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ILTS Guidelines

Abstract. As with any other intervention in health, liver transplantation (LT) entails a variety of risks, including donor-trans-
mitted cancers (DTCs). At present, 2%–4% of used deceased organ donors are known to have a current or past history of 
malignancy. The frequency of DTCs is consistently reported at 3–6 cases per 10 000 solid organ transplants, with a similar 
frequency in the LT setting. A majority of DTCs are occult cancers unknown in the donor at the time of transplantation. 
Most DTCs are diagnosed within 2 y after LT and are associated with a 51% probability of survival at 2 y following diagno-
sis. The probability of death is greatest for DTCs that have already metastasized at the time of diagnosis. The International 
Liver Transplantation Society-Sociedad Española de Trasplante Hepático working group on DTC has provided guidance on 
how to minimize the occurrence of DTCs while avoiding the unnecessary loss of livers for transplantation both in deceased 
and living donor LT. The group endorses the Council of Europe classification of risk of transmission of cancer from donor 
to recipient (minimal, low to intermediate, high, and unacceptable), classifies a range of malignancies in the liver donor into 
these 4 categories, and recommends when to consider LT, mindful of the risk of DTCs, and the clinical condition of patients 
on the waiting list. We further provide recommendations to professionals who identify DTC events, stressing the need to 
immediately alert all stakeholders concerned, so a coordinated investigation and management can be initiated; decisions on 
retransplantation should be made on a case-by-case basis with a multidisciplinary approach.

(Transplantation 2022;106: e12–e29).

9	Liver Transplantation Unit, Mayo Clinic, Rochester, MN.
10	Hepatology Department, Liver Intensive Care Unit, Hospital Beaujon, Clichy, 
France.

All authors contributed to research design, performance of research, data 
analysis, and writing of the article. B.D.-G., F.D., K.M., and C.W. performed 
a critical review of the article. All authors approved the final version of the 
article.

The authors declare no funding or conflicts of interest.

Corrspondence: Beatriz Domínguez-Gil, MD, PhD, Organización Nacionald 
e Trasplantes, C/ Sinesio Delgado 6, Pabellón 3, Madrid 28029, Spain. 
(bdominguez@sanidad.gob.es).

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved. 

INTRODUCTION
Liver transplantation (LT) has altered the natural history 
of end-stage liver disease and is now the most effective 
therapy for a number of acute and chronic liver diseases. 
In 2019, 35 784 liver transplants were reported by 70 
countries to the Global Observatory on Donation and 
Transplantation.1 LT provides benefits in terms of lifespan 
and quality of life.2,3 As with any other intervention in 
health, LT entails a variety of risks, including the transmis-
sion of diseases from donor to recipient.

Donor-transmitted cancers (DTCs) must be differen-
tiated from donor-derived cancers (DDCs). In DTC, the 

cancer is present in the graft at the moment of transplanta-
tion, whereas in DDC, the cancer is not present in the graft 
at transplantation but develops from transplanted donor 
cells thereafter (eg, a hepatocarcinoma in a liver graft sev-
eral years after the transplant). Although the first implies a 
risk shared among all recipients of organs from the same 
donor, this is not the case in DDCs. Though conceptually 
different, the distinction between the 2 may be challenging 
in daily practice. In this article, we focus on DTC.

The frequency of DTC is reported to be low in solid 
organ transplantation. This frequency may increase as 
donor age expands. The need to expand the donor pool 
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also entails better characterization of the risk of DTC 
through transplantation and avoidance of unnecessary loss 
of organs whenever a donor cancer is identified. In addi-
tion, improvements in the treatment of cancer may lead to 
increasing numbers of potential donors who have survived 
after being diagnosed with a type of cancer traditionally 
associated with a poor prognosis.

DTC has devastating consequences from a number of 
perspectives: the health of patients concerned, the men-
tal well-being of professionals involved (second victims), 
and the reputation of the transplantation program (third 
victim). It is essential to adopt procedures for proper 
characterization and evaluation of potential donors with 
regard to malignancy. Such procedures may vary depend-
ing on whether the donor is deceased or living, because 
in deceased donation, the diagnostic opportunities are 
limited by time constraints. Donor characterization, 
which involves interventions before, during, and after 
organ recovery, allows individual assessment of the risk 
of DTC. Such risk will depend on a number of factors 
and will need to be balanced against the risk of patients 
dying or deteriorating on the waiting list (WL). Although 
some donor cancers are associated with a minimal risk 
of transmission and would be acceptable for any patient 
on the liver WL, cancers considered to bear a high risk of 

transmission may only be acceptable for recipients with 
an imminent risk of death or breaching suitability criteria 
or may not be acceptable for donation at all (eg, metas-
tasized cancers).

Finally, clinicians may need to care for patients at risk of 
DTC or who have developed DTC. Management of these 
patients must be part of concerted actions taken by the 
different stakeholders concerned, along with those respon-
sible for alerting others and initiating investigation and 
management.

In this International Liver Transplantation Society–
Spanish Society of Liver Transplantation (ILTS-SETH) 
Consensus Conference working group, we analyze (1) the 
epidemiology of DTC in LT, (2) the procedures to charac-
terize and evaluate liver donors with regard to the risk of 
DTC and the criteria to assess the risk of transmission, (3) 
the specificities in the characterization and evaluation of 
the living liver donor, (4) the risk of DTC in LT for differ-
ent cancer types, and (5) the management of DTC events.

The final recommendations resulting from this 
Consensus Conference working group are displayed in 
Table 1. The aim of these recommendations is to provide 
guidance for the prevention and management of DTC 
in LT. The methodology of the Consensus is reviewed in 
detail in the introductory article.4

TABLE 1.

 2021 ILTS-SETH Recommendations on donor-transmitted cancers in liver transplantation

1.  Epidemiology of donor-transmitted cancer in liver transplantation
1.1. � Patients waitlisted for LT should be informed of the low but nonzero risk of DTC. They should be informed of the 

possibility of receiving LT from a donor with a known history of cancer and the likelihood of transmission vs the 
risk of death on the WL. This information should be provided periodically, attending to the clinical status of the 
patient on the WL, because the decision to receive LT from a donor with cancer may change over time. When 
accepting such an organ, documentation of risk–benefit analysis should be provided.

Strength of recommendation: 
strong; quality of evidence: low

1.2. � To enable a realistic estimation of the risk of DTC and better understand the implications of DTC, it will be essential 
to: (1) include detailed donor cancer data in national registries; (2) establish robust national biovigilance systems 
to properly compile information on cancers identified in the donor and on suspected and confirmed cases of DTC; 
and (3) define a basic data set and link international data while respecting the sensitivity of the reported data.

Strength of recommendation: 
strong; quality of evidence: low

2.  Minimization of the occurrence of donor-transmitted cancer in liver transplantation
2.1. � A careful review of the clinical history should be performed, and a complete and careful physical examination 

should be conducted in every potential donor to identify a past or present malignancy.
Strength of recommendation: 

strong; quality of evidence: low
2.2. � All potential donors must undergo conventional laboratory tests to check for specific diseases that may bear a 

risk of transmission.
Strength of recommendation: 

strong; quality of evidence: low
2.3. � Universal determination of tumor markers is not recommended given the risk of false-positive results that may 

lead to the unnecessary loss of otherwise suitable potential liver donors.
Strength of recommendation: 

weak; quality of evidence: low
2.4. � β-HCG levels should be determined in women of childbearing age who die as a result of an unexplained 

intracranial hemorrhage.
Strength of recommendation: 

strong; quality of evidence: low
2.5. � All radiological examinations that have been performed during the admission of the potential donor to the hospital 

must be reviewed. At the time of donation, a chest X-ray and an abdominal ultrasound are recommended.
Strength of recommendation: 

strong; quality of evidence: low
2.6. � Other imaging, such as CT, may be indicated in selected cases (high suspicion of cancer, risk factors, and 

history of cancer).
Strength of recommendation: 

strong; quality of evidence: 
moderate

2.7. � Tumors or intracranial metastases in donors with intracranial bleeding should always be excluded, especially if 
there is no history of high blood pressure or arteriovenous malformations.

Strength of recommendation: 
strong; quality of evidence: low

2.8. � Any malignancy in the donor history should be properly documented based on written reports. Strength of recommendation: 
strong; quality of evidence: low

2.9. � Any suspicious lesions, found during or after organ recovery, should be analyzed immediately through frozen 
sections, preferably by an expert pathologist.

Strength of Recommendation: 
strong; quality of evidence: low

(Continued next page )
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2.10. � It is crucial to stratify donor risk to guide decisions and adequately inform potential recipients and their legal 
representatives.

Strength of recommendation: 
strong; quality of evidence: low

2.11. � Allocation of livers from donors with a past or present history of malignancy should be based on an 
individualized risk–benefit analysis, considering the risk of transmission vs the risk of death or drop-out from 
the WL in the following days or weeks.

Strength of recommendation: 
weak; quality of evidence: low

3.   �Special considerations for the living liver donor with regard to donor-transmitted cancer
3.1. � Living liver donor candidates should undergo cancer screening consistent with updated clinical practice 

guidelines that are in accordance with the donor candidate’s age, sex, and ethnicity, as well as with family and 
personal history.

Strength of recommendation: 
strong; quality of evidence: 
moderate

3.2. � Living liver donors should ideally be subject to lifelong follow-up as a standard of care for their own well-being, 
but also to identify any event that may place the recipient at risk of developing a DTC.

Strength of recommendation: 
strong; quality of evidence: low

3.3. � Donor candidates with any history of cancer should usually be excluded from donation. In some recipients for 
whom no other donor candidates are available (eg, medical urgency, logistic reasons), they might be acceptable 
under strict criteria: (1) the risk of transmission or recurrence is low, which can only be determined by complete 
histopathological cancer staging with sufficient recurrence-free period depending on the type of tumor; and (2) 
prior treatment of malignancy does not significantly increase the operative risk of hepatectomy.

Strength of recommendation: 
strong; quality of evidence: low

3.4. � In general, donor candidates with active cancer should be excluded from donation. In some recipients where 
no other donor candidates are available (eg, medical urgency, logistic reasons), they might be acceptable under 
strict criteria: (1) the risk of transmission or recurrence is low; and (2) there is a clear management plan (either 
concurrent with donation or sequential) that does not predispose the donor to an increased risk of hepatectomy 
or lower the chance of cure.

Strength of recommendation: 
strong; quality of evidence: low

4. � Risk of donor-transmitted cancer in liver transplantation for different cancer types
4.1. � In situ carcinomas  
•  Most in situ carcinomas are associated with a minimal risk of transmission through LT. Strength of recommendation: 

strong; quality of evidence: low
•  High-grade in situ carcinomas of breast, colon, and lung and in situ melanoma are considered to have a low to 

intermediate risk of transmission through LT.
Strength of recommendation: 

strong; quality of evidence: low
4.2. � Breast cancer  
•  Liver donation in the context of newly diagnosed breast cancer poses an unacceptable risk. Strength of recommendation: 

strong; quality of evidence: low
•  Breast cancer stage 1A (T1, N0)5 with curative surgical treatment and >5 y of disease-free survival is associated 

with a low to intermediate risk of transmission through LT.
Strength of recommendation: 

strong; quality of evidence: low
•  In other cases of invasive breast cancer, with curative treatment and complete remission of >5 y, liver donation 

might be accepted for selected recipients, depending on the initial stage and E/P and HER2/neu+ receptor 
expression. The possibility of late metastases must be taken into consideration.

Strength of recommendation: 
strong; quality of evidence: low

•  All other tumor stages are associated with a high risk of transmission regardless of the disease-free interval. Strength of recommendation: 
strong; quality of evidence: low

4.3. � Colorectal cancer  
•  The risk of lymph node and distant metastases is difficult to assess at organ recovery. pT1 tumors can be 

considered for highly selected recipients assuming a high risk of transmission, particularly in the case of LT. 
Donors with higher stages of newly diagnosed colorectal cancer should be considered an unacceptable risk of 
transmission in LT.

