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Abstract

Long-term survival has improved in kidney transplant recipients 
(KTRs) due to effective surgical techniques and anti-rejection thera-
pies. Chronic immunosuppression associated with it has led to several 
types of skin cancers leading to substantial morbidity and mortality. 
Structured patient education including sun protective behaviors, regular 
dermatological surveillance, nicotinamide, long-chain omega-3 poly-
unsaturated fatty acids (PUFAs), early switch to mammalian target of 
rapamycin inhibitors (mTORis), combining them with low-dose cal-
cineurin inhibitors (CNIs), can decrease the cancer risk. Checkpoint 
inhibitors (CPIs) are the major backbone of the treatment of advanced 
skin cancers. Unfortunately, these agents can increase the risk of graft 
rejection. Prospective studies done so far looking at combining ster-
oids with CPI in treatment of skin cancer in KTRs have shown mixed 
results. Adoption of the weight-based approach of CPI has shown to 
decrease the amount of drug exposure with acceptable outcomes in the 
general population, which is something that can be studied in KTRs 
with skin cancer. Also, it is reasonable to consider surveillance allograft 
biopsies in KTRs receiving CPIs to detect early subclinical rejection. 
More studies are needed to develop guidelines to safely treat this pop-
ulation with minimal graft rejection. We conducted a comprehensive 
literature review from PubMed on skin cancer in kidney transplant pa-
tients, focusing on incidence, risk factors, protective behaviors, finan-
cial and treatment implications, especially with regards to CPIs therapy. 
We also discussed potential newer treatment options that will decrease 
skin cancer risk, as well as graft rejection.

Keywords: Kidney transplant; Skin cancer and prevention; Immuno-
suppression; Immune checkpoint inhibitors

Epidemiology

Long-term survival has improved in kidney transplant recipi-

ents (KTRs) over many years due to effective surgical tech-
niques and anti-rejection therapies [1]. But chronic immu-
nosuppression associated with it has led to several types of 
cancers including skin cancer leading to substantial morbidity 
and mortality [2]. Types of skin cancer among them include 
squamous cell carcinoma (SCC), basal cell carcinoma (BCC), 
Merkel cell, malignant melanoma, cutaneous lymphoma and 
Kaposi sarcoma [2]. In a retrospective study done at a single 
tertiary care academic medical center in the USA, which in-
cluded 5,129 solid organ transplant recipients who underwent 
transplant surgery between 1992 and 2017, they found 695 pa-
tients (13.6%) had development of at least one skin cancer, 
with 6,842 skin cancers identified in the overall cohort [3]. 
In comparison to liver transplant recipients, KTRs are more 
likely to develop at least one skin cancer [3]. The mortality 
rates due to SCC, BCC and malignant melanoma are 23.8%, 
18% and 41.6%, respectively, which are significant [4].

Risk Factors

One of the major risk factors for skin cancer in KTRs is ultra-
violet (UV) light exposure, which induces DNA damage. This, 
combined with severe immunosuppression, leads to the reacti-
vation of oncogenic viruses [2]. Other risk factors include age 
at transplantation, smoking, male sex, and viral infection with 
human papillomavirus (HPV), previous history of skin can-
cer, fair skin complexion and autosomal dominant polycystic 
kidney disease [5, 6]. In a single-center study performed in 
Poland among KTRs, they found that human leukocyte anti-
gen (HLA)-DR 15 is more commonly detected in patients with 
non-melanoma skin cancer (NMSC), and a similar correlation 
was found between HLA-B18 and skin SCC [7]. This raises 
the question of whether more research is needed in this area to 
see if these patients need close dermatological surveillance [7].

