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Introduction

Post-transplant de novo malignancies are reviewed in

three time periods: (i) the azathioprine (AZA) era from

1962 to 1980–1981, (ii) the cyclosporine (CYA) era in

which the calcineurin inhibitors, CYA and tacrolimus

(TAC), were the mainstay of recipient immunosuppres-

sion, and (iii) the TOR (target of rapamycin) inhibitor

era starting in the year 2000 when sirolimus (SRL) was

used either as a stand alone immunosuppressant, or in

conjunction with one of the calcineurin inhibitors. Post-

transplant lymphoproliferative disorder (PTLD) was not

reviewed in detail but when lymphomas are a component

of post-transplant de novo malignancy reports, they are

included. When either two immunosuppressive drugs, or

two immunosuppressive drug regimens were compared

and follow-up times were grossly unequal, the reports

were not usually included because duration of immuno-

suppression is an important independent variable in

malignancy incidence.

Early transplant registry reports

Dr Joseph Murray and co-workers performed his land-

mark successful identical twin transplant in 1954 [1]. Five

years later, Murray and co-workers performed a successful
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Summary

Post-transplant de novo malignancies are reviewed in three time periods: (i) the

azathioprine (AZA) era from 1962 to 1980–1981, (ii) the cyclosporine (CYA)

era (1980 to present) in which the calcineurin inhibitors, CYA and tacrolimus

(TAC), were the mainstay of recipient immunosuppression, and (iii) the TOR

inhibitor era starting in the year 2000. Both transplant registry and transplant

center reports on malignancies occurring in the AZA era are reviewed. Reports

from transplant centers and from the Cincinnati Transplant Tumor Registry

(CTTR) in both the early CYA era (1980s) and the 1900–2000 CYA era are

reported. Cancer incidence associated with AZA versus CYA, CYA versus TAC,

and AZA versus mycophenolate mofetil (MMF) is compared in both transplant

center and registry reports including new, unreported Organ Procurement and

Transplantation Network/United Network for Organ Sharing (OPTN/UNOS)

data from 1998 to 2003. The malignancy incidence associated with lympho-

cyte-depleting antibody and corticosteroid immunosuppression is discussed.

Reduced malignancy incidence recently reported with TOR inhibitors is com-

pared with that of conventional immunosuppression. Important nondrug fac-

tors influencing the incidence of post-transplant malignancies from seven

single and three registry reports are detailed. The substantial role that de novo

malignancies play in post-transplant mortality is discussed. Finally, manage-

ment recommendations for recipients who develop de novo post-transplant

malignancies are briefly presented.
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nonidentical twin transplant with the recipient receiving

pretransplant total body radiation (TBR) as immunosup-

pression [2]. Although TBR was used as immunosuppres-

sion in 11 other patients that were all failures [3], there

were isolated reports in 1962 and 1963 of prolonged

patient survival following TBR [4–6].

The almost simultaneous reports by Calne [7] and

Zukoski et al. [8] in 1960 of prolongation of canine kid-

ney homograft survival by 6-mercaptopurine ushered in

the immunosuppression era in which drugs alone, or in

combination with radiation therapy, were used for human

transplantation immunosuppression.

In September 1963, Dr Murray chaired a Conference

on Human Kidney Transplants, which summarized all

human kidney transplants (N ¼ 244) performed in Eur-

ope, England, and the United States [9]. The Second

Human Kidney Transplant Registry (HKTR) Report in

1964 detailed 374 kidney transplants from 30 worldwide

transplant centers [10]. The Fourth Report of the

HKTR in 1965 (N ¼ 672), detailed the first two malig-

nancies, both of which were fatal donor-transmitted

tumors [11].

In 1969, 13 post-transplant primary malignancies from

seven different transplant programs (five from the USA,

one from Scotland, and one from New Zealand) were

reported to the HKTR [12]. Seven of the 13 tumors were

lymphomas and all 13 were fatal. Each patient had

received AZA and steroids and three lymphoma patients

also received antilymphocyte serum. These patients were

young (age: 14–48 years) and the calculated tumor inci-

dence was 4.6–8 times that of the general population

[12].

In 1969, Penn et al. reported on five lymphomas in liv-

ing donor recipients [13]. All patients had been treated

with AZA and prednisone with three patients receiving

antilymphocyte globulin (ALG) and four patients having

undergone splenectomy. Survival time ranged from 6 to

30 months in four patients while the fifth patient who

underwent radiation of her brain lymphoma was alive at

the time of the report [13].

Two years later (1971), Penn et al. had collected 40

tumors: 17 of the malignancies were mesenchymal tumors

(14 lymphomas, two leiomyosarcomas, one visceral

Kaposi’s), nine were skin cancers, five were squamous cell

carcinoma in situ (CIS) of the uterine cervix, and nine

were solid nonlymphoid tumors [14]. Sixteen of 17

patients with mesenchymal tumors died as a consequence

of their malignancy. Nine patients with skin cancers and

five with CIS of the cervix were alive. The nine recipients

who developed solid, nonlymphoid malignancies died as

a result of their malignancy [14].

An update of malignancy cases (N ¼ 75) reported to

Penn and Starzl’s registry through 1971 [15] is shown in

Table 1. Thirty-one patients had mesenchymal tumors of

which 20 were reticulum cell sarcomas (RCS), three

unclassified lymphomas, three Kaposi’s sarcoma, and five

miscellaneous sarcomas. Twenty-eight of these 31 patients

were dead at the time of the report. In the 44 recorded

Table 1. Comparison of malignancies reported by the HKTR with malignancies reported by Penn and Starzl [15].

Report (Ref. number), year*

HKTR [16],

1971

Penn and

Starzl [15],

1971

HKTR [17],

1973

Penn [18],

1974

HKTR [19],

1976

Penn [20],

1976

Number of transplants� 6297 �7581 14 479 �15 000 19 631

Number of malignancies in kidney recipients 65 75 192 231 290 425

Number and percentage with specific malignancies

Skin 21 (32) 21 (28) 83 (43) 95 (41) 122 (42) 182 (43)

Lymphomas� 25 (38) 26 (35) 33 (17) 60 (26) 46 (16) 90 (21)

Cervix N/A 8 (11) 18 (9) 18 (8) 23 (8) 32 (8)

Lung 3 (5) 4 (5) 10 (5) 12 (5) 15 (5) 17 (4)

Brain 1 (2) N/A 12 (6) N/A 14 (5) 3 (0.7)

Kaposi’s sarcoma N/A 3 (4) N/A 6 (3) 1 (0.3) 13 (3)

Breast 2 (3) 1 (1) 5 (3) N/A 8 (3) 11 (3)

Colon/rectum 3 (5) 2 (3) 6 (3) N/A 9 (3) 11 (3)

Leukemias 1 (2) N/A 2 (1) N/A 5 (2) 10 (2)

*HKTR, Human Kidney Transplant Registry – last year included in report; Penn and Starzl, CTTR – last year included in report.

�Number of transplants, Penn’s numbers are approximate for first two studies; no numbers were available for third study.

�Lymphomas, reticulum cell sarcoma counted as lymphoma; Penn counted Kaposi’s sarcoma as a lymphoma; Kaposi’s not counted as lymphoma

in this table.

Cervix, HKTR reported as cancer of ‘female reproductive’; Brain, lymphomas of the brain excluded in table; Colon/rectum, HKTR reported as ‘GI

tract’; N/A, no numbers given in report.
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epithelial tumors, eight were CIS of the uterine cervix, 21

were skin carcinomas, and 15 were solid nonlymphoid

tumors. Thirteen of these 15 patients were dead with one

survivor having thyroid carcinoma and a second having

breast carcinoma [15].

The HKTR report on 6297 transplants recorded

through 1971 showed a total of 65 malignancies including

25 lymphomas, 21 skin tumors, and 19 solid nonlym-

phoid tumors (Table 1) [16]. Lymphoma incidence was

estimated to be 30–40 times greater than expected for

transplant patients relative to nontransplant patients. Fur-

ther, 13 of the 25 lymphomas involved the brain when

compared with a <1% incidence in nontransplant

patients. Skin cancers were calculated to be 4.2 times

higher and solid nonlymphoid cancer 2.5 times higher

than expected [16].

The 12th HKTR Report on 14 479 patients recorded a

total of 192 tumors of which 43% were skin malignancies

(Table 1) [17]. It was noted that SCC not only constitu-

ted 50% of the skin cancers, but also outnumbered basal

cell carcinomas (BCC) by a ratio of roughly 8:5. In non-

immunosuppressed patients, the generally accepted ratio

is 1:5.

