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2. Wstep

Zgodnie z danymi publikowanymi w corocznych Biuletynach Informacyjnych
Poltransplantu liczba biorcow przeszczepionych narzadow litych w Polsce w ostatnich latach
stale wzrasta. W 2024 r. osiagneta 2197 biorcow, z ktorych prawie 90% stanowili biorcy nerki,
watroby lub serca [ 1]. Globalnie, jak podaje Swiatowa Organizacja Zdrowia (ang. World Health
Organization — WHOQO), populacja biorcow przeszczepu corocznie zwigksza sig o kilkaset

tysigcy 0sob [2].

Przeszczepienie narzadu litego czgsto jest jedyna skuteczna forma leczenia schytkowej
niewydolnosci narzadu 1 daje mozliwosc wydtuzenia 1 poprawy jakosci zycia pacjentow. Niesie
jednak za soba nie tylko korzysci, ale takze ograniczenia i obowiazki, ktore maja na celu
przedtuzenie Zywotnosci przeszczepionego narzadu. Koniecznoscia dla pacjentow po
przeszczepieniu nerki, watroby 1 serca jest terapia immunosupresyjna, ktora zapobiega
odrzuceniu przeszczepionego narzadu przez organizm biorcy. Ta forma terapii, cho¢ skuteczna
w kontekscie przedluzenia zywotnosci przeszczepu, obniza takze zdolnos¢ organizmu do
wykrywania 1 eliminowania patogendéw, czy komorek nowotworowych. Zwigksza to ryzyko

nowotworzenia w tej grupie pacjentow, w porownaniu z ryzykiem w populacji ogélnej [3, 4].

Nowotworami zlosliwymi najczgsciej wystgpujacymi u pacjentéw po przeszczepieniu
narzadow litych sa niemelanocytarne nowotwory skory (ang. non-melanoma skin cancer
~NMSC) [5, 6]. U biorcow tych narzadow ryzyko zachorowania na nowotwory skory jest od
2 do 250 razy wigksze w porownaniu z populacja ogolna, przy czym w najwigkszym stopniu
jest ono zwigkszone w Australii, gdzie jest 250 razy wigksze niz w populacji ogolnej [7].
Badania skandynawskie wskazuja na 20-100-krotne zwigkszenie ryzyka rozwoju NMSC u

biorcow narzadow litych w porownaniu z ryzykiem populacyjnym [8, 9]. Cho¢ rak



ptaskonablonkowy (ang. squamous cell carcinoma — SCC) 1 rak podstawnokomorkowy (ang.
basal cell carcinoma — BCC) rzadko prowadza do zgonu, to moga powodowac destrukcjg
tkanek, ich deformacjg i zaburzenia czynnosciowe [10]. Badania pokazuja, ze u chorych na
NMSC rowniez ryzyko powstania przerzutow w weztach chlonnych 1 narzadach wewngtrznych
jest wigksze wsrod biorcow przeszczepow [11]. To dodatkowo podkresla wage wczesnego
wykrywania i radykalnego leczenia tych nowotworéw u 0sob z obnizong (takZe jatrogennie)

odpornoscia.

Czerniak skory, cho¢ jego przypadki stanowia zaledwie 1-3% wszystkich zachorowan
na nowotwory skory, cechuje sig¢ agresywnym przebiegiem 1 odpowiada za wigksza czgsc
zwigzanych z nimi zgonow. Dotychczasowe badania, przeprowadzone w réznych krajach
$wiata, jednoznacznie wykazaly, Zze ryzyko zachorowania na czerniaka skoéry u biorcow
przeszczepOow narzadow litych jest od 1,5 do nawet 8 razy wigksze w porownaniu z populacja
ogolna [3—4, 12]. Dane europejskic rowniez wskazuja na zroznicowanie czgstoscl
wystgpowania czerniaka skory u biorcow przeszczepow, pomimo podobienstwa dodatkowych
czynnikow ryzyka w wigkszosci krajow europejskich, wynikajacego ze zblizonego polozenia

geograficznego.

Mimo ciagtego postgpu w diagnostyce i leczeniu, nowotwory skory wciaz stanowia
istotny, a czgsto takze marginalizowany problem w grupie biorcow przeszczepow narzadow
litych, u ktérych ryzyko zachorowalnosci jest szczegolnie wysokie. Wysoka czgstosce
wystepowania nowotworow skory w tej grupie pacjentow ma kilka przyczyn. Po pierwsze,
wynika ze stosowania lekow immunosupresyjnych, ktore uposledzaja mechanizmy odpornosci
na dodatkowe czynniki ryzyka (takie jak promieniowanie UV, czy infekcje wirusem
brodawczaka ludzkiego [ang. human papilloma virus — HPV]) [13-16]. Po drugie, jest

zwiazana ze zmianami w funkcjonowaniu uktadu immunologicznego towarzyszacymi chorobie



podstawowej [17, 18]. Dodatkowo, wystgpujace u pacjentow z tej grupy nowotwory skory
czgsciej cechuja sig nietypowym obrazem klinicznym oraz zwigkszonym zaawansowaniem w
chwili rozpoznania i gorszym ogolnym rokowaniem [19]. Wymaga to niewatpliwie

wzmozonego nadzoru nad chorymi 1 szczegolnych zasad prowadzenia opieki.

Wezesne wykrycie nowotworu skory u chorego po przeszczepieniu narzadu litego 1
szybkie wdrozenie leczenia znacznie poprawiaja rokowanie 1 zwigkszaja odsetki
przezywalnosci. Wprowadzenie odpowiednich strategii monitorowania biorcow narzadow
litych (w postaci regularnego badania dermatoskopowego) oraz edukacja na temat ochrony
przeciwstonecznej sa istotnymi elementami opieki nad ta grupa pacjentow [19-21]. Jednakze
fundamentalnym, niezbgdnym krokiem w drodze do opracowania i wdrozenia odpowiednich
zasad jest poznanie rzeczywistego ryzyka zachorowania w danej populacji (w tym przypadku
— w naszym kraju). Jak wczesnie] wskazalismy, nie analizowano dotad pod tym katem
ogolnopolskich zasobow danych Narodowego Funduszu Zdrowia, Poltransplantu 1 Krajowego

Rejestru Nowotworow.



3. Uzasadnienie i cele rozprawy doktorskiej

Wedlug najnowsze] wiedzy w Polsce nie przeprowadzono do tej pory duzej,
wieloosrodkowe] analizy epidemiologiczne] dotyczace] czegstosci wystgpowania czerniaka
skory (ang. cutaneous melanoma — CM) 1 niemelanocytarnych nowotwordw skory (ang. non-
melanoma skin cancer —- NMSC) u biorcow narzadow litych. Dostegpne informacje maja jedynie
charakter lokalny, sq ograniczone do pojedynczych osrodkow i nie pozwalaja na caloSciowe
zobrazowanie istoty problemu w naszym kraju [22]). UznaliSmy zatem, Ze istnieje pilna
potrzeba analitycznego opracowania danych o charakterze populacyjnym, swoistych dla
naszego kraju, ktore pozwolg okreslic rzeczywiste ryzyko wystapienia CM 1 NMSC w grupie
pacjentow po przeszczepieniu narzadu litego. Dane te moga postuzy¢ do sformulowania
ogolnopolskich wytycznych w zakresie monitorowania i wczesnego wykrywania nowotworow

skory u biorcow przeszczepow.

. Celem glownym niniejsze] rozprawy doktorskiej byla ocena czgstosci wystgpowania
czerniaka skory 1 niemelanocytarnych nowotworow skory u biorcow wybranych narzadow
litych, takich jak nerka, watroba 1 serce, ktorzy w okresie po przeszczepieniu zostali poddani

terapii immunosupresyjnej w Polsce.

2. Cele szczegéolowe:

2.1. Przeprowadzenie przegladu systematycznego i metaanalizy danych z dostgpnego
pismiennictwa naukowego, dotyczacych czestosci wystgpowania MSC (ang.
melanoma skin cancer — MSC) 1 NMSC u biorcow nerki, ktorzy byli leczeni
inhibitorami kalcyneuryny (ang. calcineurin inhibitors — CNI) oraz porownanie z
czgstoscig wystepowania MSC 1 NMSC u pacjentéw stosujacych wylacznie inne leki

immunosupresyjne.



2.2. Pozyskanie oraz analiza poréwnawcza danych z Narodowego Funduszu Zdrowia
(NFZ) 1 Krajowego Rejestru Nowotworow (KRN) z nastgpowa oceng ryzyka
wystgpowania MSC u biorcow nerki, watroby lub serca w Polsce.

2.3. Pozyskanie oraz analiza poréwnawcza danych z NFZ 1 KRN z nastgpowa ocena
czgstosct wystgpowania NMSC u biorcow nerki, watroby lub serca w Polsce.

2.4. Sformulowanie wnioskow pozwalajacych na okreslenie zasad kontroli onkologicznej
pacjentow po przeszczepieniu narzadow litych w kontek$cie wezesnego wykrywania

nowotworow skory.
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Abstract: The purpose of this systematic review and meta-analysis was to compare the risk of
non-melanoma skin cancer (NMSC) and melanoma development in renal transplant recipients who
receive calcineurin inhibitors to that of patients treated with other immunosuppressive agents, and
investigate the possible association between the type of maintenance immunosuppression and the
incidence of NSMC and melanoma in this group of patients. The authors searched databases such as
PubMed, Scopus, and Web of Science for articles that would help establish the influence of calcineurin
inhibitors on skin cancer development. The inclusion criteria for the study consisted of randomized
clinical trials, cohort studies, and case-control studies that compared patients who received kidney
transplants and were treated with a calcineurin inhibitor (CNI), such as cyclosporine A (CsA) or
tacrolimus (Tac), to those who received alternative immunosuppressants and did not receive a CNI
Seven articles were analyzed overall. The resulls revealed a correlation between CNI treatment in
renal transplant recipients and increased total skin cancer risk (OR 1.28; 95% C1: 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). In conclusion, the calcineurin inhibitors used after kidney transplantation are associated
with a higher risk of skin cancer—both non-melanoma and melanoma—when compared with other
immunosuppressive therapies, This finding suggests that careful monitoring for skin lesions in
post-transplant patients must be conducted. However, the decision on the kind of immunotherapy
used should always be considered on an individual basis for each renal transplant recipient.

Keywords: calcineurin inhibitors; cyclosporine; tacrolimus; skin cancer; melanoma skin cancer;
non-melanoma skin cancer; renal transplant recipients; renal transplantation; meta-analysis

1. Introduction

According to the World Health Organization (WHO), approximately 300,000 kidney
transplants are performed each year worldwide. This number is constantly growing,
reflecting the recognition of the benefits of kidney transplantation in patients with end-
stage renal disease. The transplanted kidney takes over the function of the damaged
kidneys and helps to restore the patient’s health, offering improved survival, better quality
of life, and lower treatment costs compared with regular lifelong dialysis [1-3].

After a kidney transplant, long-term immunosuppression is necessary to prevent rejec-
tion of the transplanted kidney. The specific immunosuppressive regimen varies depending
on the individual patients and their levels of immunological risk, but typically involves

Curr. Omcol. 2023, 30, 5727-5737. hitps:/ / dod.org/ 103390/ curroncol 30060430

https:/ /www.mdpi.com/journal /curroncol
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taking several oral drugs for the rest of the patient’s life [4]. The immunosuppressive
drugs work by suppressing the kidney recipient’s immune system and preventing it from
attacking the transplanted kidney [5].

Caleineurin inhibitors (CNIs), including CsA and Tac, are immunosuppressive drugs
used extensively in the post-transplantation period to prevent the rejection of the trans-
planted organ [6,7]. These immunosuppressive agents inhibit the action of calcineurin, an
enzyme that activates T-lymphocytes in the immune system, which plays a key role in
cell-mediated immunity. However, the use of CNIs has been linked to an increased risk
of developing various skin malignancies in renal transplant recipients due to continuous
immunosuppression [6]. The increased risk of skin cancer in patients receiving CNI treat-
ment is associated with several pathogenetic mechanisms that are often discussed. These
mechanisms include the weakening of the immune system, which is a natural defense
mechanism against tumor development and growth. The impact of immunesuppression on
the skin can result in a decreased ability to protect against UV radiation and DNA damage.
Additionally, calcineurin inhibitors can directly affect skin cells, leading to increased cell
proliferation. This increased proliferation of skin cells can contribute to an elevated risk
of developing skin cancer. Moreover, patients receiving immunosuppression are more
susceptible to infections with oncogenic viruses, further increasing the risk of developing
virus-related skin cancer [7,8]. Non-melanoma skin cancers (NMSC), including squamous
cell carcinoma (SCC) and basal cell carcinoma (BCC), are the most common malignancies
in renal transplant recipients [8,9]. An increased frequency of melanoma has also been
reported among renal transplant recipients [5-11].

A limited number of studies have investigated the use of CNIs after kidney trans-
plantation and the potential for skin malignancy development; therefore, we decided to
systematically review the available evidence with the objective of comparing the carcino-
genic potential of immunosuppressive regimens including CNIs with those that do not
include CNIs. Additionally, we aimed to provide the number needed to harm (NNH) for
skin malignancies in kidney transplant patients who need to take lifelong immunosuppres-
sive drugs.

The principal aim of our meta-analysis was to compare the incidence of skin malig-
nancies in patients who had undergone renal transplantation treated with CNIs to those
treated with other immunosuppressive agents.

To the best of our knowledge, this is the first systematic review and meta-analysis
aimed at establishing a correlation between CNI use and the risk of skin malignancies in
renal transplant recipients,

2. Materials and Methods

This study was designed to analyze the influence of CNIs, such as CsA and Tac,
on the incidence of skin cancer after kidney transplantation. The study compared two
therapeutic options used in renal transplant recipients: CNIs (CNIs group) and other
immunoesuppressants (no CNIs group). This systematic review and meta-analysis has
been registered in PROSPERO under the unique identifier "CRD42023396207". As a
systematic review and meta-analysis, this study did not require any ethical approval or
participant consent.

