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Inre: U.S. Patent No. 5,661,136 Attorney Docket No.: 10103-028-999
Issued: August 26, 1997 CAM: 052922-999025

Inventors: Montgomery and Secrist

For: 2-Halo-2’-Fluoro Ara

Adenosines as Antineoplastic

Agents RECEIVED
BOX PATENT EXTENSION : MAR 0 7 2005
Commissioner for Patents "
P.O. Box 1450 OFFICE OF PETITIONS
Alexandria, VA 22313-1450

FEE TRANSMITTAL LETTER
FOR AN APPLICATION FOR EXTENSION UNDER 35 U.S.C. § 156

Sir or Madame:

Transmitted herewith is an Application for Extension of Patent Term Under
35 U.S.C. §156 for U.S. Patent No. 5,661,136, accompanied by two additional copies. The
undersigned attorney for Applicant hereby states that these copies are certified to be
duplicates of the original. Each copy contains the following exhibits:

Exhibit A Assignment

Exhibit B FDA Approval Letter and Label

Exhibit C U.S. Patent No. 5,661,136

ExhibitD  Maintenance Fee Payment Record

Exhibit E Compendium of Significant Regulatory Activities in
Connection with CLOLAR™

Further submitted herewith is an Associate Power of Attorney in connection
with the above-identified patent appointing Anthony M. Insogna and Michael J. Bruner as
associate attorney and associate agent, respectively, to make alterations and amendments
therein, and to transact all business in the United States Patent and Trademark Office in
connection therewith. ' | ’



Please charge the $1,120.00 fee estimated to be due in connection with this
Application to Jones Day Deposit Account No. 50-3013. The Director is hereby authorized
to charge any additional fees, which may be required, or credit any overpayment to Jones
Day Deposit Account No. 50-3013.

Respectfully submitted,
Date: February 25, 2005 35,203
thony (Reg. No.)
JONES DAY
222 East 41st Street
New York, New York 10017

(858) 314-1130
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IN DS MARK
In re: U.S. Patent No. 5,661,136 Attorney Docket No.: 10103-028-999
Issued: August 26, 1997 CAM: 052922-999025

Inventors: Montgomery and Secrist

For: 2-Halo-2'-Fluoro Ara
Adenosines as Antineoplastic
Agents

BOX PATENT EXTENSION
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

APPLICATION FOR EXTENSION OF PATENT TERM
UNDER 35 U.S.C. §156

Sir or Madame:

Applicant, Southern Research Institute, hereby requests an extension under 35

- U.S.C. §156 of the term of U.S. Patent No. 5,661,136 (the “ ‘136 patent™). Southern
Research Institute is the owner of record of the ‘136 patent by virtue of the assignment
recorded at Reel 005776 / Frame 0115.! (Exhibit A). The ‘136 patent is exclusively
licensed to Bioenvision, Inc. and sublicensed to Genzyme Corporation. Genzyme
Corporation markets the product, CLOLAR™ brand clofarabine, which is covered by the
‘136 patent and was the subject of regulatory review.

The following information is submitted in accordance with 35 U.S.C. §156(d) and
37 C.F.R. §1.740:

! It is noted that the ‘136 patent is a continuation application of U.S. Patent
Application Serial No. 693,646, filed May 10, 1991, which issued to U.S. Patent No.
5,384,310. The attached assignment indicates that Southern Research Institute holds the
entire right, title and interest in the 693,646 application, as well as in, inter alia, any
continuing applications thereof.



(1)  The approved product is CLOLAR™, which is a pharmaceutical
composition comprising clofarabine. The active ingredient of CLOLAR™ is a small
molecule having a chemical name 2-chloro-9-(2-deoxy-2-fluoro-B-D-arabinofuranosyl)-9H-
purin-6-amine and the following chemical structure:
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(hereinafter referred to as “clofarabine™). The molecular formula of clofarabine is
CioH11CIFN;O; with a molecular weight of 303.68.

CLOLAR™ has been approved for treatment of pediatric patients ages 1 to 21 years
old with relapsed or refractory acute lymphoblastic leukemia after at least two prior
treatment regimens. The approved product is marketed in the form of a 20 mL single-use
vial containing 20 mg clofarabine in 20 mL unbuffered normal saline. (See package inserts
at Exhibit B for further product information). Clofarabine acts by inhibiting DNA synthesis
by decreasing cellular deoxynucleotide triphosphate pools through an inhibitory action on

- ribonucleotide reductase, and by terminating DNA chain elongation and inhibiting DNA
repair by competitive inhibition of DNA polymerases.

(2) CLOLAR™ was subject to regulatory review under section 505(b) of the
Federal Food, Drug and Cosmetic Act (“FFDCA”).

(3) CLOLAR™ received permission for commercial marketing or use by the
Food and Drug Administration (“FDA”) pursuant to section 505(b) of the FFDCA on
December 28, 2004. A copy of the FDA approval letter and package inserts are attached as
Exhibit B.

(4)  The active ingredient in CLOLAR™ is clofarabine. Clofarabine has not
been previously approved for commercial marketing or use under the FFDCA, the Public
Health Service Act or the Virus-Serum-Toxin Act.



(5)  This application is being submitted within the sixty day period permitted for
submission pursuant to 37 C.F.R. §1.720(f), the last day for said submission being February
28, 2005 (February 26, 2005 is a Saturday).

(6)  The complete identification of the patent for which extension is sought is as

follows:
Inventors: John A. Montgomery and John A. Secrist, III
Patent No.: 5,661,136
Issue Date: August 26, 1997
Expiration Date: August 26, 2014

Applicants note that because the patent application from which the ‘136 patent
issued was filed before June 8, 1995, the effective date of provisions of the Uruguay Round
Agreements Act relating to patent term, the ‘136 patent is entitled to a patent term that is the
greater of twenty (20) years from the earliest priority date (i.e., May 23, 2009) or seventeen
(17) years from the patent issue date (i.e., August 26, 2014). Thus, absent an extension, the
‘136 patent expires on August 26, 2014.

() A copy of U.S. Patent No. 5,661,136 for which this extension is sought is
attached hereto as Exhibit C. '

(8)  There are no certificates of correction, disclaimers or reexamination
certificates for the ‘136 patent. A copy of the eighth year maintenance fee receipt is

enclosed as Exhibit D; thus, no maintenance fee is currently due.

(9)  The ‘136 patent claims, inter alia, a method of using the approved product,
CLOLAR™ or its active ingredient. At least claims 1, 3-5, 6, 8,9, 11 and 12 of the ‘136
patent read on a method of using the approved product or active ingredient, as described
below:

Claim 1

A method for bringing about a cytotoxic effect in a
mammalian cancerous cell which comprises contacting said
cancerous cell with an effective amount of a cytotoxic
compound having the formula

b
.
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wherein R, each which may be the same or different, is
hydrogen or a protecting group; wherein Z is a selected from
the group consisting of F, Cl, and Br; and pharmaceutically
acceptable salts thereof.

Claim 1 recites a method for bringing about a cytotoxic effect in a mammalian
cancerous cell by contacting such a cell with an effective amount of, inter alia, clofarabine
(i.e., when R is hydrogen and Z is Cl). The approved labeling for the drug product states
that, “Clofarabine is cytotoxic to rapidly proliferating and quiescent cancer cell types in
vitro.” The approved labeling further states that CLOLAR™ is indicated for the treatment
of patients with relapsed or refractory acute lymphoblastic leukemia, based upon clinical
data showing the induction of complete responses. Complete responses during
chemotherapeutic treatment for acute lymphoblastic leukemia arise from a cytotoxic effect
of the active ingredient upon such leukemia cells. Accordingly, a method for bringing
about a cytotoxic effect in a mammalian cancerous cell reads on the approved use of
treating patients with relapsed or refractory acute lymphoblastic leukemia.

Claim 3

3. A method according to claim 1 which comprises contacting
said cancerous cell with the compound wherein R is
hydrogen.

Claim 3 depends from claim 1 and reads on a method of using the approved product
or its active ingredient when Z is Cl.

Claim 4

4, A method according to claim 1 which comprises contacting
said cancerous cell with the compound wherein Z is Cl.

Claim 4 depends from claim 1 and reads on a method of using the approved product
or its active ingredient when R is hydrogen.



Claim 5

s. A method according to claim 1 which comprises contacting
said cancerous cell with the compound wherein the compound
is 2~Chlom-9-(2-deoxy-2-ﬂuoro-b-D-arabinoﬁnmosyl)-9ﬂ-
purin-6-amine.

Claim 5 depends from claim 1 and reads on a method of using clofarabine.

Thus, claims 1 and 3-5 read on the approved use of CLOLAR™.

Claim 6

6. A method for inhibiting ribonucleotide reductase and DNA
polymerase a in a mammalian cell which comprises
contacting said mammalian cell with of a cytotoxic compound
having the formula

NH,
N N\>

|
zJ\’N

N
ROCH,.__©O

‘\Q

RO

wherein R, each which may be the same or different, is
hydrogen or a protecting group; wherein Z is a halogen
selected from the group consisting of F, Cl, and Br; and
pharmaceutically acceptable salts thereof,

Claim 6 recites a method for inhibiting ribonucleotide reductase and DNA
polymerase o in a mammalian cell by contacting such a cell with, inter alia, clofarabine
(i.e., when R is hydrogen and Z is Cl). The approved labeling states in the Mechanisms of
Action section that clofarabine has an inhibitory action on ribonucleotide reductase and
DNA polymerases.

Claim 8
8. A method according to claim 6 wherein R of said compound
is hydrogen.

Claim 8 depends from claim 6 and reads on a method of using the approved product
or its active ingredient when Z is Cl.



Claim 9

9. A method for inhibiting ribonucleotide reductase and DNA
polymerase a in a mammalian cell which comprises
contacting said mammalian cell with of a cytotoxic compound

having the formula
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2 -N
\
I
H

Z
ROCI
g
R

wherein R, each which may be the same or different, is
hydrogen or a protecting group; wherein Z is a halogen
selected from the group consisting of F, Cl, and Br; and the
pharmaceutically acceptable salts thereof.

Claim 9 recites a method for inhibiting ribonucleotide reductase and DNA
polymerase a in a mammalian cell by contacting such a cell with, inter alia, clofarabine
(i.e., when R is hydrogen and Z is Cl). The approved labeling states in the Mechanisms of
Action section that clofarabine has an inhibitory action on ribonucleotide reductase and
DNA polymerases.

