (23.6%) for analysis.

Post-transplant care was carried out according to our stan-
dardized scheme with appointments in the outpatient clinic
quarterly or yearly. KTRs were either followed three-monthly
(n = 95) in our transplant centre or three-monthly by external
nephrologists, and only annually in our transplant centre (n =
198).

For data collection, we reviewed medical records from the
electronic database of the hospital registry. The end of follow-up
and data collection was 31 December 2020. To evaluate charac-
teristics 20 years after transplantation, we identified the 20 years
post-transplantation visit for each KTR, defined as the closest
and most complete visit to the date of transplantation plus 20
years. We analysed patient outcomes concerning the develop-
ment of cancer, cancer type, patient survival, kidney allograft
survival and the development of de novo donor-specific antibod-
ies (DSA). A total of 231 KTRs underwent regular screening for
anti-human leukocyte antigen (HLA) antibodies starting in the
year 2009. The anti-HLA antibody testing was performed annu-
ally using a Luminex-based assay (One Lambda, Canoga Park,
CA, USA) and at any other time in case of unexplained deterio-
ration of allograft function. Patient characteristics at transplan-
tation and at 20 years after kidney transplantation are shown in
Tables 1 and 2.

Maintenance immunosuppression

The primary immunosuppression consisted of a triple-drug
combination of a CNI, tacrolimus or cyclosporine, antimetabolite
[MMF, mycophenolic acid (MPA) or azathioprine] and steroids.
Tacrolimus trough levels were maintained at 4-6 pg/L, and cy-
closporine trough levels at 50-80 pg/L over the long-term. The
daily dosage of MMF was 500-2000 mg/day, the daily dose of MPA
was 360-1440 mg/day and the daily dose of azathioprine was 0.5-
1.5 mg/kg body weight. Steroids were maintained at a dose of
5 mg prednisone/day or withdrawn according to the immuno-
logic risk.

Assessment of cancer rates and types

As part of transplant follow-up, all KTRs undergo a regular can-
cer screening. This includes annual skin cancer screening. In ad-
dition, a physical examination, sonography of the transplanted
kidney and sonography of the patient’s own kidneys take place
as part of the annual check-up. A urinalysis is performed at each
visit, and a urological workup is initiated in the case of non-
glomerular haematuria. Annual gynaecological and urological
examinations and colon cancer screening occur according to the
general population’s recommendations.

Statistical methods

Statistical analysis was performed using the IBM SPSS Version
25 (SPSS, Chicago, IL, USA). For comparisons of study groups,
the Mann-Whitney U-test was used for nonparametric inde-
pendent samples. Outcomes were measured with the Kaplan-
Meier models, and log-rank tests measured overall strata com-
parisons. Clinical characteristics were compared across groups
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Table 1. Basic characteristics of KTRs with >20 years of kidney allograft survival