2.1. Search Terms

The authors followed the PRISMA guidelines to ensure the highest quality of their
work [12]. The search was conducted using PubMed, Scopus, and Web of Science databases
and was limited to studies published between March 1996 and November 2022. The search
strategy was based on the following terms: “Cyclosporine”, “Cyclosporin”, "Ciclosporin”,
“Tacrolimus”, “calcineurin inhibitors”, “CNI", “skin neoplasms”, “skin cancers”, “skin
cancer”, “squamous cell cancer”, “squamous cell carcinoma”, “squamous cell carcinomas”,
“Squamous Cell Neoplasms”, “basal cell carcinoma”, “SCC", “BCC”, “melanoma”, “kidney

o

transplantation”, “renal transplantation”, “kidney transplant”, and “renal transplant”. All
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of the above-mentioned terms were combined using operators such as “AND” and “OR”.
All found abstracts were screened for inclusion by two members of the review team (AK
and KR} under the supervision of senior authors (TS, MKR, MK, TW, and WMW). The
selected abstracts were thoroughly assessed and included in the meta-analysis based on
the inclusion criteria.

2.2, Eligibility Assessment

The authors conducted an eligibility assessment for all full-text articles that passed
the abstract screening. We included randomized clinical trials, cohort studies, and case-
control studies that reported on post-renal transplantation patients and compared the risk
of developing melanoma (M) and non-melanoma skin cancer, such as squamous cell and
basal cell carcinomas, between those treated with cyclosporine or tacrolimus and those
who were treated with immunosuppressants other than CNIs (i.e., CNIs group vs. no
CNIs group). We only analyzed articles that had full text and were written in English.
The authors excluded all meta-analyses, systematic reviews, studies on pediatric kidney
transplants, and otherwise irrelevant studies.

2.3. Data Extraction

Two reviewers recorded relevant data from the selected papers. At least two authors
extracted data from each article. In the event of conflicting data, one of the senior authors
reviewed the study for further discussion and assistance with the decision regarding the
inclusion of data.

2.4. Outcomes of Interest

The following data were extracted from the included studies: publication year, first au-
thor, title, type of study, country, follow-up period in years, patient sex, mean or median age
of patients at the time of transplantation, transplant period (defined as the range of years
during which the kidney transplantation was performed), median time from transplanta-
tion to skin malignancy diagnosis in years, sample size (defined as the population analyzed
and separated into samples of kidney transplant recipients on CNI therapy and those with-
out CNI therapy), type of skin malignancy diagnosed, including melanoma, non-melanoma
skin cancer (NMSC), and total skin cancer in the CNIs and no CNIs groups. The authors
adhered to the ethical guidelines and respected patient data ownership. The data used in
this meta-analysis were obtained from publicly available literature and were de-identified
to ensure patient confidentiality and privacy. Furthermore, the authors have made every
effort to comply with the relevant copyright regulations and intellectual property rights
while citing and referencing the original sources appropriately.

2.5, Quality Assessment

The quality of the included articles was evaluated using the Cochrane risk-of-bias tool
for randomized trials (RoB 2) (The Cochrane Collaboration, 2020, London, UK). Several
factors were recorded and measured, such as “Randomization process”, “Deviations from
the intended interventions”, “Missing outcome data”, “Measurement of the outcome”, and
"Selection of the reported result”. Each article was evaluated as “high risk”, "low risk"”, or
“some concerns”,

2.6. Statistical Analysis

Statistical analysis was carried out using R 4.2.2 (R Core Team, 2023) using publicly-
available tidyverse and metabin packages. The authors divided the studies into three
groups and analyzed the risk of melanoma, non-melanoma skin cancer, and total skin cancer.
The relationship between CNI use and skin cancer risk was evaluated using the odds-ratio
(as the effect size metric) and corresponding 95% confidence interval. Pooled estimates
were obtained using the Mantel-Haenszel method [13-15]. The exact calculation was used
for MSC due to presence of cells with zero frequency, as has been recommended [16].
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For the heterogeneity variance calculation (tau-squared), the Der-Simonian Laird (1986)
estimator was utilized. The Knapp-Hartung adjustment for the CI of the effect was also
used, in order to account for between-study heterogeneity [17].

We assessed homogeneity between studies using the I-squared value and Q statistic.
Due to low event/trial count, the 95% CI was also reported for the I-squared, as has been
recommended | 18], We examined all of the included studies for sources of heterogeneity.
As these populations are geographically diverse, the true risk difference may vary, and
thus the random-effects model was selected to account for cross-population differences
(aside from sampling error).

3. Results
3.1. Article Selection

The primary search resulted in 829 records, and after the removal of duplicates,
769 articles were identified. Among these, 452 were not relevant to our study objective,
215 were case reports, 7 were on pediatric transplants, 59 were not available in English,
21 had no significant data, and 15 were reviews, After screening, 17 articles met the criteria
for full-text review. In total, 10 studies were excluded by the authors after reanalysis due to
the lack of relevant data. Finally, 7 papers that included a total of 309,551 patients were
selected for the meta-analysis (Table 1). The eligibility screening process is depicted in
detail in the PRISMA flow diagram (Figure 1).

Reconds identified from™ Records removed before
PubMed (n=376) et
- records
Scopus (n= 31 in = 60)

Web of Scienca (n = 197)

Records screaned
{n = 758} {n = 753)

Reports excluded:

caricer (i = 1)

Lack of data (n = 5)

I Casa raporl fn=2)
Rewiew [n = 2)

Studies included in review
fn=7)

Figure 1. PRISMA flow diagram of the study inclusion process.
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3.2. Article Characteristics

Seven articles were included in the statistical analysis. The chosen articles contained
309,551 renal transplant recipients in Europe, Asia, Australia, and the USA between 1966
and 2016, We stratified data into three subgroups to assess the following outcome measures:
“melanoma risk”, “non-melanoma skin cancer risk”, and “total skin cancer risk”.

3.3. Patient Characteristics

The authors selected and included seven articles, and a total of 309,551 patients were
analyzed. There were 270,962 patients who were undergoing therapy using CNIs, such
as CsA or Tac, and 38,313 patients who were treated using immunosuppressants other
than CNIs, The entire dataset for the specified outcome measures included the following:
1427 patients for melanoma risk, 13,743 patients for non-melanoma skin cancer risk, and
14,618 patients for total skin cancer risk.

3.4. Melanoma Risk

The meta-analysis of outcomes presented by Alberu et al., Ascha et al., and
Hao et al. [19,20,23] prove a statistically significant association between the use of
CNIs and an increased risk of melanoma (OR 1.09; 95% CI: 0.25-4.74; p < 0.01). The
results are presented in Figure 2. The NNH for melanoma risk and CNI treatment
was 1541.1,

3.5. Non-Melanoma Skin Cancer Risk

The analysis of non-melanoma skin cancer risk based on five studies (Alberu et al.,
Hao et al., Krasova et al., Pinho et al., and Wisgerhof et al. [19,21,23-25]) revealed a
statistically significant difference with a lower risk of cancer development in the no CNIs
group (OR 1.16; 95% CI: 0,41-3.26; p < 0.01). The data are shown in Figure 3. The NNH for
non-melanoma cancer risk was 330.7.

3.6. Total Skin Cancer Risk

Total skin cancer risk analysis included four articles (Alberu et al., Bouwes et al.,
Hao et al,, [19,22,23]). Patients who were taking CNIs had higher total skin cancer risk (OR
1.28; 95% CL: 0.10-16.28; p < (.01). The results are presented in Figure 4, The NNH for total
cancer risk was 567.8.

Experimental Control
Study Evenis Total Events Total Odds Ratio OR #5%~C1 Weight
Mana Ascha 435 195818 53 9356 5] 080 [0.80: 1.07] 48.8%
Miaowel Hao 834 172823 102 26641 - 128 [1.03; 1.55] 50.5%
Josefina Alberu 3 5 0 855 P 427 [0.73: 277.24] 27%
Random effects model 269016 36552 —_— 1.09 [025; 4.74] 100.0%
Hetarogeneity: I = 7%, p<0.01

Figure 2. Melanoma risk [19,20,23].

Study Events Total Events Tolal Odds Ratio OR  95%-Cl Weight
Hermina C. Wisgerhol M 59 142 1M —— 0.48 [0.32:0.71] 23.7%
Martina Krascva a2 633 11 164 & 0.74 [0.38;1.50] 19.1%
Xinowal Hao 11791 172023 1636 26641 ) 1.12 [1.06;1.18] 26.4%
André Pinho &0 245 3 23 216 [0.62: 7.53] 12.0%
Josefina Albery ~ 22 275 12 555 —— 383 [1.92;8.08] 18.9%
Random eftects model 174625 28554 1.16 [0.41;3.26] 100.0%

Helerogenely: £ = BE%, p<0.01
02 05 1 2 5

Figure 3. Non-melanoma skin cancer risk [19,21,23-25].
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Figure 4. Total skin cancer risk [19,22,23].

3.7. Quality Assessment

The risk of bias was low in certain aspects of the study, such as “"Missing outcome
data” and “Measurement of the outcome,” but there were some concerns in others, such
as “Randomization process” and “Deviations from the intended interventions”. The risk
of bias for "Selection of the reported result” was high. The overall quality of the included
articles is evaluated in Figure 5.
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Figure 5. Quality assessment—Cochrane risk-of-bias tool for randomized trials (RoB 2) [19-25].

4. Discussion

According to the “Renal Association Clinical Practice Guideline in Post-Operative
Care in the Kidney Transplant Recipient”, CNI treatment should be started at the beginning
of transplantation and continued until the graft is fully functional. Lifelong immuno-
suppressive therapy is required to prevent graft rejection and ensure proper functioning;
however, studies have shown that CNI treatment can increase the risk of skin cancer due
to the promotion of unrestricted cell division [26-28]. The potential mechanisms behind
the increased risk of skin cancer with CNI therapy include the inhibition of DNA repair,
the modification of immune function, and the suppression of the p53 protein [28]. Non-
melanoma skin cancer, such as squamous cell carcinoma and basal cell carcinoma, is the
most common type of skin malignancy affecting kidney transplant recipients [29-32].

We performed a statistical analysis on three parameters: melanoma risk, non-melanoma
risk, and total cancer risk. All of them showed a statistically significant difference between a
group of patients who were receiving CNIs and a group of patients who received alternative
immunosuppressants and did not receive CNIs in the parameters studied. Melanoma risk
was higher in the group of patients who were treated with CNIs (CsA and Tac) compared
to the other group (OR 1.09; 95% CL 0.25-4.74; p < 0.01). Non-melanoma skin cancer
risk (OR 1.16; 95% CI: 0.41-3.26; p < 0.01) and total skin cancer risk (OR 1.28; 95% CI:
0.10-16.28; p < 0.01) were also slightly higher in the group of patients who had undergone
renal transplantation treated with CNIs. Our findings, which are based on a large, pooled
patient group of more than 300,000 kidney transplant recipients, indicate that permanent
exposure to CNI treatment increases the risk of skin cancer. However, compared to other
immunosuppressive drugs, this effect is not as significant as we initially expected.

This association has been reported before; however, in contrast to previous studies [19-25],
we were able to demonstrate statistically significant differences in all three parameters of
melanoma risk, non-melanoma skin cancer risk, and total skin cancer risk. Our results suggest
that the increased risk of skin cancer associated with CNI treatment may not be as widespread
an issue as previously thought. In addition, we calculated the number needed to harm (NINH)
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parameter, which represents the number of patients that must be treated with CNIs for one
individual to develop skin cancer [33]. We believe that this parameter most accurately illustrates
the real risk related to CNI usage in this patient group in the context of skin cancer. The number
needed 1o harm values were 1541.4 for melanoma risk, 330.7 for non-melanoma skin cancer
risk, and 567.8 for total cancer risk. This means that every six hundredth patient taking CNI
during the course of immunosuppression develops skin cancer (mainly basal and squamous
cell carcinoma). Melanoma, with an NNH approaching 1541, is not a real threat to long-term
CNI users, Our meta-analysis, which included more than 309,000 kidney transplant recipients
across the included studies, is much larger than previous meta-analyses investigating the effect
of CNIs on skin malignancies, and, to our knowledge, our study is the only one performed on
a group of kidney recipients. This study takes into account research conducted on multiple
continents and in different age groups, which reduces the influence of additional factors (such
as sunlight exposure), as compared to previous studies.

An NNH of 330 for non-melanoma skin malignancy associated with long-term im-
munotherapy using drugs from the group of CNIs leads to a very practical conclusion. This
means that physicians dealing with kidney transplant recipients who are on long-term CNI
treatment should carefully monitor patients for any signs of skin cancer and educate them
on the importance of sun protection measures. Further research is needed to explore the
underlying mechanisms of this association and to develop strategies to mitigate the risk of
skin cancer in this patient population.

Our study has several important limitations. First, although a comprehensive literature
search was conducted, the available literature on this topic is limited, and only a small
number of relevant studies were found. Additionally, some of the studies included a
variety of immunosuppressive drug regimens, making it difficult to isolate the effects of
CNI monotherapy, and we were unable to include all data from the selected studies in our
systematic review. Furthermore, some studies did not include and/or listed separately all
types of skin malignancies (melanoma, squamous cell carcinoma, or basal cell carcinoma).
Moreover, due to the variability in the nature of the included studies—such as differences
in patient numbers, locations, and other additional factors which might increase the risk of
skin cancers (such as high lifetime exposure to ultraviolet radiation from the sun, prior scars,
chronic wounds, actinic keratosis, paler skin, Bowen'’s disease, arsenic exposure, radiation
therapy, tobacco smoking, poor immune system function, prior basal cell carcinoma, or
HPY infection) [34,35]—there is a lack of uniformity that hinders the ability to draw strong
conclusions from the systematic review. The selected studies encompassed a range of
methodologies and characteristics, making it challenging to establish consistent patterns or
generalize the findings. As a result, the diverse nature of the included studies limits the
extent to which we can confidently interpret the results of the systematic review.

