AZATHIOPRINE
Azathioprine was considered by previous IARC Working Groups in 1980 and 1987 (IARC,
1981, 1987a). 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

1.2 Use of the agent

1.1 Identification of the agent

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

Chem. Abstr. Serv. Reg. No.: 446-86-6
Chem. Abstr. Name: 9H-Purine, 6-[(1-methyl-4-nitro-1H-imidazol-5-yl)thio]IUPAC Systematic Name: 6-(3-Methyl-5-nitroimidazol-4-yl)sulfanyl-7H-purine
Synonyms: 6-(1-Methyl-4-nitroimidazol-5-yl)thiopurine; 6-(1-methyl-4-nitromidazol-5-ylthio)purine; 1H-purine,
6-[(1-methyl-4-nitro-1H-imidazol-5-yl)
thio]Description: Pale yellow, odourless powder
(Sweetman, 2008)

1.1.1 Structural and molecular formulae, and
relative molecular mass
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Relative molecular mass: 277.3

1.2.1 Indications
Azathioprine is used as an adjunct for prevention of the rejection of kidney allografts. The
drug is usually used in conjunction with other
immunosuppressive therapy including local
radiation therapy, corticosteroids, and other
cytotoxic agents. Azathioprine is also used for
the management of the signs and symptoms of
rheumatoid arthritis in adults. It is considered to
be a prodrug which converts into 6-mercaptopurine after absorption. 6-Mercaptopurine is an
important component of treatment programmes
for acute lymphocytic leukaemia in children and
adults.

1.2.2 Dosage
Azathioprine is usually administered orally.
Following renal transplantation, azathioprine
may initially be given intravenously to patients
unable to tolerate oral medication. Oral therapy
should replace parenteral therapy as soon as
possible.
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Azathioprine sodium aqueous solution
(10 mg/mL) may be given by direct intravenous
injection or further diluted in 0.9% sodium
chloride or 5% dextrose injection for intravenous infusion. Intravenous infusions of the drug
are usually administered over 30–60 minutes;
however, infusions have been given over periods
ranging from 5 minutes to 8 hours.
(a) Renal allotransplantation
The usual oral dosage of azathioprine in children and adults undergoing renal transplantation is 3–5 mg/kg daily. Dosage reduction may
be necessary due to leukopenia.
(b) Autoimmune disorders
For the treatment of severe active rheumatoid arthritis and autoimmune disorders the
usual initial oral adult dosage of azathioprine is
1 mg/kg (approximately 50–100 mg) daily; daily
dosage is increased as necessary at 4-week intervals by 0.5 mg/kg up to a maximum of 2.5 mg/kg.
Daily maintenance dosage may be reduced to
the lowest possible effective level in increments
of 0.5 mg/kg (or approximately 25 mg) every
4 weeks, while keeping other therapy constant.
The optimum duration of maintenance therapy
has not been determined. Azathioprine may
be administered in a single dose or twice-daily
doses.
Azathioprine is available as 25, 50, 75,
and 100 mg tablets for oral administration.
Azathioprine sodium is also available as 50 and
100 mg (of azathioprine) powders for reconstitution for injection and intravenous use for parenteral administration.

1.2.3 Trends in use
No information was available to the Working
Group.
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2. Cancer in Humans
2.1 Transplant recipients
Assessment of the carcinogenicity of single
agents used in solid organ transplant recipients
can be complex owing to the multiple drugs used
in modern transplantation, and to the drugs’
respective mechanisms of action.
One large prospective cohort study (Kinlen
et al., 1979; also reported in IARC, 1981) on
renal transplant recipients that received azathioprine examined the incidence and mortality
from different types of cancer compared with
expected numbers, based on the incidence
and mortality rates for the relevant country
(Australia, New Zealand, the United Kingdom).
An almost 60-fold increase in risk for nonHodgkin lymphoma was observed, as well as a
30-fold excess of squamous cell skin cancer in
patients from the UK (3 observed, 0.13 expected).
A smaller cohort study in Japan did not
find an association between azthioprine use as
immunosuppressant in renal transplant patients
and the development of all cancers combined
(Imao et al., 2007).
Recent reviews on transplant immunosuppression in solid organ recipients reported
increased risks for cancers at several sites
following azathioprine use (Kauffman et al.,
2006; Dantal & Pohanka, 2007).