All >20 years KTRs, KTRs with cancer, KTRs without cancer,
Number (%) n=293 n=74 n=219 P-value
Recipient age at transplantation (years)? 39 (17-68) 41 (17-62) 37 (17-68) 0.203
Recipient male sex, n (%) 183 (62) 46 (62) 137 (63) 1
Donor age (years)? 32 (3-73) 31(5-72) 33 (3-68) 0.702
Donor male sex, n (%) 186 (66) 50 (70) 136 (62) 0.748
Number of kidney transplantations, n (%)
1 265 (90) 71 (96) 194 (89) 0.069
>2 28 (10) 3(4) 25 (11)
Causes of ESRD, n (%)
Glomerulonephritis 107 (37) 33 (45) 74 (34) 0.307
Diabetic nephropathy 6(2) 1(1) 5(2) 1
Vasculitis 10 (3) 0 (0) 10 (5) 0.126
Polycystic kidney disease 35 (12) 11 (15) 24 (11) 0.420
Uropathy/CAKUT 53 (18) 12 (16) 41 (19) 0.734
Analgesic nephropathy 13 (4) 2(3) 11 (5) 0.530
Hypertensive nephropathy 4(1) 0 (0) 4(2) 0.575
Other 29 (10) 7(9) 22 (10) 1
undetermined 36 (12) 8 (11) 28 (13) 0.839
Time on dialysis (months)? 26 (0-168) 30 (0-168) 24 (0-104) 0.0362
Pretransplant cancer, n (%) 4(1) 0 (0) 4(1) 0.575
2Median (range). CAKUT, congenital anomalies of kidney and urinary tract.
Table 2. Basic characteristics at 20 years after kidney transplantation
All KTRs, KTRs with cancer, KTRs without cancer,
n=293 n=74 n=219 P-value
Immunosuppression, n (%)
Calcineurin-inhibitor
Ciclosporin 235 (80) 58 (78) 177 (81) 0.736
Tacrolimus 45 (15) 12 (16) 33 (15) 0.853
Antimetabolite
MMEF/MPA 158 (54) 40 (54) 118 (54) 1
Azathioprine 113 (39) 30 (41) 83 (38) 0.681
Steroid 100 (34) 36 (49) 73 (33) 0.132
Other medication
Acetylsalicylic acid, n (%) 81 (28) 21 (28) 60 (27) 0.886
Proton pump inhibitors, n (%) 71 (24) 16 (22) 55 (25) 0.759
Statin, n (%) 162 (55) 40 (54) 122 (56) 0.911
Antihypertensives, n (%)
0 58 (20) 19 (26) 39 (19) 0.176
1 93 (32) 19 (26) 74 (34) 0.404
2 9 (33) 22 (30) 74 (34) 0.685
=2 46 (16) 14 (19) 32 (15) 0.472
Diuretics, n (%)
Thiazide diuretics 24 (8) 9 (12) 15 (7) 0.150
Loop diuretics 60 (20) 21 (28) 39 (18) 0.150
Smoking, n (%) 43 (15) 14 (19) 19 (9) 0.040*
Diabetes mellitus, n (%) 61 (21) 20 (27) 41 (19) 0.264
Insulin therapy, n (%) 24 (8) 8 (11) 16 (7) 0.466

using the Fisher’s exact test for categorical variables. Univariate
and multivariate Cox proportional hazards models were used to
investigate factors associated with the development of cancer.
Cox proportional hazards models with the time of cancer as the
time-dependent covariate were used to study cancer’s impact on
patients and kidney allograft outcomes. A significance level of
P < 0.05 was considered statistically significant.

RESULTS
Overall patient characteristics

A total of 293 KTRs were included in this study. KTRs were fol-
lowed over at least 20 years. During the whole study period, a to-
tal of 74 KTRs (25.3%) developed cancer (excluding NMSC). In ad-
dition, a total of 145 KTRs (49.5%) developed NMSC. A total of 48
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FIGURE 1: (A) Kaplan-Meier plot of cancer development among KTRs with kidney allograft survival >20 years by time after transplantation. The incidence of cancer
increases after kidney transplantation with a proportion of 4.4%, 14.6% and 33.2% at 10, 20 and 30 years after transplantation, respectively. (B) Kaplan-Meier plot of
cancer development among KTRs with kidney allograft survival >20 years by recipient age. The incidence of cancer increases by recipient age with a proportion of

3.4%, 14.5% and 55.2% at 40, 60 and 80 years of age, respectively.
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FIGURE 2: (A) Kaplan-Meier plot of the development of NMSC among KTRs with kidney allograft survival >20 years by time after transplantation. The incidence of
NMSC increases after kidney transplantation with a proportion of 10.3%, 33.5% and 76.8% at 10, 20 and 30 years after transplantation, respectively. (B) Kaplan-Meier
plot of the development of NMSC among KTRs with kidney allograft survival >20 years by recipient age. The incidence of NMSC increases by recipient age with a

proportion of 1.7%, 31.6% and 85.2% at 40, 60 and 80 years of age, respectively.

of the 74 patients with cancer (64.9%) also developed NMSC. A to-
tal of 4 of 293 KTRs (1.4%) had pre-transplant cancer, 2 KTRs with
seminoma, 1 KTR with breast cancer and 1 KTR with Hodgkin
lymphoma; of those, none developed post-transplant cancer. Re-
cipient age at transplantation and previous time on dialysis was
associated with higher cancer risk in long-term follow-ups (P <
0.05). The characteristics of KTRs are shown in Table 1 and Sup-
plementary data, Table S1.

