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Abstract Immunosuppressed organ allograft recipients have a 3- to 4-fold increased risk
of developing tumours, but the risk of developing certain cancers is increased
several hundredfold. With the exception of skin and lip cancers, most of the common
malignancies seen in the general population are not increased in incidence. In-
stead, there is a higher frequency of some relatively rare tumours, including
post-transplant lymphomas and lymphoproliferative disorders (PTLD), Kaposi’s
sarcoma (KS), renal carcinomas, in situ carcinomas of the uterine cervix, hepato-
biliary carcinomas, anogenital carcinomas and various sarcomas (excluding KS).
Skin and lip cancers present some unusual features: a remarkable frequency of
KS, reversal of the ratio of basal to squamous cell carcinomas seen in the general
population, the young age of the patients, and the high incidence of multiple tumours
(in 43% of the patients). Anogenital cancers occur at a much younger age than in the
general population. Salient features of PTLD are the high frequency of Epstein-Barr
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virus-related lesions, frequent involvement of extranodal sites, a marked pre-
dilection for the brain and frequent allograft involvement.

As the immunosuppressed state per se and various potentially oncogenic vi-
ruses play a major role in causing these cancers, preventative measures include
reducing immunosuppression to the lowest level compatible with good allograft
function and prophylactic measures against certain virus infections. Reduction
of exposure to sunlight may also decrease the incidence of skin cancer. In addition
to conventional treatments (resection, radiation therapy, chemotherapy) patients
may receive antiviral drugs, interferon-α and various other manipulations of the
immune system. A significant percentage of cases of PTLD and KS respond to
reduction or cessation of immunosuppressive therapy.

Since immunosuppressive drugs were first used
in transplant recipients in the early 1960s, great
progress has been made, particularly in the last de-
cade, because of increased experience, better sur-
gical techniques, better patient selection, and im-
provements in immunosuppressive drug therapy
and in the ability to prevent and treat many types
of infection. One complication of intense and/or
prolonged immunosuppressive therapy is an in-
creased risk of cancer. In this review we shall ex-
amine the most common neoplasms and indicate
what measures may be used to prevent and treat
them. An extensive literature on the subject has
evolved over the last 29 years. This review is
largely based on findings of the Cincinnati Trans-
plant Tumor Registry (CTTR),[1-6] the only world-
wide registry dealing with malignancies in trans-
plant patients. It is supplemented by reports from
smaller regional registries, individual transplant
centres, small series of cases and, occasionally, in-
dividual cases.

1. Commonest Malignancies
Encountered

Overall, a 3- to 4-fold increased incidence of
cancer has been observed in transplant patients
compared with age-matched controls in the general
population,[7] but there was a markedly increased
incidence of certain neoplasms.[1-6] By July 1998,
the CTTR had accumulated information on 11 483
malignancies that developed in 10 787 patients.[5]

The CTTR found no increase in the incidence of

malignancies that are commonly observed in the
general population (carcinomas of the lung, breast,
prostate, colon and invasive uterine cervical carci-
nomas).[1-6] The most common neoplasms were
cancers of the skin and lips (4305 patients), post-
transplant lymphoproliferative disease (1931 pa-
tients), Kaposi’s sarcoma (KS) [465 patients], renal
carcinomas (409 patients), uterine cervical carci-
nomas (353 patients), anogenital carcinomas (279
patients), hepatobiliary carcinomas (187 patients)
and various sarcomas, excluding KS (146 patients).

These findings were consistent with several ep-
idemiological studies that showed the following in-
creases: 4- to 21-fold increase in skin cancers,[7,8]

29-fold increase in lip carcinomas,[9] 28- to 49-fold
increase in non-Hodgkin’s lymphomas,[7] 400- to
500-fold increase in KS compared with controls of
the same ethnic origin,[10] 100-fold increase in vul-
val and anal carcinomas,[9] 20- to 38-fold increase
in hepatocellular carcinomas,[11] and a 14- to 16-fold
increase in in situ uterine cervical carcinomas.[12,13]

1.1 Cancers of the Skin and Lips

Skin cancers were shown to be the most common
tumours and comprised 38% of all malignancies.[2-4]

They developed on sun exposed areas, mainly of
the head and neck, and upper extremities,[2-4,8,14]

particularly in light-skinned individuals with blue
eyes and blond or red hair.[8] In patients transplanted
after 40 years of age, most tumours occurred on the
head, whereas in those transplanted at a younger age
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lesions developed mainly on hands, forearms and
chest.[14]

The incidence of skin cancer increased with the
length of follow-up after transplantation, as shown
by an Australian study[15] of nearly 7000 cadaveric
renal allograft recipients who experienced a linear
increase in the incidence of cutaneous malignancies
that reached 66% at 24 years after transplantation.
Similarly, a Dutch study[16] showed a 10% inci-
dence of nonmelanoma skin cancers in renal trans-
plant recipients at 10 years after transplantation that
rose to 40% after 20 years. The time of appearance
after transplantation was shorter in older individu-
als than in younger recipients.[14]