Strength of recommendation: 
strong; quality of evidence: low

•  pT1/pT2 colorectal cancer without lymph node or distant metastases, after adequate treatment and disease-free 
interval >5 y can be considered of low transmission risk in LT. This risk increases with stage and shorter disease-
free intervals.

Strength of recommendation: 
strong; quality of evidence: low

4.4. � CNS neoplasia  
•  WHO 1 and 2 CNS tumors are considered of minimal risk of transmission through liver transplantation. Strength of recommendation: 

strong; quality of evidence: 
moderate

•  The transplantation of livers from donors with a WHO 3 CNS tumor can be considered of low transmission risk 
(~1%). This risk is raised to intermediate by the presence of a ventricular shunt.

Strength of recommendation: 
strong; quality of evidence: 
moderate

•  The transplantation of livers from donors with a WHO 4 CNS tumor should be considered of intermediate risk of 
transmission (2%–10%). The presence of a ventricular shunt raises the risk.

 Strength of recommendation: 
strong; quality of evidence: 
moderate

TABLE 1. ( Continued)

 2021 ILTS-SETH Recommendations on donor-transmitted cancers in liver transplantation

(Continued next page )
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4.5. � Lung cancer  
•  A patient with active lung cancer bears an unacceptable risk of transmission through LT. Strength of recommendation: 

strong; quality of evidence: low
•  Liver donors with a previous history of lung cancer are assumed to be associated with a high transmission risk. 

This may decrease with an increasing disease-free interval.
Strength of recommendation: 

strong; quality of evidence: low
•  Livers from donors with a history of lung carcinoma should only be accepted with a high level of caution, taking 

into account the histological type of lung cancer and the disease-free interval, and after discussion of the 
transmission risk and consequences with the recipient, balanced against the risk of death on the WL.

 Strength of recommendation: 
strong; quality of evidence: 
moderate

•  Early stages may be acceptable after adequate therapy and a disease-free interval of at least 5, better 10 y. A 
patient with metastatic disease is unacceptable for donation.

Strength of recommendation: 
strong; quality of evidence: low

4.6. � Prostate adenocarcinoma  
•  Donors with intraprostate carcinoma (≤pT2) Gleason score ≤6 should be considered as minimal risk of 

transmission, Gleason score 7 as low to intermediate and Gleason score >7 as high risk of transmission.
Strength of recommendation: 

strong; quality of evidence: low
•  Donors with extraprostatic extension should be considered as unacceptable risk of transmission. Strength of recommendation: 

strong; quality of evidence: low
•  Donors with a past history of prostate cancer ≤pT2 Gleason score ≤6 might be considered as minimal risk if they 

received curative treatment (or were under active surveillance) and were regularly followed for this tumor.
Strength of recommendation: 

strong; quality of evidence: low
•  Donors with a past history of prostate cancer of higher stages or grade require an individual risk assessment. Strength of recommendation: 

strong; quality of evidence: low
•  Only if previous PSA values are available, current PSA testing should be performed to check for possible progress 

or recurrence.
Strength of recommendation: 

strong; quality of evidence: low
4.7. � Renal cell carcinoma  
•  Risk of RCC transmission with LT is considered minimal in pT1a (<1 cm), low in pT1a (1–4 cm), and intermediate 

in pT1b (4–7 cm), always with Fuhrman grade I/II.
Strength of recommendation: 

strong; quality of evidence: 
moderate

•  pT2 RCC (>7 cm, limited to the kidney) with Fuhrman grade I/II and pT1/pT2 RCC Fuhrman grade III/IV are 
considered to be of high transmission risk.

Strength of recommendation: 
strong; quality of evidence: low

•  RCC with extension beyond the kidney (pT3, pT4, and N+ or M+) are considered a contraindication (unacceptable 
risk) for LT.

Strength of recommendation: 
strong; quality of evidence: low

•  In potential deceased donors with a past history (<5 y) of adequately treated and followed RCC, risk categories 
correspond to those stated above (RCC diagnosed during donor procurement) if there is no suspicion of tumor 
recurrence in the donor. After these 5 y, the risk of advanced stages may decrease.

Strength of recommendation: 
strong; quality of evidence: low

5. � Management of donor-transmitted cancer events  
5.1. � In case of identifying a DTC event, all relevant stakeholders should be immediately alerted and the relevant 

health authorities or delegated bodies be notified to activate a collective and coordinated investigation and 
management of the case.

Strength of recommendation: 
strong; quality of evidence: low

5.2. � Investigation of DTC entails: (1) review of donor characterization and procurement; (2) detailed characterization 
of the tumor and reassessment of the risk of DTC; (3) assessment of imputability, based on clinical history, 
histology, situation of other recipients at risk, and genetic studies.

Strength of recommendation: 
strong; quality of evidence: low

5.3. � Recipients at risk of DTC should be informed and the message be balanced according to likelihood of 
transmission and aggressiveness.

Strength of recommendation: 
strong; quality of evidence: low

5.4.   �Staging in the recipient should include chest and abdomen CT or MRI, and PET. Strength of recommendation: 
strong; quality of evidence: low

5.5. � Retransplantation is not a guarantee of no tumor transmission and is questionable for tumors of low 
transmission risk.

Strength of recommendation: 
weak; quality of evidence: 
moderate

5.6. � Efforts should be made to minimize immunosuppression with CNIs levels in the lower range. Strength of recommendation: 
weak; quality of evidence: low

5.7. � It is generally recommended to stop MMF or azathioprine, but this recommendation is not supported by clear 
evidence of lower risk of transmission or slower tumor progression.

Strength of recommendation: 
weak; quality of evidence: low

5.8. � The efficacy of mTOR inhibitors in DTC is unknown but switching from CNIs to mTOR inhibitors is an option for 
their potential anticancer properties.

Strength of recommendation: 
weak; quality of evidence: low

5.9. � Surveillance depends upon the nature of the tumor and likelihood of DTC. A total body CT is the easiest way 
to screen for DTC, particularly for malignancies with high risk of transmission. Screening beyond 5 y is only 
justified for aggressive tumors.

Strength of recommendation: 
strong; quality of evidence: low

AJCC, American Joint Committee on Cancer; CNI, calcineurin inhibitor; CNS, central nervous system; CT, computed tomography; DTC, donor-transmitted cancer; E/P, estrogen/progesterone; 
HCG, human chorionic gonadotropin; HER2, human epidermal growth factor receptor 2; ILTS-SETH, International Liver Transplantation Society-Sociedad Española de Trasplante Hepático; LT, liver 
transplantation; MMF, mycophenolate; MRI, magnetic resonance imaging; mTOR, mechanistic target of rapamycin; PET, positron emission tomography; PSA, prostate-specific antigen; RCC, renal cell 
cancer; WHO, World Health Organization; WL, waiting list; β-HCG, beta-human chorionic gonadotropin.

TABLE 1. ( Continued)

 2021 ILTS-SETH Recommendations on donor-transmitted cancers in liver transplantation
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EPIDEMIOLOGY OF DONOR-TRANSMITTED 
CANCER IN LIVER TRANSPLANTATION

The frequency of DTC in solid organ transplantation 
and LT needs to be assessed on the basis of comprehensive 
registry data.6 The Israel Penn International Transplant 
Tumor Registry was conceived to report cases of malig-
nancies developing after transplantation, including DTC. 
As a voluntary registry, lacking appropriate denomina-
tors, the risk of DTC was likely overestimated in differ-
ent reports.7-8 Information on the risk of DTC is more 
robust when derived from mandatory registries, where 
both numerator and denominator are known, though they 
lack the granularity necessary to better understand the 
details of DTC cases. Bearing in mind these limitations, 
this section presents data obtained from registry studies 
and extracts information to assess the frequency of donors 
with cancer and that of cancers transmitted through solid 
organ transplantation and LT. A summary of this infor-
mation is displayed in Table 2 (Organización Nacional de 
Trasplantes, unpublished data, 2020).11-29 A recent system-
atic literature review identified a total of 92 LT recipients 
diagnosed with a DTC in 67 studies.30

The transplantation of organs from donors with a past or 
current history of neoplasia has become frequent, represent-
ing 2%–4% deceased donors. Most of these cancers are asso-
ciated with a low transmission risk, given the histology or 
disease-free interval before organ recovery. Still, solid organ 
transplantation and LT procedures have been occasionally 
performed with organs obtained from donors with tumors 
traditionally considered of a high transmission risk (particu-
larly World Health Organization [WHO] grades 3–4 central 
nervous system [CNS] cancers), with a low occurrence of 
DTCs. It is likely that, following a risk/benefit assessment, 
the decision was made to proceed with transplantation in 
this context with appropriate outcomes in most cases.

DTC does occur in solid organ transplant and LT recipi-
ents. The frequency of DTC is consistently reported at 
3–6 cases per 10 000 transplants. The frequency in LT is 
similar. Most DTCs are occult cancers that had not been 
identified in the donor before transplantation. However, 
it is likely that there are many unpublished cases of DTC 
and that some may relate to human errors during donor 
workup before, during, or even after organ recovery.

According to the recent systematic review, most DTCs 
in LT are lymphomas, melanomas, and neuroendocrine 
tumors.30 Different types of DTCs (eg, colorectal, lung) were 
identified in the review displayed in Table 2. DTCs are usually 
diagnosed during the first 2 y after transplantation.30 The out-
come of LT recipients with DTC is often fatal, with an overall 
survival probability of 55.7% and 51.8% at 1 and 2 y after 
diagnosis.30 The probability of death is greatest for DTCs 
that have already metastasized at the time of diagnosis.30

The information described in this section on DTCs is 
flawed by the limited evidence available. To enable a realis-
tic risk estimation for DTCs and better understand the risks 
of malignancy transmission, it will be essential to include 
detailed donor cancer data in national registries, establish 
accurate national biovigilance programs to properly man-
age, and compile information on malignancies identified 
in the donor and on suspected cases of DTCs, as well as 
to define a basic data set and link international data while 
respecting the sensitivity of the reported information.

HOW TO MINIMIZE THE OCCURRENCE  
OF DONOR-TRANSMITTED CANCER IN LIVER 
TRANSPLANT RECIPIENTS?

Minimizing the risk of DTC requires proper charac-
terization of the organ donor. Donor characterization is 
a dynamic process that extends from the initial evaluation 
of the potential donor until after the transplantation of 
organs, because information from the donor may become 
available at any time point. Characterization is a multidis-
ciplinary process that entails the collaborative participa-
tion of professionals caring for the potential donor, donor 
coordinators or staff of the organ procurement organiza-
tion, procurement surgeons, and transplant teams.

Table 3 highlights critical elements of donor characteri-
zation.6,31 Of note, the universal determination of tumor 
markers may lead to false-positive results and to the 
unnecessary loss of potential liver donors.6 Where a donor 
with a previous malignancy had positive tumor markers, a 
new determination can help to assess the current situation. 
In women of childbearing age with a history of menstrual 
irregularities, miscarriages, or intracranial hemorrhage of 
unknown origin, beta-human chorionic gonadotropin lev-
els may be determined to exclude choriocarcinoma.32

Routine computed tomography (CT) in potential donors 
is performed in certain jurisdictions. Although a CT may 
help to identify occult cancers in potential donors,33 its 
real benefit is not well proven, and it increases the com-
plexity of the donation procedure. On some occasions, CT 
may be necessary for more detailed evaluation of donors 
with risk factors or suspected active cancer, or in whom it 
is anticipated that adequate intraoperative examination of 
the thoracic/abdominal cavity will not be possible.34

Where a history of cancer is identified during donor 
characterization, detailed information should be obtained 
from existing clinical and histopathological reports. All 
information described should be properly documented. 
Information to be obtained includes date of diagnosis; 
detailed histological report, grade, and stage; treatment 
(type of surgery, radiotherapy, chemotherapy, others) and 
dates of treatment; follow-up (clinics, imaging tests, tumor 
markers) and dates; tumor recurrence and date; disease-
free interval. The American Joint Committee on Cancer/
Union for International Cancer Control TNM staging 
system was updated in 20185 and the WHO classification 
of CNS neoplasia was updated in 2016.35 Therefore, the 
stage and grade of cancers diagnosed before 2017 might 
differ from current staging and classification systems.