Claim 11
11. A method according to claim 9 wherein R of said compound is hydrogen.

Claim 11 depends from claim 9 and reads on & method of using the approved
product or its active ingredient when Z is Cl.
Claim 1
12. A method according to claim 9 wherein said compound is 2-
Chloro-9-(2-deoxy-2-fluoro-p-D-arabinofuranosyl)-9H-purin-
6-amine.

Claim 12 depends from claim 9 and reads on a method of using clofarabine.

Thus, claims 6, 8, 9, 11 and 12 read on the approved use of CLOLAR™,



(10)  The relevant dates and information pursuant to 35 U.S.C. §156(g) to enable
the Secretary of Health and Human Services to determine the applicable regulatory review
period for CLOLAR™, a human drug, are as follows:

(a) Investigational new drug (“IND”) application number 43,275 was
submitted to the FDA on August 23, 1993, by the University of Texas M.D. Anderson
Cancer Center. This IND was placed on “Clinical Hold” status by the FDA on or about
September 29, 1993, and subsequently became effective upon the withdrawal of “Clinical
Hold" status on or about February 10, 1999. IND number 63,641 was filed by Ilex
Oncology on November 7, 2001, and became effective on December 7, 2001. On April 10,
2002, the contents of IND number 43,275 were transferred to the file for IND number
63,641, whereupon IND number 43,275 was withdrawn. Accordingly, the “date an
exemption under subsection (i) of section 505 . . . of the Federal Food, Drug, and Cosmetic
Act became effective for the approved product” is determined to be February 10, 1999.

(b)  The new drug application (“NDA”) for CLOLAR™ was submitted
under the FDA’s “fast track™ provisions over the course of approximately six months. The
first such portion was initially submitted on September 26, 2003. The NDA was later
assigned NDA number 21-673. (Exhibit B).

(c)  NDA No. 21-673 was approved by the FDA on December 28, 2004.
(Exhibit B).



(11)  Exhibit E is attached hereto to briefly describe significant activities
undertaken with respect to CLOLAR™ during the applicable regulatory review period and
the dates applicable to such activities.



(12)  Applicant is of the opinion that the 136 patent is eligible for an extension of
1303 days.

A.  Eligibility:
(@)  Pursuant to 35 U.S.C. §156(a), the ‘136 patent claims, inter alia, a
method of using the approved product;

(b)  Pursuant to 35 U.S.C. §156(a)(1), the term of the ‘136 patent has not
expired before submission of this application for extension;

(c)  Pursuantto 35 U.S.C. §156(a)(2), the term of the ‘136 patent has
never been extended;

(d)  Pursuant to 35 U.S.C. §156(a)(3), the application for extension is
submitted by the owner of record of the 136 patent;

(¢)  Pursuant to 35 U.S.C. §156(a)(4), the product, CLOLAR™, has been
subject to a regulatory review period before its commercial marketing or use;

(f)  Pursuant to 35 U.S.C. §156(a)(5), the permission for the commercial
marketing or use of CLOLAR™ afier the regulatory review period is the first permitted
commercial marketing or use of the product;

(8)  Pursuant to 35 U.S.C. §156(c)(4), no other patent has been extended
for the same regulatory review period for the product CLOLAR™,

B. R Review Peri

(8)  Pursuant to 37 CF.R. §1.775(c)(1), the period from February 10,
1999 (the date IND application number 43,274 became effective) to September 26, 2003
(the date the NDA was initially submitted) is 1689 days. Accordingly, Applicant calculates
the “Testing Phase” as 1689 days.

(b)  Pursuant to 37 C.F.R. §1.775(cX2), the period from September 26,
2003 (the date the NDA was initially submitted) to December 28, 2004 (the date of NDA
approval) is 459 days. Accordingly, Applicant calculates the “Approval Phase” as 459

days.
-9.



C.  Extended Patent T

Period of Extension = !4 (Adjusted Testing Phase) + Approval
Phase
=% (1689) + 459
= 1303 days

(8)  The number of days in the regulatory review period which were on
and before August 26, 1997, the date on which the ‘136 patent issued, is 0 days.
Accordingly, 0 days are subtracted from the regulatory review pursuant to 37 C.F.R.

§1.775(dX(1)().

(b)  Asdemonstrated in Exhibit E, the Applicant acted with due diligence
during the regulatory review period. Accordingly, zero (0) days are subtracted from the
regulatory review period pursuant to 37 C.F.R. §1.775(d)(1)(ii).

()  One half of the number of days remaining in the Testing Phase after
the above reductions is 844 days. Accordingly, 844 days are subtracted from the regulatory
review period pursuant to 37 C.F.R. §1.775(d)(1)(iii).

(d)  The period remaining in the term of the patent (originally set to
expire August 26, 2014) measured from the date of approval of CLOLAR™ (December 28,
2004) (3528 days) when added to the period of extension (1303 days) is 4831 days, which
is less than fourteen (14) years. Accordingly, the fourteen (14) year limitation set forth in
37 C.FR. §1.775(d)(2)-(4) does not operate to further reduce the regulatory review period.

(e  The period of extension (1303 days) is less than five (5) years.
Accordingly, the five (5) year limitation set forth in 37 C.F.R. §1.775(d)(5Xi)ii) does not
operate to further reduce the regulatory review period.

-10-



(13) Applicant acknowledges a duty to disclose to the Director of the United
States Patent and Trademark Office and the Secretary of Health and Human Services any
information which is material to the determination of entitlement to the extension sought
pursuant to 37 C.F.R. §1.765.

(14)  The prescribed fee for receiving and acting upon this application is $1,120.00
pursuant to 37 C.F.R. §1.20(j). The Director is authorized to charge this fee and any
additional fees, or credit any overpayment, to Jones Day Deposit Account No. 50-3013.

(15) Please direct all inquiries and correspondence relating to this application to:

Anthony M. Insogna
JONES DAY

222 East 41st Street

New York, New York 10017
(858) 314-1130

(16) This Application is accompanied by two additional copies of such
application for a total of three copies.

Respectfully submitted,

Date: February 25, 2005

thony

JONES DAY
222 East 41st Street

New York, New York 10017
(858) 314-1130

-11-
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ArtUnit: 1083

Examiner: Crane, L,
Applicant: Montgomery et al,
Patent No,: 5,661,136
Issued: August 26, 1997

For: 2-HALO-2’FLUORO ARA ADENOSINES AS ANTINEOPLASTIC

AGENTS

ASSOCIATE POWER OF ATTORNEY

Sir:

The undersigned attomey of record in U.S, Patent No. 5,

26, 1997, hereby appoints:

661,136, issued August

Anthony M. Insogna, Registration No. 35,203; and
Michael J, Bruner, Registration No.47,458,

each of whom can be reached at:

Jones Day
222 East 41 Street
New York, New York 10017
(212) 326-3939

RECEIVED
MAR 0 7 2005
OFFICE OF PETITIONS

as associate attorney and associate agent, respectively, in the above-identified patent, to
make alterations and amendments therein, and to transact all business in the United Stateg

Patent and Trademark Office in connection therewith,

Spectfjly submitted,

Re
Date: February 25, 2005 M\ 43968

Lefrence A Villanueva (Reg. No,)
Needle & Rosenberg, P.C.

Suite 1000

999 Peachtree Street
Atlanta, Georgia 30309-3915
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ASSIGNMENT

IN CONSIDERATION of the sum of one dollar ($1.00) and other good and
valuable considerations, the receipt and sutficiency of which are hereby
acknowledged, the undersigned JOHN A. MONTGOMERY and JOHN A. SECRIST il hereby
sell, assign and transfer to SOUTHERN RESEARCH INSTITUTE, having a placs of
business at 2000 Ninth Avenue, Birmingham, Alabama 35255, lts successors,
assigns and lagal representatives, the entire right title and Interest for the United
States and all countries foreign thereto, in and to any and all improvements disciosed
in ™y application for United States Letters Patent (United States Patont Application
07/693,646) entitled PURINE NUCLEOSIDES and which was filed in the United
States Patent and Trademark Office on May 10th 1991, and in and to said application
and all divisional, continuing, renewal, relssue, continuation-in-part and all other
applications for Letters Patent which shall be filed in the United States and all
countries foraign therelo on any of said improvements, including all Letters Patent
which shall issue on sald improvements; and

The undersigned further agree that said Assignee may apply for and receive
Letters Patent for said improvements in its own name or any other name it deems fit;
and

The undersigned further agree, when requested, without charge to, but at the
expense of sald Assigne, its successors, assigns and legal representatives, to camry
out in good faith the intent and purpose of this assignment; 1o execute all divisional
continuing, continuation-in-part, renewal, reissue and all other patent applications
on any and ll said improvements, to execute all rightful oaths, assignments, powers
of attorney and other papers; fo communicate to sald Assignes, its successars, assigns
and legal representatives, all facts known relating to sald improvements and the
history thereof; and to do generally everything possible which said Assignee, its
successors, assigns and representatives shall consider dasirable for aiding in
securing and malntaining proper patent protection for said improvements and for
vesting title to said improvements and all applications for patent in said Assignee, its
succassors, assigns and legal representatives; and

The undersigned hereby covenant with said Assignee, its successors, assigns
and legal representatives that no assignment, grant, mortgage, license or other
agreement affecting the rights and property herein conveyed has been made to others
by the undersigned; that full right to convey the same as herein expressed is
possessed by the undersigned; and that the foregoing provisions shall be binding upon
the heirs, legal representatives, adminisirators and assigns of the undersigned.

date 5'}/ 4{)4/

date___ b{19/91
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Administration
Rockville, MD 20857

Q'nu

NDA 21-673

Genzyme Corporation
4545 Horizon Hill Blvd.
San Antonio, TX 78229-2263

Attention:  Mike Bernstein, MPH
Senior Director, Regulatory Affairs

Dear Mr. Bernstein:

Please refer to your new drug application (NDA) dated March 29, 2004, received March 30, 2004,
submitted under section 505(b) of the Federal Food, Drug, and Cosmetic Act for CLOLAR™
(clofarabine) Intravenous Infusion.