Cancer rates among KTRs with ultra long-term kidney
allograft survival

KTRs’ characteristics at 20 years post-transplantation are shown
in Table 2. Throughout 10, 20 and 30 years post-transplantation,
KTRs showed an incidence of cancer of 4.4%, 14.6% and 33.2%, re-
spectively (Figure 1A). Similarly, by recipients’ ages of 40, 60 and
80 years, KTRs showed an incidence of cancer of 3.4%, 14.5% and
55.2%, respectively (Figure 1B). Upon multivariate Cox regression

analysis, recipient age further increased the risk of cancer {haz-
ard ratio 1.026 [95% confidence interval (95% CI) 1.005-1.047]; P =
0.016}. Smoking (95% CI 0.809-2.592; P = 0.213) and time on dial-
ysis (95% CI 0.992-1.007; P = 0.953) did not impact cancer risk
upon multivariate Cox regression analysis.

NMSC rates among KTRs with ultra long-term kidney
allograft survival

KTRs’ characteristics at 20 years post-transplantation are shown
in Supplementary data, Table S2. By 10, 20 and 30 years post-
transplantation, KTRs showed an NMSC rate of 10.3%, 33.5% and
76.8%, respectively (Figure 2A). Similarly, by recipients’ ages of
40, 60 and 80 years, KTRs showed an incidence of NMSC of 1.7%,
31.6% and 85.2%, respectively (Figure 2B). Upon multivariate Cox
regression analysis, recipient age further increased the risk of
NMSC [hazard ratio 1.040 (95% CI 1.025-1.057); P < 0.001]. In-
terestingly, the use of thiazide diuretics showed an increased
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FIGURE 3: (A) Kaplan-Meier plot of the development of different cancer types among KTRs with kidney allograft survival >20 years by time after transplantation.
The highest incidence is observed for PTLD with a proportion of 0.3%, 3.4% and 8.5% at 10, 20 and 30 years after transplantation, respectively. (B) Kaplan-Meier plot of
the development of different cancer types among KTRs with kidney allograft survival >20 years by recipient age. The highest incidence is observed for PTLD with a

proportion of 1.4%, 3.5 and 10.9% at 40, 60 and 80 years of age, respectively.

risk of NMSC [hazard ratio 2.772 (95% CI 1.662-4.624); P = 0.001]
upon multivariate Cox regression analysis (Supplementary data,
Figure S2). NMSC was significantly more common among KTRs
who developed cancer (64% versus 45%; P = 0.003).

Patient and kidney allograft outcomes among KTRs
with ultra long-term kidney allograft survival

Upon time-dependent Cox regression analysis using the time
of cancer as the time-dependent covariate, KTRs with cancer
showed an inferior patient survival rate with a 25-year patient
survival rate of 78.2% versus 85.6% and a 28-year patient sur-
vival rate of 56.1% versus 80.3% [hazard ratio 2.352 (95% CI 1.406-
3.933); P = 0.002] (Supplementary data, Figure S1A). No differ-
ences were observed concerning death-censored kidney allo-
graft survival [hazard ratio 1.688 (95% CI 0.810-3.177); P = 0.194];
Supplementary data, Figure S1B or the development of donor-
specific antibodies [hazard ratio 1.172 (95% CI 0.576-2.387); P =
0.667].

Upon time-dependent Cox regression analysis using the time
of NMSC as the time-dependent covariate no differences were
observed concerning patient survival [hazard ratio 1.096 (95% CI
0.670-1.792); P = 0.716], death-censored kidney allograft survival
[hazard ratio 1.205 (95% CI 0.668-2.173); P = 0.537] or the devel-
opment of donor-specific antibodies [hazard ratio 0.965 (95% CI
0.565-1.646); P = 0.895].

