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Editorial on the Special Issue 

Oncology and Solid Organ Transplantation: New Biological and Clinical Insights

Solid organ transplantation represents a major challenge in modern medicine, as malignancy is one 
of the leading comorbidities affecting both patient and graft survival. Cancer risk in this large and 
heterogeneous population is affected by multiple donor- and recipient-related factors and, most 
importantly, by long-term immunosuppression [1]. Indeed, immunosuppressive therapies impair 
immune surveillance, predisposing to oncogenic viral infections and may directly influence tumor 
behavior [2]. In addition, although rare, donor-transmitted cancer remains a serious concern, 
requiring stringent assessment protocols and continuously updated guidelines [3].

Significant advances have been made in expanding the donor pool, particularly in liver 
transplantation, where indications have extended beyond hepatocellular carcinoma to include 
selected primary and metastatic liver tumors within the evolving field of transplant oncology. At 
the same time, precision medicine and next-generation sequencing technologies have led to the 
identification of new diagnostic and therapeutic targets. Immune checkpoint inhibitors are a 
standard of care for many cancer types, although their use in transplant patients is still challenging.

Therefore, this Special Issue addresses these topics through several rigorous original articles, 
mainly based on large clinical experiences, and comprehensive reviews. Each contribution addresses 
a distinct yet interrelated aspect of solid organ transplantation and oncology, collectively providing 
an in-depth overview of the field’s current achievements and outlining its future transformative 
perspectives. Briefly, below are reported, in summary, the main evidence and results of the paper 
included in the special issue titled: “Oncology and solid organ transplantation: new biological and 
clinical insights.”

- In a large 20-year single-center experience with right lateral sector grafts (RLSG) in adult living 
donor liver transplantation (a 661-case series from the University of Tokyo Hospital), Hayakawa 
et al. clearly demonstrated the value of this approach in expanding donor options with low donor 
complication rates and no donor mortality. Recipients experienced higher rates of vascular and 
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biliary complications than those with other graft types; 
however, 5-year survival was comparable. RLSG increased 
the donor pool by 5% and represented the only viable 
option for certain patients. Despite the higher complication 
rates, it remains a feasible and life-saving alternative when 
standard grafts are not suitable.

- Pommerolle et al. conducted a multicenter, retrospective, case- 
control study to evaluate the impact of screening in patients 
with renal cell carcinoma after kidney transplantation. The 
patients followed up in centers performing annual screening 
had smaller cancers, a lower relapse and cancer-related 
mortality rates, highlighting the importance of implementing 
annual screening to improve patient prognosis.

- Benoni et al., in a nationwide, population-based study analyzed 
data from a Swedish national registry to compare 98 organ 
transplant recipients with colorectal cancer (CRC) to 474 non- 
transplanted patients and identified differences in cancer 
characteristics and treatment-related factors that affected 
patients’ survival. They found that transplant patients with 
stage I–III CRC were less likely to undergo abdominal 
surgery than non-transplant patients. Among patients treated 
with surgery, transplant patients with CRC were less likely to 
receive adjuvant chemotherapy, and transplant patients with 
rectal cancer had a higher rate of relapse than non-transplant 
patients. The 5-year cancer-specific and overall survival rates 
were lower in transplant patients (56% and 35%, respectively) 
than in controls (68% and 57%, respectively). The authors 
suggested that multidisciplinary evaluation involving 
transplant specialists should be applied in the management 
of CRC for all organ transplant recipients to ensure an optimal 
therapeutic strategy for this patient population.

- Stenman et al. studied post-transplant cancer incidence and 
survival in 664 heart transplant recipients at Sahlgrenska 
University Hospital. Over a median follow-up of 7.7 years, 
19% of patients developed malignancies. The overall cancer risk 
was 6.2-fold higher than the general population, and 2.9-fold 
higher when excluding non-melanoma skin cancer (NMSC). 
The most common cancers were NMSC, non-Hodgkin 
lymphoma, and lung cancer. The risk factors included age, 
smoking, hypertension, cytomegalovirus (CMV) status, 
ischemic time, and azathioprine. A history of prior cancer 
did not affect post-transplant survival.

- The same research group also highlighted the main factors 
associated with an increased risk of cancer after lung 
transplantation. The key determinants were older donor and 
recipient age, type of immunosuppression, and whether the 
transplant was single or bilateral. The authors also noted that 
the improvement in 5-year survival after lung transplantation, 
from 46% in 1990 to 57% in 2015, should be considered, as 
longer post-transplant survival may contribute to a higher 
cumulative risk of cancer Stenman et al.

- Re Sartò et al. investigated the epidemiology of cancer after 
kidney transplantation, its risk factors, and its impact on 
management and survival in a retrospective single-center 
study. An Italian cohort of 930 kidney transplant recipients 
(KTR) followed up for 7 years was analyzed. During the follow- 
up, 19% of patients developed cancer, most commonly NMSC 

(55%). The identified risk factors included older age at the time 
of transplantation, higher body mass index (BMI) 1 month after 
transplantation, vasculitis, autosomal dominant polycystic 
kidney disease (ADPKD), and anti-thymocyte globulin 
(ATG) induction. ATG was associated with earlier cancer 
onset, while modification of immunosuppression after cancer 
diagnosis, particularly conversion to mTOR inhibitors, was 
linked to improved survival.

- Similarly, Srisuwarn et al. analyzed a Thai single-center cohort 
of 2,024 kidney transplant recipients and reported that 6.2% 
developed 133 post-transplant malignancies (over 16,495 
person-years at risk). Urothelial cancers and non-Hodgkin 
lymphoma showed the highest excess risk, with urothelial 
cancer particularly increased among women. Consistent with 
the Italian cohort, skin cancers were also among the most 
frequent malignancies.

- Given the high risk of skin cancers among solid organ 
transplant recipients and the lack of standardized triage 
guidelines to assist dermatology clinics in scheduling new 
patients pre- or post-transplant, Hirotsu et al. developed 
triage recommendations based on expert panel consensus for 
dermatologic management of this high-risk population. The 
proposed algorithm offers practical, risk-stratified guidance to 
support prevention and prompt diagnosis to reduce the skin 
cancer burden and progression of high-risk skin cancers in solid 
organ transplant recipients, together with a reduction of overall 
healthcare costs.

- Rare malignancies pose a significant challenge in 
transplantation. Lefevre et al. reported a metastatic donor- 
derived BKV-induced Bellini duct carcinoma in a kidney 
transplant recipient, successfully managed without 
chemotherapy or immunotherapy. Withdrawal of 
immunosuppression enabled spontaneous tumor rejection 
through alloimmune and antitumor responses.

Collectively, these studies highlight the importance of pre- and 
post-transplant cancer surveillance together with the tailoring of 
maintenance immunosuppressive therapy to address the high 
cancer risk in this patient population and optimize long-term 
graft and patient outcomes.

- Vanlerberghe et al. examined de novo malignancy (DNM) risk 
post-liver transplant in a retrospective analysis of 174 patients 
transplanted for alcoholic liver disease (ALD). Nineteen 
patients (10.9%) developed DNM between 12 and 60 months 
post-transplant. Independent risk factors included higher 
tacrolimus drug exposure, together with other factors (such 
as older age, greater smoking history, and active smoking at 
transplant). Minimizing tacrolimus exposure in the first year 
and promoting smoking cessation before transplantation may 
reduce the risk of DNM.

- Moreover, as reported by Zakrocka et al., paraneoplastic 
glomerular diseases, complex renal manifestations associated 
with malignancy, are currently understudied in transplant 
recipients but deserve careful evaluation and consideration to 
ensure long-term preservation of graft function. Ongoing 
advances in clinical and molecular nephrology are expected 
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to enhance our understanding of the underlying mechanisms 
and support the development of more effective diagnostic and 
therapeutic strategies for these conditions.

- Another important topic that has been analyzed in this special 
issue by Barbir et al. is the use of immune checkpoint inhibitors 
(ICIs) in KTRs, currently challenged by the risk of allograft 
rejection and loss. However, analyzing the available literature, 
the authors concluded that this risk can be reduced by 
optimizing maintenance immunosuppressive therapy and 
potentially by close follow-up to enable early intervention. 
Extra-renal immune-related adverse events are less common, 
though data on recurrent glomerulonephritis in the allograft are 
limited. Risk stratification using protocol biopsies, non-invasive 
biomarkers, or PD-L1 staining could help guide therapy, but 
further validation is needed. A patient-centered, 
multidisciplinary approach and unified transplant-oncology 
protocols are essential, and future studies should compare 
immunosuppressive strategies to optimize both cancer 
control and allograft survival.

- This was in line with Bolufer et al. who emphasized that cancer 
management in KTRs requires a multidisciplinary approach. 
The use of ICIs demands careful risk-benefit assessment, 
maintaining at least two immunosuppressants, adjusting 
corticosteroid dose, and switching from calcineurin 
inhibitors to mTOR inhibitors. However, further prospective 
studies are needed to refine these strategies.

- Finally, Turra et al. critically analyzed the current 
knowledge on the use of donors with known malignancy 
histories (focusing on cancer types, stages, and patient 
survival outcomes) to improve strategies for safe and 
effective organ transplantation from these donors. 
Individualized and multidisciplinary clinical judgment is 
essential when using organs from donors with cancer, with 
recipients being fully informed of risks, including the 

consequences of not proceeding with transplantation, 
before giving consent.

In conclusion, this Special Issue, involving clinicians and 
researchers worldwide, offers a comprehensive overview of this 
important topic in transplant medicine, providing new clinical 
evidence, guidelines, and translational research insights. It 
highlights the importance of innovative multidisciplinary 
management strategies to improve both allograft and 
patient outcomes.
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Tacrolimus Drug Exposure Level and
Smoking Are Modifiable Risk Factors
for Early De Novo Malignancy After
Liver Transplantation for
Alcohol-Related Liver Disease
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Division of Gastroenterology and Hepatology, Maastricht University Medical Centre, Maastricht, Netherlands, 4School of Nutrition
and Translational Research in Metabolism (NUTRIM), University Maastricht, Maastricht, Netherlands, 5Transplantation Research
Group, Department of Microbiology, and Transplantation, Laboratory of Abdominal Transplantation, KU Leuven, University of
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De novo malignancy (DNM) is the primary cause of mortality after liver transplantation (LT)
for alcohol-related liver disease (ALD). However, data on risk factors for DNM development
after LT are limited, specifically in patients with ALD. Therefore, we retrospectively analyzed
all patients transplanted for ALD at our center before October 2016. Patients with a post-
LT follow-up of <12months, DNM within 12 months after LT, patients not on tacrolimus in
the 1st year post-LT, and unknown smoking habits were excluded. Tacrolimus drug
exposure level (TDEL) was calculated by area under the curve of trough levels in the 1st
year post-LT. 174 patients received tacrolimus of which 19 (10.9%) patients developed a
DNM between 12 and 60months post-LT. Multivariate cox regression analysis identified
TDEL [HR: 1.710 (1.211–2.414); p = 0.002], age [1.158 (1.076–1.246); p < 0.001], number
of pack years pre-LT [HR: 1.021 (1.004–1.038); p = 0.014] and active smoking at LT [HR:
3.056 (1.072–8.715); p = 0.037] as independent risk factors for DNM. Tacrolimus dose
minimization in the 1st year after LT and smoking cessation before LTmight lower DNM risk
in patients transplanted for ALD.

Keywords: alcohol-related liver disease, de novo malignancy, calcineurin inhibitor, tacrolimus drug exposure level,
liver transplantation

INTRODUCTION

Alcohol-related liver disease (ALD) is the primary indication for liver transplantation (LT) in Europe
and the United States [1].De novomalignancies (DNM) are the leading cause of mortality in patients
transplanted for ALD [2–4], a population with an increased risk of DNM compared to patients who
received a LT for other indications [5]. This might be attributed to the oncogenic effects of long-term
alcohol consumption [6, 7] and the high prevalence of tobacco use in patients with ALD [8]. Another
risk factor for DNM is the immunosuppressive therapy patients receive after LT [9, 10]. Calcineurin
inhibitors (CNIs) are the most frequently used agents for long-term immunosuppression and
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tacrolimus is currently the most frequently used CNI [1].
Tacrolimus reduces the risk of allograft rejection after LT by
inhibiting calcineurin, which leads to decreased cytokine
transcription, particularly interleukin-2 (IL-2), and reduces
T-cell proliferation [11]. Tacrolimus and its
immunosuppressive properties are also associated with the
development of DNM due to diminished immunosurveillance
[12]. However, studies analyzing the risk of tacrolimus exposure
and trough levels on DNM development after LTx are scarce
[13–15]. These few studies did not specifically analyze ALD LT
recipients [13, 14] and did not examine the effect of lifetime
tobacco consumption and alcohol relapse after LT, factors that
might have a strong contributive effect on malignancy formation.
Furthermore, these studies assessed the lifetime DNM risk after
LT based on 1st year of tacrolimus drug exposure. However, the
1st year exposure might only reflect the DNM risk within a
shorter time after LT. Therefore, in this study we assessed the risk
factors for DNM in the 1st 5-year period after LT for ALD, with
specific emphasis on tacrolimus drug level in the 1st year post-LT
and other modifiable risk factors such as smoking and
alcohol use.

PATIENTS AND METHODS

Patient Characteristics
We analyzed the Liver Transplantation Cohort from the
University Hospitals KU Leuven for adult patients (age ≥
18 years) transplanted for ALD between 1990 and October
2016. Diagnosis of ALD was made based on the patient’s

history of excessive and habitual alcohol consumption, clinical
and laboratory findings, histology of the explanted liver, and
exclusion of other causes of liver disease (viral hepatitis,
autoimmune hepatitis, hereditary hemochromatosis, Wilson’s
disease, primary biliary cholangitis, and primary sclerosing
cholangitis), and based on the consensus of the
multidisciplinary medical team. Patients with less than
12 months follow-up post-LT, a DNM in the 1st year post-LT
or patients who did not receive tacrolimus during the 1st
12 months after LT were excluded from the analysis. Patients
with unknown smoking habits (no information available on
smoking history, i.e., pack years smoked before LT) were also
excluded from the analysis. We retrospectively collected data on
general patient characteristics, type and timing of DNM,
excluding non-melanoma skin cancer and recurrence of
hepatocellular carcinoma as events. DNM were reported as
events if they occurred between 12 and 60 months of follow-
up. Positive smoking history (defined as ≥ 1 pack year pre-LT),
absolute number of pack years (PY) smoked before LT and active
smoking at LT were extracted from patient’s medical files. Active
smoking was defined as smokers who still had an active smoking
habit when admitted to the hospital for the LT procedure.
Alcohol relapse was defined as relapse with any alcohol use.

In the work-up before LT, each patient is systematically
screened for malignancies. Patients receive a gastroscopy,
colonoscopy, chest x-ray, liver MRI and/or CT abdomen,
abdominal ultrasound, and an assessment by an ear-nose-
throat specialist and dermatologist. Female LT candidates also
receive a mammography and a gynecological ultrasound. After
LT for ALD, patients do not receive additional systematic
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screening for DNM aside from the Belgian government’s
population screening for colon and breast cancer.

Immunosuppressive Regimen
After LT, the standard immunosuppressive protocol consists
of tacrolimus, an antimetabolite, and corticosteroids. After
3 months, corticosteroids are discontinued. If possible,
antimetabolite is discontinued after 12 months. The used
antimetabolites are mycophenolate, and azathioprine in
the minority of patients. Deviations from the protocol are
only performed on clinical indication. Tacrolimus trough
levels are analyzed daily during hospital admission directly
following LT. After hospital discharge, trough levels are
determined twice a week during the first month, every
2 weeks during the first 3 months, three monthly from
3 months to 1 year post-LT and per 3–6 months thereafter.
On clinical indication, tacrolimus trough levels are analyzed
more frequently.

Statistical Analysis
Normality was checked by the Shapiro-Wilk test. Qualitative
variables were compared using the χ2 test. Normally
distributed values are presented as means with 95%
confidence intervals (95% CI) or standard deviation (SD)
and were compared using an independent t-test. Non-
normally distributed values are presented as medians with
interquartile range (IQR) and were compared using the Mann-
Whitney U and Kruskal-Wallis tests.

Hazard ratios (HR) for the risk of DNM between twelve and
60 months after LT were evaluated by Cox proportional hazards
regression. Patients were considered at risk from twelve to
60 months post-LT or until reaching the study endpoints
(diagnosis of DNM or death). Patients lost to follow-up were
censored at time of loss from data analysis. A proportional hazard
model was performed with categorical, continuous, and time-
dependent covariates to identify risk factors. Additional
covariates were selected by expert opinion and based on
literature [13, 14]. The proportional hazard assumption was
tested for each covariate by correlation testing of Schoenfeld
residuals and rank time; only covariates without significant
correlation were included (see Supplementary Table S1).
Multivariate analysis was performed by backward elimination
with a selection criterion of 0.100. Statistical analysis was
performed by SPSS v.28 (SPSS Inc., Chicago, IL,
United States). Statistical significance was defined as p ≤ 0.05.

Total tacrolimus drug exposure level (TDEL) was based on the
area under the curve of tacrolimus trough levels in µg/L [analyzed
in R by PKCNA package (linear)] and corrected by the
trapezoidal rule as previously described by Vivarelli et al. [16].

RESULTS

Patient Characteristics
Within the study period, 317 patients were transplanted for ALD
at our center, of which 174 were included in the analysis. Patients
who had a follow-up of 12 months or less (n = 23; 22 died within

the 1st year post-LT and one patient was lost to follow-up at
11 months post-LT), patients who were diagnosed with a DNM
within 12 months after LT (n = 11) and patients who did not
receive tacrolimus in the 1st year after LT (n = 46) were excluded.
56 patients were excluded because there was insufficient
information available on their smoking habits. Seven patients
were excluded because of missing data on tacrolimus trough
levels in the 1st year post-LT. All included patients were
transplanted after December 1998.

During the 1st year after LT, 117 (67.2%) patients received
Prograft and 57 (32.8%) Advagraf. 144 (82.8%) patients received
mycophenolate and 20 (11.5%) patients received azathioprine as
an antimetabolite. The median age at LT was 59.5 years (IQR:
54.0–65.0) (Table 1). Median follow-up was 91 months
(IQR: 65.0–143.0).

Of the total group, 112 (64.4%) patients had a positive
smoking history, of which 44 (25.3% of the total group)
actively smoked at the time of transplantation (Table 1).
60 patients (34.5%) had a relapse of any alcohol use after LT.
47 patients (78.3% of the relapsers) relapsed within 5 years after
LT, with a median time until relapse of 15.0 months
(IQR: 4.0–32.0).

De Novo Malignancy
19 (10.9%) patients were diagnosed with a DNM between 12 and
60 months after LT. Characteristics of patients diagnosed with a
DNM compared to those who did not can be found in Table 1.
Median time until diagnosis of DNM was 46 months (IQR:
18.0–56.0). 17 patients developed a solid organ malignancy
with oropharyngeal (n = 6) and lung carcinoma (n = 6) being
the most prevalent (Table 2). One patient developed a
simultaneous lung and oropharyngeal carcinoma at 54 months
post-LT. Of the 17 solid organ DNMs, 5 (29.4%) patients had
metastatic disease, 9 (52.9%) had only local disease and in 3
(17.6%) patients staging at the time of diagnosis was not reported.
Four of the six patients diagnosed with lung carcinoma died from
the malignancy during follow-up. The other two only had local
disease at diagnosis and were alive after 1 and 23 months of
follow-up. Two out of six patients diagnosed with an
oropharyngeal carcinoma died because of the carcinoma,
yet all diagnoses were made in a non-metastatic stage. All
patients diagnosed with a lung or oropharyngeal malignancy
had a smoking history. Two patients have developed
hematological malignancies (1.1%) being a post-transplant
lymphoproliferative disease and a plasmacytoma. One patient
developed a soft tissue tumor (Kaposi sarcoma).

Patients diagnosed with a DNM between 12 and 60 months
after LT had a higher mortality than those not diagnosed with a
DNM [HR: 2.981 (95% CI: 1.573–5.652); p < 0.001)] (see
Figure 1). Of patients diagnosed with a DNM, 13 (68.4%)
died during follow-up, of which 10 died due to DNM. The
overall 60 months survival was 81.0% (n = 141), and was
significantly higher in the group without DNM (83.9%)
compared to the group with a DNM (57.9%) (p = 0.006),
corresponding with a shorter median follow-up in the DNM
group than in the non-DNM group [69.0 months (IQR:
53.0–89.0) vs. 95.0 (IQR: 70.0–145.0); p = 0.020].
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Risk Factors for Developing DNM
Tacrolimus Drug Exposure Level
Themean tacrolimus drug exposure level in the 1st year post-LTwas
7.41 μg/L (SD. 1.60) and was higher in patients who developed a
DNM within 5 years after LT (8.14 μg/L; SD. 1.56) compared to
patients who did not (7.31 μg/L; SD. 1.59) (p = 0.016). Univariate cox

regression analysis identified TDEL as a risk factor for DNM
between 12 and 60months after LTx [HR: 1.357 (95% CI:
1.027–1.790); p = 0.031].

When analyzing the ROC of TDEL plotted against DNM
prevalence, a TDEL of 6.94 μg/L had the highest discriminative
value. 15 out of 98 patients (15.3%) with a TDEL above 6.94 μg/L

TABLE 1 | General characteristics of patients at liver transplantation diagnosed with a de novo malignancy compared to those not diagnosed with a de novo malignancy.

Overall (n = 174) DNM (n = 19) No DNM (n = 155) p-value

Male sex (%) 133 (76.4) 17 (89.5) 116 (74.8) 0.156
Median age in years (IQR) 59.5 (54.0–65.0) 66.0 (58.0–68.0) 59.0 (54.0–64.0) 0.145
HCC on explant (%) 70 (40.2) 10 (52.6) 60 (38.7) 0.243
Combined transplant (%) 14 (8.0) 2 (10.5) 12 (7.7) 0.674
Median Child-Pugh Score at LT (IQR) 10.0 (8.0–11.0) 9.0 (7.0–11.0) 10.0 (8.0–11.0) 0.976
Median MELD-Na at LT (IQR) 18.0 (11.0–24.0) 18.0 (9.0–22.0) 18.0 (11.8–24.0) 0.805
Smoking history (%) 112 (64.4) 18 (94.7) 94 (60.6) 0.003*
Active smoking (%) 44 (25.3) 8 (42.1) 36 (23.2) 0.074
Median pack years of patients with a smoking history (IQR) 30.0 (20.0–43.8) 42.5 (35.0–50.3) 30.0 (20.0–40.0) 0.004*
MFM (%) 144 (82.8) 14 (73.7) 130 (83.9) 0.267
Azathioprine (%) 20 (11.5) 4 (21.1) 16 (10.3) 0.166
No antimetabolite (%) 10 (5.7) 1 (5.3) 9 (5.8) 0.923
mTOR inhibitor ǂ (%) 10 (5.7) 0 (0) 10 (6.5) 0.254
Basiliximab at LTx (%) 15 (8.6) 1 (5.3) 14 (9.0) 0.581
Alcohol relapse after LT (%) 60 (34.5) 6 (31.6) 54 (34.8) 0.778
Median Donor age in years (IQR) 57.0 (44.0–64.0) 57.0 (38.0–66.0) 57.0 (45.0–64.0) 0.810
Cold ischemia time (hours: minutes) 7:36 (5:29–9:08) 7:17 (5:00–9:07) 7:45 (5:30–9:11) 0.470

LT, liver transplantation; DNM, de novo malignancy; IQR, interquartile range; HCC, hepatocellular carcinoma; MFM, mycophenolate mofetil; mTOR, mammalian target of rapamycin
inhibitor; ǂ: number of patients who received an mTOR inhibitor combined witch CNI for at least 1 month in the 1st year after LTx, * = statically significant.
Bold values denote statistical significance.

TABLE 2 | Types of de novo malignancies diagnosed after liver transplantation.

Type of DNM Time diagnosis
(months
after LTx)

Stage at
diagnosis

CNI Pack years
before LTx

Follow-up after DNM
(months)

Cause of death

Lung carcinoma (spinocellular) 16 T4N3M1 Tacrolimus 60 20 Lung carcinoma
Lung carcinoma (spinocellular) 21 T3N0M1 Tacrolimus 51 90 Lung carcinoma
Lung carcinoma
(adenocarcinoma)

25 TNn/aM1 Tacrolimus 35 13 Lung carcinoma

Lung carcinoma
(undifferentiated)

45 n/a Tacrolimus 45 1 Lung carcinoma

Lung carcinoma* (spinocellular) 54 T2N0M0 Tacrolimus 60 23
Lung carcinoma (spinocellular) 57 T1N0M0 Tacrolimus 50 1
Oropharyngeal carcinoma 13 T1N1M0 Tacrolimus 50 11 Oropharyngeal

carcinoma
Oropharyngeal carcinoma 17 T1N0M0 Tacrolimus 40 52 Oropharyngeal

carcinoma
Oropharyngeal carcinoma 18 T2N0M0 Tacrolimus 35 125
Oropharyngeal carcinoma 25 T1N0M0 Tacrolimus 30 63 Pneumonia
Oropharyngeal carcinoma* 54 T1N1M0 Tacrolimus 60 23
Oropharyngeal carcinoma 58 n/a Tacrolimus 40 31
Colorectal carcinoma 47 TNn/aM1 Tacrolimus 30 6 Colorectal carcinoma
PTLD 56 IVa Tacrolimus 12 8 PTLD
TCC (Bladder) 46 TxG1 Tacrolimus 45 59 COPD
TCC (Bladder) 57 TNn/aM1 Tacrolimus 36 1 TCC (Bladder)
Esophagus carcinoma 49 n/a Tacrolimus 60 28
Ovarian carcinoma 60 FIGO II Tacrolimus 50 27
Plasmacytoma 13 Tacrolimus 0 218 Alcoholic cirrhosis
Sarcoma Kaposi 48 High Grade Tacrolimus 40 5 Sarcoma

DNM, de novo malignancy; LTx, liver transplantation; CNI, calcineurin inhibitor; n/a, not available; PTLD, post-transplant lymphoproliferative disorder; COPD, chronic obstructive
pulmonary disease; TCC, transitional cell carcinoma; * DNM diagnosed in the same patient.
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developed a DNM compared to 4 out 76 patients (5.3%) with a
TDEL lower than 6.94 μg/L. Also when implementing TDEL as a
categorical value using the cut-off of 6.94 μg/L, TDEL remained a
significant risk factor for DNM [HR: 3.009 (95%CI: 1.000–9.067);
p = 0.050].

Other Risk Factors for DNM
18 (94.7%) patients with a DNM had a positive smoking history
(≥1 pack year pre-LT) compared to 94 (60.6%) of patients who
did not develop a DNM (p = 0.003). Patients who smoked and
were diagnosed with a DNM had a higher tobacco consumption
at LT than those without a DNM diagnosis [median pack years:
42.5 (IQR: 35.0–50.3) vs. 30.0 (IQR: 20.0–40.0); p = 0.004].

Univariate cox regression analysis identified age at LT [HR:
1.115 (95% CI: 1.039–1.197), p = 0.002], smoking history [HR:
11.136 (95% CI: 1.486–83.451); p = 0.019] and number of pack
years pre-LT [HR: 1.024 (95% CI: 1.010–1.038); p = 0.001] as risk
factors for developing DNM in the 1st 5 years after LT. In
multivariate analysis, only pack years and not smoking history
(defined as ≥ 1 pack year pre-LT) was included to avoid
multicollinearity (Table 3).

Multivariate analysis identified age at LT [HR: 1.158 (95% CI:
1.076–1.246); p < 0.001], number of pack years pre-LT [HR: 1.021
(95% CI: 1.004–1.038); p = 0.014], active smoking at LT [HR
3.056 (95% CI: 1.072–8.715); p = 0.037] and TDEL in the 1st year
after LT [HR: 1.710 (95% CI: 1.211–2.414); p = 0.002] as
independent risk factors for developing DNM in the 1st
5 years after LT (Table 3). The use of mycophenolate mofetil
compared to azathioprine, sex, and any alcohol relapse within
5 years after LT were not associated with a higher risk on
DNM after LT.

Rate of Liver Graft Rejection
21 (12.1%) patients of the total group developed an acute cellular
rejection (ACR) within the first 30 days after LT. Patients with a
graft rejection in the first month had a higher TDEL in the first
year after LT [mean TDEL: 8.10 μg/L (SD. 1.69) vs. 7.31 μg/L (SD.

1.57); p = 0.034]. This resulted in a trend towards a higher
number of DNM in the ACR-group [n = 4 (19.0%)] vs. the
non-ACR-group [n = 15 (9.8%)], but this did not reach statistical
significance (p = 0.203).

DISCUSSION

Identifying modifiable risk factors for DNM in patients
transplanted for ALD is crucial to optimize their outcome. In
our study, we found that in patients transplanted for ALD,
tacrolimus drug exposure level (TDEL) in the 1st year after
LT, number of pack years before LT, active smoking at LT
and older age at LT are independent risk factors for the
development of early DNM within 12 and 60 months after LT.
Hereby, we provide the first evidence on the impact of TDEL in
the 1st year after LT for ALD on the occurrence of early DNM,
taking into account a detailed analysis on smoking habits.

The development of malignancies after LT is a complex
interaction between an individual’s risk on DNM based on
genetic predisposition, exposure to carcinogenic viruses,
previous and current behavior such as smoking and alcohol
use, and immunosuppressive therapy [12]. The observed
association of TDEL and DNM is in line with the findings of
Carenco et al. [14] and Rodriguez-Perálvarez et al. [13], although
these two studies were conducted in LT patients transplanted not
merely for ALD, and used DNM at any time point after LT as
outcome parameter. Taken together, these observations underline
the potential of optimizing tacrolimus drug exposure in clinical
care. Prospective studies should focus on identifying protocols
aiming for the minimally acceptable tacrolimus through level in
order to lower the DNM risk, without increasing allograft
rejection. This might be achieved by the use of induction
therapy and/or the concurrent use of other
immunosuppressive agents such as mammalian target of
rapamycin (mTOR) inhibitors. However, there is conflicting
evidence on the impact of mTOR inhibitors on DNM and if

FIGURE 1 | Patient survival after LTx for ALD based on the diagnosis of de novo malignancy between 12 and 60 months after LT.
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their underlying effect is associated with their antiproliferative
properties or their tacrolimus-saving effect [17]. The
development of pharmacometric tools to accurately predict
TDEL based on daily tacrolimus dosage, patient characteristics
and concomitant medication could be another approach, which
we are currently studying in our center [18, 19]. In our study, we
observed a higher TDEL in the 1st year after LT in patients that
experienced an acute cellular rejection, but could not associate
low TDEL with an increased risk for rejection.

Identifying tacrolimus trough level cut-offs that are
associated with an increased risk for DNM, yet not with an
increased risk on rejection, would be helpful in the follow-up
and care of our LT patients. Within our cohort the cut-off over
which DNM risk was disproportionately increased was
6.94 μg/L. However given the retrospective nature of our
study this cut-off should not be extrapolated to other
cohorts. Prospective studies are needed to further establish
cut-offs that are usable in clinical care.

Patients with a positive smoking history (≥1 pack year pre-
LT) had a substantially higher risk of developing DNM.
Accordingly, all patients with lung or oropharyngeal
carcinoma, the most frequent DNMs, had a positive
smoking history. There seemed to be a dose-related effect
since for every pack year smoked before LT there was an
increase in DNM risk (HR: 1.021). Furthermore, patients who
actively smoked at LT had an increased risk of DNM
independent from the number of pack years they smoked
before LT or TDEL. Together, these data stress the
importance of smoking cessation in the pretransplant
period and support the implementation of smoking
cessation programs [20]. Since alcohol is a carcinogen [21],
we expected that alcohol relapse could lead to a higher
incidence of DNM. However, we did not find a higher risk
for DNM after any alcohol relapse, in line with other studies
[22]. This could be explained by the higher risk of liver-related
disease and mortality after alcohol relapse, which could occur
before the development of DNM [1]. Age at LT was an
independent risk factor for developing DNM. In our cohort
and other centers [1], over the last decades, patients have
become older at the time of LT due to a switch in focus from
chronological to biological age as an eligibility criterium for LT

listing [1]. Transplanting older patients will only increase
DNM incidence post-LT in the future, underscoring the
relevance of our findings and the need for measures to
lower DNM risk.

In our study, lung carcinomas were frequently diagnosed in a
metastatic setting, whereas oropharyngeal were not. Screening
could be implemented in clinical practice to diagnose lung
carcinoma in curative stages, which was the focus of several
studies. Renaud et al. compared an intensive screening program
(yearly chest CT and clinical examination by an
otorhinolaryngologist versus chest CT every 5 years) in patients
transplanted for ALD who continued to smoke after LT [23]. They
found that 63.6% of patients underwent a curative treatment of
lung carcinoma in the intensive screening program versus only
26.3% in the standard screening program (p = 0.062) [23]. There
was no difference in curative treatment of oropharyngeal tumors
between the groups [100% vs. 87.5% (p = 0.498)] [23]. These
findings are comparable with our results, where in a clinical setting
without systematic post-LT screening, all diagnoses of
oropharyngeal tumors were made with a possibility of curative
treatment. Other studies analyzing the impact of malignancy
screening after LT also showed that screening led to diagnosing
DNM in earlier stages with higher rates of curative treatment [24,
25]. However, these studies were not limited to ALD LT recipients,
therefore caution is warranted to extrapolate these findings. We
propose that future studies assessing the benefit of DNM screening
post-LT should primarily focus on ALD patients who have a
proportionally higher risk for DNM. Based on our data and
those of Renaud et al. a yearly screening with chest CT for lung
carcinoma might be beneficial in active smokers [23], and
potentially in all patients with a smoking history.

Although we provided a detailed assessment of the effect of
TDEL and smoking habits on the risk of DNM in patients
transplanted for ALD, the retrospective nature of our study is a
limitation. On the other hand, the single-center approach enables
assessment of DNM risk in ALD patients that underwent similar
work-up, treatment and follow-up regarding LT, yet this also
implies that our data need external validation.

In conclusion, our study identified high tacrolimus drug
exposure levels in the first year post-LT and smoking as
significant risk factors for early DNM after LT for ALD.

TABLE 3 | Univariate and multivariate cox proportional hazard regression for risk on de novomalignancy between 12 and 60 months after liver transplantation (174 patients)
in patients under tacrolimus in first-year after liver transplantation.

Univariate Sig. Multivariate Sig.

HR (95% CI) p-value HR (95% CI) p-value

Age at LT (mean-centered) 1.115 (1.039–1.197) 0.002* 1.158 (1.076–1.246) <0.001*
Male sex 2.971 (0.686–12.871) 0.145
Alcohol relapse (T) 0.681 (0.197–2.356) 0.544
Smoking history 11.136 (1.486–83.451) 0.019*ǂ

Pack years pre-LT 1.024 (1.010–1.038) 0.001* 1.021 (1.004–1.038) 0.014*
Active smoking at LT 2.356 (0.947–5.860) 0.065 3.056 (1.072–8.715) 0.037*

TDEL 1.357 (1.028–1.790) 0.031* 1.710 (1.211–2.414) 0.002*
MFM vs. Azathioprine 0.494 (0.163–1.502) 0.214

HR, hazard ratio; CI, confidence interval; LT, liver transplantation; TDEL, tacrolimus drug exposure level; MFM, mycophenolate mofetil; * = statically significant, ǂ = not included in
multivariate analysis, T = time-dependent variable.
Bold values denote statistical significance.
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Therefore, tacrolimus overexposure should be avoided and more
efforts for smoking cessation should be initiated in these patients.
Future studies are needed to assess the value and cost-benefit of
systematical DNM screening after LT.
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Kidney transplant recipients (KTRs) are at increased risk of developing de novo post-
transplant malignancies (PTMs), with regional differences in types with excess risk
compared to the general population. A single-center, population-controlled,
retrospective cohort study was conducted at a tertiary care center in Thailand among
all adults who underwent their first kidney transplant from 1986 to 2018. Standardized
incidence ratios (SIRs) of malignancy by age, sex, and place of residence were obtained
using data from the National Cancer Registry of Thailand as population control. There were
2,024 KTRs [mean age, 42.4 years (SD 11.4); female patients, 38.6%] during
16,495 person-years at risk. Of these, 125 patients (6.2%) developed 133 de novo
PTMs. The SIR for all PTMs was 3.85 (95% CI 3.22, 4.56), and for pooled solid and
hematologic PTMs, it was 3.32 (95%CI 2.73, 3.99). Urothelial malignancies had the largest
excess risk, especially in women [female SIR 114.7 (95% CI 66.8, 183.6); male SIR 17.5
(95%CI 8.72, 31.2)]. The next twomost common cancers were non-Hodgkin’s lymphoma
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and skin cancer [SIR 20.3 (95% CI 13.6, 29.1) and 24.7 (95% CI 15.3-37.8), respectively].
Future studies are needed to identify the risk factors and assess the need for systematic
screening among PTMs with excess risk in KTRs.

Keywords: kidney transplantation, cancer, adult, incidence, Thailand

INTRODUCTION

Post-transplant malignancy (PTM) is one of the most devastating
long-term complications for kidney transplant recipients (KTRs),
leading to death with a functioning graft [1]. The excess risk of
PTMs in KTRs is 2.9–3.9 times that of the general population.
The risk is even higher for virus-related cancers, such as Kaposi’s
sarcoma, post-transplant lymphoproliferative disorder, and non-
melanoma skin cancer [2–7]. The excess risk is mainly due to
immunosuppressive agents that increase vulnerability to
oncogenic viral infection, disrupt the ability of the immune
surveillance systems to detect and remove abnormal cells, and
interfere with cell repair mechanisms [8]. However, the risk of
each cancer may vary by geographical area due to site-specific
environmental exposures and genetics.

Therefore, the incidence of PTMs among KTRs in each region
must be estimated to allow policymakers to plan for appropriate
service provision. To date, no study has estimated the excess risk
of PTMs in Thai KTRs compared with the Thai general
population. Thus, we aimed to estimate the incidence of PTMs
in adult Thai KTRs at the highest-volume transplant center
in Thailand.

PATIENTS AND METHODS

Study Design, Patients, and Setting
This was a single-center, retrospective cohort study conducted at
Ramathibodi Hospital, a tertiary care university hospital that
performs the highest volume of kidney transplants in the country,
accounting for one-quarter of the cumulative kidney transplant
surgeries in Thailand. This study included consecutive adult
patients aged ≥18 years who received a first kidney transplant
between 1 January 1986 and 30 July 2018 and had ≥1 month of
follow-up. All recipients were followed up from the date of kidney
transplantation to the date of a diagnosis of de novo incident
cancer, all-cause death, graft failure, loss to follow-up, or
administrative censoring on 31 December 2019, whichever
occurred first. The exclusion criteria were cancer occurring
after graft failure and cancer occurring before or ≤1 month
following transplantation. The study was approved by the
Institutional Review Board, Faculty of Medicine, Ramathibodi
Hospital (MURA2022/503). Informed consent was not required
due to the de-identification of patient data. This study was
conducted in accordance with the tenets of the Declaration
of Helsinki.
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Data Collection
Data were collected from three sources. First, incidence data for the
Thai general population were obtained from the Thai National
Cancer Institute’s (NCI) nationwide cancer data registry. We
chose to compare incident malignancy rates between our KTRs
and the Thai general population between 2013 and 2015. We only
selected the 2013–2015 period because the place of residence to be
matched with that of our KTRs in the registry had been validated by
cross-checking with the Ministry of Interior’s National Civil
Registration records [9]. Additionally, data after 2016 were not
available when we conducted the analysis. Moreover, the national
coverage of the Thai NCI has gradually grown since the
establishment of the first population-based only on data from
Chiangm Mai province in 1986 [10]. Thus, adjusting for
calendar year using historical subnational coverage would
have reduced our sample size and power to detect any
significant results. Diagnoses were initially coded by registry
personnel using the International Classification of Diseases for
Oncology (ICD-O, third edition), and the coding demonstrated
good reliability [9]. These codes were then transformed to the
International Classification of Diseases, Tenth Revision (ICD
10) for analysis. Second, we collected baseline patient data from
the Ramathibodi KTR database, including age, sex, region of
residence, and type and date of transplantation. Third, we
manually reviewed hospital electronic medical records to
collect outcomes and the date of outcomes. Diagnoses of de
novo PTMs were ascertained by histopathologic confirmation or
compatible radiographic studies with serologic testing. These
were then categorized according to the ICD-10.

Immunosuppressive Regimens
Immunosuppressive regimens for induction and maintenance
therapy in KTRs were carefully selected based on the
immunologic risks of the patients. Induction regimens included
methylprednisolone with or without an interleukin-2 receptor
antagonist or anti-thyroglobulin. The maintenance medications
were mainly calcineurin inhibitor (CNI)-based regimens. A
typical combination of these regimens before 2000 was
cyclosporine-azathioprine-prednisolone, which gradually changed
to tacrolimus-mycophenolate mofetil-prednisolone. Other
regimens were used much less frequently, and they included
CNI-mTOR inhibitor-prednisolone and CNI-prednisolone.

Cancer Screening and Surveillance in
Kidney Transplant Candidates and
Recipients
At our center, age-appropriate pre-transplant cancer screening
and abdominal ultrasound have been performed since January
2013. Post-transplant cancer surveillance was opportunistic and
consistent with standard cancer screening recommended for the
general population [11].

Outcomes
The outcome was the standardized incidence ratio (SIR), which
represents the excess risk of malignancy compared to the Thai
general population.

Statistical Analysis
Patient characteristics were analyzed descriptively. Continuous
data are presented as mean (SD) or median (interquartile range),
as appropriate. Categorical data are presented as frequencies (%).

The excess risk of de novo PTM in KTRs compared to the general
populationwas estimated by SIR by indirect standardization of the Thai
general population. Confidence intervals were estimated using the
Poisson distribution. We selected the 2013–2015 data from the Thai
NCI, which used the projected Thai population in mid-2014 based on
the 2010 national population census.We defined the start of the time at
risk as 1month after the date of the kidney transplant to exclude non-de
novo PTMs. We defined the end of the time at risk as incident de novo
PTM, loss to follow-up, all-cause mortality, or administrative censoring
at the end of the study period, whichever happened first. We also
reported the incidence and SIRs stratified by sex, age at kidney
transplant, duration of follow-up after kidney transplant, and
transplant era of the top three cancers with the most excess risk. To
avoid underestimating the incidence due tomultiple de novo PTMs, if a
second or third de novo PTM occurred, we generated time at risk from
1-month post-transplant to the date of the second or third incident
PTM. Statistical analyses were performed using Stata 15.1
(StataCorp. 2017. College Station, TX). A non-null 95% confidence
interval (CI) was considered significant.

RESULTS

Characteristics of the Kidney Transplant
Recipients
During the 32-year period from January 1986 to July 2018, there
were 2,448 kidney transplantations. After exclusions, a total of

FIGURE 1 | Flowchart of patients in the study.
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2,024 cases were included in the final analysis, contributing to
16,495 patient-years of risk time in the follow-up (Figure 1;
Table 1). The mean age at transplantation was 42.4 years (SD
11.4), and 38.6% of the subjects were women (Table 1). The
median follow-up time was 6.4 years (interquartile range 3.21,
11.5) (Table 1).

Incidence of De Novo Post-Transplant
Malignancy
A total of 133 de novo PTMs were identified in 125 (6.2%)
patients. In total, eight (6%) patients developed secondary
cancer, including 2 non-melanoma skin cancers, 2 liver and
biliary cancers, 1 prostate cancer, 1 kidney cancer, 1 urothelial
cancer, and 1 colorectal cancer. The incidence by type of PTMS,
age at diagnosis, and time from transplantation to diagnosis are
shown in Table 2. The most common PTM was urothelial cancer
(n = 28), accounting for one-fifth of all PTMs in the cohort,
followed by non-Hodgkin’s lymphoma (NHL) at 22% and non-
melanoma skin cancer at 16%.

Table 3 shows the SIRs adjusted for age, sex, and place of
residence, comparing the KTRs to the Thai general population.
The excess risk of de novo PTMs in KTRs was nearly fourfold
compared with the general population. The top three cancers with
significantly increased risk were consistent across genders. This
risk was more pronounced for urothelial cancer, NHL, and non-

melanoma skin cancer, all of which had more than a 20-fold
excess risk. In particular, urothelial cancer showed the highest
significant excess risk in women with a SIR of 114.7 (95% CI 66.8,
183.6). The risk of the most common cancers in the Thai general
population, including lung, colorectal, breast, ovarian, and
cervical cancers was comparable. The SIR for prostate cancer
was significantly increased [SIR 8.11 (95%CI 3.71, 15.4)]. The SIR
calculations considering only the first de novo PTM are shown in
Supplementary Table S1.

Table 4 shows the SIRs for all PTMs stratified by age at
transplant, duration of follow-up, and era of transplantation. The
excess risk in KTRs compared to the general population by age at
transplant was greatest in KTRs aged 45–64 years, and there was a
comparable risk in KTRs transplanted at <20 years of age. By
duration of follow-up, there was a decreasing trend over the
duration of follow-up until the risk was comparable to the general
population at 15 years or more of follow-up.

Table 5 shows the incidence rates and SIRs for the top three
most common PTMs in Thai KTRs, which were urothelial cancer,
NHL, and non-melanoma skin cancer, stratified by age at
transplant, duration of follow-up, and era of transplant. All
three cancers showed no excess risk in KTRs aged ≥65 years at
transplantation. For urothelial cancer, age at transplant between
20 and 64 years old showed significant excess risk with the
greatest excess between 45–64 years old [SIR 28.4 (95% CI
17.1, 44.4)], and duration of follow-up showed the greatest
significant excess risk between 1 and 5 years of follow-up.
There was still a significant excess risk at ≥20 years of follow-
up. NHL had the greatest excess risk by age at transplant in KTRs
aged less than 20 years at transplant [SIR 362 (95% 9.15, 2,015)],
and the excess risk decreased with increasing age at transplant.
There was a significant excess risk of NHL at all follow-up
periods, with the risk decreasing over time. For non-
melanoma skin cancer, the greatest excess risk according to
age at transplantation was between 20 and 44 years old [SIR
1,820 (95% CI 46.1, 10,139)], and there was excess risk up
to >20 years of follow-up.

Supplementary Figures S1–S3 show the cumulative incidence
functions (CIF) of the three most common cancers adjusted for
competing risks. After adjusting for all-cause death, graft failure,
loss to follow-up, or administrative censoring, the odds of
developing any of the three cancers were mostly low, at less
than 5% over a period of nearly 20 years post-kidney
transplantation.

DISCUSSION

We conducted the largest study of the excess risk of de novo PTMs
in Thai KTRs at the highest volume transplant center in Thailand,
accounting for a quarter of all historic kidney transplants in
Thailand. The excess risk of de novo PTMs in our KTRs was
approximately four times that of the general population after
adjusting for age, sex, and region of residence, which is similar to
the excess risk reported in other East Asian countries [2–4].
Furthermore, the top three cancers with excess risk among KTRs
were urothelial cancer, NHL, and non-melanoma skin cancer.

TABLE 1 | Characteristics of all kidney transplants.