In transplant patients, skin cancers showed sev-
eral unusual features compared with their counter-
parts in the general population. Basal cell carcino-
mas (BCCs) outnumber squamous cell carcinomas
(SCCs) in the general population by 5 to 1, but the
opposite happened in transplant recipients, in whom
SCCs outnumbered BCCs by 1.8 to 1. SCC was
estimated to occur at a frequency between 40 and
250 times higher than that in the general population,
BCC 10 times higher[16] and malignant melanoma
5 times more commonly than that expected.[8] In the
general population, SCCs occur mostly in people
in their 60s and 70s, but the average age of trans-
plant patients was 30 years younger.[17] In addition,
the incidence of multiple skin cancers in the CTTR
was remarkably high (43%) and, despite being a
worldwide collection, was similar to that seen only
in areas of copious sunlight.[2-4,6] Some patients
each had more than 100 skin cancers. Furthermore,
in a number of individuals, there was an apparently
widespread skin abnormality with areas of unsta-
ble epithelium containing multifocal premalignant
and malignant lesions.[8]

In the general population, skin cancers are re-
sponsible for only 1 to 2% of all cancer deaths, the
great majority of which are from malignant mela-
noma. In contrast, SCCs were much more aggres-
sive in transplant patients than in the general pop-
ulation and accounted for the majority of lymph
node metastases and deaths from skin cancer.[2-4,6]

In the CTTR, almost 6% of patients with skin can-

cers had lymph node metastases of which 73%
arose from SCCs, 17% from malignant melanomas
and the remainder mainly from Merkel’s cell tu-
mours. Similarly, almost 5% of patients died of skin
cancers, of which 60% were from SCCs, 30% from
malignant melanomas, 8% from Merkel’s cell tu-
mours and 2% from BCCs. In transplant patients
with SCCs, the density of the peritumoural cellular
infiltrate was less than in controls individuals, per-
haps contributing to their increased metastatic po-
tential.[14] Aggressive SCCs occurred particularly
where there was heavy sun exposure (outdoor work-
ers), in older individuals, in patients with multiple
lesions, particularly located on the head, and with
histologically thick tumours that involved the sub-
cutaneous tissues.[14] Patients with skin cancer were
also more likely to develop other more fulminant
types of malignancy than were allograft recipients
who did not have skin cancer.[8]

Several factors may have predisposed patients
to the development of skin cancers. Apart from the
immunosuppressed state, exposure to sunlight was
of major importance. There was 4- to 7-fold increased
risk in regions with limited sunshine exposure, but
in areas with copious exposure the risk was increased
almost 21-fold over the already high incidence
seen in the local population.[2-4,6-8,14,15] Not only does
ultraviolet light have a direct carcinogenic effect on
the skin, but it also causes a local immunodeficien-
cy by decreasing the number of epidermal Langerhans
cells, possibly facilitating proliferation of human
papillomaviruses.[14] However, exposure to sun-
light was not the only factor involved. A surprisingly
high incidence of SCCs was reported from several
countries having relatively little sunlight. Their de-
velopment may have been related to malignant
change in papillomavirus-induced cutaneous warts,
under the influence of immunosuppression, sun-
light and possibly other factors.[2-4,6,18,19] For ex-
ample, a British study showed that 59% of 291 renal
allograft recipients developed cutaneous warts and
22% had nonmelanoma skin cancers.[19] Currently,
there is considerable controversy about the role of
papillomavirus in the aetiology of skin cancers in
transplant recipients. For example, a study of p53
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gene mutations showed an important role for sun-
light in the development of post-transplant skin
cancer, irrespective of the human papillomavirus
status of the patients.[20]

Human leucocyte antigen (HLA) plays an im-
portant role in host defences against the develop-
ment and spread of neoplasms, especially with vi-
rus-induced malignancies.[21,22] In renal transplant
recipients, HLA-A11 may have protected against
skin cancers, whereas HLA-B27 and HLA-DR7 were
associated with an increased risk of these tumours.[21]

An association between HLA-B mismatching and
HLA homozygosity and the development of skin
neoplasms reported in Dutch allograft recipients[23]

could not be confirmed in a study of their Austra-
lian counterparts.[24]

Some studies suggested that azathioprine played
a role in causing skin cancers. Higher concentra-
tions of the metabolite 6-thioguanine were found
in erythrocytes of transplant patients with skin can-
cers than in control individuals,[25] and one of the
metabolites of azathioprine is an imidazole that
may sensitise the skin to sunlight.[26] However, re-
cent investigations have shown no relationship of
skin cancer to any particular immunosuppressive
agent.[27]

1.2 Lymphomas and Lymphoproliferations

Of the post-transplant lymphomas, clear cut enti-
ties such as Hodgkin’s disease and plasmacytoma/
myeloma were much less common in the CTTR than
in the general population, comprising less than 3 and
4% of lymphomas, respectively, compared with 10
and 19%, respectively, in the general population.[2-4,6]

