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Pemphigus and pemphigoid. Mycophenolate mofetil has
been used successfully in the treatment of pemphigus and pem-
phigoid (p.1582), both with prednisolone1-3 and alone.4 In a ran-
domised, non-blinded study,5 adjuvant mycophenolate mofetil
was found to be as effective as adjuvant azathioprine; corticos-
teroid-sparing effects were similar and there was a trend towards
fewer adverse effects with mycophenolate.
1. Enk AH, Knop J. Mycophenolate is effective in the treatment of

pemphigus vulgaris. Arch Dermatol 1999; 135: 54–6. 
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azathioprine or mycophenolate mofetil for the treatment of pem-
phigus. Arch Dermatol 2006; 142: 1447–54.

Polymyositis and dermatomyositis. Mycophenolate mofet-
il has been reported to be of benefit in refractory cases of poly-
myositis and dermatomyositis (p.1510), allowing for tapering of
corticosteroid doses.1-3 Despite benefit in 6 out of 10 patients in
another study,4 3 patients developed opportunistic infection,
which was fatal in 1 case. While acknowledging that other fac-
tors may have had a role in this, the authors advised caution in
the use of mycophenolate in dermatomyositis.
1. Gelber AC, et al. Mycophenolate mofetil in the treatment of se-

vere skin manifestations of dermatomyositis: a series of 4 cases.
J Rheumatol 2000; 27: 1542–5. 
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safe? Neurology 2006; 66: 1245–7.

Primary biliary cirrhosis. Despite initial reports1 of benefit
with mycophenolate mofetil in the treatment of primary biliary
cirrhosis (p.2408), a small study found no clinical benefit when
it was given to patients with incomplete responses to ursodeoxy-
cholic acid.2

1. Jones EA. Rationale for trials of long-term mycophenolate
mofetil therapy for primary biliary cirrhosis. Hepatology 2002;
35: 258–62. 

2. Talwalkar JA, et al. Mycophenolate mofetil for the treatment of
primary biliary cirrhosis in patients with an incomplete response
to ursodeoxycholic acid. J Clin Gastroenterol 2005; 39: 168–71.

Psoriasis. Mycophenolate mofetil has proved successful in
some cases of psoriasis (p.1583) refractory to conventional ther-
apies,1-3 and topical application (as a 2% cream) has been inves-
tigated.4

1. Grundmann-Kollmann M, et al. Treatment of chronic plaque-
stage psoriasis and psoriatic arthritis with mycophenolate mofet-
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Rheumatoid arthritis. Mycophenolate mofetil has been tried
in rheumatoid arthritis (p.11); reports suggest it may effectively
suppress synovial inflammation.1

1. McMurray RW, Harisdangkul V. Mycophenolate mofetil: selec-
tive T cell inhibition. Am J Med Sci 2002; 323: 194–6.

Sarcoidosis. Mycophenolate mofetil has been used as an ad-
junct in the successful treatment of patients with mucocutaneous
sarcoidosis (p.1512)1 and neurosarcoidosis.2 It was reported to
have a significant corticosteroid-sparing effect in an adolescent
with renal involvement,3 and was effective in a case of severe,
relapsing, corticosteroid-dependent gastrointestinal sarcoidosis.4
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sparing agent for sarcoidosis. Br J Dermatol 2003; 148: 147–8. 
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4. O’Connor AS, et al. Pancreatitis and duodenitis from sarcoido-
sis: successful therapy with mycophenolate mofetil. Dig Dis Sci
2003; 48: 2191–5.

Scleroderma. There are reports of response to mycophenolate
in patients with scleroderma (p.1817). 
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Systemic lupus erythematosus. Mycophenolate mofetil by
mouth plus prednisolone, given for 12 months, was found to be
as effective as oral cyclophosphamide plus prednisolone, for 6
months, followed by azathioprine plus prednisolone for 6
months,1 in the treatment of Chinese patients with diffuse prolif-
erative lupus nephritis (see Systemic Lupus Erythematosus,
p.1513). However, some2,3 have cautioned about generalising
these findings to other patients since mycophenolate was com-
pared with oral and not intravenous pulsed cyclophosphamide,
which is considered the standard of care in those with diffuse
proliferative disease. Patients with poorer prognoses were also
considered to have been excluded or underrepresented in the
study, and follow-up was short. However, in a 24-week unblind-
ed study4 oral mycophenolate mofetil was more effective in in-
ducing complete remission than intermittent intravenous cyclo-
phosphamide when used as induction therapy for active lupus
nephritis and appeared to be better tolerated. Also, there have
been reports of benefit with mycophenolate mofetil in patients
with various forms of refractory lupus nephritis, including prolif-
erative disease and membranous nephropathy,5-7 and some con-
sider it a good therapeutic alternative.8,9 A review10 concluded
that limited data support induction with cyclophosphamide fol-
lowed by maintenance with azathioprine or mycophenolate; in
selected patients induction with mycophenolate is a reasonable
alternative. Meta-analyses concluded that daily oral mycopheno-
late mofetil, in average or median doses of 1 to 2 g, was more
effective than pulsed intravenous or oral cyclophosphamide,11