Another limitation of our study is the lack of specification regarding whether the
patient is taking CsA or Tac, as well as the absence of information regarding other potential
confounding factors; an example of this is the concurrent use of azathioprine, which has
a higher potential carcinogenesis than CNIs [36]. This implies that the NNH estimates
we have acquired must undergo verification by analyzing aggregated data obtained from
transplant registries or alternative sources. It is evident that further measures are required
to ensure their validity on a broader scale.

Despite these limitations, the strength of our meta-analysis lies in our profound
analysis of available relevant studies, strict inclusion criteria, and the integration of these
studies to formulate a clinically important practical consensus. Due to the scarcity of studies
examining the relationship between CNIs and skin cancer after kidney transplantation, the
authors decided to provide the most up-to-date and complete conclusions based on our
results and the available literature (see Section 5). To the best of our knowledge, the study
is also unique and is the most precise meta-analysis that aims to establish a correlation
between exposure to CNIs and the risk of skin cancer in renal transplant recipients. Another
reason to study the potential relationship between CNIs and skin cancer is the increasing
number of kidney transplant recipients and long-term survivors with lifetime CNI usage
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globally. Acknowledging the delayed consequences of therapy may be helpful in selecting
therapy regimens and setting up necessary follow-up skin recommendations for patients
on long-term CNI therapy.

Long-term immunosuppression in kidney transplant recipients has a beneficial effect
on survival; however, it is associated with significant risks of skin cancer [37,38]. According
to previous research, the risk of developing malignancies is four times higher in individuals
who have undergone transplantation compared to the general population. Consequently,
most international clinical guidelines recommend regular screening for skin, cervical, and
colorectal cancer during the post-transplant period. It is therefore obligatory to inform
patients and educate them on self-examination technigques and to encourage them to
make frequent follow-up visits. Guidelines recommend that kidney transplant recipients
should be screened for skin cancer occurrence at least twice a year for five years after
transplantation [26,27,37,39—12]. Considering the potential for delayed development of
skin malignancies in patients receiving calcineurin inhibitors (CNls), we would recommend
lifelong and continuous surveillance of the skin.

5. Conclusions

We showed that kidney transplant recipients undergoing long-term CNI therapy
exhibit a statistically higher incidence of skin cancer compared to patients receiving al-
ternative immunosuppressive treatments. However, the observed difference does not
appear to have significant clinical implications when compared to immunosuppressive
regimens that do not include CNIs. The risk of skin melanoma is also elevated, albeit to a
considerably lesser extent, which may be disregarded in a clinical context. Early detection
of non-melanoma skin cancers and melanoma is crucial for achieving favorable treatment
outcomes. Detecting these cancers at an early stage allows for a more conservative thera-
peutic approach, minimizing the need for extensive interventions and improving long-term
prognosis. Therefore, regular skin examinations and patient education on self-examination
techniques are very important. It is also crucial to individualize the schedule for follow-up
screenings based on risk factors and the need for a multidisciplinary approach involving
dermatologists. We propose the implementation of lifelong skin monitoring sessions for
patients with transplanted kidneys who are on long-term immunosuppression, including
regimens with CNIL Furthermore, we strongly advocate for patient education regarding
this undesired effect of CNIs to enhance awareness and facilitate early detection of skin
lesions by the patients themselves.

Additionally, in order to obtain a more comprehensive understanding of the topic, we
recommend conducting further meta-analyses that take into account specific subgroups of
patients receiving distinct immunosuppressive drugs. Unfortunately, this is currently un-
feasible due to insufficient data in the available studies and challenges associated with data
extraction. Our meta-analysis encountered numerous limitations and obstacles, and the
estimated outcomes and assessments should be verified through the analysis of aggregated
data from transplant registries or other accessible sources. It is evident that additional
efforts are required to ensure the validity and objectivity of the findings on a larger scale.
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Introduction. Mumerows itudies indicate an increased inadence of sin malignancies ameng oigan wansplant fec-
pients. Melanoma pose & ugnificant theeat 10 post-transplant recipients, ading to contiderabie mortality. This study
explores the incidence of melanom.a after 17,752 rgan transplantations in Poland over the past 13 years
Materials and methods. The data on the cccurtence of melanoma in patients after renal, hear, of ver tansplants-
Hon were cbtained from the National Health Fund,. encompassing individusls who underwent kidney, heart, or liver
transplantation between 2010 and 2022 The analysls focused on skin melanoma (C43).

Rasults. The study examined skin melanama in fenal (12,250 cases), liver (3,584 cases], and heart 1418 cases) varsplant
recipients over & period of thirteen years. Melanoma incdence slightly increased in rensl reciplents [T-ysar cumulative
Incidence 0.016% v 0007%, p = 0.024; S-year cumulstive incidence 0.131% v 0.0M0% p < 0001, the 10-year cumiils-
tive incidence 0213% vs 0,09, p < 0001} in liver transplan recipients there is 2 non-significant difference 1-year after
transplantation [cumulative Incdence 0.03% vs 0.01%, p=0337) but after 5 and 10 years the difference between the two
groups remains statistucally significant {5-year cumulative incdence 0.14% vs D04%, p < 0.014; the 10-yeur cumulative
incidence 0.14% v 009, p < DDOT). Inhart transplant recipients, s paradasical reduction in incidence was obierved
compared 10 the general papulation (1-yesr cumulative incidence 0% vi BO1%, p=0.317,5year cumulstive incidence
OO07% vs. 0.04%, p = 0.049; the 10-year cumulative incidence 0.07% v 009, p < 0001}

Condusiond. The incidence of melanoma increases in kidney transplont recipients over the first 10 yesrs post-tansplant.
with & peak between 4 10 7 years. For heart snd Iver transplant reciplents, melinoma cases ocour within the iniial
§ years pog-vansplant, and no new caes were reconded afierward. The long-term surviving kidney, heart, and kver
Transplant reciplents show i stedy rige in new Cades owsr time. Our Study, based on a thorough analysis of data fiom
the Natianal Health Fund, confirms the link between an elevated risk of melsnoma in organ transplant reciplents.

Key words: skin cancer, melanoma, transplant recipients, transplantation
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Introduction

In 2023, according to the Mational Health Fund, & total 1,910 o
gan transplants were performed in Poland including 1,055 kud-
ey trandplents, S50 Sver randplants, and 178hean ransplants,
marking an unprecedented achievement in the country’s
medical history [1], This notable increase surpasied previous
numbers, such as 1,508 organ transplants in 2012 2] The glo-
bal prevalence of organ transplants has been steadily rsing,
reaching hundreds of thousands annually

Organ transplantation, hailed as the sole long-teem cu-
rafive treatment fior end-stage renal heart, or liver disease,
Introduces complis lifelong thempy for reciplents. The lifelang
Immunosuppeessive reatment necessary for adequate graft
function makes recipients susceptible 10 vanous diseases,
prominenitly increasing the risk of cancer Mélanoma, though
comprising only 436 of cutaneous malignarncies, contributes
to BO% of skin cancer deaths in the general population, un-
derscoring its significance among both ransplant and non-
~transplant individuals [3].

The results of avaliable studies show that transplant rec-
pients face a 1.5- 10 B-fold incressed risk of melanoma com-
pared to the general pogalation, depending on the studied
populstion [4-6), but the risk of developing melanoma con-
sstently increases in al presented data over the time since
transplantation.

Data from diffesent Eumapean studies also show significant
diversity in the risk of neoplasia despite a similar geographical
latitude, indicating additional risk factors for the occurmence
of cancer, such st genetic predisposiions, the influence of sp-
plied treatment, or the frequency of human papillomavins
PV} inflection (7, 8], Unfortunately, despite numerous works,
there is a lack of epidemiological studies based on a large
number of patients, espécially regarding the frequency of me-
lanoma, which would help in a precise assessment of the real
risk of skin cances in the transplant recipient group.

This report explores the inddence of melanorma after
organ transplantation in Poland ower the past 13 yesrs
(2010-2022), providing Insghts into the challenges and ri-
s encountered by transplant recipients This is the langest
analysis performed on that particular subject in Poland so far
The study is based on a National Health Fund dataset {public
health insurance governmental agency), which provides
the mast accurate information on actual health incidents
for all Polish citizens

Materials and methods

The data on the occurence of melanamain patients sfter renal,
heart, or liver transplantation wene obtained from the Natonal
Heaith Fund. The dataset includes patients who undéswent
renal hear, or liver trarsplantation between 2010 and 2022,
and it was used 10 identify a cohart of patients with & disgne-
us of melanoma based on any inpatient or outpatient claim
associated with an International Classification of Diseases,

10" Revision, Cinical Modification ICD-10-CM) code fior me-
lanoma (CA3.0-C43.9).

The information is presented through distinet sets of dia-
grarm, illustrating melanoma [CA3) in reCipients of the most
commaonly transplanted ongand in Poland - specifically, in re-
ral transplant recipients. liver transplant recipients. and he-
art transplant recipients. Exclusion cnterla included a history
of previous organ transplantation and transplantation of mone
than cne of the mentioned organs. Differences in the occur-
rence of melanoma skin cancer are presented in the diagrams.
It is important to note that dagrams related to each specfic
patent group ute & consistent pescentage scale for untioem
dista presentition To investigate the asociation between two
categorical variables. analytical methads, including Fisher's
Exact 185t and the Two-iamele 1est for equality of propartions
[applied without b continuity corection) wene employed. An
alpha beved (a = 0.05) was chosen as the criterion for determi-
ring statistical significance. Analyses were conducted using
the R Statistical language (version 4.3 1; R Care Team, 2023) on
Windows 10 Pra 64 (bulld 19045).

Based on data obtained from the National Health Fund, we
calcutated the cumulative incidence rate of melsnoma, coded
a4 €43, among organ trandplant (Tx) recipients compared to
acontrol popailation over a 1-,5-,and 1 G-year follow-up pericd.
The dataset for this time frame (betweaen 2010 and 20200 was
created using information acquired from the National Cancer
Registry [5)

Results

The cumulative inodence rate of melanoma, coded as C43,
amaong renal transplant (Tx) recipients compaied 10 & control
population over a 1-,5-, and 10-yesr follow-up period provided
an insightful perspective into the risk stratification associsted
with this malignancy post-trandplantation.

Renal Tx recipients vs. control population
The analysls covered 12,250 renal transplant recipients (2010~
2027, examining the risk of melanoma skin cancer The hi-
stogram (fig. 1) displayd the percentage of melsroma cates
armang lving renal transplant recipients A slight increase s
abserved in the fourth to seventh years [D04% and 007%,
respectively), folowed by a decrease in wbsequent years No
cases are reporiad aftes the tenth pear

Tabile | presented the curmulative Incidence mates of me-
lanoma (C43) in patients post renal Te as opposed 1o a con-
ol population over 1-, 5-, and 10-year intervals, allowing for
acomparative oncological sk assessment. The absenved trend
in table | suggews that renal transplant recipients exhibited
& hightar cumulative incidence of melanoma skin Cancer over
timie when compared to the gerersl population This elevated
fidk could be attributed to the ImMmunasuppleidive negimens
feguired 1o maintan graft function, which can mduce the effi-
eacy of the immune system 1o detect and eliminate makgnant
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Figare 1. Melsrcrmu n renal ransplart recpserty
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cells The significantly highet incdence rates in the renial trang-
plant recipients highlighted the interplay between immuno-
suppression and carcinogensesi

In the immediste 1-year folow-up, the incidence of me-
lanoma inthe renal transplant cohor was 0.016% 12 cases per
12205 pathents), which was catistically higher (p=10.024) than
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the 0.007% (2660 caies per 37.75 mdlion] observed in the ge-
neral population. The Syear cumulative incidence notably
increased In the transplant recpients fo 0.131% (16 cases per
12,205 patierts), with a further amplified contrast 1o the contral
population’s 0.040% {1 592 cases per 3773 million), a difference
that was highly ggnificant (p < 0.001). AT 10-4eas the incidence
in the transplant group further escalated 1o 0.213% (26 cases
per 11205 patients), while the contral population incidence
wiad 0091% (34,313 cades per 37,75 million], sgain with a ita-
uistically significant difference (p < 0007).

Liver Tx recipients vs. control population

The analyss encompassed 3,584 liver transplant recipients,
investigating the risk of melanoma sion cancer, The histogram
ifig. Z) Mlustrates the percentage of meanoma cases among
Iving liver transplant recipienis at different intervals post-trans-
plant The dats revests fluctustions, reaching a peak of 0.12%
in the third year, while the other years have either minimal
or 2e10 neported cases Notably, no cases are documented
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from the fourth 1o the thineenth-year post-transplant. This
data effectividly portiays the pattemns in Melancma inddence
amondg liver transplant recipients over a thirteen-pear period.

Table § presented the cumulative incidence mates of me-
lanomia (C43) in patients post lives Tx a5 opposed 10 & control
population over 1-,5-, and 10-year intervals, allowing for 3 com-
parative oncological risk assessment.

in the 1-year foliow-up, there was a single case of mefano-
ma (0.078%) among the 12,205 liver Tx patients, companed to
20007 incidence (2,660 cases) within the control population
of 37.75 million. The p value of 0.337 indicated no significant
diffetence in the melanama inddence rate between the liver Tx
cohort and the general population at this interval At the S-year
milesione, the cumulative incidence in lver Tx patients slighty
increased to 0. 140% (5 cases out of 1 2205 patients), which was
statistically higher than the control group’s 0.040% incidence
(1,592 cases out of 37.75 milkon), with a pvalue of QD14 By
the 10-year follow-up. the incidence rate remained a1 0.140%
(5 cases par 12,205 patients) in the liver Tu group, which is in-
triguing as it did not increase from the S-year mark In contrast,
the control group's incidence ralsed 1o DD1% (34,313 cases
jper 37,75 milllion]. with the difference between the two groups
remaning statistically significant (p < 0001).

MHeart Tx recipients vs. control population

The assessment of non-melanoma skin cancer risk involved
1,418 heart wransplant reciplents. During the inislal three years
post-traniplant. no new cases of melanoma wene reported.
Howeves, in the fourth year post-transpiant, & sight incresse
In the percentage of cases was observed, reaching 0 16%
From the fifth 1o the thirteenth year, No New Caies were fe-
corded This histogram (fig. 3) depicts a minimal percentage
of melanoma cases among the papulation of heart transplant
recipents in the years following the procedure Table Il deling-
ated the cumulative incidence rate of melanoma [C43) in heart
Tu recipients companed with & contral population overat- 5,
and 10year follow-up period.