As regards the great majority of lesions, much con-
fusion has arisen about their nomenclature. Conse-
quently, the nonspecific term post-transplant lym-
phoproliferative disease (PTLD) has been widely
accepted. This covers a very wide spectrum of dis-
orders, ranging from benign hyperplasias at one end
to frankly malignant lymphomas at the other. The
hyperplasias include infectious mononucleosis and
plasma cell hyperplasia, while the neoplasias in-
clude polymorphic PTLD, monomorphic (lympho-
matous) PTLD, myeloma/plasmacytoma and lym-

phomas with Hodgkin’s disease-like features.[28,29]

Hyperplastic PTLDs are polyclonal in origin, where-
as all neoplastic PTLDs contain a monoclonal com-
ponent that can be detected by sensitive assays.[28]

Of the PTLDs in the CTTR that were studied im-
munologically, 86% were of B cell origin, 14% were
of T cell origin and rare cases were null cell origin
or were combined B and T cell lymphomas.[2-6]

Moreover, of those PTLDs in the CTTR, 53%
involved multiple organs or sites, and 47% were
confined to a single organ or site.[2-4,6,30,31] Whereas
lymphomas in the general population frequently in-
volve lymph nodes, 70% of PTLDs occurred in ex-
tranodal sites, of which the most common were the
liver (25%), lungs (21%), CNS (21%), intestines
(19%), kidneys (18%) and spleen (12%). In patients
with CNS disease, the brain was usually involved
and the lesions were frequently multicentric in dis-
tribution.[2-4,6,29,32] Spinal cord involvement was
rare. Another notable feature was that in 53% of
patients with CNS involvement the lesions were
confined to this site, whereas in the general popula-
tion cerebral lymphomas are frequently associated
with lesions in other organs, and only 1% of lym-
phomas are confined to the CNS.[32]

A remarkable finding in the CTTR was the fre-
quency of either macroscopic or microscopic in-
volvement of the allograft, which was affected in 23%
of patients with PTLD.[2-4,6,30] In 30% of these pa-
tients the PTLD was localised to the allograft. In
some renal, cardiac or hepatic allograft recipients
the lymphomatous infiltrate was misdiagnosed as
rejection when biopsies, done because of graft dys-
function, were studied microscopically. This resulted
in incorrect management as immunosuppressive
therapy was intensified, whereas a major treatment
of PTLD involves reduction of dosage.[2-4,6,33]

Several factors predispose patients to PTLD.[2-4,6]

Approximately 90 to 95% of PTLDs are positive
for Epstein-Barr virus (EBV),[25,34] including sev-
eral T cell PTLDs. Amajor risk factor is seronegative
status at the time of transplantation. In one study,[35]

11% of seronegative paediatric and 5% of seroneg-
ative adult recipients developed PTLD, whereas the
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corresponding figures in their seropositive coun-
terparts were 0 and 2%, respectively.

Intense immunosuppressive therapy is a major
risk factor for development of PTLD.[2-4,6] Often 3,
4 or even 5 immunosuppressive agents are admini-
stered over a short time span.[30,31] Whenever a new
agent is introduced there is a ‘learning curve’while
we determine appropriate administration, especially
when it is used in combination with other immuno-
suppressive medications. An increased frequency
of lymphomas was noted after the introduction of
antilymphocyte globulin (ALG), then cyclosporin,
then muromonab-CD3 (OKT-3) and, with the limit-
ed experience gained thus far, tacrolimus (FK-506)
and mycophenolate mofetil.

Nonrenal allograft recipients (such as heart or
lungs) are much more likely to develop PTLDs
than renal recipients.[2-4,6,30,31] Heavy immunosup-
pressive therapy is often used in the former group
to reverse rejection in order to save their lives,
whereas with severe rejection of kidney allografts
physicians can discontinue immunosuppression
and return the patients to dialysis therapy. Thus,
when neoplasms in nonrenal allograft recipients
were compared with those in renal recipients in the
CTTR, lymphomas comprised 45% in the former
group compared with only 12% in the latter.[31]

These findings were reinforced by reports showing
that PTLD occurs in less than 1% of renal recipi-
ents but in 3% of heart, 3% of liver, 8% of lung and
19% of intestinal recipients.[28,29] The risk of PTLD
in bone marrow recipients is less than 2% at 4 years
after transplantation, but may reach levels as high
as 24% in recipients of HLA-mismatched T cell-
depleted marrow.[28]

The CTTR data demonstrated that paediatric or-
gan allograft recipients are much more prone to
develop PTLD than adults. When neoplasms in pae-
diatric patients were compared with those in adults,
PTLDs comprised 53% of tumours in the former
group compared with 15% in the latter.[31] A major
reason for this difference is that primary EBV infec-
tions are more common in childhood than in adults,
and are likely to result in PTLD in immunosuppres-
sed patients.[36,37] Furthermore, 61% of paediatric

patients who developed PTLDs received nonrenal
organ allografts and therefore more intense immu-
nosuppressive therapy. Another reason why lympho-
mas are more common in paediatric recipients is
that children have more lymphoid tissue that may
undergo neoplastic change when subjected to the
appropriate stimuli.