2.2 Autoimmune disorders
Azathioprine is used in a greater number of
autoimmune patients than of transplant recipients. Exposure to immunosuppressive drugs
is often sporadical or prolonged, depending on
the clinical course (see Table 2.1 available at
http://monographs.iarc.fr/ENG/Monographs/
vol100A/100A-15-Table2.1.pdf).
Excesses in non-Hodgkin lymphoma (relative risk (RR), 10.9) and squamous cell skin
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cancer (RR, 5.0) were also found in non-transplant patients receiving azathioprine, though to
a smaller extent (Kinlen, 1985).
Kandiel et al. (2005) performed a meta-analysis
using six published cohort studies on patients
with inflammatory bowel disease, and found a
meta-relative risk for non-Hodgkin lymphoma
associated with the use of azathioprine of 4.18
(2.07–7.51). [The Working Group noted that this
study maintained its power when any one of the
comprised studies was excluded.]
Bernatsky et al. (2008) examined a nested
case-control study of 246 cancer cases and 538
controls selected from an original cohort of
approximately 5500 patients with systemic lupus
erythaematosus. The adjusted hazard ratio for
developing all types of cancer after treatment with
azathioprine only was 0.75 (0.43–1.31), and for
haematological malignancies, 1.19 (0.48–2.92).
Taking into account a 5-year lag exposure did
not change the results.
Fraser et al. (2002) performed an analysis on
626 patients who received azathioprine, selected
from a retrospective cohort of 2204 patients
with inflammatory bowel disease. Treatment
with azathioprine did not significantly increase
the risk for cancer at all sites. For patients with
ulcerative colitis, risk for colorectal cancer was
not increased.
Matula et al. (2005) examined 96 patients
who received 6-mercaptopurine and azathioprine from a larger cohort of 315 patients with
inflammatory bowel disease. The hazard ratio for
progression to high-grade dysplasia or colorectal
cancer was 1.30 (0.45–3.75).

rats, and also by subcutaneous or intramuscular
injection in five studies in mice (see Table 3.1).
￼ Oral administration of azathioprine caused
increased incidences of systemic lymphomas
and uterine haemangioendotheliomas in female
mice (Ito et al., 1989). Lymphohaematopoietic
malignancies were also observed in mice after
intraperitoneal, subcutaneous, or intramuscular
injections of azathioprine. However, these studies
did not report full experimental details, the ageadjusted comparisons, and/or the early death
from autoimmune disease of the hybrid mice
used, precluding direct comparison with treated
mice. Studies in rats were negative though squamous cell ear-duct carcinomas were observed in
male and female rats treated orally (IARC, 1981,
1987a).
Several studies were also conducted in which
azathioprine was administered in conjunction
with other chemical or biological agents. Mice
treated with azathioprine in drinking-water,
alone or in combination with antigenic stimulation in the form of a single intraperitoneal injection of lactic-dehydrogenase-elevating virus,
subcutaneous injections of complete Freund’s
adjuvant, intramuscular injections of HeLa cells,
or vaccination with smallpox vaccine, developed
an increase in malignant lymphomas (IARC,
1981, 1987a). Azathioprine also enhanced the
photocarcinogenesis of ultraviolet radiation in
hairless mice (Kelly et al., 1987). Oral administration of azathioprine did not enhance
the hepatocarcinogenesis of N-hydroxy-N-2fluorenyl-acetamide- or of 7,12-dimethylbenz[a]
anthracene-induced tumours when tested in rats
(IARC, 1981, 1987a).

3. Cancer in Experimental Animals
Azathioprine was tested for carcinogenicity
by oral administration in one study in mice and
one study in rats, by intraperitoneal administration in two studies in mice and one study in
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Species, strain (sex)
Duration
Reference

Route
Dosing regimen,
Animals/group at start

Incidence of tumours

Significance

Mouse, B6C3F1 (M, F)
94 wk
Ito et al. (1989)

Feed
0, 5 or 20 ppm azathioprine
50 sex/treatment group

P < 0.05 for high dose

Mouse, C57BL (M, F)
65 wk
Imamura et al. (1973)

s.c.
100 mg/kg bw azathioprine in
basic saline twice/wk for 2 wk
and then once/wk for 7 mo.
Surviving animals kept for an
additional 33 wk
25 M, 21 F

