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Abstract A study on cancer inti- 
dence after kidney transplantation 
was performed using data of nation- 
al transplant and cancer registries. 
Since 1964 up to 30 June 1997,3440 
kidnev transdantations were per- 

- 

13, 

formeh on 2890 patients. From 1967 

malignancies were found in 20 817 
patient-years of follow up. The stan- 
dardised incidence ratio (SIR) was 
3.33 compared to the general popu- 
lation. The SIR was highest in skin 
cancer (39.2). The SIRS were high in 
cancers of the lip (23.0), thyroid 
(8.08), kidney (8.0), lower urinary 
tract (3.2), non-Hodgkin lymphoma 
(4.8), ovary (3.9) and colon (3.9). 
Skin cancer and lymphomas had 

E. Pukkala to 1997,230 posttransplantation Finnish Cancer Registry, Liisankatu, 
FIN-00100 Helsinki 10, Finland 

much higher SIRS in men than in 
women whereas lower urinary tract 
cancer had a higher SIR in women. 
During the first 10 follow up years, 
life-table analysis indicates a higher 
cancer risk in cyclosporine-treated 
patients, but this may be biased by 
their shorter follow up as the overall 
SIR was equal in both groups. This 
population study shows the in- 
creased incidence of cancer in the 
transplant population and points out 
the importance of cancer surveil- 
lance in the years following kidney 
transplantation. 
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cancer incidence and treatment results [lo, 161. We stud- 
ied the incidence of cancer in this comprehensive coup  Introduction 

A successful renal transplantation grants the recipient a try-wide kidney -transplanted population. 
better quality of life and the society great savings in the 
total cost of treatment. The life-long immunosuppres- 
sive regimen required has, however, been associated 
with a high incidence of cancer in these patients. There Patients and methods 
is much discussion in medical literature on malignancies Since 1964 up to 30 June 1997,3440 kidney transplantations were after Organ Few Of the studies pub- performed at our centre on 2890 patients, 1719men and 1171 lished give reliable data On risks Of cancers, women, with a mean age of 41.5 years. At transplantation, 124 pa- 
through lack of control populations. tients were under 16 years of age. Up to late 1981 the immunosup- 

In Finland all kidney transplantations have been per- pression consisted of methylprednisolone and azathioprine (con- 
formed by a single centre and a thorough follow up of ventional). Since then cyclosponne A has been included in the reg- 
the patients has been possible through the co-operation imen and triple therapy has, since 1985, been used systematically in 

cadavenc kidney transplantations which at present comprise Over 
Of the network Of The na- 95 % of all kidney transplantations. Mono- and polyclonal ~ - ~ ~ l l  tionwide Finnish Cancer Registry has been functioning antibodies have been used mainly in induction therapy in highly 
for Over four decades, and its coverage is essentially immunised patients and in treatment of steroid resistant rejections 
complete as evidenced by clinical studies on national in 124 patients since 1982. The mean age at transplantation was 

and local 
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40.3 years in the conventional group and 42.6 years in the cyclospo- 
rine group. 

Personal data of these patients were linked with data in the files 
of the Finnish Cancer Registry where cancer data are recorded ac- 
cording to primary tumour site and histology. For the follow-up pe- 
riod for cancer incidence, 1967-1997, 2884 patients produced 20 
817 patient-years of follow up. The observed numbers were com- 
pared to the expected numbers of site-specific malignancies in the 
national population stratified by age, sex and calendar time. Stan- 
dardised incidence ratios (SIRs) were calculated according to pa- 
tient sex, age, length of follow up and type of immunosuppression. 
The 95 % confidence intervals (CI) were calculated under the as- 
sumption that the observed number of cases followed a Poisson 
distribution. 

The follow-up time was divided into three periods, the first 
from zero to 2 years posttransplant to identify cancers appearing 
soon after transplantation, the second from 2 to 10 years and the 
third over 10 years post transplant. Cancer incidence figures for 
time of follow up after first kidney transplantation were calculated 
using the Kaplan-Meier product-limit method. 