Assessing the Risk of DTC
When a donor is diagnosed with an active or previous 

history of malignancy, the risk of DTC should be stratified 
to guide decision making and adequately inform poten-
tial recipients and their legal representatives. Knowing the 
theoretical risk of DTC helps to make a more approximate 
risk–benefit assessment, taking into consideration the clini-
cal situation of recipients.

Several classifications of the risk of DTC have been 
proposed (Table  4).6,36-38 The most recent, suggested by 
the Council of Europe, consciously omits any numerical 
estimation of the risk of DTC because of the limited evi-
dence available.6 Grading of risk, according to the Council 
of Europe classification but adapted to the LT setting, is 
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provided in Table  5 for a range of cancer types, either 
when identified in the donor history or when discovered 
during the donor workup.

According to the risk of DTC, LT may be considered 
subject to the clinical condition of patients on the WL:

	•	 Minimal risk: livers from these donors can be allocated to 
any patient on the LT WL.

	•	 Low to intermediate risk: allocation may be justified by the 
condition of the recipient, based on a risk–benefit analysis. 
This includes patients with hepatocellular carcinoma not 
responding to locoregional treatment,39,40 recipients with 
model for end-stage liver disease (MELD) score ≥30,41,42 

and those who are estimated to have a high probability of 
death or drop-out from the WL in the following weeks.

	•	 High risk: acceptance may be discussed in exceptional 
cases and for some life-saving LT procedures in the absence 
of any other therapeutic options on a case-by-case basis, 
after careful and reasonable risk–benefit assessment and 
with the informed consent of the patient. This includes 
patients with acute liver failure, particularly if no other 
organ is expected within 48 h,43 MELD ≥40,41,42 acute-
on-chronic liver failure grade 3 regardless of MELD,44 
and those who are estimated to have a high probability of 
death or drop-out from the WL in the following days or 
weeks.

TABLE 3.

Recommendations for the assessment and characterization of organ and liver donors with regard to malignancy

Assessment during donor evaluation
  Review of donor’s clinical history •  Lifestyle habits (smoking behavior and harmful alcohol consumption).

•  Symptoms or signs that may suggest a malignancy (ie, involuntary weight loss or menstrual irregularities 
after pregnancy or miscarriages in women of childbearing age, which may be a sign of choriocarcinoma).

  Documentation of any previous 
diagnosis of malignancy

•  Date of diagnosis.
•  Detailed histological report, grade, and stage.
•  Treatment (type of surgery, radiotherapy, chemotherapy, others) and dates of treatment.
•  Follow-up (clinics, imaging tests, tumor markers) and dates.
•  Tumor recurrence and date; disease-free interval.

  Complete and careful physical 
examination

•  Detailed exploration of the skin (current lesions and scars of previous surgical procedures).
•  Excision and histopathological examination of any suspicious lesion.
•  Careful examination of donor scars that may provide insight into prior treated malignancies and alert 

professionals about further investigation.
  Conventional laboratory tests •  May raise suspicion about an active malignancy.
  Tumor markers •  In case of a known malignancy in the donor’s history and previous information available on tumor markers, 

new determination to assess the current situation.
•  β-HCG levels in women of childbearing age with a history of menstrual irregularities, miscarriages, or 

intracranial hemorrhage of unknown origin.
  Image tests •  Review radiological exams performed during the admission of the potential donor to the hospital.

•  Chest X-ray and abdominal ultrasound (particularly in donors with a previous history of hepatitis B or C 
infection even without cirrhosis, alcoholic or nonalcoholic liver steatosis, genetic hemochromatosis, and in 
those with cirrhosis, to exclude a hepatocarcinoma) are recommended, if possible.

•  CT in selected cases.
Assessment during organ recovery
•  Full exploration of the thoracic and abdominal cavities.
•  In the thoracic cavity, bimanual palpation of the lungs and esophagus, visual inspection of both the pericardium and mediastinal lymph nodes.
•  Inspection of the abdominal cavity, including the liver, stomach, colon, small bowel, and pelvis.
•  In women, inspection of the ovaries and uterus.
•  Special attention should be put on renal examination.
Histopathological analysis
•  Analysis of any suspicious lesions or lymphadenopathy through frozen sections:

-  Ideally, by an expert pathologist.
-  Preferably refer the entire lesion with safety margins (eg, resection with curative intent in case of space-occupying lesions in the kidney).
-  Agree with the pathologist on the medium in which the sample should be sent (based on the estimated time of transport).
-  Immediately alert all transplant centers when a suspicious lesion is identified in the donor during or after organ recovery.
-  If the grafts have already been transplanted and histology reveals a malignancy other than small renal cell carcinoma, a complete autopsy of the 

donor should be requested whenever possible to obtain detailed information on the origin of the tumor and the degree of spread.
•  Full histology of intracranial space-occupying lesions before transplantation, whenever possible. Though neuroradiological diagnosis may be possible 

for some lesions, it is advisable to perform a histopathological assessment. If it is not possible, a risk–benefit evaluation must also be performed 
considering the likelihood and nature of malignancy vs the clinical condition of the patient on the WL.

•  Whenever a preliminary histopathological result is available and final results are pending or when an autopsy of the donor is performed, the final 
histopathological diagnosis and relevant findings should be promptly communicated to all transplant teams involved.

CT, computed tomography; HCG, human chorionic gonadotropin; WL, waiting list; β-HCG, beta-human chorionic gonadotropin.
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TABLE 4.

International recommendations for the assessment of transmission risk of donor malignancies

DTAC/United States 201136
SaBTO/United 

Kingdom 202037 CNT/Italy 201538 Council of Europe6

No significant risk  Standard risk  
Minimal risk (<0.1%) Minimal risk (<0.1) Nonstandard-negligible risk Minimal risk: donor acceptable for all organs and all recipients
Low risk (0.1%–1%) Low risk (0.1%–2%) Nonstandard acceptable risk Low to intermediate risk: donor acceptable, justified by the specific 

health situation of the recipient or the severity of their clinical 
condition, based on a risk–benefit analysis

Intermediate risk 
(1%–10%)

Intermediate risk 
(2%–10%)

  

High risk (>10%) High risk (>10%)  High risk: acceptance may be discussed in exceptional cases and 
for some life-saving transplantation procedures in the absence 
of any other therapeutic options on a case-by-case basis, after 
careful and reasonable risk–benefit assessment, and with the 
informed consent of the patient

 Absolute 
contraindication

Nonstandard unacceptable risk Unacceptable risk: absolute contraindication because of active 
malignancy or metastatic disease

Unknown risk (not 
equivalent to absolute 
contraindication)

   

CNT, Centro Nazionale Trapianti; DTAC, Disease Transmission Advisory Committee; SaBTO, Advisory Committee on the Safety of Blood, Tissues, and Organs.

TABLE 5.

Summary of findings of donor-transmitted cancer in recipients of solid organs and of liver transplants based on registry 
studies

Cancer diagnosed during donor procurement or recently diagnosed

Minimal Low to intermediate High Unacceptable

•  Basal and squamous cell carcinoma of the skin
•  In situ carcinomas (cervix, low-grade breast, 

vocal cord, PanIn)
•  Nonmuscle-invasive urinary bladder cancers, 

in situ urothelial (pTis) and intraepithelial 
papillary, urothelial carcinoma (pTa/G1–2)

•  Prostate cancer small intraprostatic, low-
grade (Gleason score ≤6)

•  RCC <1 cm (stage T1a) and Fuhrman grade 
I/II

•  Thyroid solitary papillary carcinoma <0.5 cm 
and minimally invasive follicular carcinoma 
<1 cm

•  CNS neoplasia WHO grades 1/2

•  In situ high-grade breast, 
colon, lung, melanoma/len-
tigo maligna

•  Small (<2 cm) GIST of the 
stomach or duodenum and 
<5 and mitotic count

•  Prostate cancer intrapros-
tatic Gleason score 7

•  RCC 1–4 cm (stage T1a) 
and Fuhrman grade I/II—
low risk

•  RCC >4–7 cm (stage T1b) 
and Fuhrman grade I/II—
intermediate risk

•  Thyroid solitary papillary 
carcinoma 0.5–2 cm and 
minimally invasive follicular 
carcinoma 1–2 cm—inter-
mediate risk

•  CNS neoplasia WHO grade 
3—intermediate risk–low 
risk (risk increases with VP 
or VA shuts, previous resec-
tion, or chemo/radiotherapy)

•  CNS neoplasia WHO grade 
4—intermediate risk (risk 
increases with VP or VA 
shunts, previous resection, 
or chemo/radiotherapy)

•  Colorectal cancer pT1
•  GIST from other primary sites 

than stomach or duodenum, of 
size >2 cm or high mitotic count

•  Prostate cancer intraprostatic, 
Gleason score >7

•  RCC >7 cm (stage T2) and Furh-
man grade I/II

•  RCC Fuhrman grade III/IV

•  Choriocarcinoma
•  Colorectal cancer beyond 

pT1
•  Newly diagnosed invasive 

breast cancer
•  Any newly diagnosed lung 

cancer independent of 
histology

•  Kaposi’s sarcoma, Merkel 
cell carcinoma, and skin 
sarcoma

•  Melanoma
•  Esophageal, gastric, 

pancreatic, liver, and biliary 
cancers

•  Oropharyngeal cancer
•  Ovarian cancer
•  Prostate cancer with 

extraprostatic extension
•  Neuroendocrine carcinomas
•  RCC with extension beyond 

the kidney (stages T3/T4)
•  Sarcoma
•  Thyroid medullary and 

anaplastic cancers
•  Leukemia, lymphoma, and 

plasmocytoma
•  Primary cerebral lymphoma
•  Any metastasized tumor

(Continued next page )
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Cancer in donor history

Minimal Low to intermediate High Unacceptable
•  Basal and squamous cell carcinoma of the 

skin
•  In situ carcinomas (cervix, low-grade breast, 

vocal cord, PanIn)
•  Non–muscle-invasive urinary bladder cancers, 

in situ urothelial (pTis) and intraepithelial pap-
illary, urothelial carcinoma (pTa/G1–2)

•  Prostate cancer ≤pT2 (confined to prostate) 
and Gleason 3+3, and very small prostate 
cancers and Gleason 3+3 under active sur-
veillance and nonsuspicious follow-up.

•  Prostate cancer ≤pT2 (confined to the pros-
tate) and Gleason grade = 7 after curative 
treatment and cancer-free period >5 y

•  RCC <1 cm (stage T1a) and Fuhrman grade 
I/IIa

•  Thyroid solitary papillary carcinoma <0.5 cm 
and minimally invasive follicular carcinoma 
<1 cm

•  CNS neoplasia WHO grades 1–2

•  In situ high-grade breast, 
colon, lung, melanoma/len-
tigo maligna

•  Colorectal cancer pT1/pT2 
tumors without lymph node 
or distant metastases after 
adequate treatment and 
disease-free survival >5 y. 
Risk increases with stage, 
and probability of presumed 
cure has to be taken into 
account.

