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ADDENDUM :

The purpose of this addendum to the Supervisory Memo is to further clarify the reasoning
behind the nonclinical recommendation to require the Applicant to conduct a
carcinogenicity evaluation of colchicine as a post-marketing commitment as a basis of
approval for NDA 22-352 for Familial Mediterranean Fever (FMF). A Pre-NDA meeting
was held with the Applicant on July 31, 2006 to address development questions for their
FMEF as well as their Treatment of Acute Gout Attack and Prophylaxis of Gouty Flares
indications (the latter two have as of December 2008 been submitted independently as
NDAs 22-351 and 22-353). The Applicant inquired if the Division agreed that “no
additional toxicology studies are required prior to NDA submission”. Our response was
the following:

Division Response:

Until the IND package is submitted, we cannot determing if for the existing information is
sufficient to assess the safety of colchicine in the propesed indications. Please include copies
of all cited literature uséd to support your drug development program.

I unexpected or additional safety concerns develop during manufacturing or during
clinical trials, additional toxicological studies may be required.

With further discussion we informed the Sponsor that “a carcinogenicity evaluation
would be desirable but will not be required”. However, the Applicant was “encouraged

to summarize the current knowledge concerning the carcinogenic potential of colchicine”
in the NDA.

The minutes for a subsequent pre-NDA meeting with the Sponsor (as AR Scientific; an
allied company both owned by URL Pharma) for FMF, acute gout flares, and ~————
on February 4, 2008 contained the following statement by the Sponsor and
Division response:

Although Mutual is continuing to evaluate the potential for performing such a
study, Mutual asks that the Division re-confirm that such a study will not be
required prior to the approval of an NDA for treatment and prevention of acute
gout flaves / : of FMF /
FDA RESPONSE:

Carcinogenicity studies will not be required for NDA approval.

From the above interactions it is clear the Division was not requesting carcinogenicity
evaluation for these indications as a condition of NDA submission or approval.

Concerns regarding the aneugenic properties of colchicine and the potential for
malignancy are described in the primary review of Dr. Leshin as well as my Supervisory.
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Memo. I continue to recommend the applications for these indications may be submitted,

and potentially approved without the evaluation of carcinogenicity for three principal

reasons: 1) the long history of use in gout (which is the major indication(s) sought) and

the generally older age group which benefits from this treatment as well as 2) the Orphan

designations of the other disease indications (FMF, ———————— ) being sought, and b(4)
finally 3) the drug is currently marketed and unapproved as a single entity (though

available as an approved combination product with probenecid as Col-Probenecid®

[0.5/500 mg] and other generics); therefore, approval without this information does not

expose the public to a greater risk than currently encountered.

The recommendation to conduct the carcinogenicity evaluation of colchicine as a post-

marketing commitment stems from the mechanistic plausibility for the drug to initiate

and promote tumor development due to mitotic spindle inhibition and subsequent

aneuploidy as well as the observation that FMF (as with ———————— strikes a b(4
younger population compared to gout and this population theoretically may require the ( )
drug for prophylaxis treatment for the remainder of their life. The risk therefore is

magnified due to the longer duration of treatment though the severity of this rare disease

and associated morbidity and mortality is noted.

The Phase 4 post-marketing commitment recommendation was discussed with Dr. David
Jacobson-Kram, Associate Director for Pharmacology/Toxicology for CDER in an e-mail
of November 20, 2008 in which he was supportive of carcinogenicity evaluation,
recommending 2 species (one transgenic). Dr. Jacobson-Kram also agreed with the
Division’s proposed language for the mutagenicity and carcinogenicity sections of the
package insert.
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EXECUTIVE SUMMARY

I BACKGROUND -

This NDA application, filed by Mutual Pharmaceutical Co, Inc., concerns Colchicine
tablets, 0.6 mg, for the treatment of individuals with Familial Mediterranean Fever (FMF)
and was previously evaluated under IND 75,040. This disease is rare and the Applicant
has received an Orphan designation for their product. Nonclinical studies to support the
NDA were largely not conducted by the Applicant, relying almost entirely on the
published literature for this S05(b)(2) application. Colchicine has been extensively used
for over 100 years in the treatment and prevention of gouty arthritis, and since 1972 for
FMEF. Although there is no currently approved single colchicine entity there are
substantial numbers of marketed (but unapproved) versions available. Additionally, the
Agency has approved a combination colchicine-containing product for the gout indication
(Colbenemid NDA 12-383, 1961; DESI approval 1972).

A, Regulatory Summary (Pharmacology/Toxicology)
The Applicant has several indications for which they are pursuing approval including
acute gout (IND 72,586; NDA 22-351) and - .PIND b(4)
meetings were held with the Applicant on July 31, 2006 for the Gout and FMF
indications in which the nonclinical requirements for NDA. submission were discussed.
At that meeting the Division informed the Applicant that a carcinogenicity evaluation
would be desirable but not required and that, for the NDA, the Applicant should
summarize the current knowledge concerning the carcinogenic potential of colchicine.
Discussion also centered on the need for, and design, of nonclinical cardiovascular safety
studies. No other significant nonclinical regulatory agreements were reached.

1L MAJOR NONCLINICAL ISSUES IDENTIFIED IN PRIMARY REVIEW

'Dr. Leshin has identified a number of nonclinical issues with this NDA application for
colchicine which must be weighed in any recommendation for regulatory action. These
include the following:

1. Nonclinical studies are almost exclusively old, pre-date GLP regulations instituted
to ensure quality and integrity, and in most cases do not use current and preferred
evaluation methodologies; they were designed with dose levels to determine the
effects of colchicine rather than the safety of colchicine.

2. Nonclinical studies available are almost exclusively of short duration (i.e. <5
weeks) and do not support chronic dosing;

3. Genetic toxicology studies and knowledge of the mechanism of action indicate
colchicine may reasonably be expected to promote or induce neoplasia.

4. Reproductive toxicology studies conducted in nonclinical models indicate a
significant risk for embryofetal harm and reduced parental fertility

5. The colchicine product used in the published studies is frequently of unknown
quality and comparability when compared with the Applicant’s drug product;

6. Nonclinical data provided do not provide full ability to address all standard
nonclinical label sections (e.g. carcinogenicity); and, -
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7. There is a potential drug product photo-degradant impurity which possesses a
structural alert for mutagenicity and is not adequately controlled by specifications
or qualified through nonclinical studies.

The Agency has undertaken an initiative to bring marketed but unapproved drugs under
NDA as well as remove those which remain marketed without regulatory approval.
There is demonstrably insufficient nonclinical support provided based on current
requirements and standards for a new molecular entity and though there is a regulatory
stance that the standard for safety will not be lowered to approve a marketed and
unapproved drug, the extensive clinical experience, including human toxicity, obtained
with colchicine use over the last 100+ years must be considered when evaluating this
problematic nonclinical data package. It is notable that colchicine has been the standard
of care for FMF since 1972 and a nearly equivalent colchicine dosage has been in an
approved combination product (Colbenemid and generics: colchicine 0.5 mg/probenecid
500 mg) used for gout (initially acute and prophylaxxs now entirely for prophylaxis)
since 1961.

Although the purpose of clinical data is not to inform the nonclinical knowledge base, it
is important to point out that the mechanism of action of colchicine (as a microtubule
inhibitor/mitotic spindle poison) is certainly operative in all eukaryotic organisms. This
is the reason that the manifestations of toxicity are so similar across species, including
human, as mentioned by Dr. Leshin. This, when combined with the well-understood
clinical toxicity of long-term colchicine administration precludes the need to provide
modern, GLP-compliant chronic toxicology studies in animals for support of the
application.

Regarding the mutagenicity, reproductive toxicity, and potential carcinogenicity of
colchicine, the data in the published literature is respectively confounded (genetic
toxicology), clear (reproductive toxicology), and absent (carcinogenicity). Colchicine, as
a mitotic spindle poison, is not directly genotoxic, but promotes the development of
aneuploidy (deviation from the normal 2N complement of chromosomes) in affected
cells. This causes instability in all cells without the proper complement of 23
chromosome pairs. The severity of a developmental outcome is temporally dependent on
the when and where aneuploidy occurs. Embryonic or germ line aneuploidy “causes
developmental abnormalities and reduces organismal fitness in all species where this
condition was examined” (Torres et al., 2008) due to imbalances in protein stoichiometry
(chromosome gain) or reduced gene dosage or haplo-insufficiency (chromosome loss).
Studies cited by the Sponsor and as reviewed by Dr. Leshin indicate colchicine
administration in reproductively aged animals induces significant reductions in fertility
through direct effects on germ cells as well as hormonal alterations supporting the
embryonic environment. Teratogenic effects have been noted in multiplé species with
maternal exposure to colchicine. The degree and nature of the defects, not surprisingly,
are dependent on the developmental stage of embryo exposure. I agree that the level of
available information is acceptable for labeling the mutagenesis and reproductive
toxicology sections of the package insert. Dr. Leshin recommends a registry for
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pregnancy be established for colchicine in this indication. To the extent this appears
appropriate with our clinical colleagues I believe this may be warranted and informative.

Colchicine has not been studied in standard rodent carcinogenicity bioassays; however,
aneuploidy has for almost 100 years been considered a theoretical risk for tumorigenesis
(Boveri, 1914) and this will be indicated in the package insert. Without data for
evaluation, however, the published literature is the only source available to gauge the
level of concern. Cancerous cells frequently are aneuploid as well as having evidence of
gross chromosomal rearrangements (Storchova and Pellman, 2004) and most solid
tumors display aneuploid karyotype. A series of elegant studies with genetically
modified mice prone to aneuploidy indicates that this condition can paradoxically inhibit
cell growth and promote apoptosis as well as provide a staging ground for tumorigenesis
(Weaver et al., 2007, Sotillo et al., 2007) and that the balance may depend on the cell
types and genetic contexts involved (Pellman, 2007). Weaver and colleagues (2007)
~ demonstrated mice with genetic defects in a spindle motor protein (Centromere-
associated Protein-E; CENP-E) have significant levels of aneuploidy due to random mis-
segregation of chromosomes without direct DNA damage. Such mice have a modest
increase in spontaneous spleen and lung tumors in vivo late in life though intriguingly the
most common tumors in wild-type background strain are liver tumors which were
significantly reduced. To investigate the effects of aneuploidy in the setting of enhanced
tumor development, an evaluation of these mice through cross-mating with another group
of mice deficient for a tumor suppressor gene (P19/4ARF) demonstrated that mice progeny
with defects in both mitotic spindle protein and tumor suppressor protein had longer
tumor-free survival than those with a fully functioning mitotic spindle. These
investigators further provided data to suggest that aneuploidy in the setting of chemically
induced tumor formation is more of an inhibitor than promoter/initiator of tumorigenesis
as mice heterozygous for a defective CENP-E protein had reduced tumor burden and
incidence compared with wild-type mice after administration of the known mutagenic
carcinogen 7,12-dimethylbenz[a]anthracene (DMBA). More recently, Weaver and
colleagues (2008) argued based on their 2007 work that the degree of aneuploidy
produced may influence the outcome — low levels of aneuploidy promote transformation
and tumorigenesis while higher levels encourage reduced cellular growth and apoptosis.
This may not be surprising as suppressing the ability of a mutated and transformed cell to
divide by mitotic spindle impairment may be expected to inhibit tumor progression.
Colchicine, as a whole-chromosome anuegen is not mutagenic itself, therefore it may be
argued that exposure may be more akin to the effect of CENP-E* heterozygous mice in
the absence of direct application of mutagens as initiating factors. However, as humans
are continually exposed to random mutational events as well as direct mutagens, the data
from DMBA -exposed mice may be the most appropriate. Evaluation of colchicine in a
standard 2-year rat bioassay along with a 6-month transgenic mouse study may give
information to address both possibilities, the latter study being considered to be
conducted in a genetlcally “Initiated” model, such that transgenic mice have an increased
susceptibility for carcinogens. Although Dr. Leshin notes a long-term nonclinical study in
which rodents developed respiratory difficulties over time with continual low-dose
exposure to colchicine in drinking water, [ am not convinced long-term studies (or in the
case of a transgenic study, 6 months) — properly conducted with careful dose range-
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finding to support doses — cannot be successfully performed. While I agree with Dr.
Leshin that there may be some benefit in requesting a registry for malignancy with used
of the product should the gout indications be approved at a later date, the incidence of
FMF is rare enough in the general population that an epidemiologic evaluation for
increased cancer incidence may be exceedingly difficult and further argues for
nonclinical evaluation where this may be possible.

The potential presence of photo-degradants bearing a structural alert for mutagenicity
(identified as B- and y-lumicolchicine) has not been adequately addressed at this time.
While the Applicant has not observed these degradants in the drug product, they have not
developed detection methods which are sensitive enough to preclude such impurities
being above 1.5 pg/day total daily intake (TDI), the current standard which the Agency
follows for approval of an NDA (McGovern and Jacobson-Kram, 2006) and a level
which has been proposed by the EMEA and PhARMA. 1t is notable from Dr. Craig
Bertha’s CMC review, that the packaging of the drug product in HDPE bottles or
(the latter form for ~———————) should be sufficiently protective
from light such that significant light exposure and resulting photo-degradant development
should not occur and the Applicant appears aware of this as they based their choice of
packaging on this reasoning. Dr. Leshin notes that the marketed and unapproved
colchicine products available currently as well as the approved Colchicine combination
~ products may also contain these degradant impurities and these levels are not known at
this time. On balance, and with a drug product that produces whole chromosome
loss/gain, this does not appear to be substantial approval issue. I agree with Dr. Leshin,
however, that the Applicant should develop an improved assay to provide for a lower
limit of detection as a post-marketing requirement such that the total levels of these
photo-degradants will not exceed 1.5 ng/TDI. However, I do not believe it necessary to
conduct a 28-day repeat-dose toxicology study as the concern is
mutagenicity/genotoxicity which is addressed by lowering of the specifications or
completion of the genotoxicity assays.

III.  ADVISORY COMMITTEE ISSUES (if appropriate)
N/A

IV, RECOMMENDATIONS

A. Recommendation on approvability
I concur with Dr. Leshin’s recommendation that the application may be approved
pending agreement on labeling.

B. Recommendation for nonclinical studies
There are no additional nonclinical studies considered necessary for taking regulatory
action on the current NDA. However, the following nonclinical studies are
recommended as post-marketing requirements:
1. The Applicant must evaluate the potential carcmogemmty of colchicine in two
rodent species. Studies may consist of a 2-year bioassay in rat and a 6-month
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transgenic study in an appropriate mouse model. The Applicant is strongly
encouraged to submit protocols for Agency concurrence on study design prior to
initiation of studies.

2. The Applicant must improve detection assays to allow reduction of the
specifications for the photo-degradant impurities B- and y-lumicolchicine to
ensure a limit of NMT 1.5 pg TDI for the combined degradants. Alternatively,
the Applicant may conduct genetic toxicology studies which, if negative, would
support the current proposed specifications.

C. Recommendations on labeling

I'am in agreement with the proposed changes to the label described in Dr. Leshin’s
review. The language regarding mutagenicity and carcinogenicity was discussed with
Dr. David Jacobson-Kram, Associate Director for Pharmacology/Toxicology.
Nonclinical sections of the label remain to be discussed within the review team and
negotiated with the Applicant.
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LXECUTIVE SUMMARY

L Recommendations

A. Recommendation on approvability: Approve
B. Recommendation for nonclinical studies:

The photodegradant impurities contain structural alerts for mutagenicity and
therefore need specifications set to maintain daily intake at less than 1.5
pg/day. If that is not possible, qualification studies (genetic toxicology and a
28-day repeated dose study) are necessary. These photodegradants are not
detected in the clinical product at the current levels of impurity detection. The
currently marketed approved generics of Colbenemid, and the numerous
marketed, but unapproved colchicine only products have the same potential of
containing these impurites, and should all be limited with regards to these
impurities. Since these have been on the market for years, this reviewer
recommends lowering of specifications or qualification studies could be done
postmarketing.

C. Recommendations on labeling: refer to the Table below

LReviewers Commenrs on Labeling:

The Sponsor provided summaries and published literature to support labeling. There are
no toxicological data that provide nonclinical NOAEL values as a guideline for
colchicine use. Most nonclinical toxicological findings were close to or within the dose
range of clinical therapeutic use, there is a very low threshold between symptomatic
adverse effects and lethal doses for animals and humans. Recommendations by the
Maternal Health Team are indicated in red.
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II.  Summary of nonclinical findings
A, Regulatory Background

This NDA is being submitted by Mutual Pharmaceutical Co., Inc under Section 505(b)(2)
of the Federal Food, Drug and Cosmetic Act relying on publicly available information,
supplemented by nonclinical pharmacology studies performed by the Applicant.. They
developed colchicine tablets USP, 0.6 mg for the treatment of children and adults with
Familial Mediterranean Fever (FMF). An Orphan Drug Designation was granted for this
indication (ODD 07-2458, Sept 25 2007). Mutual requested and obtained priority review
status for this NDA since treatment of FMF is an unmet medical need with serious
morbidity and mortality associated with inadequate treatment.

Colchicine has been in use in the United States as a single active ingredient since prior to
1938 (and likely before 1908). Despite its extensive use primarily in the treatment and
prevention of acute attacks of gout, colchicine as a single use product has not been
approved by the FDA. All previous approved products were a combination of colchicine
and probenecid (ColBenemid, NDA 12-383, combination of colchicine 0.5 mg and
probenecid 500 mg, up to four tablets (i.e. 2.0 mg colchicine) daily for the management
of chronic gout; approved in 1961 followed by DESI approval in 1972 Fed Reg 37, no.
146, p. 15189; July 28, 1972). This application, if approved, would represent the first
approved colchicine-only product.

This NDA is the outcome of meetings with the Applicant concerning colchicine use for
gout (IND 72,586), FMF (PIND 75,040), and . APIND
meeting was held in July 31 2006 which included a discussion of the nonclinical program
requirements for colchicine’s development for all the above indications. An IND to
conduct clinical studies for FMF was never submitted or initiated since it was agreed the
Applicant could submit published clinical studies for support of the FMF indication
(refer to the Clinical Review of Dr. Hull).

Nonclinical information for all three indications was submitted to IND 72,586 to support
the gout clinical program. This included a literature review of colchicine toxicology and
Sponsor-conducted cardiovascular safety studies and genetic toxicology studies. Upon
review, the Division determined that there was sufficient nonclinical pharmacology and
toxicology information to enable labeling of nonclinical sections for which clinical
information is lacking. The Division agreed that carcinogenicity studies would not be
necessary for the NDA. Drug interaction studies involving cytochrome P450 (CYP)
metabolism, inhibition, and induction are reviewed in the Clinical Pharmacology Review.

B. Brief overview of nonclinical findings
With a long clinical history for the use of colchicine, the Applicant submitted published

nonclinical literature to support the NDA. In additional they conducted genetic
toxicology and cardiovascular safety toxicology studies. The genetic toxicology studies
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were conducted to address potential issues that might arise concerning a conformational
isomer impurity that exists in equilibrium with colchicine. The cardiovascular safety
studies were conducted because the Applicant determined there was insufficient
information available to adequately assess cardiovascular safety. Both types of studies
were initiated by the Applicant before review and discussion of the development
program.

General toxicology

Historical information provided by the Applicant and obtained from published animal
studies and human use indicates similar toxicities with increasing doses. However, the
published nonclinical literature contains inadequate long-term toxicology studies.
Almost all the studies were conducted prior to GLP regulations and lack much of the
information now routinely collected such as clinical pathology and histopathology
findings. In general, the acute toxic signs in animals (rats, dogs, rabbits, cats) with short-
term colchicine administration are gastrointestinal tract-related and include emesis,
distended intestines, diarrhea (bloody in more severe cases), lack of appetite and lethargy.
With increasing doses these signs become more severe, and there is a loss of body tone,
abnormal gait and hindlimb paralysis and wasting atrophy, ascites and eventually death.
For comparison, in humans, at sufficient doses, colchicine can produce gastrointestinal
disorders, profound muscle weakness, respiratory insufficiency, and peripheral
neuropathy.

In the Applicant’s cardiovascular safety dose-range finding study in rabbits,
administration of a single daily colchicine dose of 1.5 mg/kg (divided into three smaller
intravenous doses administered 15 min apart) resulted in no clinical signs or mortality,
but 3.0 mg/kg total dose (also administered as three 1 mg/kg doses) resulted in deaths by
the following day. In the cardiovascular safety dose-range finding study in dogs, deaths
occurred at an oral dose of 0.9 mg/kg, but not 0.45 mg/kg. For comparison, in humans,
fatalities have resulted from colchicine doses between 0.5 to 0.8 mg/kg (30 to 48 mg for a
60 kg individual) with 100% fatality at doses greater than 0.8 mg/kg.

Cardiovascular Toxicology

In the cardiovascular safety studies, colchicine at 10 pM (4 pg/mL) produced no
significant inhibition of hERG (K" repolarization) current. In anesthetized rabbits
administration of 9 mg/kg colchicine intravenously as three 3 mg/kg doses 30 min apart,
resulted in a dose-related decreased heart rate (12, 18 and 22%), decreased body
temperature (2, 3, and 4%) and increased QTc (7, 9 and 13%), with each 3 mg/kg dose
administered, respectively. However, this dose exceeds the lethal dose as noted in the
above and the significance of these changes is unclear. In the conscious telemetered dog,
oral doses of eolchicine (0.1, 0.3 and 0.5 mg/kg) administered at 1 week intervals resulted
in no significant cardiovascular or ECG findings, including QTc. Plasma colchicine
concentrations were 7.6 to 49.2'ng/mL at the 1 hour postdose timepoint (highest of the 1
and 4 hour timepoints of sample collection). For comparison, the Applicant’s
pharmacokinetic studies with healthy adult humans found lower mean colchicine
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concentrations, 3.6 and 3.1 ng/mL after 10 and 14 days, respectively, of 0.6 mg b.i.d.
doses. The Applicant's study of ECG in human volunteers receiving colchicine also did
not indicate an effect on QTc.

Genetic Toxicology

The Applicant conducted assays to determine the mutagenic and clastogenic potential of
purified colchicine which contains a conformational isomer impurity that exists in
equilibrium with colchicine at approximately a 1% concentration and cannot be
eliminated. The bacterial reverse mutation (Ames) assay was negative at doses up to
5000 pg/plate, with or without the presence of metabolic enzymes. A chromosomal
aberration assay with human white blood cells (enriched lymphocytes) was negative at
doses up to those that disrupted mitosis. At the highest concentrations, 860 and 2000
ng/mL, an increased proportion of cells exhibited mitotic disruption in the form of
elevated mitotic index (mitotic arrest) and centromeric disruption (dissociated
chromatids). These are not considered clastogenic effects.

Published studies reported colchicine was positive in mutagenic (in vitro mouse
lymphoma thymidine kinase [TK] assay) and clastogenic (in vitro mammalian cell
micronucleus assay ir vivo in mice, hamsters, and rats) assays. In retrospect, these were
probably false positives, a result of the cellular proliferation essential for these assays.
The study of Honma et al 2001 determined that the mutagenic effects in the mouse
lymphoma TK assay was due to loss of a functional £ allele generated by the loss of the
entire chromosome 11 where the 7k gene resides. There were no mutants with structural
changes such as deletions or translocations involving chromosome 11. The mutations
described in these assay arose through mitotic nondisjunction without structural DNA
changes. In the published clastogenicity assays, cells with micronuclei were counted, but
the chromosomes were not examined for signs of clastogenicity, rather only micronuclei
were counted. The study of Jie and Jia (2001) examined the micronuclei and found they
were composed mainly of whole chromosomes. These findings are consistent with
colchicine's well characterized induction of aneuploidy. The conformational isomer did
not alter the genotoxic results compared to literature reported effects. In retrospect all
colchicine preparations probably contained this isomer. Micronuclei can arise from
acentric fragments induced by substances causing chromosomal breakage (clastogens) as
well as from whole lagging chromosomes induced by those causing aneuploidy.

Reproduction and Developmental Toxicology

Colchicine disruption of microtubule formation results in reproductive and
developmental toxicity by cells involved in meiosis and mitosis. The effects are species
and dose dependent, with the timing of exposure also critical for the effects on embryonic
development. In general, published nonclinical studies indicated adverse effects on
sperm development and fertility, early embryonic development and implantation,
organogenesis (teratology), and late-stage embryonic development. In males, colchicine
interfered with seminiferous tubule fluid secretion, testosterone production/release from
rat Leydig cells, and disrupted microtubules in Sertoli cells in the epididymides, resulting
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in abnormal sperm production. In females, colchicine administration can result in eggs
with Y chromosomes, and interfere with sperm penetration, the second meiotic division,
and normal cleavage, and produce triploid and mosaic embryos. Published nonclinical
studies demonstrated that colchicine is embryo-lethal early in development, is associated
with the production of skeletal abnormalities during organogenesis, and causes slow
embryofetal development. Published studies indicate that colchicine-mediated
microtubular disruption inhibits the secretion of various hormones. It also can reduce
milk yield and alter milk composition (reduced fat content).

C. Pharmacologic activity

Colchicine binds to the intracellular protein tubulin, preventing its alpha and beta forms
from polymerizing into microtubules. This disruption of the microtubular network results
in impaired protein assembly in the Golgi apparatus, decreased endocytosis and
exocytosis, altered cell shape, depressed cellular motility and arrest of mitosis. Of
particular importance to FMF, colchicine also interferes with the formation of the
inflammasome, a newly appreciated and identified cellular structure involved in the
production of inflammatory-related cytokines.

D. Nonclinical safety issues relevant to clinical use

Findings of nonclinical toxicology closely match those known historically from clinical
colchicine use. Published clinical studies submitted in support of this NDA, lacked for
the most part, the toxicities of colchicine that are observed with higher doses and
overdosing. These toxicities have been described in abundance in review articles and
medical databases. Colchcine has a very narrow therapeutic window, with human deaths
reported at doses not much greater than therapeutic doses. Comparing human lethality
with the limited nonclinical data at nonlethal doses, indicates that human deaths have
been reported at doses lower than those that affect rodents, implying that NOAEL
determinations may not provide a useful margin of safety. A direct NOAEL comparison
could not be conducted since for the most part, nonclinical studies were not conducted to
identify a NOAEL, but to identify toxicities.

Genetic toxicology studies indicate that colchicine treatment results in aneuploid cells
through mitotic or meiotic non-disjunction, but colchicine is not considered mutagenic or
clastogenic although results from these assays often result in positive results (a false
positive finding, from different mechanism leading to a similar result). The significance
of aneuploidy toward carcinogenic potential in comparison with a pure clastogenic
mechanism cannot be quantitatively assessed. However, most tumors consist of aneupoid
cells and both mechanism can result in tumors (Weaver et al 2007, Cancer Cell 11:25-36;
Torres et al 2008, Genetics 179:737-746).

Carcinogenicity studies have not been requested due to the long history of clinical
experience, although specific documentation of any relationship between colchicine use
and carcinogenicity is lacking. They are still possible options if clinical findings from
expanded safety surveillance result in signals for further study. From the few repeated
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dose studies reported in the literature (possibly the same studies conducted for the
original approval of colchicine/probencid combination in 1961, original reviews were not
found), there was a low threshold between adverse effects and the lethal dose in studies
of less than 1 month duration in rats. With low doses of colchicine administered in
drinking water of spontaneously hypertensive and nonhypertensive rats, respiratory
difficulties developed within 4 to 13 months (Cicogna et al 1997). While there may be
greater susceptibility in this strain, overall studies do not provide much confidence that a
2 year oral study in rats or mice would be productive. A study was conducted with
dermally applied colchicine twice weekly in mice for 6 months, and this could be
conducted with transgenic mice, but those mice would not be an appropriate model for an
orally ingested drug since they have a high spontaneous background rate of internal
tumor formation that may confound and mask colchicine induced effects. The reviewer
recommends that the Applicant maintains a record of maligancies in patients on
colchicine therapy for eventual comparison with population cancer rates.

GLP studies of reproductive and developmental toxicology and carcinogenicity have not
been conducted. For reproductive and developmental toxicology, there is sufficient
information from published literature to convey the risk in the label. Furthermore there
are recent clinical epidemiology studies of pregnancies in colchicine treated women with
FMF that have not found detrimental effects that could be attributed to colchicine, but
there were limited number of pregnancies studied. The reviewer recommends that the
Applicant maintains a record of males and female reproductive problems, pregnancies,
and their outcomes for eventual comparison with population data to determine if adverse
events occur at a greater rate than the general population.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number:

Review number:

Sequence /date/type of submission:
Information to sponsor:

Sponsor and/or agent:

Manufacturer for drug substance:

Reviewer name:
Division name:

HFD
Review completion date:

Drug:
Generic name:
Code name:
Chemical name:

CAS registry number:
Molecular Formula:
Molecular Weight:
Structure:

22-352

1

000/June 20, 2008/505(b)(2)

No

Mutual Pharmaceutical Co., Inc.,
Philadelphia, PA

for DMF

L.S. Leshin

Division of Anesthesia, Analgesia and
Rheumatology Products.

170

Nov 18, 2008

Colchicine

4/TP5011
(S)-N-[5,6,7,9-Tetrahydro-1,2,3,10,
tetramethoxy 9-oxobenzo(a)heptalen-7-yl]
acetamide;

and

acetamide, N-[5,6,7,9-tetrahydro-1,2,3,10-
tetramethoxy 9-oxobenzo[alheptalen-7-yl],
(8)-

64-86-8

C2H2sNOg

399.43
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Relevant INDs/NDAs/DMFs:
NDA 12,383 (Colbenemid, Colchicine + Probenecid; Merck; approved 1961 and
DESI 1972; indicated for the treatment of gout)

b(4)

PIND 75040 (colchicine; for the treatment of Familial Mediterranean Fever)
IND 72586 (colchicine; received Feb 12, 2007; for gout)

Drug class: Spindle poison (mitotic inhibitor, blocks
tubulin polymerization to form into
microtubules)

Intended clinical population: Adults and children greater than 4 years of

age with Familial Mediterranean Fever
(FMF), specifically for the —————

b(4)

Route of administration: Oral

Clinical formulation: Colchicine Tablets USP, 0.6 mg
The recommended dosage of colchicine:
e Adults and adolescents older than 16 years of age is 1.8 mg daily. Colchicine
should be increased as needed to control disease and as tolerated in increments of
0.3 mg/day to a maximum recommended daily dose of 2.4 mg. If intolerable side
effects develop, the dose should be decreased in increments of 0.3 mg/day.
o Pediatric patients 4 years of age and older is based on age (doses may be given
once or twice daily) as follows:
o Children 4 - 6 years: 0.3 to daily b(4
o Children > 6 — 12 years: — daily ( )
o Adolescents > 12 — 16 years: daily
The drug product is a purple film-coated, capsule-shaped tablet
debossed ‘AR 374’ on one side and scored on the other side. The tablet may be split, if
necessary, to achieve lower doses.
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The components and quantitative composition of the drug product are listed in Table
2.3.P:1.

Reviewer's Comment: The excipients are acceptable and do not require additional
toxicological testing.

Table 2.3.P:1

Composition of Colchicine Tablets USP, 0.6 mg
Ingredient mg/Tablet | % wiw Function
Colchicine active ingredient __0.60‘ e Active ingredient
Lactose monohydrate, NF 1 ‘
Pregelatinized starch, NF — 14 ‘
Microcrystalline cellulose, NF as ‘
Sodium starch glycolate. NF ‘
Magnesium stearate. NF 2
Camauba Wax, NF —
Total | - _
* Repistered trademark of .- _ contains FD&C Blue #2 __FD&CRed#0 ______

—— hypromellose, polydextrose, polyethylene glycol, titaninm dioxide, and niacetin. The quantitative composituon 15

provided in Module 3.

Impurities/Degradants

Colchicine, is extracted and purified from the seeds of Gloriosa superba Linn, of the
Liliaceae family. Three cGMP batches of drug product (batches BB 374 0215, BB 374

0217, BB 374 0218) were manufactured by Mutual in November 2006. All three batches

‘were manufactured using colchicine, USP drug substance lot COL 0906004 from

Isomers: Natural colchicine exists in a predominantly [(-)asS, 7S] form with aromatic ring

moieties (rings A and C) arranged in a counterclockwise helicity, and as the
conformational isomer [(+)aR, 7S] form with a clockwise helicity (Impurity B in the

British Pharmacopoeia). The conformational isomer and an
. Thus it
is present in the drug substance at a level of approximately —— The conformational

isomer is present in the 3 registration batches at a level of ——with a specification limit

set at

h(4)

h(4)
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CH0 CH
(-)-(aS,78)-colchicine (+)-(aR,75)-colchcine

Reviewer comment: We previously agreed at the preNDA meeting that qualification

studies of the conformational isomer would not be necessary. Due to its existence in

equilibrium with colchicine, it would not be possible to perform qualification studies

using either the impurity alone or to use drug substance spiked with the impurity. The

Sponsor demonstrated that the conformational isomer attains complete equilibrium in .

about — , b(4)
~—— The Sponsor noted that the isomer lacks the tubulin-binding properties of colchicine

based on structural spatial analysis of molecular interaction between colchicine and

tubulin binding sites (described in the following paragraph), but this has not been

demonstrated empirically.

The conformational analysis colchicine forms and circular dichroic evaluation of the
interaction of these compounds with tubulin (Brossi, 1990), demonstrated that the
colchicine binding to tubulin requires a specific stereochemical arrangement of the A and
Crings. The aS isomer of colchicine binds to the C-domain on the B-subunit of tubulin,
with the appropriate torsion angle between rings A and C (about 53 degrees) required for
binding. Because the aR conformer has the opposite helicity as that of tubulin, this
colchicine isomer is expected to have only a low affinity for tubulin binding, and would
not be expected to have appreciable pharmacologic or toxicologic activity (Hastie, 1991).

that exceeded recommended specifications
during the IND phase for a Gout indication (conducted by the same Applicant) was —

(also known as ——————This has since been reduced b(4)
and is currently below the detection limits in the clinical batches.