Characteristic All kidney transplants

Total number 2,024
Female patients, n (%) 781 (38.6)
Deceased donor 998 (49.3)
Age at transplantation, mean ± SD, y 42.4 ± 11.4
Male patients 42.6 ± 11.7
Female patients 42.2 ± 11.0

Region of residence in Thailand, n (%)
Central 1,273 (63.1)
North-eastern 210 (10.4)
Northern 162 (8.0)
Eastern 220 (10.9)
Southern 151 (7.5)

Total person-time-at-risk, y 16,382
Male patients 10,127
Female patients 6,254

Year of transplantation, n (%)
Before 1989 15 (0.7)
1989–1998 302 (14.9)
1999–2008 534 (26.4)
2009–2018 1,173 (58.0)

Length of follow-up in years, n (%)
<1 82 (4.0)
1–4 706 (34.9)
5–9 618 (30.5)
10–14 313 (15.5)
15–19 178 (8.8)
≥20 127 (6.3)

Length of follow-up, median (IQR), y 6.35 (3.21, 11.5)
Male patients 6.39 (3.32, 11.6)
Female patients 6.19 (3.15, 11.4)

Abbreviations: IQR, interquartile range; SD, standard deviation.
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The subgroup of KTRs with the greatest excess risk of one type of
PTM were female KTRs with urothelial cancer, who had a greater
than 100-fold excess risk.

KTRs are susceptible to new viral infections or the
reactivation of a latent one. The risk of oncogenic virus-
related cancers, such as Kaposi’s sarcoma, NHL, and lip
cancer, has been reported to be up to 10- to 100 times
higher in KTRs than in the end-stage renal disease
population [6, 7]. In the present study, urothelial cancer,
NHL, and non-melanoma skin cancer all showed a more
than 20-fold significant excess risk, and these have been
associated with infection with BK virus or human
papillomavirus (HPV), Epstein-Barr virus (EBV), and
human papillomavirus infection, respectively [12–14].
Conversely, cervical cancer, associated with HPV infection,
was not significant. Hepatitis B infection has been estimated
to affect up to 6%–9% of the general Thai population born
before the national hepatitis B vaccination program was rolled
out in 1992 [15]. Unfortunately, the excess risk in KTRs of
hepatocellular carcinoma associated with hepatitis B or C virus
infection was uninterpretable in our study because it was coded
together with bile duct cancer in some of our data sources.

In non-oncogenic virus-related cancers, susceptible KTRs with
genetic risk factors or exposure to carcinogens may have

preferential cancer cell transformation and growth due to
immunosuppressive agents that affect DNA repair, immune
surveillance, and pro- or anti-inflammatory cytokines [16, 17].
In the present study, we found just over a 10-fold excess risk for
kidney cancer. Goh et al. reported that long dialysis vintage and
native renal cysts predicted an increased risk of this cancer, which
may be due to prolonged exposure to uremic toxin-induced
oncogenic changes of epithelial cells [18]. With regard to
prostate cancer, we are not aware of any pathophysiologic
mechanism related to KTRs. The significance of the finding
may be due to more opportunistic screening of prostate-
specific antigen testing by urologists following up on KTR
patients to find de novo PTMs than in the general population,
or random sampling error.

With regard to urothelial cancer, we found that excess risk was
observed in both sexes, but the excess risk was much more
pronounced in female KTRs at more than 100-fold. Similar
excess risks have been reported in population-based studies in
Korea, Hong Kong, and particularly Taiwan, where the SIR for
urothelial cancer was also greater than 100-fold [2–4]. In Europe,
Australia, New Zealand, and the United States, although the
absolute risk seems to be higher in male KTRs, the SIRs remain
higher in female KTRs (SIRs 2.7–6.9), but they have been
reported to be much higher in Asia [19, 20]. The reasons for

TABLE 2 | Distribution and clinical characteristics of malignancies following kidney transplantation by sex.

Male
patients

Female
patients

All Percentage Age at transplantation,
mean ± SD, y

Age at diagnosis of
PTM, mean ± SD, y

Time from transplant to
PTM, median (IQR), y

Solid
Urothelial 11 17 28 35.0 49.7 ± 9.93 58.7 ± 12.7 6.63 (4.55, 10.4)
Prostate 9 9 11.3 56.3 ± 7.22 68.8 ± 7.32 11.8 (8.70, 13.0)
Liver and bile duct 5 4 9 11.3 46.0 ± 11.2 53.5 ± 14.1 4.96 (3.15, 9.34)
Breast 8 8 10.0 47.3 ± 7.31 53.0 ± 7.92 5.72 (2.64, 9.03)
Colorectal 2 4 6 7.5 47.8 ± 9.91 62.8 ± 7.80 13.0 (12.2, 14.4)
Trachea, lung, bronchus 5 1 6 7.5 57.0 ± 6.04 61.4 ± 6.73 4.67 (3.24, 6.23)
Other solid malignancies,
unspecified

1 1 2 2.5 54.8 ± 5.59 58.7 ± 6.54 3.79 (3.12, 4.46)

Cervix 3 3 3.8 57.1 ± 2.77 61.5 ± 5.53 3.49 (1.89, 7.85)
Gallbladder 1 0 1 1.3 38.6 40.5 1.96
Kidney 3 0 3 3.8 55.0 ± 6.77 62.9 ± 4.29 9.36 (4.43, 9.94)
Thyroid 0 2 2 2.5 49.6 ± 23.8 53.1 ± 21.3 3.43 (1.64, 5.22)
Stomach 1 0 1 1.3 63.7 77.0 13.3
Ovary 1 1 1.3 60.9 63.3 2.43
Uterus, part unspecified 1 1 1.3 35.6 47.4 11.8
Total 38 42 80 100
Hematologic
NHL
Monomorphic B cell 15 8 23 71.9 47.1 ± 10.2 57.2 ± 11.1 11.4 (4.11, 15.4)
Polymorphic 1 3 4 12.5 49.0 ± 12.7 54.6 ± 11.0 4.16 (4.11, 4.57)
Monomorphic T cell 2 0 2 6.3 37.3 ± 13.7 44.5 ± 19.6 4.84 (1.61, 12.7)

Leukemia, all types 1 1 2 6.3 54.1 ± 6.52 58.4 ± 6.23 4.36 (4.16, 4.57)
HL 1 0 1 3.1 52.3 60.1 7.78
Total 20 12 32 100
Skin
SCC 12 4 16 76.2 50.5 ± 7.31 63.0 ± 7.02 10.7 (7.10, 18.8)
BCC 4 1 5 23.8 52.4 ± 14.4 62.4 ± 8.73 7.62 (3.15, 15.3)
Total non-melanoma 16 5 21 100

Abbreviations: BCC, basal cell carcinoma; HL, Hodgkin’s lymphoma; IQR, interquartile range; NHL, non-Hodgkin’s lymphoma; PTM, post-transplant malignancy; SCC, squamous cell
carcinoma; SD, standard deviation.
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this difference between the sexes remain to be elucidated. Of note,
the majority of urothelial cancers in our KTRs were upper tract
cancers, similar to the Taiwanese and Korean KTRs [21, 22]. The
main risk factors contributing to this cancer in Taiwanese KTRs
were exposure to herbal remedies containing Aristolochia and
heavy metals in groundwater [22]. In the present study, we
suspect that local Thai/Chinese herbal remedies may have
been a contributing factor, although we did not collect data on
such herbal remedies in this retrospective study. The hypothesis
of a link with these herbal remedies is plausible because up to 45%
of Thai patients with chronic kidney disease reported using local
Thai/Chinese herbal remedies in the previous year [23]. Although
the active ingredients of Thai/Chinese herbal remedies are not
well documented, at least one herb, Aristolochia acuminata,
known as “Krai-Krue,” has been identified by sampling
polyherbal pills from pharmacies in Bangkok [24].
Furthermore, unregulated local Thai/Chinese herbal products
may be contaminated with toxic heavy metals and analgesic
agents, posing additional risks to users [25]. However, further
study of these possible etiologic factors in Thai KTRs is needed to
estimate the increased risk.

TABLE 3 | Standardized incidence ratios of different types of malignancies in kidney transplant patients by sex.

Cancer site ICD-10 Male patients Female patients All

O/E SIR (95% CI) O/E SIR (95% CI) O/E SIR (95% CI)

Prostate C61 9/1.109145 8.11 (3.71, 15.4)*
Breast C50 8/5.166225 1.56 (0.67, 3.08)
Ovary C56 1/0.7406286 1.35 (0.36, 5.07)
Cervix C53 3/1.728333 1.73 (0.86, 4.91)
Bronchus, lung, trachea C33, C34 5/4.185616 1.20 (0.39, 2.79) 1/1.232264 0.81 (0.02, 4.52) 6/5.41788 1.11 (0.41, 2.41)
Stomach C16 1/0.8211308 1.22 (0.03, 6.79) 0/0.4394963 0.0 (0.0, 6.82) 1/1.260627 0.79 (0.02, 4.42)
Liver and bile duct C22, C24 5/6.909814 0.73 (0.24, 1.55) 4/1.381054 2.90 (0.79, 7.42) 9/8.290868 1.09 (0.50, 2.06)
Gallbladder C23 1/0.0948561 10.5 (0.27, 58.7) 0/0.0948561 0 (0.0, 27.1) 1/0.2053207 4.87 (0.12, 27.1)
Colorectal C18 - C20 2/3.178986 0.63 (0.08, 2.27) 4/1.370327 2.92 (0.80, 7.47) 6/4.549313 1.32 (0.48, 2.87)
Kidney C64 3/0.2353302 12.7 (2.63, 37.3)* 0/0.0575237 0.0 (0.0, 52.1) 3/0.2928539 10.2 (2.11, 29.9)*
Urothelial C65 - C67 11/

0.6300718
17.5 (8.72, 31.2)* 17/

0.1482415
114.7 (66.8,

183.6)*
28/0.6227172 36.0 (23.9, 52.0)*

Thyroid C73 0/0.2594859 0 (0.0, 11.5) 2/0.5199386 3.85 (0.47, 13.9) 2/0.7794246 2.57 (0.31, 9.27)
Uterus, part unspecified C55 1/0.0882458 11.3 (0.29, 63.1)
Other solid malignancies: unspecified O & U 1/1.03719 0.96 (0.02, 5.37) 1/0.3765939 2.66 (0.07, 14.8) 2/1.413784 1.42 (0.17, 5.11)
All solid malignancies 38/

18.461626
2.06 (1.46, 2.83)* 42/

13.343727
3.15 (2.27, 4.26)* 80/31.805353 2.52 (1.99, 3.13)*

NHL** C82-85, C96 18/
0.9139875

19.7 (11.7, 31.1)* 11/
0.5157974

21.3 (10.6, 38.2)* 29/1.429785 20.3 (13.6, 29.1)*

HL C81 1/0.0270835 36.9 (0.94,
205.7)

0/0.0121523 0 (0.0, 246.5) 1/0.0392358 25.5 (0.65,
142.0)

Leukemia C91,
C92-C94

1/0.3327671 3.01 (0.08, 16.7) 1/0.136444 7.33 (0.19, 40.8) 2/0.4692111 4.26 (0.52, 15.4)

All hematologic malignancies 20/
1.2738381

15.7 (9.59, 24.2)* 12/
0.6643937

18.1 (9.33, 31.6)* 32/1.9382318 16.5 (11.3, 23.3)*

Non-melanoma skin cancer*** C44 16/
0.5000404

32.0 (18.3, 52.0)* 5/0.3501561 14.3 (4.64, 33.3)* 21/0.8501965 24.7 (15.3, 37.8)*

All solid and hematologic
malignancies

58/
19.735464

2.94 (2.23, 3.80)* 54/
14.008121

3.86 (2.90, 5.03)* 112/
33.743585

3.32 (2.73, 3.99)*

All cancers 74/
20.235504

3.66 (2.87, 4.59)* 59/
14.358277

3.76 (2.82, 4.91)* 133/
34.593781

3.85 (3.22, 4.56)*

Notes: *Significant results at 95% confidence interval. ** Includes monomorphic B cells, and polymorphic, monomorphic T cells. *** Includes squamous cell carcinoma and basal cell
carcinoma. The total risk time for the cohort was 16,495 person-years for standardized incidence ratio calculations.
Abbreviations: CI, confidence interval; E, expected; HL, Hodgkin’s lymphoma; ICD-10, international classification of diseases 10; NHL, non-Hodgkin’s lymphoma; O, observed; SIR,
standardized incidence ratio.

TABLE 4 | Standardized incidence ratios for all malignancies stratified by age at
transplantation, duration of follow-up, and year of transplantation.

Parameter Person-years O/E SIR (95% CI)

Age at transplant, y
<20 191.9535 1/0.0729803 13.7 (0.35, 76.3)
20–44 9,859.359 38/14.12602 2.69 (1.90, 3.69)
45–64 6,247.127 88/27.16186 3.24 (2.60, 3.99)
≥ 65 196.1123 6/1.928599 3.11 (1.14, 6.77)
Duration of follow-up, y
<1 31.59206 6/0.069681 86.1 (31.6, 187)
1–5 2,100.715 39/4.575053 8.52 (6.06, 11.7)
5–10 4,465.733 39/11.0498 3.53 (2.51, 4.83)
10–15 3,839.713 24/10.8994 2.20 (1.41, 3.28)
15–19 3,067.138 14/8.118509 1.72 (0.94, 2.89)
≥20 2,989.662 11/8.577023 1.28 (0.64, 2.30)
Year of transplant
Before 1989 191.2663 0/0.4592726 0
1989–1998 4,544.882 38/12.89968 2.95 (2.09, 4.04)
1999–2008 6,207.307 57/16.68373 3.42 (2.59, 4.43)
2009–2018 5,551.097 38/13.24678 2.87 (2.03, 3.94)

Abbreviations: CI, confidence interval; E, expected; O, observed; SIR, standardized
incidence ratio.
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The excess risk of hematologic malignancies in KTRs is well-
established. Epstein-Barr virus infection, along with the
administration of T cell-depleting agents, can lead to the early
development of post-transplant lymphoproliferative disorders
(PTLD) [26]. In Asia, late-onset PTLD, defined as >1 year,
was more common and was associated with an increased
proportion of EBV-negative PTLD [27, 28]. Current KDIGO
guidelines suggest EBV serologic testing before transplantation

and monitoring for EBV reactivation in high-risk EBV mismatch
recipients. Immunosuppression is suggested to be reduced if the
EBV viral load increases during the follow-up [29]. Although no
standard chemoprophylaxis regimen for EBV exists, a cohort
study of 4,765 organ transplant recipients reported that no
participant receiving a rituximab-containing induction regimen
developed PTLD [30]. Reducing the dose of T cell-depleting
agents was also found to reduce the risk of EBV reactivation, and

TABLE 5 | Incidence rates per 100000 person-years at risk and standardized incidence ratios of selected cancers.

Cancer type

Urothelial cancer Non-Hodgkin’s lymphoma Non-melanoma skin cancer

No. of
events

Incidence rate per
100,000 person-years

at risk (95% CI)

SIR
(95%
CI)

No. of
events

Incidence rate per
100,000 person-years

at risk (95% CI)

SIR
(95%
CI)

No. of
events

Incidence rate per
100,000 person-years

at risk (95% CI)

SIR
(95% CI)

Age at transplant
<20 0 0 1 521 (73, 3,698) 362

(9.15,
2,015)*

0 0 0

20–44 8 81 (41, 162) 18.7
(8.09,
36.9)*

11 112 (62, 201) 25.5
(12.8,
45.7)*

5 51 (21, 122) 1,820
(46.1,

10,139)*
45–64 19 306 (195, 480) 28.4

(17.1,
44.4)*

16 256 (157, 418) 19.2
(11.0,
31.1)*

15 240 (145, 398) 28.5 (16.0,
47.0)*

≥65 1 371 (52, 2,640) 15.3
(0.39,
85.4)

1 510 (72, 3,620) 17.4
(0.44,
96.8)

1 510 (72, 3,620) 22.3
(0.57, 124)

Duration of follow-up, y
<1 0 0 4 12,661 (4,752, 33,735) 1,903

(518,
4,872)*

1 3,165 (446, 22,471) 915 (23.2,
5,100)*

1–5 8 381 (190, 761) 86.2
(37.2,
170)*

6 286 (128, 635) 42.5
(15.6,
92.4)*

2 95 (24, 381) 30.1
(3.65,
109)*

5–10 13 291 (169, 501) 51.8
(27.6,
88.6)*

4 89.6 (34, 239) 12.0
(3.27,
30.7)*

7 157 (75, 329) 39.5
(15.9,
81.5)*

10–15 2 52 (13.0, 208) 7.29
(0.88,
26.3)

8 208 (104, 417) 23.9
(10.3,
47.1)*

2 52 (13, 208) 10.5
(1.27,
38.0)*

15–19 2 65 (16, 261) 11.8
(1.43,
42.5)*

7 228 (109, 479) 28.5
(11.5,
58.8)*

5 163 (68, 392) 34.6
(11.2,
80.8)*

≥20 3 100 (32, 311) 13.8
(2.84,
40.3)*

0 0 4 134 (50, 356) 25.0
(6.81,
64.0)*

Year of transplant
Before

1989
0 0 0 0 0 0

1989–1998
8 176 (88, 352) 25.4

(11.0,
50.0)*

6 132 (59, 294) 15.0
(5.50,
32.6)*

9 198 (103, 381) 38.9
(17.8,
73.8)*

1999–2008
14 226 (134, 381) 37.5

(20.5,
62.9)*

15 242 (146, 401) 29.9
(16.7,
49.3)*

6 97 (43, 215) 20.3
(7.46,
44.3)*

2009–2018
6 108 (49, 241) 20.7

(7.59,
45.0)*

8 144 (72, 288) 19.8
(8.56,
39.1)*

6 108 (49, 241) 29.0
(10.6,
63.1)*

Notes: *Significant results at 95% confidence interval.
Abbreviations: CI, confidence interval; E, expected; O, observed; SIR, standardized incidence ratio; Y, year.
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showed a trend toward reducing the incidence of early PTLD
without compromising graft survival over 2 years of
follow-up [31].

The three most common skin cancers reported in KTRs are
melanoma, non-melanoma, and Kaposi’s sarcoma, and this has
been shown to be a significantly increased risk compared to the
general population worldwide [32]. In the present study, de novo
incident cases of non-melanoma skin cancer were observed while
neither melanoma nor Kaposi’s sarcoma occurred. The risk of
developing non-melanoma skin cancer can be reduced by
educating patients about lifestyle modifications, such as
smoking cessation and reducing exposure to ultraviolet light.
In addition, in patients with a history of cancer, the physicianmay
consider avoiding the prescription of azathioprine or the use of
high-dose mycophenolate and may prefer to prescribe an mTOR
inhibitor instead if the patient’s condition is appropriate [33, 34].

In general, the excess risk of PTMs rises in the first year post-
transplantation, after which it falls over time. Highly elevated
excess risk in the early post-transplantation period may not be
truly de novo cancers, but rather cancers that developed prior to
transplantation that were missed by preoperative screening.
Furthermore, it is noteworthy that not all cancer types behave
similarly. Krishnan et al. found that urinary tract cancer,
melanoma, and post-transplant lymphoproliferative disease
were the three most common incident cancers in the first year
post-transplantation. In addition, incident lung and colorectal
cancers were less common but were at a more advanced stage at
the time of diagnosis [35].

Early detection of de novo PTM in KTRs through systematic
cancer screening may provide a window of opportunity for effective
early cancer treatment. Regarding the current cancer screening
program in Thailand, the Thai Ministry of Public Health offers a
5-year PAP smear, bi-annual fecal occult blood, and opportunistic
mammogram as population cancer screenings [11]. However, cancer
screening among KTRs at a tertiary care center may be more
intensive because specialists are likely to order screening tests that
comply with international society recommendations [36]. This
practice is deemed to be in line with the clinical practice
guidelines of transplant organizations, which suggest that
screening of KTRs should follow the provisions for systematic
screening in the general population, with additional screening for
other common cancers seen in KTRs, such as skin cancer [37].
Although this policy may seem to help detect common cancers, it
may not cause survival benefits and may not be cost-effective due to
the decreased life expectancy in KTRs, or it may inadvertently cause
harm due to false-positive results, leading to over-investigation and
psychological distress [38, 39].

The extremely high excess risk of urothelial cancer in KTRs in our
study highlights the need for future action. Despite the
aforementioned limited benefit of systematic screening programs
in the general population, screening may be beneficial if the cancer
incidence is high, the screened candidate has a high risk of cancer
with a low risk of graft failure, and the screening tools are low-cost
with high sensitivity [40]. From the results of the present study, we
suggest that the special KTR subpopulation of women aged
45–65 years with an extremely high excess risk of urothelial
cancer may be an initial candidate subgroup for systematic

screening, especially in those who have been exposed to
carcinogens, such as exposure to aromatic amines (e.g., benzidine
and β-naphthylamine), high-dose cyclophosphamide, arsenic from
contaminated drinking water, and HPV or BK viral infection [22,
41]. The high incidence of upper tract cancers may require urinalysis
and cytology in combination with contrast-enhanced computed
tomography of the kidneys, ureters, and bladder as the primary
screening test. Abdominal ultrasound should not be used in this
setting as it has low sensitivity for detecting early-stage disease [42].
Of note, if the patient has aristolochic nephropathy, the most
effective way to improve the cancer outcome may be
prophylactic bilateral nephrectomy, followed by annual
surveillance cystoscopy and urine cytology [43, 44]. Due to the
widespread use of unregulated Thai/Chinese medicinal herbs in the
Thai population, we suggest that, if possible, a urothelial sample be
obtained during the surgical procedure for a kidney transplant to test
it for aristolochic acid-adducted DNA, which is a hallmark
biomarker of aristolochic acid exposure [45]. This may identify
very high-risk patients, allowing for appropriate management.

Strengths and Limitations
There are strengths and limitations to our study. One strength is
that this is the first study to demonstrate the excess de novo cancer
risk among the Thai KTRs in a large sample size with a long
period of follow-up for most of the KTRs. In addition, all
pathologic diagnoses were confirmed by retrospective chart
review, and the stratification of the excess incidence based on
subnational regional risk in the Thai general population adjusted
for different underlying risk factors in each subnational region.
However, there are also limitations. One limitation is the use of
the 2013–2015 Thai general population.We would have preferred
to adjust our statistics for excess risk in KTRs compared to the
Thai general population incidence by calendar year. However,
there is a limitation as we have mentioned in the methodology
section. The reasons for potential bias in our estimated
standardized incidence ratio due to our choice of Thai general
population comparison group can be divided into differences in
age and sex distribution in the Thai population in mid-2014 and
differences in cancer incidence between 2013 and
2015 independent of age and sex (e.g., changes in the
prevalence of other cancer risk factors or national/subnational
systematic cancer screening) compared with an ideal comparison
group adjusting for age, sex, and cancer incidence by calendar
year. The age structure of the Thai population has changed in
recent years toward an aging society [46]. Due to the association
of older age with higher cancer incidence in most PTMs, recent
calendar year data with an older population may have higher
cancer incidence, creating a bias in our estimates toward lower
SIRs. The incidence of different types of cancer has changed at
different rates. For example, cancers of the liver, lung, stomach,
and Hodgkin’s lymphoma have had declining incidence trends,
while cancers of the colon, breast, ovary, prostate, kidney, and
non-Hodgkin’s lymphoma have had increasing trends. Hence,
the expected directions of bias are upward bias in SIRs for the
former group of cancers with decreasing trends and downward
bias for those with increasing trends. Given the strong
magnitudes of the strength of association at the lower bounds
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of the 95% CIs for cancers with known viral etiologies, which are
known to be more likely in KTRs due to long-term maintenance
immunosuppression, we suggest that there are truly significantly
greater risks of these types of PTMs, regardless of bias due to choice
of population for indirect standardization and other methods of
adjusting for confounders [47].We also acknowledge that the lack of
standardized mortality ratios in our study may not allow for the
interpretation of the data as to whether Thai KTRs are genuinely an
appropriate, special, and very high-risk population that requires
service provision for systematic screening for some cancers. Only
cancers with significant excess risk, adjusted for confounders,
compared to the Thai general population are attractive targets for
systematic screening service provision. This issue should be
investigated in future studies, but such studies may be
challenging due to historical vital statistics data quality issues [9].

CONCLUSION

The risk of de novo cancer increased after kidney transplantation
in Thai adults, especially oncogenic virus-related cancers. The
post-transplant malignancies with the greatest excess risk, such as
urothelial cancer, warrant further investigation of risk factors to
establish whether a systematic screening program is needed for
any special, very high-risk subgroups of KTRs.
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Posttransplant malignancies are an important complication of solid organ transplantation.
Kidney transplant recipients are at particularly high risk of cancer development. The most
relevant risk factors of carcinogenesis are the use of immunosuppressive agents and
oncogenic viral infections. Additionally, immune dysregulation caused by these factors
may predispose to various types of organ damage. Paraneoplastic glomerular diseases
are one of the most interesting and understudied cancer manifestations. The appropriate
diagnosis of paraneoplastic glomerular damage can be challenging in kidney transplant
recipients, due to factors inherent to concomitant medication and common comorbidities.
Recent advances in the field of molecular and clinical nephrology led to a significant
improvement in our understanding of glomerular diseases and their more targeted
treatment. On the other hand, introduction of novel anticancer drugs tremendously
increased patients’ survival, at the cost of kidney-related side effects. Our review aims
to provide insights into diagnosis and treatment of paraneoplastic glomerular diseases,
with a special attention to kidney transplant recipients.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Kidney transplantation is the preferred form of kidney
replacement therapy as it offers significant improvement in
quality of life and overall survival of patients with end stage
kidney disease (ESKD) [1]. Introduction of novel
immunosuppressive agents, together with advances in organ
preservation and surgical techniques lead to greater 1-year
allograft survival [2, 3]. Unfortunately, the rate of long-term
complications remains high, reducing overall survival of
transplant recipients in comparison to the general population.
A plethora of immune- and nonimmune-related factors are
known to contribute to late posttransplant complications, with
malignancies being one of the most relevant one.

Diagnosis and management of malignancies pose specific
challenges in transplant patients. A non-specific presentation
of cancer mimicking chronic infectious complications, limited
availability of anticancer therapies due to potential nephrotoxic
side effects and interactions with immunosuppression are among
the main challenges in kidney transplant recipient. Identified risk
factors of posttransplant malignancies are older age at the time of
transplantation, male gender, white ethnicity, time spent on
dialysis, longer term follow-up after transplantation, and
higher cumulative exposure to immunosuppression [4].
Malignancies are reported as the second most common cause
of death in kidney allograft recipients and the overall cancer risk
is estimated to be 2- to 4- fold higher than in the general
population [5].

Paraneoplastic syndromes, defined as cancer clinical
manifestations triggered by tumor products, but not by the

neoplasm itself, may precede cancer diagnosis or occur even
many years thereafter [6]. The diagnostic processes of
paraneoplastic syndrome in kidney transplant patients can be
difficult due to its non-characteristic clinical picture and often
require invasive procedures to make a final diagnosis. One of such
paraneoplastic syndromes are glomerular diseases. Appropriate
diagnosis is of special importance, since glomerular diseases in
kidney transplant recipients are claimed to be the second most
common cause of kidney graft failure [7]. Among possible
triggers of glomerular damage after kidney transplantation, a
complex interplay between genetic predisposition and especially
immunological factors seems to play a leading role. Three types of
glomerular damage can occur: donor-derived, de novo and
recurrent. De novo glomerulonephritis is mainly immune
complex mediated, being highly dependent on the immune
status of the graft recipient [8]. In contrast, recurrent
glomerular diseases are mainly found in kidney transplant
recipients with an established glomerular disease before
transplantation, often resulting in significant graft function
impairment and eventually its loss [9]. Adding to that, a
specific type of glomerular damage, classified as paraneoplastic
glomerular disease, remains intriguing and an understudied
kidney allograft complication. Although one of the first reports
connecting the presence of nephrotic syndrome with malignant
tumors was already published in 1966 [10], data about
paraneoplastic glomerular diseases in kidney transplant
patients remain obscure.

In this review, we aim to describe the epidemiology of
paraneoplastic glomerular diseases after kidney
transplantation, differences in their management in
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comparison with non-transplant patients, their impact on graft
survival and difficulties regarding immunosuppressive and
anticancer treatment. The paucity of data in the posttransplant
setting requires in-depth discussions of paraneoplastic
glomerular diseases in the native kidney.

PARANEOPLASTIC
GLOMERULAR DISEASES

Paraneoplastic glomerular diseases are defined as disorders that
are not attributable to invasion or compression by the tumor or
by metastasis caused by the tumor [11]. The production and
secretion of hormones or peptides by the tumor or immune cross-
reactivity with the host’s renal tissue are considered to lead to
paraneoplastic glomerular diseases. A paraneoplastic origin is
likely when the occurrence of glomerular disease has a temporal
relationship to the occurrence of cancer and the severity of kidney
disease follows the course of cancer, i.e., deteriorates when the
tumor burden increases or vice versa. This has been nicely

demonstrated for a case with thrombospondin type-1 domain-
containing 7A (THSD7A)-associated membranous nephropathy
(MN) who had a concomitant gallbladder carcinoma. After
surgery of the carcinoma, THSD7A antibodies became
negative, and a subsequent significant reduction of proteinuria
indicated a partial response of MN to anti-cancer measures [12].

RISK FACTORS OF PARANEOPLASTIC
GLOMERULAR DISEASES AFTER KIDNEY
TRANSPLANTATION
Drugs
Little is known whether one specific agent is responsible for an
increased frequency of paraneoplastic glomerular disease
(Figure 1). Alemtuzumab, a monoclonal antibody directed
against the CD52 antigen, is known to cause autoimmunity
after its use. Post-marketing surveillance in patients with
multiple sclerosis found that one out of three will develop
another autoimmune disorder after alemtuzumab is used, but

FIGURE 1 | Risk factors involved in the pathogenesis of paraneoplastic glomerular diseases. Abbreviations: HLA, human leucocyte antigen. Created with
BioRender.com.
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these cases are mainly restricted to thyroid dysfunction and only a
minority (<10%) thereof are considered serious [13].
Nonetheless, severe autoimmunity such as the development of
anti-glomerular basement membrane (GBM) disease has been
reported in single cases [14]. Associations between
administration of other potent induction immunosuppressants
and systemic autoimmunity are much weaker, but single cases of
Guillain-Barre syndrome with the use of anti-thymocyte globulin
exist in the literature [15]. It should be noted, that induction
therapy itself with antithymocyte globulin or alemtuzumab
significantly increases the risk of malignancy development,
especially posttransplant lymphoproliferative disorder [16].
Taken together, a paucity of data on the prevalence of
paraneoplastic glomerular disease development with the use of
agents to prevent allograft rejections hinders strong conclusions,
but it is likely that certain agents such as alemtuzumab at least
influence the occurrence of glomerular diseases independent of
cancer development.

HLA Matching
Besides the possible role of immunosuppression in paraneoplastic
glomerular diseases pathogenesis, other specific factors related to
solid organ transplantation should be mentioned (Figure 1). It is
widely accepted that human leukocyte antigen (HLA)matching is
essential for optimal graft function, however, it is not required for
cancer prevention. Khurram et al. inoculated rats with kidney
tumor cells and started them on cyclosporine. The animals
showed stronger anti-tumor response when a higher degree of
major histocompatibility complex (MHC) mismatch was present
in comparison to a well-matched group [17]. Moreover, after
withdrawal of immunosuppression all rats in the mismatch group
eliminated cancer cells, compared to only a 50% reduction in
well-matched animals, suggesting a significant impact of
immunosuppression reduction and higher mismatch levels on
cancer prognosis. Unfortunately, data from human studies are
less conclusive. In a large study analyzing data from 166,256 adult
kidney transplant recipients, who survived 1 year without
episodes of graft rejection or malignancy, recipients with
4–6 HLA mismatches had higher risk of solid organ cancer
development (hazard ratio [HR] = 1.11, 95% CI = 1.00–1.34)
compared to well-matched individuals. This, however, might
have also been related to other risk factors, such as male sex
or prior transplant history [18]. On the contrary, an analysis
focusing on the incidence and risk factors of melanoma in a
cohort of 105,174 kidney transplant recipients from the
United States Renal Data System database observed that less
than 4 HLA mismatches significantly increased the risk of
melanoma development (44.9% vs. 37.1%) [19]. This finding
was supported by another study performed on 10,649 heart and
lung transplant recipients, which indicated that the higher level of
HLA mismatching revealed a protective effect on occurrence of
posttransplant skin cancers [20]. However, little is known
whether higher levels of HLA mismatches provide protection
against recurrence or de novo occurrence of glomerular disease.
Fewer HLA mismatches have been postulated as a potential risk
factor of glomerulonephritis reoccurrence, particularly IgA
nephropathy [21]. The significance of HLA mismatch in the

pathogenesis of paraneoplastic glomerular diseases remain to be
established by future studies.

T cell Subpopulations
A study in kidney transplant recipients with cancer found a
significantly higher frequency of Tregs together with higher level
of soluble HLA-G (sHLA-G) [22]. Tregs have been shown to exert
immunosuppressive features, thereby potentially preventing the
occurrence of paraneoplastic autoimmunity [23]. A subsequent
reduction of Treg activity, eventually developing an exhaustive
phenotype, may thereby provoke specific glomerular
damage as well.

Beyond the crucial role of specific T cells on alloantigen
recognition and antibody production, other cells, i.e., natural
killer (NK) cells exhibit alloreactive properties, relevant to control
viral infections after kidney transplantation, such as
cytomegalovirus (CMV) or Ebstein-Barr (EBV) infections [24].
This alloreactivity may in turn result in glomerular damage. Xiao
et al. reported a case of histiocytic glomerulopathy related with
extranodal NK/T-cell lymphoma [25]. On the other hand, NK
cells have been postulated as potential biomarkers of idiopathic
MN, their levels significantly increased after rituximab treatment
[26] and were associated with remission of MN [27]. In a recently
published study, antigen-specific chimeric autoantibody receptor
(CAAR) NK cells have been used to eliminate cells producing
antibodies involved in MN, especially against THSD7A [28]. The
specific role of immune cells in the development of paraneoplastic
glomerulopathies requires further studies.

Viruses
Viral infections are another important factor related to impaired
graft function and cancerogenesis in kidney transplant recipients
(Figure 1). In addition, it was suggested that viruses may induce
glomerular damage. One of these, Kaposi’s sarcoma herpesvirus
(KSHV)/human herpesvirus 8 (HHV8) has high tropism for
endothelial cells, thereby inducing vIL-6 [29] and vascular
endothelial growth factor (VEGF) [30] as angiogenic factors.
vIL-6 has been proposed as one of the molecular links
between KSHV and glomerular diseases, especially
amyloidosis, thrombotic microangiopathy (TMA) and
membranoproliferative glomerulonephritis (MPGN) [31].
Interestingly, KSHV gene sequences have been found in
patients with multiple myeloma and primary amyloidosis [32].
Other viral infections may contribute to glomerular damage after
kidney transplantation as well. Cases of immunotactoid [33] and
crescentic glomerulopathy [34] secondary to CMV infection have
been documented.

Genes
Underlying genetic predisposition is of relevance for
paraneoplastic glomerular diseases. Mutations of more than
70 genes are already identified to be associated with increased
risk of glomerular damage, however often a “second hit” is
necessary to evoke the full clinical picture of kidney disease,
frequently manifesting as focal segmental glomerulosclerosis
(FSGS), a non-specific pattern of kidney injury, in a kidney
biopsy [35]. Bonilla et al. suggested that mutations of genes
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crucial for podocyte function, namely, protocadherin FAT1 gene,
may be one of the unrecognized triggers of immune-mediated
glomerular damage, especially in the transplant setting [36].
Moreover, mutations of podocyte genes may predispose to
glomerulopathies secondary to anticancer treatment. Czogalla
et al. presented another “multi-hit” case of FSGS in a patient with
chronic lymphocytic leukemia, in whom an unrecognized
podocin mutation was exacerbated by ibrutinib administration
[37]. Additionally, a specific role of genotyping the donor has
been highlighted in other studies. This is particularly relevant in
donors of African-American decent, where apolipoprotein L1
(APOL1) gene polymorphisms play a crucial role, and a risk
constellation (G1/G2) is related to collapsing FSGS in kidney
transplant recipients, which in turn might rapidly progress
to ESKD [38].

Complement System
The role of complement system activation in cancerogenesis
remains a controversial issue. It was postulated that local
complement activation in the microenvironment of melanoma
is responsible for lower immune responsiveness to neoplastic cells
through inhibition of CD8+ T cells [39]. On the other hand,
reduced C3 and C5 production or the blockade of the C5 receptor

reduced tumor growth in animal models of cancer, indicating
their crucial role in cancerogenesis [40]. Cancer or treatment-
related complement activation may also result in TMA, a rare
form of glomerular damage, and is in some cases more amenable
to anticomplement treatment than therapeutic plasma
exchange (TPE) [41].

TYPES OF PARANEOPLASTIC
GLOMERULAR DISEASES

Several patterns of glomerular injury have been linked with
cancer occurrence (Figure 2). In the next sections the most
common histological types of paraneoplastic glomerular
diseases will be discussed.

Membranous Nephropathy (MN)
MN is the most common type of paraneoplastic glomerular
disease related to solid tumors and is less prevalent in
hematological malignancies. The prevalence of paraneoplastic
cases of MN was reported to be approximately 20% [42].
Importantly, the diagnosis of MN may precede the occurrence
of malignancy [43]. Gastrointestinal cancers, followed by lung,

FIGURE 2 | Types of paraneoplastic glomerular diseases. Abbreviations: ANCA, anti-neutrophil cytoplasmic antibodies; GBM, glomerular basement membrane;
IgA, immunoglobulin A; IgG, immunoglobulin G. Created with BioRender.com.

Transplant International | Published by Frontiers July 2024 | Volume 37 | Article 129695

Zakrocka et al. Paraneoplastic Syndrome After Kidney Transplantation

37

http://BioRender.com


kidney and prostate cancer are the most frequently reported
malignancies to causeMN [6]. MN usually manifests as nephrotic
syndrome, with formation of immune complexes leading to its
onset. However, it should be noted that although glomerular
immune deposits were found in the autopsy of 30% of cancer
patients, their significance remains unclear [44]. A higher
deposition of IgG1 and IgG2 was found in patients with
paraneoplastic MN [45], whereas IgG4 prevalence was related
with the primary form of MN [42]. Additionally, a switch in the
IgG subclass was shown to predict MN progression, especially in
secondary MN [46]. Other findings, such as >8 inflammatory
cells affecting the glomerulus, mesangial proliferation and
segmental MN, especially in the presence of neural epidermal
growth factor-like 1 (NELL-1) antigen, support the diagnosis of
paraneoplastic MN [47]. The discovery of novel antigens involved
in MN pathogenesis significantly improved our diagnostic
understanding of glomerular damage in these patients.
Antibodies against the M-type phospholipase A2 receptor
(PLA2R) are known to be highly indicative for primary MN.
Recently discovered antigens, i.e., THSD7A, FAT1, NELL-1 and
protocadherin 7 (PCDH7) have been postulated as potential
antigens in paraneoplastic MN [48]. Importantly, the diagnosis
of PLA2R positive MN does not exclude paraneoplastic
occurrence of MN, since reports of cases with positive PLA2R
staining are available [49]. Moreover, dual antigen-positive MN
cases have been reported, with predominant IgG1 staining in the

kidney tissue and clinically a longer time to achieve remission
[50]. Despite great advances in diagnostic techniques, the course
of MN in kidney transplant recipients remains understudied.
Solà-Porta et al. reported an unusual case of a 72-year old kidney
transplant patient with THSD7A-positive MN and positive C4d
capillary wall staining, without anti-THSD7A antibodies and
lesions suggestive for malignancy [51]. In another study,
Münch et al. presented a case of NELL-1-positive MN in a 56-
year old kidney transplant recipient, again without underlying
malignancy, in whom the level of serum anti-NELL-1 antibodies
correlated with the proteinuria intensity [52]. Since NELL-1 was
found in noncancerous MN cases, i.e., after exposure to lipoic
acid [53], tiopronin [54] or mercury [55], more data are needed to
predict the role of MN antigens on the kidney graft function and
outcome, especially in the presence of malignancy.

Minimal Change Disease (MCD)
Hematological malignancies, especially Hodgkin’s lymphoma,
non-Hodgkin’s lymphoma and leukemias have often been
associated with MCD, although single cases of solid tumors
affecting gastrointestinal tract, lung, kidney and thymus have
been described [56]. The role of cytokines secreted by cancer cells
is of special importance in the pathogenesis of paraneoplastic
MCD (Figure 3).

Nephrotic syndrome evoked by paraneoplastic MCD occurs
early, around the time of malignancy diagnosis. High levels of

FIGURE 3 | Involved components in the pathogenesis of paraneoplastic glomerular diseases. Abbreviations: c-mip, c-maf inducing protein; FSGS, focal segmental
glomerulosclerosis; IFN, interferon; IL, interleukin; MCD, minimal change disease; MN, membranous nephropathy; NELL-1, neural epidermal growth factor-like 1;
PCDH7, protocadherin 7; PDGF, platelet-derived growth factor; TGF-β, transforming growth factor-β; THSD7A, thrombospondin type 1 domain containing 7A; VEGF,
vascular endothelial growth factor. Created with BioRender.com.
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circulating cytokines released by lymphocytes and macrophages
are responsible for a generalized inflammatory condition,
resulting in systemic symptoms. Paraneoplastic MCD was
reported to remit after successful anti-cancer treatment,
resulting in either complete [57, 58] or partial remission [59].
MCD occurs frequently after hematopoietic stem cell
transplantation, likely as a limited form of graft versus host
disease manifesting in the kidney [60]. Data on MCD
occurrence after kidney transplantation are scarce. Yamada
et al. reported a case of a patient 25 years after
transplantation, who presented with nephrotic syndrome due
to minimal change like podocyte injury evoked by coronavirus
disease-2019 infection and with high-risk APOL1 alleles in the
kidney donor, that improved after glucocorticoid administration
[61]. Another case of a combined heart-kidney transplant
recipient developing de novo MCD more than 1 year after
transplantation was reported who responded to
glucocorticoids [62].

Immunoglobulin a (IgA) Nephropathy
The association between IgA nephropathy and malignancies has
first been reported in 1984 [63]. Among the most common
cancers, respiratory tract and buccal cavity cancers have been
reported [6], although rare cases of hematological malignancies
are published [64, 65]. IgA nephropathy has emerged as the most
common glomerular disease when kidney biopsies were
performed in cancer patients, with a frequency of 7.4%,
followed by MN in 6.1% [66]. The time of paraneoplastic
glomerulopathy manifestation can also differ in various
cancers. In a case presented by Melandro et al., the diagnosis
of IgA nephropathy preceded kidney graft cancer occurrence by
6 months [67]. Interestingly, mesangial IgA deposits have been
found in the autopsy of 17% of patients with mainly
gastrointestinal malignancies, and without prior evidence of
kidney damage [68]. Tumor antigens and abnormal IgA
production by cancer cells, together with abnormal immune
system reactivity against tumor antigens have been suggested
to be involved in paraneoplastic IgA nephropathy [69]. Tumor
removal remains the standard therapy in cancer-related IgA
nephropathy [70].

Anti-Neutrophil Cytoplasmic Antibodies
(ANCA)-Associated Vasculitis
Patients with anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitis are at higher risk to develop malignancies,
with frequencies reported from 10% to 26%, with a significant
increase 5 years after diagnosis [71]. These estimates largely stem
from the cyclophosphamide- and azathioprine-era, both known
to be carcinogenic. Recent investigations have found a
standardized incidence ratio which is comparable to a
background population [72]. Cyclophosphamide is still used
by many practicing centers in the management of severe
kidney failure due to ANCA-associated vasculitis. This was
linked to increased frequency of several malignancies,
including prostate [73], breast [74], respiratory tract [75] and
chronic lymphocytic leukemia [76]. Removal of malignancy is not

sufficient to control active vasculitis, as has been highlighted in a
case report where an intensive immunosuppressive treatment
including TPE was shown to be effective in a 85-year old patient
with prostate cancer and ANCA-negative pauci-immune
glomerulonephritis [77].

Anti-Glomerular Basement Membrane
(Anti-GBM) Disease
Anti-GBM disease is a rare but severe kidney disease, frequently
presenting with dialysis-dependent kidney failure. Due to the
severity of symptoms, immediate care is required to optimize
renal and overall outcome of patients. Paraneoplastic anti-GBM
disease has been reported in patients with renal cell carcinoma
[78, 79], lung [80] and rectal cancer [81]. Although different
therapeutic approaches were shown, immunosuppression
alongside TPE was effective in achieving partial remission of
paraneoplastic anti-GBM disease [82].

Focal Segmental
Glomerulosclerosis (FSGS)
FSGS describes a lesion encountered by different triggers. The
pathogenesis of paraneoplastic FSGS is, in line with MCD, based
on VEGF expression and secretion of profibrotic factors
(Figure 3). Several malignancies have been linked to FSGS,
although mainly of hematological origin [83, 84]. Importantly,
essential thrombocythemia and polycythemia have been
associated with FSGS, which has been assumed to occur
secondary to cytokine release responsible for
glomerulosclerosis [85, 86]. Data on the effectiveness of
anticancer treatment and concomitant immunosuppression in
paraneoplastic FSGS remain elusive, indicating achievement of
FSGS remission in some cases [87].

Thrombotic Microangiopathy (TMA)
TMA is another rare presentation of paraneoplastic glomerular
injury. The correlation between the TMA and cancers has been
shown inmucin-producing neoplasms, especially stomach, breast
and lung [88]. Patients are exposed to TMA risk factors after
kidney transplantation [89], and most de novo cases were
observed in the graft [90, 91]. Of note, paraneoplastic TMA
diagnosis after kidney transplantation remains a huge challenge,
since its histological picture often mimics antibody-mediated or
T-cell mediated rejection [92, 93]. However, lack of laboratory
indicators of generalized intravascular thrombosis, de novo TMA
localized in the graft, lack of donor specific antibodies (DSAs)
and/or C4d deposition in peritubular capillaries and time
between occurrence of cancer and TMA may help to
distinguish primary and posttransplant TMA from its
paraneoplastic form. Treatment of paraneoplastic TMA is also
amatter of debate. It has been reported that TPE is less effective in
cancer-derived TMA, due to lower rate of reduced
ADAMTS13 activity [88]. Additionally, single reports emerged
about the effectiveness of eculizumab in cancer-associated TMA
[94]. More studies are necessary to analyze the pathogenesis of
paraneoplastic TMA and to expand the armamentarium of
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therapies that can be safely used, especially in kidney transplant
recipients.

NEWER ANTICANCER DRUGS AND
GLOMERULAR DAMAGE

Onconephrology, and in particular transplant medicine are
rapidly evolving fields, providing targeted treatment in kidney
transplant recipients diagnosed with cancer. Up to date, various
anticancer agents have been shown to induce glomerular damage
(Figure 1) [36]. Novel anticancer drugs have revolutionized
oncological treatment and significantly improved patient
survival. Immune checkpoint inhibitors (ICIs) block cytotoxic
T-lymphocyte antigen 4 (CTLA-4), programmed cell death
1 receptor (PD-1) or its ligand (PD-L1), main targets
responsible for downregulation of T cells. As a result, an
anticancer response after ICIs is augmented, at the cost of
immune-mediated events [95]. A broad spectrum of
glomerular disorders has been linked with ICIs use, with both
nephrotic and nephritic presentation. In a systematic review
performed by Kitchlu et al. the most common form of
glomerular damage found after ICIs administration was pauci-
immune glomerulonephritis, followed by MCD,
C3 glomerulonephritis, amyloid A amyloidosis and IgA
nephropathy [96]. Most patients presenting with glomerular
lesions related to ICIs have been successfully treated with
corticosteroids or a combination of rituximab or
cyclophosphamide and corticosteroids (the latter especially in
cases with pauci-immune glomerulonephritis) [97], nonetheless,
critical questions remain largely unanswered. First,
reintroduction of ICIs is challenging, especially when pauci-
immune glomerulonephritis was induced by ICIs, as of
recurrence of glomerular diseases might be expected. Second,
patients after kidney transplantation are at high risk of immune-
mediated disorders, especially due to immunotherapy. In general,
kidney transplant recipients treated with ICIs experience more
often episodes of antibody mediated as well as T cell mediated
rejections. Increasing the dose of corticosteroids and switching
calcineurin inhibitors (CNIs) to mammalian target of rapamycin
(mTOR) inhibitors prior to ICIs initiation are one of the
proposed resolutions to reduce the risk of immune-related
episodes of graft injury in kidney transplant recipients [98].
However, one needs to emphasize that mTOR inhibitors may
induce glomerular damage in the form of TMA or FSGS, probably
due to overexpression of VEGF in podocytes [56].

