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Appendix 1: Supplementary tables A-E 

 
Table A: Design features of the 21 randomized trials with individual patient-level data  

Publication (1st author 

& year) 

sample size (in dataset) 

and outcomes 

Sirolimus arm(s) Comparators Other 

Immunosuppression in 

all arms 

Induction in all arms Timing of sirolimus-

based therapy (de novo 

versus conversion to 

sirolimus) 

Study Duration and 

Median Follow-up 

Population (donor type, 

history of cancer) 

Barsoum 20071 113 

 

Cancer  = 1  

Deaths = 6  

Sirolimus load 9 mg then 

2 mg/d with dose adjusted 

to maintain trough levels 

of 5-10 ng/mL until 12 

weeks then 10-15 ng/ml 

thereafter. Cyclosporine 

dose adjusted to maintain 

C2 level of  600 ng/ml 

until 12 weeks then 

discontinued 

Cyclosporine dose 

adjusted to maintain C2 

level of  1600 ng/ml until 

24 weeks, 1200 ng/ml 

until 52 weeks the 1000 

ng/ml thereafter  

Corticosteroids; 

mycophenolate mofetil 

No induction De novo sirolimus and 

cyclosporine followed by 

cyclosporine elimination 

at 3 months    

24 months 

 

Follow-up = 20.1 months 

Primary or secondary 

living donors. History of 

previous cancer not 

reported  

Blydt-Hansen 20102  22 

(2/22 patients enrolled 

withdrew after 1 month 

and were excluded from 

trialists' analyses; 

however, they are eligible 

for our modified-ITT 

analysis) 

 

Cancer  = 0  

Deaths = 0 

Sirolimus: 1 mg/m2/d 

with dose adjusted to 

maintain trough level of 8-

12 ng/ml 

Mycophenolate mofetil 

1200 mg/m2/d with dose 

adjusted to maintain 

trough MPA level of >2.0 

µg/ml 

Corticosteroids; 

tacrolimus dose adjusted 

to maintain trough level of 

3-5 ng/ml 

ATG or IL-2 receptor 

blocker at time of initial 

transplant 

Conversion from 

mycophenolate mofetil to 

sirolimus at anytime 

beyond 12 months post-

transplant 

24 months  

 

Follow-up = 24 months 

Excluded if history of 

post-transplant 

lymphoproliferative 

disorder 

ampbell 20123 86 

 

Cancer = 39  

Deaths = 2 

 

Load: 6-12 mg then 2-4 

mg/d to maintain a trough 

level of 5-15 ng/ml 

calcineurin inhibitor – 

tacrolimus or cyclosporine 

– could be adjusted at the 

investigators discretion  

Corticosteroids; 

Mycophenolate mofetil, 

mycophenolate sodium or 

azathioprine could be 

decreased or discontinued 

at investigators discretion 

Neither reported in 

publication nor identified 

in the database 

Conversion from 

calcineurin inhibitor to 

sirolimus at anytime 

beyond 12 months post-

transplant 

13 months 

 

Follow-up = 13 months 

Primary or secondary 

deceased or living donor. 

Must have history of SCC 

or BCC of the skin within 

3 years of enrollment. 

Excluded if any other 

malignancy, >20 lesions in 

preceding year or 

metastatic disease 

Ekberg 20074 [Symphony] 1589 

 

Cancer = 20  

Deaths = 43 

Sirolimus load 9 mg/d x 3 

d then 3 mg/d with dose 

adjusted to maintain 

trough level of 4-8 ng/mL 

Group A: Standard dose 

cyclosporine with dose 

adjusted to maintain 

trough level of 150-300 

ng/mL until 12 weeks then 

100-200 ng/mL thereafter. 

Group B: Low dose 

cyclosporine with dose 

adjusted to maintain 

trough level of 50-100 

ng/mL. Group C: Low 

dose tacrolimus with dose 

adjusted to maintain 

trough level of 3-7 ng/ml 

Corticosteroids; 

mycophenolate mofetil 

Daclizumab (5 doses) in 

all groups but Group A 

De novo in all arms 12 months 

 

Follow-up = 12 months 

Primary or secondary 

deceased or living donor. 

Exclusion: history of 

malignancy excepted 

treated non-melanoma 

skin cancer 

Flechner 20115 [ORION] 443 

 

Group A: Sirolimus load 

15 mg then 5 mg/d to 

Tacrolimus given to 

maintain trough level of 8-

Corticosteroids Daclizumab (2 doses) De novo sirolimus and 

tacrolimus followed by 

24 months 

 

Primary or secondary 

deceased or living donor. 
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Publication (1st author 

& year) 

sample size (in dataset) 

and outcomes 

Sirolimus arm(s) Comparators Other 

Immunosuppression in 

all arms 

Induction in all arms Timing of sirolimus-

based therapy (de novo 

versus conversion to 

sirolimus) 

Study Duration and 

Median Follow-up 

Population (donor type, 

history of cancer) 

Cancer = 14  

Deaths = 20 

maintain trough level of 8-

15 ng/ml until week 13 

then 12-20 ng/ml after 

tacrolimus elimination; 

Tacrolimus given to 

maintain trough level of 6-

15 ng/ml until week 13 

then dose decreased 

25%/wk until eliminated. 

Group B: Sirolimus load 

15 mg then 5 mg/d to 

maintain trough level of 

10-15 ng/ml until week 26 

then 8-15 ng/ml thereafter; 

Mycophenolate mofetil 

2g/d 

15 ng/ml until week 26 

then 5-15 ng/ml thereafter; 

Mycophenolate mofetil 

2g/d 

tacrolimus elimination 

starting week 13 in Group 

A  

Follow-up = 22.8 months Exclusion: malignancy 

within 5 years before 

enrollment except treated 

BCC or SCC of skin 

Flechner 20136 

[PROTECT] 

475 

 

Cancer = 4  

Deaths = 10 

Load 15 mg/d x 2 days 

then 10 mg/d with dose 

adjusted to maintain 

trough level 10-15 ng/mL 

until week 26 then 8-15 

thereafter   

Cyclosporine dose 

adjusted to maintain 

trough levels of 150-300 

ng/mL until week 13, 50-

200 ng/mL until week 26 

then 50-150 thereafter 

Mycophenolate mofetil. 

Corticosteroids 

Basiliximab (2 doses) De novo in all arms 12 months 

 

Follow-up = 6 months 

 

 

Primary deceased or living 

donor. Exclusion: 

malignancy within 5 years 

before enrollment except 

treated BCC or SCC of 

skin 

Gallon 20067 82 

 

Cancer = 0  

Deaths = 2 

Sirolimus 3 mg/d with 

dose adjusted to maintain 

trough levels of 7-10 

ng/mL 

Mycophenolate mofetil (1 

g BID) 

Tacrolimus dose adjusted 

to maintain trough levels 

of 8-10 ng/mL until 12 

weeks, 7-9 ng/mL until 24 

weeks then 6-8 ng/mL 

thereafter.  

Methylprednisolone for 3 

days only  

Basiliximab (2 doses) De novo in all arms 36 months 

 

Follow-up = 36 months 

Primary or secondary 

deceased or living donor. 

History of previous cancer 

not reported  

Gelens 20068 54 

 

Cancer = 0  

Deaths = 1 

Group A: Sirolimus load 3 

mg then 1 mg/d to 

maintain trough level of 

10-15 µg/l until week 24, 

5-10 µg/l thereafter; Same 

tacrolimus dosing as 

comparator arm. Group B: 

Sirolimus load 15 mg then 

5 mg/d to maintain trough 

level of 10-15 µg/l until 

week 24, 5-10 µg/l 

thereafter; Mycophenolate 

mofetil 2g/d 

Tacrolimus given to 

maintain trough level of 

15-20µg/l until week 2, 

10-15µg/l until week 4, 5-

8µg/l thereafter; 

Mycophenolate mofetil 

2g/d 

Methylprednisolone on 

Days 1 and 2 only 

Daclizumab (2 doses) in 

group B only 

De novo in all arms 12 months 

 

Follow-up = 12 months 

Primary or secondary 

deceased or living donor. 