Hydrochlorothiazide (HCTZ) is a diuretic usually recom-
mended as first-line treatment for essential hypertension [8]. 
HCTZ contains sulfonamide moiety, which under UV light 
exposure, becomes activated and gets converted into reactive 
oxygen species [8]. In a retrospective study consisting of 520 
patients, exposure to higher cumulative doses of HCTZ during 
post-transplant was associated with an increased risk of BCC 
but with no significant association to SCC [8]. The European 
Medicines Agency and the US Food and Drug Administration 
issued recommendations advising patients using HCTZ to be 
informed about the risk of NMSC and to undergo regular skin 
checkups [8]. In another meta-analysis performed by Shao et 
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al, which looked at association of thiazide drug use and skin 
cancer, they found associations of HCTZ use with increased 
risks of NMSC (odds ratio (OR): 1.16, 95% confidence inter-
val (CI): 1.08 - 1.24; hazard ratio (HR): 1.26, 95% CI: 1.04 - 
1.54), SCC (OR: 1.32, 95% CI: 1.06 - 1.65; HR: 1.61, 95% CI: 
0.97 - 2.67), and melanoma (OR: 1.11, 95% CI: 1.02 - 1.20; 
HR: 1.03, 95% CI: 0.93 - 1.14) [9]. The increased risks for SCC 
were associated with high cumulative doses of HCTZ (OR: 
2.56, 95% CI: 1.43 - 4.57; HR: 1.20, 95% CI: 1.00 - 1.45) [9]. 
However, the associations of HCTZ use with increased risk of 
NMSC and melanoma only appeared in non-Asian countries 
[9]. More research needs to be done regarding implications of 
medications in the incidence of skin cancer in KTRs [9].

Financial Implications

Skin cancer in KTRs can lead to significant financial burden 
[10]. Indirect costs associated with premature morbidity and 
mortality due to skin cancer in KTRs was $28.9 - 39.2 mil-
lion and $1.0 - 3.3 billion, respectively in the USA, Canada, 
Brazil, Australia, New Zealand, and European countries [10]. 
In a study looking at Medicare-insured KTRs in the USA be-
tween 2000 and 2011, it showed that skin cancer accounted 
for 3-5.5% of inpatient Medicare expenditure and 1.5-3.3% of 
outpatient expenditures in the first 3 years post-transplant [11]. 
In another study conducted by Thet et al, they found a total 
of 231 visits to clinicians for diagnostic and therapeutic skin 
procedures and the direct costs to Medicare was 48,806 Aus-
tralian dollars (AUD) or $30,427 [12]. This above data provide 
insight into the increasing clinical and economic burden of the 
care for benign and malignant skin lesions in the renal trans-
plantation setting worldwide [12].

Practices to Decrease the Risk

Since prevention is always better than cure, what can we do 
to decrease the incidence of skin cancers? Patient education 
regarding the practices below plays a major role in achieving 
this.

Sun protective behaviors

The rationale behind this is that it decreases UV light exposure 
and avoids further skin damage [10]. Educating patients re-
garding regular self-exam, dermatological follow-up, provid-
ing a booklet to understand skin cancer, and teaching protec-
tive practices will decrease the risk of skin cancer [10]. It is 
also important to discuss with the patient to understand the 
barriers that facilitate the practice of sun protective behaviors 
[10]. Studies have shown that this practice has improved skin 
checkups to 92% at 3 months post education [10]. It is not 
only important to improve these numbers but also to maintain 
that for consistent and better results over the long time [10]. 
We also need more recommendations and guidelines on the 
optimal timing to provide follow-up skin cancer education to 

patients [5]. Literature reviews have shown the low level of 
sunscreen use among KTRs and their scanty awareness of per-
sonal skin cancer risk [13]. Since educational level has been 
found to be highly related to both awareness of cancer risk 
and adequate use of sunscreen among KTRs, it is necessary to 
improve the way education is delivered by dermatologists, pri-
mary care physicians and nephrologists, especially to subjects 
with a low educational level [13].

