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Abstract

Introduction: Renal transplant patients are at an increased risk for other complex
health conditions linked to long-term immunosuppression therapy. The occurrence of

skin-related cancers is becoming more common within this patient group.

Aims: This systematic review aims to explore the relationship associated with the
long-term use of immunosuppression in kidney transplant patients and the

development of skin cancer among these patients.

Methods: This review searched the following databases: Medline, Cinahl, and
Embase, to compile the most recent research on skin cancer risks in patients on
long-term immunosuppression. The inclusion criteria included peer-reviewed studies
with quantitative data, such as randomised controlled trials and cohort studies. A

total of 29 studies were included.

Results: The results showed that there is substantial evidence supporting the
association between the use of immunosuppression and the implications for overall

skin cancer risk.

Conclusion: Long-term immunosuppression use after a kidney transplant is
correlated with increased risks for skin cancer development. The selection of
immunosuppressive treatment should be individualised, and alternative
immunosuppressive strategies should be considered for patients who are known to
be at higher risk for developing skin cancer. However, further prospective studies are

needed to expand upon existing findings.
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Chapter 1: Introduction & Background

This dissertation aims to explore the relationship associated with the long-term use
of immunosuppression in kidney transplant patients and the development of skin
cancer among these patients. This chapter aims to enhance understanding of kidney
failure, the immunosuppressive therapy used after kidney transplantation, the
prevention of kidney graft rejection, and the skin cancer risks associated with this

patient population.

1.1 Introduction

The rates of skin cancer among the general public continue to be one of the most
recognised forms of cancer, currently ranking 17th as the most common cancer
worldwide (World Cancer Research Fund, 2024). The specific skin-related cancers
often observed are malignant melanoma (MM) and non-melanoma skin cancers
(NMSC), which include basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC) (Kohnehshahri et al., 2023). It has been statistically shown that NMSC shows
a higher rate of new cases than MM cases, yet MM continues to be on an upward
trend, affecting all year ranges (Cancer Research UK, 2022; Cancer Research UK,
2023a). It is understood that the most common causes for these types of skin cancer
include advanced ultraviolet (UV) exposure, geographical status, lifestyle, genetics,
age and ethnicity. Furthermore, there is a common perception that the use of long-
term immunosuppressive therapy has a crucial impact on a skin cancer diagnosis,
leading to national guidance and recommendations being put into action to protect
these patients (Cancer Research UK, 2023b; Kohnehshahri et al., 2023).

Worldwide, kidney failure patients who have undergone a solid organ transplant are
susceptible to developing various pathological diseases and adverse side effects
post-transplant due to the use of immunosuppressants (Hussain & Khan, 2022).
Research has recognised the association between solid organ transplants and skin
cancer as one of the most common, potentially exceeding the risk compared to the
general public (Sutowicz et al., 2017). Statistics highlight the connection between the

immunosuppressive medications used and skin cancer in solid organ transplants,
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showing that up to 45% of patients will receive a formal diagnosis of skin cancer
within 10 years of transplant, and up to 80% twenty years post-transplant
(International Transplant Skin Cancer Collaborative, 2025a). The use of
immunosuppressants in these solid organ transplant patients not only increases their
risk of skin cancer but also dramatically reduces survival rates due to the high
occurrence of metastasis (Kreher et al., 2023). This highlights the importance of
awareness and close monitoring of these patients post-transplant to mitigate their
risks. After a review of the literature, it was noticed that there was scarce research
locally surrounding kidney-transplant patients. From personal experience, there
appears to be inadequate surveillance strategies or a lack of staff training within the
renal unit for recognising these skin conditions in patients after transplantation. This
may be due to a lack of awareness about the links between skin cancers and
immunosuppressant use. Other contributing factors, such as inadequate staff
education for lesion assessment, prolonged referral waiting times, and the absence
of a direct link between the local dermatology unit and the renal unit for monitoring

purposes, may also contribute to the issue.

In research, as professionals, it is recognised that there is an ongoing necessity to
integrate evidence-based practice. Continuous research generates new knowledge,
enhancing professional judgment and overall improving patient outcomes (Chien,
2019). Healthcare professionals must strive to avoid malevolent practices while
remaining mindful of how a lack of knowledge, awareness, and incorrect
management strategies can impact patient care. Patients should have continual
access to multidisciplinary team services that adopt a holistic approach to their long-
term conditions. It is understood that solid organ transplant patients are at a
significantly higher risk for other diseases due to the use of immunosuppressants,
leading to additional complexities and a poorer quality of life (De Pasquale et al.,
2014; McKeaveney et al., 2020). In addition to providing holistic care, patients should
receive appropriate assessment, screening protocols, and the integration of relevant
management tools. Although it has been recognised that insufficient screening
protocols may be a leading factor in impairing patient outcomes (Cordaro et al.,
2020), the focus should be on how, as professionals, we can understand and
become more aware of the crucial issues. This mainly concerns certain medication

use that can potentially cause patients to experience a range of negative outcomes.
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Therefore, there is a need to understand the direct risks involved, which contribute to
the importance of proper assessments, screening protocols, educational strategies,
and monitoring guidelines becoming embedded into practice. This will enable
healthcare professionals to follow a holistic care approach while reducing risks and

improving patient safety.

This review will examine the current evidence supporting the use of long-term
maintenance immunosuppressive therapy in post-kidney transplant patients and the
incidence of skin cancer in these patients. This will simultaneously provide high-
quality and up-to-date information to help healthcare providers make formal and
effective choices within their clinical practice to support the ongoing care,
assessment and management of these patients within clinical settings (Higgins et al.,
2024).

1.2 Background

1.2.1 Kidney Failure

Kidney failure has been defined by the National Kidney Foundation (2023) as ‘End
Stage Kidney Disease’ (ESKD) and having a reduced kidney function of around 85-
90%. This leads to the individual having to have dialysis or kidney transplantation for
survival, with a kidney transplant ideally being favoured as the chosen therapy for
ESKD (Fallahzadeh et al., 2014; Szumilas et al., 2023). Kidney transplants were
initially attempted decades ago in the early 1900s. The first ever successful kidney
transplant was in 1954, lasting a successful 8 years without the use of
immunosuppressive therapy (Waring Historical Library, n.d.). The outcome of this
transplant continued to raise questions as to whether there was more scope for the
prevention of graft rejection over a longer period, which led to the disclosure of the
use of graft irradiation in 1958 (Barker & Markmann, 2013). There continued to be a
considerable amount of effort made over the following years, with researchers at the
time seeking a broader understanding of antibodies and immunology in allowing for
kidney transplant survival (Tantisattamo et al., 2022). This led to the use of the first
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immunosuppressive drug alongside a steroid treatment for preventing kidney organ
transplant rejection from 1962 to 1963 (Tantisattamo et al., 2022; Waring Historical
Library, n.d.). Modern-day medicine has significantly advanced since the first initial
steps, with the use of local graft irradiation still considered a successful second-line
treatment following the failed attempts of conventional anti-rejection treatment
(Fallahzadeh et al., 2014).

The risk of kidney transplant rejection has been dramatically reduced due to the use
of modern-day maintenance immunosuppressive treatments, which regulate immune
response (Szumilas et al., 2023). However, that does not make the risk of transplant
rejection impossible. Initially, the donated kidney is transplanted from donor to
recipient and is matched through an extensive biological process and compatibility
tests by determining blood and tissue types (National Kidney Registry, 2025).
Transplantation falls into two categories: living donor and deceased donor. Risk
factors for rejection are noted from pre-transplant surgery. Factors such as graft
function of the deceased or living kidney and individual characteristics such as age,
ethnicity, and lifestyle for both the donor and recipient become a risk (Oweira et al.,
2022). While both donor types have the potential for risks post-transplant, Ma et al.
(2014) report that deceased donor-specific transplants hold higher rates of issues
associated with poor graft function. Additionally, there is an inflammatory process,
which may lead to adverse effects such as the contribution to cancer (Ma et al.,
2014). Although some factors may be unavoidable, the awareness of these potential
limiting factors will influence how graft failure risks can ultimately be reduced.
Additionally, other diseases that lead to poor outcomes for patients post-

transplantation need to be accounted for.

The attempts made throughout the years for human kidney transplant have evolved
from being ‘impossible’ to being made ‘possible’, with immunosuppressive therapy
continuing to develop and being the gold standard regarding treatment (National
Institute for Health and Care Excellence [NICE], 2017). This leads to kidney survival
becoming well-tolerated and rejection becoming a reduced risk (NICE, 2017;
Szumilas et al., 2023). Chronic rejection significantly impacts patients; therefore,
patients must adhere to medication for long-term graft survival. It is understood that

poor optimisation of post-transplant medication has adverse effects on the outcome

10
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of the transplanted kidney. Poor medication optimisation can also be recognised for
its contribution to drug-related toxicities and pathological disease manifestations
(Cheung & Tang, 2022). Rejection continues to be the primary concern regarding the
optimisation and patient compliance of post-transplant immunosuppressants
(Cheung & Tang, 2022). However, challenges continue to arise concerning the long-
term use of immunosuppressive medications and their correlation with cancers post-

transplant (Massicotte-Azarniouch et al., 2024).

1.2.2 Immunosuppression

The immune system acts as a defence system for the body and ultimately protects
the body against infections and foreign bodies, further preventing exposure to
different ilinesses (Yatim & Lakkis, 2015). The immune response is triggered by
memory storage, causing the body to continue fighting diseases while mitigating the
pathogens from being able to make a host in the body (Institute for Quality and
Efficiency in Health Care, 2023). For patients who have undergone a kidney
transplant, an immune response naturally occurs, leading to inflammation and the
activation of various immune cells and antibodies. This ultimately acts as a protective
measure against the ‘foreign body’, and as a result, the body rejects the kidney
(Yatim & Lakkis, 2015). This immune response to transplantation is primarily known
as the ‘alloimmune response’ (Naik & Shawar, 2023). It is in this situation, without the
use of pharmaceutical assistance, that the body becomes inflamed, initiating an
innate immune response to fight the infection. Based on this, a more advanced
system known as the adaptive system seizes control, leading to the activation of the
acute rejection stage of this ‘foreign body’ (Szumilas et al., 2023). This response can
occur from minutes to years post-transplant (Szumilas et al., 2023), hence sufficient
controls must be in place to prevent the rejection of the transplanted organ (Naik &
Shawar, 2023). The use of immunosuppressants primarily reduces the severity of the
immune response to allow the transplanted kidney to serve its purpose (Hussain &
Khan, 2022).

Clinical practice guidelines recommend closely monitoring patients in a post-

transplant clinic after surgery. Routine appointments are scheduled every 2 to 3

11
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weeks for the first month post-transplant, followed by 1 to 2 times a month for the
following 2 to 3 months (Baker et al., 2017). The monitoring of these patients
gradually decreases depending on the individual and any complications that may
arise. Despite this, regular monitoring continues every 3 to 6 months thereafter
(Baker et al., 2017). Due to the local renal unit being on a small island, transplants
usually occur overseas in the United Kingdom. Patients are monitored for 6 weeks
before returning to the island for routine monitoring in the post-transplant clinic,
which is run by the specialist nurse and consultant. In these clinics, patients’ blood is
monitored for overall kidney function and the therapeutic monitoring of the
immunosuppressive therapy (Han & Lubetzky, 2023; Wadhawan & Gupta, 2023).
These services are required to follow core standards and provide high-quality care to
patients in a timely, efficient and patient-centred manner while adhering to the best
guidance (Kidney Research UK, 2019). The appropriate service will have specialist
nurses and consultants closely monitoring the patient’s crucial markers. However,
these services may be neglecting the overall holistic care of patients due to not
having a full, comprehensive understanding of all of their physical, emotional,
mental, and psychosocial needs (McKeaveney et al., 2020). In turn, this can lead to
patients having distorted perceptions of reality, mismanaging their new lease on life,
and developing inappropriate habits. This not only affects patients’ graft function but
also their overall quality of life, which in turn potentially leads to the manifestation of
multiple diseases (De Pasquale et al., 2014). The renal services are in high demand;
therefore, staff may ultimately only have the capacity to focus on the recommended
standards for the ongoing care of transplant patients. Following a holistic
assessment approach is important, but it may be challenging to implement. Whilst
the physical monitoring of the immunosuppressant levels through peripheral blood
tests and identifying any risks for rejection is essential during these clinics, an
essential part of the monitoring process is potentially being overlooked. This alone
may emphasise a significant issue for the ongoing level of care of patients. A study
by McKeaveney et al. (2020) illustrates how the patient experience post-transplant
reveals an ‘unmet care need’ within these services. This demonstrates the demand
for a more holistic approach in these assessment clinics. Due to the risks associated
with medication use post-transplant, multidisciplinary teamwork is essential, factoring

in continual assessment and support for potential lifestyle changes. As a result, this

12



J66185

approach will lead to better outcomes for patients regarding their overall quality of life
(Baker et al., 2017; De Pasquale et al., 2014; McKeaveney et al., 2020).

The immunosuppressive therapy prescribed following transplant surgery is
intentionally used to preserve the transplanted kidney. This prevents rejection while
the body's natural defences respond to this as a mechanism against rejection
(National Kidney Foundation, 2024). It is recommended that the treatment options for
patients post-kidney transplant be tailored and benchmarked for appropriate use.
Additionally, patients should be monitored long-term for adequate medication dosage
and to assess for any graft rejection (Baker et al., 2017; NICE, 2017; Szumilas et al.,
2023). The immunosuppression considered for use after kidney transplant is
categorised into three stages: (a) Induction therapy, used as an intermediate
immunosuppressant at the time of transplantation; (b) Initial maintenance therapy,
used immediately post-transplant for around 3 to 6 months; and (c) Long-term
maintenance therapy, which is introduced over a longer period, however at a lower
dose (NICE, 2017). This systematic review will only examine the long-term
maintenance therapy medications used in kidney transplant patients. The numerous
types of long-term immunosuppressants most commonly recognised for use in
kidney transplant patients include: (a) calcineurin inhibitors (CNIs), cyclosporine and
tacrolimus; (b) mammalian target of rapamycin inhibitors (mTOR-i), sirolimus and
everolimus; (c) antiproliferatives, azathioprine and mycophenolate; (d)
glucocorticosteroids; and (e) biologics (Szumilas et al., 2023). Locally, CNIs are the
preferred therapy, with tacrolimus being the favoured option. Although CNI
medication is well-supported for short-term use to enhance graft survival, the
evidence suggests a presumed risk of toxicity and the potential for tumour growth
with long-term use (Smith et al., 2017). Despite the commitment to reducing the
patient’s risk of kidney rejection, these immunosuppressive regimens amplify other
risks to patients and what they may ultimately be predisposed to (Pisano et al.,
2024). There continues to be strong evidence regarding the increased risks,
specifically for toxicity, vascular issues, adverse reactions, and the emergence of
pathological conditions such as diabetes (Wiseman, 2016). While indeed these risks
are valid, it continues to be well-supported that patients have a higher prevalence of
skin cancers and an overall increased risk of mortality alongside immunosuppressant
use (Kreher et al., 2023; Massicotte-Azarniouch et al., 2024; Rollan et al., 2022).

13
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It has been observed that the immune system, particularly in older individuals, may
have an exacerbated inflammatory response, contributing to their increased risk of
such cancers (Ma et al., 2014). Current evidence has shown that the risks for any
age group are substantial, which undermines the protective role of the immune
system and consequently allows cancer-producing cells to proliferate (Kohnehshahri
et al., 2023). Therefore, while the understanding of how immunosuppressant
medication functions at a cellular level is complex, the overall goal is to inhibit this
immune response (Hussain & Khan, 2022). The specific types of
immunosuppressants used for long-term maintenance therapy differ in their cellular
mechanisms. Some immunosuppressants are known to have a higher risk of
unwanted outcomes and potentially irreversible effects, thus being disregarded as
long-term treatments if close monitoring and dose titration are not implemented
(Hussain & Khan, 2022; Meneghini et al., 2021). The research highlights notable
findings regarding the selection of long-term immunosuppressants, which are
associated with an increased risk of developing skin cancers. This is particularly with
the use of CNI medications and the antiproliferative agent azathioprine (Cegielska et
al., 2018; Rollan et al., 2022). This raises concerns about CNI being the first-line
medication in many cases, especially as the preferred choice at a local level. A
review of the literature demonstrates that switching to another immunosuppressant
option may reduce the risks linked to the recurrence of skin cancers (Cegielska et
al., 2018). While the evidence appears promising, it is crucial to continue reviewing
and evaluating the choice of immunosuppressants and their direct relationship with

skin cancer.

1.2.3 Skin cancer

The skin is the largest organ in the body, serving as a barrier against daily
aggressors, potential toxins, and infections (Kohnehshahri et al., 2023; Roky et al.,
2025). The general population face numerous challenges regarding skin health, from
childhood through adulthood and into older age. Many skin conditions arise from
contact with our external environment and physiological changes, including

infections and inflammatory diseases. These can lead to adverse reactions over

14
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time, such as organ dysfunction, mental health issues, an increased risk of various
cancers, and premature death (Bolognia et al., 2016). These skin conditions
continue to significantly burden society and negatively impact patients’ quality of life
as well as their mental and physical health (Seth et al., 2017). Yet, skin cancer alone
continues to be particularly prevalent globally (Roky et al., 2025). This situation
highlights the importance of both staff and patient education about the detrimental
factors influencing the diagnosis of such diseases. There is a need for greater
emphasis on how research plays a crucial role in understanding these factors and

providing guidelines for effective management (Hay et al., 2015; Seth et al., 2017).

