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Where there’s smoke, there’s fire 
— a brief report on skin malignancy 
incidence in renal, heart, and liver 
transplant recipients in Poland

ABSTRACT
Introduction. The number of solid organ transplants is rising, increasing the population of long-term survi-

vors. Immunosuppressive drugs, particularly calcineurin inhibitors, are linked to higher skin malignancy incidence, 

but large-scale studies on melanoma and non-melanoma skin cancer (NMSC) in Polish transplant recipients 

are lacking.

Materials and methods. This study combines findings from a systematic review and meta-analysis on the risks 

of NMSC and melanoma in renal transplant patients using calcineurin inhibitors. It also presents a large dataset 

from Poland’s National Health Fund on skin malignancies incidence in kidney, heart, and liver transplant recipients 

(2010–2022).

Results. The authors of this article analyzed data from over 17,000 Polish transplant recipients and compared 

skin malignancy incidence versus the general population. Renal transplant patients had higher NMSC risk: 1-year 

(0.09% vs. 0.04%, p < 0.001), 5-year (1.21% vs. 0.18%, p < 0.001), and 10-year (4.18% vs. 0.36%, p < 0.001). 

Liver transplant recipients showed increased NMSC risk at 1-year (0.09% vs. 0.04%, p < 0.001), 5-year (0.83% 

vs. 0.18%, p < 0.001), and 10-year (2.65% vs. 0.36%, p < 0.001). Heart recipients had higher NMSC risk at 

5 years (0.8871% vs. 0.1774%, p < 0.001) and 10 years (4.0609% vs. 0.3597%, p < 0.001). Melanoma risk in 

renal recipients was increased: 1-year (0.02% vs. 0.01%, p < 0.001), 5-year (0.17% vs. 0.05%, p < 0.001), 10-year 

(0.36% vs. 0.1%, p < 0.001). Liver recipients had higher melanoma risk at 1 year (0.03% vs. 0.01%, p < 0.001), 

5 years (0.2% vs. 0.05%, p < 0.001) and 10 years (0.2% vs. 0.1%, p < 0.001).

Conclusions. The authors of this article nationwide dataset showed a significant association between heart, 

kidney, and liver transplantation followed by immunosuppression and an increased incidence of melanoma 

and NMSC. The melanoma risk in renal, liver, and heart transplant recipients in Poland was, on average, twice as 

high compared to the general population at 1 year, four and half times higher after 5 years, and almost nine times 

higher after 10 years. Similarly, the NMSC risk in this population was two and a half times higher after 1 year, seven 

and a half times higher after 5 years, and remained twenty two times higher after 10 years. 
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Introduction 

There is a constantly growing number of solid organ 
transplants in Poland and worldwide [1, 2]. Not only is 
the absolute number of successful transplants rising, but 
the indications for transplantation are also expanding 
as new scientific data emerge [3, 4]. Therefore, the total 
population of long-term transplant survivors is increas-
ing both locally (in Poland) and globally [1, 2, 4, 5].

Solid organ transplant recipients are subjected to 
lifelong immunosuppressive treatment to preserve 
proper graft function. There are numerous conse-
quences of long-term use of immunosuppressive drugs, 
but from an oncological perspective, their association 
with the incidence of skin malignancies is of particular 
concern [6, 7]. 

The results of previously published studies indicate 
that transplant recipients face a 1,5- to 8-fold increased 
risk of skin melanoma compared to the general popu-
lation. The degree of this increase varies significantly 
depending on the population studied, including its 
geographical location [7–9]. Melanoma after organ 
transplantation is associated with significant mortality 
[10]. Several studies have examined the risk of skin 
melanoma post-transplantation, demonstrating a wide 
and diverse range of increased incidence [8–10]. 

Scandinavian data report a 20- to 100-fold increase 
in the risk of developing non-melanoma skin cancer 
(NMSC) after transplantation [8]. Dutch data show 
that the risk of developing NMSC is 10% after 10 years 
and can rise to 40% after 20 years from organ transplan-
tation [11]. Non-melanoma skin cancers, mainly squa-
mous cell carcinoma (SCC) and basal cell carcinoma 
(BCC), are the most common tumors developing after 
organ transplantation, accounting for over 90% of all 
skin tumors in transplant recipients [12].