Cancer types among KTRs with ultra long-term kidney
allograft survival

Different cancer types are shown in Table 3. The onset of each
cancer type concerning the time post-transplantation and the
KTR’s age is shown in Figure 3A and B.

By 10, 20 and 30 years post-transplantation, KTRs showed a
PTLD rate of 0.34%, 3.36% and 8.51%, respectively (Figure 2A).
PTLD is thereby the cancer with the highest incidence as a
single cancer type. By recipients’ ages of 40, 60, and 80 years,
KTRs showed an incidence of PTLD of 1.39%, 3.50% and 10.87%,
respectively. Characteristics of KTRs with late-onset PTLD are
shown in Table 4.

By 10, 20 and 30 years post-transplantation, KTRs showed a
RCC rate of 0.34%, 1.50% and 5.06%, respectively (Figure 2A). RCC
is thereby the cancer type with the second-highest incidence
as a single cancer entity. By recipients’ ages of 40, 60 and 80
years, KTRs showed RCC incidence of 0.69%, 2.36% and 5.23%,
respectively.

Upon multivariate Cox regression analysis, recipient age
further increased the risk of cancer among KTRs developing
prostate cancer and lung cancer [hazard ratio 1.098 (95% CI
1.039-1.161); P = 0.002] and [hazard ratio 1.097 (95% CI 1.005-
1.210); P = 0.043], respectively. Upon multivariate Cox regres-
sion analysis, smoking history further increased cancer risk
among KTRs developing lung cancer [hazard ratio 6.510 (95%
CI 1.879-48.587); P = 0.018]. Time on dialysis did not impact
the risk of any cancer type upon multivariate Cox regression
analysis.

Patient and kidney allograft outcomes among KTRs
with different cancer types

Upon time-dependent Cox regression analysis using the time of
the specific cancer type as the time-dependent covariate, no spe-
cific impact could be detected for any cancer type. Upon time-
dependent Cox regression analysis using the time of PTLD as the
time-dependent covariate, PTLD increased the risk of kidney al-
lograft loss by >6-fold [hazard ratio 6.187 (95% CI 2.606-14.691]; P
= 0.001]. No impact on death-censored kidney allograft survival
was observed for other cancer types.

DISCUSSION

Cancer after solid organ transplantation has been increasingly
recognized in registry analyses for the short- and medium-term
post-transplantation. Less is known, however, about the ultra
long-term cancer rates.

Firstly, our results suggest that cancer rates continuously
increase in the ultra long-term after kidney transplantation.
According to several registry analyses, an increased overall risk
of cancer and NMSC has been associated with solid organ trans-
plantation than the general population [23]. All these analyses
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Table 3A. Cancer types Table 3B. NMSC types
KTRs with KTRs with NMSC,
cancer, n = 74 NMSC, n (%) n =145
Total number of cancers (without NMSC), n (%) 95 BCC only? 39 (27)
PTLD, n (%) 18 (24) SCC only? 64 (44)
RCC, n (%) 10 (14) Both BCC and SCC? 42 (29)
Remaining native kidneys 7 (10)
Clear cell RCC 3(4) 2The different types of NMSC listed are mutually exclusive.
Papillary RCC 3(4)
Chromophobe RCC 1(1) . . .
Transplanted kidney 2(3) Table 4. Basic and PTLD characteristics of KTRs with late-onset PTLD
Papillary RCC 2(3) KTRs with
Functionless transplanted kidney 1(1) late-onset PTLD,
Clear cell papillary RCC 1(1) (n=18)
Gastrointestinal cancer, n (%) 15 (20)

Anal cancer 1(1) Recipient age at transplantation (years)? 34 (18-57)

Colorectal cancer 5(7) Number of kidney transplantations, n (%)

Esophageal cancer 2(3) 1 17 (94.4)

Liver cancer 2(3) 2 1(5.6)

Pancreatic cancer 3(4) Causes of ESRD, n (%)