Mouse, NZB/NZW (F)
15–17 mo
Mitrou et al. (1979a, b)

s.c.
0.2 mg azathioprine in basic
saline 5 ×/wk
25 mice (120-d-old), 23 mice
(180-d-old)
0.4 mg azathioprine 5 ×/wk
24 mice (120-d-old), 24 mice
(180-d-old)
2.0 mg azathioprine once/wk
15 mice (120-d-old), 12 mice
(180-d-old).
96 untreated or saline- or
solvent-treated mice served as
controls.
Study terminated at the
beginning of the 21st month of
age for each group

Lymphomas:
F–1/50, 5/49, 6/48
Uterine
haemangioendotheliomas:
F–0/50, 0/49, 7/48
Haematopoietic tumours:
11/38 treated animals (sex NR)–
Thymic lymphoma (n = 8)
Reticulum cell neoplasm (n = 1)
Non-thymic lymphoma (n = 2)
No leukaemia in the 16
untreated controls (10 M, 6 F)
evaluated
Incidence of neoplasms:
Low dose–10/48
High dose–29/48
2.0 mg/wk dose–4/27
Controls–3/96

Comments

P < 0.01 for high dose
NR

No data on survival provided

P < 0.05 for high and
low dose compared to
controls

Tumours were observed in 43
treated animals in all groups
and consisted of 33 lymphomas,
3 undifferentiated sarcomas,
4 squamous cell carcinomas
of the anal region and 2
adenocarcinomas of the lung.
However, they were not tabulated
according to individual groups
and there were no age-adjusted
comparisons provided. The early
deaths of NZB hybrid mice from
autoimmune disease precluded
direct comparison with treated
mice
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Table 3.1 Studies of cancer in experimental animals exposed to azathioprine

Table 3.1 (continued)
Species, strain (sex)
Duration
Reference

Route
Dosing regimen,
Animals/group at start

Incidence of tumours

Mouse, NZB/NZW (F)
7–8 mo
Mitrou et al. (1979b)

s.c.
0.2 mg azathioprine in basic
saline 5 ×/wk
Four groups of 9~10 mice.
The same control group as that
described in a previous study
(Mitrou et al., 1979a) was used

Incidence of neoplasms:
Treated animals–10/39
Controls–3/96

Mouse, NZB (M)
6 mo
Casey (1968a, b)

i.m.
0 or 100 mg/kg bw azathioprine
in basic saline 3 ×/wk for
4 wk followed by twice/wk for
1 wk and then once/wk, total
treatment period 6 mo
8, 8
i.m.
0 or 100 mg/kg bw azathioprine
in basic saline 3 ×/wk for
3 wk followed by twice/wk for
1 wk and then once/wk, total
treatment period 10 mo
12, 12

Thymic lymphoma:
Treated–6/8
Controls–0/6

NR

Thymic lymphoma:
Treated–7/12
Controls–0/6

NR

Mouse, NZB/NZW (F)
6 mo
Casey (1968b)

Significance

Comments

10 treated animals developed
11 tumours, which were,
histologically, 9 lymphomas, 1
mammary adenocarcinoma and
1 adenocarcinoma of the lung.
However, they were not tabulated
according to individual groups
and there were no age-adjusted
comparisons provided. The early
deaths of NZB hybrid mice from
autoimmune disease precluded
direct comparison with treated
mice
No age-adjusted comparisons
were provided and the early
deaths of NZB hybrid mice from
autoimmune disease precluded
direct comparison with treated
mice
Mean survival times and latent
periods were not specified. No
age-adjusted comparisons were
provided and early death of NZB
hybrid mice from autoimmune
disease precluded direct
comparison with treated mice
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Species, strain (sex)
Duration
Reference

Route
Dosing regimen,
Animals/group at start

Incidence of tumours

Significance

Comments

Mouse, Swiss-Webster (M, F)
15 mo
Weisburger (1977)

i.p.
7.5 (M or F), 15 (M) or 30 (F)
mg/kg bw azathioprine in basic
saline 3 ×/wk for 6 mo
Two groups of 25 males and
females
254 untreated mice as controls.
Animals that survived over
100 d observed for up to 12 mo

NR

Inadequate reporting of survival
times, the amalgamation of
various experimental groups and
tumour types, as well as the lack
of age-adjustment in the analyses
precluded a complete evaluation of
this study