Effect on immunosuppression type  
on skin malignancies

Calcineurin inhibitors [CNI; mainly cyclosporine 
A (CsA) or tacrolimus (Tac)] are immunosuppressive 
drugs widely used in the post-transplantation period 
to prevent the rejection of the transplanted organ [13, 
14]. In some studies, the use of CNI has been associ-
ated with an elevated risk of developing various skin 
malignancies in renal transplant recipients due to con-
tinuous immunosuppression; however, the underlying 
pathomechanism has been discussed in the literature 
without specific conclusions so far [15].

The authors of this article have recently published an 
extensive meta-analysis on the incidence of melanoma 
and NMSC in kidney transplant recipients receiving 
immunosuppression with a CNI, such as CsA or Tac, 

and compared this group to patients receiving alterna-
tive immunosuppressants. The authors of this article 
study included 7 articles and encompassed a total of 
309  551 cases. The authors of this article analyzed 
overall skin cancer risk, melanoma risk and NMSC risk 
separately. The authors of this article demonstrated 
that there is a correlation between CNI treatment in 
renal transplant recipients and an increased overall skin 
cancer risk [odds ratio (OR) = 1.28; 95% confidence 
interval (CI) 0.10–16.28;  p  < 0.01], melanoma risk 
(OR = 1.09; 95% CI 0.25–4.74; p < 0.01), and NMSC 
risk (OR = 1.16; 95% CI 0.41–3.26; p < 0.01), compared 
to patients taking immunosuppression without CNI. 

Since CNIs remain the most common type of im-
munosuppression in transplant recipients, the practical 
conclusion from the authors of this article study is that 
transplantologists should pay special attention to cutane-
ous lesions in their patients who survive long-term after 
transplantation [16].

Skin malignancies incidence  
in total > 17,000 Polish transplant 
recipients 

There have been no large-scale analysis on the change 
in skin malignancies, such as melanoma and NMSC, 
among Polish solid organ transplant recipients. That is 
why the authors of this article designed several studies 
focusing on this specific population in the context of 
skin malignancies.

The authors of this article based them epidemiologi-
cal studies on Poland’s National Health Fund (public 
health insurance governmental institution) databas-
es. Initially, the authors of this article obtained data 
on the occurrence of melanoma and NMSC in patients 
who underwent kidney, heart, and liver transplants from 
2010 to 2022 (specific codes used for transplantation 
reimbursements were utilized to identify relevant pa-
tients). To detect cutaneous melanoma and NMSC oc-
currence in the post-transplantation period, the authors 
of this article searched for International Classification 
of Diseases, 10th Revision, Clinical Modification [ICD-
10-CM] codes (C43 and C44, respectively) in the previ-
ously identified database of transplant recipients over 
the years following transplantation. Additionally, the au-
thors of this article compared the obtained results with 
data on the incidence of melanoma, SCC and BCC in 
the general population of Poland from 2010 to 2022 pro-
vided by the National Cancer Registry database [17].

In total, data on the occurrence of NMSC were re-
trieved for 17,207 patients who underwent liver, heart, or 
kidney transplants between 2010 and 2022. The authors 
of this article found that renal transplant recipients 
demonstrated a significantly elevated risk of NMSC 
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compared to the general population (1-year cumulative 
incidence of NMSC was 0.09% in transplant recipients 
vs. 0.04% in the general population, p < 0.001; 5-year 
cumulative incidence 1.2% vs. 0.18%, p < 0.001, respec-
tively; the 10-year cumulative incidence 4.2% vs. 0.36%, 
p < 0.001, respectively) (Tab. 1).

Liver transplant recipients also exhibited a sig-
nificantly elevated risk for the development of NMSC, 
which persisted and increased over time since organ 
transplantation (1-year cumulative incidence of NMSC 
was 0.09% in transplant recipients vs. 0.04% in general 
population, p < 0.001; 5-year cumulative incidence 
0.83% vs. 0.18%, p < 0.001, respectively; the 10-year 
cumulative incidence 2.6% vs. 0.36%, p < 0.001, re-
spectively) (Tab. 1).

The authors of this article also observed that heart 
transplant recipients showed a significantly higher cu-
mulative incidence of NMSC at 1- (0.09% vs. 0.04% , 
p < 0.001, respectively), 5- (0.89% vs. 0.18% , p < 0.001, 
respectively) and 10- years (4.06% vs. 0.36, p < 0.001, 
respectively) post-transplantation. [18] (Tab. 1).