and that mycophenolate reduced the risk of failure to induce re-
mission during induction therapy when compared with cyclo-
phosphamide.12 However, the role of racial and ethnic differenc-
es in lupus remain poorly understood, and enrolment of varying
ethnic populations in studies can significantly affect results of
therapy.13 Furthermore, it has been pointed out that subjects in
studies included in one meta-analysis had relatively preserved re-
nal function, and results cannot be generalised to patients with
moderate to severe renal impairment and rapidly progressive
glomerulonephritis.14 While acknowledging data of mycopheno-
late use in children are limited, another review15 concluded that
from data in adults, mycophenolate is an acceptable alternative
to intravenous cyclophosphamide in the induction phase for
newly diagnosed patients with mild to moderate nephritis and
intact renal function; it may also be suitable if there is concern
about a patient’s future fertility. However, the optimal dose and
length of induction treatment with mycophenolate are still
unknown. 

Mycophenolate mofetil has been used to control extra-renal
manifestations of SLE,16,17 although it was ineffective in a small
number of patients with severe refractory cutaneous disease.18

Oral mycophenolate sodium 1.44 g daily has been reported to be
effective in the treatment of patients with subacute cutaneous lu-
pus erythematosus resistant to standard therapy.19
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Vasculitic syndromes. Mycophenolate mofetil has been tried
in a number of the vasculitic syndromes, including Churg-
Strauss syndrome (p.1501), polyarteritis nodosa and microscopic
polyangiitis (p.1510), Takayasu’s arteritis (p.1514), and Wegen-
er’s granulomatosis (p.1515).
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{(1R)-2-[(1S,3R,4R)-4-hydroxy-3-methoxycyclohexyl]-1-methyl-
ethyl}-10,21-dimethoxy-6,8,12,14,20,26-hexamethyl-23,27-
epoxy-3H-pyrido[2,1-c][1,4]oxaazacyclohentriacontine-
1,5,11,28,29-(4H,6H,31H)-pentone.

Сиролимус

C51H79NO13 = 914.2.

CAS — 53123-88-9.

ATC — L04AA10.

ATC Vet — QL04AA10.

Adverse Effects and Precautions
The most frequent adverse effects of sirolimus include
peripheral oedema, lymphocele, hypokalaemia, hypo-
phosphataemia, hyperlipidaemia, hypercholesterolae-
mia, hyperglycaemia, tachycardia, venous throm-
boembolism, gastrointestinal disturbances, stomatitis,
arthralgia, epistaxis, acne, rash, and bone necrosis.
Anaemia, thrombocytopenia, neutropenia or leucope-
nia are common, especially at higher doses. Infections,
including urinary-tract infections, pyelonephritis,
CMV, Epstein-Barr virus, herpes zoster, and pneumo-
cystis pneumonia, are also common, and antimicrobial
prophylaxis for pneumonia is recommended for the
first year after transplantation. 
Thrombotic thrombocytopenic purpura and the
haemolytic-uraemic syndrome may occur, as may hy-
persensitivity, including anaphylactic reactions, an-
gioedema, exfoliative dermatitis, and hypersensitivity
vasculitis. There are reports of fluid accumulation, in-
cluding lymphoedema, pleural effusions, and pericar-
dial effusions. Pulmonary embolism, pulmonary
haemorrhage, and pancreatitis may occur rarely. Renal
impairment, proteinuria, or nephrotic syndrome may
develop; renal function should be monitored, especial-
ly when given with ciclosporin. In patients with de-
layed graft function, sirolimus may delay recovery of
renal function. There are reports of hepatotoxicity, and
rarely, fatal hepatic necrosis. Excess mortality, graft
loss, and hepatic artery thrombosis has been associated
with the use of sirolimus in immunosuppressive regi-
mens in liver transplant recipients and therefore use in
such patients is not recommended. Interstitial lung dis-
ease has been reported, including some fatalities, al-
though other cases resolved on stopping or reducing
the dose of sirolimus. Abnormal wound healing after
transplant surgery has been reported with the use of
sirolimus, especially in those with a BMI greater than
30 kg/m2; bronchial anastomotic dehiscence, including
some fatal cases, has occurred in lung transplant recip-
ients and use in the latter is not recommended. There is
an increased risk of lymphoma and other malignancies