1.3 Kaposi’s Sarcoma (KS)

Remarkably, the total number of cases of KS in
the CTTR exceeded those of each of 2 common neo-
plasms in the general population, namely colon and
breast carcinomas.[2-4,6,38,39] The disease was uncom-
mon in paediatric transplant recipients,[40] compris-
ing only 3% of the KS patients in the CTTR.[2-4,6,38,39]

The male to female ratio was nearly 3 : 1, whereas
it was as high as 17 : 1 in classical KS. Furthermore,
the great majority of patients tested negative for
human immunodeficiency virus.[38,39] Of 279 pa-
tients whose racial or ethnic origins were noted, the
majority were of Arab, Black, Italian, Jewish or
Greek ancestry.[38,39] Several studies reinforced
these findings. KS occurred in 1.6% of 820 Italian
renal transplant recipients who were followed for
more than 6 months.[41] It was the most common mal-
ignancy in renal transplant recipients in Saudi Ara-
bia, comprising 76% of 46 neoplasms in one re-
port[42] and 87.5% of 16 cancers in another study,[43]

and affected 4.7 and 5.3%,[42] respectively, of renal
transplant recipients, whereas the incidence of KS
was 0.2 to 0.38% in the general population of Saudi
Arabia.

60% of patients in the CTTR had nonvisceral KS
limited to the skin or oropharyngeal mucosa, and
40% had visceral disease affecting mainly the gas-
trointestinal tract, lungs and lymph nodes, but other
organs were also involved.[38,39] The majority (98%)
of patients with nonvisceral disease had skin le-
sions and 2% had involvement of the mouth or oro-
pharynx. Diagnosis was more difficult in patients
who presented without typical skin lesions. Thus,
27% of patients who had visceral disease had no
skin involvement, but 3% had oral lesions that pro-
vided ready access for biopsy and diagnosis.[38,39]

Post-Transplant Malignancy 105

  Adis International Limited. All rights reserved. Drug Safety 2000 Aug; 23 (2)



A physician should suspect KS whenever a trans-
plant patient, particularly one belonging to the eth-
nic groups described above, presents with reddish
blue macules or plaques in the skin or oropharyn-
geal mucosa, or apparently infected granulomas that
fail to heal.[2-4,6,38,39] If the diagnosis is confirmed,
a thorough workup, including computerised axial
tomography (CAT) scans of the chest and abdomen,
and upper and lower gastrointestinal endoscopy, is
necessary to determine whether there is any inter-
nal visceral involvement. Diagnostic confusion may
occur when the initial presentation of KS is a dif-
fuse pulmonary infiltrate.[44]

Apart from the immunosuppressed state, in-
fection with one or more types of virus is at least a
co-factor in the aetiology of KS.[38,39] Human her-
pes virus-8 (HHV-8) a new herpes virus also known
as Kaposi’s sarcoma-associated herpes virus, has
been isolated from various patient populations with
KS, including renal transplant recipients, indicat-
ing an important role for this virus in KS pathogen-
esis.[45,46] Study of viral gene expression suggests
that most cells in KS lesions are latently infected,
while lytic viral replication is probably restricted
to a much smaller subpopulation of cells.[46] This
finding may affect therapy as drugs currently used
against herpes viruses primarily affect lytic virus
replication and do not eliminate latent viral infec-
tions.[47]

1.4 Renal Carcinomas

The CTTR data showed that 24% of renal car-
cinomas were discovered incidentally, when pa-
tients were being investigated for other disorders,
at the time of nephrectomy performed for hyper-
tension or other reasons, during operation for some
other disease, or at autopsy examination.[2-4,6,48]

Most malignancies in renal recipients occurred
in their own diseased kidneys, although 10% ap-
peared in renal allografts from 2 to 258 (average 75)
months after transplantation. Of these tumours, 23%
were diagnosed within 2 years of transplantation.
It is possible that they may have been present in the
allografts at the time of transplantation but were small
enough to escape detection.[2-4,6,48]

Compared with most other post-transplant can-
cers, that presumably arose as complications of im-
munosuppressive therapy, many renal carcinomas
were related to the underlying kidney disease in renal
allograft recipients.[2-4,6,48] However, no explana-
tion is available for the small number of carcinomas
that occurred in nonrenal allograft recipients. Two
predisposing causes were identified.[2-4,6,48] Anal-
gesic nephropathy was the indication for transplan-
tation in 8% of transplant patients with carcinomas
of their own diseased kidneys. This disorder is known
to cause neoplasms, mostly transitional cell carci-
nomas, in various parts of the urinary tract. This is
borne out in the CTTR series in which 59% of patients
with analgesia-related renal tumours had similar
carcinomas elsewhere in the urinary tract.[2-4,6,48]

Another predisposing cause was acquired cystic
disease (ACD) of the recipients’ own kidneys. ACD
occurs in 30 to 95% of patients receiving long term
haemodialysis, and is complicated by renal adeno-
carcinoma, which occurs 30- to 40-fold more fre-
quently than in the general population.[48] ACD
tends to regress in the presence of a successfully
functioning transplant, and theoretically the risk of
developing carcinoma is also reduced. However,
cases of persistence of ACD and development of
renal cell carcinoma have been reported in patients
with successfully functioning kidney allografts.[48]

The exact incidence of ACD-related carcinomas in
renal transplant recipients is not known.