The other study examined cutaneous melanoma 
in renal (12,205 cases), liver (3,584 cases), and heart 
(1,418 cases) transplant recipients over a period of 

Table 1. Cumulative incidence rate of non-melanoma skin cancer (NMSC) (C44) over time in patients with heart 
transplantation (Tx) liver Tx, heart Tx compared to the general population

Follow-
-up

Cumulative incidence 
rate (%)

p  
value

Cumulative incidence 
rate (%)

p 
value

Cumulative incidence 
rate (%)

p 
value

Renal Tx Population Liver Tx Population Heart Tx Population

1 yr. 10 
(0.0857%) 

13,516 
(0.0355%) 

< 0.001 3 
(0.0931%) 

13,516 
(0.0355%) 

< 0.001 1 
(0.0909%)

13,516 
(0.0355%) 

< 0.001

5 yr. 112 
(1.2145 %) 

67,490 
(0.1774%) 

< 0.001 19 
(0,8311%) 

67,490 
(0.1774%) 

< 0.001 6 
(0.8871%) 

67,490 
(0.1774%) 

< 0.001

10 yr. 250 
(4.1835%) 

136,838 
(0.3597%) 

< 0.001 35 
(2.6462%) 

136,838 
(0.3597%) 

< 0.001 13 
(4.0609%) 

136,838 
(0.3597%) 

< 0.001

thirteen years. The authors of this article showed that 
melanoma incidence slightly increased in renal re-
cipients (1-year cumulative incidence 0.02% vs. 0.01%, 
p < 0.001; 5-year cumulative incidence 0.17% vs. 0.05% 
p < 0.001; the 10-year cumulative incidence 0.36% 
vs. 0.1, p < 0.001) compared to the general population. 
A similar comparison performed in liver transplant re-
cipients showed a significant difference at 1 year after 
transplantation (cumulative incidence 0.03% vs. 0.01%, 
p < 0.001), at 5 and 10 years the (5-year cumulative inci-
dence 0.21% vs. 0.05%, p < 0.001; the 10-year cumula-
tive incidence 0.21% vs. 0.1%, p < 0.001). Surprisingly, 
in heart transplant recipients, a paradoxical decrease in 
the occurrence of melanoma was observed compared to 
the general population (1-year cumulative incidence 0% 
vs. 0.01%, p = 0.002; 5-year cumulative incidence 0.16% 
vs. 0.05%, p < 0.001; the 10-year cumulative incidence 
0.16% vs. 0.1, p < 0.007). However, this might be at-
tributed to the relatively small sample size in the early 
years (2010–2014). The data presented in this article 
are put forward according to a slightly modified statisti-
cal methodology to facilitate comparison with data on 
NMSC. As a result, they differ slightly from the data in 
the source article [19] (Tab. 2).

Table 2. Cumulative incidence rate of melanoma (C43) over time in patients with heart transplantation (Tx), liver Tx, 
heart Tx compared to the general population

Follow-
-up

Cumulative incidence 
rate (%)

p 
value

Cumulative incidence 
rate (%)

p 
value

Cumulative incidence 
rate (%)

p  
value

Renal Tx Population Liver Tx Population Heart Tx Population

1 yr. 2 
(0.0171%)

3,168 
(0.0083%)

< 0.001 1 
(0.0310%)

3,168 
(0.0083%) 

< 0.001 0 
(0%)

3,168 
(0.0083%) 

0.002

5 yr. 16 
(0.1667%)

17,940 
(0.0472%)

< 0.001 5 
(0.2043%)

17,940 
(0.0472%) 

< 0.001 1 
(0.1623%) 

17,940 
(0.0472%) 

< 0.001

10 yr. 26 
(0.3578%)

37,323 
(0.0981%)

< 0.001 5 
(0.2043%)

37,323 
(0.0981%) 

< 0.001 1 
(0.1623%) 

37,323 
(0.0981%) 

 0.007
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Limitations of the authors of this article 
studies

What the authors of this article consider a limitation 
of the authors of this article research so far is exclusion of 
some other transplanted organs from the authors of this  
article dataset. The authors of this article attempted 
to include lung and other solid organ recipients in 
the analysis, however, these organs are transplanted 
much less frequently, and due to the complexity of 
these procedures, the success rate is significantly lower. 
This, in turn, results in a smaller number of long-term 
survivors taking immunosuppression and consequently, 
a lower number of registered melanoma and NMSC 
occurrence in these subgroups. Therefore, the authors 
of this article decided to exclude solid organ transplants 
other than heart, kidney, and liver from further analysis. 