Penn’s data through June 1974 included 234 recipients

(231 kidney, two heart, one liver) who developed a total

of 241 malignancies [18]. Data on the kidney patients is

included in Table 1. Lymphomas occurred earlier after

transplantation than other malignancies (20.6 vs.

31.6 months), and lymphoma recipients more frequently

received ALG (40% vs. 25.4%). Lymphoma patients had

the worst survival rate (11%), followed by solid nonlym-

phoma tumors (25%), and patients with cancer of skin,

lip, and uterine cervix (82%). These survivals are the act-

ual survivals at the time of the report.

The 13th and final report of the HKTR included

19 631 patients through 1976 of whom 13 384 (68.2%)

were alive at the time of the report (Table 1) [19]. There

were 290 total malignancies reported of which 122 (42%)

were skin, 46 (16%) were lymphomas, and 122 were solid

nonlymphoma tumors. The malignancy incidence was a

significantly increased (P < 0.05) in patients with polycys-

tic kidney disease when compared with other primary

kidney diagnoses. The mortality rate in patients with

malignancies was high (46.9%) and 60% of the 136

deaths were directly due to the malignancy.

Penn’s report through August 1976 included 425 kid-

ney recipients with malignancies (Table 1) [20]. Remark-

ably, the report contains 135 more kidney recipients with

cancer than were recorded by the HKTR during the same

time period [19] even though the HKTR was thought to

have data on the majority of kidney transplants per-

formed in the entire world [21,22]. The percentages of

certain tumors reported by the two registries were strik-

ingly similar for skin, carcinoma of the cervix, lung,

breast, colon/rectum, and for leukemia (Table 1). How-

ever, Penn [20] reported almost twice as many lympho-

mas and substantially more Kaposi’s sarcomas than the

HKTR. Penn [20] noted that eight of the skin cancers

were fatal: four melanomas and four SCC.

The 1977 Australia/New Zealand Transplant Registry

(ANZTR) Report on 1884 kidney transplants detailed a

total of 126 recipients (7%) with a malignancy of which

97 (74%) were skin tumors [23]. The ratio of SCC to

BCC was 3.1:1 with eight of 71 patients with SCC devel-

oping metastases and three resulting in deaths. One of

three melanomas also metastasized and resulted in death.

Lymphomas, in the form of RCS, occurred in 15 patients

and were the cause of death in seven patients. Adenocar-

cinoma occurred in eight patients, metastasized in seven

patients, and was the cause of death in five patients.

Although the number of living donor transplants was

small (N ¼ 41), the incidence of malignancy was less

(2%), presumably due to less immunosuppression. Over-

all, after 4 years, malignancy caused 17% of deaths [23].

A 1979 ANZTR follow-up report indicated that the

incidence of cancer in patients surviving with a function-

ing graft beyond 1, 5 and 10 years was 26%, 43% and

47%, respectively [24]. Of 35 patients who died more

than 5 years after transplantation, 57% had cancer and

cancer was the primary cause of death in 29% of the

patients.

A 1981 European Dialysis and Transplant Association

report included 138 post-transplant malignancies [25].

Only 18.8% of reported cancers were skin cancer and

BCC outnumbered SCC by a ratio of 7:6. Only three

lymphomas (2%) were reported which is different from

the reports of other registries. Of note, 8.7% of the 138

malignancies were breast cancer that is higher than that

of other registries.

A report from Scandia-Transplant on 3956 patients

(4820 transplants) from 1969 to 1979 compared cancer

incidence in recipients of living-related kidneys (N ¼
753), first cadaver kidneys (N ¼ 2339), and re-transplant

cadaver kidneys (N ¼ 864) [26]. The incidence rates were

2.4%, 3.3% and 1.9%, respectively.

Early transplant center reports

Doak et al., in 1968, reported two patients who developed

lymphomas shortly after transplantation (7 and

9 months) [27]. One patient had a RCS of the brain and

the second a disseminated RCS and these tumors were

major factors in both patients’ deaths.

In 1970, Montreal physicians reported on 54 recipients

surviving for 1 year [28]. Two patients developed malig-

nant tumors; one a CIS of the cervix and the second, a
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leiomyosarcoma of the bowel that, at autopsy, involved

the jejunum, ileum, pancreas, and liver.

UCLA physicians reported on 66 recipients with graft

function over 1 year in whom four malignancies devel-

oped [29]. Two of these tumors were SCC of the lip in

young patients (ages: 17 and 27 years), one was a lym-

phoma of the brain, and the fourth a CIS of the cervix.

Medical College of Virginia surgeons reported three

RCS in 151 renal transplant recipients [30]. In two recipi-

ents, the tumors were discovered 5 years post-transplanta-

tion in patients with excellent renal function and minimal

difficulty with rejection.

University of Minnesota surgeons in 1975 described an

increased incidence of malignancies (1.4%) in patients

with progressive uremia before transplantation or before

the initiation of chronic dialysis [31]. In comparison, 11

of 530 (2.1%) renal transplant recipients developed post-

transplant malignancies with nine of the 11 tumors being

either SCC or a lymphoma.

Peter Bent Brigham Hospital Surgeons reported on 584

kidney transplants through January 1976 [32]. Post-trans-

plant malignancies developed in 23 patients (3.9%) with

10 being skin cancers and four additional tumors occur-

ring in the uterine cervix. Additionally, there were three

lymphomas, one leukemia, three solid carcinomas, one

sarcoma, and a glioblastoma multiforme. Recipients devel-

oping cancer were older, more likely males, and a higher

percentage had received cadaver donor transplants. The

authors noted a statistically better graft survival in cancer

patients when compared to patients without cancer [32].

A report from Sweden on 934 patients transplanted

between 1965 and 1981 recorded 32 malignancies with

skin and renal cancers excluded [33]. The overall inci-

dence was 3.4% but in 5-year survivors the incidence had

risen to 6.1%. Compared with nontransplant patients in

the Swedish Tumor Registry, there was a significantly

increased risk ratio for lymphomas, lip cancer, vulva/anus

cancer, and colorectal cancer for transplant recipients.

Calcineurin inhibitor era – early (1980s) reports

Calne et al., in 1978, reported the first seven cadaveric

donor kidney recipients treated with cyclosporin A (CYA)

utilizing high starting doses of 25 mg/kg/day [34]. A later

report on 45 CYA-treated cadaveric donor kidney recipi-

ents detailed nine deaths, three failed grafts, and 33 func-

tioning transplants [35]. Two of the patients who died

were found to have a lymphoma; one in the jejunum and

the other a disseminated malignancy [35,36]. A third

patient developed a gastroduodenal lymphoma and

underwent a partial gastrectomy plus reduction of immu-

nosuppression with no evidence of lymphoma after

13 months [36].

Following these initial reports on CYA, two national

trials [37,38], and a European multicenter trial [39,40]

compared CYA with AZA. No tumors were reported from

either the Canadian or Australian/New Zealand trials

[37,38]. At 5 years in the European trial, the CYA group

had one skin cancer and three solid tumors and the AZA

group had two skin cancers and one urothelial carcinoma

[40]. An additional ANZTR trial of 417 patients had four

recurrent and four de novo skin cancers in 137 patients in

the AZA arm. In the long-term CYA arm of 140 patients,

there were nine recurrent and five de novo skin cancers,

one melanoma, and two nonskin solid tumors. In the

short-term CYA arm (3 months and switched to AZA)

there were five recurrent and four de novo skin cancers

[41].

Three single center reports deserve mention. A report

from Minnesota detailed no significant differences in graft

or patient survival with a CYA/prednisone protocol versus

an ALG/AZA/prednisone protocol [42] and reported a

single CYA-associated case of PTLD that completely

regressed following reduction in immunosuppression but

at the cost of irreversible graft rejection [43]. Pittsburgh

surgeons detailed improvement in graft and patient survi-

val with a CYA regimen [44] but six of 310 recipients

developed a lymphoma [45]. Five of the six cases involved

lymphoma of the bowel, which in each instance was

resected while the sixth case involved the neck that was

treated with radiation. All patients had reduction of the

CYA dosage with all six patients being alive at the time of

the report although two lost their graft from rejection

[45]. The third report, from Iowa, compared CYA, AZA,

and prednisone (triple therapy; N ¼ 129) with CYA and

prednisone (N ¼ 189) and with AZA and prednisone

(N ¼ 669) [46]. The incidences of lymphoma were 3.9%,

0% and 0.3%, respectively (P < 0.0001).

Cincinnati Transplant Tumor Registry – 1980s
reports

In 1988, the Cincinnati Transplant Tumor Registry (CTTR)

reported on 3551 de novo malignancies in 3320 patients of

which 412 tumors occurred in 405 patients treated with

CYA [47]. Ninety-one of these 405 patients (22%) received

extrarenal organs with 60 (66%) developing lymphomas.

