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Abstract: Liver transplantation (LT) has deeply transformed the treatment of end-stage liver disease
and hepatocellular carcinoma, offering the most effective therapy for many liver conditions.
However, LT carries inherent risks, including the development of cancers, which can arise from the
transmission of neoplastic cells from the donor, the recurrence of pre-existing cancers, or as a long-
term effect of the transplant originating from the recipient’s own cells. The development of cancer in
LT recipients is influenced by a variety of factors, such as age, gender, race, the underlying cause of
liver disease, lifestyle factors (like alcohol use and smoking), and the use of immunosuppressive
therapy. These combined factors increase the susceptibility of LT recipients to several types of cancer,
including skin cancers, gastrointestinal malignancies, and lymphoproliferative disorders. While
long-term survival after LT has significantly improved, there has been a notable increase in the
incidence of de novo malignancies, which underscores the importance of diligent cancer screening and
monitoring in transplant recipients, especially as they age. To manage this increased risk, various
screening programs are recommended, including annual skin exams, colonoscopies for patients with
primary sclerosing cholangitis (PSC) or inflammatory bowel disease (IBD), and lung cancer screening
with low-dose CT for former smokers. When cancer is detected in LT recipients, reducing
immunosuppression is a crucial strategy. Decreasing calcineurin inhibitors (CNIs) and integrating
mTOR inhibitors (mTORi) provide promising avenues for balancing immunological control with
oncological risk. Understanding these risk factors and adjusting immunosuppression appropriately
is vital for improving cancer outcomes in LT recipients. Although evidence from LT-specific studies
remains limited, insights from other solid organ transplant (SOT) settings, especially kidney
transplants, offer valuable guidance in managing cancer risks in LT recipients. This narrative review
focuses on prevention and management of de novo and donor-transmitted malignancies.

Keywords: liver; transplantation; immunosuppression; tumour; malignancy

1. Introduction

Liver transplantation (LT) has significantly transformed the treatment of end-stage liver disease
and hepatocellular carcinoma, becoming the most effective therapy for various acute and chronic
liver conditions. In 2019, a total of 35,784 liver transplants were performed across 70 countries,
leading to significant improvements in patients’ lifespan and quality of life [1], with one-year survival
rates exceeding 93% and five-year rates over 60%. This success is due to advancements in donor and
recipient selection, waiting list management, surgical techniques, and post-transplant care [1,2].

However, LT carries inherent risks. Despite screening procedures, unexpected transmission of
diseases from donors, including cancers, can affect LT recipients. In addition, LT recipients face an
elevated risk of developing de novo cancers, particularly those transplanted due to alcohol-related
liver disease or hepatitis C. In particular, they are at increased risk of lymphoproliferative diseases
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and skin cancer, while the risk of other tumours such as breast cancer remains unchanged. Recipients
are advised to avoid risky behaviours and undergo appropriate monitoring [3-6].

For donors with a known history of cancer, the risks of disease transmission with organ donation
depend on the type of cancer, treatments received, and the time interval between diagnosis and
donation [10]. It is crucial to balance the risk of cancer transmission with the risk of mortality for
patients awaiting a graft, as strict adherence to guidelines may increase overall patient deaths [6].

Types of Cancer

In liver transplant recipients, cancers can be classified into four types [9]:

1. Donor Transmitted Cancer (DTC): Present in the allograft at the time of transplantation.

Donor Derived Cancer (DDC): Develops from the donor’s cells after transplantation.

3. De Novo Malignancy (DNM) : Arises from the recipient’s cells as a long-term effect of the
transplant.
4. Recurrent Cancer: Recurrence of cancer treated before transplantation.

While these definitions are helpful, classifying cancers in clinical practice can be challenging.
Distinguishing between DTC and DDC may be difficult if the donor has no known cancer, or if cancer
appears long after the transplant. Additionally, when a recipient has multiple tumours of the same
type, it can be hard to tell a new primary cancer from a recurrence, especially with cancers like
melanoma or non-melanoma skin cancer, which can develop in multiple locations over time.

This review focuses on cancer in liver allograft recipients, addressing both donor-transmitted
and de novo cancers, but excluding DDC, which are numerically less relevant, and recurrent cancers,
as this topic includes the recurrence of hepatocellular carcinoma after LT which deserves a specific
in-depth analysis.

2. Donor Transmitted Cancer (DTC)

DTCs are present in the graft at the time of transplantation, whereas DDCs develop from
transplanted donor cells after the transplant. This differentiation is important because DTCs pose a
shared risk for all recipients from the same donor, while DDCs do not. Although the occurrence of
DTCs is generally low, their frequency may increase as the donor population ages. Therefore,
expanding the donor pool necessitates a better understanding of DTC risks and avoiding unnecessary
loss of viable organs when donor cancers are identified.

The management of patients at risk for or diagnosed with DTCs requires coordinated efforts
among various stakeholders to ensure timely intervention. Certain donor cancers may carry minimal
transmission risks and be acceptable for most recipients, while high-risk cancers may only be suitable
for patients facing imminent death or those who do not meet standard suitability criteria.

2.1. Epidemiology

Cancer transmission from donors was first recognised in kidney transplantation, with early
cases linked to donors who died from active cancer. This led to a cautious approach, significantly
reducing the incidence of DTC. However, cases have still been reported from both donors with a
known history of cancer and those without any known malignancies.

The frequency of DTC in solid organ transplantation, particularly LT, requires comprehensive
registry data for accurate assessment. The Israel Penn International Transplant Tumour Registry aims
to report cases of malignancies post-transplantation, including DTC, but its voluntary nature may
lead to an overestimation of DTC risk. Mandatory registries provide more reliable data, although
they may lack detailed insights into specific DTC cases [2].

A systematic literature review found 92 LT recipients diagnosed with DTC across 67 studies.
Transplants from donors with a history of neoplasia occur in 2%-4% of deceased donors, primarily
with low transmission risk due to the type of cancer or disease-free intervals. Nonetheless, some high-
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risk tumours, such as high-grade central nervous system cancers, have been transplanted, resulting

in low DTC occurrences. [1]

The reported frequency of DTC is about 3-6 cases per 10,000 transplants, similar for LT, with
most cases being occult cancers not detected prior to transplantation. The systematic review
identified lymphomas, melanomas, and neuroendocrine tumours as common DTCs, typically
diagnosed within the first two years post-transplant [50]. The overall survival probability for LT
recipients with DTC is low, with a significantly worse prognosis for those with metastases at
diagnosis.

A recent UK survey identified 15 cases of DTC among 30,765 organ transplant recipients over a
decade, including two cases in 6,645 liver recipients. Notably, none of these cases involved donors
known to have active or past cancer, highlighting the rarity and the ongoing challenge of completely
eliminating this risk [3].