Beyond anticancer drugs and their potential to induce
glomerular damage, the role of supportive treatment of
glomerulopathies should be mentioned (Figure 1). Potent
stimulators of granulocyte and macrophage activity,
granulocyte-colony stimulating factors filgrastim and its
derivative pegfilgrastim were associated with glomerular
damage in patients with hematological malignancies [56, 99, 100].

PARANEOPLASTIC GLOMERULAR
DISEASE AND IMPLICATIONS ON
LONG-TERMGRAFT FUNCTION IN KIDNEY
TRANSPLANT RECIPIENTS

The immunological risk related to conversion of
immunosuppression at the time of cancer diagnosis in kidney
transplant recipients is challenging. Lack of recommendations
regarding the management of immunosuppression in cancer
patients after organ transplantation enforces clinicians to
balance between the risk of graft rejection (also due to
paraneoplastic glomerulopathy) and effective anticancer
treatment [101]. Owing to limited effectiveness of standard
treatment (immunosuppression, TPE) of paraneoplastic
glomerular diseases, which mostly depends on cancer removal
and adequate anticancer pharmacotherapy, long-term graft
function preservation can be challenging, especially in kidney
transplant recipients.

CONCLUSION

To the best of our knowledge, this is the first comprehensive
narrative review of paraneoplastic glomerular diseases, with
special focus on patients after kidney transplantation. Our
article highlights further areas of research, as such cases are
underreported and in clinical routine pose challenges for the
treating physicians. Close cooperation between nephrologists,
specialists in transplantation and hemato-oncologists should
ensure appropriate medical care of kidney transplant recipients
diagnosed with cancer. Large inter-center studies are crucial to
determine the significance of paraneoplastic glomerular diseases
after kidney transplantation.
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GLOSSARY
ANCA Anti-neutrophil cytoplasmic antibody

APOL1 Apolipoprotein L1

CAAR Chimeric autoantibody receptor

c-mip c-maf inducing protein

CMV Cytomegalovirus

CNI Calcineurin inhibitor

CTLA4 Cytotoxic T-lymphocyte antigen 4

DSA Donor specific antibody

EBV Ebstein-Barr virus

ESKD End stage kidney disease

FSGS Focal segmental glomerulosclerosis

GBM Glomerular basement membrane

HHV-8 Human herpesvirus-8

HLA Human leukocyte antigen

ICI Immune checkpoint inhibitor

IgA Immunoglobulin A

IL Interleukin

KSHV Kaposi’s sarcoma herpesvirus

MCD Minimal change disease

MHC Major histocompatibility complex

MN Membranous nephropathy

MPGN Membranoproliferative glomerulonephritis

mTOR Mammalian target of rapamycin

NELL-1 Neural epidermal growth factor-like 1

NK Natural killer

PCDH7 Protocadherin 7

PD-1 Programmed cell death 1

PLA2R Phospholipase A2 receptor

sHLA-G Soluble HLA-G

TGF-β Transforming growth factor β
THSD7A Thrombospondin type-1 domain-containing 7A

TMA Thrombotic microangiopathy

TPE Therapeutic plasma exchange

VEGF Vascular endothelial growth factor
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Post-Kidney Transplant Cancer: A
Real-World Retrospective Analysis
From a Single Italian Center
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We describe the epidemiology of cancer after kidney transplantation (KTx), investigating its
risk factors and impact on therapeutic management and survival in KTx recipients (KTRs).
The association between modification of immunosuppressive (IS) therapy after cancer and
survival outcomes was analyzed. We collected data from 930 KTRs followed for
7 [1–19] years. The majority of KTRs received KTx from a deceased donor (84%). In
total, 74% of patients received induction therapy with basiliximab and 26% with ATG.
Maintenance therapy included steroids, calcineurin inhibitors, and mycophenolate.
Patients with at least one cancer (CA+) amounted to 19%. NMSC was the most
common tumor (55%). CA+ were older and had a higher BMI. Vasculitis and ADPKD
were more prevalent in CA+. ATG was independently associated with CA+ and was
related to earlier cancer development in survival and competing risk analyses (p =
0.01 and <0.0001; basiliximab 89 ± 4 vs. ATG 40 ± 4 months). After cancer
diagnosis, a significant prognostic impact was derived from the shift to mTOR
inhibitors compared to a definitive IS drug suspension (p = 0.004). Our data confirm
the relevance of cancer as a complication in KTRs with ATG as an independent risk factor.
An individualized choice of IS to be proposed at the time of KTx is crucial in the prevention
of neoplastic risk. Finally, switching to mTORi could represent an important strategy to
improve patient survival.
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GRAPHICAL ABSTRACT |

INTRODUCTION

Post-kidney (KTx) transplant cancer is an increasing risk for
kidney transplant recipients (KTRs), with incidence rates 2-
4 times higher than the general population of similar age and
sex [1–3]; this risk escalates with time since transplantation [4].
Malignancies are the second or third leading cause of death in
many registries, accounting for up to 56% of deaths in patients
with functioning grafts [5]. Recent Italian research identifies
cancer as the primary cause of death, accounting for 32.4% of
all KTR deaths [6, 7] Variations in mortality suggest differing
tumor biology and aggressiveness, and the potential
undertreatment of KTRs [8].

Post-KTx malignancy depends on several factors that are
related to the patient’s previous individual history and the
therapeutic characteristics of the KTx [9]. Cumulative pre-
KTx immunosuppressive therapy (IS), advanced age, dialysis
vintage, and reduced immunocompetence are relevant risk
factors. This setting motivates a challenging evaluation of IS
therapy at KTx and individualization of the IS regimen
according to patient risk [10]. However, according to the
literature, the most appropriate IS management after cancer
diagnosis is still lacking in terms of indication quality and
evidence level [11].

Our retrospective observational study aimed to describe the
epidemiology of post-KTx cancer, investigate its risk factors and
impact on management and survival, and provide a real-world
long-term analysis from our center.

MATERIALS AND METHODS

Patients and Study Characteristics
We retrospectively analyzed a cohort of 930 kidney transplant
recipients at the Fondazione IRCCS Ca’ Granda Ospedale
Policlinico Maggiore, Milan, Italy, who underwent
transplantation between 2004 and 2021. Patients were followed
until September 2023 with a median observation period of
7 [1–19] years. Data were recorded from both paper and
electronic hospital records.

Clinical and Biochemical Evaluations
According to our protocols, blood and urine analyses were
performed after a 12-h fast by the nursing staff of the
Transplantation Outpatient Clinic.

For each of the 930 KTRs, the following data were recorded:

- at the time of KTx, anthropometric and clinical
characteristics: age, sex, type of transplant, dialysis
vintage and type, basic nephropathy, presence of diabetes
mellitus, body mass index (BMI), steroid use before KTx,
and HCV serology.

- at 1 month (T1) and 12 months (T12) after KTx, clinical and
biochemical parameters: systolic and diastolic blood
pressure, BMI, serum creatinine, hemoglobin, serum
albumin, blood glucose, serum uric acid, total cholesterol,
HDL cholesterol, triglycerides, 25-OH-vitamin D, and 24-h
proteinuria.
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Biochemical parameters were measured according to the
routine methodology used by our central laboratory. Serum
creatinine was assessed by Jaffe’s reaction, whereas urinary
protein excretion was assessed by measuring 24-h urine
collection protein using the immunoturbidimetric method.

Data on the IS therapy regimen were collected during the first
year after KTx; specifically, both the induction IS therapy with
basiliximab or ATG and the subsequent maintenance regimen at
T1 and T12 with steroids, calcineurin inhibitors (CNI),
mycophenolate/mycophenolic acid (MMF), and/or mTORi
were fully evaluated. For ATG use, the cumulative dose was
expressed in mg/kg; for steroid use, the overall exposure of
patients at T1 and T12 was calculated in mg. According to
our internal protocol, basiliximab was used in cases of first
KTx and low immunologic risk based on donor type and
recipient immunologic status. ATG was administered to
patients with high immunologic risk or in cases of re-
transplantation.

Cancer Screening and Evaluation
At our center, KTRs undergo regular cancer screening,
including an annual abdominal ultrasound and graft
examination, along with skin, urological, and gynecological
exams. Colorectal cancer screening follows general
guidelines. We recorded the time of cancer onset, tumor
details, recurrence, staging, management, and therapy. The
cohort was divided into CA+ (KTRs who developed cancer)
and CA- (KTRs who did not develop cancer). Cancer types
included NMSC (graded according to Broder’s system [12]),
solid tumors, PTLD, and Kaposi’s sarcoma. We analyzed
survival from cancer and KTx, along with patient and graft
outcomes post-cancer.

Principal Outcomes Considered
Patients were followed up for a median time of 7 [1–19] years. At
the end of the follow-up, we evaluated as principal outcomes graft
loss and death with functioning graft both globally and related to
IS modifications after cancer diagnosis.

Statistical Analysis
Continuous variables were presented as mean and standard
deviation or median [25°–75° percentile] for non-normally
distributed data. Qualitative data were presented as frequencies
and percentages. Group differences were assessed using the
Student’s t-test and the Wilcoxon-Mann-Whitney test for
normally and non-normally distributed continuous variables,
respectively. The nominal variable analysis employed the χ2
and Fisher tests. Logistic regression models were used for
multivariate analysis of cancer risk factors. Survival analysis
utilized Kaplan-Meier curves with the Log-Rank test, a
multivariable time-dependent Cox model, and competing risk
analysis to assess the mortality risk associated with IS induction
therapy. The multivariate analysis variables were determined
based on univariate testing. ROC curve analyses with the
evaluation of the Youden Index were used for discriminatory
analyses. Statistical significance was set at p < 0.05. All the
statistical analyses in this manuscript were conducted using

SPSS 27® software and JMP Pro 15®. Treatments and
procedures reported herein were in accordance with the
ethical standards of the institutional committee where the
study was conducted (Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico Ethical Committee, Protocol ID
4759-1837/19), and with the tenets of the Helsinki declaration of
1964 and its later amendments, or comparable ethical standards.

RESULTS

Overall Patient Characteristics
The cohort consisted of 930 KTRs, 537 of themmen, with a mean
age at KTx of 49 ± 13 years. The main clinical characteristics of
KTRs are summarized in Table 1.

The majority of patients were on dialysis prior to KTx, with
a higher prevalence of hemodialysis and a mean dialysis
vintage of 52 ± 51 months. The majority of patients
received KTx from a deceased donor. The most common
cause of kidney disease in the overall cohort was
glomerulonephritis (20.5%) (Figure 1).

Data regarding induction and maintenance IS are shown in
Supplementary Table S1. The majority of patients who received
induction therapy had been treated with basiliximab (74%) while
ATG was administered in 26% of cases, with the latter having a
mean individual dose of 4.8 ± 1.1 mg. Of note, between 2004 and
December 2015 (KTRs, n = 576), only 10.4% (KTRs, n = 60) of
patients received ATG, whereas between 2016 and 2021 (KTRs,
n = 355), ATG and basiliximab were used in 53.8% (KTRs, n =
191) and 46.2% of cases, respectively. Maintenance therapy
included, in the majority of cases, the use of steroids with a
cumulative dose of 1094 ± 438 mg at T1 and 2915 ± 1004 mg at
T12; CNI (tacrolimus 91.9%, ciclosporin 7.7%) and
mycophenolate/mycophenolic acid (94.6%) were the most
represented categories. Only 2.6% of patients were prescribed
mTORi. No significant differences were observed in the
distribution of IS regimens from T1 to T12.

TABLE 1 | Clinical characteristics at the time of kidney transplantation in the total
cohort.

Clinical variables Values

Patients - n 930
Sex - n (%) Male patients 537 (57.7%)
Recipient age at KTx - years 49 ± 13
Transplant donor - n (%) Deceased 778 (83.6%)
Dialysis type - n (%) HD

PD
No

672 (72.2%)
181 (19.4%)
78 (8.4%)

Dialysis vintage - months 52 ± 51
Diabetes pre-KTx - n (%) Yes

No
NA

54 (5.8%)
850 (91.3%)
27 (2.9%)

History of HCV infection - n (%) Yes
No
NA

37 (3.9%)
565 (61.8%)
328 (35.3%)

Steroids pre-KTx - n (%) Yes 332 (35.7%)

HD, hemodialysis; PD, peritoneal dialysis; NA, not available.
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Biochemical and Anthropometric
Parameters of the Entire Cohort
The biochemical and anthropometric parameters of the entire
cohort at T1 and T12 are summarized in Table 2. Among the
anthropometric characteristics, BMI at T1 showed a substantial
increase during the first year post-KTx. No differences were
found in blood pressure control. Kidney function did not
differ significantly between T1 and T12. Regarding the
biochemical data, the levels of hemoglobin, albumin, uric acid,
and 25-OH-vitamin D increased during the 12 months; lipid
control remained stable during the first year after KTx.

Post-Kidney Transplant Cancer
During the follow-up, 177 KTRs (19%) were diagnosed with at
least one cancer, with a mean time to development from KTx of
83 ± 48 months.

Available data showed the occurrence of de novo cancer in
113 patients and the recurrence of a pre-KTx tumor in 9 cases; in
55 subjects, cancer could not be defined as de novo nor recurrent.
NMSC was the most common cancer type (55.1%), while solid
tumors were observed in 69 patients (38.6%); PTLD and Kaposi’s
sarcoma were diagnosed in 4% and 2.3% of cases, respectively
(Supplementary Table S2).

In one-third of the KTRs (n = 58), a second cancer further
developed (specifically 36 NMSC, 19 solid tumors, 2 PTLD and
1 Kaposi’s sarcoma), with recurrence in half of the cases (50% de
novo cancer). The mean time to the onset of the second neoplasia
after KTx was 122 ± 53 months. For both first and second tumors,
the most prevalent grade of NMSC was G2; among solid cancers,
the most frequent primary cancer sites were breast (13.2%),
prostate (11.7%), cervix (10.3%), lung (10.3%), and urothelial
carcinoma (8.8%). Considering first malignancies, 6% of cases
were diagnosed with lymph node involvement and 4% with
metastatic disease at diagnosis.

Comparison Between CA+ and CA-: Clinical
and Biochemical Risk Factors for Cancer
Table 3 and Supplementary Table S3 summarize the clinical,
biochemical, and anthropometric differences observed between
CA+ and CA- during follow-up.

CA+ exhibited a statistically significant difference in age, being
older than CA- (p < 0.001). The incidence of malignancy was
higher in men, with a mean age at diagnosis of 54 ± 10 years.
Although not of causal meaning, CA+ correlated significantly
with KTx from a deceased donor (p = 0.04) and dialysis treatment
by any method (p = 0.06) with a mean dialysis vintage of 57.8 ±
57.1 months. There was no statistically significant difference
between the two groups regarding diabetes, steroids pre-KTx
or HCV positivity before KTx.

FIGURE 1 | Causes of end-stage renal disease in the cohort (n = 930). CN, chronic nephropathy (diabetic nephropathy, hypertensive renal injury, vasculopathy);
GNF, glomerulonephritis; HUS, hemolytic uremic syndrome; ADPDK, autosomal dominant polycystic kidney disease; PN/NI, pyelonephritis and interstitial nephritis.

TABLE 2 | Anthropometric and biochemical characteristics of the total cohort at
T1 and T12.

Variables T1 T12

Patients – n = 930
BMI - kg/m2 23 ± 3 24 ± 3
SBP - mmHg 130 ± 16 131 ± 17
DBP - mmHg 80 ± 10 80 ± 10
Creatinine - mg/dL 1.5 ± 0.63 1.4 ± 0.46
Proteinuria - g/24 h 0.2 [0.14–0.3] 0.17 [0.1–0.25]
Hb - g/dL 10.9 ± 1.35 12.7 ± 1.6
Albumin - g/dL 4.1 ± 0.42 4.4 ± 0.45
Glucose - mg/dL 89 ± 24 89 ± 24
Uric acid - mg/dL 5.8 ± 1.6 6.6 ± 2.7
Total cholesterol - mg/dL 211 ± 50 195 ± 43
HDL cholesterol - mg/dL 61 ± 19 56 ± 17
Triglycerides - mg/dL 165 ± 84 160 ± 83
25-OH-vitamin D - ng/mL 14.8 ± 8.2 19.9 ± 12.1

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Hb,
hemoglobin.
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CA+ showed a higher prevalence of vasculitis and ADPKD, as
well as basal nephropathy.

Moreover, CA+ correlated with significantly higher
BMI values at T1 and T12 (p = 0.018 and p = 0.08,
respectively). No other anthropometric differences were found.

When comparing biochemical variables, no significant
differences were found between CA+ and CA- for renal
function values such as serum creatinine and proteinuria at
T1 and T12. In addition, no significant difference was found
for the values of hemoglobin, albumin, blood glucose and uric

TABLE 3 | Clinical differences from the comparison of KTRs who developed cancer (CA+) and KTRs without cancer diagnosis (CA-).

Clinical variables CA- (n = 753) CA+ (n = 177) p-value

Sex - n (%) Male patients
Female patients

426 (79.3%)
327 (83.2%)

111 (20.7%)
66 (16.8%)

0.08

Transplant donor - n (%) Deceased
Living

620 (79.9%)
131 (86.2%)

156 (20.1%)
21 (13.8%)

0.04

Age at KTx - years 47.5 ± 13 54.6 ± 10.6 <0.001
Dialysis type - n (%) HD

PD
No

522 (80.6%)
139 (76.8%)
68 (87.2%)

125 (19.4%)
42 (23.2%)
10 (12.8%)

0.17

Dialysis vintage - months 51.2 ± 49 57.8 ± 57.1 0.06
Diabetes pre-KTx - n (%) Yes

No
44 (81.5%)
684 (80.5%)

10 (18.5%)
166 (19.5%)

0.51

History of HCV infection - n (%) Yes
No

26 (70.3%)
422 (74.7%)

11 (29.7%)
143 (25.3%)

0.33

Steroids pre-KTx - n (%) Yes
No

269 (81%)
417 (80.8%)

63 (19%)
99 (19.2%)

0.50

Causes of ESRD – n (%) CN
GN
HUS
ADPKD
Vasculitis
PN/NI
Other
Undetermined

145 (79.7%)
154 (80.6%)
16 (94.1%)
118 (73.3%)
23 (67.6%)
91 (86.7%)
107 (84.9%)
99 (86.8%)

37 (20.3%)
37 (19.4%)
1 (5.9%)

43 (26.7%)
11 (32.4%)
14 (13.3%)
19 (15.1%)
15 (13.2%)

0.011

HD, hemodialysis; PD, peritoneal dialysis; CN, chronic nephropathy; GN, glomerulonephritis; HUS, hemolytic uremic syndrome; ADPDK, autosomal dominant polycystic kidney disease;
PN/NI, pyelonephritis and interstitial nephritis.
Bold value indicates the statistic significance (p < 0.05).

TABLE 4 | Differences in induction and maintenance of immunosuppressive therapy from the comparison at T1 and T12 of KTRs who developed cancer (CA+) and KTRs
without cancer diagnosis (CA-).

Drugs CA- (n = 753) CA+ (n = 177)

Induction of immunosuppression
Basiliximab - % ATG - % ATG dose - mg/kg 522 (56.3%)

186 (20%)
4.92 ± 1.1

142 (15.3%)
29 (3.1%)
4.44 ± 1.2

2016–2021 interval
Basiliximab - %
ATG - %
ATG dose - mg/kg

148 (41.7%)
155 (43.6%)
4.8 ± 0.7

8 (2.2%)
17 (4.7%)
4.66 ± 0.7

Maintenance of immunosuppression
Ciclosporin - %
Tacrolimus - %
No - %

T1 41 (4.8%)
635 (74.4%)
1 (0.1%)

24 (2.8%)
151 (17.7%)
2 (0.2%)

Ciclosporin - %
Tacrolimus - %
No - %

T12 46 (5.7%)
579 (71.8%)
9 (1.1%)

19 (2.4%)
145 (18%)
8 (1%)

MMF-MPA - % T1
T12

645 (75.5%)
579 (71.8%)

164 (19.2%)
156 (19.4%)

mTORi - % T1
T12

17 (2%)
34 (4.2%)

5 (0.6%)
13 (1.6%)

Cumulative steroid dose - mg T1
T12

1109 ± 422
2941 ± 983

1040 ± 492
2817 ± 1076

ATG, antithymocyte polyclonal immunoglobulins; MMF-MPA, mycophenolate-mycophenolic acid; mTORi, inhibitors of the mTOR system.
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acid at T1 and T12. However, during the regular management of
KTRs, higher levels of total cholesterol at T12 (p = 0.034) and
lower levels of 25-OH-vitamin D at T1 and T12 (p = 0.08 and p =
0.033) were reported in CA+ compared to CA-.

Comparison Between CA+ and CA-:
Immunosuppressive Regimen as a Risk
Factor for Cancer
In the first year after KTx (Table 4), a significant correlation with
higher cumulative therapy with steroids at T1 was found in CA-
(p = 0.03), a result that was not confirmed at T12. Furthermore,
the significance of the results of the IS regimen containing CNI at
T1 and T12 remains difficult to interpret considering the almost
ubiquitous use of tacrolimus in the maintenance regimens of the
entire cohort.

Regarding induction IS therapy, in the entire follow-up cohort,
basiliximab showed a significant correlation with cancer
development, a result that was not confirmed when the
induction therapy was evaluated between 2016 and 2021. In
this specific period, characterized by a homogeneous and

comparable administration of two different drugs in induction,
the use of ATG proved to be significantly associated with cancer
development after KTx.

We did not detect a significant difference in the average
individual dose of ATG between the groups, which, according
to the Center’s strategy, we attempted to maintain as a
target of <5 mg/kg.

ATG as an Independent Cancer Risk Factor:
Multivariate Survival Analysis
In the multivariate analysis, BMI at T1, cumulative exposure to
steroid therapy at T12, and use of basiliximab or ATG were
included as dependent variables, with post-KTx cancer as the
independent variable.

Induction therapy with ATG emerged as an independent and
modifiable risk factor with a statistically significant association
with cancer development after KTx (p = 0.014, HR 3.43, CI
1.287–9.153) (Table 5).

The critical role of ATG in oncological risk was confirmed
by survival analyses. This was first demonstrated in the
Kaplan-Meier analysis (p < 0.0001) and subsequently
confirmed by both the Cox (p < 0.01 HR 3.4) and
competing risk (p < 0.0001, time to cancer onset:
basiliximab 89 ± 4 vs. ATG 40 ± 4 months) analyses
(Figure 2; Table 6).

Therapeutic Strategies for Cancer After
KTx: Oncological Treatment
Oncological management for the different types of cancer
included a surgical approach (75.1%), radiotherapy (8.4%),
and/or active oncological treatment (17.5%). In the majority of
individuals who underwent active systemic treatment,
cytotoxic chemotherapy (61.3%) was the leading indication,
while some CA+ patients started targeted therapy,
immunotherapy or a combination of different classes of
drugs (Figure 3). In the subgroup with second post-KTx
neoplasia, active oncological treatment was initiated in
7 cases. Of note, at least 10 patients did not receive the
optimal oncological treatment because of the potential risk
of toxicity for the transplanted graft (i.e., no treatment or
choice of less nephrotoxic drugs).

At cancer diagnosis, the mean serum creatinine was 1.53 ±
0.74 mg/dL. There were no reports of nephrotoxicity or renal
adverse events directly associated with oncological therapy

TABLE 5 | Multivariate analysis using logistic regression models. Independent variable: development of cancer after KTx.

Variables Regression coefficient Std error Hazard ratio Confidence interval p-value

Recipient age 0.061 0.009 1.063 1.045–1.081 <0.001
BMI T1 0.005 0.026 1.005 0.956–1.056 0.851
Steroids T12 0 0 1.0 1.0–1.0 0.690
ATG 1.233 0.5 3.432 1.287–9.153 0.014
Basiliximab 0.313 0.505 1.368 0.508–3.683 0.535

Bold value indicates the statistic significance (p < 0.05).

FIGURE 2 | Competing risk analysis: Basiliximab and ATG in relation to
time to cancer diagnosis post-KTx.
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(acute kidney injury, proteinuria, electrolyte imbalance,
microangiopathy, etc.); in two cases, acute renal failure of
pre-renal origin occurred.

Therapeutic Strategies in Cancer After KTx:
Immunosuppressive Treatment
In 113 cases (65.7%), no major changes in the IS maintenance
therapy regimen were made after cancer diagnosis, except for a
general reduction in trough levels (trough levels: tacrolimus
3–5 μg/L–cyclosporine 80 μg/L). In total, 39.3% of CA+
subjects were subjected to modifications of the IS therapy,
12.2% of them in combination with the start of an active
oncological therapy. These modifications consisted of the
introduction in 38 cases (64.4%) of the mTORi regimen,
which allowed the serum levels of CNI to be consensually
minimized. In 16 cases (27.1%) an antimetabolite drug was
permanently discontinued to achieve a dual IS regimen; of the
available data, five patients (8.4%) underwent both therapeutic
indications.

Patient Clinical Outcomes
A total of 125 patients (13.4%) experienced graft failure and
returned to dialysis after a median time from KTx of
57.3 [8.4–103.1] months. Of these, 9.6% were CA+ and in four

cases a cancer-related cause was associated with the return to
dialysis (in most cases due to explantation for cancer involving
the graft).

During follow-up, 124 patients (13.3%) died, of whom 31.6%
were CA+ and 9% CA-. Mortality was mainly due to septic shock
(24.1%), cancer-related causes (23.3%), or cardiovascular events
(18.5%). Median survival from cancer diagnosis to death was
23 [7.9–59.4] months, with a higher prevalence of cancer-related
causes of mortality (51.7%) than all other causes in CA+.

Comparing CA+ and CA-, the median survival from KTx to
the end of the follow-up was 148 [88–191] months in CA+ and
82 [45–147] months in CA-, confirming that tumor development
and cancer-related mortality are common complications in long-
term transplantation. Using competing risk analyses, we
investigated the possible relationship between induction
therapy and mortality. Interestingly, we found a significantly
lower survival in the ATG-treated group (148 ± 2 vs. 89 ±
3 months, p < 0.0001).

We investigated the correlation between IS therapy strategies
following cancer diagnosis and survival outcomes in CA+.
Although no significant differences were observed when
comparing various modifications in IS therapy, with no
change in median survival (60.3 ± 47 vs. 63.3 ± 43 months,
p = 0.339), a significant prognostic impact was identified
regarding changes in the type of IS therapy regimen.
Specifically, switching to mTORi and reducing CNI were
associated with prolonged overall survival post-cancer
diagnosis compared to patients who definitively discontinued
one drug, while maintaining a dual therapy approach (67.4 ±
40 vs. 34.4 ± 40 months, p = 0.004). This was also investigated, by
non-parametric analyses taking into account the type of cancer,
dividing our cohort into NMSC and other cancers. Both in the
NMSC group and the other cancers group, switching to mTORi
and reducing CNI were associated with prolonged post-cancer
overall survival: NMSC: 61 ± 35 vs. 34 ± 48 months, p = 0.002;
other cancers: 61 ± 35 vs. 34 ± 40 months, p = 0.01.

No differences in principal anamnestic and biochemical
parameters were found between those patients who switched
to mTORi and those who did not.

DISCUSSION

This study aimed to perform a real-world analysis of post-KTx
cancer at our transplant Center. The development of at least one
cancer occurred in 19% of the KTRs. In an Italian multicenter
study with a 25-year follow-up [13], an incidence rate of post-

TABLE 6 | Cox analysis.

Variables Regression coefficient Std error Hazard ratio Confidence interval p-value

BMI T1 0.019 0.027 1.019 0.967–1.074 0.480
Steroids T12 0 0 1.0 1.0–1.0 0.981
ATG 1.437 0.556 4.208 1.414–12.521 0.010
Basiliximab −0.207 0.552 0.813 0.276–2.397 0.707

Bold value indicates the statistic significance (p < 0.05).

FIGURE 3 | Classes of oncological therapies administered in CA+.
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KTx cancer of approximately 13%was reported. In a single-center
experience, Gioco et al. reported a cancer incidence of 7.2% with a
7.8 years follow-up [14]. In a recent paper by Srisuwarn et al, an
incidence of 6.2% post-transplant cancer was reported [15]. Our
results are in line with the trend and the standardized incidence
rates of international registries which vary between 1.5 and 3.8 for
any post-KTx tumor [1, 3, 6].

According to data reported in the literature, NMSC was the
most frequent cancer [11]. The incidence of Kaposi’s sarcoma and
PTLD was comparable to other KTR cohorts [16, 17].

A second cancer occurred in 32.7% of CA+ patients at 122 ±
53 months after KTx. Two consecutive NMSCs accounted for
more than half of the cases and the majority of recurrences. This
suggests a reevaluation of IS maintenance therapy after NMSC,
considering the positive impact of switching to mTORi on
reducing the first recurrence of squamous cell carcinoma [18, 19].

Age at KTx was a major risk factor. Older age at KTx is
associated with a higher absolute risk of cancer because of
immune system senescence with reduced immunosurveillance
and the greater need for IS in marginal donors [20]. Dialysis
vintage, although longer compared to CA-, was not significant
(p = 0.06) for CA+. However, an increasing dialysis vintage was
identified by Wong et al. as a significant risk factor for post-KTx
solid tumors with a linear relationship [10].

Among kidney diseases, a greater presence of vasculitis was
observed in CA+ subjects. This association, with a limited
description in the literature, could be a consequence of the
cumulative potency of prior IS treatment added to IS for KTx
[21, 22]. In a paper recently published by our group, we observed
a significant incidence of post-transplant cancer in vasculitis,
which may be due to decreased immunosurveillance caused by a
stronger immunosuppressive therapy administered before and
after the transplantation [23]. In addition, we demonstrated a
correlation between ADPKD and CA+, confirming some findings
reported in the literature [24, 25].

A higher BMI at T1 appeared to be statistically significant; one
observational study reported higher exposure to tacrolimus in obese
KTRs with a substantial dose reduction required at 3 months [26].
Thus, the risk of overexposure to IS therapy may contribute to the
increased risk of cancer in KTRs with a high BMI. In any case, since
obesity may be independently linked to cancer development [27,
28], we explored this relationship further. We divided our cohort
according to the median BMI T1 (23.6 kg/m2). No statistical
differences were found between those patients above or below
the median BMI T1 in terms of time to de novo cancer (81 ±
49 vs. 83 ± 46 months, p = 0.87) and survival from de novo cancer
(64 ± 41 vs. 61 ± 46 months, p = 0.32). BMI T1 also showed no
influence on the type of cancer developed by the patients (p = 0.25).
We also examined the discriminatory power of BMI T1. The ROC
curve analysis, showed a significant ability to identify patients at
high risk of developing de novo cancer (p = 0.003- BMI T1
23.67 Youden index 0.103, with an AUC of 0.56).

Our study shows that ATG significantly affects the risk of
cancer post-KTx compared to Basiliximab. ATG use is linked to
an increased risk of NMSC, kidney, and lung cancer. [29]; in other
studies, ATG use was associated with an increased risk of PTLD
[30, 31]. The possible reason for these findings is related to the

ability of ATG to accelerate immunosenescence and the decline of
cell-mediated immune responses [32]. Careful, individualized
choice of induction therapy is essential to mitigate cancer risk,
especially in younger recipients, those with a neoplastic history,
and considering the immunologic risk profile of both recipient
and donor.

We found a high mortality rate among CA+ individuals, with
cancer being the leading cause of death in this group and the
second leading cause in the entire cohort. Among deceased CA+
individuals, 23% had advanced or metastatic cancer at diagnosis,
leading to death within 2 years. These findings highlight cancer as a
major cause of death in kidney transplant recipients. The variance
in median survival post-transplantation supports international
registry observations of increasing long-term cancer-related
mortality, which represents a cumulative risk [33]. International
registries have already established that cancer represents the second
or third cause of death in KTRs, a consequence of better
management of infections and cardiovascular disease in the last
decades [34, 35]. Our study confirms the negative impact of post-
KTx cancer on outcomes and emphasizes the importance of proper
screening and surveillance to enable early cancer diagnosis and
more effective treatment.

In recent decades, cancer treatments have significantly
improved survival and outcomes. However, KTRs are often
excluded from pharmacokinetic studies and oncology trials,
complicating their treatment. Nonetheless, new drug
opportunities should not be dismissed. We observed active
oncological treatment in only 17.5% of CA+ cases, mostly with
cytotoxic chemotherapy. Contrary to reports in the literature, our
study did not record any renal adverse events or rejections due to
oncological therapy [36, 37]. The monocentric and retrospective
nature of the study limited our ability to gather complete
information on the oncological appropriateness of indications,
the feasibility of optimal oncological treatment, and data to
evaluate outcomes in KTRs. We hypothesized that the lack of
precise indications in KTRs and limited nephrology expertise led to
a conservative approach. Rousseau et al. described that, according
to current guidelines, 11% of cases indicated that KTx and IS
interfere with optimal specific cancer treatment [38].

According to our data, a significant improvement in survival, in
both the NMSC group and other cancers was observed with the
switch to mTORi compared with the second group, although the
therapeutic impact of each cancer treatment could not be separated.
The indication of mTORi remains controversial; some data
recommend mTORi to reduce the risk of the first recurrence of
NMSC [39]. In solid malignancies, highly variable data are available
[40]; however, one small study found no significant difference in the
mTORi group for cancer recurrence, patient survival, and graft
function [41]. A meta-analysis of 56 studies reported a positive
association between sirolimus and a 40% reduction in cancer risk,
particularly a 56% reduction in NMSC risk [42]; however, an
unexpected correlation between sirolimus and an increased risk
of mortality was described [43]. To date, the introduction of mTORi
along with optimal anticancer treatment are the two factors that
appear to markedly improve CA+ survival. Further studies will be
crucial to identify high-risk cancer patients whowill benefit from the
use of mTORi.
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While our study has a large sample size and extended follow-up
in itsmonocentric design, limitations exist. Nonetheless, our findings
could inspire broader multicenter studies to aid in KTx-patient
cancer management. Notably, initiating mTORi after cancer
diagnosis correlated with improved patient survival. However, the
size of our cohort limits us to basic univariate analyses, precluding
in-depth examination across various cancer types. Future
multicenter investigations may delve into this area of interest.

Our analysis excluded episodes of rejection: no one received
ATG therapy for rejection. The retrospective nature of this
study limited comprehensive data collection on post-KTx
cancer management, including treatment duration, dose
adjustments, therapeutic indications based on graft function,
and potential no-treatment. Consequently, we could not
evaluate the impact of oncological treatment on long-term
clinical outcomes in KTRs.

CONCLUSION

Post-KTx cancer is a significant complication with notable
mortality. Although primarily descriptive, our monocentric
study includes a large number of patients. Administering ATG
significantly influences early cancer development post-KTx and
must be an individualized choice, taking into account recipient
and donor characteristics and previous cancer history. If cancer
develops, variations in IS therapy and initiations of mTORi
should be considered for better outcomes.
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Lung transplantation (LTx) is a well-known treatment for end-stage lung disease. This
study aimed to report the incidence of cancer after LTx and long-term outcome among
lung transplant recipients with a pretransplant diagnosis of cancer. Patients who
underwent LTx between 1990–2016 were included in the study. Detection of cancer
was obtained by cross-checking the study population with the Swedish Cancer Registry
and the Cause-of-Death registry. A total of 614 patients were followed for a median of
5.1 years. In all, 159 malignancies were diagnosed. The excess risk of cancer or
standardized incidence ratio (SIR) following LTx was 5.6-fold compared to the general
Swedish population. The most common malignancies were non-melanoma skin cancer
(NMSC) (SIR 76.5 (95%CI 61.7–94.8); non-Hodgkin lymphoma (SIR 23.5, 95%CI
14.8–37.2); and lung cancer (SIR 8.89, 95%CI 5.67–13.9). There was no significant
difference in overall survival between those with and without a history of cancer before LTx
(p = 0.56). In total, 159 malignancies were identified after LTx, which was a 5.6-fold higher
relative to the general population. A history of previous cancer yields similar survival in
selected recipients, compared to those without cancer prior to LTx.

Keywords: cancer, immunosuppression, heart transplantation, epidemiology, cohort study

INTRODUCTION

Lung transplantation (LTx) is nowadays an established treatment for patients with end-stage
respiratory disease [1]. The immunosuppression is a crucial component to prevent graft
rejection after LTx. However, there is a well-known risk of developing cancer in
immunosuppressed transplant recipients [2, 3] above all thoracic transplants [4]. After solid
organ transplantation, the risk has been reported to increase 2-4-fold compared with the general
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population [5, 6]. Lung cancer has been reported to be the most
common malignancy, excluding non-melanoma skin cancer
(NMSC), after LTx [7]. There are several factors associated
with the increased risk of developing cancer after LTx, such
as: higher age of both donor and recipient; type of
immunosuppression; and type of LTx (single or bilateral) [8,
9] but also likely the fact that the 5-year survival rate after LTx has
increased from 46% in 1990 to 57% in 2015 [10, 11].

Our study aims to report the incidence and long-term
outcome of malignancies after LTx, and to report the outcome
in those treated for cancer before LTx.

MATERIALS AND METHODS

From February 1990 to December 2016, 685 LTx were performed
in 633 patients at Sahlgrenska University Hospital (SUH) in
Gothenburg, Sweden. We used the local patient registry at the
Transplant Institute to identify those patients. We excluded those
who were not Swedish citizens, and thus did not receive follow-up
in Sweden after LTx (n = 19), and those who underwent re-
transplantation (n = 52). The remaining 614 patients [266 (43%)
men, 348 (57%) women, mean age of 50.0 years] had a median
follow-up time of 5.1 years and were included in the study.
Baseline characteristics for the cohort are shown in Table 1,
also stratified for time era. Chronic obstructive pulmonary disease
(177, 29%), pulmonary fibrosis (139, 23%), alfa-1-deficiency (104,
17%) and vascular disease (69, 11%) were the leading indications
for lung transplantation in this cohort (Figure 1).

Digital and scanned medical records from the transplantation
unit were reviewed for all the patients. The Swedish Population

Registry, which contains complete data about population
changes, such as the number of births, deaths, immigration,
and emigration, was used. The cancer diagnoses were obtained
from the Swedish Cancer Registry (SCR) of the National Board of
Health andWelfare, which contains data on all cancers diagnosed
among the Swedish population since 1958. Since the start of the
registry, it has been mandatory for pathologists and clinicians in
Sweden to report cancer diagnosis to the SCR. Therefore, the
registry has a very high coverage rate, and all our patients were
crosschecked with the SCR [12] and the national Swedish cause-
of-death registry to identify all patient’s survival and specifically
those with a diagnosis of cancer after LTx. We did not investigate
whether the patients have had basal cell carcinoma (BCC), since it
is not reported in the SCR, but also since the BCC carcinoma type
tends to grow slowly and metastases rarely occur [13].

At our centre, cancer, in general, has been a contraindication
for listing for LTx with a few exceptions (n = 26) outlined in
Table 1. We have followed International Society for Heart and
Lung Transplantation (ISHLT) recommendations, and those
with a cancer-free interval of at least 5 years, have been
eligible for waitlisting [14]. All of the cancer diagnoses were
histopathologically verified. The International Statistical
Classification of Diseases (ICD-10) code was used to classify
cancers. Our study was conducted in accordance with the
Declaration of Helsinki and was approved by the Regional
Ethical Review Board at University of Gothenburg (EPN no.
019-09, approval date 22nd Oct 2009, amendments approved
29th Nov 2010, 10th Dec 2012, 17th Dec 2013, 10th May 2017).

The immunosuppressive agents were administered according
to a local protocol and has remained relatively unchanged over
time. Most of the patients that underwent transplantation at SUH
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TABLE 1 | Patient characteristics.

Total 1985–2000 2001–2010 2011–2016 p-value

N = 614 N = 162 N = 237 N = 215

Sex 0.87
Males 266 (43%) 70 (43%) 100 (42%) 96 (45%)
Females 348 (57%) 92 (57%) 137 (58%) 119 (55%)

Age at LTx, mean (SD) 50.0 (13.7) 44.5 (12.9) 50.8 (13.2) 53.3 (13.6) <0.001
Age at LTx, median (IQR) 54.0 (44.0,60.0) 48.5 (36.0–54.0) 55.0 (44.0,60) 56.0 (48.0,63) <0.001
Age-group at LTx <0.001

<18 19 (3%) 7 (4%) 7 (3%) 5 (2%)
18–29 51 (8%) 20 (12%) 16 (7%) 15 (7%)
30–39 53 (9%) 21 (13%) 21 (9%) 11 (5%)
40–49 102 (17%) 39 (24%) 37 (16%) 26 (12%)
50–59 230 (37%) 66 (41%) 94 (40%) 70 (33%)
≥60 159 (26%) 9 (6%) 62 (26%) 88 (41%)

Diagnoses <0.001
COPD 177 (29%) 41 (25%) 78 (33%) 58 (27%)
α-1-antitrypsin 104 (17%) 42 (26%) 34 (14%) 28 (13%)
Eisenmenger 26 (4%) 21 (13%) 4 (2%) 1 (0%)
Pulmonary arterial hypertension 43 (7%) 18 (11%) 14 (6%) 11 (5%)
Cystic fibrosis 53 9%) 14 (9%) 20 (8%) 19 (9%)
Pulmonary fibrosis 139 (23%) 16 (10%) 57 (24%) 66 (31%)
Sarcoidosis 16 (3%) 2 (1%) 8 (3%) 6 (3%)
Sclerodermia 9 (1%) 0 (0%) 7 (3%) 2 (1%)
LAM 8 (1%) 0 (0%) 3 (1%) 5 (2%)
GVHD 7 (1%) 0 (0%) 4 (2%) 3 (1%)
Bronchiectasis 7 (1%) 0 (0%) 2 (1%) 5 (2%)
Other 163 (27%) 23 (14%) 63 (27%) 77 (36%)

Previous malignancy, and type
Mycosis Fungoides 5 5 (19%)
Lung 5 (19%)
Breast 4 (15%)
Lymphosarcoma/reticulosarcoma 2 (7%)
Prostate 2 (7%)
Brain and nervous system 1 (4%)
Kidney 1 (4%)
Bladder and urinary organs 1 (4%)
Female genital organs 1 (4%)
Lip 1 (4%)
Lymphoma (reticulosis) 1 (4%)
Skin (reticulosis) 1 (4%)
Cervix uteri 1 (4%)

Total 26
Smoking 0.15

No, never 201 (33%) 57 (35%) 68 (29%) 76 (35%)
No, stopped<6 mo. before LTx 5 (1%) 3 (2%) 1 (0%) 1 (0%)
No, stopped>6 mo. before LTx 391 (64%) 98 (60%) 164 (69%) 129 (60%)
Missing 17 (3%) 4 (2%) 4 (2%) 9 (4%)

Transplant type <0.001
Single transplant 235 (38%) 86 (53%) 126 (53%) 23 (11%)
Double transplant 379 (62%) 76 (47%) 111 (47%) 192 (89%)

Donor sex 0.045
Males 296 (48%) 85 (52%) 122 (51%) 89 (41%)
Females 318 (52%) 77 (48%) 115 (49%) 126 (59%)

Donor age (median) 46 (30, 57) 34 (21, 47) 46 (33, 57) 53 (40, 63) <0.001
CMV mismatch 0.11

No (0) 408 (66%) 123 (76%) 153 (65%) 132 (61%)
Yes (1) 80 (13%) 15 (9%) 36 (15%) 29 (13%)
Missing 126 (21%) 24 (15%) 48 (20%) 54 (25%)

BMI 22.1 (19.3, 25.6) 20.5 (18.7, 22.9) 22.4 (19.3, 26.0) 23.2 (19.9, 26.5) <0.001
Recipient blood group 0.69

0 221 (36%) 59 (36%) 81 (34%) 81 (38%)
A 294 (48%) 75 (46%) 117 (49%) 102 (47%)
AB 28 (5%) 11 (7%) 8 (3%) 9 (4%)
B 71 (12%) 17 (10%) 31 (13%) 23 (11%)

Follow-up (years) median (IQR) 5.1 (2.2, 9.9) 8.9 (2.0, 17.0) 8.3 (2.8, 11.5) 3.7 (2.0, 5.3) <0.001

COPD, chronic obstructive pulmonary disease; LAM, lymphangioleiomyomatosis; GVHD, graft versus host disease; CMV, cytomegalo virus.
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were treated with induction therapy (n = 599) using a t-cell
antibody to minimize the risk of early acute rejection [15]. In
general, all patients then received a triple combination of a
calcineurin inhibitor (tacrolimus or cyclosporine), an
antiproliferative agent, (mycophenolate mofetil (MMF) or
Azathioprine), and steroids (Prednisone) [16]. The most used
calcineurin inhibitor has been cyclosporine, and Azathioprine
was replaced as the antiproliferative agent by MMF in 2004-2005.

Data are presented as means and standard deviations, medians
and interquartile ranges, or numbers and percentages. Overall
survival curves were generated using Kaplan-Meier estimates and
comparisons between groups were performed with the log rank
test. Relative survival was calculated using the Ederer II method
[17]. Mortality data for the general population in Sweden was
used to estimate expected survival rates. The mortality data
comprised the probability of death for single-year age groups
in 1-year calendar period. Cumulative incidence of cancer was
analyzed using competing risk methods with death as a
competing event [18]. When analyzing cancer incidence for
different cancer types, person-years were calculated from date
of the transplantation to the first of the following events:
diagnosis of the cancer site; death; or end of surveillance
period, i.e., 31 December 2018. The standardized incidence
ratio (SIR) was defined as the observed number of cancers
during the observation time divided by the expected number
of cases, using incidence rates from the Swedish population
stratified for 5-year age groups (0–4, 5–9, . . . 80–84, 85-), sex
and calendar year. Incidence rates for different cancer sites were
used from the NORDCAN project. Furthermore, the coding of
cancer followed definitions according to international rules for
multiple primary cancers [19]. Univariable and multivariable risk
factor analyses were performed by Cox proportional hazards
regression model for the development of posttransplant
malignancy. The following parameters were tested by
univariable analyses: age (per 10 years), sex, body mass index
(BMI, <20; 20–30; >30), smoking (never; cessation >6 months
before LTx listing; cessation <6 months before LTx listing),

diagnostic groups, donor age (per 10 years), donor cytomegalo
virus (CMV) +/−, recipient CMV+/−, CMV mismatch and
recipient blood group. Significant risk factors identified in the
univariate models were tested also in a multivariable model. All
statistical tests were two-sided, and a p-value of <0.05 was
considered statistically significant. Statistical analyses were
carried out with Stata/IC 16.1.

