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Abstract

The aim of this study was to investigate whether the number of transplantations, as a 

marker of the graft rejection status of the patient, is associated with an increased risk 

of malignancies. In a cohort study, 1213 patients, receiving a kidney transplantation 

between 1966 and 1995 at the Leiden University Medical Center, were analyzed. All 

cutaneous squamous cell carcinoma and internal malignancies, which had developed 

between 1966 and 2007, were recorded. The influence of number of transplantations, 

age, sex and time on immunosuppression on the risk of squamous cell carcinoma and 

internal malignancies was investigated by time-dependent multivariate Cox’s 

proportional hazard models. Of the 1213 kidney transplant recipients, 319 received a 

second kidney, 78 a third; 13 of them a fourth and 4 of them a fifth transplantation. 

After adjustment for potentially confounding factors, including age, sex and years on 

immunosuppressive therapy we did not detect an increased risk of cancer in patients 

with multiple transplantations. On the contrary, patients with three or more trans-

plantations had a 1.6-fold decreased risk of squamous cell carcinomas and a 3.6-fold 

decreased risk of internal malignancies. We conclude that kidney transplant recipients 

with three or more transplantations do not have an increased risk of cutaneous 

squamous cell carcinoma and internal malignancies. (207 words)
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Introduction

Kidney transplant recipients have an increased risk of malignancies of which, in the 

Caucasian population, cutaneous squamous cell carcinoma is the most common one 

(1-9). Chronic immunosuppressive therapy is the major risk factor for the development 

of abundant numbers of malignancies in kidney transplant recipients (2,6,10-12) since 

immunosuppression disrupts antitumor immunosurveillance and anti-viral activity. In 

addition, the higher the cumulative level of immunosuppression, the higher the risk 

to develop malignancies (6,13-15).

 A well-known risk factor for graft rejection is circulating human leucocyte antigen 

(HLA)-antibodies, induced by pregnancy, blood infusion or previous transplantations 

(16-20). Other factors negatively influencing the outcome of kidney transplantation 

include young recipient age (young age is associated with a relatively high state of 

immunologic responsiveness to alloantigens), older donors, recipients of African-

American origin, prolonged cold ischemia time, and systemic diseases such as 

diabetes (16-20). There are also studies suggesting that genetic polymorphisms play a 

role in the clinical outcome of transplantation, although evidence is lacking and large 

prospective studies are needed to show clinical applicability (21,22).

 Patients who are rejecting their grafts are treated with high doses of immunosup-

pressive therapy, including treatments with methylprednisolone, anti-thymocyte 

globulin (ATG) and muronomab-CD3 (OKT3) (23,24). One could speculate that these 

high doses of immunosuppressive rejection therapy lead to a low activated immune 

response and an increased risk of malignancies. There is only one study showing that 

rejection treatments are associated with a higher risk of squamous cell carcinomas 

(25). Using high serum creatinine levels at 1 year after transplantation as a measure of 

graft rejection, Bordea et al showed that patients with high serum creatinine levels 

had a higher risk of developing skin cancer (2). They postulated that patients with a 

high serum creatinine level had maintained higher levels of immunosuppression to 

prevent rejection, which may have led to a higher risk of skin cancer (2). Bordea et al, 

however, did not observe an increased incidence of skin cancer in patients receiving 

additional immunosuppression in the form of rejection treatments with ATG and 

OKT3, which is in line with several other studies (2,10,11,26,27).

 The aim of this study was to investigate whether the number of transplantations, 

which we used as a measure of graft loss, is associated with an increased risk of post-

transplant malignancies. 

skin cancer risk after multiple transplantations
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Results

Characteristics of all patients and dropouts
Between March 1966 and 31 December 1996, 1246 patients received their first kidney 

transplant in Leiden. Twenty-six patients had already cancer before the transplantation 

and 7 patients were lost to follow up immediately after transplantation. These patients 

were excluded from further analyses. Of the remaining 1213 patients, 237 received the 

first transplantation between 1966 and 1975; 454 between 1976 and 1985 and 522 

between 1986 and 1995. In total, 817 patients lost the first graft and 319 of them received 

a second kidney. Altogether, 78 kidney transplant recipients received a third; 13 of them 

a fourth and 4 of them a fifth transplantation. Of all 1213 kidney transplant recipients, 

752 (62.0%) died, with a median time after transplantation to death of 10.2 years. 