A local Channel Island public health report isolated both MM and NMSCs within the
higher bracket for diagnosis and mortality compared to that in the United Kingdom
(Government of Jersey, 2024a). The report highlights how the geographical factor is
considerably considered, possibly due to the stronger UV radiation. Global statistics
from the International Agency for Research on Cancer (2024a) observed MM skin
cancers in the general population to rank 17th in incidence and 22nd in mortality,
while NMSCs rank 5th in incidence and 22nd in mortality (International Agency for
Research on Cancer, 2024b). The International Agency for Research on Cancer
(2025) estimates that by 2025, the incidence of NMSC will rise by 5.3%, and overall
mortality will increase by 5.8%, while MM is projected to grow by 4.3% in incidence
and 4.7% in mortality. Despite other major factors, immunosuppression is still
reported to have a ‘3.6 fold’ higher rate of skin cancer development, specifically with
MM (Wunderlich et al., 2024). It is important to consider that Merkel cell carcinoma
(MCC), another form of skin cancer, has been linked to immunosuppression usage
with generally poorer outcomes (Ma & Brewer, 2014). It has been indicated that
MCC has an overall 45% mortality rate and exceeds the incidence of MM. However,
while MCC has been considered as an aggressive form of cancer, it has also been
classified as a rarer variant of skin cancer compared to MM (Ma & Brewer, 2014;
Roky et al. 2025). Rollan et al. (2022) reported in their research the severity of skin
cancers whilst using immunosuppression. Findings indicated distinct numbers for the
total registry of skin cancer-derived malignancies; 60.2% cutaneous squamous cell
carcinoma (cSCC), 34% basal cell carcinoma (BCC), 4.95% MM and 0.75% Kaposi's
Sarcoma (KS) (Rollan et al., 2022). While KS is important to consider due to the

increased risk to the immunocompromised patient, this review will omit this from the
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inclusion criteria. This is due to it being directly linked to endothelial cells, which line
blood vessels and lymph nodes and not the skin cells directly (Cancer Research UK,
n.d; Roky et al., 2025).

Feedback from the local report identified how the interpretation of these types of
cancers will help to formally address strategies that can be implemented to help
reduce the rates and minimise risks associated (Government of Jersey, 2024b).
Nevertheless, it remains difficult when trying to determine the accurate cause of
these skin cancers in immunosuppressed individuals due to poor patient
engagement, staff and patient awareness, education and individual compliance
during pre and post-screening (Cordaro et al., 2020). As a result, this may lead to the
disregard of other potential factors that may have been precursors to any lesions or
skin abnormalities observed post-transplantation. Therefore, it must be
acknowledged that it is not the sole responsibility of the clinician, as in turn, patients
must be held accountable if they do not follow clinical advice. For example, their

awareness of extensive UV exposure within their particular patient demographic.

1.2.4 The immunocompromised patient and skin cancer

Many factors contribute to the risks faced by patients. The increased incidence of
skin cancer in individuals undergoing the use of long-term immunosuppressive
therapy continues to be consistently reinforced (Rollan et al., 2022). Whilst there is
ongoing awareness that the protective ability of the immune system is weakened
through immunosuppressive medication (Kohnehshabhri et al., 2023). Several primary
drivers contribute to the increased risk of skin cancers in immunocompromised
patients, and some of these factors need to be considered during patient screening
and monitoring. It has been observed that patients may be at a higher risk of skin
cancers before kidney transplantation. Massicotte-Azarniouch et al. (2024)
recognised that ESKD is an attributable factor in the development of cancer.
Nonetheless, significant factors widely acknowledged to contribute to the heightened
risks of skin cancer include prolonged exposure to UV radiation, genetic
predisposition, ethnicity, education and screening protocols (Massicotte-Azarniouch

et al., 2024). The overall severity of the outcome can further lead to detrimental
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complications and increased mortality; thus, providing targeted interventions,
ongoing education, and support to patients within the clinical setting will ensure

positive outcomes (McKeaveney et al., 2020).

Collaborative bodies are created and endorsed to raise awareness and make
recommendations for the safety of our patients. The International
Immunosuppression and Transplant Skin Cancer Collaborative (ITSCC, 2025b), the
British Association of Dermatologists (2024) and the British Society for Skin Care in
Immunosuppressed Individuals (2025) all provide guidance, management and
prevention strategies. They focus on all patients who have had a solid organ
transplant and are on long-term immunosuppressive therapy. Clinically, it is
recommended that patients be screened pre-transplant to determine any current skin
lesions and potential precursors so that treatment can be determined if needed
(Stasko & Hanlon, 2023). Furthermore, patients are expected to be continually
assessed post-transplant in a post-transplant clinic, with the appropriate assessment
tools being implemented to effectively educate and provide recommendations for the
survival of their new kidney. The Renal Association (Baker et al., 2017) recommend
in their guidance that skin cancer surveillance in post-transplant patients should be
carried out twice a year for up to five years post-transplant and then annually post 5
years after transplant. Despite this, in 2020, a survey was conducted by Cordaro et
al. (2020) to assess the current standards for transplant units in the skin assessment
and monitoring of patients pre- and post-transplant. It was found that 33% of kidney
units failed to screen patients post-kidney transplant, and if the patients were
screened, it was not completed by a professional in the area (Cordaro et al., 2020).
Despite the presence of a range of complexities in the assessment of skin cancer in
renal transplant patients, regular screening protocols must be implemented within

clinical areas, both pre- and post-transplant, to avoid potential harm to patients.

1.3 The research question

A Systematic Review (SR) was conducted to explore the evidence of a relationship
between immunosuppression use and skin cancer. SRs are essential in research

when exploring a topic that needs better understanding or highlighting gaps or
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changes within practice. It is a method of gathering current published studies while
having the skills to appraise, synthesise and refine the current evidence, further
enhancing the research (Boland et al., 2023). SRs are structured and rigorous,
assessing the quality of the current evidence whilst indicating potential gaps that
may need a response, and reducing the risks of bias (Lame, 2019). For this SR, the
P1CO acronym was used to structure and define the research question. PICO:
Population, Intervention, Comparison and Outcomes (Table 1) (Critical Appraisal
Skills Programme [CASP], 2025c¢). Implementing this structured framework extracts
all the crucial elements to support the research question (CASP, 2025d). Additionally,
it guides the researcher during the eligibility process and remains consistent during

the review process (Higgins & Green, n.d.).

Table 1: PICO
Population Intervention Comparison Outcome
Adults with a Long-term Not An increased risk of
history of a immunosuppression | applicable developing skin cancer
kidney transplant | use

Research question

‘Is there an association between long-term immunosuppressive therapy and skin

cancer risk in kidney transplant recipients? A Systematic Review of the literature.’

In conclusion, it has been understood that there are risks directly associated with
immunosuppression use and its potential link to skin cancer and this justifies the
importance considering the adverse effects associated with the prolonged exposure
to immunosuppressant medication post-kidney transplant. While the risks associated
may not be prevented, the early detection and continuous monitoring of these

patients will help them be treated more efficiently.

Having justified the topic and posed a research question, the research design will be
outlined in the next chapter. It will begin with the aims and objectives, and a
justification for the systematic review design. Chapter 3 will present the findings of

the review as a narrative synthesis and these will be discussed in chapter 4. The
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final chapter will conclude the dissertation with recommendations for practice and

research.
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Chapter 2: Research Design

2.1 Research Design

Chapter one identified the correlation between immunosuppression use and skin
cancer risk in patients post-kidney transplantation. The relationship between these
two variables has been established through previous quantitative research as seen
in observational studies, non-randomised controlled trials, cohort studies and
randomised controlled trials (RCTs). These studies aim to determine whether there
is a positive or negative correlation. However, the exact relationship leading to the
results depends on the methods used to collect the data and the quality of the
research (Patel, 2009). The chosen research design guides the researcher in
determining the type of research to be undertaken, while ultimately helping structure
and plan the collection of necessary data for the particular piece of research
(Sileyew, 2020; Khanday & Khanam, 2023). The aim of this study is to systematically
review the existing literature to determine the association between the long-term use
of immunosuppression medication and its direct link with skin cancer in adults (>18

years) post-kidney transplantation.

The primary objectives are:

1. To evaluate associated studies investigating the use of immunosuppression in
post-kidney transplant patients

2. To assess the quality of the studies used within this review, using the CASP
tool (Critical Appraisal Skills Programme) for both RCTs and cohort studies

3. To evaluate the risk of bias of the included studies

4. To examine the direct link between the use of immunosuppression and the
risk of developing skin cancer

5. To examine existing literature and to determine the need for future research

While a primary research study would have been strong evidence, it was not
deemed an appropriate design within the confines of a MSc project. Given the vast
amount of evidence already existing, the ability to streamline and use an appropriate
design is vital to produce accurate results, making the evidence accessible and
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easily replicated in the future for further research (Khanday & Khanam, 2023;
Lasserson et al., 2024). By refining and synthesising the latest established research,
it was justified to conduct an SR of existing studies (Lame, 2019), which establishes
and supports the credibility and robustness of the current evidence (CASP, 2025c).
This SR has been aligned with the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) framework (Page et al., 2021). This framework has
been adhered to throughout the study process and is attached as Appendix 1. This
framework helps researchers maintain transparency while adhering to rigour within
the literature review structure. Specific tools can be employed to assess the quality
of the research and reduce the risks of biases and limitations (Boland et al., 2023;
Page et al., 2021).

SRs represent secondary research, while primary research provides original results
by collecting new data to yield findings on a specific subject or question. Secondary
research advances current knowledge through the amalgamation of multiple
research sources to create a unified piece of work (Hofstra University, n.d; Lame,
2019). The hierarchy of evidence demonstrates that SRs are of the highest quality in
research, indicated for use in numerous areas of healthcare to aid in developing
current research (Wallace et al., 2022). Additionally, the benefits of undertaking
secondary research, particularly for this piece of work, include the ability to analyse
and explore the research topic in greater depth while reducing costs and potentially
time when compared to primary research. The contribution to existing research
provides a benchmark for further opportunities in endorsing the current leading
research. Furthermore, it motivates ongoing exploration and potential future primary
research to be completed after review. This may ultimately lead to further discoveries
and continue to inform nursing practice with recommendations for the prevention and

management of this patient group (Snyder, 2019).

As the posed research question, focuses on the relationship between two variables,
immunosuppression and skin cancer, this situates the research within a positivist
philosophy. Positivism focuses on exploration through science and statistics (Ali,
2024; Ghanad, 2023). The positivist paradigm emphasises the importance of
interpreting the findings and their relevance to reality, thereby enhancing the

credibility and robustness of the research (Park et al., 2020). Quantitative research
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aligns with the positivist paradigm. Experimentation through non-randomised and
randomised designs are the main drivers for studying larger population groups (Ali,
2024). This operates on the understanding that ‘it is what it is,” without the influence

of individual belief systems, which can be shown through qualitative data (Ali, 2024)..

RCTs are considered the gold standard within the hierarchy of scientific evidence
and for clinical trials, which continue to enhance research validity and credibility
(Boland et al., 2023; Higgins et al., 2019). It has, however, been acknowledged that
RCTs may not be as credible within the hierarchy due to their broad applicability and
generalisability. Non-randomised trials, such as cohort studies, are cheaper and less
invasive in the methods used when attempting to prove an outcome from an
exposure (Bosdriesz et al., 2020). Cochrane has acknowledged the use of non-
randomised studies within SRs to be beneficial in the context of providing the
evidence for the effects of longer-term outcomes and outcomes that may not be fully
met by randomisation (Reeves et al., 2019). Cohort studies, in most cases, can
assess an exposure and measure multiple outcomes related to this exposure, to
create explanations for what is being studied, without the use of randomisation (de
Vaus, 2001; Setia, 2016). This can be captured either retrospectively or
prospectively. However, both these research designs come with their own strengths
and limitations. They may differ in relation to whether the outcomes have either
happened, through retrospective data, or not happened through prospective data
(Wang & Kattan, 2020). Both study designs need careful consideration before
implementation due to risks of bias, potential inaccuracies and lack of resources
used due to restraints in time and requirements (Setia, 2016; Wang & Kattan, 2020).
Higher-level observational study designs, recognised within the hierarchy of
evidence, such as those through cohort studies, continue to achieve research validity
comparable to RCTs. This is if each piece of work is carefully considered for potential
flaws before concluding to a particular outcome (Setia, 2016; Wallace et al., 2022).
Nevertheless, it continues to be well established that RCTs continue to offer a
precise and rigorous design for data collection, which in turn leads to them still being
considered as a valuable form of evidence that is consistently utilised within scientific
research (Pearson et al., 2015).
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Recent guidelines from NICE (2022) have identified the challenges proposed by the
term ‘real-world evidence’ (RWE), which incorporates both quantitative and
qualitative data in a more non-randomised control style. Challenges arise regarding
the overall legitimacy of RWE in terms of various biases, trustworthiness, and the
quality of the evidence (NICE, 2022). This form of research is estimated to improve
clinical data and complement RCTs by enriching the evidence collected and creating
a fuller picture (Dang, 2023). Cochrane encourages the use of non-randomised
studies due to the differential outcomes compared to those of RCTs. They discuss
how the complexities of including all outcomes from RCTs have been deemed
difficult; therefore, there is a chance to redeem a more advanced range of findings
within non-randomised studies (Higgins et al., 2024). While RCTs and non-
randomised studies differ, they can support each other. Instead of relying solely on
one particular form of study, for example, RCTs, could illustrate only a small portion
of the research in that specific area of study (Bosdriesz et al., 2020; Brockelmann et
al., 2022). Both study types have their limitations. Multiple factors influence the
quality and rigour of the research, making it crucial to assign appropriate tools to
help mitigate the associated risks (Boland et al., 2023; Park et al., 2020). While the
strengths and limitations of each study design need to be acknowledged to answer a

research question appropriately (Wallace et al., 2022).

Establishing the validity and reliability of the studies enhances quality, while granting
credibility so that other scholars and professionals reading the research can
confidently implement it safely within practice (Heale & Twycross, 2015). To ensure
the accuracy of the research, the inclusion of peer-reviewed papers is utilised. Peer-
reviewed papers are well recognised not only for ensuring that the research is
suitable for publication, but also to set standards which essentially avoid the
publication of false information (Steer & Ernst, 2021). Despite this, there is still the
potential for biases to occur during the research process. It is highlighted during the
exploratory phase that there is a general demand for researchers wanting to prove
something to be ‘right’ (Pacheco et al., 2023). However, this does not consider
studies that may not necessarily validate this, which could lead to potential
inaccuracies or underrepresentation of certain perspectives. Hence, the importance
of two or more people exploring the matter (Pacheco et al., 2023; Wallace et al.,

2022). Within this review, potential errors and biases will be taken into account and
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identified. This is to avoid ambiguous information during the retrieval of the published

work.

Isolating potential risks of bias during the retrieval process prompts the researcher to
become critical about the piece of work being assessed during the eligibility process,
while justifying its use and not obscuring the conclusion (Pannucci & Wilkins, 2010).
To accomplish this, Cochrane developed and recommends the utilisation of the risk
of bias tool (ROB2) for RCTs and the risk of bias in non-randomised studies of
Interventions (ROBINS-I) for cohort studies (Cochrane Bias Methods Group, n.d;
Cochrane Methods, n.d.). The ROB2 tool provides a framework to guide researchers
on specific questions for RCTs to determine the overall risks of the findings. On the
other hand, the ROBINS-I tool supports researchers in determining the overall
effectiveness and risks of the findings; however, specifically associated with non-
randomised studies (Sterne et al., 2016; Sterne et al., 2019). These tools were
considered for implementation for each piece of research considered for the SR.
That said, it was recognised during the review process that using both the ROB2 and
ROBINS-I tools had been proven difficult to implement. Research by Crocker et al.
(2023) supports the challenges that are faced during the implementation phase of
the ROB tools, due to the complexities encountered. Both these tools assess the
level of bias, whether at a low risk or high risk (Sterne, 2019). While the CASP tool is
used to assess the quality of evidence, CASP (2025a) also acknowledges the
sufficiency for recognising different types of bias. Therefore, utilising this tool to

determine the validity and reliability of the findings was deemed appropriate.

Prior to undertaking the literature search, it is important to highlight the risk for bias
that may be observed. Publication bias can result from research that may not have
been published due to insignificant results, compared to other published studies
identifying more substantial results (Song et al., 2013). This is reflected against the
research question; however, while research eliminates potential unpublished work
due to some inaccuracies within the results, it is still evident that this type of research
continues to be considered as clinically significant within practice (Owens, 2021).
Additionally, language bias would be carefully considered during screening due to
the use of published work that has been written only in the English language.

However, after a diligent review during pre-screening, it was considered that, due to
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the inability to translate into other languages and the risk of a translation error and
missed information, the use of English-language-only articles would be sufficient for

use.

SRs do not involve human participants or primary research, as they utilise previously
published documents that are readily accessible through relevant research
databases. Therefore an ethical review is not required. It was, however confirmed by
the Chair of the Research Ethics Committee (Appendix 2). This was completed
before the undertaking of the SR to confirm that no risks would be involved. Despite
an ethical review not being required, ethical principles still needed to be addressed
and require disclosure due to potential issues that could still arise (Suri, 2020). It is
important to remember that the process of an SR not only enables trust and respect
but also helps researchers and readers alike get a better understanding of the topic
under discussion. This then provides accuracy within the data and further validates

research credibility and the current body of evidence (Bangdiwala, 2024).

Researchers should keep in mind the role of beneficence, which is to provide patient
care that will overall be a benefit to them, but also to cause no harm. As
professionals undertaking research, we have an obligation to the population to
continue to provide effective care by carefully recognising benefits or risks that may
be involved with participating in a specific study, whilst additionally respecting all
participants’ personal rights (Barrow et al., 2025; Varkey, 2021). Specifically within
primary research, participants involved must be at minimal risk. However, within the
context of secondary research, while there are no participants involved, the
information gathered is crucial in providing the general public with the most
favourable outcomes and results depending on the research being undertaken
(Barrios et al., 2022). Beneficence is directly applied during the systematic process
to avoid the use of information that has either not been appropriately appraised or
that may raise concerns. These concerns involve risks of coercive behaviours or
poor disclosures of the risks that may be involved during participation in the study
(Barrow et al., 2025). Additionally, the risk of multiple search biases, including issues
in the potential funding of some articles, may lead to the endorsement of publication.
This can affect outcomes, leading to ethical implications that potentially affect

decision-making processes (Suri, 2020). It is easy to overlook other aspects that can
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affect outcomes, and that could be considered ethically challenging. Nevertheless,
by acknowledging all the potential implications, in turn it helps to avoid incorporating
them into future reviews. This enables professionals to make informed choices and
provide effective clinical practice recommendations that have a positive effect on

patient outcomes.