RESULTS

Mortality for the whole patient cohort within 30 days and 1-year
post-transplant was 36/614 (6%) and 107/614 (17%), respectively.
Overall survival for the whole cohort at 1, 5, and 10 years was:
82% (95%CI 79%–85%); 61% (95%CI 57%–65%); and 43% (95%
CI 38%–47%), respectively. Five-year overall survival for those
who underwent LTx: was 59% (95%CI: 51%–66%) between
1990 and 2000; 65% (95%CI: 59%–71%) between 2001 and
2010; and 57% (95%CI: 49%–64%) between 2011 and 2016
(Figures 2A–D). There was no significant difference in overall
survival over time (p = 0.52). However, risk profile has
dramatically changed over time, as illustrated by recipients
above 60 years of age were only 6% in the first compared to
41% in the last time-era (p < 0.001) (Table 1).

A total of 159 de novo cancers were diagnosed in 111 LTx
patients (48 men and 63 women) during follow-up, which
corresponds to 18% of the total study population (Table 2). In
comparison, 28.6 cancers would have been detected in a cohort
from the general population matched by age, sex, and time
period. The resulting SIR was 5.56 (95%CI 4.76–6.50) for all
cancers after LTx, and 2.76 (95%CI: 2.21–3.46) after
excluding NMSC.

Our study’s cumulative incidence of death was 16.4% at
1 year, 33.3% at 5 years, 46.8% at 10 years and 56.1% at
15 years post-transplantation. Corresponding numbers for
the cumulative incidence of cancer were: 2.7% at 1 year;
10.6% at 5 years; 17.9% at 10 years; 22.5% at 15 years; and
23.6% at 20 years (Figures 2A, B). The cumulative incidence of
de novo malignancy after LTx showed no significant difference
between time eras (p = 0.40) (Figure 2C). There was no
significant difference in overall mortality (p = 0.29) between
the three time periods (Figure 2D).

The type and frequency of solid tumors for the total group, and
shown separately for men and women, are listed in Table 2. The
most common type of cancer after LTx was non-melanoma skin
cancer (NMSC) (52.2% of all cancers), lung cancer (11.9% of all
cancers), and non-Hodgkin Lymphoma (11.3% of all cancers). Of
those 19 lung cancers that we found after LTx, the majority (n =
13) were developed in the transplanted lung, four in the native
lung and two were unknown.

The SIR for cancer types diagnosed in 4 or more individuals
are shown in Table 3. The excess risk of all cancers for the total
population was 5.6 and similar between men and women (SIR
4.90 and SIR 6.17, respectively).

The overall incidences of cancers in the cohort were higher
than expected for: NMSC SIR 76.5 (95%CI 61.7–94.8); non-
Hodgkin Lymphoma (SIR 23.5, 95%CI 14.8–37.2); lung cancer

FIGURE 1 | Etiology of lung failure as proportions of patients by
diagnosis prior to lung transplantation. COPD, Chronic obstructive
pulmonary disease.
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(SIR 8.89, 95%CI 5.67–13.9); and malignant melanoma (SIR 3.24,
95%CI 0.35–7.78).

Univariable and multivariable analysis between baseline
characteristics and NMSC only is shown in Table 4.
Significant risk factors in the multivariable model predicting
NMSC only were: age per 10 years [HR 2.23, (95%CI
1.51–3.42), p < 0.001] and recipient blood group A [HR 2.36,
(95%CI 1.01–5.53), p < 0.001].

We found 26 (4%) malignancies in 26 patients that had
occurred 9.1 years (IQR 2.3–18.3) before LTx. Three of these
were actually lung cancers detected at LTx. The median age at
their first tumor before LTx was 42 years (IQR 33–53 years), and
at LTx the recipient median age was 53 years (IQR 44–59). The
most common cancers were: lung, breast, prostate,
lymphosarcoma and reticulosarcoma which are shown in
Table 1. There was no significant difference in overall survival
between those with and without a history of cancer before LTx

(p = 0.80) (Figure 3). Furthermore, there was no significant
difference (p = 0.73) in post-LTx relative survival between cancer-
free patients versus those who had experienced cancer before
LTx (Figure 4).

We have no data regarding recurrence of cancers in patients
who had malignancy before LTx.

DISCUSSION

This Swedish cohort of lung transplanted patients was studied
through national obligatory cancer and cause of death registries,
and we observed an overall 5.6-fold excess risk of cancer relative
to the general population after a median of 5.1 years of follow-
up. The majority of these cancers were NMSC, and when we
excluded them from analysis, the risk relative to the general
population was reduced to a 2.8-fold excess risk of developing

FIGURE 2 | (A–D)Cumulative probability of cancer and cumulative incidence of death. Cumulative incidence of competing risks cancer (panel (A)] and death [panel
(B)], and related to time-era after lung transplantation. Both outcomes cancer and death need to be assessed together since they are competing outcomes. Estimates
and 95% confidence intervals are shown under the number of patients at risk.
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cancer. We also noted, that there was no significantly different
survival in patients who had a cancer before LTx, compared to
those without a cancer.

Transplanted patients have a higher risk of developing skin
cancer. It is also known that those tumors are more aggressive
compared to immunocompetent patients [20]. We identified
NMSC as the most common cancer, with 83 cancers in a total
cohort of 614 patients (13.5%) after LTx. Rashtag et al. identified
skin tumors in approximately 28% (47/166 patients) after a
median follow-up of 3 years. Berastegui et al. found 39 cases of
NMSC in their cohort of 1100 patients (3.5%) after a follow-up
of 3 years. However, the data from these studies were not
obtained from a national population registry or cancer
registry, as in our study, but from individual hospital
databases, which might result in missing cancer diagnoses
during follow-up. In our study, among NMSC only, age and
blood group were identified as independent predictors of
developing NMSC after LTx. In concordance Rashtak et al.
reported that age per 10 years [HR 1.54 (95%CI 1.14–2.09), p =
0.005] but also male sex [HR 2.79 (95%CI 1.48–5.28), p = 0.002]
and a history of NMSC [HR 4.23 (95%CI 1.93–9.26), p =<0.001]
were associated with the development of NMSC after lung
transplantation [21].

In our study, when we excluded NMSC, the excess risk was
2.8 -fold to develop cancer in relation to the general
population. In comparison, a large American study by
Magruder et al. observed a 3.26-fold excess risk to develop
cancer. In a Spanish study with 1353 patients by Berastegui
et al. 125 (9.2%) developed cancer after a mean of 3.7 years,
which resulted in a 5-fold higher risk compared to the general
population [22]. The cumulative incidence of a de novo

TABLE 2 | Cancer following LTx 1990–2016.

Cancer site (ICD-10) Sex Total

Males Females

Extrahepatic bile duct (C24) 0 1 1
Bladder (C67) 2 1 3
Breast (C50) 0 2 2
Colon (C18) 1 1 2
Cervix uteri (C53) 0 1 1
Gallbladder (C23) 1 0 1
Gastric (C16) 1 1 2
Hodgkin lymphoma (C81) 0 2 2
Isthmus uteri (C54) 0 1 1
Lip (C00) 0 2 2
Lung (C34) 6 13 19
Liver cell carcinoma (C22) 1 1 2
Malignant melanoma (C43) 2 3 5
Mouth (C06) 1 0 1
Non-Hodgkin Lymphoma (C83-C85) 4 14 18
Other malignant neoplasms of skin (C44) 39 44 83
Pancreas (C25) 0 1 1
Penis (C60) 1 0 1
Prostate (C61) 8 0 8
Thyroid gland (673) 0 2 2
Vulva (C51) 0 2 2
Total 68 92 159

TABLE 3 | Observed and expected cancer risks following LTxa.

Site (ICDO-10) Observer number Expected number Person years SIR (95% CI)

All sites
Total 159 28.6 3903 5.56 (4.7–6.50)
Males 67 13.7 1722 4.90 (3.8–6.23)
Females 92 14.9 2181 6.17 (5.03–7.57)

All sites (exluding NMSC)
Total 76 27.5 3903 2.76 (2.21–3.46)
Males 28 13.1 1722 2.14 (1.48–3.10)
Females 19 14.4 2181 3.34 (2.51–4.43)

Lung (C33, C34)
Total 19 2.14 3903 8.89 (5.67–13.9)
Males 6 0.90 1722 6.64 (2.98–14.8)
Females 13 1.23 2181 10.5 (6.12–18.1)

Malignant melanoma (C43)
Total 5 1.54 3903 3.24 (0.35–7.78)
Males 2 0.71 1722 2.82 (0.70–11.3)
Females 3 0.83 2181 3.60 (1.16–11.1)

Skin, exkl. malignant melanoma (C44)
Total 83 1.09 3903 76.5 (61.7–94.8)
Males 39 0.58 1722 68.6 (50.1–93.9)
Females 44 0.52 2181 85.1 (63.3–114)
Prostate (C61)

Males
8 5.12 1696 1.56 (0.78–3.13)

Non-Hodgkin Lymphoma (C81-C85)
Total 18 0.77 3903 23.5 (14.8–37.2)
Males 4 0.40 1722 10.0 (3.76–26.7)
Females 5 0.17 2180 38.1 (22.5–64.3)

aObserved and expected number of cancers, person years in follow-up and Standardized Mortality Ratio (SIR) per site after lung transplantation. NMSC, nonmelanoma skin cancer (not
including basal cancer).
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malignancy between 1 and 5 years after LTx was 7.9%. The
most common cancer was NMSC, followed by non-Hodgkin
Lymphoma and lung cancer, very similar to our observations.
There were no independent predictors of cancer (excluding
NMSC) in our study. Predictors of de novo malignancies

following LTx presented by Magruder et al. were age, male
sex and single-lung transplantation. The cumulative incidence
of death was in our study 16.4% at 1 year 33.3% at 5 years,
46.8% at 10 years and 56.1% at 15 years post transplantation.
Although some report limited survival among lung transplant
recipients, Rashtak et al. reported a 53% mortality at 5 years
and 86% at 10 years post-LTx. Our survival was better, but
clearly lower than for other organ transplants [21].
Corresponding numbers, in a study with over 4000 patients,
5 years and 10 years after liver transplantation was 21% and
33% respectively [23]. A study on kidney transplantation
showed a 11% mortality at 5 years and 22% after 10 years.
[24]. Obviously, death as an event is a competing outcome to
developing cancer, and particularly in LTx with a relatively
high cumulative early death rate, the assessment of survival
and cancer incidence needs to be analyzed together. Clearly,
our study also shows that there was no difference in cumulative
incidence of cancer between time eras, and considering that
recipients have become older and sicker when accepted for
LTx, this might even imply a better screening and detection of
cancer in modern era.

After NMSC, non-Hodgkin lymphoma had the highest
incidence (SIR 23) of cancer after LTx. A well-known
complication after lung transplantation is post-transplant
lympho-proliferative disease (PTLD) [25], however this entity

TABLE 4 | Uni- and multivariable Cox proportional hazard regression for developing NMSC after LTxa.

Variable Number of persons with cancer/N Cox proportional hazard regression

Univariable Multivariable

HR (95% CI) p HR (95% CI) p

Age at LTx, per 10 years 36/614 2.25 (1.51–3.36) <0.001 2.23 (1.51–3.42) <0.001
Sex
Male 16/266 1.0 (ref.)
Female 20/348 0.98 (0.50–1.88) 0.94

BMI
<20 13/196 1.0 (ref.)
20–30 22/363 1.06 (0.54–2.12) 0.86
>30 1/50 0.42 (0.05–3.12) 0.40

Smoking
No, ended >6 mon before LTx 9/206 1.0 (ref.)
No, ended <6 mon before LTx 27/391 1.67 (0.78–3.55) 0.50

Diagnosis group
COPD 15/177 1.0 (ref.)
Alfa1 deficiency 9/104 0.96 (0.42–2.19) 0.92
Vascular disease 0/69 - -
Cystic fibrosis 1/53 0.21 (0.03–1.56) 0.13
Pulmonary fibrosis 9/139 0.96 (0.42–2.19) 0.92
Other 2/72 0.94 (0.40–2.22) 0.89

Donor age, per 10 years 36/614 0.34 (0.08–1.50) 0.16
Recipient blood group
0 7/221 1.0 (ref.) 1.0 (ref)
A 22/294 2.46 (1.05–5.76) 0.038 2.36 (1.01–5.53) 0.048
AB 2/28 2.45 (0.51–11.8) 0.18 2.96 (0.61–14.3) 0.18
B 5/71 1.95 (0.62–6.16) 0.72 1.73 (0.55–5.46) 0.35

CMV mismatch
No 24/408 1.0 (ref.)
Yes 8/80 1.92 (0.86–4.28) 0.11

aTime from date of lung transplantation (LTx) to first cancer analyzed. Twenty years follow-up.
LTx, lung transplantation; NMSC, non-melanoma skin cancer; BMI, body mass index; CMV, cytomegalo virus; COPD, chronic obstructive pulmonary disease.

FIGURE 3 | Pretransplant malignancy overall survival compared to those
without. Estimates and 95% confidence intervals are shown under the number
of patients at risk.
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does not have its own ICD number, and we account them as non-
Hodgkin lymphoma since they are registered in that way by the
SCR. In a study by Zaffiri et al. using ISHLT database with more
than 19,000 lung transplant procedures registered they were able
to identify 454 PTLD, resulting in a cumulative incidence of about
1% during the first year [26]. However, data from this registry was
from an international community with a high risk of missing data
and not compared to population in general, but our data indicate
similar figures, although we cannot discriminate between PTLD
and non-Hodgkin lymphomas.

We found a total of 19 lung cancers in 19 patients (3.1%),
resulting in a 8.9-fold increased risk after LTx. Corroborating
our findings, a French study by Chatron et al. found a total of
19 lung cancers in 463 patients after LTx (4.10%) after a median
follow-up time of 21.5 months. [27]. Out of 633 lung transplant
patients Pérez-Callejo et al. found that lung cancer was detected
in 23 of them (3.63%), with a median follow-time of 3.5 years.
[28]. Magruder et al. found the most common cancer after LTx
was lung cancer (26.2% of all malignancies, SIR 6.49, 95% CI:
5.04–8.45) after a median follow-up time of 2.97 years. In a large
study from the United States, Engels et al. also found an
increased risk of developing lung cancer after LTx, resulting
in a SIR not very different from ours SIR6.13 (95% CI,
5.18–7.21) [29]. The ISHLT reported that cancer was the 2nd
most common cause of death in patients who underwent LTx
five to 10 years out from transplant (17.3%) and for patients who
were more than 10-year after the procedure (17.9%) [11]. In our
cohort, 65% of the patients confirmed a smoking history. Earlier
studies have reported that smoking history and older age have
been shown to increase the risk of lung cancer after LTx, which
are the same risk factors as for the general population.
Interestingly, previous smoking was not identified in our
study as a predictor of cancer, neither by univariable nor by
multivariable testing. Those patients who received a single lung
have been reported to be at a higher risk for lung cancer
(compared to those who underwent double lung

transplantation). The native lung left behind has with
inherent risk from the underlying disease, been claimed as a
possible explanation [7, 28–32]. Predictors of de novo
malignancies following LTx presented by Magruder et al.
were age, male sex, and single-lung transplantation [7].

CONCLUSION

In total 159 malignancies were identified after LTx, which was a
5.6-fold higher relative to the general population. A history of
previous cancer yields similar survival in selected recipients,
compared to those without cancer prior to LTx.
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Heart transplant patients have an increased risk of developing cancer. Patients who
underwent HTx between 1985 and 2017 were included. Detection of cancer was obtained
by cross-checking the study population with the Swedish Cancer-Registry and the Cause-
of-Death-Registry. A total of 664 patients were followed for a median of 7.7 years. In all,
231 malignancies were diagnosed in 138 patients. Compared to the general population
the excess risk of cancer following HTx was 6.2-fold calculated as the standardized
incidence ratio (SIR) and 2.9-fold after exclusion of non-melanoma skin cancer (NMSC).
The most common malignancies were NMSC, non-Hodgins lymphoma, and lung cancer.
There was no significant difference in overall survival between those with and without a
history of cancer before HTx (p = 0.53). During amedian follow-up of 7.7 years, 19% of HTx
recipients developed cancer, 6.2-fold higher relative to the general population, and 2.9-fold
higher when excluding NMSC. Risk factors for malignancies (excluding NMSC) included
previous smoking, hypertension and prolonged ischemic time; and for NMSC, increasing
age, seronegative CMV-donors, and azathioprine. A previous cancer in selected recipients
results in similar survival compared to those without cancer prior to HTx.

Keywords: cancer, heart transplantation, epidemiology, cohort study, single center study

INTRODUCTION

Heart transplantation (HTx) is a life-saving treatment for end-stage heart failure. Long-term survival
after HTx is limited by several risk factors.; one of them being malignancies. As compared with the
general population, solid organ recipients have a 2-4-fold higher risk of developing cancer [1–3], a
major cause of morbidity and mortality [4].

Compared with recipients of abdominal organs, thoracic transplant recipients have a higher risk
of developing cancer. The leading cause is the higher doses of immunosuppressive agents needed to
prevent organ rejection [5–7]. The most frequent cancers after HTx have been reported to be non-
melanoma skin cancer (NMSC), lung cancer and lymphomas [8].

The present study examines the incidence of post-transplant cancer and the survival rate among
HTx recipients diagnosed with cancer at the Sahlgrenska University Hospital (SUH). Survival rates
are compared with the general population in Sweden. It was also studied if a history of treated cancer
before HTx affected post-transplant cancer incidence and survival.
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PATIENTS AND METHODS

Between June 1985 and December 2017, 708 HTx were
performed at the SUH. After exclusion of patients treated with
re-transplantation (n = 21) and patients followed abroad (n = 23),
a total of 664 patients were included in the study. Baseline
characteristics are shown in Table 1. The mean age was
48 years and 74% of the cohort were men. The median
follow-up time was 7.7 years generating a total of
5,668 patient-years. Figure 1 depicts the etiology of heart
failure in the study population. The study was conducted in
accordance with the Declaration of Helsinki and was approved by
the Regional Ethical Review Board at University of Gothenburg
(EPN no. 019-09, approval date 22nd October 2009, amendments
approved 29th November 2010, 10th December 2012, 17th
December 2013, 10th May 2017). The main outcome was the
detection of cancer among participants, by cross-checking the
study cohort with the Swedish Cancer Register (SCR) [9] and the
Swedish Cause of Death Register (SCDR), which both are
operated by the Swedish National Board of Health and
Welfare. The following cancer diagnosis codes were used: 140-
239 (International Classification of Diseases-9 until 1996) and
codes C00-D48 (International Classification of Diseases-10 from
1997). Data on basal cell carcinoma (BCC) were not available
from these registers, and are, therefore, not included in our
NMSC population.

All Swedish citizens have a specific personal identity number
that is registered at all healthcare contacts. This allows tracking of
how the Swedish population interacts with the healthcare system

[10]. The SCR, that originates from 1958 holds information on all
citizens registered in Sweden with a cancer diagnosis. The SCDR,
which stems from 1961, registers the cause of death, including
cancer, for all deceased citizens registered in Sweden. All cancer
diagnoses in this report were verified by a histopathological
examination. The International Rules for Multiple Primary
Cancers (IARC, ICD-0 Third Edition) were applied to ensure
correct numbers of cancer tumors reported [11]. These rules
enable comparison of cancer risk and outcome between different
populations.

Listing criteria for HTx were coherent with established
international guidelines [12]. Recipients and donors were
matched for ABO blood group compatibility. Complement-
dependent cytotoxicity assays were performed to assess the
recipient serum’s ability to lyse a panel of T or B cells and, if
positive above a certain level, a prospective donor-specific cross-
match was performed. At the beginning of our HTx program, bi-
atrial technique was initially used but this was slowly changed to
bi-caval technique during the period as formerly described [13].
Over time, the complexity of surgery has increased, and the
number of patients bridged with mechanical circulatory support
has risen. Survival has improved over time, which has previously
been reported [14].

Induction therapy has been applied throughout our HTx
program (n = 573), mainly anti-thymocyte globulin. All
patients received a regime with three different
immunosuppressive agents, including a calcineurin inhibitor
(cyclosporine or tacrolimus), an antimetabolite (azathioprine
or mycophenolate mofetil (MMF) and a corticosteroid, tapered
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during the first year. Previously, cyclosporine and azathioprine
constituted the primary immunosuppressive treatment but were
replaced with tacrolimus and MMF during the 2000s. According
to a routine protocol, percutaneous transvenous myocardial
biopsies were used for rejection monitoring. All patients
received acetylsalicylic acid and a statin as a preventive
measure for graft vasculopathy.

Data are presented as means and standard deviations, medians
and interquartile ranges, or numbers and percentages. Overall
survival curves were generated using Kaplan-Meier estimates and
comparisons between groups were performed with the log rank
test. Relative survival was calculated using the Ederer II method
[15]. Mortality data for the general population in Sweden were
used to estimate expected survival rates. The mortality data
comprised the probability of death for single-year age groups
in 1-year calendar period. Cumulative incidence of cancer was
analyzed using competing risk methods with death as a
competing event [16]. When analyzing cancer incidence for
different cancer types, person-years were calculated from date
of the transplantation to the first of the following events:
diagnosis of the cancer site; death; or end of surveillance

period, i.e., 31 December 2018 The standardized incidence
ratio (SIR) was defined as the observed number of cancers
during the observation time divided by the expected number
of cases, using incidence rates from the Swedish population
stratified for 5-year age groups (0–4, 5–9, . . . 80–84, 85-),
gender and calendar year. Incidence rates for different cancer
sites were used from the NORDCAN project. Furthermore, the
coding of cancer followed definitions according to International
rules for multiple primary cancers [11]. Univariable and
multivariable risk factor analyses by Cox proportional hazards
regression model for the development of posttransplant
malignancy were performed. The following parameters were
tested by univariable analyses: age (per 10 years), sex, BMI
(<20; 20–30; >30), smoking (never; cessation >6 months
before HTx listing; cessation <6 months before HTx listing),
hypertension, diabetes mellitus, TIA/stroke, previous cardiac
surgery, donor age (per 10 years), CMV+/− donor, CMV+/−
recipients, CMV mismatch, ventricular assist device (VAD),
ischemic time (<3; 3–4; >4 h), total induction dose with ATG
(<200; 200–800; >800 mg) and proliferation inhibitors
(azathioprine vs. MMF). Significant risk factors in the
univariate models for all cancers and NMSC, respectively
(Supplementary Tables S1, S2) were tested also in a
multivariable model. All statistical tests were two-sided, and a
p-value of <0.05 was considered statistically significant. Statistical
analyses were carried out with Stata/IC 16.1.

RESULTS

Mortality for the whole patient cohort within 30 days and 1-year
was 51/664 (8%) and 78/664 (12%), respectively. Overall survival
was for the whole cohort at 1, 5, 10, 15 and 20 years was: 88%
(95% CI 86%–90%); 80% (95% CI 76%–83%); 67% (95% CI 63%–
71%); 53% (95% CI 48%–58%) and 37% (95% CI 32%–43%),
respectively. Overall survival for HTx patients increased

TABLE 1 | Patient characteristics*.

Characteristics

Age, years 48 (33–57)
Follow-up time, years 7.7 (3.0–13.6)
Gender
Males 494 (74)
Females 170 (26)

Smoking
Previous, cessation <6 months before HTx 57 (9)
Previous, cessation >6 months before HTx 227 (34)
Never 355 (53)
Missing data 25 (4)

Previous malignancy, and type
Acute lymphoblastic leukemia (ALL) 3 (11.1)
Adrenal gland 1 (3.7)
Breast 2 (7.4)
Corpus uteri 1 (3.7)
Hodgkin lymphoma 3 (7.4)
Connective and soft tissue of lower limb including hip 1 (3.7)
Connective and soft tissue of thorax 1 (3.7)
Lymphosarcoma 3 (11.1)
Ovary 1 (3.7)
Other primary malignant neoplasm of lymphoid tissue 1 (3.7)
Other skin of other and unspecified parts of face 1 (3.7)
Pelvic bones, sacrum and coccyx 1 (3.7)
Prostate 1 (3.7)
Stomach 2 (3.7)
Testis 1 (3.7)
Unspecified axilla and upper limb lymph nodes 1 (3.7)
Unspecified part of bronchus or lung 1 (3.7)
Vertebral column 1 (3.7)

Total 26 (100)
Donors
Males 405 (61%)
Females 255 (38%)
Missing data 4 (1%)

Median age of the donor, years 40.0 (23–51)

*Values are presented as medians with interquartile ranges or numbers and percentages
within parenthesis.

FIGURE 1 | Etiology of heart failure as proportions of patients by
diagnosis prior to heart transplantation. DCM= dilated cardiomyopathy, IHD =
ischemic heart disease, CHD = congenital heart disease, HCM = hypertrophic
cardiomyopathy.
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significantly over time (p < 0.001). Five-year overall survival for
those who underwent HTx between 1985 and 2000 was: 70%
(95% CI: 64%–75%); between 2001 and 2010 81% (95% CI: 75%–
86%); and between 2011 and 2017 92% (95% CI: 85%–96%)
(Supplementary Figure S1).

A total of 231 de novo cancers were diagnosed in 138 HTx
patients during follow-up, which corresponds to 19.6% of the
total study population (Table 2). In contrast 37.5 detected cancers
would have been in a cohort from the general population
matched by age, sex and time period. This resulted in a SIR of
6.2 (95% CI 5.4–7.0) for all cancers and a SIR of 2.9 (95% CI:
2.4–3.5) after exclusion of NMSC.

The cumulative incidence of a de novo malignancy between
1 and 5 years after transplant was 4.6%. The cumulative incidence
of cancer for the total cohort at 1, 5, 10, 15 and 20 years was 2.4%
(95% CI 1.5–3.9), 7.0% (95% CI 5.2–9.3), 19% (95% CI 15.8–23),
26% (95% CI 22–31) and 33% (95% CI 28–38), respectively.

Cumulative incidence of post-HTx cancers by three
prespecified time periods showed no difference over time
(Figure 2A). During these same eras there was a significant
decrease in overall cumulative mortality (Figure 2B).

The type and frequency of solid tumors for the total group, and for
men and women separately, are listed in Table 2. The most common
type of cancer was NMSC (55% of all cancers), non-Hodgin’s
lymphoma (11.7%of all cancers) and lung cancer (4.3%of all cancers).

Among the patients who developed lung cancer (eight men
and two women), 80% had a smoking history. Among them, four
patients had stopped smoking <6 months before HTx listing and
four had stopped >6 months before HTx listing.

A total of 44 patients (32%) had multiple tumors; 18 patients
had 2 tumors, 6 patients had 3 tumors, 3 patients had 4 tumors and
5 patients had 5 tumors. Two patients developed 7 tumors each.
One had 5NMSC, one lip tumor and one salivary gland tumor, and
the other had 5 NMSC, 1 anal cancer and 1 salivary gland tumor.

The SIR for cancer types diagnosed in four persons or more,
are shown in Table 3. The excess risk of all cancers for the total
population was 6.2 and similar between men and women (SIR
6.39 and SIR 5.18, respectively).

The overall incidences of cancers in the cohort were higher
than expected for: NMSC (SIR 82.6, 95% CI 69.4–98.3); non-
Hodgkin lymphoma (SIR 24.8, 95% CI 17–36.1); malignant

TABLE 2 | Number of cancers after HTx according to ICD-10.

Site (ICD-10) Sex Total

Males Females

Acute myeloblastic leukemia (AML) (C92) 1 1
Anus (C21) 1 1
Bladder (C67) 1 1
Breast (C50) 3 3
Brain (C71) 2 2
Colon (C18) 1 1
Cerebral meninges (C70) 2 1 3
Cervix uteri (C53) 1 1
Connective and soft tissue (C49) 1 1
Extrahepatic bile duct (C24) 1 1
Gastric (C16) 4 1 5
Glottis (C32) 1 1 2
Hodgkin lymphoma (C81) 1 1
Kidney (C64) 3 3
Lip (C00) 7 7
Lung (C34) 8 2 10
Lymph nodes (C77) 1 1
Malignant melanoma (C43) 4 2 6
Malignant of other and ill-defined sites (C76) 1 1
Multiple Myeloma (C90) 4 4
Non-Hodgkin lymphoma (C83-C85) 22 5 27
Nasal cavity (C30) 1 1
Penis (C60) 2 2
Prostate (C61) 12 12
Oral cavity (C03,C08) 2 2
Other malignant neoplasms of skin (C44) 110 17 127
Tonsil (C09) 1 1
Upper respiratory tract (C39) 1 1
Urethra (C66) 1 1
Vulva (C51) 2 2
Total 195 36 231

FIGURE 2 |Cumulative incidence of competing risks cancer (A) and death (B), and related to time-era after heart transplantation. Both outcomes cancer and death
need to be assessed together since they are competing outcomes. Estimates and 95% confidence intervals are shown under the number of patients at risk.
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melanoma (SIR 9.42, 95% CI 4.24–21.0); multiple myeloma (SIR
9.08, 95% CI 3.41–24.2); gastric (SIR 7.86, 95% CI 3.27–18.9);
lung (SIR 3.68, 95% CI 1.98–6.84); and kidney (SIR 3.20, 95%
CI 1.03–9.92).

Among the 138 HTx patients who developed post-HTx
cancer, 29 died from their malignancy: non-Hodgkin
lymphoma (n = 13), lung cancer (n = 8), NMSC (n = 5), and
gastric (n = 3).

Univariable and multivariable associations between baseline
factors and cancer (omitting NMSC) are shown in Table 4.
Independent predictors of cancer development included:
smoking cession <6 months before HTx listing [HR 3.46 (95%

CI 1.69–7.07), p < 0.001]; hypertension [HR 2.16 (95% CI
1.10–4.26), p < 0.026]; ischemic time (reference: <3 h) 3–4 h
[HR 1.93 (95% CI 1.09–3.40), p = 0.024]; and treatment with
azathioprine (vs. MMF) [HR 1.69 (95% CI 0.99–2.90), p < 0.055].
Interestingly, CMV mismatch was not significantly associated
with cancer [HR 0.79 (95% CI 0.39–1.62), p = 0.53].

Significant risk factors in the multivariable model predicting
NMSC only (Table 4) were: age per 10 years [HR 2.90 (95% CI
1.85–4.55), p < 0.001]; hypertension [HR 1.87 (95% CI
0.91–3.84), p < 0.091], seronegative CMV-donor [HR 2.14
(95% CI 1.11–4.14), p = 0.024], and treatment with
Azathioprine [HR 2.53 (95% CI 1.20–5.36), p < 0.015].

TABLE 3 | Observed and expected cancer risks following HTx.*

Site (ICDO-10) Observed number Expected number Person years SIR (95% CI)

All sites
Total
Males
Females

231
195
36

37.5
30.5
6.95

5,668
4,175
1,493

6.16 (5.42–7.01)
6.39 (5.55–7.35)
5.18 (3.74–7.18)

All sites (except NMSC)
Total
Males
Females

104
85
19

35.9
29.2
6.73

5,668
4,175
1,493

2.89 (2.39–3.51)
2.91 (2.35–3.60)
2.82 (1.80–4.43)

Lip (C00)
Total
Males
Females

7
7
0

0.10
0.08
0.01

5,668
4,175
1,493

72.6 (34.6–152)
83.0 (39.6–174)

—

Stomach (C16)
Total
Males
Females

5
4
1

0.64
0.56
0.08

5,668
4,175
1,493

7.86 (3.27–18.9)
7.13 (2.68–19.0)
13.3 (1.87–94.5)

Breast (C32)
Total
Males
Females

3
0
3

2.38
0.05
2.33

5,668
4,175
1,493

1.26 (0.41–3.91)

1.28 (0.41–3.98)
Lung (C33, C34)
Total
Males
Females

10
8
2

2.72
2.21
0.51

5,668
4,175
1,493

3.68 (1.98–6.84)
3.62 (1.81–7.25)
3.93 (0.98–15.7)

Malignant melanoma (C43)
Total
Males
Females

6
4
2

0.64
0.56
0.08

5,668
4,175
1,493

9.43 (4.24–21.0)
7.13 (2.68–19.0)
26.6 (6.66–106)

Skin, NMSC (C44)
Total
Males
Females

127
110
17

1.54
1.31
0.23

5,668
4,175
1,493

82.6 (69.4–98.3)
84.0 (69.7–101)
74.7 (46.4–120)

Prostate (C61)
Males 12 10.6 4,110 1.13 (0.64–1.99)

Kidney (C64)
Total
Males
Females

3
3
0

0.94
0.82
0.12

5,668
4,175
1,493

3.20 (1.03–9.92
3.65 (1.18–11.3)

Non-Hodgkin lymphoma (C81-C85)
Total
Males
Females

27
22
5

1.09
0.92
0.17

5,668
4,175
1,493

24.8 (17.0–36.1)
23.9 (15.7–36.3)
29.4 (12.2–70.6)

Myeloma (C90)
Total
Males
Females

4
4
0

0.44
0.38
0.06

5,628
4,135
1,493

9.08 (3.41–24.2)
10.6 (3.99–28.3)

*Observed and expected number of cancers, person years in follow-up and Standardized Mortality Ratio (SIR) per site after heart transplantation. NMSC, non-melanoma skin cancer (not
including basal cancer).
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A total of 26 patients (4%) had a malignancy history >5 years
before HTx. The median age at their first tumor was 34 years
(IQR; 11.3–52.2 years). The most common cancers were: acute
lymphoblastic leukemia, lymphosarcoma, and Hodgkin
lymphoma, shown in Table 1. There were no significant

differences in overall survival between those with and
without cancer before HTx (Figure 3). Furthermore, there
was no significant difference in post-HTx relative survival
between patients who were cancer-free before and after
HTx (Figure 4).

TABLE 4 | Uni- and multivariable Cox proportional hazard regression for developing cancer.*

Risk factors for any cancer except skin cancer after HTx

Variable Number of persons with cancer/N Cox proportional hazard regression

Univariable Multivariable

HR (95% CI) p HR (95% CI) p

Smoking
No, never 23/355 1.0 (ref.) 1.0 (ref.)
No, stopped >6 months before HTx 27/227 1.84 (1.05–3.21) 0.032 1.70 (0.96–3.02) 0.070
No, stopped < 6 months before HTx 12/57 3.12 (1.55–6.27 0.001 3.46 (1.69–7.07) 0.001

Hypertension
No 51/565 1.0 (ref.) 1.0 (ref.)
Yes 11/74 1.92 (1.00–3.68) 0.050 2.16 (1.10–4.26) 0.026

Ischemic time (hours)
<3 23/285 1.0 (ref.) 1.0 (ref.)
3–4 30/274 1.44 (0.84–2.48) 0.19 1.93 (1.09–3.40) 0.024
>4 10/97 1.59 (0.75–3.34) 0.22 1.92 (0.87–4.24) 0.11

Proliferation inhibitors
MMF 23/355 1.0 (ref.) 1.0 (ref.)
Azathioprine 40/288 1.68 (1.00–2.83) 0.050 1.69 (0.99–2.90) 0.055

Risk factors for skin cancer after HTx
Age, per 10 years 40/664 2.53 (1.77–3.62) <0.001 2.90 (1.85–4.55) <0.001
Hypertension
No 29/565 1.0 (ref.) 1.0 (ref.)
Yes 11/74 3.74 (1.86–7.49) <0.001 1.87 (0.91–3.84) 0.091

CMV donor
Positive 19/400 1.0 (ref.) 1.0 (ref.)
Negative 18/205 2.01 (1.05–3.83) 0.034 2.14 (1.11–4.14) 0.024

Proliferation inhibitors
MMF 13/355 1.0 (ref.) 1.0 (ref.)
Azathioprine 27/288 1.54 (0.79–3.01) 0.20 2.53 (1.20–5.36) 0.015

HTx, heart transplantation; CMV, cytomegalo virus; MMF, mycophenolate mofetil.
*Time to first cancer analyzed. Twenty years follow-up.

FIGURE 3 | Pretransplant malignancy overall survival compared to
those without. Estimates and 95% confidence intervals are shown under the
number of patients at risk.

FIGURE 4 | Pretransplant malignancy relative survival compared to
those without. Estimates and 95% confidence intervals are shown under the
number of patients at risk.
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DISCUSSION

In the current study, we observed a 6.2-fold excess risk of cancer
following HTx relative to the general population.When excluding
NMSC, the excess risk was 2.9-fold. The cumulative incidence of a
de novo malignancy between 1 and 5 years after HTx was 4.6%,
which is lower compared to previous studies. In a study by Yoan
et al., including over 17,000 patients [17] the corresponding
incidence rate of de novo malignancy was 10.7%, which is
considerably higher than the 4.6% rate observed in the present
study. Yoan et al., derived data from the ISHLT registry, with a
high rate of missing data supported by the fact that 24,000 HTx
patients were excluded from the analyses. We therefore argue that
they overestimated the risk of cancer due to positive selection. In
contrast, we have derived data from national full coverage
registries with a very low risk of missing any cancer. Data
extraction from complete registries with detailed information
on individual level makes this study unique. An improved post-
HTx survival was observed during later eras, this could not be
explained by a reduction in cancer incidence, which remained
stable over the study period. This could indicate earlier detection
and/or improved post-HTx cancer treatment.

It is well known that transplanted patients, as compared to the
general population, have a higher incidence of NMSC, and the
detected tumors are more aggressive [18]. It is also acknowledged
that the incidence of NMSC increases with the intensity and
duration of immunosuppression [19]. The SIR for NMSC of
82.6 in our cohort was more than four times higher as compared
to the SIR of 18.5 reported by Collett et al. [3]. However, Collett
et al. noted that their results might have been underestimated,
since lesions might have been removed without a histological
examination. A study from Finland, including 479 patients
reported a SIR of 51.9 for squamous cell carcinoma (SCC)
[20], which is also lower than we observed. Crespo Leiro et al.
[21] and Vaan Keer et al. [22] studied the incidence of NCSC in a
Spanish and Belgian population, but didn´t compare the cancer
incidence to the general population, why SIR could not be
calculated. In our study, almost 55% of the tumors (127 of
231) were NMSC. Corresponding numbers in the studies by
Crespo-Leiro et al. and Vann Keer et al. were 51% (324 of 490)
and 22% (58 of 263). The median duration of patient follow-up
was 7.7 years in the present study compared to with 5.8 years in
the study by Crespo-Leiro et al. and 10.7 years in the study by
Vaan Keer et al.

While lung cancer in men has declined in Sweden since the
1980s, the opposite trend has been observed in women, to the
point where more women than men now develop lung cancers
[23]. The overall SIR for lung cancer (3.68) was higher than
observed in other comparable studies (2.0–2.79) [3, 24–27]. There
was no significant increased risk for lung cancer in transplanted
women presented in a Spanish study by Crespo-Lieiro et al. [25],
with over four thousand patients. Among patients with a history
of smoking in our study, 284 patients (43%) had stopped smoking
6 months or more before being listed for transplantation. Crespo-
Lieiro et al [25] showed an association between previous smoking
and development of post-HTx lung cancer. In that study the
median time between HTx and the lung cancer diagnosis was

6.4 years, compared to 7.8 years (IQR: 4.1–12.2) in our study. In
addition to hypertension and longer ischemic time, previous
smoking was also a risk factors for the development of NMSC
in the present study.

The SIR for prostate cancer in our cohort was low (1.13),
indicating that immunosuppression after HTx was not associated
with a significantly increased prostate cancer risk. Similar
findings have also been reported in a meta-analysis including
six independent studies, with over 21,000 heart transplant
patients [28]. Why immunosuppression does not increase the
risk for prostate cancer remains largely unknown, but this may in
part be explained by intensive screening before HTx, and the
possibility that male HTX recipients don’t survive long enough to
develop prostate cancer, which mostly occurs after the age of
70 years [23]. These findings support that patients with low-grade
prostate cancer could be accepted for HTx without the often
applied 5-year cancer free waiting period.

An excess risk of lip cancer was demonstrated (SIR 72.6)
corroborating findings by Collet et al (SIR 60) and Jääma-
Holmberg et al (SIR 47.4). The reason remains unclear, but
may be related to the fact that this is a NMSC, and therefore
can be classified as skin cancer. There is an association between
smoking and lip cancer and the fact that two patients diagnosed
with lip cancer (seven lip cancers among four persons) had a
history of smoking may partially explain our findings. Sun
exposure is also a well-established risk factor for the
development of lip cancer [29]. Among the seven patients
with a lip cancer, five (71%) also had a NMSC.

A history of malignancy within 5 years has been considered to
be a contraindication for transplantation because of the increased
risk of recurrence following initiation of immunosuppressive
therapy. Sigurdardottir et al. [30] reported a cancer recurrence
rate of 63%, if the disease-free interval between malignancy and
HTx was less than 1 year, but only 6% if the HTx recipient had
been cancer free for more than 5 years. However, prostate cancer
was not presented as a separate entity, why the post-HTx relapse
of prostate cancer remains unclear. In a review article by Mistiaen
et al [31], patients with localized prostate cancer before
transplantation had no increased risk of reduced survival post-
HTx [31]. At present, there is no consensus regarding the optimal
time interval between cancer treatment and HTx [32, 33], but a
relapse free period of ≥5 years is a common criterion, which has
also been applied at our center. However, when post HTx survival
is constantly improving, at the same time as cancer incidence
remains unchanged, it might be time to revise and consider
individualization of these criteria.

Limitations
The current study did not investigate whether the patients had
BCC before or after HTx, since this cancer form has been
considered rather benign and, therefore, not reported in the
SCR. The growth rate of BCC is slow and this cancer rarely
metastasizes [34]. Post-transplant lymphoproliferative disease
(PTLD), a well-known complication after HTx [35] is not
recorded as a specific entity in the SCR, why the exact number
of patients with PTLD is cannot be reported. Instead, such cases
are presented as lymphomas.
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There are multiple primary cancer coding rules to count
incident cases. Cancer registries in the U.S. and Canada use,
for example, SEER multiple primary rules. In this study, the
International Rules for Multiple Primary Cancers (IARC/IACR,
ICD-0 Third Edition) was applied. Compared to SEER rules,
IARC/IACR recognizes fewer multiple primary cancers [36],
whichmay explain the differences compared to other studies [26].
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Influences Both Cancer Treatment
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Previous solid organ transplantation has been associated with worse survival among
colorectal cancer (CRC) patients. This study investigates the contribution of CRC
characteristics and treatment-related factors to the differential survival. Using the
Swedish register-linkage CRCBaSe, all patients with solid organ transplantation
before CRC diagnosis were identified and matched with non-transplanted CRC
patients. Associations between transplantation history and clinical CRC factors and
survival were estimated using the Kaplan-Meier estimator and logistic, multinomial, and
Cox regression, respectively. Ninety-eight transplanted and 474 non-transplanted CRC
patients were followed for 5 years after diagnosis. Among patients with stage I-III cancer,
transplanted patients had lower odds of treatment with abdominal surgery [odds ratio
(OR):0.27, 95% confidence interval (CI):0.08–0.90], than non-transplanted patients.
Among those treated with surgery, transplanted colon cancer patients had lower
odds of receiving adjuvant chemotherapy (OR:0.31, 95% CI:0.11–0.85), and
transplanted rectal cancer patients had higher rate of relapse (hazard ratio:9.60, 95%
CI:1.84–50.1), than non-transplanted patients. Five-year cancer-specific and overall
survival was 56% and 35% among transplanted CRC patients, and 68% and 57%
among non-transplanted. Accordingly, transplanted CRC patients were treated less
intensely than non-transplanted patients, and had worse cancer-specific and overall
survival. These patients might benefit from multidisciplinary evaluation including
transplantation specialists.
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INTRODUCTION

Solid organ transplantation is associated with both an increased
risk of post-transplant cancer, and decreased overall and cancer-
specific survival after cancer diagnosis, for numerous cancer
types [1–5]. One such example is colorectal cancer (CRC),
which has been associated with an increased rate of cancer-
specific death among organ transplant recipients (OTRs),
compared to CRC patients without transplantation history [4,
5]. Reasons for this difference might include variations in
biological cancer characteristics (e.g., tumor grade,
aggressiveness), and cancer treatment, where OTRs risk
receiving limited treatment due to heavier comorbidity and/
or concern for the transplanted organ. End-stage organ failure
and organ transplantation are associated with systemic
comorbidity to a variable extent during the post-transplant
period, which may have implications for primary cancer
treatment (e.g., surgery under general anesthesia). Also,
neoadjuvant and adjuvant treatments such as chemotherapy
or immunotherapy can have detrimental effects on the
transplanted organ (e.g., nephrotoxicity), interact with
immunosuppressive drugs, or induce rejection of the
transplant [6]. Therefore, post-transplant cancer treatment
represents a major challenge from both a clinical and
scientific perspective, due to the difficulties involved with
designing randomized trials of optimal treatments.

The aims of this study were to elucidate reasons for the
previously shown excess rate of cancer-specific mortality

among post-transplant CRC patients, through examining
tumor characteristics, differences in treatment practices
and relapse rates among post-transplant and non-
transplanted CRC patients, and to confirm associations
with survival.

MATERIALS AND METHODS

Data Sources
This matched cohort study utilized data from CRCBaSe, a
research database originating from the Swedish Colorectal
Cancer Register, which includes rectal cancer diagnoses from
1995 and colon cancer diagnoses from 2007, through 2016 [7].
Reporting to this register, which has been shown to be >98%
complete, is done by the treating physicians and the data contain
detailed tumor and treatment information (e.g., pathological
stage and tumor grade, tumor location, surgery type, and
[neo]adjuvant chemo- and radiotherapy) [8]. CRCBaSe
includes linkages to several population-based registers, such as
the Swedish Cancer Register (SCR), the National Patient Register
(NPR) (in- and outpatient specialist care visits and
hospitalizations), and the Cause of Death Register. Linkage
between the registers is enabled via the unique personal
identity number that is assigned to all Swedish residents.

The study was approved by the Regional Ethics Review Board
in Stockholm (approval no. 2007/1335-31/4, 2014/71-31 and
2016/876-32).
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Study Population
Using transplantation surgery procedure codes (Supplementary
Table S1), we identified all CRC patients in CRCBaSe who had
undergone any solid organ transplantation (kidney, liver,
pancreas, heart, lung, bowel, and combinations thereof) prior
to first CRC diagnosis (n = 121). CRC patients who were
transplanted less than 30 days before their cancer diagnosis
were excluded (n = 1), as were CRC patients who had a
record of transplantation after their cancer diagnosis (n = 21),
since they represent a distinct clinical group, and/or may have
been diagnosed with cancer en passant around the time of
transplantation surgery, in accordance with previous
studies [2, 5].

A comparator group was selected, also using CRCBaSe as the
source population, by random sampling (with replacement) of up
to five matched, non-transplanted CRC patients to each
transplanted. The matching was performed on cancer location
(colon/rectum), sex, age at CRC diagnosis (±1 year), and year of
diagnosis. The first recorded diagnosis of CRC (if more than one
was available in CRCBaSe) in each patient was used for matching.
Further, patients with synchronous tumors were excluded
(1 transplanted patient [together with the corresponding
5 comparators] and 12 comparators).