The incidence rates of the more frequently occurring post-

transplant malignancies reported to the CTTR under AZA-

based versus CYA-based immunosuppression are shown in

Table 2. Because the overall patient denominator is

unknown, the incidence rates and percentages are those of

patients reported to the CTTR rather than true incidence

rates. Skin cancers were more frequent with AZA while

lymphomas, Kaposi’s sarcoma, and renal tumors were

more common with CYA-based immunosuppression.
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Calcineurin inhibitor era – 1990s and 2000s
reports

From the plethora of reports on post-transplant malig-

nancies in the 1900s and early 2000s, we have selected

single center and registry reports that included analyses of

substantially large patient cohorts for this portion of the

review. Table 3A,B shows the percentages of each type of

tumor from five single center and five registry reports.

The last row of Table 3A,B shows data, not previously

reported, from the Organ Procurement and Transplanta-

tion Network/United Network for Organ Sharing (OPTN/

UNOS) database for cancers reported during 1998–2003.

The percentage of skin malignancies varied between

37.4% and 63% with the exceptions of Ref. [48] and [49]

which both had extraordinary low percentages. SCC was

the most frequent skin cancer in studies that reported

both SCC and BCC [50–54]. Melanoma frequency was

lowest in the Denmark report [55] and highest in the

report from Milan, Italy [51] that may reflect differences

in sunlight exposure. The percentages of Kaposi’s sarcoma

were highest in reports from Italy [49,51] while no

Kaposi’s were reported from England, northern USA, or

Northern Ireland [48,50,53]. Not shown in the table,

Kaposi’s sarcoma is most often seen in transplant recipi-

ents of the Mediterranean, Jewish, Arabic, Caribbean, or

African descent [56]. Lymphoma frequency varied

between 3.9% [51] and 21.7% [49] that, in part, may

reflect differences in post-transplant immunosuppressive

therapy [57] as well as length of follow up.

Table 3B shows that percentages of solid nonlymphoma

cancer varied between 32.8% and 80% in nine of the 10

reports depicted. In the solid tumor categories listed in

Table 3B, the highest percentages are seen with genitouri-

nary and the lowest with primary hepatic and endocrine

malignancies.

Nondrug factors influencing post-transplant
cancer incidence

Table 4 lists seven single center and three registry reports

that identified nondrug factors that are associated with

either increased, or decreased risks of post-transplant

malignancy. All 10 reports indicated that increasing age

was associated with an increased risk of any de novo

cancer [48–52,58–62]. A report from the OPTN/UNOS

Table 2. Comparison of tumor incidence rates between azathioprine

and cyclosporine. Based immunosuppression as reported to the Cin-

cinnati Transplant Tumor Registry (CTTR; adapted from Penn and

Brunson [47]).

Tumor type

Azathioprine

based

(N ¼ 3139)

Cyclosporine

based

(N ¼ 412)

N % N %

Skin cancers 1255 40 90 22

Lymphomas 362 12 119 29

Kaposi’s sarcoma 106 3 44 11

Renal tumors 89 3 23 6

Table 3A. Tumor percentages from five single center and five transplant registry programs.

Reference,

country

Number of

patients with

tumors/number

of tumors

Total

skin SCC BCC Kaposi Melanoma Lymphoma

[50] (1995), England 70/80 42 (52.5) 30 (37.5) 12 (15) 7 (8.8)

[51] (1996), Italy 76/76 48 (63) 26 (26.3) 11 (14.5) 13 (17) 4 (5.3) 3 (3.9)

[58] (1997), France 133/139 52 (37.4) 9 (6.5) 4 (2.9) 20 (14.4)

[52] (2003), Spain 95/102 49 (48) 23 (22.5) 23 (22.5) 8 (7.8) 3 (2.9) 8 (7.8)

[48] (1999), the USA 87/88 2 (2.3) 1 (1.2) 16 (18)

[53] (2000), Northern

Ireland

86/103 48 (47) 32 (31) 16 (15.5) 11 (10.7)

[55] (2000), Denmark 175/209 118 (56.5) 3 (1.4) 11 (5.3)

[49] (2003), Italy 172/175 12 (6.8) Not counted 39 (22.3) 38 (21.7)

[59] (2004), ANZTR 1412/1545 Not counted Not counted Not counted 28 183 231

[54] (2000), CTTR 10 955/11 663 4406 (37.8) 2855 (24.5) 1240 (10.6) 467 (4.0) 227 (1.9) 1953 (16.7)

OPTN/UNOS 2505 1030 (41.1) 694 (27.7) 317 (12.7) 28 (1.1) 65 (2.6) 429 (17.1)

Values are given as N (%).

SCC, squamous cell carcinoma; BCC, basal cell carcinoma; ANZTR, nonmelanoma skin cancers not included in report, therefore percentages were

not calculated; CTTR SCC, 683 patients had both SCC and BCC, listed in Table 3A as SCC only; CTTR lymphoma, CTTR reported PTLD and did

not report lymphomas separately; OPTN SCC, 115 patients had SCC and BCC, listed as SCC only; OPTN lymphoma, reported as PTLD; CTTR, Cin-

cinnati Transplant Tumor Registry; ANZTR, Australia/New Zealand Transplant Registry; OPTN/UNOS, Organ Procurement and Transplantation Net-

work/United Network for Organ Sharing; PTLD, post-transplant lymphoproliferative disorder.
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database indicated recipients age 18 years or greater had a

133% increased risk of developing nonskin solid cancer

that approached statistical significance (P ¼ 0.063) [61].

Male gender was a significant risk factor for an increased

incidence of any malignancy in six studies [49,51,52,59–

61] as well as for nonmelanoma skin cancer [60] and

Table 4. Risk factors other than immunosuppressive drugs for development of post-transplant de novo malignancy*.

Author Reference Year

Cohort

size Risk factors�

Gruber et al. [62] 1994 1165 + Age >50 years, nondiabetic

London et al. [50] 1995 918 + Age >38 years, length of dialysis

Hiesse et al. [58] 1997 1710 + Older age, dialysis <30 months,

cerebrovascular accident (CVA)

Danpanich and Kasiske [48] 1999 1500 + Age >45 years, splenectomy, history of

cancer, cigarette smoking

) Type 1 diabetes

Montagnino et al. [51] 1996 854 + Age >40 years, male gender

Pedotti et al. [49] 2003 3521 + Older age, male gender

Marcen et al. [52] 2003 793 + Older age, male gender

Kasiske et al.� [60] 2004 35 765 + Older age, male gender, duration of

dialysis ‡3 years

) Race, diabetes

Kasiske et al.§ [60] 2004 35 765 + Older age, male gender, cystic kidney disease

) Race, diabetes, duration of dialysis ‡1 year,

increased body mass index

Chapman and Webster [59] 2004 14 354 + Older age, male gender, nondiabetic

Kauffman et al.– [61] 2005 33 249 + Older age, male gender, race, history of cancer

) Diabetes

Kauffman et al.** [61] 2005 33 249 + Male gender, race, history of cancer

*Reports with drug factors alone were excluded, and reports with both nondrug factors and drug factors were included.

�Risk factors: + ¼ increased relative risk; ) ¼ decreased relative risk.

�Kasiske et al.– risk factors for the development of any cancer.

§Kasiske et al. – risk factors for the development of nonmelanoma skin cancer.

–Kauffman et al. – risk factors for the development of any cancer.

**Kauffman et al. – risk factors for the development of nonskin solid cancer.

Table 3B. Solid tumor percentages from five single center and five transplant registry programs.

Reference

Total number

of solid

tumors GU GI Respiratory Liver Breast Endocrine Other

[50] 38 (47.5) 12 (15) 6 (7.5) 6 (7.5) 1 (1.3) 1 (1.3) 12 (15)

[51] 25 (32.8) 13 (17) 3 (3.9) 2 (2.6) 2 (2.6) 2 (2.6) 1 (1.3) 3 (3.9)

[58] 49 (35.3)

[52] 38 (37.3) 11 (10.8) 5 (4.9) 6 (5.9) 16 (15.6)

[48] 70 (80) 15 (17) 12 (13.6) 15 (17) 5 (5.7) 1 (1.2) 22 (25)

[53] 44 (43) 10 (9.7) 9 (8.7) 4 (3.9) 5 (4.9) 1 (1.0) 15 (14.5)

[55] 81 (38.8) 29 (13.9) 15 (7.2) 15 (7.2) 11 (5.3) 2 (1.0) 9 (4.3)

[49] 86 (49) 24 (13.7) 17 (9.7) 7 (4) 8 (4.6) 30 (17)

[59] 1103 388 188 119 27 87 31 263

[54] 4610 (39.5) 1325 (11.4) 530 (4.5) 652 (5.6) 187 (1.6) 363 (3.1) 139 (1.2) 1414 (12.1)

OPTN/UNOS 1056 (42.2) 310 (12.4) 114 (4.6) 150 (6.0) 20 (0.8) 96 (3.8) 32 (1.3) 334 (13.3)

Total solid tumors ¼ All tumors ) Skin cancers (including Kaposi’s and melanoma) ) Lymphomas.