Rat, Sprague-Dawley CD (M, F)
15 mo
Weisburger (1977)

i.p.
18 or 37 mg/kg bw azathioprine
in basic saline 3 ×/wk for 6 mo
Two groups of 25 males and
females
Approximately 180 untreated
rats of each sex served as
controls. Animals that survived
over 100 d observed for up to
12 mo
Feed
100 mg/kg feed azathioprine/d
for 52 wk
50 sex/group
10 males and females (6–8-wkold) as controls

Incidence of neoplasms:
M–9/21 (43%)
F–25/40 (63%)
[reported as 1.5~2 times higher
than that in controls (26%)]
Histology:
M–
Lymphosarcomas (n = 4)
Lung tumours (n = 5)
F–
Lymphosarcomas (n = 11)
Lung tumours (n = 6)
Uterine tumours (n = 2)
Incidence of neoplasms:
M–15/34
F–22/44
(reported as similar to that seen
in controls)

NR

Inadequate reporting of survival
times, the amalgamation of
various experimental groups and
tumour types, as well as the lack
of age-adjustment in the analyses
precluded a complete evaluation of
this study

Squamous cell carcinomas of
the ear-duct:
Controls–0/20
M–3/17
F–3/25

[NS]

Toxicity observed in females, 40%
died within first 12 wk of study.
All surviving animals killed after
52 wk. No difference in incidence
of other tumour types

Rat, F344 (M, F)
52 wk
Frankel et al. (1970)

bw, body weight; d, day or days; F, female; i.m., intramuscular; i.p., intraperitoneal; M, male; mo, months; NR, not reported; NS, not significant; s.c., subcutaneous; wk, week or weeks;
yr, year or years
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Table 3.1 (continued)

Azathioprine
Fig. 4.1 Conversion of azathioprine to 6-mercaptopurine
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4. Other Relevant Data
4.1 Absorption, distribution,
metabolism, and excretion
Azothioprine is essentially a prodrug for
6-mercaptopurine (see Fig. 4.1; for review, see
Aarbakke et al., 1997).
￼In humans, azathioprine is readily
absorbed from the gut. Following oral administration of 35S-azathioprine, 12% of the radioactivity is found in faeces as unabsorbed material,
and 50% in the urine over 24 hours. After oral
administration of 14C-azathioprine, about 30%
is bound to serum proteins in the blood, but it
appears to be dialysable (Elion, 1972).
In vivo, azathioprine is split primarily
by chemical conversion (Elion & Hitchings,
1975) but possibly also by enzymatic conversion (Watanabe et al., 1978), with the release of
6-mercaptopurine. In addition, splitting occurs
such that the sulfur is part of the methylnitroimidazole ring.
In humans, azathioprine is catabolized to
a variety of oxidized and methylated derivatives, which are excreted by the kidneys; very

6-M ercaptopurine

little azathioprine or 6-mercaptopurine are
excreted intact. At least 11 different metabolites have been identified, with the major
one, 6-thiouric acid, found in urine. Other
metabolites resulting from the biotransformation of the methylnitroimidazole moiety
include 5-mercapto-1-methyl-4-nitroimidazole,
1-methyl-4-nitro-5-thioimidazole, 8-hydroxyazathioprine, and inorganic sulfate (Chalmers et al.,
1967; Elion, 1972; Elion & Hitchings, 1975). Some
of these metabolites are also found in the urine
of rodents and dogs. The profile of the methylnitroimidazole urinary metabolites in the dog is
similar to that in humans but different from that
in the rat (de Miranda et al., 1973, 1975; IARC,
1981).
Most of the biological and biochemical
effects of azathioprine depend on its in-vivo
conversion to 6-mercaptopurine. Following
removal of the protective methylnitroimidazole
group in reactions involving glutathione (mediated most likely by glutathione-S-transferase)
(Watanabe et al., 1978), 6-mercaptopurine enters
the purine salvage pathway. It is converted
to thioinosine monophosphate (TIMP) by
hypoxanthine(guanine)phosphoribosyl transferase (HPRT), and then by a series of enzymatic
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Fig. 4.2 Salvage pathway of 6-mercaptopurine, metabolite of azathioprine
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TGN, thioguanine nucleotide; TIMP, thioinosine monophosphate

