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Michèle Kessler,1,2 Nicolas Jay,2 Rachel Molle1,2 and Francis Guillemin2,3

1 Department of Nephrology, University Hospital of Nancy, Vandoeuvre les Nancy, France

2 EA 4003, University Hospital of Nancy, Vandoeuvre les Nancy, France

3 Department of Clinical Epidemiology and Evaluation, University Hospital of Nancy, Vandoeuvre les Nancy, France

Introduction

An increased incidence of cancer in immunosuppressed

and immunodeficient patients is now well established.

Since the first report of de novo cancer occurring in

patients who have had kidney transplantation [1], many

studies have indicated a high frequency of cancer in this

population. Published studies of post-transplant cancer

risk have used differing methodologies that make com-

parison of results difficult. According to several registries,

the most frequent types of tumours are nonmelanoma

skin cancer (NMSC) and virus-related tumours [2,3]

Nevertheless a recent US study examining recipients in

1995–2001 suggested that most tumours occurred more

frequently after kidney transplantation than in the general

population [2–4]. Recently it has been suggested that

newer agents such as mycophenolate mofetil and siroli-

mus were not linked with post-transplant malignancies

and might have antitumour properties [5], but long-term

data are still lacking.

In this cohort study, we reviewed for cancer occurrence

the records of all patients transplanted in our unit over

an 11-year period in the cyclosporine era. The transplan-

tations were performed according to standardized proto-

cols using a homogeneous immunosuppressive regimen.

Cancer incidence was well documented by careful patient

follow-up. The main objective of the study was to com-

pare the observed incidence of de novo cancer in renal

transplant patients standardized for age and sex with the

overall incidence of cancer in France. A secondary objec-

tive was evaluation of the influence of demographic

factors on cancer occurrence.
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Summary

Cancer data were reviewed in 488 patients who underwent renal transplanta-

tion and received cyclosporine at our centre from January 1985 to December

1995. Incidence of nonmelanoma skin cancer (NMSC) was standardized on the

age and sex distribution of the French population. For cancer other than

NMSC, we calculated the ratio of observed to expected numbers of cancer cases

in the RT population, based on age- and sex-specific incidence for cancer in

France. Standardized incidence ratios (SIR) were calculated for all cancers and

for specific cancer types encountered. Over 4638 patient-years of exposure, 51

(10.4%) transplant recipients developed a first NMSC which was significantly

associated with older age at transplantation (P < 0.0001) and the 1991–1995

transplantation period (P ¼ 0.0008). Fifty-six recipients developed cancer other

than NMSC over the period. The SIR for all cancer was 2.2 (1.5–3.0) in males

and 3.0 (1.9–4.6) in females. The SIR for specific cancer types revealed signifi-

cant excess for native kidneys [13.0 (5.2–26.8)] prostate cancer [3.6 (1.5–3.0)]

and post-transplant lymphoproliferative disorder (PTLD) [9.5 (3.1–22.1)] in

males, and cervical cancer [25.3 (9.3–55.0)], native kidneys [26.4 (5.4–77.2)]

and PTLD [28.9 (9.4–67.6)] in females. Incidence of NMSC and some types of

other cancer is high in cyclosporine-treated patients. Optimizing monitoring

practice might be useful to identify subjects with significant excess risk for spe-

cific types of solid tumours.
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Patients and methods

All patients who underwent first kidney transplantation at

the Nephrology and Transplantation department of the

Nancy University Hospital between 1 January 1985 and 31

December 1995 were included in the study. They received

homogeneous immunosuppressive treatment by induction

with antilymphocyte globulins followed with dual (cyclo-

sporine–prednisone) or triple (cyclosporine–prednisone–

azathioprine) therapy. Each patient was considered

exposed to risk of cancer from the day of transplantation

to 31 December 2003, date of death, return to dialysis or

last visit for the patients lost to follow-up. Recipients were

censored for analysis at graft failure because no follow-up

data were available after that point. We retrieved the fol-

lowing information from the medical records: date of

birth, gender, dates of transplantation, last visit, death or

return to dialysis and diagnosis of cancer (date and type).