Results 

A total of 230 malignancies (Table 1) were found com- 
pared to the expected number of 69 which gave an over- 
all SIR of 3.33 with a 95 % CI of 2.91-3.77. There were 
90 cancers in women with an expected number of 30.9, 
a SIR of 2.91 with CI 2.34-3.58, and 140 cancers in men 
with an expected number of 38.15, a SIR of 3.67 with 
CI 3.09-4.30. The average age at transplantation for pa- 
tients who later developed cancer was 47.2 years and the 
average time posttransplant at cancer diagnosis was 
8.2 years. 

The primary site with the highest SIR (39.2) was skin 
(Table 2) followed by lip, small bowel, thyroid, kidney, 
lymphomas, colon and lower urinary tract. In women, 
the SIR of vulvar cancer and urinary tract cancers was 
high (17.0 and 10.3) whereas the SIR for breast cancer 
was 1.2. In men, the SIR for skin cancer was much high- 
er than in women (51.3 vs 15.6). The SIR for lip cancer 
in men was 22.1, that for small bowel cancers was 18.5 
and nodal lymphoma in men had a SIR of 6.7. The oth- 
erwise common cancers in men, lung and prostate can- 
cers had low SIRs of 1.4 and 0.6, respectively. 

When the treatment groups were compared, the 
overall SIRS were very similar: 3.27 in the conventional 
immunosuppression patients and 3.42 in patients with 
cyclosporine immunosuppression. There was no differ- 
ence in the SIRs of skin and lip cancers between patients 
with these two types of immunosuppression. However, 
in patients with conventional immunosuppression, the 
SIRs for colon and thyroid cancer were high (5.2 and 
11.3), whereas in patients with cyclosporine, lymphomas 
and small bowel cancers had significantly increased 
SIRs (5.6 and 19.6). 

The ratio of observed to expected numbers of can- 
cers was highest in patients aged 30-44 years (SIR 5.5, 

Table 1 Number of cancers in 2890 kidney-transplanted patients 
in 20817 patient-years follow up 
Site Male Female 

All cancers 140 90 
Lip 12 2 
Other oropharyngeal 2 4 
Gastric 2 3 
Small bowel 4 
Colon 6 7 
Pancreas 5 
Other G-I cancer 3 4 
Respiratory 16 3 
Breast - 13 
Cervix uteri - 2 
Corpus uteri - 4 
Ovaries - 8 
Other female genital - 4 
Male genital 6 
Kidney 15 7 
Ureter, bladder, urethra 4 4 
Melanoma 2 1 
Skin 45 7 
Neurological 3 1 
Thyroid 4 I 
Other endocrine - 1 
Other 2 4 
Lymph nodes 8 1 
Hodgkin’s disease - 2 
Myeloma 1 1 

- 

- 

- 

Table 2 Primary sites of malignancies with significantly increased 
standardised incidence ratios (SIRs) in 2890 kidney-transplanted 
patients. (Obs observed, Exp expected, CI confidence interval) 
Site Obs Exp SIR 95% CI 

All sites 230 69 3.33 2.91-3.77 
Skin 52 1.33 39.22 29.29-51.43 
Lip 
Small bowel 
Pleura 
Thyroid gland 
Kidney 
Lymph nodes 
Colon 
Ureter, bladder, urethra 

.~ 

14 0.61 22.98 
4 0.34 11.78 
2 0.24 8.35 

11 1.36 8.08 
22 2.76 7.98 

9 1.90 4.75 
13 3.30 3.94 
8 2.47 3.24 

12.56-38.55 
3.21-30.14 
1.01-30.17 
4.04-14.46 
5.00-12.08 

2.10-6.73 
1.40-6.38 

2.17-9.01 

CI 3.9-7.3) and slightly lower in age groups 45-59 and 
60-74years (SIR 3.4, CI 2.7-4.2 and SIR 2.7, CI 
2.1-3.3, respectively). In the age groups over and under 
these limits the numbers of cancers were too small for 
significant differences from the expected to appear. 

The relative cancer risk varied little with length of 
follow up after transplantation. The overall SIR for can- 
cers in the first 2 years after transplantation was 3.0, for 
the follow-up period 2-10 years posttransplant it was 
3.1 and for the follow up over 10 years it was 3.9. In pa- 
tients with conventional immunosuppression the SIRs 
in the follow-up periods of 0-2years and 2-9years 
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Fig. 1 Overall cancer incidence in 2990 kidney-transplanted pa- 
tients in Finland, 1967-1997 
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In the life-table analysis of cancer incidence (Fig. l), 
it appears that 16.2 % of patients had developed cancer 
by 15 years and 22 % at 20 years post-transplantation in 
this patient population. When patients with cyclospo- 
rine and conventional immunosuppression were com- 
pared (Fig.2), the cancer risk seemed to be higher in 
the cyclosporine group (P c 0.01). The short follow up 
in the cyclosporine group does not allow comparison of 
the risk at longer follow-up times. 