•  Breast cancer stage 1A 
(AJCC, 8th edition) with 
curative surgery and cancer-
free period >5 y

•  Small (<2 cm) GIST of the 
stomach or duodenum and 
mitotic count <5% (minimal 
risk depending on therapy, 
follow-up time, and recur-
rence-free survival)

•  RCC 1–4 cm (stage T1a) 
and Fuhrman grade I/II—
low riska

•  RCC >4–7 cm (stage T1b) 
and Fuhrman grade I/II—
intermediate riska

•  Thyroid solitary papillary 
carcinoma 0.5–2 cm and 
minimally invasive follicular 
carcinoma 1–2 cm—inter-
mediate risk

•  CNS neoplasia WHO grade 
3—intermediate risk–low 
risk (risk increases with VP 
or VA shuts, previous resec-
tion, or chemo/radiotherapy)

•  CNS neoplasia WHO grade 
4—intermediate risk (risk 
increases with VP or VA 
shuts, previous resection, or 
chemo/radiotherapy)

•  Invasive breast cancer after full 
treatment, complete remission, 
and stringent follow-up for >5 y

•  GIST from other primary sites 
than stomach or duodenum, of 
size >2 cm or high mitotic count

•  Lung cancer treated (risk may 
decrease after curative therapy, 
with recurrence-free time and 
with increasing probability of 
cure)

•  Melanoma treated (if precise 
donor data about staging, ther-
apy, follow-up, and recurrence-
free survival are available, and 
evaluation by the dermato-oncol-
ogist concludes there is a low 
probability of recurrence and 
metastases)

•  Esophageal, gastric, pancreatic, 
liver, and biliary cancers (risk may 
decrease for early stages after 
curative therapy, with recurrence-
free time >5 y and with increas-
ing probability of cure, especially 
in cases of long-term survivors)

•  Oropharyngeal cancer treated 
(risk may decrease for early 
stages after curative therapy, 
with recurrence-free time >5 y 
and with increasing probability of 
cure, especially in cases of long-
term survivors)

•  Ovarian cancer treated (risk may 
decrease for early stages after 
curative therapy, with recurrence-
free time >5 y and with increas-
ing probability of cure, especially 
in cases of long-term survivors)

•  Neuroendocrine neoplasms 
treated

•  Prostate cancer with a history of 
extraprostatic extension

•  RCC >7 cm (stage T2) and Fuhr-
man I/II and RCC Fuhrman III/IVa

•  Choriocarcinoma (high or 
unacceptable depending on 
the recurrence-free period)

•  Kaposi’s sarcoma, Merkel 
cell carcinoma, and skin 
sarcoma

•  RCC with extension beyond 
the kidney (stages T3/T4)a

•  Sarcoma (risk may be con-
sidered high after curative 
treatment and a recur-
rence-free survival of >5 y)

•  Thyroid medullary and ana-
plastic cancers (may be 
considered with the high-
est caution for treated 
cases and after a long-term 
recurrence-free follow-up)

•  Leukemia, lymphoma, and 
plasmocytoma (risk may 
decrease in treated cases 
of acute leukemia and lym-
phoma after a definite dis-
ease-free interval >10 y)

•  Primary cerebral lymphoma
•  Any tumor with distant 

metastases

aSame risk than during procurement in the first 5 y after initial diagnosis. After this time, the risk of advanced stages may decrease.
AJCC, American Joint Committee on Cancer; CNS, central nervous system; GIST, gastrointestinal stromal tumor; PanIn, intraepithelial pancreatic neoplasia; RCC, renal cell carcinoma; VA, ventricu-
loatrial; VP, ventriculoperitoneal; WHO, World Health Organization.

TABLE 5. ( Continued)

Summary of findings of donor-transmitted cancer in recipients of solid organs and of liver transplants based on registry 
studies

SPECIAL CONSIDERATIONS FOR THE LIVING 
LIVER DONOR

The risk of DTCs in living donor liver transplantation 
(LDLT) has rarely been discussed. Uchiyama et al45 reported 
a 59-y-old male donor who had undergone distal gastrec-
tomy for early gastric cancer 17 y before live donation of 

left lobe including caudate. Dense adhesions around the 
hepatoduodenal ligament caused by lymph node dissection 
at the time of cancer surgery created technical difficulties 
during donor surgery. Fujiwara et al46 described a 42-y-old 
female donor who was incidentally diagnosed with early 
gastric cancer during preoperative cancer screening.46 She 
underwent simultaneous distal gastrectomy with lymph 
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node dissection and left lateral sectionectomy. The risks of 
liver metastases and circulating cancer cell migration to the 
liver graft were not null and the ethical issue of combining 
gastrectomy and hepatectomy in the donor was also taken 
into consideration.47 Both donors were carefully selected 
on the basis of the assumption that there was a minimal 
risk of transmission to the recipient.

Donor evaluation in LDLT with regard to DTC should 
be based on the same principles as those in the deceased 
liver donation, with some advantages. First, information 
on any past history of cancer is obtained in first person 
(presumably more accurate than the third-person perspec-
tive in deceased donation). Second, donor candidates can 
undergo complete cancer screening and specific diagnostic 
tests if needed in the absence of time constraints, except for 
urgent cases of LDLT. Finally, any malignancy diagnosed 
during the follow-up of living donors and their recipients 
can be immediately checked, increasing the chance of early 
detection and treatment of cancer.

In alignment with clinical practice guidelines for living 
kidney donors,48 a living liver donor candidate with a his-
tory of cancer should be avoided. If the potential recipi-
ent has no alternative donor, particularly in regions where 
deceased donor LT is not well developed, an individual 
risk–benefit assessment should be undertaken. The poten-
tial harms to the donor undergoing cancer screening and 
additional tests/procedures for cancer diagnosis and physi-
cal and psychosocial stress undergoing simultaneous (or 
sequential) treatment for cancer and liver donation, need 
to be carefully balanced with the prognosis of the recipi-
ent without LDLT under the double equipoise concept.49,50

Assessment of the risk of malignancy transmission for 
individual tumor types should be based on the same prin-
ciples applied to deceased donation. Although livers from 
donors classified as minimal risk of malignancy trans-
mission could be considered for any patient in need of a 
transplant, livers from donors classified as low to high risk 
can be considered suitable for specific recipients based on 
a careful risk–benefit analysis. It is important to keep in 
mind that the malignant potential of each tumor type may 
vary across countries, and therefore the classification in 
Table 5 needs to be applied flexibly. For example, colorec-
tal cancer (CRC) and gastric cancer rank second and third 
of the most common cancers in some Asian countries, and 
their guidelines clearly document that early-stage CRC and 
gastric cancer that fulfill the criteria for endoscopic resec-
tion are considered curable diseases, and no additional 
treatment is indicated.51,52

THE RISK OF DONOR-TRANSMITTED CANCER 
IN LIVER TRANSPLANTATION FOR DIFFERENT 
CANCER TYPES

This section reviews the risk of DTC through LT for 
some selected cancer types. An overview of such risks for a 
broad range of cancers is provided in Table 5.

In Situ Carcinomas
No clear case of transmission of an in situ carcinoma 

has been reported in solid organ transplantation and LT, 
despite the use of organs from donors with this diagnosis 
has been described in the literature.13

Most in situ carcinomas, including in situ carcinoma 
of the cervix or cervical intraepithelial neoplasia III, vocal 
cord carcinoma, superficial papillary carcinoma of the 
bladder, and nonmelanoma skin carcinoma, are associated 
with a minimal risk of transmission.6,36 Certain in situ car-
cinomas may be associated with a higher risk of transmis-
sion through LT, such as in situ breast, colorectal, and lung 
cancer and melanoma; therefore, proceeding with LT in 
the presence of a history of one of these in situ carcinomas 
requires careful balance of the low transmission risk with 
the condition of the potential recipient.53,54

In situ urothelial carcinomas and intraepithelial pancre-
atic neoplasms are associated with minimal risk to an LT 
recipient.6,36

Breast Cancer
Breast cancer is the most frequent cancer in females 

and is associated with the highest mortality.55 Screening 
programs facilitate its early detection, and treatment has 
improved, so an increasing number of potential donors 
with a history of breast cancer will be encountered. Breast 
cancer has high potential for late and aggressive recurrence 
and metastases.

Registry studies have described the transplantation of 
organs from donors with a past history of breast cancer, with 
no DTC reported (Organización Nacional de Trasplantes, 
unpublished data, 2020).13,14,21-23,25 It is likely that trans-
plants from these donors were highly selected on the basis 
of careful assessment and long disease-free intervals.

Cases of donor-transmitted breast cancer have been 
described, usually concerning donors in whom breast can-
cer was unknown at the time of transplantation.14,24,56 
Matser et al56 described the transmission of occult breast 
cancer by a single donor to 4 transplant recipients, includ-
ing an LT recipient. This patient was diagnosed with a 
DTC limited to the liver graft 4 y after LT.

Dormancy in breast cancer is well known. Tumor cells 
can be inactive and occult for years, and metastases can 
appear metachronously. Therefore, in the case of poten-
tial donors with a history of breast cancer, liver donation 
should only be considered after appropriate treatment and 
follow-up and long disease-free intervals.6 Histological 
information may help us to discriminate between tumors 
with favorable prognosis (eg, expression of estrogen/pro-
gesterone and human epidermal growth factor receptor 2/
neu+ receptor).57,58 Stage 1 breast cancer5 with curative 
resection and disease-free survival >5 y seems to be asso-
ciated with a low to intermediate risk of transmission.6 
Imaging of potential donors with a history of breast cancer 
(eg, CT) looking for evidence of metastatic spread may be 
indicated before proceeding.

Colorectal Cancer
CRC is common in the population and a common cause 

of mortality.55 The liver is the most frequent site of metas-
tasis.59 The transplantation of organs from donors with a 
known history of CRC has been reported with no evidence 
of transmission (Organización Nacional de Trasplantes, 
unpublished data, 2020).13,14,20,60

Occult CRCs have been transmitted through LT with 
differing results. There are 2 reports of retransplanta-
tion following the diagnosis of DTCs, with no evidence 
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of recurrence, albeit 1 recipient died soon after from 
an unrelated cause.61,62 In contrast, 2 other LT recipi-
ents diagnosed with a donor-transmitted CRC were not 
retransplanted because of their poor clinical condition, 
both of whom died.63,64 Transmission of CRC through the 
transplantation of solid organs including LT has also been 
reported in different registry studies.14,16,20,29

The Council of Europe stresses caution for the accept-
ance of donors with a recently diagnosed pT1 CRC because 
submucosal infiltration depth (sm1–3), lymphovascular 
invasion (L0–1), tumor budding, and microsatellite insta-
bility may influence the risk of lymph node and distant 
metastases.6 All other stages of newly diagnosed CRCs and 
those identified during organ recovery are considered of 
unacceptable risk (and high risk by the American guide-
lines).36 Donors with a history of CRC are considered high 
risk in both guidelines, with the exception of pT1 CRC 
after long periods of remission.

CNS Neoplasia
Primary CNS tumors rarely spread outside the brain 

and are present in 1%–2% of deceased organ donors. 
Nevertheless, spread does occasionally occur and there 
have been several reports of transmission to solid organ 
transplant including LT recipients. Decision making may 
be further confounded by the fact that many tumors in the 
brain represent secondary spread from outside the CNS, 
and many donors with CNS tumors have not had a biopsy 
performed at the time of death, but rather the diagnosis 
was based on radiological appearance alone.

The 2016 WHO classification of CNS tumors divides 
tumors according to their cell of origin (eg, astrocytes, oli-
godendrocytes) and grades tumors into 4 levels of aggres-
siveness (grade 1 being the least and grade 4 the most 
aggressive). By definition, all grade 4 tumors have vascular 
invasion and thus have breached the blood–brain barrier 
(Table 6).35 Many lower-grade tumors may progress over 
time becoming higher grade (eg, an anaplastic astrocytoma 
[grade 3] becoming a glioblastoma). Tumors are now also 
classified according to molecular phenotype, although for 
the purposes of decision making in transplantation, it is 
sufficient to consider them in the broader category.

Estimation of risk of DTC from donors with CNS 
malignancy comes from analysis of the incidence of spread 
in nontransplant patients and transmission of tumors to 
transplant patients. CNS tumors do not exhibit dormancy, 
unlike melanoma for example, so it is likely that spread 
in a nontransplant patient equates to the risk of disease 
transmission.

Metastatic spread of CNS tumors is uncommon and is 
most likely with high-grade tumors such as medulloblas-
toma and glioblastoma.65,66 All CNS tumors have a risk 
of extracranial spread following resection, but that risk 
remains low. Where spread does occur, it is typically at the 
craniotomy site in the scalp and its draining lymph nodes 
or along the track of a ventricular shunt.65 In addition, 
the duration of the tumor has also been associated with 
increased likelihood of metastases, the suggestion being 
that rapidly progressing CNS tumors probably kill early 
and before they have time to spread.