steps to the thioguanine nucleotide (TGN),
6-thioguanine deoxynucleoside triphosphate
(dthioGTP) (see Fig. 4.2). Thioguanine nucleotide is a precursor of DNA synthesis, and a good
substrate for replicative DNA polymerases,
which also copy template 6-thioguanine with
reasonable efficiency and accuracy (Spratt &
Levy, 1997). In an important catabolic step (see
Fig. 4.3), thiopurine methyltransferase (TPMT)
methylates thioinosine monophosphate to
methylthioinosine monophosphate (meTIMP),
a potent inhibitor of purine biosynthesis (Stet
et al., 1993; Dervieux et al., 2002). The balance
between thioguanine nucleotide and methylthioinosine monophosphate formation is the key
to the pharmacological action of the thiopurine
drugs. There are several polymorphic variants
of thiopurine methyltransferase (Weinshilboum
& Wang, 2006). These vary in their efficiency
and when patients who are homozygous (or
compound heterozygous) for alleles encoding
inefficient thiopurine methyltransferase are
treated with azathioprine, they experience severe
and often life-threatening myelotoxicity – essentially an azathioprine overdose. The past 20 years
or so has seen a significant body of research into
the occurrence and effects of polymorphisms
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of the thiopurine methyltransferase gene. A
screening test has been introduced (reviewed
in Evans & Relling, 1999; Relling & Dervieux,
2001; Evans, 2004). In general, patients with high
thiopurine methyltransferase levels have clinically poor responses to azathioprine therapy.
Despite this, the formation of methylthioinosine monophosphate and potential inhibition
of de novo purine biosynthesis are considered
by some to be the basis of the pharmacological
effects of azathioprine. This paradoxical position
may have arisen from the choice of mismatch
repair (MMR)-deficient cell lines in which the
effects of azathioprine were examined in vitro;
in the absence of MMR, purine depletion may
be a significant factor in toxicity (Karran, 2006).
Nevertheless, since many bona fide inhibitors of
de novo purine biosynthesis have similar effects
on purine biosynthesis (Shipkova et al., 2005), a
contribution of deoxynucleotide pool imbalance
to the immunosuppressive and anti-inflammatory activities of azathioprine has not been
formally excluded.
￼￼ Thioguanine nucleotide levels are an
alternative determinant of the effects of azathioprine (Lennard et al., 1987). There is a correlation between thioguanine nucleotide levels and

Azathioprine
Fig. 4.3 Catabolism of 6-mercaptopurine
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clinical effectiveness in inflammatory bowel
disease (Osterman et al., 2006). Thioguanine
nucleotides enter the deoxynucleotide pool
and are used as substrates for replicative DNA
polymerases. This results in the incorporation
of 6-thioguanine in place of DNA guanine, and
levels of around 0.5% (around 105 to 106 per cell)
replacement have been reported (Warren et al.,
1995; Cuffari et al., 2004). DNA-6-thioguanine
forms reasonable base pairs (Bohon & de los
Santos, 2003) and is not, in itself, cytotoxic. The
biological effects of this substitution require an
active DNA MMR system and depend on the
particular chemical reactivity of DNA thioguanine. The thiol group of DNA-6-thioguanine is
more reactive than the corresponding oxygen
of guanine. DNA-6-thioguanine is susceptible to chemical methylation – most likely by
S-adenosylmethionine. This reaction converts a
small fraction of DNA-6-thioguanine, approximately one in 104 or 105 incorporated 6-thioguanine bases, into S-methylthioguanine (me6-TG)
which, unlike unmodified DNA-6-thioguanine,
is highly miscoding during replication; DNA-6methylthioguanine preferentially base pairs
with thymine (T) during replication (Swann
et al., 1996). The formation of me6-TG:T base

pairs triggers recognition by MMR which leads
to cell death. Therefore, cells in which MMR is
inactive are highly resistant to 6-mercaptopurine
and 6-thioguanine. Importantly, loss of MMR
confers a significant selective advantage; and in
the laboratory, thiopurine treatment of human
cells in vitro can be used to isolate rare variants
with defective MMR from populations of cells
with proficient MMR (Offman et al., 2004).