In addition to the nine lymphomas in lymph nodes, 
one gastric tumour, two small bowel tumours and one 
each of lung, liver, brain, testicle and skin tumours 
were histologically classified as lymphomas. Three cases 
of posttransplant lymphoproliferative disease (PTLD) 
have been recognised. The one gastric and one of the 
nodal lymphomas were considered to have been PTLD 
as was one other that was not classified as a cancer nor 
registered in the Cancer Registry during this time pen- 
od. All except one of the patients with lymphoma or 
PTLD were men. 

Among the skin cancers there were three cases of 
Kaposi’s, all situated in the lower extremities. One case 
of malignant disease (Hodgkin’s disease) has been diag- 

0 5 10 15 20 25 30 35 
Years post TX 

Fig.2 Cancer incidence in 2990 kidney-transplanted patients in 
Finland, 1967-1997, according to type of immunosuppression. 
Conventional = azathioprine and rnethylprednisolone; cyclospo- 
rine = cyclosporine, azathioprine and methylprednisolone 

were lower (2.3 and 2.5) than in the cyclosporine group 
(3.3 and 3.7). However, when the follow-up period was 
over 10 years posttransplantation, the SIR in the con- 
ventional immunosuppression patients was 4.3 com- 
pared to 1.4 in the cyclosporine group. A certain bias is 
inevitable as in the conventional group, 3996 patient- 
years had accumulated in the over 10-year follow up 
and in the cyclosporine group only 536 patient-years. 
In the small group of 124 patients with T-cell antibody 
therapy, five cancers have been diagnosed. 

Kidney cancers and small bowel lymphomas were 
over-represented in the first follow-up period 
(0-2 years), vulvar and lymph node cancer in the second 
period (2-10 years) and kidney cancer in women and co- 
lon cancer in the third period (over 10 years). 

nosed in the 124 patients transplanted under the age Gf 
16 years. 

Discussion 
The increase in cancer incidence after organ transplan- 
tation has been demonstrated in several studies. Regis- 
try data on cancers complicating kidney transplantation 
is already available with a follow up of almost 30 years, 
but there are also data on increased incidence of malig- 
nancies after hepatic and cardiac transplantation [4, 6, 
7, 141. Although there are some differences between 
the findings of the reports due to geographical, ethnic 
and local factors, and some variation depending on the 
organ transplanted, the predominance of certain rnalig- 
nancies has been well confirmed. The number of studies 
with a defined control population is, however, small 11, 
11,151. These population-based epidemiological studies 
have been criticised, mainly due to their small number 
of cases compared to global data [14]. It is true that re- 
gional registries cannot have high numbers of rare ma- 
lignancies even in immunosuppressed transplant recipi- 
ents with increased cancer risk. The importance of ac- 
quiring cancer data on a transplant population is, how- 
ever, for counselling individual patients and the commu- 
nity concerning the risks of long-term immunosuppres- 
sion, and there the data of epidemiological studies with 
a well-defined background reference population are  of 
the utmost importance. As the population of long-time 
survivors will expand during the next loyears, our 
knowledge on cancer incidence in an ageing transplant- 
ed population will increase. Many of them, even when 
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based on global registries, however, though lack of con- 
trol populations, are of little value in counselling pa- 
tients and planning rational surveillance policies, as the 
relative risks for cancers are impossible to glean from 
that kind of study. Although the numbers of cancers in 
population studies tend to be small, leading to a certain 
uncertainty in the results, these are the only studies 
where true relative risks can be evaluated. 