1.5 Carcinomas of the Uterus

In contrast with cervical carcinomas, no increase
was observed in the incidence of endometrial car-
cinomas. Uterine cervical carcinomas occurred in
10% of the women with post-transplant cancers. The
risk of invasive uterine cervical carcinoma was not
increased. In situ lesions comprised at least 70% of
cases.[2-4,6] As 2 epidemiological studies suggest a
14- to 16-fold increased incidence of in situ cervi-
cal carcinoma,[12,13] the relatively small numbers of
cases reported to the CTTR may indicate that many
cases are being missed. To avoid this error, post-
adolescent female organ transplant recipients should
have regular pelvic examinations and cervical
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smears.[2-4,6] An important risk factor for cervical
cancer is infection with human papillomaviruses,
especially types 16 and 18.

1.6 Anogenital Carcinomas

These include carcinomas of the vulva, perineum,
scrotum, penis, perianal skin or anus.[2-4,6,49] Fe-
males outnumbered males by 2.6 : 1 compared with
patients with most other post-transplant malignan-
cies, in whom males outnumbered females by more
than 2 : 1.

One-third of patients had in situ lesions.[2-4,6,49]

A worrying finding is that patients with invasive le-
sions were much younger (average age 42 years)
than their counterparts in the general population,
whose average age is usually between 50 and 70
years. More than 40% of transplant patients with
these malignancies gave a preceding history of con-
dylomata acuminata, usually caused by human pa-
pilloma virus types 16 and 18. Female patients some-
times exhibited a ‘field effect’ with malignancy
affecting not only the vulva, but also the vagina and/
or uterine cervix.[2-4,6,49]

1.7 Hepatobiliary Tumours

The majority (73%) of hepatobiliary tumours in
the CTTR were hepatocellular carcinomas. Many
were preceded by hepatitis B infection.[2-4,6,11] Since
hepatitis C screening became available increasing
numbers of hepatomas, related to chronic hepatitis
C infection, are being reported.

1.8 Sarcomas (Excluding KS)

The majority of sarcomas involved the soft tis-
sues or visceral organs, whereas cartilage or bone
involvement was uncommon.[2-4,6,38] The most
common types were fibrous histiocytoma, leiomyo-
sarcoma, fibrosarcoma, rhabdomyosarcoma, haem-
angiosarcoma and mesothelioma.

1.9 Other Cancers

The Nordic Transplant Registry[50] and the Aus-
tralian and New Zealand Transplant Registry[15] have
reported an increased incidence of a broad variety

of other neoplasms in addition to those described
above. These may represent regional variations in
cancer incidence. However, some of the calculated
increases are based on very small numbers of pa-
tients. Whether or not there is an increased inci-
dence of other malignancies will require epidemi-
ological studies of large numbers of transplant
recipients.[5]

2. Immunosuppressive Agents
and Cancer Development

Successful maintenance of prolonged allograft
function requires continuous therapy with power-
ful immunosuppressive agents that impair lympho-
cyte function. In the pioneering years of transplan-
tation, immunosuppressive therapy consisted of 2
agents, azathioprine (or occasionally cyclophosph-
amide) and prednisone, supplemented, at some
centres, by a brief course of ALG or antithymocyte
globulin. Since the early 1980s, cyclosporin was in
large part responsible for the dramatic improve-
ment in the results of transplantation. The immuno-
suppressive armamentarium was also broadened by
the introduction of various monoclonal antilympho-
cyte antibody preparations (of which muromonab-
CD3 is the most widely used) and mycophenolate
mofetil. The introduction of these new agents
caused changes in therapy so that 3, 4 or even 5
drugs were given to some patients over a short span
of time. As mentioned in section 1.2, there is a
‘learning curve’ following the introduction of a new
immunosuppressive agent, which is associated with
an increased incidence of PTLD.

The evolution of the neoplasms described above
does not appear to be related to the use of any par-
ticular immunosuppressive agent. Table I summa-
rises the CTTR experience to date. For example, 2
recent studies compared the malignancies observed
in patients treated with tacrolimus-based regimens
and with cyclosporin-based regimens.[51,52] There
was little difference in the types of tumours ob-
served and in the tumour rate. Furthermore, they
differed little from those reported in previous stud-
ies when cyclosporin-based regimens were com-
pared with azathioprine-based regimens.[53] One
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must emphasise caution in comparing the neo-
plasms seen after the use of recently-introduced
drugs, as they do not provide a complete picture of
the spectrum of malignancies. Post-transplant neo-
plasms appear an average of 5 years after transplan-
tation. The length of follow-up of many patients
treated with mycophenolate mofetil or tacrolimus
falls well short of this figure.