AL T-pear, there weee no repored cases of melanom ([0%)
amang the 1,408 heart Tx ieciplents, in contrast 1o the con-
ol population’s 0007% incidence (2,660 cases out of 37.75
million). The p = 0317 indicated no statistically sgnificant
difference between the groups, which could be due 1o the rels-
tivedy shor peried post-transplantation, not allowing sufficient
time for melanoma development or detection. By the S-year
fallows-up, the cumulative incdence of melanama in hesn Te
patients was recorded at 00719 [1 case out of 1 408 patients),
which was statistically higher than the cortrol groug's Inciden-
ce of 0.040% (1,552 cases out of 37 75 million), with a pvalue
of D049, The | D-year data revealed the ncidence in the hean Tx
cohon remained at 0071% (1 cate per 1 408 patients), without
an increase from the S-year incidence. This was in contrast
10 the control population’s incdence, which rose 1o 0.091%
(34,313 cates per 3775 milion), with the diffierence between
the groups remaining statistically significant (p = 0.001), this
time higher in the control group.

Discussion

Melanoma asfter organ transplantation results in sub-
stantial mortaiity (10, 11]. Sevenl studies have examined
the risk of skin meélanorma after trandplantation, demonstrating
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a broad and diversified range of The presented increase
i the risk of incidence. This raises many questions regarding
the scale of this phanamenon in Poland. Studies available for
the Polsh population describe individual cases conducted on
a smal group of individualks, or pertain 1o past times when im-
munasuppressive trestrment often differed from the curently
used protocols |4, 12-15),

Our study smed 1o reanaly2e the potential connection
between organ transplant recipients in Poland and the pre-
valence of melanoma The authors conducted an analysis
of data from the National Health Fund, revealing the occur-
fence of melanoma in the thiee Most common groups on
life-long immunasuppressive therapy:

= hean tranplant recipients.

Cases of melanoma were recorded only within the fint
10 years after renal transplantation, and the cumulative rigk
of developing melanoma in this period was 0.21%, while
the population incidence in this range of time, sccoiding 1o
data from the National Cancer Registry, was 0.09%, This sug-
gested a sustained and growing dvergence in the risk profile
fior melanoma between the two groups, possibly sttributable
to chronic Immunasuppressive therapy, which although fac-
litating survival may contribute to the accurnulation of onco-
genic mutations and the growth of malignant cefis by limiting
the body's natural antitumar immune responses.

Melanoma cases in liver transplant recipients were re-
ported only in the first 5 years [cumulative risk 0.14%). This
statistically significant difference suggests the potential im-
pact of the post-transplant condition, including the immuno-
suppressive therapy necessary 1o prevent liver graft rejection,
on the risk of developing melanoma. By the 10-year follow-
-up, the incidence rale remained 3t the same level, which is
Intriguing as it did not increase from the S-year mark. The sta-
ble incidence rate in the livisr Tx cohort over the 510 10-year
period might suggest a platesu effect in the fisk of melanoma
post-transplant, indicating that the highest risk pedod may
be wathin the first five years post-transplant. Thess findings
suggest that Iver Tx patients have an increased cumulative

incidence of melanoma when compared 1o the general
population, particularly evident beyond the 1-yesr post-
-transplant pedod, lkely influenced by immunamodulatory
effects of lang-térm immunasuppression, which may reduce
immunosurvellance, and sliow for the development and pro-
gression of melanama.

Heart transplant recigeenis in Poland alio receved 3 me-
lanoma disgnosis only within 5 years of organ ransplants-
tion, but not significantly (cumulative rigk 007% vi. Q04
inthe contral group). At 1-year, therte weee no reported cases
of melanoma which could be dise 1o the relatively short peiod
post-transplantation, not allowing sufficient time for melano-
ma development of detection. The suabllzation of melanoma
incidence in the heart Tx group from S 1o 10 years might
suggest that the period of highest wulnerability to melanoma
In heart ransplant recipients was within the first five years
following trarsplantation. The analytical interpretation of this
data suggests an epidemiological anomaly where The expec-
ted increased risk of melanoma in an immunocompromised
cohort, such as heéart Tx recipients, was not obsernved over
the long teermn Instead, 3 paradoxical reduction in incidence
ws noted when compared to the general population.

Our study has several important limitations. Firstly, the de-
taded data of cur interest in the National Health Fund database
ate only available from 2010 on Maréover, There i a patentisl
for overdiagnosis (ie “overrepoanting”C43 by genenal practitio-
mers 5t referral without proper histopathelogical dagnoss],
which we attempted to mitigate by considering only hospital
and clirical data concerning the disgnoses (i we excluded
ICD codes entered a1 peimary care unitsh To further clandy
the avinilable dataset, we also compared the obtained number
of patients with those in the PalTransplant database. Datasets
largely overlap (between 2010 and 2020, 42,756 diagnoses
of €43 wese eitablished based on National Health Fund data,
and respectively, 37,585 based on the National Cancer Reglstry
report [15]). Deipite the above, the strength of our report
T iny ts scrupulenss anatysls of available data, strct inclusion
crera, and integrating them 1o create a cinically impartant
Consenius

Tothe best of our knowledge, the study is the first analysis
of such & large population of organ ransplant recipients in our
country and in Eusope, with data sourced from one of the mast
reliable medical information repositones run by a public go-
VEIMMEntal AQency CONCEMIng transplant recipients in Poland

As the data elucidates, organ transplantation and the as-
soclated Me-long changes for the patient (like immunosup-
pression) bring not only benefits, but is also associated with
agreater riskof melanama prevalence, however, Itis not as high
a4 previously belleved. |n our opinion It i obligatory to inform
patents and educate them in self-eamination techniques,
while a0 encowaging them to undesgo frequent follow-up
wisits fior skin lesion control within thee fiest fev years post-irans-
plant. Guidelines recommend that ransplant recipients should
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be screened for son cancer ot least Twice a year froe five years
post-traniplantation [16-18] We hope that the predentsd
results will sfow for & real assessment of the risk of developing
melanoma in our country, and contribute to standardzing
sereaning practices in this group of patients, offeting valusbie
Insighits for medical professionals and reseanchers

Conclusions

The incidence of meanoma has been observed 10 Ncrease
among renal transplant recipients over the first 10 years
post-transplant, with a peak in cases occuming between 4
and 7 years after transplantation. In heart and liver transplant
recipients, cases of melanoma ate reponed within the first
5 pears post-trangplant, and no new cases hive been recorded
after this peviod. The 10-year cumiulative melanoma incdence
sightly increased in renal recipients (0.213% ve. 009, p < 0001)
and In ver tanspiant recipients (0.1 4% vL 009%, p < 0007) 28
opposed to the general populstion of Poland.

After a thorough analysis of data obtained from the Na-
tional Health Fund in Poland, our study confirms that mela-
noma risk increated in the group of renal and lver recipients,
but there i§ no assodiation Detween melsnoma occurence
and heart transplantation. The melanoma risk increase in renal
liver, and heart transplant reciplents, although statistically signi-
ficant, is lower than was believed before the study. The authors
particulady emphasize the value of monitoring ransplant
recipients for siin melanoma, with special attention paid 1o
patients living over 5 years with & transplanted ongan
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Abstract

Background. Immuncsuppressive therapy in organ transplant ensuses proper geaft function for many years,
but it is burdened with a negative impact on the development of skin cancer in them,

Objectives. To characterize the impact of immunasuppressive therapy in transplant recipients on the de-
velopment of non-melanoma skin cancers {NMSC).

Materials and methods. A total of 17,207 Polish patients who underwent lives, heart o kidney transplants
between 2010 and 2022 and were on immunosuppression were included in the study. Immunosuppression
was most commonly achieved using a regimen of tacrolimus (TAC) or cyclosporine A (CsA) combined with
myycophenalic acid (MPA) and glucocorticosteroids (G5). Data on NMSC incidence from the National Health
Fund in this population were analyzed and compared against incidence of NMSC in general Polish population
in the same period.

Results. Renal transplant recipients demonstrated a significantly elevated risk of NMSC compared to the gen-
eral population, with a 1-year cumulative incidence of 0.09% vs 0.04% (p < 0.001), a S-year incidence
of 1.21% vs 0.18% (p < 0.007) and a 10-vear incidence of £18% vs 0.36% (p < 0.001). Liver transplant
recipients exfibited an elevated risk for the development of NMSC, which persisted and increased over time
(incidence of 0.09% vs 0.04% at 1 year (p < 0.001), 0.83% vs 0.18% at 5 years {p < 0.007) and 2.65% vs
0.36% at 10 years (p < 0.001)). Heart transplant recipients also showed a significantly higher cumulative
incidence of NMSC at 1year (0.09% vs 0.04%, p < 0.007), 5 years (0.89% vs 0,18%, p < 0.001) and 10 years
(4.06% vs. 0.36%, p < 0.001) post-transplantation.

Conclusions. Organ transplant recipients have an 2 times at 1 year, 4,5 times after 5 years and 9 times after
10 years increased risk of NMSC on average as opposed to general Palish population in the same period.,

Key words: transplantation, skin cancer, transplant recipients, non-melanoma skin cancer
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Background

Atotal of 1,910 organ transplants, including 1,055 kidney
transplants, 550 liver transplants and 178 heart transplants,
were carried out in Poland in 2023, according to the Na-
tional Health Fund.! This substantially outnumbers ear-
lier figures of transplantation (e.g. 1,608 organ transplants
in 2012).* Currently, organ transplantations are common
worldwide, with the numbers of these procedures per-
formed each year globally reaching hundreds of thousands.

Hailed as the only long-term curative treatment for end-
stage liver, heart or kidney disease, organ transplantation
invalves recipients in extensive, 1ifel-nng care. Recipients
of the lifelong immunosuppressive therapy required for proper
graft function are susceptible to numerous illnesses, and can-
cer is one of the most common in this group of patients.

Non-melanoma skin cancers (NMSCs), comprising
mainly of squamous cell carcinoma (SCC) and basal cell
carcinoma (BCC), are the most common tumors develop-
ing after organ transplantation and both constitute over
90% of all skin tumors that appear in individuals after
organ transplantation.’

The outcomes of various studies have receive transplant
recipients experience an increased risk of skin malignancy,
ranging from 2 to 250 times higher compared to the general
population, with the exact risk depending on specific popu-
lation under investigation.* ® The highest increase in this
particular risk was observed in Australia (a 250 times higher
risk compared to the general population). In this country,
the cumulative incidence of skin cancer progressively rises
from 7% after 1 year of immunosuppression to 45% after
11 years, eventually reaching 70% after 20 years of immuno-
suppression.” Authors from Scandinavian countries report
a 20-100-fold increase in the risk of developing NMSCs.*”
In the Netherlands, the risk of skin cancer was observed
to be 3% after 5 years, 24% after 15 vears and even 40% after
20 years from organ transplantation.” In one of the Italian
studies, the cumulative risk after 5 years was 7.5%, and
after 15 years, it was 28.8%.” The risk of developing skin
cancer steadily rises in all the presented data as more time
passes since the transplantation. However, the numerical
values significantly vary among them, even in the European
countriessharingsimilnr remaining NMSC risk factors, like
long life expectancy, large percentage of elderly in the de-
mographical structure, UV exposure, and cancer awareness
within society.®?

Despite sharing a similar geographical latitude, findings
from European studies also reveal considerable variation
in the risk of neoplasia. This indicates that there may be
other risk factors to cancer development, including the ef-
fects of administered treatments, genetic predispositions,
or the prevalence and influence of HPV infection.'""
Regrettably, despite a lot of publications, epidemiological
studies with a sizable patient population are lacking; such
studies could facilitate an accurate evaluation of the actual
risk of skin cancer among transplant recipients in Poland.
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Objectives

In this study, we performed a large-scale investigation re-
garding the specific risk faced by transplant recipients by fo-
cusing on the real-world incidence of NMSC in Poland over
the last 13 years. The data on skin cancer episodes involving
all Polish residents were sourced from the National Health
Fund dataset, a governmental public health institution. This
is the largest analysis conducted on this topic in Poland
to date, aiming to shed light on the frequency and risk factors
associated with NMSC among organ transplant recipients.

Materials and methods

The National Health Fund provided information on skin
cancer incidence in patients who had received a kidney,
heart or liver transplant. The International Classification
of Diseases, 10" Revision, Clinical Modification (ICD-
10-CM) code for skin cancer (C44.0-C44.9) was used
to identify a cohort of patients with a diagnosis of skin can-
cer based on any inpatient or outpatient claim associated
with the dataset. Code C44.0-C44.9 is used by hospitals
for reporting to the National Health Fund the diagnosis
of NMSC regardless of histopathology (SCC and BCC
are reported using the same code). Patients who under-
went renal, heart or liver transplantation between 2010
and 2022 are included in the dataset and were identified
by specific codes used for transplantation reimbursements
by the National Health Fund. A history of prior organ
transplantation as well as the transplantation of more
than 1 of the specified organs were considered exclusion
criteria. Basic demographic characteristics of the patients
included in the analysis is presented in the Table 1.

Statistical analyses

The primary objective of this analysis was to compare
the cumulative incidence rates of skin malignancies, ex-
cluding melanoma, in patients who have undergone or-
gan transplantation (kidney, heart or liver) with those
in the general population. An additional aim was to de-
termine whether organ transplantaticm isa signlﬁcanl risk
factor for the development of skin cancers when compared
to the general population. The studied hypotheses were
formulated as follows:

Hy: The cumulative incidence rate of skin cancer is
the same in both the specific post-transplant (Tx) cohort
and the general population at each time point (1, 5 and
10 years).

H,: The cumulative incidence rate of skin cancer differs
between the specific Tx cohort and the general population
at each time point.