History of previous cancer 

not reported. 

Glotz 20109 141 

 

Cancer = 3  

Deaths = 5 

Load 15 mg/d x 2 d then 

10 mg/d x 5 d then dose 

adjusted to maintain 

trough level of 12-20 

ng/ml  

Tacrolimus dose adjusted 

to maintain trough level of 

8-12 ng/ml until 12 weeks 

then 5-9 ng/ml thereafter 

Corticosteroids; 

Mycophenolate mofetil 

ATG to a maximum of 6 

mg/kg in the sirolimus 

group only 

De novo in all arms 12 months 

 

Follow-up = 11.8 months 

Primary or secondary 

deceased donor. History of 

previous cancer not 

reported  

Groth 199910 83 

 

Cancer = 1  

Deaths = 0 

Load: 16-24 mg/m2. 

Then: 8-12 mg/m2/d. 

After Day 7-10: Dose 

adjusted to obtain trough 

Cyclosporine Initial dose: 

10 mg/kg/d. Then, dose 

adjusted to obtain trough 

levels of 200-400 ng/ml 

Corticosteroids. 

Azathioprine 

No induction De novo in all arms 12 months 

 

Follow-up = 12 months 

Primary deceased donor. 

Excluded if history of any 

malignancy.  
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Publication (1st author 

& year) 

sample size (in dataset) 

and outcomes 

Sirolimus arm(s) Comparators Other 

Immunosuppression in 

all arms 

Induction in all arms Timing of sirolimus-

based therapy (de novo 

versus conversion to 

sirolimus) 

Study Duration and 

Median Follow-up 

Population (donor type, 

history of cancer) 

levels of 30 ng/ml until 

week 8 then 15 ng/ml 

thereafter 

until week 8 then 100-200 

ng/ml thereafter 

Guba 201011 [SMART] 140 

 

Cancer = 4  

Deaths = 2 

Load 0.1 mg/kg then 2-4 

mg/d with dose adjusted to 

maintain trough level of 8-

12 ng/ml until 12 weeks 

then 5-10 ng/ml thereafter. 

Mycophenolate mofetil 

reduced to 1.5 g/d when 

sirolimus started. SRL 

Conversion Group: Target 

blood level6-8 ng/mL 

Cyclosporine dose 

adjusted to maintain 

trough level of 200-250 

ng/ml until week 3 then 

150-200 ng/ml until week 

16 then 100-150 ng/ml 

thereafter. Mycophenolate 

mofetil 2 g/d. Control 

Group: AZA (11 pts), 

Cyclosporine (1 pt), TAC 

(1 pt), Mycophenolate (6 

pts) 

Corticosteroids  ATG Conversion from 

cyclosporine to sirolimus 

at 10-24 days post-

transplant 

12 months 

 

Follow-up = 11.5 months 

Primary or secondary 

deceased or living donor. 

History of malignancy 

excluded unless 

successfully treated 

Kahan 199912 149 

 

Cancer = 2  

Deaths = 9 

Group A: 1 mg/m2/d; 

Group B: 3 mg/m2/d; 

Group C: 1 mg/m2/d; 

Group D: 3 mg/m2/d; 

Group E: 5 mg/m2/d  

Placebo Corticosteroids. 

Cyclosporine full dose for 

placebo group, group A 

and B; reduced dose for 

groups C, D and E. Full 

dose adjusted for trough 

levels of 200-350 ng/ml 

until 4 weeks, 200-300 

ng/ml until week 12 then 

150-250 ng/ml thereafter. 

Reduced dose adjusted for 

trough levels of 100-175 

ng/ml until 4 weeks, 100-

150 ng/ml until week 12 

then 75-125 ng/ml 

thereafter. 

No induction De novo in all arms 12 months 

 

Follow-up = 12 months 

Primary living or deceased 

donor. History of previous 

cancer not reported.  

Kahan 200013 719 

 

Cancer = 33  

Deaths = 19 

Group A: 2 mg/d Group 

B: 5 mg/d  

Azathioprine (2-3 

mg/kg/d) 

Cyclosporine. 

Corticosteroids. 

No induction De novo in all arms 24 months 

 

Follow-up = 23.9 months 

 

 

Primary living or deceased 

donor. Exclusion: 

malignancy within 10 

years before enrollment 

except treated BCC or 

SCC of skin.  

Kreis 200014 78 

 

Cancer = 0  

Deaths = 3 

Load: 24 mg/m2. Then: 24 

mg/m2/d x 2d. Thereafter: 

12 mg/m2/d with dose 

adjusted to obtain trough 

levels of 30 ng/ml until 

week 8 then 15 ng/ml 

Cyclosporine: dose 

adjusted to obtain trough 

levels of 200-400 ng/ml 

until week 8 then 100-200 

ng/ml thereafter 

Corticosteroids. 

Mycophenolate mofetil 

No induction De novo in all arms 12 months 

 

Follow-up = 12 months 

Primary deceased donor. 

Previous cancer status not 

reported.  

MacDonald 200115 575 

(1/576 patients enrolled 

died before being 

transplanted) 

 

Cancer = 31  

Deaths = 36 

Group A: 2 mg/d Group 

B: 5 mg/d 

Placebo Cyclosporine. 

Corticosteroids. 

No induction De novo in all arms 24 months  

 

Follow-up = 24 months 

Primary living or deceased 

donor. Exclusion: 

malignancy within 10 

years before enrollment 

except treated BCC or 

SCC of skin.  

Machado 200416 

[Rapa002] 

70 

 

SRL + CsA: SRL dose 2 

mg/day ; CsA dose 8-10 

AZA + CsA: AZA dose 2 

mg/kg;  CsA dose 8-10 

Cyclosporine and 

prednisone 

No induction De novo in all arms 12 months 

 

Primary living donor. 

Exclusion: history of 
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Publication (1st author 

& year) 

sample size (in dataset) 

and outcomes 

Sirolimus arm(s) Comparators Other 

Immunosuppression in 

all arms 

Induction in all arms Timing of sirolimus-

based therapy (de novo 

versus conversion to 

sirolimus) 

Study Duration and 

Median Follow-up 

Population (donor type, 

history of cancer) 

Cancer = 0  

Deaths = 2 

mg/kg twice daily mg/kg twice daily Follow-up = 12 months malignancy within 10 yr 

of enrollment into the 

study 

Salgo 201017 44 

 

Cancer = 8  

Deaths = 0 

SRL Conversion Group: 

Target blood level6-8 

ng/mL 

Control Group: AZA (11 

pts), Cyclosporine (1 pt), 

TAC (1 pt), 

Mycophenolate (6 pts) 

Prednisone Neither reported in 

publication nor identified 

in the database 

Conversion to sirolimus 

from AZA, Cyclosporine, 

TAC or Mycophenolate 

with an overlap interval of 

2-4 weeks 

12 months 

 

Follow-up = 12 months 

Primary or secondary 

graft. Inclusion: existence 

of keratotic dysplasia such 

as history of NMSC, AK, 

verruca vulgaris or lesions 

sharing clinical aspects of 

both 

Sampaio 200818 [FK-

Local] 

98 

 

(data for 2/100 patients 

enrolled were not retrieved 

in data custodian's 

records) 

 

Cancer = 0  

Deaths = 3 

Oral tablets;(TAC + SRL) 

SRL: one loading dose of 

15 mg, 5 mg/d till 7 and 2 

mg/d thereafter; TAC 

dose: 0.10-0.15 mg/kg 

twice daily 

(TAC+MMF) MMF dose: 

2 g/d daily; TAC dose: 

0.10-0.15 mg/kg twice 

daily 

Tacrolimus, 

corticosteroids 

(methlyprednisolone, 

prednisone) 

No induction De novo in all arms 12 months 

 

Follow-up = 12 months 

Primary living or deceased 

donor. No specification 

about previous 

malignancy. 