To improve risk estimation for DTCs and understand malignancy transmission better, it is
crucial to include detailed donor cancer information in national registries and establish robust
biovigilance programs to track malignancies in donors and suspected DTC cases, while ensuring the
sensitivity of the data is respected.

LT can transmit a variety of cancers, including known primary central nervous system tumours,
tumours diagnosed post-donation at autopsy, and those identified upon examination of stored donor
tissue after DTC is found in the recipient.

The transmission of cancer, in the context of transplantation, can be derived from the following
situations:

*  Donor with a history of cancer: Transmission of cancer from donors with a history of cancer to
organ recipients is rare. A major study from the UNOS/OPTN registry analysed 39,455 deceased
donors between 2000 and 2005, finding that out of 1,069 donors with cancer, only two cancers
(glioblastoma and melanoma) were transmitted to four recipients. The glioblastoma was active
at donation, while the melanoma had been treated 32 years earlier with no signs of recurrence.
However, the study did not account for the number of potential donors with previous cancer
whose organs were rejected [7]. The low incidence of DTC among transplant recipients is largely
due to the exclusion of high-risk donors as suggested by the latest guidelines from the Council
of Europe (CoE) [4]. Given the low transmission rates, the cautious selection process may lead
to organ wastage and potential loss of life for recipients in need.

e  Donors without a history of cancer: The risk of cancer transmission from donors without a
history of cancer is very low but not entirely absent, affecting both deceased and living donors.
There have been instances where donors, initially assessed as cancer-free, transmitted cancer,
with some cases identified only upon post-mortem examination. Therefore, a thorough
examination of the donor’s thoracic and abdominal cavities is recommended, though this can be
challenging, especially in rapid retrieval situations after circulatory death. A survey in the UK
identified 15 instances of cancer transmission from 13 donors, none of whom were known to
have cancer at the time of donation. One case involved a lymphoma detected post-mortem,
leading to subsequent identification in a recipient [3]. This underscores the difficulty of
eliminating cancer transmission risks, making informed consent vital for all recipients. Those
facing increased risks, such as recipients from donors with recent cancer histories, should receive
specific counselling, although these discussions can be challenging. While there have been no
reported cancer transmissions from living liver donors, living kidney donations have resulted
in cases where cancers were transmitted from donors with no prior evidence of the disease [8].
Therefore, living donors should be monitored for at least one-year post-donation.

Cerebral haemorrhage, which coulb be caused by bleeding from undetectable metastases, is a
common cause of death in brain-dead organ donors. Reported cases of cancer transmission in these
situations include colon, pancreas, melanoma, and choriocarcinoma. To mitigate this risk, donors
with cerebral haemorrhage should undergo thorough assessments that go beyond standard
evaluations, including additional tests such as cross-sectional imaging of the brain, thorax, abdomen,
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and pelvis, as well as tumour marker tests. While some tumours may be identified during organ
retrieval, the urgency of the process often prevents comprehensive examinations. Therefore,
conducting a full post-mortem examination after organ procurement can be beneficial, as it allows
for the early identification of donor cancers, which can significantly impact the management of organ
recipients.

2.2. Different Cancer Types in the Context of DTCs

* In Situ Carcinomas: Transmission of in situ carcinomas during solid organ transplantation has
not been clearly documented, even when organs from such donors have been used. Most in situ
carcinomas, like cervical intraepithelial neoplasia III, vocal cord carcinoma, superficial papillary
bladder carcinoma, and nonmelanoma skin carcinoma, carry a minimal risk of transmission [10].
However, some in situ carcinomas, such as those of the breast, colorectal, and lung, as well as
melanoma, may pose a higher risk. Thus, proceeding with LT in these cases requires a careful
assessment of the low transmission risk against the recipient’s condition [11,12]. In situ urothelial
carcinomas and intraepithelial pancreatic neoplasms are generally considered to have minimal
risk for LT recipients [10].

®  Breast cancers: Breast cancer is the most common cancer among females and is linked to high
mortality rates [13]. With improved screening and treatment, more potential organ donors with
a history of breast cancer are emerging. Although registry studies report no documented DTC
from selected donors with past breast cancer, cases have occurred, typically involving
undiagnosed cancer at the time of donation. For example, Matser et al. described one case where
a donor transmitted occult breast cancer to four recipients, with DTC detected in the liver graft
four years post-transplant [14]. Given the potential for late recurrence and metastasis in breast
cancer, careful consideration is essential for liver donation from these donors. It is recommended
that such donors undergo appropriate treatment and monitoring, ensuring a long disease-free
interval before donation. Histological assessments can help identify tumours with a favourable
prognosis, while stage 1 breast cancer with a curative resection and over five years of disease-
free survival may pose a low to intermediate transmission risk [15]. Additionally, imaging, such
as CT scans, may be necessary to check for metastatic spread before proceeding with organ
donation.

* Colorectal cancers (CRC): CRC is prevalent and a significant cause of mortality, often
metastasising to the liver [13]. Reports indicate that organs from donors with known CRC
histories have been transplanted without evidence of cancer transmission, although cases of
occult CRC transmission through LT have been documented [3,16]. There are two reports of re-
transplantation after diagnosing donor-transmitted cancers, where one recipient died from
unrelated causes [17,18], while two other recipients, who were diagnosed with donor-
transmitted CRC, did not undergo re-transplantation due to poor clinical conditions and
subsequently died [19,20].

Registry studies have noted instances of CRC transmission via organ transplantation, prompting
caution in accepting donors with recently diagnosed pT1 CRC, as factors like submucosal infiltration
and lymphovascular invasion may heighten the risk of metastasis [15]. Generally, newly diagnosed
CRCs beyond pT1 and those found during organ recovery are deemed high risk, according to both
European and American guidelines [10]. Donors with a history of CRC are classified as high risk,
except in cases of pT1 CRC after extended periods of remission.