Comorbidity and Other Potential
Confounders
Organ transplantation is heavily associated with comorbidity,
which can be difficult to adjust for since the comorbid conditions
are often closely related to exposure (e.g., severe kidney disease
and kidney transplantation). Careful consideration of how to
disentangle confounding from conditions that are interrelated
with organ transplantation is thus important in order not to
attenuate the effect of the exposure under study. For descriptive
purposes, we classified comorbidities at baseline (i.e., at CRC
diagnosis) using the Charlson comorbidity index (CCI) based on
records of healthcare visits from the NPR (last 5 years before
diagnosis) and previous non-CRC diagnoses from the SCR (last
10 years before diagnosis) [9]. Next, to address confounding by
comorbidities not directly linked to the indication for the
transplantation itself, we created a composite comorbidity
variable for cardiovascular and other diseases that could affect
choice of surgical and/or oncological treatment
(i.e., cerebrovascular disease, hemiplegia, congestive heart
failure, myocardial infarction, and peripheral vascular disease).
Hypertension, not included in CCI, was assessed separately using
ICD-9/10 diagnosis codes (440–447, I10-I15). Furthermore, as a
proxy for kidney function at CRC diagnosis, we assessed
occurrence of chronic dialysis at or within 180 days before
CRC diagnosis using ICD-9/10 diagnosis codes (V45B, Z49,
and Z99.2) as well as procedure codes (9912, DR014, and
DR016). Since the NPR only includes visits to doctors (and
not nurses), the 180 days cutoff was intended to ascertain that
patients on dialysis had been registered as having seen a specialist
physician in that time period. Naturally, among patients on
chronic dialysis, we also ascertained that no kidney transplant
procedure had been performed until CRC diagnosis.

Additionally, highest attained level of education (<10 years,
10–12 years, or >12 years) was used as a proxy for socioeconomic
status, and administrative region (Stockholm/Gotland, Uppsala/
Örebro, South East, South, West, or North) was used to account
for potential regional differences in treatment.

Cancer Characteristics, Treatment
and Outcome
We studied the association between transplantation history and
patient and tumor characteristics, selected based on their
clinical relevance for prognosis and treatment selection.
These included cancer stage at diagnosis (I-II, III, or IV),
case discussion at a pre- or postoperative multidisciplinary
team (MDT) meeting (yes/no), and having undergone
abdominal surgery (yes/no). For stage I-III CRC patients
treated with abdominal surgery, we additionally assessed
association with cancer location (right-sided [including
transverse colon] or left-sided for colon cancer, and distance
[<6 or 6-15 cm] from the anal verge for rectal cancer) [10], low/
high tumor grade (well/moderately differentiated or poorly
differentiated/undifferentiated), microscopically radical
surgery (yes/no), perforations found perioperatively (yes/no),
perineural invasion (yes/no), administered neoadjuvant and
planned adjuvant treatment (chemo- and/or radiotherapy),
number of lymph nodes examined (as a proxy for the extent
of surgical dissection), and whether emergency surgery was
performed (yes/no) [11, 12]. For patients with palliative
disease, clinical TNM (tumor-node-metastasis) status, site of
distant metastases, and planned palliative treatment (yes/no,
referring to chemo- and/or radiotherapy) were included.

Other outcomes of interest were cancer-specific survival
and overall survival (OS) among all patients, and relapse rates
among stage I-III CRC patients treated with abdominal
surgery. Deaths due to CRC (i.e., cancer-specific deaths)
were identified based on recorded cause of death
information and the following three conditions: 1) if the
diagnosis was colon cancer and the main cause of death was
colon or recto-sigmoid cancer; 2) if the diagnosis was rectal
cancer and the cause of death was recto-sigmoid or rectal
cancer; or 3) if CRC was the only cancer in the patient’s
medical history, and the recorded cause of death was any
cancer, in accordance with previous studies [5, 13]. In
addition, we assessed mortality due to infection and
cardiovascular disease, as well as other causes.

Statistical Analysis
All regression models were adjusted for the matching factors as
well as for healthcare region, cardiovascular comorbidity, highest
attained level of education, and chronic dialysis at CRC diagnosis.
Logistic regression was used to estimate odds ratios (OR) and
95% confidence intervals (CI) for the association between
exposure to transplantation and the various outcomes
representing cancer characteristics and treatment. For cancer
stage, a non-binary outcome, multinomial regression was used
to estimate relative risk ratios (RRR). Individuals with missing
data were excluded from the regression analyses.

Transplant International | Published by Frontiers September 2024 | Volume 37 | Article 131733

Benoni et al. Colorectal Cancer After Transplantation

77



In the analyses of cancer-specific survival and OS, patients
were followed from the date of first CRC diagnosis (in analyses
of all patients) or surgery (in analyses of stage I-III CRC patients
treated with abdominal surgery), until date of death or 31st
December 2017, as cause of death information was not available
after 2017. However, in the relapse rate analysis, as well as in a
supplementary OS analysis including stage I-III CRC patients
treated with abdominal surgery, administrative censoring was
set to 4th June 2022, as information on relapse and vital status
was available until this date. In all survival analyses, follow-up
was restricted to the first 5 years, as both relapses and cancer-
related deaths typically occur within that time frame, and

relapses were not systematically registered beyond 5 years
after surgery.

The Kaplan-Meier method was used to estimate 5-year cancer-
specific (net) survival and OS by transplantation history, and
differences were evaluated with the log-rank test. Cox
proportional hazards regression was used to estimate hazard
ratios (HR) for relapse, and for cancer-specific and overall
mortality. Furthermore, we performed sensitivity analyses
focusing on survival and relapse that were limited to kidney
transplant recipients and their matched comparators. The
proportional hazards assumption was evaluated with the
Grambsch-Therneau test on the Schoenfeld residuals [14].

TABLE 1 |Demographic characteristics of colorectal cancer patients diagnosed in Sweden between 1995 and 2016, bymedical history of solid organ transplantation. Organ
transplant recipients (OTR) denotes patients with any type of solid organ transplantation prior to their first colon or rectal cancer, and No Tx denotes non-transplanted
cancer patients.

Characteristics All colorectal cancer Colon cancer Rectal cancer

OTRs No Tx OTRs No Tx OTRs No Tx

N (%) N (%) N (%) N (%) N (%) N (%)

Total no of patients 98 (100) 474 (100) 73 (100) 352 (100) 25 (100) 122 (100)
Sex
Male 60 (61) 289 (61) 45 (62) 214 (61) 15 (60) 75 (61)
Female 38 (39) 185 (39) 28 (38) 138 (39) 10 (40) 47 (39)
Age at diagnosis (years)
40–59 18 (18) 89 (19) 13 (18) 62 (18) 5 (20) 27 (22)
60–69 42 (43) 211 (45) 34 (47) 169 (48) 8 (32) 42 (34)
70–89 38 (39) 174 (37) 26 (36) 121 (34) 12 (48) 53 (43)
Year of diagnosis
1995–2006 10 (10) 48 (10) 0 (0) 0 (0) 10 (40) 48 (39)
2007–2011 42 (43) 204 (43) 36 (49) 174 (49) 6 (24) 30 (25)
2012–2016 46 (47) 222 (47) 37 (51) 178 (51) 9 (36) 44 (36)
Region
Stockholm-Gotland 14 (14) 95 (20) 10 (14) 74 (21) 4 (16) 21 (17)
Uppsala-Örebro 24 (24) 108 (23) 19 (26) 82 (23) 5 (20) 26 (21)
South East 8 (8) 46 (10) 6 (8) 30 (9) 2 (8) 16 (13)
South 19 (19) 99 (21) 11 (15) 68 (19) 8 (32) 31 (25)
West 19 (19) 85 (18) 13 (18) 68 (19) 6 (24) 17 (14)
North 14 (14) 41 (9) 14 (19) 30 (9) 0 (0) 11 (9)
Attained level of education
<10 years 35 (36) 145 (31) 26 (36) 105 (30) 9 (38) 40 (33)
10–12 years 37 (38) 209 (44) 26 (26) 158 (45) 11 (46) 51 (42)
>12 years 25 (26) 116 (25) 21 (29) 86 (25) 4 (17) 30 (25)
Missing 1 4 0 3 1 1
First transplant organ type
Kidney 75 (77) 54 (74) 21 (84)
Liver 16 (16) 12 (16) 4 (16)
Heart and/or lung 4 (4) 4 (5) 0 (0)
Pancreas and kidney 3 (3) 3 (4) 0 (0)
Number of transplantationsa

1 86 (88) 63 (86) 23 (92)
2 10 (10) 8 (11) 2 (8)
3 2 (2) 2 (3) 0 (0)
Cardiovascular comorbidityb

Yes 30 (31) 64 (14) 23 (32) 50 (14) 7 (28) 14 (11)
No 68 (69) 410 (87) 50 (68) 302 (86) 18 (72) 108 (89)
Chronic dialysis at cancer diagnosisc

Yes 6 (6) 2 (0)
No 92 (94) 472 (100)

Abbreviations: OTR, organ transplant recipient; Tx, transplantation; N, number.
aBefore first colorectal cancer diagnosis.
bComposite of pre-CRC diagnosis of cerebrovascular disease, hemiplegia, congestive heart failure, myocardial infarction, and peripheral vascular disease.
cAll OTRs with chronic dialysis had a kidney (including kidney and other) transplant. Frequencies for colon cancer and rectal cancer patients not shown due to single observations.
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SAS version 9.4 (Copyright © 2002–2012 by SAS Institute Inc.,
Cary, NC, United States) and Stata version 16 (StataCorp. 2019.
Stata Statistical Software: Release 16. College Station, TX:
StataCorp LLC.) were used for data management and
statistical analysis.

RESULTS

The final study cohort included 572 CRC patients diagnosed in
Sweden 1995-2016 (98 OTRs, 73 with colon cancer and 25 with
rectal cancer; and 474 non-transplanted, 352 with colon and
122 with rectal cancer) (Table 1). Sixty-one percent were male,
and 81% were 60 years or older at CRC diagnosis. The median
follow-up time was 3.1 years (interquartile range 1.2–5.0 years).
Among the OTRs, 77% had undergone kidney transplantation,
16% liver transplantation, 4% heart or lung transplantation, and
3% combined pancreas and kidney transplantation. Most patients
(88%) had undergone one transplantation procedure, 10% two
procedures, and 2% three procedures, prior to CRC diagnosis
(Table 1). The median time from first transplantation to CRC
diagnosis was 12 years (range 0.6–45 years). Of OTRs, 31% had
cardiovascular comorbidity (compared with 14% among non-
transplanted patients), and 6% had chronic dialysis at CRC
diagnosis (compared with 0.04% among non-transplanted
patients) (Table 1).

Cancer Characteristics and Treatment
Overall, the distribution of cancer stage and the odds of case
discussion at a preoperative MDT meeting were not statistically
different between transplanted and non-transplanted CRC
patients (Table 2). However, among stage I-III CRC patients,

OTRs overall had 73% lower odds (OR:0.27, 95% CI:0.08–0.90),
and OTRs with colon cancer had 84% lower odds (OR:0.16, 95%
CI: 0.03–0.94), of receiving treatment with abdominal surgery
than non-transplanted patients (Table 2).

Furthermore, among stage I-III colon cancer patients treated
with abdominal surgery, OTRs had higher odds of right-sided
colon cancer (OR:3.74, 95% CI:1.59–8.84) compared to non-
transplanted patients, and adjuvant chemotherapy was planned
for 6 (19%) transplanted and 86 (43%) non-transplanted
patients with stage II-III cancer (Table 3). This corresponded
to OTRs having 69% lower odds of adjuvant treatment than
non-transplanted CRC patients (OR:0.31, 95% CI:0.11–0.85).
Six (43%) OTRs, compared with 64 (64%) non-transplanted
patients, with stage III cancer were treated with adjuvant
chemotherapy (OR:0.33, 95% CI:0.07–1.67) (Table 3).
Among the OTRs with adjuvant treatment, 3 (50%) had
right-sided and 3 (50%) left-sided colon cancer, while among
the non-transplanted, 41 (48%) had right-sided and 45 (52%)
had left-sided cancer.

Among stage I-III rectal cancer patients treated with
abdominal surgery, transplanted patients had seven times
higher odds of having fewer (0–11 vs. 12–53) lymph nodes
extracted and examined pathologically (OR:7.47, 95% CI:
1.17–47.7), while no other differences in cancer characteristics
and treatment were found (Supplementary Table S2). Adjuvant
therapy was only administered to a few stage II-III patients and
differences could therefore not be assessed.

In the subset of patients with stage IV CRC treated with
abdominal surgery, and among patients who did not undergo
potentially curative surgery, only descriptive results were
presented due to generally low frequencies and high
proportions of missing data (Supplementary Tables S3, S4).

TABLE 2 | Characteristics of colorectal cancer patients diagnosed 1995–2016, by medical history of solid organ transplantation. The odds ratios (OR) and relative risk ratios
(RRR) compare organ transplant recipients (OTRs) to non-transplanted cancer patients (No Tx) with respect to cancer characteristics and treatment.

Characteristics All colorectal cancer Colon cancer Rectal cancer

OTRs No Tx ORa,b (95% CI) p-value OTRs No Tx ORa,b (95%CI) p-value OTRs No Tx ORa,b (95% CI) p-value

N (%) N (%) N (%) N (%) N (%) N (%)

Cancer stage 0.08 0.11 0.47
I-II 33 (40) 187 (43) Base outcome 25 (37) 138 (40) Base outcome 8 (50) 49 (53) Base outcome
III 19 (23) 134 (31) 0.81 (0.43–1.53) 15 (22) 102 (30) 0.82 (0.39–1.71) 4 (25) 32 (34) 0.90 (0.23–3.55)
IV 31 (37) 113 (26) 1.53 (0.89–2.64) 27 (40) 101 (30) 1.68 (0.89–3.19) 4 (25) 12 (14) 2.35 (0.52–10.6)
Missing 15 40 6 11 9 29
Preoperative MDT meeting 0.64 0.77 0.59
Yes 53 (60) 276 (64) 0.88 (0.52–1.49) 40 (55) 204 (58) 0.91 (0.50–1.67) 13 (81) 72 (88) 0.65 (0.13–3.13)
No 36 (40) 157 (36) Base outcome 33 (45) 147 (42) Base outcome 3 (19) 10 (12) Base outcome
Missing 9 41 0 1 9 40
Abdominal surgeryc 0.03 0.04 0.32
Yes 47 (90) 306 (96) 0.27 (0.08–0.90) 37 (93) 232 (97) 0.16 (0.03–0.94) 10 (83) 74 (93) 0.33 (0.04–2.98)
No 5 (10) 14 (4) Base outcome 3 (8) 8 (3) Base outcome 2 (17) 6 (8) Base outcome
Missing 0 1 0 0 0 1

Abbreviations: OTR, organ transplant recipient; Tx, transplantation; OR, odds ratio; CI, confidence interval; N, number; MDT, multidisciplinary team.
aAll reported ORs and relative risk ratios (RRR) refer to the contrast between OTRs, and non-transplanted cancer patients (No Tx), where the latter constitute the reference group. The
regression models were adjusted for the matching factors cancer location (colon or rectum), sex, age at diagnosis (±1 year), and year of CRC, diagnosis, as well as region, cardiovascular
comorbidity, attained level of education, and chronic dialysis at cancer diagnosis.
bRRR from multinomial regression for reporting association with cancer stage.
cAmong stage I-III patients.
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No stage IV OTR patients treated with abdominal surgery
received neoadjuvant therapy (Supplementary Table S3).

Other Comorbidity
As expected, all OTRs had CCI>0 at the time of cancer diagnosis,
while 65% of the non-transplanted patients had CCI = 0
(Supplementary Table S5). In 33% of the transplanted CRC
patients, and 11% of the non-transplanted, at least one other

cancer diagnosis was recorded in the SCR before the CRC
diagnosis. This difference was mainly explained by a higher
frequency of non-melanoma skin cancer among the OTRs.
Furthermore, 70 (71%) of the OTRs, and 134 (28%) of the
non-transplanted patients, had been diagnosed with
hypertension before CRC diagnosis.

Survival and Relapse
Overall, 240 patients (61 transplanted and 179 non-transplanted)
died during 5 years of follow-up. Of those, 37 (61%) OTRs died of
CRC, 5 (8%) of cardiovascular disease, 4 (7%) of infectious
disease, 3 (5%) of diabetes, 3 (5%) of kidney disease, and 9
(15%) of other causes. Among non-transplanted patients 127
(71%) died of CRC, 8 (4%) of cardiovascular disease, 3 (2%) of
infectious disease, 3 (2%) of lung disease, 3 (2%) of
gastrointestinal disease, and 35 (20%) of other causes. The 5-
year cancer-specific survival was 56% among transplanted
patients, vs. 68% among non-transplanted patients
(plogrank<0.001) (Figure 1A). The corresponding 5-year OS
was 35% among transplanted patients, vs. 57% among non-
transplanted patients (plogrank<0.001) (Figure 1B).

Among stage I-III CRC patients treated with abdominal
surgery, 5-year cancer-specific survival was 74% among
transplanted patients, vs. 83% among the non-transplanted
(plogrank = 0.02) (Figure 1C), while the corresponding 5-year
OS was 43% among transplanted patients, vs. 72% among non-
transplanted patients (plogrank<0.001) (Figure 1D). The 5-year
cancer-specific mortality rate was two-fold increased (HR:2.16,
95% CI:1.48–3.15) among transplanted vs. non-transplanted
patients overall, and 3.5-fold increased (HR: 3.50, 95% CI:
1.64–7.43) among transplanted vs. non-transplanted stage I-III
CRC patients treated with abdominal surgery (Table 4).
Similarly, the overall mortality rate was two-fold increased
(HR:2.11, 95% CI:1.55–2.88) among transplanted vs. non-
transplanted CRC patients overall, and three-fold increased
(HR:3.02, 95% CI 1.79–5.10) among transplanted vs. non-
transplanted stage I-III CRC patients treated with abdominal
surgery (Table 4). In a supplementary analysis with the date of
administrative censoring set to 4th June 2022 (latest available date
for vital status), 5-year OS proportions were 53% among OTRs
and 79% among non-transplanted patients (plogrank < 0.001), with
a corresponding almost three-fold increased rate of death (HR:
2.79, 95% CI:1.57–4.95) comparing OTRs to non-
transplanted patients.

Also among stage I-III CRC patients treated with abdominal
surgery, 12 (26%) OTRs [7 (19%) with colon cancer and 5 (50%)
with rectal cancer], and 54 (18%) non-transplanted patients [44
(19%) with colon cancer and 10 (14%) with rectal cancer],
developed relapse within 5 years of surgery (Table 4). The
relapse rate was similar among transplanted and non-
transplanted colon cancer patients (HR:1.33, 95% CI:
0.57–3.12), while transplanted rectal cancer patients had a ten
times increased relapse rate (HR:9.60, 95% CI:1.84–50.1)
compared with non-transplanted patients.

Only including kidney transplant recipients and their
comparators in the survival analyses resulted in similar hazard
ratios (data not shown). Furthermore, for overall survival, no

TABLE 3 | Characteristics of stage I-III colon cancer patients treated with
abdominal surgery, bymedical history of solid organ transplantation. The odds
ratios (OR) compare organ transplant recipients (OTRs) to non-transplanted
cancer patients (No Tx) with respect to colon cancer characteristics (cancer
location, tumor grade, number of lymph nodes examined) and treatment.

Characteristicsa Colon cancer

OTRs No Tx OR2 (95% CI) p-value

N (%) N (%)

Total 37 (100) 232 (100)
Cancer location 0.002
Right colon 28 (76) 120 (52) 3.74 (1.59–8.84)
Left colon 9 (24) 112 (48) Base outcome
Tumor grade 0.13
Low 24 (69) 179 (79) Base outcome
High 11 (31) 48 (21) 1.94 (0.82–4.62)
Missing 2 5
Perineural invasion 0.56
Yes 3 (10) 35 (18) 0.67 (0.18–2.55)
No 26 (90) 161 (82) Base outcome
Missing 8 36
Lymph nodes examined 0.58
0–11 6 (17) 25 (11) 1.37 (0.44–4.23)
12–78 30 (83) 202 (89) Base outcome
Missing 1 5
Emergency surgery 0.96
Planned 31 (84) 188 (81) Base outcome
Emergent 6 (16) 44 (19) 0.98 (0.36–2.63)
Postoperative MDT meeting 0.10
Yes 27 (75) 203 (88) 0.34 (0.10–1.23)
No 9 (25) 28 (12) Base outcome
Missing 1 1
Neoadjuvant therapyc -
Chemotherapy only 0 (0) 2 (1) -
No neoadjuvant therapy 32 (100) 197 (99) Base outcome
Adjuvant therapyc 0.02
Chemotherapy only 6 (19) 86 (43) 0.31 (0.11–0.85)
No adjuvant therapy 26 (81) 113 (57) Base outcome
Stage II cancer
Chemotherapy only 0 (0) 22 (22) - -
No adjuvant therapy 18 (100) 77 (78) Base outcome
Stage III cancer 0.18
Chemotherapy only 6 (43) 64 (64) 0.33 (0.07–1.67)
No adjuvant therapy 8 (57) 36 (36) Base outcome

Abbreviations: OTR, organ transplant recipient. Tx, transplantation. OR, odds ratio; CI,
confidence interval. N, number. MDT, multidisciplinary team.
aVirtually all patients underwent microscopically radical surgery, and presented without
tumor perforations, regardless of transplantation status; data not shown due to single
observations.
bAll reported ORs refer to the contrast between OTRs, and non-transplanted cancer
patients (No Tx), where the latter constitute the reference group. The regression models
were adjusted for thematching factors sex, age at cancer diagnosis (±1 year), and year of
cancer diagnosis, as well as region, cardiovascular comorbidity, attained level of
education, and chronic dialysis at cancer diagnosis.
cAmong 32 OTRs and 199 non-transplanted patients with stage II-III cancer.
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significant interaction between transplantation status and colon
cancer location was found.

DISCUSSION

In this nationwide, population-based study, we observed that
transplanted stage I-III CRC patients were less likely than non-
transplanted patients to undergo abdominal surgery and to
receive adjuvant treatment for colon cancer, and more likely
to develop relapse after rectal cancer. However, 90% of
transplanted stage I-III CRC patients were treated with
abdominal surgery, indicating that most transplanted CRC
patients eligible for abdominal surgery actually receive such
treatment. The 5-year cancer-specific survival was lower
among transplanted compared with non-transplanted patients,
both among all patients and among stage I-III CRC patients
treated with abdominal surgery. This indicates that the lower
cancer-specific survival seen among OTRs could to some extent
be due to differences in the likelihood of receiving surgical,
adjuvant, and potentially also neoadjuvant, treatment.
Nevertheless, stage I-III colon cancer patients treated with

abdominal surgery experienced long-term cancer-specific
survival that was comparable to non-transplanted individuals,
which could indicate that aggressive cancer treatment is
justified among OTRs.

While several case reports/series of CRC among OTRs have
been published previously, comparative studies of consecutive
patients are few. Papaconstantinou et al demonstrated worse
OS both for localized and regionally metastasized cancer, but
not for cancers with distant metastases, among 150 OTRs with
CRC compared with CRC patients in the general population
[15]. Kim JY et al compared 17 post-transplant CRC patients
to 170 non-transplanted CRC patients matched on closest date
of surgery. As in our study, they found no difference in stage
and tumor histology, but reported less extensive lymph node
dissection and lower frequency of administration of adjuvant
therapy (50% vs. 86%) among OTRs than non-transplanted
patients, although no formal analyses or adjustments could be
made [16]. Among patients with CRC stage III-IV, the 5-year
OS was lower among OTRs. Khoury and colleagues
demonstrated lower OS and disease-free survival among
immunosuppressed CRC patients compared with
immunocompetent patients, and argued that the differential

FIGURE 1 | Kaplan-Meier estimates of cancer-specific and overall survival among all patients with colorectal cancer (A,B), and restricted to stage I-III colorectal
cancer patients treated with abdominal surgery (C,D), stratified by medical history of solid organ transplantation. Differences were evaluated with the log-rank test.
Abbreviations: No., number; Tx, transplantation; OTR, organ transplant recipient.
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DFS was likely due to increased risk of distant recurrence [17].
Merchea et al reported that OTRs were prone to developing
right-sided colon cancer (70%) and present with stage IV
disease (25%-30%), with a 5-year OS of 42.5% [18, 19]. In our
study, generally higher age at diagnosis might partly explain
the higher proportion of stage IV disease (40% for colon
cancer) and lower 5-year OS (35%). Finally, Kim M et al
matched 33 kidney and liver transplant recipients with CRC to
non-transplanted surgically treated CRC patients [20].
Adjuvant chemotherapy proportions (52% of OTRs, and
61% of non-transplanted patients) and 5-year OS (80%
among OTRs) were similar.

End-stage organ failure leading to organ transplantation always
represents significant comorbidity, which, depending on recipient
age, accumulated comorbid conditions, and overall clinical status,
has implications for both surgical and neo-/adjuvant cancer
treatment. However, comorbidity can also be dramatically
improved post-transplant, which is difficult to classify with, e.g.,
CCI. At cancer diagnosis, the risk of damaging a kidney transplant
correlates with (worsening) transplant function, which will
influence treatment decisions especially when the expected
beneficial effect of chemo-/radiotherapy is moderate.
Nevertheless, in our study, adjuvant colon cancer treatment was
administered to 0/18 transplanted stage II patients, compared with
22/99 non-transplanted, begging the question whether some OTRs
with stage II colon cancer might have been eligible for adjuvant
treatment. The low frequency of adjuvant chemotherapy
administered to both transplanted and non-transplanted rectal
cancer patients is expected, as the benefit of treatment with
chemotherapy is lower for rectal cancer than for colon cancer,
while such treatment entails substantial risk of morbidity and
adverse reactions [10]. Furthermore, radiotherapy may have been
deemed contraindicated to a larger extent among transplanted rectal
cancer patients, due to possibly harmful effects to the transplanted
ureter. However, modern, more precise radiotherapy methods
should inmany cases enable neoadjuvant radiation for rectal cancer.

Similar to other studies, we found an overrepresentation of
right-sided colon cancers among transplanted compared to non-
transplanted CRC patients [16, 21]. Right-sided colon cancers
have been associated with worse prognosis, and may overall
respond to a lower degree to chemotherapy than left-sided;
however, this did not impact treatment decisions in the
present study [22, 23].

We suggest that MDT meetings should be held whenever an
OTR develops a de novo cancer where adjuvant treatment would
normally be recommended in addition to surgery. Preferably, these
MDT meetings would involve not only, e.g., cancer surgeons and
oncologists, but also organ transplant specialists, to prevent both
over- and undertreating of the cancer. Hellström et al showed that
MDT meetings including kidney transplant consultants altered the
initial oncological treatment for post-transplant solid or
hematological cancer in 52% of the patients, after which 82%
were treated in accordance with national guidelines [24].
However, the extra resource allocation required implicates that
such conferences need further scientific evaluation.

While strengths of this study include its population-based
nature, usage of registers with excellent coverage, and aT
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comparatively large cohort, we recognize that certain subgroup
comparisons should be interpreted within the limitations of
available clinical data and statistical power reflected in wide
confidence intervals for some contrasts. Information on
transplant function and clinical status at cancer diagnosis was
available only through proxies of register records of chronic dialysis
and cardiovascular comorbidity, and may have been
underestimated to some extent. We further adjusted for
healthcare region and socioeconomic status through attained
education level. We cannot exclude residual confounding by
center/surgeon effects although recent Nordic studies on
associations between annual hospital volume of CRC surgery
and outcome have found either no beneficial effects of
centralization, or a small benefit overall that might be confined
to certain patient subgroups [25–28]. It was also unclear whether
transplantation specialists were involved in the oncological
decision-making. Detailed oncological treatment data were not
registered and some tumor-specific risk factors, e.g., presence of
tumor deposits, were only registered during part of the study
period, which limited the ability to fully assess given treatments.
Even though we have adjusted for cardiovascular comorbidity and
dialysis in our analyses, it might also be argued that transplantation
is merely a proxy for comorbidity, which could explain the
observed treatment differences. This does not, however, alter
our conclusion that OTRs are treated differently, and we have
here reported the extent of these differences, which can form the
basis for future studies.

CONCLUSION

While most transplanted CRC patients with stage I-III cancer
underwent abdominal surgery for their cancer, they were still
less likely to undergo abdominal surgery than non-
transplanted patients. Furthermore, among stage I-III CRC
patients treated with abdominal surgery, transplanted colon
cancer patients were less likely to be treated with adjuvant
chemotherapy, and transplanted rectal cancer patients had
higher rate of relapse, than non-transplanted patients with
the same cancer type. Also, transplantation was associated with
worse cancer-specific and overall survival among CRC patients.
We suggest that MDT meetings, involving organ transplant
specialists, should be considered for all post-transplant cancer
patients to ensure optimal treatment in the post-
transplant setting.
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Immune Checkpoint Inhibitor Therapy
for Kidney Transplant Recipients – A
Review of Potential Complications and
Management Strategies
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1Division of Nephrology and Hypertension, Mayo Clinic, Rochester, MN, United States, 2Department of Surgery, Mayo Clinic,
Rochester, MN, United States, 3Department of Medical Oncology, Mayo Clinic, Rochester, MN, United States

Immune checkpoint inhibitor (ICI) therapy has enabled a paradigm shift in Oncology, with
the treatment of metastatic cancer in certain tumor types becoming akin to the treatment of
chronic disease. Kidney transplant recipients (KTR) are at increased risk of developing
cancer compared to the general population. Historically, KTR were excluded from ICI
clinical trials due to concern for allograft rejection and decreased anti-tumor efficacy. While
early post-marketing data revealed an allograft rejection risk of 40%–50%, 2 recent small
prospective trials have demonstrated lower rates of rejection of 0%–12%, suggesting that
maintenance immunosuppression modification prior to ICI start modulates rejection risk.
Moreover, objective response rates induced by ICI for the treatment of advanced or
metastatic skin cancer, the most common malignancy in KTR, have been comparable to
those achieved by immune intact patients. Non-invasive biomarkers may have a role in
risk-stratifying patients before starting ICI, and monitoring for rejection, though allograft
biopsy is required to confirm diagnosis. This clinically focused review summarizes current
knowledge on complications of ICI use in KTR, including their mechanism, risk mitigation
strategies, non-invasive biomarker use, approaches to treatment of rejection, and
suggestions for future directions in research.

Keywords: immunology, rejection risk, oncology, kidney transplant, biomarkers, immunotherapy

INTRODUCTION

The last decade has seen a paradigm shift in Oncology with the initial United States Food and Drug
Administration approval of immune checkpoint inhibitor (ICI) therapy in 2011 with Ipilimumab.
There are currently 10 ICI agents approved (Figure 1) with indications in over 85 malignancies [1].
The momentum has been sustained by the demonstrated efficacy of these agents in the treatment of
certain aggressive cancers [2]. Post-transplant malignancy represents a leading cause of death with a
functional allograft in kidney transplant recipients (KTR) after the first year post transplant [3]. Prior
to the era of immunotherapy, there was no significant improvement in cancer related outcomes over
three decades [3, 4]. Due to concerns of attenuated anti-tumor responses and increased risk of
toxicity related to allograft rejection, KTR were historically excluded from ICI clinical trials. Early
retrospective data affirmed initial concerns with kidney allograft rejection rates as high as 40%–50%.
More recently, small prospective trials have reported lower rates of 0%–12% [5–7]. This significant
discrepancy in outcomes between the early retrospective and recent prospective data has highlighted
the need for additional prospective studies to help guide decision making around maintenance
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immunosuppression for these patients. Although there is no
definitive data on frequency and grade of immune related
adverse events (irAEs), including recurrent glomerulonephritis
(GN), retrospective data suggest a decreased frequency of irAEs
in KTR [5, 8]. The initial hypothesis that immunotherapy is less
effective in immunosuppressed solid organ transplant recipients
(SOTR) has been challenged by the accruing data; most recently
by results from two small prospective trials that reported
objective response rates of about 50% in KTR – similar
response rates as seen in the general population [6, 7, 9–12].
This review aims to highlight current knowledge around the risks
associated with ICI therapy use in KTR, including their
mechanism, risk mitigation strategies, the role of non-invasive
biomarkers as well as our proposed approach to the management
of these patients.

IMMUNE CHECKPOINT INHIBITOR
THERAPY MECHANISM OF ACTION

Cancer immunotherapy as a category encompasses all therapies
whose anti-tumor mechanism is exerted via the activation and
expansion of the host immune response to tumor antigens [13].
Specifically, ICI’s enable amplified tumor-reactive T cell
responses by disabling intrinsic attenuation mechanisms which
lead to T cell exhaustion. Under normal physiologic conditions
“immune checkpoints” exist to regulate T cell responses and
prevent excessive activation. However, T cells infiltrating the
tumor microenvironment are subject to over-attenuation due
to tumor immune escape, allowing tumor cells to evade the host
immune response [14]. One of the mechanisms of tumor immune
escape is the constitutive expression of immune checkpoint
ligands, such as programmed cell death ligand 1 (PDL-1) on
tumor cells [14]. This allows peripherally circulating T cells
expressing programmed cell death protein 1 (PD1) to bind to
PDL-1 and become anergic. The PD1/PDL-1 immune checkpoint
pathway provides a mechanism for T cells to recognize “self”, as
multiple host cells express PDL-1 [15]. Broadly speaking, ICIs are
monoclonal antibodies that inhibit immune checkpoint receptors
expressed by T-cells from binding to their ligands, and thus
enable persistent T cell activation and proliferation. The immune

checkpoint pathways that are currently targeted include: 1) the
PD1 pathway with its ligands PDL1 and PDL2 which are
expressed on lymphoid, myeloid, epithelial cells and tumor
cells; 2) the cytotoxic T-lymphocyte antigen 4 (CTLA4)
pathway and its ligands CD80/86 which are expressed on
myeloid and lymphoid cells, and 3) the lymphocyte-activation
gene 3 pathway [15–18]. Figures 2, 3 depict the three-signal
model of T cell activation, and how the mechanism of action of
ICIs ties into this. This review will focus on the use of PD1/PDL-
1 and CTLA4 blockade in KTR as, to our knowledge,
LAG3 blockade has not yet been reported in SOTR.

There are multiple hypotheses regarding the mechanism by
which ICI use can trigger allograft rejection. Pre-clinical
studies using murine and porcine models exist which
identify the PD1/PDL-1 pathway as a mechanism of
peripheral tolerance, with its disruption linked to auto-
immunity and alloreactivity [19–23]. Other potential
mechanisms include activation of quiescent alloreactive and
effector memory T cells with ICI use illustrated by Dunlap
et al; tumor and allograft antigen homology leading to the
formation of cross-reactive T-cells as has been demonstrated
in 2 cases of myocarditis but yet to be demonstrated in SOTR;
and functional inhibition of regulatory T-cells via CTLA-4 and
PD-1 inhibition [24–26].

INCIDENCEOFALLOGRAFTREJECTION IN
KIDNEY TRANSPLANT RECIPIENTS – A
HISTORICAL PERSPECTIVE
Our understanding regarding risk of allograft rejection has been
evolving. Initially, rejection risk was reported as 40%–50%. This
estimation was based on the results of retrospective studies
published up until 2021 [5, 8]. Significant reduction of
immunosuppression prior to initiation of ICI was a
confounding factor, as demonstrated by Murakami et al.’s
multi-center analysis, where 65% of patients underwent
changes in maintenance immunosuppression prior to starting
ICI, of which 35% had a reduction in the total number of agents
[5]. However, discrepancies existed even within early
retrospective data with smaller case series reporting rejection

FIGURE 1 | Timeline of immune checkpoint inhibitor approvals by the United States Food and Drug Administration (FDA) from 2011 to 2023.
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in only 15% of patients despite decreased immunosuppression
[27, 28]. Due to the overall low biopsy rate in the retrospective
studies, patients may have been misdiagnosed with rejection
given multiple competing risks for acute kidney injury (AKI).
Three prospective studies followed which are presented in
Table 1. Carroll et al. enrolled seventeen KTR who were
continued on their baseline maintenance immunosuppression
through ICI therapy [7]. Two cases of biopsy-proven acute
rejection were reported out of seventeen included patients
(12%), with one patient suspected to have had pre-existing
subclinical rejection based on an elevated urinary chemokine,
C-X-C motif chemokine ligand 10 (CXCL10), prior to starting
therapy [7]. Subsequently, in the phase 1 CONTRAC-1 trial,
twelve KTR with advanced cSCC received the PD-1 inhibitor,
cemiplimab, while maintained on a mammalian target of
rapamycin inhibitor (mTORi) and prednisone mini-pulse with
each treatment cycle [6]. Selection of this maintenance
immunosuppressive strategy was based on reports from
retrospective studies suggesting a decreased incidence of

rejection with preserved anti-tumor activity when using the
combination of mTORi and prednisone [5, 30, 31].
Specifically, everolimus or sirolimus was used with a target
trough level of 4–6 ng/mL, and the prednisone mini-pulse
consisted of prednisone 40 mg day −1 through day 3 of
cemiplimab administration, followed by 20 mg daily days
4–6 and then 10 mg daily from day 7 onwards until the next
cycle [6]. The study did not exclude patients based on
immunologic risk as Carroll et al. had done [7]. They reported
no rejection episodes. Lastly, Schenk et al. published the results of
a prospective, multi-center phase I/II trial, in which eight
evaluable KTR with multiple advanced skin cancers received
PD-1 inhibitor monotherapy with nivolumab, and
subsequently had the option of transitioning to dual ICI
blockade with PD-1 and CTLA-4 inhibition with ipilimumab
and nivolumab (6/8) for progressive disease [29]. Maintenance
immunosuppression consisted of tacrolimus (trough target
2–5 ng/mL) and prednisone 5 mg daily. Of eight evaluable
patients, three experienced biopsy proven allograft rejection

FIGURE 2 | T-cell activation via the three-signal model. Cancer cells express tumor associated antigens which are captured by APCs. Signal 1: Antigen peptide
presented by APC onMHCmolecule binds to TC on -cell surface. Signal 2: Co-stimulation. The binding of CD28, expressed on T cells, to CD80/86 expressed on APC’s
describes one of the necessary co- stimulatory signals. Signal 3: Once signal 1 and 2 have been completed, signal 3 denotes cytokine production by T cells, which allows
ongoing T cell differentiation and proliferation. This includes the production of IL2 by T-cells leading to IL2-R stimulation on the surface of T cells. Il- Immune
checkpoints provide a negative feedback mechanism in the setting of T cell activation. In lymphoid tissues, CTLA-4 binds to CD80/86 with higher affinity than CD28,
leading to competitive inhibition of signal 2. In the peripheral tissue, PD-L1 which is expressed by epithelial cells (i.e., renal TEC, tumor cells) binds to PD-1, which is
expressed by peripherally circulating T cells, inducing T-cell exhaustion. Abbreviations: APC, Antigen presenting cell; MHC, Major histocompatibility complex I/ll; TC,
T-cell receptor; IL-2, Interleukin-2; IL2-R, Interleukin-2 receptor; CTLA-4, Cytotoxic -lymphocyte associated protein 4; PD-L1, Programmed cell death ligand 1; PD1,
Programmed cell death protein 1; TEC, Tubular epithelial cell; JAK-3, Janus Kinase 3.
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(38%); one on ICI monotherapy and two on dual ICI therapy,
though the third rejection happened after stopping all treatment,
including maintenance immunosuppression [29]. These results
suggested that a tacrolimus trough of 2–5 ng/mL and prednisone
5 mg daily may be insufficient to prevent organ rejection.

CHARACTERISTICS OF ICI ASSOCIATED
ALLOGRAFT REJECTION

Retrospective data suggest that allograft rejection tends to occur
early, with a median time to rejection of 3–4 weeks, and is
treatment refractory in 50%–80% of patients [5, 8, 32].
However, in a recent multi-center retrospective study
including 30 KTR and 1 lung transplant recipient (LTR),
Remon et al. noted a comparatively delayed median time to
rejection of 8 weeks [33]. This delay may be the result of less

aggressive maintenance immunosuppression reduction prior to
ICI start.

The data regarding treatment of ICI associated rejection is
limited by low sample sizes, and a significant heterogeneity in
treatment approaches. Acute cellular rejection (ACR), either
alone or in combination with acute antibody mediated
rejection (ABMR), has been reported in all biopsied cases to
date [5, 7, 8, 29, 32, 34, 35]. For the cases of biopsy proven
allograft rejection included the multi-center retrospective study
by Murakami et al., 50% consisted of ACR, and 50% consisted of
mixed ACR and ABMR, with nine of fourteen biopsied cases with
endothelialitis [5]. In the systematic review by Portuguese et al.,
which included nineteen cases of biopsy-proven rejection, 74%
were reported as ACR and 26% as mixed ACR and ABMR [8]. As
the 3 available prospective studies to date have small numbers of
patients, with only a few reported episodes of allograft rejections,
the data is mixed (Table 1).

FIGURE 3 | Immune checkpoint inhibitors including Anti CTLA-4, PDL-1 and PD-1 antibodies function by blocking the interactions between checkpoint proteins
and their receptors. This disrupts the counter-regulatory negative feedback mechanism that suppresses T-cell activity, leading to persistent T-cell activation and
proliferation, allowing T-cells to recognize and eliminate tumor cells. The tumor cells express LECtin, Gal-3, and FGL-1, which bind to LAG-3 expressed on the surface of
T-cells and provoke T-cell anergy. Tumor tolerance is also promoted by the infiltration of Tregs within the tumor microenvironment. These Tregs express higher
levels of CTLA-4, PD-1, LAG-3, and TIM-3, and they secrete elevated levels of IL-10 and TGF-ß, thus facilitating tumoral resistance. Abbreviations: CTLA-4, Cytotoxic
T-Lymphocyte Antigen 4; PDL-1, Programmed cell death ligand 1; PD-1, Programmed cell death protein 1; LSECtin, Liver sinusoidal endothelial cell lectin; Gal-3,
Galectin-3; FGL-1, Fibrinogen-like protein-1; LAG-3, Lymphocyte activation gene-3; Treg, Regulatory T-cell; TIM-3, T-cell immunoglobulin and mucin domain-
containing protein 3; TGF-ß, Transforming growth factor- beta; CD 80/86 and CD 28, Cluster of differentiation 80/86 and 28; IL-10, Interleukin-10.
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ICI ASSOCIATED ALLOGRAFT
REJECTION – RISK FACTORS

The data we have to date suggests that significant reduction in
baseline immunosuppression is a risk factor for ICI associated
allograft rejection though the ideal degree of immunosuppression
remains to be defined [5, 8, 36]. Prospective evidence suggests
that maintaining patients’ prior baseline immunosuppression, or
using a dynamic steroid and mTORi reduces the risk of rejection
[6–8]. However, despite the encouraging objective response rate
noted in these small studies, there remains the concern that
maintaining higher degrees of maintenance immunosuppression
may blunt the anti-tumor efficacy of ICI. Specifically, high dose
steroids have been associated with decreased progression free
survival in non-transplant patients with non-small cell lung
cancer (NSCLC) [37]. To definitively answer this question,
prospective studies comparing allograft and cancer outcomes
with different immunosuppressive strategies are needed.

Other risk factors for ICI associated allograft rejection
suggested by retrospective data include a prior history of
allograft rejection, anti-PD1 therapy or dual ICI therapy, and
low dose corticosteroids (<10 mg per day) [5, 8, 24, 31, 35, 36, 38,
39]. Notably, the prospective studies reported by Carroll et al. and
Hanna et al. did not exclude patients with a prior history of
rejection, and yet low rejection rates were seen [6, 7]. However,
Carroll et al. did account for immunologic risk in a different
fashion by excluding patients with a donor specific antibody
mean fluorescence intensity (DSA MFI) greater than 4,000 [7].
Schenk et al. excluded all patients with any existing DSA or a
history of allograft rejection within 3 months prior to enrollment
and noted a higher rejection rate [29]. To date, no clear
relationship between cancer type and risk of allograft rejection
has been established; adequately powered studies are needed to
address this question.

ICI ASSOCIATED ALLOGRAFT
REJECTION – OPTIMIZING
IMMUNOSUPPRESSION
An immunosuppressive strategy with at least 2 agents and a
prednisone dose greater than or equal to 10 mg daily is
supported by the current body of evidence. The use of
mTORi as maintenance immunosuppression has been
associated with a decreased rejection risk in retrospective
studies, and further supported by the absence of rejection in
the CONTRAC-1 study over a median follow up period of
6.8 months, though those patients were on higher doses of
prednisone [5, 8, 27, 38]. There are clinical scenarios in which
transition to mTORi is either not tolerated by patients due to
drug-related toxicities, or not feasible due to the presence of: 1)
healing wounds 2) proteinuria with a urine protein to creatinine
ratio >0.5 g/g, or 3) high immunologic risk especially within the
first 6 months post-transplant [40–42]. In these situations, there
is minimal data to guide decision making. The available data
would suggest continuing patients on their prior maintenance
immunosuppression, as per Carroll et al. [7] Alternatively,
pursuing dual maintenance immunosuppression with
prednisone 10 mg daily, and tacrolimus with a trough level
5–7 ng/mL can be considered [29]. Two small, single center
retrospective studies demonstrated low rates of rejection with
tacrolimus use, either as monotherapy or dual therapy with
corticosteroids; when available, the reported achieved
tacrolimus trough levels were greater than 4 ng/mL [27, 28].
It is also notable that 70% of patients included in Carroll et al.’s
study had maintenance immunosuppressive regimens
containing a calcineurin inhibitor (CNI) [7]. Moreover, three
prior reviews demonstrated a protective effect with CNI use,
though the data analysis was done for all SOTR and not KTR
alone [8, 35, 36].

TABLE 1 | The 3 published prospective trials to date on the use of immune checkpoint inhibitor therapy in kidney transplant recipients.

Study title Immune checkpoint inhibitors in
kidney transplant recipients [7]

CONTRAC-1 [6] Nivolumab + tacrolimus + prednisone ± ipilimumab for
kidney transplant recipients with advanced

Cutaneous cancers [29]

Authors, Year Carroll et al., 2022 Hanna et al., 2024 Schenk et al., 2024
Patient Number 17 12 8
Tumor Group Any advanced cancer otherwise meeting

ICI indication
Advanced cSCC Advanced Skin Cancers

ICI Type 16 patients on Anti-PD1 therapy
1 patient on Anti-PDL1 therapy

Cemiplimab (Anti PD1) Initial Nivolumab (Anti PD1) in 8/8 patients
Transition to Nivolumab + Ipilimumab (anti-CTLA4) in 6/
8 patients

Maintenance
Immunosuppression

Maintain prior baseline maintenance
immunosuppression

mTORi and dynamic
prednisone tapera

Tacrolimus (trough 2–5 ng/mL) and Prednisone 5 mg daily

Rejection 2/17, 11.7% 0/12, 0% 3/8, 37.5%
Allograft Biopsy Findings 2 cases of ACR N/A 1 case of ACR, Mixed Rejection (ACR + ABMR) × 2
Extra-Renal Immune Related
Adverse Events

1/17, colitis 1/12, colitis 2/8, arthralgia, maculopapular rash

Objective Response Rate 53% 45% 25%

aPlease see text for dosage details. Abbreviations: ICI, immune checkpoint inhibitor; ACR, acute cellular rejection; cSCC, cutaneous squamous cell carcinoma; mTORi, Mammalian Target
of Rapamycin Inhibitor; ABMR, antibody mediated rejection.
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ALLOGRAFT REJECTION - TREATMENT

Treatment would ideally be targeted to the histopathologic lesion
identified on allograft biopsy. Multiple different approaches to
therapy including pulse dose corticosteroids, thymoglobulin,
intravenous immunoglobulins, infliximab and plasma
exchange to remove circulating ICI have been reported,
though no specific treatment approach has consistently
demonstrated improved allograft outcomes [5, 7, 29, 35]. The
use of lymphodepleting therapies in the treatment of allograft
rejection requires careful consideration in the setting of active,
advanced malignancies. Allograft irradiation has been trialed for
patients with treatment-refractory rejection with limited
responses though this may be an option for KTR on ICI
wanting to avoid additional immunosuppression and risk
tumor progression [43]. It is possible that early recognition of
allograft dysfunction and prompt initiation of therapy may
improve outcomes, though definitive data is lacking.
Ultimately, mortality in this patient population has been
attributed to malignancy progression, rather than to organ
rejection [5, 8].

