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v' Tacrolimus (FK-506) is an immunosuppressant that
is being investigated for use in patients with
Crohn’s disease, mainly in those with refractory
illness and fistulizing patterns of the disease.

v" Evidence from a small, randomized controlled trial
indicates that, compared with placebo, tacrolimus
is associated with higher rates of improvement and
similar rates of remission in those with fistulizing
patterns of disease.

v Nephrotoxicity, which has been reported with the
use of tacrolimus in clinical trials, seems to improve
with dose reduction, but may be associated with
irreversible histologic changes.

v More studies are needed to determine the optimal
dose and duration of therapy, and whether the drug
is beneficial to patients with non-fistulizing patterns
of Crohn’s disease.

The Technology

Tacrolimus (FK-506) has an established role as an
immunosuppressant in patients who have undergone
solid organ transplantation.'* It inhibits calcineurin, an
enzyme involved in activating the immune system,
thereby decreasing the risk of organ rejection.’
Tacrolimus prevents T-cell activation, and prevents the
production of lymphokines, notably interleukin-2.?
Based on these effects, there has been increasing interest
over the last decade in its use as a therapeutic alternative
for patients with Crohn’s disease. In Canada, tacrolimus
is marketed by Astellas Pharma Canada, Inc. as Prograf®
(systemic) and Protopic” (topical).’

Regulatory Status

In 1995, tacrolimus was approved for use as a systemic
immunosuppressant in Canada.* Its indications include
prophylaxis of organ rejection in patients with liver or
kidney transplants, and rheumatoid arthritis.’ In 2001,
tacrolimus was approved for use as a topical

Tacrolimus for Crohn’s Disease

immunomodulator for the treatment of atopic derma-
titis.” Astellas Pharma Canada, Inc. is not developing
tacrolimus for Crohn’s disease, and did not disclose its
development strategy for additional indications (Niten
Barua, Astellas Pharma Canada Inc., Markham, ON:
personal communication, 2006 Jul 20).

Patient Group

Crohn’s disease is a chronic inflammatory disorder

of the gastrointestinal tract. It can affect the mucosa
anywhere from the mouth to the anus.®” The disease
may be classified according to the location affected
(e.g., terminal ileal, colonic, upper gastrointestinal), or
the pattern (i.e., inflammatory, fistulizing, stricturing).**
Exacerbations and remissions characterize the clinical
course, and extra-intestinal manifestations, such as
inflammation of the joints, skin, or eyes, occur in
<30% of patients.*”"" Approximately 80% of patients
need surgical intervention, which underscores the
limitations of current drug therapies.”"

The prevalence of Crohn’s disease in Canada is
estimated at 198.5 cases per 100,000 population based
on provincial statistics, and the annual incidence is
estimated at 14.6 cases per 100,000 population.”

The cause of Crohn’s disease is unclear, but genetic
susceptibility and an abnormal immune response to
environmental triggers are believed to be involved.*”’
When these factors are present, an overproduction of
pro-inflammatory cytokines at the mucosal level
results.” Proposed environmental triggers include
smoking, use of non-steroidal anti-inflammatory drugs,
and infections.”"

Current Practice

The choice of therapy for patients with Crohn’s disease
depends on the severity of illness, site of involvement,
pattern of disease, and presence of complications or
extra-intestinal manifestations.*">'* Therapy commonly
comprises treatment of acute disease, or induction of
remission; and maintenance of remission.'s
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Pharmacological agents that are used in treatment
include corticosteroids (budesonide, methylpred-
nisolone, prednisone), S-aminosalicylates (mesalamine,
sulfasalazine), immunomodulators (azathioprine,
6-mercaptopurine, cyclosporine, methotrexate), biolo-
gic agents (infliximab), and antibiotics (ciprofloxacin,
metronidazole)."'® Dietary interventions, such as
elemental or polymeric diets, or total parenteral nutri-
tion, may be used as adjunctive therapy in certain
situations.® Surgery is generally reserved for patients
with stenotic obstructions, infectious complications,
pre-cancerous or cancerous lesions, or medically
refractory disease.'

The Evidence

In one high-quality, randomized, double-blind, placebo-
controlled trial that evaluated the use of tacrolimus in
patients with Crohn’s disease,"” 48 participants with
antibiotic-resistant draining enterocutaneous

fistulas were randomized to receive oral tacrolimus

(0.2 mg/kg/day, adjusted to whole blood concentrations
of 10 ng/mL to 20 ng/mL) or placebo for 10 weeks.
Stable doses of corticosteroids, immunosuppressants
(other than cyclosporine), S-aminosalicylates, and oral
antibiotics were permitted. The primary outcome
measure was fistula improvement, defined as closure of
>50% of draining fistulas, with maintenance of closure
for >4 weeks. Fistula remission (defined as complete
closure of all fistulas, with maintenance of closure for
>4 weeks) was a secondary outcome.

Results based on the intention-to-treat population
(n=46) showed significantly better fistula improvement
with tacrolimus than with placebo [nine of 21 (43%)
versus two of 25 (8%); p=0.01]. The rates of fistula
remission were not significantly different between the
groups [two of 21 (10%) for tacrolimus versus two of
25 (8%) for placebo; p=1.0]. Concomitant therapy
with azathioprine or 6-mercaptopurine, or previous
therapy with infliximab, did not seem to influence the
response to tacrolimus. Most patients had peri-anal
fistulas, so the results may not apply to those with
abdominal fistulas.

Data from small, prospective, open-label studies;
retrospective, observational studies; and case reports or
case series suggest that the use of tacrolimus leads to
beneficial effects in patients with disease that is refrac-
tory to steroids'* or other conventional therapies,”*
and in those with fistulizing®*" or peri-anal disease,™”
extra-intestinal manifestations,*' or toxic megacolon.”