*  Central Nervous System (CNS) cancers: Primary CNS tumours rarely spread outside the brain
and are found in only 1%—2% of deceased organ donors. However, there are reports of tumour
transmission in organ transplants, particularly in LT recipients. Factors influencing the risk of
CNS tumour transmission through transplantation include tumour histological grade and
interventions that breach the blood-brain barrier, such as cerebrospinal fluid shunts and
craniotomy. Decision-making is complicated by the fact that many brain tumours are secondary
and often diagnosed based solely on imaging, without biopsy. The 2016 WHO classification
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categorises CNS tumours by cell origin and grades them from 1 (least aggressive) to 4 (most
aggressive), with all grade 4 tumours exhibiting vascular invasion [21]. While lower-grade
tumours can progress to higher grades, the risk of disease transmission in organ transplants
primarily correlates with the tumour grade and duration. Metastatic spread from CNS tumours
is rare, especially for lower-grade tumours, but high-grade tumours like glioblastoma carry a
higher risk [22,23]. The actual risk of tumour transmission from donors has been reassessed and
appears lower than previously thought, with recent data indicating only one transmission event
from over 77 donors with grade 4 tumors[7,24]. Guidance on using organs from donors with
CNS tumours varies significantly. Some sources cite a transmission risk exceeding 10% [60],
while others suggest only a 2.2% risk for grade 4 tumours [25]. However, some studies, as the
one by Watson et al., found no transmission cases among 448 transplant recipients from donors
with primary CNS cancer, including high-grade tumours [6]. It is essential to perform a careful
risk-benefit assessment when considering organs from high-risk donors, balancing the potential
harm from cancer transmission against the risk of death for recipients waiting for transplants.

* Lung cancer: Around 35% of patients who die from lung cancer have metastatic disease at
diagnosis, with the liver being a common site for metastasis. There have been reports of lung
cancer transmission to LT recipients, including fatal cases, notably one where adenocarcinoma
was discovered during a donor autopsy. However, some studies have also shown cases where
lung cancer did not transmit to LT recipients [26,27]. The Council of Europe considers active
lung cancer in donors as posing an unacceptable risk for transplantation. For donors with a
history of treated lung cancer, organ transplantation may be possible but is generally associated
with a high risk of transmission, which may decrease with successful treatment and a
recurrence-free period. American guidelines align with this assessment regarding the risk of
lung cancer transmission through solid organ transplantation.

*  Prostate adenocarcinoma: Prostate adenocarcinoma is a common cancer in men, particularly
among older individuals, with a generally slow progression and high survival rates [28].
Metastases typically occur in bones, lymph nodes, lungs, and liver, and the disease is classified
using the Gleason score, which correlates with prognosis—higher scores indicate poorer
outcomes [29]. There has been one reported case of transmission of well-differentiated prostate
adenocarcinoma through LT, detected in the recipient shortly after the transplant [30]. Another
case involved a heart transplant recipient who died from donor-transmitted metastatic prostate
cancer from a poorly differentiated tumour discovered during organ recovery [31]. Incidental
prostate cancer is found in a small percentage of donors under 50 years old (0.5%), rising to 45%
in those over 70 [32]. As age is no longer a contraindication for liver donation, organs from older
male donors with undiagnosed prostate cancer are frequently transplanted. Many studies have
documented cases of LT from donors with lower Gleason scores (<6 or 7) without cancer
transmission to recipients [33]. A 2014 review found no cases of disease transmission in 76
reported instances of liver transplants from prostate cancer donors, and recent reports also
support this finding for donors with higher Gleason scores (8 and 9) [34]. Exclusion of donors
with localised prostate cancer (PCa) may be unnecessary, as the risk of transmitting this type of
cancer is minimal, and such exclusions could reduce organ donation rates [167]

¢ Renal cell carcinoma (RCC): The incidence of renal cell carcinoma (RCC) in deceased organ
donors is likely less than 1% [35]. In the general population, RCC incidence increases with age,
and while metastases typically occur in the lungs, bones, and lymph nodes, liver metastases are
rare [36]. There have been no reported cases of RCC transmission through LT, with most
documented transmissions occurring in kidney transplants. Rare instances of RCC transmission
have also been noted following heart and lung transplants. A report from the United Network
for Organ Sharing found no RCC transmission among 198 recipients of non-renal organs from
147 donors with known RCC [35]. This finding aligns with other registries from the UK [37],
Spain [38], and Italy [39,40], although many lacked precise staging information. It is likely that
non-renal organs were accepted from donors diagnosed with early-stage RCC or when
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transplants were underway before RCC information was available. The Council of Europe Guide
categorises RCC based on the risk of transmission, determined by TNM stage and nucleolar
Fuhrman grading. However, there are no strong published guidelines regarding decision-
making for donors with a history of RCC.

2.3. Assessment of the Risk of DTC Before Tranplantation

Minimising the risk of disease transmission through transplantation DTC relies on thorough
donor characterisation, which is an ongoing, multidisciplinary process involving various healthcare
professionals, donor coordinators, procurement surgeons, and transplant teams. This
characterisation begins with the initial evaluation of the donor and continues through to after organ
transplantation, as new information about the donor may emerge at any time. Key elements of donor
characterisation include assessing tumour markers, which can sometimes yield false positives and
lead to unnecessary exclusion of potential donors. For example, if a donor with a history of cancer
has elevated tumour markers, re-testing may provide a clearer assessment. In women of childbearing
age with relevant health histories, measuring beta-human chorionic gonadotropin levels can help
rule out choriocarcinoma. Routine CT scans may be performed in some regions to detect occult
cancers in potential donors, although their effectiveness is not conclusively proven, and they can
complicate the donation process. CT may be warranted for donors with known risk factors or
suspected active cancer when adequate intraoperative evaluation is not feasible. If cancer is identified
during donor characterisation, detailed information must be gathered, including the date of
diagnosis, histological reports, grade and stage, treatment history, follow-up care, tumour
recurrence, and disease-free intervals. This information should be thoroughly documented. It is
important to note that cancer staging and classification systems, such as the TNM system and World
Health Organisation (WHO) classifications, have been updated in recent years, which may affect how
cancers diagnosed before these updates are categorised.

When a donor is diagnosed with active or previous malignancy, assessing the risk of disease
transmission through transplantation DTC is crucial for clinical decision-making and to properly
inform potential recipients and their representatives. Understanding the theoretical risk aids in
conducting a thorough risk-benefit analysis based on the clinical circumstances of the recipients.

Several classifications for DTC risk have been proposed, with the Council of Europe opting not
to provide specific numerical risk estimates due to limited evidence. Their grading system, adapted
for LT, categorises risk as follows:

-Minimal risk: Livers from these donors can be allocated to any patient on the LT waiting list.

-Low to intermediate risk: Allocation may be justified based on the recipient’s condition and
includes patients with hepatocellular carcinoma not responding to treatment, those with a MELD
score 230, and patients likely to experience significant deterioration or death on the waiting list in the
coming weeks.

-High risk: Acceptance of organs may be considered in exceptional cases, particularly for life-
saving LT procedures, after a careful risk-benefit assessment and with informed patient consent. This
applies to patients with acute liver failure, MELD 240, or acute-on-chronic liver failure grade 3,
particularly if they are at imminent risk of death or dropping off the waiting list.