We acknowledge receipt of your submissions dated April 22, July 7, August 2 and 5, September 15,
October 6, November 18, and December 15, 21, and 28, 2004.

This new drug application provides for the use of CLOLAR™ (clofarabine) Intravenous Infusion for
the treatment of pediatric patients 1 to 21 years old with relapsed or refractory acute lymphoblastic
leukemia after at least two prior regimens. This use is based on the induction of complete responses.
Randomized trials demonstrating increased survival or other clinical benefit have not been conducted.

We have completed our review of this application, as amended. It is approved under the provisions of
accelerated approval regulations (21 CFR 314.510), effective on the date of this letter, for use as
recommended in the enclosed labeling text. Marketing of this drug product and related activities must
adhere to the substance and procedures of the referenced accelerated approval regulations.

The final printed labeling (FPL) must be identical to the enclosed labeling (text for the package insert
and immediate container and carton labels). Marketing the product with FPL that is not identical to the
approved labeling text may render the product misbranded and an unapproved new drug.

Please submit an electronic version of the FPL according to the guidance for industry titled Providing
Regulatory Submissions in Electronic Format - NDA. Alternatively, you may submit 20 paper copies
of the FPL as soon as it is available but no more than 30 days after it is printed. Individually mount 15
of the copies on heavy-weight paper or similar material. For administrative purposes, designate this
submission “FPL for approved NDA 21-673.” Approval of this submission by FDA is not required
before the labeling is used.



NDA 21-673
Page 2

Products approved under the accelerated approval regulations, 21 CFR 314.510, require further
adequate and well-controlled studies to verify and describe clinical benefit. We remind you of your
post marketing study commitments specified in your facsimile submission dated December 28, 2004.
These commitments, along with any completion dates agreed upon, are listed below.

1.

Completion of study CLO-216: This is a Phase 1/2 Dose-Escalation Study of Clofarabine Plus
Cytarabine and L-Asparaginase in Pediatric Patients with Refractory or Relapsed Acute
Lymphoblastic Leukemia, showing that an acceptable and potentially useful regimen has been
developed for study in a Phase 3 study. We expect the Phase 1 part of this study to be completed
by March 1, 2006, and the Phase 2 part of the study, assuming a tolerated regimen is found in
Phase 1, by October 1, 2006. If either the Phase 1 or 2 components fail to identify a useful and
tolerated regimen, you have agreed to promptly develop an alternative plan to verify and describe
clinical benefit.

Phase 1 Phase 2
Protocol Submission: Done Done
Study Start: June 1, 2005 June 1, 2006
Trial Completion: March 1, 2006 October 1, 2006
Final Report Submission:  June 1, 2006 (interim report) April 13, 2007

Completion of a controlled clinical study to verify and describe the clinical benefit of clofarabine
in pediatric ALL. Your proposed Phase 3 study to be possibly conducted by the COG does not
appear to have a realistic chance of showing a clinical benefit of clofarabine in children with ALL
in first relapse. Please submit a new protocol for a study to show clofarabine clinical benefit in
children with ALL within 2 months of the date of this letter. Timelines for study start, completion
and submission of the study report will also be submitted. Please request a meeting to discuss this
protocol within 30 days of receipt of this letter, so that a meeting can be scheduled to occur about
one month after receipt of the protocol.

The Division will monitor your progress closely with regard to these post marketing commitments to
ensure due diligence.

Submit final study reports to this NDA as a supplemental application. For administrative purposes, all
submissions relating to these postmarketing study commitments must be clearly designated "Subpart
H Postmarketing Study Commitments.”

All applications for new active ingredients, new dosage forms, new indications, new routes of
administration, and new dosing regimens are required to contain an assessment of the safety and

effectiveness of the product in pediatric patients unless this requirement is waived or deferred. We
note that you have fulfilled the pediatric study requirement for this application.

Immediately submit all promotional materials (both promotional labeling and advertisements) to be
used within the first 120 days after approval. Send one copy to this Division and two copies of the
promotional materials and the package insert directly to:



NDA 21-673
Page 3

Division of Drug Marketing, Advertising,
and Communications, HFD-42

Food and Drug Administration

5600 Fishers Lane

Rockville MD 20857

In addition, as required by 21 CFR 314.550, submit all subsequent promotional materials at least 30
days before the intended time of initial distribution of labeling or initial publication of the
advertisement. Send two copies of the promotional materials and the package insert to the address
above.

We have not completed validation of the regulatory methods. However, we expect your continued
cooperation to resolve any problems that may be identified.

We remind you that you must comply with the reporting requirements for an approved NDA (21 CFR
314.80 and 314.81).

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse event
reports that are received directly by the FDA. New molecular entities and important new biologics
qualify for inclusion for three years after approval. Your firm is eligible to receive copies of reports for
this product. To participate in the program, please see the enrollment instructions and program

description details at www.fda.gov/medwatch/report/mmp.htm.
If you have any questions, call Christy Cottrell, Consumer Safety Officer, at (301) 594-5761.

Sincerely,
{See appended clecironic signarure page)}

Robert Temple, M.D.

Director

Office of Drug Evaluation I

Center for Drug Evaluation and Research

Enclosure



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Robert Temple
12/28/04 04:48:55 PM
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CLOLAR™ FOR INTRAVENOUS INFUSION
(clofarabine)
DESCRIPTION

CLOLAR™ For Intravenous Infusion (CLOLAR™; clofarabine) contains clofarabine, a
purine nucleoside anti-metabolite. CLOLAR™ (1 mg/mL) is supplied in a 20 mL, single-use
vial. The 20 mL vial contains 20 mg clofarabine formulated in 20 mL unbuffered normal
saline (comprised of Water for Injection, USP, and Sodium Chloride USP). The pH range of
the solution is 4.5 to 7.5. The solution is clear and practically colorless, and free from

foreign matter.

The chemical structure of clofarabine is 2-chloro-9-(2-deoxy-2-fluoro-B-D-
arabinofuranosyl)-9H-purin-6-amine. The molecular formula of clofarabine is
CioH11CIFN5O; with a molecular weight of 303.68.

NH,
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Clofarabine
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23 December 2004, Final Revised Draft PI Page 2 of 19

CLINICAL PHARMACOLOGY

Mechanism of Action: Clofarabine is sequentially metabolized intracellularly to the 5'-
monophosphate metabolite by deoxycytidine kinase and mono- and di-phosphokinases to the
active 5'-triphosphate metabolite. Clofarabine has high affinity for the activating
phosphorylating enzyme, deoxycytidine kinase, equal to or greater than that of the natural
substrate, deoxycytidine. Clofarabine inhibits DNA synthesis by decreasing cellular
deoxynucleotide triphosphate pools through an inhibitory action on ribonucleotide reductase,
and by terminating DNA chain elongation and inhibiting repair through incorporation into
the DNA chain by competitive inhibition of DNA polymerases. The affinity of clofarabine
triphosphate for these enzymes is similar to or greater than that of deoxyadenosine
triphosphate. In preclinical models, clofarabine has demonstrated the ability to inhibit DNA
repair by incorporation into the DNA chain during the repair process. Clofarabine 5’-
triphosphate also disrupts the integrity of mitochondrial membrane, leading to the release of
the pro-apoptotic mitochondrial proteins, cytochrome C and apoptosis-inducing factor,

leading to programmed cell death.

Clofarabine is cytotoxic to rapidly proliferating and quiescent cancer cell types in vitro.

Human Pharmacokinetics: The population pharmacokinetics of CLOLAR™ were studied in
40 pediatric patients aged 2 to 19 years (21 males/19 females) with relapsed or refractory
ALL or AML. At the given 52 mg/m’ dose, similar concentrations were obtained over a
wide range of BSAs. Clofarabine was 47% bound to plasma proteins, predominantly to
albumin. Based on non-compartmental analysis, systemic clearance and volume of
distribution at steady-state were estimated to be 28.8 L/b/m? and 172 L/m’, respectively. The
terminal half-life was estimated to be 5.2 hours. No apparent difference in pharmacokinetics

was observed between patients with ALL and AML or between males and females.
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No relationship between clofarabine or clofarabine triphosphate exposure and toxicity or

response was found in this population.

Based on 24-hour urine collections in the pediatric studies, 49-60% of the dose is excreted in
the urine unchanged. In vitro studies using isolated human hepatocytes indicate very limited

metabolism (0.2%), therefore the pathways of non-renal elimination remain unknown.

Although no clinical drug-drug interaction studies have been conducted to date, on the basis
of the in vitro studies, cytochrome p450 inhibitors and inducers are unlikely to affect the
metabolism of clofarabine. The effect of clofarabine on the metabolism of cytochrome p450
substrates has not been studied. The pharmacokinetics of clofarabine have not been

evaluated in patients with renal or hepatic dysfunction.

CLINICAL STUDIES

Sixty-six (66) pediatric ALL patients were exposed to CLOLAR™, F ifty-eight (58) of the
patients received the recommended pediatric dose of CLOLAR™ 52 mg/m’ daily x 5 as an
intravenous infusion (IVI).

The safety and efficacy of CLOLAR™ were evaluated in pediatric patients with refractory or
relapsed hematologic malignancies in an open-label, dose-escalation, noncomparative study.
The starting dose of CLOLAR™ was 11.25 mg/m’/day IVI daily x 5 and escalated to 70
mg/m’/day IVI daily x 5. This dosing schedule was repeated every 2 to 6 weeks depending
on toxicity and response. Nine of 17 ALL patients were treated with CLOLAR™ 52 mg/m’
daily x 5. Inthe 17 ALL patients there were 2 complete remissions (12.5%) and 2 partial
remissions (12.5%) at varying doses. Dose-limiting toxicities (DLTs) in this study were
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reversible hyperbilirubinemia and elevated transaminase levels and skin rash, experienced at
70 mg/m’. As a result of this study, the recommended dose for subsequent study in pediatric
patients was determined to be 52 mg/mzlday for 5 days.