Immunosuppression

Calcineurin inhibitors (CNIs), such as cyclosporine and tac-
rolimus, are effective immunosuppressants used in prophy-
laxis and treatment of graft rejection following organ trans-
plantation [10]. These are known to contribute to an increased 
incidence of secondary skin cancer by inhibition of cyclosporin 
A, which results in activation of transcription factor 3 (ATF3) 
[10]. ATF3 downregulates p53 gene expression by negative 
regulation of the p53 messenger ribonucleic acid (mRNA) ex-
pression and is also known to increase formation of SCC in 
mice and humans [10]. While immunosuppression is required 
to prevent post-transplant rejection, other treatment modalities 
have been studied like mammalian target of rapamycin inhibi-
tors (mTORis), which includes everolimus and sirolimus [10]. 
mTORis are macrolide antibiotics that have immunosuppres-
sive, anti-fungal, and anti-neoplastic properties [10]. Studies 
have shown that mTORi shows a renoprotective effect and 
prevents chronic allograft nephropathy [10]. This makes them 
a good alternative immunosuppressant in KTRs [10].

In that regard, multiple studies have examined switch-
ing from CNIs to mTORis after skin cancer was diagnosed in 
KTRs [6]. In a randomized controlled trial performed by Salgo 
et al, which looked at 44 KTRs who either continued previ-
ous immunosuppressive medication (n = 19) (azathioprine/
mycophenolate, cyclosporine or tacrolimus) or switched to 
sirolimus (n = 25), it has shown that conversion to sirolimus 
inhibited the progression of pre-malignancies and significantly 
decreased the number of patients who developed histologically 
confirmed NMSC (6.3% vs. 47.1%; P = 0.017). Another inter-
esting observation is that the sirolimus group showed a high 
discontinuation rate of 36% compared to 11% in the control 
group [14].

Ying et al did a meta-analysis including four randomized, 
prospective studies involving Australian and New Zealand 
participants, which compared standard triple therapy (cyclo-
sporine or tacrolimus, mycophenolic acid, and corticosteroids 
which is control group) to de novo or conversion from CNI to 
everolimus within 6 months after kidney transplantation [15]. 
They included 279 patients in the study (192 everolimus, 87 
control), with a median follow-up of 9 years [15]. They found 
that compared with control group, everolimus use was not as-
sociated with a reduction in the risk of incident cancer, NMSC, 
or cancer-related death (unadjusted HR (95% CI): 0.86 (0.49 
- 1.48), 0.58 (0.30 - 1.12), and 1.18 (0.32 - 4.38), respectively) 
[15]. Interestingly, subgroup analyses showed a 56% reduction 
for NMSC in patients randomized to everolimus + reduced-
dose CNI versus control (unadjusted HR: 0.44 (0.21 - 0.92)), 
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which remained significant even after adjusting for age, gen-
der and smoking (adjusted HR: 0.45 (0.21 - 0.96)) [15]. They 
found that de novo or early switch to everolimus did not alter 
the 9-year risk of incident cancer or cancer-related death, but 
everolimus with reduced-dose CNI strategy may reduce the 
long-term risk of NMSC [15]. More studies are required to 
affirm this.

Belatacept is a cytotoxic T lymphocyte associated protein 
4 (CTLA-4) fusion antibody, which is an immunosuppressant 
and is approved for use after kidney transplantation [16]. In a 
retrospective study done at Yale New Haven Hospital, look-
ing at skin cancer risk in KTRs after being switched to belata-
cept from CNI, switching to belatacept was associated with 
increased SCC-free survival with similar rates of death and 
graft loss and improved renal function compared to CNI. So, 
belatacept has the potential to be first-line immunosuppressive 
agent instead of CNI in KTRs, and more prospector trials are 
warranted to further explore this [16].