Schena 200919 

[CONVERT] 

829 

 

(1/830 patients enrolled 

died before receiving any 

dose of study drug) 

 

Cancer = 79  

Deaths = 39 

Load: 12-20 mg. Then 4-8 

mg/d with dose adjusted to 

maintain trough level of 8 

to 20 ng/mL 

Cyclosporine dose 

adjusted to maintain 

trough level of 50-250 

ng/ml; Tacrolimus dose 

adjusted to maintain 

trough level of 4-10 

ng/ml; 

Corticosteroids, 

mycophenolate mofetil or 

azathioprine initially but 

could be discontinued at 

discretion of physician   

Neither reported in 

publication nor identified 

in the database 

Conversion from 

calcineurin inhibitor to 

sirolimus at 6 to 120 

months post-transplant 

49 months 

 

Follow-up = 47.8 months 

Primary or secondary 

deceased or living donor. 

Exclusion: known or 

suspected malignancy 

within 5 years before 

enrollment into the study 

(exception of adequately 

treated basal cell or 

squamous cell carcinomas 

of the skin) 

Vitko 200620 [TERRA] 48 

(out of 977 enrolled in all 

study sites) 

 

Cancer = 0  

Deaths = 0 

Group A: Load 1.5 mg 

then 0.5 mg/d. Group B: 

Load 6 mg then 2 mg/d 

Mycophenolate mofetil (1 

g BID) 

Tacrolimus dose adjusted 

to maintain trough level of 

8-16 ng/ml for 2 weeks 

then 5-15 ng/ml thereafter; 

corticosteroids   

No induction De novo in all arms 6 months 

 

Follow-up = 5.9 months 

Primary or secondary 

deceased or living donor. 

Exclusion: any 

malignancy 

Watson 200521 38 

 

Cancer events = 4  

Deaths = 0 

Sirolimus load 8 mg then 

4 mg/d with dose adjusted 

to maintain trough level of 

5-15 ng/ml. If already on 

mycophenolate mofetil 

dose reduced to 1 g/d 

Calcineurin inhibitor-

cyclosporine or tacrolimus 

– continued as previously 

but no drug levels 

specified 

Azathioprine, 

mycophenolate mofetil 

and corticosteroids 

permitted but not 

mandated  

12 patients had Simulect 

or placebo, 5 

Alemtuzumab, 1 anti-

thymocyte globulin, 20 no 

induction (from dataset, 

not in publication) 

Conversion from 

calcineurin inhibitor to 

sirolimus at 6 to 96 

months post-transplant 

12 months 

 

Follow-up = 12 months 

Primary or secondary 

deceased or living donor. 

Exclusion: malignancy 

within 5 years before 

enrollment except treated 

BCC or SCC of skin 
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 Table B: Cochrane Risk of Bias Assessment for the 21 randomized trials with individual patient-level data 

Study 
Sequence 

Generation 

Allocation 

Concealment 
Blinding 

Incomplete Outcome 

Data 

Selective 

Outcome 

Reporting 

Other 

Threats to 

Validity 

Campbell 2012
3
 Yes Yes Yes 

(not blinded but primary outcome 

was biopsy-confirmed NMSC and 

pathologist was blinded) 

Yes 

(imbalanced but ITT 

analysis and follow-up 

continued in both 

groups) 

Yes Yes 

Blydt-Hansen 2010
2
 Yes Yes Yes 

(outcome assessor was blinded) 

Yes Yes Yes 

 

 

Guba 2010
11

 Yes Yes Yes 

(not blinded but objective 

outcome measure) 

Unclear 

(unbalanced treatment 

discontinuation 

between groups; did not 

state number of missing 

values; used last 

observation carried 

forward to impute for 

ITT analysis) 

Yes Yes 

Flechner 2011
5
 Unclear Unclear Yes 

(not blinded but objective 

outcome measure) 

Unclear 

(unbalanced treatment 

discontinuation 

between groups; did not 

state number of missing 

values; used last 

observation carried 

forward to impute for 

ITT analysis) 

 

Yes Yes 

Glotz 2010
9
 Unclear Unclear Yes 

(not blinded but objective 

outcome measure) 

Unclear 

(unbalanced treatment 

discontinuation 

between groups, did not 

state number of missing 

Yes Yes 
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Study 
Sequence 

Generation 

Allocation 

Concealment 
Blinding 

Incomplete Outcome 

Data 

Selective 

Outcome 

Reporting 

Other 

Threats to 

Validity 

values or how they 

were dealt with) 

Salgo 2010
17

 Unclear Unclear Yes 

(outcome assessor was blinded) 

No 

(unbalanced treatment 

discontinuation likely 

related to intervention, 

primary outcome not 

analyzed by ITT and 

missing may have had 

different outcomes) 

Yes Yes 

Schena 2009
19

 Yes Yes Yes 

(not blinded but objective 

outcome measure) 

Unclear 

(unbalanced treatment 

discontinuation 

between groups at time 

of primary outcome 

assessment, did not 

state number of missing 

values) 

Yes Yes 

Sampaio 2008
18

 Yes Unclear No 

(not blinded; part of primary 

endpoint is biopsy-confirmed 

acute rejection; medical team was 

not blinded and pathologist not 

blinded) 

 

Yes 

(missing data was 

similar between groups, 

analyzed by ITT) 

Yes Yes 

Ekberg 2007
4
 Yes Yes Yes 

(not blinded but objective 

outcome measure) 

No 

(unbalanced missing 

values likely related to 

intervention, method of 

replacing missing 

values may have 

affected outcome) 

Yes Yes 

Barsoum 2007
1
 Unclear Unclear Yes 

(not blinded but objective 

Unclear 

(unbalanced treatment 

Yes Yes 
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Study 
Sequence 

Generation 

Allocation 

Concealment 
Blinding 

Incomplete Outcome 

Data 

Selective 

Outcome 

Reporting 

Other 

Threats to 

Validity 

outcome measure) discontinuation 

between groups at time 

of primary outcome 

assessment, did not 

state number of missing 

values, stated that 

primary analysis was 

ITT but did not state 

how missing values 

were handled) 

 

Gallon 2006
7
 Unclear Unclear Yes 

(not blinded but objective 

outcome measure) 

No 

(unbalanced treatment 

discontinuation likely 

related to intervention, 

primary outcome only 

analyzed PP and 

missing may have had 

different outcomes) 

 

Yes Yes 

Gelens 2006
8
 Unclear Unclear Yes 

(blinded pathologist) 

Yes No (the 

primary 

outcome as 

stated in 

the paper is 

not 

reported) 

 

Yes 

Watson 2005
21

 Yes Yes Yes 

(not blinded but objective 

outcome measure) 

No 

(missing outcome data 

is imbalanced between 

groups and is excluded 

from primary analysis) 

Yes Yes 

Machado 2004
16

 Unclear Unclear No Yes Yes Yes 
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Study 
Sequence 

Generation 

Allocation 

Concealment 
Blinding 

Incomplete Outcome 

Data 

Selective 

Outcome 

Reporting 

Other 

Threats to 

Validity 

(not blinded; part of primary 

endpoint is biopsy-confirmed 

acute rejection - medical team was 

not blinded and pathologist not 

blinded) 

(all patients included in 

analysis of primary 

endpoint) 

Kahan 1999
12

 Unclear Unclear No 

(medical team not blinded; 

primary endpoint is biopsy and 

pathologist not blinded) 

Unclear 

(unbalanced treatment 

discontinuation 

between groups due to 

lack of efficacy, did not 

state number of missing 

values for primary 

outcome) 

Yes Yes 

 

MacDonald 2001
15

 Yes Unclear Yes Yes Yes Yes 

 

 

Kahan 2000
13

 Yes Yes Yes Yes Yes Yes 

 

 

Groth 1999
10

 Yes Yes No 

 (not blinded; part of primary 

endpoint is biopsy-confirmed 

acute rejection - medical team was 

not blinded and pathologist not 

blinded) 