Single Arm Study in Pediatric ALL

A single arm study was conducted in relapsed/refractory pediatric patients with ALL at a
single dose. All patients had disease that had relapsed after and/or was refractory to two or
more prior therapies. Most patients, 46/49 (93.8%), had received 2 to 4 prior regimens and
15/49 (30.6%) of the patients had undergone at least 1 prior transplant. The median age of
the treated patients was 12 years. There were more males, 29/49 (59.2%), than females,
20/49 (40.8%). Most of the patients were either Caucasian (n=20, 40.8%) or Hispanic (n=20
40.8%), with 12.2% African-American (n=6), and 6.1% Other race (n=3). All patients
received a dose of 52 mg/m? daily x 5 IVI. There was no dose modification during the
remission induction phase of treatment (maximum of 2 cycles). Doses could be modified
(reduced/delayed) during the post-induction phase. There was no dose escalation. The
planned study endpoint was the rate of Complete Remission (CR), defined as no evidence of
circulating blasts or extramedullary disease, an M1 bone marrow (<5% blasts), and recovery
of peripheral counts (platelets > 100 x 10° L and absolute neutrophil count (ANC) > 1.0 x
10° L) and Complete Remission in the Absence of Total Platelet Recovery (CRp), defined as
meeting all criteria for CR except for recovery of platelet counts to > 100 x 10° L. Partial
Response (PR) was also determined, defined as complete disappearance of circulating blasts,
an M2 bone marrow (> 5% and < 25% blasts), and appearance of normal progenitor cells or
an M1 marrow that did not qualify for CR or CRp. Transplantation rate was not a study

endpoint.

Response rates for these studies were determined by an unblinded Independent Response

Review Panel (IRRP).
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Table 1 summarizes results for the pediatric ALL study. Responses were seen in both pre-B
and T-cell immunophenotypes of ALL. The median cumulative dose was 540 mg (range 29-
1905 mg) in 1 (42.9%), 2 (38.8%) or 3 or more (18.4%) cycles.

Table 1: Results in Pediatric ALL Study

n=49
Responses n % 95% CI
CR 6 12.2 4.6 to 24.8
CRp 4 8.2 23t019.6
PR 5 10.2 3410222

Of the 15 responding pediatric ALL patients, 6 had post-clofarabine bone marrow
transplantation, so that duration of response could not be determined. In the 9 responding
patients who were not transplanted, the response durations for CR were 43, 50, 82, 93+, and
160+ days; for CRp the response duration was 32 days; and for PR the response durations
were 7, 16, and 21 days.

INDICATIONS AND USAGE

CLOLAR™ is indicated for the treatment of pediatric patients | to 21 years old with relapsed
or refractory acute lymphoblastic leukemia after at least two prior regimens. This use is
based on the induction of complete responses. Randomized trials demonstrating increased

survival or other clinical benefit have not been conducted.
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CONTRAINDICATIONS

None

WARNINGS

CLOLAR™ should be administered under the supervision of a qualified physician
experienced in the use of antineoplastic therapy. Suppression of bone marrow function
should be anticipated. This is usually reversible and appears to be dose dependent. The use
of CLOLAR™ is likely to increase the risk of infection, including severe sepsis, as a result of
bone marrow suppression. Administration of CLOLAR™ results in a rapid reduction in
peripheral leukemia cells. For this reason, patients undergoing treatment with CLOLAR™
should be evaluated and monitored for signs and symptoms of tumor lysis syndrome, as well
as signs and symptoms of cytokine release (eg, tachypnea, tachycardia, hypotension,
pulmonary edema) that could develop into systemic inflammatory response syndrome
(SIRS)/capillary leak syndrome, and organ dysfunction, Physicians are encouraged to give
continuous IV fluids throughout the five days of CLOLAR™ administration to reduce the
effects of fumor lysis and other adverse events. Allopurinol should be administered if
hyperuricemia is expected. CLOLAR™ should be discontinued immediately in the event of
clinically significant signs or symptoms of SIRS or capillary leak syndrome, either of which
can be fatal, and use of steroids, diuretics, and albumin considered. CLOLAR™ can be re-

instituted when the patient is stable, generally at a lower dose.

Severe bone marrow suppression, including neutropenia, anemia, and thrombocytopenia, has
been observed in patients treated with CLOLAR™. At initiation of treatment, most patients
in the clinical studies had hematological impairment as a manifestation of leukemia. Because
of the pre-existing immunocompromised condition of these patients and prolonged

neutropenia that can result from treatment with CLOLAR™, patients are at increased risk for
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severe opportunistic infections. Careful hematological monitoring during therapy is

important, and hepatic and renal function should be assessed prior to and during treatment
with CLOLAR™ because of CLOLAR™’s predominantly renal excretion and because the
liver is a target organ for CLOLAR™ toxicity. The respiratory status and blood pressure

should be closely monitored during infusion of CLOLAR™.

Hepatic and Renal Impairment

CLOLAR™ has not been studied in patients with hepatic or renal dysfunction. Its use in

such patients should be undertaken only with the greatest caution.

Pregnancy — Teratogenic Effects: Pregnancy Category D

CLOLAR™ (clofarabine) may cause fetal harm when administered to a pregnant woman.
Clofarabine was teratogenic in rats and rabbits. Developmental toxicity (reduced fetal body
weight and increased post-implantation loss) and increased incidences of malformations and
variations (gross external, soft tissue, skeletal and retarded ossification) were observed in rats
receiving 54 mg/mz/day (approximately equivalent to the recommended clinical dose on a
mg/m? basis), and in rabbits receiving 12 mg/m%/day (approximately 23% of the

recommended clinical dose on a mg/m? basis).

There are no adequate and well-controlled studies in pregnant women using clofarabine. If
this drug is used during pregnancy, or if the patient becomes pregnant while taking this drug,
the patient should be apprised of the potential hazard to the fetus.

Women of childbearing potential should be advised to avoid becoming pregnant while

receiving treatment with clofarabine.
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PRECAUTIONS
Information for Patients and Caregivers

Physicians are advised to discuss the following with patients to whom CLOLAR™ will be

administered and patient caregivers, as appropriate.

Dehydration/Hypotension

Patients receiving CLOLAR™ may experience vomiting and diarrhea; they should therefore
be advised regarding appropriate measures to avoid dehydration. Patients should be
instructed to seek medical advice if they experience symptoms of dizziness, lightheadedness,
fainting spells, or decreased urine output. CLOLAR™ administration should be stopped if
the patient develops hypotension for any reason during the 5 days of administration. If
hypotension is transient and resolves without pharmacological intervention, CLOLAR™

treatment can be re-instituted, generally at a lower dose.

Concomitant Medications

Since CLOLAR™ is excreted primarily by the kidneys, drugs with known renal toxicity
should be avoided during the 5 days of CLOLAR™ administration. In addition, since the
liver is a known target organ for CLOLAR™ toxicity, concomitant use of medications known
to induce hepatic toxicity should also be avoided. Patients taking medications known to
affect blood pressure or cardiac function should be closely monitored during administration

of CLOLAR™.
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Pregnancy/Nursing

All patients should be advised to use effective contraceptive measures to prevent pregnancy.

Female patients should be advised to avoid breast feeding during treatment with CLOLAR™.

Laboratory Tests

Complete blood counts and platelet counts should be obtained at regular intervals during
CLOLAR™ therapy, and more frequently in patients who develop cytopenias. In addition
liver and kidney function should be monitored frequently during the 5 days of CLOLAR™

administration.

Drug Interactions

Although no clinical drug-drug interaction studies have been conducted to date, on the basis
of the in vitro studies, cytochrome p450 inhibitors and inducers are unlikely to affect the
metabolism of clofarabine. The effect of clofarabine on the metabolism of cytochrome p450

substrates has not been studied.

Drug/Laboratory Tests Interactions

There are no known clinically significant interactions of CLOLAR™ with other medications

or laboratory tests. No formal drug/laboratory test interaction studies have been conducted

with CLOLAR™.
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Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenesis

Clofarabine has not been tested for carcinogenic potential.

Mutagenesis

Clofarabine showed clastogenic activity in the in vitro mammalian cell chromosome
aberration assay (CHO cells) and in the in vivo rat micronucleus assay. It did not show

evidence of mutagenic activity in the bacterial mutation assay (Ames test).

Impairment of Fertility

Studies in mice, rats, and dogs have demonstrated dose-related adverse effects on male
reproductive organs. Seminiferous tubule and testicular degeneration and atrophy were
reported in male mice receiving IP doses of 3 mg/kg/day (9 mg/mzlday, approximately 17%
of clinical recommended dose on a mg/m” basis). The testes of rats receiving 25 mg/kg/day
(150 mg/m*/day, approximately 3 times the recommended clinical dose on a mg/m’ basis) in
a 6-month IV study had bilateral degeneration of the seminiferous epithelium with retained
spermatids and atrophy of interstitial cells. In a 6-month IV dog study, cell degeneration of
the epididymis and degeneration of the seminiferous epithelium in the testes were observed
in dogs receiving 0.375 mg/kg/day (7.5 mg/m”/day, approximately 14% of the clinical
recommended dose on a mg/m’ basis). Ovarian atrophy or degeneration and uterine mucosal
apoptosis were observed in female mice at 75 mg/kg/day (225 mg/m?/day, approximately

4 fold of recommended human dose on a mg/m” basis), the only dose administered to female

mice. The effect on human fertility is unknown.
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Pregnancy
Teratogenic Effects: Pregnancy Category D

See WARNINGS.

Nursing Mothers

It is not known whether clofarabine or its metabolites are excreted in human milk. Because
of the potential for tumorigenicity shown for clofarabine in animal studies and the potential

for serious adverse reactions, women treated with clofarabine should not nurse.

Other Special Population: Adults

Safety and efficacy have not been established in adults. One study was performed in highly
refractory and/or relapsed adult patients with hematologic malignancies. The Phase 2 dose of
CLOLAR™ was determined to be 40 mg/m*/day administered as a 1- to 2-hour IVI daily x 5
every 28 days.

ADVERSE REACTIONS

One hundred thirteen (113) pediatric patients with ALL (67) or AML (46) were exposed to
CLOLAR™. Ninety six (96) of the pediatric patients treated in clinical trials received the
recommended dose of CLOLAR™ 52 mg/m’ daily x 5.

The most common adverse effects after CLOLAR™ treatment, regardless of causality, were

gastrointestinal tract symptoms, including vomiting, nausea, and diarrhea; hematologic
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effects, including anemia, leukopenia, thrombocytopenia, neutropenia, and febrile

neutropenia; and infection.