4.2 Genotoxic effects
There are conflicting reports of effects on
the incidence of chromosomal aberrations in
lymphocytes and bone-marrow cells of patients
treated with azathioprine. In one study, the incidence of sister chromatid exchange in lymphocytes of treated patients was not increased. In
animals treated in vivo, azathioprine induced
dominant lethal mutations in mice, chromosomal
aberrations in rabbit lymphocytes and Chinese
hamster bone-marrow cells, and micronuclei in
mice, rats and hamsters; it did not induce sister
chromatid exchange in Chinese hamster bonemarrow cells.
Azathioprine induced chromosomal aberrations but not sister chromatid exchange in human
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lymphocytes in vitro. It induced chromosomal
aberrations in Drosophila, was weakly mutagenic
to fungi, and was mutagenic to bacteria (IARC,
1987b).

4.3 Mechanisms of carcinogenesis in
organ-transplant patients
Until recently, azathioprine was the most
commonly prescribed immunosuppressant in
solid organ transplant patients. It was usually
given combined with steroids and/or ciclosporin.
Organ transplant patients get two types of cancer:
post-transplant lymphoproliferative disorders
and skin cancer, predominantly squamous cell
carcinoma.

4.3.1 Post-transplant lymphoproliferative
disorders
After skin cancer, these are the most common
malignancies associated with transplantation.
They tend to affect around 5% of transplant
recipients (LaCasce, 2006). Most are associated
with the Epstein-Barr virus (EBV). Most arise
in the first year after transplant during which
immunosuppression is intense, and are of recipient origin.
The development of post-transplant
lymphoproliferative disorders almost certainly
reflects immunosuppression. EBV is incorporated into B-lymphocytes during primary
infection, and immunocompetent hosts mount
both antibody and cellular immune responses.
Post-transplant lymphoproliferative disorders
develops as a consequence of compromised
immunosurveillance. EBV-naïve transplant
recipients typically acquire the infection from
donor B cells, and post-transplant lymphoproliferative disorders is more than 20 times more
common in this group (LaCasce, 2006). Because
azathioprine is an immunosuppressant, it may
contribute to the development of post-transplant
lymphoproliferative disorders.
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4.3.2 Squamous cell skin carcinoma
The frequency of squamous cell skin carcinoma in transplant patients is up to 250-fold
higher that in the normal population (Euvrard
et al., 2003). There is no association with defective MMR in transplant-related squamous cell
skin carcinoma. Although immunosuppression
per se undoubtedly contributes to this increased
incidence, the identification of sunlight as a
cofactor (Bavinck et al., 1993) suggests a possible
alternative contributory mechanism.
The skin of patients taking azathioprine
contains DNA-6-thioguanine (O’Donovan et al.,
2005). Unlike the canonical DNA bases, 6-thioguanine acts as an endogenous ultraviolet A
(UVA) chromophore. UVA comprises more than
95% of the UV radiation that reaches the Earth’s
surface. 6-Thioguanine has been shown to be a
UVA photosensitizer, and to generate reactive
oxygen species, including singlet oxygen 1O2,
when exposed to UVA. 1O2 is highly damaging
for DNA and oxidizes DNA guanine to the
promutagenic 8-oxoguanosine, which has been
implicated in the development of cancer (Cadet
et al., 2003, 2006). DNA-6-thioguanine itself is
also susceptible to oxidation leading to DNA
lesions that block replication and transcription,
and are likely to be promutagenic (O’Donovan
et al., 2005). Patients taking azathioprine are
selectively sensitive to erythema induction by
UVA (Perrett et al., 2008). This suggests that
these potentially hazardous photochemical
reactions of DNA-6-thioguanine, which may
generate promutagenic DNA changes, occur in
the skin of patients.

4.4 Synthesis
Azathioprine is carcinogenic via two
mechanisms:
- as an immunosuppressant, it is associated
with post-transplant lymphoproliferative disorders that generally have a viral etiology;

Azathioprine
- because it causes 6-thioguanine to accumulate in patients’ DNA, it also contributes to
cancer development by DNA damage.

5. Evaluation
There is sufficient evidence in humans for the
carcinogenicity of azathioprine. Azathioprine
causes cancer of the skin (squamous cell carcinoma), and non-Hodgkin lymphoma.
There is sufficient evidence in experimental
animals for the carcinogenicity of azathioprine.
Azathioprine is carcinogenic to humans
(Group 1).
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