The cumulative incidence rate at specific time point
t is calculated as the sum of the incidence rates for each
year up to that point using Equation 1:
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Table 1, Clinical and demographic characteristics of the solid orgar transplarits reciprents (Tx)

Characteristic
Mean age at time of organ transplantation [years)
Median age at time of organ ransplantation [years]
Maan age at the time of NMSC diagnosis [years]
Median age at the time of NMSC diagnaosis [years]
Mean time to diagnosis [years]
| Median time o diagnosis lyears)

4787 A436 687

505 50 52
65,36 62.71 6219
a8 (2] 5575
502 533 6,68
525 55 6

MMSC - non-melanoma skin cancer.

Cumulative incidence rate = E:=ﬁl n—f;:f% (1)

We compared cumulative incidence rates of skin cancer
between the Tx cohort and the general population at 1 vear,
5 years and 10 years using a Z-test for 2 proportions.

The proportion of patients who developed skin cancer
by the specified time point (1, 5 or 10 years) was calculated
for both the Tx cohort and the general population.

The pooled incidence rate was calculated with Equation 2:

s __ "'“'f’!’r"’“i't\ll'pﬂ
= AL pup )
where np, and 1, represent the number of patients
at risk in the Tx cohort and general population, respec-
tively; Pr.— cumulative incidence rate in the Tx cohort;
and I"p.,’,-— cumulative incidence rate in general populaljon.

The Z-statistic for comparing the cumulative incidence
rates between the cohort of patients after transplantation
and overall population was calculated using Equation 3:

Z- — Prs P o @
ya(-2) (=)

This Z-statistic was compared to the standard normal
distribution to obtain the p-value.

When comparing the Tx cohort to the general popula-
tion, the Tx cohort is not excluded from the population
dataset. Due to the very small proportion of Tx patients,
their inclusion does not impact the observed differences.

An alpha level a = 0.05 was set as the criterion for deter-
mining statistical significance. A p < 0.05 was considered
slatislically signiﬁ.canl. Inl:li(:a.ling a difference in cumula-
tive incidence rates between the 2 groups at the respective
follow-up periods.

Moreover, to establish a transplantation as a risk factor,
we estimated risk ratio (RR) comparing the risk of skin can-
cer in the transplantation cohort to the risk in the general
population using Equation 4:

- Incidence rate in T cohori
RR = neidence rate in Gene ation )

To compute the 95% confidence interval (95% CI) for RR,
we applied an approximation for the standard error (SE) of
the logarithm of the RR using Equation 5;

SEI;@H_R S e o e (5)

fT= o Pop

where er,, €, is the number of skin cancer events in the Tx
cohart and overall population respectively.
The 95% CI for RR was calculated using Equations 6,7.

C!l'nm-r = Bfuy( RE}—1.98= SEjynn {6]

Ol ypper = lonl RRY-+ 196 % SE i )

The RR is significantly greater than 1.0, which suggested
that the transplantation is a risk facter for skin cancer.

Analyses were conducted using the R statistical language
(v. 4.3.3; R Core Team, 2024; R Foundation for Statisti-
cal Computing, Vienna, Austria) on Windows 11 Pro 64
(build 22631).

We computed the cumulative incidence rate of NMSC,
coded as C44, among recipients of organ transplants (Tx)
in comparison to a control group overa 1-, 5- and l(]-year
follow-up period.

The Polish National Cancer Registry provided the in-
formation used to build the dataset for this time period
(2010-2022), 1

Results

Population of patients with
non-melanoma skin cancer (C44)

The population of Poland during the period from 2013
to 2022, according to data from the World Bank,'” ranged
from 38.04 million at the beginning of the analyzed time-
frame to 36.1 million by the final year of assessment. In-
cidence data for the respective years within the study pe-
riod were derived based on the findings of the reports from
the Polish National Cancer Registry." The search criteria
were focused on identifying newly reported cases of incidence
associated with NMSC (C44) across the entirety of the Polish
region, encompassing both genders and all age groups.

The cumulative incidence rates were calculated in ac-
cordance with established epidemiological methodologies,
taking into account the annual variations in population
size as well as the yearly incidence of new cancer cases
reported by the Polish National Cancer Registry. These
results, as detailed in Table 2, provide insight into the bur-
den of skin cancer in the Polish population over a 10-year
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Patienits at risk
2013 1 38,040,196
2014 2 38001735
2018 3 37986412
2016 4 37,970,087
207 5 7974826
2018 ] AT87A 750
2019 7 37265475
2020 a 37,899,070
2001 q 30747124
2022 [+] 36,821,749

W, Wysocki et al. Skin cancers in solid transplant recipients

Table 2, Risk table of nor-melanoma skin cancer (NMSC) events (C44) with follew-up over 10 years (2013-2022) in patlents’ Palish population

cumulative incidence rate [

13516 00355
14,470 00736
13.267 (1085
12506 n1413
13731 G774
14,502 02155
14687 02542
10810 02826
13633 n318s
15716 03557

Table 3. Risk tabde of non-melanoma skin cancer (NMSC) events {C44) with fallow-up over 10 years n patients after kidney transplantation

12,205
1 11673
| 1676
3 9,788
4 2805
5 7870
& 5893
7 5,868
a 4855
] 3920

10 2998

cumulative ir

t] 0.0000
1o Q0857
19 02636
24 (05088
30 (8461
29 12145
35 17327
28 21993
i 27550
2 13162
26 41835

follow-up period. The results demonstrate a steady in-
crease in the cumulative incidence rates for NMSC (C44)
over the 10-year follow-up period in the Polish population.

The incidence of NMSC (C44) is significantly higher
from the outset, with a cumulative incidence rate
starting at 0.0355% in 2013 and increasing to 0,3597%
by 2022. The consistently higher annual incidence,
ranging from 10,810 to 15,716 cases, suggests that
NMSC represent a more substantial and increasing risk

to the population.

Cohort of patients with kidney
transplantation

The number of patients at risk for developing skin malig-
nancies following kidney transplantation, over the period
from 2010 to 2022, was approx. 12,205, as detailed in Sup-
plementary Table 1. This cohort represents individuals who
underwent kidney transplantation and were subsequently
exposed to long-term immunosuppressive therapy, which
is well-documented to increase the risk of certain malig-
nancies, particularly skin cancers.”

Table 3 provides a detailed summary of the cumulative
incidence of non-melanoma skin cancer (NMCS) (C44)
over a 10-year follow-up period post-transplantation.

Notably, the cumulative incidence rate for other skin
malignancies is significantly higher, rising from 0.0857%
at 1 year to 4.1835% after 10 years.

Results of comparing incidents rate between the cohort
of patients after kidney transplantation and overall popula-
tion are reported in Table 4.

The results in Table 4 indicate that kidney transplant
recipients have a significantly higher risk of develop-
ing NMSC (C44) compared to the general population.
The risk ratio for NMSC (C44) at 1 year, the cumulative
incidence rate for transplant recipients is 0.0857%, with
an RR = 2.41, indicating more than double the risk com-
pared to the general population, By 5 years, the incidence
rate rises dramatically to 1.2145%, with an RR = 6.84, and
by 10 years it reaches 4.1835%, with an RR = 11.63. These
findings demonstrate that kidney transplant recipients are
at a significantly elevated risk of developing NMSC over
time, with the risk increasing substantially as the follow-
up period lengthens.
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1Y 00857 00355
MMSC (C44) 5Y 1.2145 0177e
oy 41835 0.3597

Table 4. Results of Z-test and AR for cumulative incidence of NMSC {C44) In kidney transplant recipients cormpared 1o the general population

2930 <0.001 i | 139-448
24071 <0.00 684 569-8.24
4356 <0.001 163 10.27-13.07

RA - risk ratio; 39% Cl - 95% confidence interval

The Z-test results for NMSC is highly significant
(p < 0.001) at all time points, showing that the observed
differences between the transplant cohort and the generai
population are not due to random chance. This strongly
supports the conclusion that organ transplantation, spe-
cifically kidney transplantation, is a major risk factor for
the development of NMSC,

Liver transplant recipients vs general
population

The data from Table 5 indicate that patients who undergo
liver transplantation are at an elevated risk for NMSC (C44)
over a 10-year period. By the end of the first year, 3 new
cases of NMSC are observed, resulting in a cumulative in-
cidence rate of 0.0931%. This rate continues to rise, By year
5, the cumulative incidence of NMSC reaches 0.8311%,

and by year 10, it escalates to 2.6462%. The consistent ap-
pearance of new cases throughout the follow-up period,
especially between years 5 and 10, highlights the prolonged
and progressive risk of NMSC in liver transplant recipients.

The results from Table 6 show that liver transplant recip-
ients are at a significantly higher risk of developing NMSC
(C44) compared to the general population. The risk for
other skin malignancies (C44) is pronounced. At 1 year,
the cumulative incidence rate in liver transplant recipi-
ents is 0.0931%, with an RR = 2,61 (95% CI: 0.84-8.12),
suggesting a moderately increased risk, though with some
uncertainty due to the wide confidence interval. By 5 years,
the cumulative incidence rises sharply to 0.8311%, with
an RR = 4.68 (95% CI: 2,99-7.35), reflecting a significantly
clevated and more precisely estimated risk. At 10 years,
the cumulative incidence for NMSC reaches 2.6462%,
with an RR = 7.35 (95% CI: 6.77-7.99), indicating that

Table 5. Risk table of non-melanama skin cancer (NMSCT events (C44) with follaw-up over 10 years in patients after lver transplantation

Patlents at risk

Follow-up [years]

nEwW Bvents

a 3584
3224
2819
2499
2200
1,878
1608
1316
1,059
777

10 557

v W ke =

L - TV -

cumulative incidence rate [
0.0000
0.0931
01995
03595
04050
8311
09555
13355
1.3355
21006
26452

WOk D e o W w3

TV -

Table 6, Results of Z-test and AR for cumulative ingidence of non-metanoma skin-cancers (NMSCn lhver transplant recipients compared 1o the general

pogulation

Cumulative incidence

T

Tx poplaticn
(i 00931 00355
NMSC {C44) 5 083n 01774
0¥ 26462 03597

1767 <00 251 (84-R312
415 <0001 468 299-735
11244 <0.001 735 BT7-799 |

RA —risk ratio; 5% Cl - 95% confidence interval,
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liver transplant recipients are more than 7 times as likely
to develop NMSC compared to the general population,
This long-term risk is highly significant and consistent.
The Z-test results are significant (p < 0.001) for NMSC
at all time points, confirming that the differences in cumu-
lative incidence rates between liver transplant recipients and
the general population are statistically significant. The data
clearly established liver transplantation as a major risk fac-
tor for NMSC, where the risk increases markedly over time.
These findings highlight the critical need for regular
dermatologic screening and preventive strategies in liver
transplant recipients, with a specific focus on NMSC, which
pose a substantial and growing risk in this pupiiiation.

Heart transplant (Tx) recipients vs general
population

The following Table 7 presents the risk of developing
NMSC over a 10-year period in a cohort of heart transplant
recipients, The data highlight both the cumulative incidence
of these cancers and the number of new events at each follow-
up interval, providing valuable insights into the timing and
progression of skin cancer risk in this vulnerable population.

The data in Table 7 highlight the increasing cumulative
incidence of non-melanoma skin cancer (NMSC) (C44)
over a 10-year follow-up period in heart transplant recipi-
ents. The incidence of NMSC (C44) shows a steady increase

W, Wysocki et al. Skin cancers in solid transplant recipients

over time, with new events occurring consistently through-
out the follow-up period. By the 10" year, the cumulative
incidence rate of NMSC reaches 4.0609%, indicating a high
risk. The data suggest that heart transplant recipients are
at significantly greater risk for NMSC, with the risk pro-
gressively increasing as follow-up extends.

The data in Table 8 show a distinct pattern of non-
melanoma skin cancer (NMSC) risk in heart transplant
recipients compared to the general population. The risk
of NMSC (C44) is high and clearly defined. At 1 year,
the cumulative incidence rate in heart transplant recipi-
ents is 0.0909%, with an RR = 2.56 compared to the gen-
eral population. Although thisindicates more than double
the risk, the confidence interval (95% CI: 0.37-18.18) sug-
gests a lack of precision, likely due to the smaller number
of cases early on. By 5 years, the cumulative incidence rate
increases sharply to 0.8871%, with an RR = 5.00 and a much
narrower confidence interval (95% Cl: 2.24-11.13), dem-
onstrating a significantly elevated risk. At 10 years, the cu-
mulative incidence reaches 4.0609%, with an RR = 11.29,
and the confidence interval (95% Cl: 9.64-13.22) indi-
cates a highly significant and reliable increase in the risk
of NMSC in heart transplant recipients.

The Z-test results across all time points for NMSC
is significant (p < 0.001), confirming that the differences
in cumulative incidence rates between heart transplant re-
cipients and the general population are not due to chance.

Table 7. fiisk tabie of NMSC events (Ca4) with follow-up over 10 years in patients after heart transplantation

nite at risk

1418
1,099
918
740

513

~ R W OB W W — O

@
o
&=

] 0.0909
1 01998
i 03349
1 4972
2 08871
i 11263

14195
1 17818
2 27622
2 40600

Cumulative Incidences

T population

1w 00909 00355

Other skin
mialigniancies 5Y oasn 01774
44 107 40609 0359y

2492 <0em 256 D37-1818
4208 <0001 500 224-11.13
95.71 <0001 1129 S64-1322

RR = risk ratio; 95% C) - 95% confidence |nterval
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Discussion

Following organ donation, NMSC are frequent and sig-
nificantly increase mortality."*'" Numerous research stud-
ies have looked at the risk of NMSC following transplanta-
tion, showing a wide range of the reported rise in incidence.
This raises many questions regarding the scale of this phe-
nomenon in Poland. The studies that are available so far
for the Polish population either focus on a small number
of participants, describe individual cases, or relate to earlier
periods when immunosuppressive medication was frequently
administered differently than it is today.'" " The purpose
of our research was to reexamine the relationship between
Poland's organ transplant recipients and the incidence of SCC
or BCC in comparison with the corresponding incidence
observed over the same time span across the general Polish
population. After analyzing data from the National Health
Fund, we discovered that abundant NMSC cases were pres-
ent in the 3 most numerous post-transplant patient groups:
those who had received a kidney, liver or heart transplant,

Upon comparing data from the National Health Found
to population data published by the National Cancer Reg-
istry,' the risk of NMSC occurrence in renal transplant re-
cipients was nearly 12 times higher after 10 years of trans-
plantation compared to the population risk at the same
time {cumulative risk 4.18% vs 0.36%). The escalating in-
cidence in the renal transplant recipient cohort over time
is probably indicative of a persistent and mmpnunding
risk factor for NMSC attributable to long-term immu-
nosuppressive treatment, which may not only enhance
the survival of malignant cells but also promote the ac-
cumulation of oncogenic mutations and inhibit the body's
natural antitumor immune defenses. This impact of im-
munosuppression seems to be independent from other
well-known risk factors, like UV exposure, as other risk
factors are evenly affecting general pepulation in Poland
as equally as they affect post-transplant patients.