Nicotinamide

Nicotinamide is a precursor of nicotinamide adenine dinu-
cleotide (NAD+), which has been reported to be effective in 
reducing the rates of new NMSC and actinic keratoses (AKs) 
[17]. In a study conducted in Italy, where they recruited 30 
kidney transplant patients and eight liver transplant patients 
with single or multiple AKs, 19 patients were randomly as-
signed to group 1 and took nicotinamide 500 mg/daily, and 
the other 19 patients were randomly assigned to group 2 with-
out nicotinamide (controls) [17]. At baseline, no statistically 
significant differences were observed regarding AKs size be-
tween the two groups; and after 6 months, AKs had signifi-
cantly decreased in size in 18/19 patients in the intervention 
group (88%) [17]. Conversely, among the control group, 91% 
showed an increase in AKs size and or developed new AKs. 
Seven pre-existing AKs progressed to SCC among these pa-
tients [17]. Although this is not a large study, it has definitely 
shown some meaningful improvement and needs to be tested 
in a larger group [17].

Long-chain omega-3 polyunsaturated fatty acids (PUFAs)

A study was conducted in 449 adult kidney or liver transplant 
recipients, who had been transplanted for at least 1 year and 
were at high risk of skin cancer. The study was done at the 
main transplant hospital in Queensland (2012 - 2014), with 
follow-up until mid-2016 [18]. They estimated their dietary to-
tal PUFAs and α-linolenic acid intakes at baseline using a food 
frequency questionnaire and ranked PUFA and α-linolenic acid 
intakes as low, medium, or high [18]. Relative risks of skin 
cancer adjusted for confounding factors with 95% CIs were 
calculated. During follow-up, 149 (33%) patients developed 
SCC (median: 2/person; range: 1 - 40), and 134 (30%) pa-
tients developed BCC. Transplant recipients with high total 
long-chain omega-3 PUFA intake compared with low intakes 
showed substantially reduced SCC tumor risk (adjusted rela-

tive risk (RR adj): 0.33, 95% CI: 0.18 - 0.60), and those with 
high α-linolenic acid intakes experienced significantly fewer 
BCCs (RR adj: 0.40, 95% CI: 0.22 - 0.74) [18].

There are various prospective studies going on now inves-
tigating strategies to decrease the risk of rejection in transplant 
recipients receiving CPIs. These include “Immune checkpoint 
inhibitors in kidney transplant recipients: a multicenter, single-
arm, phase 1 study” [19] (NCT0589369) and “Immunothera-
py in combination with prednisone and sirolimus for kidney 
transplant recipients with unresectable or metastatic skin can-
cer” [20]. Hopefully, results from these studies will shed light 
on the mechanism of skin cancer and strategies to mitigate the 
risk in KTRs treated with CPIs.

CPIs in Advanced Skin Cancer

Introduction

T lymphocytes play a major role in anti-tumor response and 
allograft rejection [21]. Major histocompatibility complex 
(MHC) is involved in antigen presentation to the T cell recep-
tor (TCR) on T cells [21]. Following the antigen presentation, 
further T cell activation happens by binding of CD28 to CD80 
and CD86 and creating a co-stimulatory signal on antigen 
presenting cells (APCs) [21]. Interaction of T cells with co-
stimulatory molecules is tightly regulated by inhibitory check-
points to avoid auto immunity and immune dysregulation [21]. 
Checkpoint molecules include lymphocyte activation gene 3 
(LAG3), programmed cell death protein 1 (PD-1 and CTLA-4 
[22]. Interaction of PD-1 on T cells and programmed cell death 
ligand 1 (PD-L1) on tumor cells mediate immune escape of 
tumor cells in the microenvironment [21], whereas CTLA-4 is 
present proximally at the T-cell priming sites and limits T-cell 
activation in secondary lymphoid organs [21]. This has led to 
the idea of producing immune CPI to see if it can activate the 
immune system to kill the tumor cells [20]. Since then, CPIs 
have revolutionized cancer treatment [21].