 

 

Yes Yes Yes 

Kreis 2000
14

 Unclear Unclear No 

(not blinded;  primary endpoint is 

biopsy-confirmed acute rejection 

and it is unclear what criteria were 

used to decide to go to biopsy - 

medical team was not blinded and 

pathologist not blinded) 

Yes Yes Yes 
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Study 
Sequence 

Generation 

Allocation 

Concealment 
Blinding 

Incomplete Outcome 

Data 

Selective 

Outcome 

Reporting 

Other 

Threats to 

Validity 

 

Vitko 2006
20

 Unclear Unclear No 

(not blinded;  primary endpoint is 

biopsy-confirmed acute rejection 

and it does not state what criteria 

were used to decide to go to 

biopsy - no mention of pathologist 

being blinded) 

 

Yes Yes Yes 

Flechner 2013
6
 Yes Unclear Yes 

(not blinded but objective 

outcome measure - GFR) 

No 

(discontinuations were 

unbalanced between 

groups) 

No 

(planned 

primary 

outcome 

not 

reported 

because 

study was 

stopped 

early) 

Yes 
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 Table C: Causes of cancer in sirolimus and control group patients* 

 

 Control Sirolimus 

 (n=2600) (n=3276) 

Squamous cell carcinoma 51 (2.0%) 41 (1.3%) 

Basal cell carcinoma  36 (1.4%) 26 (0.79%) 

Other carcinoma  27 (1.0%) 36 (1.1%) 

Leukemia/Lymphoma 5 (0.19%) 21 (0.64%) 

Melanoma 3 (0.12%) 7 (0.21%) 

 
*
Patients may have reported more than one cancer type. 

*
The distribution of the causes of cancer were significantly different between the two treatment groups (P=0.004). 
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 Table D: Cause of death in sirolimus and control group patients* 

 Control Sirolimus All  

 (n=2600) (n=3276) (N=5876) 

unknown 43 (1.7%) 43 (1.3%) 86 (1.5%) 

cardiovascular 14 (0.54%) 42 (1.3%) 56 (0.95%) 

infection 4 (0.15%) 19 (0.58%) 23 (0.39%) 

cancer 5 (0.19%) 7 (0.21%) 12 (0.2%) 

respiratory 2 (0.08%) 5 (0.15%) 7 (0.12%) 

gastrointestinal  0 (0%) 4 (0.12%) 4 (0.07%) 

sudden death 0 (0%) 3 (0.09%) 3 (0.05%) 

other 1 (0.04%) 10 (0.31%) 11 (0.19%) 

TOTAL 69 (2.7%) 133 (4.1%) 202 (3.4%) 

 

*The distribution of the causes of death were significantly different between the two treatment groups (P=0.002). 
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 Table E: Design features of the 35 randomized trials with aggregate data only  

Publication (1st author 

& year) 

sample size  Sirolimus arm(s) Comparators Other 

Immunosuppression in 

all arms 

Induction in all arms Timing of sirolimus-

based therapy (de novo 

versus conversion to 

sirolimus) 

Study Duration  Population (donor type, 

history of cancer) 

Anil Kumar 200522 150 SRL was initiated on day 

4 at 2mg per day without a 

loading dose. The dose 

was adjusted to maintain 

trough blood levels of 6 to 

10 ng per ml. 

MMF was initiated on day 

1 at 2 g per day. The dose 

was adjusted according to 

patients’ tolerance. 

 

TAC was initiated on day 

1 at 0.02 mg per kilogram 

body weight per day and 

gradually increased to 

maintain trough blood 

levels of 12 to 18 ng per 

ml by day 7. 

Induction included two 

doses of Basiliximab 20 

mg intravenous 

on days 0 and 4 and two 

doses of 

methylprednisolone 

250 mg on day 0 and 125 

mg on day 1. 

De novo in all arms 24 months Both living and deceased 

donors were included. No 

previous history of cancer 

reported. 

Anil Kumar 200823 200 SRL was initiated on day 

4 at 2 mg/day: the dose 

was then adjusted to 

maintain trough blood 

levels of 5 to 10 ng/ml. 

In the CSA/SRL and 

TAC/SRL groups, the 

daily doses of CSA and 

TAC were adjusted to 

maintain C2 blood levels 

of CSA of between 500 

and 800 ng/ml and trough 

levels of TAC of between 

5 and 9 ng/ml of blood. 

We did not use a loading 

dose of SRL and initiation 

of SRL was delayed. 

TAC or CSA was initiated 

on day 1. TAC was 

initiated at 0.02 mg/kg per 

day and the dose was 

increased to achieve 

trough levels of 15-18 

ng/ml by day 4; levels 

were maintained for 1 

month. Starting with the 

2nd month, the TAC blood 

levels were gradually 

reduced to10 ng/ml by the 

end of 1 year. CSA was 

initiated at 3 mg/kg body 

weight per day and the 

dose was rapidly increased 

to maintain C2 blood 

levels (cyclosporine blood 

levels 2 h after the dose) 

of 1000-1200 ng/ml at 1 

month and then gradually 

tapered to maintain 700 

ng/ml at 1 year. MMF was 

initiated on day 1 at 2 

g/day in divided doses, 

and trough blood levels of 

Mycophenolic acid were 

maintained between 1 and 

3 µ/ml.  

2 doses of 

methylprednisolone, 250 

mg on day 0 and 125 mg 

on day 1. Steroid therapy 

was discontinued 

completely after the 

second dose of 

methylprednisolone 

All recipients were given 

induction therapy with 2 

doses of 20 mg 

Basiliximab on days 0 and 

4. 

Conversion therapy if 

necessary, however 

patients were included in 

their baseline randomized 

group for analysis.  

60 months Deceased and living donor 

kidneys. No information 

on previous malignancy 

reported. 

Baboolal 200924 190 Single dose of 12 mg of 

sirolimus followed by 4 

mg a day, subsequent 

doses adjusted to target 

trough level 8-16 ng/ml. 

 

Not reported 

 

 

Not reported Not reported  Conversion from CNI 

standard regimen (either 

CsA or TAC) 

12 months Not reported  
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Buchler 200725 145 Patients began sirolimus 

within 48 h after 

transplantation, with a 

loading dose of 15 mg for 

2 days followed by 10 

mg/day, then adapted to 

maintain trough whole-

blood concentrations 

between 10 and 15 ng/ml.  

Patients began CsA within 

48 h after transplantation 

at 6-8 mg/kg/day. During 

the following 3 months 

trough whole-blood 

concentration (C0) were 

targeted between 150 and 

250 ng/ml (monoclonal 

TDX or equivalent), 

reducing to between 75 

and 150 ng/ml from the 4th 

month onwards.  

All patients received a 5-

day course of  MMF 2 

g/day from 

day 0 and subsequently 

adapted according to 

clinical events and 

corticosteroids 

(500 mg of 

methylprednisolone IV on 

day 0 then prednisolone 1 

mg/kg/day between day 1 

and day 7, 0.5 mg/kg/day 

between day 8 and day 14, 

followed by a progressive 

decrease and complete 

discontinuation at the end 

of the 5th month).  

 

All patients received a 5-

day course of 

antithymocyte globulin 

(1.5 mg/kg/day). 

 

De novo in all arms 12 months All kidneys were from 

deceased donors. No 

previous history of cancer 

reported.  

Durrbach 200826 69 Patients received two 

loading doses of SRL for 

a total of 30 mg within 48 

hr of transplantation, 

followed by a dose of 10 

mg per day adjusted to 

maintain the 24-hr whole 

blood trough (C0) level 

between 10 and 20 ng/ml. 

Patients randomized to 

CsA received 6 mg/kg per 

day from day 6, adjusted 

to maintain whole-blood 

C0 or C2 level (range 

150–300 to 800–1,200 

ng/ml at month 3 and 75–

200 to 600–1,000 ng/ml at 

month 6). 