with immunosuppression, and to minimise any risk of
skin cancer, exposure to sunlight or ultraviolet light
should be limited. 
Sirolimus may have adverse effects on sperm parame-
ters; azoospermia and infertility have been reported.
These effects are usually reversible on stopping
sirolimus. 
Immunosuppressants may reduce the response to vac-
cines, and the use of live vaccines should be avoided.
Intra-uterine devices should be used with caution dur-
ing immunosuppressive therapy, as there is an in-
creased risk of infection. 
Hypersensitivity reactions and subacute thrombosis
have occurred with use of the sirolimus-eluting stent;
fatalities have been reported.
Effects on the kidneys. There are a number of reports of pro-
teinuria and renal dysfunction associated with sirolimus. A
review1 concluded that the vast majority of evidence suggested
that proteinuria was mediated by glomerular haemodynamic
mechanisms due to withdrawal of other immunosuppressants in
kidneys with chronic glomerular injury, as in those transplant pa-
tients with chronic allograft dysfunction. Whether sirolimus di-
rectly causes proteinuria and/or mediates direct glomerular tox-
icity remains to be resolved and further studies are needed.
1. Rangan GK. Sirolimus-associated proteinuria and renal dysfunc-

tion. Drug Safety 2006; 29: 1153–61.

Effects on the lungs. Pulmonary toxicity, including interstitial
pneumonitis,1-7 and alveolar haemorrhage,5,8,9 has been reported
in association with sirolimus. There was some suggestion in one
series that the incidence of interstitial pneumonitis might be
higher in patients who switched from calcineurin inhibitors to
sirolimus than in those who were started on sirolimus after trans-
plantation.6 Possible risk factors include giving a loading dose,
late use of sirolimus compared with initial therapy, and higher
sirolimus dose and trough concentrations; additional risk factors
include allograft dysfunction, hypervolaemia, and male gender.7
Acute respiratory distress has been reported in a 1-year-old heart
transplant recipient 3 days after starting sirolimus.10 Pulmonary
alveolar proteinosis has also been reported in a renal transplant
patient 2 years after starting sirolimus; symptoms resolved mark-
edly upon stopping sirolimus.11 
Similar toxicity has occurred with everolimus (p.1833).
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2000; 343: 225–6. 
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sirolimus (rapamycin) therapy after liver transplantation. Trans-
plantation 2001; 72: 1166–7. 

5. Pham P-T T, et al. Sirolimus-associated pulmonary toxicity.
Transplantation 2004; 77: 1215–20. 

6. Champion L, et al. Brief communication: sirolimus-associated
pneumonitis: 24 cases in renal transplant recipients. Ann Intern
Med 2006; 144: 505–9. 

7. Morath C, et al. Four cases of sirolimus-associated interstitial
pneumonitis: identification of risk factors. Transplant Proc
2007; 39: 99–102. 

8. Vlahakis NE, et al. Sirolimus-associated diffuse alveolar hem-
orrhage. Mayo Clin Proc 2004; 79: 541–5. 

9. Khalife WI, et al. Sirolimus-induced alveolar hemorrhage. J
Heart Lung Transplant 2007; 26: 652–7. 

10. Das BB, et al. Acute sirolimus pulmonary toxicity in an infant
heart transplant recipient: case report and literature review. J
Heart Lung Transplant 2007; 26: 296–8. 

11. Pedroso SL, et al. Pulmonary alveolar proteinosis: a rare pulmo-
nary toxicity of sirolimus. Transpl Int 2007; 20: 291–6.

Effects on the nervous system. Posterior reversible enceph-
alopathy syndrome (a neurotoxic condition involving oedema of
the white matter in the posterior parts of the brain and character-
ised by headache, confusion, and visual disturbances) has been
reported after use of sirolimus.1,2

1. Bodkin CL, Eidelman BH. Sirolimus-induced posterior reversi-
ble encephalopathy. Neurology 2007; 68: 2039–40. 

2. Moskowitz A, et al. Posterior reversible encephalopathy syn-
drome due to sirolimus. Bone Marrow Transplant 2007; 39:
653–4.