Gamma- and Beta-Lumicolchicine: There are two potential photodegradants impurities
which contain a structural alert for mutagenicity (see table below), however they were not
identified in the clinical product. :

LReviewer’ Comment: The photodegradant impurities contain structural alerts for
mutagenicity and therefore need specifications set to maintain daily intake at less than
1.5 ug/day. If that is not possible, qualification studies (genetic toxicology and a 28-day
repeated dose study) are necessary. These photodegradants are not detected in the
clinical product at the current levels of impurity detection, due to package protection
Sfrom light. The currently marketed approved generics of Colbenemid, and the numerous
marketed, but unapproved colchicine only products have the same potential of containing
these impurites, and should all be limited with regards to these impurities. Since these
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have been on the market for years, this reviewer recommends lowering of specifications
or qualification studies could be done postmarketing.

Structural Alerts for Muta%enicity

S-Luri-colchicing
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Regulatory Background

This NDA is being submitted by Mutual Pharmaceutical Co., Inc under Section 505(b)(2)
of the Federal Food, Drug and Cosmetic Act relying on publicly available information,
supplemented by nonclinical pharmacology studies performed by the Applicant.. They
developed colchicine tablets USP, 0.6 mg for the treatment of children and adults with
Familial Mediterranean Fever (FMF). An Orphan Drug Designation was granted for this
indication (ODD 07-2458, Sept 25 2007). Mutual requested and obtained Priority review
status for this NDA since treatment of FMF is an unmet medical need that is clinically
significant given the serious morbidity and mortality associated with lack of, or
suboptimal, treatment.

Colchicine has been in use in the United States as a single active ingredient since prior to
1938 (and likely before 1908). Despite its extensive use primarily in the treatment and
prevention of acute attacks of gout, colchicine as a single use product has not been
approved by the FDA. All previous approved products were a combination of colchicine
and probenecid (ColBenemid, NDA 12-383, combination of colchicine 0.5 mg and
probenecid 500 mg, up to four tablets (i.e. 2.0 mg colchicine) daily for the management
of chronic gout; approved in 1961 followed by DESI approval in 1972 Fed Reg 37, no.
146, p. 15189; July 28, 1972). This application, if approved, would represent the first
approved colchicine-only product.

This NDA is the outcome of meetings with the Applicant concemmg colchicine use for
gout (IND 72,586), FMF (PIND 75,040), and - . APIND
meeting was held in July 31 2006 which included a discussion of the nonchmcal program
requirements for colchicine’s development for all the above indications. An IND to
conduct clinical studies for FMF was never submitted or initiated since it was agreed the
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Applicant could submit published clinical studies for support of the FMF indication
(refer to the Clinical Review of Dr. Hull).

Nonclinical information for all three indications was submitted to IND 72,586 to support
the gout clinical program. - This included a literature review of colchicine toxicology and
Sponsor-conducted cardiovascular safety studies and genetic toxicology studies. Upon
review, the Division determined that there was sufficient nonclinical pharmacology and
toxicology information to enable labeling of nonclinical sections for which clinical
information is lacking. The Division agreed that carcinogenicity studies would not be
necessary. Drug interaction studies involving cytochrome P450 (CYP) metabolism,
inhibition, and induction are reviewed in the Clinical Pharmacology Review.

Injectable Colchicine: On Feb 6, 2008, a news release by the FDA indicated that the
Agency would take enforcement action against companies marketing injectable
colchicine (this route of administration has never been approved for any colchicine-
containing product) after receiving 50 reports of adverse events, including 23 deaths,
associated with it use. Injectable colchicine has been manufactured or compounded
independently and used to treat gout.

Data reliance for (b)(2) applications:

Except as specifically identified below, all data and information discussed below and
necessary for approval of NDA 22-352 are owned by Mutual Pharmaceutical Co., Inc. or
are data for which Mutual Pharmaceutical Co., Inc. has obtained a written right of
reference. Any information or data necessary for approval of NDA 22-352 that Mutual
Pharmaceutical Co., Inc. does not own or have a written right to reference constitutes one
of the following: (1) published literature, or (2) a prior FDA finding of safety or
effectiveness for a listed drug, as described in the drug’s approved labeling. Any data or
information described or referenced below from a previously approved application that
Mutual Pharmaceutical Co., Inc. does not own (or from FDA reviews or summaries of a
previously approved application) is for descriptive purposes only and is not relied upon
for approval of NDA 22-352.

Studies reviewed within this submission:

Report Number / Location | Title

Safety Pharmacology

Cardiovascular

0406LU21.001 Dose-Range-Finding (Pyramid) Intravenous Toxicity Study of
Module 4.2.1.3 Colchicine in Rabbits

Also in IND 72586, SD-44, April
30, 2008

1235LU21.001 Effects of Colchicine on Electrocardiogram, Heart Rate and QTc in
Module 4.2.1.3 Anesthetized Rabbits

Also in IND 72586, SD-44, April
30, 2008

0433DU21.001 Dose-Range-Finding (Pyramid) Oral Toxicity Study
Module 4.2.1.3 in Dogs with Colchicine
Also in IND 72586, SD-44, April
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30, 2008

1259DU21.001 Cardiovascular Evaluation of Colchicine in Conscious Telemetered
Module 4.2.1.3 Dogs

Also in IND 72586, SD-44, April

30, 2008

1273HU21.001 Effects of Colchicine on Cloned hERG Potassium Channels
Module 4.2.1.3 Expressed in Human Embryonic Kidney Cells

Also in IND 72586, SD-44, April
30, 2008

Genetic Toxicology

In vitro

MPC-004-07-0002
Module 4.2.3.3.1

Colchicine: Bacterial Mutation Test

MPC-004-07-0003
Module 4.2.3.3.1

Colchicine: Chromosome Aberration Test

Studies_not reviewed within this submission:

Full text publications considered relevant to nonclinical safety and pharmacology were
submitted and listed in the Appendix. Of the 169 publications, 49 publications pertaining
to the safety of colchicine were incorporated into the Applicant’s review of the literature.

Disclaimer: Tabular and graphical information are constructed by the reviewer unless

cited otherwise.
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2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Colchicine binds to the intracellular protein tubulin, preventing its alpha and beta forms
polymerizing into microtubules. This disruption of the microtubular network throughout
the cell results in impaired protein assembly in the Golgi apparatus, decreased
endocytosis and exocytosis, altered cell shape, depressed cellular motility and arrest of
mitosis usually in metaphase. Since its dissociation is slow, its action is essentially
irreversible. The conformational structure of colchicine is required for tubulin binding
and its three stereoisomers do not bind to tubulin.

Traditionally, it has been thought that the anti-inflammatory response of colchicine was
due to its prevention of activation, prevention of secretory functions, and migration of
neutrophils via a mechanism that involves preventing B-tubulin polymerization into
microtubules and the disruption of cytoskeletal functions. Recently colchicine was found
to interfere with the formation of the inflammasome, a newly identified cellular structure
involved in the production of inflammatory-related cytokines.

2.6.2.2 Primary pharmacodynamics
MECHANISM OF ACTION

Colchicine binds to the B subunits of tubulin af heterodimers, at the interface with
subunits to the helical portion of tubulin which prevents tubulin polymerization into
microtubules. High affinity binding requires that colchicinoids exhibit the proper
stereochemical arrangement of the A and C rings. The affinity of colchicine for the
colchicine site on tubulin is directly related to the effectiveness in inhibition of
microtubule polymerization. The dissociation of colchicine from tubulin is slow and
therefore its action is considered essentially irreversible. Bound colchicine alters the
lateral contacts between tubulin subunits preventing the straightening of the curved
tubulin shape. With a low concentrations of colchicine the number of missing lateral
contacts is small and the microtubule mass is preserved, although some of the normal
cellular functions might be disrupted. At high colchicine concentrations, the proportion
of missing lateral contact increases, the ends destabilize, and the microtubule mass
disassembles and disappears from the cell. This disruption of the microtubular network
impairs a variety of cellular processs that include protein assembly in the Golgi
apparatus, formation of the inflammasome complex (discussed in the next section),
endocytosis and exocytosis, cell shape, cellular motility, and mitotic and meiotic cellular
division.

DRUG ACTIVITY RELATED TO PROPOSED INDICATION
Colchicine effectiveness in ameliorating symptoms in FMF occurs by blocking the

processes of inflammation and amyloidosis. The anti-inflammatory response of
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colchicine is partly attributed to the prevention of activation, degranulation, and
migration of neutrophils via a mechanism that involved p-tubulin binding and the
disruption of cytoskeletal functions. Recent studies suggest that colchicine disrupts the
formation of an inflammasome (or pyroprotosome) complex of proteins through
disruption of cytoskeletal function. The inflammasome is primarily present in
neutrophils and monocytes and is involved internal cellular surveillance. When activated
by the interaction with pyrin protein, this complex activates caspase 1 which then cleaves
portions of the inactive cytokines pro-IL-1B and pro-IL-18 to produce the active
proinflammatory cytokines IL-1p and IL-18.

Pyrin protein.(encoded by the MEFV gene, MEditerranean FeVer) is mutated as a result
of the genetic defect in FMF subjects. There are two hypothesis as to the mechanism of
pyrin's effect. In the sequestration hypothesis, pyrin competitively binds an accessory
protein ASC through its pyrin domain sequence and pro-caspase-1 through another
domain B30.2 and prevents them from being incorporated into the inflammasome. In the
pyrin inflammasome hypothesis, pyrin forms its own inflammasome through binding
ASC and another unidentified adaptor protein resulting in caspase-1 activation. With
human pyrin mutations it is not clear if caspase activation is constitutively turned-on, but
colchicine appears to prevent the inflammsome complex from either forming or
functioning, resulting in a reduction of proinflammatory cytokines. (See reviews by
Simon and van der Meer 2007: Am J Physiol Reg Integ Comp Physiol 292:R86-R98; and
McDermott and Tschopp 2007 Trends in Molecular Med 13: 381-388).

Other functions of pyrin and the inflammasome that may be involved are also under
active investigation. These include pyrin's role in the NF-kappa B cell-signaling cascade,
and involvement of the inflammasome in the suppression of genes involved in
chemotaxis (e.g., eNOS3) and fiber deposition.

Anti-inflammatory Activity of Colchicine Metabolites

The anti-inflammatory activity of two primary metabolites of colchicine, 2-
demethylcolchicine (2-DMC) and 3-demethylcolchicine (3-DMC), were tested in vivo
using the rat carrageenin-induced footpad edema model (100 pg injected of each
compound/foot). 2-DMC did not inhibit edema but 3-DMC was as effective as
colchicine. Specifically, at 3 and 5 hours after injection, 3-DMC inhibited edema by 39
and 47% and colchicine inhibited edema by 44% and 53%.

Reviewers Commernt: As indicated in the partially reproduced Table from Sugio et al

1987 below, 2-DMC, while not inhibiting edema, had substantial (50%) binding to
tubulin.
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Corrageenin edemab Tubulin binding
Colchicine analogs (100 ug/foot) (X of inhibition) in vitro (X)°
3 bhr 5 hr -
Colchicine (1) 64** 53** 90
i-Demethylcolchicine (2) 30%* 46** 26
2-Demethyleolchicine (3) - -6 -11 50
3-Demethyleolchicine (4) T TN S 68

Inhibition of Amyloidoisis

In various mouse models, amyloidosis is ameliorated by colchicine. Colchicine blocks
amyloid enhancing factor (AEF)-induction of amyloid A protein by blocking the
production of amyloid enhancing factor, and in the later, inflammatory stage, blocks
amyloid fibril deposition.

Brandwein et al (1985) demonstrated that colchicine administration inhibited amyloidosis
induced in CBA/J mice during chronic inflammation caused by repeated injections of
silver nitrate. Colchicine (10 pg, ~0.4 mg/kg, i.p.) was administered daily for 3 days then
co administered for the next 25 days with silver nitrate (0.2%, 0.5 mL; s.c). Amyloid A
(AA) protein levels (which correlate with amyloid deposition) was then measured in the
spleen. Silver nitrate treatment induced deposition of 667 + 68 ng of AA/mg of pooled
splenic tissue in control mice. Treatment with colchicine lowered AA levelsto 12 + 1
ng/mg of spleen (P<0.001). Serum AA levels declined similarly in both silver nitrate and
control treatment groups suggesting that serum AA decline was not the primary event
inhibiting amyloid deposition. When preformed amyloid enhancing factor was
administered in a model of accelerated amyloid deposition, colchicine only partially
prevented the amyloid deposition (control: 974 + 46 ng AA/mg vs. colchicine 578 + 91
ng AA/mg spleen). The authors concluded that colchicine inhibited amyloidosis in the
predesposition phase, possibly by blocking the formation of amyloid-enhancing factor.

Using the silver nitrate induced chronic inflammatory condition in mice, Shtrasburg et al
(2001) found that colchicine prevented amyloid deposition after inflammation has been
established. Male Swiss mice were injected with exogenous amyloid enhancing factor (1
ug, i.v.) either prior to or together with silver nitrate (2%, 0.5 mL, s.c.). Silver nitrate
was injected daily for 3 days concomitantly with AEF as the "standard protocol” and in
another study of prolonged induction, silver nitrate was administered either 24 hours or 7
days after administration of amyloid enhancing factor. Based on previous experience, a
single colchicine dose of 30 pg per mouse (estimated to be approximately ~1 mg/kg) was
administered intravenously with or after the AgNO3 injection. Six days after the first
silver nitrate injection the spleens were examined for amyloid deposition. With the
standard induction protocol, colchicine exhibited a time-dependent inhibitory effect on
amyloidogenesis with the maximal effect at an interval of 48 hours between the first
silver nitrate injection and colchicine treatment. When colchicine was administered
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either before or 72 hours after initiation, there was very little reduction in
amyloidogenesis. The time-amyloid deposition profile (Figure 2.6.2:4) of colchicine-
inhibition in both protocol was similar. The inhibition of amyloidogenesis correlated
with the time of colchicine administration with respect to silver nitrate, but not to

amyloid enhancing factor, indicating that colchicine can suppress amyloidogenesis after
inflammation has been chronically established.

Figure 2.6.2:4 is from the Applicant's Summary of published literature

Figure 2.6.2:4
Effect of Colchicine on Amyloidogenesis (Figure 1, Shtrasburg ¢f al., 2001)
4
A
B

Degree of amyloid deposition
n

24 1} 24 48 72
Time (hours) from AgNO, administration

Colchicine inhibits AgNO; effect. The curves show (he degree of amyloid in relation Lo the time interval between the first
injection of AgNO; and the administration of colchicine. 1n the standard inductionprotocol (solid diamonds), AgNO; was
initiated simultancously with the administration of AEF. In the proonged amyloid induction protocols, AgNO; was initiated 24
hours and 7 days apart from the administration of AEF (open squares and solid triangles, respectively). The two dotted lines (A
and B) represent the degree of amyloid depositionin the control mice of the two profonged amyloid induction protocols (the mean
amyloid grade in the contro) mice of the standard protocol was 3.75; see Table |, Shirashusg ¢f al, 2001). In all protocels, the
study mice received one dose of 30 g colchicine intravenously at the indicated time before (negative values on time seale),
simultaneonsly with (0) or after the initiation of AgNO; injection. Control mice received the prolonged amyloid induction
protocols alone (withowt colchicine). As can be interpreted from the similarity of the three curves, inhibi
comelates with the time of colchicine administration with respect to AgNO, and not to the AEF.

ion ol‘um)'lni.!. 2

2.6.2.3 Secondary pharmacodynamics

Microtubules are cytoskeletal polymers of tubulin involved in many cellular functions.
They not only serve a physical role in providing the cytoskeletal structure but they also
are critical conduits for communication and trafficking of various components within,
into, and out of the cell, e.g., vesicles, transporters, granules, organelles, nuclear receptor
translocations, gene expression, and even chromosomes.

A MicroMedex search indicated the following effects of colchicine:
1) Colchicine has an anti-inflammatory effect in acute gouty arthritis. This is
thought to be due to inhibition of granulocyte migration and the prevention of

secretion of an inflammatory glycoprotein by the leukocytes (Wallace, 1974;
Malawista, 1975):

2) Colchicine is also an antimitotic agent by its ability to arrest cell division in
the metaphase resulting in death of the cell. Cells with the highest rate of
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division are affected earliest, such as gastrointestinal epithelium and "blood
cells". Its antimitotic action also prevents the polymerization of tubulin into
microtubules (Hastie, 1991). Colchicine myopathy is ascribed to alterations of
the microtubular network (Himmelmann & Schroder, 1992). '

3) Colchicine inhibits platelet aggregation produced by ADP, by non-adrenaline
or by collagen and reduces platelet adhesiveness (Soppitt & Mitchell, 1969).

4) Colchicine also inhibits the release of histamine from mast cells, the secretion
of insulin from the pancreas, depresses central respiratory centers, induces
hypertension by central vasomotor stimulation and enhances the patient's
response to sympathomimetic agents.

5) It enhances gastrointestinal activity by neurogenic stlmulatlon but also has a
direct effect which depresses.

2.6.2.4 Safety pharmacology

The findings of published nonclinjcal studies closely match those known from the
extensive clinical experience with colchicine. Adverse effects are primarily detected in
gastrointestinal, muscle, and some hematopoietic cells. It is hypothesized that these are
the tissues with the highest innate exposure (gastrointestinal system), which do not
express P-glycoprotein (P-gp) on their membrane surface (some hematopoietic cells), or
which have no clearance mechanism (muscle cells). Other tissues which express P-gp,
such as brain, are relatively spared due to lack of transfer through the blood-brain barrier.

NEUROLOGICAL EFFECTS

Animal neurobehavioral or neurotoxicology studies have not been conducted with
colchicine. It is generally considered that colchicine does not normally cross the blood-
brain-barrier to any meaningful extent since the brain-to-blood ratio of colchicine after

* systemic administration is very low. [*H]-Colchicine, injected subcutaneously to male
rats, distributed to the peripheral glands (anterior pituitary and adrenal glands) at high
levels within 2 hours, which was 40 to 70 times the levels found in the cerebrum,
cerebellum or hypothalamus (Inaba et al, 1979). The P-gp transporter is thought to
maintain low brain concentrations of colchicine.

Despite the relatively low uptake of colchicine into the brain, high concentrations of
colchicine administered peripherally can result in seizure prior to death in rodents.
Whether this is a direct effect is unclear. Colchicine does not interfere with protein
synthesis, but blocks axonal transport causing enzymes and organelles that are normally
transported to nerve terminals to accumulate in the cell body and proximal dendrites. In
addition, direct injection of colchicine into the brain causes a non-specific inflammatory
response that is both dose- and species-dependent (Dasheiff and Ramirez, 1985). Based
on these findings, seizures are thought to be related to colchicine induced neuronal injury
rather than a lowering of the seizure threshold (Mundy and Tilson, 1990).

In animals, colchicine induced muscle weakness, changes in gait, and body positioning
have been associated with alterations in skeletal muscle and peripheral neuropathy.
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Markand ez al., (1971) found that the'induced paralysis in rats was secondary to
myopathic rather than neuropathic alterations. In humans, Kuncl et al (1987) reported
muscle weakness and ascending delayed paralysis in patients with gout and altered renal

function.

Neurobehavioral Effects of Colchicine (Reviewer's table derived from the Applicant's
review of published studies)

Author

l

Species / Dose of Colchicine

|

Findings

Neurotoxic effect

Dasheiff and
Ramirez, 1985

anesthetized rats,
0.25 to 25 pg into the hippocampus

dose-dependent destruction of dentate
granule cell (DGC) bodies 1 week later
25 pg resulted in destruction of both DGC
and pyramidal cells

no behavioral changes were observed

rhesus monkeys,
5to0 200 pg in each of 4 different
sites in the hippocampus

less selective damage and more severity
than in rats,
5 ng dose in 4 sites produced a large area

(20 to 800 pg total dose) of cystic necrosis with a surrounding zone
of non-selective neuronal death and
inflammation

Gorenstein ef al,, Rat, At doses known to inhibit axon transport,

1985 Colchicine injected into the there was accumulation of lysosomal
cerebral ventricle 10 to 100 pg enzymes in cell body and dendrites within
1 hour
Animals sacrificed at various times
and brain tissue stained for By 5 days, a normal pattern of distribution
lysosomal enzymes dipeptidyl re0CCUrs
peptidase I1 and acid phosphates
Seizures
Mundy and Tilson, mice, rats, and rabbits; ability of colchicine to cause seizures
1990 direct administration into the resulted in contradictory results among
(review) hippocampus different studies

mechanism is thought to be related to
colchicine induced neuronal injury;
not a lowering of the seizure threshold

Neuropathy (Peripheral Nervous System)

Chang et al. 2002

Sprague-Dawley rats, females
0.2 mg/kg, i.p.,

daily for 5 days of the week, for
either 7 months or 10 months;
control rats were untreated

pilot study: a dose of 0.2 mg/kg
was found to result in weakness but
no weight loss

gait abnormalities observed during in
monthly walking-track analysis

rectus femoris muscle biopsies:

no differences between treated and
controls seen with either phase or electron
microscopy

no vascular autophagic changes in the
colchicine-treated group were noted.
Nerve biopsies were obtained at the same
time. Except for a statistical difference
(P<0.001) in the axon / myelin ratio of the
sciatic nerve, no differences in the sciatic
and posterior tibial nerve fibers of the two
groups were seen.
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chronic colchicine administration, in doses
that produce weakness and some weight
loss but not diarrhea, alters neuromuscular
function (as measured by changes in gait)
without producing measurable changes to
muscle and nerve fibers

Model for sporadic dementia

Kumar et al. 2007

Wistar rat, males
15 pg intracerebroventricularly

Cognitive dysfunction evidenced by poor
retention of memory in both Morris water
maze and elevated plus-maze task
paradigms

Myopariies

Khan 1995

hypothesis that myopathic effects of
colchicine were due strictly to block of
axonal transport

Markand er al. 1971

rats

1.4 to 1.6 mg/kg, i.p., (dose at
which approximately one-third of
the animals died)

or in repeated lower doses, 0.4
mg/kg/day, i.p., for 4 weeks

induced paralysis in rats was secondary to
myopathic rather than neuropathic
alterations .

In the surviving animals sacrificed 3 to 4
days after colchicine injection, extensive
damage observed by light microscopy
consisted of disruption and degeneration
of myofibrils, large necrotic zones which
lacked myofibrils but contained numerous
membranous bodies, and

amorphous sarcoplasmic debris,

Electron microscopy revealed changes as
early as 24 hours after injection of
colchicine. The earliest change occurred
in the sub-sarcolemmal area, followed by
focal alterations in the intermyofibrillar
zones. The most conspicuous change on
the second and third day was the
accumulation of large sarcoplasmic
membranous bodies of varying size and
complexity. Some contained small
vesicles, osmiophilic granules, and
mitochondria in the center. Others had
several concentric layers of membranes
and resembled myelin (some had ,
mitochondria enclosed in the membranes).
Nuclear changes were also observed.

No ultrastructural changes (e.m.) were
observed in the muscles of control animals
or in sections of sciatic nerve or anterior
horn cells of the spinal cord from treated
animals.

Developed hypothesis is that colchicine
interferes with lysosomal degeneration.

Seiden (1973)

Sprague-Dawley rats, adult males
0.4 or 0.8 mg/kg/day, i.p.,

lower doses over a longer dosing period
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daily for 2 to 22 days No gross changes were observed in the
muscle of the treated animals

0.4 mg/kg/day: mild toxic effects or none
at all

0.8 mg/kg/day showed severe toxic effects
including weight losses up to 27% of body
weight within 4 days, diarrhea, weakness,
and paralysis

EM:

no evidence of myofibrillar degeneration,
but changes in myofilament orientation
and the appearance of many unusual
membranous structures.

Disoriented filaments appeared in a sub-
sarcolemmal position, primarily in
perinuclear zones that were devoid of
normally oriented myofilaments, but rich
in sarcoplasm, mitochondria, and other
organelles and spheromembranous bodies.

acid phosphatase AP is found in
abundance in structures that appear to be
modifications of, or derived from, the SER

Aiet al., 2003

rat skeletal muscle incubated in vitro with 10 ug/ml colchicine for 2 hours

Confocal Image of Microtubules in Rat Single Muscle Fibers: Effect of
Colchicine (derived from Figure 5, Ai et al., 2003

Confocal images of microtubules in single muscle fibers. Single fibers were
teased from fixed soleus muscles that had been incubated for 2 h (A, B) in the
absence (A) or presence (B) of 10 pg/ml colchicine. Then the fibers were stained
with an antibody against a-tubulin and observed with a confocal microscope. In
the absence of depolymerizing drugs, nuclei are surrounded by dense bundles of
interlacing microtubules in their equatorial plane. Between nuclei an extensive
network of microtubules can be seen. Already after 2 h of incubation with
colchicine a substantial part of microtubules had disappeared (A, B). Findings are
representative of >10 fibers from each condition.

Kuncl et al., 2003

rats rat model for human myopathy blockade
0.4 mg/kg, i.p., daily for 4 weeks of receptor trafficking in the skeletal
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muscle is thought to be the mechanism

Chronic proximal weakness along with
skeletal muscle changes that are consistent
with subacute myopathy seen in humans,
e.g., vacuolar changes in non-necrotic
myofibers

the effects of colchicine on receptor
trafficking were montitored (used
acetylcholine receptor (AChR) as a model
membrane in cultured myotubes)

Colchicine appeared to inhibit exocytosis
and the overall degradation of membrane
receptors The authors concluded that
microtubules appear to play a functional
role in the degradation of lysosomes in
normal adult skeletal muscle and this
underlies colchicine myopathy.
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CARDIOVASCULAR EFFECTS

The Applicant conducted studies in rabbits and dogs and also provided published studies
related to cardiovascular toxicology.

Based on the submitted studies, colchicine did not present any demonstrable risk of
cardiovascular toxicity when tested either in vitro, (hERG; human ether-a-go-go-related
gene) or when administered orally to dogs. The anesthetized rabbit study did find dose-
dependent changes in cardiac functions, but these were with doses demonstrated to be
lethal in conscious rabbits.

Table 2.6.2:2 from the Applicant's Summary

Table 2.6.2:2

Mutual Pharmaceutical-Sponsored Cardiovascular Safety Pharmacology Studies of

Colchicine

Study No.

Study Title

Summary

1273HU21.001

Effects of Colchicine on

TUp 10100 uM (40 pg/mL), hERG current ot inhibited.

Cloned LERG Potassium At 10 pM (4 pg/mL), hERG inhibited 0.3%+0.0%. At 100 pM
Channels Expressed in (40 pg/mL), hERG inbibited 0.4%=0.1%. In vehicle control,
Human Embryowme hERG inhibited 0.420.3%.
Kidney Ceils

0406L.U21.001 | Dose-Range-Finding o New Zealand White rabbits (3/sex).
(Pyramid) Intravenous | ¢ Regimen of 3, 3, and 3 mg/kg consecutive doses i.v. (3queous
Toxicity Study of solution) 30 min apart (well above the lethal dose) was selected in
Colchicine in Rabbits order 1o investigate acute onset of cardiovascular effects prior 10

: appearance of delayed (12 1o 48 hours) clinical signs & death.

1235L.U21.001 | Effects of Colchicine on | o Anesthetized New Zealand White rabbits (2/sex). Dosing regimen
Electrocardiogram, Heart |  as defined in Study 0406LU21.001.
Rate and QTc in ¢ Maximum increases in QTc of 7, 9, and 13% vs. 30-min vehicle.
Anesthetized Rabbit .

Marginal decreases in heart rate of 12, 18, and 22% compared to the
30-min vehicle control were observed.

Marginal decreases in body temperature of 2, 3, and 4
to the 30-min velcle control were observed.

No gross electrocardiographic changes obsarved.

% compared

0433DU21.00

Dose-Range-Finding

Beagle Dog (1/5ex).

(Pyramid) Oral Toxicity | e Oral LDy, of 0.9 mg/kgiday and a max. tolerated oral dose (MTD)
Study iz Dogs with of 0.45 mg/kg/day estimated.
Colchicine © Oral dose of 0.45 mgiKg'day selected so that dogs survive three
doses over a 22-day penod.

1259DU21.001 | Cardiovascular * Conscious telemerered Beagle dogs (4 male). Each dog received
Evaluation of Colchicine control (distilled water) and three doses of colchicine (0.19, 0.3, and
in Conscions 0.5 mg‘kg) with a 7-day washout benween. Blood samples at pre-
Telemetered Dogs dose and 1 and 4 hours post-dose.

Al dogs survived the treatment period. Emesis, loose faces, and
red color in feces on the day after 0.3 and 0.5 mg/kg doses.

No bxologtcally relevant changes in heart rate, diastolic pressure,
systolic anterial pressure or mean arterial pressure observed. No
gross electrocardiographic changes observed. No changes in QTc
values observed.
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Study title: Effects of Colchicine on Cloned hERG Potassium Channels Expressed
in Human Embryonic Kidney Cells

Key study findings: Colchicine had no effect on the hERG channel potassium current
involved in cardiac repolarization at doses up to 100 pM (40 pg/mL).

Study no.: 1273HU21.001
m4\42-stud-rep\421-pharmacol\4213- safety-pharmacol
Conducting laboratory and location:
Date of study initiation: Sept 6 2006
GLP compliance: yes, except that colchicine was not characterized under GLP
conditions, stability information was not provided by the Sponser

QA report: yes

Drug, lot #, and % purity:

Colchicine, Lot COL0306003, Purity 99.7%

Vehicle: HEPES-buffered physiological saline

The mean actual concentrations of 10 and 100 uM Colchicine test article formulations
collected from the outflow of the perfusion apparatus were 97.0% and 96.3% of the
calculated values and demonstrated stability between the start and end of the
experimental day.

Methods

The in vitro effects of colchicine on the hERG (human ether-a-go-go-related gene)
channel current (Ix,, the rapidly activating, delayed rectifier cardiac potassium current)
were investigated at near-physiological temperature in stably transfected mammalian
cells that express the hERG gene. Cells were transferred to the recording chamber and
superfused with HB-PS solution. Colchicine concentrations of 10 uM (4 pg/mL) and 100
1M (40 ng/mL) were tested by incubation with in vitro cultured human embryonic
kidney cells (HEK293) expressing hERG channels. Cells stably expressing hERG were
held at -80 mV. Onset and steady state block of hERG current due the test article was
measured using a pulse pattern with fixed amplitudes (conditioning prepulse: +20 mV for
1 sec; repolarizing test ramp to —80 mV (-0.5 V/s) repeated at 5 s intervals. Each
recording ended with a final application of a supramaximal concentration of the reference
substance (E-4031, 500 nM), to assess the contribution of endogenous currents. The
remaining unblocked current was subtracted off-line digitally from the data to determme
the potency of the test substance for hERG inhibition.

Results

Colchicine inhibited hERG current by (Mean += SEM) 0.3 + 0.0% at 10 uM (n=3) and
0.4+ 0.1% at 100 uM (n = 3) compared to 0.4 + 0.3% (n = 3) for the vehicle control.

Due to the lack of effect an ICso was not determined. Terfenadine (60 nM), the positive
control, inhibited hERG current by 84.4% and 82.9% (n = 2). The results with terfenadine
were consistent with - historical data.
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Study title: Dose-Range-Findin ramid) Intravenous Toxicity Study of
Colchicine in Rabbits

Key study findings: In rabbits, colchicine was administered intravenously 3 times at 15
min intervals. Three doses of 0.5 mg/kg (1.5 mg/kg total) resulted in no clinical signs or
mortality. Animals administered three doses of 1.0 mg/kg or three doses comprising 1, 2,
and 5.0 mg/kg each, resulted clinical signs and death. The clinical signs appeared to be
more sever with increasing dose and included decreased activity, decreased body tone,
loose stools, dilated pupils, abnormal gait and stance, and pale mucous membranes.
Necrospsy findings included fluid in the abdominal cavity, intestines, pale stomach
lining, and air-filled small intestines.

Study ne.: 0406LU21.001

m4\42-stud-rep\42 1 -pharmacol\4213-safety-pharmacol
Conducting laboratory and location: -
Date of study initiation: Sept 19, 2006
GLP compliance: no

QA report: no

Drug, lot #, and % purity:

Colchicine (RD060075), Lot COL 0306003, Purity 99.7%
Vehicle: sterile water for injection

Methods 4
Six New Zealand White rabbits (3 males and 3 females, 12-14 week of age, 2.1-2.7 kg)
were administered colchicine intravenously as indicated in the table below.

-Group / Treatmaent Dose Level Concentration Dose Volume Number of Animals
(mg/kg) (mgimL) (mL/kg) Males Females

i. Colchicine 3x0.5 0.25 2 2 2

2. Colchicine 3x1.0 0.25 2 2% 2%

3. Colchicine 1.0. 2.0, and 5.0 0.5.1.0, and 2.5 2 1 1

* The same anunals were dosed after Day 19 of first regimen.

Reviewer's Comment: The concentration as listed in group 2 is not correct and likely
0.5 mg/mlL if the dose volumes administered were identical for all doses.

The animals were dosed three times on one day (approximately 15 minutes apart) at an
initial dose level of 0.5 mg/kg/dose. The dose level was increased based upon toxicity

until the maximum tolerated dose (MTD) was determined with a minimum of at least two

days (48 hours) between each dosing series. Each animal received 2 ml/kg dose based
upon its most recent body weight.

Animals were observed prior to dosing, immediately following each dose, approximately

1 and 4 hours post dose, and twice daily thereafter through Day 8. Animals were
observed once daily from Day 9 through 19, afier which the second dosing regimen was
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begun at twice the dose level. Afier the second regimen animals were observed twice
daily through Day 6. Due to the death of these animals, a new group of animals was
studied, using the third regimen; the schedule of observations was the same. All animals
were subjected to a necropsy following their death or termination.

Results
In the first group of animals, no clinical signs or mortality were observed in the animals
at any time point following the first regimen of 0.5 mg/kg x 3 doses.