The population of Finland, which is the population 
background of this study, is just over 5 million. The sta- 
bility of the population and the fact that one transplant 
centre gives transplant service to the whole country 
with as yet no patient lost to follow up, as well as the na- 
tional Cancer Registry, gives a reliable and ideal basis 
for evaluation of cancer risks after kidney transplanta- 
tion. An earlier study from our centre [ l l ]  showed a 
SIR of 2.7 within a follow up of 12 055 patient years. In 
the present study the number of patients has increased 
by one half and the follow up has almost doubled. The 
increase in cancer risk after transplantation appears to 
be at the same level as in many other studies [9,12]. In- 
terestingly, in the combined Nordic study of patients 
transplanted between 1964 and 1982, where Finland 
also was included [l], the SIR was 4.5, clearly higher 
than in the present material. The SIR of all cancers com- 
bined was somewhat higher in men than in women, 
which is mainly accounted for by the high SIR in skin 
cancer in men. 

The increase in skin cancers was highest and has al- 
most doubled compared to our earlier figures, but still 
did not quite reach the high levels that have been re- 
ported in studies from Australia and New Zealand [2, 
151. It was also three times as high in men than in wom- 
en. The incidence of cancer of the lip was also high but 
it was similarly increased in both sexes. As the incidence 
of skin cancers has been connected to sun exposure the 
slightly lower risk in these northern latitudes is to be ex- 
pected. 

Cancer of the thyroid also had a high SIR in both sex- 
es as had kidney cancer. In the EDTA-ERA study, thy- 
roid cancers were more frequent in both dialysis and 
transplantation patients than in normal populations [3]. 
In patients being evaluated for transplantation, an over 
3 % prevalence of renal cell carcinoma has been shown 
[5, 81. Seven of the observed 22 renal cancers in our 
study were diagnosed less than 2 years after transplanta- 
tion. This confirms the importance of including ultra- 
sound screening of native kidneys in the pretransplant 
work up as well as in the posttransplant follow up sched- 
ule. This concerns all patients but, in particular, patients 
with polycystic degeneration who are known to have a 
much higher incidence of renal adenocarcinoma than 
the normal population [13]. 

In our previous study, the cancer risk in cyclosporine- 
treated patients was slightly lower than in patients with 
conventional immunosuppression but, as the follow up 

has lengthened their cancer incidence seems to have in- 
creased over that of the earlier, conventionally treated 
patient group. There is, however, a clear bias caused by 
the differences in follow-up times, as very little follow 
up has accumulated after 10 years of transplantation in 
the cyclosporine group. Some of the differences in the 
cancer incidence curves can be accounted for by the 
small difference in mean ages between the groups, but 
in the SIR calculations this was eliminated. In the most 
representative group of cancers, skin cancer, no signifi- 
cant difference in SIRS could be discerned between the 
immunosuppressive regimens. This agrees with the find- 
ings of others showing no relationship of skin cancer to 
any particular immunosuppressive agent [2]. 

Lymphomas in the lymph nodes, which in many stud- 
ies are very conspicuous, were rather few in number and 
occurred almost exclusively in men. A high SIR was 
found only in the cyclosporine group of patients, but 
the small number of these cancers can of course cause 
spurious differences. As the tumours in the Cancer Reg- 
istry are primarily classified according to site, the SIR 
values only showed nodal lymphomas. Almost as many 
tumours classified histologically as lymphomas were 
found in different sites. The rather low increase in lym- 
phoma incidence could be attributed to our restricted 
use of immunosuppressants, especially anti-lymphocyte 
globulins. 

The patterns of cancers in male and female patients 
observed in our study differed somewhat. The male pa- 
tients had more skin and lip cancers and all but one 
case with lymphoma or PTLD were in male recipients. 
The small absolute number of lymphomas and PTLDs 
in the present study may be explained by our relatively 
restrictive policy with the use of anti-lymphocyte anti- 
body preparations. An interesting finding is that cancers 
typical for men, such as cancers of lung, stomach and 
prostate, and cancers typical for women, such as breast 
cancer, were not represented more than in the general 
population. 

With time, our experience of cancer risk in the organ- 
transplanted population will be increased. During the 
last decade several new immunosuppressive agents 
have been introduced. The focus of interest has been 
the prevention of acute allograft rejection and graft sur- 
vival. With better early immunosuppression, the num- 
ber of long-time survivors will increase. In the future, 
more concern should be addressed, not only to the early 
survival of the graft, but also to the optimal monitoring 
of immunosuppression in the long term in order to di- 
minish the risk of acquired malignancy. This is extreme- 
ly important as transplantation has also been extended 
to patients in their young and very early years of life. 
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