These classifications help guide allocation decisions and ensure that recipients are adequately
informed about potential risks.

2.4. Management of DTC Events

All suspected cases of disease transmission through transplantation DTC or malignancies
identified in the donor after transplantation must be reported to all relevant stakeholders, including
transplant centres caring for other recipients from the same donor and the donor centre. This initiates
a coordinated investigation and management plan, focusing on determining the likelihood that the
malignancy originated from the donor, informing at-risk recipients, and planning corrective actions,
ideally coordinated by an oversight agency [41,42].
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Evaluating a LT recipient for potential DTC events depends on the clinical context. If a donor’s
malignancy is discovered shortly after transplantation, management will be guided by the type of
tumour and its risk of transmission. In cases of suspected DTC in the recipient, further imaging with
CT or MRI is recommended. Depending on the imaging results, options may include biopsy, serial
imaging, or no further action if the lesion is definitively benign. Most DTCs manifest within the first
year after transplantation, but some cases can arise up to five years later. Tumours detected more
than a year post-transplant raise questions about their origin—whether they are donor-derived or
new malignancies in the recipient.

When the origin of a tumour is unclear, it is crucial to identify and evaluate other recipients who
received organs from the same donor. Early detection of malignancy with multiple metastases within
the first month after transplantation is a strong indicator of DTC. Biopsy may be necessary to clarify
the diagnosis. Techniques such as fluorescence in situ hybridisation can help determine donor origin
in cases of gender mismatch between donor and recipient, while microsatellite allelic analysis can
distinguish cells from different individuals based on genetic differences. Comparative genomic
hybridisation can also be used for genetic comparison, using paraffin-embedded biopsy samples.

e Retransplantation for a DTC Event: When a tumour has been characterised in the donor,
recipients should be informed about the potential risk of DTCs in a balanced manner,
considering the risk of transmission and the tumour aggressiveness. For recipients at high risk
of DTCs, removal of the transplanted organ and cessation of immunosuppression are feasible
only for kidney and pancreas transplant recipients [43]. In LT, retransplantation is possible but
may not prevent transmission, as tumor cells could have already disseminated within the
recipient. Retransplantation carries significant morbidity and mortality risks and should be
weighed against the ongoing organ shortage [44]. Currently, there are no established guidelines
for retransplantation in DTC events. Each case should be assessed individually through a
multidisciplinary approach, with thorough discussions involving the patient or their family.
Retransplantation may be considered reasonable when the tumour in the donor is classified as
having an intermediate or high risk of transmission; however, it is less justifiable for tumours
assessed as minimal or low risk.

*  Management of immunosuppression: For LT recipients at risk of disease transmission through
transplantation = DTCs,  minimising immunosuppression is  strongly  advised.
Immunosuppressive agents can promote tumour development and accelerate cancer growth
[45-47]. However, complete discontinuation of immunosuppression is not recommended due to
the high risk of organ rejection, which may necessitate restarting immunosuppressive therapy
at higher doses.

The strategy for managing immunosuppression should resemble that for patients with de novo
malignancies. A gradual reduction in immunosuppression should be considered only after the early
post-transplant period [48]. Maintenance therapy should involve low target levels of calcineurin
inhibitors (CNIs) [49].

There is no evidence indicating increased tumour progression risk when combining
mycophenolate mofetil (MMF) with CNIs, but MMF may be discontinued following a diagnosis of
posttransplant lymphoproliferative disorder to protect bone marrow before potential chemotherapy
[50-52]. The necessity of stopping MMF for LT recipients at risk of malignancy transmission remains
debated.

The role of mechanistic target of rapamycin inhibitors (mTORIi) is also under discussion. These
agents possess both immunosuppressive and potential anticancer properties, making them
theoretically attractive for DTC-risk patients. For example, everolimus is approved for treating
various advanced cancers [53]. However, the effectiveness of mTORi preventing new or recurring
malignancies in transplant settings has not met expectations [54-58].

Two primary approaches for maintenance immunosuppression with mTORIi exist: (1) switching
from CNIs to mTORIi (with or without antimetabolites) and (2) combining mTORi with reduced-dose
CNIs. The first approach may be preferred for patients at high risk of DTCs.
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It's important to note that the dosing of everolimus for treating malignancies (5-10 mg daily)
differs significantly from that for immunosuppression in transplantation. Additionally, while lifelong
use of mTORI is necessary for transplant immunosuppression, cancer treatment typically involves
sequential administration. Currently, there is no consensus on the optimal protocol for LT recipients
at risk of DTCs.

3. De Novo Malignancy (DNM)

Advancements in LT techniques, postoperative management, and the development of
immunosuppressive agents have significantly improved long-term survival rates. However, long-
term transplant recipients who undergo prolonged immunosuppression face an increased risk of
DNM due to the oncogenic effects of these immunosuppressive drugs and heightened susceptibility
to viral infections. However, the occurrence and type of DNM also depend on factors like patient
demographics, underlying liver disease, and lifestyle choices (e.g., smoking and alcohol use).

3.1. Epidemiology of DNM

The risk of cancer in LT recipients is 2-3 times higher than in the general population, with certain
cancers like Kaposi’s sarcoma, non-melanoma skin cancers, and lymphoma being particularly
prevalent. However, the risks for breast, prostate, and multiple myeloma cancers are not significantly
increased. Studies show that young transplant recipients are more likely to develop malignancies
than the general population, and the incidence rises sharply after the age of 45. [59]

LT recipients have a higher incidence of oral/pharyngeal/laryngeal (OPL) cancers compared to
recipients of other solid organs, such as kidney transplant recipients. In contrast, they tend to have a
lower incidence of genitourinary malignancies (e.g., bladder and renal cancers) [164].

Research on DNM after LT highlights significant regional differences in cancer types between
Western and Asian populations, with variations in the standardised incidence rates (SIR) compared
to the general population.

In Western countries, including the United States, Canada, and Italy, the most common DNMs
are post-transplant lymphoproliferative disorder (PTLD), skin cancer, and head and neck cancers,
with prostate and breast cancers being less frequent. The SIR for solid organ cancers in these regions
is typically about twice that of the general population, while for haematological malignancies, the
SIR is about 30 times higher [60-63]. Racial differences are also evident, with Hispanic patients being
more prone to PTLD, gastrointestinal, and urinary cancers, while Black patients have higher
incidences of lung and reproductive organ cancers. Caucasian patients, on the other hand, show a
higher prevalence of PTLD, lung cancer, and skin cancer [64].