Table 2 lists adverse events by System Organ Class regardless of causality, including severe
or life threatening events (NCI CTC grade 3 or grade 4), reported in >10% of the 96 patients
in the 52 mg/m%/day dose group. More detailed information and follow-up of certain events

is given below.
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Table 2: Most Commonly Reported (><10% Overall) Adverse Events
by System Organ Class (N=96)

52 mg/m* (N=96

System Organ Class Total Grade 3 Grade 4

Adverse Event! N | % n | % n l %
Blood and Lymphatic System Disorders

Febrile neutropenia 55 57 51 53 3 3

Neufropenia 10] 10 3 3 7 7

Transfusion reaction 10 ] 10 3 3 .
Cardiac Disorders

Tachycardia NOS [33] 3¢ [ 66 [ . ]
Gastrointestinal Disorders

Abdominal pain NOS 351 36 7 7

Constipation 20| 21 . .

Diarrhea NOS 51 ] 53 10 10 . .

Gingival bleeding 141 15 7 7 1 1

Nausea 721 75 14 15 1 1

Sore throat NOS 13 14 . . . .

Vomiting NOS 80 | 83 8 8 1 1
General Disorders and Administration Site Conditions

Edema NOS 191 20 1 1 2 2

Fatigue 35| 36 3 3 1

Injection site pain 13 14 .

Lethargy 111 11 . .

Mucosal inflammation NOS : 17 1 18 k] 3 . .

Pain NOS 181 19 6 6 1 ] 1

Pyrexia 391 4 15 16

Rigors 36 | 38 3 3
Hepato-Biliary Disorders

Hepatomegaly 14 15 8 8§

Jaundice NOS 14 ] 15 2 2
Infections and Infestations

Bacteremia 10 [ 10 10 10

Cellulitis 11 11 9 9

Herpes simplex 11 11 6 6

Oral candidiasis 121 13 2 2

Pneumonia NOS 101 10 5 5

Sepsis NOS 141 15 7 7 7 7

Staphylococcal infection NOS 12 13 10 10
Investigations

Weight decreased fwlw [T T T
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Table 2: Most Commonly Reported (>=10% Overall) Adverse Events by
System Organ Class (N=96) (continued)
52 mg/m? (N=96)
System Organ Class Total Grade 3 Grade 4
Adverse Event! n I % n [ % n I %
Metabolism and Nutrition Disorders
Anorexia 30 | 31 5 5 7 7
Appetite decreased NOS 11 ] 11
Musculoskeletal, Connective Tissue and Bone Disorders
Arthralgia 11] 11 3 3
Back pain 12 | 13 3 k]
Myalgia 131 14 . .
Pain in limb 281 29 5 5
Nervous System Disorders
Dizziness (exc vertigo) 15 16 . .
Headache NOS 44 | 46 4 4
Somnolence 10| 10 1 1
Tremor NEC 101 10
Psychiatric Disorders
Anxiety NEC 21| 22 2 2
Depression NEC 1] 11 1 1
Irritability ‘ 111 11 1 1
Renal and Urinary Disorders
Hematuria [16] 17 [ 2] 2T .7
Respiratory, Thoracic and Mediastinal Disorders
Cough 18] 19 . . . .
Dyspnea NOS 12 ] 13 4 4 2 2
Epistaxis 30] 31 14 | 15 . .
Pleural effusion 10] 10 3 3 2 2
Respiratory distress 131 14 6 6 5 5
Skin and Subcutaneous Tissue Disorders
Contusion 111 11
Dermatitis NOS 39 41 7 7
Dry skin 10] 10 1 1
Erythema NEC 171 18 . .
Palmar-plantar erythrodysesthesia syndrome 121 13 4 4
Petechiae 28 1 29 7 7
Pruritus NOS 45 | 47
Vascular Disorders
Flushing 171 18 . .
Hypertension NOS 1] 11 4 4 . .
Hypotension NOS 281 29 |12 13 7 7

' Patients with more than one occurrence of the same preferred term are counted only once.
Grade 4 includes deaths (Grade 5).
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Cardiovascular

The most frequently reported cardiac disorder was tachycardia (34%), which was however,
already present in 27.4% of patients at study entry. Most of the cardiac adverse events were

reported in the first 2 cycles.

Pericardial effusion was a frequent finding in these patients on post-treatment studies, [19/55

(35%)]. The effusion was almost always minimal to small and in no cases had hemodynamic

significance.

Left ventricular systolic dysfunction (LVSD) was also noted. Fifteen out of fifty-five
patients [15/55 (27%)] had some evidence of LVSD after study entry. In most cases where
subsequent follow-up data were available, the LVSD appeared to be transient. The exact

etiology for the LVSD is unclear because of previous therapy or serious concurrent illness.

Hepatic

Hepato-biliary toxicities were frequently observed in pediatric patients during treatment with
CLOLAR™. Grade 3 or 4 elevated AST occurred in 38% of patients and grade 3 or 4
elevated ALT occurred in 44% of patients. Grade 3 or 4 elevated bilirubin occurred in 15%

of patients, with 2 cases of grade 4 hyperbilirubinemia resulting in treatment discontinuation.

For patients with follow-up data, elevations in AST and ALT were transient and typically of
<2 weeks duration. The majority of AST and ALT elevations occurred within 1 week of
CLOLAR™ administration and returned to baseline or < grade 2 within several days.

Although less common, elevations in bilirubin appeared to be more persistent. Where
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follow-up data are available, the median time to recovery from grade 3 and grade 4

elevations in bilirubin to < grade 2 was 6 days.

Infection

At baseline 47% of the patients had 1 or more concurrent infections. A total of 85% of
patients experienced at least 1 infection after CLOLAR™ treatment, including fungal, viral

and bacterial infections.

Renal

The most prevalent renal toxicity was elevated creatinine. Grade 3 or 4 elevated creatinine
occurred in 6% of patients. Nephrotoxic medications, tumor lysis, and tumor lysis with

hyperuricemia may contribute to renal toxicity.

Systemic Inflammatory Response Syndrome (SIRS)/Capillary Leak Syndrome

Capillary leak syndrome or SIRS (signs and symptoms of cytokine release, e.g., tachypnea,
tachycardia, hypotension, pulmonary edema) occurred in 4 pediatric patients overall (3 ALL,
1 AML). Several patients developed rapid onset of respiratory distress, hypotension,
capillary leak (pleural and pericardial effusions), and multi-organ failure. Close monitoring
for this syndrome and early intervention are recommended. The use of prophylactic steroids
(eg, 100 mg/m’ hydrocortisone on Days 1 through 3) may be of benefit in preventing signs or
symptoms of SIRS or capillary leak. Physicians should be alert to early indications of this
syndrome and should immediately discontinue CLOLAR™ administration if they occur and
provide appropriate supportive measures. After the patient is stabilized and organ function

has returned to baseline, re-treatment with CLOLAR™ can be considered at a lower dose.
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Overdosage

There were no known overdoses of CLOLAR™. The highest daily dose administered to a
human to date (on a mg/m” basis) has been 70 mg/m¥day x 5 days (2 pediatric ALL
patients). The toxicities included in these 2 patients included grade 4 hyperbilirubinemia,
grade 2 and 3 vomiting, and grade 3 maculopapular rash.

DOSAGE AND ADMINISTRATION
Recommended Dose

CLOLAR™ should be diluted per instructions below with 5% dextrose injection, USP or
0.9% sodium chloride injection, USP prior to intravenous infusion (IVI).

The recommended pediatric dose and schedule is 52 mg/m” administered by intravenous
infusion (IVI) over 2 hours daily for § consecutive days. Treatment cycles are repeated
following recovery or return to baseline organ function, approximately every 2 to 6 weeks.
The dosage is based on the patient’s body surface area (BSA), calculated using the actual
height and weight before the start of each cycle. To prevent drug incompatibilities, no other

medications should be administered through the same intravenous line.

CLOLAR™ has not been studied in patients with hepatic or renal dysfunction. Its use in
such patients should be undertaken only with the greatest caution.

Physicians are encouraged to give continuous IV fluids throughout the 5 days of CLOLAR™
administration to reduce the effects of tumor lysis and other adverse events. The use of

prophylactic steroids (e.g., 100 mg/m’ hydrocortisone on Days 1 through 3) may be of
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benefit in preventing signs or symptoms of SIRS or capillary leak (e.g., hypotension). If
patients show early signs or symptoms of SIRS or capillary leak (e.g., hypotension), the
physician should immediately discontinue CLOLAR™ administration and provide
appropriate supportive measures. Close monitoring of renal and hepatic function during the
5 days of CLOLAR™ administration is advised. If substantial increases in creatinine or
bilirubin are noted, physicians should immediately discontinue administration of
CLOLAR™. CLOLAR™ should be re-instituted when the patient is stable and organ
function has returned to baseline, possibly at a lower dose. If hyperuricemia is anticipated

(tumor lysis), patients should prophylactically receive allopurinol.

STORAGE AND HANDLING

Vials containing undiluted CLOLAR™ should be stored at 25°C (77°F); excursions permitted
to 15-30°C (59-86°F).

CLOLAR™ should be filtered through a sterile 0.2 pm syringe filter and then further diluted
with 5% dextrose injection USP or 0.9% sodium chloride injection USP prior to intravenous
infusion (IVI). The resulting admixture may be stored at room temperature, but must be used

within 24 hours of preparation.