Stomach cancer 2(3) Glomerulonephritis 8 (44.4)
Lung cancer, n (%) 3 (4) Diabetic nephropathy 1(5.6)
Gynaecological cancer, n (%) 11 (15) Hypertensive nephropathy 1(5.6)

Breast cancer 6(8) Polycystic kidney disease 2(11.1)

Cervical cancer 3(4) Uropathy/CAKUT 2(11.1)

Ovarian cancer 1(1) Interstitial nephritis 1(5.6)

Uterine cancer 1(1) Hyperoxaluria 1(5.6)
Urological cancer, n (%) 18 (24) Undetermined 2 (11.1)

Bladder cancer 3(4) Time on dialysis (months)? 31 (4-108)

Cancer of the penis 1(1) Time of PTLD post-transplant (months)? 201 (153-363)

Prostate cancer 12 (16) Morphological classification of PTLD, n (%)

Testicular cancer 2(3) Polymorphic PTLD 1(5.6)
Others, n (%) 8 (11) Monomorphic PTLD 16 (88.9)

Adrenal cancer 1(1) Diffuse large B-cell lymphoma 14 (77.8)

Angiosarcoma 1(1) Plasma cell neoplasm 2 (11.1)

Neuroendocrine tumour 2(3) Classic Hodgkin lymphoma 1(5.6)

Tongue cancer 2(3) Localization of PTLD, n (%)

Thyroid cancer 2(3) Nodal 6(33.3)
Skin cancer (without NMSC), n (%) Extranodal 12 (66.7)

Kaposi’s sarcoma 3(4) CNS 3(16.7)

Merkel cell carcinoma, n (%) 1(1) Gingiva/pharynx 3(16.7)

Melanoma, n (%) 8 (11) Small intestine 4(22.2)
NMSC Stomach 1(5.6)
among KTRs with cancer, n (%) 48 (64) Skin 1(5.6)

Basal cell carcinoma (BCC) only? 12 (16) PTLD EBV status, n (%)

Squamous cell carcinoma (SCC) only? 19 (26) EBV positive 7 (38.9)
Both BCC and SCC* 17 (23) EBV negative 11 (61.1)

2The different types of NMSC listed are mutually exclusive.

found that specific cancer rates varied depending on the organ
transplanted, with an average latency after transplantation of
~3-5 years [23, 24]. However, despite the often very large num-
bers of patients, these registry analyses usually have significant
drawbacks in that they incorrectly assess cancer risk over the
ultra long-term due to the short follow-up period and, most im-
portantly, limited data quality. Specifically, these registry anal-
yses also mix two patient groups, namely those patients who
in all likelihood already have a very early cancer stage at the
time of transplantation, which may then progress rapidly due
to the initiated immunosuppression, and those who develop
cancer in response to long-term exposure to immunosuppres-
sion. In the latter, however, a follow-up period of usually 10-
15 years after transplantation does not seem to be sufficient.

2Median (range). CAKUT, congenital anomalies of kidney and urinary tract; CNS,
central nervous system.

Here, our analysis shows for the first time that the accumula-
tion of risk factors such as duration under immunosuppression,
increasing age and individual risk factors leads to a cancer rate
of over 30% and an NMSC rate of over 60% after 30 years under
immunosuppression.

Secondly, PTLD remains the most common cancer type in
the ultra long-term, reaching a PTLD rate as high as 8.5% at 30
years post-transplantation. Recently, colleagues from the STCS
suggested a very low 5-year incidence of PTLD of <1% [21, 22].
However, long-term outcomes from our study show that PTLD
remains the most common cancer type in the ultra long-term.
The morphological classification of PTLD is thereby in line with
previous observations [25]. One reason for the high incidence of
PTLD in the long-term appears to be that PTLD occurs after a
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shorter period of immunosuppression and at an earlier age than
other cancer types, so more KTRs reach this event during their
post-transplant course. Due to the high PTLD rate, clinical vigi-
lance is critical in case of nonspecific symptoms such as fever,
unexplained weight loss, fatigue, lymphadenopathy or gastroin-
testinal disturbances, and should call for more comprehensive
diagnostics in this cohort.