Patients with past history of cancer before renal transplan-

tation were excluded. Diagnosis of cancer was made on

presentation of clinical symptoms or through systematic

monitoring for skin, cervix, prostate and native kidneys

cancers. During the study period, usual follow-up of the

recipients was a visit once a month during the first year,

every 2 months during the second year and every

3 months from year 3. These visits were alternated between

our centre and the local nephrology units which referred

the patients for renal transplantation in a regional colla-

borative network. Before transplantation, females on the

waiting list had cervical smears once a year and mammo-

graphy every 2 years and males above 50 had measurement

of prostate-specific antigen (PSA) once a year. After trans-

plantation, the same screening was continued and recipients

had a systematic dermatology consultation and ultrasound

examination of native kidneys in the postoperative period

and then once a year. The type of cancer was confirmed by

histological examination (at biopsy or surgery) in all

patients. For patients who had multiple skin malignancies,

the first skin cancer only was taken into account. For other

cancer all primary tumours were documented.

The observed incidence rates for cancer were calculated

by dividing the number of cancer cases by the number of

patient-years of exposure since renal transplantation. Can-

cer incidence estimates for cancer other than NMSC are

available in France, the FRANCIM network which collects

the data from 17 population-based registries throughout

the country [6] and cancers were coded and grouped

according to the FRANCIM classification.

For NMSC, observed incidence in each 5-year age band

and sex was expressed as number of cases by patient-years

at risk. Using direct standardization, we calculated inci-

dence standardized on age and sex distribution in the

French population 1999 census [7]. In France, during the

study period, a census was done once every 9 years and

we considered that 1999 results were the most appropri-

ate to reflect population structure and to allow generaliza-

tion of our results. For other cancers, indirect

standardization was used and we calculated the ratio of

observed to expected numbers of cases of cancer in the

kidney transplantation population. Expected numbers

were based on age- and sex-specific incidence for cancer

in France in 1995 [6]. In the absence of other data for

general population during the study period, standardiza-

tion could not be done by calendar year. Standardized

incidence ratios (SIR) with 95% confidence interval were

calculated for all cancers and for specific types of cancer

encountered based on the assumption of a Poisson distri-

bution for cancer occurrence. Cancers were coded and

grouped according to the FRANCIM classification [7].

Time to cancer occurrence was modelled using Kaplan–

Meier estimates and differences between groups, by sex,

age and calendar period (1985–1990 and 1991–1995) at

first renal transplantation were analysed using the Cox

regression model. Data were analysed using SAS statistical

software (V9.0, SAS France, Gregy-Sur-Yerres, France).

Results

Four hundred and eighty-eight patients who received a

first kidney graft during the study period were included

and followed during an average of 9.5 ± 5.2 years, repre-

senting 4638 patient-years of exposure. Among them, 12

patients had pre-emptive transplantation. There were 326

(66.8%) males and 162 (33.2%) females. Age at transplan-

tation was 42.6 ± 12.6 years (42 ± 12.3 in males and

43.6 ± 13.0 in females: P ¼ 0.19). Two hundred and

thirty-one transplantations were performed during the

1985–1990 period and 257 during the 1991–1995 period. A

total of 73 patients died, 143 returned to dialysis and three

received a second graft. One hundred and seven (21.9%)

patients (72 men and 35 women) developed a first cancer.

Fifty-one had skin cancer and 56 other cancers.

Skin cancer

Crude incidence of NMSC was 11.7 per 1000 patient-years

(12.8 in males and 9.4 in females). The incidence of

NMSC, standardized on the French population was 9.1

per 1000 patient-years (CI 95% 6.4–31.2). It was not signi-

ficantly higher in males than in females. The basal/squa-

mous cell carcinoma ratio was around one in both

genders (25:26). One melanoma was observed. Age and

time since renal transplantation (RT) at diagnosis of first

NMSC were similar in females and males (55.1 ± 11.7 vs.

60.5 ± 7.5, P ¼ 0.127 and 5.4 ± 3.7 vs. 6.4 ± 3.4, P ¼
0.351 respectively). Considering era of transplantation,
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patients were significantly older during the 1991–1995 per-

iod: 44.3 ± 13.2 vs. 40.7 ± 11.6 years in 1985–1990 (P ¼
0.001). Kaplan–Meier estimates showed that NMSC

occurred more frequently in older patients (log rank test

P < 0.0001) (Fig. 1a) and in patients transplanted during

the 1991–1995 period (log rank test P ¼ 0.0008) (Fig. 1b).