HOW SUPPLIED

CLOLAR™ is formulated at a concentration of 1 mg/mL in sodium chloride (9 mg/mL),
USP, and water for injection, USP, quantity sufficient (gs) to 1 mL. CLOLAR™ is supplied
in 20 mL flint vials in a box of 4 (NDC 58468-0100-2). The 20 mL flint vials contain 20 mL
(20 mg) of solution. The pH range of the solution is 4.5 to 7.5. The solution is clear and

practically colorless, is preservative free, and is free from foreign matter.
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2-HALO-2'-FLUORO ARA ADENOSINES AS
ANTINOPLASTIC AGENTS

The application is a continuation of application Sex. No.
07/693.646, filed May. 10, 1991, now U.S. Pat. No. 5384,
310 which is a continuation-in-part of application Ser. No.
07355358, filed May 23, 1989now U.S. Pat. No. 5,034,518,

The research leading to the discovery of the present
invention was funded, in part, by funds from the United
Stated Department of Health and Human Services.
Accordingly, the United States government has certain statu-
tory rights to the present invention under 37 USC 200 et seq,

The development of effective anticancer agents is a
complex problem for a number of reasons, but primarily

because of the lack of an identifiable, exploitable biochemi- 1

cal difference between normal and malignant tumor cells, be
they of animal or human origin,

The simplest and most used strategy for the discovery of
new anticancer agents is by empirical search, which has
been most successful in identifying useful antitumor anti-
biotics. The search far lead compounds among synthetics is
somewhat different, since few clinically useful agents have
resnlted from strictly random screening, which in fact is not
a truly random search since it reflects the status of organic
chemistry and, largely, what synthetic chemists have found
of interest for whatever reason. In fact, most synthetics
found to have clinical activity were screened for a reason. A
prime example is one of the first clinically useful agents,
nitrogen mustard, which was tested because of its effects on
the blood elements discovered in the chemical warfare
program. Regardless of the method of discovery, anticancer
agents can be classified in five broad groupings:

A. Antimetabolites

Glutamine antagonists

Inhibitars of dihydrofolic reductase
Purine and pyrimidine analogs

Nucleoside diphosphate inhibitors

B. Nucleic acid complexors

Actinomycins

Anthracyclines

Bleomycins

Mitomycins

Mithramycin

Neocarcinostatin

Anthramycins

C. Chemically reactive compounds

Nitrogen mustards

Aziridines

Sulfonates

Triazenes

Nitrosoureas

Procarbazine

cis-Platisum

D. Mitotic inhibitors

Vinca alkaloids

Podophyllum derivatives

E. Hormooes

Estrogens

Androgeas

Progestogens

Glucocorticaids

Miscellaneous synthetics
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From these groupings, it is clear that anticancer agents
with proven utility interfere one way or another with cell
division and, since cancer cells must divide or eventually
die, they are cytotoxic agents with some degree of specificity
for neoplastic cells. Thus it would seem logical that the
search for new lead compounds should focus on new struc-
tural types that will also interfere with one or another of the
processes of cell division. The most approachable of these is
the design of enzyme inhibitors. There are at least 85
enzymatic reactions invelved in the de novo synthesis of
purine and pyrimidine nucleatides, in their interconversion,
in their polymerization to nudeic acids, and in the so called
salvage pathways. Of these 85 enzymes, approximately 14
are known to be inhibited by metabolic analogs ar anabolites
thereof. These inhibitions are thought to be responsible for,
oratleastconuibumw,mcmdcaneaacﬂvityofmesc
compoands.

Two such compounds are the arabinofuranosyl
nucleosides, 9-B-D-arabinofuranosyladenine and 1- b—D—
arabinofuranosylcytosine, of the formula:

o B

OH

RO

OH

wherein B is adenine or cytosine, have well-known antiviral
(B=adenine) and anticancer (B=cytosine) activity. In
addition, other arabinofuranosyl nuclecsides with
2-substituents other than hydroxyl have also exhibited use-
ful biclogical effects. All of these nucleosides require acti-
vation (phospharylation) to be effective, and generally this
1sanoomplishedbydufmmenzymesmnthccomspond-
ing ribofuranosyl oucleosides.

In addition, a number of 2'-substituted-9-1f-D-
arabinofuranosyl-2-haloadenines [see J. Med. Chem. 31:405
(1988), and J. Med. Chem. 29:2389 (1986)] have also been
developed along this general design. 9-B-D-
arabinofuranosyl-2-fluoroadenine monophosphate is, far
example, i8 a drg of cheice against chronic lymphocytic
leukemia; and 2-chloro-2'deoxyadenosine has shown some
promise in a phase I trial against T-cell neoplasms and in
phase IT trials against chromic lymphocytic lenkemia of
B-cell origin that is refractory to conventional therapy, and
against heiry-cell leukemia. However, the search for better
and mare effective, anticancer compounds continues.

‘Thus, in accordance with the present invention it has now
been found that the incorporation of a 2-halo substituent
onto the purine ring of these priar compounds significantly
alters the metabolism of adenine nucleosides, specifically by
reducing the ability of the compound to serve as a substrate
for adenosine deaminase; that substituting a fluorine in the
arabino configuration at C-2' makes these derivatives highly
resistant to phosphorolytic cleavage; and that the combina-
tion of these two changes in the same molecule provide
cnhanced biological and anti cancer activity of the resulting
compound.

The preseat invention relates to a family of novel nucleo-

side compounds, and pharmaceutically acceptable salts
thereof, represented by the general formula:
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NHy
Nﬁ)s
N
ANy A
R 0
F

OR

in which R, which may be the same ar different, is a
hydrogen or acyl protecting group such as an alkanoyl
protecting or blocking group such as benzoyl, and wherein
Z is a halogen of the group B, Cl, and Br. In accordance with
one aspect of the present invention, where R is acyl, the
nucleoside compound acts as a prodrug in prolonging the in
vivo life of the compound.

More specifically, the most preferred compounds of the
present invention are those of formula:

e

HO
P

OH

wherein Y is F, C1 or Bt, or the pharmaceutically acceptable
salts thereof.

This and other aspects of the present invention will
become clearer in the following discussion and description,
both provided for purposes of clarification and not limitation
as to the scope of the present invention.

In its broadest description, 2'-substituted purine arabino-
nucleosides are prepared from 2-haloadenosines via their
3',5'-O-(tetraisopropyldisiloxane-2'-0-trifiate derivatives
according to the process discussed in J. Med. Chem. 31:405
(1988). Since this prior approaches failed to provide the
2'-flucroarabinonucleosides in reasonable yields, these com-
pounds had to be prepared by reaction of the appropriately
blocked 2'-fiuoro sugar (compound 1) with 2,6-
dichlaropurine followed by modification of the purine [see
J. Med. Chem. 29:2389 (1986)).

Aot

! 2
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-continued

X
N
0 ‘<" NJ\Y
F

3

R0

RO
NH;
o
no/\<—0\7/N N ¢J\1'
X r

)X = Y=Bs,Ri= Ac, Ry=n B2
b)X=NHy, Y=Br, Ry=R;=H

)X=Y=CLR,=4Az R, =Bz
&X=NH, Y=CLR, =R, =H
©)X=Y=NH, R, =As, R;=Bz
)X=NH,Y=F R, =Ac,R,=Bz
§)X=NH,Y=FR,=R,=H
BX=NH,Y=FR,=HR, =Bz

a)R=Bz
b)R=H

The same sequence was also applied to 2,6-
dibromopurine (compound 2) for the preparation of the
2-bromoadenine nucleoside. The blocked 2'-fluaro sugar
was condensed with 2,6-dibromopurine in refluxing 1.2-
dichloroethane in the presence of 4A molecular sieves, The
anomeric configuration and substitution positions far com-
pourd 3a were confirmed by H NMR comparisons with
compound 3c. Animation and deprotection of compound 3a
ar 3c done in ethanolic ammonia yielded a mixture of the
desired product and the 5™-benzoyl protected compound.
This residual blocking group may be removed if desired by
treating the mixture with LiOH in MeCN—H,0 to give
either compound 3b ar 3d

Non-aqueons diazotization of compound 3¢ with tert-
butylnitrite in 60% hydrogen flvoride/pyridine at —20° C.
produced the 2-fluoro compound 3f. Deacylation of com-
pound 3f was accomplished with LiOH in MeCN—H,0,
allowing areasonable yield of compound 3g, free of any side
products.

In order to preparc the didcoxy compound 4b, the
3'-acetyl of compound 3f was first selectively removed with
NaHCO, in MeOH. The resulting product, compound 3h,
was then treated with thiocarbonyldiimidazole followed by
reduction with tri-o-butyltin hydride to give compound 4a.
The 5-benzoyl protecting group of campound 4a was then
removed with LiOH to produce compound 4b.

The following examples, given far purposes of clarity in
mare fully demonstrating the methods by which the com-
pounds of the present invention may be prepared. are
provided. However, these examples are not meant to be
limiting in any manner, and modifications and adaptions
may be made to provide other routes, which are to be
considered to be within the scope of the present invention,
for the synthesis of the desired compounds.
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EXAMPLE

2,6-Dibromo-9-(3-0-acetyl-5-O-beazoyl-2-deoxy-2-
fluoro-f-D-arabinofuranosyl)-9H-puriae *

(compound 3a)

A solution of 3-acetyl-5-benzoyl-2-deoxy-2-
fluoroarabinofuranosylbromide (33.2 mmol) in 400 mL of
dry dichlorocthane was stirred for 10 min with 4A molecular
sleves (250 mL) before the addition of (93 g. 33.5 mmol)
2.6-dibromopurine. The mixture was vigorously stirmed with
an overhead stirrer and placed in a preheated 100° C. ofl
bath. Heating was continued for 32 h until all the bromo-
sugar was consumed. (TLC 2:1 cyclohexane-ethyl acetate,
using 4-(4-nitrobenzyl) pyridine spray for detection.) After
the mixture had cooled to room temperature, it was filtered
through Celite. The solids were washed with dichloroethane,
and the combined filtrates were evaporated to dryness in
vacuo. The residuc (16.5 g) was a mixture of three nucleo-
sides which were separated by flash
g of silica gel (230-400 mesh) using 2:1 cyclohexane-ethyl
acetate as the eluting solvent. By combining pure fractions,
the desired compound was obtained as a glass 3.64 g
(19.7%) which was chromatographically homogeneous but
would not crystallize. A second column run on impure
fractions gave 2.21 g (11.9%) more pure product for a total
yield of 31.6%.

EXAMPLE I

2-Bmmo—9—(2—deoxy-2—ﬂuao-ﬂ-D-
arabinofuranosyl)-9H-purin-6-amine

(compound 3b)

A solution of the example I product (5.84 g, 10.5 mmol)
in 400 mL of cthanolic ammonia (saturated at (° C.) was
sealed in a glass-lined stainless steel bomb and left at room
temperature for 3 days. The solution was evaporated to
dryness and evaporated with cthanol to remove ammonia,
The residue, containing the desired product and 5'-benzoyl
compound, was dissolved in 440 mL of acetonitrile and 120
mL of water. Lithium hydroxide monohydrate (381 mg, 21
mmol) was added, and the solution was stirred for 16 b at
room temperature. Thin-layer chromatography (5:1
CHCL,—MeOH) indicated complete reaction. The chilled
solution was carefully nentralized with glacial acetic acid
and evaporated to dryness. The white solid residue was
recrystallized from water. The product was dried in vacuo at
room temperature at 100° C. for 2 h: 2.15 g (59.2%); Mp
209-210° C.