Values are given as N (%).

Percentage was calculated out of number of tumors in Table 3A.

GU, genitourinary – includes kidney, bladder, prostate, uterus, and uterine cervix; GI, gastrointestinal – includes esophagus, stomach, small intes-

tine, colo-rectum; Respiratory, includes larynx, bronchi, lungs; Liver, primary hepatic tumors; Endocrine, includes thyroid, adrenal, does not include

testes or ovary; OPTN/UNOS, Organ Procurement and Transplantation Network/United Network for Organ Sharing.
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nonskin solid cancer specifically [61]. The duration of

pretransplant dialysis was significant in three reports;

however, the effects differed [50,58,60]. London et al.

reported a reduced risk of cancer with dialysis duration

greater than, or less than, the mean duration of

20 months [50]. Heisse et al. reported that patients with

cancer had a shorter dialysis time than those patients

without cancer [58]. Kasiske et al. indicated that dialysis

duration of 3 or more years was associated with a signifi-

cant increased risk of any cancer but that duration of 1

or more years was associated with a significantly reduced

risk of developing skin cancer [60].

Four studies identified diabetes mellitus as a risk factor

[48,60–62]. The University of Minnesota indicated that

nondiabetics, when compared with diabetics, had a signi-

ficantly increased risk of developing any cancer, skin can-

cer, and lymphomas [62]. A second study showed type 1

diabetes was associated with an 81% reduced RR of devel-

oping any post-transplant malignancy [48]. The USRDS

study indicated a significantly reduced risk of both non-

skin malignancies and nonmelanoma skin malignancies

observed with diabetes [60]. The OPTN/UNOS report

also indicated a reduced risk of developing any post-

transplant malignancy with diabetes [61]. The USRDS

report further identified patients with cystic kidney dis-

ease as being associated with an increased risk of nonmel-

anoma skin malignancy [60]. Previous reports have

identified an increased incidence of renal cell carcinoma

in patients with cystic kidney disease [63,64].

Both the University of Minnesota study and the

OPTN/UNOS data indicated that a past history of cancer

was a risk factor for a post-transplant de novo malignancy

[48,61] with the latter showing an increased risk for non-

skin solid tumors [61]. An earlier UNOS study of both

kidney and heart recipients indicated that patients with a

past history of cancer not only had an increased risk of

malignancy recurrence, but also had a significant

increased risk of developing an independent de novo post-

transplant cancer [65].

Other positive, nondrug risk factors cited in the litera-

ture include a previous splenectomy and a history of

cigarette smoking [48]. Kasiske et al. reported an

increased body mass index was a negative risk factor for

development of nonmelanoma skin cancer [60]. The US-

RDS, ANZTR, and OPTN/UNOS registry reports all indi-

cated that older age was a positive risk factor for

malignancy [59–61].

Role of immunosuppressive drugs in development
of post-transplant de novo malignancies

The early demonstration of immunologic rejection of

donor-transmitted malignancies after discontinuation of

immunosuppressive therapy was the first indication of the

role of immunosuppression in transplant-related malig-

nancies [66,67]. The tumor-enhancing role of drugs was

further supported by Starzl et al.’s report of regression of

lymphomas and lymphoproliferative lesions after the

reduction or discontinuation of immunosuppressive drug

therapy [68]. Reduction/discontinuation of immunosup-

pression has also been shown to be associated with

regression of Kaposi’s sarcoma [69,70] and Merkel cell

carcinoma [71] as well as decreasing skin squamous cell

carcinogenesis [72]. There is one case report of a kidney

recipient who developed multiple hepatocellular carcino-

mas in both lobes of her liver [73]; however, 14 months

after converting her CYA immunosuppression to low-

dose AZA there was evidence of complete regression of

her lesions [73]. To our knowledge, there are no other

reports of regression of de novo solid tumors.

The role of immunosuppression was further amplified

by the seminal work of Dantal et al. that prospectively

compared the cancer incidence with a low-dose CYA regi-

men with that of a standard dose CYA regimen [74]. At

66 months follow up, although there were more acute

rejections in the low-dose group, there were no differ-

ences in graft or patient survival. The normal dose group

had a significantly higher incidence of any cancer

(P < 0.034) and of skin cancer (P < 0.05). This observa-

tion was supported by the retrospective review from

Northern Ireland, which found that the total CYA dose of

patients developing cancer (5764 mg/kg; 4.47 mg/kg/day)

was significantly higher (P ¼ 0.026; P ¼ 0.014) than the

total dose of patients not developing cancer (3887 mg/kg;

3.42 mg/kg/day) [53].

Cancer incidence: azathioprine versus cyclosporine

We found only four reports that compared AZA with

CYA immunosuppression in which the duration of follow

up was equal between the two regimens (Table 5). Mon-

treal surgeons performed a univariate comparison of all

patients, and patients age 45 years or greater, who

received either an AZA-based (N ¼ 260) or a CYA-based

regimen (N ¼ 421) [75]. In both comparisons, the cancer

incidence was significantly greater in patients receiving

the CYA regimen (Table 5). The study from Belfast, Nor-

thern Ireland was a univariate analysis to compare the

cumulative number of tumors that developed by 5 years

in AZA-treated patients (N ¼ 335) versus CYA-treated

patients (N ¼ 268) [53]. The incidence of total malignan-

cies, skin cancers, PTLD, and nonskin solid tumors was

higher in the CYA group (Table 5). The report from Paris

used both univariate and multivariate analyses on 597

AZA-treated, and 1113 CYA-treated patients for 4 years

post-transplant [58]. The incidence in the CYA group
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was significantly greater than that of the AZA group

(P < 0.0001). The Spanish report of 203 AZA-treated and

510 CYA-treated patients followed for 5 years found a

significantly higher cancer incidence with CYA with both

univariate and multivariate analyses (Table 5) [52].

Cancer incidence: lymphocyte-depleting
antibodies

Swinnen et al. first reported the strong association of

monoclonal antibody induction (OKT3) with PTLD

(lymphoma) in cardiac recipients [76]. Among 75

patients not receiving OKT3, there was one lymphoma

(1.3%) while nine of 79 patients (11.4%) who received

OKT3 developed a lymphoma (P ¼ 0.018). Further, there

was a dose phenomena with four lymphomas in 65

patients (6.2%) who received 75 mg or less of OKT3 and

five lymphomas in 14 patients (35.7%) in patients who

received more than 75 mg of OKT3 (P < 0.01). Of note,

seven of the 10 patients who developed a lymphoma died

from the malignancy [76]. Opelz and Henderson and the

Collaborative Transplant Study on 45 141 kidney recipi-

ents, of whom 11 967 received either monoclonal or poly-

clonal antilymphocyte antibody induction, reported a

significantly higher incidence of lymphoma in patients

receiving induction (0.43%) when compared with recipi-

ents receiving no induction (0.15%) [77]. A more recent

Collaborative Transplant Study report also showed

increased lymphoma incidence with ATG/OKT3 induc-

tion as well as an increased lymphoma incidence associ-

ated with rejection treatment with either ATG or OKT3

[78]. That study also indicated that maintenance immu-

nosuppression with TAC is associated with a significantly

increased incidence of lymphoma (P ¼ 0.037).

A multivariate analysis from ANZTR indicated that

either polyclonal (ATG) or monoclonal (OKT3) antibody

induction was associated with a significantly increased

incidence of both non-Hodgkin’s lymphoma and carci-

noma of the cervix, vulva, and vagina [79].

A published analysis of OPTN/UNOS data indicated a

PTLD incidence of 0.51% in 23 663 primary kidney

recipients with no induction, 0.50% in 7800 patients with

interleukin-2 receptor antibody, 0.81% in 4343 with poly-

clonal antilymphocyte antibody, and 0.85% in 2713 with

monoclonal antibody (P ¼ 0.02) [80]. This study failed

to shows any increased risk of PTLD with rejection treat-

ment with either monoclonal or polyclonal antibody but

did shows a significant reduction in the adjusted risk of

PTLD with mycophenolate mofetil (MMF) maintenance

immunosuppression when compared with AZA mainten-

ance (P ¼ 0.005). The study did not confirm Opelz’s

observation of a higher lymphoma incidence with TAC

maintenance immunosuppression on either univariate or

multivariate analysis [80].