2.2 Search Strategy and Selection

In planning the search strategy, it is crucial to identify the broader and narrower
terms to avoid missing essential search terms. This contributes to the reduction in
the number of final papers retrieved for review. A primary search was performed on
12th March 2025 in the PubMed database to form standardised entry terms before
finalising the full search alongside the use of Boolean operators. This was done
using Medical Subject Headings (MeSH) (Table 2).

Table 2: MeSH standardised search terms

Population) “Renal Transplantation”, “Renal Transplantations”, “Kidney

Transplantations”, “Kidney Grafting”

Intervention) “Immunosuppression Therapies”, “Immunosuppression Therapy”,
‘Immunosuppressive Therapy”, “Immunosuppressive Therapies”,

‘Immunosuppression”, “Immunotherapy”, “Immunosuppressive Agent”,
Immunosuppressive Agents”

Comparison) Not applicable

”

Outcome) “Cutaneous Neoplasm” “Cutaneous Neoplasms”, “Skin Cancer”, Skin
Cancers”, “Cutaneous Malignancy”, “Cutaneous Malignancies”, “Non-Melanoma

skin cancer”, “Melanoma”

The Boolean Operators, ‘AND’ and ‘OR’, were used to help narrow down the search,
while, simultaneously, truncation points have been included to help broaden the
search by including the different word endings and/or spellings. The search terms
and Boolean Operators used were: (Renal Transplant*) OR (Kidney transplant*) OR
(Kidney Graft) OR (Renal graft) AND (Immunosuppress* therapy*) OR

(Immunosuppression) OR (Immunotherapy) OR Immunosuppress* agents) AND
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(Cutaneous neoplasm*) OR (Skin cancer*) OR (Cutaneous malignanc*) OR (Non-

melanoma skin cancer) OR (Melanoma).

A rigorous literature search was conducted in the databases Medline, CINAHL and
Embase. To track the search, a search ID was formed for each database to refine
the results (Table 3-5). The tables identify the date of retrieval, the search terms
used, the Boolean Operators, the action taken, the number of HITS and the limiters
included alongside the number of final results. Bramer et al. (2017) found that for an
optimal search, there are multiple databases that would need to be considered,
including Embase, Medline and Google Scholar. The choice for the combination of
Medline, Cinahl and Embase for this SR was based on the ability to index a range of
RCTs and also research that has specialised components within the realm of
medicine and nursing (Bramer et al., 2017; Lefebvre et al., 2025). Two further
alternative databases were considered: the British Nursing Index and Nursing and
Allied Health, both via ProQuest. However, after diligent review, it was considered
that both these databases were highly reliant on qualitative research, case studies
and literature reviews. Due to this SR being focused on quantitative RCTs and cohort
studies, it was concluded that neither of these two databases would be sufficient in
providing the further research for inclusion in the review. While it has been
acknowledged that the inclusion of a few other databases is essential to be able to
provide a satisfactory amount of references (Bramer et al., 2017), additional
resources may be needed to have the ability to access any additional databases.
This may be due to time restraints and consideration for only having one researcher

undertaking the systematic process.

Table 3: Medline via EBSCOhost

Search Date Search options Boolean Actions Results
operators

S1 29/05/2025 | (renal transplant®) OR OR View 128,575
(kidney transplant*) OR results
(kidney graft) OR (renal
graft)

S2 29/05/2025 | (immunosuppress® OR View 402,858
therap®) OR results
(immunosuppression)
OR (immunotherapy) OR
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(immunosuppress*
agents)

S3 29/05/2025 | (cutaneous neoplasm®) OR View 239,005
OR (skin cancer*) OR results
(cutaneous malignanc®)
OR (non-melanoma skin
cancer) OR (melanoma)

S4 29/05/2025 AND View 755

results

S5 29/05/2025 | Limitors used: View final | 157
Publication Date: results
2015/01/01-2025/12/31;
English Language; Peer
Reviewed; All adult: 19+
years; Medline only

Table 4: CINAHL via EBSCOhost
Search Date Search options Boolean Actions | Results
operators

S1 29/05/2025 | (renal transplant*) OR OR View 17,076
(kidney transplant®) OR results
(kidney graft) OR (renal
graft)

S2 29/05/2025 | (immunosuppress* OR View 52,873
therap®) OR results
(immunosuppression) OR
(immunotherapy) OR
(immunosuppress®
agents)

S3 29/05/2025 | (cutaneous neoplasm®) OR View 33,505
OR (skin cancer*) OR results
(cutaneous malignanc®)
OR (non-melanoma skin
cancer) OR (melanoma)

S4 29/05/2025 AND View 71

results

S5 29/05/2025 | Limitors used: View final | 6
Publication Date: results
2015/01/01-2025/12/31;
English Language; Peer
Reviewed; All adult;
Exclude Medline records

Table 5: Embase
Search Date Search options Boolean Actions | Results
operators

S1 26/06/2025 | (renal transplant*) OR OR View 223,827

(kidney transplant*) OR results
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(kidney graft) OR (renal
graft)

S2 26/06/2025 | (immunosuppress* OR View 582,249
therap®) OR results

(immunosuppression) OR
(immunotherapy) OR
(immunosuppress*

agents)
S3 26/06/2025 | (cutaneous neoplasm®) OR View 326,290
OR (skin cancer*) OR results

(cutaneous malignanc®)
OR (non-melanoma skin
cancer) OR (melanoma)

S4 26/06/2025 AND View 1144
results
S5 26/06/2025 | Limitors used: View final | 333
Publication Date: results

2015/01/01-2025/12/31;
English Language; Adult
only

2.3 Data Reduction

After an extensive review of the literature, the results were filtered to reduce the
amount of data collected before presenting the final findings. All studies initially had
titles and abstracts screened for filtering purposes, and any acknowledged
duplicates were removed. Records without an available abstract were screened
based on the title, and if necessary, the full text was reviewed for relevance.
Conference abstracts were initially evaluated based on the title and abstract;
although they help minimise publication bias, they cannot be fully assessed and are
not considered peer-reviewed (Hackenbroich et al., 2022; Scherer & Saldanha,
2019). This increases the resources and time required to extract information;
therefore, conference abstracts were deemed unsuitable due to limitations in
available time and resources and were removed during title and abstract screening.
Any studies published in languages other than English and not excluded by the

limiters were excluded manually during the full screening.

The full screening and selection criteria to omit the irrelevant research and

incorporate those that are eligible have been identified in Table 6. This was
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developed alongside the use of the PICOS tool and the research question. The
components of the PICOS framework allowed for the development and clarification
of the inclusion and exclusion criteria to be used. PICO also guided the selection and
refinement of the research papers. A well-defined inclusion and exclusion criterion
consists of the critical elements that are found within the research question and will
help streamline the key components so that the review process is straightforward
(Boland et al., 2023). The eligibility of the studies must meet the inclusion and
exclusion criteria, which are provided consistently during the filtering and retrieval of
articles and further reduces the potential risk of any implications. The review is
limited to only primary research through engagement with RCTs, non-randomised
trials such as cohort studies and observational studies. This is due to the potential
for a more robust form of evidence which can complement one another when trying
to answer the research question (Brockelmann et al., 2022). During the assessment
of the chosen studies' eligibility, the use of secondary sources could be included in
the study, as applicable, through reference list searching (Owens, 2021). Additionally,

any late exclusions should be noted later on in the search process when refining the

criteria for review.

Table 6: Screening

PICOS

Inclusion criteria

Exclusion criteria

Population — ‘Adults
with a history of a
kidney transplant’

. Adults only >18 years
. Had a solid kidney organ
transplant

. <18 years old
. Any other solid organ
transplant

Intervention — ‘Long-
term
immunosuppression
use’

. Immunosuppression therapy
for solid kidney organ
transplantation

. No immunotherapy use

Comparison — ‘None’

Not applicable

Not applicable

Outcome — ‘An
increased risk of
developing skin
cancer

. Melanomas

. Non-melanoma skin cancer
(NMSC), including basal cell
carcinoma (BCC) and
squamous cell carcinoma
(SCC)

. Formal diagnosis of skin
cancer

. Merkel cell carcinoma

. T cell ymphoma of the
skin

. Sebaceous gland cancer
. Bowen’s disease

. Kaposi’s sarcoma

. No diagnosis of skin
cancer or skin lesion

Study design

. Randomised control trials
. Quantitative research

. Policies
. Reviews
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. Cohort studies

. Case studies

. Systematic reviews

. Qualitative research

. Conference Abstracts

Publication
characteristics

. Published within the last 10
years

. Peer reviewed

. Published in English
language only

. None peer reviewed

. Published in other
languages

. Published before 2015
. Repetition

The PRISMA flow diagram (Figure 1) depicts the selection process. The initial phase

identified the total number of papers before screening as 496, with Embase

contributing the majority at 333, and CINAHL the fewest at 6. After the full screening

process, including the application of inclusion and exclusion criteria, a total of 29

studies were included in this systematic review.

Records identifizd frorm Medline:
Databases (n = 1567)

Records identified in Sipshl:
Datsbases (n =)

Records ldenfified in Embase:
Distabases (n = 333)

Totsl datsbases
{n = 498)

Records removed before scresning:
Duplicate records removed (n = 22)

Records screenad

Title and abstract screening:

n=03)

(n=474) Records excluded (n=378)
Reports sought for retrieval Reports not retrieved
in=25) in=2)
Reports excluded
Feports assassed for eligibility (n=154)

Immunosuppressicn mot specified (n = 5)
Inappropriste malignancies (n = 18)
Ineppropriste outcome (n=13)
Inappropriste study design (n=2)
Inappropriste use of animal subjacts (n=1)
Miced ongan transplant {Tx) (n = 15)

‘Skin cancers not specified (n =G)

O000000

Studies included in review
fn=28)

(Page et al., 2021)

Figure 1: PRISMA
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2.4 Data Analysis and Presentation

Before presenting the selected studies and interpreting the significant findings, all
relevant papers retrieved were observed for quality. The CASP tool for RCTs and
cohort studies was utilised for this SR. This evidence-based tool is essential for
evaluating research quality and rigour through a checklist that encompasses each
type of study (CASP, n.d.). The CASP tool is appraised for its usage in qualitative
studies (Long et al., 2020). However, there continues to be little evidence to support
the use of this tool in appraising quantitative studies. Yet, results from an SR
assessing the quality of multiple tools used for clinical studies do support the use of
CASP as a tool for assessing RCTs (CASP, 2021; Zeng et al., 2015). Each research
paper was thoroughly assessed for transparency and trustworthiness, thereby
providing a rationale for the selection of studies. A completed CASP tool format
utilising one of each of the studies for RCTs and cohort studies is included in
Appendix 3. Additionally, a reduced format will be included in alphabetical order in

Appendix 4 to ensure accessibility to the studies’ overall score.

To support the quality of the evidence, the grade of recommendations assessment,
development and evaluation (GRADE) approach was considered for this study. This
framework has specifically been designed to examine and appraise the current
evidence further supporting the use of recommendations for clinical practice
(Schinemann et al., 2013). However, it is acknowledged that without sufficient
training for the appropriate use, the terms for ‘quality’ and ‘grading’ of the research
and the potential lack of reporting do impact the overall rating (Kolaski et al., 2023).
As a result, this potentially distorts the review conclusion. Due to the time restraints
for this SR and the lack of appropriate training, the use of the GRADE framework
was acknowledged. However, the tool was deemed unfit for purpose due to the
associated risks if used incorrectly. The use of the CASP tool is sufficient in
analysing the quality of the studies and the risks of bias, to show any limitations
within the current evidence on this particular topic.

Before synthesising the research, Higgins et al. (2019) recommend recognising the

different patterns and features of the selected studies in a table. This supports
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Cochrane's suggestion that presenting data in a table enhances transparency and
helps the reader understand the review better, as it relies solely on the writer’s
interpretation (McKenzie & Brennan, 2019). Each selected study has findings
displayed in a table following Cochrane’s standardised format for the data collected
(Schinemann et al., 2024a). The initial table of findings includes the author and
study name, background, methodology, the number of participants, results,
limitations, and the overall CASP score. A summary of this table is provided in Table
7.

Table 7: Example of the table of findings

Author | Background | Methodology | Participants | Results Limitations CASP
and score
title of
study

While pooling the data in a meta-analysis could reduce subjectivity in interpretation
of results and could improve the ability to determine correlation between the
variables, to estimate the overall effect of immunosuppression on skin cancer risk
(Higgins et al., 2024), a narrative synthesis approach was adopted. The findings are
presented as a narrative synthesis. This form of synthesising helps inform the reader
of common characteristics, whilst also acknowledging the relationships and patterns
found (Randles & Finnegan, 2023). The synthesis is presented under common

themes found within the research.

A narrative synthesis approach is recognised for use within SRs through the
gathering of information to summarise further and interpret, leading to the
understanding of how something can be correlated (Rai et al., 2020). According to a
recent publication by the British Medical Journal [BMJ] (Campbell et al., 2018), it
states that while the inclusion of a narrative synthesis introduces the potential risk for
bias, it acknowledges how Cochrane supports the use of a narrative synthesis.
Funded research is still ongoing by Cochrane to endorse the use of this synthesis
within SRs (Thomson et al., 2018). While this would provide valuable insights into
the research being conducted, it is important to note that whilst a narrative synthesis

is sufficient in providing essential information needed to help answer the initial
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research question, consideration has to be taken to avoid being overly simplistic in

the description of the studies and their quality (Ryan, 2013).

While it could be hypothesised that there is a potential for the direct causation
between the long-term use of immunosuppression and the increasing risks of skin
cancer, it does not imply that immunosuppression is the direct cause of skin cancer
(Gershman & Uliman, 2023). By synthesising the research data, the relationship
between the variables may help identify potential corelation. However, there is a
chance that other factors need to be considered beyond this specific study, as
immunosuppression alone may only exert an ‘influence’ on the outcome
(Barrowman, 2014). Consideration for geographical factors, skin type, age and sex
are all important confounders that need to be acknowledged during the discussion
phase, as these multiple factors can in turn affect the outcomes in the different

patient groups that are being included in each study.

Having discussed the research design within this chapter, the following chapter will
present the findings. The studies are presented in a table format, addressing the
initial information while briefly describing study characteristics and the quality of each
research paper and its risk of bias. From this, a more in-depth narrative synthesis is
used to explore the themes between the studies and finally, the assessment of the
study's strengths. The studies will be separated according to study type; for example,

RCTs will be split from non-randomised control trials and cohort studies.
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Chapter 3 Findings

This chapter focuses on the preliminary synthesis of the identified studies, aiming to
answer the research question. Each study will be grouped separately; for example,
RCTs are distinct from cohort studies and are then examined and briefly described
within a table format. Providing a concise synthesis of the articles in a tabular format
provides consistency within a narrative synthesis of the data and has been

acknowledged by Cochrane for use within SRs (Ryan, 2013).

3.1 Screening

It is recommended that during multiple phases of the SR, the researcher reports
what is deemed essential to screen current research efficiently, ensuring validity and
the inclusion of high-quality studies (Page et al., 2021). The PRISMA (2020)

checklist was used throughout this SR.

Twenty-nine papers were included for review. While the chosen studies had to meet
the inclusion criteria for the best evidence, the attempt to include all potentially
relevant articles is often difficult as it requires time and precision, regardless of the
studies' validity and tendencies towards potential bias (Edinger & Cohen, 2013;
Harvey & Dijkers, 2019). Edinger and Cohen (2013) report that within the review of
papers, an effective systematic process should not only identify the essential papers
needed for the review but also minimise the studies that need to be excluded. It is
considered that, as an independent reviewer, there is an increased risk for missing
potential studies during the exclusion process (Affengruber et al., 2022). The process
by which systematic reviews are conducted is presented in a way that can highlight
potential flaws and a risk for misleading and unreliable information being collected
from the evidence (Kolaski et al., 2023). The CASP checklist is an acceptable tool for
use within the systematic process when collecting evidence to establish the validity
and quality of the results. Although it is recommended for use by novice researchers
(Long et al., 2020), it is strongly advised that its use can be subjective, depending on
the researcher and the skills and experience which they have acquired (Ma et al.,
2020). In this review, the CASP checklists were utilised for all twenty-nine studies,
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and they were assessed as either high, medium, or low quality. The CASP tool
clarifies that, to determine validity and quality, the first three initial questions must be
answered with a ‘yes’, allowing the researcher to proceed to the methodological
order, with prompts guiding interpretation and response to these questions (CASP,
2021; CASP, 2024). Additionally, within the realm of quantitative research papers, it
is important to appraise the use of statistical tests, with confidence intervals (Cl) and
p-values being used and drawn upon during the CASP appraisal process (Smith &
Noble, 2025). However, research into the use of the CASP tool has questioned how
these prompts might be interpreted differently by independent researchers and
whether more focus on certain questions could lead to misinterpretation and affect

applicability to the research paper (Long et al., 2020).

Whilst the CASP tool aims to validate each paper, Purssell (2020) highlights that it
does not consider the entirety of the evidence, though the process of using the
CASP tool can help to determine the outcomes of each paper and its overall
credibility and relevance to the body of evidence under review (Purssell, 2020).
Furthermore, Long et al. (2020) recognised that while the CASP tool is
recommended, limited guidance exists on how it should be applied effectively during
the review process, especially given the complexities involved (Purssell, 2020). This
prompts researchers to question how to establish the validity of these papers
formally. It is worth mentioning that alternative methods for validating papers using
the CASP checklist have been explored, with a numerical scoring system
representing answers to assess validity (Pluye et al., 2009). This approach allows for
the setting of a threshold, although it is subjective and may increase the risks of
inaccuracies and bias. Nonetheless, it continues to be recognised that this subjective
interpretation continues to be employed by experienced researchers (Shrier et al.,
2008). Consequently, overall outcomes should be interpreted and synthesised
cautiously to minimise potential risks (Bauchner & Loannidis, 2024).

All full texts were thoroughly read, and reference lists were examined for relevance.
This resulted in no additional studies being identified for inclusion during citation
searching. However, during this screening process, a few articles were re-assessed
for relevance, and it was considered that these papers generated substantial

evidence for this SR. The reconsideration for the inclusion of these papers was
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based on a personal choice to generate more robust evidence. The most common

reasons for the inclusion of these potentially excluded studies are outlined below.