The 10-year data also show an increase in the cumulative
risk to 2.65% among liver transplant patients, compared
to 0.36% in the general population (2010-2022). This endur-
ing elevation in NMSC incidence underscores the chronic
risk associated with long-term immunosuppression and
pnssible additional hepatic comorbidities that may further
compromise immune surveillance against skin cancer,

Patients who have undergone heart transplants in Poland
also statistically more frequently received a NMSC diag-
nosis over the course of follow-up, Cumulative incidence
climbs to 4.06%, compared to 0.36% within the general
population during the same time. This trend suggests
a continued increased risk of NMSC associated with
long-term immunosuppression, and possibly other factors
unique to heart transplant recipients, such as the increased
incidence of viral infections that can contribute to skin
cancer risk. In conclusion, the cumulative risk of NMSC
compared to the general population is also significantly
higher in all 3 mentioned groups of patients.

o607

Limitations

It should be noted that our investigation is subject to var-
ious limitations. Firstly, information from the National
Health Fund database on the matter is limited to the period
after 2010, Furthermore, we tried to reduce the possibility
of overdiagnosis by only taking into account hospital and
clinical data related to the diagnoses (i.e., we eliminated
ICD codes entered into the national online reporting sys-
tem at primary care facilities without prior histopathologi-
cal confirmation), Additionally, since SCC and BCC were
not given distinct ICD-10 codes, it is not possible to con-
duct a separate analyses on the incidence of these 2 skin
malignancies. Fortunately, since 2022, all Polish pathology
reports have been entered into nationwide online reporting
system, which in future will enable pathology diagnosis-
directed, rather than code-based, analysis.

Additionally, another weakness of this study is the well-
known phenomenon of underreporting of skin cancers like
SCC and BCC.*" On the other hand, the underreporting
of the C44 code applies to the same extent both to trans-
plant recipients and the general population, thus allowing
for valid comparison.

There are many well-established factors influencing
the increased incidence of skin cancers, such as the pa-
tient’s age, UV exposure or HPV infection. However expo-
sure to these factors is no different in general population
and its subpapulatiqn of transplant recipients in Poland.
It might be even speculated, that transplant recipients
are younger as opposed to general population at the time
of NMSC diagnosis — we are currently exploring that is-
sue in the ongoing further epidemiological study. There-
fore, we believe that they do not have a significant impact
on the final result.

Additionally, the type of immunosuppression used and
the duration of its application also affect the incidence
of cancers. There are many drugs and their combina-
tions used in organ recipients to prevent the rejection
of the transplanted organ. However the most commonly
used immunoesuppressive treatment regimen for solid organ
transplant recipients in our dataset was: tacrolimus (TAC)
or eyclosporine A (CsA) combined with mycophenolic acid
(MPA) and glucocorticosteroids (GS). We are intending
to perform subgroups analyses on strictly and narrowly
defined groups receiving specific immunosuppression.

Nevertheless, the strength of the report derives from
a rigorous examination of the available data, stringent in-
clusion criteria, and their integration to produce a clini-
cally meaningful consensus. Utilizing data from one
of the most trustworthy medical information repositories
for transplant recipients in Poland, this study represents,
to the best of our knowledge, the first extensive analysis
of such a large group of organ transplant recipients in Po-
land and presumably in Europe as well. According to our
research, organ transplantation and subsequent immu-
nosuppression exposes transplant recipients to a much
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higher risk of NMSC. This underlines the need to compre-
hensibly inform the patients on the risk and educate them
how to perform self-examinations.”' It was acknowledged
in recently published Polish Oncological Society guide-
lines for melanoma and NMSC post-treatment surveillance
— 5 years following transplantation, guidelines advise that
patients who have undergone transplantation should have
their skin evaluated for cancer at least twice a year.*-**

Conclusions

The risk of NMSC in patients who have long-term sur-
vived renal, heart and liver transplants has been steadily
rising over time since transplantation in Poland. Based
on >17,000 transplant recipients, we concluded that
the risk of developing NMSC after transplantation was
higher than the general population risk. The 10-year cu-
mulative incidence of NMSC increased in renal (4.18% vs
0,36, p < 0.001), liver (2.65% vs 0.36, p < 0.001) and heart re-
cipients (4.06% vs (.36, p < 0.001) vs general Polish popula-
tion. The overall NMSC risk was continuously rising since
transplantation staring from on average 2 times higher risk
at 1 year to 12 times higher risk after 10 years compared
to the risk of NMSC in general Polish population.

Supplementary data

The Supplementary materials are available at https://
doi.org/10.5281/zenodo. 14606095, The package includes
the following files:

Patient population at risk following kidney, heart, and
liver transplantation in 2010-2022,

Supplementary Table 1. Number of patients at risk fol-
lowing kidney transplantation by year of transplantation
with 10-year follow-up.

Supplementary Table 2. Number of patients at risk fol-
lowing heart transplantation by year of transplantation
with 10-year follow-up.

Supplementary Table 3. Number of patients at risk fol-
lowing liver transplantation by year of transplantation with
10-year follow-up.
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Figure 1A-C. A 75-year-old patient preserted with nurmerous skin lesions
an the limbs and tunk morphofogically consistant with SCC and BCC

Nen-melanoma skin cancers (NMSC), mainly squamaous cell
carcinoma (SCC) and basal cell carclnoma (BOC), account for
over 90% of all skin cancers in solid organ transplant recipients.
NMSC incidence steadily increases over time following trans:
plantation, mainly due to exposure 1 [ong-tenm immunosup-
pression and additional factors such as ultraviolet radiation,
ionizing radiation and human papillomavirus (HPV) infecticn
[1-2). A 75-year-old patient presented with nurmerous skin
lesions @n the limbs and trunk morpholegically consistent
with SCC and BCC (Fig. 14-C). In the 19705 he was diagno-
sed with end-stage renal fallure, likely due to chronic glome-
rulonephritis. After months of dialysis, a kidney transplant from
a deceased donor was performed in 1980, Since the trans-
plantation he has been on continuous Immunosuppressive

therapy (azathloprine 50 mg once daily and prednisone S mg
once daily). This regime is currently known to have strong car-
cinogenic effects with long-term use [3]. The maost suspicious
skin fesions on his right thigh, left arm, and left submandibular
area were remived with a few milllimeters margins and were
histologically confirmed as SCC in situ {right thigh) and BCC
(left arm and left submandibular area). Apart from these three
lesions, patient had multiple SCCs and BCCs removed over past
decades. Ongaing immunosuppression, coupled with the cur-
rent condition of his skin (Fig, 1A-C). suggests that new foci
of NMSC are expected to develop in the near future, This case
clearly emphasizes the urgent need for strict and systematic
skin monitoring of organ transplant recipients on long-1erm
immunosuppressive therapy, consigering the increased risk
of developing NMSC. Awareness of this risk, along with early
detection and intervention, significantly improves the general
prognasis and quality of life for these patients.
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5. Zbiorcze omowienie wynikow i podsumowanie cyklu

Pierwszy artykul wchodzacy w skiad cyklu stanowigcego rozprawe doktorska to
przeglad systematyczny 1 metaanaliza dostgpnego pismiennictwa naukowego, dotyczacego
wplywu zastosowania CNI na ryzyko wystapienia nowotworow skory u biorcow nerki. Artykut
ten odpowiada pierwszemu celowi szczegolowemu, wskazanemu w rozdziale 3. Wybor tej
grupy pacjentow jest podyktowany faktem, iz nerka jest najczgsciej przeszczepianym narzadem
litym w Polsce 1 na swiecie [1, 2], natomiast CNI stanowig jeden z glownych elementow
schematow immunosupresyjnych stosowanych w okresie po przeszczepieniu. Zastosowanie
tych lekow umozliwia roczne przezycie przeszczepu u 90-95% biorcow 1 ogranicza ryzyko
ostrego odrzutu narzadu do niespetna 20% [21]. W celu wyszukania odpowiednich danych
przeszukano trzy migdzynarodowe, elektroniczne bazy danych bibliograficznych: PubMed,
Scopus oraz Web of Science. Wlaczone artykuly obejmowaly dane dotyczace biorcow nerki z
Europy, Azji, Australii i USA, u ktorych wykonano przeszczepienie nerki w latach 1966-2016.
Ostatecznie do analizy zbiorcze] zakwalifikowano 7 publikacji, obejmujacych badania
kliniczne z randomizacja, badania kohortowe 1 badania kliniczno-kontrolne.

Analize danych przeprowadzono w trzech podgrupach, aby ocenic¢ 1 porownac ryzyko
wystapienia CM, NMSC oraz catkowite ryzyko wystapienia nowotworu skory u biorcow nerki.
W grupie 270 962 pacjentow stosujacych CNI, ktorych dane wilaczono do metaanalizy,
powyzsze ryzyko zostalo porownane z ryzykiem charakteryzujacym 38 313 pacjentow
stosujgcych wylacznie leki immunosupresyjne nalezace do innych grup. Nastgpnie obliczono,
dla kazdej z grup, wskaznik okreslajacy liczbg pacjentow, kidrzy musza zosta¢ poddani
leczeniu z uzyciem CNI, aby u jednej z nich wystapilo koncowe dzialanie niepozadane

w postaci wystapienia danego nowotworu skory (ang. number needed to harm — NNH).

38



Przeprowadzona metaanaliza wykazala statystycznie istotny zwiazek pomigdzy
stosowaniem CNI a zwigkszonym, w poréwnaniu z grupa pacjentow stosujaca inne niz CNI
leki, ryzykiem wystapienia CM u biorcow przeszczepu nerki (iloraz szans [odds ratio — OR]
1,09; p < 0,01), z NNH wynoszaca 1541.1. Ryzyko wystapienia NMSC w grupie pacjentow
leczonych CNI rowniez bylo wyzsze niz w grupie stosujacej schematy immunosupresji
zawierajace wylgcznie leki nalezace do innych grup (OR 1,16; p < 0,01), a NNH wyniosta
330.,7. Analiza catkowitego ryzyka wystapienia nowotworu skory (tj. CM i NMSC facznie)
u biorcow nerki wykazala, ze dla chorych stosujacych CNI ryzyko wystapienia zdarzenia
koncowego bylo wyzsze w porownaniu z pacjentami przyjmujacymi leki inne niz CNI (OR
1,28; p < 0,01), a NNH wyniosta 567.8. Wyniki przeprowadzonej metaanalizy wskazuja, ze
u pacjentow po przeszczepieniu nerki, ktorzy sa dlugoterminowo leczeni CNI, ryzyko
wystapienia zarowno CM, jak 1 NMSC jest wyzsze w porOwnaniu z pacjentami stosujacymi
wylacznie leki immunosupresyjne nalezace do innych grup.

Drugi artykul cyklu to analiza epidemiologiczna surowych krajowych danych
pozyskanych z NFZ oraz KRN, dotyczaca ryzyka wystgpowania CM w grupie pacjentow po
przeszczepieniu nerki, watroby lub serca wykonanym w latach 2010-2022. W grupie 17 252
biorcow, ktorzy otrzymali jeden z tych trzech narzadow litych, zidentyfikowano przypadki
wystgpowania CM na podstawie kodow 1CD-10 (C43.0-C43.9). Aby uniknac
nadsprawozdawczosci postanowilismy, tak jak w artykule trzecim (przedstawionym dalej),
wylaczy¢ z analizy rozpoznania CM ustalone w trybie ambulatoryjnym, ktore zwykle sa
stawiane jedynie na podstawie obrazu klinicznego, bez potwierdzenia w badaniu
histopatologicznym. Nastgpnie przeprowadzono porownanie ryzyka kumulacyjnego
wystapienia CM u biorcow narzadow po 1-, 5- 1 10-letnim okresie obserwacji z ryzykiem
populacyjnym wystgpienia CM w tym samym okresie, ktore obliczono na podstawie danych

udostgpnionych przez KRN. Sposob prezentacji uzyskanych wynikow w tym omowieniu zostal
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ujednolicony z metoda zastosowana w artykule trzecim niniejszej rozprawy, aby utatwic ich
zestawienie z wynikami dotyczacymi NMSC. Poczynione w tym celu nieznaczne modyfikacje
metodyki statystycznej wyjasniajg niewielkie roznice w wynikach prezentowanych
w poszczegolnych artykulach oraz w niniejszym omowieniu. Roznice te nie wplywaja jednak
znaczaco na wyniki koncowe.

Analiza wykazala, ze w grupie 12 205 biorcow nerek, po rocznym okresie obserwacji,
okreslono ryzyko wystgpowania CM jako 0,017%, co bylo istotnie wyzsza wartoscig niz
w populacji ogolnej, w przypadku ktorej ryzyko wystapienia CM w tym samym okresie
wynosito 0,008%. Po 5 i 10 latach ryzyko kumulacyjne wystgpienia CM w grupie biorcow
w porownaniu z populacja ogolna wynosito odpowiednio 0,167% vs 0,047% oraz 0,358%
vs 0,098%. Wszystkie prezentowane wyniki byly istotne statystycznie dla kazdego z poréwnan

(p < 0,001) (tab. 1).

Tabela 1. Wyniki testu Z i RR dla skumulowanej zapadalnodci na CM (C43) u biorcéw nerki w poréwnaniu

z zapadalnogceig w populacji ogdlnej.

