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SUMMARY

Evidence on cancer transmission from organ transplantation is poor. We
sought to identify cases of cancer transmission or non-transmission from
transplantation in an Australian cohort of donors and recipients. We
included NSW solid organ deceased donors 20002012 and living donors
20042012 in a retrospective cohort using linked data from the NSW
Biovigilance Register (SAFEBOD). Central Cancer Registry (CCR) data
1972-2013 provided a minimum one-year post-transplant follow-up. We
identified cancers in donors and recipients. For each donor-recipient pair,
the transmission was judged likely, possible, unlikely, or excluded using
categorization from international guidelines. In our analysis, transmissions
included those judged likely, while those judged possible, unlikely, or
excluded were non-transmissions. In our cohort, there were 2502 recipients
and 1431 donors (715 deceased, 716 living). There were 2544 transplant
procedures, including 1828 (72%) deceased and 716 (28%) living donor
transplants. Among 1431 donors, 38 (3%) had past or current cancer and
they donated to 68 recipients (median 6.7-year follow-up). There were 64
(94%) non-transmissions, and 4 (6%) transmissions from two living and
two deceased donors (all kidney cancers discovered during organ recovery).
Donor transmitted cancers are rare, and selected donors with a past or
current cancer may be safe for transplantation.
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Introduction

Organ transplantation is a life-saving treatment for
many people with end-stage organ failure. In Australia,
people with end-stage kidney disease have a five-year

survival of approximately 50% when treated with dialy-
sis [1,2], compared with 90% for those who receive a
kidney transplant [3]. Five-year post-transplant survival
is also high after liver transplant (80%) [4], heart trans-
plant (80%) [5], and lung transplant (70%) [5]. Despite
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the clear benefits of transplantation, safety risks must also
be carefully considered including the potential for donor
to recipient transmission of infectious disease or cancer.
Cancer transmission is of particular concern because it
may be fatal for the recipient [6], and many potential
donors with a history of cancer are therefore declined for
transplantation. Recipients and transplant clinicians face a
delicate trade-off between maximizing organ donation
opportunities and minimizing the risk of transmission [7].

The Transplantation Society of Australia and New
Zealand (TSANZ) has published clinical guidelines for
organ transplantation from deceased donors [8]. These
guidelines provide an overview of the evidence sur-
rounding the risk of cancer transmission by cancer site
and are similar to guidelines in the UK [9], Europe
[10], and the United States [11]. However, the quality
of evidence available for estimating cancer transmission
risks is poor [12]. Relatively few donors with a known
history of cancer are accepted for donation [13]. Those
who are accepted are highly selected, hence cancer
transmission is a rare occurrence [14,15]. Indeed, the
recommendations for donors with a central nervous sys-
tem (CNS) tumor, for instance, are ultimately based on
studies with no observed transmissions [16,17].

The Safety and Biovigilance in Organ Donation
(SAFEBOD) Public Health Register was established in
New South Wales (NSW) in 2018, with one of its aims
to identify cases of donor to recipient cancer transmis-
sion and non-transmission [18]. New South Wales is
the largest Australian state with approximately 8.1 mil-
lion people [19], and it is demographically representa-
tive of the entire country. We sought to use the
SAFEBOD register to investigate cancer transmissions
and non-transmissions in a cohort of donors and recipi-
ents over a 13-year period.

Methods

Study cohort

We performed a retrospective cohort study of solid
organ donors and recipients linked to health records
using data from the NSW Biovigilance Public Health
Register (SAFEBOD). Records were linked probabilisti-
cally using personal identifiers such as name, date of
birth, and address. SAFEBOD was initiated under the
NSW Public Health Act 2010 and was approved by the
University of Sydney Human Research Ethics Commit-
tee (project number 2016/758). Further details of the
SAFEBOD study linkage have been published previously
[18].
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Our study population included all solid organ trans-
plants performed in NSW from deceased (January 01,
2000, to December 31, 2012) and living (January 01,
2004, to December 31, 2012) donors. We had complete
follow-up data for living donors, recipients, and trans-
plant outcomes until December 31, 2016. Linked data
from the population-based NSW Central Cancer Regis-
try (CCR) are lagged by approximately 5 years; hence,
data are only available until the end of 2013 despite
linkage for SAFEBOD being performed in 2018. We
therefore chose December 31, 2012, as the end of our
study period to ensure at least one year of post-
transplant follow-up for cancer was available for all par-
ticipants. We excluded transplants where either the
donor or recipient had a non-NSW postcode at trans-
plant, since cancers diagnosed across state boundaries
may not always be notified to the NSW CCR.