Following the second regimen of 1.0 mg/kg x 3 doses, clinical signs of decreased
activity, decreased body tone, loose stools, dilated pupils, abnormal gait and stance, and
pale mucous membranes were observed in the 2 female animals through Day 5; 1 female
was found dead on Day 6 and the remaining female was euthanized. Necropsy of the 2
males found dead on day 2 revealed yellow discolored lining of the abdominal cavity and
yellow fluid in the abdominal cavity. Necropsy of the female found dead on Day 6
revealed a pale stomach lining. The euthanized female on Day 6 had distended intestines.

With doses of 1.0, 2.0, and 5.0 mg/kg, each 15 minutes apart, decreased activity was
observed at 4 hours post dose, but both of these animals were found dead on Day 2.
Necropsy revealed fluid in the abdominal cavity, intestines and stomach lining pale and
air-filled small intestines.

Although well above the lethal dose, a dosing regimen of 3 mg/kg, administered three
times administered 30 minutes apart was selected for the main study in order to
investigate the possibility of acute onset of cardiovascular effects prior to the appearance
of delayed (12 to 48 hours) clinical signs and death caused by colchicine.

Study title: Effects of Colchicine on Electrocardiogram, Heart Rate and QTc in
Anesthetized Rabbits

Key study findings: The intravenous administration of colchicine to anesthetized rabbits
(3.0 mg/kg/injection, three times, 30 minutes apart) resulted dose related decreases in
heart rate (12%, 18%, and 22%) and increases in QTc (7%, 9%, and 13%) compared to
the initial vehicle administration. There was no effect on other ECG parameters and no
arhythmias occurred. Body temperature was not affected.

Study no.: 1235LU21.001
m4\42-stud-rep\421-pharmacol\4213-safety-pharmacol
Conducting laboratory and location:
Date of study initiation: Nov 21, 2006
GLP compliance: yes

QA report: yes

Drug, lot #, and % purity:

Colchicine, Lot COL0206002, Purity 97.5%
Vehicle: 0.9% sterile saline
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Analysis of colchicine dosing solution indicated concentrations from 91.1 to
94.9% of the calculated values.

Methods
Four anesthetized (anesthetized with Pentothal® and maintained with 2-4% isoflurane)

New Zealand White rabbits (2/sex, 11-13 weeks of age, 1.7 to 2.5 kg) were intravenously

injected with vehicle, and then administered three consecutive 3.0 mg/kg doses of
colchicine, each 30 minutes apart, for a total dose of 9.0 mg/kg. Rabbits were
continuously monitored for ECG and heart rate for 30 minutes after each dose. QT .
intervals were measured and corrected for heart rate (HR) changes with Bazett's formula.
Group mean and standard error of the percentage change from baseline were calculated
for HR and QTc. Electrocardiogram (ECG) records were monitored for arrhythmias and
body temperatures recorded every 15 minutes during the experiment.

The dose was based upon the results of a dose range-finding study Study No.:
0406LU21.001). Data from rabbits administered vehicle followed by 3 doses of
colchicine (1, 1 and 1 mg/kg each administered after a 30-minute interval) resulted in
mortality of 3 of 4 animals within 48 hours. Dosing at higher doses (1, 2, and 5 mg/kg,
each administered after a 30 min interval) resulted in the death of all animals within 24
hours. The dosing regimen of 3, 3 and 3 mg/kg was selected since is was well above the
lethal dose and therefore was expected to produce an acute onset of clinical signs seen
with the 12-48 hour delay in the dose-range finding study..

Results

The intravenous administration of colchicine at three consecutive doses of 3.0 mg/kg
produced dose related decreases in heart rate (12%, 18%, and 22%) and increases in QTc
(7%, 9%, and 13%) compared to the initial 30-minute vehicle value. Arrhythmias as
measured by ECGs were not observed.

Reviewer’s Comment: The Applicant did not consider these changes biologically
relevant since they were less than 15%. Because these were lethal doses administered o
anesthetized animals with no determination of NOAEL values due to the experimental
design, the findings are not useful for clinical extrapolation.
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Heart Rate % QTec %
Treatment (EPM) Change® (sec) M
Baseline 2924136 - 0.302 £ 0.009 -
Vehicle 0.9% saline v
5 min post-dose 284+13.8 -3 0.304 £ 0.008 +1
15 min post-dose 276+15.3 -5 0.305 £ 0.010 +1
30 min post-dose 269+15.2 -8 0.307 £ 0.012 +2
Colchicine 3.0 ma/ka
5 min post- dose 325164.6 +21 0.280£0.016 -6
15 min post-dose 249+11.9 -7 0.321 £ 0.008 +5
30 min post-dose 237+13.5 -12 0.330+ 0.013 +7
Colchicine 3.0 ma/kg
5 min post- dose 236+15.3 -12 0.324 + 0.011 +6
15 min post-dose 228+13.2 -15 0.336 £ 0.009 +9
30 min post-dose 221+11.9 -18 0.336 £ 0.013 +9
5 min post- dose 2224121 -17 0.345 £ 0.007 +12
15 min post-dose 215112.6 -20 0.348 £ 0.010 +13
30 min post-dose 210£16.5 - -22 0.344 £ 0.003 +12
Data presented as Mean + SEM

®*%change for vehicle and test article was calculated from baseline and vehicle
(30 min post-dose), respectively.

Body o

Treatment Temperature(°C) %Change
Baseline . 38.30 £ 0.46 -
Vehicle 0.9% saline

15 min post-dose 37.89+0.52 -1

30 min post-dose 37.50x0.60 -2

15 min post- dose 37.14 £ 0.66 -1

30 min post-dose 36.87 £ 0.77 -2
Colchicine 3.0 mg/kq -

15 min post- dose 36.55 £ 0.84 -3

30 min post-dose 36.32+0.92 -2

15 min post- dose 36.05 £ 1.01 -4

30 min post-dose 35.82+1.07 -4

Data presented as Mean + SEM
* %change for vehicle and test article was calculated from baseline and vehicle (30 min
post-dose), respectively.
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Study title: Dose-Range-Finding (Pyramid) Oral Toxicity Study in Dogs with

Colchicine

Key study findings: Dogs (n=1/sex) orally administered 0.45 mg/kg colchicine had
diarrhea at some time between 4 and 30 hours after dosing, and then appeared normal.
Dosed 5 days after the first dose with an oral dose of 0.9 mg/kg resulted in emesis,
bloody diarrhea and death in the female, and only diarrhea in the male.

Study no.: 0433DU21.001
m4\42-stud-rep\421-pharmacol\4213-safety-pharmacol
Conducting laboratory and location:
Date of study initiation:

GLP compliance: no

QA report: no h(4)
Drug, lot #, and % purity:

Colchicine (RD060075), Lot COL 0306003, Purity 97.05% (potency listed as
Vehicle: sterile water for injection

Concentration verification indicated values were between 91.1 and 94.9% of the expected
values.

Methods

Dogs (1 male and 1 female Beagle, 6.0-8.3 kg) each received an oral dose of colchicine
0f 0.45 and 0.9 mg/kg on Days 1 and 5, respectively. Animals were observed
immediately post-dose on each day, 1 and 4 hours post-dose, and twice daily on non-
dosing days. Heart rate was recorded prior to and 1 and 4 hours following the 0.9 mg/kg

. dose.

Dose Level Concentration Dose Number of
Group (mglkg/day) (mg/mlL) Volume Animals
Colchicine Nominal | Actual | Nominal | Actual {mL/kg) Male | Female
Initial Dose 0.5 0.45 0.125 0.1125 4.0 1 1
Second Dose 1.0 0.9 0250 | 0.225 40 1 1
Results

The 2 dogs administered 0.45 mg/kg colchicine orally appeared normal through the first 4
hours. Watery feces occurred in the male by 24 hours, and in the female by 30 hours.
Both dogs appeared normal 2 days following the first dose.

On day 5, the dogs received 0.9 mg/kg colchicine orally. Emesis occurred in the female
by 4 hours, the male appeared normal. At approximately 23 hours, watery feces (brown
in color) with mucous was present in the cage of the male while at 31 hours post-dose the
female was found dead with red, watery feces present in the cage pan. Gross necropsy
findings in the female consisted of red stained fur at the base of the tail with red fluid at
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the rectum; the stomach and intestines appeared red-fluid-filled while the thoracic and
cranial cavities appeared normal.

No significant differences in heart rate were observed during the study at either dose level
that could be attributed to test article administration. :

Both dogs had lost a small amount of weight after the first dose (table below).
Dog body weight (kg)

Animal Number/ © v Day1t " Day$s
Sex . (14Sep2006) | .'(18 Sep 2006)
3 Male 8.3 8.1
4 Female _6.9 | 6.8

Based on the results of the study (n=2, 1/sex), the Applicant determined an oral median
lethal dose (LDso) of 0.9 mg/kg and a maximum tolerated oral dose (MTD) of 0.45 mg/kg
colchicine were estimated in Beagle dogs. The Applicant considered the oral dose of
0.45 mg/kg/day colchicine appropriate for the cardiovascular study in dogs, as the study
design requires that the dogs survive three doses of colchicine over a 22-day period (1
week washout between doses).

A. Table 1 - Heart Rate and QTc and Percent Change

Heart Rate % QTc %

Treatment (BPM) Change® (sec) Change® |
Baseline - 292+13.6 - 0.302 + 0.009 -
Vehicle 0.9% saline

5 min post-dose 284113.8 -3 0.304 + 0.008 +1

15 min post-dose 276+15.3 -5 0.305 + 0.010 o+

30 min post-dose 269+15.2 -8 0.307 £ 0.012 +2
Colchicine 3.0 ma’kg

5 min post- dose 325164.6 +21 0.290 £ 0.016 -6

15 min post-dose 249+11.9 -7 0.321 + 0.008 +5

30 min post-dose 237+13.5 -12 0.330 £ 0.013 +7
Colchicine 3.0 mg/ka

5 min post- dose 236+15.3 -12 0.324 + 0.011 +6

15 min post-dose 228+13.2 -15 0.336 + 0.009 +9

30 min post-dose 221+x11.9 -18 0.336 £0.013 +9
Colchicine 3.0 ma/kq

5 min post- dose 222+12.1 -17 0.345 £ 0.007 +12

15 min post-dose 215+12.6 -20 0.348 £ 0.010 +13

30 min post-dose 210+16.5 -22 0.344 + 0.003 +12

Data presented as Mean + SEM
#%change for vehicle and test article was calculated from baseline and vehicle
(30 min post-dose), respectively.
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B. Table 2 - Body Temperature

Body o

Treatment Temperature(°C) %Change
Baseline 38.30 £ 0.46
Vehicle 0.9% saling
- 15 min post-dose 37.89+0.52 ~1

30 min post-dose 37.50+0.60 -2
Colchicine 3.0 ma/kg

15 min post- dose 37.14 £ 0.66 -1

30 min post-dose 36.87 £ 0.77 -2
Colghicine 3.0 ma/kq -

15 min post- dose 36.55 +0.84 -3

30 min post-dose 36.32£0.92 -2
Colchicine 3.0 mag/kq

15 min post- dose 36.05 + 1.01 -4

30 min post-dose . 35.82 + 1.07 -4

Data presented as Mean  SEM

*%change for vehicle and test article was calculated from baseline and vehicle (30 min
post-dose), respectively.

Study title: Cardiovascular Evaluation of Colchicine in Conscious Telemetered
Dogs

Key study findings: Colchicine (0.1, 0.3 or 0.5 mg/kg) orally administered to conscious
telemetered male dogs did not result in any significant changes in blood pressure, heart
rate, ECG parameters (including QTc), or arrhythmias. Clinical signs of increasing dose-
related severity included emesis, bloody diarrhea, and reduced appetite.

Study no.: 1259DU21.001

m4\42-stud-rep\42 1 -pharmacol\4213-safety-pharmacol
Conducting laboratory and location:
Date of study initiation:

GLP compliance: yes

QA report: yes

Drug, lot #, and % purity:
Colchicine (RD060075), Lot COL 0306003, Purity 97.05%
Vehicle: sterile water for injection

The results of the analysis indicate that for days 1, 15 and 22, dosing formulations were
within or just under 10% of the calculated values (0.01 mg/mL: 89.6-100.9%; 0.03
mg/mL: 92.3-99%; and 0.05 mg/mL: 92.0- 98.4%). However, the dosing solutions for
day 8 were approximately 125-130% over their calculated values.

Methods

All male dogs were chosen because there was no evidence for difference in
cardiovascular parameters between gender in previous studies. Four naive male Beagle
dogs (16-18 months of age, 9.3 to 11.7 kg) were implanted with telemetry transducers for
monitoring of heart rate, arterial pressure (diastolic, systolic, and mean), and ECG (Lead
II). Dogs were administered colchicine via oral gavage (10 mL/kg/dose) in a randomized
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Latin-square design whereby each of the 4 dogs received control (distilled water) and
three doses of colchicine (0.1, 0.3, and 0.5 mg/kg) with a washout perlod of at least 7
days between doses (see table below).

Dose ' Day of Dosing
Dose | Volume
Treatment (mglkg) | (mLlkg) Dog #1 | Dog #2 | Dog #3 | Dog #4
Control 0 10 Day 1 Day8 | Day 15 | Day 22
Coichicine 0.1 10 Day 22 | Day1 Day 8 Day 15
Colchicine 0.3 10 Day 15 | Day 22 | Day 1 Day 8
Colchicine 0.5 10 Day 8 ! Day 15 | Day 22 Day 1

A board-certified veterinary cardiologist also examined 1-minute tracings of the ECGs
obtained 15 minutes prior to dosing and 30 minutes and 1, 2, 4, 12, and 24 hours post
treatment. Plasma colchicine concentrations were determined pre-dose and 1 and 4 hours
post-dose.

Results

All dogs survived the treatment period. There were no unusual clinical findings
following the control dose. Following the dose of 0.1 mg/kg, 1 of the 4 .animals
displayed immediate post-dose emesis (#1), but no other unusual clinical findings were
noted on the day of dosing or the day after dosing. Following the dose of 0.3 mg/kg, 2 of
the 4 animals exhibited clinical signs of emesis, loose feces and red color in feces,
reduced appetite. Following the dose of 0.5 mg/kg, 3 of 4 animals had clinical signs on

the day after dosing that included red mucus watery feces, soft feces, and green colored
emesis, and reduced appetite.

Body Weights (kg)

Dog ID Day1 Day 8 Day 1§ Day 22
1
z bid)
3 .

4
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Clinical Observations

Week-1
Dog # | Dose {mgfkg) Dosing Day Observations Day After Dosing-
Observations
1 [ - -
2 0.1 - .
3 03 - .
4 0.5 - -
Week-2
Dog# | Dose (mgfkg) Dosing Day Observations Day Afier Dosing-
Observations
1 0.5 . Red mucus, watery feces, Green colored emesis:
Clear emesis in feeder 2 days after dosing
2 0 - -
3 0.1 - -
4 0.3 - -
Week-3
Dog# | Dose (mgtkqg) Oosing Day Observations Day After Dosing-
Observations
1 0.3 - Ate small amount of food, Food emesis in cage pan
2 0.5 - Food emesis. loose feces. Red mucus in fecas, Red
staining on cage paper. ate small amount of food
3 ¢ - -
4 0.1 - -
Week-4
Dog # Dose (mglkg) Dosing Day Observations Day After Dosing-
Observations
1 0.1 Immediate Post-dose emesis -
2 03 - Food emesis in cage pan, loose feces, red color in
feces
3 0.5 - Soft feces
4 4] - -

- animal appeared normal.
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The Sponsor table for cardiovascular parameters of the control and high dose (0.5 mg/kg)
are presented below

Table 3
Cardiovascular Evaluation of Colchicine In Conscious Telemetered Dogs
1259DU21.001

Effects of Oral Administration of Vehicle Upon Cardiovascular Parameters

Mean Values (n=4)
TREATMENT TIME HR DAP MAP SAP QTe
Vehicle o" 133 o7 122 145 0.231
0 mglkg 15 min® Rt 81 103 124 0.253
30 min 107 76 97 117 0.253
45 min 99 78 99 120 0.250
60 min 101 80 100 122 0.25%
75 min 111 84 107 128 0,254
90 min 95 7 98 120 0.254
105 min S0 77 98 122 0.250
120 min a3 78 89 122 0.254
135 min 83 76 97 121 0.252
150 rmin 79 7B 97 121 0.252
165 min 82 7 a8 122 0.257
180 min 88 77 98 121 0.251
195 min o8 83 104 127 0.256
210 min 104 84 108 130 0.260
225 min 97 80 102 125 0.258
240 min 104 85 108 131 0.257
5h° 87 79 100 122 0.250
Shr o8 80 102 125 0.251
7hr 94 80 102 125 0.252
8hr 82 80 101 124 0.255
ahr 98 81 103 125 0.250
10 hr 97 7% 87 118 0.254
1thr a7 77 98 119 0.253
12hr 100 78 99 121 0.247
13 hs 83 % 98 121 0.255
14 hr 91 78 99 122 0.248
15 by g0 78 3] 122 0.255
16 hr 82 78 93 123 0.248
17 br 76 77 99 125 0.249
18 hr 79 83 105 132 0.253
19 hr 107 o0 114 139 0.251
20 hr 107 83 110 134 0.250
21ht 96 84 107 132 0.247
22hr 123 3 "7 141 0.248
23br 122 92 "7 141 0.245
24 hr 116 91 115 138 0.250
HR - hean rate (beatsiminy DAP - diastolic anlenial pressure (mmHg)
MAP - mean arlerial pressure (mmHg) SAP - systolic arterial pressura {(mmHg)

*Represents the mean value for 15 minutes prior to first dose.
Represents the mean value for 15 minutes prior to the indicated time from first dose.
“Represents the mean value for 60 minutes priot to the Indicated time from first dase.
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Table 6
Cardiovascular Evaluation of Colchicine in Conscious Telemetered Dogs
1259DU21.001

Effects of Oral Administration of 0.5 mg/kg/dose colchicine Upon Cardiovascular Parameters

Mean Values (n=4)

TREATMENT TINE HR Aa DAP %a MAP %A SAP %A QTc %A
Colchicine o' 132 K] 95 -1 521 [ 145 0 0.251 0
0.5 mg/kg 15 min® 110 -2 B0 -2 103 [ 125 1 0.252 [}
30 min 102 -5 75 2 95 B 17 [ 0.248 2
45 min 98 [ 79 1 101 2 123 3 0.248 -
60 min 104 3 81 2 105 5 128 [ 0.257 2
75 min 108 2 84 0 107 0 130 1 0.251 -
90 min 92 3 73 -5 95 =< 119 -1 0.250 -1
105 min 93 4 77 0 83 1 122 1 0.255 H
120 min 93 0 79 2 01 2 125 2 0,258 1
135 min 88 6 78 2 8g 2 124 2 0.251 -
150 min 81 2 75 -2 95 -1 121 0 0.255 2
165 min 91 11 79 3 102 4 127 3 0.255 0
180 min 88 2 82 7 105 8 131 9 0.252 0
195 min 97 B 82 0 104 0 128 1 0.253 2
210 min 89 14 80 -5 102 -4 127 3 8.258 -4
225 min Y 7 79 B 101 -1 125 [} 0.255 Bl
240 min 93 -4 5 0 108 0 134 2 0.250 3
sht 95 -1 81 3 103 3 125 3 0.248 0
6 hr 94 4 84 4 106 3 129 4 0.253 1
Thr 92 -2 82 2 103 1 127 2 0.251 0
8hr 84 8 81 1 103 2 129 3 8.251 2
shr 31 3 83 2 104 2 128 3 0.252 -3
10hr 88 9 82 7 103 [ 128 8 6.249 2
1he 91 ] 84 10 105 9 130 9 0.248 2
12hr 88 12 81 4 103 4 128 3 0.248 1
13he 8 7 82 7 104 8 129 7 0.248 3
14hr 85 3 80 2 101 2 128 3 0.249 1
15 hr 83 -8 80 3 102 3 127 4 0.249 -2
16 hr 88 7 8¢ 8 105 7 131 3 0.25% 1
17he 53 10 83 7 . 108 s 131 ¢ 0.251 1
18 hr 8¢ s 83 1 107 2 134 1 0.249 -1
1§ hr 100 £ 90 [ 113 Kl 138 -1 0,249 -1

20hr 113 8 [ 4 112 2 137 2 0,250
21hr 103 7 89 3 112 5 139 5 0.251 2
2hr 112 -7 92 -1 116 -1 142 1 0.248 o
23 hr 120 2 50 2 115 2 139 -1 0251 2
24 bt 117 1 88 -3 110 4 134 3 0.247 -

HR - heart rate (beats/min) DAP - diastolic arterial pressure {mmHg)

MAP - mean arlerial pressure (mmHg; SAP - sysiolic arterial pressure {mmHg)

% A - percent change from corresponding vehicle valus

*Represents the mean value for 15 minutes prior to first dose.

*Reprasents the mean value for 15 minutes prior to the indicated time from first dose.
“Represents the mzan value for BO minutes priar 1o the indicated time from first dose.
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The Sponsor tables of the ECG Parameters from controls and high dose (0.5 mg/kg) are
presented below.

Table 7
Cardiovascular Evaluatlon of Colchiclne In Consclous Tolometered Dogs
1269DU21.001

Effects of Oral Administration of Vehicle Upon ECG Parumbtors
Mean Values {(n=4)

TREATMENT TIME PR Intorval P Duration QRS Interval Qr R Amplitude R-R QTe
Vohicio [ 0.078 0.051 0.043 0.194 2.703 0.466 0.251
0 mgikp 15 min® 0.004 0.054 0.043 0.208 2,700 0.562 0.253

30 min 0.078 0.048 0.043 0.212 2.569 0.601 0.253
45 min 0.002 0.052 0.043 0.214 2.692 0.643 0.250
60 smin 0.079 0.052 0.043 0,215 2931 0.637 0.254
75 min 0.002 0.053 0.043 0.209 2.830 0.571 0.254
90 min 0.000 0.052 0.043 0.220 3.109 0.665 0.254
105 min 0.078 0.051 0,043 0.223 3.147 0.751 0.250
120 min 0.000 0.062 0.043 0.225 3.140 0.725 0.254
135 min 0.078 0.051 0.043 0.229 3.272 0.767 0.2652
150 min 0.077 0.049 0.043 0.232 3.222 0.788 0.252
165 min 0.076 0.050 0.043 0.235 3.204 0.798 0.257
180 min 0.07¢ 0.050 0.044 0.224 3,095 0.718 0.254
195 min 0.079 0.052 0.043 0.220 3.012 0.833 0.266
210 min . 0.079 0.051 0.043 0.219 2933 0.611 0.260
225 min 0.078 0.0489 0.043 0.225 2897 0.678 0.258
240 min 0.078 0.050 0.044 0.220 2.942 0.631 0.257
5" 0.080 0.952 0.043 0.215 2,772 0.649 0.260
6 hr 0.077 0.050 0.042 0.216 2.019 0.636 0.251
7hr 0.07¢ 0.050 0.043 0.218 2737 0.852 0.252
Bhr 0.077 0.051 0.042 0.7225 3.023 0.675 0.256
8ir 0.076 0.050 0.042 0.224 2.848 0.644 0.260
10 hr 0.077 0.049 0.042 0.218 2,666 0.632 0.254
1hr 0.077 0.050 0.042 0.220 2,060 0.661 0.253
42 hr 0.077 0.050 0,043 0.214 2,565 0.648 0.247
13 hr 0.075 0.046 0.043 0.223 2483 0.670 0.255
14 hr 0.077 0.053 0.043 0.220 2.857 0.706 0.248
15 hr 0.076 0.049 0.043 0.225 2473 0.604 0.255
16 br 0.077 0.048 0.043 0.224 2497 0.742 0.248
17 hr 0.077 0.050 0.043 0.232 2604 0.808 0.248
18 hr 0.077 0.051 0.043 0.233 2.901 0.708 0.253
19hr 0.070 0.050 0.044 0.211 2837 0.597 0.251
20 br 0.077 0.050 0.044 0.210 2,738 0.597 0.250
2ihr 0.076 0.045 0.044 2.216 2798 0.654 0.247
2hr 0.078 0.051 0.044 0.200 2.73¢9 0.525 0.248
23 bhr 0.080 0.053 0.044 0.187 2.893 0.523 0.248
24 hr 0.000 0.052 0,044 0.203 2.004 0.547 0.250

“Roprasents tiio monn valuo for 15 minutes prior to firs! doss,
“Represents the mean value for 15 minules prior o the I Umo from first dose.
“Reprasonts the mean value for 60 minutes prior to the lndicated limo rom first dose.

1o
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Tablo 10 ’
Cardlovascular Evaluation of Colchlicine In Consclous Telemetored Dog
1258DU21.001
Effocts of Oral Administration of 0.6 mg/kg/dose colchlicine Upon ECG Parameters
Mean Values (n=4)

TREATMENT TIME PRintorval P Duration QRS interval Qr R Ampiitude R-R QTc
Colchlicine o 0.060 0.052 0,044 0.197 2634 0.460 0.251
0.6 mglhg 15 min® 0.009 0.051 0.044 0.208 2.760 0.579 0.252
30 min 0.081 0.050 0.044 0.211 2.603 0.628 0.240
45 min 0.079 0.051 0.043 0.213 2.801 0.651 0.248
60 min 0.000 0.051 0.043 0.217 2.910 0.614 0.267
75 min 0.000 0.053 0.044 0.210 2.881 0.502 0.251
90 min 0.080 0.051 0.043 D.222 3.004 0.708 0.250
105 min 0.081 0.052 0.043 0.224 2.998 0.689 0.255
120 min 0.077 0.049 0.043 0.225 2.801 0.608 0.256
135 min 0.079 0.052 0.043 0.223 2.850 0.711 0.251
160 min 0.078 0.050 0.043 0.204 3.047 0.772 0.255
165 min 0.079 0.052 0.043 0.227 2.943 0710 0.256
180 min 0.060 0.053 0.043 0.225 3.038 0.736 0.252
195 min 0.077 0.050 0.043 0.218 2.761 0.670 0.253
210 min 0.076 0.051 0.044 0.231 2.968 0.726 0.256
225 min 0.078 0.051 0.044 0.220 2.896 0.737 0.255
240 min 0.076 0.050 0.044 0.220 2.796 0.703 0.250
5h° 0.077 0.049 0.044 0.215 2.502 6.654 0.248
ehr 0.076 0.049 0.044 0.220 2.745 0.671 0.253
7hr 0.075 0.010 0.044 0.220 2.567 0.677 0.251
8hr 0.075 0.050 0.043 - 0,227 3.061 0.748 0.251
9bhr 0.075 0.048 0.044 0.222 2.592 0.606 0,252
10 hr 0.077 0.049 0.044 0.221 2614 0.710 0.249
1 hr 0.075 0.040 0.043 0,216 2653 0.684 0.240
12 hr 0.075 0.048 0.043 0.221 2.981 0.706 0.249
13 hr 0.075 0.050 0.044 0.222 2.868 0.720 0.248
M hr 0.075 0.019 0.044 0.224 3.050 0.730 0.249
16 hr 0.076 0.050 0.044 0.227 3.049 0.759 0.249
16 hr 0.077 0.050 0.044 0.225 2.704 0.720 0.251
17 hr 0.079 0.051 0.044 0.227 2.836 0.754 0.251
18 Ir 0.079 0.050 0.044 0.224 2.608 0.734 0.249
19 hr 0.079 0.849 0.045 0.213 2.780 0.633 0.248
20hr 0.000 0.050 0.045 6.207 2.705 0.583 0.250
21w 0.079 0.049 0.045 0,215 3.159 0.654 0.251
22 hr 0.080 0.051 0.045 0.206 2.967 0.687 0.248
23 r 0.080 0.051 0.045 0.204 2.870 0.555 0.251
24 r 0.079 0.050 0.048 0.203 2.077 0.664 0.247

There were no significant changes in heart rate, diastolic arterial pressure, systolic arterial

“Represents the mean value for 15 minules prior to {irst dose.
“Represents tho mean value for 15 minutes prior to the Indicoted time from first dosa.
“Reprosents lhe mean value for 80 minules prior to the Indicaled ims from first dose.

pressure, mean arterial pressure, or gross electrocardiographic changes following
administration of vehicle, 0.1, 0.3, or 0.5 mg/kg colchicine. QTc values also remained
unaltered after the administration of 0.1, 0.3, and 0.5 mg/kg doses of colchicine.

Analysis of the plasma samples indicated a large variation between animals in the plasma
concentrations for the same doses (ranging from
a dose of 0.5 mg/kg), but in general there appears to be a dose-related increase in plasma

levels.
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Table 2.6.2:3 Colchicine Plasma Concentrations in Beagle Dogs
Dose Hours after Plasma Concentrations (ng/mL)
(mg/kg) dosing _ Animal #1 | Animal #2 | Animal #3 | Animal #4
0.0 0
1
4
0.1 0
1
4
03 0 - "
1
4
fos 0
1
4
BLQ <0.2 ng/mL B

In a chronic administration rat study by adding colchicine to the drinking water
(estimated dose of ~60 pg/kg/day), there was no failure or depressed systolic function
(contractile dysfunction) and no increased interstitial space or increased myocardial
stiffness. In another study, rats administered 2.0 or 4.0 mg/kg, i.p., (into the lethal dose
range) resulted in dose related contractile deficits 24 hours of after dosing. These
included decreased maximum shortening velocity, decreased active isometric force, and

decreased peak output

Cardiovascular Studies (Reviewer's table derived from the Applicant's review of

ublished studies)

Study Author

Species / colchicine dose

Findings

Cicogna et al., 1997

Spontaneously hypertensive rats
(SHR) and non-hyperiensive
Wistar-Kyoto rats (WKY);

administered colchicine in their
drinking water (1 pg/mL)
estimated dose of ~60 pg/kg/day

from 13 months of age until signs
of respiratory difficulty (17 to 26
months of age)

No treatment related effect on animal
weight or overt toxicity, e.g., diarrhea was
observed.

~three-fold increase in the interstitial
space and ~1.7-fold increase in myocardial
stiffness in colchicine treated WKY rats
relative to the controls

but no contractile dysfunction when
measured in vitro (e.g., failure or
depressed systolic function)

Mery et al., 1994

Adult Wistar rats;

colchicine 2.0 or 4.0 mg/kg, i.p.
(4.0 mg/kg resulted in death in 2
of 10 rats

myocardial contractility is impaired
measured 24 hours post dose .

decreasd maximum shortening velocity

"(-32 and -61%, respectively),

decreased active isometric force (-47 and -
65%, respectively), and
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decreased peak output (-57 and -69%,
respectively)

Isotonic relaxation and load dependence of
relaxation were also impaired which may
indicate a decrease in calcium

myofilament sensitivity

The authors suggested that the cardiotoxic
effect of colchicine is likely to be a factor
in the fatal outcome of acute colchicine
poisoning

PULMONARY EFFECTS

There were no studies conducted by the Applicant. However, in review of the literature,
the Sponsor noted that during physiological testing of anesthetized cats, colchicine
enhanced the lethal effects of ether or barbiturate anesthesia (Ferguson, 1952). In
anesthetized cats, no acute respiratory alterations followed the i.v. injections of colchicine
at 0.1 to 10 mg/kg, however some hours later the rate and depth of breathing declined

- abruptly (within a period of 2 to 5 minutes) and apnea ensued, leading to death.

RENAL EFFECTS

There were no studies conducted by the Applicant. They cited one study (table below)
that demonstrated colchicine affects renin secretion and blocked the effects of renin
inducers isoproterenol and furosemide. These effects likely involved tubulin
polymerization, since lumicolchicine, a degradant resulting form exposure to ultraviolet
light, that does not bind to tubulin, had no effect on renin levels. Doses of 0.4 and 0.8
mg/kg, i.p., resulted in decreased urine volume and a dehydrated state of the animal that
complicated interpretation of the studies according to the study authors.

Renal Effects of Colchicine (Reviewer's table derived from the Applicant's review of

published studies)
Study Author Species / colchicine dose Findings
Donoso et al.,, 1982 Sprague-Dawley rats, male 0.2, 0.4, 0.2 mg/kg:
- and 0.8 mg/kg, i.p.; no effect on basal plasma renin
daily for 3 days concentrations, body weight, or the 24-
hour urine volume no signs of
24 h after the last injection received dehydration or diarrhea

isoproterenol (25 pg/rat, i.p.) or saline
plasma renin determined 30 min later | 0.2 mg/kg, significantly (P<0.05)

at sacrifice reduced isoproterenol-induced plasma
renin increases (effect was seen with
lumicolchicine, a degradant resulting
form exposure to ultraviolet light, that
does not bind to tubulin)

0.4 mg/kg:
colchicine alone increased plasma
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renin concentrations significantly
(P<0.05, relative to pre-treatment) at
72 hours after administration.
Diarrhea, dehydration, and a loss in
body weight were evident within 48
hours.

0.8 mg/kg,:

similar to 0.4 mg/kg resuits, the
authors stated that decreased urine
volume and dehydrated state of the
animal complicates interpretation

Similar study design but used
furosemide (5 mg/kg, i.p.) as the
stimulus to renin concentrations at 18,
24, and 72 hours after the first
colchicine injection

also urinary sodium concentration and
hematocrit were determined in several
animals from the control and the
lowest dose group to check for
changes in renin metabolism as a
contributor to altered plasma
concentrations

0.2 mg/kg, i.p.;

once daily for 3 days

On the final day, rais were
anesthetized, the renal artery and vein
were clamped, and blood samples
collected for a period of 45 minutes

after clamping.