Ryzyko kumulacyjne
Okres (%) z wartosc¢ RR 95% Cl
obserwacji populacja p
1 rok 0,0171 0,0083 10,48 <0.001 2.06 0,51-8,23
CM 5 lat 0,1667 0,0472 4997 <0,001 3,53 2,16-5,77
(L)) 10 lat 03578  0,0981 47,80 <0,001 3,64 2,48-5,36

W grupie 3584 biorcow watroby, roznica ryzyka kumulacyjnego wystapienia czerniaka
skory w porownaniu z ryzykiem populacyjnym réwniez byla istotna statystycznie w kazdym
z okresow obserwacji. Po roku skumulowana zachorowalnos¢ na CM w grupie biorcow
wynosita 0,031%, a w populacji Polski 0,008% (p < 0,001). Po 5 latach od przeszczepienia

zapadalnos¢ wsrod biorcow watroby wynosita 0,204% vs 0,047% w populacji ogolnej
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(p <0,001). Po 10 latach obserwacji ryzyko kumulacyjne wystapienia CM u biorcow watroby
wynosito natomiast 0,204%, podczas gdy w populacji ogolnej osiagnegto 0,098% (p < 0,001)

(tab. 2).

Tabela 2. Wyniki testu Z i RR dla skumulowane] zapadalnosei na CM (C43) u biorcow watroby w pordwnaniu

z zapadalnoscig w populacji ogolnej.

Ryzyko kumulacyjne
Okres (%) Z wartos¢ RR 95% Cl
obserwacji populacja D

1 rok 0,0310 0,0083 1420 <0,001 3,72 0,52-26,45
5 lat 0,2043 0,0472 32,10 <0,001 4,32 1,80-10.,40
10 lat 0,2043 0,0981 8,42  <0,001 2,08 0,87-5,00

W grupie 1408 biorcow serca, po pierwszym roku obserwacji nie odnotowano
przypadkéw CM. Po 5 latach natomiast stwierdzono CM u 0,162% biorcow, co bylo
statystycznie istotnie wyzsza wartoscia w porownaniu z wartoscia ryzyka populacyjnego, ktore
za ten okres wyniosto 0,047% (p < 0,001). Po 10 latach ryzyko kumulacyjne CM w grupie
biorcow wynosito 0,162% 1 rowniez bylo znamiennie wyzsze (p = 0,001) w poréwnaniu
z ryzykiem w populacji ogolnej, ktore w tym samym przedziale czasowym osiagngto 0,098%

(tab. 3).
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Tabela 3. Wyniki testu Z i RR dla skumulowanej zapadalno$ci na CM (C43) u biorcow serca w poréwnaniu

z zapadalnodcig w populacji ogolne;j.

Ryzyko kumulacyjne
Okres (%) 7 wartosc RR
obserwacji | biorcy | populacja p

1 rok 0.0000 0,0083 3,03 0,002 - —
CM 5 lat 0,1623 0,0472 12,28 <0.001 3.43 0.48-24.41
(C43) 10 lat 0,1623 0,0981 2,68 0,0017 1,65 0,23-11L75

Uzyskane wyniki wyraznie wskazuja na zwigkszenie ryzyka kumulacyjnego
wystgpowania czerniaka skory u biorcow narzadow litych objetych niniejsza analizg w okresie

po przeszczepieniu, w porownaniu z ryzykiem kumulacyjnym w populacji ogolnej (ryc. 1).

Rycina 1. Czgsto$¢ wystgpowania czerniaka skory u biorcow przeszezepu wybranych narzadow litych w Polce na

podstawie danych Narodowego Funduszu Zdrowia za lata 2010-2022.
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Trzeci artykul cyklu rowniez opiera sig¢ na danych pozyskanych z NFZ 1 KRN, tym
razem jednak dotyczacych ryzyka wystapienia NMSC u biorcow nerki, watroby i1 serca
w Polsce. Artykul ten odpowiada trzeciemu ze wskazanych celow szczegotowych naszych
badan. Dane obejmuja 17 252 pacjentow po transplantacjach przeprowadzonych w latach
2010-2022. Przypadki NMSC w badanej grupie 1 populacji ogolnej zidentyfikowano na
podstawie kodow ICD-10 (C44.0-C44.9).

W grupie biorcow nerki, ktorg stanowilo 12 205 pacjentéw, wykazano znaczne
zwigkszenie ryzyka rozwoju NMSC w porownaniu z ryzykiem w populacji ogolnej Polski.
Roczna skumulowana zachorowalnos¢ na NMSC w grupie biorcow nerki wynosita 0,09%,
natomiast w populacji ogolnej 0,04% (p < 0,001). W okresie 5-letnim od przeszczepienia tego
narzadu odnotowano ryzyko wystgpowania NMSC na poziomie 0,83%, podczas gdy ryzyko
populacyjne wynosito w tym samym okresie 0,18% (p < 0,001). Z kolei 10-letnie ryzyko
kumulacyjne zachorowania na NMSC po przeszczepieniu nerki wyniosto 4,18%, co rowniez
jest wynikiem znamiennie wyzszym (p < 0,001) w porownaniu z ryzykiem populacyjnym,

ktore w tym czasie wyniosto 0,36% (tab. 4).

Tabela 4. Wyniki testu Z 1 RR dla skumulowanej zapadalnosci na NMSC (C44) u biorcoéw nerki w pordwnaniu

z zapadalnogcig w populacji ogolnej.

Ryzyko kumulacyjne
Okres (%) Z wartosc RR 95% Cl1
obserwacji | biorcy | populacja p

1 rok 0.0857  0.0355 2930 <0001 241 1.29-4.48
NMSC 5 lat 1,2145  0,1774 240,71 <0,001 6,84 5,69-8,24
(C44) 10 lat 4,1835 0,3597 436,16 <0,001 11,63 1027-13.17
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W grupie pacjentow po przeszczepieniu watroby, ktora liczyta 3584 pacjentow, takze
wykazano istotny statystycznie (p < 0,001) wzrost kumulacyjnego ryzyka zachorowania na
NMSC w grupie biorcow w porownaniu z ryzykiem populacyjnym w kazdym z okresow
obserwacji. Po roku wsrod biorcow odnotowano ryzyko wynoszace 0,09%, natomiast ryzyko
populacyjne osiagnegto 0,04%. Po 5 latach obserwacji rozwoj nowotworu odnotowano u 0,83%
pacjentow, co bylo wartoscia rowniez znamiennie wyzsza od zachorowalnosci w populacji
ogolnej, ktora w tym okresie wyniosta 0,18%. Po 10 latach obserwacji ryzyko kumulacyjne

w grupie biorcow watroby wyniosto 2,65% vy 0,36% w populacji ogolnej (tab. 5).

Tabela 5. Wyniki testu Z i RR dla skumulowanej zapadalnodci na NMSC (C44) u biorcéw watroby w pordwnaniu

z zapadalnoscig w populacji ogolne;j.

Ryzyko kumulacyjne
Okres (%) Z wartosé 95% ClI
obserwacji p
I rok 0,0931 0,0355 17,67 <0,001 2,61 0,84-8.21
5 lat 0,8311 0.1774 74,15  <0,001 4,68 2,99-7.35
10 lat 2,6462 0,3597 112,44 <0,001 735 6,77-7,99

U 1418 biorcow serca, ktorych dane uwzgledniono w analizie, réwniez stwierdzono
wyzsza skumulowang zachorowalnos¢ na NMSC w kazdym z okresow obserwacji. Po roku
ryzyko kumulacyjne w grupie biorcoéw tego narzadu wyniosto 0,09% vs 0,04% dla populacji
ogolnej (p<0,001). Po 5 latach zapadalnos¢ na NMSC w tej grupie pacjentow wyniosta 0,89%,
natomiast w populacji ogolnej 0,18% (p < 0,001). Po 10-latach odnotowano NMSC u 4,06%
pacjentOw po przeszczepieniu serca, natomiast ryzyko populacyjne wyniosto 0,36% (p < 0,00)

(tab. 6).
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Tabela 6. Wyniki testu Z 1 RR dla skumulowanej zapadalnosei na NMSC (C44) u biorcow serca w pordéwnaniu

z zapadalnodcig w populacji ogolne;j.

Okres

obserwacji | biorcy | populacja

1 rok 0.0909
NMSC 5 lat 0,8871
(C44) 10 lat 4,0609

Ryzyko kumulacyjne

(%)

0,0355
0,1774
0,3597

9,92
42,08
95,71

wartosc RR

P
<0,001 2,56 0.37-18.18
<0,001 5,00 22
<0,001 11,29 9.64-13.22

Zwigkszenie ryzyka wystapienia NMSC bylo istotne statystycznie w kazdej z grup, co

jest zgodne z danymi swiatowymi 1 potwierdza konieczno$¢ monitorowania pacjentow po

przeszczepieniu narzadow (ryc. 2).

Rycina 2. Czgstos¢ wystgpowania NMSC u biorcow przeszezepu wybranych narzadow litych w Polce na

podstawie danych Narodowego Funduszu Zdrowia za lata 2010-2022.
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Czwarta praca uwzgledniona w niniejszej rozprawie doktorskiej to opis przypadku.
Dotyczy on pacjenta, ktory od kilkudziesigeiu lat stosuje leki immunosupresyjne w celu
zapobiegania odrzuceniu przeszczepionej nerki. W toku obserwacji wielokrotnie
rozpoznawano u niego niemelanocytarne nowotwory skory SCC 1 BCC. Opis ten stanowi
konkretna, indywidualng ilustracjg¢ problematyki bgdacej przedmiotem rozprawy doktorskiej,
chociaz oczywiscie jego wartos¢ dowodowa jest marginalna. Jednakze artykut podkresla moje
praktyczne, a nie tylko teoretyczne, zainteresowanie opisywanym zagadnieniem oraz obrazuje
wage zalecen dla grupy pacjentow po przeszczepieniu narzadu litego, ktéore mozna
sformulowac na podstawie prezentowanych powyzej analiz. Z tych dwoch powodow, z peina
swiadomoscig niskie] wartosci dowodowej opisu pojedynczego przypadku, zdecydowalam sig
na dolaczenie tego artykutu do cyklu prac wehodzacych w sktad rozprawy doktorskiej. Sadzg,
ze pozwala to spojrze¢ na omawiany problem nie tylko w oparciu o wielkoskalowe badania na

grupie >17 000 chorych, ale rowniez poprzez pryzmat losow konkretnego chorego.
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6. Whnioski z cyklu prac

Cykl publikacji wchodzacych w sklad niniejszej rozprawy doktorskiej opisuje
zwigkszenie ryzyka wystgpowania nowotworow skory u pacjentow po przeszczepieniu nerki,
watroby lub serca wraz z uplywem czasu od transplantacji. Jest to pierwsza tego typu analiza
epidemiologiczna uwzgledniajaca dane dla calej populacji Polski. Pozwolila ona okresli¢
rzeczywiste ryzyko nowotworzenia w obregbie skory w tej — stale rosnacej — grupie pacjentow
w Polsce.

W dokonanym przegladzie systematycznym pismiennictwa 1 metaanalizie poddano
szczegOlowe] ocenie wplyw stosowania CNI przez biorcow przeszczepu nerki w kontekscie
ryzyka wystgpowania CM i NMSC. Wyniki wskazuja, ze stosowanie CNI wiaze sig
jednoznacznie z wigkszym ryzykiem wystgpienia CM oraz NMSC w porOwnaniu
z alternatywnymi terapiami immunosupresyjnymi, ktore zawieraja wylacznie leki
immunosupresyjne nalezace do innych grup. Wskazuje to na koniecznos¢ starannego doboru
schematow i1mmunosupresji, z uwzglednieniem tego ryzyka, a takze na potrzebg
systematycznej kontroli dermatologicznej pacjentow poddanych takiemu leczeniu.

Pozyskanie danych z NFZ 1 KRN pozwolilo na przeprowadzenie analizy
epidemiologicznej dotyczacej ryzyka wystgpowania CM u biorcow nerki, watroby lub serca
w Polsce. W badaniu obejmujacym ponad 17 000 pacjentow po przeszczepieniu wykonanym
na przestrzeni lat 2010-2022 wykazano istotnie zwigkszone ryzyko kumulacyjne wystapienia
CM w grupie biorcow w porownaniu z ryzykiem populacyjnym. Dane wskazuja, ze
w przypadku biorcow nerki, watroby 1 serca ryzyko wystapienia CM jest lacznie dwukrotnie
wigksze po roku, 4 razy wigksze po pigciu latach i prawie 9 razy wigksze po dziesigciu latach

od przeszczepienia narzadu w porownaniu z populacja ogolng Polski w tym samym czasie.
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Pozyskana w ramach pracy doktorskiej obszerna baza danych pozwolita rowniez na
wykonanie analizy epidemiologicznej, okreslajacej skale ryzyka wystgpowania NMSC
u biorcow nerki, watroby i serca. Uzyskane wyniki zestawiono z ryzykiem populacyjnym
wystapienia NMSC w Polsce w tym samym okresie, uzyskujac rzeczywiste wielkoskalowe
dane dla naszego kraju. Wyniki analizy wskazuja, ze w przypadku biorcow nerki, watroby lub
serca lacznie ryzyko wystapienia NMSC jest dwukrotnie wigksze po roku, 4,5 razy wigksze po
pigciu latach i az 9 razy wigksze po dziesigeiu latach w porownaniu z populacja ogolna Polski
w tym samym okresie.