Inclusion reasons for potentially excluded articles

e Multiple organs were identified; however, the study used a separate analysis
for renal transplant
e Multiple cancers were indentified; however, the study used separate analyses

for skin cancer

3.2 Quality assessment

All studies included in this SR were assessed for quality and reliability. The CASP
tool was deemed suitable in this SR for both RCTs and cohort studies. It is
considered a useful tool for novice researchers because it is easier to understand,
while having the potential to streamline questions, providing transparency in the
review and supporting ongoing evidence (Long et al., 2020; Purssell, 2020). The
CASP tool offers researchers with questions that appraise the studies, enabling a
scoring system that highlights the paper's quality. An initial set of twelve questions for
the CASP tool for cohort studies and eleven questions for the CASP tool for RCTs is
divided into sections, guiding researchers through the systematic screening process
(CASP, n.d.). Incorporating these questions allows researchers to systematically
organise articles by quality and detect bias, ensuring that the work within the SR is
accurate and trustworthy (Delavari et al., 2023). The tools’ main purpose is to assess
the validity of the work, evaluate the overall results, and consider whether the
research is applicable locally. The responses are recorded as either yes, no, or
cannot tell. The response ‘cannot tell’ was used during the times that insufficient
information was present to make an informal decision. Each answer was scored
either a one for "yes" and a zero for "no" or "cannot tell" (Nadelson & Nadelson,
2014). It has been recognised that a higher score indicates the validity of the
research (Olaghere et al., 2023), however while the quality rating is based on the
number of ‘yes answers, it has been reported that if the first two or three questions
do not provide a yes, then consideration and caution must be given to whether the
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papers are credible and robust (CASP, 2023). Within this SR, each paper has been
critically examined and scored to determine whether it is of high or low quality
(Singh, 2013). This then helps to determine the overall validity of evidence presented
(Kolaski et al., 2023).

3.3 Summary of Findings

The studies selected for this SR are presented in a tabulated form below (Tables 8
and 9). This method enhances ease for the reader to identify the key areas that can
support and inform clinical practice (Fonnes & Rosenberg, 2025; Randles &
Finnegan, 2023). The highest-scoring studies are presented first within the table, and
progressively lower quality studies are listed further down. Additionally, the
geographical area of each study has been recorded. The location of the study is
important to consider, as outcomes can be influenced by the amount of UV exposure
(Randles & Finnegan, 2023). The following accepted abbreviated key terms are
consistent within nephrology and healthcare research (Jones-Hughes et al., 2016)
and have been used within the table as follows: AZA (azathioprine), BAS
(basiliximab), BCC (Basal cell carcinoma), CSA (ciclosporin), CNIs (calcineurin
inhibitors), EVL (everolimus), GD (Glomerular disease), KS (Kaposi sarcoma), KTR
(kidney transplant recipient), MMF (mycophenolate mofetil), MPA (mycophenolic
acid), MPS (mycophenolate sodium), mTOR-i (mammalian target of rapamycin
inhibitors), NMSC (non-melanoma skin cancers), SCC (Squamous cell carcinoma),
SRL (sirolimus), TAC (tacrolimus), UV (ultraviolet) and UVA (Ultraviolet A radiation).
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Table 8: Overview of results from cohort studies

Author and title of Background Methodology Participants Results Limitations CASP
study
Kaufmann et al. The occurrence of rates | Retrospective 376 KTRs: 233 This study identified that the | Potential for the risk of recall bias 14/14
(2016) of NMSC in KTRs. cohort males, 143 females most frequently prescribed and incomplete information. This is
from retrospective treatments were due to risks of patients not
Epithelial Skin The Located in data prednisolone (89.3%), CSA remembering past events during
cancers after multiple factors Switzerland (81.9%), MMF (35.5% and follow up examinations, for example
kidney associated are AZA (32%) premalignant lesions
transplantation: explored, including the Data collected
A retrospective immunosuppressive over 39 years Total of 89 (23.67%) Extensive time for data collection.
single-centre study | agents prescribed. (1970-2009) development NMSC This could alter results, as over an
on 376 recipients These are examined to extended period, there are changes
identify the increased From 2002 CSA and TAC showed an occurring globally including global
risks in this patient patients were association with NMSC — a warming, changes in sun protection
group examined for x2.81 increase to risk habits and more in depth patient
changes education on the risks
20 years post
immunosuppression use,
increased risk in males,
rather than females (74%
more likely) and was more
associated with SCC (x3.3
increased risk)
Shao et al. (2022) The exploration of the Prospective 134 KTRs No significant outcome Noted was the small number of 14/14
immunosuppressive cohort study between the use of MMF and | participants in the study, however
Higher medication Selected through a BCC helped to provide a more extensive
mycophenolate mycophenolate, as the Located in strict inclusion and data collection due to close follow
dosage is sole medication use in Australia exclusion criteria. High MMF dose was shown ups and a comprehensive data

associated with an
increased risk of
squamous cell
carcinoma in kidney
transplant
recipients

KTRs and the risks to
SCC and BCC

Recruitment
over 19 months
(November
2012 — June
2014)

Participants were
enrolled from a
previous study (Skin
Tumours in Allograft
Recipients; STAR)

for an increased risk of SCC

The immunosuppressed
individual for >5 years,
showed an increased risk of
SCC

collection.

Risk of generalisability bias, due to
immunosuppression dose being
particular for this hospital, however
other hospital’s may provide their
patients other doses / regimens — to
be considered
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Opelz et al. (2016) | The risks of de novo Retrospective Total of 78,146 A reduced rate for the risks Risks of missing data as relying on 13/14
mTOR-i analysis participants of NMSC in patients started previous records from several years
Immunosuppressio | immunosuppression and on mTOR-i from the initial — however the use of an international
n with mammalian patients not prescribed Located in Selected using an time post-transplant registry strengthens external validity
target of rapamycin | mTOR-i therapy and the | Germany, but inclusion and
inhibitor and direct link to cancer risks | study focuses exclusion criteria and | NMSC incidence lower in No information on the drug regimens
incidence of post- after KTRs on multiple were registered with | mTOR-i group — risks of missing information
transplant cancer in countries with the collaborative necessary for the final data
kidney transplant use of an transplant study Significant reduction was
recipients international (CTS) shown for BCC and there
registry was no effect for SCC
73,867 without use of
Data collected mTOR-i
from January
1999-December | 4279 with use of
2013 (14 years) | mTOR-i
Thet et al. (2024) The incidence of skin Retrospective 112 patients overall Immunosuppressive Small sample size — may not be 13/14
cancers within the KTR cohort with either a kidney treatment is associated with applicable to the wider population.
Comparison of skin | on long term transplant or GD increased risks of NMSC in Risk of underestimation
cancer risk immunosuppression Clinical data KTRs
between renal compared to that of collected over 1 | 65 eligible KTRs — 61 Use of retrospective data on skin
transplant Glomerular disease year met inclusion criteria | First line induction therapy: cancer exposure and
recipients and e BAS immunosuppressant use — only
patients with Comparative Reviewed in a clinic | Long term triple therapy: confirmed via histology
glomerular observational every 1-3 months e CNI/ MMF and
diseases in rural prednisolone
Queensland Located in
Queensland Comparison to a study
Australia undertaken in Czech —
Australia was x4 more times
likely to get skin cancer —
unsure as whether due to
intensity of sun and/or UV
index
Ducroux et al. There is the awareness | Retrospective 53 cases Of the 53 patients, a total of Small sample size and wide 12/14
(2017) surrounding skin multicentric 958 epithelial skin tumours confidence intervals suggesting the
cancers post kidney study Patients selected were diagnosed, with a total need for a larger prospective study

transplants. However

through a strict

of 462 SCC
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Risk of aggressive
skin cancers after
kidney
retransplantation in
patients with
previous
posttransplant
cutaneous
squamous cell
carcinomas: a
retrospective study
of 53 cases

little is known regarding
the risks to patients after
transplantation and in
the longer term

Located in
France and
Netherlands

Study split
between six
centres — 5
French and 1
Dutch

Data collected
over 14 months

inclusion and
exclusion criteria.

Patients must have

had at least x1 SCC
diagnosis after initial
transplant. Inclusion
of patients that have
had their 2" kidney

transplant

There was a total of 4
patients with a new diagnosis
of SCC post-transplant

High dosage of CNI
medication use linked to the
reoccurrence

The use of AZA over the two
transplants was deemed a
higher risk for development
of SCC, so caution for this to
be avoided

Post transplant, 18 patients
were prescribed mTOR-i

Introducing mTOR-I reduced
the risks of reoccurring SCC

Fattouh et al.
(2017)

Increasing
incidence of
melanoma after
solid organ
transplantation: a
retrospective
epidemiological
study

While the risks for
NMSC are notably
common in post-
transplant patients, the
risks for melanoma skin
cancer is known to have
limited data.

This study indicates that
the risks for melanoma
in these patients are
continuing to increase
with poor outcomes.

Retrospective
study

Located in
France

Data collected
over 24 years

1102 patients in
kidney transplant
cohort

Selected only if they
had skin carcinomas
and melanoma

Within the 1102 patients,
melanoma occurred within 6
patients

The immunosuppression
used is not directly noted for
KTRs, however a majority
were on a dual
immunosuppression regimen
at diagnosis of melanoma,
including CNls, AZA, CSA
and MMF.

It was concluded that the
immunosuppression to be
switched to a mTOR-I, due to
the reduced risks and
beneficial outcomes for
melanoma

Risk of confounding bias due to no
multivariable analysis

Potential missing data - risk of over
estimation or under estimation.

Extensive time for data collection.
This could alter results, as over an
extended period, there are changes
occurring globally including global
warming, changes in sun protection
habits and more in depth patient
education on the risks

12/14
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Shope et al. (2023) | The incidence of skin Retrospective Total of 163 KTRs Total of 7 KTRs had post- Limited skin types (non-Asian or 12/14
cancers based of cohort study transplant skin cancer pacific were included) - risks of
Characterizing skin | Fitzpatrick skin type and Selection based on generalisability and external validity
cancer in transplant | the influence of Descriptive dermatological Total of 156 KTRs did not
recipients by immunosuppression use screening during the | develop post-transplant skin
Fitzpatrick skin Located in time for these cancer
phototype South Carolina, | patients
USA Drug metabolite induced
UVA photosensitivity with
Data collected AZA
over 10 years
CNIs causation for tumour
development and mutation of
potential cancer cells. Also
increased UVA
photosensitivity
Alves et al. (2024) SCC is considered as Retrospective Total of 29 patients Immunosuppression use Small sample size — risk of 11/14
one of the most single centre split into two groups included 94.4% on CNiIs, underestimation of effects
Metastasis of skin common forms of skin study — 18 KTRs and 21 55.6% on either AZA or MPS
squamous cell cancers in KTRs due to immunocompetent and 11.1% used mTOR-i No statistical analysis — risk of
carcinoma in kidney | the use of Located in Brazil | patients generatability and the inability to
transplant immunosuppression. It The development of SCC in determine to association
recipients is essential that patient Data collected Selection of patients | KTRs after 5 years post-
characteristics including | between 2004- from a specific transplant increased Risks of generalisability bias due to a
clinical and 2021 (17 years) | hospital in Brazil single centre study
histopathological, are based on a strict Average metastasis
determined, so to better inclusion and development was 11 months
understand the causes exclusion criteria
for the development of
skin cancer metastasis.
Ascha et al. (2017) | The risk factors and Retrospective 105174 KTRs within | CSA and SRL were both There is a potential for the under 11/14
characteristics that are cohort study the database associated with the reporting of the melanomas within

Risk factors for
melanoma in renal
transplant
recipients.

considered as a risk to
KTRs that further
progress to developing
Melanomas. This is

compared to the general

population

Located in Ohio,
USA

Patient data
collected via a
database and

488 went onto
develop melanoma

increased risk of melanoma
in KTRs:

e CSA p<.004

e SRL p<.001

database, as it has been
acknowledged — risk of
misclassification bias

It was identified that not all
cofounders were included e.g.
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over 8 years
(2004-2012)

Need for optimal
management of the
immunosuppressive regimen
used

Fitzpatrick scale and sun exposure,
so potential for underestimation

Fuhrmann et al. Long term survival of Retrospective 293 KTRs were 145 (49.5%) KTRs Limited to Caucasians and patients 11/14
(2022) KTRs >20 years and cohort studied out of 1241 developed NMSC were known to have a higher rate of

cancer risk. Based on survival in Switzerland, compared to
Cancer among 10, 20 and 30 years Observational Patients selected 48 out of 74 (64.9%) already | other regions globally — there
kidney transplant post-transplant. through a strict with cancer, developed potential risks of generalisability and
recipients >20 Located in inclusion and NMSC external validity
years after Switzerland exclusion criteria and
transplantation: medical records NMSC rate of >60% after 30 | Single centre study — risk of
post-transplant Data collected years on immunosuppression | generalisability bias and external
lymphoproliferative over 18 years validity
disorder remains (1981-1999)
the most common There was the selection of
cancer type in the participants that had survived an
ultra-long term event of cancer post-transplant — this

could lead to potential selection bias

Hayashida et al. Risks of NMSC in KTRs | Retrospective 68 participants Followed up over 3 years Small sample size — may not be 11/14
(2015) due to being review broadly relevant to the wider

Epidemiology and
clinical evolution of
non-melanoma skin
cancer in renal
transplant
recipients: a single-
centre experience
in Sao Paulo, Brazil

immunocompromised
over 5 years

Located in Brazil

Data collected
over 5 years
(July 2004 -
December
2009)

55 patients used at
least one cytotoxic
drug: AZA, MPS and
MMF

51 patients used a
CNI (TAC and CSA)

2 patients used a
mTOR-i (SRL)

Participants selected
based on medical
records

Invasive SCC — 139 tumours
in 42 patients

SCC - 103 tumours in 37
patients

BCC — 101 tumours in 32
patients

Early onset of NMSC was
associate with TAC (p
<0.001) and MPS (p <0.003)

Higher incidence of NMSC in
patients treated with CNI to
immunosuppressive cytoxics

population

Retrospective analysis — risk of
incomplete data.
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Leonhard et al. The role immunity cells Observational 133 KTRs Immunosuppressive therapy | Study design — difficult to determine 11/14
(2023) have in the body and study with participants without a | overall has an effect in cause and effect because a
their direct link with the comparison history of NMSC (6 relation to the immune cell ‘snapshot’ as only explores the risk.
Exhaustion of development of NMSC. of these developed changes, with it being Need for clinical trial
CD8+ central Located in NMSC) discussed that
memory responder | The choice of Germany immunosuppressive therapy
T cell differentiation | immunosuppression and 55 KTRs with a influences on tumour
provokes non- the cancer causing Patients history of NMSC (49 | promoting cells, causing a
melanoma skin properties or how it may | followed up over | patients post 2.0 reduction in the ability to
cancer in elderly reduce tumour growth a median of 2.1 | years due to death & | provide a cancer defending
kidney transplant years loss to follow up. Of immune response
recipients these, 24 had
reoccurrence) Consideration for new
immunosuppressive drugs to
be considered as to prevent
the imbalance
Malagén-Liceaga et | This study is based over | Retrospective 1642 KTRs Total of 385 malignant skin Single centre study - risks of 11/14
al. (2024) 56 years of data and cohort study cancers were found in 108 generalisability bias
looks at the incidence of Patients were KTRs
Skin cancer skin cancers in KTRs Located in selected through Data collected over long period of
incidence in alongside a cancer risk Mexico electrical medical MMF is noted to have a time — risk to recall and selection bias
Mexican renal threshold of 10 years for records based on protective association
transplant use of Data collected strict inclusion against skin cancer (Cl 0.2- Missing data including that of
recipients: a cohort | immunosuppression and | over 55 years criteria 0.6) immunosuppression use and
over 56 years skin cancer risks and 8 months potential for incomplete data due to
(August 1967 — CSA was a risk factor for skin | retrospective style — risks to
April 2023) cancer (Cl: 1.8-5.5) misclassification as potentially
missing values
The risks of NMSC,
specifically SCC increased
dramatically, specially the
longer a patient was on
immunosuppression
Most profoundly at >30
years, whilst the risk of BCC
dropped after 20-29 years
Murray et al. (2020) | This study looks at Retrospective 4536 KTRs within the | Most common regime pre Retrospective study — it was 11/14
KTRs and their risks to cohort study database found — a switch was: highlighted that there is a need to
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The impact of
switching to mTOR
inhibitor-based
immunosuppressio
n on long-term non-
melanoma skin
cancer incidence
and renal function
in kidney and liver
transplant
recipients.

NOTE: There were
both KTRs and liver
transplant patients
studied, however
there was a
separate analysis
for KTRs

developing NMSC, with
SCC being recognised
at the most intense
regarding the
development

Immunosuppression is
highlighted as one of the
most troublesome
issues in relation to the
development of NMSC,
however understanding
how mTOR-i may
reduce the incidence
needs to be better
understood

Located in the
republic of
Ireland

Data was
collected from
KTRs between
1st January 1994
— 18t January
2015 (21 years)

total of 85 KTRs
were included in the
study (these patients
met the criteria for
the study which
involved switching
immunosuppressant
from CNI to mTOR-i

Patient selection:
through the Irish
national kidney
program, meeting
certain criteria

e CSAand AZA (44%)
e TAC and MMF
(33%).

42 out of 85 KTRs developed
one NMSC

26 developed >2 NMSC

3 developed >5 NMSC

Post switch regime:
e SRL and MMF (60%)
e SRL and AZA (19%)
e SRL alone (21%).

Post switch, 30 additionally
NMSCs developed, yet only
4 KTRs went on to develop
more than one NMSC

undertake a prospective study to
assess further

Small cohort of KTRs (85), may lead
to poor statistical power against the
general population

Risk of generalisability as based in
Ireland only, so unable to confirm it
would be applicable externally

Pinho et al. (2016)

Non-melanoma
skin cancer in
Portuguese kidney
transplant
recipients-incidence
and risk factors

Focused on the
associated risks and the
incidence of NMSC in
KTRs within a
Portuguese kidney
transplant unit

Retrospective
analysis

Located in
Portugal

Data was
collected from
January 2004 —
December 2013
(9 years)

288 KTRs

Patient selection:
purposively chosen if
they were a KTR that
was followed up in
the ‘Centro
Hospitalar e
Universitario de
Coimbra’ between
the data collection
dates

The total number of SCC
diagnosed were 69

Total number of BCC
diagnosed were 62

MMF was the most
prescribed
immunosuppressant,
however presented the
lowest risk to NMSC (<0.001)

AZA had the highest risk of
NMSC (p<0.01)

In comparisons of all the
immunosuppression
regimens prescribed,
regimen C (AZA and CSA)

Patients were included only if
referred for a dermatological follow
up — potential selection bias

Information bias due to the only
collection from clinical records, no
database included

11/14

45




J66185

had a x3.85 higher rate of
NMSC

Sachedina et al.
(2024)

Skin cancer in renal
transplant
recipients:
outcomes from a
safety net hospital
in Boston.