0.2 mg/kg, significantly (P<0.05)
reduced furosemide-induced plasma
renin increases (effect was seen with
lumicolchicine, a degradant resulting
form exposure to ultraviolet light, that
does not bind to tubulin)

From Applicant's Summary Table 2.6.2:14
Figure 2.6.2:14 Effect of Colchicine i.p. on Plasma Renin Concentration, Body Weight and Urine Volume at

Various Time Points After the First Dose in Sprague-Dawley Rats (Table 1, Donoso et al., 1982)
Ta8LE . Dose-Related Effects of Colchicine in Five Rats

Plasma renin concentration Body weight Urine volume
Dose (ng/mi/hr) SR (mb24 hrs)
(mg/kp/day) Prair 18hes 72 hms Pretr 24hrs  48hrs 72 hrs Pretr 24hrs 48hrs 72 hrs
Sahne 4.83 5.1 8.21 265 270 265 256 7.6 8.3 8.4 8.7
=17 =119 0.9 *4 =4 3 =4 =25 =2.0 =27 =24
Colchicine
0.2 4.28 06 LM 262 273 260 247 6.2 10.6 8.2 9.1
*1.26 .64 =0.20 *7 =4 *4 EX] %23 *2.4 =16 =19
0.4 5.53 .26 HLtLet 263 262 250* 237+t 10.5 10.1 5.8 3.9%¢
*1.10 50 x0.46 *9 =5 =5 *4 *2.7 *3.2 =1.7 =08
0.8% 4.50 9.00  13.30*t 273 263 247+t 235 1.6 13.1 4.5 3.34¢
*091 =1.58 =*0.86 +7 +4 *6 +5 *1.6 x2.0 =13 =19

*Significantly different from satine-treated animals at the same time period.
Significantly different from pretreatment valucs,
$Onc of five animals died by 72 hours postireatment.

Values are means = sem.
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GASTROINTESTINAL EFFECTS

Gastrointestinal side effects reported clinically include abdominal cramping, abdominal
pain, diarrhea, lactose intolerance, nausea, vomiting, and elevated serum enzymes AST,
elevated ALT. Gastrointestinal effects are among the most prevalent adverse events
observed with therapeutic doses in humans. Similar effects are observed in animal
studies with vomiting and diarrhea to bloody diarrhea usually the first signs noted. These
effects are due to a combination of factors, enhanced intestinal permeability, inhibition of
water transport due to decreased activity of intestinal Na'-K*-ATPase, and disruption of
cytoskeletal integrity in the more rapidly dividing cells of the gut and peripheral
activation of central processes mediating emesis.

Gastrointestinal Effects of Colchicine (Reviewer's table derived from the Applicant's
review of published studies) '

Author

Species / Dose of Colchicine

Findings

Ferguson, 1952

Wistar rats, male and females
0.5,1,2,4 mg/kg, iv
4 mg/kg, ip

cats, males and females (1.9-4.8
kg)

under anesthesia, either Dial-
urethane, or pentobarbital, or
inhalation ether

0.1, 0.25, 0.5, 1 mg/kg, iv or ia

altered gastrointestinal responses to
colchicine were observed depending if the
animals were conscious or anesthetized
suggesting that the emetic actions are at
least partially centrally mediated

consistent emetic effects in unanesthetized
animals

only a fourth of the anesthetized cafs -
vomited after a lethal dose anesthesia

anesthesia eliminated the diarrhea that
normally followed administration of
colchicine

doses of colchicine from 0.1 to 10 mg/kg
had no effect on intestinal motility or tone
in cats that manifested either spontaneous
motility or hypermotility caused by
neostigmine

only in Thiry-Vell loops of the small
intestines (conscious cats) were signs of
increased toné and increased rate and
amplitude of contractions observed. These
effects appeared a few hours after injection
of colchicine, persisted for hours, and
could not be completely abolished by
atropine.

bowel responses to acetylcholine,
epinephrine and histamine were unaffected
by colchicine in vivo, and exposing isolated
strips of bowel to colchicine in
physiological ranges, produced no effect on
normal motility

Dinsdale, 1975

Hooded Lister rats, male
0.1to 4.0 mg/kg, s.c.

Light and electron microscopy of rapidly
proliferating cells of the duodenal crypts
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cytosine arabinoside
hydrochloride (125 to 500
mg/kg, s.c.)

cycloheximide (1.0 mg/kg, s.c.)
30 min prior to colchicine

and the mature cells of the villus
population.

less than 0.2 mg/kg : indistinguishable
from controls at the light microscope level.

at ~LDsq: effects restricted to the crypts of
the mucosa and essentially absent from the
mature cells of the villi and the adjacent
pancreatic tissue.

Cytosine arabinoside hydrochloride
produced at 500 mg/kg lesions similar in
morphology and location as those resulting
from 2.0 mg/kg colchicine

EM: inclusion bodies

cylcoheximide (protein synthesis inhibitor)
greatly reduced the severity of damage to
the duodenal crypts but did not prevent the
arrest of mitosis by colchicine.

The reduction in damage was attributed to
interference with the cellular response to
injury that requires synthesis of proteins.
The nature of the damage is uncertain, but
the absence of these lesions in the mature
cells of the villi suggest that it is restricted
to growing cells and, according to the
author, possibly results from their inability
to form, or maintain, microtubules in the
presence of colchicine.

Fradkin et al. (1995)

Wistar rats,

Colchicine dissolved in their
drinking water 30 mg/L
Studies of 8 and 23 days
duration

Rats consumed 16.4 mL in the
first 8 day, and 19.2 mL in the
23 day studies.

Calculated dose per animal 0.5 +
0.15 mg/day

Day 23 serum colchicine
concentrations 3.8 £ 2.7 ng/mL
(range 1.0-6.7 ng/mL)

colchicine increased tight junction
permeability in the rat as evidenced by the
sustained increase in lactulose/ mannitol
excretion ratio

The lactulose/ mannitol excretion ratio was
measured periodically

This type of double-probe method for
measuring intestinal permeability controls
for such variables as transit time, renal
function and completeness of urine
collection.

Mean serum colchicine concentration in
the rats completing 23 days of
administration was 3.82 ng/mL
(comparable to those recorded in FMF
patients receiving 1-2 mg/day colchicine
therapy).

Except for occasional loose stools, diarrhea
was not observed. Two of 5 animals were
removed from the 23-day study in the last
week, suffering from severe anorexia and
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bloody nasal discharge.

Urinary lactulose excretion increased
significantly at 8 hr post-dose compared to
pretest values and was highest after 48
hours, remaining stable throughout the
study period. Mannitol urinary excretion
was not changed.

LDiarriea

lacobuzio-Donahue ef
al., 2001

humans,

clinically toxic doses, distinct
morphologic changes are
observed in gastrointestinal
mucosal biopsies of the
duodenum and gastric antrum

changes include metaphase mitoses,
epithelial pseudo-stratification, and loss of
polarity as well as abundant crypt apoptotic
bodies See table 2 below.

not observed in 5 patients without clinical
colchicine toxicity

TABLE 2. Histopathologic and endoscopic fealures of gastrointestinal biopsy specimens from palients on oral

colchicine therapy
Case Biopsy Metaphase Epithelial Loss of Villous
no. site mitoses pseudostratification  polarity  Apoptosis  atrophy Endoscopic findings
Patients with clinical evidence of colchicine toxicity
1 Duadenum bulb ++ ++ ++ + - Duodenal polyp and ulceration
Antrum +4 ++ ++ ++ Difiuse gastritis
Body + + +/~ + Nomnal
2 Duodenum ++ - - ++ - Normai
" Antrum ++ + + ++ Normal
Bady +/- - - - Normal
3 Antrum ++ + + + Diffuse gastritis and erosions
Fundus - - - - Normal
Colon ++ + +- - Normal
4 Duodenum + + + - + NA
Patients without clinical evidence of colchicine toxicity
5 Colon - - - - Polyp
6 Antrum - - - - Mild gastritis
Esophagus - - - - Normal
GE - - - - Normal
Junction - - - - Polyp
Colon
7 Duodenum bulb - - - - - NA
Anfrum - - - -
Esophagus - - - -
8 Antrum - - - - NA
Colon - - - -
9 Colon - - - - Polyp

NA, not available.

many studies

rats

decreased intestinal fluid transport,
increased intestinal fluid secretion, and the
formation of‘apoptotic nuclei in the crypt
cells

These effects appear to be mediated by
decreased activity of intestinal Na*—K'—
ATPase, increased adenylate cyclase and
cAMP activities, and increased
prostaglandin E2 secretion.

Rachmilewitz ez al.,
1978,
Rachmilewitz and
Karmeli, 1980

male rats
5 mg/kg, i.p.

jejunal segments obtained 1, 2,
or 4 hours after injection for

colchicine inhibits intestinal water
transport and intestinal fluid secretion
mediated through decreased intestinal Na'*—
K'-ATPase activity, increased adenylate
cyclase and cAMP activities, and increased
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assays

Histological sections from
jejunum obtained 4 hours after
administration

prostaglandin E2

Net transport of fluid in the jejunal
segments was significantly (P<0.01)
reduced in rats that had received colchicine
(3.0 £ 0.9 g fluid/hour/g) versus the control
rats (8.6 £ 0.7 g fluid/hour/g). Decreases in
net fluid transport were paralleled by the
decreases observed in Na'—K'—ATPase
activity. Along with the decrease in net
fluid transport, reduced amounts of sodium
and potassium were transported.

Histologically, the jejunum from rats
treated with colchicine was relatively
normal. The only unusual finding was the
appearance of crypt cells undergoing
mitotic arrest in metaphase. :

Four hours after administration of
colchicine, Na'-K'-ATPase activity was
significantly (P<0.01) decreased -(18.2 +
4.9 umol/mg protein/hour) as compared
with control rats (40.6 + 3.4 umol/mg
protein/hour).

Gonzélez et al., 2005

C3H/S mice, adult male, 2
mg/kg, i.p.,

sacrifice 4 hours later
Duodenum histolopathology and
TUNEL assay (nick end-labeled
for DNA fragmentation)

cell was considered to be
apoptotic if cell shrinkage,
intense eosinophilic cytoplasm,
and a nucleus with condensed
chromatin were observed

apoptotic index was estimated as
the number of apoptotic cells per
1000 nuclei

colchicine induced apoptosis in intestinal
crypt enterocytes

the average apoptotic indices in the whole
crypt and each individual region were
higher (P<0.0001) in colchicine-treated
mice than in saline-treated control mice

For the whole crypt the apoptotic index in
saline treated animals was 2.12 £ 0.58 and
for colchicine-treated mice, it was 65.73 £
9.09. The highest apoptotic index was seen
in tiers 5-12 (transient cells) for saline
(3.14 £ 0.94) and colchicine-treated
(107.59 £10.72) animals. The lowest
apoptotic index seen was in tiers 13-20
(highly differentiated cells). In this zone,
the apoptotic index in the saline-treated
animals was 1.01 + 0.28 and in the
colchicine-injected mice, it was 34.77 +
10.81.

Duncan and Heddle
(1984)

C57BL/6J mouse

apoptosis occured in duodenal crypt
enterocytes
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ABUSE LIABILITY

There were no studies conducted by the Sponsor. Colchicine is not considered a drug of

abuse.

OTHER SYSTEMS

Metabolic and Endocrine Effects

Functional and ultrastructural liver changes were found in some studies that examined the
effects of colchicine on metabolism. Since suppression of secretory function which is
dependent on microtubules for transport or storage of granules or secretory vesicles is a
well characterized effect of colchicine in endocrine cells, the significance of the
functional liver changes could likely be due to secondary metabolic alterations.

Metabolic and Endocrine Effects (Reviewer's table derived from the Applicant's review

of published studies)
Author Species / Dose of Colchicine Findings
Metabolic Effects
Singh et al 1975 Mice increase in serum triglycerides
0.12 mg/kg, i.v

higher dose (but one that is not associated with
gastrointestinal toxicity), there is an increase in
serum and liver triglycerides, with ultrastructural
changes in the liver suggestive of fat infiltration and
glycogen deposits.
decreased blood sugar, free fatty acid, serum amino
acid, and protein
decreased liver glycogen levels

Lndocrine Function

Shah and Rats reversible decrease in insulin secretion and increase

Wongsurawat 0.2 mg/kg/day, i.p. in serum glucose

1978)
Inaba et al. (1979) | Rats, males direct and indirect effects of colchicine on the

Inaba and Kamata
(1979)

[’H}-colchicine 0.5, 1.0 or 2.0
mg/kg, sc

release of corticosteroids from the rat adrenal gland,
invivo

increased serum and adrenal corticosteroid levels,
evident at 1.5 hr post-dose (first sampling time) and
continuing for at least 6 hr

the effect of colchicine was long lasting compared
to ACTH administration

possibly due to pituitary ACTH secretions rather
than direct stimulatory action on the adrenal gland,
since in vitro studies found low concentrations of
colchicine did not stimulate and high concentrations
of colchicine suppressed the release of
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corticosteroids from the adrenal gland tissue.

when colchicine was administered 1 hr prior to the
injection of ACTH there was a significant
augmentation of corticosteroids in the serum and
adrenal gland

intracellular distribution of corticosteroids in the
adrenal glands was similar in ACTH and colchicine
treated rats

The authors suggest that continuous stimulation of
the synthesis and secretion of adrenocortical
hormone (and the resultant corticosteroid response)
seen with administration of colchicine may explain
it effectiveness in the treatment of gout.

Adrenal Gland

Singh et al., 1975

Mice,

0.5 mg/kg, i.v.
Single dose,
Mice followed for 60 hours

single low dose of colchicine to mice that did not
produce diarrhea or a change in body weight or alter
food intake, dramatic but reversible decreases in
serum triglyceride, glucose, and free fatty acids
levels

total serum protein concentration decreased
significantly (P<0.005) from 4 to 20 hours after
colchicine administration

hematocrit values increased significantly (P<0.05)
from 4 to 15 hours post administration.

Ultrastructural examination of the liver revealed an
increase in the size and number of VLDL particles
and a decrease in glycogen deposits.

microtubules were not observed in the livers from
the colchicine-treated animals

in the colchicine-treated livers, numerous vesicles
containing VLDL-like particles were distributed
throughout. Over time, the diameter and
appearance of these particles increased. The density
of the larger particles closely resembled that of lipid
droplets. After 11 hours, at a time when the liver
triglyceride content was maximal, a huge
accumulation of lipid droplets was observed in most
hepatocytes. Twenty-four hours afier colchicine
administration, fat infiltration had practically
disappeared and microtubules could again be
observed. Glycogen deposits that were initially
observed in large areas of the cytoplasm were
reduced to only a few particles 8 hours after
colchicine administration. These deposits
reappeared 24 hours later. Changes in measured
hepatic glycogen content mirrored these )
observations. Autophagic vacuoles were distributed
randomly in the cytoplasm of both control and
colchicine-treated livers but the number of vacuoles
was much higher in the latter group.
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These changes were also reversible.

blood sugar, serum free fatty acid, serum amino
acid, and urea levels were also observed 11 hours
after administration of colchicine. Blood sugar
decreased slightly but liver glycogen content
dropped dramatically. Serum free fatty levels were
much lower in colchicine-treated mice but serum
amino acids and urea concentrations were higher.
With the exception of blood sugar concentrations,
all of these alterations returned to normal levels 24
hours later

a lower dose was administered to mice (0.12 mg/kg,
i.v.; equivalent to human dose of 0.6 mg (based on
BSA), changes in serum parameters were not
observed but a significant increase in liver
triglyceride content (controls: 8.7 + 0.9; colchicine-
treated mice: 13.0 + 1.3 umol/g) was seen.

From Sponsor's Summary Table 2.6.2:10

Figure 2.6.2:10

Effect of Colchicine (0.5 mg/kg, i.v) on Various Metabolic Indices (Mean + SEM) in Swiss

Mice (Table 3, Singh ¢t al., 1975)

Time after Administration (hours)
{) l 11 24

Scrum
Glucose {img/i00 mL)
Saline Controls | . [ 17azite=% [ 1732 7(=5)
Colchicine § 1869 (1=10) | [49=1%*(m=8) | 137 5%*% (n=0)

Free Fuuty Acids (mM)

Saline Conirols | ~ | 1L3w=020m=5) [ 088=0.10(n=5)
Colchicine | 0.97 = 0.05 1=10) | 0.59 0.04%** (n=8) | 1.03 % 0.08 (n=9)

Anmino Acids inM)
Saline Courrols | -- I 387=003(m=5) | 4.58=031 (n=5)

Colchicine | 3.94=0.11 (=10 | 5.56 * 0.20%** (1=8) | 5.15 = 0.14 (n=9)

Urea (mg/100 mb)

Saline Controls [ - | 55 = 2 (n=5) 1 55=2(n=5)

Colchicine | 74=3m=10) | 79z3%%(n=8) | $§9=1m=Y)

Liver

Glycogen (mp plucose per g liver)

Saline Controls | -- | 327=1.5w=5 5.7 % 0.8 (n=4)

Colchicine | 12.1£3.7(n=7) | 1.9%03%%* (;=5) 15.5 = 4.6* (n=5)

* P<0,05; *¥* P<O025; *** P<O.(0S

Lancreas
Shah and Sprague-Dawley rats, males Both phases of insulin secretion in response to
Wongsurawat glucose were diminished by repeated clinically
(1978) single dose study relevant doses of colchicine to rats in vivo. The
0.5 mg/kg colchicine, i.v effects were reversible with discontinuation of
colchicine treatment.
repeated dose study
0.2 mg/kg, i.p. daily for 10 days Following the priming glucose pulse and during the
on the last day after overnight glucose infusion, mean serum glucose levels were
fast,administered glucose challenge | significantly higher (P<0.05) during the time period
(150 mg glucose pulse, iv, and of 10 to 45 minutes than were observed in control
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steady iv infusion, 6 mg/minute for

60 minutes)

treated rats

the acute phase of IRI secretion (between 2 and 5
minutes) and chronic phase of IRI secretion
(between 10 and 60 minutes) were significantly
inhibited in the colchicine-treated rats as compared
with the control rats

No difference between the two groups was observed
in the serum calcium concentration

Hematopoietic Effects

Myelosuppression is a known clinical dose-related adverse event associated with
colchicine due its effects on disruption of mitosis in rapidly dividing cells such as is
found in the hematopoietic system. There were no animal studies indicating dose-
responsiveness or that provided further insight into colchicine induced myelosuppression.

In addition, granulocytes (e.g., neutrophils, eosinophils, basophils), lacking in phospho-
glycoprotein (P-gp) contain concentrations of colchicine that are higher than cells that
express P-gp on their surface. As noted by the Applicant these observations are
consistent with hypothesis that the anti-inflammatory effect of colchicine is mediated by
neutrophils. These cells also might be more susceptible to the toxic effects of colchicine
and could account for adverse events observed in the hematopoietic cells in humans.

Hematopoietic Effects (Reviewer's table derived from the Applicant's review of

ublished studies)
Author Species / Dose of Findings
Colchicine
Leukocytes
Klimecki et al., granulocytes (e.g., neutrophils, eosinophils, basophils), lack in
1994; Schinkel et phospho-glycoprotein (P-gp) transport on membrane
al., 1997). ' _
these cells may contain concentrations of colchicine that are
higher than cells that do express P-gp on their surface
Chappey et al., Human leukocytes in steady-state colchicine concentrations:
1993 vivo; mononuclear cells: ranged from 9 to 24 ng/10° cells
6 healthy male volunteers, | granulocytes: 20 to 53 ng/10° cells
administered 1 mg for both cell types intracellular colchicine peaks appeared 48
colchicine; concentrations | hours after administration when plasma colchicine levels were
of colchicine determined | 0.30 ng/mL
in cells .
Chappey et al. Human leukocytes in similar colchicine concentrations in granulocytes and
(1993) vivo; monocytes throughout the complete time course of sample

colchicine dose: 1 mg/day
for 14 days

and In vitro lymphocyte
cultures

collection (1 hour to 168 hours)

After a single dose‘, concentrations declined slowly with a
half-life of approximately 35 hours, with detectable levels
present up to 240 hours post-dose

plasma terminal half live: 49 hours
granulocyte terminal half live: 41hours
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Invitro lymphocyte cultures results were similar, attributed to
colchicine levels rather than metabolite

Ben-Chetrit et g/,

1998

6 FMF patients,
Colchicine concentrations
were measured in plasma
and leukocytes

Colchicine concentrations at the same measured time points
were 3- to 4-fold higher in granulocytes as compared to
lymphomonocytes in all FMF patients

plasma colchicine levels correlated with the daily dose, but
the intracellular concentrations was fairly constant

possibly intracellular colchicine accumulation may be

saturable.
Thrombocytes
Puszkin and human platelets in vitro found that colchicine bound to a protein (“presumably derived
coworkers (1971) from microtubules”) that did not have direct ATPase activity

but altered the cation requirements of ATPase activity for
both myosin and what was known as thrombosthenin-M, a
molecule thought to play a role in clot retraction.

Bouaziz et al., 2007

colchicine disruption of microtubules results in reduced
thrombin-induced platelet aggregation and ATP secretion

Bone Effects

Colchicine was shown to be detrimental to bone healing in rats when administered in the
drinking water (comsuming approximately 1 mg/kg/day) for a 6 week period.

Dudkiewicz et al 2005).
Bone (Reviewer's table derived from the Applicant's review of published studies)
Author Species / Dose of Colchicine Findings
Dudkiewicz et a!., Wistar rats, females colchicine had.a negative influence on fracture
2005 healing according to radiological, clinical, and

Colchicine administered to via
drinking water at a dose of 1
mg/kg/day (based on water
consumption)

3 groups:

1) for 1 week prior to the fracture
procedure (under anesthesia, the left
posterior tibia was fractured
manually) and afierwards for
another 6 weeks

2) colchicine treatment was started
on the day of the fracture procedure
and continued for 6 weeks

3) control group, did not receive
colchicine

mechanical (P<0.02), and pathological parameters
(P<0.0001)

Osreageresis/Ablarion of Hematoporesis

Studies indicate that the effect of colchicine is unclear, since

interpretation of the studies.

there is controversy surrounding the replication and

Arai and coworkers
(1993)

1 mg/kg, i.v.

colchicine rapidly induced trabecular bone-like
ectopic calcified tissue in the bone marrow cavity
within 4 days of administration
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Peak growth was obtained by day 8 afier which the
ectopic tissue was reabsorbed within 4 days

Wlodarski and could not repeat findings of Arai and coworkers

Wilodarski, 1997 (1993) in two different strains of mice or in WAG
rats

Caselli and -1 agreed with the findings by Arai ez @/. in 1993

coworkers in 1999 noted that Arai’s model appears to be “a unique

model of pharmacological ablation of
hematopoiesis (not ablation of marrow, because the
stroma is not ablated) followed by de novo
medullary bone formation, and a unique way to
probe interactions of hematopoiesis and
osteogenesis in the postnatal animal in vivo”

Wlodarski and a follow-up Letter to the Editor

Wilodarski (2001) disagreed with the interpretation of the results
obtained by both groups

2.6.2.5 Pharmacodynamic drug interactions

The Sponsor did not conduct non-clinical pharmacodynamic drug interaction studies.
Some of the published literature contains multidrug studies which may involve colchicine
phamacodynamic, pharmacokinetic and toxicological effects. These are contained in the
pharmacokinetic and toxicology sections.

2.6.3 PHARMACOLOGY TABULATED SUMMARY

These are included in the specific topic sections.
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS
2.64.1 Brief summary

The Applicant did not conduct pharmacokinetic studies of colchicine, but summarized the
published nonclinical studies and included their toxicokinetic evaluation of plasma
colchicine from their cardiovascular safety study in dogs. The pharmacokinetic
parameters for colchicine across species is presented in Table 2.6.4:1. All the
pharmacokinetic studies were single dose administration, there were no repeated dose
studies found in the literature. The following information was taken from the Applicant’s
summary. :

Applicant's Summary Table 2.6.4:1
Table 2.6.4:1 Comparison of Mean (+ SD) Pharmacokinetic Parameter Values

Following a Single Dose of Colchicine in Mice, Rats and Humans
: Dose, mg/k CL
Species (n) Gender > g (mL/ Va(L/kg) Tuz (hr) Comment
(route) .
min-kg)
Samples collected for 24
Wistar Rats' (3) Male 5 (oral gavage) hours (Cmex = 39.7 ng/mL;
) Tmax = 0.25 h)
5 (iv.) , 39 rSlaxmples collected for 10
. . 2 ours
Kunming Mice Male
(5/ time pt/route) 2qd peak observed at 6
, 5@.p.) ' 7.93 hours; samples collected
for 10 hours
Sprague-Dawley . 773+ 1.84 £ Samples collected for 2
Rats’ (5) Male 10 (i.p.) 83 0.15 0.28 £ 0.02 hours
Sprague-Dawley :
Rats’ (4); sham- Male 10 (ip.) 68.7+ 1.87+ 0.32 % 0.02 Samples collected for 8
4.9 0.10 hours
operated controls
1 (i.v.) bolus;
. followed by 2-hr Values derived from post-
R 5 | Male [ iv.infusion 125 657 10.542.1 | infusion data collected (2 -
: (ng/min/kg) _ ’ 6 hours)
Human® (6) Male 0.5 (iv.) 1(;'5; 67114 30+6 Ssumrgles collected for 48

Bittner e al., 2002"; QH Chen et al., 2007* Leighton ef al., 1990°; Desrayaud et al., 1997 Rochdi e al.,
1994°

In a cardiovascular safety study in conscious dogs receiving 0.5 mg/kg orally, the b(4
plasma levels 1 hour post-dose ranged from —————— ng/mL. There was no ( )
explanation for the wide variation in concentrations.

Colchicine distributes primarily into bile, liver, and kidney. Moderate levels are seen in

lungs, heart, intestine, and stomach. Due to efflux by P-gp at the blood-brain barrier,
only very small amounts of radioactivity are detected in the brain. Studies with
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intravenous administration of colchicine and P-gp inhibitors in rats resulted in 3- to 4-
fold increases colchicine plasma concentrations and 5- to 10-fold increases in brain
concentration (refer to the Pharmacokinetic Drug Interaction section). Bile duct
obstruction or liver dysfunction also results in increased systemic concentrations of
colchicine. Colchicine is secreted into milk.

The clearance of colchicine is mediated by liver metabolism and secretion into the bile
and urine. In rats, for example, about 50% of colchicine is removed through biliary
secretion and the rest through the kidneys and metabolism. Similarly, in humans,
enterohepatic recirculation and biliary excretion, mediated by P-gp, is also postulated to
be a major route of elimination.

In the liver, colchicine is metabolized to O-demethyl derivatives which, in rats and
hamsters, are then glucuronidated. While the specific metabolizing enzymes have not
been identified in animals, in humans CYP3A4 is the primary metabolizing enzyme.
The extent of metabolism varies across species; in hamster ~40% of colchicine is
converted into metabolites but in rat and mouse liver only about 11 to 12% is converted.

Excretion of colchicine into bile or urine appears to be primarily mediated
through P-gp transport. Co-administration of CYP inhibitors to the rat in vivo
results in ~3-fold increase in colchicine liver concentrations. Chemically
induced liver dysfunction results in increased systemic concentrations of
colchicine. Co-administration of CYP inducers to the hamster in vivo results in
~3- to 4-fold increase in colchicine metabolism. At high doses, in the rat,
colchicine administration alters the normal function of transporters and CYP
enzymes. The extent that these effects occur at lower doses and the relevance to
humans is not known.

2.64.2 Methods of Analysis

Most studies were conducted with standard methodology available at the time of the
studies.

2.64.3 Absorption

The absorption of oral colchicine was studied in male Wistar rats (Bittner, 2002).
Colchicine (5 mg/kg) was administered isotonic sodium chloride solution. The Cmax
of colchicine was reached rapidly, at the first measured time point.

‘ Formulation Tmax (h) Cmax (ng/mL) AUC (h-ng/mL) CVF (Uh/kg)
Colchicine alone 0.25 +0.01 37.9+9.8 31.5+12.2 139.29 + 47.93

In humans, the absolute bioavailability is less than 50%.
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2.6.4.4 Distribution

Protein Binding _ :
Colchicine does not bind extensively to plasma proteins. The percentage of *H-

colchicine unbound determined by equilibrium dialysis, was 59.1 £ 1.5 % in rat blood,
(Desrayaud et al., 1997) and 23% in dog plasma (de Lannoy et al., 1994) and 39% in
humans (Sabouraud et al., 1994).

Plasma:Red Cell Partitioning
At all concentrations tested (10, 100, and 1000 ng/mL), ~30% of *H -colchicine

spiked into whole blood ir vitro distributed into red blood cells; the remaining 70%
was detected in the plasma (Desrayaud et al., 1997).

Tissue Distribution

Colchicine distributes into multiple tissues but primarily into bile, liver, and kidney. The
tissue distribution of a single dose of colchicine in mice, rats, hamsters, rabbits, dogs, and
sheep is summarized in Table 2.6.4:3. In all five studies, the doses administered are
similar to those used in toxicology studies. In the mouse, of the four tissues examined,
radioactivity was primarily measurable in the liver followed by the kidney, intestine, and
spleen (Back et al., 1951). In Donrya rats, radioactivity was primarily measured in the
liver and kidney followed by lower concentrations in the adrenal and pituitary glands and
even lower amounts in the brain (Inaba and Kamata, 1979). In Sprague-Dawley rats and
mongrel dogs, the highest levels of radioactivity were detected in the bile, followed by
the liver, then the kidney. In Golden hamsters and New Zealand White rabbits, the
highest levels were detected in the bile, followed by the kidney, then the liver. In all four
species, moderate levels were detected in the lungs, heart, intestine, and stomach. Low
levels were detected in the blood or plasma and only very small amounts of radioactivity
were detected in the brain (Hunter and Klassen, 1975a). In the sheep, the highest
concentration of colchicine detected was in the bone marrow followed by the heart,
kidneys, lungs, and liver. Excretion of colchicine into milk was also observed.

In 10-day old rats, the tissue concentrations were much higher than were observed in 35-
day old animals for a given dose (Hunter and Klassen, 1975b). The authors suggested
that, in the young rats, colchicine elimination is reduced due to an immature bile duct
tract. Reduced elimination, in turn, results in higher systemic and tissue levels and a
lower LDsp (0.24 mg/kg, i.p.) than seen in 35-day old animals (LDs 2.0 mg/kg, i.p.).
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Applicant's Summary Table 2.6.4:3
Table 2.6.4:3
Tissue Concentrations of Colehicine in Various Species
Species Mouse Rat* Rat Rat' | Hamster® Rabbit' Dog' Shee)
—— v — — L
Reference Ingba and Kamata, Hunter and Klassen 10750 Hunter and Klassen, 10752 Papariti, 1996
1951 1979
No. of Animals 6 M 3.5 3-5 3-3 3-5 1
Strain (Gender, § C-57 black Donryu Sprague-Dawley | Sprague- Sprague- Golden New Zealand | Mougrel Merino
Age) (Both, (M, Adut) (NS, 10 days Dawley Dawley (Mate, White (M, {Fenate,
Adul) old) (NS.35 M, Adul) Adult) (M, Adul) Adult) Lacrating,
days old) - Adult)
Radio-fabel *c H H H H H H °H Nor-fabeled®
Dose (route) 1 mg/mouse 1 mg/xg (cold) + 0.1 mgkg (Lp.) 2 mgkp (cold) = 7 nCi:kg) 2 mgkg (cold) ~ 10 pCi 0.16 mgrkg
(s.c.) 100 pCikg (s.c) @iv.) & (ix.) (oral)
Tissue Various (specific values not
Collection 4 2 provided; estimated from graph 1.3 15 135 13 48
Time (hr) @ 10 min. (max.)
Units gmig tissue CEm:'ﬂ tissue ug/e tissue uz.-’E 1issue or zlz!mL 54 uCymol) mv'g
Brain - - ~10 ~1 0.001+0.011 | 0.079+0.004 | 0.661+0.136 - -
Cerebrua - 04.524.0 -- -- — -- —
Cerebellum — 115.0=17.0 - - - - -
Hypothialamus -~ 136.0=12.0 - -- - - -
Muscle - - ~60 -15 1.1520.06 1073240050 | 0.736x0.091 | 1.13=0.14 18+
Stomach o - - 1.110.08 294+0.43 3.02=0.40 -
Intestne 50.1=23.1 - - 2.1620.31 3.92+0.54 5.84=1.05 -
Heart - -- ~100 ~35 - 1.50:0.08 0.863+0.086 2.6120.42 3.1=063 23
Lung - ~1 ~35 2.02+0.12 1.1040.15 3172044 | 3.8420.70 75
Spleen 21.4=16.7 - ~2 ~90 2.70£0.22 1.56+0.24 4.56=0.48 4.1120.42 160
Kidney 65.8222.4 10609.0=299.0 ~, ~90 8.8120.74 6.4520.89 18.0=1.8 6.8420.37 80
Liver 86.2=19.7 13035.0+1657.0 ~3 ~230 9.630.89 3.4420.15 8.38=1.36 9.51=0.94 73
Plasma - - 0.783+0.041 1.180.00 3.8920.59 1.90+0.27 -
Blood - ~ 0.836%0.045 | 0.670+0.086 2.97+0.53 1.92=03% -

Bile - - 542555 198:23.1 69.8=4.5 15232373 -
Pititary Gland - 1620.02943.5 - -~ -~ - -
Adrenal Gland - 4620.0=307.0 - -~ - - —
Bone Marrow 205

NS = Not Specified; ' snean % SE; * mean = SD; *only colchicine detected during sample

CR

—
ysis; me

not

d: **Tiiceps femorls

Despite a relatively large volume of distribution, only small amounts of colchicine have
been shown to penetrate the brain of rats, hamsters, and rabbits (Table 2.6.4:3). Limited
brain uptake is thought to be due to P-gp mediated efflux at the blood-brain barrier. In
rats, P-gp efflux normally reduces the penetration of colchicine into the brain and that co-

administration of a P-gp inhibitor (e.g., verapamil or PSC-833) can result in increased

brain levels (Desrayaud et al., 1997).

2.64.5

Metabolism

Colchicine is metabolized in liver microsomes. The extent varies across species; in
hamster ~40% of colchicine is converted into metabolites but in rat and mouse liver only
about 11 to 12% is metabolized (Schonharting ef al., 1974). The specific CYP450
enzymes in nonclinical species have not been defined. In human liver microsomes, the
primary metabolizing CYP enzyme is CYP3A4 (Tateishi ez al., 1997). The primary
metabolites formed in liver microsomes of all species studied are 2-DMC and 3-DMC.