Another limitation the authors of this article encoun-
tered is the lack of sufficient information regarding 
the immunosuppressive drugs used by the recipi-
ents. This is due to the small number of patients tak-
ing medications other than the most commonly used 
immunosuppressive treatment regimen for solid organ 
transplant recipients, i.e.: tacrolimus (TAC)/CsA + my-
cophenolic acid (MPA) + glucocorticosteroids (GS). 
A detailed analysis of the specific immunosuppressive 
treatment regimens and their impact on the develop-
ment of skin malignancies is the subject of the authors 
of this article subsequent research. The aforementioned 
publications are intended solely to outline the clinical 
relevance and significance of the issue being addressed.

Moreover, follow-ups after 5 and 10 years included 
only a portion of the patients, as the authors of this ar-
ticle still have incomplete data in this regard. However, 
by taking the total number of kidney, heart, and liver 
transplants performed between 2010 and 2022 as a refer-
ence point, the authors of this article were able to obtain 
a more representative cohort. This increases the cred-
ibility of the results and allows for a better understanding 
of the impact of transplantation on the occurrence of 
skin cancers in this specific population.

Strengths of the authors of this article 
studies

Despite the aforementioned limitations, the authors 
of this article series of studies outlined in this review rep-
resent the first attempt to analyze a Polish nation-wide 
large dataset on melanoma and NMSC incidence 
in selected solid organ transplant recipients. A total 
of 1910 organ transplants, including 1055 kidney 
transplants, 550 liver transplants, and 178 heart trans-
plants, were carried out in Poland in 2023, according 
to the National Health Fund, significantly surpassing 

the 1608 transplants performed in 2012 [1]. The authors 
of this article results provide detailed information on 
real-world skin malignancy incidence in the growing 
population of Polish kidney, heart, and liver transplant 
recipients living with lifelong immunosuppression.

Additionally, to enhance the reliability of the initial 
dataset, the authors of this article performed cross-verifi-
cation of National Health Fund data with the Poltransplant 
dataset, with great support from Division of Databases 
and Analytical Tools, Department of Analysis, Quality 
Monitoring, and Service Optimization). The authors of 
this article compared the number of patients extracted 
from the National Health Fund databases with the data 
provided by Poltransplant to create the most reliable 
and consistent patient population, which the authors 
of this article then subjected to further analysis. The 
strength of the authors of this article reports lies in 
the thorough examination of accessible data, strict inclu-
sion criteria, and their integration to achieve a clinically 
meaningful results. 

The epidemiological results presented in the au-
thors of this article studies could be valuable for Polish 
health-policymakers and health professionals. These 
data may also be useful for other countries in the au-
thors of this article region of Europe that share a similar 
geographical latitude, as sun exposure combined with 
long-term immunosuppression are the two leading factors 
for melanoma and NMSC in post-transplantation patients. 

Conclusions

The authors of this series of studies [6, 16, 18, 
19] confirm, using a nationwide real-world dataset, 
a statistically significant association between heart, 
kidney, and liver transplantation followed by immuno-
suppression and an increased incidence of melanoma 
and non-melancytic skin cancer in the post-transplant 
period. The melanoma risk in renal, liver, and heart 
transplant recipients in Poland was, on average, twice 
as high compared to the general population at 1 year, 
four and a half times higher after 5 years, and almost 
nine times higher after 10 years. Similarly, the NMSC 
risk in this population was two and a half times higher 
after 1 year, seven and a half times higher after 5 years, 
and remained twenty two times higher after 10 years. 

The authors of this article findings, apart from their 
epidemiological value, highlight the clinical importance 
of regular and long-lasting skin follow-ups in solid organ 
transplant recipients. This is reflected in recently pub-
lished Polish surveillance guidelines for selected skin 
cancers [20]. Implementation of regular dermatological 
monitoring programs could contribute to improved 
overall treatment outcomes and reduced mortality from 
skin cancers in the post-transplant population.
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