Baseline characteristics of kidney transplant recipients with one, two or 
three or more transplantations
The baseline characteristics of kidney transplant recipients with one, two or three or 

more transplantations are depicted in Table 1. Almost 50% of the patients with only 

one transplantation were transplanted before 1986, whereas 75% of the patients with 

two transplantations and almost 90% of the patients with three or more transplanta-

tions were transplanted before 1986 (Table 1). As a result, the follow-up time was 

statistically significantly longer in the patients with three or more transplantations 

compared to the patients with two transplantations, whereas the latter patients were 

followed longer than the patients with only one transplantation (Table 1).

 The sex distribution did not differ statistically significantly between the three 

groups (Table 1). There was, however, a statistically significant association between 

the number of transplantations and the age at the first transplantation: with increasing 

number of transplantations, the age at the first transplantation was decreasing (Table 1). 

During time, the age of the patients at the first transplantation was significantly 

increasing, but this was less obvious for patients with two or three or more transplantations 

(Table 1). 

 Since most of the patients with two or more transplantations were transplanted 

before 1986, they were initially more frequently immunosuppressed with Aza, whereas 

patients with only one transplantation were more frequently immunosuppressed 

with CsA or Tac (Table 1). Despite important differences in follow-up time, the time on 

immunosuppression was not statistically significantly different between the three 

groups with 12.6, 13.1 and 14.4 years on immunosuppression in patients with one, two 

or three or more transplantations, respectively (Table 1).
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Table 1   Baseline characteristics of the kidney-transplant patients with 1, 2 or  
3 or more transplantations.

Only 1 
transplantation

2  
transplantations

3 or more 
transplantations

Number of patients: N 894 241 78

Years of first transplantation: N (%)

 1966-1975

 1976-1985

 1986-1995

151 (16.9)

292 (32.7)

451 (50.4)

61 (25.3)

118 (49.0)

62 (25.7)

25 (32.1)

44 (56.4)

9 (11.5)

Follow-up until last rejection (yrs)#

 Median (25% - 75%)

 0 – 1 years: N (%)

 2 – 7 years

 8 – 12 years

 13 – 17 years

 18 – 22 years

 23 or more years

12.6 (4.9 – 19.2)

154 (17.2)

150 (16.8)

158 (17.7)

183 (20.5)

101 (11.3)

148 (16.6)

16.8 (10.1 – 23.5)

12 (5.0)

38 (15.8)

30 (12.4)

51 (21.2)

45 (18.7)

65 (27.0)

20.4 (14.6 – 26.1)

0

10 (12.8)

8 (10.3)

9 (11.5)

17 (21.8)

34 (43.6)

Sex: N (%)

 Female

 Male

331 (37.0)

563 (63.0)

101 (41.9)

140 (58.1)

28 (35.9)

50 (64.1)

Age at first transplantation (yrs)

 Median (25% - 75%) 43.4 (32.2 – 52.5) 34.0 (23.9 – 43.3) 25.6 (18.3 – 33.9)

Immunosuppressive therapy:  N (%)

 Aza combination

 MMF combination

 CyA or Tac

473 (52.9)

59 (6.6)

362 (40.5)

169 (70.4)

8 (3.3)

63 (26.3)

64 (82.1)

0

14 (17.9)

Time on immunosuppression (yrs)

 Median (25% - 75%)

 0 – 9 years

 10 – 19 years

 20 or more years

12.6 (4.9 – 19.2)

356 (39.8)

328 (36.7)

210 (23.5)

13.1 (5.9 – 20.0)

86 (35.7)

95 (39.4)

60 (24.9)

14.4 (6.8 – 21.6)