In contrast, studies from Asia, such as those by Kim et al. [65], Park et al. [66] and Masuda et al.
[164] reveal a different pattern. While PTLD remains common, stomach and CRC are notably more
frequent among LT recipients, reflecting trends observed in the general Asian population.
Additionally, prostate and breast cancers —relatively less common in the West—show higher rates in
Asian transplant recipients.

These regional differences underscore the need for tailored cancer surveillance strategies based
on geographic and ethnic factors.

3.2. Different Cancer Types in the Context of DNM

The risk of developing de novo malignancies after LT varies across different tumour types, as
indicated by cancer registry studies (Table 1). These cancers are generally categorised into three main
groups: PTLD, skin cancers and solid organ cancers.
¢  PTLD: PTLD occurs in 1% to 5.5% of LT patients, with a higher risk when the recipient is EBV-

seronegative and receives an organ from an EBV-seropositive donor [94]. PTLD can develop as

early as one month after LT and may continue to occur for decades. The risk of PTLD is increased
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in patients with strong immunosuppression or those on immunosuppressive agents such as

azathioprine, CNIs, or anti-thymocyte agents.

Although PTLD remains a major complication in both Western and Eastern transplant
populations, its incidence has decreased due to improvements in treatment strategies. The majority
of PTLD cases are caused by EBV, and while there is no well-established cutoff for EBV-DNA levels,
early detection of the virus can help identify PTLDs at an earlier stage [95,96]. Despite high mortality
rates—up to 85% at 1 year and 69% at 5 years—survival rates have improved with better management
approaches [97,98].

Notably, patients on tacrolimus-based regimens have a significantly better survival rate
compared to those treated with cyclosporine (81.2% vs 50% after 5 years post-PTLD diagnosis) [97].
LT for conditions such as hepatitis C and alcohol-related liver disease (ALD) has also been linked to
a higher risk of PTLD, although the reasons for this association remain unclear. Multidisciplinary
approaches, including immunosuppressant weaning, interferon therapy, surgery, radiotherapy, and
chemotherapy, are being used to reduce the incidence and recurrence of PTLD [99,100].

e skin cancers: The most represented malignancies in adult LT recipients are skin cancers
particularly the category of nonmelanoma skin cancers (NMSC), that involved squamous cell
carcinomas and basal cell carcinomas, with a significantly higher risk compared to the general
population [101-103]. NMSC is often a late complication of transplantation, typically developing
about 50 months post-transplant [104]. Risk factors for NMSC include sun exposure, lighter skin
color, intensity of post-transplant immunosuppression, older age at transplantation, male
gender, and a history of excessive alcohol consumption [105,106]. In a recent Danish study,
NMSC accounted for 60% of de novo cancers in liver transplant recipients, with a median time
to diagnosis of 3.8 years post-transplant, highlighting its prevalence and early onset compared
to other malignancies [16].

In addition, human papillomavirus (HPV) infections, a history of actinic keratosis, fair skin, blue
or hazel eyes, and CD4 lymphocytopenia also increase the risk of skin tumours after OLT [107,108].

While cyclosporine (CsA) is strongly associated with a higher risk of skin cancer—patients
treated with CsA tend to develop skin malignancies more quickly than those treated with
tacrolimus—recent reports have shown a decline in skin cancer incidence among OLT recipients
[105]. This trend may be due to improved sun protection measures, avoidance of UV radiation, and
changes in immunosuppressive protocols. Liver transplantation for conditions such as hepatitis C
and ALD has also been linked to an increased risk of NMSC, although the underlying reasons for this
association remain unclear [109].

In addition to NMSC, KS, a rare, angioproliferative tumour linked to human herpesvirus-8, is
another malignancy that occurs more frequently in OLT recipients. KS affects liver transplant patients
about 500 times more than the general population, but its incidence has been declining in recent years
[110,111]. Immunosuppressive therapies, especially CsA and tacrolimus, are strongly linked to the
development of KS. However, switching immunosuppression to mTORi has shown promise in
reducing the growth of KS [112,114]. Therefore, a tailored approach to immunosuppressive therapy,
along with careful monitoring and management, is crucial in minimising the risk of both NMSC and
KS in liver transplant recipients.

*  Upper GI and Respiratory System Cancers: Airway cancers, which include cancers of the oral
cavity, pharynx, larynx, and lung, are common malignancies observed in LT recipients. These
cancers are strongly associated with smoking and alcohol use, and they arise from the tissues of
the aerodigestive tract, which includes the respiratory tract and upper digestive tract (such as
the lips, mouth, tongue, nose, throat, vocal cords, and parts of the oesophagus and windpipe).
In the LT population, head and neck cancers and lung cancer are particularly common, with a
significantly higher risk compared to the general population.

A meta-analysis on head and neck cancer after LT found a SIR of 3.8 (95% CI: 2.7-4.9), with
cancers typically developing between 34 and 61 months after transplant [115,116]. Liver transplant
recipients with a history of tobacco use or ALD are at a particularly high risk for head and neck
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cancers, with some studies showing that these cancers only develop in patients with a history of ALD.

Tobacco use is linked to the development of pharyngeal and tongue cancers, while alcohol plays a

predominant role in the onset of oropharyngeal and upper aerodigestive squamous tumours

[117,118].

A systematic review and meta-analysis also identified an elevated risk of esophageal cancer in
LT recipients. The study reported a significantly higher risk compared to the general population, with
a SIR of 6.75 (95% CI: 4.35-10.46). Risk factors for esophageal cancer in LT recipients include the use
of immunosuppressants, tobacco and alcohol, along with genetic variants influencing alcohol
metabolism. Moreover, rapid progression of Barrett’s esophagus to cancer is commonly observed in
post-transplant patients, likely due to the effects of immunosuppressants. Notably, patients
transplanted for ALD exhibit an SIR over ten times higher than the general population, with risk
progressively increasing after the first five years post-transplant and slowing after 15 years. [164]

Similarly, lung cancer after LT has a SIR of 1.95 (95% CI: 1.74-2.19), with lung cancers typically
developing 42 to 50 months post-transplant [98]. Smoking is the main risk factor for lung cancer in
LT recipients, but those transplanted for ALD are also at higher risk compared to those transplanted
for other causes (4.3% vs. 0.7%, P <0.001), though tobacco use may confound these findings [119].

Some treatments, like mTORi, may help reduce malignancy risk, but their use must be balanced
with the risk of transplant rejection. Currently, no standardised early detection protocols exist for LT
patients, but the study recommends using low-dose computed tomography (LDCT) for smokers after
LT to catch lung cancer at an early stage. [169]

While there is a well-established link between tobacco and alcohol use and the development of
these cancers, it remains unclear how long the elevated cancer risk persists after cessation of smoking
and alcohol consumption. Given the significant risks, it is crucial to follow a regular screening for
smokers and former alcohol users after LT, particularly for those with a history of ALD.

