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CICLOSPORIN

Ciclosporinwas considered by a previous IARCWorking Groupin 1989 (IARC, 1990).Since that
time, new data have become available, these have been incorporated into the Monograph,
and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Identification of the agent

1.1.1 Structural and molecular formulae, and

relative molecular mass

Chem. Abstr. Serv. Reg. No.: 59865-13-3
Chem. Abstr. Name: Cyclosporin A
IUPAC Systematic Name:
30-Ethyl-33-[(E)-1-hydroxy-2-
methylhex-4-enyl]-1,4,7,10,12,15,19,25,28-
nonamethyl-6,9,18,24-tetrakis(2-
methylpropyl)-3,21-di(propan-2-yl)-1,4,7,1-
0,13,16,19,22,25,28,31-undecazacyclotri-
triacontane-2,5,8,11,14,17,20,23,26,29,32-
undecone

Synonyms: Cyclo{-[4-(E)-but-2-enyl-N,4-
dimethyl-L-threonyl]-L-homoalanyl-
(N-methylglycyl)-(N-methyl-L-leucyl)-
L-valyl-(N-methyl-L-leucyl)-L-alanyl-p-
alanyl-(N-methyl-L-leucyl)-(N-methyl-L-
leucyl)-(N-methyl-L-valyl)-}; cyclosporin;
cyclosporine; cyclosporin A

Description: White prismatic needles
(O’Neil, 2006); white or essentially white,
fine crystalline powder (McEvoy, 2007;
Sweetman, 2008)

C H N O

627 71117 11 12

Relative molecular mass: 1202.6

1.2 Use of the agent

Information for Section 1.2 is taken from
Royal Pharmaceutical Society of Great Britain
(2007), McEvoy (2007), Thomson Healthcare
(2007), and Sweetman (2008).
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1.2.1 Indications

Ciclosporin, a calcineurin inhibitor, is a
potent immunosuppressant that is virtually
non-myelotoxic but markedly nephrotoxic. It
is used in organ and tissue transplantation, for
prevention of graft rejection following bone-
marrow, kidney, liver, pancreas, heart, lung,
and heart-lung transplantation, and for prophy-
laxis and treatment of graft-versus-host disease.
Ciclosporin is also used for the treatment of
chronic allograft rejection in patients previously
treated with other immunosuppressive agents
(e.g. azathioprine).

Oral ciclosporin is used in the management
of the active stage of severe rheumatoid arthritis
in selected adults who have an inadequate thera-
peutic response to methotrexate. The drug may
be used in combination with methotrexate in
those who do not respond adequately to metho-
trexate monotherapy.

Oral ciclosporin is used in immunocom-
petent adults with severe (i.e. extensive and/or
disabling) recalcitrant plaque psoriasis that is
not adequately responsive to at least one systemic
therapy (e.g. retinoids, methotrexate, psoralen
and ultraviolet A (UVA) light [PUVA] therapy)
or in patients for whom other systemic therapy is
contraindicated or cannot be tolerated. It is also
used to treat atopic dermatitis.

Ciclosporin ophthalmic emulsion is used to
increase tear production in adults whose tear
production is suppressed secondary to ocular
inflammation related to keratoconjunctivitis
sicca.

1.2.2 Dosage

Ciclosporin is administered orally as liquid-
filled capsules or oral solution. Alternatively, the
drug may be administered orally as modified
liquid formulations (with increased bioavail-
ability) that form emulsions in aqueous fluids;
the modified formulations are available as oral
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solutions for emulsion, and as oral liquid-filled
capsules.

For the prevention of allograft rejection in
adults and children, ciclosporin is administered
at 5-10 mg/kg/day. In the postoperative period,
dosage is given twice a day. Initial levels are main-
tained at 250 ng/mL during the first three months
followed by a subsequent weaning period as toler-
ated. For solid organ transplantation, ciclosporin
is rarely administered as a single agent. Often, an
induction antibody is administered at the time of
transplantation with ciclosporin and an antime-
tabolite (mycophenolic acid or azathioprine). To
prevent a cytokine response from the antibody
induction agent, an initial dose of steroids is also
administered. These steroids are then often elim-
inated from the treatment. For bone-marrow
transplantation, prevention and treatment of
graft-versus-host disease, ciclosporin is admin-
istered to adults and children over 3 months of
age, at a dose of 3-5 mg/kg daily intravenously
then converted to 12.5 mg/kg daily orally for
3-6 months then tailed off (may take up to a year
after transplantation).