27 (34.6)

27 (34.6)

24 (30.8)

Aza, azathioprine; MMF, mycophenolatemofetil; CsA, cyclosporine A; Tac, tacrolimus 
# Follow-up until last rejection or end of follow-up or death (when there was a functioning graft at the time  

of death).
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Distribution of squamous cell carcinomas and internal malignancies by 
number of transplantations
In total, 301 (24.8%) of the 1213 kidney transplant recipients developed any type of 

malignancy. During the follow up period 169 (13.9%) out of 1213 patients developed 

at least one cutaneous squamous cell carcinoma. Although there were fewer patients 

with three or more transplantations who developed squamous cell carcinomas, if 

they developed a squamous cell carcinoma, this occurred longer after the transplan-

tation, but at a younger age, which probably reflects their younger age at the first 

transplantation (Table 2). Altogether, 120 (9.9%) out of the 1213 kidney transplant 

recipients developed an internal malignancy. Only 2 (2.6%) patients with three or 

more transplantations developed an internal malignancy and only 7 (8.9%) developed 

a cutaneous squamous cell carcinoma, which is much lower compared to patients 

with only 1 or 2 transplantations (Table 2). Kidney transplant recipients with 4 or 5 

transplantations did not develop any malignancies. Details of the 9 patients with 3 

transplantations and malignancies are provided in Table 3.

chapter 7

Table 2   Distribution of cancer among the kidney-transplant patients with 1, 2 or  
3 or more transplantations.

Only 1 
transplantation

2 
transplantations

3 or more 
transplantations

Number of patients: N 894 241 78

Number of patients with SCC: N (%) 123 (13.8) 39 (16.2) 7 (8.9)

Age at first SCC (yrs)

 Median (25% - 75%) 54.2 (45.9-60.2) 52.7 (42.7-58.3) 43.1 (32.8-43.9)

Time from first transplantation to 

first SCC (yrs)

 Median (25% - 75%) 11.8 (7.5-17.5) 14.9 (10.9-20.3) 17.7 (13.0-22.5)

Number of patients with internal 

malignancy: N (%) 94 (10.5) 24 (10.0) 2 (2.6)

Age at internal malignancy (yrs)

 Median (25% - 75%) 58.1 (50.4-62.2) 52.3 (39.3-61.9) 35.1 and 58.8

Time from first transplantation to 

internal malignancy (yrs)

 Median (25% - 75%) 9.9 (4.0-15.4) 11.8 (6.9-17.8) 4.0 and 10.8

SCC, squamous cell carcinoma



155

Risk factors of squamous cell carcinomas and internal malignancies 
To identify possible risk factors for the development of cutaneous squamous cell 

carcinomas and internal malignancies, we analyzed the influence of time period of 

the first transplantation, sex, the age at the first transplantation, the number of 

 transplantations, the maintenance immunosuppressive therapy and time on immuno-

skin cancer risk after multiple transplantations
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Table 3   Characteristics of the patients with 3 transplantations and malignancies.

Patient Year of 
birth

Years of 
transplantation

Years of 
rejection

Year of 
internal 

malignancy

Year of first 
squamous cell 

carcinoma

Year of 
Death

1 male 1931 1979
1980
1987

1980
1984

1990 1990

2 male 1950 1982
1982
2000

1982
1997 1986

3 female 1940 1969
1976
1987

1971
1976 1982

1992

4 male 1955 1974
1975
1976

1974
1975

1998

5 male 1966 1981
1982
1984

1982
1984

1999

6 male 1960 1984
1988
1994

1988
1992

2004

7 male 1960 1981
1983
1985

1983
1983

2003

8 female 1963 1983
1994
2002

1987
2000 1995

9 male 1932 1975
1976
1984

1975
1983

1989 1990
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suppression on the risk of squamous cell carcinomas and internal malignancies (Table 4).  