EXAMPLE IT

2-Chloro-9(2-deoxy-2-fluaro-B-D-
arabinofuranosyl)-2.0 9H-purin-6-amine

(compound 3d)

A solution of the compound 3¢ [see J. Med. Chem.
29:2389 (1986)) (5.1 g. 10.9 mmot) in cthanol saturated (0°
C.) with anhydrous ammonia (100 mL) was placed in a
glass-lined stainless steel bomb and left at room temperature
for three days. Thin layer chromatography (2:1
cyclohexane-ethyl acetate and 5:1 CHCl;~~MeOH) indi-
cated the absence of starting material. However, two major
products were present: the desired compound and its
§'-benzoy] analog. The solution was evaporated to dryness
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and co-evaporated with acetonitrile. The residue was dis-
solved in acetonitrile (100 mL) and diluted with water (60
mL) befare the addition of lithium hydroxide monehydrate
(915 mg, 21.8 mmol). The sclution was stirred at room
temperature for 3 h, at which time thin layer chromatogra-
phy (5:1 CHQL,: —MeOH) indicated the reaction had gone to
completion. 'l‘he salution was cooled, nentralized with acetic
acld, and evaporated to dryncss. Three recrystallizations
from water gave the pure compound: 1.4 g (42.3%); Mp
°-226° C.
EXAMPLE IV
2-Fluoro-9-(3-O-acetyl-5-0-benzoyl-2-deoxy-2-
fluoro-B-arabinofuranosyl)-9H-purin -6-amine

(compound 3f)

Diamino compound 3e [see J. Med. Chem. 29:2389
(1986)] (700 mg, 1.63 mmol) was dissolved in 3:2
HF-pyridine (15 mL) at -25° C. and treated with tert-
butylnitrite (271 pL, 2.28 mmol). After 1 h at —20° C., the
reaction was incomplete as indicated by thin layer chroma-
tography. Additional tert-butylnitrite (70 pL, 0.59 mmol)
was added, and the reaction was held at =20° C. for an
additional 2 h. The cold reaction solution was added drop-
wise to saturated aquecus NaHCO, (11) contzining ice. The
foarning mixture was stirred vigorously for 20 min, then
diluted with CHCl, (300 mL). The sclution was allowed to
layer, and the layers were separated, and the aqueous layer
was extracted with additional CHCl; (2x175 mL). The
combined organic extracts were washed with water (3x175
mL), dded (over MgSO,), and evaporated to dryness. The
resulting residue, in CHCl,, was applied to a flash column
containing 50 g of silica gel (230-400 mesh) with CHCl, as
eluant. Fractions were combined to give essentially pure
product (500 mg, 70%). Crystallization of a small sample
from BtOH gave pure product: Mp 208°-209° C.

EXAMPLE V

2-Fluoro-9-(2-deoxy-2-fluaro-B-D-arabinofuranosyl)
' -9H-purin-6-amine

(compound 3g)

A suspension of the example IV product (430 mg, 0.99
mmol) in 1:1 MeCN—H,0 (40 mL) was treated in one
portion with solid lithium hydroxide monohydrate (125 mg,
2.97 mmol). The reaction became a clear solution afier being
stirred at room temperature for 20 min. A 3 h thin layer
chromatography aliquot showed the déblocking to be com-
plete. Glacial acetic acid (57 L) was added, and the solution
was evaporated until a white solid was deposited. After
being chilled, the solid was collected, washed with cold
water, and dried in vacuo at room temperature to give a
crude solid (252 mg). This solid was dissolved in 40 mL of
water and applied to a water-equilibrated SM-4 Bio-Bead
columa (1.5x32 cm). After initial elution with water, the
product was eluted with a step-wise gradient, 5%—20%
BtOH in water. The residue from the combined evaparated
column fractions was crystallized from 25 mL of boiling
water with charcoal treatment, and dried in vacuo at 56° C.
for 16 h to yicld a pure product: 178 mg (59%); Mp
207-209° C.

EXAMFLE VI
2-Fluoro-9-(5-0-benzoyl-2-deoxy-2-fluoro-$-D-
arabinofuranosyi)-9H-purin-6-amine
(compound 3h)

A suspension of the example IV product (312 mg, 0.72
mmol) in MeOH (25 mL) at 10° C. was treated with solid
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NaHCO, (181 mg, 2.16 mmol). After being stirred at room
temperature for 2.5 h, the reaction was quenched by the
addition of glacial acetic acid (170 pL) and evaporated to
dryness. This residue in hot BtOH was applied to two silica
gel thick plates (Analtech, GF, 2000 pm) and subsequently
developed in 9:1 CHCl,—~MeOH. The product was
extracted with hot BtOH and evaporated to dryness to give
essentially pure product: 208 mg (74%).

EXAMPLE VII

2-Fluoro-9-(5-0O-benzoyl-2 3-dideoxy-2-flucro-8-p-
arabinofuranosyl)-9H-purin-6-amine

(compound 4a)

191 mg (0.49 mmol) of the compound made in accor-
dance with example VI was dissolved in dry acetonitrile (20
mL) at 45° C., and then treated with 1,1'-
thiocarbonyldiimidazole (339 mg, 1.7 mmol). The resulting
cloudy yellow solution was stirred under N, at 45° C. for 24
b at which time thin layer chromatography analysis (BtOAc)
showed ope major product. The reaction was evaporated to
dryness, and the residoc was dissolved in dry toluene (15
mL). Treatment with AIBN (13.7 mg, 0.08 mmol) and
tri-n-butyltin hydride (1.3 mL, 4.7 mmol) produced a yellow
mixture that was placed directly in a 120° C. bath. A clear
solution was observed after a 5 min reflux, and at 1 h the
reaction was complete as indicated by thin layer chroma-
tography. The solvent was then removed in vacuo, and the
resulting syrup was coevaparated once with EtOH. Tritura-
tion of this residue with petroleum ether (50 mL) produced
a white solid that was collected and washed with fresh
solvent to give 214 mg of crude solid. This material in hot
EtOH was applied to two Analtech (GF, 2000 jun) layer
plates. After three developments in 9:1 CHCl,—MeOH, the
product band was extracted with boiling EtOH. The residue
from evaporation of the cambined extracts was crystallized
from boiling EtOH to yield sufficiently pure product 160 mg
(87%); Mp 215°-217° C. Without any further purification,
this material was used in the deprotection step of example
VIL

Example VIII

2-Fluoro-9-(2-3-dideoxy-2-fluoro-B-D-
arabinofuranosyl)-9H-purin-6-amine

(compound 4b)

A suspension of the example VII compound (135 mg, 0.36
mmol) in 3:1 MeCN-H,0 was treated in one portion at room
temperature with solid LiOH-H,0 (38 mg, 0.9 mmal). The
stirred mixture became a clear solution after Y%:h. At 7 h an
aliquot examined by TLC (5:1 CHCl;—MeOH) showed the
absence of the example VII compound. Glacial acetic acid
(35 pL) was added, and the reaction was evaporated to
dryness. This residue in hot acetonitrile was applied to one
silica gel thick plate (Analtech, GF, 2000 um). After the plate
was developed three times in 5:1 CHCl,—MeOH, the
product band was extracted with boiling MeCN. Evapora-
tion of this extract gave slightly impure material that was
chromatographed as above on three prep plates (Analtech,
GF. 1000 pm). The resulting residue was crystallized from
boiling H,0 (25 mL) containing EtOH (0.5 mL). After being
chilled. the white solid was collected, washed with cold H,0
and dried in vacuo at 56° C. for 16 h to give pure product,
71 mg (73%); Mp 249°-250° C.

In contrast to the previously reported 2'-substituted 9-§-
D-arabinofuranosyl-2-haloadenines, the 2'-fluoro com-
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pounds were quite cytotoxic to three human cell lines,
H.Ep.-2, CCRF-CEM, and K562, and the murine lnkemia
line, L1210. They, in fact, are significantly more cytotoxic

.than the corresponding 9-B-D-arabinofuraposyl-2-

haloadenines, resembling more closely the 2'-deoxy-2-
halodenosines (see Table 1).

Obviously, to be useful as anticancer agents, the nucleo-
sides of the present invention must show the ability to kill
cells in vitro. The results in Table 1, indicating the concen-
tration required to inhibit cell proliferation to 50% of
untreated controls, show that these oucleosides can, at
reasonable concentrations, kill cells. One cell line (L1210) is
a murine lukemia, whereas the other three are human
neoplasms. Based on many years of experience, we belleve
that compounds that do not require activation by the liver
must have an ICq, of about 1-10 pM or less to show useful
activity in the in vivo animal models—and in man. Many
peaple today emphasize the impartance of toxicity to human
cell Hnes.

TABLE1
28 of 2.Hsloadenine Nucleosides
NH ]
N ﬁ}‘»
N
{k N N
HO 0
X
OH
Compovnd HEp-2 L1210 CCRF-CEM K562
whenY=F
X=0H 9 3 04 015
X=H 02 09 0.2
X=F 034 038 Q.14 03
whea ¥ = Cl
X=COH 3 <3 10
X=H 003 007 0003
X=F 0.012 [¢hc) 005 0003
whea Y = Br
X=OH 4 3
X=H 0.02 09 002
X=F 0.2 026 002 005

The data in Table I (given in UM amounts) clearly
establishes the ability of the compounds according to the
present inveation to kill neoplastic cefls.

Subsequently, the phospharolysis of these compounds
were compared by E. coli purine nucleoside phosphorylase.
The arabino and 2'-deoxyribonucleosides are rapidly
cleaved by this enzyme, whereas the arabino aucleosides
substituted at 2' by Cl, N,, or NH, are almost completely
resistant. The 2'-flusro compounds are less resistant to
cleavage, being cleaved at roughly one-third the rate of the
arabino and 2'-deoxynucleosides. This reduction in cleavage
rale may be acceptable for phanmaceutical purposes as
phosphorylation in mammalian cells is quite rapid.