Plasma concentrations of metabolites have not been measured in animals. In the
Applicants’ studies of the metabolite concentrations in human plasma, neither 2-O-
Demethylcolchicine (2-DMC) nor 3-O-Demethylcolchicine (3-DMC), were detectable
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except in isolated samples at or near the lower limit of quantitation (0.2 ng/mL). The
formation rates and resulting proportions of each metabolite present vary with the
species (Figure 2.6.4:2). In rats, ir vivo, 2-DMC does not inhibit inflammation but 3-
DMC is as active as colchicine (Sugio ez al., 1987). It is not known if these metabolites
are substrates of P-gp. 10-O-Demethylcolchicine (colchiceine) is formed in microsomes
prepared from mice, rats, and 5-month old adult hamsters but not 8- to 9-week old
hamsters (Reviewer's Comment: sexual maturity in hamsters occurs about 6 weeks of
age, so that does not explain the difference). Glucuronides are present in the rat (2-
DMC-glucuronide) and hamster (3-DMC-glucuronide). Other potential metabolites not
found include 1-O-Demethylcolchicine (1-DMC), bis-demethylated metabolites, and
glutathione-conjugates. :

Figure 2.6.4:2
Chemical Structure of Colchicine and Its Metabolites

2-0-Demethylcolchicine , 3-0-Demethylcolchicine 10-0—Demeth_v!colchicine
(27%, 8%, 40%, and 5.5%)" (45%, 88%. 37%, and 9.8%) (25%, <2%:4%", 20%, and ND?)

! Metabolites (% total) formed by microsomal preparations from mouse, hamster, 1at, and human micsosomal
preparations, respectively. Mouse, hamster, and rat data are excerpted from Schonharting ef al., 1974. Human data
15 excerpted from Tateishi ef al, 1997

1<2% in 8 - 9 week old hamsters, 4% in 5 month old hamsters

¥ ND=Not detected

Injury to the liver impairs the clearance of colchicine in rats in vivo (Leighton et al.
1990). In addition, colchicine inhibits many aspects of liver function. In rats, the
administration of colchicine at doses that are ~ 0.5 LDsg, colchicine reduces the
hematocrit, glutathione (GSH), total CYP450 content, demethylase activity and
increases liver mass, serum AST, ALT, and lipid peroxidation activity.

In hamsters, CYP inducers (20-methylcholanthrene and phenobarbital) produced several
fold increases in the amount of metabolism of colchicine observed in vitro. In vivo
administration of colchicine also increased the metabolism of colchicine i vitro but to a
much lower extent.

In rat hepatocytes in vitro, colchicine inhibits the expression of multiple CYP enzymes
and associated regulatory co-factors. In primary rat hepatocytes, colchicine treatment
inhibits the induction of CYP1A1 mRNA expression in a dose dependent manner
(Luki€ et al., 1997). CYP1ALI expression is regulated by aryl hydrocarbon receptor
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(AhR). To alter gene expression after binding a ligand (e.g., TCDD), AhR must
translocate from the cytosol to the nucleus vig a pathway that is microtubule dependent.
The authors concluded that down regulation of CYP1A1 expression by colchicine is
mediated via disruption of the microtubular network that translocates AhR from the
cytosol to DNA. While disruption of trafficking into the nucleus is the most likely
pathway, the authors noted that multiple sites in this pathway could be altered by
microtubule disruption, i.e., movement of AhR through the cytosol, nuclear
translocation, co-activator association, or the actual binding to the DNA.

Colchicine Metabolism Studies (Reviewer's table derived from the Applicant's review

of published studies)
Author Methods Findings
Leightoner | Sprague-Dawley Rats, colchicine 10 | CYP-inhibition (cimetidine pretreatment):

al. 1990

mg/kg,

i.p. for controls and CYP-inhibited
rats,

i.v. for rats with liver dysfunction
(to prevent galactosamine from
interfering with i.p. absorption)

liver dysfunction induced diffuse
hepatocellular injury by
galactosamine (400 or 1000 mg/kg,
i.p. 24 hours prior to dosing)

a CYP inhibition with cimetidine
(120 mg/kg, i.p.)

blood samples were collected for 2
hours

reduced clearance (32%)

increased half-life (37%)

(authors noted that cimetidine also inhibits kidney
transport so that the extent to which this small effect was
accounted for by metabolism versus transporter
inhibition is not known).

hepatic dysfunction by 1000 mg/kg galactosamine:
clearance reduced to one-third that of controls
ans substantial prolongation in elimination half-life

Ulrichova et

rats

Colchicine reduced:

al, 1992 colchicine 1 mg/kg, i.p. liver demethylase activity to 26% of contro}
CYPP450 content to 46% of control
liver removed 24 hours after
colchicine administered reduced demethylase activity was most likely a
consequence of the reduction in the CYP protein content
Lukié et al., | male Wistar rats effects were most significant for colchicine
1997 colchicine or its metabolites, 2-

DMC, 3-DMC, or 10-DMC
(colchiceine) administered 2
umol/kg, i.p. (equivalent to 1 mg/kg
colchicine, ~one half the LDsq)

at 24 hours after dosing determined
liver mass, liver protein, CYP
content, various blood parameters,
and the in vitro activity of various
liver enzymes (e.g., lipid
peroxidation (LP), GSH, superoxide
dismutase (SOD) )

Of the metabolites tested, 10-DMC (colchiceine) had the
most pronounced effects

colchicine 2-DMC 3-DMC Colchiceine
liver mass 1 - 1 1
AST 1 1
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ALT 1 ) ) )
LP 1 } in vitro lin vitro 1
total liver i - - 1
protein
CYP450 1l { 1 l
content
hematocrit il ] l 1
GSH 1 [l ! 1in vivo, in
concentration (tin vitro and in
erythrocyte)s | erythrocytes
SOD
in vivo ] 1 } l
in vitro 1 - T 1
Dvorék et primary rat hepatocytes, Colchicine inhibited the induction of CYP1A1 mRNA
al., 2006 colchicine doses: expression by TCDD in a dose dependent and time
0.01, 0.1, and 1 pM; (equivalent to dependent manner 6-, 32-, and 18-fold at 6, 24, and 48
3.99, 39.9, and 399 ng/mL) hours post treatment, respectively
co-administered with 2,3,7,8- disruption of the microtubular network p]ays arole in the
tetrachlorodibenzo-p-dioxin CYP1A1 down-regulation
(TCDD, 5 nM) to induce CYP1A1
colchicine clearly disrupts the microtubule network.
histology:
primary rat hepatocytes with
colchicine (1 uM; 399 ng/mL) for 3
hours. Microtubules were tagged
with monoclonal anti-tubulin
antibody and visualized by
fluorescence
YJ Chen et rat Presumably due to inhibition of CYP metabolism,
al., 2007 proadifen coadministration significantly increased

nonspecific P450 inhibitor
proadifen was administered j.v. 10
minutes prior to administering
colchicine (1 mg/kg, i.v.)
Concentrations of unbound
colchicine were determined in
blood, bile, and liver using
microdialysis probes

colchicine liver concentrations (Cmax) (Table 2.6.4:9)

significant changes in bile or blood concentrations were not
observed.

However, at higher concentration of colchicine (3 mg/kg
and 10 mg/kg, i.v.), in addition to the increased
concentration of colchicine measured in the liver, the total
amount of colchicine in the bile increased 40% to 50%
(P<0.05) over time (AUC min-ug/mL), relative to the
controls.,

Table 2.6.4.9 from Applicant's Summary

64




Reviewer: L.S. Leshin ) NDA 22-352

Table 2.6.4:9
PK Parameters (mean =5SE; n=0) in Sprague-Dawley Rat Blood, Liver, and Bile Followin
Administration of Colchicine Either Alone or Together with Proadifen (CY'P inhibitor)
(derived from Table 4, YJ Chen et al., 2007)

Drug Treannent Colchicine only With Proadifen
Dose 1 E;.’kg. iy 10 me'kg. iv.
Blood
AUC (min-pe'ml) 148=17 162223
C g (ug'ml) 13204 1002
CL (mLkg-min) 729=9.9 S 6T1=78
Liver
AUC (mis-pgml) 23.1=6.8 75.9 = 15.6*
. Coar{pz'mL) 0.5=0.2 17=03*
Bile
AUC (min-pzml) 1756 = 441 1716 =94
Cm (ng/ml) 485=9.1 437235
AUCry, (AUCH 18=06 5.0=1.0%
AUCui, f AUChs 121.6 =247 115.2=152
P<0.03 zignificandly differen: from colchicine only group

Schonharting | hamsters The percentage of all colchicine metabolites formed after
etal, 1974 1.5-hour incubation with colchicine (relative to the amount
Syrian Golden hamsters of substrate added) :
administered repeated doses of 10.5% in microsomes isolated from control hamsters,
either phenobarbital (80 mg/kg, i.p. 40% in microsomes isolated from phenobarbital-treated
for 4 days), hamsters,
a single dose of 20- 35% in microsomes isolated from 2-methylcholantrene-
methylcholanthrene (2 mg, i.p. 48 treated hamsters, and
hours prior to sacrifice), or 15% in microsomes isolated from colchicine-treated
repeated doses of colchicine (200 hamsters.
mg/kg, i.p., for 14 days)
Microsomes isolated from the liver

2.6.4.6 Excretion

Colchicine is excreted primarily into the feces (70%) and, to a lesser extent, into the
urine (14%). In rats, renal clearance was determined to account for approximately 16%
of overall clearance. Colchicine is actively secreted into the urine of rats and dogs in
addition to filtration. In rats, net secretion appears to be mediated by one or more
transporters including P-gp, while in dogs, P-gp does not appear to be involved. Biliary
excretion is one of the main elimination pathways for colchicine and it is actively
excreted into the bile by one or more transporters. Demethyl metabolites, and other
unidentified polar metabolites are also excreted in the bile Colchicine is excreted into
milk.

In humans, enterohepatic recirculation and biliary excretion, mediated by P-gp, are also

postulated to be a major route of elimination. However, in contrast to the rat, phase I
biotransformation does not appear to be a major factor in its disposition.
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of published studies)

Author

l

Methods

Findings

Excretion in feces and urine

Hunter and
Klaassen, 1975a

Sprague-Dawley rats
Other species in Table 2.6.4:5
*H-colchicine 0.2 mg/kg, i.v.

Rat: During the first 24 hours 56% of the
dose was excreted in the feces and 11% in
the urine

Three days after dosing, 83% of the total
radiolabel had been excreted, with 70%
recovered in the feces and 14% in the urine

Table 2.6.4:5 from the Applicants Summary
Table 2

Percent of Dose Collected in Bile within 2 Hours of Intravenous (2 mg/ks) Administraton

.6.4:5

of Colchicine (Hunter and Klaassen, 19752)

Species % Radioactivity Fraction of Radioacrivity Excreted As:
Excreted Parent | Demethylcolchicine | Polar metabolires
Sprague-Dawley rat 50% 53% 15% 32%
New Zealand xabbit 1655 72% 0% 28%
Monzrel dog 20% 34% 353% 31%
Hamster 32% 45% 10% 43%

Milk secretion

Panariti, 1996

Merino Sheep, lactating
0.16 mg/kg colchicine orally
post

administration

highest amount of colchicine detected in the
milk was 1.25% of dose occurred at 9 hours

Henderson and
Peaker, 1983

Goats

[“C]-colchicine,
intra-mammary treatment with
colchicine

less than 20% of the infused colchicine is
secreted in the milk

inhibition of secretion in one mammary
gland was similar following at weeks 6, 12,
18, 24, and 30 of lactation.

Biliary excretion

Hunter and
Klaassen (1975a)

anesthetized rats, hamsters, rabbits, rat:
and dogs

with bile duct cannula

fang

e 16 to 50%

peak biliary excretion rate was achieved
within 5 minutes of dosing.
Species differences in secretion amount,

Leighton et al.,
1990

radiolabeled colchicine 2.0 mg/kg, i.v.
male Sprague-Dawley rats colchicine

10 mg/kg, i.p.,
at 48 hours afier bile duct ligation

surgery.

Chemically induced cholestasis with

Bile duct ligation decreased colchicine
clearance by 84%

Chemically induced cholestasis: colchicine
clearance was decreased 55%, and the half
life was increased 56%

ANIT (25 mg/100gm BW)
YJ Chen et al. Sprague-Dawley rats P-gp transport plays in the excretion of
(2007) anesthetized colchicine into the bile

Colchicine (1, 3, or 10 mg/kg, i.v.,
n=6) administered alone or 10 minutes
following administration of the
transporter inhibitor, cyclosporine A
(CsA; 20 mg/kg, i.v.)

1 to

Blood, bile, and liver samples were

10 mg/kg

PK of colchicine in rat blood, liver, and bile
was dose dependent over the dose range of

results for the lowest dose are closest to
human doses (1 mg/kg, i.v. in rats
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obtained over time using microdialysis | corresponds to 0.16 mg/kg, i.v. human
probes and individual microdialysate equivalent dose).

samples were analyzed for colchicine
concentrations using LC/MS/MS Co-administration of CsA resuited in a
significantly lower concentration of
Unbound concentrations of colchicine | colchicine in the bile and thereby increased
(Cu) were calculated from the concentration of colchicine in the blood
microdialysate concentration (Cm) (Table 2.6.4:8)

after adjusting for recovery

Table 2.6.4:8 from the Applicant's Summary

Table 2.6.4:8
PK Parameters (mean =SE; n=6) in Sprague-Dawley Rat Blood, Liver, and Bile Following
Administration of Colchicine Either Alone or Together with Cyclosporin A (Transporter
Inhibitor) (derived from Table 4, ¥J Chen et al,, 2007)

Drug Treanment Colchicine only With Cyclosporin A
Dose 1 mgike, iv. 20 me'hg, iv.
Blood
AUC (min-pg/ml) 48=17 247222
Cony (ug/ml) 13=04 0.9=02
CL (ml/kg-min) 729=99 42243
Liver
AUC (minpeml) | 331=68 i 111=13
Coy (ngiml) | 0.5=02 [ 04=01
Bile
AUC (minpgmly | 1756 = 41 I 315 = 53¢
C oy (ugiml) | 48.5=9.1 | 34=08
ACCr iAUCHms ] 18=06 I 0.6= 005
AUCu f AUCye | 1216247 | 12.9=1.8*

* P=0.05 significantly differen: from colckicine only greup

Renal Excretion

Speeg et al., male Sprague-Dawley rats renal clearance accounted for ~16% of
1992 anesthetized, bile-duct and ureter overall clearance
cannulated

administered an intravenous bolus (5.5 | CLr = 6.92 + 0.45 mL/min-kg

mg/kg) of colchicine followed by a Average urine flow = 63.24 + 3.84

constant infusion (231 pg/min/kg) uL/min

After achieving steady state, serial GFR was 4.49 £ 0.13 mL/min'kg Average

samples of urine and blood collected | secretory ratio (CLr/ GFR) = 1.482
. 0.095

a second drug administered

cyclosporine (CsA),

cremophor,

p-aminohippurate (PAH), ranitidine,

tertracthylammonium (TEA) bromide,

N-methylnicotinamide (NMN), Co-administration of organic ions, e.g.,

probenecid TEA and NMN or the OATP inhibitor,
probenecid, had no effect on this ratio.

Thus, there was net secretion of
colchicine into urine.

Additional serial urine and blood
samples collected

With CsA co-administration, the renal
Renal clearance was calculated CLr = | clearance of colchicine was reduced to
(urine concentration x urine volume) /

. approximately GFR
(plasma concentration).
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de Lannoy et al., | dogs, colchicine was actively secreted
1994 similarly conducted experiment as
Speeg et al., 1992 "~ | when CsA was co-administered with
colchicine, no changes were observed

2.64.7 Phgrmacokinetic drug interactions

They reviewed the literature and together with their clinical studies of CYP enzyme
substrate interaction studies indicated that drugs that are substrates of P-pg transporters
and CYP3A4 may affect colchicine pharmacokinetics and therefore the safety of using
colchicine. The Sponsor noted that synergistic pharmacologic effects could contribute to
the reported interactions involving reported cases of myotoxicity. This information is
presented in the label and further information can be found in the Clinical Pharmacology
Review.,

P-glycoprotein

Colchicine is the classical substrate of the P-gp transporter as it was used for isolating the
170 kD protein from Chinese hamster ovary (CHO) that is now known as P-g (Juliano
and Ling, 1976). At least four different P-gp binding sites are known and colchicine
binds to the H site (Shapiro and Ling, 1997).

Brain: In rats, P-gp efflux normally reduces the penetration of colchicine into the brain
and that co-administration of a P-gp inhibitor (e.g., verapamil or PSC-833) can result in
increased brain levels.

Liver/Bile: In rats, P-gp efflux normally increases the secretion of colchicine into
the bile. Co-administration of a P-gp inhibitor (e.g., Cyclosporin A} can result in
decreased bile and increased liver levels.

Kidney: Co-administration of the transporter inhibitor, CsA, with colchicine reduced the
renal secretion of colchicine (Speeg ef al., 1992). This effect appears to be P-gp
dependent because the co-administration of organic ions, e.g., tertraecthylammonium
(TEA) bromide, N-methylnicotinamide (NMN), or the OATP inhibitor, probenecid, had
no effect.

Other Transporters

In rats, colchicine has been shown to block the recruitment of ABC transporters to the
bile duct cannicular membrane (Misra et al., 2003). Colchicine administration increases
mdr gene expressmn and P-gp protein (the encoded product of mdr) levels in the liver of
rats and mice in vivo (Vollrath et al., 1994)

CYP450

Co-administration of cimetidine with colchicine intraperitoneally to rats resulted in
decreased colchicine clearance and increased half-life (Leighton et al., 1990). As
cimetidine is an inhibitor of inorganic anionic and cationic transporter (OAT and OCT2)
as well as a weak inhibitor of CYP3A and CYP1A2, the basis for this potential
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interaction is not clear.

In hamsters, the metabolism of colchicine is increased following the administration of
CYP inducers. Compared with other species, in hamsters, colchicine is more extensively
metabolized and has a different metabolic profile (Schonharting ez al., 1974).

P-pg Transporter Effects on Colchicine Concentrations in Brain (Reviewer's table
derived from the Applicant's review of published studies)

Author Methods Findings
Desrayaud | male Hanover Wistar rats, control group:
etal, brain colchicine concentrations were below the limit of
1997 Colchicine administered iv (femoral vein) | detection.
alone or together with the P-gp inhibitor, . | PSC-833 pretreatment:
PSC-833, brain colchicine concentrations were significantly greater
for the first hour after administration. Thereafter, no
simultaneous microdialysis of blood significant differences were observed between the two
(jugular vein) and brain (front cortex) of | groups '
conscious, freely moving rats
vehicle or PSC-833 bolus dose (2.3 Relative to the control group, intravenous PSC-833 co-
mg/kg, i.v.), followed by a 7-hour administration increases the brain exposure of colchicine
infusion (16.7 pg/min/kg). One hour after | (AUCy., brain) at least 10-fold and blood exposure of
- starting the PSC-833 treatment, colchicine | colchicine (AUC,, blood) increased ~2.5-fold
was administered initially as a bolus dose
(1 mg/kg, i.v.), followed by a 2-hour
infusion (12.5 pg/min/kg).
Blood and brain dialysate samples
collected every 20 minutes during the
infusion and for 4 hours after initiating the
infusion.
Unbound colchicine concentrations were
measured in brain and blood dialysate
samples via RIA
Table 2.6.4:6 from the Applicants Summary
. Table 2.6.4:6
Effect of a Constant Rate Intravenous Infusion of the P-gp Inhibitor, PSC-833, on Blood
and Brain Exposure of Free Colchicine (Table IL Desravaud e/ al., 1997)
PK Parameter Control group (n=1) | PSC-833 treated group (n=3)
AUCo.6p pans (pgml -hr) 0.31 = 0.62 1.28=0.24*
AUC o 60 beay (H2'ml-hr) =0.02 =0.01 0.20 = 0.05*
Kaeainttont =0.04 = 0.01 0.15 = 6.06*
Mean = SE; * P=0.05; Khl&\,blﬂo& = (AUC“N' Dot :"AUCMN’ Moo
Drionet | Male Sprague-Dawley rats anesthetized distribution of colchicine into the brain of rats was also
al., 1996 | throughout the procedure found to be P-gp dependent

in situ brain perfusion technique was
used to isolate P-gp inhibition to the blood
brain barrier only and to minimize the

Inhibition of P-gp efflux resulted in ~ 4- to 8-fold increase .
in the amount of colchicine detected in all areas of the
brain with a blood-brain barrier.

69




Reviewer: L.S. Leshin

NDA 22-352

'} brain removed

perfusion time so that first passage uptake
of the drug into the brain could be
studied..

either PSC-833 (a P-gp inhibitor; 10
mg/kg), i.v.

verapamil (also a P-gp inhibitor; 1
mg/kg), i.v.

or vehicle i.v.

5 minutes later perfuse with heparinized
blood containing "*C-colchicine or “C-
vinblastine through a catheter in the right
carotid artery

After 10, 20, or 60 seconds, the animal
was sacrificed by decapitation and the

Samples were dissected from nine
different areas of the right cerebral
hemisphere, counted with a scintillation
counter and the distribution volume
(pL/g) calculated

the brain distribution volume of colchicine after 20
seconds in the control group was 0.67 + 0.41 pl/g

with co-administration of P-gp inhibitors, verapamil or
PSC-833, the brain distribution volume increased to 2.48 %
0.26 or 5.64 £ 0.70 pL/g , respectively.

the uptake of colchicine into the choroid plexus (which has
no blood-brain barrier and does not express P-gp) was
higher (~200 — 400 pL/g; estimated from Figure 5, specific
values not provided) and was not P-gp dependent

Drion et
al., 1997

male Sherman rats

anesthetized for the entire procedure
colchicine was administered to rats at
three doses (1, 2.5, and 5 mg/kg, i.v.)
either alone or together with verapamit
(0.5 mg /kg, i.v.)

in vivo experiment:

Blood and brain samples were collected at
1, 2, and 3 hours (n=3 to 5 animals per
time point) and measured for colchicine
concentrations by RIA

the brain uptake of colchicine in the rat was studied using
both an in vivo method and an in situ brain perfusion
technique

In the in vivo experiment, after administering colchicine
only, brain, colchicine concentrations over this same time
period are much lower and appear to saturate with
increasing dose

plasma concentrations of colchicine increased
proportionally with dose over time (Figure 2.6.4:8).

Figure 2.6.4:8 from the Sponsor's Summary
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Yigure 2.6.4:8
Effect of Increasing Intravenous Colchicine Dose on Exposure (AUCy.33,) in Plasma (left)
and Brain (vight) (Insets of Figure 1 and 2, Drion e al,, 1997)
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When verapamil was co-administered with colchicine (time point of sample collection not
specified), both brain and plasma colchicine concentrations increased with dose (Figure 2.6.4:9;

Table 2.6.4:7).

Table 2.6.4:7 from the Applicant's Summary

Table 2.6.4:7
Colchicine Concentration (mean * SE) in Plasma and Brain after Administering Colchicine
Intravenously Either Alone or Together with Verapamil (0.5 mg/kg, i.v.) (Drion e al;, 1997)

Colchicine Colchicine Colchicine with Fold
Dose (mg'ke) Tissue** Units Alone Verapamil Tucrease *

25 Plazma ngml 96.44 = 2.53 11205 =054 1.16

- Brain ngmg 1.21=0.10 2.11=0.01 1.75

5 Plasma nz'ml 208.71=7.83 3143.67 = 19.15 1.65

Brain_ neime 1.372 = 0.061 6.179=0.155 4.5

*Told Inerease calenlated as: (Mean Colchicine Concentration after Administration of Colchicine Alons)
(Mean Colchicina Concentration after Co-administrarion of Colehicing — Verapamil)
** Time collected was not specified.
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Colchicine Effects on Transporters (Reviewer's table derived from the Applicant's
review of published studies)

Author | Methods ] Findings
Colchicine Inhibits Transporter Function
Misra et Rats colchicine blocks the recruitment of ABC transporters to
al., 2003 Colchicine 2.5 mg/kg, i.p. the bile duct cannicular membrane
(dose equivalent to the LDsy; the extent to | Colchicine blocked the recruitment/trafficking of
which these effects translate to a lower transporters (bile salt efflux protein [bsep] and multi-drug
dose is not known) resistance protein 2 [mrp2]) to the cannilicular membrane
Also blocked bile acid secretion
Colchicine Induces Transporter Expression
Vollrath male Wistar rats Colchicine administration increases mdr gene expression
etal, male CFI mice and P-gp protein (the encoded product of mdr) levels in the
1994 liver
A single dose of colchicine (2 mg/kg, i.p.)
: Rat liver
Rats: At various time points, the liver, within 24 hours, mdr mRNA levels increased 5- to 6-fold.
kidney, adrenal gland, and small bowel by 48 hours, expression levels returned to background.
(all of which express the mdr gene in rats) | Similar changes in expression were not observed in
were removed. kidney, adrenal gland, or small bowel.
At 48 and 72 hours after dosing, P-gp protein levels were
Mice: at 24 hours, the liver was removed. | higher in the colchicine-treated animals than in the
controls.
For analysis, the probe used for analysis
of the rat samples was derived from Mouse liver:
human cDNA; therefore, the specific mdr | Only increased mdr2 gene expression in the liver; the other
gene class-member was not identified. In | /dr family members were not affected.
mice, mouse-specific probes for mdrla,
mdr1b, and mdr2 genes were used. Overall, the authors concluded that regulation of mdr
mRNA levels is complex and varies across species.
2.64.8 Other Pharmacokinetic Studies

These were incorporated into other sections.

2.64.9

Discussion and Conclusions

Early toxicology studies lacked the toxicokinetic information to correlate blood
concentrations with specific toxicities. More recent studies that did obtain toxicokinetic
data, lacked toxicity information and were only single dose studies. Some metabolites of
colchicine have biological activity, but whether they are present in blood has not been
determined. Colchicine has been instrumental in identifying and understanding the role
of transporters especially P-gp in its absorption, distribution and excretion, especially in
maintaining its low brain concentration, the secretion of colchicine into bile, and its

secretion

into kidney tubules.
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2.64.10 Tables and figures to include comparative TK summary

Tables of Pharmacokinetic Parameters from Human Studies conducted by the
Applicant

Table 1
Mean (CV%) Pharmacokinetic Parameter Values Following Administration of Single Oral
Doses of Colchicine in Healthy Male Adult Subjects (Studies Sponsored by Mutual)

Study No. or N | Dose (mg) Cau AUC. [ Tew” CLF VdF
Ref (Country) (ng/mL) (ng:h/ml) (hr) (hr) (L) (L)
MECDIEOL | 06m 25 141 64 14 88 | 370
s - omg (8.9 (397 (B9 0520 | @68 | @45
MPCI04-07- 5| o 25 123 50- 15 51 | 3
Us) -0 mg Q8.7 (36.0) ©.5 | ao-30 | 610 | 49
MECHE | oy | osm 28 15.5 29 13 68 | 43
0SS = -omg (1.0) (49.6) 1264 | 05-20 | ¢@3D | 661
" Taux 15 reéported as the mean (Tauge)
LAV >

Mean (%CY) Pharmacokinetic Parameter Values Following Administration of Multiple
" Oral Doses of Colchicine (0.6 mg Dose b.i.d., Mutual) in Healthy Adult Subjects
(Studies MPC-004-07-1064 and MPC-004-07-1003)

&é:lu‘::l \‘- i Cux Tml AUC‘o.t Cdl’ % cml = CL/F Vd’l" i
Number Du;'a tion (ngfmlL) () (ng'h/mL) | (ng/mL) | (ng/ml) | L) €L) (hr)
MPC-004- 13§ 36 13 204 1.7 0.9 303 1151 266
07-1004 10 davs (23.7) 1 (05-3.0) (16.3) (16.3) (23.5) (12.0) | 8.7 | (16.3)
MPC.004- 27y 3.1 14 184 1.5 0.8 342 738 147
07-1005 14 days (27.8) {1.6-3.0) (22.5) (22.6) (23.5) (224 | 0.1 {27.2)
' Tppx mean (range)

Table 4

Mean (= SD) Pharmacokinetic Parameter Values in Otherwise Healthy Adults with FMF
and Those with Renal Impairment (With and Without Hepatic Impairment)

Adults with FMF
Healthy (N=J) Renally Impaired (N=3)
Normal Liver
Funetion Cirrhosis

(n=4) (u=1)

Crosy (ne/'ml) 58x21 7826 4.3

T (1) 1.3£06 18205 1.0
2 (hn) 44=10 i88=1.2 30.0
CLF Lk 0.727£0.110 D.168 =0.063 0.078
V&F @ke) 4.87£2.05 456=1.64 3.77
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2.6.5 PHARMACOKINETICS TABULATED SUMMARY

These are included in the specific topic sections.

2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

The Sponsor did not conduct single or repeat dose toxicology studies. They summarized
the extensive nonclinical published studies concerning toxicology of colchicine.

Historical information provided by the Applicant and obtained from published animal
studies and human use indicates similar toxicities with increasing doses. The published
nonclinical literature contains limited information for chronic treatment studies and most
toxicology studies are only a few weeks duration. Furthermore, almost all the studies
were conducted prior to GLP regulations and lack much of the information now routinely
collected such as clinical pathology and histopathology findings.

GENERAL TOXICOLOGY

Single Dose: On an acute basis, the LDsg in rats is approximately 1.7 mg/kg i.v., not
dissimilar following i.p. injection. The appearance of clinical effects at lethal doses are
delayed, taking 3 to 6 hours to appear after the highest doses (up to 4 mg/kg) and up to 24
hours to appear after the lower doses of from 0.5 to 2 mg/kg (both routes). The LDs is
less than 1.0 mg/kg, i.v., in rabbits and 0.9 mg/kg, p.o., in dogs. These values are similar
to doses that have been reported to be fatal in human overdose (some fatalities resulted
from dose levels between 0.5 to 0.8 mg/kg with 100% fatality at doses greater than 0.8
mg/kg). The hamster, a species in which the extent of metabolism appears higher than in
other species, apparently is more resistant to the usual toxic effects of colchicine in vivo,
as evidenced by surviving single i.p. 1n_|ect10ns of colchicine as high as 70 mg/kg without
adverse effects.

Repeated Dose: The calculated LDsg values for male and female rats, dosed orally, have
been reported to be 51 and 26 mg/kg, respectively. Increasing doses of colchicine caused
decreased body weight and food consumption up to 4 days after administration; there was
no statistically significant difference in body weight between controls and treated animals
after 10 days. Rats that died or were sacrificed moribund showed necrosis of liver, heart,
lymphocytes, and bone marrow upon histopathological examination.

In a rising-dose study that was performed in rats given i.p. injections of colchicine (five
times weekly with weekly escalation of dose) the maximum tolerated dose (MTD) was
0.4 mg/kg/day. In the final week of the study, at a dose of 1.6 mg/kg/day, serious toxicity
such as severe diarrhea, bloody staining of the nose, and hind-leg paralysis appeared in a
few rats. After only 3 days at this dose level (approximately 9% had died to this point),

74



Reviewer: L.S. Leshin NDA 22-352

35% of the remaining animals died.

In a rising-dose study performed in cats given i.p. injections of colchicine five times
weekly, with the dose being doubled each week beginning at 0.025 mg/kg/day, to a final
level of 0.2 mg/kg/day in the fourth week, two cats died in both the second and third
weeks. During the second week (0.05 mg/kg) signs of diminished food consumption,
weight loss, and lethargy began to appear. By the third week, all cats had developed
ascites and extreme wasting atrophy of the hindquarters.

GENETIC TOXICOLOGY

The Applicant conducted assays to determine the mutagenic and clastogenic potential of
purified colchicine which contains a conformational isomer impurity that exists in
equilibrium with colchicine at approximately a 1% concentration and cannot be
eliminated. The bacterial reverse mutation (Ames) assay was negative at doses up to
5000 pg/plate, with or without the presence of metabolic enzymes. A chromosomal
aberration assay with human white blood cells (enriched lymphocytes) was negative at
doses up to those that disrupted mitosis. At the highest concentrations, 860 and 2000
ng/mL, an increased proportion of cells exhibited mitotic disruption in the form of
elevated mitotic index (mitotic arrest) and centromeric disruption (dissociated
chromatids). These are not considered clastogenic effects.

Published studies reported colchicine was positive in mutagenic (in vitro mouse
lymphoma thymidine kinase [TK] assay) and clastogenic (in vitro mammalian cell
micronucleus assay in vivo in mice, hamsters, and rats) assays. In retrospect, these were
probably false positives, a result of the cellular proliferation essential for these assays.
The study of Honma et al 2001 determined that the mutagenic effects in the mouse
lymphoma TK assay was due to loss of a functional ¢k allele generated by the loss of the
entire chromosome 11 where the tk gene resides. There were no mutants with structural
changes such as deletions or translocations involving chromosome 11. The mutations
described in these assay arose through mitotic nondisjunction without structural DNA
changes. In the published clastogenicity assays, cells with micronuclei were counted, but
the chromosomes were not examined for signs of clastogenicity, rather only micronuclei
were counted. The study of Jie and Jia (2001) examined the micronuclei and found they
were composed mainly of whole chromosomes. These findings are consistent with
colchicine's well characterized induction of aneuploidy. The conformational isomer did
not alter the genotoxic results compared to literature reported effects. In retrospect, all
colchicine preparations probably contained this isomer. Micronuclei can arise from
acentric fragments induced by substances causing chromosomal breakage (clastogens) as
well as from whole lagging chromosomes induced by those causing aneuploidy.

CARCINOGENICITY

. No carcinogenicity studies have been reported for colchicine. There are two publications
that utilize cellular assays to predict carcinogenic potential and that evaluated colchicine,
and a third that investigated the temporal effects of colchicine administration as a pre-
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initiating stimulus, in a two-stage initiation-promotion carcinogenicity study. Both
studies suggest that colchicine could have carcinogenic potential, a conclusion that
(together with the lack of 2-year assays) will be reflected in the proposed labeling.