CPIs, such as ipilimumab, nivolumab, pembrolizumab, 
cemiplimab, are the backbone of treatment for the majority of 
advanced skin cancers, including melanoma, SCC, and Merkel 
cell carcinoma, as mentioned in Table 1 [21]. Incidence of ad-
vanced skin cancer in KTRs can make treatments challenging, 
as CPIs are the backbone of these treatments, which can cause 
graft rejection [21].

Mechanism of allograft rejection with CPIs

Mechanism of allograft rejection in KTRs due to CPIs is not 
clearly understood.

According to an observational study conducted by Dun-
lap et al, they found that alloreactive T cells are present in the 
KTRs despite being on immunosuppression for a decade, more 
likely due to a combination of immune tolerance mechanism 
and immunosuppression [23]. Sometimes immunosuppression 
has to be decreased at times to avoid interaction with CPIs, 
which plays a role in rejection of the graft.
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Preclinical studies have shown that PD-1/PD-L1 pathway 
has a role in immune tolerance [21]. Blockade of PD-1/PD-
L1 pathway by CPIs not only affects the immune tolerance 
but also has known to show expansion of alloreactive effector 
CD8+ cells, Th1 differentiation of CD4+ T cells, and decrease 
in Foxp3 CD4+ CD25+ T-cell infiltration in affected grafts. 
This leads to accelerated rejection of the graft in KTRs [21]. 
Also, KTRs with allograft rejection have an upregulation of 
tissue PD-L1 mRNA, which points towards potential protec-
tive effect of PD-L1 during immune activation [21].

KTRs patients started on CPIs, despite being on immuno-
suppression, may experience activation of alloreactive T cells 
resulting in increased circulation of these cells in the circula-
tion and allograft leading to graft rejection [23]. CD8+ T cells 
in the kidney allograft of a patient treated with CPIs had a spe-
cific transcriptome profile [21]. They were noted to express 
ZNF683, CXCR3, and HLA-DR, which had not been noted in 
the tumor cells [21]. Rejection has been noted to be the high-
est under anti-PD-1 therapy compared to anti CTLA-4 therapy 
[21]. Another possible mechanism is that tumor can also have 
immunosuppressive effects on the host by releasing adenosine, 
prostaglandin E2, transforming growth factor (TGF) beta 1, 
while tumor shrinkage by CPIs can indirectly accelerate host 
responses towards the allograft.

Strategies to decrease the risk of graft rejection while on 
CPIs

Two prospective trials were published this year to guide the 
management of CPIs in KTRs with cutaneous malignancies. 
One of them is the CONTRAC-1 trial, which investigated 
the use of an mTORi along with pulsed dose corticosteroids 
and cemiplimab in 12 KTRs [24]. They received prednisone 
taper each cycle (40 mg on day 1 - 3, 20 mg on day 4 - 6, 
and 10 mg on day 7 - 20), along with cemiplimab, which is a 
CPI at the dose of 350 mg intravenously every 21 days [24]. 
The response rate was comparable to that found in the general 
population, which is close to 50% [24, 25]. In addition, there 
was no reported rejection among the patients [24]. Another 
prospective study was conducted by Schenk et al, which tested 
nivolumab plus tacrolimus (serum trough 2 - 5 ng/mL), pred-
nisone (5 mg daily) with or without ipilimumab in KTRs with 

advanced cutaneous cancer [26]. They included patients with 
advanced melanoma or BCC, cutaneous SCC, or Merkel cell 
carcinomas [26]. Unfortunately, all eight patients experienced 
disease progression and also were found to have elevated do-
nor-derived cell-free DNA (dd-cfDNA), which were proposed 
to be an early marker of allograft rejection [26]. This showed 
that tacrolimus and prednisone hindered the tumor response of 
CPIs while not being effective in providing protection against 
allograft rejection [26]. Although these two studies mentioned 
in Table 2 [24, 26] had conflicting results, these should be in-
terpreted with caution, as the choice of CPIs used and types 
of skin cancers were different, sample size was small with no 
control arm [27]. These two studies did not include surveil-
lance allograft biopsies, which could have detected early sub-
clinical rejection. It would be reasonable to include this ap-
proach in future studies [27].