Early reports based on data from the Israel Penn 
International Transplant Tumor Registry suggested a high 
transmission risk,9 and some early reports used incorrect 
tumor grading nomenclature or assumed grades without 
histological confirmation.9,67-69 Subsequent reports, where 
both numerator and denominator were known and WHO 
grading adopted, have suggested that the risk of transmis-
sion is much lower (Organización Nacional de Trasplantes, 
unpublished data, 2020).11,12,17,19,25,27 A review of recent 
registry data is displayed in Table 7. Of >77 donors with 
grade 4 CNS tumors donating to >338 recipients (>34 
liver recipients), there was only 1 that transmitted can-
cer, with 3 recipients affected.25,26 It is likely that donors 
were highly selected; this cannot be determined from the 
reports. Similarly, the interval from tumor diagnosis to 
donation is unknown, nor is the use of shunts in most 
cases. Despite these favorable registry reports, there have 
been cases of CNS tumor transmission,70-72 including 6 in 
LT recipients.9,26,73-76

Published guidance on the use of organs from donor 
with CNS tumors varies. Although the DTAC quoted 
transmission risk of >10%,36 the Council of Europe con-
siders grade 3 CNS cancer of high risk and of unacceptable 
risk in the presence of any additional risk factor.6 Grade 4 

TABLE 6.

World Health Organization grading of common neoplasia of the central nervous system

 Grade 1 Grade 2 Grade 3 Grade 4

Astrocytes and 
oligodendrocytes

Pilocytic astrocytoma Diffuse astrocytoma, IDH mutant
Oligodendroglioma, IDH mutant,  

and 1p19q co-deleted

Anaplastic astrocytoma, IDH mutant
Anaplastic oligodendroglioma (IDH 

mutant and 1p19q co-deleted)

Glioblastoma (IDH mutant 
and wild type)

Ependymal tumors Subependymoma Ependymoma Anaplastic ependymoma
Ependymoma RELA fusion positive (grade 

2 or 3)

 

Embryonal tumors    Medulloblastoma
Medulloepithelioma

Pineal tumors Pineocytoma Papillary tumor of pineal region  Pineoblastoma
Meningeal tumors Meningioma Atypical meningioma Anaplastic meningioma  
Tumors of the sellar 

region
Craniopharyngioma
Pituicytoma
Granular cell tumor

   

Mesenchymal tumors Hemangioblastoma    

IDH, isocitrate dehydrogenase.
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CNS cancers are deemed of unacceptable risk. In contrast, 
United Kingdom guidance quotes a 2.2% risk of transmis-
sion of grade 4 neoplasia.77 None of the published guid-
ance reflects the accumulating literature in Table 7.

There are 3 caveats in the use of organs from donors 
with CNS cancer:

	•	 It is important to establish that the intracranial tumor is a 
primary CNS tumor.78 In the absence of a biopsy, an expert 
neuroradiological opinion of cross-sectional brain imaging 
may reduce uncertainty.

	•	 It is difficult to be sure that a primary cerebral lymphoma 
is truly a primary tumor, and donors with this diagnosis 
should not be used.

	•	 The risk of dissemination of primary brain tumors where a 
ventriculoperitoneal or ventriculoatrial shunt has been per-
formed is unknown but has been anecdotally reported to 
be high although most CNS tumor metastases occur in the 
absence of 1.71 It is essential that the shunt track is care-
fully inspected and any craniotomy wound also inspected. 
Abnormal tissue should undergo histological examination 
before any organs are transplanted.

Lung Cancer
Lung cancer is the most common cancer in males and 

fourth common in females; it has a high mortality in 
both.55,79 The proportion of patients who die with con-
firmed lung cancer metastases varies between histological 
subtypes.80 The liver is one of the most frequent metastatic 
sites. At the time of diagnosis, 35% of patients who die 
have metastatic disease.

Transmission of lung cancer to LT recipients has been 
reported with fatal consequences in 2 cases, including 1 
undergoing urgent transplantation when the adenocar-
cinoma was found on donor autopsy.81,82 There are also 
reports of transmission in a number of registry studies 
(Organización Nacional de Trasplantes, unpublished data, 
2020).20,29,83-86 In contrast, there are several reports of 
donor lung cancer not being transmitted to LT recipients 
(Organización Nacional de Trasplantes, unpublished data, 
2020).20,29,60

The Council of Europe Guide to the quality and safety of 
organs for transplantation considers that active lung cancer 
poses an unacceptable risk for transplantation. In the case 
of treated lung cancer in the donor history, transplantation 

TABLE 7.

Registry data on donor-transmitted cancer in recipients of solid organs obtained from donors diagnosed with grade 4 
neoplasia of the central nervous system

Authors, y (period analyzed), 
country

All CNS tumors  
and grade 4 tumors Donor cancers Outcome

Chui et al, 1999 (1989–1996) 
Australia & New Zealand11

Total number of CNS 
tumors

28 donors 96 recipients; no transmission

Grade 4 tumors 4 glioblastoma
5 medulloblastoma

Number of recipients unknown

Pokorna and Vítko, 2001  
(1986–1998) Czech Republic12

Total number of CNS 
tumors

41 donors 89 recipients; no transmission

Grade 4 tumors 9 glioblastoma
2 medulloblastoma

27 organs transplanted, including 3 liver recipients;  
no transmission

Kauffman et al, 2000  
(1992–1999), United States27

Total number of CNS 
tumors

397 donors 1220 recipients, including 293 liver recipients; no 
transmission

Grade 4 tumors 17 glioblastoma
2 medulloblastoma

56 organs transplanted, including 15 liver recipients;  
no transmission

Kauffman et al, 2007  
(2000–2005), United States25

Total number of CNS 
tumors

Number of donors not 
stated

642 recipients, including 179 liver recipients

Grade 4 tumors Number of donors with 
grade 4 tumors not 
stated

175 recipients; 1 transmission, to lung, liver, and 1 kidney 
recipient (nodal spread present at organ retrieval)

Watson et al, 2010 (1985–2001), 
United Kingdom19

Total number of CNS 
tumors

177 donors 448 recipients, including 73 liver recipients; no 
transmission

Grade 4 tumors 24 glioblastoma 
9 medulloblastoma
1 pineoblastoma

68 recipients, including 11 liver recipients; no transmission

Lee et al, 2020 (2005–2014), 
South Korea17

Total number of CNS 
tumors

17 donors 60 recipients, including 17 liver recipients; no transmission

Grade 4 tumors 1 glioblastoma
1 medulloblastoma
1 mixed germ cell tumor

10 recipients, including 3 liver recipients; no transmission

ONT, 2020

(2013–2018), Spain (Organización 
Nacional de Trasplantes, 
unpublished data, 2020)

Total number of CNS 
tumors

104 donors 279 recipients

Grade 4 tumors 1 glioblastoma 2 recipients, including 1 liver recipient; no transmission

CNS, central nervous system; ONT, Organización Nacional de Trasplantes.
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of organs and liver may be considered but assumed to be 
associated with a high risk of transmission. This risk may 
decrease with curative treatment, recurrence-free time, and 
probability of cure.6 The American Guidelines make a sim-
ilar assessment of the risk of transmission of lung cancer 
through solid organ transplantation and LT.36

Prostate Adenocarcinoma
Prostate adenocarcinoma is a frequent cancer in men, 

and its incidence increases with age.87 Usually, prostate 
cancer shows a slow progression and high survival rates. In 
advanced stages, metastases are found primarily in bones 
and lymph nodes and also in lungs and liver.88

Prostate adenocarcinoma is classified according to the 
Gleason score, associated with significant differences in 
prognosis (higher scores/groups result in poorer outcomes) 
(Table  8).87 Prostate-specific antigen is not considered a 
good marker for donor prostate cancer detection and is 
only a long-term marker for prognosis.87,89,90

There is only 1 reported case of transmission of a well-dif-
ferentiated prostate adenocarcinoma through LT, detected 
in the right hepatic lobe 2 mo after transplant.91 One fur-
ther case of transmission of prostate carcinoma through 
solid organ transplantation has been reported, involving a 
heart recipient.92 That donor had a poorly differentiated, 
metastasized prostate adenocarcinoma discovered during 
organ recovery. No abdominal organs were used, but the 
heart transplant was too far advanced to stop; the recipient 
died of donor-transmitted metastatic prostate cancer.

Incidental prostate cancer has been described in 0.5% 
of donors aged <50 y, the incidence increasing to 23% in 
donors aged 50–59 y, 35% in donors aged 60–69 y, and 
45% in those aged >70 y.93 As advanced age is no longer a 
contraindication to liver donation, it is certain that organs 
obtained from male donors with undiagnosed prostate 
cancer are regularly transplanted.

In addition, many papers have reported single-center 
experiences or registries including cases or small series of 
LT using donors with Gleason score ≤6 or Gleason score 7 
without transmission of cancer to the LT recipients involved 
(Organización Nacional de Trasplantes, unpublished data, 
2020).14,16,21,60,94-99 A review published in 2014 collected 
76 reported cases of LT from donors with prostate can-
cer without any case of DTC.100 More recently, an Italian 
group reported their experience with 5 LTs from deceased 
donors with Gleason scores 8 and 9, without DTC.97

Due to the rarity of prostate cancer transmission with 
transplantation, there is no clear evidence that a specific 
detection policy in potential donors might be useful to 
decrease this risk. Indeed, an active detection policy could 
lead to an unnecessary loss of donor organs.

Renal Cell Carcinoma
The true incidence of RCC in deceased organ donors 

is probably <1%.101,102 In the nontransplanted popula-
tion, RCC incidence increases with age and metastases are 
mainly found in lungs, bones, and lymph nodes, whereas 
liver metastases are rare.103,104

There is no reported case of transmission of RCC through 
LT. Most reported RCC transmissions occurred in kidney, 
but transmission has also rarely been described after heart 
or lung transplantation.8,105-107 The United Network for 
Organ Sharing reported no RCC transmission in a series 
of 198 recipients of nonrenal organs obtained from 147 
donors with known RCC.101 This large series confirmed 
previous United Network for Organ Sharing data,24,25,86 
smaller registries from the United Kingdom,21 Spain,18 
Italy,108,109 and single-center series.60,95,97,110 Precise RCC 
staging was lacking in most of these reports, but it is likely 
that nonrenal organs were accepted when RCCs were 
diagnosed at an early stage or transplants were already 
being performed when information about the donor RCC 
became available.

The Council of Europe Guide classifies RCC based on 
the estimated risk of transmission, according to TNM 
stage103 and nucleolar Fuhrman grading.6 Regarding 
donors with a past history of RCC, there are no strong 
published guidelines to help in decision making.

MANAGEMENT OF DONOR-TRANSMITTED 
CANCER EVENTS

All suspected DTCs or malignancies identified in the 
donor after transplantation must be reported to all stake-
holders including transplant centers caring for other recip-
ients from the same donor and the donor center to activate 
a coordinated investigation and management plan. This 
includes assessing the likelihood that a malignancy derives 
from the donor, informing recipients at risk, and anticipat-
ing corrective measures; coordination will ideally be the 
responsibility of an oversight agency.111,112

Investigation of a DTC Event
Evaluation of an LT recipient with regard to DTC events 

depends on the clinical scenario. If a donor malignancy is 
identified in the immediate posttransplant period, evalua-
tion and management may be based on the type of tumor 
and risk of transmission. In case of a suspected DTC in 
LT recipient, further characterization with CT or magnetic 
resonance imaging is warranted. Depending on imaging 
characteristics, biopsy versus serial imaging versus no fur-
ther analysis in the case of a definitely benign lesion may 
be indicated.

TABLE 8.