Carcinogenicity studies have not been requested due to the long history of clinical
experience, although specific documentation of any relationship between colchicine use
and carcinogenicity is lacking. They are still possible options if clinical findings from
expanded safety surveillance result in signals for further study. From the few repeated
dose studies reported in the literature and (possibly the same studies conducted for the
original approval of colchicine/probencid combination in 1961, original reviews were not
found), there was a low threshold between adverse effects and the lethal dose in studies
of less than 1 month duration in rats. With low doses of colchicine administered in
drinking water of spontaneously hypertensive and nonhypertensive rats, respiratory
difficulties developed within 4 to 13 months (Cicogna et al 1997). While there may be
greater susceptibility in this strain, overall studies do not provide much confidence that a
2 year oral study in rats or mice would be productive. A study was conducted with
dermally applied colchicine twice weekly in mice for 6 months, and this could be
conducted with transgenic mice, but those mice would not be an appropriate model for an
orally ingested drug since they have a high spontaneous background rate of internal
tumor formation that may confound and mask colchicine induced effects.

REPRODUCTIVE TOXICOLOGY

Colchicine disruption of microtubule formation resuits in reproductive and
developmental toxicity by cells involved in meiosis and mitosis. The effects are species
and dose dependent, with the timing of exposure also critical for the effects on embryonic
development. In general, published nonclinical studies indicated adverse effects on
sperm development and fertility, early embryonic development and implantation,
organogenesis (teratology), and late-stage embryonic development. In males, colchicine
interfered with seminiferous tubule fluid secretion, testosterone production/release from
rat Leydig cells, and disrupted microtubules in Sertoli cells in the epididymides, resulting
in abnormal sperm production. In females, colchicine administration can result in eggs
with Y chromosomes, and interfere with sperm penetration, the second meiotic division,
and normal cleavage, and produce triploid and mosaic embryos. Published nonclinical
studies demonstrated that colchicine is embryo-lethal early in development, is associated
with the production of skeletal abnormalities during organogenesis, and causes slow
embryofetal development. Published studies indicate that colchicine-mediated
microtubular disruption inhibits the secretion of various hormones, including
progesterone from luteal cells does inhibit the biosynthesis of progesterone. It also can
reduced milk yield and alter milk composition (reduced fat content).

LocAL TOLERANCE

Colchicine is an eye irritant,
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2.6.6.2

Single-dose toxicity

Applicant’' Summary Table

2.6.7.5

Single-Dose Toxicity

Mutual did not sponsor any single-dose toxicity studies. The information presented below is a summary of the publicly available

literawre.

Specigs /
Strain

Sprague-
Dinvley rats

Wistar rits

Golden
hamisters

Rats
{femasic)

Cats

Mcthod of Doxes
Administration.  (mp/kp)

Ol 10, 20, 30

Jnravenous 0.5.1.2.4

Intraperitoneat 4,

lisaperitoneal 121070
mgkg

Tntraperitoneu) O4mye

Intravenous £0.12,0.25,
wSs. b

Approximate Lethat
Duose (mp/ke)

L3

na

na

Noteworthy Findings Suurcy
Fomale rats were more sensitive to single, ol dose of Wicsenfield ¢ o,

colchivine, Pretreaunent with LPS increased the onal toxicily of 2007
colchicine: more so in tnales. The matrix did not cause

significant effect on toxicity. Dose-related decreascd body

weight and food consumption up 10 4 days sfier adininisinuion,

Rats tluu died or were saerificed moribund shewed neerosis of

liver, hear, lymphocyes. and bone marrow.

Delayed effecis appearing 3 10 6 hr post-dose included Ferpuson, 1952
fetharay, weakness, decrensed appetite, diarrhea, reactivity 1o

noisc. unkempt appearace, and weight loss, Also secn:

reversible paralysis of the hind quarters about 438 hours sificr

freatment. and ascites ) week post-dose. The LDs for i.p.

administration was slightly less than the i.v. LDg

Hanssters showed nomull weight goin during study period.ind  Orsini and
were obscrved to be Fertile as carly as $ ditys after ireannen Pansky, 1952
with colchicine. The authors chsim that 1his study indicares that

the hamster possesses A raucal resistancee 10 the usual 10xic

effects of colehicine

Two of 3 rats killed 24 howrs after injection had developed Markand e ul,
diarthea. The renaining 19 weated rats developed diasthea 191

{within 24 to 48 hours). slowness of reaction, und moderate to
severe muscle weikness.

Vontiling, diarthes. fethargy. anorexis appeared 22 h after Ecrayson, 1952
dosing, and were severe and prolonged.

77



Reviewer: L.S. Leshin

NDA 22-352

2.6.6.3

Repeat-dose toxicity

There were no studies conducted by the Applicant. They provided published studies and
summaries of the literature.

Applicant' Summary Table

2.6.7.6

Repeat-Dose Toxicity

Mutual did not sponsor any repeated-dose toxicity studies. The information presented below is a summary of the publicly available

literature,

Spegies {

Strain
Spraguc-
Dawley
Tits

Wistar
rats

Golden
hamsters

Rabbits

Cats

Method of

Administration

Tutraperitoneal

Intraperitoneat

Oral in diet

Subcutancous

Intraperitoncal

Duratine of
Busing

For 21022
days

Stimes /
week

Y days

Twice weekly
far 15 weeks

Stimes ¢
week

Doxes
(mpdkp/davy)

04,08

il -6

cs). 12§
mgkp/iday
for mice, 45
for hamsters
and 3} for
rits, {rom ¢,
autumaale
seed in dict.

15,3

025 -0.2

Number ol

animals (sex

23 (uutes)

(]

(5

Adult miales

78

Notewnrihy Findings

Low-dosc rats cxbibited mild tosic eifects or none at alt.
High-dose animals showed severe tosic effects including
weight loss, diarhea, weakness, and puralysis,

Clinica) findings included weighi Yoss. ascites in 50% of
she aninuils, and mortality in 5% of ihe population at 0.4
mgky A0S kg. diardica became prominent and
unother 4% died. At 1.6 mp/kyg. serious toxicity including
35% monality (within 3 days). severe dimrhea, bloody
stining of 1he nose and hind-leg paralysis, appeared in a
fow rats. The maximum tolenited dose (MTD) was 0.4
mgrkg

Hamsters were studicd in comparison to 2 mice, 2 s and
2 rabbits, Both mice dicd on Day 7, exhibiting substantial
weight loss. Onc rat decreused in weight by nearly 50%
by Day 6, when it died: the other rat’s weight decreased by
approxinuttely 3% before being sacrificed a1 study
wenmination on Day 9. The hamsters pained 3.5and 6
respectively during the Y day period.

Post iortem exstmination of the organs reveated no
pathological lesions with the exception of il tesics. The
gverage weight of the wesies was 1.5 g in the rabbits
reeeiving colchicine and 4.5 g in the conmrols.

Two cats died a3 103 ke and sigas of decrensed food
cousmnpiion, weight loss, and letharpy begin 1o apper.
By the third weck {third dose tevel), all cats had developed
ascites and extreme wasting atrophy of the hindquariers,
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2.6.6.4 Genetic toxicology

The Applicant conducted assays to determine the mutagenic and clastogenic potential of
purified colchicine. In addition, the Applicant provided summaries of the published in
vitro and in vivo assays and the Mutual-sponsored assays which are presented in the
tables at the end of this section. The bacteria reverse mutation assay was negative at
doses up to 5000 pg/plate, with or without the presence of metabolic enzymes. A
chromosomal aberration assay with human white blood cells was negative at doses that
disrupted mitosis, an essential aspect of the assay. At the highest concentrations, 860
and 2000 ng/mL, an increased proportion of cells exhibited mitotic disruption in the form
of elevated mitotic index (mitotic arrest) and centromeric disruption (dissociated
chromatids). Colchicine did not cause any significant increase in clastogenicity.

Reviewer Comment: There was no confirmatory assay for the mutagenic assays, rather
two different treatment protocols were used, and each conducted once. There are
numerous of other genetic toxicology studies cited to support the conclusions reached
with these two assays, that lack of replication would not compromise the overall
interpretation. :

Previous studies reported in the literature indicated colchicine was both positive and
negative for mutagenic and clastogenic assays (refer to Applicant's Summary Tables at
the end of this section). Positive mutagenic effects were reported for the in vitro mouse
lymphoma tk assay at doses of 10 to 50 ng/mL. Positive clastogenic results were
reported for in the in vitro mammalian cell micronucleus assay (0.1 pg/mL), and in vivo
micronucleus in mice (0.35 to 5 mg/kg), hamsters (3 mg/kg), and rats (2.5 to 5 pg/kg).

_ The Sponsor included this information in the label. In general positive chromsomal
aberration assays were obtained with higher doses than utilized in studies that had
negative results.

The assays conducted with mammalian cells require cellular proliferation (mitosis) as
part of the methodology. The study of Honma et al 2001 determined that the mutagenic
effects in the in vitro mouse lymphoma tk assay was due to loss of a functional tk allele
generated by the loss of the entire chromosome 11 where the tk gene resides. There were
no mutants with structural changes such as deletions or translocations involving
chromosome 11.- The mutations observed in the assay arose through mitotic
nondisjunction without structural DNA changes. In the published clastogenic assays,
cells with micronuclei were counted, but not examined at the chromosome level for signs
of clastogenicity. The study of Jie and Jia 2001 examined the micronuclei and found they
were composed mainly of whole chromosomes. These findings are consistent with
colchicine's well characterized induction of aneuploidy. Micronuclei can arise from
acentric fragments induced by substances causing chromosomal breakage (clastogens) as
well as from whole lagging chromosomes induced by those causing aneuploidy.
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Study title: Colchicine: Bacterial Mutation Test

Key findings: Colchicine was not mutagenic the bacteria reverse mutagenicity assay of
Salmonella typhimurium strains (TA1535, TA1537, TA98, TA100) and Escherichia coli
strain WP2 uvr4 at concentrations up to 5000 pg/plate in the presence or absence of S9
liver metabolic enzymes.

Reviewer Comments: There were no confirmatory assays, rather two different treatment
protocols were used, each conducted once. However, within each method, there are no
indications, such as dose trends, which might suggest the conclusions are tentative, thus
the lack of replication does not compromise the overall interpretation. There is a
possible discrepancy in the purity of the colchicine used, since the certificate of analysis
associated with this study indicates a purity value different from that listed in the
Applicant's Summary Table of the drug substance. When an inquiry was submitted to the
Sponsor they addressed the difference in lot number, but did not address the difference in

purity.

Study no.: MPC-004-07-0002
m4\42-stud-rep\423-tox\4233-genotox\42331-in-vitro
Conducting laboratory and location::

Date of study initiation: Feb 14, 2008

GLP compliance: yes

QA reports: yes

Drug, lot #, and % purity: ‘
Colchicine, Lot CCU-117153, Purity 99.64% (potency ,

LReviewer Comment: In section 2.6.7.4 Toxicology, table of the Drug Substance
There is a potential discrepancy in that the drug substance indicates Batch Number
RD10016 98.77, with Conformational isomer: 1.1%, Any unspecified impurity: not
detected, and Total impurities: — .

Vehicle: sterile water, USP

Analysis of doses indicated concentrations were within +10% of calculated for stock
solutions and £15% of calculated for dosing solutions.

Reviewers Comment: A correction factor was applied for expressing doses in terms of
pure material, however it is not clear if this factor was based on purity or potency or both
factors.

Methods

Strains/species/cell line:
S. typhimurium TA1535 hisG46 rfa AuvrB

S. typhimurium TA1537 hisC3076 rfa AuvrB
S. typhimurium TA98 hisD3052 rfa AuvrB pKM101
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'S. typhimurium TA100 hisG46 rfa AuvrB pKM101
E. coli WP2 trp uvrA
Doses used in definitive study: 1.58, 5, 15.8, 50, 158, 500, 1581, 5000 pg/plate

Basis of dose selection:

There were no preliminary tests conducted. Only the 5 highest doses not demonstrating
toxicity were selected for analysis. There were no confirmatory assays, rather two
different treatment protocol were used, each conducted once.

Negative controls: sterile water

Positive controls:

Absence of S9 Dose (ug/plate) | Strain
Sodium azide (NaAz) 0.5 TA1535, TA100
9-aminoacridine (9AC) 50 TA1537
2-nitrofluorene (2NF) 1 TA98
4-nitroquinoline N-oxide (NQO) 0.5 WP2 uvrd
Presence of S9
2-aminoanthracene (2AA) 5 TA1535

15 WP2 uvr
Benzofa]pyrene (BaP) : 5 TA1537, TA98,

TA100

Incubation and sampling times: Assays were conducted using both the plate
incorporation method (48-72 hrs at 37 C) and pre incubation method (30 min at 37 C,
followed by addition of agar and incubation for 48-72 hrs at 37 C) as indicated in the
following table:

Text Table 1 Study Design for Plate Incorporation and Pre-incubation Assays
Material Formulation Final conc. Number of replicates Number of
cone. (ng/ml) (ng/plate) 0S9 +89 strains

Vehicle - - 3 3 5

Test article 6.32 1.58 3 3 5

20.0 5.0 3 3 5

63 15.8 3 3 5

200 50 3 3 5

632 158 3 3 5

2000 500 3 3 5

6325 1581 3 3 5

20000 50007 3 3 5

Positive control i i 3 3 5

i Depends on the test organism, positive control agent and methodology used.
T Testarticle was tested at levels up to 5000 pg/plate, which is the standard limit dose recommended by
regulatory guidelines.

Plates were evaluated for the quality of the background lawn and the number of revertant
colonies. Colony numbers were enumerated visually if precipitation or other artifacts
interfered. The mean number of revertant colonies for all treatment groups was
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compared with those obtained for the concurrent vehicle control group. Where five
(relatively non-toxic) dose levels were analyzed, the remaining plates from lower dose
levels may not have been evaluated, and are not reported.

Results

Study validity: )
If available, the plates from at least five non-toxic dose levels of the test article were

assessed in each experiment, i.e. the five highest levels below the toxic level. Toxic
effects of the test article are normally indicated by the partial or complete absence of a
background lawn (colony counts, if any, are not reported) or a substantial dose-related
reduction in revertant colony counts compared with lower dose levels and concurrent
vehicle controls (i.e. fold response < 0.6) taking into account the laboratory historical
control range.

The mutagenic activity of the test article was assessed by applying the following criteria:

o Positive: If treatment with the test article produced a dose-related increase in
revertant colony numbers to at least twice the concurrent vehicle control levels
with any bacterial strain (1.5x for Strain TA100), either in the presence or absence
of 89 mix. The historical control range was also taken into consideration.

® Negative: If treatment with the test article did not produce a dose-related increase
of at least 1.5 (strain TA100) or 2 (other strains) times the concurrent vehicle
controls, it was concluded that there was not sufficient evidence of mutagenic
activity.

¢ Egquivocal: If the results obtained failed to satisfy the criteria for a clear .positive
or negative response, the results were considered equivocal. Equivocal may also
apply if no clear conclusion can be made. The reproducibility of any apparent
effect is taken into account in making any clear conclusion.

For an assay to be considered valid, the mean revertant colony counts of the vehicle
controls for each strain should lie close to or within the current historical control range of
the laboratory. All positive control articles (with S9 mix where required) should produce
increases in revertant colony numbers to at least twice the concurrent vehicle control
levels with the appropriate bacterial strain (1.5x for strain TA100).

Reviewer’s Comment: Ths Applicant did not explain the reason for the 1.5X lower
threshold for a positive response with strain TA100.

Study outcome: .
The mean revertant colony counts for the vehicle controls were close to or within the

laboratory historical control range. Positive controls produced at least a 2-fold increase
in revertant colonies compared to vehicle controls, except for strain TA100 in which a
1.5-fold increase was obtained. In the presence of colchicine, there was no precipitation
observed and there was no toxicity indicated by the visible thinning of the bacteria
background lawn. Colchicine, with or without S9 liver metabolic enzymes did not
substantially increase the number of revertant colonies for any bacteria strain.
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Metabolic Activation Treatment Daose Level Plate Tucorporation Test
(ng/plate) Revertants’plate (Mean = SD)
TA1535 TA1537 TA98 1A100 WP2 inrd
Without Activarion Water - 28 = 3 13+ 1 29 1 162 = 10 46 = 7
Colchicine 50 22 4 M 4 33 = 5 153 = 12 57 = 3
158 M = 1 16 = 8§ 25 = 1 143 = 3 53 = 4
500 23 = s 12 5 29 5 164 = 6 53 = 8
1581 26 = 5 9 x 1 29 S 143 = 10 60 = S
5000 RENE ] 4 12 £ 4 27 = 0 133 = 13 49 = 8
NaAz [ 322 = 19 637 = 16
9AC 50 564 = 68
2NF 1 189 = 22
NQO - 05 290 = 49
Concentrations expressed in terms of pure colchicine
DMSO = dimethyl sulfoxide, NaAz = Sodium azide, 9AC = 9 Aminoacridine, 2NF = 2 Niwofluorene, NQO = 4 Nitroquinoline N-oxide
Metabolic Activation Treatment Dose Level Plate Incoxporation Test
(ng/plate) Revertants/plate (Mean = SD)
TAl1535 TA1537 TA98 TA100 WP2 uyed
With Activation Water - 24 = 4 17 = 4 47 = 8 171 = 12 62 = 3
Colchicine S0 30 & 8 16 = 2 41 = 14 169 = 8 66 = 5
158 18 % 7 15+ 6 32+ 9 152+ 8 65 = 7
500 28 & 9 17 £ 5 2+ 12 166 + 11 67 = 7
1581 23 % 7 N 6 39 = 11 166 = 8 65 = 8
5000 21 % 3 20 7 37 = 3 160 10 63 = 13
2AA 5 363 = 0
2A4 15 367 = 19
BaP 5 113 21 435 + 111331 x 142
‘Concentrations expressed i tenus of pure Colchicine
DMSO0 = dimethyl sulfoxide. 24A = 2 Aminoantlracene, BaP = Benzo[a]pyrene
Metabolic Activation Treatment Pase Level Pre-incubation Test
(ng/plate) Revertauts/plate (Mean = SD)
TA1535 TA1537 TA98 TA00 WP2 A
Without Activation Water - 24 = 9 15 = 2 32+ 12 149 = 10 49 = 11
Colchicine 50 25 = 5 13 = 2 34+ 3 153 = 4 51 6
158 29 = 7 16 = 2 27 £ 2 152 = 18 52 + 10
500 22 % 7 12 = 1 22z 5 150 = 19 50 £ 2
1581 20 = 2 16 = 7 27z 5 154 = 7 40 = 10
5000 25 % 6 13 5 27 2 146 £ 14 52 x 6
NaAz 0.5 330 = 23 483 = 21
‘9AC 10 2240 = 224
2NF 1 122 = 19
NQO 05 1400 = 62
Concentrations expressed in terms of pure Colehicine
DMSO = dimethyl sulfoxide, NaAz = Sodium azide, 9AC = 9 Aminoacridine, 2NF = 2 Nitrofluorene, NQO = 4 Nitroguinoline N-oxide
Metabolic Activation Treatment Dose Level Pre-incubation Test
(ng/plate) Revertanisiplate (Mean = SD)
TAI53S TA1537 TA9S TA100 WP2 inrd
With Activation Water - 24 = 4 17 = 4 41 2 9 152 = 11 S5 2
Colchicine 50 33 = 3 18 = 6 39 £ 10 162 = 11 56 £ 7
158 23 %= 6 19= 1 30+ 2 148 = 10 67 £ 1
500 2 2 18 = 2 3= 4 1235z 7 60 & 10
1581 REE S 4 13 = 1 48 = 7 155 £ 12 44 £ 2
5000 20 6 4 2 43 = 10 169 = 3 68 + 10
2AA S 307 = 4
2AA 15 511 = 8
BaP 5 137 = 16 375 £ 23 {140 + 96

Concentrations expressed in terms of pure Colchicine
N/A = Not applicable, DMSO = dimethyl sulfoxide, 244 = 2 Aminoantlracene. BaP = Benzofajpyrene
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Study title: Colchicine: Chromosome Aberration Test

Key findings: Colchicine, up to levels that caused substantial mitotic disruption in in
vitro preparations of human peripheral blood lymphocytes, did not produce a significant
increase in chromosomal aberrations. The highest one or two levels, 860 and 2000
ng/mL, had an increased proportion of cells showing mitotic disruption in the form of
elevated mitotic index (mitotic arrest) and centromeric disruption (dissociated
chromatids). Centromeric disruption is not classified as a chromosomal aberration and
the biological significance of this in vitro finding is unknown. Colchicine did not cause
any significant increase in chromosome breakage in this in vitro test when tested at levels
causing substantial mitotic disruption.

Study no.: MPC-004-07-0003
m4\42-stud-rep\423-tox\4233-genotox\4233 1 -in-vitro
Conducting laboratory and location: h(4)

Date of study initiation: report date May 27, 2008, study initiation date not provided

GLP compliance: yes

QA reports: yes

Drug, lot #, and % purity:

Colchicine, Lot CCU-117153, Purity 99.64%; (potency ; a correction factor was b( 4)
applied and all dose levels throughout this report are expressed in terms of pure material.

Vehicle: Sterile water, USP

LReviewer C’wfzme/:t: In section 2.6.7.4 Toxicology, table of the Drug Substance

There is a potential discrepancy in that the drug substance indicates Batch Number

RD10016 98.77, with Conformational isomer: 1.1%, Any unspecified impurity: not b(4)
detected, and Total impurities:

Analysis of the dose formulations indicated that concentrations were within £10% of
calculated values for stock solutions and within £15% of calculated values for dosing
solutions.

(Leviewer commernt. 1t is not clear if the correction factor was derived from purity or
potency or both factors.)

Methods

Strains/species/cell line: Human peripheral blood lymphocytes obtained by venipuncture
from a healthy, non-smoking, male donor (n=1 donor).

Doses used in definitive study: 1.00, 2.33, 5.41, 12.6, 29.3, 68.2, 159, 369, 860, 2000
ng/mL

Basis of dose selection:
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The colchicine was tested at dose levels of 1.00 ng/mL to 2000 ng/mL based on
published information. The low levels had no effect on spindle function, while the high
level had very clear effects. The highest dose level chosen for detailed examination was
that showing clear evidence of mitotic arrest, as indicated by at least a doubling in the
relative mitotic index. This dose and the next 3 lower biologically relevant dose levels of
test article were subjected to detailed analysis.

Reviewer Comment: References for this "vublished information” were not provided in
the report.

Negative controls: sterile water

Positive controls: : ‘ _
In the absence of S9 Mix: Mitomycin C (MMC), 0.05, 0.10, and 0.20 pg/mL
In the presence of 89 Mix: Cyclophosphamide monohydrate (CP), 8, 12, and 16 pg/mL

Incubation and sampling times: The blood sample was taken directly into blood
collecting tubes containing sodium heparin then held at room temperature untii cultured
within 2 hours. Culture medium was RPMI 1640 supplemented with 10% fetal calf
serum, 50 pg/mL gentamycin and 4 units of heparin/mL. Whole blood was mixed with
medium and phytohemagglutinin to stimulate lymphocyte division. Treatments were
performed approximately 48 hours after culture initiation. Cultures were treated for 4
hours in the absence and presence of rat S9 mix and for 21 hours in the absence of rat S9
as indicated in the table below. Appropriate concurrent negative and positive controls
were included for each treatment regime. The medium was changed for the 4 hour
incubation cultures and cultured fresh complete medium for an additional 17 hours.
Colcemid was added to all cultures at a final concentration of 0.1 pg per mL
approximately two hours prior to harvesting. Cells were harvested, fixed, dried onto
slides and Giemsa stained.
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Text Table 1 Study Design
Fornmlation Final Number of culawres
Dose cone. conc. 4Hows 4Hours 21 Hourss
munber  Material  (Gig'ml or ug'ml) mo/ml orpzml’y (089 (=59 {059
0 Vehicle - - 2 2 2
1 Colchicine 100 1.00 2 2 2
2 233 233 2 2 2
k] 541 541 2 2 2
4 126D 12.6 2 2 2
h] 2930 23 2. 2 2
6 6820 632 2 2 2
7 15900 159 2 2 2
8 36900 369 2 2 2
] 86000 860 2 2 2
1D 200000 2000 2 2 2
1 MMC: 3.00 0.05 2 2
2 10.0 0.10 2 2
3 200 0.20 2 2
1 CPE 800 8.0 2
2 1200 12 2
3 1600 16 2
F pgml for positive controls Mitontyem C and Cyclophozphamide only.
1 Please nota that wits were incotreetly listed in the £nal protocol for both positive conrcls.
Doz concennztion however wers praparad as per standand procadures and consequantly no inpact was

comnsidered.
* Whese 3000 ng'ml. (high lavel} was a level axpacted to show clear effects.

Results

Study validity:
The mitotic index was determined by examination of at least 500 cells per culture for

selected treatment groups, i.e. relevant dose levels not showing extreme toxic effects.
Lymphocyte toxicity is primarily indicated by a decreased mitotic index compared to the
concurrent control group. The relative mitotic index for each treatment group was
calculated as a percentage ratio compared with the appropriate concurrent vehicle control
group.

For each treatment regime and phase, the highest dose level selected for examination of
aberrations is the highest dose level tested in the case of test articles showing relatively
low toxicity. Routinely the highest level examined is the lowest concentration which
causes a reduction in the RMI to below 50%. However, in this particular study, the
highest dose level chosen for detailed examination was that showing clear evidence of
mitotic arrest, as indicated by at least a doubling in the RMI. In addition, one relatively
non-toxic dose level of positive control agent was selected for examination from each of
the three treatment regimes/phases.

Slides selected for examination were randomized then encoded to minimize potential
operator bias. They were examined by light microscopy, and (where practical) a total of
200 readable metaphases per experimental point were examined for the presence of
chromosome aberrations using oil-immersion optics. Usually, only one slide was
examined per culture, the remaining slide(s) being held temporarily in reserve. if for
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example there were insufficient metaphases available to complete analysis with the first
slide.

Readable metaphases are identified by the following criteria:

¢ Chromosome number between 44 and 48 in a single stage of condensation

e Well-spread with minimal overlap of chromosomes and chromosome arms

¢ Chromatids separate with centromere intact

e Structure of chromosomes clear and well-defined
The International System for Chromosome Aberration Nomenclature (1995) was
followed to designate the observed aberrations. Since the nature of chromosomal and
chromatid gaps is uncertain (they may or may not represent true breaks in chromatid
structure), these two types of aberration were recorded but were not included in statistical
analysis of aberrations. The incidences of numerical types of aberration, such as
polyploidy and endoreduplication, were recorded.

Results from replicate cultures were combined to facilitate interpretation and maximize
the power of statistical analysis. The results obtained for each treatment group were
compared with the results obtained for the concurrent vehicle control group from the
same treatment regime using Fisher’s Exact Test.

¢ A positive response is normally indicated by a statistically significant (dose-
related, if applicable) increase in the incidence of aberrant cells for the treatment
group compared with the concurrent control group (p<0.01); individual and/or
group mean values should exceed the laboratory historical control range (99%
limit). 4
® A negative result is indicated where group mean incidences of aberrant metaphase
cells for the group treated with the test article are not significantly greater than
incidences for the concurrent control group (p>0.01) and where these values fall
within or close to the historical control range.
» An equivocal response is obtained when the results do not meet the criteria
specified for a positive or negative response.
For an assay to be considered valid, the vehicle/negative control results should lie within
or close to the historical control range, while the positive control should produce a
significant increase in the incidence of aberrant cells compared with the concurrent
control.

Study outcome: :
Colchicine did not cause any statistically significant increases in the incidence of cells
with chromosome breakage at any experimental point. The proportion of aberrant
metaphases for all vehicle and test article groups was within the laboratory historical
control range. The positive control treatment resulted in significant increases in the
proportion of aberrant metaphases.

There were no substantial increases in the incidence of chromatid or chromosome gaps or

polyploidy were observed at any experimental point. No precipitation or visible change
in culture medium color was observed. The highest one or two levels had an increased
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proportion of cells showing mitotic disruption in the form of elevated mitotic index
(mitotic arrest) and centromeric disruption (dissociated chromatids). A high incidence of
centromeric disruption was observed at concentrations of >29.3 ng/mL for the 4-hour
with or without S9 regimes and at concentrations of >12.6 ng/mL for the 21-hour without
S9 regime. Centromeric disruption is not classified as a chromosomal aberration and the
biological significance of this in vitro finding is unknown. Colchicine did not cause any
significant increase in chromosome breakage in this in vitro test when tested at levels
causing substantial mitotic disruption.

Table 1 Results and Statistical Analysis’
Treatment Conc. MI RMI Number % Aberrant Number of Incidental
: {(ng'mlL (%) celis aberrations obsarvations T
or examined b e B Ecoher (g G P.C)
ugiml ¥
4 howrs meamment in e absence of 59 (059)
Water - 85100 200 0.0 o 000 0 2000
Colchicine 541 103121 200 0.0 0O 0090 0 00 ODO
126 75 89 200 1.0 2000 0 3001
203 124 146 200 1.0 1 ¢ 20 0 106 01
682 178 210 200 23 50 00 ¢ 00 169
MM 010 695 82 200 W5” 34 3130 0 91 DD
4 hours neaiment in the presavice of S9 (+59)
Water - 77 100 200 20 4 000 0 20 01
Colchicine 541 87114 200 0.3 1 0 6 0 6 406 00O
126 77101 200 1.0 20 00 0 .10 03
293 92120 200 23 53000 ¢ 00 02
682 179 234 200 15 30 00 0 10 04
CP 80 32 28 200 285" 62 8 5 0 0 61 00
21 hours freatment in fiie abzence of 59 (0S8
Water - 5.5 100 200 0.5 10600 ¢ 20 00
Colchicine 100 43 77 200 20 50206 ¢ 200090
233 37103 200 0.0 00 0 ¢ O 10 00
541 82148 200 03 1 ¢ 006 0 20 035
126 27 411 200 10 20 0 0 ¢ 10 014
MMC 005 49 89 200 125" 19 2 6 0 ¢ 31 0 O
M, RMI Mitotic Index, Relarive Mitoric Index (vehicle = 100%)
b.eg Chromatid brezk, exchanga, gap
B.E,G Chromosome brezk, exchange, gap
other Includes pubenized chyomosomes and cells with > § abarrztions
P Polyploidy and endereduplication
C Ceniromeric disiuption
1 2, G, P and C are excluded from the caleulation of % abemant calls
3 pg'ml for Mitonzyein C and Cyelophosphamide only
Resulzs of statistical analysis using ona-tailed Fisher's exact test

* p< 001 (significan)
** p=0.001 (hizhly siguificant)
othanvize p > 0.01 {not significant)

88



Reviewer; L.S. Leshin NDA 22-352

Figurel Historical Control Vahues
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Mean % aberrant cell:

The laboratery historical mean incidence of aberrant metaphase cells for negative'vehicle contrel
culrures for the human lymphocyte chromosome abesyation test is 0.32% (SD 0.53) for 454
treatments. These QA audited results were collected from GLP compliant studies performed
from 03 February 2003 prior to 15 Noventber 2007.

The historical positive control values (for QA-audited and GLP compliant studies) are listed
below:

Mitomyein C (4 hour 089): mean 10.4%, SD 3.1, 112 treatments
Mitomyein C (21 hour 059): mean 12.0%, SD 3.1 116 treatnients
Cyclephosphamide (4 hour =89):  mean 19.5%, SD 7.6, 113 treatments
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Additional Genetic Toxicology Studies (published literature)

A summary of many of the published in vitro and in vivo assays is presented in the
following tables.

Applicant's Summary Tables

2.6.7.7.6 Genotoxicity: In Vitro

The following table summarizes the publicly available studies evaluating the in virro genotoxicity of colchicine.

Reference Tost Sysqein Duose Study Design Results

Ames Tests

Bruce and AMES testwith the U5, 0.5, 5, Sand 500 pg’ The criterion of a positive response was 1 50%  Negative for mutagenicity
Heddle, 1979 following S. plate with and withont $9 increase above the spontancous frequency

fephimurion steains:  activation. Each stminwas  obtained at the same time.

TAIS35, TAI537, imdiated a1 10, 100, 1000,

TAYS, and TALIX), 10060, and 100000 rads

withom SY.

National
Toxicology

Program, Study

AMES test with the
following 5.
svplimurinm sirains:

0, 30, 3331060, 3333, and
FOUH) dose unils. With wo
specics of SY activation (rul

The mimber of histidine-
independent colonies was not
significantly higher tlem that of the

A 105t sube containing the suspension of .
sephimuriuns and $9 or buller was incubited
37° C with colchicine for 20 minutes. Agar

ID: 62896 TA1535, TA1537, and hiemstery ind without was udded and plaed oneo Peiri dishes and conired; therefore colehicine wits
(1986) TAYE, and TAI00. activation. incubated. negative for muagenicity with and
withoul 2 activation.
meuerly F. coli (Sd-3. 5,10, 20 mpml Bacterin were allowed to grow for 24 hbefore  Colchicine was shown o be

Sd-4-73, WP-14, and
Wwp-2y
Chromasomat Aberration Tests .

Demereg, 1955 reatment it 37 °C. weakly mutigenic (o the WP- 14

strain.