*  Colon-rectal cancer: Colon cancer is the most common gastrointestinal malignancy among solid
organ transolantation (SOT) recipients, with LT recipients at particular risk [82]. The SIR for
colon cancer in LT recipients varies widely, ranging from 1.4 to as high as 27.3 in subsets of high-
risk patients, particularly those with PSC [120,121]. PSC, especially when combined with
inflammatory bowel disease (IBD), significantly increases the risk of CRC. While PSC alone may
not be a strong risk factor for gastrointestinal malignancies, as shown in a study by Watt et al.
(HR =1.9, P=0.12), the combination of PSC and IBD, particularly with intact colons, results in a
much higher risk (HR = 3.51, 95% CI: 1.48-8.36, P = 0.005) [84].

Patients with PSC-IBD have a particularly high risk of colon cancer after LT, with the risk rising
even more for those with ulcerative colitis (UC). The SIR for colon cancer is significantly higher in LT
recipients with UC (SIR = 27.3) compared to those without (SIR = 3.5), and the risk is even more
pronounced in older patients, particularly those over 40 (SIR = 4.8 vs 1 in younger patients) [83]. A
longer duration of IBD and more extensive colonic involvement further elevate the risk for CRC in
LT recipients with PSC [122]. Notably, CRC develops at a younger age in LT recipients compared to
the general population and is often associated with a poorer prognosis [123-125].

In addition to colon cancer, studies have shown that LT recipients, especially those with PSC-
IBD, are also at heightened risk for other cancers. A South Korean study, for example, reported a
relatively high incidence of both colon and stomach cancers, although East Asian studies generally
report lower rates of de novo malignancies (2.2%-2.3%) [126,127]. Despite the increased risk of CRC
in these patients, survival outcomes can be favourable if the cancer is diagnosed early. For instance,
a study analysing CRC outcomes in LT recipients found that patients with stage 1 CRC had overall
survival rates comparable to the general population, and even those with stage 2-3 cancer did not
have extremely poor survival, underscoring the value of early detection and treatment [126].

These findings highlight the importance of vigilant surveillance, particularly in LT recipients
with PSC and IBD, to ensure early diagnosis and improve survival outcomes. Specialized monitoring
is crucial, as the use of immunosuppressive therapies post-transplant can compromise immune
surveillance and complicate the management of CRC. [128,129]
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*  Genitourinary tract cancers: OLT recipients do not have an overall increased risk of prostate
cancer compared to the general population. However, non-prostate genitourinary cancers are
often more aggressive and tend to develop earlier in these patients [130,131]. Renal malignancies
have a SIR of 3.3, and annual ultrasound screenings are recommended after OLT [132,133].
Registry studies show an increased SIR for certain genitourinary cancers, such as cervical,
vulvar, bladder, and kidney cancers, but not for all gender-specific cancers like prostate, uterine,
or ovarian cancers. Specifically, cervical cancer has a notably higher SIR (30.7) [134], and other
HPV-related cancers (vulvar, vaginal, anal, penile) also show elevated SIR values ranging from
2.4 to 7.6 [135]. Bladder cancer risk is increased in transplant recipients, with SIR values ranging
from 1.5 to 2.4, and typically develops late (around 10 years) after LT [136,137].

Table 1. Incidence of cancer in Western country divided into general population and in liver transplant

recipients.

Incidence in Liver
Transplant Recipients
[133,157-159]
0.02-0.03 cases per 1,000  2-4 cases per 1,000 transplant

Incidence of cancers in In general population
Western-countries [13,156,171]

Non Melanoma Skin Cancer

inhabitants. patients.
Non-Hodgkin Lymphoma  0.005-0.02 cases per 1,000 0.2-0.4 cases per 1,000
(NHL): inhabitants. transplant patients.
0.02-0.05 cases per 1,000 3-6 cases per 1,000 liver
Melanoma . . .
inhabitants transplant patients
0.1-0.2 cases per 1,000 0.1-0.2 cases per 1,000
Colorectal cancers . . .
inhabitants. transplant patients.
. 1 5-0. 1 li
Bladder Cancer 0 03.casesiper ,000 0.5-0.8 cases per ,pOO iver
inhabitants transplant patients
Lung Cancer 0.1-0.2 cases per 1,000 0.6-1.2 cases per 1,000 liver
inhabitants transplant patients
Female breast cancer 0.2 cases per 1,000 0.4 cases per 1,000 liver
inhabitants transplant patients
0.07'cases'per 1,000 0.25 cases per 1,000 liver
Prostate cancer inhabitants

transplant patients

3.3. Survival After DNM

SOT recipients are at a higher risk for being diagnosed with advanced-stage cancers (AJCC stage
>2) and face worse cancer-specific survival compared to the general population [138]. A comparison
between SOT patients and the general population revealed a relative risk of cancer-related mortality
at 2.9 times higher for transplant recipients (95% CI: 1.59-5.11) [139]. In one large study, de novo
malignancies (excluding NMSC) were a leading cause of mortality (14.2%), along with infections
(15%), disease recurrence (13%), and cardiovascular complications (9%) [140]. Survival rates for
transplant recipients diagnosed with de novo malignancy were significantly lower: at 1.3 and 5 years
post-diagnosis, survival rates were 55% and 36%, compared to 100% and 67% for patients with only
NMSC (P = 0.001) [141]. Similarly, de novo malignancies, excluding NMSC, were associated with a
nearly five-fold increased risk of mortality (HR = 4.9, 95% CI: 1.67-14.2, P = 0.003).

Patients with PTLD exhibit considerable variability in survival, with some studies reporting
median survival as low as 2 months (95% CI: 0.3-3.5 months), especially in high-risk PTLD cases [74].
However, other LT series have reported longer survival, with median survival intervals ranging from
27 to 35 months, and 1-year and 5-year survival rates of 56% and 46%, respectively [99].

Survival rates for specific cancers in transplant recipients vary: oropharyngeal cancer has 1-year
and 5-year survival rates of 43%-78% and 56%, respectively; lung cancer has 1-year and 5-year
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survival rates of 41%-43% and 16%, respectively; gastrointestinal cancers have 1-year and 5-year
survival rates of 67%-80% and 52%, respectively; and genitourinary cancers show 1-year and 5-year
survival rates of 79%-100% and 71%, respectively [137,141]. These figures highlight the challenges in
managing cancer in transplant recipients and the need for enhanced monitoring and early
intervention.