Patients with squamous cell carcinoma were more frequently transplanted between 

1966 and 1975 and had a longer follow-up time (Table 4). After adjustment for 

follow-up time, they were significantly older at the first transplantation. Similarly, 

patients with internal malignancies were also significantly older at the first 

 transplantation. Both squamous cell carcinoma and internal malignancy patients  

were more frequently immunosuppressed with Aza and had a longer time on 

immuno suppression than patients without cancer (Table 4).

   

The risk of squamous cell carcinomas and internal malignancies by number 
of transplantations
Figure 1A shows the cumulative incidence of squamous cell carcinomas and figure 1D 

of internal malignancies by number of transplantations. The cumulative incidence of 

squamous cell carcinoma was 8%, 22% and 40%, respectively, 10, 20, and 30 years after 

transplantation in patients with only one transplantation, in contrast with 1%, 11%, and 

14% in patients with three or more transplantations. For internal malignancies the 

cumulative incidences were 7%, 15%, and 23% at the same time points, whereas the 

cumulative incidence of internal malignancies only reached 3% for patients with three 

or more transplantations (Figure 1D). Figures 1A and 1D show that three or more 

 transplantations are not associated with an increased risk of squamous cell carcinomas 

and internal malignancies in kidney transplantation recipients. These figures rather 

suggest a decreased risk of these malignancies in patients with three or more 

 transplantations. Patients with 3 and more transplantations were significantly younger 

at their first transplantation than patients with only 1 transplantation. Figures 1B and 1C 

show the cumulative incidence of squamous cell carcinomas and figure 1E and 1F of 

internal malignancies by number of transplantations stratified for patients who were 

younger or older than 40 years at their first transplantation. In the stratified analyses, 

transplant recipients with 3 and more transplantations still have a decreased risk of 

malignancies, but the differences are less significant, indicating confounding by age. 

Table 5 shows the non-adjusted and adjusted time dependent hazard ratios of 

developing cutaneous squamous cell carcinomas and internal malignancies by number 

of transplantations. In the non-adjusted analyses, we found a significantly decreased 

risk of squamous cell carcinomas in patients with three or more transplantations with 

a hazard of 0.36 (0.15-0.89). Adjustment for age raised the hazard ratio to 0.47 (0.19-1.16), 

also suggesting confounding by age. Additional time-dependent adjustment for years 

on immunosuppression raised the hazard further to 0.62 (0.23-1.6), indicating additional 

confounding by number of years on immunosuppression. 

chapter 7



157

 

skin cancer risk after multiple transplantations

7

Table 4   Risk factors of cancer in the kidney-transplant recipients.

No Cancer Squamous cell 
carcinoma

Internal 
malignancy

P-value

Number of patients: N* 912 169 120

Years of first transplantation: N (%)

 1966-1975

1976-1985

 1986-1995

168 (18.4)

315 (34.5)

429 (47.1)

53 (31.4)

84 (49.7)

32 (18.9)

20 (16.7)

51 (42.5)

49 (40.8)

SCC: <0.001

NCM: 0.44

Follow-up until last rejection (yrs)

 Median (25% - 75%)

 0 – 1 year: N (%)

 2 – 7 years

 8 – 12 years

 13 – 17 years

 18 – 22 years

 23 or more years

12.4 (4.2-19.5)

159 (17.4)

168 (18.4)

152 (16.7)

176 (19.3)

116 (12.7)

141 (15.5)

22.7 (15.4-27.9)

0 (0)

7 (4.1)

16 (9.5)

36 (21.3)

29 (17.2)

81 (47.9)

14.3 (9.1-19.7)

5 (4.2)

22 (18.3)

21 (17.5)

34 (28.3)

19 (15.8)

19 (15.8)

SCC: <0.001

NCM: <0.001

Sex: N (%)

 Female

Male

346 (37.9)

566 (62.1)

57 (33.7)

112 (66.3)

53 (44.2)

67 (55.8)

SCC: 0.13

NCM: 0.08

Age at first transplantation (yrs)

 Median (25% - 75%) 39.6 (28.5 – 50.5) 38.8 (27.8 – 46.7) 45.2 (34.7 – 51.8) SCC: 0.20