Adverse Effects

The most serious adverse event reported in clinical
trials was nephrotoxicity.'****** In the randomized
controlled trial, nephrotoxicity (defined as an increase
in serum creatinine from baseline to >132 umol/L)
occurred with a significantly higher frequency in
patients treated with tacrolimus than in those treated
with placebo [eight of 21 (38%) versus zero of 25
(0%); p=0.008]."

Other common adverse events that were reported more
often with tacrolimus than with placebo included
headache (p=0.01), insomnia (p=0.006), leg cramps
(p=0.01), paresthesias (p<0.001), and tremor
(p=0.006)."” The authors reported that adverse events
were successfully managed with dose reduction.

A Health Canada advisory has been issued regarding
the use of topical tacrolimus for eczema and potential
cancer risk, based on a US advisory that cited informa-
tion from animal studies, case reports, and pharmaco-
logical activity.”**

Administration and Cost

The optimal dosage of tacrolimus for the treatment of
Crohn’s disease remains to be determined. It is usually
administered at 0.1 mg/kg/day to 0.2 mg/kg/day when
given orally, or 0.01 mg/kg/day to 0.02 mg/kg/day
when given intravenously.” Dosages are adjusted based
on blood levels and toxicity, with a common target
range of 10 ng/mL to 20 ng/mL.” As many adverse
effects of tacrolimus seem to be dose-related, it has
been suggested that the efficacy of lower doses (e.g.,
0.05 mg/kg/day to 0.15 mg/kg/day orally, adjusted to
target levels of 3 ng/mL to 10 ng/mL) be determined."”

Regimens ranging from 0.05% applied twice daily”
to 0.3% applied daily** have been used topically for
peri-anal disease or pyoderma gangrenosum related to
Crohn’s disease. The daily use of tacrolimus enemas
(containing 2 mg or 4 mg per 150 mL) for left-sided
colitis has been reported.”

Monitoring of whole blood tacrolimus concentrations,
and levels of electrolytes and serum creatinine, is
recommended during systemic therapy. These
parameters are generally measured weekly for the
first month, biweekly during the second month, and
monthly thereafter.”**

The Canadian Agency for Drugs and Technologies in Health (CADTH)
is funded by Canadian federal, provincial and territorial governments. (www.cadth.ca)



The average daily wholesale price for oral therapy at a
dosage of 0.1 mg/kg/day to 0.2 mg/kg/day for a 70 kg
individual is C$17.66 to C$35.32. This corresponds to
an annual cost of C$6,446 to C$12,892.* The daily
price for intravenous therapy, which is only available in
hospital, is C$17.95 to C$35.90 for a 70 kg individu-
al.” As the most likely role for tacrolimus seems to be
in the treatment of refractory or fistulizing disease,”*
these costs would be in addition to those of standard
therapies. Costs that are associated with the blood tests
needed for monitoring of dosing and toxicity would
also be incurred. If the need for hospitalization or
surgery (which account for most of the costs in treating
Crohn’s disease) were reduced as a result of using
tacrolimus, therapy would likely be cost-effective.”

Concurrent Development

New compounds and marketed agents are being
investigated for the treatment of Crohn’s disease.

Phase III trials with the marketed tumour necrosis
factor inhibitor, adalimumab (Humira®), are ongoing.*
Other biologics at the same stage of development
include certolizumab pegol (CDP-870) and
fontolizumab (Huzaf").”**' Promising results from
randomized controlled trials have been demonstrated
with anti-inflammatory cytokines (interleukin-10 and
interleukin-11), thalidomide analogues (CC-1088), and
colony-stimulating factors (sargramostim).” Astellas
Pharma Canada, Inc. is conducting phase III studies for
tacrolimus in the treatment of ulcerative colitis in Japan
(Niten Barua: personal communication, 2006 Jul 20).

Rate of Technology Diffusion

Evidence is lacking to support the routine use of
tacrolimus for patients with Crohn’s disease. The
drug’s main role seems to be the treatment of patients
with peri-anal fistulas that are resistant to other recom-
mended therapies, including antibiotics, azathioprine or
6-mercaptopurine, and infliximab.*”"” Such fistulas
occur in approximately 2.5% to 4.5% of patients.*

Concerns about nephrotoxicity, which may be associated
with irreversible histologic changes, will likely limit the
use of tacrolimus.”” The need for routine laboratory mon-
itoring may also discourage use, although similar moni-
toring is necessary with other immunosuppressants.

Reduced toxicity would be more likely with the use of
tacrolimus as topical therapy for limited cutaneous dis-
ease, compared with systemic therapy, but more study

is needed before its use can be widely recommended.

Implementation Issues

Additional data from controlled clinical trials are
required to assess the optimal dosage and duration of
tacrolimus therapy, and whether it is beneficial in
patients with non-fistulizing patterns of disease.
Tacrolimus will unlikely become a viable alternative
for patients with non-fistulizing disease, however,
given its similar mechanism of action to that of
cyclosporine,’ the documented lack of efficacy of low-
dose cyclosporine for luminal Crohn’s disease,'® and
the potential for nephrotoxicity.

Until more studies are available, the use of tacrolimus
will probably be limited to the small group of patients
with refractory peri-anal fistulas. In these patients, the
drug results in fistula improvement, but does not
increase the rate of complete fistula closure, which may
be a more relevant clinical outcome."”

The duration of treatment and follow-up in one ran-
domized controlled trial was 10 weeks."” Evidence
from open-label studies suggests that a longer duration
of therapy (i.e., up to eight months), with possible
continued preventive therapy, may be needed for
optimal benefit."**
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