Nationa} CHO elis 0, 160, 500, 1660, So0n Cells were harvested after s 14 hour incubation  Analyses were conducted to assess
Toxicology pgank withom SY period, 100 cells were examined for the the presence of 3 dosc-response
Program, Studv activation and U, SU. 1600, foliowing aberrations: simple (breaks and and the significance of the

ID: 1368 2000, 4000, and S0 rerminat delolions), “complex” 2 individuat dose poims compared 10
(19%7) ngmb with 59 aciivalion. and ranslocations), and “other” (pulverized the vehicle control. Only

cells, despiralized chromosomes, ind celis
containing 4 or wore abermritions).

colchicine withour activation wis
posiive for chromosomal

abermations.
Reference Test Svstem Dosg Study Desipn Resulis

National CHO celis
Toxicology

Program. Stdy

1D 103168

(1987)

03008, 0016, 0.05, and
(.16 without activition. ©,
0030405 and 1.6
with activaion,

Chinese hamster embryo cells were incubited

with colchicine in McCoy's 5A medinm
supplemented with fetal culf serum. L=
glutaming, snd amtibiosics, 5-

Bsomodcoxyuridine (BrdU) was added 2 hours

alter cubure initiation (serum was not used

SCE Irequency 20% above the
concurrent solvent control value
wits chosen as i statistically
conservative positive response.
Colchicine showed & negative
response with and withour SY

with S9 activation). Without activation; cells
were incubated for 26 hours, medium with
colchicine was removed and replaced by fresh
shedium, Brdy, and colcemid. Cells were
*incubated tor an additionat 2 hours and then
harvested. With activation; Afer the initiat 2
hour incubation, medium with colchicine was
removed and repliaced by medium contini
serum and BrdU. Cells were incubated for 26
hours (with colcemid for the finat 2 hours) and
then harvested.

activation.

Ami and CHO cells

Henmer, 1997

62,5, 125, 250, 500, and
10tX) pgin)

A series of glass slides was seeded with CHO
cells at a density of at least 1 x 10" celis'mt (1%
h experimenty or 4 x 10" cellsrml (42 b
experiment). Cells were preincubated for 24 h
before Quadruplic: ltwres were
prepared for each group in the assay. Colcemid
at 0.4 ppml was added to arrest cells in
metaphase 2 hours prior to harvesting for slide
prepiration. One 1o two hundred welt-spread
menphase fgures were scored for struciurad
chromosomal aberrations.

Afier I8 B rcatment, in increise in
s ol netaphase cells with
abemtions over control was
observed at Stttand EO00 piml.
Afler 24 b treatment. induction of
tetraploid cells was observed at all
concentrations and a high
incidence of all types of
chromosomal aberritions was
found mt 10U pigamil.

Micronuclous Tests

Jicand Jia, 2001 Mouse NIH 3T3

celis

0.0, 0.0 prml Micronuclei (MN) were shown to
be compased mainly of whole )
chromosones with 39.0 MN/10M0

nuclei.

The chromosomal composition of micronuclei
was analyzed by mulicolor fluorescence in sin
hybridization with DNA probes for the
centromere repeated minor satetlite and the
hexamer eepeat.
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Reference Test Svstem Duose Studv Desipn Results
Schipuck ¢ arf, Syrian hamster 10710 107 M 1.5 3 16° cells in culure were incubaed for 24 The activity of colchicine was
9%8 embryo cells, h. and ihen treated with colchicine diluted in calculated to be 3140 MN/ pnole of

13 days old

Chinesc hamster
Luc2 cclis

Lynch sud
Pamry, 1993

Kiffoerol, 2008 CHO K5 cells

Reference Test Svstemn
Natagajan at al...  Chinese hamster
1993 primary embryonic
cells
Vianeral, 1995 Human penipheral
Iymphocyte cultures
Lotfi and Human skin, bovine
Machado- skin, and bovine
Santelli. 1996 bladder fibroblasts.
Human skin
epithelial cells

Lymphoma Cell Assay

Honma et al.
2001

cells.

Mouse lymplhoma
L5178Y tk +/-3.7.2¢

0.0, 0.01. 0025005,
0. land 1.0 pg?

0.0, 62,5, 128, 250, 500, and
O g/l

Dose

9 doses ranging from 1.25
pg/ml to 11.25 pgfml

0.3.17.5, 10, and 25 ng/ml

0.002,0.02, 0.2, and 1
pg/ml

0-150 ng/ ml (est.}

DMSO (final concentration of 00.1%) Afier 5 h
of incubation with colchicine, the mediom was
changed, and further incubated for 12 h. Cells
were fixed and scored for number of
micronuctei in 2000 cells.

An assiy capable of detecting numerical and
structwral chromosomie changes was developed.
Cliromosome loss was inferred by indirect
visualization of human CREST antikinetochore
ibodics bound to ¢ in chemicatly

induced micronucled of cytochalisin-B arresied
cells. The duy belore treatment, cells were
seeded into 25 emr’ flasks and allowed 10 grow
overmight. Duplicate cultures were weated with
100 ) of colchicine diluted 1o the appropriate
& ion. Cytochul B was added

imul 1y 10 2 cone ion of 3.5 perml.
Cells were incubaied for 24 hat 37 °C. Slides
were immumofluorescence stainied,

The standard comel assay and ihe all-cell
comet assay were performed on CHO K35 cells,
which were placed in 12-well culture clusier
plates (~300,000 cellswell flask). Colchicine
was dissolved direcily into the medinm, Cells
were rreated for 3hand 24 hat 37°C. A
maximuom of 25 cells were scored for euch
concentration,

Study Design

Primary cell cultuses of 13-day old male or
female hamster embryos were frozen. Cells
were exposed by replacing the medium with
fresh medivm containing the drug at specific
concentrations. Cells were fixed after 24 hours
of treatment.

Human peripheral lymphocytes were isolated
from healchy volunteers <36 years old,
supplemented with fetal calf serum, and

rimulated with phytoh lutini
Colchicine was added 24 h later. Lymphocytes
were then exposed 10 cytochalasin B (6 pg/mt)
after 44 h. Lymphocytes wese harvested by
ceatrifugation at 72 h

Colchicine was dissolved in culture medium
and added to exponentially growing cell
cultures to the final concentration (0.002, 0.02,
0.2, and 1 pg/ml) for 72 hand 96 h.

The niouse lymphoma assay was conducted by
the microwell method. Colchicine was tested
with a single culture ar 3 h and 24 h. Relanve
Susvival (RS) and Relative Total Growth
(RTG) were calculated. Muration freq ie:
(MF) were also calculated based on Poisson
distribution.
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colchicine. which is considered to
be u strong increase in MN
frequency.

Colchicine indnced highly
significant (P <0.001) increases in
atl ¥ endpoints (micronuclei
trequency, frequency of cells with
disorganized nuclei, % cefls
containing kinetochore-labeled
and % micronuclei
with libeled kinctochores).

An increase in il movement and
length was observed in the
standard comet assay (3 h). In the
all-cell comet assay after 3 h
colchicing was incffective a
atiering DNA migration, however
a1 24 h, colchicine (62.5, 500, and
1010 jg/mb) showed a signiticant
positive effect.

Resulis

A dose-dependent increase, 2-3
fold over controls. m the
frequencies of aneuploid cells was
observed. Concentrations below
3.75 ng‘mL did not show
significant inhibition of mitosis.
There were high frequencies of ¢-
mitoses and polyploidy cells.

A statistically sigmificant (p<0.05)
induction of micronuclei was noted
at 3 consecurive doses (5, 7.5, and
10 ng/mt). A marked merease in
the micronuclei in binucleated
lymphocytes was observed at a
dose (10 ng/m!) where the mitotic
ratio decseased by 70%.

Human skin and bovine bladder
fibroblasts treated atall
concentrations during both 72 and
96 h treatment showed increased
auanber of micronucleated cells
over conirol.

Colchicine was found 10 be
cytoloxic, with RTG being more
greatly affected than RS. At3
hours the MF was unaffected.
Colchiciae clearly induced
mutations in a dose-dependent
manner with the 24 b treament.
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Reference Test Svsten Dose Study Design Results
Yuanetal. Mouse lymphoma 10-50 agiml Detenunation of cytotoxicity, RS, suspension  The RS and SGR decreased
2003 L5178Y tk cells. growth rate (SGR), and MF were performed. significantly with increasing doses.
The MF of the tk gene was 3 times
higher than that of spontaneous
mutations.
Refevence Tect Systen  Route of Dose v Des esnlts
Admin,
Micronucleus Test
Tschuimoto and ~ CD1 muce Oml 0.625, 1.23, 2 mice’sex were treated with test anticle with  Colchicine was found positive for induction of
Matter. 1979 2.5 mgkg an interval of 24 h. Bone martow smears micronuclei.
were prepared 6 h after the second treannent.
Only polychromatic erythrocytes were
analyzed.
Tschuimoto and ~ CD1 nuce Inwaperitoneal  0.623, 1.25 2 mice/sex were treated with testarticle with  Colchicine was found positive for irduction of
Matter, 1979 2.5 mgkg an interval of 24 b. Bone marrow smears amcronucles.
were prepared 6 h after the second reatment.
Ouly polychromatic erythrocytes were
analyzed.
Cammereretal.  CD-1mice Intraperitoneal  0.23.0.5. 1 Peripheral blood expenment: blood The highest dose showed a clear statistically
2007 mgkg collection was pesformed at 48 houcs after significasw increase in MN-PCE%
the weatment
Matter and CD Albino Intraperitoneal  0,0.625,1.25,  Mice were injected i.p. with various doses on  Colchicine produced bone-marrow dep
Graunwiler, 1974;  miice 25.50mgkg 2 consecutive days. Bone marrow was and inductios of micronuclel.
Matter er al.. . prepared 6 h afier the second rreatment.
1974
Bruce and Female hybrid  Intraperitoneal Dosc levelnot  Feinale mice were treatad for five Colchicine was negative for nicronucleus
Heddle, 1979 mice specified consecutive days and were sacrificed 4 h mduction.
after the last dose. Bone mamrow cells were
prepared from che femur.
Reference Test Svstem  Route of Dose Study Design Resuits
Adwin.
Garriotter al.. Fisher 344 Oral gavage 0,0.06, 0.6, Colclucine was administered for 14 days. Colchicme was neganve for nucronuclens
1984 ats 6.0 mgkg Three tweatment groups and one vehicle induction, thought to be because of the wide
control group of 5/sex/group wese evaluated.  dose interval used since colchicine is only
24 h after the last treatment, a sample of achve in a navow dose range. Also, the dose
bone marrow was taken. was selected based on the results of a previous
study that showed positive results but was
dosed intraperitoneally.
Cammerer et al, Wistar rats Intrapedtoneal 0.7,1,1.3 Peripheral blood experiment: A single 1.p. The high-dose group was not analyzed in any
2007 nmgkg treatment was admimstered 10 rats. Blood experiments due to severe toxicity and animat
sampling was performed at 24,30, and 48 L mortality.
following Ireatment. ) iment: No statistically
Bone marrow experiment: A single i.p. significant 1 1t mic leus frequency
treatment was adninistered to rats. Bone was found at any tinie-point.
marrow samples wege collected 48 h Bone marrow expeniment: Marginal increase m
following treatment. the average MN-PCE after trearment with 1
Splenectomized sat experiment: Rats were mg/kg, but not statistically stgnificant.
treated with a single i.p. dose of colchicine. i r expeniment: Low- and mid-
Sawples were collected at 24, 30, 48, and 72 dose rats showed statistically significant
h after weatment. 1ncrease m M reticulocytes ar 48 h after
treatent.
Kallio er al. Male Intraperitoneal  0.3,0.2, 0.4, Animals were injected with colchicine and The highest induction after 24 hr was seen at
1995 Sprague- 0.8,1.5 killed 24 h after treatment for the preparation 0.8 mg/kg colchicine (statistically significant).

Dawley rats

of slides of the stage I spermatids.
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No increases compared to conrols were
observed in MN frequencies after 6. 18 or 48 h
treatments at doses of 0.2 or 0.8 mp'kg.
Colchicinte was mable to mduce spenmatid MN
in seminiferous rubules it viro,
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Reference TestSystem  Route of

Adwin.
Tschuimoro and  Chinese Inwaperitoneal
Matter, 1979 Hamsters

Sister Chromatid Exchange

Tschuimoto and ~ Chinese Intraperitoneal
Matter, 1979 Hamsters

Aneuploidy and Heteroploidy Tests

Alpk:APSSD  Intraperitoneal
mice

Albanese, 1988

Refevence TestSvsten  Route of
Admin,

Leopardioral,, Male mice Intraperitoneal

1993

Metaphase Arrest

Liangeral, 1985 Male Swiss Intraperitoneal
mice

Lianpgetal, 1985 Male Swiss Intraperitoneal
mice

Liang ef al 5 Male Swiss Intrapenitoneal
mice

Dose

0.625,1.25,
2.5 mg/kg

10 mg'kg

2mghkg

Dose

1,3, 6 mgkg

2,20, 40
wmg'kg
colchicine

40 mg'kg
colchicine

107 M,
equivalent to
40 mgkg
colchicine, 37
mgke
Colcemid and
90 mg'kg
vinblastine

Study Design

Colchicine was administered fwice over an
interval of 24 h to adult hanisters. 6 hours
following the second treatment, the animals
were killed and femoral bone marrow was
used for MNT scoring and for chromosome
preparations avhich were inenbated with
colcemid for 96 min. at 37°C

Colchicme was injected in fonr animals 24 h
after FUDR admimstration. Animals were
killed and chromosome preparations made
from femoral marrow cells two hours afer
celchicine treanment.

Owmlation was synchronized by the

Al ion of exog Jotcophi
Females were then dosed with colchicine 3
or 12 b prios to ovulation i.e. immediately
aftes the HCG injection or 9 h after the HCG.
Dosed females were caged with proven
fertile males (2 females/male), and left

Results

Colchicine was positive for inducnion of
micronuclei, but was negative in the
Chromosome Analysis test.

Colehicine was found negative for sister
chromatid exchange.

No toxic signs in the dosed females. When
dosed 12 h prior 1o ovulation, colchicine was
seen fo completely inhibit both meionc
divisions but did not interfere with the
ovulatory process. All the oocytes ovulated
had either a polyploidy number of
chromosomes o showed signs of degeneration
denced oh

overnight, then checked for the ofa

{c ¢

in or failure of post-

vaginal plug, whick was considered
indicative of successful mating.

Study Design

Bone marmrow cells were sampled 18 or 24 h
after reatment: germ cells were sampled 6,
8, or 18 hafter weannent.

This study was designed 1o demonstrate the
d of h lari

Farril

DNA synchesis). When colcl

was dosed 3 h prior to evulation, a small
nbmber of cocytes had completed both meione
divisions and the fissi-cleavage embryos
denived from these females appeared
chromosomatly normal.

Results

Colchicine yielded significant increases in
hyperploid spenmatocytes over the controls, at
all 3 dose levels and both a dose- and time-
dependent increases were seen in hyperploidy
ndex. Treatmens of marrow cells resulted w
SITONE MUTolic arrest.

The frequency of M-II frgures was increased in
ados

following colchicine treatment. Animals
were treated with intrapentoneal doses and
sacrificed 3 h after injection. Testes were
removed, and spermatocyte preparalions
were made. The frequencies of M-I and M-I
figures in the preparations were determuned
by counting at least 4000 interphase cells for
each sample.

This experiment was designed 1o determine
the time-response of metaphase

lati lowing colchicine
Animals were sacrificed 1, 2, or 3 L after
injection. Testicular preparations were made
and the frequencies of M-1 and M-I figures
were determined.

A companson of the effectiveness of
colchicine. Coleemid and vinblastine in
arresting metaphases was performed.
Animals were sacrificed 2 h afiter injection,
and the frequencies of M-I and M-I figures
were determined in the testicular
preparations.
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-proportional manner at all exposure
levels and M-I figuse frequency did not
mcrease appreciably at the low- and mid-dose
reatients. At 40 mg'kg. e frequencies of
both the M-I and M-1I figures were increased
1o 4 x control levels.

Upon consideration of the increase in
frequency of the M-T and M-II figusres and the
quality of the cells for optunal counting, it was
determined that the oprimal dusation of
colchicine treatment was between 2 and 3 h.

All 3 metaphase arrestants were effective at
these doses. mn producing accumulation of
meiotic metaphases but colchicine was the
most effective in increasing the yield of M-IT
spreads. .
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Reference Test System  Route of Dose Study Design Results
Admjn,
Liang eral. 1985 Male Swiss Intraperitoneal 40 mgkg This experiment was designed to compane Colchicine treatment a1 40 mg’kg for 3 ht
mice colchicine the yield of acceptable M-1 and M-I figuses  produced an approxi ly 8-fold i in
benveen testicular preparations of colchicine-  the frequency of acceptable M-1 Sgures and a
treated and untreated mice. Three animals 50-fold increase in the frequency of acceptable
were injected with colchicine 3 I prior to M-I figures for cytogenetic evaluation, as
sacrifice, and three were sacrificed untreated.  compared to control animals.
The number of M-T and M-TI figuses
acceptable for chromosome analysis was
counted.
Foureman, 1988 D. Dietary 0.1,5.10ppm  Adult exposure: 1-4 day old adult virgin An exposure-refated decrease in fertility was
melanogaster females were fed for 3 days on observed in treated females. Significant
concentrations of colchicine in 5% sucrose increases in chromosome gain products wese
solution. At the end of the exposure period.  obtained for tite nwo high-dose exposure
females were mated en masse. Atotal of 850  groups in those broods fepresenting early
females were exposed to 10 ppm, 800 oocytes and oogonia. Non-significant
exposed to 5 ppm, 1875 exposed 1o | ppm, increases in chromosome gain products were
and 1750 controls, noted for the 5 and 10 ppm adult exposure
arval e; : 72 1 old larvae were groups in broods 1 and 2, due to small sample
collected and transferred to synthetic sizes. Irwas concluded that most female gesm
medium containing either 0, 1, 5, or 10ppm  cell stages are sensitive 1o induction of
colchicine. Virgin adult females were chre gain by colchicy
collected nwice daily from exposure bottles.  that early oocytes and oogonia are either more
Matings were done én masse. A toral of sensitive to the induction of chromosome gain
1000, 1100, 775. and 1725 females exposed by colchicine, receive a higher dosage because
10 10, 5, 1, and 9 ppm colchicine, of the increased time of exposure, or are less
respectively, were tested. sensitive to the killing effect of the colehicine
exposure than later oocyte stages.
National D. Oral, Thoracic  Oral: 0,3, 6 A description of 1he standard NTP protocol
T¢ logy lanog jecti ppm; and a copy of the study data is included Colchicine tested negative for a sex-linked
Progeam, Study_ (under the Injection: 0, 10 section 4.3, literatuce references. recessive lethal mutation in D. melanagaster.
ID: 733667 wing) ppm
Additional Genetic Toxicology Study (Reviewer's table derived from the Applicant's review of published
studies)
Lee et al., 2003 comet assay of Cells cultured for 18 hto a at 3 h without S9 activation,

L5178Y tk+/- cells

concentration of 1.8 x 106 cells/m}
prior to treatment with colchicine
(0.4, 4, and 40 pg/ml) for3 or24 h

there was a significant tail
moment (positive result), which
lacked a pattern of bimodality

Cells with increased DNA
damage display an increased
migration of genetic material in
the direction of the
electrophoresis current.

The extent of damage is
evaluated by measuring the
displacement of genetic
material between the cell
nucleus and the resulting tail

Tail moment is known to be
able to identify an apoptotic
population, because the
population displays an
essentially bimodal distribution
of DNA damage)
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2.6.6.5 Carcinogenicity

As discussed with the Applicant at the pre-NDA meeting, no carcinogenicity studies
would be required for this application. They provided a review of the relevant published
literature. No carcinogenicity studies have been performed with colchicine.

Reviewer Comment: These studies do not directly support a carcinogenic potential for
colchicine, but contribute to a weight of evidence that suggests colchicine may contribute
to the carcinogenic initiation induced by other agents. The mechanism for this initiation
is unknown but may relate to the aneugenic properties of colchicine, since aneuploidy can
result in tumor development.

Carcinogenicity Studies (Reviewer's table derived from the Applicant's review of
published studies)

Berenblum and
Armuth (1977)

Female ICR mice about 6 weeks old, in a two-stage
initiation-promotion carcinogenicity study

Groups of mice received 2.0 mg/kg colchicine, sc,
(table below) at various times prior to tumor initiation
by a single s.c. injection of urethane (25 mg/mouse,
s.c.) on Day 0, followed by tumor promotion with
dermal application of the phorbol ester TPA (0.1 mL
of a 0.02% solution in acetone) twice weekly for 25
weeks, to clipped dorsal skin.

Animals were observed for tumor formation during

and for an additional 12 months beyond the treatment

period, and skin tumors other tumor types were
recorded.

Additional control groups for each of the materials
were included in the study design as well.

Group Time of colchicine | % of Mice
pretreatment with tumors
(before urethane at week 25
initiation)

1, n=75 no colchicine 42%

2, n=40 5hr 55%

3, =40 | 9hr 77%

4, n=40 12 hr 45%

Colchicine augmented urethane
tumor induction and this was time
dependent with the peak effect at 9
hour prior to tumor initiation and
corresponds to the peak of metaphase
arrest following the colchicine
injection.

The authors commented that it was
fairly well accepted that the initial
step in neoplastic transformation is
the result of a somatic cell mutation
and that the initiating phase of
carcinogenesis must, therefore, be
associated with the mitotic apparatus
of the cell

Kowalski et al.
(2001)

invitro assay (T1) to predict carcinogenicity using a
bovine papillomavirus DNA-carrying C3H/10TY cell
line

Colchicine doses of 0.001, 0.01, 0.1, and 1.0 ng/ml.
were added with each medium change twice weekly
for 21 days.

solvent control, and a positive control (mezerein at 0.5
ng/ml) were included

doses consisted of triplicate cultures

0.01 and 0.1 ng/ml colchicine
produced a significant (p<0.05)
increase in the number of foci
(predictor of carcinogenicity). A dose
of 1.0 ng/ml caused significant
cytotoxicity (p<0.05).

although this assay correctly
predicted 77% of the chemicals for
which rodent carcinogenicity was
reported, the predictive values of
77% is likely too low for regulatory
usefulness
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2.6.6.6 Reproductive and developmental toxicology

There were no reproductive and developmental toxicology studies conducted by the
Applicant, rather they provided a summary of colchicine’s effects on reproductive and
development from studies in the published literature. Nonclinical studies indicated that
colchicine has adverse effects on sperm development (fertility), early embryonic
development and implantation, organogenesis (teratology), and late-stage embryonic
development. These effects are consistent with its pharmacodynamic effect as an
inhibitor of microtubule formation and resulting in the disruption of cytoskeletal
functions, cell movement, and cell division. Studies and case reports of patients on
therapeutic doses of colchicine for FMF or gout, in general have not revealed this
severity of adverse effects. Clinical cases of azoospermia or oligospermia, miscarriage or
spontaneous abortion, and genetic abnormalities have been reported, but it is difficult to
attribute these effects to colchicine therapy since they appear to be rare events or could
not be easily separated from the potential detrimental effects of FMF disease progression.

Human Genetic Abnormalities and Teratogenicity

Human reproductive and developmental findings are discussed in the Medical Officer's
Review. For comparison with the nonclinical findings a brief summary is presented here.
Although nonclinical studies indicate colchicine has very detrimental effects on
reproduction and is teratogenic, in general at the therapeutic doses used in humans there
is no clear relationship between colchicine therapy and female infertility and
malformations. Azoospermia has been reported, but is possibly rare. As reviewed in
Kallinich et al, 2007, a lack of colchicine treatment may bear a greater risk of infertility
in females, by the development of ovarian amyloidosis with subsequent ovarian
dysfunction (Ismajovich 1973), having a higher rate of spontaneous abortion (20%
without colchicine treatment versus 12% with colchicine treatment; Rabinovitch et al,
1992), and aggrevation of amyloid nephropathy (Cabili et al, 1992) with a significant risk
for adverse maternal and fetal outcomes (Sanders and Lucas, 2001)

Several case series in patients with familial Mediterranean fever (FMF) from a registry of
FMF patients in Israel suggest that colchicine does not cause harm to the fetus (birth
defects, growth or development disorders) or mother if used during pregnancy. Although
miscarriages (spontaneous abortions) and infertility were reported among these patients,
the incidence appears to be similar to women with FMF not receiving colchicine
(Rabinovitch et al, 1992; Ehrenfeld et al, 1987).

Effects on Fertility

Interference with gonadal hormones

Colchicine altered testosterone production by rat Leydig cells in vitro. It stimulated
c¢AMP production and testosterone secretion in a dose and time-dependent manner when
measured immediately upon addition, but at one hour after administration, colchicine
inhibited cAMP production, testosterone secretion, and lutenizing hormone stimulated

96



Reviewer: L.S. Leshin NDA 22-352

testosterone secretion. In ovine corpus luteal cells, colchicine disrupted normal
intracellular transport of secretory granules and progesterone secretion, but not the
biosynthesis of progesterone. In rat luteinized ovarian cells, colchicine attenuated
cholesterol production by high density lipoproteins in vitro or in vivo, even though the
rate limiting enzyme of cholesterol biosynthesis (HMG CoA) was stimulated three-fold.

from the Applicant's Summary Table

eference Jest Svstem Roure of Dose Study Desi Resylts
Aale Ferdlity
Salyrellierol.  Ratleydizeclis  Mviveincdi  10uM Taswosterone 2nd CAMP ware meastyad in  Leydig cakis develop a rapid ris2 in testostatons
1984 isolatad from: suspansior: suspansions of Laydiz calls or plasma syathesis when avposad to colchicine. In calls
achtit Wisiar ras mentdranss isolatad from tie tastes of premaatad with colckicivz, bash the
untreatad male rats, before and atter the stevoidogenic effects of L3 apd T H-dependent
addition of Lwteirizing hormwora (LH). cAMP scamealation were ichitied
Female Fertility -
Kochard Drozophiia CiEnate BSml Effcts of colrhicine were evaluated by Dosaga-relared effects onoogenasis wae
Spibrer, 1683 maienoLaser et colchicine parcert sk of expasad adulss. mean preduced in fatnales exposed to colchicine
mizad with  mewher e3gs 104 per fomale per day and {ncluded che production of agss which did not
10g mediume  percect emargent adiits (mender adul batch a3d oanstoraton of oocye: into 2 marse
fies preducad ¥ 108 divided by total call. Exposure of maies forvp to 7 days did kot
oumder of eggs Jaid). IPPEAr 10 De 2 major facior I decreased percant
exsrgeat adulis,

Spermatogenesis

In mice and rats, colchicine administration resulted in abnormally shaped sperm,
primarily by altering early primary spermatocytes, rather than spermatids or
spermatogonia, and altering necessary shape changes of Sertoli cells to accommodate the
changing morphology of spermatid development. Sloughing of seminiferous epithelium
occurred in most of the tubules, and a complete blockage in seminiferous tubule fluid
secretion. In the rat, germ cell mitoses and mejoses was arrested, Sertoli cell
microtubules depleted, and sloughing of Sertoli and closely related germ cells, all within
6 hours of intra-testicular administration. Intraperitoneal administration of colchicine to
mice in several studies resulted in resulted in sperm abnormalities and changes in
chromosome cycles and chromosome arrangements. Intra-testicular administration of
colchicine in mice results in degradation of microtubules and increased abnormalities of
the epididymidal spermatid head structures. Five days of intraperitoneal dosing of
colchicine (0.6 to 5.0 mg/kg/day) in mice resulted in an increase in sperm abnormalities
that were observable at 1 week and still apparent a month after dosing.
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from the Applicant's Summary Table

Reference
Afale Fertlity

Bergner, 1030
Wysobek and

Brurs and
Headde. 1979

b
2001

Handal, 1978

Russal er ai,

1081

Test Svitem Route of
Admin.

CFlmdi2abico  Iawaperitonsal
mice, weighing

15-35¢

(C37B1 X Intrzperitonaal
C3HF, male

mice {1112

wadks)

(C3"BI X ittraparizonen:
C3HF, pale

mit2 (1114

wiszks)

(GOYEL X Inwraperitonaal
C3H:EL Fy muale
miea3z2é 10-14
wasks, weighing

3598

Sexually naatre Testicular

a2 ICR mice igjection

Va2 adudt Testicular
Spragae-Dawley  icjecton

s

Dose

G6and 1l
n:2kg (est)

0.75-50
wakg (est)

3waks

O3 107 M,
g 10°M
colchicine:
20 uL of
solution.

0.00Q05
wzd0e

Study Desion

Mice were sacrificed 6, 24, and 48 hafar
dosing. Tha laft testis was Exed,
sacunifarous rubias mourted, and sained
ou zlides. Leugeh. artongenapt withic the
ceil and size of mezphasa wars comparad
to chrowoesomes in the spermatozonia
frot the conmol,

+ mica par dosa ware irjectad over 5
consecut:ve days, cancz epididymicas
wate, susperded, filtered, nioumted, and
000 germ ez slida wara examined at
400-%0ld magnificaron wit: klvz-green
fhers. Spexmn atnom:slities wera
axamined 1, 4, 2né 10 weeks foldowing
eTfOsAe.

3 maice par dose were icjectad over 3
corsecutive days avd kiliad 33 days fater,
cauda epididymidas were. suspendad,
Ekered, movatad, ard 333 spamu par skde
ware examiined ar $00-7old taznification.

15 mice weze dosad with 130 makg Brdly
(Euorescan: iabe) for the last S-paasa
balore meiosis), 2ad 13 days latar the mice
ware dosed with colckicine Betwem 20-
24 days after dosiag, BrdlU labaled sparm
ware Jdzntifad using a FITC-iabeled anc-
3rdU avtibody ané ereen Hrorescert
sperm wera scoted nsinz 2 Bser scavzioz
CFIOIeTar.

At feast § mice wera dozed with each
concanation. Conrrsls were ithar
iected or aet witk 20 uL of vehicle
@35). Acimals mzintainad =3 days wers
re-it;jecead on the thicd day. 500-900
spen {with pooling from different injce)
par dose were scorad. Epi £daraides were
suspandad, flitared, mouatad, and scored
for dbromus? spein:. Lizht and electon
mUCIescopy Were perlommed 03 praparad
ahides.

Injaction: weve m2da into 1ha certral arez
of the restis. Arimal jn long term
expeniments had the right t=stis removed
12 hatter meatmect AL s wese
sectificed 60 days acer ac whick tirae thz
Iafl tasts was rancoved.
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Colehizine a1 3.3 mgkg showed ar incrense in
arzz of cells at metaphase, shortzaed
chromosenzs, 2d 3 changs in chrompsoma
arsapsamect

AL ingreasa in sparm abrormalities obzerved at
dose levals, 1 and 4 whs post-expozma.

At increase in spam abrotmatitias observed at
olf traammment Jevels.

Colchicing weatnsat prolonged the duratias of
mziotic divisiors by about 43 k. On days 21
ond 22, the frequencias of bibaled sparm ware
£ 1.7 and 9.4% raspacrivaly, whia the conmols
svere 284 aud 30.6%,

Az increasa In 2boornial head sruckre
olservad in epididymal spers. Evident starticg
2: 3 days i the higher acd $ day's for tha lower
coLcenTmtion

Micrombulzs were degradzd it cae 1estis 2nd
abromuatities of ha kead causing acrosoma of
t2sticutar spermatids,

Arimalz mexted with coichicing and vicklasting
stowad idantical rzsponses, the Sertol
ticronabiles were notably a3sent from e
Sertokl cxtoplasm: of waztmsnt agimals § houss
ofiet reatmant. Mitotic and maiotic divizions
were ayrastad. Potions of tabues showing
Sarol: and cloraly relzied gom ceils were
slouzhad leaving a varizbly denvded
seminifercys epithaliun. These effects ware
seer due o the disrpton of microubiles.
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Allarderal, Adult CDrats Testaelar 0.00¢, 8.04,  Etferect duct igatior, long tarm recovery,
1963 izjecdon 04,4, 400z  histopathology rime coumse, seminifirous
wbule fikid (STE) sacredon. testis waighy,
and mbaalin imuno-histochemsisuy wers
walnatad

Female Fertilizy

No 2act on STF secretior: or change in rests
wetzbt azup 60 0.4 u2 colchizinevestis, while +
ani 43 uzitests, respectively, dacreased tha
voltaa of of blocked STE secresion autively, A
dose-reiated decreass in westis waight was seen
with dosa: of 2 and 43 ug. At 1k2 kisher dosas,
most seminiferous tubules wera attophic of hizé
ucdergone mitarelizadon. Inthe
histopathelogy dma-cotgse sudy, slotzking of
seminifarous rabiles was observad at I'h after
esposws. Inucuno-histocherisary showed
dismibuzior of wivlin stainicz locakizad 1o the
Saroli cells m the aminiferon; apithelitm and
the slouched material it the ey,

The mouse appears to be more sensitive to colchicine's effects than the rabbit. Doses of
0.5, 1.5, and 3 mg/kg, i.p. to mice interfered with sperm penetration, the second meiotic
division, and normal cleavage in the mouse. In rabbits, doses of 0.5 and 1.0 mg/kg, i.p.

before or after induced ovulation had no effect, but 4.0 mg/kg, i.v., inhibited ovulation

induced by human chorionic gonadotropins.

Clinically, no clear relationship between female infertility and colchicine therapy has
been established. A lack of colchicine treatment may bear a greater risk of infertility in
females (reviewed in Kallinich et al, 2007) since colchicine treatment prevented the
development of ovarian amyloidosis with subsequent ovarian dysfunction (Ismajovich
1973), reduced the spontaneous abortion rate (12%) compared with 20% in untreated
women (Rabinovitch et al 1992), and pregnancy could aggravate amyloid nephropathy
with a significant risk for adverse maternal and fetal outcomes (Sanders and Lucas 2001).
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from the Applicant's Summary Table

Referegce Test Svstep

2143 Fermale Swizs
Chanz, 1969 Wakstsr mics
Epsteingrol.  ICRHa Swiss
1972 o2 (8-10 weeks)
Mailhes gral CD1 mice, §-12
1988 wazks old,

waighicg 26-34 g.

Azhareral Female Spragua-
10385 Cawley rats

Rogte of
Admin.

Intrzperitonas]

Tnyapedonaal

Tnwzperitonaal

Intravencius

Studv Desicn

Effect: of colchicine. adimiristered naar
ovulanon. o Sertilizatior, proouclear
devalopment. ped first cleavage were

evalmrad. Female mice were injecied wi'

colchicine bafore or after induced
ovulation aad artificinlly insaminated.