Identifying cancers

In Australia, all cancer diagnoses must be notified to the
relevant state or territory cancer registry under statute.
Cancers are classified using both the International Statisti-
cal Classification of Diseases for Oncology 3rd Edition
(ICD-0) [20] and the International Statistical Classifica-
tion of Diseases and Related Health Problems Tenth Revi-
sion Australian Modification (ICD-10-AM) [21]. We
considered any donor or recipient tumor that was notifi-
able to the CCR to be a cancer. This included all malignant
and in situ tumors but excluded non-melanoma skin can-
cers which are not notifiable [22].

We assigned each cancer a site based on its ICD-O
code reported in the CCR. Other cancer details such as
diagnosis date and level of spread were primarily based
on CCR; however, the CCR only includes the highest
level of spread within 4 months of diagnosis. Therefore,
we also sought further details of any cancers from other
SAFEBOD sources including: the Admitted Patient Data
Collection (ADPC), death records from the Registry of
Births, Deaths, and Marriages (RBDM), the Australian
and New Zealand Organ and Tissue Donor Registry
(ANZOD), the Australian and New Zealand Dialysis
and Transplant Registry (ANZDATA), the Australian
and New Zealand Cardiothoracic Organ Transplant
Registry (ANZCOTR), and the Australian and New
Zealand Liver and Intestine Transplant Registry
(ANZLITR).

We documented all donor and recipient cancers from
before and after transplant. For living donors, we con-
sidered whether cancers diagnosed after transplant may
have been present prior to donation. For deceased donors,
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we considered the possibility that cancers discovered dur-
ing organ recovery may not have been notified to the CCR,
despite the statutory notification rules. Although new can-
cer diagnoses are notifiable even if discovered after death,
it is possible that because of administrative confusion these
cancers may not have been notified or may have been noti-
fied against the recipient rather than the donor (e.g., if a
kidney cancer is discovered during organ recovery,
resected, and then, the kidney used for transplant). We
also considered that some donor cancers may have been
undiagnosed at the time of death, so we would only find
out about the cancer via a transplant recipient if a trans-
mission occurred (e.g., a metastatic cancer diagnosed in a
recipient shortly after transplant may be judged a likely
transmission, which implies the donor had cancer prior to
donation).

Transmission likelihood

We categorized each transplant procedure (i.e., each
donor-recipient pair) by the likelihood that a transmission
had occurred (a donor-transmitted cancer), compared
with an alternative explanation (e.g., a donor-derived de
novo cancer arising in the recipient). We used categories
likely, possible, unlikely, or excluded, based on interna-
tional guidelines for investigating the imputability of
malignancy transmission [23-25]. We did not include cat-
egories for definite or proven transmission because this
would require access to more granular case-by-case infor-
mation than we were able to acquire using linked health
data (e.g., detailed pathology reports). The guidelines are
subjective since the distinction between donor-derived
cancers (i.e., de novo cancer in a recipient, arising in donor
cells, that was not present at transplantation) and donor-
transmitted cancers (i.e., pre-existing cancer transmitted
with donor cells at the time of transplantation) is often dif-
ficult to discern. Therefore, records for each transplant
procedure (donor—recipient pair) were reviewed on a
case-by-case basis by two co-authors with expertise in
transplant nephrology and cancer epidemiology (ACW
and CMV). Any disagreements were resolved with another
co-author with expertise in transplant nephrology (MW).
The characteristics considered when evaluating the like-
lihood of transmission were age, sex, donation pathway
(living vs. deceased), donor mode of death, and all cancers
before or after transplant for the donor and all recipients
of their organs (including date of diagnosis, primary site,
level of spread, and source of information within SAFE-
BOD). Broadly, we considered transmission to be likely if
a donor had past or current cancer and the recipient devel-
oped metastatic cancer or cancer in the transplanted
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organ. Transmission was considered possible if there was
no reported cancer in the donor, but the recipient devel-
oped metastatic cancer or cancer in the transplanted organ
shortly after transplantation. Transmission was considered
unlikely (but still a possibility) if the recipient developed
non-metastatic or late onset cancer that could potentially
have originated in the donor, despite a lack of corroborat-
ing evidence in any donor records. In all other cases (e.g.,
recurrence of a recipient’s previous cancer, or no cancer),
transmission was excluded.