Another debatable question these days is regarding the 
optimal dosing of CPIs [28]. In the initial phase 3 registration 
trials of pembrolizumab and nivolumab, per-weight (mg/kg) 
dosing was used, but later, fixed doses became the norm in 
clinical trials [28]. These doses are much higher than those 
needed to inhibit the target PD-1 or PD-L1 [28]. For exam-
ple, in a phase 1 trial conducted by Robert et al, patients with 
melanoma whose disease had progressed after at least two 
ipilimumab doses were studied [29]. They allocated these pa-
tients with a 1:1 schedule of intravenous pembrolizumab at 
either 2 mg/kg every 3 weeks, or 10 mg/kg every 3 weeks, 
while the standard dose of pembrolizumab used currently is 
300 mg every 3 weeks [29]. They found that the overall re-
sponse rate (ORR) was similar, around 26%, for both doses 
[29]. Ribas et al also tested various dosing regimens of pem-
brolizumab with 2 mg/kg once every 3 weeks and 10 mg/kg 
once every 3 weeks in 540 patients with ipilimumab-refracto-
ry melanoma [30]. They found that progression-free survival 
(2.9 vs. 2.9 months), and ORR (21% vs. 26%) were similar 
in both groups [30].

In a retrospective study conducted by Qian et al looking at 
the effect of immunotherapy infusion time of day on survival 
of patients with advanced melanoma, they looked at the data-
base for adults aged more than 18 years diagnosed with stage 
4 melanoma between 2012 and 2020 [28]. They found that 
patients receiving immunotherapy after 4:30 pm had at least 
20% less overall survival compared to people who received the 

Table 1.  Food and Drug Administration-Approved Indications of CPIs in Skin Cancer Patients

Drug Target Indications Year of approval
Ipilimumab CTLA-4 Melanoma 2011
Nivolumab PD-1 Melanoma, SCC of head and neck 2014
Pembrolizumab PD-1 Melanoma, Merkel cell carcinoma, cutaneous SCC 2014
Atezolizumab PD-L1 Melanoma 2016
Avelumab PD-L1 Merkel cell carcinoma 2017
Cemiplimab PD-1 Cutaneous SCC, BCC 2019
Relatlimab LAG-3 Melanoma 2022

SCC: squamous cell carcinoma; BCC: basal cell carcinoma; CPIs: checkpoint inhibitors; CTLA-4: cytotoxic T lymphocyte associated protein 4; PD-1: 
programmed cell death protein 1; PD-L1: programmed cell death ligand 1; LAG-3: lymphocyte activation gene 3.
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treatments prior to that [28].
A possible explanation would be that adaptive immune re-

sponses are less robust in the evening than in the early hours 
[28]. They recommended that more efforts should be made 
scheduling infusions before midafternoon to increase im-
mune responses in advance melanoma [28]. So, more studies 
are needed to be done in KTRs diagnosed with melanoma and 
other skin cancers, to see if these patients can be treated with 
weight-based approach preferably in the morning to achieve 
adequate treatment response while minimizing the graft rejec-
tion.

Interleukin-6 (IL-6) is a cytokine important for innate and 
adaptive immune responses [31]. It may play a role in both 
cell-mediated and antibody-mediated rejection [31]. Data from 
clinical trials and observational studies show that tocilizumab 
(anti-interleukin-6 receptor (IL-6R)) and clazakizumab (anti-
IL-6) may have a role in the treatment of cell-mediated and 
antibody-mediated rejection [29]. This has led to a phase 3 pla-
cebo, randomized clinical trial (IMAGINE) of clazakizumab 
for treatment of cell-mediated rejection, for which there is 
currently no treatment [31]. Literature review shows that anti-
IL-6/IL-6R treatments have shown the ability for prevention 
and treatment of donor-specific antibody and allograft rejec-
tion [31]. It has also been shown that adding IL-6 inhibitors to 
CPIs enhances the activation of anti-tumoral immune response 
[31]. If results of IMAGINE trial show positive outcome, anti-
IL-6 molecules can become an attractive immunosuppressive 

drug for KTRs requiring CPIs, for better tumoral response 
while minimizing graft rejection.