In the multivariate analysis, a higher age at first renal

transplantation and the 1991–1995 period were significant

and independent risk factors for developing skin cancer

[RR ¼ 1.09 per year (1.06–1.12) and 1.99 (1.04–3.80)

respectively].

Cancer other than NMSC

The most frequent types of cancer were cancer of the cer-

vix, native kidneys and post-transplant lymphoprolifera-

tive disorder (PTLD) in females and cancer of native

kidney, prostate, lips and mouth, lung and PTLD in

males (Table 1). Overall, a first cancer was diagnosed in

males at 56.4 ± 10.5 years and 6.2 ± 4.3 years after RT.

In females, age at diagnosis was 50.7 ± 14.9 and time

since RT 5.8 ± 4.6 years.

The SIR for all cancer types significantly exceeded one,

indicating an excess risk in the RT population over that

in the general population in males [2.2 (1.5–3.0)] and

females [3.0 (1.9–4.6)] (Table 1). The SIR for individual

types of cancer in males and females was significantly

higher than one for cancer of the prostate in males and

cervix in females and cancer of native kidneys and PTLD

in both genders. The incidence for lung, colon, rectum,

bladder and breast cancer did not differ significantly from

the general population.

With Kaplan–Meier analysis the probability of cancer

occurrence according to transplantation era increased

Figure 1 (a) Probability of first nonmelanoma skin cancer by age group. Group 1: <30 years; group 2: 30–59 years; group 3: >59 years. (b) Prob-

ability of first nonmelanoma skin cancer by transplantation era.

Table 1. Standardized incidence ratio

(SIR) for nonskin cancers compared with

the general population in France.Type

Male Female

n SIR (95% CI ) n SIR (95% CI)

All cancers 38 2.19 (1.55–3.00) 21 3.01 (1.86–4.60)

Native kidneys 7 13.01 (5.23–26.81 4 35.20 (9.58–90.1)

Prostate 8 3.59 (1.55–7.06) –

Cervix – 6 25.28 (9.27–55.02)

Non Hodgkin Lymphoma 5 9.48 (3.08–22.13) 5 28.95 (9.40–67.56)

Lips and mouth 3 1.59 (0.33–4.6 4) 0 0.00 (0.00–31.22)

Colon and rectum 2 0.89 (0.11–3.22) 0 0.00 (0.00–4.73)

Pancreas 1 3.61 (0.09–20.12) 0 0.00 (0.00–49.95)

Lung 5 1.70 (0.55–3.96) 1 4.57 (0.11–25.46)

Bladder 1 1.02 (0.03–5.67) 1 11.72 (0.29–65.31)

Breast 1 1 0.35 (0.01–1.97)

Oesophagus 1 1.43 (0.04–7.99) 0 0.00 (0.00–103.17)

Thyroid 1 7.40 (0.19–41.24) 0 0.00 (0.00–26.40)

Larynx 1 1.48 (0.04–8.27) 0 0.00 (0.00–189.80)

Myeloma 0 0.00 (0.00–27.71) 1 17.26 (0.43–96.17)

Others 2 2
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with age (log rank test P ¼ 0.0006) (Fig. 2a) and

appeared significantly more frequent during the 1991–

1995 period when compared with the 1985–1990 period

(Fig. 2b) (log rank test P ¼ 0.014). This variable was

included in the multivariate analysis, as a stratifying vari-

able, because it did not meet risk proportionality require-

ment for the Cox model. Age at first RT was found to be

a significant predictor of nonskin cancers [RR ¼ 1.04 per

year (1.02–1.07)]. Gender had no significant influence

[RR ¼ 1.08 (0.63–1.86)].

Discussion

The present investigation compared for the first time the

risk of cancer in renal transplant patients in France with

that of the general population. Follow-up duration was

longer than many previous studies. The data on both skin

and nonskin cancers were highly reliable and complete.