3.4. Prevention of DNM

DNM pose a significant challenge for liver transplant recipients, highlighting the need for
effective surveillance strategies. Current guidelines, such as the ILTS-SETH Consensus Conference
Guidelines produced in 2022 [142], offer detailed recommendations for cancer screening, including
annual skin exams, colonoscopies for those with PSC or IBD, and lung cancer screening with low-
dose CT for ex-smokers. These protocols are designed to identify cancers early, improve treatment
outcomes, and reduce mortality. Recommendations on DNM prevention are summarised in Table 2.

However, liver transplant recipients in Korea present a different pattern of DNM occurrence,
with gastric and CRCs (unrelated to PSC or UC) being more common, deviating from trends seen in
Western countries. This necessitates modifications to the ILTS guidelines for Korea, where a national
cancer screening programme already targets prevalent cancers like stomach, liver, colorectal, breast,
and cervical cancers, offering financial support for screening. Using this national cancer screening
programme for DNM screening could be an efficient strategy, while adjusting endoscopy intervals
based on age and prior screening history is recommended. Despite limited evidence for specific
screening protocols, the general principle of personalised surveillance, especially for high-risk
groups, remains crucial [143].

The importance of minimising immunosuppression, counselling against smoking and alcohol,
and providing education on cancer risks, early symptoms, and screening remains vital. Liver
transplant recipients should also be advised on factors like EBV status, sun exposure, and vaccination
(e.g., for hepatitis B).

The overall approach to managing post-liver transplant cancers should focus on minimising risk
factors and tailoring surveillance strategies based on regional cancer patterns and individual needs.
Early detection through these methods has shown to improve survival and outcomes, making cancer
prevention and screening essential components of post-transplant care.

Table 2. Main recommendations for surveillance against DNM..

e Skin Cancer: Annual full-body skin exams.

e CRC: Annual colonoscopies for IBD or PSC patients. Five years colonoscopies for
(NASH and HCC patients who are over age 50.

e Lung Cancer: Advised annual low-dose chest CT scans for ex-smokers.

e Head and Neck Cancers: Annual ENT exams for those with a history of oropharyngeal
or head and neck cancers.

e Cervical/Vulvar/Vaginal Cancer: Annual pelvic exams, Papanicolaou (PAP) tests, and
HPV testing for female patients.

e Breast Cancer: Recommended every 1-2 years mammograms for females.

e Prostate Cancer: Follow general population guidelines for PSA screening for males.

¢ Renal Cancer: Annual CT scan for patients with a history of renal cell cancer, polycystic
kidney disease, or Von Hippel-Lindau disease

e PTLD: Monitoring EBV DNA levels is recommended for high-risk recipients (EBV

seronegative and receive a graft from an EBV-seropositive)

Table 2 Abbreviations: DNM: De Novo Malignancy; CRC: Colon Rectal Cancer; IBD:
Inflammatory bowel disease; PSC: primary sclerosing cholangitis; NASH: non-alcoholic
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steatohepatitis; HCC: hepatocellular carcinoma; CT: computed Tomography; ENT: ear, nose, and
throat; HPV: Human Papilloma Virus; PSA: prostate-specific antigen; PTLD: post-transplant
lymphoproliferative disorders; EBV: Epstein Barr Virus

3.5. Management of DNM After LT

When DNM is detected in liver transplant recipients, treatment strategies generally focus on two
main approaches:

1. Immunosuppressant Reduction: Reducing the use of CNIs like tacrolimus and cyclosporine is
crucial, as these drugs can suppress antiviral immunity, induce DNA damage, and promote
tumour growth. Alternatives such as mTORis or MMF are recommended, as they do not increase
the risk of DNM and can reduce reliance on CNIs.

2. Aggressive Local Treatment: Early detection of DNM should prompt aggressive local treatment.
For gastric cancer, interventions like endoscopic submucosal dissection or surgery are advised.
Similarly, for CRC, early treatment can improve the prognosis.

The management of immunosuppressive therapy in LT recipients who develop DNM is a critical
aspect of post-transplant care. These malignancies arise after transplantation, and while
immunosuppressive medications are essential to prevent graft rejection, they can also contribute to
an increased risk of cancer due to their impact on immune surveillance. Therefore, adjusting
immunosuppression after the diagnosis of a malignancy requires a careful balancing act to reduce
the risk of cancer progression while maintaining adequate immune suppression to protect the
transplanted liver.

CNIs, including tacrolimus and cyclosporine, play a crucial role in immunosuppressive therapy
following LT. They block T-cell activation causing a reduction of the body’s immune response to the
transplanted organ. However, while they prevent organ rejection, they also interfere with immune
surveillance and promote tumour growth. CNIs upregulate factors such as vascular endothelial
growth factor (VEGF) and transforming growth factor beta 1 (TGF-p1), which can promote
angiogenesis and tumour development. Retrospective studies have shown that long-term exposure
to CNIs increases the risk of de novo malignancies in liver transplant recipients, and higher
tacrolimus trough levels have been specifically linked to both de novo malignancies and the
recurrence of previously treated cancers [144,145]. Moreover, one study showed that lowering
cyclosporine doses in kidney transplant patients resulted in a reduced cancer risk, with a decrease
from 32% to 19% at five years [146]. Given these risks, a common approach in managing DNM after
LT is to consider reducing the doses of CNIs or switching to other immunosuppressive regimens,
such as mTOR inhibitors (sirolimus or everolimus).

Azathioprine, a purine analogue that was once commonly used in liver transplant recipients,
has been associated with an increased risk of skin cancers, particularly cutaneous squamous cell
carcinoma (cSCC). Azathioprine inhibits purine synthesis, which affects DNA replication and repair,
causing DNA damage and impaired DNA repair, thus increasing the risk of skin cancers [147]. As a
result, most liver transplant centres have replaced azathioprine with MMF , a medication that does
not have the same pro-oncogenic effects and may even reduce the overall risk of de novo
malignancies. Unlike azathioprine, MMF does not contribute to DNA damage and is considered a
safer alternative, especially in terms of reducing cancer risks [148-150].