Instead of being related to any individual immu-
nosuppressive agents or combinations of agents, can-
cer development is linked to the immunosuppressed
state per se which, among other factors, makes trans-
plant recipients prone to a variety of virus-related
tumours. Similar malignancies occur in 2 other
states of immunodeficiency in which immunosup-
pressive therapy is not used. In naturally occurring
immunodeficiency states there is a 100-fold in-
creased risk of cancers, of which the most common
are lymphomas, which have similar characteristics
to many PTLDs.[30] In AIDS, the risk of developing
certain cancers is greatly increased, particularly
KS, non-Hodgkin’s lymphoma and uterine cervical
carcinoma.[30]

3. Prevention of Malignancies

Every effort should be made to prevent post-
transplant cancers.[2-4,6,54] The level of immunosup-
pressive therapy should be kept as low as is compat-
ible with good allograft function. Renal transplant
physicians have learned by bitter experience that it is
hazardous to continue with intense immunosup-

pressive therapy in the presence of repeated or per-
sistent rejection. Rather, they found it better to stop
immunosuppressive therapy and return the patient
to dialysis until he/she had recovered sufficiently
to attempt another transplant procedure. In the case
of liver or heart transplantation there are, as yet, no
means available to provide long term artificial sup-
port if the allograft should fail and, consequently,
the patient is given large doses of immunosuppres-
sion in an attempt to rescue a rejecting graft. Al-
though surgeons try to perform retransplantation in
patients with rejecting cardiac and hepatic allografts
before they develop complications of heavy immu-
nosuppression, the shortage of donors remains a ma-
jor obstacle to this endeavour.

Whenever possible, attempts should be made to
prevent virus infections.[54] The increased incidence
of hepatocellular cancer in transplant patients, related
to hepatitis B infection,[11] may be prevented by ad-
ministration of hepatitis B vaccine to potential trans-
plant candidates.

In order to prevent PTLD, physicians are seek-
ing for early warning markers of the disease. In one
study,[55] 10 of 88 adult patients developed mono-
clonal (IgG) gammopathies. However, these were
transient in 6 and persistent in 4. Only 1 patient de-
veloped PTLD 8 months after the occurrence of
serum protein abnormalities. In another study of 201
patients,[56] 57 (28%) developed a monoclonal se-
rum IgM or manifested monoclonal urinary light
chains and 7 patients (3.5%) developed PTLD. The

Table I. The most common immunosuppressive measures currently used (Cincinnati Transplant Tumor Registry data)a

Agent or procedure No. of patients % of patients

Prednisone 10 509 92

Azathioprine 9340 81

Cyclosporin 5763 50

Antilymphocyte globulin or antithymocyte globulin 3055 27

Monoclonal antilymphocyte antibodies (mostly muromonab-CD3) 954 8

Splenectomy 836 7

Local irradiation of the allograft 747 7

Cyclophosphamide 468 4

Actinomycin 201 2

Tacrolimus 125 1

Total body irradiation 124 1

Mycophenolate mofetil 46 0.1

a Accumulated from patients with 11 483 tumours.
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monoclonal protein occurred in 5 of 7 patients (71%)
with PTLD and 52 of 194 patients (27%) who did
not develop this disorder. Further experience is need-
ed in determining the significance of monoclonal
gammopathy in predicting PTLD, as the gammo-
pathy is frequently transient, it may be caused by
bacterial or viral infections and it may occur many
months before development of PTLD. As an alter-
native and probably more reliable approach, some
investigators suggest that high EBV loads in the
peripheral blood may herald the development of
PTLD.[57,58]

Prevention of PTLD entails avoidance of overim-
munosuppression.[2-4,6,30,31] In particular, one should
try to avoid the use of multiple immunosuppressive
agents administered over a short time period, and
prolonged or repeated courses of potent antilym-
phocyte antibody preparations. When courses of
intense immunosuppressive therapy are necessary,
many physicians use aciclovir or ganciclovir, or
related antiviral agents as prophylaxis against
EBV. On theoretical grounds they may not be ef-
fective, as they are virustatic rather than virucidal
and act only on the linear form of the virus and not
on the circular (latent) form that is important in
PTLD development. There are no prospective ran-
domised controlled studies to test the efficacy of pro-
phylactic aciclovir or ganciclovir administration.
However, a recent study[59] showed that ganciclovir
or aciclovir given pre-emptively, during adminis-
tration of antilymphocyte agents, reduced the inci-
dence of PTLD to 1 in 198 consecutive recipients,
compared with a historic control group in which 7
of 179 recipients developed this problem. Antiviral
prophylaxis is especially important when trans-
planting organs from EBV-positive donors into
EBV-negative recipients, most of whom are chil-
dren. However, PTLD may occur despite prophy-
laxis[60] and antiviral therapy alone may not be suf-
ficient to decrease the risk of PTLD in high risk
EBV-seronegative lung allograft recipients.[61]

Currently, there is no effective drug prophylaxis
against other potentially oncogenic viruses such as
HHV-8 and papillomaviruses. As papillomavirus
infections are sexually transmitted, patients should

be advised regarding barrier methods of contracep-
tion.[12,54] All postadolescent females should under-
go regular pelvic examinations and cervical smears.
All premalignant lesions, such as condylomata
acuminata or uterine cervical dysplasia, should be
treated early to try to prevent progression to can-
cer.[54]