For the treatment of nephrotic syndrome,
ciclosporin is administered orally, at a dose of
5-6 mg/kg daily in divided doses. Maintenance
treatment is reduced to the lowest effective dose
according to proteinuria and serum creatinine
measurements, and discontinued after 3 months
if no improvement is observed.

For the management of rheumatoid arthritis,
the usual initial dosage is 1.25 mg/kg twice daily.
Lack of benefit by Week 16 usually leads to the
discontinuation of the therapy.

For the management of psoriasis in adults,
the usual initial dosage is 1.25 mg/kg twice daily
continued for at least 4 weeks unless adverse
effects occur. Dosage may be increased in these
increments to a maximum of 4 mg/kg daily based
on the patient’s tolerance and response.

It is also used for the short-term treatment
of severe atopic dermatitis (usually less than



8 weeks) in adults and adolescents over 16 years
of age.

Ciclosporin is applied topically to the eye as
an ophthalmic emulsion in the management of
keratoconjunctivitis sicca in adults as one drop
of a 0.05% emulsion in each eye twice daily.

1.2.3 Trends in use

The current trend is for minimization of use
of calcineurin inhibitors in general.

2. Cancer in Humans

At the time of the previous IARC Monograph
(IARC, 1990), both lymphoma and Kaposi
sarcomahadbeenassociatedfrequentlywithexpo-
sure to ciclosporin in case reports of transplant
recipients. In two of the five previously reported
cohort studies of people receiving ciclosporin for
transplant, a higher incidence of lymphoma was
identified (IARC, 1990). In several cases, there
was a well-documented regression of lymphoma
following withdrawal of the drug (IARC, 1990).
In these studies, the effect of ciclosporin alone is
difficult to delineate due to the multiple immuno-
suppressive drugs administered, the cumulative
dose, and the overall global immunosuppression.
Since then, new studies have been published, and
are summarized below (see Table 2.1 available at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-17-Table2.1.pdf).

Grulich et al. (2007) performed a random-
effect meta-analysis of the log of standardized
incidence ratios (SIRs) in immunosuppressed
patients. In the transplant recipient cohort
(n=31977), comparison was made to the general
population. [The Working Group noted that
these patients were transplanted during the era
of three-drug immunosuppression. The majority
of the patients would have received ciclosporin,
mycophenolic acid mofetil (MMF), and steroids.
Steroids are not known to be carcinogenic. The
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antimetabolite MMF has known antineoplastic,
antireplicative and antiviral properties, and has
been shown in several studies to be protective
against malignancy development (O'Neill ef al.
2006; Lake et al., 2005; Robson et al., 2005). This
leaves ciclosporin as the only possible carcino-
genic agent in these mixtures.] For 20 of 28 types
of cancers examined, there was a significantly
increased risk. Included in these cancers are non-
Hodgkin lymphoma, Kaposi sarcoma, squamous
cell cancers (skin, oral cavity, vagina, cervix,
colon, rectum), and liver cancer. [The Working
Group noted the majority of these malignancies
are known to have specific viral causes (Epstein-
Barr virus, cytomegalovirus, Kaposi sarcoma
herpes virus, hepatitis C virus, and several sero-
types of human papilloma virus).]

Vikevi ef al. (2008) reported on short-term
ciclosporin therapy for inflammatory skin disor-
ders, and did not identify any increase in SIRs.
[The Working Group noted the short-term and
limited drug exposure in this study, which may
be the reason for this result.]

Bustami ef al. (2004) examined a large cohort
of 41000 first-time cadaveric transplant recipi-
ents from the Scientific Registry of Transplant
Recipients. The use of antibody induction therapy
significantly increased the risk for lymphoma
and for de novo cancers in this study. No effect
of either ciclosporin or tacrolimus was noted in
patients receiving induction therapy. Ciclosporin
patients had a higher relative risk of lymphoma
compared to tacrolimus patients when antibody
induction was not used.