Conclusions

Renal transplantation is definitely a life saver in patients with 
end-stage renal disease. But chronic immunosuppression in-
creases the risk of various cancers including skin cancer which 
increases morbidity and mortality with economic implications as 
well. Structured patient education including various practices as 
mentioned above plays a major role in decreasing the incidence 
of skin cancer in KTRs. Nevertheless, the majority of clinical trial 
results indicate a clinical benefit from the conversion to a mTORi 
regimen or combination of it with low-dose CNIs in patients with 
low tumor burden in the early stage of disease. These patients are 
at increased risk of metastasis where CPI is the major backbone 
of the treatment. Unfortunately, these agents can increase the risk 
of graft rejection which poses a challenge to physicians in treat-
ing this subgroup of patients. Monoclonal antibodies against IL-6 
are currently being tested in KTRs with chronic antibody-medi-
ated graft rejection, which are also known to have anti-tumoral 
response. This makes them an attractive immunosuppressive op-
tion in KTRs requiring CPIs therapy. Prospective studies done 
so far looking at combining steroids with CPIs in treatment of 
skin cancer in KTRs have shown mixed results. More studies 
are needed to standardize optimal immunosuppressive regimen, 

Table 2.  Prospective Studies of CPIs in KTRs With Skin Cancers

Study Schenk et al, 2024 [26] Hanna et al, 2024 [24]
Number of KTRs enrolled 8 12
Median age 66 62
Cancers included Advanced melanoma (1), cutaneous SCC 

(5), Merkel cell carcinoma (2)
Advanced cutaneous SCC

CPIs used Nivolumab (480 mg IV every 4 weeks) in all patients 
initially, in six out of eight patients with disease progression, 
ipilimumab (IPI) (1 mg/kg, IV) + nivolumab (NIVO) (3 
mg/kg IV every 3 weeks, four times), followed by NIVO

Cemiplimab (350 mg IV every 3 weeks)

Median time from 
transplantation to 
start of CPIs

13 years 7.2 years

Primary endpoint Disease control rate (complete response (CR), partial 
response (PR), or stable disease), allograft loss at 16 weeks

Rejection or allograft loss

Median follow-up time 9.1 months 6.8 months
Safety outcomes Three of eight patients experienced TRAL; excluding 

TRAL, no grade 3 or higher TRAE related to IPI + NIVO.
No patients had rejection or allograft. TRAE 
occurred in 83% (grade 3 or higher in 42%).

dd-cfDNA Performed every 2 weeks in all patients and weekly if rising; 
increased 10 - 15 days before rise in serum creatinine.

Performed in five patients at baseline and after 
cemiplimab; minor increase in only one.

Conclusions Tacrolimus and prednisone decrease tumor 
response with no protection on rejection.

Cemiplimab had a response rate similar to 
general population, and use of mTORi along 
with pulse-dose steroids had acceptable 
safety profile and rejection rate.

KTRs: kidney transplant recipients; SCC: squamous cell carcinoma; CPIs: checkpoint inhibitors; dd-cfDNA: donor-derived cell-free DNA; IV: intrave-
nous; TRAL: treatment-related allograft loss; TRAE: treatment-related adverse event; mTORi: mammalian target of rapamycin inhibitor.
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dosage, and timing of treatment of CPIs to improve overall out-
comes in this high-risk patient subgroup.
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gand 1; LAG-3: lymphocyte activation gene 3; TGF: transform-
ing growth factor; dd-cfDNA: donor-derived cell-free DNA; 
ORR: overall response rate; IL-6: interleukin 6
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