The incidence and risk
factors associated with
KTRs and the
development of skin
cancer.

This study also
acknowledges patient
skin colour and risks to
skin cancer
development, including
the use of
immunosuppression
specifically in certain
skin types

Retrospective
cohort study

Located in
Boston

Data collected
from January
2000 -
December 2022
(22 years)

777 total KTRs

245 were Fitzpatrick
scale |-l

532 were Fitzpatrick
scale I11-VI

Patient selection:
based on a strict
inclusion criterion
within hospital
medical records

52 out of 777 KTRs were
diagnosed with skin cancer

Fitzpatrick scale I-II:
o 37 patients

developed skin
cancer (13 SCC, 12
BCC, 10 both SCC
and BCC, 1
melanoma, SCC and
BCC and 1
melanoma)

Fitzpatrick scale IlI-VI:
o 15 patients’
developed skin
cancer (8 SCC, 3
BCC, 1 both SCC
and BCC, 3 KS

Duration of
immunosuppression >10
years shown to have a
significant association

SRL was the medication
noted to have to higher risks
for NMSC, however it was
recognised that these
patients were considered
high risk patients and
converted to SRL from CNI
before diagnosis —
multivariate analysis
confirmed no significant risk

It has been noted that the risk factors
associated with the increased risk of

skin cancers and use of sirolimus, is

due to confounding issues, therefore
potential for confounding bias

Single centre study — potential
generalisability bias

Data collected over long period of
time — risk to recall and selection bias

11/14
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Borlini¢ et al. Although deemed rarer, | Retrospective 1889 KTRs Only 4 patients were Potential bias for a low number of 10/14
(2017) the risk of melanoma study diagnosed with melanoma: positive outcomes for the large study
skin cancers is still Patient selection: e 2 patients were on size. Not very generalisable. Missed
Melanomas in renal | recognised within renal Located in from a patient TAC, MMF and factors include skin type, which could
transplant transplant patients. Croatia database following steroids increase risks associated
recipients: a single- strict inclusion e 1 was treated with
centre study This study reports the Data collected criteria CSA, AZA and Risk of generalisability bias due to
risks for the from 1973-2017 steroids single centre study
development of (44 years) e 1 was treated with
melanoma skin cancers CSA, MMF and Data collected over long period of
within KTRs steroids time — risk to recall and selection bias
Krasova et al. Risk of malignancies in Retrospective 797 participants Skin cancer in 63 patients No cofounders noted and potential 10/14
(2016) KTRs with the use of prospective (7.9%) missing information, potentially
immunosuppressive cohort study Patient selection: leading to some inaccuracy or
Immunosuppressiv | therapy, with skin based on referral for | NMSC most common with a | incomplete data
e therapy in the cancer representing the | Located in a dermatological total of 159 lesions noted in
post-transplant commonest malignancy | Prague assessed between 61 patients: Some indifferences in the number of
period and skin post-transplant 2013-2016 and a e BCC;59.7% participants between the different
cancer Data collected strict inclusion e SCC 30.8% regimes — unable to detect statistical
from KT criterion difference which is accounted for in
between 1980- The immunosuppression with | the conclusion. Additionally, selection
2016 (36 years) statistical significance was bias due to inconsistencies in
and identified as: numbers and the inability to present
e Group 10nTAC, fair comparisons
MMF and
Cortisteroids
e Group 3 on CSA,
TAC, MMF and
Cortisteroids
Okut et al. (2017) KTRs whom developed | Retrospective 1016 medical 7 patients were diagnosed Small sample size and non- 10/14
NMSC post-transplant study records of patients with SCC and 4 with BCC randomised — potential selection bias
Nonmelanoma skin | and the overall benefits reviewed
cancers after in reducing Located in During the diagnostic period, | Limited to one transplant centre
kidney transplant: immunosuppressive Turkey 18 patients total were | the immunosuppressive retrospectively

our 15 years of
experience with
mammalian target

medication or switching
the medication to

Data collected
from January

included

regimen consisted of triple
drug regimen including:
e CNiIsin 12 patients

Limited detail into cancer type
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of rapamycin another form of 2000 - Patient selection: e mTOR-itriple Potential risk to confounding bias
inhibitors. immunosuppression December 2014 | assessed for regimen in 3 patients
(14 years) inclusion based e double drug regimen
NMSC diagnosis in 3 patients
post-transplant and a
functional graft Post diagnosis, patients were
switched to either a reduced
dose double drug regimen or
a single drug regimen
The patients progressing with
more NMSC were using a
single based
immunosuppressive drug
The immunosuppression with
the least risk was mTOR-i
Musalem and The risks of malignancy, | Retrospective 375 KTRs Primary immunosuppression | Incomplete data - Unable to measure | 9/14
Saez-Vera (2025) including NMSCs and analysis over 43 agents were TAC and MMF outcome of immunosuppression use
melanoma in post KTRs. | years and 6 Patient selection: through bloods — risk of
Forty years of months based on clinical NMSC formed 96% of the measurement bias
kidney Considering all multiple records following a skin neoplasms
transplantation: factors, will help to Located in Chile | strict inclusion Risk of incomplete data from medical
Insights into implement correct criterion Unable to fully detect direct records
malignancies at a strategies into practice Data collected harm from the use of
single center in to prevent post- from January immunosuppression, as Data collected over long period of
Latin America transplant malignancies | 1981 — July unable to get blood results time — risk to recall and selection bias
2024 which prevented more
accurate and precise results
Bottomley et al. Compares the Prospective, 59 KTRs with history | 522 days post enrolment, 28 | Limited to Caucasians - risks of 8/14
(2016) immunological markers longitudinal of post-transplant participants developed a generalisability and external validity
used for SCC diagnosis | cohort study SCC total of 57 SCC
CD8+ in long term KTRs Few participants received induction
immunosenescenc Located in 58 KTRs without A history of pre study SCC therapy
e predicts post- Oxford, United history of SCC increased the overall score
transplant Kingdom of SCC development Newer immunosuppressants used,
cutaneous therefore unable to detect the effect

squamous cell

on SCC
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carcinoma in high-
risk patients

Intensity and duration of
immunosuppression use
raise the risks of skin cancer
alongside the use of steroids

AZA could mutate cells,
increasing the risks

Most of the study
participants were on CNiIs:
e KTRs with SCC pre

study 49(83)
e KTRs with no SCC
pre study 47(81)

Burke et al. (2015) | Addressed are the risks | Retrospective 31 participants Reduction of Bcl-xl in Sample sizes of both 8/14

in patients on observational patients on immunosuppression use groups
Expression of Bcl- immunosuppression study Patient selection immunosuppression similar, however overall, a small
xL and Mcl-1 in the | compared with patients based on convivence sample size — small statistical power,
Nonmelanoma Skin | who are not on Located in sampling through a TAC led to a reduced limited generalisability
Cancers of Renal immunosuppression in Australia database meeting number of Mcl-1 cells
Transplant the development of skin inclusion criterion compared to that of SRL —
Recipients cancers. Data collected essential for cell survival.

from September | Divided into 3 study | Potential for alternation of in

This comparison 2007 — October | groups based on the biology for the

determines the risks of 2013 (6 years) immunosuppression development of skin cancers

these patients using use: Sirolimus

immunosuppression exposed (n=10);

and the influence it has Tacrolimus exposed

on a group of proteins, (n=11); No

that aims to protect the immunosuppression

cells as to prevent the exposure (n=10)

production of cancer

cells ‘apoptosis’
Fazio et al. (2023) KTRs are at high risk of | Prospective 44 KTRs Patients followed up over 36 | Single centre study — risk of 8/14

SCC, specifically exploratory months generatability bias and external
Use of sirolimus as | regarding certain study. Non- 25 patients validity
an adjuvant therapy | immunosuppression randomised converted to SRL The conversion from CNI to

for kidney

use.

SRL was shown to be
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transplant
recipients with high-
risk cutaneous
squamous cell
carcinomas: a
prospective non-
randomized
controlled study.

This study explores
whether converting
patients to SRL from
CNI medication will
improve SCC prognosis.
Most importantly would
it help those patients
already at high risk of
SCC.

Located in Brazil

Data collected
between May
2015 — March
2018 (3 years)

19 patients kept on
CNI

Patient selected
based on strict
inclusion criteria:
high risk SCC
diagnosis on a
continuous
immunosuppression
regime

effective, with a reduced rate
of incidence in the high risk
SCC patients

Small sample size — risk of
publication bias due to the potential
underreporting of effects

Some patients refused conversion
and a certain exclusion criterion for
control group — risk of selection bias

Cegielska et al. Skin cancer risks in Prospective 14 patients The incidence of skin cancer | How the participants were recruited 714
(2018) patients on cohort converted to mTOR-i | risks in patients on mTOR-i is not identified - Potential selection
immunosuppression and is generally considered a bias and risks to generalisability
Evaluation of the immune changes Located in Control group lower risk.
quantitative once initial Poland includes 18 patients Confounding bias due to lack of
changes in immunosuppression use that had no changes | Out of the 14 patients on the | randomisation
regulatory T cells in | have been changed made to their current | mTOR-i, only 1 skin
peripheral blood of | over to an alternative immunosuppression | neoplasm was detected,
kidney transplant regime while 8 out of 18 patients on
recipients with skin | Comparisons for the their originally
cancer after use of MTOR-i immunosuppressant
conversion to immunosuppression in developed a skin neoplasm
mTOR inhibitors patients already within
clinical diagnosis of skin It was shown that the group
cancer on previous with the mTOR-i, generally
immunosuppression had an improved outcome
include CNIs, AZA and compared to the control
MMF group
Crespo et al. (2017) | Immune cell responses | Cross-sectional | Total of 90 CNI use showed impaired T Low number of patients assessed 7114
to CNI and the observational participants cell response and predicted during switch of immunosuppression
Effector Antitumor contribution to SCC VS | study with SCC
and Regulatory T conversation to mTOR-i | prospective 59 KTRs cross Absence of clinical follow up
Cell Responses as potential protection analysis sectional analysis Recovery of protective T
Influence the with SCC on CNI cells when switched over the
Development of Located in mTOR-i
Nonmelanoma Skin Barcelona, 25 with SCC on
Spain mTOR-i
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Cancer in Kidney
Transplant Patients

25 KTRs with SCC
were on switched to
EVL and reviewed
after 1 year

Sutowicz et al. Comparison of the Retrospective- 486 post-transplant 30/486 KTRs were Risk of confounding bias due to 7114
(2017) incidence of both the prospective participants from a diagnosed with skin cancer: multiple differences including age,
type of malignancy and cohort study deceased donor e 25NMSC (5.1%) - immunosuppression exposure and
Comparison of the | risks associated with 18 BCC (3.7%) /10 multiple other confounding
incidence of skin KTRs on Comparative 60.9% men, 39.1% SCC (2.1%)
cancers in patients | immunosuppression women e 1 melanoma (0.2%)
on dialysis and Located in
after kidney Based on Krakow, Poland An additional 1 new skin
transplantation dermatological cancer diagnosis appeared in
screening 56% of KTRs with NMSC
First diagnosis on NMSC
was at a median of 74
months
Table 9: Overview of results from RCTs
Author and title of Background Methodology Participants Results Limitations CASP
study
Ying et al. (2018) Focus on the Trial based Total of 192 30 EVL patients developed This study recognised that some data | 9/11
incidence of NMSC linage study — randomised to NMSC (16 SCC, 14 BCC) VS may have been missing due to
De novo or early in KTRs on different | outcomes of EVL (131to a control group 17 (8 SCC, 9 BCC) | unpublished data or small centre
conversion to classes on participants reduced dose and research not being captured — risk for
everolimus and immunosuppression | were 61toa A reduced exposure to CNI- publication bias
long-term cancer therapy incorporated withdrawal. based triple therapy and those
outcomes in kidney alongside a data that were randomized to EVL, Only first episodes on NMSC
transplant EVL registry 87 were had a 56% reduction in NMSC documented — potential for missing
recipients: A trial- immunosuppression (ANZDATA) randomised to post-transplant data that is crucial for the overall long-
based linkage compared to triple either CSA or term risk
study. therapy of CNI, MPA | Using RCTs and | TAC and MPA MPA was not associated with
and corticosteroids ptrog_pective increased risks of NMSC
studies
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This study is a long Located in Age was the greatest risk

term follow up of Australia and associated with the development

RCT participants New Zealand of NMSC in patients on EVL
Lim et al. (2017) This study looks at Initial study a 95 KTRs The patients randomised to EVL Registry data may not consider all 8/11

the risks associated prospective and a reduced exposure to CSA, confounding factors, leading to
The risk of cancer with the use of EVL RCT —thisis a 66 randomised to | had a lower risk for the potential confounding bias
in kidney transplant | and a reduced long term follow | EVL 1.5mg or development of cancer
recipients may be exposure to CNI up using RCT 3mg with reduced Unreported long term data in registry —
reduced in those immunosuppression | and registry CSA 17 (17.9%) developed NMSC risk of underestimation of outcomes
maintained on will have a reduced data
everolimus and effect on the 29 were on MPS | Within the MPA group, the Retention of EVL — 1.5mg (54.3%) and
reduced incidence on NMSC | Located in and standard development of NMSC was up to | 3mg (54.8%) — potential missing data
cyclosporine. in KTRs Australia and exposure to CSA | 7 years post-transplant. A total of

New Zealand seven of the NMSC were SCC
(39%)

Dantal et al. (2018) | An extended 5 year Randomised 120 KTRs After 5 years post conversion of High levels of loss to follow up in both | 7/11

study of the risk for control trial treatment to SRL, it was noted groups — risk of attrition bias. However,

Sirolimus for
secondary
prevention of skin
cancer in kidney
transplant
recipients: 5-year
results

KTRs and the skin
cancers that occur.

The study highlights
the potential
reduction of these
skin cancers in
patients on SRL as
the chosen
immunosuppressant,
compared to patients
on CNI
immunosuppression

Multicentre trials
conducted in
France

Assigned either to
a SRL group
(n=64) or a CNI
group (n=56)

that patients had a reduced risk of
developing any new SCC,
compared to that in the CNI

group.

Total number of skin tumours
during the protocol:
e SRL group: 28/64
(43.7%%) with SCC and
13/64 (20.3%) with BCC,
e CNI group: 45/56 (80.4%)
with SCC and 21/56
(37.5%) with BCC

Total number of skin tumours at
complete follow up stage:
e SRL group: 10/28
(35.7%) with SCC and
10/28 (35.7%) with BCC,

study does acknowledge dropouts
within their work
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e CNI group: 14/25 (56%)
with SCC and 10/25
(40%) with BCC

Total number of new SCC:
e SRL after at least three
months of treatment = 14,
e CNIgroup=33

A total of three patients
developed metastatic SCC whilst
on CNI immunosuppressant
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The results from the selected papers have been filtered, with many of the studies
employing a retrospective design (n=18). Five used a prospective approach, two
employed a mixed retrospective-prospective approach, one was observational, and
three were RCTs. The selected studies originated from multiple geographical areas,
including Europe (n=13) (United Kingdom, Ireland, Spain, Poland, France, Germany,
Croatia, Portugal, Switzerland, and Prague), Asia (n=1) (Turkey), North and South
America (n=8) (South Carolina, Ohio, Boston, Chile, Brazil, Mexico), Australia and
New Zealand (n=5), as well as from an international registry and multicentre study

based in France.

To interpret these studies, a threshold was established to assess their quality. For
cohort studies, fourteen questions were used; scores below 7 were considered low
quality because at least half of the questions did not appropriately address valid
outcomes, often due to bias or poor sampling techniques. Scores of 8-11 were
regarded as medium quality, while scores of 12 or higher were classified as high
quality. Based on these thresholds set for this review, sixteen of the cohort studies
were rated as medium quality, seven rated as high quality, and three as low quality.
In the context of the CASP checklist used for RCTs, there were eleven questions in
total; one study scored nine, another scored eight, and a third scored seven. These
three papers were noted overall as high-quality. Among the various studies,
retrospective studies were most consistently used, while prospective studies and
RCTs were less common. Using multiple retrospective and prospective studies
allows researchers to generate real-world data that provides structure and
applicability to the general population, provided the evidence sources are
appropriate (Chodankar, 2021). Researchers should consider their objectives
carefully, as retrospective studies alone cannot establish cause-and-effect
relationships (Tofthagen, 2012). Therefore, it is necessary to incorporate multiple
research designs to avoid bias and to combine existing data with new potential data.
Although most of the evidence offers valuable context and insights, it is

recommended that more prospective research be conducted.
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3.4 Risk of bias

Throughout the studies, a certain level of risk from potential bias was judged.
Recognising this flaw in the research is important to avoid overestimating or
underestimating the results, which could affect external validity (Jahan et al., 2016).
A summary of the main biases has been provided in the overview of results table
above. It has been acknowledged that the risks of bias in these studies relate to
limited external validity and the potential for poor generalisability. Many of the studies
are retrospective and single-centred. While retrospective studies are valuable for
considering multiple exposures and are cost-effective, they may lack integrity and
introduce biases such as selection bias, attrition bias, and confounding bias (Kim et
al., 2024). Several studies were limited to specific ethnicities, with variations in
sample sizes; some studies had adequate samples, while others had smaller sample
sizes. Additionally, data collection was considered incomplete in some of the studies
due to limited resources. It is essential to acknowledge that RCTs were utilised to
validate the research, since they are widely used and are considered crucial in
providing accuracy and effective research that ensures applicability and reliable
estimates (Braga et al., 2025). Yet, careful consideration has been given to potential
factors that could cause the risk for a variety of biases in both non-randomised and
randomised studies. It is important to remember that whilst these tools have been
implemented to extract bias during the analysis of the research, it is not always
possible to account for all bias (Sarri et al., 2022). However, these risks will be
considered and explored more during the synthesis of the key findings in the

discussion phase.