Patients also received 

mycophenolate mofetil 2 g 

per day from day 0 

adjusted to maintain 

mycophenolic acid plasma 

C0 between 1.0 and 3.5 

g/ml or according to 

clinical tolerance. 

All patients were given 

intravenous antithymocyte 

globulin 1.00 to 

1.25 mg/kg per day from 

day 0 to day 7. 

De novo in all arms 6 months First or second ECD 

kidney allograft recipients. 

Deceased donor (except 

after cardiac death). No 

previous history of cancer 

reported. 

Euvrard 201227 120 Calcineurin inhibitors 

were discontinued and 

sirolimus was added to the 

usual immunosuppressive 

agents, according to the 

routine practice of each 

center (target trough level 

of sirolimus, 6-12 ng per 

ml).  

Target cyclosporine and 

tacrolimus blood trough 

levels, 75 to 125 ng per ml 

and 4 to 7 ng per ml 

respectively. 

The limits on baseline 

immunosuppressant doses 

were as follows: 

glucocorticoids, 10 mg or 

less per day; azathioprine, 

1 mg or less per kilogram 

of body weight per day; 

mycophenolate mofetil, 

1.5 g or less per day. 

No induction Patients converted from 

calcineurin inhibitors to 

receive sirolimus. 

24 months No information of donors 

reported. 7 patients had a 

history of non-cutaneous 

cancer. 

Ferguson 201128 89 SRL was initiated at 5 

mg/day orally on day 1 

and adjusted to keep pre-

dose 

(C0) levels at 7–12 ng/ml 

from day 3 through month 

6 and 5–10 ng/ml 

thereafter. Belatacept was 

administered 10 mg/kg IV 

on days 1 and 5, then once 

every 2 weeks through 

month 3, every 4 weeks 

through month 6 and 5 

mg/kg every 4 weeks from 

month 7 onward. 

Belatacept was 

administered in the 1st 

control arm, same way as 

the SRL arm. MMF was 

given in both control arms 

at 1 g twice daily, which 

could be reduced and/or 

split into 4 divided doses. 

TAC was initiated in the 

2nd control arm when 

serum creatinine had 

improved to ≤4 mg/dL 

TAC was given orally as 

0.1 mg/kg/day in two 

divided doses and adjusted 

to keep pre-dose levels at 

8–12 ng/ml through day 

30 and 5–10 ng/ml 

thereafter. 

All patients received 500, 

250, 125 and 60 mg IV 

methylprednisolone on 

days 1, 2, 3 and 4, 

respectively.  

Thymoglobulin was given 

to all arms 

De novo in all arms 12 months Primary, first time renal 

allograft from living or 

deceased donor. No 

history of malignancy in 

previous 5 years (except 

non-melanoma skin cancer 

cured by resection)  
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Flechner 200729 61 5-year mean doses for 

sirolimus 2.5±0.14 mg, 

MMF 1.27±0.073 g 

(divided dosing), and 

prednisone 6.4 mg daily.  

 

For group II, mean doses 

were CsA 186.7±10.6 mg 

(divided dosing), MMF 

1.68 (divided dosing), and 

prednisone 7.1 mg daily.  

All groups received MMF 

and prednisone.  

Basiliximab was given to 

all patients.  

De novo in all arms 60 months Both living and deceased 

donors were included. No 

previous history of cancer 

reported.  

Franz 201030 127 Patients in the SRL arm 

received 30 mg of the drug 

once daily on days 0, 1, 

and 2, which then was 

decreased to 16 mg until 

serum levels were 

received. Target serum 

levels were 10-20 ng/ml 

during months 1-3 and 8-

15 ng/ml during months 4-

6. 

In the CsA arm, patients 

received 300 mg twice 

daily until serum levels 

were received, and then 

dosage was titrated to 

serum levels of 250-350 

ng/ml during the first 3 

months and 200-250 

ng/ml thereafter. 

Patients in both arms 

received mycophenolate 

mofetil, 1,000 mg, twice 

daily (2 x 750 mg if body 

weight  <50 kg, 2 x 1,500 

mg if body weight > 100 

kg) starting on the 

transplant date; and 

methylprednisolone, 

1,000, 500, and 250 mg, 

intravenously on days 0, 1, 

and 2, respectively; 

followed by oral 

prednisone, 0.5 mg/kg of 

body weight. 

Prednisone dose was 

tapered every other week 

in 5 mg steps to 15 mg, 

then in 2.5 mg decrements 

to 7.5 mg. Mycophenolate 

mofetil was monitored to 

keep trough levels >2 

mg/ml. 

 

No induction De novo in all arms 6 months Primary kidney transplant 

or retransplant. Living or 

deceased donor.   

Guerra 201131 150 The first SRL arm 

received TAC given at a 

dose of 0.1 mg/kg twice 

daily, with an initial target 

trough level (during the 

first 2 mo post transplant) 

of 10 ng/ml, then lowered 

to 6–10 ng/ml between 3 

to 6 mo post-transplant 

and 4–8 ng/ml thereafter. 

The second sirolimus arm 

received CSA given at 5 

mg/kg twice daily with an 

initial target trough level 

of 200–250 ng/ml, and 

then lowered to 100–200 

ng/ml thereafter. In both 

SRL arms, a loading dose 

of 4mg of SRL was given 

on the evening after 

surgery, and then daily, 

with a target trough level 

6–10 ng/ml. 

 

Planned MMF dosing was 

1 g twice daily, 

maintained as tolerated 

and TAC was instituted at 

a dose of 0.1 mg/kg twice 

daily, with an initial target 

trough level (during the 

first 2 mo post-transplant) 

of 10 ng/ml, then lowered 

to 6–10 ng/ml between 3 

to 6 mo post-transplant 

and 4–8 ng/ml thereafter. 

All patients received 

maintenance 

corticosteroids. 

Daclizumab De novo in all arms 96 months Deceased donor or non-

HLA identical living 

donors were included. No 

previous history of cancer 

reported.  



  15 

Heilman 201232 122 The protocol for sirolimus 

conversion included a 

loading dose for 3 days, 

the MMF dose was 

decreased by 50%, the 

tacrolimus dose was 

decreased by 50%, and 

sirolimus was dosed at 10 

mg in single daily dose. 

Once the sirolimus level 

was more than 8 ng/ml, 

the tacrolimus was 

stopped. 

Tacrolimus was started 

when the serum creatinine 

dropped by at least 30% or 

by postoperative day 

(POD) 4. Trough 

tacrolimus levels were 10 

to 12 ng/ml for the first 30 

days, 8 to 10 ng/ml 

between days 30 to 90 

ng/ml, and 5 to 8 ng/ml 

after 90 days. 

MMF was started at 2000 

mg/day, in divided doses, 

and adjusted according to 

the individual patient’s 

tolerance. The protocol for 

rapid corticosteroid 

withdrawal was 

methylprednisolone 500 

mg intravenously 

intraoperatively, MP 250 

mg IV POD 1, MP 125 

mg IV on POD 2, 

prednisone 60 mg orally 

on POD 3 and prednisone 

30 mg orally on POD 4, 

and no corticosteroids 

thereafter. 

All patients received 

induction with rabbit 

antithymocyte globulin for 

a total dose of 6 mg/kg 

starting with 1.5 mg/kg on 

the day of transplant and 

usually given in four 

divided doses. 

At 1 month post-

transplant, patients were 

converted from tacrolimus 

to sirolimus.  

24 months Both living and deceased 

donors were included. No 

previous history of cancer 

was reported.  

Hendrikx 200933 46 

 

Target trough level at 6 

months was 8–12 ng/ml 

for rapamycin 

Target trough level at 6 

months was 5–10 ng/ml 

for tacrolimus and >2 l 

g/ml for MMF.  

In all arms of treatment, 

patients also received 

prednisone for the first 

month where after 

prednisone was fully 

withdrawn. 

 

No induction All arms initially on TAC 

and MMF. Conversion to 

TAC, MMF and SRL 

monotherapy occurred 

throughout 3 months after 

randomization. 