Compared with published data, our study showed that

patients exclusively receiving cyclosporine and prophylac-

tic antilymphocyte antibodies displayed a crude incidence

of NMSC of 11.7 per 1000 patient-years during the first

10 years following transplantation. This result observed in

a period during which the immunosuppressive regimen

was kept unchanged is quite similar to that obtained in

Italy [8] and in the Netherlands [9], a country not very

far from our region. Because of the lack of a French regis-

try for NMSC, we could not calculate the excess risk. SIR

was found to be 24 in the Dutch study. Australian renal

transplant patients have a very high incidence of NMSC

[10] but in fact, considering the high incidence of skin

cancer in the general population, the excess risk is quite

similar to that observed in countries with much lower

sunlight exposure. In our study, like in the general popu-

lation, age was the main risk factor of NMSC. As age of

potential recipients is increasing, the crude incidence of

skin cancer will probably increase. The increased inci-

dence of NMSC during the 1991–1995 period is inde-

pendent of the increasing age of our transplant

population and may illustrate the increasing risk of skin

cancer in the general population. In the general popula-

tion, the basal cell/squamous cell carcinoma ratio is 5:1 to

8:1 [11]. We found among renal transplant recipients, a

ratio of 0.9:1 for the first skin cancer; this ratio is even

lower when multiple skin tumours are considered [8, 12].

Compared with expected occurrence in the French

population, we observed a significant excess risk of cancer

other than NMSC in both genders when all cancers were

considered. Our results are similar to the SIR calculated

in Denmark [12]. Comparison for specific type of cancer

is difficult because the definition of cancer sites differed

from one study to another: for example, we used the

FRANCIM classification [7] which is different from the

ICD-9.CM. On the other hand, grouping of cancers was

different depending on the number of cases observed.

The increased incidence of PTLD after renal transplanta-

tion has been known for more than three decades [13–

15]. The use of potent antilymphocyte antibodies for

prophylaxis of acute rejection was found to be associated

with a higher risk for PTLD [14]. In the present study

where nearly all patients received prophylactic antilym-

phocyte antibodies, crude incidence of PTLD (2.2 per

1000 patient-years) seems lower than in the collaborative

transplant study [14].

We found a significant excess risk for cancer of native

kidneys. In Japan, the relative risk of renal cell carcinoma

(RCC) in renal transplant patients was 80-fold higher

than that in the general population [16]. This increased

risk was confirmed by some studies in the USA [4] but

not by the EDTA-ERA study [13] or the Danish registry

[12]. As in dialysis patients, the main risk factor for the

development of RCC is probably the development of

Figure 2 (a) Probability of cancer other than NMSC by age group. Group 1: <30 years; group 2: 30–59 years; group 3: >59 years. (b) Probability

of cancer other than NMSC by transplantation era.

Kessler et al. Excess risk of cancer after renal transplantation

ª 2006 The Authors

Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 908–914 911



acquired cystic kidney disease in the setting of prolonged

uraemia [17] and conflicting results could be explained

by differences in policies of bilateral nephrectomy prior

to transplantation which was rarely done in our trans-

planted patients. It could also be related with differences

in screening strategy. During the study period, we per-

formed an ultrasound examination once a year for RCC

with special regard to the native kidneys; in case of

doubtful finding a computed tomography scan was initi-

ated. It has been suggested that RCC in kidney transplant

patients is quite aggressive [18] warranting careful screen-

ing both before and after transplantation. International

recommendations for screening renal transplant recipients

for RCC are conflicting: not recommended by the guide-

lines of the American Society of Transplantation [19] it

was recommended by the European Best Practice Guide-

lines for Renal Transplantation [20]. The differences

among international guidelines relate to the uncertainty

surrounding whether early detection results in better sur-

vival for transplant patients with RCC.

Excess of cancer of the cervix of the uterus appears to

be significant in our female transplant population in

whom an annual smear was performed to screen for cer-

vical neoplasia. A general trend to increased risk was con-

firmed by data coming from Japanese [16] and European

registries [13]. Cervical cancer appears to be aetiologically

related to infection with oncogenic strains of human

papilloma virus (HPV). In transplanted women, the

increased risk of cervical cancer could be because of either

reactivation of latent HPV or inability to contain a pri-

mary infection. There is considerable evidence that regu-

lar screening reduces the incidence of invasive cancer in

the general population; the interest of such a policy was

also shown in renal transplant women [21].