3.5 Synthesis of results

A narrative synthesis provides the review context and a structured synthesis of the
literature results (Turnbull et al., 2023). Narrative synthesis facilitates identification of
associations between data and other potential variables and confounders (Siddaway
et al., 2019). Baumeister and Leary (1997) appraised the use of a narrative review
within the literature in their framework and recognised its value in creating a

systematic process that is rigorous and of high standard. By incorporating this type
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of review, key components and common trends within the research are explored,
with each topic organised under a subheading alongside a critical discussion
(Randles & Finnegan, 2023). All studies were utilised during this phase, whether
deemed high, medium or low quality. Though it has been acknowledged that using a
narrative analysis can introduce risks of bias and a lack of transparency due to the
interpretation of the work (Campbell et al., 2019). The potential for subjective
interpretation may also increase bias, as the researcher’s personal views and biases
can influence the review process, potentially affecting the interpretation of the data
collected (Shrier et al., 2008). It could be argued that, while the risk of subjective
interpretation rises with narrative synthesis, subjectivity is inherently present during
the systematic process, highlighting the necessity for general caution (Uttley et al.,
2023). Therefore, it is considered acceptable to use other methods within an SR and
during the synthesis of results (Cumpston et al., 2023). It is important to
acknowledge that, although this SR will not statistically synthesise results, it is
essential to understand the papers’ p-values and confidence intervals (Cl). The
interpretation of the evidence requires an understanding of its significance and
strengths rather than relying solely on the conclusions (Shreffler & Huecker, 2023).
Schunemann et al. (2024b) describe these values, where Cls define a range
reflecting the ‘true effect’, with a wider interval indicating uncertainty, while a
narrower interval suggests greater certainty. The precision of these estimates
depends on multiple factors, including the size of the study. Meanwhile, p-values
help determine whether the data are statistically significant, typically with a threshold

of <0.05 indicating significance (Schiunemann et al., 2024b).

In the following chapter, the evidence extracted is compiled together under
subheadings to summaries the main findings. These will be discussed and critically
reviewed to identify the core elements drawn from the studies to answer the
research question. All commonalities and discrepancies will collectively generate a
substantial body of evidence for exploration. The papers’ characteristics are
formulated to withstand critique, whilst being supported by other literature. While the
low-quality studies are not fully omitted from the study, the research would be best
incorporated within the following discussion phase. This was completed with caution,
to enable the discussion for bias in more depth, whilst also extracting potential

evidence that may be suitable for discussion.
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Chapter 4: Discussion

This chapter focuses on a discussion of findings. The complexities of the association
between immunosuppression use and skin cancer risk will be discussed, with

potential limitations drawn from the research design and execution.

4 .1 Discussion

It is a requirement for the long-term use of immunosuppression in post-transplant
recipients to reduce the risk of rejection and improve patient survival rates (NICE,
2017). Evidence suggests that the ‘gold standard’ immunosuppressive treatments
include the use of CNIs, m-TOR inhibitors, antiproliferatives, glucocorticoids, and
biological immunosuppressive agents (Szumilas et al., 2023). In light of this, the
research has supported the use of a triple therapy regimen as maintenance in KTRs
involving the use of a CNI, alongside an antiproliferative agent and corticosteroids
(Cheung et al., 2022). Yet, NICE (2017) guidance has not officially been able to
make recommendations regarding the ongoing use of this combination and its safety
aspects. Despite this, varied regimes are being utilised within practice, which are
patient dependent (Szumilas et al., 2023). Depending on the optimisation of these
medications and the monitoring of patients, associated risks become apparent. This
further leads to other adverse outcomes such as graft issues, toxicity and
immunological risks, alongside long-term complications, including cancers (Bamoulid
et al., 2015; Wojciechowski & Wiseman, 2021).

In order to synthesise and evaluate the results, the studies have been mapped out
and summarised under subheadings. This follows a narrative analysis structure,
which provides the appropriate information in relation to the subject being
researched. It has often been employed in quantitative research that has multiple
factors and relationships that may further influence a specific outcome (Siddaway et
al., 2019). Five main headings are identified, reflecting the challenges associated

with the use of immunosuppression and the cause of skin cancer development.
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4.1.1. Risks of NMSC vs Melanoma

The research identifies skin cancers to be considerably higher in KTRs than in any
other organ transplant recipients (Shope et al., 2023). Yet in comparison to other
research, the overall risk of skin cancer generally applies to all major solid organ
transplants (Wheless et al., 2022). KTRs remain highly predisposed to NMSC due to
long-term immunosuppressive treatment (Hennawy et al., 2025). Twenty-six of the
twenty-nine studies focused on NMSC, while ten included data on melanoma risks
either separately or alongside NMSC risks. The notable difference between NMSC
and melanoma has highlighted, with Shope et al. (2023) noting that 75.86% of
patients developed NMSC, compared to 3.45% with melanoma. This has been
supported by more recent research from Musalem and Saez-Vera (2025), who
acknowledged that NMSC accounts for 96% of all diagnosed neoplasms. Although
the risk of developing multiple NMSCs in KTRs is well established, SCC is
emphasised as the most significant (Hayashida et al., 2015). One study by
Kaufmann et al. (2016) reported a 3.3 times higher likelihood of developing SCC
compared to BCC. However, in contrast to this, various researchers still suggest that
BCC is considered the more recognisable NMSC (Krasova et al., 2016; Sulowicz et
al., 2017), while the overall prevalence of melanoma remains relatively low at around
0.2% of KTRs (Borlini¢ et al., 2017). A subsequent study reported that the risk of
both BCC and SCC is significantly higher than that of melanoma. The literature has
suggested that BCC tends to be diagnosed first, while SCC may be diagnosed a few
years later, although developing more rapidly (Granata et al., 2023). The association
between incidence, particularly of SCC and BCC, varies depending on geographical
area (Pinho et al., 2016), with Australia being identified as having the highest risk
and southern Europe and ltaly the lowest risk (Granata et al., 2023). The overall
prevalence of NMSCs also increases dramatically after the age of 80 (Fuhrmann et
al., 2022). That being said, there is increased significance in patients 40 years and
over showing a higher risk of NMSC diagnosis, with the average age being around
51 years (Hayashida et al., 2015). Additionally, the development of NMSC in patients
aged 60 and above has been documented to occur within a shorter time frame of

around 3-5 years post-transplant (Granata et al., 2023).
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The increased recognition of both NMSC and melanoma risks over longer periods is
logical, given that more successful grafts last longer, which in turn leads to extended
periods of immunosuppression, consequently increasing the patients' age and other
systemic factors (Kaufmann et al., 2016). However, increasing age can be correlated
with a shorter duration of immunosuppression use, due to increased mortality
(Fattouh et al., 2017). Long-term transplant survivors with successful grafts belong to
a specific population whose risk for other comorbidities rises significantly, alongside
the risks for other associated infections and cancer incidences (Krenzien et al.,
2015). Considering this, both the duration and dosage of immunosuppression
become more relevant in this patient group, alongside other factors such as
advancing age, patient demographics, skin types, and external influences (Burke et
al., 2015; Fattouh et al., 2017; Hayashida et al., 2015).

4.1.2. Duration of immunosuppression

A common feature in the studies is the focus on the duration of immunosuppression
use and the increased risk of skin cancers. Fifteen studies examine the risk
associated with the length of immunosuppression, ranging from one to thirty years,
for the development of skin cancer. It is clear that the longer the duration of
immunosuppression and the older the patients are, the higher the overall hazard risk
(Ascha et al., 2017). Lim et al. (2017) found that depending on the patients’
prescribed immunosuppression, the risks for developing skin cancer occurred
anywhere between 1 year and 7 years post-transplant. A more recent study by Thet
et al. (2024) discussed the incidence of NMSCs at 1 year, 3 years, and 5 years of
immunosuppressant use, while additionally identifying a significant increase from the
3-year mark. Fuhrmann et al. (2022) amplify this scope, recognising the proportion of
NMSC at 10, 20, and 30 years, with 30 years showing a significant rise in NMSC
occurrence after kidney transplantation.

One particular study’s multivariable analysis of potential factors affecting NMSC
incidence shows that, during the first 20 years post-transplant and
immunosuppression use, NMSC risk increases notably with age and the duration of

immunosuppression, and, in particular, the development of SCC and the use of a
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high mycophenolate dose (Kaufmann et al., 2016; Shao et al., 2022). However, other
research has either demonstrated that MMF can show resilience towards skin cancer
(Malagon-Liceaga et al., 2024), while the theory for the duration of
immunosuppression to be a good indicator for SCC alone lacks substance
(Bottomley et al., 2016). The duration of immunosuppression and the risks for
melanoma specifically were shown on average to occur at around 9.8 years (Fattouh
et al., 2017). While it has been perceived that melanoma risks are significant, they
do not compare to the risks associated with developing NMSC over prolonged
exposure to immunosuppression (Malagon-Liceaga et al., 2024). Despite this,
existing literature supports the risks for development of melanomas in KTRs,
specifically associated with immunosuppression duration and cellular changes
(Granata et al., 2023). However, MM usually start as benign growths or slow
changes within the skin’s cells (Granata et al., 2023). Furthermore, it has been
discussed that the risks in patients undergoing their second transplantation include
an increased development of aggressive SCC, which may be linked to extended
immunosuppression, as observed by Ducroux et al. (2017). It is important to highlight
the type of immunosuppression used and the specific duration, as this can support
time frames for the development of skin cancer, with varied distributions being
documented for the first NMSC development and diagnosis (Kaufmann et al., 2016;
Okut et al., 2017).

4.1.3. CNI medication, antibotoblites and triple therapy treatments

The absolute risk of developing NMSC increases by 27.9% from pre-kidney
transplant to post-transplant (Thet et al., 2024). Considerable evidence suggests that
the use of CNI, mycophenolate, and azathioprine in particular shows a significant
association with tumour formation and skin cancer (Kaufmann et al., 2016; Shao et
al., 2022). While the number and strength of immunosuppressants used do not
always imply an increased risk of NMSC, single-use immunosuppressants may have
the potential to increase these risks alone (Sachedina et al., 2024). However, the
research indicates that it is the combination of these medications that is often used,
suggesting the overall treatment regimen rather than individual immunosuppressants

being associated with the overall risk (Ducroux et al., 2017). A recent study
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undertaken by Alves et al. (2024) indicates a strong correlation between the use of
individual immunosuppression in their patients and their chances of developing SCC,
specifically with metastasis. The correlation between SCC development and
metastasis is reflected in a study by Malagon-Liceaga et al. (2024), with it being

suggested that SCC was responsible for 85.7% of metastasis developed.

While several predictors are linked to immunosuppression use alone, the inclusion of
a corticosteroid is also common during therapy (Fattouh et al., 2017). It is
understood that all triple therapy regimens include the use of a steroid, which has
also been associated with an increased risk of skin cancer (Bottomley et al., 2016).
Ducroux et al. (2017) highlight that 9.4% of their patients developed an aggressive
form of SCC after the initial transplant while on corticosteroids and azathioprine or in
combination with an additional immunosuppressant such as cyclosporine. The safety
profile for reducing or eliminating steroids during triple therapy is not always
recommended due to the risks related to rejection rates; therefore, low-dose steroid
treatment or weaning off steroids is more likely advised, depending on the patient

and immunosuppression regimen (Cheung & Tang, 2022; Ekberg et al., 2025).

Lim et al. (2017) study utilised RCTs and registry data, showing the increased
development of NMSC up to approximately 7 years post-transplant within patients
who were taking mycophenolate sodium, compared to those on everolimus. Shao et
al. (2022) support this by specifically highlighting the use of the cytotoxic drug
mycophenolate at high dosage as a contributing factor. However, Malagén-Liceaga
et al. (2024) best describe mycophenolate as a low risk compared to that of
cyclosporine and azathioprine. External sources also determine the low risk for the
use of mycophenolate and the total risk for the development of NMSC (Mittal &
Colegio, 2017). Yet it continues to be used as an option for triple therapy treatment.
While the associated risks have been deemed low, a more recently established study
has emphasised that there is limited research on the overall malignancy risk,
specifically with the use of MMF (Scott et al., 2022). While caution is needed, the
utilisation of mycophenolate at increased dosage has been mentioned in our
research to be associated with the particular development of SCC (Shao et al.,
2022). This therefore supports the theory that the specific treatment regimen,
dosage, and duration of treatment may be detrimental factors for the development of
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NMSCs, rather than individual immunosuppressive medications (Mittal & Colegio,
2017; Rollan et al., 2022).

Multiple pieces of research over the years have not shied away from claiming that
the particular use of azathioprine can increase the likelihood that KTRs will develop
some form of NMSC (Kreuz et al., 2025; Maddox & Soltani, 2008; Malagon-Liceaga
et al., 2024; Pinho et al., 2016). In this review, the use of azathioprine was found to
significantly increase the risk of NMSC (2.85 OR, p < 0.01), whilst patients on a
specific regimen including azathioprine and cyclosporine had a 3.85 times higher risk
(3.84 OR, p = 0.01) (Pinho et al., 2016). The long-term safety aspects for the use of
azathioprine indicate the increased risks of skin cancers (DrugBank, n.d.). Yet in
terms of efficacy and when compared with mycophenolate, azathioprine is generally
the less preferred choice for effectiveness or is acknowledged as a slightly outdated
choice for immunosuppression, as seen in both our research and alternative studies
(Pinho et al., 2016; Ruggenenti et al., 2021; Struckmeier et al., 2024). In contrast,
while the use of cyclosporine has been recognised as a risk factor for the
development of NMSC (Malagodn-Liceaga et al., 2024 ), the dosage alone continues
to play a major role in the development of NMSC (Dantal et al., 2018; Lim et al.,
2017).

CNIs continue to be used within most triple therapy regimens; however, the research
has considered the benefits for the use of this immunosuppression in combination
with an mTOR-i such as everolimus (Lim et al., 2017). It has also been observed that
whether a routine dose or reduced dose is provided, CNIs continue to exhibit
carcinogenic changes leading to increased risk for NMSC development (Dantal et
al., 2018). It is understood that patients who are at risk of graft rejection often receive
an increased requirement of immunosuppressive treatment, therefore influencing the
overall risk factor for the development of skin cancer (Musalem & Saez-Vera, 2025).
Therefore, the reduction of certain immunosuppression treatments may, in fact,
reduce the risk of NMSC by nearly, if not more than, half (Ying et al., 2018). While
this is true, this comes at an additional cost. By reducing immunosuppressive
therapy, other risks become more prevalent, causing an increased risk for graft
rejection. Maintenance immunosuppression therapy continues to regularly consist of

triple therapy, including a CNI medication, antimetabolite and steroids (Fuhrmann et
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al., 2022). Depending on the KTRs or the clinical area, the choice of
immunosuppressive treatment and the intensity may vary. There is a tendency for
clinical areas to favour certain immunosuppressants due to their positive effects,
affordability, and the potential for lowering rejection rates post-transplant (Musalem &
Saez-Vera, 2025; Ruggenenti et al., 2021). Yet, there continues to be diligence for
the use of specific immunosuppressants, with evidence indicating the replacement
over time by an alternative immunosuppressant, such as that of mTOR-i (Murray et
al., 2020; Sachedina et al., 2024). This in turn suggests the possibility of increased

risks for the use of certain medications alone (Ducroux et al., 2017).

4.1.4 Shifting treatment to the use of mMTOR-i

Thirteen research papers specifically explored the use of mMTOR-i as an alternative
immunosuppressant that could potentially support kidney function, with recent
suggestions indicating that this choice might lower the risk of developing skin cancer
(Ducroux et al., 2017; Murray et al., 2020). Retrospective data collected by Murray et
al. (2020) and Sachedina et al. (2024) indicate that switching immunosuppressive
treatment to sirolimus may be associated with lower risks and protective factors,
showing a reduction rate for NMSC of approximately 50%. Whereas one of the
sirolimus derivatives, everolimus (Kajiwara & Masuda, 2016), was shown to have no
benefit in relation to the reduction of NMSC when used as an isolated treatment
option (Ying et al., 2018). Contrary to earlier findings, it has been reported that the
association between the use of sirolimus and the development of NMSC has been
reported on previously. It has been identified that there were no protective factors for
the development of NMSC associated with the use of sirolimus as an initial treatment
(Pinho et al., 2016). However, the conversion to sirolimus has shown beneficial
outcomes as opposed to the use of other immunosuppressant regimes. It has been
reported that while NMSC has been diagnosed in patients on sirolimus, patients who
were converted to sirolimus had a greater probability for a diagnosis of skin-related
cancers while being on CNI, or a reduced development of NMSCs post-switch
(Murray et al., 2020; Sachedina et al., 2024). Ying et al. (2018) examined the
incidence of cancer and its long-term outcomes between the use of CNIs alone

(tacrolimus or cyclosporine) with MMF or MPA, or a conversion to everolimus with
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either a reduced dose of CNI (RD-CNI) or CNI withdrawal (CNI-WD). Results
showed statistical significance favouring everolimus and RD-CNI, with a reduction in
the development of NMSC (95% confidence interval 0.30-1.12, p=.1). Although there
was no significant reduction observed with CNI-WD (95% CI 0.49-2.57, p=.8).
Supporting this, Lim et al. (2017) compared two dosages of everolimus- 1.5mg and
3mg-. It was shown that whilst both dosages lowered the risk of NMSC in this patient
group, the 3mg dose was associated with relatively better outcomes (95% CI 0.04-
0.74) (Lim et al., 2017).