ADDITIONAL IMMUNE RELATED
ADVERSE EVENTS

The incidence of irAE’s in non-transplant patients on ICI therapy
has been reported to be as high as 60%–85% [44, 45]. While irAE
can affect any organ system, the most common manifestations in
non-transplant patients include rash, arthralgias,
endocrinopathies such as hypothyroidism, and colitis [46].
Acute tubulointerstitial nephritis can occur in the native
kidney, with an estimated incidence of in 1.4%–3% for
patients on ICI monotherapy, and up to 5% on ICI dual
therapy, with glomerulopathies seen even less frequently [47–51].

A question that has previously arisen is whether we may be
mis-identifying hypersensitivity reactions in the allograft,
i.e., acute tubulointerstitial nephritis (ATIN), as T cell
mediated rejection (TCMR). Both Banff Grade 1 acute TCMR
and ATIN consist of a lymphocyte-predominant
tubulointerstitial infiltrate [52]. While gene expression
profiling confirmed the presence of significant molecular
overlap between ICI-ATIN and ICI-TCMR, the most
frequently upregulated transcripts were different suggesting
different pathophysiologic mechanisms [53]. The highest
frequency expressed genes in ICI-TCMR were associated with
interferon signaling, T cell and Natural Killer cell functions, and
TNF superfamily members, while in ICI-ATIN they were
associated with allergic response components (IgE, mast cells
and eosinophils) consistent with hypersensitivity responses [53].
The authors also identified an interferon alpha induced
transcript, interferon-alpha inducible protein 27, that could
serve as a potential biomarker for ICI-TCMR [53]. Moreover,
there exist clinical differences between ICI-ATIN and ICI
associated allograft rejection suggesting different underlying
mechanisms. Median time to occurrence of ICI-ATIN is
reported as 12–16 weeks, as compared to 3–4 weeks for

rejection [5, 8, 47, 54–56]. Prior or concurrent extra-renal
irAEs have been shown to be associated with an increased risk
of ICI-ATIN, but the same association has not been noted for
rejection [5, 39, 55]. Additionally, ATIN-associated drugs, such as
proton pump inhibitors, nonsteroidal anti-inflammatory drugs,
and antibiotics have been associated with an increased risk of
developing ICI-ATIN in native kidneys in multiple systematic
reviews [57–60]. Conversely, a significant association between ICI
associated kidney allograft rejection and ATIN-associated drug
use was not seen in the largest retrospective study to date [5].

Interestingly, in SOTR a lower incidence of extra-renal irAEs
has been documented. Portuguese et al. identified a 13.4%
incidence of extra-renal irAEs in their systematic review, of
which pneumonitis was the most common (37.5%), followed
by dermatitis (31%), colitis (25%) and hepatitis (12.5%) [8].
Looking at KTR alone a 25% incidence of irAEs was reported
in a 69 patient retrospective study, and a systematic review
similarly reported a 24.5% incidence [5, 35]. When looking at
severe irAEs that lead to ICI discontinuation, a 21% incidence was
reported in a multi-center cohort of 31 SOTR, of which 30 were
KTR and 1 was a lung transplant recipient [33]. Prospective
studies have revealed similarly low incidences (Table 1) [6, 7, 29].

A question that remains unanswered is the risk of recurrent
glomerulonephritis (GN) in KTR on ICI therapy. To our
knowledge, no publications on the topic exist to date. In
reviewing our single center data at Mayo Clinic Rochester, of
21 patients started on ICI therapy, 9 had end stage kidney disease
secondary to a glomerulopathy, and of these, one patient
experienced recurrent membranous nephropathy which
responded to tacrolimus (Table 2) [61].

The occurrence of irAEs in the immune-intact population has
been correlated with improved anti-tumor efficacy with multiple
retrospective studies demonstrating an improved median overall
survival, and one study showing an improved objective response
rate (ORR) and progression free survival [62, 63]. Presumably,
there is a correlation between the amplitude of the tumor-
directed T cell response and the off-target occurrence of irAEs.
Despite continuation of maintenance immunosuppression in
SOTR and an associated decreased incidence of irAEs, the
ORR for certain tumor types, such as advanced cutaneous
squamous cell carcinoma (cSCC) and melanoma, has been
comparable to that seen in the immune intact population [8].

TABLE 2 | Description of the immune mediated causes of end stage kidney
disease included in Mayo Clinic Rochester’s single center retrospective study
on ICI use in KTR.

Number of cases Glomerulopathy [61]

2 IgA nephropathy
1 IgA vasculitis
1 Primary focal segmental glomerulosclerosis
1 AA Amyloidosis
2 Anti-neutrophil cytoplasmic antibody associated vasculitis
1 PLA2R positive membranous nephropathy
1 Chronic GN of unclear etiology

Abbreviations: IgA, Immunoglobulin A; PLA2R, Phospholipase A2 receptor; GN,
glomerulonephritis.
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FIGURE 4 | Immunoediting process represented by the dynamic interplay between the tumor micro-environment and the immune system in three phases. Phase I
(Elimination): The host immune system initially recognizes the cancer cells as foreign (immune surveillance). Cytotoxic -cells and natural killer cells target tumor cells.
Phase I (Equilibrium): A subset of tumor cells develop immune evasion mechanisms (reduced immunogenicity), but there is an overall balance between immunemediated
tumor suppression and tumor outgrowth. Phase IIl (Tumor escape): Tumor cells evade the immune system’s surveillance and proliferate uncontrollably. This results
in clinically apparent tumor, recurrence and/or metastases. Maintenance immunosuppression impedes initial immune surveillance. This reduces selective pressure on
tumor cells which is necessary for the development of mechanisms that allow tumor immune evasion. As a result, tumors that develop in immunosuppressed individuals
may be more likely to maintain their initial immunogenicity.

TABLE 3 | Objective response rate by tumor group in retrospective cohort studies focusing on kidney transplant recipients alone, and a systematic review.

Study title A multi-center study on safety
and efficacy of immune

checkpoint inhibitors in cancer
patients with kidney transplant [5]

Immune-checkpoint inhibitors
in renal transplanted patients

affected by melanoma: A
systematic review [67]

Cemiplimab for advanced
cutaneous squamous cell

carcinoma in kidney
transplant recipients [28]

Immune checkpoint blockers
in solid organ transplant
recipients and cancer: the
INNOVATED cohorta [33]

Authors, Year Murakami et al., 2021 Rossi et al., 2021 Van Meerhaeghe et al., 2022 Remon et al., 2024
Patient Sample Size
by Tumor Type

cSCC – 24
Melanoma – 22

Melanoma – 32
Uveal Melanoma - 2

cSCC - 7 NSCLC – 11

Immune Checkpoint
Inhibitor Regimen
by Tumor Type

cSCC
Monotherapy: 87.5%
Dual Therapy: 12.5%
Melanoma
Monotherapy: 64%
Dual Therapy: 36%

Monotherapy: 100% Monotherapy: 100% Monotherapy: 73%
Dual Therapy: 27%

Objective Response
Rate by Tumor
Group

cSCC – 33%
Melanoma – 36%

23.5% 42.8% 45.5%

aThe NSCLC sub-group of the INNOVATED cohort consisted of KTR alone. Abbreviations: cSCC, cutaneous squamous cell carcinoma; NSCLC, Non-Small Cell Lung Cancer.
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TUMOR RESPONSE

In the CONTRAC-1 study, an ORR of 46% was shown for KTR
treated with cemiplimab for advanced cSCC [6]. Portuguese et al.
reported an ORR of 68.2% for SOTR receiving ICI for advanced
cSCC [8]. By comparison, the reported ORR in the immune-
intact population for advanced cSCC is 34%–50% [9]. With
regards to cutaneous melanoma, two recent reviews
demonstrated a similar ORR in SOTR receiving ICI therapy
(ORR 32%–36%) compared with the immune-intact
population (ORR on ICI monotherapy 30%–40%, and ORR
61% with dual CTLA4 and PD1 inhibition) [8, 38, 64]. The
theory of tumor-immune editing provides a potential explanation
for the similar ORR in immunosuppressed and immune intact
patients. This refers to the process by which an intact immune
system selects for the survival of less immunogenic cancer cells,
which subsequently go on to proliferate by evading both the
innate and adaptive host immune responses [65]. Tumor cells
proliferating in immunocompromised hosts may not undergo
tumor-immune editing to the same extent, potentially rendering
them more responsive to ICI (Figure 4) [66].

Looking at KTR alone, Table 3 highlights data regarding
objective response rates for cSCC, melanoma and NSCLC
from three recent retrospective studies and one systematic
review. This data seems to suggest that KTR have worse ORR
when looked at individually, compared to ORR data for all SOTR
analyzed cumulatively. Currently, prospective data establishing
ORR to ICI therapy in kidney transplant recipients with various
tumor types is limited, as seen in Table 1.

Special considerations with regards to tumor response exist. A
literature review which included 94 KTR on ICI found that those
with preserved allograft function maintained on CNI have worse
tumor response rates than those maintained on mTORi,
emphasizing the benefit of a transition to mTORi whenever
feasible [38]. This association is suggested in Schenk et al.’s
study in which an ORR of 25% was reported despite a low
degree of maintenance immunosuppression, suggesting that
the use of tacrolimus may impede ICI anti-tumor efficacy
[29]. This finding deserves further study as it remains unclear
if the difference in outcome is due to: 1) the CNI blunting ICI
anti-tumor efficacy, 2) patient selection factors, or 3) the intrinsic
anti-neoplastic activity of mTORi. Furthermore, it has not been
established if this effect is dependent on tumor type [66]. There is
mechanistic evidence suggesting that mTORi can promote the
maintenance of the anti-tumor effects of ICI therapy while
allowing for the preservation of allograft tolerance [68]. Using
peripheral blood immunophenotyping, Esfahani et al.
demonstrated that concurrent administration of anti-PD1
therapy and mTORi in a KTR with melanoma led to
tolerogenic changes including suppression of global T cell
activation and preservation of the regulatory T cell population,
while maintaining the circulating levels of a subset of tumor
directed T cells (interferon gamma producing CD4+ T cells and
cytotoxic CD8+ T cells) [68].

FUTURE CONSIDERATIONS

Additional risk stratification tools would help guide decision
making around maintenance immunosuppression
optimization prior to ICI initiation. To this end, several
biomarkers have been proposed which have not yet been
widely clinically validated. A systematic review identified a
correlation between positive PDL-1 allograft staining in liver
transplant recipients (LTR) and one KTR and ICI associated
rejection [8]. All LTR with positive PDL-1 staining experienced
rejection (n = 6), and all those without did not (n = 8) [8]. PDL-
1 expression has been shown to represent a tolerogenic
mechanism in murine cardiac allograft models [19, 69].
Obtaining protocol renal allograft biopsies and staining them
for PDL-1 prior to ICI initiation may help risk-stratify patients
and help direct decisions around maintenance
immunosuppression. This strategy would also allow for the
identification and treatment of sub-clinical rejection prior to
ICI start. Notably, the patient with treatment refractory
allograft rejection described by Carroll et al. may have been
experiencing sub-clinical rejection prior to ICI start [7]. In
certain clinical situations, allograft biopsies may pose a higher
risk, and center-specific resource limitations may also exist.
Non-invasive biomarkers may be used to screen for sub-clinical
rejection prior to ICI start and once therapy is initiated. These
results could subsequently justify indication biopsies and early
therapeutic intervention. Urinary chemokines, C-X-C motif
chemokine ligand 9 (CXCL9) and ligand 10 (CXCL10), have
both been clinically validated as markers of sub-clinical ACR in
KTR who are not on ICI therapy [70–73]. Carroll et al. pre-
specified an exploratory endpoint utilizing CXCL10 and noted
rising levels in both of the patients who experienced allograft
rejection [7, 70]. Another non-invasive biomarker, donor-
derived cell-free DNA (dd-cfDNA), has been validated for
the detection of renal allograft rejection though not in the
context of ICI use [74–76]. Schenk et al. trended dd-cfDNA
every 2 weeks in their study, but only noted a clear temporal
association between dd-cfDNA elevations and allograft
rejection in one of three patients [7]. Additional prospective
studies to validate non-invasive biomarkers are needed.

From a therapeutic perspective, there is very limited data on
dual ICI use in KTR. A phase 2 prospective trial (NCT05896839)
is currently underway to determine tumor response and allograft
toxicity in patients with advanced cutaneous cancers on dual ICI
therapy with mTORi and prednisone maintenance
immunosuppression. Additional future considerations include
the use of targeted immunotherapies in KTR with solid organ
tumors to reduce the risk of allograft rejection, these include
chimeric antigen receptor T-cell therapy (CART) in which T cells
are engineered to target tumor specific antigens, or use of
oncolytic viruses. Recently, the ARTACUS trial demonstrated
encouraging results with a 34.8% ORR for the treatment of
advanced cSCC in 27 SOTR with intra-tumoral oncolytic
viruses, with no allograft rejections [77].
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CONCLUSION

Several clear conclusions can be drawn from the existing data: 1) KTR
can benefit ICI therapy, 2) KTR are at risk of rejection and treatment
related allograft loss while on ICI therapy but this risk can be reduced
with optimization ofmaintenance immunosuppression and potentially
with close follow up allowing early intervention, 3) extra-renal irAEs in
KTR have been documented less frequently than in the immune-intact
population though data on recurrent GN in the allograft is very limited.
While we lack high level evidence to direct optimal maintenance
immunosuppressive regiments, retrospective data suggests superiority
ofmTORi over CNI, but no prospective randomized controlled studies
comparing the two regiments have been performed. Patients would
ideally be risk-stratified prior to ICI therapy initiation. Protocol biopsies
and non-invasive biomarkers, such as urine CXCL9, CXCL10 or dd-
cfDNA, can be used to screen for sub-clinical rejection. Additional risk
stratification with PD-L1 staining of allograft biopsy tissue can be
considered. However, all of these interventions require additional
clinical validation in the setting of ICI use prior to widespread
application. Decisions around timing of ICI therapy initiation, and
treatment of allograft complications while on ICI therapy require a
patient-centered, multi-disciplinary approach. Transplant centers
would benefit from a unified protocol-based approach to the
management of KTR with malignancies, co-developed with
oncologists. Future research is needed directly comparing different

maintenance immunosuppression strategies in a balanced group of
patients to help us determine how best to optimize cancer and
allograft outcomes.
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Cancer is a major cause of morbidity and mortality in kidney transplant patients.
Unfortunately, the use of new anti-cancer therapies such as immune checkpoint
inhibitors (ICPIs) in this population has been associated with rejection rates up to 40%,
in retrospective studies. The main challenge is to maintain the patient in a delicate
immunologic balance in which, while antitumor therapy defeats cancer the graft is
safely protected from rejection. Recent clinical trials with ICPI have included kidney
transplant recipients (KTRs) and the results advocate for a paradigm shift in the
management of basal immunosuppression. This suggests that downward adjustments
should be avoided or, even better, that this adjustment should be “dynamic.” This review
summarizes the latest scientific evidence available in renal transplantation under ICPI
treatment: case series, prospective studies, histopathologic diagnosis,
immunosuppression regimens and new biomarkers. This article will provide the latest
information in on this specific field, allowing nephrologists to gain valuable knowledge and
to be aware of new approaches to immunosuppression management in oncological
kidney transplant patients.

Keywords: kidney transplant, cancer, checkpoint inhibitors, immunotherapy, immunosuppresion

INTRODUCTION

Kidney transplant recipients (KTRs) have a significantly higher risk of developing cancer than the general
population. This is a major cause of their associated morbidity and mortality [1]. The increased risk of
de novo and recurrent cancer is multifactorial and has been attributed to immunosuppression, oncogenic
viruses and altered T-cell immunity [2, 3]. Chronic kidney disease and cancer are bidirectionally related,
as there are some risk factors that promote both pathologies, such as oxidative stress, chronic
inflammation, alcohol and tobacco use, viral infections and aging. Impaired renal excretory function
could prolong the plasma half-life of some proinflammatory cytokines such as IL-1 beta (interleukin
1 beta), IL-6, and TNF-alpha, and this could be associated with a persistent proinflammatory state in the
body [4]. For example, in a Danish study with 5,594 patients who underwent renal biopsy, a higher rate of
cancer rate was observed in those who had a specific type of glomerulonephritis, such as minimal change
and membranoproliferative [5].

The introduction of new anti-cancer therapies in the treatment of cancer has transformed the field
of oncology. These therapies, also known as immunotherapy, are immune checkpoint inhibitor
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monoclonal antibodies (ICPI): anti-programmed cell death
1 inhibitors (PD1); anti-programmed cell death ligand
1 inhibitors (PDL1) and anti-cytotoxic T-lymphocyte-
associated antigen 4 inhibitors (CTLA4). Malignancies are
divided into “solid tumors” and “hematologic malignancies,”
with ICPIs being largely reserved for solid tumors (invasive
and cutaneous). Recently, it has been estimated that 10.5% of
all incident malignancies could benefit from receiving ICI
treatment, with 49.7% benefiting from this in terms of
oncologic response [6]. Unfortunately, these monoclonal
antibodies are not commonly used in the KTR population due
to a lack of robust evidence regarding their efficacy and safety.
Until 2017, KTR were systematically excluded from ICPI clinical
trials. The results of some available retrospective clinical trials
were disappointing, with an incidence of 42% of kidney rejection
among those KTR treated with ICPI [7]. Before expanding the use
of ICPI in KTRs, it is essential to identify the factors that predict
the risk of rejection and the presumed response rate of the disease.

In this review, we will present the most important published
data on the use of ICPI in the renal transplant population and the
new immunomodulatory strategies proposed to preserve the
effect of cytotoxic T lymphocytes against the tumor while
preventing their deleterious effect on the graft.

IMMUNOPHYSIOPATHOLOGY AND
BIOMARKERS

The immunophysiopathology of immune checkpoint inhibitors
(ICPIs) in kidney transplant patients is a complex interaction
between the recipient’s immune system, the kidney graft, and the
effect of these monoclonal antibodies on the regulation of the
immune response. The balance between avoiding potential
rejection and the progression of oncologic disease is poorly
understood.

Checkpoint regulatory proteins are responsible for imprinting
an activating or inhibitory response phenotype on the T cell.
CD80/86 (B7-1/B7-2) expressed by the antigen presenting cell
(APC) interacts with the CTLA-4 expressed by the T lymphocyte
to induce an inhibitory response. Conversely, CD80/86 (APC)
interacts with CD28 (T cell) to elicit an activating response. It is
not yet known with which receptor on the T cell the PD-L1
receptor of the tumor cell interacts with to exert an activating
function. However, we do know that when PD-L1 interacts with
PD-1, the effect is suppressive [8]. ICPI monoclonal antibodies
block the inhibitory response, thereby favouring T-cell activation.

One of the key issues in both cancer and kidney transplant
recipients is the role of exhausted effector T cells. CD8+ exhaustion
is a consequence of two events: prolonged and persistent exposure
to non-self antigens, such as the tumor cell neoantigens or the
antigens of a non-identical kidney allograft [9, 10], and lack of
CD4+ help [11]. Recent studies in kidney transplant patients have
shown that long-term immunosuppressive treatment increases the
expression of PD-1 but decreases that of PDL-1 and CTLA-4 [12].
Notably, the modulation differs between patients treated with
calcineurin inhibitors (CNI) and those treated with mammalian
target of rapamycin inhibitors (mTORi), who express more PD-1

and CTLA-4 [13]. The combination of all these factors explains
some of the major mechanisms of allograft rejection associated
with the use of ICPI. Here are the main factors that may contribute
to the rejection process: 1) reactivation of primed alloreactive
T cells by PD-1/PD-L1 blockade at the allograft site; 2)
activation of the systemic inflammatory response by reactivation
of quiescent T cells; 3) the possible development of new T
lymphocytes that recognize antigenic specificities on the tumor
that are shared by allogeneic peptides of the graft (cross-reaction);
and 4) loss of function of T regs [14].

The use of non-invasive biomarkers to predict each patient’s
risk of developing graft rejection after initiation of ICPI is of great
interest. Plasma donor-derived cell-free DNA (ddcfDNA) levels
increase prior to rejection episodes in patients receiving anti-PD-
1 treatment [15, 16]. Elevated ddcfDNA during ICPI treatment
identified graft rejection 10–15 days earlier than creatinine
elevation in two patients in the Schenk-led clinical trial. It is
not currently recommended for clinical decision making, but an
increase in ddcfDNA may help to monitor these patients more
closely. Another biomarker studied in this clinical scenario is the
increase in urinary CXCL-10 levels [17]; although the data are
very limited, the authors suggest that elevated urinary levels of
CXCL-10 prior to nivolumab treatment could predict early
allograft rejection. Recently single cell RNA transcriptomics
and T cell receptor sequencing have provided important
results to understand the role of different CD8-positive T cell
subtypes contributing to acute cellular rejection in this scenario
[18]. Using pharmacovigilance and multi-omic data, a bivariate
regression model of lymphocyte cytosolic protein 1 (LCP1) and
adenosine diphosphate-dependent glucokinase (ADPGK) was
developed to predict immune-mediated reactions in patients
treated with ICPI, including nephritis [19].

OBSERVATIONAL DATA

A number of retrospective studies have been conducted to
evaluate the use of ICPI in renal transplant recipients [20]. In
this multicentre study of 69 patients, 29 experienced rejection and
66% of them (n = 19) required dialysis. In a series of six patients,
Venkatachalam et al. reported poor outcomes for renal transplant
recipients with metastatic cancer receiving ICPI, describing a high
risk of rejection (50%) and poor remission rates (only one patient
with melanoma had remission, but after experiencing mixed
rejection and a return to dialysis) [21]. Murakami et al.
conducted a large multicentre study (n = 69) to evaluate the
safety and efficacy of ICPI in kidney transplant recipients with
cancer. They found improved cancer outcomes, but a high risk of
acute graft rejection (n = 29; 42%). Of these, 14 cases were
confirmed by renal biopsy: 7 mixed rejection mediated by
T cells and antibodies and 7 pure cellular rejection mediated
by T cells. Most of them, 80%, occurred in the first 2 months after
the start of ICPI treatment. After targeted treatment based mainly
on high-dose corticosteroids and immunoglobulins, 19 patients
(65.5%) lost the graft and returned to dialysis [7]. These high
rejection rates are similar to data reported in subsequent
literature reviews [22–25]. Tsung et al. demonstrated that
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ICPI, when used with minimized CNI and steroids, is safe and
effective for selected patients with advanced cutaneous squamous
cell carcinoma [26]. These studies emphasize the complexity and
challenges associated with the use of ICPIs in kidney transplant
recipients, underscoring the importance of further research to
optimize outcomes in this population.

INTERVENTIONAL STUDIES

As mentioned above, KTRs have been consistently excluded from
clinical trials involving of ICPI due to lack of efficacy concerns
and fear of inducing allograft rejection. Recently, this situation
has changed with the publication of three prospective, single-arm,
phase 1/2 studies in the past 2 years. Currently, another study on
the use of ICPI in kidney transplant recipients is registered on
clinicaltrials.gov [27].

In 2022, Carroll et al. published the first study on ICPI in KTR.
The study population consisted of high immunologic risk patients
with stable renal function. The immunosuppressive regimen was
not modified prior to the initiation of the ICPI treatment. Only
seventeen patients, with either skin or solid tumors, were enrolled
(intended to treat) before the early stop of the trial due to the
COVID-19 pandemic. The study demonstrated a response to
anti-PD1 (nivolumab) comparable to that observed in the general
population with a low rate of rejection (11.8%). One rejection
episode was successfully treated with anti-rejection therapy.

Secondly, Hanna et al. conducted a phase 1 clinical trial
involving 12 kidney transplant recipients (four of whom were
second kidney transplant recipients). All participants had
cutaneous squamous cell carcinoma [26]. All patients received
anti-PD1 treatment (cemiplimab) and an immunosuppressive
regimen based on mTOR inhibitors (sirolimus or everolimus, at
trough blood levels of 4–6 ng/dL) combined with corticosteroids
(40 mg/day gradually tapered to 10 mg/day on day +7). The
antiproliferative agent was discontinued at the time of screening.
No patient in the study experienced graft rejection or loss during
treatment with cemiplimab.

The third study, published in 2024 by Schenk et al., analysed
data from eight low-immunologic risk kidney transplant
recipients (KTRs) with skin cancer (melanoma, cutaneous
squamous cell carcinoma (SCC), or Merkel cell carcinoma)
[28]. All received nivolumab and, in case of disease
progression, four additional doses of Ipilimumab followed by
another course of nivolumab. Immunosuppression was changed
to dual therapy with minimized tacrolimus (2–5 ng/mL) and
prednisone 5 mg/day. Two patients experienced mixed cellular
and humoral rejection and one patient developed cellular
rejection. The authors conclude that dual therapy with
tacrolimus and prednisone does not protect against graft
rejection and may decrease the antitumor response.

All three studies had significant limitations, including small
sample sizes, heterogeneity in terms of inclusion criteria,
population characteristics, immunosuppression management,
tumor types (different types of cutaneous malignancies and
solid tumors), ICPI monoclonal antibodies received, previous
lines of treatment, outcomes, and in addition, none of them

were controlled. A key from these studies is that the ICPI
monoclonal antibodies treatment is feasible in kidney
transplant recipients, but patients must be carefully selected
to achieve good outcomes.

MANAGEMENT OF IMMUNE CHECKPOINT
INHIBITION IN TRANSPLANT RECIPIENTS

Currently, there are no clinical guidelines with robust scientific
evidence recommendingmodification of the immunosuppression
regimen in KTR prior to treatment with immune checkpoint
inhibitors. It is challenging to find the optimal balance between
ensuring that the cancer immunotherapy does not counteract the
patient’s immunosuppressive therapy and cause graft rejection,
while at the same time ensuring that the immunosuppression
given does not make the cancer immunotherapy less effective.

Histopathologic Diagnosis and Rejection
Risk Factors
In published cases with biopsy-proven kidney allograft rejection,
the typical diagnosis is T-cell mediated rejection, with less
frequent mixed T-cell and antibody-mediated rejection [7, 20,
23, 28–30]. In contrast to acute interstitial nephritis, which occurs
14 weeks after initiation of ICPI, the latency in kidney
transplantation is much shorter, usually between 22 and
24 days after initiation of anti-cancer treatment [29, 31–34].
There are overlapping histopathological features between related
to ICPI T-cell rejection and acute interstitial nephritis. Adam
et al. performed an analysis of 725 immune-related genes and
found a high degree of similarity between the two entities. They
also identified biopsy-based measurement of IFI27 (IFN-alpha
inducible protein 27) gene expression as a potential
differentiating marker [35]. IFI27 is an immune response gene
involved in interferon (IFN) signaling. Its expression is increased
in ICPI-TCMR (T cell mediated rejection) and non-immune
checkpoint inhibitor-associated TCMR. No differences were
observed in the other groups studied (normal, interstitial
nephritis secondary to ICPI, interstitial nephritis secondary to
other drugs, BK polyomavirus nephropathy and ICPI-associated
glomerulonephritis). In consequence, IFI27 could be a potential
biomarker to differentiate ICPI-interstitial nephritis from
rejection. When ICPI-induced kidney allograft rejection
occurs, the response rate to standard treatment is low, with up
to 66% graft loss and return to dialysis [7].

A review of the literature shows that the rejection rates are
higher in patients treated with anti-PD1/anti-PDL1 than in
those treated with anti-CTLA4 [23, 36, 37], in patients
receiving low-dose corticosteroids, and in patients with
history of previous graft rejection [14]. One explanatory
hypothesis is that CTLA-4 acts primarily in secondary
lymphoid organs, modulating early T cell activation in lymph
nodes. Since the kidney relies more directly on the PD-1/PD-
L1 interaction to maintain peripheral tolerance, PD-1/PD-
L1 blockade has a more direct impact on breaking this
tolerance. On the other hand, PD-1/PD-L1 signaling affects
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Treg activity in the renal graft microenvironment more than the
CTLA4 axis. Conversely, factors associated with lower rejection
rates include a longer time between transplantation and cancer
diagnosis [23], the use of mTOR inhibitors, the maintenance of
at least two immunosuppressive drugs at the time of ICPI
initiation [32, 38], and deceased donor kidney
transplantation [7]. Longer latency from transplantation to
initiation of a new immunomodulatory therapy against
cancer may reduce the risk of rejection due to: increased
immunologic tolerance of the graft, greater stabilization of
the immune microenvironment (increased T-reg and
decreased effector T cells), greater potential for some effector
T cells to convert to less active memory T cells or even T-reg,
and, in general, less dependence on immunosuppression to
maintain the graft.

Adjustment of Maintenance
Immunosuppression to Prevent Allograft
Rejection in Patients Treated With ICPI
There is no evidence or clinical guidelines recommending
adjustment of immunosuppression prior to the initiation of
ICPI. As a result, there is considerable variability in the
therapeutic approach to these cases, as evidenced by both
retrospective studies and clinical trials.

The majority of authors tend to reduce or discontinue
maintenance immunosuppression to manage the patient’s
immunologic risk, with the aim of improving tumor response [2].
However, there is currently insufficient evidence to support either of
the critical decisions they face; which immunosuppressive drug, if

any, can be safely discontinued, or what are the target drug levels to
be maintained. In one of the largest published multicenter case series
of 65 renal transplant patients, only 34.8% were maintained on the
same immunosuppressive regimen prior to initiating ICPI. Themost
common strategy was the combination of two immunosuppressive
agents (46% of the patients), such as steroids with CNI or steroids
with mTORi. A triple immunosuppressive regimen was used in
only 14 cases [7].

In conclusion, some authors propose two different
immunosuppressive treatment strategies in this complex scenario:

a) Dynamic steroid regimen; in this approach, the dose of
corticosteroids is increased at the beginning of each
immunotherapy cycle and then gradually tapered to the
usual maintenance dose [39–41].

b) mTORi conversion; is a classic strategy in the management of
immunosuppression in solid organ transplantation to prevent
tumor growth due to its antitumor effects [42–44]. Despite the
published experience, it is difficult to define the specific
isolated effect of mTORi conversion because other
treatment strategies are used concurrently at the time of
cancer diagnosis.

As a summary of the available evidence, and always in
consensus with the oncology team, the patient and the renal
transplant unit, the follow-up algorithm is proposed based on the
immunologic risk and time since transplantation. This is a very
complex scenario in which multidisciplinary consensus and
individualization of each case are essential Figure 1.
Recommendations during treatment with ICPI: 1. Check

FIGURE 1 | Algorithm for adjusting immunosuppression in kidney transplant patients who will receive ICPI.
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creatinine, urine sediment and proteinuria before each cycle. 2.
Avoid the use of proton pump inhibitors, antibiotics, and
nonsteroidal anti-inflammatory drugs. 3. Assess for extrarenal
immune-mediated manifestations and, if present, monitor renal
function more closely. 4. Evaluate monitoring of dd-cf-DNA and/
or urinary CXCL-10 levels. 5. Biopsy indicated if rejection is
suspected. 6. Balance patient prognosis and renal function
prognosis in decision making.

DISCUSSION

Despite the revolutionary impact of immune checkpoint
inhibitors in cancer treatment, there are still significant
concerns about their use in kidney transplant patients, given
the apparent high risk of organ rejection and the uncertainty
about their efficacy in the context of immunosuppression.

However, there is evidence of improved survival in patients
receiving triple immunosuppressive therapy. This is particularly
true in patients with skin cancer, who actually showed improved
outcomes prior to the era of immune checkpoint inhibitors.
However, while the results of ICPI therapy appear to be
improving in kidney transplant patients, it is important to
note that these results remain disappointing in non-skin
cancers. Therefore, while we await the results of ongoing
clinical trials, the management of cancer treatment in these
patients will continue to be highly individualized, particularly
in the case of non-skin cancers. The significant risk of graft loss
with immune checkpoint inhibitors must be considered. This will
be particularly important in patients with a short life expectancy.
In such cases, it is important to prioritize the patient’s short-to
medium-term outlook and wishes together with the patient’s
oncologist. We need to discuss with oncologists the risk of disease
progression and death due to the neoplasia if the best available
treatment is not received, and carefully weigh this against the
options of returning to dialysis in the event of graft rejection. We
must not overlook the fact that the loss of a kidney graft can be
managed with dialysis by keeping the patient alive.

Cancer is an ongoing challenge in the transplant population.
One of the biggest challenges physicians’ faces is the limited
opportunity for patients with kidney disease or renal transplant to
participate in prospective clinical trials. The establishment of
collaborative teams that include both oncologists and
nephrologists is a critical step in gradually improving this
scarce evidence base. Some hospitals have already established
dedicated onco-nephrology units to facilitate the day-to-day
management of these patients [45].

Recent data from the first phase I and II clinical trials in
transplant patients suggest lower rejection rates than previously

published in retrospective studies. However, these results should
be interpreted with caution, as the sample size is still very small and
cannot be extrapolated to patients with non-cutaneous cancers.
Future results from ongoing trials will help to clarify this
challenging issue and offer hope to our patients.

CONCLUSION

A complex therapeutic strategy is mandatory after the diagnosis of
cancer in renal transplant patients and requires a multidisciplinary
approach. The risk-benefit ratio of the ICPI in KTRs must be
strictly evaluated. Before starting ICPI, it is advisable to maintain at
least two immunosuppressive drugs with modulation of the
corticosteroid dose and to switch the drug maintenance
treatment from CNI to mTORi. Further prospective studies are
needed to analyse the risk of rejection in order to predict it with the
most accurate and individualized adjustments of
immunosuppression.
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Donors With Previous Malignancy:
When Is It Safe to Proceed With Organ
Transplantation?
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The growing number of organ donors in the United States, from 14,011 in 2012 to
21,374 in 2022, highlights progress in addressing the critical issue of organ shortages.
However, the demand remains high, with 17 patients dying daily while on the waiting list. As
of August 2023, over 103,544 individuals are awaiting transplants, predominantly for
kidneys (85.7%). To expand the donor pool, the inclusion of elderly donors, including those
with a history of malignancies, is increasingly considered. In 2022, 7% of all donors were
aged 65 and above, despite the complexities their medical histories may introduce,
particularly the risk of donor-transmitted cancer (DTC). This review examines the
challenges and potential benefits of using donors with known malignancy histories,
balancing the risks of DTC against the urgency for transplants. A critical analysis is
presented on current knowledge and the decision-making processes that consider cancer
types, stages, and patient survival outcomes. The goal is to identify missed opportunities
and improve strategies for safe and effective organ transplantation from this donor
demographic.

Keywords: risk, cancer, donor, malignancy, transplant surgery

INTRODUCTION

Over the past few years there has been consistent growth in the number of organ donors with
numbers rising from 14,011 donors in 2012 to 21,374 in 2022 in the United States [1, 2]. However,
the problem of organ shortage remains a significant challenge with 17 patients on the waiting list
losing their lives daily due to the unavailability of suitable organs [1, 2].

As of August 2023, the number of patients on the organ transplant waiting list reached
103,544 individuals [2]. Among the organ types, the kidney is the most prevalent, accounting
for 85.7% of the patients, followed by those in need of a liver (9.8%), heart (3.2%), lung (0.9%), and
other organs (0.4%) [2]. To address this critical need, there were 6,466 living donors and
14,903 deceased donors, totaling 21,369 individuals who donated organs. In 2022 alone, a total
of 42,880 successful organ transplants were performed [1, 2].

As life expectancy continues to rise, a growing number of elderly patients appear as potential
organ donors due to the necessity to increase the organ donor pool, even with marginal donors [3]. In
2022, 7% of all donors had 65+ years, the highest percentage ever [4]. However, this demographic
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often carries a history of comorbidities, including malignancies,
which adds complexity to an already risk full procedure [5, 6].
One of the significant concerns is the possibility of transmitting
diseases or malignancies from the donor to the recipient [7].

Donors with a history of cancer, the main focus of this review,
are individuals who have been previously diagnosed and treated

for malignancy, but whose cancer is considered cured or in
remission at the time of organ donation. In contrast, donors
with a known tumor prior to organ procurement or detected
during procurement are individuals where the malignancy, such
as renal cell carcinoma (RCC) or certain brain tumors, is actively
identified either in pre-donation evaluations or during the

TABLE 1 | Risk assessment of major cancer types.

Risk classification categories

Minimal risk of transmission (<0.1%) – Likely to be acceptable for all organ types and recipients
Low risk of transmission (0.1% to <2%) – Likely to be acceptable for many organ types and recipients
High risk of transmission (≥10%) – May be acceptable in exceptional circumstances
Unacceptable risk – Use of organs is not recommended in any circumstance

Breast cancer
Ductal carcinoma in situ
Stage Ia hormone-negative breast cancer, >5 years cancer free
Stage Ib or higher hormone receptor-positive breast cancer
Breast cancer diagnosed at retrieval

Central nervous system Tumors (see Table 2 for more information)
Primary brain tumors
Secondary brain tumors
Cerebral lymphoma

Colorectal Carcinoma
Carcinoma in situ of the colon or rectum
Treated Stage I colorectal cancer (N0/M0), >5 years cancer free
(except familial adenomatous polyposis)
Stage I colorectal cancer diagnosed during retrieval
Stage IIa colorectal cancer, >10 years cancer free
Stage II or higher colorectal cancer with ≤10 years cancer free

Renal Cell Carcinoma
Renal cell carcinoma <1 cm, Fuhrman Grade I-II
Renal cell carcinoma >1 and ≤4 cm, Fuhrman Grade I-II
Renal cell carcinoma >4–7 cm, Fuhrman Grade I-II
Renal cell carcinoma with extra-renal extension or Fuhrman Grade III-IV

Lung Cancer
In situ lung cancer
Any history of metastatic lung cancer

Prostate Adenocarcinoma
Prostate cancer with Gleason score ≤6 or treated with Gleason score 7
Recently diagnosed prostate cancer with Gleason score 7
Prostate cancer with distant metastasis

Skin Cancers
In situ cutaneous melanoma
In situ squamous cell carcinoma
Basal cell carcinoma
Cutaneous melanoma ≤0.8 mm (T1/N0/M0) completely resected or >0.8 mm
(T2-T4/N0/M0) with >10 years cancer free
Invasive cutaneous squamous cell carcinoma with nodal involvement or
metastasis
Cutaneous melanoma T2-T4 with ≤10 years cancer free with nodal
involvement or metastasis
Uveal or mucosal melanoma

Thyroid Cancers
Papillary thyroid microcarcinoma
Differentiated thyroid tumors ≤4 cm limited to the thyroid (T1/T2)
Newly diagnosed differentiated thyroid cancer >4 cm (T3, M0) or with extensive
spread (T4), treated and ≥2 years cancer free
Thyroid lymphomas, thyroid sarcomas, and other rare tumors of the thyroid
Treated thyroid cancer with incomplete macroscopic tumor resection

Others
Choriocarcinoma

Table 1was built using themost recent guidelines around the world, including from the European Committee onOrgan Transplantation, the Transplantation Society of Australia and NewZealand
(TSANZ), the Advisory Committee on the Safety of Blood, Tissues, and Organs (SaBTO) of the UK Government. Guidelines from the USA, spain, and Italy were also included [9–15, 19].
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retrieval process, raising immediate considerations for recipient
safety and donor eligibility. Finally, donors with unknown or
undetected tumors at the time of transplantation represent a
distinct category, as these malignancies, such as malignant
melanoma, are discovered only post-transplantation, often in
the recipient, posing significant challenges in terms of
retrospective diagnosis and management of transmitted cancer.
These categories highlight the varying levels of risk and clinical
decision-making required in the evaluation and use of organs
from donors with malignancy-related considerations.

Even among donors with previous malignancy history, there are
substantial differences in the risks [8–14]. Weighing the risks
associated with donor-transmitted cancer (DTC) against the
probability of a patient dying while waiting for a donation is a
delicate and complex decision [15]. Clinical assessment,
considering various factors such as the type and stage of cancer,
as well as patient survival on the waiting list, is essential in
determining the feasibility and safety of organ transplantation in
such cases [8–14]. Even with optimal donor evaluation, there
remains an inherent risk of tumor transmission, particularly as
donor age increases, due to the higher likelihood of undetected or
subclinical malignancies in older individuals.

This reviewwill focus on knownmalignancy history to gather and
present the most up-to-date knowledge about donor-transmitted
cancer and critically analyze potential missed opportunities.

ASSESSMENT OF TRANSMISSION RISK

Reported rates of donor-derived cancer transmission to organ
recipients vary significantly, ranging from 0 to 42 percent,
depending on the data source [8, 9, 13, 16–18]. These high
variations could be explained by older data relying on
voluntary reporting of index cases and may, therefore, be
prone to overestimation [11, 13, 14].

While the exact risk of transmitting any specific cancer from
the donor to the recipient is often uncertain, it is possible to
broadly assess the likelihood of transmission based on available
knowledge regarding the cancer type, its stage, metastatic
potential, and recurrence patterns in both transplant and non-
transplant settings. Table 1 summarizes the main cancer types
and stages and was prepared based on the most recent
guidelines [8–14, 20].

PRIMARY BRAIN TUMORS

Primary solid central nervous system (CNS) tumors may
occasionally lead to death in circumstances where organ
donation is possible [19]. Extracranial spread of brain tumors
is rare, though there are reports of malignancy transmission to the
recipients of organs from such donors [21–31].

Primary brain tumors are graded by the World Health
Organization (WHO) from grade I to grade IV based on their
biological behavior and prognosis [32]. Grade IV tumors are
considered cytologically malignant and generally fatal, leading to
the perception that they pose the highest risk of transmitting

malignancy from donor to recipient [32]. However, several cases
of organ transplants from donors with grade IV tumors have been
reported without the transmission of malignancy to the
recipients [19, 33].

For instance, a UK review of 448 recipients who received organs
from 177 donors with primary CNS tumors, including 23 donors
with grade IV gliomas and 9 with medulloblastoma, found no
evidence of tumor transmission over a minimum follow-up period
of 5 years [34]. Similarly, an Australian and New Zealand registry
review of 46 donors (9 with high-grade tumors) who provided organs
to 153 recipients did not identify any transmission events [35].

Another report from the United Network for Organ Sharing
(UNOS) database, which included 642 recipients of organs from
donors with CNS tumors, including 175 recipients from donors
with high-grade tumors, documented a single case of disease
transmission from a donor with glioblastoma multiforme to three
recipients [25, 36]. Finally, in a Czech report of 42 donors
(11 with high-grade tumors), no transmission was observed
among 88 recipients monitored for 2–14 years [37].

A more recent study also from the UK had a 10-year survival
of transplants from donors with brain tumors of 65% (95% CI,
59%–71%) for single kidney transplants, 69% (95%CI, 60%–76%)
for liver transplants, 73% (95% CI, 59%–83%) for heart
transplants, and 46% (95% CI, 29%–61%) for lung transplants
[19] which stays in proximity with UNOS national average
without malignancy [38–41] (Figure 1). For example, kidney
had a 78.15% (95%CI, 73.5%–82.7%) 10-year survival, liver had a
64.1%, heart had a 5-year survival of 80% and lung transplants
had a 32.8% survival in 10 years [38–41].

Overall, The UK’s Advisory Committee on the Safety of Blood,
Tissues, and Organs (SaBTO) [11] estimates the risk of tumor
transmission from WHO grade I and II tumors to be minimal
(<0.1%), the risk from grade III tumors to be low (0.1 to <2%) and
the risk of transmission from grade IV tumors as 2.2% [10].

Subsequent reports, where WHO grading was adopted, have
suggested that the risk of transmission is much lower [33–37, 42].
Of >77 donors with grade 4 CNS tumors donating
to >338 recipients (>34 liver recipients), there was only one
that transmitted cancer, with three recipients affected [25, 36].
Despite these favorable registry reports, there have been cases of
CNS tumor transmission, including 6 in LT recipients [22, 23, 25,
27, 29, 31, 43–45].

In addition to the reported risks, other factors show clinical
significance pertaining to CNS malignancy transmission.
Interventions such as brain irradiation, chemotherapy, previous
craniotomy, and ventriculoperitoneal shunt procedures may
increase the risk of transmitting CNS malignancy from donors
to recipients [11, 43, 46]. These interventions potentially breach the
blood-brain barrier, facilitating tumor spread. However, it is
challenging to differentiate between causality and coincidence. It
is possible that certain interventions aremore commonly employed
in tumors that are more prone to spreading.

One important factor is that the presence of brain metastases
can sometimes be incorrectly diagnosed as primary CNS tumors
or intracranial hemorrhage, and organ transplantation from these
donors has been associated with a poor prognosis for the
recipients [46]. A study involving 42 recipients of organs from
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patients with misdiagnosed primary CNS tumors revealed that
74% of the recipients developed a malignancy derived from the
donor, and 64% developed metastatic disease [46]. The 5-year
survival rate for these recipients was only 32% [46]. Therefore, in
cases where donors present with unexplained intracranial
hemorrhage or suspected primary CNS neoplasm without a
biopsy, it is crucial to consider conducting an evaluation
specifically for metastatic disease [46].

The risk assessment of CNS cancers, specifically pertaining to
organ transplantation shown in Table 2 has been conducted by
utilizing the recommendations provided by the Advisory
Committee on the Safety of Blood, Tissues, and Organs
(SaBTO) [10] and the UNOS recommendations [11]. These
assessments have incorporated findings from the SaBTO
report, and the outcomes of more recent studies conducted,
including those within the United Kingdom [19, 34, 47]. This
led to a revised understanding of the risks associated with CNS
tumors, but still deficient in quantity and quality of evidence.

BREAST CANCER

Breast cancer is the most frequent cancer in females and is
associated with the highest mortality [48]. Organs from
donors with a history of invasive breast cancer should only be
considered when a low risk of transmission criteria is observed

because of the potential for metastasis and late recurrence [49,
50]. A history of Stage I, T1A, node-negative, hormone receptor-
negative breast cancer may still be viable in a donor that has had
full treatment and complete remission with follow-up >5 years
[51]. Any other type of invasive breast cancer is considered a high
risk (>10%) of malignancy transmission, regardless of the
disease-free interval [13].

Hormone-positive breast cancer poses a high cumulative risk
of recurrence at 20 years post-treatment [49, 50]. Given this fact,
donors with this type of cancer have a high transmission risk [9].
Lobular breast cancer and ductal carcinoma provide a similar risk
of recurrence [52], so it is possible to group them together under
Stage I breast cancer with >5 years of recurrence-free survival for
risk assessment. In the event of a known history of invasive breast
cancer but insufficient data, either pathologic or clinical, donation
should only be considered for recipients facing an imminent
threat to life [9]. Invasive breast cancer diagnosed during retrieval
poses an unacceptable risk to potential transplant recipients [13].