There is controversy about the incidence of prostate

cancer both in the general population and in renal trans-

plant recipients. In the USA, prostate cancer rate was

reported to be two-fold higher after RT [4]. In most

registry-based studies, the SIR for this type of cancer after

RT has not been significant [4, 12, 13, 16]. This may be

because of uncertainty of benefit from systematic screen-

ing. In our male population in whom PSA was assayed

once a year when patients were on the waiting list and

after transplantation, and for whom biopsies were system-

atically performed in the event of increased levels, the

crude incidence was two per 1000 patient-years and the

SIR were similar to those observed in the Nordic coun-

tries [2]. A high incidence of prostate cancer was recently

found in a study based on questionnaires mailed to 22

French renal transplant centres [22]. Systematic screening

in RT recipients will undoubtedly increase the incidence

of localized prostate cancer but this could be because of a

lead time bias. Whether this excess is simply an advance

of latent cancer with acceleration of carcinogenesis, or

true excess that would continue to be observable over a

longer follow-up period, needs to be established. In the

absence of prospective studies comparing the evolution of

prostate cancer in RT recipients with that in the general

population, it is therefore difficult to establish whether

annual measurement of PSA will modify the evolution of

prostate cancer in male RT recipients.

The other malignancies had similar incidence in the

transplanted and general population. This is in agree-

ment with previous studies, particularly for lung and

breast cancers [13, 23]. Incidence of breast cancer was

found particularly low during the first transplant year

[23] but in many transplant centres including ours,

screening for breast cancer is systematically performed

before enrolment on the wait listing, which would

decrease the chance of developing breast cancer early

after transplantation. Data coming from the EDTA-ERA

registry suggest an increased risk for colonic cancer [13].

This is true only for the 10–20 years after renal trans-

plantation. Our results, similar to those of Birkeland

et al. [2] showed, after a mean follow-up of 9.5 years, no

significant excess risk. Data coming from the USRDS

showed that in the 47% of total RT patients who used

Medicare, rates for most common malignancies were

higher than in the general population [4]. In this study,

duration of follow-up was very short (3 years). Many of

these tumours may have developed before RT and

remained latent for several years before diagnosis. These

results highlight the importance of careful evaluation of

potential recipients before transplantation to detect latent

cancers.

Our study, restricted to an 11-year period has the

advantages of homogeneous immunosuppressive treat-

ment prescribed, standardized methods used for ascer-

tainment of cancers, and high degree of completeness and

quality of locally recorded data. This gives additional

insight for comparing the risk of cancer in a renal trans-

plant population with general population. Nevertheless,

our study has some limitations. First, indications for

transplantation as well as the type of immunosuppressive

treatment favouring cancer occurrence may have affected

the representativity of our renal transplantation popula-

tion. Second, recipients were censored when they went

back to dialysis or were lost to follow-up. This could have

introduced an underestimation of cancer occurrence.

Third, indirect standardization was not done by calendar

year because national rates of cancer were only available

for 1995. This could have introduced a bias if the risk of

cancer in the French population had notably changed

during the study period. Fourth, the size of our RT popu-

lation is relatively small and could be unable to yield a

sufficiently reliable determination of cancer incidence.
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This is probably true for less common cancers. Fifth, sur-

veillance bias is inherent in all studies concerning cohorts

of patients with chronic diseases followed regularly for

prolonged periods of time. Our cases were not identified

through a cancer registry as there is none in our region.

Even if cases of cancer in a transplant population were

identified through a cancer registry they would never be

identified in the same way as cancers usually are in the

general population. Identification of cancer in transplant

patients was also different: more intensive and less spon-

taneous; therefore identification of cancer in a transplant

population could never be purely population based. The

absence of a cancer registry led us to calculate expected

cases from 17 other French regional registries. To minim-

ize a potential ecological bias the average of the 17 regis-

tries was used.

Our relatively aggressive screening strategy could not

be generalized to the transplant population without a

careful consideration and further studies are needed to

evaluate the impact of screening for skin, cervical and

prostate cancer and RCC in the renal transplant popula-

tion examining both cost and effectiveness issues [24].

Some authors proposed an individualized approach based

on patient’s age, life expectancy, inherent cancer risk fac-

tors [25].

In conclusion, our findings confirm the existence of a

high incidence of NMSC in renal transplant recipients on

cyclosporine-based immunosuppressive treatment. A sig-

nificant excess risk for specific types of cancer other than

NMSC, particularly native kidneys, cervix and prostate,

raises the question of optimizing and standardizing mon-

itoring practice in this population. On the other hand,

any excess risk of cancer should be interpreted in light of

the absolute risk in the general population to appreciate

the real burden of cancer, given the benefit of renal trans-

plantation.
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