It was recognised that the effects of mMTOR-i may generally only correlate with a
significant reduction in BCC, compared to that of SCC (Dantal et al., 2018; Opelz et
al., 2016). Fazio et al. (2023) explored the conversion to sirolimus in patients
already diagnosed with cSCC. It was generally well-tolerated and showed a positive
correlation with a reduced number of skin lesions during treatment, compared to that
of patients taking CNIs (Fazio et al., 2023). Crespo et al. (2017) enhance this
perspective by acknowledging the relapse rate as being significantly higher in CNI
SCC than that of mTOR-i SCC. Conversely, Burke et al. (2015) observed that, while
taking mTOR-i, a diagnosis of SCC was associated with a reduced level of tumour
thickness compared to those taking CNI. This review continued to recognise a
positive correlation between the conversion of immunosuppressants for the choice of
mTOR-I. However, careful consideration is still needed for other potential outcomes,
as the likelihood for graft rejection increases during the phase of
immunosuppressant reduction or conversion (Okut et al., 2017). Similarly, the
concern for the use of MTOR-i and the effects it has on mortality and potential graft
dysfunction from conversion is generally recognised (Struckmeier et al., 2024).
Whilst other associated factors, including age, specifically that of >50 years, were
shown to be positively associated with the development of NMSC whilst taking
everolimus (Ying et al., 2018). This is subject to different interpretations, as other
confounding and patient-dependent factors always need to be considered. Yet,
generally, the switch from the use of CNIs and antimotabilites to the use of mMTOR-i
following potentially poor outcomes continues to be validated (Ducroux et al., 2017;
Lim et al., 2017). The use of mMTOR-i has shown a high degree of stability, alongside
a reduction of up to 56% in the rates for the development of NMSCs generally
(Dantal et al., 2018; Lim et al., 2017; Ying et al., 2018). Additionally, other research
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supports the use of low-dose CNI immunosuppression alongside an mTOR-I for its
potential to reduce the risk of drug-related toxicity associated with high CNI

immunosuppression concentrations (Kajiwara & Masuda, 2016).

4.1.5 The immune system and cell response

During the search phase of this review, several articles discussed the effects of
immunosuppression on the immune system. It was shown that the responses that
lead to immunological changes can be detrimental and ultimately contribute to the
formation of skin cancer cells (Crespo et al., 2017). A total of five out of twenty-nine
studies examined these responses. It was recognised that the initiation of
immunosuppressive treatment significantly influences certain cell activation
processes, resulting in systemic inflammation and accumulation (Leonhard et al.,
2023). Age has an impact on the overall risk, with a general decline systemically,
alongside a declining immune function due to increased age (Krenzien et al., 2015).
While immunosuppression clearly has systemic effects to sustain the transplanted
organ, the specific immunosuppressive impact may vary depending on the
immunosuppressant used and the particular cells that the medication targets
(Hussain & Khan, 2022). However, complexities can occur when identifying how the
medication impacts the immune system in the cases of skin cancer development.
This is due to the different regimens these patients are prescribed (Euvrard et al.,
2004). The findings seemed to acknowledge that the switch of immunosuppression
for the use of MMF has protective effects that offset any negative effects (Bottomley
et al., 2016). Moreover, the cellular changes associated with the use of different
immunosuppressants have been noted to exhibit similarities, indicating that there are
no outstanding risks related to one another (Burke et al., 2015). However, all cellular
changes impact cells within the epidermis, and the choice of immunosuppression
can be a potential indicator of whether these changes are reduced or amplified
(Burke et al., 2015). The understanding of how immunosuppression affects these
particular cells is still not well understood. This highlights the potential lack of
evidence surrounding this. More research is needed into the use of
immunosuppressive medications and how they target particular cells that lead to the

development of skin cancer (Leonhard et al., 2023).
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4.2 Strengths and limitations

In the twenty-nine reviewed studies, substantial evidence pointed to a significant
association between the use of immunosuppression and the significant implications
for risk, specifically skin cancer. However, recognised within both the selected
research papers and other collaborative groups (International Transplant Skin
Cancer Collaborative, 2025a; Szumilas et al., 2023), it is not without its limitations.
Overall, the search strategy was straightforward to implement, and the use of the
PICO tool aided in defining the search terms. This facilitated a comprehensive
search across all relevant databases. The overall evidence was considered
moderate. Completing the SR as an independent researcher, could be viewed as a
limitation in itself due to potential risks of subjective interpretation (Uttley et al.,
2023). Involving dual researchers to execute the rigorous review process is
recommended (Stoll et al., 2019). Therefore, any future SR should aim to involve
multiple researchers to reduce the increased risks of bias and errors (Owens, 2021).
Many research papers presented varied data concerning the duration of data
collection, with some collecting data for over 20 years (Malagon-Liceaga et al.,
2024). This offers substantial contextual information on the overall incidence of skin
cancer within the population and aids in identifying long-term patient outcomes.
However, it is important to recognise that sun habits have changed over time,
alongside shifts in medication use and alterations in the ozone layer, which in turn
have increased UV exposure (Parker, 2020). Additionally, a few studies identified an
extended data collection period and the reliance on medical records, which could
lead to missing data, potentially causing the final results to be over- or
underestimated and introducing recall bias (Alves et al., 2024; Borlini¢ et al., 2017,
Fattouh et al., 2017; Malagon-Liceaga et al., 2024; Musalem & Saez-Vera, 2025;
Sachedina et al., 2024; Thet et al., 2024). Nevertheless, the utilisation of
international registry data strengthened some studies’ validity, making them valuable
during discussions and reducing the risk of bias related to generalisability and
validity. Despite potential limitations, the systematic process adhered to the
appropriate guidelines, notably, the PRISMA (2020) checklist (Page et al., 2021;
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4.3 Implications

Uttley et al., 2023). Most studies were retrospective in design, and whilst these are
vital for gathering previous data on the detrimental impact of long-term
immunosuppression on KTRs, there remains a need for more prospective cohort
studies and RCTs. This judgement is supported by the research, as smaller sample
sizes and wider confidence intervals were observed, indicating the necessity for
larger prospective studies (Ducroux et al., 2017; Hayashida et al., 2015; Murray et
al., 2020).

The purpose of this research was to determine the potential correlation between
immunosuppression use and skin cancer risks. While both prospective studies and
RCTs are often well supported within retrospective data for future research (Wang &
Kattan, 2020), retrospective studies provided essential knowledge regarding the
associated risks and will guide future investigations. Practitioners should tailor their
regimes according to local guidance while continuing to be aware of the implications

on patients and how treatment should be individualised.
Having discussed the findings in this chapter and considered the limitations to the

research design, overall conclusions and recommendations for practice are

considered in the next chapter.
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Chapter 5: Conclusion & Recommendations

5.1 Conclusion

The narrative synthesis methods used for this SR are subject to scrutiny regarding
their reliability and suitability for synthesising the quantitative data (Campbell et al.,
2019). More advanced methods for quantitative synthesis include the use of
statistical analysis and meta-analysis. Due to the time restrictions of an assessed
dissertation project and the resources available, this influenced how effectively these
methods could be applied, resulting in the use of simpler methods (Higgins et al.,
2019). It is beneficial for SRs to be completed by multiple researchers, given the
expertise required to implement complex methods (Owens, 2021). Whilst the
narrative synthesis may not be as precise as undertaking a statistical synthesis
through meta-analysis, it still has the capacity to provide this SR with a rich collection
of evidence that establishes the necessary background in answer to the research

question (Higgins et al., 2019).

The findings of this SR are consistent, indicating that immunosuppression in KTRs is
linked with a higher risk of skin cancer development. Yet, the likelihood that
immunosuppression is recognised as a causal factor influencing skin cancer lacks
sufficient validation. It may be more appropriate to acknowledge the link as a
correlating variable. However, it is important to mention that whilst this review
provides substantial information regarding correlating variables, the outcomes do not
allow for definitive conclusions. Based on the research findings, researchers
continue to have a better understanding of multiple variables that are detrimental to
the development of skin cancers. However, there continues to be an emphasis on
the use of long-term immunosuppression. It may be suggested that
immunosuppression can act independently, whilst it may predominantly work in
conjunction with other factors and variables, which in turn influence the outcome and
severity. Multiple variables are considered during patient assessment, as other
confounding factors influence the overall outcome and risks for these patients
(Higgins et al., 2019). During the research, various factors were recognised to
contribute to the heightened risks, including confounding and predisposing factors
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such as UV exposure, geographical location, Fitzpatrick scale, ethnicity, gender,
age, duration and dosage of immunosuppression, and individual cellular changes
(Granata et al., 2023; Karlsson et al., 2021). Nevertheless, understanding what
specifically increases this risk remains challenging, as the process is acknowledged
to be complex (Rollan et al., 2022) with both extrinsic and intrinsic factors affecting

patients’ risks.

In summary, the current research indicates that adjusting immunosuppression can
lead to better patient outcomes. It was widely acknowledged that azathioprine was
recognised as one of the most harmful immunosuppressive drugs due to its
photosensitising properties. In comparison, mycophenolate was linked to an
increased incidence of SCC, particularly in some studies. Supplementary to this, the
use of steroids and the increased risks of skin cancer were briefly mentioned. From
the research, it was difficult to determine whether steroid usage increased the risk,
as it tended to be used alongside immunosuppression during triple therapy
treatment. However, it was the switching of immunosuppressive treatment from a
triple therapy regimen involving a CNI immunosuppressant and steroid, to an mTOR-
i, that was shown to have benefits in the reduced rates of skin cancer. This was
recognised especially over the longer term. Leading on from this, NMSCs were
generally the predominant type of skin cancer found in this patient group compared
to melanomas, although it remained unclear whether the development of NMSC was
solely related to an increased risk of BCC or SCC. Nevertheless, SCC appeared to
be the most frequently observed skin cancer lesion after immunosuppressive
therapy, with BCCs being the second most common (Hayashida et al., 2015).
Additionally, SCC was suggested to be the most detrimental in the risks for

metastasis, in comparison to that of BCC and MM (Malagén-Liceaga et al., 2024).

The research suggests that although many individual immunosuppressive
medications have adverse side effects associated with long- term use, their dosage
should be carefully monitored and reduced when appropriate to lower associated
risks (Bottomley, 2016). Care must be taken to prevent other risks related to
medication adjustments, including the risk of rejection. Therefore, tailoring
immunosuppressive therapy to individual patients is vital, whilst considering personal
factors such as age, sex, and gender. Additionally, the effects that different forms of
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immunosuppression have at a cellular level and how they influence and shape
different cellular pathways have been reported on. However, more research is
needed, particularly on the impact that these immunosuppressive regimens have on

cellular changes and tumour responses.

The research question asked whether there is an association between long-term
immunosuppressive therapy and skin cancer risk in kidney transplant recipients. The
research question was answered to some extent. However, it cannot be fully
established whether immunosuppression is a direct cause of skin cancer. Whilst this
SR may become a valuable piece of evidence, supporting ongoing research, it does
highlight the need for the inclusion of larger prospective studies. It was
acknowledged during the screening process that some articles were excluded due to
being formatted in another language. This is important to consider, as with most
research, having the inclusion of multiple articles globally is important to factor in
different geographical areas. Through this SR, it has been identified that different
regions globally have different sun habits and UV exposures, which in turn affect
patient outcomes. The inclusion of data from multiple regions ensures the research
has broad and comprehensive evidence (Walpole, 2019). However, the inclusion of
all articles is not always achievable due to the resources available. The assessment
and evaluation of the studies were completed appropriately using tools
recommended by Cochrane. However, some tools, while being relevant when
appraising the research, were difficult to incorporate. The decision not to incorporate
certain tools during this SR was justified during the screening phase. Any future
research would consider the incorporation of these additional tools alongside a multi-
researcher approach for the reduced risks of bias and enhancing the transparency

and reliability of the research.

5.2 Recommendations

1. Ongoing research is indicated in areas associated with the use of
immunosuppression, specifically for larger studies, more prospective
research, confirmatory studies and RCTs. Nevertheless, this SR has provided

background and context of the research, which in turn assists healthcare
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professionals in finding the necessary information and the right tools to help
guide safe and professional practice (Walpole, 2019).

Researchers and non-researchers alike must continue to consider all
contributing factors and variables that will affect KTRs in the long term.
Additionally, it is necessary to acknowledge other forms of research that are
available to provide ongoing future research with more comprehensive and
precise information (Scherer & Saldanha, 2019).

Given the increasing incidence of skin cancers in this patient group,
healthcare providers must monitor post-KTRs regularly and integrate the
appropriate surveillance and screening tools into post-transplant clinics to

help inform future improvements.

Clinical practitioners should continue to consider how to best improve clinical

outcomes and how to achieve them, which may include the revision of
patients’ immunosuppressive regimens. However, practitioners should
incorporate best guidance and gold-standard evidence into their standard

working practice, with their practice being reflective of ongoing research.

Finally, the appropriate referral pathways and independent policies should be

established early on within clinical practice to continue to ensure safe working

practices for all healthcare providers.
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Appendices

Appendix 1: PRISMA 2020 Checklist

TITLE

Title 1|MQmwmemmn%aswmmmmmmM.

ABSTRACT

Abstract 2 | See the PRISMA 2020 for Abstracts checklist.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of existing knowledge.

Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses.

METHODS

Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.

Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to

sources identify studies. Specify the date when each source was last searched or consulted.

Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used.

Selection 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many

process reviewers screened each record and each report retrieved, whether they worked independently, and if applicable, details
of automation tools used in the process.

Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report,

process whether they worked independently, any processes for obtaining or confirming data from study investigators, and if
applicable, details of automation tools used in the process.

Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each
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outcome domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used
to decide which results to collect.

10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding
sources). Describe any assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many
assessment reviewers assessed each study and whether they worked independently, and if applicable, details of automation tools
used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of
results.
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study
methods intervention characteristics and comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary
statistics, or data conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was
performed, describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and
software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis,
meta-regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
assessment
RESULTS
Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to the
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number of studies included in the review, ideally using a flow diagram.
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16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were
excluded.
Study 17 | Cite each included study and present its characteristics.
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study.
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect
individual studies estimate and its precision (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate
and its precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups,
describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results.
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence.
23b | Discuss any limitations of the evidence included in the review.
23c | Discuss any limitations of the review processes used.
23d | Discuss implications of the results for practice, policy, and future research.

OTHER INFORMATION

Registration and
protocol
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24a | Provide registration information for the review, including register name and registration number, or state that the review
was not registered.
24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
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24c | Describe and explain any amendments to information provided at registration or in the protocol.
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the
review.
Competing 26 | Declare any competing interests of review authors.
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data

data, code and
other materials

extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
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Appendix 2: Ethical form systematic review

Student Systematic Review Form

Section 1: Applicant Details

Applicant Name: Amber Sullivan

Student number: 1724112

Progr?mme of MSc Professional Studies

study:

Correspondence . .

Address: Jersey General Hospital, The Parade, St. Helier, Jersey, JE1 3QS
Email address: 1724112@chester.ac.uk

Please Tick | v

I confirm that this is a student project for a PGT or PGR academic award.

Section 2: Supervisor Details

Name of Supervisor:

Dr Moyra Journeaux

Email Address:

m.journeaux@health.gov.je

Section 3: Systematic Review Details

Title of systematic review or review of literature (please give full title):

Is there an association between immunosuppression and skin cancer risk in kidney transplant recipients? A
Systematic Review of the literature

Question

Yes

No

If Yes please provide further detail

Does the project involve human
participants, either directly (e.qg.
through use of interviews,
questionnaires)

Or indirectly (e.g. through provision of,

or access to, a person’s data).

Please complete the following if you have answered No to the previous two questions:

Question

Yes

No

If Yes please provide further detail

1. Does the title identify the work | v/

as a systematic review or
review of the literature, or

both?

Identifies that the research will be focused on
being a systematic review

2. Is the question posed original

and well defined?

PICO used to frame the question

P kidney transplant recipients

| use of immunosuppression

C no comparison used

O Increased risk of developing skin cancer

3.  Will the work affect the
confidentiality originally
promised to study
participants?

Not applicable — no participants will be included

4. Will you be contacting the
original researchers for more

information?

It is not planned to do this unless this is
considered appropriate when research studies are
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retrieved and reviewed, and further information is
required.

Description of Project (250 words)

Patients who have a kidney transplant go on to using immunosuppression medication long-term as a treatment
to preserve the transplanted kidney and preventing rejection (National Kidney Foundation, 2024). The long
term use of immunosuppression has been recognised for being a potential cause of skin cancers (Massicotte-
Azarniouch, Noel, & Knoll, 2024). However, it is difficult to prove a direct causal relationship, due to other
associated factors. The aim of this systematic review is to analyse existing literature on the association
between post-renal transplant immunosuppression and the increased risk of developing skin cancer. It will aim
to analyse the published literature surrounding the use of immunosuppression in post kidney transplant
patients and their direct risks for skin cancer. The focus will be on the combination of existing studies, to help
understand the relationship between the cause and effect, whilst also identifying any patterns or trends. The
strength of the evidence will be assessed to determine the clinical implications for transplant recipients. The
information collected will be sourced from multiple databases including, Cochrane, Pubmed, Medline and
Proquest. The eligibility of these sources will be guided by Cochrane and PRISMA, as to ensure the correct
standards are being followed.

Ethical approval will not be required due to the review not involving any primary research or participant
involvement; however, ethical considerations will still be mediated, with ethical principles being considered.
Cochrane highlights the essential use for systematic reviews in ensuring that information regarding patients
and their care is sought from having an up-to-date and complete overview of all the essential information
needed. This ensures the ethical principal ‘Beneficence’ which emphasises to do good and be of benefit to
others. By undertaking this systematic review, it will potentially help to endorse the current leading research,
while providing the need for ongoing exploration within this area.

Section 4: Declarations & Signatures Please Tick v/

We confirm that we have reviewed the project protocol and checked v
http://www.hra.nhs.uk/documents/2016/06/defining-research.pdf to define the project category.

If you have answered No to question 3 and 4 above you will only need to have the form signed by your | v
supervisor and then you send it to hscethics@chester.ac.uk and your approval letter will be sent to
you.

If you answer Yes to Q3 and 4 above please complete the comment box and submit to
hscethics@chester.ac.uk. This form will then be reviewed by the Chair of Ethics before it is approved

We conclude that the project is not research and does not require ethical or scientific merit review. v
Signatures
Applicant: A.Sullivan Date: 25th February 2025

),\/ (\/& © ]V"J‘ JL/‘L/\.AV VAL G «/L,SL‘

Supervisor: Date: 25 February 2025
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Appendix 3: CASP Checklist

3.1 Randomised Controlled Trials (RCTSs)

Reviewer Name: Amber Sullivan

Paper Title: Sirolimus for secondary prevention of skin cancer in kidney transplant
recipients: 5-year results.