Kasiske ef al. (2004) examined a large cohort
of 35765 first-time kidney transplant recipients,
and neither ciclosporin nor microemulsion
ciclosporin patients had increased relative risks
for non-skin cancer (1.01 and 0.98, respectively)
or non-melanoma skin cancer (1.02 and 1.01,
respectively). [The Working Group noted the
large proportion of live donors in this study,
which would result in lower requirement for
immunosuppression.]
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Table 3.1 Studies of cancer in experimental animals exposed to ciclosporin

Species, strain Route Incidence of  Significance Comments
(sex) Dosing regimen, tumours
Duration Animals/group at
Reference start
Mouse, AKR (M) Feed Thymic Screening assay in a strain (AKR)
Up to 34 wk 0,150 mg/kg in diet  lymphoma: highly susceptible to the development of
Hattori et al. (1986) daily 0/1,1/3 at 19 wk [NS] leukaemia
30 animals/group 5,15 13/18 [P < 0.004]
between
20-29 wk
3/9, 9/9 between [P < 0.005]
30-34 wk
Rats, Wistar (M) Gavage Kidney: Diabetes was induced in rats by a single
Duration NR 0, 10 mg/kg bw for 2/16, 7/13 [P < 0.05] intraperitoneal injection of streptozotocin
Reddi et al. (1991) 20 wk (60 mg/kg bw). No tumours were observed
13-16/group in a group of 10 non-diabetic control rats
Macaque monkeys i.m. B-cell Intracytoplasmic viral particles found in
(sex NR) 25 mg/kg bw/d lymphoma: animals was a concern
Duration NR for 14 d and then 2/16 No untreated control values provided
Bieber et al. (1982 every other day
or 17 mg/kg bw/d
continuously
16 animals

bw, body weight; d, day or days; i.m., intramuscular; M, male; NR, not reported; NS, not significant; wk, week or weeks

Opelz & Dohler (2004) examined a large
cohort of 200000 renal transplant recipients,
and reported an 11.8-fold increase in lymphoma
in those recipients compared to a matched non-
transplant population. In this study, ciclosporin
did not confer an increased risk over patients
treated with azathioprine/prednisone.

Kessler et al. (2006) examined SIRs in 488
ciclosporin-treated renal transplant recipients.
Over 4638 patient-years of exposure, 51 (10.4%)
transplant recipients developed a first non-mela-
noma skin cancer, which was associated with
older age at transplant and period of transplant
(1991-95). The SIRs for all cancers was 2.2 for
men, and 3.0 for women. The SIRs for native
renal cell carcinoma was 13.0, for post-trans-
plant lymphoproliferative disorder 9.5, and for
cervical cancer 25.3. [The Working Group noted
that native renal cell carcinoma has been linked
to prolonged end-stage renal disease and haemo-
dialysis, and may be confounding in this study]
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3. Cancer in Experimental Animals

Ciclosporin has been tested in mice and rats
by oral administration, alone and in combina-
tion with other treatments, and by intramus-
cular injection in monkeys (macaques) that had
received heart or heart-lung transplants (allo-
grafts). See Table 3.1

Mice and rats fed diets containing ciclo-
sporin did not develop an increased incidence of
tumours, except in one study where an increased
incidence of thymic lymphoma was observed in
male mice given ciclosporin alone (Hattori ef al.
1986; IARC, 1990). Two B-cell lymphomas were
also reported in 16 macaques receiving ciclo-
sporin via intramuscular injection (Bieber ef al.
1982; Ryftel, 1992).

Renal tumour incidence was increased in
streptozotocin-induced diabetic rats adminis-
tered ciclosporin by gavage (Reddi et al., 1991).




4, Other Relevant Data

4.1 Absorption, distribution,
metabolism, and excretion

Ciclosporin is rapidly absorbed and widely
distributed in humans and in experimental
animals (IARC, 1990). It is extensively metabo-
lized by the cytochrome P450 3A4 (CYP3A4)
(Delaforge et al., 2001). The major route of ciclo-
sporin metabolite excretion is via the biliary
system, and renal elimination plays a minor role.

4.2 Cytogenetic effects

In a single study, ciclosporin was reported to
increase the incidence of chromosomal aberra-
tions in the lymphocytes of kidney transplant
patients. Ciclosporin did not induce dominant
lethal mutations in mice, chromosomal aberra-
tions in the bone marrow of Chinese hamsters
or micronuclei in the bone marrow of Chinese
hamsters or mice in vivo. It induced sister chro-
matid exchange in human peripheral lympho-
cytes in vitro but did not induce gene mutations
in Chinese hamster cells. Cyclosporin did not
induce mutations in Salmonella typhimurium
(IARC, 1990).