Data analysis

We summarized the donor and recipient characteristics
and outcomes of all transmissions and
transmissions and reported these as proportions of
donors and transplant procedures. We also focused on
certain donor cancers of particular interest: kidney and
brain cancers. Kidney cancers discovered during organ
recovery may in some circumstances be resected (where
this is thought to be curative) and the kidney used for
transplantation. Brain cancers typically occur in younger
people who are otherwise relatively healthy compared
with the average donor, and certain types of brain can-
cer are less likely to metastasize and are acceptable for
donation under current guidelines [8].

In addition, we also restricted our analysis to donors
with any reported past or current cancer. Some donor can-
cers may only be discovered if a transmission occurs;
hence, there may also be donors with cancer that remains
undiscovered because it does not result in transmission.
To account for this possible bias, we performed sensitivity
analyses by further restricting our analysis to donor can-
cers (i) reported against the donor in any data source, (ii)
notified against the donor in the CCR, and (iii) recognized
by clinicians at the time of donation.

We defined a transmission as any transplant proce-
dure (donor-recipient pair) where transmission was
judged likely, while a non-transmission was any trans-
plant procedure where transmission was judged possi-
ble, unlikely, or excluded. In sensitivity analyses, we
considered alternative likelihood thresholds for defining
transmissions and non-transmissions.

non-

Results

Study cohort

We included 2502 NSW recipients of 1431 NSW donors
in our analysis, as health records for interstate donors
and recipients were not present in SAFEBOD. These
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recipients underwent 2544 transplant procedures,
including 1828 (71%) from 715 deceased donors and
716 (29%) from living donors (Fig. 1).

Donor cancers

Among 1431 donors, 38 (3%) had evidence of at least
one past or current cancer (43 cancers total). This
included 17 (45%) deceased and 21 (55%) living donors
who donated to 68 NSW recipients (with a further six
interstate recipients excluded from our analysis). The
median post-transplant follow-up for recipients was
6.7 years (IQR 4.8-10.3). Of these donors, 38 (100%)
had cancer reported against the donor in at least one
data source, 33 (87%) had cancer notified against the
donor in the CCR, and for 37 (97%) the cancer was
recognized by clinicians at the time donation decisions
were made. The most common cancers in donors were
kidney (n = 14, 37%), brain (n =7, 18%), prostate
(n =6, 16%), melanoma (n = 4, 11%), breast (n = 3,

8%), and thyroid (n = 3, 8%). Donor cancers are sum-
marized in Table S1.

Summary of transmissions and non-
transmissions

Among 68 transplant procedures from 38 donors with
past or current cancer, there were four (6%) transmis-
sions from two living and two deceased donors, and 64
(94%) non-transmissions from 19 living and 16
deceased donors (Fig. 1). One deceased donor with two
recipients was counted as a transmission to one recipi-
ent and a non-transmission to the other recipient. The
overall transmission rate was 0.16% of 2544 transplant
procedures, and 0.28% of all donors transmitted cancer
to at least one recipient. Donor and recipient character-
istics of all transmissions and non-transmissions are
presented in Table S1.

Our findings were robust to restricting which donor
cancers included, as to alternative

were well as

Deceased solid organ
donors? in NSW 2000-2012
N=975 (100%)

Solid organ recipients
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in NSW 2004-2012
N=821 (100%)

‘Not resident in NSW !
l—
n=219 (22%)

|
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—> Includes NSW living donors in=40 (5%)
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Transplanted to at least
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=

Transplanted from a NSW donor
N=2,502 (68%)

Transplanted to
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N=715 (95%)

Deceased donor transplants®

N=716 (95%)

Living donor transplants

N=715 donors
N=1,828 transplants

in=698 donors (98%) e
in=1,781 transplants (97%) !