Author: Dantal et al. (2018)

Web Link: https://ascopubs.org/doi/full/10.1200/JC0O.2017.76.6691

Appraisal Date: 17t August 2025

Section A Is the basic study design valid for a randomised controlled trial?

1. Did the study address a clearly formulated research question? Yes X
No
e Yes, this was an extension to 5 year follow up of KTRs on a Can’t Tell
sirolimus regimen vs CNI and the risks associated with SCC
and BCC
CONSIDER:

Was the study designed to assess the outcomes of an intervention?
Is the research question ‘formulated’ in terms of:

e Population studied
e Intervention given

Comparator chosen
e QOutcomes measured?
2. Was the assignment of participants to interventions randomised? Yes
No
e 1-1 ratio for randomisation Can’t Tell X
e Lack of details — noted randomly assigned, but not sure how
CONSIDER:

e How was randomisation carried out? Was the method appropriate?
e Was randomisation sufficient to eliminate systematic bias?
) Was the allocation sequence concealed from investigators and participants?

3. Were all participants who entered the study accounted for at its Yes X
conclusion? No
Can't Tell
e All losses to follow up noted in tabular format

CONSIDER:

. Were losses to follow-up and exclusions after randomisation accounted for?

o Were participants analysed in the study groups to which they were randomised (intention-to-
treat analysis)?

e Was the study stopped early? If so, what was the reason?

Section B Was the study methodologically sound?

4. (a) Were the participants ‘blind’ to intervention they were given? Yes
No X
e Was open-label. Not blinded Can’t Tell
(b) Were the investigators ‘blind’ to the intervention they were giving | Yes
to participants? No X
Can’t Tell
e Was open-label. Not blinded
(c) Were the people assessing/analysing outcome/s ‘blinded’? Yes
No X
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e Was open-label. Not blinded Can'’t Tell

5. Were the study groups similar at the start of the randomised Yes X
controlled trial? No
Can’t Tell

e Baseline characteristics noted
e All must have had at least one SCC post-transplant to
participate
CONSIDER:
o Were the baseline characteristics of each study group (e.g. age, sex, socio-economic group)
clearly set out?
o Were there any differences between the study groups that could affect the outcome/s?

6. Apart from the experimental intervention, did each study group Yes X
receive the same level of care (that is, were they treated equally)? No
Can't Tell

e Clear study protocol described
e All follow ups the same — every 3 months for first 2 years and
then every 6 months until the 5 years

CONSIDER:

o Was there a clearly defined study protocol?

e [f any additional interventions were given (e.q. tests or treatments), were they similar between
the study groups?

o Were the follow-up intervals the same for each study group?

Section C: What are the results?

7. Were the effects of intervention reported comprehensively? Yes X
No
e Primary outcome: no new SCC at 5 years post transplants Can't Tell
e Secondary outcome: the time of onset for new SCC post-
transplant

e P values reported
e Hazard ratio reported
e Adverse effects and dropouts included — similar in both study
groups, however risks for attrition bias due to the distribution
e Selection bias — randomisation however small sample size for
study
CONSIDER:
e Was a power calculation undertaken?
e  What outcomes were measured, and were they clearly specified?
o How were the results expressed? For binary outcomes, were relative and absolute effects
reported?
. Were the results reported for each outcome in each study group at each follow-up interval?
e  Was there any missing or incomplete data?
e  Was there differential drop-out between the study groups that could affect the results?
. Were potential sources of bias identified?
e Which statistical tests were used?
8

Were p values reported?

. Was the precision of the estimate of the intervention or treatment Yes X
effect reported? No
Can’t Tell

¢ Confidence intervals reported

CONSIDER:
e  Were confidence intervals (Cls) reported?
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9. Do the benefits of the experimental intervention outweigh the harms | Yes
and costs? No

Can’'t Tell X

e A clear beneficial effect is continued for the group that was
converted to sirolimus after 5 years

e 74 serious adverse events did occur in 64 of the patients that
were on sirolimus after first two years — this reduced to 36 in 43
of the patients in-between 2-5 years

CONSIDER:

. What was the size of the intervention or treatment effect?

° Were harms or unintended effects reported for each study group?

e  Was a cost-effectiveness analysis undertaken? (Cost-effectiveness analysis allows a
comparison to be made between different interventions used in the care of the same condition
or problem.)

Section D: Will the results help locally?

10. Can the results be applied to your local population/in your context? Yes X

No
e Study population like that in local area, but smaller population Can’t Tell
¢ Important outcomes within population, as majority of patients on

a CNI medication

e Drug related problems noted and adverse reactions

CONSIDER:

e Are the study participants similar to the people in your care?

*  Would any differences between your population and the study participants alter the outcomes
reported in the study?

e  Are the outcomes important to your population?

e Are there any outcomes you would have wanted information on that have not been studied or
reported?

e Are there any limitations of the study that would affect your decision?

11. Would the experimental intervention provide greater value to the Yes
people in your care than any of the existing interventions? No
Can’t Tell X
CONSIDER:

° What resources are needed to introduce this intervention taking into account time, finances,
and skills development or training needs?

e Are you able to disinvest resources in one or more existing interventions in order to be able to
re-invest in the new intervention?

3.2 Cohort Studies (Prospective study)

Reviewer Amber Sullivan
Name:
Paper Title: Use of sirolimus as an adjuvant therapy for kidney transplant recipients with

high-risk cutaneous squamous cell carcinomas: a prospective non-randomized
controlled study.

Author: Fazio et al. (2023)

Web Link: https://www.scielo.br/j/jon/a/sFWTgnRQfgNVXgBp4gXjvKk/?lang=en

Appraisal Date: | 20" August 2025

Section A: Are the results valid?
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1. Did the study address a clearly focused issue?

KTRs are at high risk of SCC, specifically regarding certain immunosuppression use.
This study looks at whether converting patients to sirolimus from CNI medication will

improve SCC prognosis. Most importantly would it help those patients already at high
risk of SCC.

Yes X
No
Can't Tell

CONSIDER:

A question can be ‘focused’ in terms of

the population studied

the risk factors studied

is it clear whether the study tried to detect a beneficial or harmful effect
the outcomes considered

!\Jooo

Was the cohort recruited in an acceptable way?

Potential selection bias as groups non-randomised and some participants
refused

Cohort needed to have already have or be high suspectable of SCC to be
included in study

Yes
No
Can’'t Tell X

CONSIDER:

Look for selection bias which might compromise the generalisability of the findings:
was the cohort representative of a defined population

was there something special about the cohort

was everybody included who should have been

3

. Was the exposure accurately measured to minimise bias?

e Blood tests completed for concentrations

Yes X
No
Can’t Tell

CONSIDER:

Look for measurement or classification bias:

did they use subjective or objective measurements

do the measurements truly reflect what you want them to (have they been validated)
were all the subjects classified into exposure groups using the same procedure

4. Was the outcome accurately measured to minimise bias?
o Reviewed by a nephrologist and lab work

o New lesions were biopsied

Yes X
No
Can't Tell

CONSIDER:
Look for measurement or classification bias:

e did they use subjective or objective measurements
e do the measurements truly reflect what you want them to (have they been validated)
e has a reliable system been established for detecting all the cases (for measuring disease occurrence)
e  were the measurement methods similar in the different groups
e  were the subjects and/or the outcome assessor blinded to exposure (does this matter)
5. (a) Have the authors identified all important confounding factors? Yes X
No
Confounding factors: gender, age, dialysis information, transplant information, Can’t Tell
immunosuppressive regimen, skin type fitzpatrick scale
CONSIDER:
o list the ones you think might be important, and ones the author missed
b) Have they taken account of the confounding factors in the design and/or Yes
analysis? No X

o Descriptive analysis Can’t Tell
CONSIDER:
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e ook for restriction in design, and techniques e.g. modelling, stratified-, regression-, or sensitivity analysis to

correct, control or adjust for confounding factors

6. a) Was the follow up of subjects complete enough?

e High number of participants lost in groups
e 24% loss in the conversion to sirolimus group
e  31% loss in the maintenance CNI group

Yes
No

Can’t Tell X

CONSIDER:

» the persons that are lost to follow-up may have different outcomes than those available for assessment
* in an open or dynamic cohort, was there anything special about the outcome of the people leaving, or the

exposure of the people entering the cohort

b) Was the follow up of subjects long enough? Yes X
No
o 3Jyears Can’t Tell
CONSIDER:
» the good or bad effects should have had long enough to reveal themselves
Section B: What are the results?
7. What are the results of this study? Yes X
No
The conversion from CNI to sirolimus was shown to be effective, with a reduced rate of
incidence in the high risk SCC patients Can’t Tell

CONSIDER:

e what are the bottom line results
e have they reported the rate or the proportion between the exposed/unexposed, the ratio/rate difference
* how strong is the association between exposure and outcome (RR)
* what is the absolute risk reduction (ARR)
8. How precise are the results? Yes
No
¢ No confidence intervals Can’'t Tell X
CONSIDER:
* |ook for the range of the confidence intervals, if given
9. Do you believe the results? Yes
No
e Small sample size Can’t Tell X

e Needed randomisation

CONSIDER:
e  big effect is hard to ignore
can it be due to bias, chance or confounding

are the design and methods of this study sufficiently flawed to make the results unreliable
Bradford Hills criteria (e.g. time sequence, dose-response gradient, biological plausibility, consistency)

Section C: Will the results help locally?

10.Can the results be applied to the local population?

Yes
No
Can't Tell X

CONSIDER:
e Is a cohort study the appropriate method to answer this question

e Ifthe subjects covered in this study could be sufficiently different from your population to cause concern

e Ifyour local setting is likely to differ much from that of the study
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e If you can quantify the local benefits and harms

11.Do the results of this study fit with other available evidence? Yes X
No
Can’t Tell
12.What are the implications of this study for practice? Yes X
No
e Similarities in other evidence, however small sample size and high loss to Can’t Tell
follow-up
o Needs randomisation
CONSIDER:

e one observational study rarely provides sufficiently robust evidence to recommend changes to clinical practice or

within health policy decision making
e for certain questions, observational studies provide the only evidence

e recommendations from observational studies are always stronger when supported by other evidence

3.3 For Cohort Studies (Retrospective study)

Reviewer Name: | Amber Sullivan

Paper Title: Immunosuppression with mammalian target of rapamycin inhibitor
and incidence of post-transplant cancer in kidney transplant
recipients.
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Web Link: https://academic.oup.com/ndt/article/31/8/1360/1752177
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Section A: Are the results valid?

1. Did the study address a clearly focused issue? Yes X
No
The risks of de novo mTOR inhibitor immunosuppression and those not on Can’t Tell
mTOR therapy and the direct link to cancer risks after KTRs
CONSIDER:

A question can be ‘focused’ in terms of
o the population studied
the risk factors studied

o js it clear whether the study tried to detect a beneficial or harmful effect
o the outcomes considered
2. Was the cohort recruited in an acceptable way? Yes X
No
e Data retrieved between 1999-2013 that meet inclusion criteria Can’t Tell

¢ Data requested from the transplant centre for the included
participants — data provided over 3, 6 and 12 months post-transplant
and then annually

CONSIDER:
Look for selection bias which might compromise the generalisability of the findings:
was the cohort representative of a defined population
was there something special about the cohort

e was everybody included who should have been
3.

Was the exposure accurately measured to minimise bias? Yes X
No
e Registry data Can’t Tell

e Working in collaboration with Collaborative transplant study (CTS)
for the collection of information

CONSIDER:
Look for measurement or classification bias:
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did they use subjective or objective measurements

do the measurements truly reflect what you want them to (have they been validated)
were all the subjects classified into exposure groups using the same procedure

Dle o o

Was the outcome accurately measured to minimise bias?

e Data — for completeness and to avoid under-reporting, each
transplant centre was requested to provide annual confirmation
regarding completeness and accuracy

e Coded using standard ICD 10 classification (C00-C96)

Yes X
No
Can’t Tell

CONSIDER:
Look for measurement or classification bias:

e did they use subjective or objective measurements

e do the measurements truly reflect what you want them to (have they been validated)
e  has a reliable system been established for detecting all the cases (for measuring disease

occurrence)
e were the measurement methods similar in the different groups

e were the subjects and/or the outcome assessor blinded to exposure (does this matter)

5. (a) Have the authors identified all important confounding factors? Yes X
No
Cofounding factors: year of transplant, age, gender, ethnicity, underlying Can’t Tell
disease, initial immunosuppression
CONSIDER:
o list the ones you think might be important, and ones the author missed
b) Have they taken account of the confounding factors in the design Yes X
and/or analysis? No
Can’t Tell

e Multivariable cox regression analysis

CONSIDER:

e look for restriction in design, and techniques e.g. modelling, stratified-, regression-, or sensitivity

analysis to correct, control or adjust for confounding factors

6. a) Was the follow up of subjects complete enough?

e No loss to follow up mentioned — use of registry data. Risks are
reduced but not exempt

Yes
No
Can't Tell X

CONSIDER:

e the persons that are lost to follow-up may have different outcomes than those available for

assessment

* in an open or dynamic cohort, was there anything special about the outcome of the people leaving,

or the exposure of the people entering the cohort

b) Was the follow up of subjects long enough? Yes X
No
e Mean follow up 4.2 years Can’t Tell
CONSIDER:
» the good or bad effects should have had long enough to reveal themselves
Section B: What are the results?
7. What are the results of this study? Yes X
No
e Areduced rate for the risks of NMSC in patients started on Can’t Tell

mTOR inhibitor from the initial time post-transplant
e NMSC incidence lower in mTOR inhibitor group
e Significant reduction for BCC and no effect for SCC
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CONSIDER:
e what are the bottom line results

e have they reported the rate or the proportion between the exposed/unexposed, the ratio/rate

difference
e how strong is the association between exposure and outcome (RR)
* what is the absolute risk reduction (ARR)

8. How precise are the results? Yes X
No
¢ Confidence intervals noted Can’t Tell
e Risk of BCC post-transplant ‘markedly reduced (HR 0.56, 95%, ClI
0.38-0.83)
¢ Risk of SCC was not significantly reduced (HR 0.87; 95% CI 0.56-
1.36
CONSIDER:
e ook for the range of the confidence intervals, if given
9. Do you believe the results? Yes X
No
Can't Tell

CONSIDER:
e  big effect is hard to ignore
can it be due to bias, chance or confounding

e are the design and methods of this study sufficiently flawed to make the results unreliable
e  Bradford Hills criteria (e.g. time sequence, dose-response gradient, biological plausibility,

consistency)

Section C: Will the results help locally?

10.Can the results be applied to the local population?

Yes X
No
Can’t Tell

CONSIDER:
e [s a cohort study the appropriate method to answer this question

e Ifthe subjects covered in this study could be sufficiently different from your population to cause

concern
e [fyour local setting is likely to differ much from that of the study
e Ifyou can quantify the local benefits and harms

11.Do the results of this study fit with other available evidence? Yes X
No
Can’t Tell
12.What are the implications of this study for practice? Yes X
No
e Risks of missing data as relying on previous records from several Can’t Tell

years

e Unsure of loss to follow up — risk of selection bias

e No information on drug regimens — risks of missing information
necessary for the final data

CONSIDER:

e one observational study rarely provides sufficiently robust evidence to recommend changes to

clinical practice or within health policy decision making
e for certain questions, observational studies provide the only evidence

e recommendations from observational studies are always stronger when supported by other

evidence
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Appendix 4: CASP checklist results (reduced format)

4.1 Cohort studies
Y =Yes, N =No, U =Can't tell
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Q.1 Q.2 Q.3 Q4 Q.5 Q.6 Q.7 Q.8 Q.9 Q.10 Q.11 Q.12 Score
Author Clarity | Suitability | Accuracy | Accuracy | Confounding | Follow up | What Result Believability | Application | Support Implications

of of cohort | of of factors of are the | precision | of results to local ongoing for practice

focus recruited exposure | outcome subjects results population evidence

measured | measured

Alves et Y Y Y Y a. Y a. Y |Y N ? Y Y Y 1114
al. (2024) b. U b. Y
Aschaet |Y Y Y Y a. N a. Y |Y Y Y Y Y Y 13/14
al. (2017) b. Y b. Y
Borlinicet | Y Y Y Y a. Y a. Uy N U Y Y Y 10/14
al. (2017) b. N b. Y
Bottomley | Y U Y Y a. Y a Y |Y U U U Y U 8/14
etal. b. Y b. U
(2016)
Burke et Y Y Y Y a. Y a. N |Y U U U Y Y 8/14
al. (2015) b. N b. U
Cegielska | Y U Y Y a. N a. Uy u u N Y Y 714
etal. b. N b. Y
(2018)
Crespoet |Y ] Y Y a. N a. N |Y U U U Y Y 714
al. (2017) b. Y b. N
Ducroux Y Y Y Y a. Y a. Y |Y N U Y Y Y 12/14
et al. b. Y b. Y
(2017)
Fattouhet | Y Y Y Y a. Y a. N |Y Y Y Y Y Y 12/14
al. (2017) b. U b. Y
Fazio et Y U Y Y a. Y a. Uy U U U Y Y 8/14
al. (2023) b. N b. Y
Fuhrmann | Y ] Y Y a. Y a. Y |Y U U Y Y Y 11/14
et al. b. Y b. Y
(2022)
Hayashid | Y Y Y Y a. Y a. Y |Y N U Y Y Y 1114
aetal. N b. Y
(2015)
Kaufmann | Y Y Y Y a. Y a Y |Y Y Y Y Y Y 14/14
et al. b. Y b. Y
(2016)
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4.2 RCTs
Y =Yes, N =No, U =Can't tell

Author | Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Score
Clear Randomised | Loss to Blinded to Similarities | Equal Comprehensiv | Precision | Benefits Ability to Use of
and participants follow up intervention | of treatment | e report of outweigh apply to intervention
well- accounted participants estimates | any local
formed for (if any) implication | population
question
Dantal | Y U Y a. N Y Y Y Y U Y U 7/11
et al. b. N
(2018) c. N
Limet | Y Y Y a. Y Y Y Y Y U U U 8/11
al. b. U
(2017) c. U
Yinget | Y Y Y a. Y Y Y Y Y Y U U 9/11
al. b. U
(2018) c. U

J66185 117