The North Italian Transplant Program multivariate ana-

lysis on 3521 kidney recipients indicated that polyclonal

induction therapy was an independent risk factor (RR ¼
1.6; CI: 1.0–2.6) for the development of any malignancy

[49]. In contrast, Kasiske et al. reported that any antibody

induction and TAC maintenance immunosuppression

were independently associated with significant reduced

risk of developing nonmelanoma skin cancer [60].

A report comparing thymoglobulin induction (N ¼ 48)

with ATGAM induction (N ¼ 24) through 5 years post-

transplant indicated a significantly higher incidence of

malignancy in the ATGAM group but included recurrent

malignancy with the de novo tumors [81]. If only de novo

tumors are compared (ATGAM ¼ 4; thymoglobulin ¼ 3)

the difference was not statistically significant (v2 ¼ 1.98;

P > 0.20). A comparison of ATG Fresenius (N ¼ 129)

with thymoglobulin (Sangstat; N ¼ 65) reported the inci-

dence of nonskin malignancy was 3.9% with ATG-F and

12.3% with thymoglobulin (P ¼ 0.01) [82]. Multivariate

analysis revealed a relative risk of 2.16 (CI: 1.04–4.48)

with thymoglobulin for the development of malignancy.

Furthermore, thymoglobulin was a significant risk factor

for post-transplant death (RR ¼ 4.14; CI: 1.36–12.6).

A comparison of patients requiring OKT3 + steroid

treatment for rejection with patients with no rejection

treatment and patients treated with steroids only, revealed

a significantly increased incidence of nonskin de novo

cancer associated with OKT3 (10.6%) compared with a

4.5% incidence in patients not receiving OKT3

(P < 0.025) [83].

Table 5. Malignancy incidence with azathioprine (AZA) versus cyclosporine (CYA) immunosuppression.

Reference Cohort

Length of

follow up

AZA

(N)

Cancer

incidence,

N (%)

CYA

(N)

Cancer

incidence,

N (%)

Type of

analysis P-value

[75] All patients 14 260 15 (5.8) 421 43 (10.2) Univariate <0.04

[75] Age >45 years 14 75 4 (5.3) 223 32 (14.3) Univariate 0.03

[53] All patients 5 335 15 (4.5) 268 34 (12.7) Univariate <0.001

[58] All patients 4 597 1.5 1113 4.1 Multivariate <0.0001

[52] All patients 5 203 4.0 510 8.0 Multivariate <0.05
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Cancer incidence – cyclosporine versus tacrolimus

The European and the US Multicenter Trial reports com-

paring maintenance immunosuppression with TAC versus

CYA in kidney transplantation indicated no significant

difference in cancer incidence [84,85]. The 5-year follow-

up report of the US Multicenter Trial comparing main-

tenance immunosuppression with CYA versus TAC in

liver transplantation also revealed no statistically signifi-

cant difference in cancer incidence [86].

An OPTN/UNOS study of 18 404 recipients of

deceased donor liver grafts showed a significantly reduced

risk of any cancer and of skin cancer with TAC alone and

also showed a significantly reduced risk of any cancer and

of nonskin solid cancer with TAC + MMF immunosup-

pression [87].

The OPTN/UNOS post-transplant de novo malignancy

incidence, in a cohort 62 896 primary kidney transplants

performed during 1/1/1998–12/31/2003 by maintenance

immunosuppressive drugs, is shown in Table 6. The

unadjusted incidence rates of any cancer, nonskin, non-

lymphoid solid cancer, and nonmelanoma skin cancer

were significantly less in recipients discharged on TAC

regimens when compared with CYA regimens. The inci-

dence of PTLD was 0.07% with both TAC and CYA regi-

mens. While it may not be appropriate to compare PTLD

incidence with non-Hodgkin lymphoma incidence, the

OPTN/UNOS data does not corroborate the Opelz and

Dohler report showing a higher incidence of non-Hodg-

kin’s lymphoma with TAC [78].

Cancer incidence – azathioprine versus
mycophenolate mofetil

The US Randomized and the Tricontinental Multicenter

study comparing MMF with AZA in cadaveric renal

recipients showed no difference in the incidence of any

malignancy between the two drugs [88,89]. An independ-

ent report using data from the SRTR database (which is

essentially the OPTN database) on 17 145 adult patients

with pre-existing diabetes mellitus indicated a significantly

higher (P < 0.001) incidence of malignancy in AZA-trea-

ted patients (3.7%) than in MMF-treated patients (2.2%)

[90]. This report also indicated a significant difference in

lymphoproliferative malignancies (0.6% vs. 0.3%, P ¼
0.013) and de novo solid tumors (2.5% vs. 1.6%;

P < 0.001). Earlier, a different multivariate analysis of

OPTN/UNOS data indicated that MMF were an indepen-

dent variable associated with a significantly reduced risk

of PTLD [80].

Table 6 shows a univariate comparison of OPTN/

UNOS data of AZA with MMF for post-transplant malig-

nancies. The incidence for any malignancy, solid tumors,

skin cancer, and PTLD was significantly less with MMF

than AZA.

Cancer incidence – corticosteroids

There are two reports of an association of nonmelanoma

skin cancer with glucocorticoid therapy in nontransplant

patients [91,92] and the second report also indicated an

association of glucocorticoid therapy with an increased

incidence of non-Hodgkin lymphoma [92].

TOR inhibitor era

Shortly after SRL was approved for maintenance immu-

nosuppression by the FDA in 1999, published studies

indicated that SRL prevented tumor progression in mice

[93,94]. These studies indicated that SRL had both a

direct effect on malignant cells and also exhibited an anti-

angiogenesis effect by decreasing production of vascular

endothelial growth factor (VEGF) while at the same time-

protecting allografts from rejection [94].

Recently, there have been three reports of successful

treatment of Kaposi’s sarcoma by discontinuing calci-

neurin immunosuppression and replacing it with SRL

[95–97]. It is unresolved whether the Kaposi’s lesions

Table 6. Incidence of post-transplant de novo malignancy by immunosuppressive drug kidney transplants from OPTN/UNOS database during

1998–2003.

Cyclosporine

(N ¼ 26 250)

Tacrolimus

(N ¼ 30 942)

P-value

Azathioprine

(N ¼ 3399)

MMF

(N ¼ 7366)

P-valueN % N % N % N %

Any cancer 1275 4.9 1046 3.4 <0.001 211 6.2 1904 4.0 <0.001

Solid 537 2.0 432 1.4 <0.001 85 2.5 801 1.7 <0.001

Skin 576 2.2 382 1.2 <0.001 93 2.7 804 1.7 <0.001

PTLD 174 0.7 224 0.7 NS 37 1.1 302 0.6 <0.01

OPTN/UNOS, Organ Procurement and Transplantation Network/United Network for Organ Sharing; PTLD, post-transplant lymphoproliferative disor-

der; MMF, mycophenolate mofetil.
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regressed because of stopping the calcineurin inhibitor, or

because of adding SRL, or both. This conundrum exists

because of a separate report in which eight of 24 patients

with Kaposi’s sarcoma had a complete tumor response to

reduction/cessation of immunosuppressive drug therapy

[98]. A more convincing report involved a hepatic recipi-

ent who experienced complete regression of three pulmon-

ary metastases of hepatocellular carcinoma after

conversion of maintenance drugs from CYA and AZA to

SRL and MMF [99]. The patient was tumor free at

18 months.

The 2-year incidence of malignancies from five multi-

center studies on the immunosuppressive efficacy of SRL

in renal recipients, was recently reported [100]. The two

studies that compared CYA-based with SRL-based main-

tenance immunosuppression revealed four malignancies

(5%) in the CYA group and none in the SRL group. The

second two studies used CYA maintenance and compared

two separate dosages of SRL with either AZA or placebo.

There were no differences in the incidences of any malig-

nancy among the four arms of the study [100]. Patients

in the fifth study received both CYA and SRL for the first

3 months. At 3 months, patients were randomized to

remain on CYA and SRL or to have the CYA withdrawn.

The incidence of any malignancy at 24 months in the

CYA withdrawal group was 4.2% when compared with

9.8% in the CYA + SRL group (P ¼ 0.036).

A retrospective study of the OPTN/UNOS database on

33 249 deceased donor kidney transplants revealed that

504 patients received either SRL or everolimus (EVL)

without a calcineurin inhibitor, 2321 received either SRL

or EVL in combination with a calcineurin inhibitor, and

30 424 received a calcineurin inhibitor without a TOR

inhibitor [61]. Data were censored at 963 days to allow

comparable follow up among the treatment groups. The

incidence of any malignancy was 0.60% for both SRL/

EVL alone and for SRL/EVL plus a calcineurin inhibitor

and was 1.81% for calcineurin inhibitors (P < 0.0001).