Donor cancer

N=17 donors (2%)

N=47 transplants (3%)
|
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N=716

'No donor cancer |
in=695 (97%)

Donor cancer
N=21 (3%)

Non-transmission Transmission
N=16 donors? (94%) N=2 donors? (12%)
N=45 transplants (96%)

N=2 transplants (4%)

Transmission
N=2 (10%)

Non-transmission
N=19 (90%)

9 Actual donors (commenced organ recovery)

b Donor discard rate. Includes organs not recovered, and organs discarded
¢ Transplant procedures, which may include multiple transplanted organs
9Includes one donor with two recipients: one transmission and one non-transmission

Figure 1 Flowchart of donors and recipients included in the study cohort, and transmissions and non-transmissions.
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likelihood thresholds for defining transmissions and
non-transmissions (Table S2). In sensitivity analysis sce-
narios, the transmission rate ranged from 4%-23%,
while the non-transmission rate ranged from 77% to
96%. Even in the most conservative scenario including
all transmissions judged likely, possible, or unlikely,
transplants from donors with a past or current cancer
were much more likely to result in non-transmission
(77%) compared with transmission (23%).

Details of kidney cancer transmissions and non-
transmissions

All 14 donors with kidney cancer (four deceased, 10 liv-
ing) had their cancer discovered during organ recovery.
These donors donated to 19 NSW recipients, resulting
in 15 (79%) non-transmissions and four (21%) trans-
missions.  Details  of
transmissions from donors with kidney cancer are sum-
marized for deceased donors in Table 1, and for living
donors in Table 2.

The first deceased donor had an adenocarcinoma
(not notified to the CCR) resected from one kidney
before transplant and donated their other kidney to a
different recipient. The resected kidney failed because of
adenocarcinoma (ICD-O histology 8310) after 8 months
(transmission) and was removed. The recipient was still
alive 13 years post-transplant. The other recipient sur-
vived 10 years with a functioning transplant (non-
transmission).

The second deceased donor had their kidney with
adenocarcinoma (not notified to the CCR) discarded
but donated their liver and other kidney. The kidney
recipient survived 7 years with a functioning transplant
(non-transmission), while the liver recipient survived
6 years (non-transmission).

The third deceased donor had cancer resected from
one kidney before transplant and also donated their
other kidney, liver, and heart. The cancer was reported
to be an adenocarcinoma in ANZOD but was notified
to the CCR against the recipient at the time of trans-
plant as a renal cell carcinoma (ICD-O 8312). Both the
resected kidney and liver recipients were still alive with
a functioning transplant after 6 years of follow-up
(non-transmissions). The other kidney was lost immedi-
ately with the recipient (non-
transmission), while the heart recipient survived 5 years
(non-transmission).

The final deceased donor’s kidneys were discarded
because of an adenocarcinoma discovered during organ
recovery, but it was not reported whether this was

transmissions and non-

surviving 1 year
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diagnosed in one or both kidneys. This cancer was not
notified to the CCR so no further histology details are
available. The donor’s lungs were nevertheless donated
to a single recipient who developed metastatic adeno-
carcinoma of uncertain site with lung metastases (ICD-
O 8140) 6 months post-transplant and died 1 month
later (transmission).

The 10 living donors with kidney cancer all had their
cancer resected, and the kidney used for transplant. One
donor had a renal cell carcinoma (ICD-O 8312), and
their recipient developed metastatic renal cell carcinoma
(ICD-O 8312) 3 years post-transplant (transmission). It
was not reported whether this was in the native or
transplanted kidney, nor whether the cancer was
removed with a partial or full nephrectomy. The recipi-
ent was still alive 6 years post-transplant. Another
donor had adenocarcinoma (ICD-O 8310), and their
recipient had renal cell carcinoma (not notified to the
CCR) in the transplanted kidney 2 years post-transplant
(transmission), which was removed 1 month later. The
recipient was still alive 4 years post-transplant. Of the
remaining eight donors, five had adenocarcinoma (ICD-
O 8310), one had renal cell carcinoma (ICD-O 8312),
one had chromophobe cell renal carcinoma (ICD-O
8317), and one had papillary adenocarcinoma (ICD-O
8260). The eight recipients of these donor were all non-
transmissions, with two recipients surviving 1 and
4 years respectively, and six recipients still alive after a
median 5 years post-transplant follow-up (IQR 4.4-6.3).