4.3 Mechanisms of carcinogenesis

4.3.1 Immunosuppressive activity

Ciclosporin, a cyclic lipophilic undecapep-
tide, inhibits calcineurin (also known as protein
phosphatase 2B). The major effect of this is inhi-
bition of cytokine (and some cell surface recep-
tors) production by activated T cells (Matsuda
& Koyasu, 2000; Rovira et al., 2000; Hamawy,
2003; Mascarell & Truffa-Bachi, 2003; Grinyd &
Cruzado, 2004).

The effects of ciclosporin are mediated via
inhibition of the nuclear factor of activated T
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cells (NFAT) family of transcription factors that
regulate inducible cytokine expression. The key
interaction is between ciclosporin — bound to its
cytoplasmic receptor protein, cyclophilin - and
the A subunit of the heterodimeric calcineurin
(CnA). Under normal conditions, activation of T
cells by engagement of the T-cell receptor with
its cognate ligand causes an increase in intra-
cellular Ca®* concentration that activates the
calmodulin protein. This activated calmodulin
interacts with calcineurin to release an auto-
inhibitory domain and activates its latent protein
phosphatase activity. In non-stimulated T cells,
the three relevant isoforms of NFAT are main-
tained in a highly phosphorylated form within
the cytoplasm. Activation of calcineurin allows
dephosphorylation of NFAT and their translo-
cation to the nucleus where these DNA-binding
proteins interact with cis regulatory elements of
activation-induced factors. By binding directly
to calcineurin at the interface between the
CnA and CnB subunits, the cyclosporin-cyclo-
philin complex blocks access to the active site of
calcineurin, and inhibits its phosphatase activity
(Matsuda & Koyasu, 2000).

The immunosuppressive  activity  of
ciclosporin is consistent with an increased risk
for cancer due to impaired immune surveil-
lance, particularly for virus-related cancers
such as Epstein-Barr virus-related lymphoma,
and cervical cancer which is caused by human
papillomaviruses in most cases. However, there
are almost certainly other mechanisms involved
in the carcinogenic action of ciclosporin. For
example, inactivation of interleukin-2 (IL-2) or
of NFAT in transgenic mice had an effect on
immune function, which is not the same as treat-
ment with ciclosporin, and does not completely
explain the carcinogenic effects of ciclosporin
observed in humans (Ryffel et al., 1992; Nabel,
1999).

Furthermore, immunosuppression per se
cannot explain the peculiar pathological features
of the skin cancers found in humans treated with
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ciclosporin and other immunosuppressive drugs
(Hojo et al., 1999; Yarosh et al., 2005).

4.3.2 Signalling pathways: relevant effects

(a) Effect on tumour-suppressor growth factor-3
(TGF-B)

Ciclosporin also induces increased synthesis
of TGF-B and a consequent activation of its
dependant transcriptional activators, the (small
mothers against decapentaplegic proteins)
SMADs (Hojo et al., 1999; Akool et al., 2008).
TGEF- is produced by many tumours and is asso-
ciated among other things with increased inva-
siveness (Teicher, 2001; Bachman & Park, 2005;
Leivonen & Kdhiri, 2007). Ciclosporin treatment
of cultured human pulmonary adenocarcinoma
cells causes increased expression of TGF-f and
induces changes in properties consistent with
acquisition of a more invasive cellular pheno-
type. In immunodeficient SCID beige mice,
ciclosporin treatment was associated with an
increased number of pulmonary metastases of
a transplanted renal cell adenocarcinoma. Both
in-vitro and in-vivo effects were blocked by
anti-TGF-P antibodies (Hojo ef al., 1999). These
effects on signalling are independent of any
immunosuppressive properties of ciclosporin,
but they may ultimately contribute to cancer.
It seems likely that they are secondary to some
other effects of ciclosporin, however.