The incidence rates for de novo solid malignancies were

0% for SRL/EVL, 0.47% for SRL/EVL + calcineurin

inhibitors, and 1.0% for calcineurin inhibitors. Multivari-

ate analysis indicated that TOR inhibitor maintenance

immunosuppression was associated with a 60% reduced

risk of any post-transplant malignancy and a 55%

reduced risk of solid malignancy [61].

Post-transplant de novo cancer mortality

The overall mortality associated with post-transplant

de novo malignancies is high and progressively increases

with time. ANZTR data on 6596 cadaveric donor kidney

recipients of whom 420 developed post-transplant cancer

other than skin, revealed a 26% mortality from cancer at

10 years [101]. Data from the North Italian Transplant

Program indicates that the 10-year survival in kidney

recipients with no cancer is 92.8%, with any cancer is

56.6%, with skin cancer or Kaposi’s sarcoma is 82.2%,

with nonskin solid cancer is 54.4%, and with PTLD is

46.4% [49]. Data from Canada on 760 renal recipients

followed for a mean of 13.4 years revealed an overall

mortality of 54% with the majority of deaths resulting

from the malignancy [75]. In 35 patients who developed

skin cancer there was a 26% mortality rate from malig-

nancies and an additional 14% from other causes. In the

58 patients who developed a nonskin malignancy, there

was a 50% mortality rate from cancer and an additional

12% died from other/unknown causes [75].

Surgeons from the University of Florida reported on

causes of deaths by different transplant eras (Table 7)

[102]. Cancer increased as a cause of death from 1.2% for

patients transplanted during 1970–1979, to 5.2% during

1980–1989, and to 13.3% during 1990–1999. This statisti-

cally significant increase in cancer deaths was due to a

combination of older patients, better survival, and newer

immunosuppressive drugs.

The OPTN/UNOS data on deaths occurring between 5

and 10 years post-transplantation indicate that malig-

nancy was the cause in 14.5% of kidney recipients, 18.7%

of liver recipients, and 21.5% of heart recipients. Data on

heart recipients from Italy was similar with malignancies

reported as the cause of death in 23.5% of patients survi-

ving over 2 years [103].

In liver recipients, it has been shown that the type of

post-transplant cancer profoundly affects mortality rates

[104]. At a median time of 36 months, the mortality rate

was 15% for nonmelanoma skin cancer; 40% for genito-

urinary cancers, 60% for gastrointestinal malignancies,

62.5% for respiratory tumors, and 71.4% for oropharyn-

geal cancers.

Patient management recommendations

Positive nondrug risk factors for the development of post-

transplant malignancies have been detailed in Table 4.

For recipients with these risk factors, maintenance

Table 7. Causes of death for kidney transplants performed during

1970–1999 by transplant era (adapted from Howard et al. [102]).

Cause of

death

Transplant era

1970–1979 1980–1989 1990–1999

Infection 42.0 42.0 28

Cardiac 9.6 23.8 30.2

Neurologic 2.4 5.2 8.5

Cancer 1.2 5.2 13.2
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immunosuppression with drugs that have been shown to

be associated with a reduced incidence of malignancy

(TAC, MMF – Table 6) should be considered. Addition-

ally TOR inhibitors, alone or in combination with cal-

cineurin inhibitors, should be considered for maintenance

immunosuppression as the TOR inhibitors have been

shown to be associated with a reduced incidence of post-

transplant malignancy in renal recipients [61,105]. These

short term reports showing a reduced incidence of malig-

nancies associated with TAC, mycophenolate, and TOR

inhibitor maintenance immunosuppression need to be

confirmed by additional long-term studies.

When post-transplant patients develop a malignancy,

standard cancer treatment options including surgery,

radiotherapy, and chemotherapy must be individualized

to the patient and should be coordinated by the oncolo-

gist and transplant surgeon/physician. A thorough consid-

eration of the patient’s tumor risk, treatment risk, and

risk of graft loss must be made. For renal recipients

immunosuppression may be reduced/stopped even to the

point of graft loss and return to hemodialysis. For liver

recipients, re-transplantation is an option. Our personal

bias is to reduce immunosuppression to the point of pre-

cipitating graft (and hopefully malignancy) rejection

before re-transplantation is performed.

Switching immunosuppression to a TOR inhibitor

should be seriously considered for patients with malignan-

cies who have received life-saving grafts (heart, lung, liver).

Dosage regimens for SRL in renal recipients have been well

described before patients develop a post-transplant malig-

nancy and these dosages may be used while other immu-

nosuppressive drugs are reduced or stopped [105].

Acknowledgment

This study was funded entirely by UNOS Private Funds.

Conflicts of interest

This authors have no conflicts of interest.

References

1. Merrill JP, Murray JE, Harrison JH, Guild WR. Successful

homotransplantation of the human kidney between iden-

tical twins. JAMA 1956; 160: 277.

2. Merrill JP, Murray JE, Harrison JH, Friedman EA, Dealy

JB, Dammin GJ. Successful homotransplantation of the

kidney between nonidentical twins. N Engl J Med 1960;

262: 1251.

3. Murray JE, Merrill JP, Dammin GJ, Harrison JH, Hager

EB, Wilson RE. Current evaluation of human kidney

transplantation. Ann N Y Acad Sci 1964; 120: 545.

4. Hamburger J, Vaysse J, Crosnier J, Auvert J, Dormont J.

Kidney homotransplantation in man. Ann N Y Acad Sci

1962; 99: 808.

5. Shackman R, Dempster WJ, Wrong OM. Kidney

homotransplantation in the human. Br J Urol 1963; 35:

222.

6. Kuss R, Legrain M, Mathe G, Nedey R, Camey M.

Homologous human kidney transplantation: experience

with six patients. Postgrad Med J 1962; 38: 528.

7. Calne RY. The rejection of renal homografts: inhibition

in dogs by 6-mercaptopurine. Lancet 1960; 1: 417.

8. Zukoski CF, Lee HM, Hume DM. The prolongation of

functional survival of canine renal homografts by 6-mer-

captopurine. Surg Forum 1960; 11: 470.

9. Murray JE. Human kidney transplant conference. Trans-

plantation 1964; 2: 147.

10. Murray JE, Gleason R, Bartholomay A. Second report of

registry in human kidney transplantation. Transplantation

1964; 40: 660.

11. Murray JE, Gleason R, Bartholomay A. Fourth report of

the Human Kidney Transplant Registry: 16 September

1964 to 15 March 1965. Transplantation 1965; 3: 684.

12. McKhann CF. Primary malignancy in patients undergoing

immunosuppression for renal transplantation. Transplan-

tation 1969; 8: 209.

13. Penn I, Hammond W, Brettschneider L, Starzl TE. Malig-

nant lymphomas in transplant patients. Transplant Proc

1969; 1: 106.

14. Penn I, Halgrimson CG, Starzl TE. De novo malignant

tumors in organ transplant recipients. Transplant Proc

1971; 3: 773.

15. Penn I, Starzl TE. Malignant tumors arising de novo in

immunosuppressed organ transplant recipients. Trans-

plantation 1972; 14: 407.

16. Hoover R, Fraumeni JF. Risk of cancer in renal-transplant

recipients. Lancet 1973; 2: 55.

17. Advisory Committee to the Renal Transplant Registry.

The 12th report of the Human Renal Transplant Registry.

JAMA 1975; 233: 787.

18. Penn I. The incidence of malignancies in transplant

recipients. Transplant Proc 1975; 7: 323.

19. Advisory Committee to the Renal Transplant Registry.

The 13th report of the Human Renal Transplant Registry.

Transplant Proc 1977; 9: 9.

20. Penn I. Development of cancer as a complication of

clinical transplantation. Transplant Proc 1977; 9: 1121.

21. Murray JE, Barnes BA, Atkinson JC. Eighth report of the

Human Kidney Transplant Registry. Transplantation 1971;

11: 328.

22. Advisory Committee to the Renal Transplant Registry.

The ninth report of the Human Renal Transplant Regis-

try. JAMA 1972; 220: 253.

23. Sheil AG. Cancer in renal allograft recipients in Australia

and New Zealand. Transplant Proc 1977; 9: 1133.

Kauffman et al. De novo malignancies in renal transplant recipients

ª 2006 The Authors

Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 607–620 617



24. Sheil AG, Mahony JF, Horvath JS, et al. Cancer following

successful cadaveric donor renal transplantation. Trans-

plant Proc 1981; 13: 733.

25. Jacobs C, Brunner FP, Brynger H, et al. Malignant dis-

eases in patients treated by dialysis and transplantation in

Europe. Transplant Proc 1981; 13: 729.