Classification of prostate adenocarcinoma according to Gleason score

   Risk of recurrence

Group 1 Gleason score ≤6 (3 + 3) Low risk
Group 2 Gleason score 7 (3 + 4) Intermediate risk
Group 3 Gleason score 7 (4 + 3)
Group 4 Gleason score 8 (4 + 4, 3 + 5, 5 + 3) High risk (strongest histological predictors of aggressiveness and local or distant 

extension)Group 5 Gleason score ≥9 (4 + 5, 5 + 4, 5 + 5)
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In most cases, DTCs occur within the first 12 mo after 
transplantation, though some DTCs have been diagnosed 
up to 5 y after LT.30 Nonetheless, tumors arising >1 y after 
LT raise the issue of whether the tumor is of donor ori-
gin or de novo malignancy in the recipient. When the ori-
gin of the tumor is ambiguous, recipients of other organs 
from the same donor should be identified and investigated. 
Early malignancy with multiple metastases within the first 
month after transplantation is strongly suggestive of DTCs. 
Biopsy can be needed to make a distinction. Fluorescence 
in situ hybridization with identification of XX and XY 
pairs of chromosomes is an option in case of gender mis-
match between donor and recipient. Microsatellite allelic 
analysis allows distinguishing cells from different individu-
als based on genetic polymorphism of repetitive sequences 
of DNA. Comparative genomic hybridization is another 
option to compare the genome that can also be performed 
on the basis of paraffin-embedded biopsy.6

Management of a DTC Event
Once the tumor has been characterized in the donor, the 

recipient should be informed about a possible risk of DTCs 
in a balanced manner, according to the risk of transmission 
and the aggressiveness of the tumor.

When the risk of DTCs is considered as high, removal 
of the transplanted organ and cessation of immunosup-
pression are only possible in kidney and pancreas trans-
plant recipients. In LT, retransplantation is an option that 
does not always prevent transmission because circulating 
tumor cells may have already spread in the recipient.82 
Retransplantation is associated with significant morbidity 
and mortality113-115 and should be considered in the con-
text of organ shortage.

No guidelines exist on retransplantation in DTC events. 
Decisions should be made on a case-by-case basis with a 
multidisciplinary approach and after discussion with the 
patient or relatives. Retransplantation may be reason-
ably considered when the tumor identified in the donor 
is deemed of intermediate or high risk of transmission; by 
contrast, retransplantation is questionable for tumors at 
minimal or low risk of transmission (Table 5).

Management of Immunosuppression
In LT recipients at risk of DTCs, minimization of immu-

nosuppression, whenever possible, is strongly recom-
mended. Immunosuppressive agents used in solid organ 
transplantation trigger tumor development and accelerate 
growth of malignancy.116-118

Immunosuppression should not be completely discon-
tinued because of a high risk of rejection with the need 
to restart immunosuppressive agents at higher doses. The 
approach should be similar to that of patients with de novo 
malignancy. Weaning from immunosuppression should 
only be considered late after transplantation and a gradual 
decrease is recommended.119 Maintenance immunosup-
pression with low target levels of CNIs is recommended.120 
There is no evidence of an increased risk of tumor progres-
sion with a combination of mycophenolate (MMF) and 
CNIs compared with CNIs alone.28,121,122 However, dis-
continuation of MMF has been recommended following a 
diagnosis of posttransplant lymphoproliferative disorder, 
in part to protect the bone marrow before any necessary 

chemotherapy.123 Whether MMF should be discontinued 
in LT recipients at risk of malignancy transmission is still 
a matter of debate and not supported by clear evidence.

The place of mechanistic target of rapamycin (mTOR) 
inhibitors is also a matter of debate. On theoretical 
grounds, mTOR inhibitors could be attractive in recipients 
at risk of DTC as these agents have both immunosuppres-
sive and anticancer properties.124 For instance, everolimus 
has been approved for the treatment of advanced RCC, 
advanced neuroendocrine pancreatic tumors, and human 
epidermal growth factor receptor 2–negative breast can-
cer.124 However, contrasting results have been reported on 
mTOR inhibitors in solid organ transplantation.

Overall, the benefit from mTOR inhibitors to prevent 
de novo malignancy or recurrence of malignancy in solid 
organ transplantation seems less than expected, albeit 
mTOR inhibitors are a safe option for immunosuppres-
sion, with or without reduced dose of CNIs.125-129

Practically, there are 2 approaches for maintenance 
immunosuppression with mTOR inhibitors consisting 
of (1) discontinuation of CNIs and switching to mTOR 
inhibitors (with or without antimetabolites) and (2) com-
bination of mTOR inhibitors plus reduced-dose CNIs. 
Intuitively, mTOR inhibitors without CNIs may be the 
preferred option in patients at high risk of DTCs. The pros 
and cons for the use of mTOR inhibitors in recipients at 
risk of DTCs are summarized in Table 9. It is important to 
note that recommended doses of everolimus are markedly 
different for the treatment of malignancies than for immu-
nosuppression in transplantation. Doses of 5–10 mg daily 
are recommended for the treatment of neuroendocrine 
tumors or RCCs compared with 0.75–1.25 mg twice daily 

TABLE 9.

Switching from calcineurin inhibitors to mTOR inhibitors 
in liver transplant recipients at risk of donor-transmitted 
cancers: pros and cons

Pro Con

Anticancer properties in vitro and in vivo No clear evidence of lower 
rates of cancers other than 
nonmelanoma skin cancer 
after transplantation

Approved for the treatment of several 
malignancies

Contrasting results concerning 
the efficacy of mTOR 
inhibitors to prevent 
recurrence of HCC

Effective to prevent rejection in liver 
transplantation with reduced-dose 
CNIs or antimetabolites

No demonstrated efficacy to 
prevent donor-transmitted 
malignancy

Reduces the rate of recurrence of 
nonmelanoma skin cancer in solid 
organ transplant recipients

Substantial proportion of 
discontinuation of mTOR 
inhibitors after switching 
because of adverse events

 Higher rate of rejection with 
mTOR inhibitors alone

 Doses of mTOR inhibitors used 
in oncology markedly higher 
than those recommended in 
transplantation

CNI, calcineurin inhibitor; HCC, hepatocellular carcinoma; mTOR, mechanistic target of 
rapamycin.
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in liver and kidney transplant recipients.118 In addition, 
lifelong administration of mTOR inhibitors is needed for 
immunosuppression in transplantation, whereas the use of 
mTOR inhibitors to treat malignancies is sequential. There 
are no data on which protocol is best in LT recipients at 
risk of DTCs.

Surveillance of Recipients at Risk of DTCs
Most DTCs manifest during the first year after trans-

plantation and during this period, screening should be 
considered in recipients at risk of DTCs. No guidelines 
exist on how and at which time intervals screening should 
be performed. The approach will need to be decided on 
a case-by-case basis, depending on the recipient’s health, 
the donor’s cancer type, its predicted aggressiveness, and 
therapeutic options.130

Total body CT seems the most effective tool for screen-
ing as (1) in the immunosuppressed recipient, DTCs can 
virtually involve any organ and (2) the accuracy of CT to 
detect small lesions is superior to that of magnetic reso-
nance imaging. There is no evidence that positron emission 
tomography adds to CT in this context. In line with the 
timing of occurrence of DTCs, CT at 1, 2, 6, 9, and 12 mo 
after transplantation is suggested as an example.

REFERENCES
	 1.	 Global Observatory on Donation and Transplantation. WHO-ONT. 

Available at http://www.transplant-observatory.org. Accessed June 
2021.

	 2.	 Merion RM, Schaubel DE, Dykstra DM, et al. The survival benefit of 
liver transplantation. Am J Transplant. 2005;5:307–313.

	 3.	 Yang LS, Shan LL, Saxena A, et al. Liver transplantation: a systematic 
review of long-term quality of life. Liver Int. 2014;34:1298–1313.

	 4.	 Colmenero J, Berenguer M, Watt K. The ILTS-SETH Consensus 
Conference on Extrahepatic Cancer and Liver Transplantation: paving 
the way. Transplantation. 2022;106:e1–e2.

	 5.	 American Joint Committee on Cancer. AJCC Cancer Staging Manual. 
8th ed. Springer; 2017.

	 6.	 European Committee on Organ Transplantation. European Directorate 
for the Quality of Medicines & HealthCare. Guide to the Quality and 
Safety of Organs for Transplantation. 7th ed. European Committee 
on Organ Transplantation. European Directorate for the Quality of 
Medicines & HealthCare; 2018.

	 7.	 Feng S, Buell JF, Cherikh WS, et al. Organ donors with positive viral 
serology or malignancy: risk of disease transmission by transplanta-
tion. Transplantation. 2002;74:1657–1663.

	 8.	 Buell JF, Trofe J, Hanaway MJ, et al. Transmission of donor cancer 
into cardiothoracic transplant recipients. Surgery. 2001;130:660–666.

	 9.	 Buell JF, Trofe J, Sethuraman G, et al. Donors with central nerv-
ous system malignancies: are they truly safe? Transplantation. 
2003;76:340–343.

	10.	 Buell JF, Hanaway MJ, Thomas M, et al. Donor kidneys with small 
renal cell cancers: can they be transplanted? Transplant Proc. 
2005;37:581–582.

	11.	 Chui AK, Herbertt K, Wang LS, et al. Risk of tumor transmis-
sion in transplantation from donors with primary brain tumors: 
an Australian and New Zealand registry report. Transplant Proc. 
1999;31:1266–1267.

	12.	 Pokorna E, Vítko S. The fate of recipients of organs from donors with 
diagnosis of primary brain tumor. Transpl Int. 2001;14:346–347.

	13.	 Birkeland SA, Storm HH. Risk for tumor and other disease transmis-
sion by transplantation: a population-based study of unrecognized 
malignancies and other diseases in organ donors. Transplantation. 
2002;74:1409–1413.

	14.	 Moench K, Breidenbach T, Fischer-Fröhlich C-L, et al. 6-year survey of 
organ donors with malignancies in Germany: 1449. Transplantation. 
2012;94(suppl 10):208.

	15.	 Zucchini N, Fiorentino M, D’Errico Grigioni A, et al; Italian Transplant 
Research Network. The Italian multiorgan donor cancer screening 
protocol: 2002–2005 experience. Transplantation. 2008;85:S57–S60.

	16.	 Eccher A, Lombardini L, Girolami I, et al. How safe are organs 
from deceased donors with neoplasia? The results of the Italian 
Transplantation Network. J Nephrol. 2019;32:323–330.

	17.	 Lee MS, Cho WH, Ha J, et al. Safety of donation from brain-dead 
organ donors with central nervous system tumors: analysis of trans-
plantation outcomes in Korea. Transplantation. 2020;104:460–466.

	18.	 Garrido G, Matesanz R. The Spanish National Transplant Organization 
(ONT) tumor registry. Transplantation. 2008;85:S61–S63.

	19.	 Watson CJ, Roberts R, Wright KA, et al. How safe is it to transplant 
organs from deceased donors with primary intracranial malignancy? 
An analysis of UK Registry data. Am J Transplant. 2010;10:1437–1444.

	20.	 Desai R, Collett D, Watson CJ, et al. Cancer transmission 
from organ donors-unavoidable but low risk. Transplantation. 
2012;94:1200–1207.

	21.	 Desai R, Collett D, Watson CJ, et al. Estimated risk of cancer trans-
mission from organ donor to graft recipient in a national transplanta-
tion registry. Br J Surg. 2014;101:768–774.

	22.	 Kauffman HM, McBride MA, Delmonico FL. First report of the United 
Network for Organ Sharing Transplant Tumor Registry: donors with a 
history of cancer. Transplantation. 2000;70:1747–1751.

	23.	 Kauffman HM, McBride MA, Delmonico FL. UNOS Transplant 
Tumor Registry: donors with a history of cancer. Transplant Proc. 
2001;33:1844–1845.

	24.	 Myron Kauffman H, McBride MA, Cherikh WS, et al. Transplant 
tumor registry: donor related malignancies. Transplantation. 
2002;74:358–362.

	25.	 Kauffman HM, Cherikh WS, McBride MA, et al. Deceased donors 
with a past history of malignancy: an Organ Procurement and 
Transplantation Network/United Network for Organ Sharing update. 
Transplantation. 2007;84:272–274.