Thrombosis. There was an apparent clustering of reports of su-
bacute thrombosis associated with the use of the sirolimus-elut-
ing stent soon after its marketing approval in 2003.1 However,
subsequent studies2 and additional data from 2063 patients3 sug-
gest that use of the sirolimus-eluting stent is not associated with
an excess risk of subacute thrombosis compared with bare-metal
stents.
1. Muni NI, Gross TP. Problems with drug-eluting coronary

stents—the FDA perspective. N Engl J Med 2004; 351: 1593–5. 
2. Jeremias A, et al. Stent thrombosis after successful sirolimus-

eluting stent implantation. Circulation 2004; 109: 1930–2. 
3. US Food and Drug Administration. FDA public health web noti-

fication: final update of information for physicians on sub-acute
thromboses (SAT) and hypersensitivity reactions with use of the
Cordis CYPHER  sirolimus-eluting coronary stent (issued
18/10/04). Available at: http://www.fda.gov/cdrh/safety/
cypher3.pdf (accessed 18/03/08)

Interactions
Inhibitors of the cytochrome P450 isoenzyme
CYP3A4, such as ketoconazole, HIV-protease inhibi-
tors, the NNRTI delavirdine, and diltiazem may in-
crease plasma concentrations of sirolimus. Conversely,
inducers of this isoenzyme, such as nevirapine and ri-
fampicin, may reduce plasma concentrations of
sirolimus. Use of sirolimus with strong inhibitors or in-
ducers of CYP3A4 and/or P-glycoprotein is not rec-
ommended. Grapefruit juice should not be taken with
sirolimus. Ciclosporin can affect the rate and extent of
sirolimus absorption and it is recommended that these
drugs be given 4 hours apart. Use of sirolimus with a
calcineurin inhibitor may also increase the risk of cal-
cineurin inhibitor-induced haemolytic uraemic syn-
drome, thrombotic thrombocytopenic purpura, or
thrombotic microangiopathy. Use of sirolimus with an
ACE inhibitor may increase the risk of developing an-
gioedema. See above for precautions about use with
live vaccines.
Immunosuppressants. Concentrations of sirolimus, and area
under the concentration-time curve were significantly higher
when sirolimus and ciclosporin were given together than when
the 2 drugs were given 4 hours apart,1,2 and a synergistic effect
has been suggested.3 This effect may allow for lower doses4 or
early withdrawal5 of ciclosporin, resulting in improved renal
function and less nephrotoxicity. However, for the risk of in-
creased thrombotic reactions see above. 
Sirolimus may decrease blood concentrations of tacrolimus.
1. Kaplan B, et al. The effects of relative timing of sirolimus and

cyclosporine microemulsion formulation coadministration on
the pharmacokinetics of each agent. Clin Pharmacol Ther 1998;
63: 48–53. 

2. Zimmerman JJ, et al. Pharmacokinetic interactions between
sirolimus and microemulsion cyclosporine when orally adminis-
tered jointly and 4 hours apart in healthy volunteers. J Clin Phar-
macol 2003; 43: 1168–76. 

3. Kahan BD, Kramer WG. Median effect analysis of efficacy ver-
sus adverse effects of immunosuppressants. Clin Pharmacol
Ther 2001; 70: 74–81. 

4. Reitamo S, et al. Efficacy of sirolimus (rapamycin) administered
concomitantly with a subtherapeutic dose of cyclosporin in the
treatment of severe psoriasis: a randomized controlled trial. Br J
Dermatol 2001; 145: 438–45. 

5. Johnson RWG, et al. Sirolimus allows early cyclosporine with-
drawal in renal transplantation resulting in improved renal func-
tion and lower blood pressure. Transplantation 2001; 72:
777–86.

Pharmacokinetics
Sirolimus is rapidly absorbed after doses of the oral so-
lution, with a time to peak concentration of about 2
hours. Absorption is variably affected by food, espe-
cially high-fat meals. Sirolimus is extensively bound to
plasma proteins. It is metabolised by the cytochrome
P450 isoenzyme CYP3A4. Metabolism occurs by
demethylation or hydroxylation, and the majority of a
dose is excreted via the faeces, with only about 2% ex-
creted in the urine. In healthy subjects, the bioavailabil-
ity of a single dose of the tablet formulation is about
27% higher than the oral solution, bioavailability of
which is only about 14%. However, this difference is
less marked in renal transplant recipients, and when
switching between formulations, licensed product in-
formation recommends giving the same dose, with
trough concentrations verified 1 to 2 weeks later. The
terminal half-life in stable renal transplant patients af-
ter multiple oral doses has been reported to be about 62
hours; the half-life in men was reported to be signifi-
cantly longer than in women (about 72 hours compared
with about 61 hours).
◊ References.
1. Mahalati K, Kahan BD. Clinical pharmacokinetics of sirolimus.

Clin Pharmacokinet 2001; 40: 573–85.

Genetic factors. Renal transplant recipients with at least one
CYP3A5*1 allele had lower exposure to sirolimus than those pa-
tients homozygous for CYP3A5*3, and patients with
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