The role of mTORIis (sirolimus and everolimus) in the management of immunosuppression after
de novo malignancies is of significant interest. These drugs work by inhibiting the mTOR pathway,
which is involved in neoangiogenesis, cell growth and proliferation and is often deregulated in
cancers. Sirolimus has shown a 40% reduction in malignancy risk in kidney transplant recipients, but
its use is not without drawbacks. It is associated with a paradoxical increase in mortality, probably
due to its effects on wound healing and overall immune function [151]. Moreover, his controversial
role, can be underlined by his protective effects against specific malignancies (such as skin cancers
and lymphomas) but also carry the risk of promoting other types of cancers, particularly solid
tumours (renal cell carcinoma, gastrointestinal cancers, and other solid tumours) [160]. Everolimus,
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a similar drug, has a better safety profile, but its effectiveness in reducing cancer risk in liver
transplant recipients remains unproven [161]. Nevertheless, due to its potential anti-cancer
properties, sirolimus is often considered in cases where de novo malignancies are diagnosed, but its
use should be closely monitored for any potential adverse effects, such as wound healing
complications and infections. Everolimus, while potentially safer, may still be considered as an
alternative if the risks of sirolimus outweigh its benefits. These drugs may slow tumour progression
but carry risks, including increased mortality [168]

Induction agents are also part of the immunosuppressive regimen, especially in the early post-
transplant period. Anti-thymocyte globulin (ATG) is a potent T-cell depleting agent used in liver
transplant recipients, but it has been associated with an increased risk of PTLD and melanoma. The
risk of these malignancies is particularly pronounced in patients who are also infected with EBV [152-
154]. Therefore, ATG should be used cautiously in high-risk patients, and recipients receiving this
induction therapy should be closely monitored for signs of PTLD and melanoma. On the other hand,
anti-IL-2 receptor antibodies (such as basiliximab) is generally associated with a lower risk of skin
cancers and PTLD compared to other immunosuppressive therapies, but the risk of hepatocellular
carcinoma and other solid tumours remains a concern due to the overall immunosuppressive burden
in liver transplant patients [162].

In summary, the management of immunosuppression after the diagnosis of DNM in liver
transplant recipients requires individualised adjustments to reduce cancer risk while preventing
organ rejection. Reducing the doses of CNIs or switching to mTOR:i like sirolimus or everolimus can
help achieve this balance (Table 3). Additionally, replacing azathioprine with MMF can lower the risk
of skin cancers, and careful monitoring is needed when using induction agents like ATG due to their
association with post-transplant malignancies. The goal is to reduce the burden of cancer while
maintaining graft survival, and this requires ongoing collaboration between hepatologists, transplant
surgeons, and oncologists.

Table 3. Recommendations for Inmunosuppression Management in LT Recipients with Cancer:.

1. CNI Reduction: CNIs should be reduced to the lowest possible dose to decrease the risk
of DNM

2. Balance Immunosuppression: Modification of immunosuppression should be balanced
with the risk of rejection and interactions with cancer treatments

3. Use of mTORi and MMF: Both mTOR inhibitors and mycophenolate mofetil do not
increase cancer risk and should be considered as part of CNI-sparing strategies [169]

4. Induction Agents: Minimize lymphocyte-depleting induction agents and prefer IL-2
receptor antagonists when feasible.

5. NMSC Management: For LT recipients with NMSC, consider reducing CNIs and
adding or switching to mTORI to reduce recurrence, particularly for squamous cell
carcinoma.

6. Kaposi Sarcoma Treatment: In LT patients with Kaposi sarcoma, immunosuppression

should be tapered to the lowest possible level, with mycophenolate elimination and

conversion to mTOR-based immunosuppression.

Table 3 Abbreviations: CNI: Calcineurin inhibitors; DNM: De Novo Malignancy; mTORI:
rapamycin inhibitors; MMF mycophenolate mofetile; NMSC: Non Melanoma Skin Cancers
4. Conclusion

The development of de novo malignancies in LT recipients represents a multifaceted challenge
driven by the interplay of immunosuppressive therapy, demographic factors, and underlying liver
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disease. While advancements in surgical techniques, immunosuppression protocols, and post-
transplant care have significantly improved long-term survival, the increased incidence of cancer
underscores the need for tailored strategies to mitigate this risk. These malignancies, which include
skin cancers, lymphoproliferative disorders, and various solid tumours, highlight the long-term
vulnerability of LT recipients to oncogenic processes.

Effective cancer prevention in this population requires a comprehensive approach. Optimising
immunosuppression is critical; the reduction of CNIs and the integration of mTORi present
promising avenues for balancing immunological control with oncological risk. However, further
liver-specific studies are essential to establish definitive guidelines for managing
immunosuppression in the context of de novo malignancies. In addition, the role of MMF as a safer
alternative to azathioprine warrants closer examination in terms of long-term cancer outcomes.

Beyond immunosuppression, a proactive focus on cancer surveillance is imperative. Regular
skin examinations, LDCT for lung cancer in high-risk populations, and colonoscopies for recipients
with PSC or IBD should be integrated into routine care. These measures not only enable early
detection but also improve treatment outcomes and survival. The incorporation of patient education
regarding lifestyle modifications, such as smoking cessation, alcohol reduction, and sun protection,
remains an essential component of long-term cancer prevention strategies.

Collaboration across disciplines —encompassing hepatology, oncology, transplant surgery, and
primary care—is vital to addressing the unique challenges posed by de novo malignancies.
Personalised care pathways that consider individual risk factors, regional cancer patterns, and
patient-specific needs can significantly enhance outcomes. As the field of transplantation evolves, it
is crucial to continue refining strategies that balance the benefits of long-term graft survival with the
prevention and management of malignancies. Ultimately, these efforts will contribute to improved
quality of life and longevity for liver transplant recipients.

5. Future Directions

Adequate monitoring of DTC should be performed as whith the aging of donors, DTC could
become more prevalent, though the transmission risk currently remains low. It is also essential to
implement protective strategies to minimise the risk of DNM - such as reducing tacrolimus use,
promoting anti-smoking and alcohol initiatives, and limiting UV exposure —and to develop screening
programmes that are specifically tailored to each patient’s individual risk.
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Abbreviations

The following abbreviations are used in this manuscript:

LT Liver transplantation

DTC Donor Transmitted Cancer:
DDC Donor Derived Cancer
DNM De Novo Malignancy
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SIR standardized incidence rates
CRC Colorectal cancers

CNS Central Nervous System

RCC Renal cell carcinoma

IBD Inflammatory bowel disease
ucC Ulcerative Colitis

PSC Primary sclerosing cholangitis;
NASH  Non-alcoholic steatohepatitis
HCC Nepatocellular carcinoma

CT Computed Tomography

LDCT  Low Dose Computed Tomography
ALD Alcoholic liver disease

ENT Ear, nose, and throat
HPV Human Papilloma Virus
PSA Prostate-specific antigen

NMSC  Non Melanoma Skin Cancers
PTLD Post- transplant lymphoproliferative disorders
EBV Epstein Barr Virus

KS Kaposi Sarcoma
CsA cyclosporine
CNI Calcineurin inhibitors

mTORi: rapamycin inhibitors
MMF mycophenolate mofetile
ATG anti-thymocyte globulin
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