RENAL CARCINOMA

Literature shows documentation of successful kidney
transplantation after renal cell carcinoma resection for
tumors <4 cm detected at organ retrieval [53–55]. In one
study following 21 kidneys with tumors from 0.1 to 2.1 cm, as

FIGURE 1 | The still unexplored use of donors with previous malignancies can greatly contribute to an increase in the organ pool. Created with BioRender.com.
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well as 47 contralateral kidneys and 198 non-renal organs, no
cases of malignancy transmission were identified [53]. Another
study showed no cases of transmission in 97 kidney
transplantations after RCC resection <4 cm, although there
was one case in the transplant of 22 contralateral kidneys [54].
In the case of well-differentiated RCC, the risk of transmission
was assessed as minimal (<0.1%) in tumors ≤1.0 cm in size, or low
(<2%) for tumors >1.0 cm to ≤4 cm in size [10]. Therefore, all
organs are considered for transplantation, including the affected
kidney, after resection on as RCC <4 cm with Fuhrman grade I-II,
when satisfactory margins are achieved [10, 11, 56]. Outside of
organ retrieval, if RCC diagnosis was less than 5 years before
organ donation, the same risks for RCC diagnosed during organ
retrieval apply. For patients with RCC >5 years with appropriate
follow-up, theoretical risks may be even lower [9]. Donors with
RCC 4–7 cm with Fuhrman I-II, with higher than 5 years cancer-
free interval may be considered for non-renal organs [57] Any
history of invasive RCC or Fuhrman grade III-IV represents an
unacceptable risk [13].

PRIMARY LIVER TUMORS

Liver, biliary, or pancreatic cancers that are diagnosed during
organ retrieval provide an unacceptable risk of malignancy

transmission in organ transplantation [9]. Even if identified in
treated history, they are usually also considered unacceptable
risks given the aggressive nature and high recurrence of
these cancers [9].

However, benign liver tumors are relatively common,
occurring in up to 20% of the general population [58] the
most frequent lesions being hepatic hemangioma (HH), focal
nodular hyperplasia (FNH), and hepatocellular adenoma (HCA
and are safe to transplant, so it’s essential to differentiate between
a tumor is malignant before ruling out donation [58, 59]. Some
studies exist showing cancer transmission in liver, biliary, or
pancreatic cancer [42, 60–63].

MALIGNANT MELANOMA

Melanoma of the skin represents 5% of all new cancer cases in
the US [64]. Melanoma is known for its potential transmission
from donor to recipient during transplantation [36, 65–68]
particularly pronounced when the diagnosis is overlooked in
the donor, leading to significant implications [36, 57, 69–73].
The prevalence of melanoma as a tumor type is high, marked
by early micro metastasis and the inherent challenge of
detection [74, 75]. Invasive melanoma constitutes around
30% of reported cases of donor-related cancers [18, 76]
with fatal consequences, as it correlates with a high
recipient mortality rate, estimated at approximately 60%
[7]. The level of risk associated with the transmission of
cutaneous melanoma hinges on factors like Breslow
thickness and the stage of melanoma at the time of
diagnosis and treatment [77]. Notably, in situ cutaneous
melanoma, being non-invasive, presents minimal chances of
donor-derived transmission due to the absence of metastatic
risk associated [65, 78, 79].

Invasive cutaneous melanoma is considered a high to
unacceptable risk of transmission as it may recur regardless of
many years of disease-free interval and poses a theoretically
higher threat on immunosuppressed patients, given that on
non-immunosuppressed individuals, the lifetime risk of
recurrence is greater than 2% for T1a (<0.8 mm thickness)
and greater than 10% in T1b (0.9–1.0 mm) [80–82]. Another
hazard of melanoma is its spread to distant sites, even during the
early stages of the disease, with cells that may stay dormant and
undetectable for many years after primary resection [83]. If
transplanted, these cells may lead to metastatic growth in an
immunosuppressed patient [66, 84–86], with high mortality rates
[87, 88]. Similarly, uveal and mucosal melanoma pose an
unacceptable risk to donation, given a high risk of undetected
micro metastases, regardless of the length of disease-free survival,
as does cutaneous melanoma with a history of nodal involvement
or distant metastases [89–91].

Considering all these factors, there are instances where organs
from donors with melanoma, other than in situ, may be used
under exceptional life-or-death circumstances [13]. As always,
this decision must be based on a thorough assessment of risk
status, with ample information available, and always
accompanied by the informed consent of the recipient.

TABLE 2 | Risk assessment of CNS tumors.

Absolute contraindications
• Primary cerebral lymphoma
• All secondary intracranial tumors
• Any cancer with metastatic spread
Intracranial tumors with Intermediate risk of cancer transmission (2.2%) include
WHO Grade 4 tumors
• Atypical teratoid/rhabdoid tumor
• Choriocarcinoma
• Diffuse midline glioma, H3K27 M-mutant
• Embryonal tumor (all subtypes)
• Giant cell glioblastoma (old classification)
• Glioblastoma (IDH wild type and IDH mutant)
• Gliosarcoma
• Malignant peripheral nerve sheath tumor (MPNST) – grade 4
• Medulloblastoma
• Medulloepithelioma
• Pineoblastoma
Intracranial tumors with a lower risk of cancer transmission (<2%) include WHO
Grade 3 tumors
• Anaplastic CNS tumors
• Choroid plexus carcinoma
• Ependymoma: RELA fusion-positive
• Haemangiopericytoma/solitary fibrous tumor
• Papillary tumor of the pineal region
• Pineal parenchymal tumor of intermediate differentiation
• Malignant peripheral sheath tumor grade 3
Intracranial tumors with minimal risk of cancer transmission (<0.1%)
• Low-grade CNS tumor (WHO grade I or II)
• Primary CNS mature teratoma

The risk assessment of CNS cancers, specifically pertaining to organ transplantation
shown in Table 2 has been conducted by utilizing the recommendations provided by the
Advisory Committee on the Safety of Blood, Tissues, and Organs (SaBTO) [10] and the
UNOS recommendations [11]. These assessments have incorporated findings from the
SaBTO report, and the outcomes of more recent studies conducted [19, 34, 47].
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PROSTATE CANCER

Prostate cancer provides a minimal-to-low risk of malignancy
transmission given, as with many other types of cancer, its
confinement to the original organ [92]. It is one of the most
prevalent cancers accounting for 14.7% of all new cancer cases in
the U.S. In 2023, there were an estimated 4,956,901 men living
with prostate cancer in the World [48, 93]. A study conducted on
organ donors showed that 23% of those aged 50–59 years, 35% of
those aged 60–69, and 46% of those aged 70–81 years had
undiagnosed prostate cancer [94]. However, there was no
evidence of higher prevalence of prostate cancer among
transplant recipients relative to the general male
population [95, 96].

The Gleason score is a valuable tool when deciding to proceed
with the donation [97, 98]. A Gleason score of 6 provides an
almost-zero risk of transmission [99]. A donor with a history of a
Gleason 7 prostate cancer may also be considered minimal risk,
provided the tumor was organ-confined and the donor has been
cancer-free for more than 3 years [92, 100]. Analyzing 120 reports
of transplants coming from donors with confirmed prostate
cancer, only one case was identified [101], and that came from
a donor later found to have metastatic disease [102]. A meta-
analysis concluded that the risk of remaining on the waiting list
was higher than the risk of transmission in transplants with a
donor with prostate cancer [92].

PRIMARY LUNG CARCINOMA

There are registry and case reports of occult donor transmission
with kidney transplantation, highly fatal outcomes, and very
aggressive behavior from donor-transmitted lung cancer [57,
103–105]. Benign pulmonary nodules – such as hamartomas
and papillomas – are relatively common, especially after 45 years
of age and account for more than 95% of all pulmonary nodules
[106]; hence it is important to distinguish between benign tumors
in the lung and lung cancer in the donor.

Transmission of lung cancer to liver transplant recipients has
been reported with fatal consequences in 2 cases, including
1 undergoing urgent transplantation when the
adenocarcinoma was found on donor autopsy [107, 108].
There are also reports of transmission in several registry
studies [17, 18, 20, 60, 69, 109]. In contrast, there are a few
reports of donor lung cancer not being transmitted to liver
transplant recipients [17, 20, 110]. Still, lung cancer at any
stage (excluding in situ – high risk) [13] is considered an
unacceptable risk [9, 13].

COLORECTAL CANCER

Colorectal cancer is common in the population and a common
cause of mortality [48]. The liver is the most frequent site of
metastasis [111]. A 2003 US consensus agreed on the use of Stage
I – T1, node-negative – colorectal cancer individuals as organ
donors given the low risk of nodal or metastatic disease associated

[112]. For individuals with Stage I familial adenomatous
polyposis who are potential donors, caution should be
exercised when considering pancreas transplantation due to an
elevated risk of duodenal cancers [13]. However, under specific
circumstances and clinical assessment, transplantation of certain
other organs might still be viable [9]. In cases where Stage II or
higher colorectal cancer is detected either during retrieval or in
the donor’s medical history, with a cancer-free period of up to
10 years, the potential for transmitting cancer to recipients is
deemed unacceptable [11, 13].

However some more recent studies suggest the risk might be
lower [110, 113]. As new forms of cancer targeting appear [114]
and recently showed that patients with this type of cancer may
have a good prognosis [115, 116] with effective surveillance
[117], new data on colorectal cancer and its safety should appear
in the following years. It is important that pathology reports are
made available to accurately determine the stage of cancer
before proceeding with transplantation. During retrieval
procedures, surgeons should meticulously inspect all intra-
abdominal and intra-thoracic structures for any suspicious
lesions [15, 109].

THYROID TUMORS

Approximately 90% of thyroid cancers are either papillary (80%)
or follicular (10%) [118], usually with only localized spread [48].
The relative survival rate is 97% in a 5-year interval, if not in
advanced stages [48, 119]. Distant metastases develop in 5%–23%
of differentiated thyroid cancers, typically in the lungs and bones
[120]. Post-operative risk of recurrence after tumor resection is
low when the tumor does not have aggressive histology [121].

The risk of malignancy transmission in differentiated thyroid
cancer varies depending on the size of the tumor and the spread,
with cancers up to 4 cm providing a minimal risk of transmission
if confined to the thyroid, even if only detected at organ retrieval
[9, 11, 13]. On an important note, thyroid cancers are not affected
by immunosuppression, which means that pre-existing thyroid
cancers do not show increased rates of progression, and the
incidence of thyroid cancer is not elevated in recipients [96, 122].
Additionally, even in the event of donor-derived transmission,
metastatic differentiated thyroid cancer can still be treated with
curative therapy, depending on histology [120].

OTHER CANCERS

While the main cancers associated with organ donation are well-
documented, consideration should also be given to other less
commonly reported malignancies, such as ovarian, cervical, and
pancreatic cancers. These malignancies pose unique challenges
due to their aggressive nature and potential for microscopic
metastases. However, the current literature lacks sufficient data
to assess the transmission risks or to establish evidence-based
recommendations for the utilization of organs from donors with
these types of cancers. As such, further studies and case reports
are needed to better understand the risks and outcomes
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associated with these malignancies in the context of organ
transplantation.

DISCUSSION

History of malignancy or, in some cases, an active malignant
disease in the potential donor should not automatically be a veto
to organ donation. The estimated risk of tumor transmission
should be balanced against the benefit of the transplant for
recipients. Donor-transmitted cancer is still an area to be
better understood, with few quality studies showing varied
results that could either underestimate or overestimate the
probability of developing DTC [123–125].

As the donor waiting lists continue to rise and general life
expectancy tends to get older, reevaluating the risk of DTC could
provide a powerful ally in increasing the donor pool, withmanymore
donors becoming available. Currently, there is still a feeling of missed
opportunities in perceived high-risk transplants that retrospectively
have not shown the same risk, especially regarding CNS tumors
[126], that’s have historically been put in a >10% risk category [11]
and are now reduced to a 2.2% risk [8–10, 13]. There is expectation
concerning what other risk reductions are viable, but more detailed
data, including reliable reporting of transmission events, is necessary
to include, as of now, high-risk malignancies in a potential donor list
and to allow a more evidence-based decision process.

The frequently urgent nature of organ transplantation often
precludes the possibility of obtaining all of the desired
information, and the physician must weigh available clinical
data and published experience along with the medical
condition and desires of the patient in arriving at the best
possible decision. Although a certain transmission risk will
remain in many cases, selected patients will benefit from these
organs more than if they stayed on the waiting list.

It is important to notice, however, that even without a prior
history of neoplasm, there is still a chance of donor-origin cancer
(DOC) of 0.06%, as it was concluded by a study with
30,765 transplants conducted in the UK [17]. In this study of
the 18 recipients who developed DOC from 16 donors (0.06%):
3 were DDC (donor-derived cancer - posterior growth of
malignancy after transplantation, derived from donor cells),
and 15 were DTC (donor-transmitted cancer). Of the
15 DTCs, 6 were renal cell cancer; 5 lung cancer;
2 lymphoma; 1 neuroendocrine cancer; and 1 colon cancer.
This represented an unavoidable, but low risk of DOC in

every transplant made [17], which should be taken into
consideration when weighing the risks.

Noticeably, no guidelines exist on retransplantation in DTC
events. Decisions should be made on a case-by-case basis with a
multidisciplinary approach and after discussion with the patient
or relatives. Retransplantation may be reasonably considered
when the tumor identified in the donor is deemed of
intermediate or high risk of transmission.

CONCLUSION

An individualized clinical judgment for using organs from donors
with malignancy should be made and presented to the recipients,
including the risk of not proceeding with transplantation, with
fully informed consent being mandatory where the risks are
higher than standard expectations.

This review stands to bring back the focus on DTC, urging for
a more extensive evidence base providing more accurate and
clinically relevant recommendations to aid the patient’s physician
in a more secure clinical decision, as well as providing an answer
to an ever-higher donor waiting list.
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Renal cell carcinoma (RCC) of native kidney is more prevalent after kidney transplantation
than in the general population. Risk factors and the value of screening remain unclear. We
conducted a multicenter case-control study in kidney transplant recipients transplanted
between 1989 and 2017. All patients with RCC were included, and two controls were
matched to each case. Two centers performed annual screening (AnS group) and the
other two had other strategies (OS group). A total of 125 cancers were found in
113 patients. The majority of cancers were stage T1-T2 (92.0%), 1.6% had metastasis
at diagnosis and ten (9.0%) had recurrence after nephrectomy. Men [OR 2.2; IC 95%
(1.2–4.4); p = 0.02] and acquired cystic kidney disease [OR 3.2; IC 95% (1.8–5.9); p <
0.01] were associated with cancer in multivariate analysis. The 10-year survival was poorer
in cases (65.6% vs. 79.1%, p < 0.001). The AnS group had fewer relapses (5.0% vs.
18.2%, p = 0.02) and a lower rate of cancer-related deaths (16.0% vs. 46.1%, p = 0.04).
Survival of patients with RCC is lower than in control patients. Annual screening could
improve cancer prognosis, its benefit needs to be evaluated in larger studies.

Keywords: renal cell carcinoma, native kidney, kidney transplantation, screening, survival

*Correspondence
Pierre Pommerolle,

pommerolle.pierre@chu-amiens.fr

Received: 12 February 2025
Accepted: 03 June 2025
Published: 16 June 2025

Citation:
Pommerolle P, Assem M, Uhl M,

De Sousa P, Guerrot D, Hazzan M,
Lobbedez T, Fourdinier O and
Choukroun G (2025) Renal Cell

Carcinoma in Native Kidney After
Kidney Transplantation: A Multicenter
Case Control Study With a Focus on

Screening Strategy.
Transpl. Int. 38:14487.

doi: 10.3389/ti.2025.14487

Abbreviations: ACKD, acquired cystic kidney disease; Ans, annual screening group; ADPKD, autosomal dominant polycystic
kidney disease; CVD, cardiovascular disease; Ch, chromophobe; CCC, clear cell carcinoma; CKD, chronic kidney disease; DSA,
donor specific antibody; ESRD, end-stage renal disease; eGFR, estimated glomerular filtration rate; KT, kidney transplantation;
KTRs, kidney transplant recipients; Os, other strategy group; PC, papillary carcinoma; RCC, renal cell carcinoma.

Transplant International | Published by Frontiers June 2025 | Volume 38 | Article 144871

ORIGINAL RESEARCH
published: 16 June 2025

doi: 10.3389/ti.2025.14487

114

http://crossmark.crossref.org/dialog/?doi=10.3389/ti.2025.14487&domain=pdf&date_stamp=2025-06-16
http://creativecommons.org/licenses/by/4.0/
mailto:pommerolle.pierre@chu-amiens.fr
mailto:pommerolle.pierre@chu-amiens.fr
https://doi.org/10.3389/ti.2025.14487
https://doi.org/10.3389/ti.2025.14487


GRAPHICAL ABSTRACT |

INTRODUCTION

Kidney transplantation (KT) is the treatment of choice for chronic
kidney disease (CKD), offering, in comparison to dialysis, a better
quality of life and survival. However, the use of immunosuppressive
treatments increases the risk of post-transplantation complications,
mostly infections and cancers. Thus, the risk of cancer is 2 to 5-fold
higher in kidney transplant recipients (KTRs) than in the general
population [1, 2], and 20% of KTRs will develop cancer within
10 years after KT [3]. A higher risk is observed, compared to the
general population, for skin cancer, Kaposi’s sarcoma, post-
transplantation lymphomas, and urological malignancies
particularly the renal cell carcinoma (RCC) of native kidney [1, 2].

Every year, RCC affects 350,000 new patients worldwide and
30,000 patients die from their cancer [4]. Themain risk factors for
RCC are age older than 60 [5], male gender [5], smoking [6], high
blood pressure [7–9], obesity [10, 11], and CKD [12]. Acquired
cystic kidney disease (ACKD) is a multi-cystic differentiation of
native kidneys, mainly affecting patients with end-stage of CKD.
ACKD is suspected to be a risk factor for RCC, due to the strong
association between ACKD and CKD-patients with RCC (70%–
90%) [13]. Treatment for RCC is usually surgical but medical
treatment (in particular the use of immunotherapies and tyrosine
kinase inhibitors) has clearly improved prognosis of patients with
metastatic disease [14, 15].

Several studies, generally retrospective, monocentric, and with
small numbers of patients, have studied the risk of RCC in KTRs
[16–27]. RCC is 15-fold higher in KT than in the general
population [28, 29], and occurred in 0.7% of KTRs [30].

Interestingly, several studies have suggested that the frequency
of RCC may be higher when systematic screening is performed
(2.7%–4.6%) [18, 21, 23]. The explanations for this higher
frequency in KT have not been optimally studied, due to a
lack of studies comparing the characteristics of KTRs with
RCC to those of KTRs without cancer. The impact of
immunosuppressive regimen notably, remains unclear [31].
Finally, there is no consensus on systematic screening of RCC
in KTRs. Indeed, the American Society of Transplantation and
the Kidney Disease Improving Global Outcomes do not
recommend systematic screening [2, 32], while the European
Association of Urology recommends performing an annual
ultrasound of the native kidneys [33]. The aim of this study is
to determine the characteristics of KTRs with RCC in a large
population of transplant patients. To evaluate the risk factors of
RCC in KT, we compared characteristics of this population to a
healthy and matched population of KTRs. Finally, we evaluated
the outcome of KTRs with RCC according to the screening
strategy of their center.

PATIENTS AND METHODS

Study Design
We conducted a multicentric, retrospective, case-control study in
four University Hospitals in France (Amiens, Caen, Lille and
Rouen). The study included KTRs transplanted between April
1989 and December 2017. The end of the follow-up was
31 January 2019.
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Selection of Cases and Controls
All patients with a diagnosis of RCC during graft follow-up were
included, while patients with a diagnosis of benign tumor of
native kidney, graft cancer, or urinary tract malignancy were not.
Cases were selected in all centers by the search for “Cancer of
native kidney” or “Kidney carcinoma” in the CRISTAL database
(Agence de la Biomedecine, Paris, France) and supplemented by
questioning the Pathology Department of each center. Finally, the
analysis of medical records ensured the diagnosis of RCC.
Controls were selected from KTRs transplanted over the same
period. All patients underwent pre-transplant evaluation,
including abdominal imaging, to rule out active malignancy
and RCC. We assigned two controls per case, matching by
center, year of transplantation (±2 years), and age at
transplantation (±2 years). Cases had to be alive with a
functioning graft at the time of the case’s cancer onset and
anephric controls were excluded. These criteria was verified in
the patient’s medical records.

Patients’ Medical Records
All data were collected retrospectively from the patients’ medical
records. The variables collected included sex, age at
transplantation, age at cancer diagnosis (for cases), the
number of transplants received, the type and duration of
dialysis treatment before KT, cancer history, the presence of a
single native kidney, smoking (current or former), obesity,
diabetes mellitus, presence of ACKD, cause of end-stage renal
disease (ESRD), estimated glomerular filtration rate (eGFR),
immune complications (biopsy-proven graft rejection, rejection
type and de novo donor-specific antibodies [DSA]),
immunosuppression characteristics (regimen, drugs, blood
calcineurin inhibitor level, and the dose of mycophenolate
mofetil received), the histologic characteristics of cancers,
cancer treatments (including initial treatment, treatment of
recurrence and changes in immunosuppressive therapy). Single
native kidney was defined as a single anatomical kidney (acquired
or congenital) before KT; obesity was defined as a body mass
index >30 kg/m2; eGFR was calculated using the Modification of
Diet in Renal Disease equation [34]; ACKD was defined as the
presence of at least three single cysts in each native kidney on
imaging tests (ultrasound, CT scan or magnetic resonance
imaging), patients with autosomal dominant polycystic kidney
disease (ADPKD) and those without available imaging
examinations were excluded from this analysis. Tumors were
classified by histological type according to current classifications
the year of the discovery of the cancer, and according to the
classifications of Fuhrman or International Society of Urological
Pathology (based on date of diagnosis) for the tumor grade [35,
36]. The stage of the disease was evaluated according to the Union
for International Cancer Control TNM
2017 classification [37, 38].

RCC Screening
We defined two groups of patients according to the screening
strategy of each center: the “annual screening group” (AnS,
including patients from Amiens and Rouen) and the “other
strategy group” (OS, including patients from Caen and Lille).

The annual screening strategy involved alternating CT scans and
ultrasounds in Amiens center (alternately) and only an
ultrasound screening in Rouen center. The use of iodinated
contrast agent for CT scans was permitted but left to the
discretion of the nephrologist. In the OS group, Caen center
carried out ultrasound at 1 year of KT then every 3 years, while
Lille center did not perform systematic screening. Patients in both
groups (Ans and OS) could undergo additional imaging, after
screening or incidental diagnosis.

Statistical Analysis
The normality tests used were the Shapiro-Wilk test and the
Kolmogorov Smirnov test. In case of normal distribution, means
and standard deviations were used to describe continuous
variables. Otherwise, we described the results with the median
and the interquartile range (IQR). For unpaired subjects, the
means were compared by Student’s t-test or the Mann-Whitney
(depending on whether the variables were normally distributed or
not), and frequencies by the chi-square test or the Fisher test. For
matched subjects, frequencies were compared by the Cochran-
Mantel-Haenszel test. Survival data (patient survival and graft
survival) were evaluated at 10 years from baseline. Baseline
corresponded to the date of cancer diagnosis in the cases, and
the date of cancer of the matched case for the controls. For
patients who had contralateral RCC, only the date of the first
cancer was used in the analyses. Graft survival data were censored
at the time of recipient death. Survival was analyzed by the Kaplan
Meier method. Survival curves were compared by the Logrank
test. The odds ratios, described with a 95% confidence interval,
were calculated in a bivariate analysis, then included in a
multivariate model if p was less than 0.1 using a logistic
regression model. The results were considered significant for a
p-value less than 0.05. Statistical analyses were performed using
SPSS® software (version 21 SPSS Inc., Chicago, IL, United States)
and Graphpad Prism (Graphpad Software San Diego, California,
United States).

Ethics
The study followed the 1964 Declaration of Helsinki and its later
amendments. In line with the French legislation on retrospective,
non-interventional studies, this study was reviewed and approved
by an ethic committee (Comité de Protection des Personnes Nord
Ouest II, n°2011/17), all patients were informed about the
collection of their data and were free to decline participation
in the study. The study was registered with the French National
Data Protection Commission (Commission Nationale de
l’Informatique et des Libertés, Paris, France; registration
number: CNIL MR001: n°1449904).

RESULTS

Comparison of Cases and Controls
Seven thousand and eighty-four patients were transplanted in the
four centers between April 1989 and December 2017 (1511 in
Amiens, 1377 in Caen, 2887 in Lille, 1449 in Rouen). One
hundred and thirteen patients had a RCC during the study
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period, i.e., a prevalence of 1.6% in the entire population. The
characteristics of the patients are summarized in Table 1.

Cases and controls mostly received a graft from a deceased
donor (98.2% in cases and 97.8% in controls). Cases were more
likely to be men (77.0% vs. 63.3%; p = 0.03) and to have an ACKD
(50.0% vs. 24.1%; p = 0.01). The cause of ESRD was more
frequently a glomerulonephritis (48.7% vs. 37.2%; p = 0.04) or
a nephroangiosclerosis (12.4% vs. 4.4%; p = 0.02) in the cases,
while ADPKD (6.2% vs. 23.0%; p = 0.01) and uropathies (3.5% vs.
11.1%; p = 0.04) were more frequent in controls (Table 1). There
was no difference in the immunosuppressive treatment and
immunological complications before baseline (Table 2).

In the univariate analysis, male gender [OR 1.9; CI 95% (1.1–3.1);
p = 0.01], ACKD [OR 3.4; CI 95% (2.0–5.7); p < 0.01],
glomerulonephritis [OR 1.7; CI 95% (1.0–2.7); p = 0.01] and
nephroangiosclerosis [OR 2.8; CI 95% (1.2–6.5); p = 0.02] as a
cause of ESRDwere associated with RCC, while ADPKD [OR 0.2; CI
95% (0.1–0.5); p < 0.01] and uropathies [OR 0.4; CI 95% (0.1–0.9);
p = 0.04] were protective factors. Only male gender [OR 2.2; CI 95%
(1.2–4.4); p = 0.02] andACKD [OR 3.2; IC 95% (1.8–5.9); p < 0.001]
remained associated with the risk of RCC in themultivariate analysis
(see the Supplementary Table for comprehensive results).

With respective median follow-up times of 62.5 months (IQR
29.9–120.1) and 82.1 months (IQR 39.9–134.4), the mortality rate
(33.6% vs. 18.6%, p = 0.02) and 10-year survival (65.6% vs. 79.1%,
p < 0.001; Figure 1) were better in controls. Patients with metastatic
disease at diagnosis had a median survival of 9.0 months (IQR

8.6–9.3). RCC was the second cause of death in cases (10/38, 26.3%)
after cardiovascular disease (CVD; 12/38, 31.6%) while infections
(13/42, 30.9%), malignancies (10/42, 23.8%) and CVD (9/42, 21.4%)
were the most common causes of death in controls. There was no
difference in the 10-year graft survival censored on patient death
(82.7% in cases vs. 86.7% in controls, p = 0.38; Figure 2), and chronic
allograft nephropathy was the most common cause of graft loss in
the two groups (60.0% in cases and 65.2% in controls). Finally, the
risks after baseline of allograft nephropathy (9.7% in cases vs 6.2% in
controls), humoral rejection (7.1% in cases vs. 5.6% in controls),
cellular rejection (4.4% in cases and 1.3% in controls) and
appearance of DSA (14.2% in cases and 13.5% in controls) were
similar between the two groups.

RCC Characteristics
One hundred and twenty-five cancers were diagnosed in the
113 cases (Figure 3). Clear cell carcinoma (CCC) was the most
common type of cancer (56.0%), followed by papillary (PC;
40.8%) and chromophobe subtypes (Ch; 3.2%). Due to the low
number of Ch cancers, only CCC and PC were included in the
following analysis. The median time between cancer diagnosis
and transplantation was 38.4 months (17.3–84.3) for CCC and
42.1 months (15.2–102.2) for PC. There was no difference in the
clinical characteristics according to the histological subtypes,
except for ciclosporin use which was more frequent in patients
with CCC (61.9% vs 36.6%; p = 0.01). Most cancers were low stage
(stage T1-T2, 94.2%) and low grade (grade 1 or 2, 63.0%) at

TABLE 1 | Cases and controls characteristics.

Variables Patients

Cases n = 113 Controls n = 226 p

Male 87 (77.0) 143 (63.3) 0.03
Age at transplantation 51.3 (10.9) 51.2 (10.9) ns
Age at baseline 56.1 (10.6) 56.1 (10.7) ns
Smoke 39 (33.6) 75 (33.2) ns
Body mass index, kg/m2 26.1 (23.4–28.9) 25.9 (22.8–28.5) ns
Obesity 23 (20.4) 43 (19.0) ns
Diabetes mellitus 21 (18.6) 40 (17.7) ns
Acquired cystic kidney diseasea 52 (50.0) 39 (24.1) 0.01
Single native kidney 12 (10.6) 23 (10.2) ns
Dialysis before transplantation
Hemodialysis

106 (93.8)
94 (88.7)

211 (93.4)
185 (87.7)

ns
ns

Time to dialysis, months 27.2 (16.6–45.6) 23.7 (14.8–38.5) ns
Time to dialysis >3 years 40 (35.4) 58 (25.7) ns
eGFR at baseline, mL/min/1.73 m2 47.0 (36.5–60.0) 46.0 (35.0–57.0) ns
Prior cancer history
History of pre-transplant RCC

11 (9.7)
2 (1.8)

14 (6.2)
0 (0.0)

ns
ns

Prior transplantation 16 (14.2) 20 (8.8) ns
Cause of ESRD
Glomerulonephritis
Nephroangiosclerosis
Diabetes mellitus
ADPKD
Chronic Interstitial Disease
Urologic malformation
Other
Unknown

55 (48.7)
14 (12.4)
8 (7.1)
7 (6.2)
7 (6.2)
4 (3.5)
8 (7.1)
10 (8.8)

84 (37.2)
10 (4.4)
10 (4.4)
52 (23.0)
14 (6.2)
25 (11.1)
8 (3.5)

23 (10.2)

0.04
0.02
ns
0.01
ns
0.04
ns
ns

Data are expressed as mean (standard deviation) or median (interquartile range) for continuous variables (depending on the normal distribution or not) and number (percentage) for
categorial variables. eGFR, estimated glomerular filtrate rate; RCC, renal cell carcinoma; ESRD, end stage renal disease; ADPKD, autosomal dominant polycystic kidney disease; ns, non-
significant.
aPatients with autosomal dominant polycystic kidney disease and those for whom imaging examinations were not available were excluded from the analysis of this variable.
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diagnosis in both types of cancer and there was no difference
between CCC and PC for tumor size, stage, grade and focality
(Table 3). Despite this, 10-year survival was worse in patients
with CCC (52.8% vs 83.1%, p = 0.007; Figure 4), and the rate of
cancer-related deaths had a clear tendency to be higher (33.3% vs.
0.0%, p = 0.07).

Treatment and Relapse
All cancers were treated by nephrectomy. A contralateral preventive
nephrectomy was performed in 19 patients resulting in the diagnosis
of 6 cancers. The immunosuppressive treatment was mostly
unmodified after the surgery (68.0%) and 24 patients (19.2%)

TABLE 2 | Immunosuppressive treatments and immunological complications of cases and controls before baseline.

Variables Patients

Cases n = 113 Controls n = 226

Induction therapy
None
Thymoglobulin
Anti-IL2-R

2 (1.8)
69 (61.1)
42 (37.2)

5 (2.2)
134 (59.3)
87 (38.5)

Maintenance IS therapy
Tacrolimus
Ciclosporin
Corticoids
Mycophenolic acid
Azathioprine
mTOR inhibitors
Belatacept

50 (44.2)
58 (51.3)
86 (76.1)
85 (75.2)
9 (8.0)
5 (4.4)
3 (2.7)

95 (42.0)
116 (51.3)
166 (73.5)
171 (75.7)
14 (6.2)
18 (8.0)
0 (0.0)

Dose/weight mycophenolate mofetil, mg/kg 17.3 (7.3) 16.1 (7.3)
Dose/weight mycophenolate sodium, mg/kg 10.6 (6.0) 13.2 (6.3)
Exposure time to CNI, months 40.8 (15.6–99.6) 44.6 (16.3–91.8)
Exposure time to TIT, months 18.0 (4.8–59.3) 14.6 (4.0–62.3)
Immunological complications
Allograft nephropathy
Active-AMR
Chronic-AMR
Acute-TCMR
Acute rejection (type not specified)
De novo DSA

10 (8.8)
2 (1.8)
1 (0.9)
2 (1.8)
6 (5.3)
2 (1.8)

22 (9.7)
5 (2.2)
1 (0.4)
8 (3.6)
9 (4.0)
7 (3.1)

Data are expressed as mean (standard deviation) or median (interquartile range) for continuous variables (depending on the normal distribution or not) and number (percentage) for
categorial variables. Baseline correspond to date of cancer diagnosis for cases and for controls on the date of cancer of the matched case; IL2R: interleukin-2, receptor; mTOR:
mechanistic target of rapamycin; CNI: calcineurin inhibitor; TIT: triple immunosuppressive therapy; AMR: antibody-mediated rejection; TCMR: T cell-mediated rejection; DSA: donor
specific antibody. There was no significant difference between cases and controls (p-value >0.05 for all variables).

FIGURE 1 | Patient survival in cases and controls groups. Patient
survival was measured from baseline, corresponding date of cancer diagnosis
for cases and for controls on the date of cancer of the matched case.

FIGURE 2 | Graft survival in cases and controls groups. Graft survival is
censored on patient death and measured from baseline, corresponding date
of cancer diagnosis for cases and for controls on the date of cancer of the
matched case.

Transplant International | Published by Frontiers June 2025 | Volume 38 | Article 144875

Pommerolle et al. RCC After Kidney Transplantation

118



were switched to an mTOR inhibitor. Only one patient (with
metastatic disease at diagnosis) received anti-angiogenic therapy.
Ten patients (9.0%) relapsed after surgery, among whom 9 had
metastases (Table 4). The median delay of relapse was 9.5 months
(4.5–47.7). Patients were mostly men (90.0%), aged over 60 at
diagnosis (80.0%) and all these patients had CCC (relapse rate:
16.4% for CCC and 0.0% for PC, p = 0.002). Changes in
immunosuppressive treatments after relapse were not different
from those across the cohort. This recurrence was treated by
antiangiogenic therapy in 4 patients (2 with Sunitinib and
2 unspecified, 40.0%), and by an mTOR inhibitor in 3 (30.0%).
Eight patients (80.0%) died after this relapse, mainly due to the
progression of RCC (75.0%). The median delay between death and
relapse was 24 months (19.7–44.9) and 21.6 months (17.0–27.0) for
patients who died from RCC.

Impact of Screening Strategy
Eighty-seven cancers were diagnosed in the 80 patients from the
AnS-group and 38 in the 33 patients of the OS-group. The two

patients with a history of pre-transplant RCC were in the AnS
group, and their screening strategy did not differ from that of the
rest of the group. The prevalence of RCC was 2.7% in the AnS-
cohort and 0.8% in the OS-cohort (p < 0.0001). The median time
between cancer diagnosis and transplantation was 40.5 months
(15.3–90.8) in the AnS-group and 46.4 months (21.1–101.5) in
the OS-group (p = 0.34). Patients in the AnS-group (compared
to-OS group) were younger at baseline (54.7 ± 10.5 vs. 59.5 ±
10.4 years, p = 0.03), more frequently dialyzed before
transplantation (97.5% vs. 84.8%, p = 0.01), had more
ciclosporin (60.0% vs. 30.3%, p = 0.004), corticoids (81.2% vs.
63.6, p = 0.04), less tacrolimus (33.7% vs. 69.7%, p < 0.001), and a
lower dose of mycophenolate mofetil [dose/weight ratio: 14.4

FIGURE 3 | Repartition of 125 cancers in 113 patients. CCC, clear-cell carcinomas; PC, papillary carcinomas; Ch, chromophobes cancers.

TABLE 3 | Histological characteristics of clear-cells and papillary carcinomas.

Variables Cancers

Clear cells n = 70 Papillary n = 51

Tumor size, mm 23.5 (15.5–37.5) 22.0 (15.0–33.0)
TNM stage
T1-T2
T3-T4
N+
M+

64 (91.4)
6 (8.6)
1 (1.4)
2 (2.9)

50 (98.0)
1 (2.0)
0 (0.0)
0 (0.0)

Gradea

G1-G2
G3-G4

38 (62.3)
23 (37.7)

25 (64.1)
14 (35.9)

Multifocal 12 (17.1) 16 (31.4)

Data are expressed as median (interquartile range) for continuous variables and number
(percentage) for categorial variables. Ns: non-significant.
a21 patients with unknown histological grade (9 in Clear cells group and 12 in Papillary
group) were excluded from the analysis. There was no significant difference between two
groups (p-value >0.05 for all variables).

FIGURE 4 | Patients’ survival according to histologic type of RCC, clear-
cell or papillary carcinomas. Patient survival is measured from date of cancer
diagnosis. Five patients with CCC and PC were excluded from the analysis.
CCC: clear-cells carcinomas; PC: papillary carcinomas.
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(11.8–19.9) vs. 17.6 (14.3–25.3) mg/kg, p = 0.02]. Similar to the
entire cohort, CCC remained the main histological subtype in
each group (57.5% in AnS and 52.6% in OS, p = 0.61). Stage and
grade were similar between the two cohorts, but cancers were
significantly smaller in the AnS-group [median tumor size: 20.0
(15.5–32.5) vs. 30.0 (20.0–40.0) mm, p = 0.01]. Both patients
with metastasis at diagnosis were in the AnS group, at the center
alternating CT and ultrasound screening. Their last negative
screening test was an ultrasound, performed respectively 3 and
12 months prior to the diagnosis of metastatic RCC. Relapses
were less frequent in the AnS group (5.0% vs. 18.2%, p = 0.02)
and the time between cancer diagnosis and relapse tended to be
longer [29.5 (7.9–75.4) vs. 6.0 (2.7–29.0) months, p = 0.26).
Finally, mortality rate (31.2% vs 39.4%, p = 0.40) and 10-year
survival (70.3% vs 54.2%, p = 0.11, Figure 5] did not differ
between the two groups, but the rate of cancer-related deaths
was significantly lower in the AnS group (16.0% vs.
46.1%, p = 0.04).

DISCUSSION

This retrospective study reports the characteristics and outcome
of 113 patients who presented RCC out of a population of just
over 7,000 KTRs in four University Hospitals. One hundred and
twenty-five cancers were diagnosed in this population during a
27-year period, mostly clear cell carcinomas at low grade and
early stage. We identified two risk factors for the occurrence of
native kidney cancer in KTRs: male gender and ACKD. RCC was
associated with a reduction in patient survival but did not
influence graft survival or immunological complications.
Mortality was particularly high in patients with disseminated
disease, whether at diagnosis or at relapse. Clear cell carcinoma
was associated with a poorer prognosis, reduced survival and
increased risk of recurrence compared to papillary carcinoma.
We focused on the impact of screening and showed that patients
in centers with annual screening had smaller cancers, a lower
relapse rate, and a lower rate of cancer-related deaths.

Several studies have analyzed the risk of occurrence of RCC
during KT, but most of them included only a small number of
patients [16–27]. Moreover, these studies did not compare the
characteristics of these patients to a control population, making it
impossible to study the risk factors of RCC in KT. This work is, to
our knowledge, the first study comparing patients with RCC to a
control population of KTRs without RCC and is also one of the
cohorts with the largest number of patients.

The recognized risk factors for RCC in the general population
are age over 60, male gender, smoking, high blood pressure,
obesity, and certain genetic disorders [5–12]. In the present study,
only male gender and the presence of ACKD remain associated
with an increase-risk of RCC in the multivariate analysis. Several
potential RCC risk factors, including smoking quantification and
family history, could not be assessed due to missing data inherent
to the study design. Several studies have suggested an association
between ACKD and RCC, due to the high prevalence of this
anomaly in ESRD patients with RCC (70%–90%) [13, 17, 32].
ACKD and its potential link to RCC are not fully understood.
Nephron reduction associated with renal failure could lead to the
expression of growth factors (such as Epidermal Growth Factor
and Hepatocyte Growth Factor) and proto-oncogenes (such as

TABLE 4 | Characteristics of patients with relapse.

No Sex Agea ITa Histology Stage Grade Relapse (delay) Treatment Death (cause)

1 M 63 Cs, MMF, CT CCC T1bN0 G2 M+, lung, bones (47 months) Addition of imTOR Yes (INF)
2 M 62 Tac, MMF, CT CCC T1aN0 G2 M+, pancreas (85 months) Palliative care No
3 M 61 Cs, MMF CCC T1aN0 G1 M+, lung, liver, bones (6 months) Stop of Cs for imTOR Yes (RCC)
4 M 68 Tac, MMF CCC T1aN0 G2 M+, lung, bones, brain (12 months) Stop of MMF Yes (RCC)
5 M 62 Tac, MS, CT CCC T3N0 G4 M+, lung (5 months) Addition of imTOR Yes (RCC)
6 M 65 Cs, CT CCC T3N0 G3 Local (7 months) Surgical Yes (CVD)
7 F 63 Tac, CT CCC T1aN0 G3 M+, lung, bones (22 months) Sunitinib Yes (RCC)
8 M 44 Cs, MMF, CT CCC T3N0 G3 M+, bones (3 months) Sunitinib Yes (RCC)
9 M 65 Tac, MMF, CT CCC T3N0 G3 M+, pleura (2 months) AAG Yes (RCC)
10 M 51 Tac, MMF CCC unknown unknown M+, bones (50 months) AAG No

IT: immunosuppressive treatments; M: male; F: female; Cs: ciclosporin; MMF: mycophenolatemofétil; CT: corticoids; Tac: tacrolimus; CCC: clear-cell carcinoma;M+: metastasis; imTOR:
inhibitor of mechanistic target of rapamycin; AAG: anti-angiogenic therapy; INF: infection; RCC: renal cell carcinoma; CVD: cardiovascular disease.
aData at baseline.

FIGURE 5 | Patients’ survival according to screening strategy. Patient
survival is measured from date of cancer diagnosis. Ans, annual screening,
OS, other strategy.
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c-jun), which can promote the hypertrophy and hyperplasia of
tubular cells (contributing to the appearance of cysts), but also the
development of RCC [13]. No difference in immunosuppression
or immunological complications before baseline was observed
between cases and controls. However, our analysis was mainly
qualitative, as accurately quantifying immunosuppression
remains challenging. Use of emerging biomarkers of
immunosuppression levels, like Torque Teno Virus viremia,
may offer a better assessment of the link between
immunosuppression and RCC development [39, 40].

In line with previous studies RCC were mostly at low stage and
low grade, and had a lower rate of relapse than in the general
population (30.0%–40.0%) [35]. Despite these good outcomes we
also showed that KTRs with RCC had a lower survival rate than
controls. However, the higher frequency of males in RCC patients
could partly explain this difference. Clear cell carcinomas were
particularly associated with a poor prognosis, reflected by more
recurrence and a higher mortality than papillary cancers. This
poorer outcomes were already reported in the general population
and could be related with worse stage and histological grade at
diagnosis [41, 42], however we did not highlight any difference on
these criteria in our analysis.

All cancers were managed by nephrectomy and no patient
received alternative treatment such as radiofrequency ablation,
cryotherapy, or active surveillance. Biopsy followed by active
surveillance remains a possible option in transplant recipients,
especially in frail patients or those with high surgical risk [29].
The management of immunosuppressive therapy after the
diagnosis of cancer is an important concern for Transplant-
nephrologists. We showed that the overall immunosuppression
was modified in one-third of the patients, mainly for the use of a
mTOR inhibitor. mTOR inhibitors indeed have
immunosuppressive and anti-cancer effects, making them
interesting in the treatment of post-transplant cancers [2].
However, the use of mTOR inhibitors in this indication has
only been validated in the context of non-melanoma skin cancers
and Kaposi sarcoma, moreover these treatments have lower
immunosuppressive effects than CNI and can lead to the
increase in proteinuria. Furthermore, mTOR inhibitors are
used in the general population in the treatment of metastatic
RCC, but they are not used as adjuvant treatment of localized
cancers. Based on these elements and results of the present study,
our opinion is that the use of an mTOR inhibitor in KTRs has a
strong rational in the context of metastatic RCC and can be
discussed in localized clear cell carcinomas (which have in the
present study an increased risk of recurrence and mortality).
Conversely, the best prognosis of papillary subtype that we report
does not tend to offer these therapies in patients with localized
papillary cancer.

The benefit of CRN screening in KTRs remains subject to
debate. Although our study was not designed to evaluate the
benefit of a screening procedure, we studied the association
between the annual screening with abdominal imaging and the
outcomes of KTRs with RCC. Our data suggest that annual
screening is associated with earlier cancer diagnosis, leading to
fewer relapses and fewer cancer-related deaths. However, we were
not able to demonstrate a statistical link between annual

screening and a better survival. From our point of view, there
was a clear trend towards better survival in the AnS-group, and
this result could be explained by a lack of statistical power linked
to the low numbers in the OS-group. Despite these elements,
systematic screening for RCC appears to have several limitations.
Indeed, in our study, two patients undergoing annual screening
presented with metastasis at diagnosis, and none in the OS-
groups. Interestingly, both patients had a negative ultrasound as
their last screening test, raising concerns about the sensitivity of
this modality for RCC screening in transplant recipients. In
addition, 19 preventive nephrectomies (therefore without
visible anomaly on imaging) were performed in our study and
almost a third of these allowed the incidental diagnosis of another
cancer, which may suggest a lack of sensitivity of imaging tests.
More of that, Tillou et al, presented a series of 21 RCCs from
31 patients in whom an imaging examination (ultrasound or
scanner) had detected a suspicious lesion [23]. Here, almost a
third of the operated patients (10/31, 32.3%) ultimately did not
have cancer, also suggesting a risk of low specificity of imaging
tests. Thus, our encouraging results regarding annual screening
need to be confirmed in future work and on a larger cohort. Given
the existing doubt about the benefit of RCC screening in KTRs, it
seems appropriate to target this screening in patients at risk
(notably in males and patients with ACKD).

This study has limitations and biases. Due to the retrospective
design of the work, there are probably missing or incomplete data,
particularly for older ones. We analyzed RCCs occurring after
transplantation; however, despite thorough screening before
transplantation, some tumors—especially those diagnosed soon
after transplantation—may have preexisted. In addition, the high
prevalence of native kidney cancer in one of the four centers may
cause a “center-effect.” More, we had a long study period, which
could have led to heterogeneity in the definitions, classifications
and patient care. Finally, we presented the outcome of patients
with RCC as well as the centers’ screening policy but did not
collect the type of follow-up after the cancer diagnosis. A
difference in monitoring that could interfere with the outcome
of patients.

CONCLUSION

This work made it possible to better clarify the characteristics
and outcome of kidney transplant recipients who developed
native kidney cancer. Most cancers were localized at the time
of diagnosis and recurrence after nephrectomy was rare.
However, the prognosis of patients with disseminated
disease was poor and survival of cases was lower than that
of controls. Clear cell carcinomas had a particularly poor
prognosis than papillary carcinomas and a modification of
immunosuppressive treatment should be discussed. Finally,
patients benefiting from annual screening tended to have
cancers with better characteristics. The benefit of screening
requires studies with larger numbers. As male sex and acquired
cystic kidney disease are associated with native kidney cancer,
these populations could constitute an interesting target for
the screening.
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A 20-Year Single Center Experience of
Right Lateral Sector Graft in Adult
Living Donor Liver Transplantation
With Special Reference to Biliary
Complication
Tomoaki Hayakawa, Nobuhisa Akamatsu, Takashi Kokudo, Kyoji Ito, Yujiro Nishioka,
Yujiro Mihara, Akihiko Ichida, Takeshi Takamoto, Yoshikuni Kawaguchi and
Kiyoshi Hasegawa*

Artificial Organ and Transplantation Surgery Division, Department of Surgery, Graduate School of Medicine, University of Tokyo,
Tokyo, Japan

Right lateral sector grafts (RLSGs) in living donor liver transplantation (LDLT) expand donor
options, however, their long-term outcomes and complication rates remain unclear. We
analyzed 661 LDLTs (42 RLSGs, 363 right liver grafts, 243 left liver grafts, and 13 left lateral
section grafts) performed between 2000 and 2021 at the University of Tokyo Hospital.
RLSG donors experienced a 4.8%major complication (Clavien-Dindo grade ≥3b) rate with
no mortality. RLSG recipients had a 38.1% major complication rate and a 9.5% 90-day
mortality rate. Compared with other graft types, RLSG recipients had higher rates of
hepatic artery thrombosis (9.5% vs. 3.1%), portal vein stenosis (14.3% vs. 1.9%), and
biliary stricture (42.9% vs. 16.3%). The 5-year survival rate for RLSG recipients (79.2%) did
not differ significantly from other graft types (84.7%). Graft bile ducts measuring >4 mm
were associated with increased anastomotic biliary stricture. RLSG, the only option for
33 recipients, expanded the donor pool by 5%. Although RLSG is associated with higher
vascular and biliary complication rates, it demonstrates favorable long-term survival and
significantly expands the donor pool. For patients without suitable conventional graft
options, RLSG represents a viable choice that provides life-saving transplantation
opportunities.