	26.	 Armanios MY, Grossman SA, Yang SC, et al. Transmission of glio-
blastoma multiforme following bilateral lung transplantation from an 
affected donor: case study and review of the literature. Neuro Oncol. 
2004;6:259–263.

	27.	 Kauffman HM, McBride MA, Cherikh WS, et al. Transplant tumor reg-
istry: donors with central nervous system tumors. Transplantation. 
2002;73:579–582.

	28.	 Hynes CF, Ramakrishnan K, Alfares FA, et al. Risk of tumor trans-
mission after thoracic allograft transplantation from adult donors with 
central nervous system neoplasm—a UNOS database study. Clin 
Transplant. 2017;31:e12919. doi:10.1111/ctr.12919

	29.	 Kaul DR, Vece G, Blumberg E, et al. Ten years of donor-derived dis-
ease: a report of the disease transmission advisory committee. Am J 
Transplant. 2021;21:689–702.

	30.	 Eccher A, Girolami I, Marletta S, et al. Donor-transmitted cancers 
in transplanted livers: analysis of clinical outcomes. Liver Transpl. 
2021;27:55–66.

	31.	 Buell JF, Alloway RR, Steve Woodle E. How can donors with a previ-
ous malignancy be evaluated? J Hepatol. 2006;45:503–507.

	32.	 de Queiroz Moura D, Rawache R, Garcia MFG, et al. Donor choriocar-
cinoma transmission from solid organ transplantation: a case report. 
Transplant Proc. 2021;53:1345–1349.

	33.	 Mensink JW, Pol RA, Nijboer WN, et al. Whole body CT imaging 
in deceased donor screening for malignancies. Transplant Direct. 
2019;5:e509.

	34.	 Eccher A, Cima L, Ciangherotti A, et al. Rapid screening for malig-
nancy in organ donors:  15-year experience with the Verona “Alert” 
protocol and review of the literature. Clin Transplant. 2017;31:e13045. 
doi:10.1111/ctr.13045

	35.	 Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health 
Organization Classification of Tumors of the Central Nervous System: 
a summary. Acta Neuropathol. 2016;131:803–820.

	36.	 Nalesnik MA, Woodle ES, Dimaio JM, et al. Donor-transmitted malig-
nancies in organ transplantation: assessment of clinical risk. Am J 
Transplant. 2011;11:1140–1147.

	37.	 SaBTO (Advisory Committee on the Safety of Blood, Tissues and 
Organs). Transplantation of organs from deceased donors with can-
cer or a history of cancer. Available at https://assets.publishing.ser-
vice.gov.uk/government/uploads/system/uploads/attachment_data/
file/948068/transplantation_of_organs_from_deceased_donors_
with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_
cw.pdf. Accessed June 2021.

	38.	 Centro Nazionale Trapianti. General criteria for evaluation of donor 
suitability adopted in Italy. 2015. Available at www.trapianti.net/en/
regulation. Accessed June 2021.

	39.	 Firl DJ, Kimura S, McVey J, et al. Reframing the approach to patients 
with hepatocellular carcinoma: longitudinal assessment with hazard 

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 05/17/2024

http://www.transplant-observatory.org
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/948068/transplantation_of_organs_from_deceased_donors_with_cancer_or_a_history_of_cancer-revised_FINAL44266_JNcw_cw.pdf
www.trapianti.net/en/regulation
www.trapianti.net/en/regulation


e28	 Transplantation  ■  January 2022  ■ Volume 106  ■  Number 1	 www.transplantjournal.com

associated with liver transplantation for HCC (HALTHCC) improves 
ablate and wait strategy. Hepatology. 2018;68:1448–1458.

	40.	 Lee DD, Samoylova M, Mehta N, et al. The mRECIST classifica-
tion provides insight into tumor biology for patients with hepa-
tocellular carcinoma awaiting liver transplantation. Liver Transpl. 
2019;25:228–241.

	41.	 Wiesner R, Edwards E, Freeman R, et al; United Network for Organ 
Sharing Liver Disease Severity Score Committee. Model for end-stage 
liver disease (MELD) and allocation of donor livers. Gastroenterology. 
2003;124:91–96.

	42.	 Luo X, Leanza J, Massie AB, et al. MELD as a metric for survival ben-
efit of liver transplantation. Am J Transplant. 2018;18:1231–1237.

	43.	 Bernal W, Cross TJ, Auzinger G, et al. Outcome after wait-listing for 
emergency liver transplantation in acute liver failure: a single centre 
experience. J Hepatol. 2009;50:306–313.

	44.	 Sundaram V, Jalan R, Wu T, et al. Factors associated with survival 
of patients with severe acute-on-chronic liver failure before and after 
liver transplantation. Gastroenterology. 2019;156:1381–1391.e3.

	45.	 Uchiyama H, Shimada M, Imura S, et al. Living donor liver transplan-
tation using a left hepatic graft from a donor with a history of gastric 
cancer operation. Transpl Int. 2010;23:234–235.

	46.	 Fujiwara T, Sakuma Y, Hosoya Y, et al. Liver transplantation from a liv-
ing donor with early gastric cancer. Am J Transplant. 2005;5:627–629.

	47.	 Detry O, Deroover A, Honoré P, et al. Transplantation of a liver 
graft from a living donor with early gastric cancer. Am J Transplant. 
2005;5:2331–2332.

	48.	 Lentine KL, Kasiske BL, Levey AS, et al. KDIGO clinical prac-
tice guideline on the evaluation and care of living kidney donors. 
Transplantation. 2017;101:S1–S109.

	49.	 Cronin DC II, Millis JM, Siegler M. Transplantation of liver grafts 
from living donors into adults—too much, too soon. N Engl J Med. 
2001;344:1633–1637.

	50.	 Pomfret EA, Lodge JP, Villamil FG, et al. Should we use living donor 
grafts for patients with hepatocellular carcinoma? Ethical considera-
tions. Liver Transpl. 2011;17(suppl 2):S128–S132.

	51.	 Hashiguchi Y, Muro K, Saito Y, et al; Japanese Society for Cancer of 
the Colon and Rectum. Japanese Society for Cancer of the Colon 
and Rectum (JSCCR) guidelines 2019 for the treatment of colorectal 
cancer. Int J Clin Oncol. 2020;25:1–42.

	52.	 Japanese Gastric Cancer Association. Japanese gastric cancer treat-
ment guidelines 2014 (ver. 4). Gastric Cancer. 2017;20:1–19.

	53.	 Nalesnik MA. Tumors and solid organ transplantation: intersections at 
multiple levels. Medscape. 2003. Available at http://cme.medscape.
com/viewarticle/449388. Accessed August 20, 2017.

	54.	 Feng S, Buell JF, Chari RS, et al. Tumors and transplantation: the 
2003 Third Annual ASTS State-of-the-Art Winter Symposium. Am J 
Transplant. 2003;3:1481–1487.

	55.	 WHO Global Cancer Observatory. Cancer today. Available at https://
gco.iarc.fr/today/home. Accessed June 2021.

	56.	 Matser YAH, Terpstra ML, Nadalin S, et al. Transmission of breast 
cancer by a single multiorgan donor to 4 transplant recipients. Am J 
Transplant. 2018;18:1810–1814.

	57.	 Albert JM, Gonzalez-Angulo AM, Guray M, et al. Estrogen/progester-
one receptor negativity and HER2 positivity predict locoregional recur-
rence in patients with T1a,bN0 breast cancer. Int J Radiat Oncol Biol 
Phys. 2010;77:1296–1302.

	58.	 Palmieri D, Bronder JL, Herring JM, et al. Her-2 overexpression 
increases the metastatic outgrowth of breast cancer cells in the brain. 
Cancer Res. 2007;67:4190–4198.

	59.	 Riihimäki M, Hemminki A, Sundquist J, et al. Patterns of metastasis in 
colon and rectal cancer. Sci Rep. 2016;6:29765.

	60.	 Benkö T, Hoyer DP, Saner FH, et al. Liver transplantation from donors 
with a history of malignancy: a single-center experience. Transplant 
Direct. 2017;3:e224.

	61.	 Loosen SH, Schmeding M, Roderburg C, et al. A liver nodule in a 
patient transplanted for primary sclerosing cholangitis: an interdiscipli-
nary diagnostic approach. Z Gastroenterol. 2017;55:56–62.

	62.	 Snape K, Izatt L, Ross P, et al. Donor-transmitted malignancy con-
firmed by quantitative fluorescence polymerase chain reaction geno-
type analysis: a rare indication for liver retransplantation. Liver Transpl. 
2008;14:155–158.

	63.	 Zelinkova Z, Geurts-Giele I, Verheij J, et al. Donor-transmitted metas-
tasis of colorectal carcinoma in a transplanted liver. Transpl Int. 
2012;25:e10–e15.

	64.	 Kim B, Woreta T, Chen PH, et al. Donor-transmitted malignancy in a 
liver transplant recipient: a case report and review of literature. Dig Dis 
Sci. 2013;58:1185–1190.

	65.	 Cavaliere R, Schiff D. Donor transmission of primary brain tumors:a 
neurooncologic perspective. Transplant Rev (Philadelphia). 
2004;18:204–213.

	66.	 Awan M, Liu S, Sahgal A, et al. Extra-CNS metastasis from glio-
blastoma: a rare clinical entity. Expert Rev Anticancer Ther. 
2015;15:545–552.

	67.	 Schiff D. Which donors with brain tumors are safe? Transplantation. 
2004;77:1906–1906.

	68.	 Kashyap R, Ryan C, Sharma R, et al. Liver grafts from donors with 
central nervous system tumors: a single-center perspective. Liver 
Transpl. 2009;15:1204–1208.

	69.	 Schiff D. Reply: Liver grafts from donors with central nervous system 
tumors: a single-center perspective. Liver Transpl. 2010;16:916.

	70.	 Chen H, Shah AS, Girgis RE, et al. Transmission of glioblas-
toma multiforme after bilateral lung transplantation. J Clin Oncol. 
2008;26:3284–3285.

	71.	 Colquhoun SD, Robert ME, Shaked A, et al. Transmission of CNS malig-
nancy by organ transplantation. Transplantation. 1994;57:970–974.

	72.	 Fatt MA, Horton KM, Fishman EK. Transmission of metastatic glio-
blastoma multiforme from donor to lung transplant recipient. J 
Comput Assist Tomogr. 2008;32:407–409.

	73.	 Morse JH, Turcotte JG, Merion RM, et al. Development of a malignant 
tumor in a liver transplant graft procured from a donor with a cerebral 
neoplasm. Transplantation. 1990;50:875–877.

	74.	 Jonas S, Bechstein WO, Lemmens HP, et al. Liver graft-transmitted 
glioblastoma multiforme. A case report and experience with 13 mul-
tiorgan donors suffering from primary cerebral neoplasia. Transpl Int. 
1996;9:426–429.

	75.	 Frank S, Müller J, Bonk C, et al. Transmission of glioblastoma multi-
forme through liver transplantation. Lancet. 1998;352:31.

	76.	 NHS Blood and Transplant. Events investigated for possible donor-
derived transmission of infections, malignancies and other cases of 
interest, April 2018–March 2019. Available at https://nhsbtdbe.blob.
core.windows.net/umbraco-assets-corp/24453/30-june-2021-re-
port-events-investigated-for-possible-donor-derived-transmission-of-
infections-malignancies-march-2018-march-202.pdf.

	77.	 Warrens AN, Birch R, Collett D, et al; Advisory Committee on the 
Safety of Blood, Tissues and Organs, UK. Advising potential recipi-
ents on the use of organs from donors with primary central nervous 
system tumors. Transplantation. 2012;93:348–353.

	78.	 Buell JF, Gross T, Alloway RR, et al. Central nervous system tumors in 
donors: misdiagnosis carries a high morbidity and mortality. Transplant 
Proc. 2005;37:583–584.

	79.	 Howlader N, Noone AM, Krapcho M, et al. SEER Cancer Statistics 
Review, 1975–2014. National Cancer Institute. Available at https://seer.
cancer.gov/archive/csr/1975_2014/. Accessed September 21, 2018.