  

6 months Kidney transplantation 

patients with living or 

deceased donor. No 

previous history of cancer 

reported.  

Kandaswamy 200534 239 Arm 2 (high TAC, low 

SRL) received 1 mg 

preoperatively and 2 mg 

qd of SRL and was 

adjusted to achieve levels 

of 3-7 µg/L. TAC was also 

given at 0.03 mg/bid and 

adjusted to achieve levels 

of 8-12  µg/L. In arm 3 

(low TAC, high SRL) 

patients received 1 mg 

preoperatively and 5 mg 

qd of SRL and was 

adjusted to achieve levels 

of 8-12 µg/L. TAC was 

also given at 0.015 mg/kg 

bid and was adjusted to 

achieve levels of 3-7 µg/L.  

 

Arm 1 patients received 1 

g of MMF in operating 

room and 1 g bid. CsA 

was also administered at 4 

mg/kg bid and was 

adjusted to achieve levels 

of 150-200  µg/L.  

All recipients received 

prednisone: 500 mg of 

methylprednisolone in the 

operating room, 1 mg/kg 

on postoperative day 1, 

and 0.5 mg/kg on 

postoperative day 2 and 3, 

and 0.25 mg/kg on 

postoperative day 4 and 5.  

All patients received 

thymoglobulin (1.25-1.5 

mg/kg) for 5 doses; the 1st 

dose was given in the 

operating room. 

De novo in all arms 24 months Deceased, HLA-identical, 

and living unrelated 

donors were included. No 

previous history of cancer 

reported.  
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Kim 200635 59 Sirolimus was 

administered at a daily 

dose of 30 mg for 3 days 

(including preoperative 

administration on day 1), 

followed by 16 mg/day for 

the next 2 days, and then 

at an adjusted dose 

according to trough blood 

concentration. 

Target trough 

concentration was 10–20 

ng/ml for 

3 months post-transplant 

and then 8–15 ng/ml. 

The initial dose of CsA 

was 300 mg twice daily 

for 3 days (including one 

preoperative 

administration on day 1) 

and then adjusted 

according to blood trough 

concentration. Target 

trough concentration was 

250–350 ng/ml for 3 

months and then 150–250 

ng/ml. 

The initial dose of MMF 

was 1000 mg twice daily, 

the target trough 

concentration above 2 

g/ml, and the dose was 

modified according to 

trough level. All patients 

received 

methylprednisolone for 3 

days, and prednisone was 

started at a dose of 0.5 

mg/kg once daily from 

day 3 post-transplant. 

Prednisone was tapered to 

5 mg/day, and continued 

till 6 months. 

 

6 patients in SRL and 10 

patients in CsA received 

ATG 

De novo in all arms 6 months 

 

Both cadaveric donors and 

living donors were 

included. No previous 

history of cancer reported.  

Larson 200636 165 Sirolimus (SRL) was 

started on post-operative 

day 4. SRL was initially 

dosed at 10 mg daily for 2 

days and 5 mg daily 

thereafter. The target 24-

hour trough levels for 

sirolimus were 15–20 

ng/ml in the first 4 months 

and 10–15 ng/ml 

thereafter. 

 

TAC was started on post-

operative day 4.  TAC was 

initially dosed at 3 mg 

twice daily.  The target 

12-hour trough levels for 

TAC was 10–12 ng/ml in 

the first month, 8–10 

ng/ml in months 1–4 and 

6–8 ng/ml thereafter. 

All patients received 

mycophenolate mofetil at 

a dose of 750 mg orally 

twice daily.  Patients 

received 500 mg of 

methylprednisolone 

intraoperatively and 

tapered to a dose of 20 mg 

of prednisone daily at 1 

month. Prednisone doses 

were further tapered to 5 

mg daily at 3 months. 

 

All patients received 

Thymoglobulin induction 

(1.5 mg/kg/day) on days 0, 

1, 2, 4 and 6 

De novo in all arms 33 months Kidney transplant 

recipients, living or 

deceased donors.  

Lebranchu 200937 192 The SRL dose consisted of 

a loading dose of 10 

mg/day for 2 consecutive 

days, followed by 6 mg 

daily adjusted to maintain 

C0 blood levels between 8 

ng/ml and 15 ng/ml from 

week 12 to week 39, then 

between 5 ng/ml and 10 

ng/ml after week 39. 

Cyclosporine adjusted 

to maintain blood levels 2 

h after intake (C2) in the 

range 1000–1500 ng/ml 

until the end of month 1 

and 800–1200 ng/ml until 

the end of month 3. 

All patients received 2g 

MMF daily, adjusted 

according to clinical 

events. All patients 

received steroids at an 

initial dose of 500 mg at 

day 0, then 0.5 mg/kg/day 

between days 1 and 7, 

0.25 mg/kg/day between 

days 8 and 14, followed 

by a progressive decrease 

to 10 mg/day until month 

8. Oral steroids were 

planned to be completely 

discontinued at month 8. 

 

Daclizumab delivered at 2 

mg/kg on day 0 and 1 

mg/kg on day 14. 

Randomization at week 12 

to either SRL conversion 

or CsA maintenance.  

12 months First renal allograft 

recipients with no recent 

history of malignancy. 

Only deceased donors 

were included (donation 

after cardiac death were 

excluded) 
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Martinez-Meir 200638 41 A loading dose of 10 mg 

orally within 48 hours 

after surgery and then 3 

mg/m2 body surface area. 

Doses were adjusted to 

achieve 24 hour blood 

trough levels between 10 

and 15 ng/ml for 6 months 

and 5-10 ng/ml thereafter.  

 

CsA was given at 4–8 

mg/kg/day in divided 

doses when creatinine 

level was 3 mg/dL 

approximately, dosage 

adjusted to 12-hr blood 

trough levels between 

150–300 ng/ml for six 

months and 100–200 

ng/ml thereafter. 

 

MMF was given at 1 g 

two times per day the 

morning before surgery. 

Intravenous 

methylprednisolone was 

also given at 1 g 

intraoperatively and 

tapered to oral prednisone 

20 mg/day by day six and 

5 mg/day at six months 

follow-up. 

 

Patients were given 

Basiliximab 20 mg 

intravenously at surgery 

and day four if HLA 

match was less than three.  

De novo in all arms Mean follow up of 15.8 

months 

First-degree living related 

kidney allograft recipients. 

No previous history of 

cancer reported. 

Mendez 200539 361 Patients receiving 

SRLwere administered an 

initial oral loading dose of 

6 mg up to 48 hr following 

transplantation. Following 

the loading dose, SRL was 

administered at a starting 

dose of 2 mg given orally, 

once a day. Both TAC and 

SRL were administered 

simultaneously. Dosing 

was adjusted to achieve 

levels of 4–12 ng/ml. 

Those randomized to 

treatment with MMF, 

received 2 g/day orally in 

two divided doses.  

Patients received 

perioperative 

corticosteroid therapy 

(methylprednisolone 500 

mg or 7–10 mg/kg/IV). 

Oral prednisone dosing 

started at 200 mg/day (or 

3 mg/kg/day) with a target 

of 10 mg/day by 6 months 

following transplantation. 

Oral TAC was 

administered at a starting 

dose of 0.15– 0.20 

mg/kg/day in two divided 

doses. TAC was dosed to 

maintain levels in the 

range of 8–16 ng/ml for 3 

months post-transplant 

followed by 5–15 ng/ml 

thereafter. 

 

Only patients who 

developed DGF were 

eligible to receive 

antibody induction therapy 

per institutional protocol. 

De novo in all arms 12 months Deceased or  non-HLA 

identical living donors 

were included. 

Morelon 201040 19 Sirolimus was 

administered at a dose of 

15 mg/day on days 0, 1.10 

mg/day on day 2, and then 

5 mg/day on day 3. Doses 

were adjusted 

subsequently to target a 

trough level of 10-15 

ng/ml. 