NCM: <0.001

Number of transplantations: N (%)

 1

 2

3 or more

670 (73.5)

175 (19.2)

67 (7.3)

123 (72.8)

39 (23.1)

7 (4.1)

94 (78.3)

24 (20.0)

2 (1.7)

SCC: 0.267

NCM: 0.08

Immunosuppressive therapy: N (%)

 Aza combination

 MMF combination

CsA or Tac

500 (54.9)

56 (6.1)

355 (39.0)

134 (79.3)

5 (3.0)

30 (17.8)

75 (62.5)

1 (0.8)

44 (36.7)

SCC: <0.001

NCM: 0.06

Time on immunosuppression (yrs)

 Median (25% - 75%)

 0 – 9 years

 10 – 19 years

20 or more years

11.5 (3.3-17.5)

412 (45.2)

326 (35.7)

174 (19.1)

21.0 (14.1-27.9)

15 (8.9)

64 (37.9)

90 (53.2)

13.3 (8.1-18.8)

36 (30.0)

58 (48.3)

26 (21.7)

SCC: <0.001

NCM: 0.02

Aza, azathioprine; MMF, mycophenolatemofetil; CsA, cyclosporine A; Tac, tacrolimus 
* Some patients had both internal malignancy and squamous-cell carcinoma. This fact is reflected here by 
overlapping of the numbers of patients in these categories.
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Figure 1   Cumulative incidence of squamous cell carcinoma by number of 
 transplantations (Panel A), and stratified for patients younger than 
40 years (Panel B)... 
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Figure 1   ...and patients of 40 years and older at transplantation (Panel C). 
Cumulative incidence of internal malignancy by number of 
 transplantations (Panel D),... 
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Figure 1   ...and stratified for patients younger than 40 years (Panel E) and patients 
of 40 years and older at transplantation (Panel F). 
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Both in the non-adjusted and adjusted analyses, the risk of internal malignancies was 

substantially decreased in patients with three or more transplantations, but this was 

based on only 2 occurrences of internal malignancies in the 78 patients with three or 

more transplantations. Because of the low power of these analyses, statistical 

significance was not reached and this result should, therefore, be repeated in a larger 

study. 

 Other potentially confounding factors like HLA mismatching and the level of HLA-  

antigen responses did not influence the hazard ratios for the development of cutaneous 

squamous cell carcinoma and internal malignancies, importantly (data not shown).

Discussion

In the present study we rejected the hypothesis that patients with multiple kidney 

transplantations may have an increased risk of squamous cell carcinomas or internal 

malignancies. On the contrary, we found that, after adjustment for age, sex and duration  

of immunosuppressive therapy, patients with three or more kidney  transplantations 

skin cancer risk after multiple transplantations
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Table 5   Risk of squamous cell carcinoma and internal malignancies in kidney 
 transplant recipients with adjustments for potentially confounding factors 
using time dependent Cox proportional hazard analyses.

Adjustments for: Squamous cell 
carcinoma

Internal malignancy

No adjustments

  1 transplantation

  2 transplantations

  3 or more transplantations

1.0

0.78 (0.52-1.2)

0.36 (0.15-0.89)

1.0

0.87 (0.53-1.4)

0.15 (0.02-1.1)

Age and sex

 1 transplantation

 2 transplantations

 3 or more transplantations

1.0

0.92 (0.61-1.4)

0.47 (0.19-1.16)

1.0

1.1 (0.67-1.9)

0.27 (0.03-2.0)

Age, sex and years on immunosuppression

 1 transplantation

 2 transplantations

 3 or more transplantations

1.0

1.05 (0.67-1.6)

0.62 (0.23-1.6)

1.0

1.1 (0.63-2.1)

0.28 (0.04-2.3)



162

had a 1.6 fold decreased risk of cutaneous squamous cell carcinomas and a 3.6 fold 

decreased risk of internal malignancies compared with patients receiving only one 

kidney transplant, but these associations did not reach statistical significance. 