	80.	 Riihimäki M, Hemminki A, Fallah M, et al. Metastatic sites and survival 
in lung cancer. Lung Cancer. 2014;86:78–84.

	81.	 Sonbol MB, Halling KC, Douglas DD, et al. A case of donor-transmit-
ted non-small cell lung cancer after liver transplantation: an unwel-
come guest. Oncologist. 2019;24:e391–e393.

	82.	 Lipshutz GS, Baxter-Lowe LA, Nguyen T, et al. Death from donor-
transmitted malignancy despite emergency liver retransplantation. 
Liver Transpl. 2003;9:1102–1107.

	83.	 Penn I. Evaluation of transplant candidates with pre-existing malig-
nancies. Ann Transplant. 1997;2:14–17.

	84.	 Penn I. Evaluation of the candidate with a previous malignancy. Liver 
Transpl Surg. 1996;2:109–113.

	85.	 Busuttil R, Klintmalm G. Transplantation of the Liver. 2nd ed. Elsevier; 
2005.

	86.	 Ison MG, Nalesnik MA. An update on donor-derived disease transmis-
sion in organ transplantation. Am J Transplant. 2011;11:1123–1130.

	87.	 Mottet N, Bastian P, Bellmunt J, et al. EAU–EANM–ESTRO–ESUR–
SIOG: Guidelines on Prostate Cancer. European Association of 
Urology; 2020.

	88.	 Halabi S, Kelly WK, Ma H, et al. Meta-analysis evaluating the impact 
of site of metastasis on overall survival in men with castration-resistant 
prostate cancer. J Clin Oncol. 2016;34:1652–1659.

	89.	 Pabisiak K, Ostrowski M, Kram A, et al. Prostate-specific anti-
gen: nonspecific in deceased organ donors. Transplant Proc. 
2016;48:1374–1377.

	90.	 Pabisiak K, Ostrowski M, Kram A, et al. Prostate specific antigen-pos-
itive deceased organ donor: a pathologist is indispensable. Transplant 
Proc. 2016;48:2450–2453.

	91.	 Sánchez-Montes C, Aguilera V, Prieto M, et al. Periesophageal lymph 
node metastasis of prostate adenocarcinoma from liver transplant 
donor. Am J Gastroenterol. 2019;114:378.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 05/17/2024

http://cme.medscape.com/viewarticle/449388
http://cme.medscape.com/viewarticle/449388
https://gco.iarc.fr/today/home
https://gco.iarc.fr/today/home
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/24453/30-june-2021-report-events-investigated-for-possible-donor-derived-transmission-of-infections-malignancies-march-2018-march-202.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/24453/30-june-2021-report-events-investigated-for-possible-donor-derived-transmission-of-infections-malignancies-march-2018-march-202.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/24453/30-june-2021-report-events-investigated-for-possible-donor-derived-transmission-of-infections-malignancies-march-2018-march-202.pdf
https://nhsbtdbe.blob.core.windows.net/umbraco-assets-corp/24453/30-june-2021-report-events-investigated-for-possible-donor-derived-transmission-of-infections-malignancies-march-2018-march-202.pdf
https://seer.cancer.gov/archive/csr/1975_2014/
https://seer.cancer.gov/archive/csr/1975_2014/


© 2021 Wolters Kluwer	 	 e29Domínguez-Gil et al

	92.	 Loh E, Couch FJ, Hendricksen C, et al. Development of donor-derived 
prostate cancer in a recipient following orthotopic heart transplanta-
tion. JAMA. 1997;277:133–137.

	93.	 Yin M, Bastacky S, Chandran U, et al. Prevalence of incidental 
prostate cancer in the general population: a study of healthy organ 
donors. J Urol. 2008;179:892–895.

	94.	 Fiaschetti P, Pretagostini R, Stabile D, et al. The use of neo-
plastic donors to increase the donor pool. Transplant Proc. 
2012;44:1848–1850.

	95.	 Serralta AS, Orbis FC, Sanjuan FR, et al. If the donor had an early-
stage genitourinary carcinoma and the liver has already been 
implanted, should we perform the transplantectomy? Liver Transpl. 
2003;9:1281–1285.

	96.	 Skalski M, Gierej B, Nazarewski Ł, et al. Prostate cancer in deceased 
organ donors: loss of organ or transplantation with active surveil-
lance. Transplant Proc. 2018;50:1982–1984.

	97.	 Pezzati D, Ghinolfi D, Lai Q, et al. Use of donors with genitourinary 
malignancies for liver transplantation: a calculated risk? Transpl Int. 
2017;30:737–739.

	98.	 Engels EA, Castenson D, Pfeiffer RM, et al. Cancers among US 
organ donors: a comparison of transplant and cancer registry diag-
noses. Am J Transplant. 2014;14:1376–1382.

	99.	 D’Errico-Grigioni A, Fiorentino M, Vasuri F, et al; Pathology Unit for 
organ safety of the F. Addarii Institute, Bologna. Expanding the criteria 
of organ procurement from donors with prostate cancer: the application 
of the new Italian guidelines. Am J Transplant. 2010;10:1907–1911.

	100.	 Doerfler A, Tillou X, le Gal S, et al. Prostate cancer in deceased 
organ donors: a review. Transplant Rev. 2014;28:1–5.

	101.	 Pavlakis M, Michaels MG, Tlusty S, et al. Renal cell carcinoma sus-
pected at time of organ donation 2008–2016: a report of the OPTN 
ad hoc Disease Transmission Advisory Committee Registry. Clin 
Transplant. 2019;33:e13597.

	102.	 Carver BS, Zibari GB, McBride V, et al. The incidence and implica-
tions of renal cell carcinoma in cadaveric renal transplants at the time 
of organ recovery. Transplantation. 1999;67:1438–1440.

	103.	 Ljungberg B, Albiges L, Abu-Ghanem Y, et al. European Association 
of Urology Guidelines on Renal Cell Carcinoma: the 2019 update. 
Eur Urol. 2019;75:799–810.

	104.	 Chandrasekar T, Klaassen Z, Goldberg H, et al. Metastatic renal cell 
carcinoma: patterns and predictors of metastases—a contemporary 
population-based series. Urol Oncol. 2017;35:661.e7–661.e14.

	105.	 Barrou B, Bitker MO, Delcourt A, et al. Fate of a renal tubulopap-
illary adenoma transmitted by an organ donor. Transplantation. 
2001;72:540–541.

	106.	 Sack FU, Lange R, Mehmanesh H, et al. Transferral of extrathoracic 
donor neoplasm by the cardiac allograft. J Heart Lung Transplant. 
1997;16:298–301.

	107.	 Meyding-Lamadé U, Krieger D, Schnabel P, et al. Cerebral metasta-
ses of an allogenic renal cell carcinoma in a heart recipient without 
renal cell carcinoma. J Neurol. 1996;243:425–427.

	108.	 Taioli E, Mattucci DA, Palmieri S, et al. A population-based study of 
cancer incidence in solid organ transplants from donors at various 
risk of neoplasia. Transplantation. 2007;83:13–16.

	109.	 Pretagostini R, Peritore D, Fiaschetti P, et al. Incidence of neoplas-
tic donors in Organizzazione Centro Sud Trapianti area during the 
2003–2005 period. Transplant Proc. 2007;39:1746–1748.

	110.	 Pandanaboyana S, Longbotham D, Hostert L, et al. Transplantation 
of liver and kidney from donors with malignancy at the time of  
donation: an experience from a single centre. Transpl Int. 2016;29: 
73–80.

	111.	 Organ Procurement and Transplantation Network. OPTN Policies. 
Available at https://optn.transplant.hrsa.gov/media/1200/optn_poli-
cies.pdf. Accessed June 2021. 

	112.	 European Parliament, Council of the European Union. Directive 
2010/53/EU of the European Parliament and of the Council of 7 July 
2010 on standards of quality and safety of human organs intended 
for transplantation. Available at https://eur-lex.europa.eu/legal-con-
tent/EN/ALL/?uri=CELEX%3A32010L0053. Accessed June 2021.

	113.	 Lui SK, Garcia CR, Mei X, et al. Re-transplantation for hepatic 
artery thrombosis: a national perspective. World J Surg. 
2018;42:3357–3363.

	114.	 Maggi U, Andorno E, Rossi G, et al. Liver retransplantation in adults: 
the largest multicenter Italian study. PLoS One. 2012;7:e46643.

	115.	 Mattos RO, Linhares MM, Matos D, et al. Liver re-transplantation: 
internal validation of a predictive mathematical model of survival. 
Hepatogastroenterology. 2012;59:1230–1233.

	116.	 Allaire M, Sérée O, Coilly A, et al. De novo primary liver cancer after 
liver transplantation: a French National Study on 15803 patients. Exp 
Clin Transplant. 2018;16:779–780.

	117.	 Dantal J, Soulillou JP. Immunosuppressive drugs and the 
risk of cancer after organ transplantation. N Engl J Med. 
2005;352:1371–1373.

	118.	 Krisl JC, Doan VP. Chemotherapy and transplantation: the role of 
immunosuppression in malignancy and a review of antineoplas-
tic agents in solid organ transplant recipients. Am J Transplant. 
2017;17:1974–1991.

	119.	 Shaked A, DesMarais MR, Kopetskie H, et al. Outcomes of immuno-
suppression minimization and withdrawal early after liver transplan-
tation. Am J Transplant. 2019;19:1397–1409.

	120.	 Dantal J, Hourmant M, Cantarovich D, et al. Effect of long-term 
immunosuppression in kidney-graft recipients on cancer incidence: 
randomised comparison of two cyclosporin regimens. Lancet. 
1998;351:623–628.

	121.	 Robson R, Cecka JM, Opelz G, et al. Prospective registry-based 
observational cohort study of the long-term risk of malignancies in 
renal transplant patients treated with mycophenolate mofetil. Am J 
Transplant. 2005;5:2954–2960.

	122.	 Coghill AE, Johnson LG, Berg D, et al. Immunosuppressive medica-
tions and squamous cell skin carcinoma: nested case-control study 
within the Skin Cancer after Organ Transplant (SCOT) cohort. Am J 
Transplant. 2016;16:565–573.

	123.	 Dierickx D, Tousseyn T, De Wolf-Peeters C, et al. Management of 
posttransplant lymphoproliferative disorders following solid organ 
transplant: an update. Leuk Lymphoma. 2011;52:950–961.

	124.	 de Fijter JW. Cancer and mTOR inhibitors in transplant recipients. 
Transplantation. 2017;101:45–55.

	125.	 Fischer L, Saliba F, Kaiser GM, et al; H2304 Study Group. Three-year 
outcomes in de novo liver transplant patients receiving everolimus 
with reduced tacrolimus: follow-up results from a randomized, multi-
center study. Transplantation. 2015;99:1455–1462.

	126.	 Saliba F, Duvoux C, Gugenheim J, et al. Efficacy and safety of everoli-
mus and mycophenolic acid with early tacrolimus withdrawal after 
liver transplantation: a multicenter randomized trial. Am J Transplant. 
2017;17:1843–1852.

	127.	 Saliba F, Duvoux C, Dharancy S, et al. Early switch from tacrolimus 
to everolimus after liver transplantation: outcomes at 2 years. Liver 
Transpl. 2019;25:1822–1832.

	128.	 Cillo U, Saracino L, Vitale A, et al. Very early introduction of everoli-
mus in de novo liver transplantation: results of a multicenter, pro-
spective, randomized trial. Liver Transpl. 2019;25:242–251.

	129.	 Asrani SK, Wiesner RH, Trotter JF, et al. De novo sirolimus and 
reduced-dose tacrolimus versus standard-dose tacrolimus after liver 
transplantation: the 2000–2003 phase II prospective randomized 
trial. Am J Transplant. 2014;14:356–366.

	130.	 Buell JF, Beebe TM, Trofe J, et al. Donor transmitted malignancies. 
Ann Transplant. 2004;9:53–56.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4
X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 05/17/2024

https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf
https://optn.transplant.hrsa.gov/media/1200/optn_policies.pdf
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32010L0053
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A32010L0053