Recoverad eg2s wera examined for spernn

patztrazion 1.5 10 6.5 Tir aftar ovulatior

Male mtice were dosed singly with

sudKoKic conzermatiots of colchicing, and

then maced during saquertal weekly
pariodz with groups of wnrearad virgic
fanales. After meamneat, each: wole was

caged with 3 untrented virgie femals mice,

whick wer2 replaced weekly for &
corsecutive wesks. 7 and 8 malas wete
tzed 31 the Jowar ard higker dosa favels,

respectively. Female mice were dissacrad

13 days following the méd-week of
prasumptive maticg. A1 uropsy, mice
ware scorad for preguancy, ané for
mwoers of ieplars.

Super ovtlador was irdeced using

prezuant mare’s sevum fodowsd oy kuman
choronic zonadomophic (HCG) given48h

fater. Colchicine was administzrad
mmeciately afier ECG. Avimals were
sxcrificed 17 b after meamment, ard the
©00Cytes wene 2nayzed for chromasonza
ouncher.

Animals were Ceazed with coirhizing,

killed 4 h iater, acd ovaries wete assayed

for their cholesterol content, 2bility to
syathesize cholestzrol endogauously. or
ability to uglize Epoprotein-dalivered
chiolesterol for the production of
prozesterolz.
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Resplis

Chromosona counts of ezgs at tha finst
cleavage showed Eatesoploidy 1anzing fom
hypo-haploid to miploid and absenca of rommal
diploid aggz. Colzhicine :nterfered witk sperm
peratntor, the second maioric diviston, and
nommeal cleavage. Oaly T of ezgs 1acovered
from dozed fmales (ald 3 lavels) eat’er than
3.5 oy aZter ovulation wara pauetracad, b 35%
from urtreated feraalas 2nd 41% Fom famales
ziver ¢olehicice ar 3.5 lus aftar ovuletion ware
perztrated.

Compara€ to the conrol, colchicine cauzad 2
siguificacs reduction in the awnber of implants,
butno incrense in early facal daaths. Zralse
producad postmelotic affects that axtanded o
meiotic stages, and ere was also a reduction in
pregnancy wat roughly paralleled the raduction
‘n total implants.

Colchicina treatmenr resedrad it a sizrificart
(P<0.02) incrense it hyperpioid N>20) oocytzs
oLy conwols.

Ardinals treatad with colchicine skow a 6025
declinz in stored cholesterol i hrrzinized ovary
€2lls, 3-fold ircrezse in acdvity of cholestaral
synthasizicy enzymse MG CoA raductase, 3+
fold izcreaze i3 capaciry of cells to itcorposate
prectrsor [“C Jacetre o cholestarol, bt
secretad much Z2ss prozesterore tan the saiins.
weatad 1ats, Jue to 2 redaced upieke of HDL-
cholesterol.
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X Female Wistar Inrzperitonaal 0351005 Temale Wisarrswere dosad atvarions  Whan 13 fernalas were dozed 1-2 Louwrs after
Bom;el- CZ. Logg-2vans, 23 %Kg tiznes {1 20 2ars o1 2 %2 krs) 2fter matez delzyed noavings, polar todies wata supprassad
4 aad Yhernwa qass. and 22z were eneminad foy 2buomuslities. @ 2bout 70 % of the eggs. Other abnonualida:
1960 Mals Wistay CF In & second expariment 2+ female 2t ocluded: @z3s with 2 siegla prooeclens {mele).
. wate giver colchicirs to ‘ndeca ond subnuclal o place of a famals procuciess.
polysparmy apd were killad 810 15 dhy:  Ina zecor:d expariment reselrivg ambryo:
afier copaiation skowad Eiploid acd moszic mitosas, § miploid
endryos ware highly retarded and cleerly
abortve.
Suzaw d Virgin fenztle Ingzperiionaal  Smzkg Colcaiving was 2dwicistersd ot the day of  Morphologically abronmat sacondary cocyies
Mikamo 1980  Chinese kamstrs, proesmun after the taimainadior of geradiczl Witk one or wo exaemaly targs first poiar
3-8 monthe vazicle trezkdown; tharefore egzs ware bodia: occuntred to 31.3% of 41§ oocytas. The
exposad 1o colchicite at the orset of overall tncidznce of aneuploids icaeasad
spizdle formadion. Epgs were collscied sizrificamly (P<0.001, 15.9%) compared to
frora the ampullar Tagion of the oviducs.  cormoks.
Morphological feamtras were esamained
umder & dizzectng microscope.
Espeyeral., NZIV rabbirs Iaoavaneus 0,40 m:2%z  Ovalztion was infuced using muan Colchicine (and virbiz:tine) siznifcacrly
1982 choriowc gonadomophin {kCG) ata dos2  reduced tha menbsr of osuiatng follicles.
of 50 TUkz by iv. Colekicine (and a louz
Zist of other aui-inflanuc2tory 3gents) was
administerad withiz 1 hour of hCG.
Laperotomies wera routinely performed 10
0 24 Lows after Josing wih BCG. The
overies were axamined tadsr a nticroszopa
to dezermine the mumber o rupmrad
folliclas.
McGausheyand  Female rabbin Inoaperironaal 95,10 Temale rebbits ware atiZislly Thase dose kevals did not cusz 2 decreasa
Chanz, 1869 a2k fnseminated 2nd treatzd with colchicica 3 the propottiors of perstated 2g3s. Penemated

h bafore or 1 1 afier expacred 1inz2 of
ovulation and azzz wers examineé 2t 11 to
2.5 1 after oViiation.

Early and Late Embryonic Development and Teratology

ezgs disphved 1o disticct abnomeaktas.

Gexenlland Fernale shesp Tnngavenous lmzks ZEwes close o Day 10 of the cycle were Morphology of ftea: ceils bad changed £3 mix
Stacy, 1976 traatad than ovaries wete sampledat ik after jrjectior. By 2 b thave was uo sign of tha

‘nzervals (up to 4 k) foliowing razanent.
Serum progesterora was 2150 niazsured at

the zame time-poirts

Zratuias being sacretad znd were not daractabl
witkin the cali, Paripheral plasma levals of
prozestersa fell 10 4% of coumol valuez arl
brpost-doze. Colchicine diztupied rhe
micronibular system i the luteal cell aed
tharsby iuhidits the jrmacellilar canspor of
aracuies. Calls weoe stitl 2bla to symthasize
stzroids afier weamiane,

Nonclinical studies demonstrated that colchicine is embryotoxic, fetotoxic, and

teratogenic. Aneuploidy during germ cell meiosis can result in spontaneous abortion and
congenital abnormality. Interruptions of cell division and/or migration during embryonic
development and organogenesis can result in resorptions and terata.

Colchicine has a lethal effect on young embryos, produces skeletal abnormalities during
organogenesis, and retards development of advanced embryos (Van Dyke and Ritchey,
1947). Pregnant mice appeared to be more sensitive to colchicine than non-pregnant
mice, since the intravenous toxicity, assessed by LDsg, was lower in colchicine treated
mice (nonpregnant: 4.13 mg/kg; pregnant: 1.54 mg/kg; Beliles, 1972). Colchicine
treatment on Day-8 of gestation (GD-8) in Swiss albino mice at levels of 1.0 mg/kg, i.p.,
resulted in an increased incidence (p<0.005) of intrauterine deaths, and at 0.5 and 1.0
mg/kg dose levels, an increased incidence of fetal malformations. Other toxic effects
observed in the mouse were changes in the live birth and viability index, cytological
changes.
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For mice, colchicine was found to be teratogenic when administered just before or around
the time of implantation in mice, and early in gestation (now considered the period of
organogenesis). Colchicine treatment resulted in specific craniofacial malformations
exencephaly, hydrocephalus, anophthalmia and microtia, as well as major skeletal
malformations. Craniofacial abnormalities were also observed by Shoji and Makino
(1967), and Shoji (1968) in mice treated with colchicine at different dose levels (0.5, 1.0,
1.5, or 2.0 mg/kg, single s.c. injection) and at different gestational stages. Other findings
included developmental abnormalities in the urogenital system and craniofacial area
(including nose and tongue). Rabbits were less susceptible to the teratogenic effect of
colchicine and mainly skeletal and visceral defects were produced (Szabo et al, 1969,
1971). Administration of colchicine to pregnant rats (0.6 mg/kg, i.p.) as a single dose on
either gestation day 6 or 8 resulted in partial resorptions, but if dosing occurred on days
10, 12, or 14, the pups survived but with retarded development.

The resistance of the hamster to colchicine was evaluated in a teratology model (Ferm,
1963). Colchicine injected intravenously into pregnant golden hamsters on the eighth
day of gestation day 8 at levels of 10 mg/kg/day produced 50% mortality in the fetuses

_and gross congenital craniofacial defects, umbilical hernias and some skeletal anomalies
(mainly fused ribs) in the survivors.

In the rat, mouse, and hamster, colchicine caused specific developmental abnormalities in
the central nervous system resulting in behavioral changes, changes in growth and
cytological changes (including somatic cell genetic material) that were detected in the
newborn. Offspring from pregnant rats injected with 0.4 mg/kg colchicine on gestation
days 18, 19, and 20 had reduced sizes of isocortical and hippocampal structures when
examined at birth, which was followed by behavioral and learning retardation as they
matured (Petit and Isaacson, 1976). In the hamster, abnormalities were also noted in the
eye, ear, body wall and musculoskeletal system of the newborn.

Applicant’s Summary Tables

ecsansms mnies mommaram

Eifects on Embryofetal Development

Inealls or i, Albino feraata Inmapsritoneal 1.9, 1.5, A single injection given 3.5 ta 7.5 days Pregaancy rates wara dacreasad ir: the groups
1968 2 20mgke after mating. * meated Witk L.O gk, 7.5 davs after paaticg

cotaparad to conrals acd groups meated 3.3

days afist mating. Tncreases in faml

malformations and T2soIFTioNs Were seen it

- groups treated hater. Colchicive was

ar.ar,\c athal at 2.0 mek2 administerad around
the time of Jmph:tmo: (< 3 days aftar mating).
A sizzabla reduction in successtid preguancies

was opserved o be doze-ralatad in mica maztad
with 1. 1.3, or 2 mg'kg of colchicine 02 Day 6.5

after ne2ring.
Sieber ot a;., Swiss 2lbino mice Iatwapesionsal  0.3,1.0,and  Colehicina was administersd ores on Davs  Colchicing showad an (P =0.003) increase it
1978 (pragaact) L3 mzdg 6,7, or 8 o gesnation. puxcber of Jead ¢ {except for 0.5 mz'kg dosa

Zavel) 2nd abuoroaal ferisa:, whea comgparad to
cortrols oz Day 7 for toth dozes. Cn Dax 8 of
gestazion, ar increase ir: the number o dead

fenizes (2:0.005) was odsarved, what
comparzd to corirols.
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Skojiand Female nuice (60
Makino_ 1967 w© 90 days old)
Sko’i 1968 Female mwice (50
o 90 cays old)
Szabogtal,. Randam-bred
1969 and 1871  Zecnala mice
Van Dyke and Wistar rats
Ritchey, 1047 (pragnart)
Ferm. 1963 Vicgin fentle
golden hamstess
Szaboerai 1663 Randory bred
aed 397} fenaia mice a4
rabbits

Subtumezous  0.9,935,10,
a3

A single dose o colchizine was
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olso skowad 2 signideant (P0.05) increasa Sor
the 1.0 wezkyand 2.5 mzkz dose whan
comparat 10 cortrols.
Subamaczpus 0.3, 1.0, Colchizing was adnuizistersd by 2 single Statstically sign:ficant rerzrogenic elfects wese
123313, dose berween the secotd 2né foumamik seer in tha 123 and 1.5 meke groups. The
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3 and 14 of pragoancy.

Inmaperionaal  0.6mgike

ware stdied.
Tnmavenos 10,238,350
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of pragaaesy.

Zmwbryos from pregran: rats 2iven a siuglz
dose of colchicine on Lay 6,8, 10, 12, or
14 of zestation acd sacrificed 3 days larer

Colchizine was injected as a single dose

into the famora: vain on Day & of

Colchiving was providad as 2 einglasc of
i, adminizoration demween Days § 2né 14

(aear GD 6). restleing in kighly specific
exaniofacial maiforntations.

Zwmbryo: fron: GD 6 ané GD § oeamrants wene
dead ard pardaily resorbed. Embryos fom CD
1010 14 wera Evice but showad gensral
devalopnzzntl ratardation.

Tl low-doze of colclicine produceda S0%
torrabty fn hamstey smabryos ard 2 psber of
gross cougavital mwalformations. Only 2150
famizes from the 20 mokg grovp swvived, aud
no high-cose fituses survived Ye2mnEnt.

Colchicine was atortifociect it bod spacies.
Wit trazogenic in the motse, only just defora
or arornd the timz2 of mypiacmdon. Rabbit
were less suzceptible and showed maiely
skelesz] and viscera: dzfacts.

Additional Nonclinical Studies of Colchicine Administration During Pregnancy
(Reviewer's table derived from the Applicant's review of published studies and additional

publications)
Author I Species I Dose Findings
Mouse
Didcock et al. mouse 1.5 to 18 mg/kg, oral and produced interruption of pregnancy
(1956) SC on various single days
during organogenesis

Bellies, 1972 mouse Pregnant mice were more sensitive to the
toxicity of colchicine than non-pregnant mice

Rat

Tuchmann- rat embryocidal effects

Duplessis and

Mercier-Parot,

1958

Thiersch, 1958 rat embryocidal effects

Rabbit

Chang (1944) rabbit 0.1% colchicine sperm suspended in 0.1% colchicine solution

. and artificially inseminated female rabbits

33 young resulted:
1 - open fontanelle and very small philtrum
1 - one was otocephalic
1 - microcephaly with enlarged eyes.
Doses of similar origin were artifically
inseminated:
resulted in 425 normal young
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Didcock et al. rabbit 1.5 to 18 mg/kg, oral and produced interruption of pregnancy
(1956) SC on various single days
during organogenesis
Adams et al. rabbit 2 to 8 mg/kg arrested cleavage in ova
(1961) degeneration of rabbit blastocysts
Morris et al. rabbit 0.1 t0 5.0 mg/kg high dosages after the 9th day were highly
(1967) ‘ lethal to fetuses, death within 2-4 hrs
5 mg/kg, 50% of dams died from toxicity
rabbit 0.1 t0 0.5 mg per kg teratogenic effects:

small incidence of gastroschisis
failure of neural tube closure

Morris et al. monkey 1 to 2 mg per kg single four normal fetuses,
(1967) administration on days 24, | no adverse effects detected
45, 66, and 84 of
pregnancy

Pre- and Post-natal Development

Offspring from pregnant rats injected with 0.4 mg/kg colchicine on embryonic days 18,
19, and 20 had reduced size of isocortical and hippocampal structures when examined at
- birth, which was followed by behavioral and learning retardation as they matured (Petit
and Isaacson, 1976). The mechanisms responsible for these anomalies are not completely
clear but may be due to an interruption of cell division or to cell death before or during
migration.

from Applicant's Summary Table

Reference Test Svetern Route of Dose Study Desien Results
Adin.
A Zong Evacs Subnumazous 0, 82m2dks  Colchizine was injected in p:egnm ratsor  OZ5ping were found 1o have isocortical and
Issacson, 1676 Loodadxass exabryonic Days 13, 19, ané 20. kippocarcyal siructares syaatly radiuced in mazs.

Cells with pykmotic necle: wara fornd in layens
+, 5, and 3 of the cveberal izocortey, the
babennia, ard antarior weedial nuzlei of the
thalamu:. Brait; pken at posmanal days 22 and
£32 were staailer. acd had a 20-30% raduction
oZ cells a1 the veriex of the neocortax with 2 to
307 reduction in the tickness of tha corpi
callosum.

e . -

Lactation

Nonclinical studies indicate that colchicine administration affects both the rate of milk
production and its composition. Colchicine disrupts the cytoskeletal system necessary for
differentiation of the mammary epithelium, the organization and polarization of the
endoplasmic reticulum, and the translational movement of secretory vesicles and milk fat
globules. In lactating mammary tissues of rats, goats and cows, colchicine treatment
resulted in ultrastructural alterations characterized by a reduction in size, greater
dispersion, and accumulation of secretory vesicles that were blocked from exocytosis,
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and the accumulation of large lipid droplets.

Milk Composition: In goats, colchicine resulted in decreased fat content 36 hours after
administration, the time point of peak lactation inhibition. Fat globules within the cells
continued to grow in size during the time that the secretion of fat globules and non-fat
exocytosis decreased. Following intramammary infusion of ['*C]-colchicine in goats,
less than 20% of the infused colchicine was secreted in the milk. It was associated with
fat globules because colchicine binds to the cytoplasmic, but not the exterior surface of
the globule membrane. Colchicine inhibited lactose production in mammary gland slices
from lactating guinea pigs.

Applicant's Summary Tables

Reference

Loizzi e al,
1973

Knudson erai
1978

1982

AXers and

Nickersor 1943:

Nickarsop and
Akes 1983

Test Svstem

Lataing gw'nen
pig marpmeary
gland

Lermting Brown
Norwegian and
Buifalo hysrid
ot

Larraiing altiuo
mtz; Cows

Zacmiing goars

Hoilstein helfars

Route of Dose

Dy vitro
Inzzrarmary
Infacton
Iramarusary
Injaction
Infuzion
Tufusion

Stpdy Design Results
10 M Manmeary giand slices wara expozzd 10
{aoprox colchicina in cultiure
0.004
wzml)
0.2umz Raws were s2acrificed 1. 2, and 4 hours after
colchicine was injectad throuzk ons
abdominat razt; manemary cells wera
obtained.
0.2mg Rars: Colchizine was injected theot gk cne
(yarsy, 25 ;g obdorajnat t2at 3 hours prier 1o sacrifice
{cows) and fizsue reaoval.
Cows: Colchicite was administered
through ome half of lactaring maramary
glang 22 hours prior to wammary tissue
biopsy
Sz Coass infused witk colckicinz into ors half
of udder once or aftay eacl: of 3 zequantial
£2-howr mitkings. Lactaticg tissue from
fnfuzion side was biopsied ané prapared
for investigation,
30,20mg Prezraut fenles were meated on Bay &

with 30 meiday acd with 30 me/day every

2
<
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Eays during ths last week of prezoancy.

Inkitidor of laciese producton in lactating
mammary glaed fssues caised oy increasad in
celluiar iavel of cxelic AMP by kormocal
stimglation ef its prodisct or inkibizior of iz
Intracecbular braakdown. Lactose produstion
wias significanty reduced to 74.73 of controls.

Brienzive 2ceenuiston of sacretony vasiclss
3picl to the Golzi complex causad by 21w
exposre. Caseln micelles were enlarssd,
cisternz] swalling of exdoplasmic reticuluas,
and :hrenkar Golzt apparanes was 03served
afier £-ky exposure. Miczonbules wete not
detscted after treatazene,

Irwas obszrved thar fat droplet doaz not always
have 8 parigharal zecysiory vesicle and
displaces the plasna membrace.

Erdopizcwic retatur aed who'a cells were
swollen. Intraceilular oriettatior and
compartrentalization ware Jost, Single-dose
czusad reducrion in zize and greater dispetsion
of s2cretory vaziclas blocked fron: exocytosis
20 accunntiation of lipid dropiets.
Microtubules saraly datzcted aftar oazmauent,

Reducad rares of milk corapanart bissynthesis
were seen in e early weeks. Cells from
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totzhk ecdoplaznzic r2toulum acd Golgi
companerts. Mejority of the cells from treatad
quarters ware tndifferentiated and lacked
secrerory vasicles. zitecnued Golzi appammns
and limired rougk ecdoplasuic retauton
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Additional Nonclinical Studies: Effects of Colchicine on Lactation (Reviewer's table
derived from the Applicant's review of published studies) °

Burvenich and Peeters,
1980; Burvenich, 1980

A reversible decrease in milk flow is consistently observed when colchicine
was infused into the udder of the goat via the teat canal. Mammary blood flow
has been shown to increase from the 8" to the 24™ hour afier intramammary
infusion of colchicine, as well as fever that is not related to pyrogens in the
infusate, hardness of the gland and positive California mastitis test (CMT)
scores of the milk .

Lpiects on Mk Ficld

Patton (1975)

In a single-dose study performed by, depression in milk yield from the infused
side peaked at 36 hours following a single administration and had substantially
reversed by 72 to 96 hours. Milk from the infused and non-infused sides were
essentially normal in composition, however, globulins and riboflavin were
elevated in milk from the infused side only

{ adecrease in fat content occurred 36 hours following colchicine, the time point

of peak lactation inhibition. Yields and fat content did not change on the un-
infused side. Histopathologic examination revealed that fat globules within the
cells continued to grow in size during the time that the secretion of fat globules
and non-fat exocytosis decreased. The authors postulated that the drawing to or
interaction with the plasma membrane in the secretion of both fat globules and
secretory vesicles may depend upon a common structural functional unit that
was perturbed by colchicine, which could be the microtubule.

Henderson and Peaker,
1983

The magnitude of the temporary inhibition of secretion in one mammary gland
of goats was similar following intramammary treatment with colchicine at
Weeks 6, 12, 18, 24, and 30 of lactation (

Sokka and Patton, 1983

Analysis of milk for radioactivity following intramammary infusion of [°C]-
colchicine indicated that that less than 20% of the infused colchicine is secreted
in the milk, and is associated with fat globules because the drug binds to the
cytoplasmic, but not the exterior surface of the globule membrane
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2.6.6.7

Local tolerance

The Applicant did not conduct local tolerance studies. They provided a published study
describing the effects of colchicine on eye irritation.

Eve irritation

Estable (1948) evaluated colchicine applied to the rabbit eye conjunctiva. Single or
repeated application of a dilute solutions of colchicine (1:2000, 1:1000, 1:500 or 1:100
dilution of a saturated solution, concentration not provided in the paper) resulted in
increased irritation (hyperemia, inflammation, hyperemia, blepharsospasm) with
increasing concentration or increasing days of application.

Eye Irritation Toxicity of Colchicine (Reviewer's table derived from the Applicant's

review of published studies)

Colchicine Form and Dese

Effect

Solution (dilutions of a saturated
solution of unknown purity; also
the concentration of a saturated
solution was not provided)

1:2000

slight and reversible hyperemia of
the conjunctiva

1:1000

slight conjunctival congestion
that disappeared within 24 hrs

1:500

vascular conjunctival
inflammation (hyperemia,
vasodilatation) that is apparent 24
hours after application and
increased with additional dosing

returned almost to normal within
4 days after the last application

1:100

vascular conjunctival reaction
appears in a few hours and after
the third application, the cornea
turns opaque and a vascular
corneal invasion begins in a few
days.

changes were reversible, unless
more daily applications were
administered;

corneal vascularization, only if it
was applied daily for several
days.

Dry powdered

immediate lacrimation,
blepharospasm, and acute
conjunctivitis ‘

In 24 hours, the conjunctival
congestion increased and
extended to the iris, and slight
edema of the palpebral
conjunctiva developed.
Conjunctival congestion persisted
for 48 hours only

corneal vascularization, only if it
was applied daily for several days

2.6.6.8

Special toxicology studies

There were no Special Toxicology studies.

107




Reviewer: L.S. Leshin NDA 22-352

2.6.6.9 Discussion and Conclusions

Historical information provided by the Applicant and obtained from published animal
studies and human use indicates similar toxicities with increasing doses. The published
nonclinical literature contains limited information for chronic treatment studies and most
toxicology studies are only a few weeks duration. Furthermore, almost all the studies
were conducted prior to GLP regulations and lack much of the information now routinely
collected such as clinical pathology and histopathology findings. Single and repeated
dose animal studies of at most a few weeks, cited in the literature (and possibly the same
studies conducted for the original approval of colchicine/probencid combination in 1961,
original reviews were not found), indicated a low threshold between adverse effects and
mortality which is consistent with human toxicology findings. In general, the acute toxic
signs in animals (rats, dogs, rabbits, cats) with short-term colchicine administration are
gastrointestinal tract-related and include emesis, distended intestines, diarrhea (bloody in
more severe cases), lack of appetite and lethargy. With increasing doses these signs
become more severe, and there is a loss of body tone, abnormal gait and hindlimb
paralysis and wasting atrophy, ascites and eventually death. For comparison, in humans,
at sufficient doses, colchicine can produce gastrointestinal disorders, profound muscle
weakness, respiratory insufficiency, and peripheral neuropathy.

Comparing human lethality with the limited nonclinical data at nonlethal doses, indicated
that human deaths have been reported at doses lower than those that affect rodents,
implying that NOAEL determinations may not provide a useful margin. of safety. A
direct NOAEL comparison could not be conducted since for the most part, nonclinical
studies were not conducted to identify a NOAEL, but to identify toxicities. These factors
together with the extensive clinical experience and clinical toxicity of colchicine
contributed to the decision early in the developmental program that further nonclinical
studies were not necessary.

Genetic toxicology studies indicate that colchicine treatment results in aneuploid cells
through mitotic or meiotic non-disjunction, but colchicine is not considered mutagenic or
clastogenic although results from these assays often result in positive results (a false
positive finding, from different mechanism leading to a similar result). The significance
of aneuploidy toward carcinogenic potential in comparison with a pure clastogenic
mechanism cannot be quantitatively assessed. However, most tumors consist of aneupoid
cells and both mechanism can result in tumors (Weaver et al 2007, Cancer Cell 11:25-36;
Torres et al 2008, Genetics 179:737-746).

Carcinogenicity studies were not requested due to the long history of clinical use of
colchicine in gout (for over 100 years) and more recently, in FMF (since 1972), although
specific documentation of any relationship between colchicine use and carcinogenicity is
lacking. From the few repeated dose nonclinical studies reported in the literature there
was a low threshold between adverse effects and the lethal dose. With low doses of
colchicine administered in drinking water of spontaneously hypertensive and
normotensive rats, respiratory difficulties developed within 4 to 13 months (Cicogna et al
1997). While there may be greater susceptibility in this strain, overall the studies do not
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provide much confidence that a 2 year oral study in rats or mice would be productive. A
study was conducted with dermally applied colchicine twice weekly in mice for 6 months
(Berenblum and Armuth, 1977), and this could be conducted with transgenic mice, but
those mice would not be an appropriate model for an orally ingested drug since they have
a high spontaneous background rate of internal tumor formation that may confound and
mask colchicine induced effects. They are still possible options if clinical findings from
expanded safety surveillance result in signals for further study.

Studies listed in the Table, below, were selected, if possible, for non-lethal doses, a
method of administration that would result in distribution throughout the body, and
repeated dosing. Most studies were not designed to determine a NOAEL, but to
characterize the effects of colchicine, thus the listed animal dose was the lowest dose
administered. It is important to note that the animal doses were not the LOAEL, since
lower doses that may have resulted in a NOAEL were not administered. Thus the table
provides hazard identification and cannot be used for risk evaluation. The exception was
the cardiovascular study in conscious dogs conducted by the Applicant in which a
NOAEL dose was determined and which is indicated as such in the Table.
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Nonclinical Findings and Human Equivalent Dose* (Reviewer's Table)

" Effect Lowest Dose at which effect Human Equivalent Dose”
was observed (based on body surface comparison)
(unless indicated otherwise) ma/kg mg/day
(based on
60 kg subject)
Neurobehavioral
(studies of colchicine not administered directly into the CNS)
gait abnormalities rats, females
(with no detectable LM or EM | 0.2 mg/kg/day i.p.,
changes in nerve or skeletal 5 days/week, 0.032 1.92
muscle; Chang et al 2002) for 7 or 10 months
myopathy rats, males
(disorientated filaments; 0.4 mg/kg/day, i.p. 0.064 3.84
Seiden 1973) for 2 to 22 days
Cardiovascular (nonlethal studies)
No changes in QTc values, or | beagle dogs,
other ECG parameters, heart | 0.5 mg/kg, po, NOAEL
rate, MAP, systolic and single dose
diastolic pressure 0.28 16.7
(conscious dogs using
telemetry; Applicant study
1259DU21.001)
Gastrointestinal
enhanced intestinal rats (~200 g)
permeability (Fradkin et al ~0.5 mg/day, p.o.,
(1995) (or ~2.5 mg/kg/day)
for up to 3 weeks
(dissolved in drinking water;
estimated from volume 0.45 27.1
consumed)
serum colchicine on day 23
3.89 ng/mL (range 1.0- 6.7
ng/mL)
Reproductive and Developmental
Fertility
sperm abnormalities mice
(Wyrobek and Bruce 1975; 0.6 and 0.75 mg/kg, i.p. over 5 0.097 58
Bruce and Heddle 1979) days, 0 12 7'2
sacrificed at 1, 4, and 10 weeks ’ "
: post-treatment
triploid and mesaic embryos Wistar CF rat
androgenetic eggs (formed by | 0.25 to 0.5mg/kg, i.p.
the combination of two male at 2 to 2.5 hours after mating in 0.04 24

pronuclei (Piko and Bomsel-
Helmreich, 1960)

the rat
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interfered with sperm mice

penetration, the second 0.5 mg/kg, i.p.

meiotic division, and normal administered before or after

. . . . 0.04 2.4

cleavage in mouse, induced ovulation and artifical

but no effect in rabbit insemination, eggs recovered

(McGaughey and Chang, 1969) | 1.5 to 6.5 hr after ovulation
rabbits
1.0 mg/kg, i.p. administerd
before or after ovulation and 0.32 19.2
eggs examined at 11 to 12.5h
after ovulation

inhibition of hCG-induced rabbit

ovulation 4,0 mg/kg, iv -2 A

(Espey et al. 1982)

Embryo and Fetal Developement

fetal death, teratogenicity mice,

(Sieber et al 1978) 0.5 mg/kg, i.p. 0.04 2.4
administered once, on either ’ :
gestation day 6, 7,0r 8

fetal death, teratogenicity mice,

(Shoji 1968) 0.5 1'11g_/kg, S.C., 0.04 24
administered once, between
gestation days 2 to 14

fetal death, growth inhibition, | rat,

teratogenicity 0.6 mg/kg, i.p.

(Van Dyke and Ritchev, 1947) | single dose on gestation day 6, 0.97 58.2
8,10, 12 or 14,
examined 3 days later

Postnatal Development

embryo and fetal death, rat,

growth inhibition, and 0.6 mg/kg, i.p.

postnatal behavioral and single dose on either gestation 0.97 58.2

learning retardation
(Petit and Isaacson, 1976)

day 6, 8,10, 12, or 14

*Studies were selected for non-lethal doses, a method of administration that would result in distribution
throughout the body, and repeated dosings, if possible)

* The maximum proposed human dose is 2.4 mg/day (0.6 mg tablets QID)

* the animal was administered intravenously, but there were no measurements of blood colchicine
concentrations, so the HED was not calculated
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2.6.6.10 Tables and Figures

Refer to the individual topic sections

2.6.7 TOXICOLOGY TABULATED SUMMARY

Refer to the individual topic sections

OVERALL CONCLUSIONS AND RECOMMENDATIONS
Conclusions

The doses of colchicine for the proposed indication are at or below those for which there
is extensive clinical pharmacological and toxicological knowledge and clinical
experience. Colchicine has been used extensively in laboratories as a research tool to
study cell division, cellular and intracellular particle movement, cytoskeletal form and
function, and more recently inflammasomes, an intracellular structure involved in the
formation and release of inflammatory cytokines. The nonclinical pharmacology is well
characterized, but the nonclinical toxicology lags behind the knowledge of clinical
toxicology. The vast majority of previous studies were not conducted to meet today's
regulatory standards nor performed according to GLP. Repeated dose studies of at most
a few weeks, cited in the literature, indicated a low threshold between adverse effects and
mortality, although the colchicine used in these older studies was unlikely to be as pure as
the Applicants drug. These factors together with the more widely known clinical
experience and clinical toxicity of colchicine contributed to the decision that further
nonclinical studies, including carcinogenicity studies would be of limited usefulness or
difficult to accomplish.

Unresolved toxicology issues

The photodegradant impurities contain structural alerts for mutagenicity and therefore
need specifications set to maintain daily intake at less than 1.5 pg/day. If that is not
possible, qualification studies (genetic toxicology and a 28-day repeated dose study) are
necessary. These components are not in the clinical product (at the current levels of
impurity detection), due to package protection from light. The currently marketed
approved generics of Colbenemid, and the numerous marketed, but unapproved
colchicine only products have the same potential of containing these impurites, and
should all be limited with regards to these impurities. Since these have been on the
market for years, this reviewer recommends the lowering of specifications or
qualification studies could be done postmarketing.

GLP studies of reproductive and developmental toxicology and carcinogenicity have not
been conducted. For reproductive and developmental toxicology, there is sufficient
information from published literature to convey the risk in the label. Furthermore there
are recent clinical epidemiology studies of pregnancies in colchicine treated women with
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FMF that have not found detrimental effects that could be attributed to colchicine, but
there were limited number of pregnancies studied.

Carcinogenicity studies have not been requested due to the long history of clinical
experience, although specific documentation of any relationship between colchicine use
and carcinogenicity is lacking. They are still possible options if clinical findings from
expanded safety surveillance result in signals for further study. From the few repeated
dose studies reported in the literature and (possibly the same studies conducted for the
original approval of colchicine/probencid combination in 1961, original reviews were not
found), there was a low threshold between adverse effects and the lethal dose in studies
of less than 1 month duration in rats. With low doses of colchicine administered in
drinking water of spontaneously hypertensive and nonhypertensive rats, respiratory
difficulties developed within 4 to 13 months (Cicogna et al 1997). While there may be
greater susceptibility in this strain, overall studies do not provide much confidence that a
2 year oral study in rats or mice would be productive. A study was conducted with
dermally applied colchicine twice weekly in mice for 6 months, and this could be
conducted with transgenic mice, but those mice would not be an appropriate model for an
orally ingested drug since they have a high spontaneous background rate of internal
tumor formation that may confound and mask colchicine induced effects.

Recommendations

The application may be approved from the nonclinical pharmacology and toxicology
perspective.

Suggested labeling: Refer to the Executive Summary Section I-C.
Signatures (optional):

Reviewer Signature

L. S. Leshin, D.V.M,, Ph.D.
Supervisor Signature Concurrence Yes ___ No
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