26. Birkeland SA. Cancer in transplanted patients – the

Scandia-transplant material. Transplant Proc 1983; 15:

1071.

27. Doak PB, Montgomerie JZ, North JD, Smith F. Reticulum

cell sarcoma after renal homotransplantation and az-

athioprine and prednisone therapy. Br Med J 1968; 4:

746.

28. Pritzker KP, Huang SN, Marshall KG. Malignant tumours

following immunosuppressive therapy. Can Med Assoc J

1970; 103: 1362.

29. Berger HM, Goldman R, Gonick HC, Waisman J. Epider-

moid carcinoma of the lip after renal transplantation.

Report of two cases. Arch Intern Med 1971; 128: 609.

30. Pierce JC, Madge GE, Lee HM, Hume DM. Lymphoma, a

complication of renal allotransplantation in man. JAMA

1972; 219: 1593.

31. Matas AJ, Simmons RL, Kjellstrand CM, Buselmeier TJ,

Najarian JS. Increased incidence of malignancy during

chronic renal failure. Lancet 1975; 1: 883.

32. Sloan GM, Cole P, Wilson RE. Risk indicators of de novo

malignancy in renal transplant recipients. Transplant Proc

1977; 9: 1129.

33. Blohme I, Brynger H. Malignant disease in renal trans-

plant patients. Transplantation 1985; 39: 23.

34. Calne RY, White DJ, Thiru S, et al. Cyclosporin A in

patients receiving renal allografts from cadaver donors.

Lancet 1978; 2: 1323.

35. Calne RY, Rolles K, White DJ, et al. Cyclosporin-A in

clinical organ grafting. Transplant Proc 1981; 13: 349.

36. Thiru S, Calne RY, Nagington J. Lymphoma in renal

allograft patients treated with cyclosporin-A as one of

the immunosuppressive agents. Transplant Proc 1981; 13:

359.

37. Stiller C. for the Canadian Transplant Study Group. The

Canadian Trial of Cyclosporine: cyclosporine therapy

compared to standard immunosuppression in renal trans-

plants. An exploration of nephrotoxicity. Transplant Proc

1983; 15: 2479.

38. Sheil AG, Hall BM, Tiller DJ, et al. Australian Trial of

Cyclosporine (CsA) in cadaveric donor renal transplanta-

tion. Transplant Proc 1983; 15: 2485.

39. Johnson RW. for the European Multicentre Group.

Cyclosporine in cadaveric renal transplantation: three-year

follow-up of a European Multicentre Trial. Transplant

Proc 1986; 18: 1229.

40. Land W. for the European Multicentre Trial Group.

Cyclosporine in cadaveric renal transplantation: five-year

follow-up results of the European Multicentre Trial.

Transplant Proc 1988; 20: 73.

41. Sheil AG, Flavel S, Disney AP, Mathew TH, Hall BM. Can-

cer incidence in renal transplant patients treated with

azathioprine or cyclosporine. Transplant Proc 1987; 19:

2214.

42. Najarian JS, Ferguson RM, Sutherland DE, Rynasiewicz

JJ, Simmons RL. A Prospective Trial of the efficacy of

cyclosporine in renal transplantation at the University of

Minnesota. Transplant Proc 1983; 15: 438.

43. Dhein B, Bartell L, Ferguson RM. Infectious complica-

tions and lymphomas in cyclosporine patients. Transplant

Proc 1983; 15: 3162.

44. Hakala TR, Starzl TE, Rosenthal JT, Shaw B, Iwatsuki S.

Cadaveric renal transplantation with cyclosporin-A and

steroids. Transplant Proc 1983; 15: 465.

45. Rosenthal JT, Iwatsuki S, Starzl TE, Taylor RJ, Hakala

TR. Histiocytic lymphoma in renal transplant patients

receiving cyclosporine. Transplant Proc 1983; 15: 2805.

46. Wilkinson AH, Smith JL, Hunsicker LG, et al. Increased

frequency of post-transplant lymphomas in patients trea-

ted with cyclosporine, azathioprine, and prednisone.

Transplantation 1989; 47: 293.

47. Penn I, Brunson ME. Cancers after cyclosporine therapy.

Transplant Proc 1988; 20: 885.

48. Danpanich E, Kasiske BL. Risk factors for cancer in renal

transplant recipients. Transplantation 1999; 68: 1859.

49. Pedotti P, Cardillo M, Rossini G, et al. Incidence of

cancer after kidney transplant: results from the North

Italy Transplant Program. Transplantation 2003; 76: 1448.

50. London NJ, Farmery SM, Will EJ, Davison AM, Lodge

JP. Risk of neoplasia in renal transplant patients. Lancet

1995; 346: 403.

51. Montagnino G, Lorca E, Tarantino A, et al. Cancer inci-

dence in 854 kidney transplant recipients from a single

institution: comparison with normal population and with

patients under dialytic treatment. Clin Transplant 1996;

10: 461.

52. Marcen R, Pascual J, Tato AM, et al. Influence of immu-

nosuppression on the prevalence of cancer after kidney

transplantation. Transplant Proc 2003; 35: 1714.

53. McGeown MG, Douglas JF, Middleton D. One thousand

renal transplants at Belfast City Hospital: post-graft

neoplasia 1968–1999, comparing azathioprine only with

cyclosporine-based regimes in a single center. In: Cecka

JM, Terasari PI, eds. Clinical Transplants, 2000. Los

Angeles: UCLA Immunogenetics Center, 2000: p. 193.

54. Penn I. Occurrence of cancers in immunosuppressed

organ transplant recipients. Clin Transplant 1998; 147.

55. Birkeland SA, Lokkegaard H, Storm HH. Cancer risk in

patients on dialysis and after renal transplantation. Lancet

2000; 355: 1886.

56. Euvrard S, Kanitakis J, Claudy A. Skin cancers after organ

transplantation. NEJM 2003; 348: 1681.

57. Paya CV, Fung JJ, Nalesnik MA, et al. Epstein-Barr virus-

induced post-transplant lymphoproliferative disorders.

ASTS/ASTP EBV-PTLD Task Force and The Mayo Clinic

De novo malignancies in renal transplant recipients Kauffman et al.

ª 2006 The Authors

618 Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 607–620



Organized International Consensus Development Meeting.

Transplantation 1999; 68: 1517.

58. Hiesse C, Rieu P, Kriaa F, et al. Malignancy after renal

transplantation: analysis of incidence and risk factors

in 1700 patients followed during a 25-year period.

Transplant Proc 1997; 29: 831.

59. Chapman J, Webster A. Chapter 10, Cancer Report, 27th

Annual Report of the Australian and New Zealand Dialysis

and Transplantation Registry. Available at: http://www.

anzdata.org.au/anzdata/AnzdataReport/27threport/files/

Ch10Cancer, accessed on 7/7/05.

60. Kasiske BL, Snyder JJ, Gilbertson DT, Wang C. Cancer

after kidney transplantation in the United States. Am J

Transplant 2004; 4: 905.

61. Kauffman HM, Cherikh WS, Cheng Y, Hanto DW, Kahan

BD. Maintenance immunosuppression with TOR inhibi-

tors is associated with a reduced incidence of de novo

malignancies. Transplantation 2005; 80: 883.

62. Gruber SA, Gillingham K, Sothern RB, Stephanian E,

Matas AJ, Dunn DL. De novo cancer in cyclosporine-

treated and non-cyclosporine-treated adult primary renal

allograft recipients. Clin Transplant 1994; 8: 388.

63. Gulanikar AC, Daily PP, Kilambi NK, Hamrick-Turner

JE, Butkus DE. Prospective pretransplant ultrasound

screening in 206 patients for acquired renal cysts and

renal cell carcinoma. Transplantation 1998; 66: 1669.

64. Kliem V, Kolditz M, Behrend M, et al. Risk of renal cell

carcinoma after kidney transplantation. Clin Transplant

1997; 11: 255.

65. Kauffman HM, Cherikh WS, McBride MA, Cheng YA,

Delmonico FL, Hanto DW. Transplant recipients with a

history of a malignancy: risk of recurrent and de novo

cancers. Transplant Rev 2005; 19: 55.

66. Wilson RE, Hager EB, Hampers CL, et al. Immunologic

rejection of human cancer transplanted with a renal allo-

graft. N Engl J Med 1968; 278: 479.

67. Matter B, Zukoski CF, Killen DA, Ginn E. Transplanted

carcinoma in an immunosuppressed patient. Transplanta-

tion 1970; 9: 71.

68. Starzl TE, Nalesnik MA, Porter KA, et al. Reversibility of

lymphomas and lymphoproliferative lesions developing

under cyclosporin-steroid therapy. Lancet 1984; 1: 583.