 We conclude that high doses of immunosuppressive rejection therapy with ATG 

and/or OKT3, which are used to treat patients who are rejecting their grafts, are not 

associated with an increased risk of malignancies. We hypothesize that graft loss is an 

indication of a high state of immunologic responsiveness to allogeneic HLA molecules 

in patients who are repeatedly experiencing graft losses, which may lead to a more 

effective (cross-reactive) immune response against malignancies, resulting in a 

decreased risk of malignancies. This high state of immunologic responsiveness may 

override the potentially increased cancer risk induced by high doses of immunosup-

pressive therapy for the treatment of graft rejection. This is in line with several other 

studies showing no association between rejection treatments and the risk of 

cutaneous squamous cell carcinomas (2,10,11,26,27). 

 Increasing age (2,11,28) and increasing number of years on immunosuppression 

(2,3,5,11,28-30) are well-known risk factors for malignancies. A higher state of 

immunologic responsiveness to allogeneic HLA molecules has not been identified as 

a protective factor against malignancies. Heterologous immunity is a term used to 

describe the partial immunity (or altered immunopathology) that occurs in response 

to a pathogen if the host has been previously infected or immunized with an unrelated 

pathogen (31). Similarly, T cells induced by viral exposure and specific for a viral 

peptide in the context of self-HLA may cross-react with allogeneic HLA molecules, 

which implies that memory T cells can be present specific for HLA antigens, toward 

which the patient has never been exposed. Recent data show that this type of 

heterologous immunity is very common (32). Thus, the viral infection can cause an 

increased alloreactivity to allogeneic HLA molecules which limits the induction of 

immunologic tolerance to the graft.

 The other side of the coin is that immunologic tolerance to mismatched HLA 

antigens in patients with well-functioning grafts may result in a diminished immune 

response to viruses. We have shown that simultaneous pancreas kidney transplant 

recipients have an increased risk of squamous cell carcinomas compared to kidney 

transplant recipients (10). We speculated that the transplanted pancreas may have 

induced tolerance against an additional set of allo-peptides in the HLA antigens of 

the donor. An increased cross-reactive tolerance against squamous cell carcinomas 

-associated antigens in the host could have lead to an increased risk of squamous cell 

carcinomas in simultaneous pancreas kidney transplant recipients (10). The association 

between the number of graft losses and the risk of cancer may be based on such a 
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mechanism. We speculate that in patients who have lost several transplants, a higher 

state of immunologic responsiveness to allogeneic HLA molecules leads to 

crossreactive T cell responses to malignancy-associated antigens in the host explaining 

the decreased rate of malignancy in the patients with multiple transplantations 

despite earlier exposure to high doses of immunosuppressive therapy for the 

treatment of graft rejection (33). 

 This study was subjected to several methodological challenges. The power of the 

study may have been not large enough to exclude a type-2 error, i.e. there may be a 

positive association between the number of transplantations and the risk of 

malignancies, but the study was too small to pick this up. The consistently negative 

association between the number of transplantations and the risk of malignancies in 

the adjusted and stratified analyses and the statistically significant negative 

associations in the non-adjusted analyses, however, provide strong arguments against 

a possible type-2 error. Furthermore, the patients with 3 and more transplantations 

were significantly younger at their first transplantation than patients with only 1 trans-

plantation and substantial amounts of time were spent off immunosuppression, so 

that confounding by age and time on immunosuppression formed another serious 

problem. It is possible that the observed negative association between the number of 

transplantations and the risk of malignancies can be completely attributed to the 

younger age of the patients with 3 and more transplantations at their first transplan-

tation and the relatively shorter time on immunosuppression, but after adjustment for 

these factors there was still a negative association between these factors and 

malignancies which could be attributed to a higher state of immunologic 

responsiveness or even other possible residual confounding factors that were not 

tested for.