Details of brain cancer non-transmissions

There were seven donors with brain cancer, including
six deceased donors whose terminal hospital admission
was related to brain cancer diagnosed up to a year prior
to donation, and one living donor with a brain cancer
diagnosed 17 years prior. The six deceased donors with
current brain cancer included four with glioblastoma
(grade 4), one with oligodendroglioma (grade 2), and
one with glioma (unknown grade). All were accepted
for donation in accordance with current guidelines [8].
They donated to 25 NSW recipients, and all 25 (100%)
were non-transmissions. Details of these
transmissions are summarized in Table 3.

The living donor with glioma (unknown grade) also
had a renal cell carcinoma (ICD-O 8312) discovered
during organ recovery. The tumor was resected before
transplant, but despite this the transplant resulted in a
transmission (described above). We counted this as a
kidney cancer transmission; hence, there were no brain
cancer transmissions in our study.

non-
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Details of other cancer non-transmissions

There were six donors (three deceased, three living)
with current or past prostate cancer who donated to
nine recipients (median post-transplant follow-up
6.5 years, IQR 5.0-12.5), all of which were non-
transmissions. This included a living donor with chro-
mophobe cell renal carcinoma discovered during organ
recovery (described previously), as well as a deceased
donor who had metastatic prostate cancer with regional
spread 11 years prior to donation whose two kidney
transplant recipients were still alive with a functioning
transplant 4 years post-transplant.

There were four donors (two deceased, two living) with
current or past melanoma who donated to five recipients
(median post-transplant follow-up 5.4 years, IQR 5.0—
5.4), all of which were also non-transmissions. This
included the same living donor with chromophobe cell
renal carcinoma and prostate cancer described previously.
These melanomas were all recognized at time of donation;
one living donor had an in-situ melanoma discovered dur-
ing donor work-up, one deceased donor had a 0.13 mm
Breslow thickness melanoma removed 2 years prior, and
the thickness of the remaining two melanomas was not
reported.

There were two living donors with breast cancer
diagnosed 4 and 6 years prior to donation whose kid-
ney recipients were still alive with a functioning trans-
plant 9 years and 5 years post-transplant, respectively
(non-transmissions). In addition, one female living
donor with kidney cancer described above also had a
metastatic breast cancer diagnosed 1 year prior to
donation. It is unclear whether clinicians were unaware
of the donor’s cancer history, or whether they recog-
nized the cancer and considered the risk of transmis-
sion to the male recipient acceptable. Fortunately, this
was a non-transmission. The recipient’s kidney failed
because of BK virus nephropathy 1 year post-
transplant, but the recipient was still alive 6 years post-
transplant.

There were two living donors with thyroid cancer diag-
nosed 6 and 18 years prior to donation. One kidney failed
2 years post-transplant because of focal sclerosing
glomerulonephritis, but the recipient was still alive 12
years post-transplant (non-transmission). The other
recipient was still alive with a functioning transplant 9
years post-transplant (non-transmission). Additionally,
one deceased donor had metastatic thyroid cancer diag-
nosed 34 years prior to donation that was not recognized
by clinicians at the time of transplant. The single kidney
recipient died 1 month post-transplant because of acute
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myocardial infarction; hence, this was considered a non-
transmission.

Discussion

We analyzed an observational cohort of transplant pro-
cedures between NSW donors and recipients during
2000-2012 and identified cases of cancer transmissions
and non-transmission. Overall, cancer transmissions
were rare (0.16% of transplant procedures). Even
among transplants from donors with past or current
cancer, non-transmission (94%) was much more com-
mon than transmission (6%). In cases where transmis-
sions occurred, recipient outcomes were variable.