69. Wijnveen AC, Persson H, Bjorck S, Blohme I. Dissemin-

ated Kaposi’s sarcoma – full regression after withdrawal

of immunosuppressive therapy: report of a case. Trans-

plant Proc 1987; 19: 3735.

70. Duman S, Toz H, Asci G, et al. Successful treatment of

post-transplant Kaposi’s sarcoma by reduction of immu-

nosuppression. Nephrol Dial Transplant 2002; 17: 892.

71. Friedlaender MM, Rubinger D, Rosenbaum E, et al. Tem-

porary regression of merkel cell carcinoma metastases

after cessation of cyclosporine. Transplantation 2002; 73:

1849.

72. Otley CC, Coldiron BM, Stasko T, Goldman GD.

Decreased skin cancer after cessation of therapy with

transplant-associated immunosuppressants. Arch Dermatol

2001; 137: 459.

73. Chuang FR, Hsieh H, Hsu KT, Huang HF. Increasing

transplant cancer patient survival by conversion of immu-

nosuppressive agents. Transplant Proc 1996; 28: 1346.

74. Dantal J, Hourmant M, Cantarovich D, et al. Effect of

long-term immunosuppression in kidney-graft recipients

on cancer incidence: randomised comparison of two

cyclosporin regimens. Lancet 1998; 351: 623.

75. Tremblay F, Fernandes M, Habbab F, deB Edwardes MD,

Loertscher R, Meterissian S. Malignancy after renal trans-

plantation: incidence and role of type of immunosuppres-

sion. Ann Surg Oncol 2002; 9: 785.

76. Swinnen LJ, Constanzo-Nordin MR, Fisher SG, et al.

Increased incidence of lymphoproliferative disorder after

immunosuppression with the monoclonal antibody OKT3

in cardiac transplant recipients. N Engl J Med 1990; 323:

1723.

77. Opelz G, Henderson R. Incidence of non-Hodgkin lym-

phoma in kidney and heart transplant recipients. Lancet

1993; 342: 1514.

78. Opelz G, Dohler B. Lymphomas after solid organ trans-

plantation: a collaborative transplant study report. Am J

Transplant 2004; 4: 222.

79. Hibberd AD, Trevillian PR, Wlodarzcyk JH, et al. Cancer

risk associated with ATG/OKT3 in renal transplantation.

Transplant Proc 1999; 31: 1271.

80. Cherikh WS, Kauffman HM, McBride MA, Maghirang J,

Swinnen LJ, Hanto DW. Association of the type of induc-

tion immunosuppression with post-transplant lympho-

proliferative disorder, graft survival, and patient survival

after primary kidney transplantation. Transplantation

2003; 76: 1289.

81. Hardinger KL, Schnitzler MA, Miller B, et al. Five-year

follow up of thymoglobulin versus ATGAM induction

in adult renal transplantation. Transplantation 2004; 78:

136.

82. Ducloux D, Kazory A, Challier B, et al. Long-term toxic-

ity of antithymocyte globulin induction may vary with

choice of agent: A Single-Center Retrospective Study.

Transplantation 2004; 77: 1029.

83. Jamil B, Nicholls K, Becker GJ, Walker RG. Impact of

acute rejection therapy on infections and malignancies in

renal transplant recipients. Transplantation 1999; 68:

1597.

84. Mayer AD, Dmitrewski J, Squifflet J-P, et al. Multicenter

randomized trial comparing tacrolimus (FK506) and

cyclosporine in the prevention of renal allograft rejection:

a report of the European Tacrolimus Multicenter Renal

Study Group. Transplantation 1997; 64: 436.

85. Pirsch JD, Miller J, Deierhoi MH, Vincenti F, Filo RS. A

comparison of tacrolimus (FK506) and cyclosporine for

immunosuppression after cadaveric renal transplantation.

FK506 Kidney Transplant Study Group. Transplantation

1997; 63: 977.

Kauffman et al. De novo malignancies in renal transplant recipients

ª 2006 The Authors

Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 607–620 619



86. Wiesner RH. A long-term comparison of tacrolimus

(FK506) versus cyclosporine in liver transplantation.

A report of the United States FK506 Study Group.

Transplantation 1998; 66: 493.

87. Cherikh WS, Kauffman HM, Shames BD, Cheng Y,

Hanto DW. Association of different immunosuppressive

regimens with posttransplant de novo malignancies in

liver recipients. Am J Transplant 2005; 5(Suppl. 11):

392.

88. Mycophenolate Mofetil in Cadaveric Renal Transplanta-

tion. US Renal Transplant Mycophenolate Mofetil Study

Group. Am J Kidney Dis 1999; 34: 296.

89. Mathew TH. A blinded, long-term, randomized multicen-

ter study of mycophenolate mofetil in cadaveric renal

transplantation: results at three years. Tricontinental

Mycophenolate Mofetil Renal Transplantation Study

Group. Transplantation 1998; 65: 1450.

90. David KM, Morris JA, Steffen BJ, Chi-Burris KS, Gotz

VP, Gordon RD. Mycophenolate mofetil vs. azathioprine

is associated with decreased acute rejection, late acute

rejection, and risk for cardiovascular death in renal trans-

plant recipients with pre-transplant diabetes. Clin Trans-

plant 2005; 19: 279.

91. Karagas MR, Cushing GL, Greenberg ER, Mott LA, Spen-

cer SK, Nierenberg DW. Non-melanoma skin cancers and

glucocorticoid therapy. Br J Cancer 2001; 85: 683.

92. Sorenson HT, Mellemkjaer L, Nielson GL, Baron JA,

Olsen JH, Karagas MR. Skin cancers and non-Hodgkin

lymphoma among users of systemic glucocorticoids: a

population-based Cohort Study. J Natl Cancer Inst 2004;

96: 709.

93. Luan FL, Hojo M, Maluccio M, Yamaji K, Suthanthiran

M. Rapamycin blocks tumor progression: unlinking

immunosuppression from antitumor efficacy.

Transplantation 2002; 73: 1565.

94. Koehl GE, Andrassy J, Guba M, et al. Rapamycin protects

allografts from rejection while simultaneously attacking

tumors in immunosuppressed mice. Transplantation 2004;

77: 1319.

95. Campistol JM, Gutierrez-Dalmau A, Torregrosa JV.

Conversion to sirolimus: a successful treatment for

posttransplantation Kaposi’s sarcoma. Transplantation

2004; 77: 760.

96. Stallone G, Schena A, Infante B, et al. Sirolimus for

Kaposi’s sarcoma in renal-transplant recipients.

N Engl J Med 2005; 352: 1317.

97. Zmonarski SC, Boratynska M, Rabczynski J, Kazimierczak

K, Klinger M. Regression of Kaposi’s sarcoma in renal

graft recipients after conversion to sirolimus treatment.

Transplant Proc 2005; 37: 964.

98. El-Agroudy AE, El-Baz MA, Ismail AM, Ali-El-Dein B,

El-Dein AB, Ghoneim MA. Clinical features and course

of Kaposi’s sarcoma in Egyptian kidney transplant recipi-

ents. Am J Transplant 2003; 3: 1595.

99. Elsharkawi M, Staib L, Henne-Bruns D, Mayer J. Com-

plete remission of post-transplant lung metastases from

hepatocellular carcinoma under therapy with sirolimus

and mycophenolate mofetil. Transplantation 2005; 79:

855.

100. Mathew T, Kreis H, Friend P. Two-year incidence of

malignancy in sirolimus-treated renal transplant recipi-

ents: results from five multicenter studies. Clin Transplant

2004; 18: 446.

101. Sheil AG, Disney AP, Mathew TH, Amiss N. De novo

malignancy emerges as a major cause of morbidity and

late failure in renal transplantation. Transplant Proc 1993;

25: 1383.

102. Howard RJ, Patton PR, Reed AI, et al. The changing cau-

ses of graft loss and death after kidney transplantation.

Transplantation 2002; 73: 1923.

103. Gallo P, Agozzino L, Angelini A, et al. Causes of late fail-

ure after heart transplantation: a tenyear survey. J Heart

Lung Transplant 1997; 16: 1113.

104. Jain AB, Yee LD, Nalesnik MA, et al. Comparative inci-

dence of de novo nonlymphoid malignancies after liver

transplantation under tacrolimus using surveillance epi-

demiologic end result data. Transplantation 1998; 66:

1193.

105. Kahan BD, Yakupoglu YK, Schoenberg L, et al. Low

incidence of malignancy among sirolimus/cyclosporine-

treated renal transplant recipients. Transplantation 2005;

80: 749.

De novo malignancies in renal transplant recipients Kauffman et al.

ª 2006 The Authors

620 Journal compilation ª 2006 European Society for Organ Transplantation 19 (2006) 607–620