In line with registry analyses, RCC is the second most com-
mon cancer among KTRs and arises more likely in the non-
functioning native kidneys or transplanted kidneys than in
the functioning transplanted kidneys [26, 27]. Our data confirm
the predominance of papillary RCC over clear cell RCC even in
the ultra long-term after kidney transplantation, as suggested
in a previous study [27]. The high RCC rate reinforces surveil-
lance ultrasonography and computed tomography scanning as
routine cancer screening among KTRs.

Thirdly, our results suggest that long-term exposure to main-
tenance immunosuppression is the most relevant risk factor
contributing to the strikingly high cancer rates in the ultra
long-term after kidney transplantation. The immunosuppres-
sive medication facilitates cancer and NMSC through various
mechanisms, including decreased immune surveillance of atyp-
ical cells, impaired cell repair mechanisms and proliferation
of carcinogenic viruses [27]. Interestingly, >10% of cancer di-
agnoses in our study may be attributed to coexisting viral in-
fections with carcinogenic viruses like EBV-positive PTLD, HHV-
8-associated Kaposi’s sarcoma, HPV-associated cervical or anal
cancer, and hepatitis B- or C-associated liver cancer [28, 29].

Very surprisingly, thiazide diuretics, which have been linked
to an increased risk of NMSC through its photosensitizing prop-
erties, also appear to be associated with an increased NMSC risk
after kidney transplantation [30, 31]. This observation suggests
that the cumulative effect of impaired immune surveillance, di-
rect carcinogenic effects of azathioprine and the photosensitiz-
ing activity of thiazide diuretics, may act synergistically in this
cohort and put KTRs at the greatest risk for NMSC. This finding
may have direct implications on KTR aftercare. Thiazide diuret-
ics should be used with caution among KTRs, mainly when other
first-line antihypertensive medications can be used and a direct
added value is missing.

Fourthly, cancer is contributing as a primary cause of death
in the ultra long-term. Previous registry analyses demonstrated
that KTRs are at an increased risk of cancer death compared
with the general population. However, this cohort faces lower life
expectancy and a higher risk of non-cancer death [32]. Although
the risk of non-cancer death is higher than cancer death, cancer
death is expected to increase steadily over the next decade due
to improved long-term survival [33].

Interestingly, the development of de novo DSA is not associ-
ated with the presence or absence of cancer or NMSC in the ul-
tra long-term. Although the development of cancer might be a
failure of immune surveillance, not all cancers are naturally im-
munogenic, cancers may have the ability to thwart an effective
anti-tumour immune response and mechanisms to allow an al-
loimmunity against the kidney allograft most likely differ sig-
nificantly from mechanisms to allow an adequate anti-tumour
response.

Our study has a few limitations. Firstly, the results are limited
by a single-centre retrospective design. Although all KTRs stud-
ied in our work had kidney allograft survival of at least 20 years,
our cohort also represents a selection of KTRs who survived
a cancer event <20 years after transplantation. Secondly, our
study mainly included adults of Caucasian origin, limiting the
generalizability of our findings to other cohorts. Thirdly, since

life expectancy in Switzerland is considered to be among the
highest in the world by far, the results of our work are likely to
have limited applicability to other world regions.

Our study has several strengths, particularly analysing thor-
oughly characterized KTRs at least 20 years exposed to im-
munosuppression. A standardized immunosuppressive proto-
col, close clinical monitoring and protocol cancer screening
post-transplant enabled us to obtain a very high data density,
quality and almost no loss-to-follow-up.

In conclusion, for the first time, we show cancer risk among
KTRs with a cumulative exposure to immunosuppression of at
least 20 years that causes a disproportionate increase in overall
cancer risk in the ultra long-term. Not surprising but impressive
in terms of scale are the PTLD and RCC rates among KTRs in the
ultra long-term, which should raise awareness among clinicians.
An individually tailored approach to cancer prevention, screen-
ing and surveillance is required for KTRs with ultra long-term
exposure to immunosuppression.
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