Our study’s main strength is that we have identified
cancer transmissions and non-transmissions using data
linkage to a population-based cancer registry and other
administrative health records to supplement transplant
registry records. Previous population-wide studies of
donors and recipients have demonstrated a very low
risk of cancer transmission. One study from the US
reported transmission rates of 0.012% among transplant
procedures and 0.025% among donors [14], while
another study in the UK reported slightly higher rates
of 0.05% among transplant procedures and 0.1% among
donors [15]. However, these studies relied only on can-
cers reported to transplant registries (not cancer reg-
istries), and without access to donor records some
donor-transmitted cancers may not have been recog-
nized. This may explain why their transmission rates are
lower than our observed rates.

Recipient outcomes from donor kidneys with a
tumor discovered during organ recovery that is resected
before transplant (restored kidney transplant) have been
studied previously. For small renal cell carcinomas,
guidelines suggest the risk of transmission after tumor
resection is minimal (<0.1%) for tumors <1 cm, or low
(0.1-2%) for tumors 1-2.5 cm [8]. A 2018 systematic
review found no cancer recurrences after 5 years post-
transplant follow-up of 107 patients from 17 studies
[26]. One included study noted a cancer recurrence 9
years post-transplant; however, it was not reported
whether this was donor-transmitted or donor-derived
[27]. This contrasts with our study, in which we
observed three transmissions in 16 recipients from 12
donors with resected kidney tumors. While previous
studies only monitored recipients of resected kidneys,
we also included recipients of other organs, as well as
recipients of donors whose tumor-affected kidney was
discarded rather than resected. This accounted for one
additional transmission to a double lung recipient.
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Previous studies have also focused on transmission
rates from specific cancers, with CNS tumors of particu-
lar interest because of a theoretical risk of transmission.
We did not find any cases of transmission of a CNS
tumor, which aligns with earlier findings in Australia
[16] and the UK [17]. This is despite some brain malig-
nancies (e.g., glioblastoma) being considered intermedi-
ate (2-10%) risk of transmission in TSANZ and other
guidelines [8,9,11,28].

This study benefited from a linked dataset with com-
plete population coverage, which provides confidence
that most transmissible cancers have been captured.
Our use of other SAFEBOD datasets to supplement the
CCR (such as hospitalizations and transplant registries)
ensures that all transmissions have been included. In
fact, we found several donor cancers that were not noti-
fied to the CCR and would have been missed had we
relied on CCR data alone.

Nevertheless, some donor cancers may have been
missed if they were diagnosed interstate, prior to 1972,
or in a living donor post-transplant and after 2013. This
means non-transmissions may have been underesti-
mated. Similarly, we could not ascertain transmissions
to recipients out of state or diagnosed after 2013. Addi-
tionally, nearly all donor cancers in our cohort were
recognized by clinicians at the time they were accepted
for donation. These donors have been carefully selected
for transplantation in a risk-averse clinical setting;
hence, our observed transmission rate is likely an
underestimate of the risk of transmission from a donor
with past or current cancer. Only one donor in our
cohort had a cancer that was not known to clinicians at
the time of donation (a thyroid cancer notified to the
CCR 34 years prior).

Our reliance on population cancer registry and
administrative that
histopathological information was not available for
interrogation. We were unable to ascertain the size or
grade of most cancers we identified, which limited our
ability to make clinical recommendations for individual
donor cancers. Instead, we have relied on data extracted
from original pathology reports by trained coders at the
NSW CCR, and our findings remain relevant at the
population level.

These results support safe use of carefully selected
donors with a past or current cancer for transplanta-
tion. We have added to the evidence base which
could inform further development and refinement of
guidelines for organ donation from donors with a
past or current cancer [8]. Considering the variability
in recipient outcomes following cancer transmission,

datasets meant clinical and
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our findings encourage incorporating patient prefer-
ences into decisions to accept or decline an offered
organ to ensure the risks of accepting a transplant
from a donor with cancer are balanced against the
risks of remaining on an organ waiting list. Future
work will build on these findings to evaluate the eco-
nomic costs and benefits of increasing organ donation
through accepting more donors with a risk of cancer
transmission.

Conclusions

Overall, cancer transmission via organ transplantation is
rare. Kidney cancers discovered during organ recovery
posed the greatest risk of transmission, but non-
transmission was nevertheless the most likely outcome.
Donors with a past or current cancer who are carefully
screened may be safe for transplantation.
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