Dane prezentowane w ramach niniejszego cyklu, maja istotne znaczenie dla
transplantologii, dermatologii, onkologii i zdrowia publicznego w Polsce. Stanowia pierwsze
krajowe opracowanie tej tematyki na tg skalg. Uzyskane informacje moga stanowi¢ podstawg
do stworzenia wytycznych w zakresie monitorowania pacjentdéw po przeszczepieniu narzadu
litego pod katem rozwoju nowotworow skory. Regularne badania dermatologiczne oraz
edukacja pacjentow w zakresie ochrony przeciwstonecznej 1 samodzielnego badania skory
moga si¢ znaczaco przyczynic do zmniejszenia czgstosci 1 opoOznienia wysigpowania
nowotworow skory u biorcow tych narzadow. Wczesnie wykryte nowotwory skory cechuja sig
lepszym rokowaniem, a tym samym wigksza szansa na catkowite wyleczenie. Na podstawie
powyzszych artykuldéw opracowano publikacje zbiorcza podsumowujacg cykl badan
stanowiacych rozprawe doktorskg [23], ktora moze stanowic punkt wyjscia do opracowania
wytycznych dla pacjentow po przeszczepieniu nerki, watroby lub serca w zakresie kontroli
dermatologicznej. Wzmozony nadzor onkologiczny w zakresie nowotworow skory w tej grupie
pacjentow pozwoli na wezesne wykrywanie oraz szybkie wdrozenie odpowiedniego leczenia

tych zmian, co umozliwi wydluzenie zycia i poprawg jego jakosci w okresie po transplantacji.
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7. PiSmiennictwo

Ponizsze przypisy odnoszq sie wylqeznie do pozycji bezposrednio cytowanych w niniejszej
rozprawie doktorskiej. Pozostale Zrodfa, stanowiqce podstawe merytoryezng dyskusji
w poszezegolnych artykutach, znajdujq sie w bibliografiach publikacji wehodzqeych

w sklad rozprawy, ktore zalqczono powyzej.
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8. Streszczenie w jezyku polskim

Wstep i cel: Zwigkszajaca si¢ liczba przeszczepien narzadoéw litych prowadzi do wzrostu
liczby pacjentow, ktorzy w okresie po przeszczepieniu sa poddani dozywotniej terapii
immunosupresyjnej. Stosowanie lekow immunosupresyjnych, jak inhibitory kalcyneuryny,
wigze sig z wigkszym ryzykiem rozwoju nowotworow skory, w tym czerniaka
i niemelanocytarnych nowotworow skory. Do tej pory nie przeprowadzono jednak badan
z udziatem duzej liczby chorych dotyczacych czgstosci wystgpowania tych nowotworow
u biorcow narzadow w Polsce. Glownym celem badania byla analiza czgstosci wystgpowania
CM i1 NMSC u pacjentow po przeszczepieniu nerki, watroby lub serca w Polsce oraz ocena
wplywu immunosupresji na rozwdj tych nowotworow.

Material i metody: Badanie taczy wyniki przegladu systematycznego pismiennictwa
migdzynarodowego oraz metaanalizy (obejmujacych lacznie dane 309 551 pacjentow),
dotyczacych ryzyka rozwoju NMSC 1 MSC u 0sob po przeszczepieniu nerki leczonych CNI.
Analizy dotyczace populacji polskiej bazowaty na danych pozyskanych z NFZ oraz KRN na
temat czgstosci wystgpowania nowotworow skory u biorcow przeszczepow nerek, watroby
1serca, wykonanych w latach 2010-2022. £acznie do analiz wlaczono dane dotyczace czgstosci
wystgpowania CM i NMSC u ponad 17 000 pacjentdow po przeszczepieniach tych narzadow i

porownano z danymi dotyczacymi ogolnej populacji Polski.

Wyniki: Wyniki przegladu systematycznego pismiennictwa wykazaly korelacjg miedzy
stosowaniem CNI u pacjentow po przeszczepieniu nerki a zwigkszonym catkowitym ryzykiem
nowotworow skory (OR 1,28; 95% CI: 0,10-16,28; p < 0,01), ryzykiem MSC (OR 1,09; 95%
CL: 0,25-4.74; p < 0,01) oraz ryzykiem NMSC (OR 1,16; 95% CI: 0,41-3.26; p < 0,01).

Dane dotyczace populacji polskiej pochodzily z badan obejmujacych ponad 17 000 pacjentow
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po przeszczepieniu nerki, watroby lub serca. W poréwnaniu z ogdlna populacja, pacjentow po
przeszczepieniu nerki charakteryzowalo wigksze ryzyko CM po | roku (0,02% vs 0,01%,
p < 0,001), po 5 latach (0,17% vs 0,05%, p < 0,001) oraz po 10 latach (0,36% vs 0,1%,
p < 0,001). U chorych po transplantacji watroby ryzyko wystapienia CM wynosito po 1 roku
0,03% vs 0.01% dla populacji Polski (p < 0,001), zas po 5 latach 1 10 latach odpowiednio:
0,20% vs 0,05% (p < 0,001) 1 0,20% vs 0,1%, (p < 0.001). Rowniez ryzyko wystapienia CM
u pacjentow po przeszczepieniu serca bylo wyzsze, zarowno po 1 roku (0,02% vs 0,01%,
p<0,001), jak i po 5 (0,16% vs 0,05%, p <0,001) oraz po 10 latach (0,16% vs 0,1%, p <0,001).
Ponadto, w populacji biorcow nerki ryzyko wystapienia NMSC wynosito po | roku 0,09% vs
0,04% dla populacji ogolnej (p < 0,001) i odpowiednio 1,21% vs 0,18% (p < 0,001) oraz 4,18%
vs 0,36% (p < 0,001) po 5 latach 1 10 latach. Takze u biorcow watroby ryzyko NMSC byto
wigksze w poréwnaniu z populacja 0g6lng: po 1 roku (0,09% vs 0,04%, p < 0,001), po 5 latach
(0,83% vs 0,18%, p <0,001) i po 10 latach (2,65% vs 0,36%, p < 0,001). W grupie pacjentow
po przeszczepieniu serca ryzyko NMSC bylo wyzsze w porownaniu do ryzyka populacyjnego

po 5 latach (0,89% vs 0,18%, p < 0,001) oraz po 10 latach (4,06% vs 0,36%, p < 0,001).

Whiosek glowny:

W Polsce pacjenci po przeszczepieniu narzadow litych (nerki, watroby, serca),
poddawani przewleklej immunosupresji, wykazujg zwigkszona czgstos¢ wystgpowania CM
oraz NMSC w poréwnaniu z populacja ogolna. Wyniki te potwierdzaja zasadnos$¢ wdrazania
ukierunkowanych dzialan profilaktycznych i1 monitorujacych powstawanie nowotworow skory

w te] grupie pacjentow.
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Whioski szczegdlowe:

1
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Metaanaliza swiatowego pismiennictwa medycznego wykazala, ze inhibitory kalcyneuryny
(cyklosporyna A, takrolimus) istotnie zwigkszaja ryzyko wystapienia MSC 1 NMSC
u biorcow przeszczepow w porownaniu z chorymi poddawanym terapii innymi lekami
immunosupresyjnymi, co podkresla koniecznos¢ uwzgledniania ryzyka onkologicznego
przy doborze terapii immunosupresyjne;j.

Analiza danych pozyskanych z NFZ 1 KRN umozliwila po raz pierwszy wielkoskalowa
oceng rzeczywistej zachorowalnosci na MSC w grupie chorych poddanych przeszczepieniu
narzadow litych w Polsce, potwierdzajac wyraznie zwigkszone ryzyko nowotworzenia
wsrod biorcow. Dane wskazuja, ze u biorcow nerki, watroby 1 serca ryzyko wystapienia
MSC jest tacznie dwukrotnie wigksze po roku, 4 razy wigksze po pigciu latach i prawie
9 razy wigksze po dziesigciu latach od wykonania przeszczepienia — w poréwnaniu
z populacja ogolna Polski w tym samym okresie.

Analiza danych pozyskanych z NFZ 1 KRN wykazala, ze u biorcow nerki, watroby lub
serca maja ryzyko wystapienia NMSC jest tacznie dwukrotnie wigksze po roku, 4,5 razy

wigksze po pigeiu latach 1 az 9 razy wigksze po dziesigeiu latach od przeszczepienia narzadu

w porownaniu z populacja ogolna Polski w tym samym okresie.

Rekomenduje sig stworzenie zintegrowanych programow profilaktycznych, obejmujacych
systematyczne kontrole dermatologiczne w grupie pacjentéw po przeszczepieniu nerki,
watroby lub serca oraz dziatania edukacyjne skierowane do pacjentow 1 personelu

medycznego w zakresie ochrony przeciwslonecznej 1 samodzielnego badania skory.



9. Streszczenie w jezyku angielskim

Introduction and Aim: The increasing number of solid organ transplants has led to a growing
population of patients who, in the post-transplant period, are subjected to lifelong
immunosuppressive therapy. The use of immunosuppressive drugs, such as calcineurin
inhibitors (CNI), is associated with a higher risk of developing skin cancers, including
melanoma and non-melanoma skin cancers (NMSC). However, no large-scale studies have yet
been conducted on the incidence of these cancers among organ recipients in Poland. The main
aim of this study was to analyze the incidence of melanoma (CM) and NMSC in patients after
kidney, liver, or heart transplantation in Poland and to assess the impact of immunosuppression
on the development of these cancers.

Material and Methods: The study combined the results of a systematic review of international
literature and a meta-analysis (including data on a total of 309,551 patients), concerning the
risk of NMSC and melanoma in kidney transplant recipients treated with CNI. Analyses for the
Polish population were based on data obtained from the National Health Fund (NFZ) and the
National Cancer Registry (KRN) on the incidence of skin cancers in kidney, liver, and heart
transplant recipients between 2010 and 2022. In total, data on more than 17,000 patients were
included in the analyses and compared with data from the general Polish population.

Results: The systematic review demonstrated a correlation between CNI use in kidney
transplant patients and an increased overall risk of skin cancers (OR 1.28; 95% CI: 0.10-16.28;
p < 0.01), risk of melanoma (OR 1.09; 95% CI: 0.25-4.74; p < 0.01), and risk of NMSC (OR
1.16; 95% CI: 0.41-3.26; p < 0.01). Data on the Polish population came from studies involving
more than 17,000 kidney, liver, and heart transplant recipients. Compared with the general
population, kidney recipients had a higher risk of melanoma after 1 year (0.02% vs 0.01%, p

< 0.001), after 5 years (0.17% vs 0.05%, p < 0.001), and after 10 years (0.36% vs 0.1%, p <

56



0.001). In liver transplant recipients, the risk of melanoma was 0.03% vs 0.01% after | year (p
< 0.001), 0.20% vs 0.05% after 5 years (p < 0.001), and 0.20% vs 0.1% after 10 years (p <
0.001). Similarly, in heart transplant recipients, the risk of melanoma was higher both after 1
year (0.02% vs 0.01%, p <0.001), after 5 years (0.16% vs 0.05%, p < 0.001), and after 10 years
(0.16% vs 0.1%, p < 0.001). In kidney recipients, the risk of NMSC was 0.09% vs 0.04% after
1 year (p <0.001), 1.21% vs 0.18% after 5 years (p <0.001), and 4.18% vs 0.36% after 10 years
(p <0.001). In liver recipients, the risk was 0.09% vs 0.04% after | year (p < 0.001), 0.83% vs
0.18% after 5 years (p < 0.001), and 2.65% vs 0.36% after 10 years (p < 0.001). In heart
recipients, the risk of NMSC was also higher compared with the general population: after 5

years (0.89% vs 0.18%, p < 0.001) and after 10 years (4.06% vs 0.36%, p < 0.001).

Main Conclusion:

In Poland, patients after solid organ transplantation (kidney, liver, heart) undergoing chronic

immunosuppression show an increased incidence of melanoma and NMSC compared with the

general population. These results confirm the need for targeted preventive and monitoring

measures for skin cancers in this patient group.
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Detailed Conclusions:

58

The meta-analysis of global medical literature showed that calcineurin inhibitors
(cyclosporine A, tacrolimus) significantly increase the risk of melanoma and NMSC in
transplant recipients compared with patients treated with other immunosuppressive agents,
highlighting the need to consider oncological risk when selecting immunosuppressive
therapy.

Analysis of NFZ and KRN data enabled, for the first time, a large-scale assessment of the
actual incidence of melanoma in Polish solid organ transplant recipients, confirming a
clearly increased cancer risk in this group. The data indicate that in kidney, liver, and heart
recipients, the risk of melanoma is twice as high after 1 year, 4 times higher after 5 years,
and nearly 9 times higher after 10 years compared with the general Polish population in the
same periods.

Analysis of NFZ and KRN data also showed that kidney, liver, and heart recipients face a
risk of NMSC that 1s twice as high after 1 year, 4.5 times higher after 5 years, and up to 9
times higher after 10 years compared with the general Polish population in the same periods.
It is recommended to establish integrated preventive programs, including systematic
dermatological examination for kidney, liver, and heart transplant recipients, as well as
educational initiatives aimed at patients and medical staff on sun protection and self-

examination of the skin.



10. Zestawienie skrotow i skrotowcow stosowanych w pracy

Skrot/Skrotowiec

BCC
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CNI
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HPV
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MSC
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NNH

OR
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USA
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Objasnienie

basal cell carcinoma — rak podstawnokomorkowy skory
confidence interval — przedzial utnosci

calcineurin inhibitor — inhibitor kalcyneuryny

cutaneous melanoma — czerniak skory

human papillomavirus — wirus brodawczaka ludzkiego
Krajowy Rejestr Nowotworow

Ministerstwo Nauki 1 Szkolnictwa Wyzszego

melanoma skin cancer — melanocytarne nowotwory skory
Narodowy Fundusz Zdrowia

non-melanoma skin cancer — niemelanocytarny rak skory
number needed to harm — liczba pacjentow, ktorych poddanie dane;j
interwencji (np. leczeniu) przez okreslony czas, wiaze sig

z wystgpieniem jednego dodatkowego niekorzystnego punktu
koncowego

odds ratio — 1loraz szans

p-value — wartos¢ statystyczna okreslajaca istotnosc testu
relative risk — ryzyko wzgledne

squamous cell carcinoma — rak ptaskonablonkowy skory
Uniwersytet Andrzeja Frycza Modrzewskiego

United States of America — Stany Zjednoczone Ameryki

ultraviolet radiation — promieniowanie ultrafioletowe

versus — przeciw, w porownaniu do (lac., powszechnie uzywane w
analizach statystycznych 1 medycznych)

World Health Organization — Swiatowa Organizacja Zdrowia
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