 In summary, this study rejected the hypothesis that patients with multiple kidney 

transplantations may have an increased risk of cutaneous squamous cell carcinomas 

or internal malignancies and gives some support to the hypothesis that a higher state 

of immunologic responsiveness to allogeneic HLA molecules in these patients, as 

measured by a higher risk of graft losses, may protect against malignancies. More 

studies should be performed, however, to confirm this hypothesis.

skin cancer risk after multiple transplantations
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Materials and Methods

Patients
All patients who received a first kidney transplantation at the Leiden University 

Medical Center (LUMC) between March 1966, when the kidney transplantation 

program started, and 31 December 1995, allowing for sufficient follow-up time to 

develop malignancies, were included in this cohort study. The follow-up of the 

patients ended arbitrarily on 1 June, 2007. The study adhered to the Declaration of 

Helsinki Principles and the medical ethical committee of the LUMC had approved the 

study design.

Collection of data
Data recorded for each patient included gender, dates of birth, death or last follow-up 

and the dates of the first transplantation and, if appropriate, the dates of the first and 

subsequent graft losses and subsequent re-transplantations. 

 We separately analyzed the risk of cutaneous squamous cell carcinomas and 

internal malignancies. Squamous cell carcinoma and internal malignancy data were 

collected from the computerized oncological registry of the LUMC, the database from 

the department op Pathology and the national histological database (PALGA) (10). 

The Eurotransplant database provided information about the HLA types of the 

recipients and donors and the level of panel reactive antibodies (%PRA). The degree 

of HLA mismatching for HLA-A, B, and DR antigens was assessed by counting the 

antigens present in the donor but absent in the recipient.

Immunosuppressive regimens
Between 1966 and 1986, the immunosuppressive treatment of kidney transplant 

recipients in our clinic consisted of duo therapy with prednisolone and azathioprine 

(Aza), but shortly after 1986 all new kidney transplant recipients were immuno-

suppressed with prednisolone and cyclosporine A (CsA). From the mid 90th occasionally 

kidney transplant recipients were treated with prednisolone, mycofenolatemofetil (MMF) 

and CsA.

 Kidney transplant recipients, in whom acute graft rejections were observed, were 

generally initially treated with methylprednisolone. When this therapy was not 

sufficient to prevent further rejection a second rejection treatment with ATG and a 

third rejection treatment with once more methylprednisolone were given. In 

exceptional cases OKT3 was given when a fourth rejection treatment was needed. 

With the exception of some rare patients, induction treatments with ATG and/or OKT3 
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were not given to kidney transplant recipients who were transplanted in the LUMC 

between 1966 and 1995. 

Statistical analysis
The patients were categorized into patients with one, two or three or more transplan-

tations. We calculated the time on immunosuppression by adding the times between 

the different transplantations and subsequent graft losses or until the patient was 

censored. If there was no graft loss, we used the time between the transplantation 

and the end of the study or until the patient was censored (development of 

malignancy, last follow-up visit, or death of the patient).

 For statistical analyses, we used Chi-square tests for categorical variables and 

Student’s T-tests for continuous variables. Kaplan Meier survival analyses were used to 

estimate the cumulative incidence of squamous cell carcinomas and internal 

malignancies stratified by number of transplantation. Time-dependent Cox 

proportional hazard analyses were used to calculate hazard ratios for the development 

of squamous cell carcinomas and internal malignancies, to adjust for potentially 

confounding factors and to measure the effect of the time-dependent risk factors 

(number of transplantations and time on immunosuppression). P-values below 0.05 

were considered statistically significant. As opening dates for the latter analyses we 

used the date of the first transplantation; as closing dates we used the first occurrence 

of the following mile stones: a) date of diagnosis of the first squamous cell carcinomas 

or internal malignancies, b) the date of the last graft loss, c) the date of the patient’s 

death, d) the date of last follow up or e) if the patients were still followed in the 

outpatient clinic, the date of the end of the study (June 1, 2007).  

 Kidney transplant recipients who had already cancer before the first kidney trans-

plantation or patients who were lost to follow up at the first transplantation were 

excluded from all analyses. All statistical calculations were performed using SPSS for 

Windows version 16 (SPSS Inc, Chicago, IL).
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