As sunlight exposure is important in skin cancer
development patients must avoid excessive expo-
sure, especially individuals with light complexions,
who are particularly prone to develop this prob-
lem.[2-4,6,8,14,54] If the patient’s occupation or hob-
bies require much time in the sunlight then he/she
should wear a wide brimmed hat, sun visors and pro-
tective clothing. Alternatively, he/she should pro-
tect the skin by regular use of sunscreens that filter
out harmful ultraviolet-B rays. Unfortunately, many
patients such as farmers, sailors or construction work-
ers have already experienced many years of sun expo-
sure before becoming transplant candidates. After
transplantation, patients must be examined regu-
larly, particularly those who spend much time in the
sunlight, and any premalignant skin lesions careful-
ly observed or treated. Topical retinoids may be use-
ful to treat solar keratoses and warts,[16] but wheth-
er or not they reduce the risk of skin cancer is not
clear. Systemic retinoids have also been used in small
numbers of renal transplant recipients with numer-
ous skin lesions.[14,62] However, retinoids have ad-
verse effects including mucocutaneous xerosis,
hair loss, hepatic intolerance, skeletal abnormali-
ties and hyperlipidaemia,[14] which may increase the
risk of ischaemic heart disease in many organ trans-
plant recipients.

Questions arise as to whether kidney transplant
recipients should be routinely screened for the early
development of carcinomas in their own diseased
kidneys. In view of the fact that close to 450 000
kidney transplants have been performed to date and
only a few hundred have developed renal carcino-
mas, it is not cost effective to routinely screen every
kidney recipient by regular ultrasound examina-
tions to look for ACD-related malignancies. How-
ever, repeated urine cytology and CAT or ultrasound
examinations of the urinary tract are advisable to
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detect early carcinomas in patients with analgesic
nephropathy.[48,54] Some surgeons routinely prac-
tice pretransplant bilateral nephroureterectomies in
these patients to avoid the risk of malignant change
in these structures. However, bladder carcinoma
can still develop in such individuals.

As the incidence of cancer increases with the
length of follow-up,[2-4,6,15] it is essential that pa-
tients be seen at regular intervals to treat premalig-
nant lesions or investigate any untoward symptoms.
Repeated surveillance is particularly important in
known high risk groups.[54] For example, liver al-
lograft recipients, whose underlying disease was
sclerosing cholangitis that occurs as a complication
of chronic ulcerative colitis, should undergo regular
colonoscopies to detect and treat suspicious areas
before they evolve into colon carcinomas.[54,63]

The ultimate preventative measure would be to
avoid using immunosuppressive agents. Much re-
search is currently in progress to induce immuno-
logical tolerance directed only at the foreign anti-
gens of the allograft, but which leaves the immune
system as a whole intact. When this can be accom-
plished, cancer will no longer be a complication of
organ transplantation.

4. Treatment of Malignancies

Many cancers are treated by standard surgical,
radiotherapeutic or chemotherapeutic measures.
Treatment of skin cancers usually involves exci-
sion, although cryosurgery is used by some derma-
tologists for superficial BCCs and keratoses.[2-

4,6,14] At times, skin grafting may be necessary and
resurfacing of the dorsal aspects of the hands may
be needed in patients with multiple lesions in these
areas.[14] Repeated surgical excisions and multiple
cryotherapy sessions may lead to considerable scar-
ring and disfigurement. Some dermatologists ad-
vocate reduction of immunosuppressive therapy in
patients with multiple skin cancers, but no convinc-
ing results of such treatments have been reported,
and patients run the risk of losing their allografts.
Some dermatologists use retinoids to try to reduce
the risk of multiple and recurrent skin cancers.[14,62]

Several options are available for the treatment of
PTLD. Multimodality therapy is often used.[2-4,6,29,30]

Localised disease may be successfully excised or
treated with radiation therapy. A significant num-
ber of more extensive lesions have regressed, par-
tially or completely, after reduction or cessation of
immunosuppressive therapy.[2-4,6,28,30,31,33] In par-
ticular, all immunosuppression should be stopped
except for a minimal dose of prednisone in recipi-
ents with widespread, extensive or potentially life-
threatening PTLD, until all evidence of malig-
nancy has disappeared. Allograft rejection may not
occur or may evolve slowly in a chronic fashion, as
many of these patients have been very heavily im-
munosuppressed and a long time may elapse before
they regain immunocompetence. Nevertheless, the
risk of rejection does exist. For example, in a series
of 14 renal recipients whose PTLD was treated
(among other methods) by reduction or cessation
of immunosuppression, 8 of 12 survivors lost their
allografts.[64] Once PTLD has regressed, immuno-
suppressive therapy should be resumed in small doses
and then gradually increased to maintenance levels
which, however, should be lower than those given
before the appearance of PTLD.