CsA was initiated on day 

0 at a dose of 5 mg/kg p.o. 

adjusted to target a trough 

level of 125-225 ng/ml. 

Methylprednisolone was 

administered at a dose of 

500 mg 0.5-4.0 h before 

the first infusion of 

Thymoglobulin. Oral 

prednisone 1 mg/kg/day 

was given on days 1-10 

and tapered to 0.3 

mg/kg/day during days 

11-30, 10 mg/day during 

days 31-60, and 5 mg/day 

thereafter. MMF 2 g/day 

was initiated on day 0. 

 

All patients received 

Thymoglobulin induction 

De novo in all arms  12 months Primary kidney transplant 

from deceased donor only. 

No previous history of 

malignancy except from 

successfully treated basal 

or squamous cell 

carcinoma.  
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Nafar 201241 100 Cyclosporine was changed 

to MMF from the 4th 

month on. Sirolimus was 

administered 6 mg/d as a 

loading dose and 

continuing with dosages to 

reach the trough levels of 

8 to 15 ng/ml.  

 

The control group 

received cyclosporine, 

MMF, and steroids. 

Trough levels were 

maintained at 150 ng/ml to 

250 ng/ml for 

cyclosporine; 1 g/d to 2 

g/d for MMF; and 5 mg/d 

for corticosteroids. 

 

Cyclosporine and steroids Exclusion criteria: planned 

antibody induction therapy 

at the time of 

transplantation.  

De novo in all arms 48 months Exclusion: history of 

malignancy 5 years before 

enrollment into the study.  

Pescovitz 200742 45 Sirolimus was given once 

daily as an oral solution at 

15 mg/day on days 1–3 

following transplantation 

and was reduced to 10 

mg/day (as tablets) 

beginning on day 4 post-

transplant. Sirolimus 

dosing was adjusted to 

maintain sirolimus trough 

concentrations of 10–25 

ng/ml until 2 months post-

transplant and 8–15 ng/ml 

thereafter. 

 

Neoral® or bioequivalent 

CsA was administered 

according to centre 

practice. 

Enrolled patients received 

MMF; 1 g twice daily 

orally was started within 

24 h pre- or post- 

transplant. Intraoperative 

and maintenance 

corticosteroids were 

administered to all 

patients for the duration of 

the study according to 

centre practice.  

Daclizumab 1 mg/kg was 

administered 

intravenously 24 h before 

transplant, followed by 

four additional doses of 1 

mg/kg every 2 weeks.  

De novo in all arms 6 months Deceased, living related, 

and living unrelated 

donors were included in 

the study. No previous 

history of cancer reported.  

Pussell 200643 830 Not reported  

 

Not reported  

 

Not reported  

 

Not reported  

 

Recipients underwent 

conversion to SRL-based, 

CNI-free regimen.  

 

18 months Not reported   

Refaie 201144 21 Sirolimus was given in a 

dosage of 5 mg/d aiming 

for a level of 10 to 15 

ng/ml. 

Tacrolimus was given in a 

dose of 0.1 mg/kg aiming 

for a trough level of 4 to 8 

ng/ml. 

Both groups received a 

short course of steroids for 

5 days post-transplant. 

Azathioprine (1 mg/kg) 

was added when the white 

blood cells > 4000 

cells/cm3 which was 

replaced by 

mycophenolate mofetil 

500 mg twice daily owing 

to high liver enzymes or 

the onset of acute 

rejection. 

 

A single dose of 

alemtuzumab was diluted 

in 100 mL of normal 

saline or glucose and 

given by IV infusion over 

2 hours before transplant.  

De novo in all arms 48 months Live donors were 

included. No previous 

history of cancer reported.  

 

Ruggenenti 200745 21 Sirolimus was started on 

day 1 at the oral dose of 4 

mg/day in a single 

administration. The dose 

was then titrated to blood 

trough levels of 5–10 

ng/ml. 

CsA was infused 

intravenously on day 1 at 

the dose of 1 to 2 

mg/kg/day and then 

imbricated with oral CsA 

at the dose of 2 mg/kg 

twice daily titrated to 

trough blood 

concentrations of 120 to 

220 ng/ml in the first 

month post-transplant, and 

of 70 to 120 ng/ml 

thereafter. 

At surgery, all patients 

were given 

methylprednisolone 

(500 mg intravenously). 

Methylprednisolone was 

also infused on days 1 

(250 mg) and 2 (125 mg) 

after transplantation. From 

postoperative day 1, MMF 

was introduced at the oral 

dose of 500 mg twice 

daily 

 

At surgery, all patients 

were given a single 

infusion of alemtuzumab 

(30 mg).  

De novo 30 months Living and deceased 

donors were included.  No 

previous history of cancer 

reported.  
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Saudek 201146 159 Sirolimus maintenance 

target levels were 5-10 

ng/ml 

Patients received MMF at 

a daily dose of 2 g. 

 

Both groups received 

tacrolimus with 

maintenance target levels 

at 5-10 ng/ml 

ATG De novo in all arms 36 months Not reported 

Saunders 200347 

 

31 The rapamycin group had 

a 40% cyclosporine dose 

reduction with the 

introduction of rapamycin. 

This was dispensed as a 

single loading dose of 6 

mg, followed by a daily 

maintenance dose of 2 mg 

adjusted to maintain 

trough levels of 5 to 15 

ng/ml. Rapamycin oral 

suspension was diluted 

with water or orange juice 

and taken 4 hr after the 

first daily dose of Neoral.   

The control group 

received a 40% reduction 

in cyclosporine dose, 

adjusted to maintain 

trough levels at 50 to 75 

ng/ml.  

Before randomization, 

patients were receiving 1.8 

to 6.5 mg/kg/day of 

cyclosporine (Neoral, 

Novartis Pharmaceuticals, 

East Hanover, NJ) in two 

equally divided doses, 10 

mg of prednisolone on 

alternate days and 1 to 2 

mg/kg/day of azathioprine 

(n=19). Neoral was taken 

twice daily with doses 

administered 12 hr apart in 

both groups. Prednisolone 

was continued in at the 

pre-trial dose and 

azathioprine was stopped 

in all patients.  

 

No induction.  Before randomization, 

patients were receiving 

cyclosporine, prednisone, 

and azathioprine. 

Cyclosporine was reduced 

when rapamycin was 

introduced.  

6 months Deceased, non-heart 

beating, and living donors 

were included. No 

previous history of cancer 

reported.  

Smith 200848 

 

51 ECSEL1 patients were 

switched to SRL at 2 

months. TAC was stopped 

and the next day an 8-mg 

SRL loading dose was 

given, followed by 4 mg 

daily. The target level for 

SRL was 8–12 ng/ml (5–

10 ng/ml after 6 months). 

ECSEL2 patients started 

SRL at 4 months with the 

same initial dosing (target 

5–10 ng/ml). Once the 

SRL target level was 

obtained, TAC was 

tapered off gradually over 

6 weeks. 

 

The control group 

continued on 

TAC/MMF (target 5–10 

ng/ml after 3 months). 

All patients received TAC 

at a total daily dose of 0.1 

mg/kg/day PO (target 10–

15 ng/ml) and MMF 1 g 

twice daily PO. 

Induction was with 

Basiliximab 20 mg IV 

(days 0, 4) and 

methylprednisolone 1 g IV 

intraoperatively. 

ECSEL1 group were 

converted to SRL at 2 

months. ECSEL2 group 

were converted at 4 

months 

23 months Living or deceased donor. 

No previous history of 

cancer reported. 
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Stallone 200349 40 After 3 months, patients 

were randomly assigned to 

withdraw CsA, and 

continue on CS and SRL, 

trough, 10-15 ng/ml.  (500 

mg of methylprednisolone 

intraoperatively, then 200 

mg of prednisone daily, 

tapered to 25 mg by day 8 

and to 5 mg by month 6.  

SRL 2 mg/day with an 

initial loading dose of 15 

mg/day, in the first post-

transplant day).  