Keywords: biliary stricture, living donor liver transplantation (LDLT), right lateral sector graft, donor pool expansion,
vascular complication

INTRODUCTION

Living donor liver transplantation (LDLT) is often performed in countries with a scarcity of deceased
donors [1–4]. The use of left liver grafts in adult LDLT was first reported in the 1990s, considering
donor safety [5]. Subsequently, the procurement of right liver grafts began because of the graft
volume advantage it comes with [3, 6]. Due to their volume advantage, right liver grafts have become
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a standard choice for transplantation [7]. However, since the right
liver accounts for 60%–75% of the total liver volume, a relatively
high incidence of mortality and postoperative liver failure has
been reported among right liver graft donors [8], making this
option inappropriate for donors whose right liver accounts for
more than 70% of the organ’s total volume [9].

To address this limitation, our group has previously reported
using right lateral sector grafts (RLSGs) for cases where a
hemiliver transplant (i.e., right liver grafts or left liver grafts)
is inappropriate [10]. Following our initial report, some
institutions began to procure RLSGs for LDLT. While we have
previously demonstrated the feasibility of RLSGs [11], there is still
inadequate data on the long-term outcomes and the extent of
donor candidate expansion because of the relatively rare
indication and the technical difficulty associated with RLSG
procurement. In this study, we aimed to report the feasibility
and recipients’ long-term outcomes using RLSGs.

PATIENTS AND METHODS

Data Source
In this study, we included 661 LDLTs performed from 2000 to
2021 at the University of Tokyo Hospital. During this study
period, the selected graft types were 363 right liver grafts, 243 left
liver grafts, 13 left lateral section grafts, and 42 RLSGs. The
demographic and clinical data of patients were recorded
prospectively and analyzed retrospectively. The detailed
eligibility criteria for donors have been described previously
[9]. These criteria were [1] age 20–65 years [2], donor-

recipient relationship within 3 degrees of consanguinity or
spousal, and [3] the absence of significant comorbidities. The
study was conducted per the principles outlined in the
Declaration of Helsinki and the Declaration of Istanbul.
Demographic and clinicopathological characteristics were
entered into a computerized database and retrospectively
reviewed with the approval of the Graduate School of
Medicine and Faculty of Medicine, The University of Tokyo
Research Ethics Committee/Institutional Review Board
(Approval number: 2140). Patients’ informed consent was
obtained via opt-out on the website (http://plaza.umin.ac.jp/
htokyotransplant/results/index.html).

Graft Type Selection Criteria
All donor candidates underwent abdominal ultrasonography to
exclude fatty liver. A needle biopsy was performed if fatty liver
was suspected, and regarding the degree of macrovascular
steatosis, 10% was the criterion for donors. All donors had
normal indocyanine green retention rates at 15 min. Graft
types were selected based on the recipient’s standard liver
volume (SLV) and the donor’s remnant liver volume. The
graft selection algorithm is shown in Figure 1 [9]. First, left
liver procurement was considered if the graft volume exceeded
35% of the recipient’s SLV. Second, right liver procurement was
indicated if the donor’s remnant liver volume exceeded 30% of
the total liver volume. Finally, we considered using an RLSG,
provided the RLSG volume was more than 35% of the recipient’s
SLV. Apart from the selection criteria, there were cases where
RLSG was chosen due to anatomical factors, such as the unique
branching of the portal vein (PV) in the right posterior section,
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even if the remnant liver volume met our eligibility criteria for
right liver graft. While all donors underwent magnetic resonance
cholangiopancreatography, when considering an RLSG,
additional drip infusion cholecystocholangiography computed
tomography was performed to rule out anomalies in the
posterior bile duct that could make for unsuccessful
transplantations. In nine out of the 42 RLSG cases, left liver
graft or right liver graft could be selected; however, they used
RLSG for favorable anatomical reasons.

Donor Hepatectomy
The surgical procedure for living donor liver procurement has
previously been described in detail [7]. A J-shaped incision was
made to procure RLSGs. After cholecystectomy, we performed
extrahepatic hilar dissection to isolate the right posterior hepatic
artery and the PV (Supplementary Figure S1). The root of the
right hepatic vein is exposed, and the short hepatic veins are ligated
and divided. Themiddle and inferior right hepatic veinswere preserved
and divided before graft procurement. Next, the right posterior PV and
artery were isolated and taped. The bile duct’s anatomy was confirmed
using intraoperative cholangiography (Supplementary Figure S2). A
demarcation line was identified after clamping the right posterior
hepatic artery and PV. Finally, under Pringle’s maneuvers, liver
resection was performed under ultrasound guidance.

Recipient Surgery
The surgical procedure for recipients has previously been described
in detail [10, 12, 13]. After total hepatectomy, the graft’s hepatic vein
(HV) with patch plasty was anastomosed to the recipient’s inferior
vena cava. When the graft contained a thick inferior right hepatic
vein or middle right hepatic vein, we used the double inferior vena
cava method to reconstruct these veins [14]. Subsequently, the right
posterior PV was anastomosed to the recipient’s right or main PV
with 6-0 polypropylene continuous sutures, and the plastic surgeons
anastomosed the hepatic artery under a microscope with 7-0 nylon
interrupted sutures. Then, duct-to-duct or hepaticojejunostomy
anastomosis was performed for the bile duct [15, 16]. For the
duct-to-duct anastomosis, the posterior wall was anastomosed
with continuous sutures using 6-0 polydioxanone, while the
anterior wall was anastomosed with interrupted sutures using 5-
0 polydioxanone. Hepaticojejunostomy was performed using
interrupted sutures with 5-0 polydioxanone for both walls. Stents
were placed inside all anastomoses.

FIGURE 1 | Algorithm for liver graft type selection at the University of
Tokyo Hospital [9].

TABLE 1 | Baseline characteristics and perioperative outcomes of right lateral sector graft donors and recipients.

Characteristics of donor RLSG donor (n = 42) Characteristics of recipient RLSG recipient (n = 42)

Characteristics Characteristics
Age, yr 42 (30–49) Age, yr 47 (32–56)
Sex (male/female) 25/17 (60.0/40.0) Sex (male/female) 17/25
BMI, kg/m2 23.3 (21.2–25.4) Adult/Child 37/5
Operative data BMI, kg/m2 21.8 (19.2–24.6)
Operation time, min 525 (449–567) MELD score 15.6 (12.6–20.9)
Blood loss, mL 543 (378–763) Operative data
Graft volume, g 458 (402–516) Operation time, min 857 (745–968)
Hospital stay, days 14 (11–18) Blood loss, ml 4,133 (2848–7,378)
Complication Graft volume, g 458 (402–516)
Minora 14 (33.3) Graft-to-recipient SLV ratio, % 40.9 (36.6–46.1)
bile leakage 6 (14.3)
Majora 2 (4.8)
re-operation for postoperative bleeding 1 (2.4)
Heart failure 1 (2.4)
Death within 90 days 0 (0)
Postoperative bile leakage 10 (23.8)

Values are median (inter quartile range) or n (%).
aminor complication was defined as Clavien-Dindo classification ≤3a, major complication was defined as ≥3b.
Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT-INR, prothrombin time-international normalized ratio; BMI, body mass index; MELD, model for end-
stage liver disease; BMI, body mass index; MELD, model for end-stage liver disease.
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Definition of Postoperative Complications
and Posttransplant Management
According to the Clavien–Dindo classification, postoperative
abdominal complications were recorded and graded [17]. In this
study, complications graded as ≤3a were minor, while those graded
as ≥3b were major. Because minor complications were frequent
among LDLT recipients, we concentrated on themajor complication
rate and themortality rate. The diagnosis of biliary leakagewas based
on the definition of the International Study Group of Liver Surgery
[18]. Anastomotic biliary stricture was suspected based on a
laboratory test or US/computed tomography images and
confirmed by direct cholangiography via endoscopic retrograde
cholangiography. We first diagnosed and treated the anastomotic
biliary stricture via endoscopic retrograde cholangiography, followed
by percutaneous transhepatic biliary drainage if necessary. We
performed Doppler US twice daily for 2 weeks postoperatively to
confirm adequate hepatic circulation and to detect hepatic artery
thrombosis (HAT), PV stenosis, and HV stenosis. Protocol
multidetector computed tomography was performed 1, 3, and
12 months after LDLT, and additional imaging studies were
conducted based on clinical and laboratory findings. Biliary stents
were removed 2–3 months after LDLT.

Era Classification for the Technical
Assessment
To assess the learning curve and technical evolution of this
challenging procedure over time, we divided our 20-year
experience with RLSG transplantation (2000–2021) into two
equal periods: Era 1 (2000–2011) and Era 2 (2012–2021). This

division enabled us to evaluate improvements in surgical times,
complication rates, and postoperative outcomes as our surgical
team accumulated experience with the technique.

Statistical Analysis
All statistical analyses were performed using JMP 18.0.1 (SAS
Institute Inc., Cary, NC) software. Continuous variables were
presented as median values with interquartile ranges. Categorical
variables were presented as frequencies and percentages and
analyzed using the chi-square or the likelihood ratio test, as
appropriate. Continuous variables were analyzed with the
Mann–Whitney U test. Survival curves were drawn using the
Kaplan–Meier method and compared with the log-rank test. All
statistical analyses were two-tailed, and p-values of <0.05 were
considered statistically significant.

RESULTS

Among 661 LDLTs performed between 2000 and 2021, 42 (6.4%)
utilized RLSGs, with RLSG being the only viable option for
33 recipients (5%) according to our institutional criteria. The
median follow-up period was 88 months (range: 0–272).

Donor and Recipient Characteristics
RLSG donors (n = 42) had a median age of 42 years, with
operation times of 525 min and blood loss of 543 mL
(Table 1). The major complication (Clavien-Dindo grade ≥3b)
rate was 4.8% (n = 2), with no mortality. Minor complications
(Clavien-Dindo grade ≤3a) occurred in 33.3% (n = 14), with bile

TABLE 2 | Comparison of recipient characteristics and outcomes between right lateral sector and other grafts.

Characteristics RLSG (n = 42) Other graft types (n = 619) OR 95% CI p

Characteristics and graft data
Age, yr 47 (32–56) 52 (43–58) - - 0.03
Sex, male/female (%) 17/25 (40.5/59.5) 336/283 (54.3/45.7) - - 0.08
BMI, kg/m2 21.8 (19.6–23.9) 22.7 (20.2–25.2) - - 0.12
MELD score 15.6 (12.7–20.5) 16.6 (13.0–21.0) - - 0.60
Operation time, min 857 (745–968) 833 (744–925) - - 0.69
Blood loss, ml 4,133 (2848–7,378) 4,830 (3,000–7,220) - - 0.45
Graft volume, g 458 (402–516) 518 (439–614) - - <0.001
Graft volume/SLV ratio, % 41.1 (37.0–46.5) 44.0 (39.0–51.8) - - 0.02
GRWR, % 0.81 (0.69–0.93) 0.86 (0.73–1.02) - - 0.10

Postoperative complication
Majora 16 (38.1) 97 (15.7) 3.31 1.71–6.40 <0.001
HAT 4 (9.5) 19 (3.1) 3.32 0.93–9.38 0.06
Biliary leakage 10 (23.8) 71 (11.5) 2.41 1.09–4.98 0.03
Biliary stricture 18 (42.9) 101 (16.3) 3.85 1.99–7.32 <0.001
PV stenosis 5 (11.9) 12 (1.9) 6.84 2.29–20.4 0.003
HV stenosis 3 (7.1) 4 (0.65) 11.8 2.27–55.5 0.006
90 days survival rate, % 90.5 96.6 3.00 0.84–8.37 0.08
Re-transplantation 1 (2.4) 4 (0.6) 3.89 0.20–27.0 0.30

Survival rates
1-year survival rate, % 88.1 91.0 - - 0.23
5-year survival rate, % 79.2 84.7 - - 0.17

Values are median (interquartile range) or n (%).
aMajor complication was defined as Clavien-Dindo classification ≥3b.
Abbreviations: RLSG, right lateral sector graft; GRWR, graft-to-recipient body weight ratio; MELD, model for end-stage liver disease; HAT, hepatic artery thrombosis; HV, hepatic vein; PV,
portal vein.
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leakage being the most common (14.3%, n = 6). All donors
recovered completely with no long-term sequelae. Recipients had
a median age of 47 years and MELD score of 15.6. The median
graft volume was 458g, representing 40.9% of the recipient’s
standard liver volume (Table 1).

Comparative Outcomes
Compared to other graft types, RLSG recipients experienced
significantly higher rates of major complications (38.1% vs.
15.7%, OR = 3.31, p < 0.001) and vascular complications
(Table 2). These included portal vein stenosis (11.9% vs. 1.9%,
OR = 6.84, p = 0.003), hepatic vein stenosis (7.1% vs. 0.65%, OR =
11.8, p = 0.006), and a trend toward higher hepatic artery
thrombosis (9.5% vs. 3.1%, OR = 3.32, p = 0.06).

Vascular Complications in RLSG
HAT occurred in 4 patients (9.5%), all in Era 1, with two cases
resulting in early mortality. PV stenosis was observed in
5 patients (11.9%), occurring between postoperative day 3 and
1,618, with two cases resulting in mortality. Three cases (7.1%) of
HV stenosis were reported, all in Era 2, occurring between
postoperative day 119 and 776, with one case requiring stent
placement (Table 3).

Biliary Complications
Biliary complications were notably higher in RLSG recipients,
with stricture rates of 42.9% versus 16.3% in other grafts (OR =
3.85, p < 0.001) and leakage rates of 23.8% versus 11.5% (OR =
2.41, p = 0.03). Univariate analysis identified graft bile duct
length >4 mm as a significant risk factor for anastomotic
biliary stricture (OR = 8.85, p = 0.03; Table 4).

Anatomical analysis revealed that low right lateral
sectoral duct-common hepatic duct junction variants (n =
10) had the highest rates of biliary complications, with
60% developing strictures and 20% experiencing severe
leakage. This variant was also associated with a higher
proportion of grafts with bile duct length >4 mm (40%)
compared to standard right hepatic duct formation
(4.2%; Table 5).

Long-Term Outcomes
Despite higher complication rates, RLSG recipients showed
comparable long-term outcomes to other graft types
(Figure 2). The 90-day mortality rate was 9.5% (n = 4), with
causes detailed in Supplementary Table S2. Re-transplantation
was required in one RLSG recipient (2.4%) and in four recipients
(0.6%) with other graft types (p = 0.30). The 5-year survival rate

TABLE 3 | Detailed summary of vascular and biliary stricture after right lateral sector grafts: onset, treatment, and outcomes.

Complication Patient no. Era Postoperative day Detail of treatment Death within 90 days

Vascular complication
HAT 1 1 3 Observation Yes

2 0 Re-operation No
3 19 No
4 5 No

PV stenosis 1 1 1008 PTA No
2 (same as patient No.1 of HAT) 3 Observation Yes

3 1618 PTA No
4 2 6 Stent placement Yes
5 277 No

HV stenosis 1 2 776 Stent placement No
2 292 No
3 119 No

Biliary stricture
duct-to-duct 1 1 1535 External biliary drainage No

2 3 Re-operation No
3 816 Re-operation No
4 625 Inside stent placement No
5 216 Inside stent placement No
6 48 External biliary drainage No
7 2 107 External biliary drainage No
8 108 Inside stent placement No
9 84 Inside stent placement No
10 118 External biliary drainage No
11 72 Inside stent placement No
12 26 Inside stent placement No
13 95 Re-operation No
14 179 Inside stent placement No

Hepaticojejunostomy 1 1 566 External biliary drainage No
2 790 Re-operation No
3 178 Re-operation No
4 2 139 Inside stent placement No

Abbreviations: HAT, hepatic artery thrombosis; PV, portal vein; HV, hepatic vein; PTA, percutaneous transluminal angioplasty.
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was 79.2% for RLSG recipients versus 84.7% for other graft
types (p = 0.17).

Era Analysis
Comparing Era 1 (2000–2011) to Era 2 (2012–2021), we observed
significant improvements in operative times for both donors
(563 vs. 440 min, p < 0.001) and recipients (933 vs. 724 min,
p < 0.001). Notably, hepatic artery thrombosis occurred
exclusively in Era 1 (15.4% vs. 0%, p = 0.04), while hepatic
vein stenosis was only observed in Era 2 (0% vs. 18.8%, p = 0.01;
Supplementary Table S1).

DISCUSSION

This study represents the largest single-center experience of
RLSG in LDLT, comprising 42 cases over 20 years. Through
this extensive experience, we identified that RLSG recipients had

significantly higher rates of vascular and biliary complications
compared with other graft types, despite successfully expanding
the donor pool by 5%.

Biliary Complications
Our analysis identified that graft bile ducts measuring >4 mm
were significantly associated with anastomotic biliary stricture,
particularly in cases with low right lateral sectoral duct-
common hepatic duct junction. While surgeons traditionally
consider this anatomical variant advantageous for RLSG
procurement due to the ease of preserving a longer bile
duct, our findings demonstrate that these longer ducts
paradoxically increase the risk of stricture formation. This
may be attributed to potentially compromised blood supply to
the distal bile duct and/or increased risk of bile duct kinking at
the anastomosis site. Based on these findings, we propose
shortening the bile duct to maintain the anastomosis within
the hilar plate, which may provide better blood supply to the

TABLE 4 | Univariate analysis of risk factors for biliary stricture in right lateral sector graft recipients.

Factor No. of patients No. of events Univariate analysis

OR 95% CI p

Patient factors
Recipient age, yr - - 1.02 0.98–1.07 0.29
Sex - -
Male 17 8 1.33 0.38–4.62 0.65
Female 25 10 reference

BMI, kg/m2 - - 1.06 0.90–1.25 0.50
MELD score - - 0.95 0.87–1.04 0.26
Operation time, min - - 1.00 0.99–1.00 0.17
Blood loss, ml - - 1.00 1.00–1.00 0.09
Graft volume, g - - 1.00 0.99–1.01 0.77
Graft volume/SLV ratio, % - - 0.97 0.91–1.05 0.47
GRWR, % - - 0.30 0.02–3.97 0.32
CIT - - 0.99 0.97–1.00 0.16
WIT - - 0.98 0.95–1.00 0.12
incompatible ABO 2 2 - - -
ACR 17 9 2.00 0.57–7.01 0.276

Biliary anastomosis
Graft bile duct length, mm
>4 6 5 8.85 1.25–179 0.03
≤4 36 13 reference
Graft bile duct diameter, mm - - 1.23 0.78–1.95 0.31
Number of anastomoses - - 0.63 0.08–3.67 0.61
Duct-to-duct anastomosis 30 14 1.75 0.45–7.74 0.43
Hepaticojejunostomy 12 4 reference

Abbreviations: OR, odds ratio; CI, confidence intervals; BMI, bodymass index; MELD,model for end-stage liver disease; SLV, standard liver volume; GRWR, graft-to-recipient bodyweight
ratio; CIT, cold ischemia time;WIT, warm ischemia time; ACR, acute cellular rejection; SLV, standard liver volume; GRWR, graft-to-recipient bodyweight ratio; CIT, cold ischemia time;WIT,
warm ischemia time; ACR, acute cellular rejection.

TABLE 5 | Comparison of biliary complications according to bile duct anatomical variants.

Anatomy N Biliary stricture, n (%) Biliary leakage C-D ≥3a n (%) Graft bile duct length >4 mm, n (%)

Standard RHD formation 24 9 (37.5) 2 (8.3) 1 (4.2)
RLSD–LHD junction 5 2 (40.0) 1 (20.0) 1 (20.0)
RLSD–LHD–RASD trifurcation 3 1 (33.3) 0 (0.0) 0 (0.0)
Low RLSD–CHD junction 10 6 (60.0) 2 (20.0) 4 (40.0)

Abbreviations: RHD, right hepatic duct; RLSD, right lateral sectoral duct; LHD, left hepatic duct; RASD, right anterior sectoral duct; CHD, common hepatic duct.

Transplant International | Published by Frontiers July 2025 | Volume 38 | Article 146066

Hayakawa et al. Right Lateral Liver Grafts’ Outcomes

129



anastomosis and potentially reduce the risk of bile duct
kinking. However, we have not yet implemented this
modified approach; therefore, its effectiveness remains to be
evaluated in future studies.

Vascular Complications
Our cohort demonstrated significantly higher rates of vascular
complications, including HAT (9.5% vs. 3.1%), PV stenosis
(14.3% vs. 1.9%), and HV stenosis (7.1% vs. 0.65%) compared
to other graft types. The increased risk of HV stenosis might be
attributable to unique anatomical features: the RHV runs
beneath the graft’s raw surface, making it vulnerable to
inflammatory changes, and the venous anastomosis
alignment can be distorted during graft regeneration.
Notably, while HAT occurred exclusively in Era 1,
suggesting improvements in surgical technique over time,
PV stenosis—not previously reported in RLSG
studies—emerged as a significant complication requiring
careful attention during reconstruction.

Era Analysis and Technical Evolution
The comparison between Era 1 (2000–2011) and Era 2
(2012–2021) revealed significant improvements in surgical
efficiency: operative times decreased substantially for both
donors (563 vs. 440 min, p < 0.001) and recipients (933 vs.
724 min, p < 0.001). Additionally, donors’ hospital stays were
significantly shorter in Era 2 (15 vs. 11 days, p = 0.006). Most
notably, HAT, which occurred in 15.4% of cases in Era 1, was
completely eliminated in Era 2 (p = 0.04), demonstrating the
successful refinement of our surgical technique. However, the
overall major complication rates remained comparable between
eras (43.8% vs. 34.6%, p = 0.56), suggesting that while certain
technical aspects improved over time, the intrinsic challenges of
RLSG transplantation persist.

Long-Term Outcomes and Donor
Pool Expansion
Despite these technical challenges, our 1-year survival rate for
RLSG recipients was 88.1%, consistent with previous reports
(57.1%–100%) [19–21]. The 1-year survival rate for recipients
of other graft types in our cohort was 91.0%, which did not differ
significantly from RLSG recipients. Our 5-year survival rate of
79.2% for RLSG recipients was also comparable to previously
reported RLSG survival rates (50%–100%) [20–22]. Among
661 LDLTs performed at our institution, RLSG was the only
viable option in 33 cases, effectively expanding our donor
pool by 5%.

This study has several limitations that are worth mentioning.
Being a single-center retrospective study, its results still need to be
validated in a multicenter prospective cohort study. The study
period spans over 20 years, during which surgical techniques and
perioperative management have evolved significantly, potentially
affecting the outcomes and complication rates reported herein.
These improvements include refinements in vascular
reconstruction techniques, advancements in postoperative
monitoring protocols, and developments in
immunosuppressive regimens—all of which may have
contributed to the differences observed between Era 1 and Era
2. In addition, there may have been selection bias in the decision-
making process for RLSG, although we followed our institutional
algorithm for graft type selection.

Thus, while RLSG transplantation successfully expanded our
donor pool by 5%, our analyses revealed two critical findings that
impact surgical strategy: first, preservation of longer bile ducts
(>4 mm) significantly increases the risk of biliary complications,
particularly in cases with low right lateral sectoral duct-common
hepatic duct junction; second, RLSG recipients face a notably
higher risk of portal vein stenosis than previously reported. These
findings suggest that surgical success with RLSG could be

FIGURE 2 |Overall survival of living donor liver transplantation recipients according to graft type. Numbers below the x-axis indicate the number of at-risk patients.
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improved by minimizing bile duct length and paying particular
attention to portal vein reconstruction.

CONCLUSION

RLSG transplantation represents a viable option for expanding
the donor pool in living LDLT, demonstrating comparable long-
term survival outcomes despite higher complication rates. While
technical refinements over two decades have improved surgical
efficiency and reduced certain complications, careful attention
to anatomical factors - particularly biliary and vascular
reconstruction - remains crucial for optimal outcomes. This
procedure offers a valuable alternative for patients who would
otherwise lack suitable donors, but its successful implementation
requires surgical technique and careful patient selection.
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BK Virus: Beyond Nephropathy
Metastatic BK Virus-Induced, Donor-
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Dear Editors,
BK virus (BKV), present in 80%–90% of the population, establishes a lifelong persistent infection in
the kidney and urinary tract after a subclinical primary infection. It can reactivate and cause de novo
infection in immunocompromised kidney transplant recipients (KTRs) lacking neutralizing
antibodies against the donor strain [1], causing nephropathy (BKVAN) in 4%–8% of cases.
Persistent BKV infection increases the risk of urothelial carcinoma and collecting duct
carcinoma (CDC) [2].

A 73-year-old KTR was admitted for asthenia, acute kidney injury (creatinine 320 μmol/L),
inflammatory syndrome (CRP 130 mg/L), and anaemia (Hb 75 g/L). He was followed for a KT
performed 9 years earlier, complicated by biopsy-proven BKVAN at month 10. Mycophenolate
mofetil was switched to everolimus (3–8 ng/mL), then to leflunomide, and tacrolimus to ciclosporin
(80–120 ng/mL). The viral load decreased over 5 months and BKV was never detected again in the
blood. At admission, MRI revealed a hypovascular mass in the graft with central necrosis and
retroperitoneal inflammation. Biopsy confirmed a tumour composed of irregular tubular structures,
trabeculae and single cells (Figure 1). The nuclei had a high mitotic index. Necrotic changes were
observed. This tumour proliferation infiltrated between non-tumour and dysplastic premalignant
tubules (Figure 1A). Immunohistochemistry showed diffuse positivity of tumour cells for PAX8,
CK7, INI1, fumarate hydratase, and SDHB, and focal positivity for GATA3 (Figure 1B), but
negativity for CK20, p504S, p63, or ALK. Only tumour cells showed strong nuclear staining with
anti-SV40 large T-antigen (Figure 1C), leading to the diagnosis of BKV-associated CDC. No
metastases were initially found, and transplantectomy was performed. On pathological examination,
the tumour invaded the surgical margins of the transplantectomy. Immunosuppressive therapy was
tapered by withdrawing leflunomide and reducing tacrolimus trough levels, but not entirely
discontinued in order to minimize the risk of donor-specific alloimmunization. Two months
later, PET/CT showed iliac, retroperitoneal, pelvic lymph node metastases, and a right
ischiopubic bone metastasis. Bulk HLA genotyping of the biopsy revealed that the tumour was
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not of recipient origin. Immunosuppression was completely
withdrawn to stimulate the allo-immune anti-tumoral
response, and the patient achieved complete metastatic
regression within 3 months. At 2 years, he remained
recurrence-free.

This is a very rare case of metastatic donor-derived BKV-
induced CDC in a KTR, successfully managed without
chemotherapy nor immunotherapy. Bellini’s CDC is a rare
(<1%) and aggressive variant of renal cell carcinoma [2]. It has
been hypothesized that CDC could be linked to BKV in
transplanted patients [3]. No other specific risk factor have
been identified. The tumorigenesis induced by BKV is known.
Polyomaviruses encode 2 viral oncogenes, the small and the
large T-antigen [4, 5]. They can inactivate tumour suppressor
genes p53 and pRb. Deletion of p53 and pRB leads to gene
instability and replication errors that contribute to
oncogenesis. Dysregulation of large T-antigen, with
persistent over-expression in non-lytic cells, promotes cell
growth, genetic instability and neoplasic transformation
[6, 7]. The high levels of large T-antigen expression in
tumour nuclei is visualized by SV40 staining in
immunohistochemistry. Microdissected samples of neoplasic
cells usually contain DNA sequences specific for segments of
BK-polyomavirus large T-antigen and VP1 genes. On the
contrary, no BKV DNA sequences are detected in
microdissected normal renal parenchyma [8]. Donor-
derived tumours in KTRs are rare (<0.1%) and may arise
from donor cells predisposed to oncogenesis. Key oncogenic

drivers occur as early as late childhood and early adolescence.
Then, late events during transplantation and under
immunosuppression, such as BKV infection and genomic
integration, may promote further oncogenesis in donor
renal cells [9]. These donor-derived tumours offer a unique
treatment opportunity: withdrawal of immunosuppression led
to spontaneous alloimmune tumour rejection by enabling the
immune system to target the graft through alloimmune and
antitumour responses. Ortega et al reported remission of a
metastatic donor-derived urothelial tumour after
transplantectomy and immunosuppression withdrawal [10].
Meier et al achieved similar success in a metastatic Bellini
carcinoma by boosting the anti-tumour immune response with
IL-2 immunotherapy [3] (Supplementary Table S1).

This case highlights the specificity of urological tumours in
KTRs. Identifying donor-derived malignancies may refine
treatment strategies, reducing reliance on aggressive
therapies. The clinical history reported in this case suggests
pragmatic management, although this is by no means a
recommendation. Firstly, given the very unfavourable
prognosis of these tumours, it seems legitimate to perform
surgery and completely stop immunosuppression. The two
expected benefits of surgery are the removal of the largest
possible tumour mass, and the avoidance of symptomatic toxic
graft rejection. The addition of immunotherapy or
chemotherapy should be discussed on a case-by-case basis,
after evaluating the efficacy of the initial treatment. Given
BKV’s oncogenic potential, long-term monitoring should

FIGURE 1 | Pathological findings. (A) Haematoxylin-Eosin-Safran staining showing infiltrative carcinomatous cells (red arrows), dysplastic premalignant (green
arrows) and normal (black arrows) renal tubules. (B,C) Immunohistochemical examinations showing PAX8 [renal origin, (B)] and Sv40 [viral antigen, (C)] labelling of the
tumour. Scale bars 60 µm.
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extend beyond the risk of nephropathy to include surveillance
for malignancy. Options could include annual urinary
cytology screening, early invasive urological evaluation in
the event of haematuria and potentially biannual imaging of
the graft.
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Solid organ transplant recipients (SOTRs) have a high risk of developing aggressive skin
cancers. However, there are no standardized triage guidelines to assist dermatology clinics
with scheduling new patients pre- or post-transplant. Dermatologic care of SOTRs
requires multidisciplinary coordination, extensive assessment, tailored counseling, and
longitudinal care. Specialized high-risk transplant clinics are designed to address this
clinical need but are a limited resource. This triage algorithm aims to provide a practical
framework for tertiary care centers or community practice clinics receiving pre- or post-
transplant referrals for active concerning growths or routine skin cancer screening exams.
In summary, our expert panel recommends SOTRs are seen within 1–2 weeks for
evaluation of an active growth and triaged according to their risk factors for the initial
post-transplant screening visit (6 months–2+ years post-transplant). Transplant
candidates should be seen for pre-transplant evaluation within 1 month of the referral
for a skin cancer screening exam, depending on the transplant team’s timeline and
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dermatologist availability. Overall, dermatologists face numerous challenges in caring for
transplant patients, and scheduling these patients in a timely manner according to the
acuity of their needs will facilitate prevention and early diagnosis of skin cancer, thus
improving transplant patient outcomes.

Keywords: skin cancer, squamous cell carcinoma, transplant assessment, melanoma, dermatology, triage,
scheduling, SUNTRAC

INTRODUCTION

Solid organ transplant recipients (SOTRs) have a much greater
risk of developing aggressive skin cancers due to chronic
immunosuppression including a 65 to 250-fold increased risk
of developing squamous cell carcinoma compared to the general
population [1, 2]. Additionally, patients who are transplant
candidates awaiting an organ or undergoing evaluation for an
organ should be seen in a timely manner to screen for skin
cancers that can affect transplant candidacy [3, 4]. The Skin and
Ultraviolet Neoplasia Transplant Risk Assessment Calculator
(SUNTRAC) was developed to stratify SOTRs by skin cancer
risk for post-transplant screening guidelines. SUNTRAC and a
published Delphi consensus for initial skin cancer screenings
have together established guidelines for screenings post-
transplant, but do not provide a recommended timeline for
scheduling transplant patients with active concerning growths,
or for those needing pre-transplant skin screening [5, 6].

Comprehensive dermatologic management of transplant
patients to reduce their risk of cutaneous malignancy requires
a complex level of care including multidisciplinary coordination
and communication, longitudinal care from a pre-transplant risk
assessment to long-term follow-up screenings, and management

of topical and oral chemoprophylaxis. This level of care can be
provided in the community or at tertiary care dermatology clinics
in the form of high-risk transplant clinics (HRTCs). HRTCs are
specifically designed to address this clinical need; however,
patient access can be challenging as these specialist resources
are limited. The goal of this triage algorithm is to provide a
practical framework for dermatology clinic schedulers and non-
specialized providers when receiving new patient referrals for
transplant recipients and transplant candidates with an active
concerning growth or for routine skin cancer screening.

METHODS

To frame expert recommendations, we formed an expert panel
comprised of 17 physicians: 14 from the United States, two from
the United Kingdom, and one from the Netherlands (Table 1).
15 experts currently practice at academic centers. Experts were
defined as board-certified dermatologists or transplant physicians
with at least 5 years of experience caring for SOTRs with skin
cancer. A literature review was conducted to identify relevant
prior research studies through a comprehensive key word search
of PubMed, Embase, and MEDLINE for the following terms:
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triage; scheduling; transplant; immunosuppression; skin cancer;
screening; guidelines. The panel determined that the low levels of
evidence available would be augmented by this expert consensus
study design to define best practice.

To address this clinical practice gap in our transplant patient
population, this agenda item was presented to and discussed by
attendees at the 2024 International Immunosuppression and
Transplant Skin Cancer Collaborative (ITSCC) symposium,
which included ITSCC and Skin Care in Organ Transplant
Patients- Europe (SCOPE) members. ITSCC and SCOPE are
physician organizations that perform integrative collaborative
research focused on transplant recipients and their risk of
cutaneous malignancy. Attendees of the symposium included
Mohs micrographic and dermatologic oncology surgeons,

medical dermatologists, medical oncologists and nephrologists.
Table 2was presented to the attendees and feedback was collected
and incorporated into our triage algorithm, which was distributed
to the expert panel and underwent two iterations before a
finalized version was approved by all authors. In the first
iteration, the revised consensus recommendations in Table 2
were provided to the panelists for open-ended feedback, which
was subsequently integrated by authors KEH and BTC. In the
second iteration, the manuscript and all tables and figures were
presented to the panelists. After obtaining an expert consensus,
the recommendations were approved by the ITSCC Board
of Directors.

RESULTS

Suggested Scheduling Timeline for Solid
Organ Transplant Recipients and
Transplant Candidates
Real-world experience from the expert panel determined that the
most critical transplant-related new patient referrals were for
transplant recipients with active concerning growths. Other time-
sensitive scheduling matters included pre- and post-transplant
skin screening exams (Table 2). We defined three clinical settings
that receive these new patient referrals: tertiary dermatology
clinics with a high-risk transplant clinic (HRTC), tertiary
dermatology clinics without a HRTC, and community
dermatology clinics. The panel determined that both the
timelines for scheduling new patients and the appropriate type
of physician can vary based on the reason for referral and the
clinical setting. While ideally all patients would have access to a
tertiary dermatology center with a HRTC, the triage algorithm

TABLE 1 | Demographics of the expert panel.

Characteristics Number (%)

Country
United States 14 (82%)
Northeast 6 (35%)
Southeast 2 (12%)
Southwest 1 (6%)
Midwest 3 (18%)
West 2 (12%)

United Kingdom 2 (12%)
Netherlands 1 (6%)

Academic Center
Yes 15 (88%)
No 2 (12%)

Specialty
Dermatologic Surgery 9 (53%)
Medical Dermatology 7 (41%)
Transplant Nephrology 1 (6%)

TABLE 2 | Recommended dermatology scheduling triage of solid organ transplant recipient and transplant candidate new patient referrals.

Urgency: Acute → Less acute Tertiary dermatology clinic with
a HRTC

Tertiary dermatology clinic without a
HRTC

Community dermatology clinic

SOTR with an active growth
(rapidly growing, tender or painful,
or easily bleeding)

See within 1–2 weeks with HRTC,
MMS or general dermatology

See within 1–2 weeks with MMS or general
dermatology

See within 1–2 weeks for biopsy with MMS or
general dermatology, or urgently route directly to
the nearest tertiary dermatology clinic to be seen
within 2 weeks
Consider referral to the nearest tertiary
dermatology clinic (ideally with a HRTC) for co-
management

Transplant candidate pre-
transplant screen

See within 1 montha for screening
with HRTC if available, or general
dermatology

See within 1 montha for screening with
general dermatology, or consider referral to
the nearest HRTC

See within 1 montha for screening with general
dermatology
Consider referral to the nearest tertiary
dermatology clinic (ideally with a HRTC) for co-
management

SOTR with a history of skin cancer See within 6 months-2+ years post-
transplantb with HRTC.

See within 6 months-2+ years post-
transplantb

Consider long-term co-management with
the nearest HRTC if available

See within 6 months-2+ years post-transplantb

Consider referral to the nearest tertiary
dermatology clinic (ideally with a HRTC) for co-
management

SOTR with no history of skin
cancer

See within 1–5 years post-
transplantb with HRTC.

See within 1–5 years post-transplantb with
general dermatology

See within 1–5 years post-transplantb with
general dermatology

SOTR, solid organ transplant recipient; HRTC, high-risk transplant clinic; MMS, Mohs micrographic surgery/surgeon.
aThis recommendation can be tailored to each individual patient case, depending on the transplant team’s timeline and dermatologist availability.
bRefer to SUNTRAC for the recommended timeline for the initial skin cancer screening visit [5].
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reflects recommendations but not guidelines given the limitation
of this resource and potential barriers to patient access. The
HRTC model, components of the pre-transplant screening visit,
and a suggested approach to follow-up after the initial visit are
outlined in subsequent sections of the results.

Based on the identified clinical need and resource availability
challenges defined above:

1. We recommend that SOTRs with an active concerning growth
(lesion that is rapidly growing, tender or painful, or easily
bleeds) are seen by a dermatologist, preferably in a HRTC if
available, within 1–2 weeks of receiving the referral. All
referrals for concerning growths should include high-
quality photographs of the growth, ideally one from close-
up to demonstrate lesion morphology and one from further
away to demonstrate relevant anatomic landmarks. These
referrals may be triaged via teledermatology prior to an in-
person visit, and lesions concerning for invasive squamous cell
carcinoma or other aggressive cutaneous malignancies on
teledermatology should be seen within 1–2 weeks.

2. We recommend that transplant candidates are seen within
1 month of receiving a referral for a pre-transplant skin cancer
screening exam (see “the pre-transplant screening visit” section
below). If a pre-transplant screening is not feasible or is not
performed, the patient can be seen within the first year after
transplant for this visit. If the patient is admitted to the
hospital and expected to be hospitalized until the transplant
takes place, the skin cancer screening exam can take place in
the inpatient setting if possible.

3. We recommend that SOTRs referred for routine skin
screenings without active concerning growths should be
seen according to the SUNTRAC and/or Delphi consensus
guidelines [5, 6]. All referrals to dermatology should include
patient race, sex assigned at birth, history of skin cancer (yes/
no), age at time of transplant, and organ transplant type, to
fulfill the criteria for the SUNTRAC tool.

4. For SOTRs seen by a community dermatologist, consider
referral to a HRTC for co-management of patients with a
history of skin cancer, a growth that is concerning for skin
cancer, or if the actinic burden is high to discuss
chemoprevention and non-surgical management.

High-Risk Transplant Center Clinical Model
HRTCs provide comprehensive dermatologic care for transplant
patients in an ideal model that is highly dependent on resource
availability and not feasible in every practice setting [7–9]. In
general, transplant dermatologists offer screening exams, field
treatments, oral chemoprevention, surgical and non-surgical
treatments for skin cancer, access to multispecialty care for
management of high-risk skin cancers, and coordination with
the primary transplant team to manage systemic
immunosuppression to mitigate skin cancer risk. Counseling for
all patients includes patient-specific skin cancer risk assessment and
prevention. Additionally, these clinics should have the capacity for
urgent add-on visits for lesions concerning for invasive squamous

cell carcinoma or other aggressive cutaneous malignancies ideally
within 1–2 weeks. Although most dermatologists who provide this
comprehensive transplant care are at dedicated HRTCs,
community or academic dermatologists who specialize in
transplant dermatology can also meet this ideal clinic model
and serve as a valuable resource for transplant patients.

The Pre-Transplant Screening Visit
The pre-transplant screening visit should include a
comprehensive review of the patient’s pertinent medical
history, thorough physical exam, and appropriate counseling,
either within a HRTC (if available) or general dermatology clinic
depending on the patient’s history of skin cancer (Table 3). If the
pre-transplant screening visit has not been conducted or is not
feasible with the transplant team’s timeline, the components of
this visit should be included with the first post-transplant visit.
Regarding the medical history review, this should include the
patient’s history of melanoma and non-melanoma skin cancer,
reviewing relevant previous pathology records and confirming all
skin cancers were appropriately treated, any history of risk factors
for skin cancer (i.e., history of extensive UV exposure including
tanning bed use, actinic keratoses and prior field treatments,
HPV-associated lesions, radiation therapy, relevant family
history), and history of immunosuppression.

For patients with a history of melanoma,Merkel cell carcinoma,
and high-risk squamous cell carcinoma, a consensus opinion from
ITSCC has been published for recommended waiting periods prior
to transplant in 2016 [4]. More recently in 2021, the delay time for
patients with a pre-transplant diagnosis of melanoma has been
revised by the American Society of Transplantation [10]. The
physical exam should ideally be in-person, including mucosal
regions (oral and genital) and an overall photodamage
assessment. Counseling can be introductory and tailored to the
patient to include a preventative therapy plan and education
regarding skin cancer risk and prevention. Following the pre-
transplant visit screening, referring transplant teams should receive
documentation from the visit including any necessary delay time,
the treatment status and risk profile of any known skin cancers,
actinic burden and any plans for field therapy and/or
chemoprevention, and surveillance recommendations (Figure 1).

To determine transplant candidacy for each individual patient,
the primary transplant team has numerous tasks to complete.
Dermatologists play a critical role in the pre-transplant screen as
the most qualified providers to fully assess a patient’s eligibility
based on their history of skin cancer and their current skin exam.
Therefore, providing a pre-transplant screening visit in a timely
manner is a valuable contribution to the transplant team and
establishes a patient-provider relationship that will continue
post-transplant. While we recommend seeing these patients
within 1 month of receiving the referral from the primary
transplant team as a professional courtesy, the timeline can be
tailored to each patient’s case depending on the transplant team’s
timeline and dermatologist availability. Furthermore, follow-up
dermatology visits may be indicated if the patient is waiting for an
organ for an extended period.
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Follow-Up After High-Risk Transplant Clinic
Evaluation
After a transplant patient or transplant candidate has undergone an
in-person evaluation by a dermatologist at a HRTC, subsequent
follow-up appointments may be performed either at the HRTC or
by their local dermatologist. The frequency of follow-up visits and
the recommendation for an appropriate physician is based on the
high-risk transplant dermatologist’s discretion. These will be
patient-specific and will depend on the patient’s skin cancer risk
factors and practical considerations, including travel, patient
preference, and out-of-pocket costs. For patients deemed at low
risk for skin cancer or with barriers to frequent HRTC visits,
follow-up visits can be scheduled alternating between HRTC and
their local community dermatologist or with their local community
dermatologist only and HRTC as needed.

DISCUSSION

Dermatologic management of transplant patients requires
multidisciplinary coordination, extensive assessment and
tailored counseling, and longitudinal care from pre-transplant
screening visits to routine follow-up skin exams. The spectrum of

care required will vary, often significantly, from patient to patient.
Dedicated HRTCs are a specialized, valuable resource intended to
provide optimal dermatologic management for our transplant
patients and triage patients for lower acuity follow-up after initial
evaluations. Access to care remains a concern for many patients.
Therefore, coordination between local dermatologists and
HRTCs serves an indispensable role for patients with a low
risk of skin cancer and those who live far from HRTCs.
Although limitations of our recommendations include the lack
of diversity of global representation of the expert panel and a
restricted thematic analysis, overall dermatologists face
numerous challenges in caring for SOTRs, and scheduling
these patients in a timely manner according to patient needs
will aim to improve prevention and early diagnosis of skin cancer.

Given the increased risk of skin cancer in SOTRs, these triage
recommendations aim to ensure prompt access to dermatologic
services in order to reduce the skin cancer burden and
progression of high-risk skin cancers in SOTRs with the
ultimate goal of improving patient morbidity and mortality.
Additionally, the benefits of screening and appropriate triage
may include reduction of overall healthcare costs, as transplant
recipients have a higher cost of skin cancer-related care relative to
nonimmunosuppressed patients [11, 12]. Early assessment and

TABLE 3 | A comprehensive pre-transplant screening visit checklist for transplant dermatologists.

Components of the visit Patient questions

Medical History 1. Does the patient have an extensive history of UV exposure including sunburns or tanning bed use?
2. Does the patient have a history of melanoma and/or non-melanoma skin cancer?
3.When and howwere all skin cancers treated? (Assess the trend of new skin cancers diagnosed per year and obtain/review

relevant previous pathology records.)
4. Does the patient have a history of risk factors for skin cancer (i.e., actinic keratoses and prior field treatments, HPV-
associated lesions, history of radiation therapy, relevant family history)?

5. Does the patient have a history of immunosuppression (i.e., hematologic malignancy, HIV, or long-term
immunosuppression medication exposure for autoimmune or inflammatory diseases)?

Physical Exam 1. In-person head-to-toe mucocutaneous examination for lesions concerning for malignancy, pre-malignancy, or infection.
Biopsy as needed

2. Overall photodamage assessment
3. Consider palpation of relevant lymph node basins based on patient history

Counseling 1. Discuss a preventative therapy plan including sun protective measures
2. Based on the patient history and physical exam, discuss potential future therapies including topical and/or oral treatment

to mitigate skin cancer risk

FIGURE 1 | Example of a pre-transplant dermatologic assessment communication back to the referring transplant team.
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intervention with the pre-transplant screening visit will serve as
primary prevention to alter the trajectory of skin cancer risk in
future transplant patients. Furthermore, timely appointments
with the appropriate physician for SOTRs with lesions
concerning for aggressive skin cancer will mitigate risks of
complications such as metastatic spread (secondary
prevention) through early diagnosis of potentially high-risk
skin cancers. Lastly, these recommendations address post-
transplant initial skin cancer screening surveillance timelines
based on the evidence-based SUNTRAC guidelines. Together,
these preventative aims of the scheduling triage algorithm present
multiple stepwise opportunities to mitigate the impact of skin
cancer in SOTRs, thus improving transplant patient outcomes.
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