(b) Oxidative stress and DNA damage

One likely effect of ciclosporin relevant to
carcinogenesis is its ability to generate reactive
oxygen species (ROS). The literature suggests
that antioxidants protect against some of the
side-effects (nephrotoxicity, hepatotoxicity, and
cardiotoxicity) of ciclosporin (Rezzani, 2006).
In addition, the upregulation of TGF-$ (and
consequent activation of the SMAD downstream
targets) is prevented by antioxidants (specifi-
cally N-acetylcysteine or superoxide dismutase)
(Akool et al., 2008).
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These findings are consistent with the effects
of ciclosporin on signalling being secondary to
the ability of the drug to induce oxidative stress.
Excess ROS generated by ciclosporin indicate the
possibility of oxygen radical damage to DNA.
This is known to be linked to cancer develop-
ment. A recent publication (O’Driscoll & Jeggo,
2008) provides direct evidence that implicates
ciclosporin treatment in the induction of DNA
double-strand breaks. Importantly, this acute
effect was seen in replicating cells that were defec-
tive in the repair of DNA double-strand breaks.
Ciclosporin, by acting as a source of ROS, causes
DNA single-strand breaks that are converted in
DNA double-strand breaks during replication.
On acute treatment, DNA double-strand breaks
only accumulate to detectable levels in repair-
defective cells. The implication is that chronic
treatment will be associated with increases in
DNA double-strand breaks - although in repair-
proficient cells, the steady-state levels may fall
belowthelevel of detection. Nevertheless, because
DNA double-strand breaks are precursors of dele-
tions and/or translocations and chromosomal
rearrangements, a chronic, low-level increase in
steady-state DNA double-strand break levels is
potentially mutagenic and carcinogenic.

In view of the structure and proposed
mechanism of ciclosporin, it seems unlikely
that it is directly mutagenic by interacting with
or damaging DNA. There are several claims
that ciclosporin inhibits the repair of ultra-
violet-induced DNA damage (Herman et al.,
2001; Ori et al., 2005, Yarosh et al., 2005). The
first two studies compared spontaneous or
UVC-induced unscheduled DNA synthesis
(UDS) in lymphocytes. UDS in lympho-
cytes from patients treated with triple therapy
(ciclosporin/azathioprine/prednisolone) was
lower than those from double therapy (azathio-
prine/prednisolone) or untreated patients. In this
same study, UDS induced by UVC in lympho-
cytes was reduced by ciclosporin treatment
in vitro (Herman et al., 2001). In the second




study, ciclosporin was shown to reduce UDS in
untreated lymphocytes (Ori et al., 2005). The
third examined DNA cyclobutane-pyrimidine
dimer removal which appeared to be reduced, but
not abolished by ciclosporin treatment (Yarosh
et al., 2005). Although none of these studies
makes an overwhelmingly convincing case for
inhibition of DNA repair, UDS measurements
are a particularly indirect measure of repair, and
the possibility that ciclosporin causes the persis-
tence of promutagenic DNA lesions cannot be
discounted until ruled out by a more rigorous
experimental approach. These effects would be
obviously directly relevant only to ciclosporin-
related skin cancers.

(c) Effect on P-glycoprotein

Ciclosporin is also well known as an inhibitor
of the function of P-glycoprotein, a membrane-
associated transporter that facilitates efflux from
the cell of a variety of toxins and anticancer
drugs (Vaalburg et al., 2005). Inhibition of
P-glycoprotein function may allow retention in
the cell of toxins including potential mutagens,
but potentiation of carcinogenic activity has not
been demonstrated. However, the doses of ciclo-
sporin used to produce immunosuppression,
and the serum levels achieved, are much lower
than the concentrations needed to modulate the
multidrug resistant (MDR) phenotype in vitro,
and are also lower than the ciclosporin doses
used in clinical trials attempting to decrease
resistance to chemotherapy (List ef al., 2001; Ross
et al., 1994).

4.4 Synthesis

Ciclosporin is an immunosuppressant and
long-term immunosuppression is linked to an
increased risk of cancer. There are at least two
facets to this. First, immunosuppression per se is
associated with cancer, for example in individ-
uals positive for the human immunodeficiency
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virus (HIV). Pharmacological immunosuppres-
sion is associated with an increased incidence of
asimilar spectrum of malignancies. These gener-
ally have a viral etiology (Grulich ef al., 2007).
Examples include the EBV-related post-trans-
plant lymphoproliferative disorders (LaCasce

2006), and HPV-related cervical carcinoma. In
addition to these malignancies that usually arise
early after immunosuppression is initiated, there
are late effects — such as the development of skin
cancer — that may have a different etiology that
could reflect direct or indirect effects of ciclo-
sporin on DNA.

5. Evaluation

There is sufficient evidence in humans for
the carcinogenicity of ciclosporin. Ciclosporin
causes cancer of the skin (squamous cell carci-
noma), cancer at multiple other sites, and non-
Hodgkin lymphoma.

There is limited evidence in experimental
animals for the carcinogenicity of ciclosporin.

Ciclosporin is carcinogenic to humans
(Group 1).
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