After 3 months, patients 

were randomly assigned to 

continue the same 

treatment (CsA (at the 

initial dose of 8 

mg/kg/day, with dosage 

adjusted to maintain 

whole-blood trough levels 

of 150–250 ng/ml), and 

SRL 2 mg/day (with an 

initial loading dose of 15 

mg/day, in the first post-

transplant day). 

All patients were initially 

treated with 

corticosteroids (500 mg of 

methylprednisolone 

intraoperatively, then 200 

mg of prednisone daily, 

tapered to 25 mg by day 8 

and to 5 mg by month 6), 

CsA (at the initial dose of 

8 mg/kg/day, with dosage 

adjusted to maintain 

whole-blood trough levels 

of 150–250 ng/ml), and 

SRL 2 mg/day (with an 

initial loading dose of 15 

mg/day, in the first post-

transplant day). 

 

No induction De novo in all arms 12 months Deceased donors were 

included. No previous 

history of cancer reported.  

 

Stallone 200450 90 Patients of group 1 were 

treated with SRL (15 mg 

as loading dose, then 5 

mg/d, with dosage 

adjusted to maintain 

whole-blood trough levels 

of 6 to 10 ng/ml) 

Patients were treated with 

CsA (4 to 7 mg/kg per d, 

resulting in whole-blood 

C2 levels between 600 and 

800 ng/ml). In patients 

who experienced DGF, 

CsA dose was reduced to 

3 to 5 mg/kg per d, with 

target C2 levels between 

400 and 600 ng/ml). 

Group 2 patients were 

treated with CsA (10 

mg/kg per d, target C2 

levels between 1200 and 

1400 ng/ml, reduced to 

800 to 1000 in case of 

DGF) and MMF (2 g/d), 

without  

SRL. 

All patients were given 

corticosteroids (500 mg of 

methylprednisolone 

intraoperatively, then 250 

mg of prednisone daily 

tapered to 25 mg by day 8 

and to 5 mg by month 2).  

All patients received 

Basiliximab in two 

divided doses of 20 mg 

each on day 0 and day 4 

after transplantation. In 

both groups, 

immunosuppressive drugs 

were administered orally 

starting from 36 to 48 h 

after engraftment. 

De novo in all arms 12 months 

 

Deceased donors were 

included. No previous 

history of cancer reported. 

Stallone 200551 84 CNI and MMF were 

withdrawn and rapamycin 

was introduced with an 

initial loading dose of 0.10 

mg/kg for the first day, 

then 0.04 to 0.06 mg/kg 

per day, with dosage 

adjusted to maintain 

trough levels at 6 to 10 

ng/ml; in all patients, the 

dose of MMF and 

prednisone remained the 

same after randomization. 

 

40 patients received a dose 

reduction of CsA, adjusted 

to maintain C2 levels of 

400 to 500 ng/ml, and 10 

received a dose reduction 

of tacrolimus adjusted to 

maintain trough levels at 4 

to 6 ng/ml. After 

randomization, the actual 

dose of CsA was 1.5 to 2.5 

mg/kg per d, and the dose 

of tacrolimus was 0.05 to 

0.14 mg/kg per d. 

Before randomization, all 

patients received 1000 

mg/d of MMF and 5 mg/d 

of prednisone. In all 

patients, the dose of MMF 

and prednisone remained 

the same after 

randomization. 

 

No induction 60 patients were on CsA 

and 24 patients were on 

tacrolimus before 

randomization. After 

randomization, CNI and 

MMF were withdrawn and 

rapamycin was 

introduced.  

 

24 months No information on donors 

reported 
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Stegall 200352 85 Patients were randomized 

at the time of transplant to 

receive sirolimus (target 

level 12 to 18 ng/ml in the 

first month).  

Patients were randomized 

at the time of transplant to 

receive tacrolimus (target 

level 12 to 15 ng/ml in the 

first month).  

All patients received 

mycophenolate mofetil 

(750 mg BID) and 

prednisone tapered to 10 

mg/d by 3 months.  

 

Thymoglobulin induction 

in all patients (1.5 

mg/kg/d on days 0,1,2,4, 

and 6).  

De novo in all arms 4 months Deceased and living 

donors were included.  

Tedesco 201253 205 SRL TAC, mycophenolate 

sodium, and prednisone 

Not reported  

 

Not reported At 3 months patients were 

converted to SRL from 

TAC.  

12 months Both living and deceased 

donors were included. No 

previous history of cancer 

was reported. 

VanGurp 201054 634 A loading dose of 

sirolimus 6.0 mg was 

administered 

with the postoperative 

dose of tacrolimus and 

was followed by 

maintenance doses of 2.0 

mg for 28 days and 1.0mg 

thereafter. 

A loading dose of MMF 

1.0 g was administered 

pre-transplant followed by 

a daily dose of 2.0 g for 

the first 14 days and 1.0 g 

daily thereafter. 

TAC was given in both 

groups at an initial daily 

dose of 0.2mg/kg (one 

dose preoperatively and 

one dose postoperatively). 

Recommended trough 

levels for TAC in both 

groups on days 0 to 14 

were 10–15 ng/ml. Trough 

levels were set at 4–8 

ng/ml on days15 to 42 and 

4–6 ng/ml on days 43 to 

183. Treatment with 

corticosteroids was given 

in both regimens using a 

100–500 mg bolus dose 

given perioperatively and 

a 125 mg bolus on day 1. 

Steroids were then tapered 

from 20mg on day 2 to 

5mg by day 90 and 

stopped on day 91. 

13 patients in SRL and 5 

patients in MMF received 

antibody induction.  

De novo in all arms 6 months Both living and deceased 

donors were included. A 

total of 5 patients had 

reported history of 

malignancy.  

Van Hooff 200355 104 The first SRL dose was 

administered together with 

the second dose of TAC 

within 12 hours after 

reperfusion. SRL loading 

doses were three times the 

maintenance doses (i.e., 

1.5 mg, 3 mg, or 6 mg). 

Subsequent daily 

maintenance doses were 

0.5 mg, 1 mg, or 2 mg and 

were not to be altered. The 

appropriate dose was 

given orally once a day 

together with the morning 

dose of TAC. 

The control group 

received both tacrolimus 

and steroids.  

TAC was started at 0.2 

mg/kg within 12 hours 

before graft reperfusion. 

Subsequent doses were 

adjusted to maintain 

whole-blood trough 

concentrations of 10 to 20 

ng/ml for days 0 to 14, 10 

to 15 ng/ml for days 15 to 

42, and 5 to 15 ng/ml 

thereafter. Steroid doses 

were 500 mg on day 0 and 

125 mg on day 1. 

Subsequent daily doses 

were tapered from 20 mg 

(up to day 14), 15 mg (up 

to day 28), and 10 mg (up 

to day 42) to 5 mg until 

study end. 

No induction.  De novo in all arms 6 months Living and deceased 

donors were permitted. No 

previous history of cancer 

reported.   
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Weir 201156 305 Patients in the CNI arms 

were completely 

withdrawn from CNIs 

within 72 h of 

randomization, followed 

by a 2–10 mg loading dose 

of SRL at least 2 mg once 

daily adjusted to maintain 

whole-blood trough levels 

of 5–10  ng/ml.  

 

In the CNI maintenance 

group, the CNI was dosed 

according to each center’s 

protocol. 

 

All patients continued to 

receive 1–1.5 g of MMF 

twice daily, and 

corticosteroids were 

administered according to 

center practice 

consistently across all 

study arms. 

105 patients received 

ATG, 80 received 

Basiliximab, 32 received 

Daclizumab and 1 

received Muromonab-

CD3 

Randomized 30-180 days 

post transplant, conversion 

to SRL within 72h of 

randomization. 

24 months Primary renal allograft 

from a living or deceased 

donor within the 

preceding 30–180 days. 

No malignancy within 

previous 5 years (except 

successfully treated 

localized non-

melanomatous skin 

cancer) 
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