Aciclovir or ganciclovir is often used to treat an
associated EBV infection.[2-4,6,29,34,37] Interferon-α
may be used for its antiviral and antineoplastic ef-
fects. However, it is an immunostimulant and may
precipitate rejection in large doses.[65] Chemother-
apy may be successfully used to treat widespread
PTLD, particularly with ProMACE/CytaBOM
(prednisone + methotrexate + doxorubicin + cyclo-
phosphamide + etoposide + cytarabine + bleo-
mycin + vincristine).[66] In one series,[67] adminis-
tration of anti-B cell monoclonal antibodies caused
complete remissions in 58% of patients but not in
individuals who had CNS disease. However, PTLD
resolved in 2 such recipients when the antibodies
were administered into the CNS via an Ommaya res-
ervoir. Anti-EBV cytotoxic T cells, obtained from the
original donor, have been used successfully to treat
donor-cell derived PTLDs in bone marrow allo-
graft recipients.[68] In one case, use of third party
HLA-matched T cells was effective against a CNS

110 Penn

  Adis International Limited. All rights reserved. Drug Safety 2000 Aug; 23 (2)



PTLD.[69] Lymphokine activated killer cells de-
rived from the patients’ own peripheral blood mono-
nuclear cells have been used as a form of cellular
immunotherapy and have been successful in several
cases.[70] Other treatments that have been used in-
clude administration of IgG and administration of
anti-CD22 immunotoxin.[71]

Outcomes were studied in 1345 patients with
PTLD in the CTTR.[2-6,30] Of these, 223 patients
(17%) were not treated, and the malignancy was dis-
covered at autopsy in 104 of them (47%). It is a matter
of concern that so many patients died without treat-
ment, either because the diagnosis was missed or was
made too late for effective therapy to be started. No
data regarding treatment were available in 61 (5%)
other patients. Treatment was given to 1061 patients,
of whom 399 (38%) had complete remissions. Of
the 1345 patients, both treated and untreated, 474
(35%) died of PTLD, 216 (16%) died of other
causes (but PTLD may have contributed to some
of the deaths) and 655 patients (49%) are currently
alive.

Many treatments used for PTLD are also appli-
cable to KS, including excision, radiotherapy, re-
duction of immunosuppressive therapy, adminis-
tration of interferon-α and chemotherapy.[38,39] In
the CTTR study, 42% of patients with KS had com-
plete remissions following various treatments, and
38% of these occurred after reduction or cessation
of immunosuppressive therapy.[2-4,6,38,39] Patients
with nonvisceral disease had a higher remission
rate (53%) than those with visceral disease (27%).
Similar favourable responses to reduction of immu-
nosuppressive therapy were also reported by other
authors.[39] However, this treatment does have a
price, as 59% of renal recipients in whom treatment
was successful lost their allografts and another 6%
had impaired function.[38] Striking results were re-
ported in one study,[43] in which 8 of 13 patients
(61%) had complete remissions after reduction of
immunosuppressive therapy, and 69% of the recip-
ients did not lose their grafts, even after a follow-up
of many months.

If KS is not diagnosed or treated soon enough,
it has substantial mortality. In the CTTR study, 57%

of patients with visceral disease died, in whom 72%
of deaths were from KS per se.[38,39] In contrast, only
23% of patients with nonvisceral KS died, most com-
monly from infection, rejection or from both causes,
but rarely from KS.

With regard to treatment of other cancers, in situ
carcinomas of the uterine cervix respond well to
simple hysterectomy, cervical conisation or cryo-
therapy. In situ carcinomas or small anogenital neo-
plasms are treated by local excision. Large lesions
require extensive operations such as total vulvectomy
and inguinal node dissection, or abdominoperineal
resection. Carcinomas of the kidney are treated by
radical nephrectomy. Hepatocellular carcinomas,
if localised, are treated by partial hepatectomy. Sar-
comas (other than KS) are treated by wide excision,
supplemented if necessary by radiation therapy or
chemotherapy.[38]

Questions often arise about reduction or cessa-
tion of immunosuppressive therapy. These measures
are useful in some patients with PTLD or KS. Un-
fortunately, such therapy often appears to be of lit-
tle value in the treatment of other malignancies.[2-4,6]

One has heard occasional anecdotal reports of re-
duction of skin cancer recurrences following re-
duction or cessation of immunosuppressive ther-
apy, but no hard facts have yet been published.

In patients requiring cytotoxic therapy of exten-
sive or widespread cancers, we must remember that
most agents depress the bone marrow.[2-4,6] There-
fore, it is prudent to stop or reduce dosage of aza-
thioprine, cyclophosphamide or mycophenolate
mofetil during such treatment to avoid severe bone
marrow depression. As most cytotoxic drugs have
immunosuppressive adverse effects, satisfactory
allograft function may persist for prolonged peri-
ods. Treatment with prednisone may be continued,
as it is an important component of many cancer che-
motherapy protocols. As many patients, particularly
with PTLD, are already heavily immunosuppres-
sed, chemotherapeutic agents should be used with
caution as some patients have died of overwhelm-
ing infections following their use. Severe leukope-
nia may require treatment with granulocytes or ma-
crophage growth-stimulating factor.
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5. Conclusions

To reduce the problems of cancer to a minimum,
transplant physicians and surgeons should be fa-
miliar with the types of malignancies that may oc-
cur in their patients. They must keep immunosup-
pressive therapy to the minimum compatible with
good allograft function. In addition, they should
adopt prophylactic measures against tumours after
transplantation, vigorously treat any precancerous
lesions and carefully follow patients after transplan-
tation, looking for any untoward symptoms and
signs that enable them to detect cancers early and,
hopefully, at a curable stage.
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