More specifically, an enzyme reaction mixture consisting
of 0.5 mM nucleoside substrate, 50 mM pH 8.0 phosphate
buffer and purine nucleoside phospharylase in a final vol-
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ume of 1.0 mL was allowed to incubate for 30, 60, 120, 180
and 240 minutes, and the amounts of nucleoside and sub-
strate remaining were determined by HPLC. The results of
this experiment are tabulated in the following Table IL.

TABLE 11
Phosborolssia of Nucleorid
Compound " %Claavage
3 43
i 3
i 10
2-finoro-9-f-D-anbincfurancsyladening 9
2-chloro-2'-deoxyadencsine 9
2-fluoro.2'-deoxysdencaine 59

A recent report from our laboratory (see Cancer Research
51:2386 (May 1st 1991) which is incorporated in toto
herein] indicates that the compound 3d of the present
invention inhibits DNA synthesis due to the inhibition of
ribonucleotide reductase activity and inhibition of chain
clongation by DNA polymerase o. These inhibitions of the
ribonucleotide reductase and DNA polymerase o enzymes
by compound 3d were impartant to the development of the
cancerous K562 cells. Although this finding is similar to
observations with 9-f-D-arabinofuranosyl-2-flucrcadenine
and 2-chloro-2'-deoxyadenosine, the degree of inhibition of
these enzymes by the §'-triphosphate of these nucleoside
analogues is-quite different, The inhibition of ribonucleoside
reductase by 2-chloro-9-(2-deoxy-2-fluoro-p-D-
arebinofuranosyl)adenine S'triphosphate was the same as
that seen with 2-chloro-2"-deoxyadenosine 5'-triphosphate,
and the inhibition of DNA polymerase o by 2-chloro-9-(2-
deoxy-2-fluoro-f-D-arabinofuranosyl) adenine §' triphos-
phate was similar to that seem with 9-13-D-
arabinofuranosyl-2-flucroadenine S'triphosphate. In
contrast, 9-f-D-arabinofuranosyl-2-fineroadenine Striphos-
phate was a much less potent inhibitor of ribonucleotide
reductase than either 2-chloro-2'-deoxyadenosine
5'-triphosphate or 2-chloro-9-(2-deoxy-2-fluoro-p-D-
arabinofuranosyl)adenine 5'triphosphate, and although all of
the 2'-deoxyadenosine nucleotide analogues inhibit the
incorporation of 2'-deoxyadenosine S'triphosphate by DNA
polymerase a into the DNA and were more efficient sub-
strates for the polymerase, the incarparation of 2-chlaro-2-
deoxyadenosine S'monophosphate into DNA by DNA poly-
merase & did not inhibit the further elongation of the DNA
chain to the degree that was seen with the incorporation of
cither 9--D-arabinofuranosyl-2-flucroadenine $'mono-
phosphate or 2-chloro-9-(2-deoxy-2-fluoro-B-D-
arabinofuranosyl) adenine 5'monophosphate. These results
indicated that the 2-chloro-9-(2-deoxy-2-flucro-f-D-
arabinofuranosyl)adenine (compound 3d) incorparates
properties of both 9--D-arabinofuranosyl-2-fluarcadenine
and 2-chloro-2'-deoxyadenosine into ome compound.
Furthermore, in the cell the inhibition of DNA polymerase
by these nucleoside analogues is a function of the ratio of
(analogue nucleoside triphosphate] to [2'-deoxyadenosine
S'triphosphate]. Because 9-B-D-arabinofuranosyl-2-
fiuoroadenine S'triphosphate inhibits ribonucleotide reduc-
tase at a 10-fold higher concentration than that required with
2-chloro-9-(2-deoxy-2-flucro-f-D-arabinofuranosyl)
adenine 5’ triphosphate, the 2° -deoxyadenosine S'triphos-
phate pool should be lower and the inhibition of DNA
polymerase a should be greater, in cells treated with
2-chloro-9-(2-deoxy-2-fluoro-8-D-arabinofuranosyl)
adenine than in cells treated with equimolar concentrations
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of 9-3-D-arabinofuranosyl-2-flucroadenine, assuming equal
conversion to the triphosphate. These metabolic features
may contribute to the potent inhibition of K562 cell growth
with compound 3d [2-chloro-9-(2-deoxy-2-fluoro-f-D-
arabinofuranosyl) adenine] of the present invention. In
addition, the solubdlity problems associated with the admin-
istration of 9-8-D-arabinofuranosyl-2-flucroadenine should
notoewrwilhﬂﬂseompmndbecanwafmmsom-
billity and high potency.

The reason that the 2*-fluorine atom disrupts chain exten-
sion is not obvious because the 2'-carbon is not involved in
the reaction and a fluarine has an atomic radius slightly
larger than a hydrogen atom. Steric hindrance would be
expected to be less than is believed to be in the case of
arabinofaranosyl nucleotides, It is possible that the electron-
withdrawing properties of fluarine may affect the reactivity
of the 3'-hydroxyl and/or the three dimensional structure of
the DNA chain such that extension of 8 DNA chain termi-
nated with a 2’fluoronucleoside by the polymerase is inhib-
ited.

Studies with the P338 lenkemia cell Line in mice (see
Table II) indicate that the most effective compound of the
present invention is the compound accarding to general
formula 3d, that is the 2-chloro-2'-fluoro substituted nucleo-
side. This, coupled with the lower toxicity of the cleavage
product, 2-chloroadenine, relative to Z-ﬂuomademne, make
this compound a preferred compound of the present inven-
tion. The following Table I provides a summary of the in
vivo activity of the 9-(2-fluoro-2-deoxy-p-D-
arabincfuranosyl)-2-haloadenines vs P388 leukemia cell
Line in which CD2F1 mice were implanted ip with 10° P388
leukemia cells on day 0 in accordance with the protocol of
Wand et al [Cancer Res. 50:3232 (1990)].

TABLE Il
Median %
LS Tumor-
Com- Optimal (dying mics Log,o free
pound  IPDose Schedule ~ caly) change Survivors
d 100 od1-$ +38 =03 os
200 odl-S +5 =16 o3
20 q3hx8 +220 66 16
Days 1, 5, 9)
25 q3hx8 +118 -2.8 o5
(Days 1, 5, 9)
3 100 qdi-$ +63 -18 0
25 q3hx8 481 =01 o8
(Days 1,5, 9)
3b 30 q3bx8 +100 -10 [+
Dy 1, 5, 9)
50 q3hxs +41 +1.6 0/6
(Days 1,5, 9)
200 qodi-5 . +33 0.1 e

In the above table, the optimal dose refers to mg/kg/dose
(SLDy); ILS refers to the increase in life span; and the log
change refers to the change in viable tumor cell population
atthe end of therapy compared to that at the start of therapy,
based on the median day of death among the animals that
died. The data in this table is presented in acoordance with
the National Cancer Institute activity criteria for drug testing
in which an ILS of 20-74% is considered moderate activity,
and an ILS of 75% or more is considered good activity.

In addition to the above, the 2,3-dideoxynucleoside
depicted as compound 4b showed slight activity against HIV
(strain IIB) in either CEM or MT cell lines in culture,

In a similar test, compound 3d was administered arally
and evaluated for antitumor activity against ip P388 leuke-
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mia cells. As the data in Table I indicates, the optimal
regimen for the compound, administered ip, is in divided
doses five on days 1, 5, and 9, a similar schedule was
selected for the cral administration of this compound. In this
set of experiments. an oral dosege of 67 mg/kg/dose, given
q 6 bx4 on days 1, 5, and 9, effected a reduction in tumor
burden of 1.7 log,, units, a figure which is approximately
2.5log,, units less that that obtained in studies using ip drug
administration.

The compounds according to the present invention are
uscful for their cytotoxic effects, and thus are useful as
anticancer compounds in the treatment of cancerous cells in
mammals when administered in an amount sufficient to
bring about their cytotoxic effect to the desired cancerous
cell. The compounds may be administered in a wide range
of regimens ranging from about 10 mg to about 1000 mg per
day. These regimens may be designed to give the com-
pounds es a single dose or as multiple doses over extended
periods of time, and the regimen may be adapted to provide
the optimum therapeutic response. For example, several
divided doses may be administered daily, or the dose may be
proportionally reduced or increased as indicated by the
exigencies of the therapeutic situation. The compounds
according to the present invention may be administered in
the form of the free purine nucleoside or as a nontoxic
pharmaceutically acceptable salt thereof, and may be admin-
istered either alone ar in combination with one or more
compounds of the present invention or with additional
pharmaceutically active compounds.

The active compounds of the present invention may be
admipistered parenterally, e.g. by subcutanecous,
intramuscular, or intravenous injection. Solutions or suspen-
sions of the active compound as a pharmaceutically accept-
able salt can be prepared in water or saline containing the
appropriate buffers and additives for administration. The
pharmacentical forms suitable for injectable use include
sterile aqueous solutions or dispersions and sterile powders
for the extemporancous preparation of sterile injectable
solutions ar dispersions. In all cases, the formn must be sterile
and must be fluid to the extent that easy syringability is
provided; it must be stable under the conditions of manu-
- facture and storage, and must be preserved against the
contaminating actiop of microorganisms such as bacteria
and fungi. The carrier may be a solvent or dispersion
medium containing, for example, water, polyol (e.g.,
glycerol, propylene glycol, and liquid polyethylene glycol),
and suiteble mixtures thereof, Compositions suitable for
intramuscular or subcutaneous injection may also contain
minor amounts of salts, acids, and bases to adjust tonicity
and buffer the pH.

The compounds according to the present irvention may
also be suitable for oral administration, for example with an
inert diluent or with an assimilable edible carrier, or they
may be enclosed in hard or soft shell gelatin capsules, or
compressed into tablets. For oral therapeutic administration,
the compounds may be incorporated with excipients com-
monly used in the formulation of oral pharmaceutical prepa-
rations as, for example, sweetening agents, and preserva-
tives.

In addition, the compounds of the present inveation may
be formulated in accordance with acoeptable pharmaceutical
formulation techniques for administration by other routes
such as administration within topical cintments, creams or
salves, es suppositaries, ar as lozenges.

Thus, while we have illustrated and described the pre-

0
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that this invention is capable of variation and modification
and we therefore do not wish to be limited to the precise
terms set forth, but desire to avail ourselves of such changes
and alterations which may be made for adapting the inven-
tion to varions usages and conditions. Among such varia-
tions and modifications are, for example, apd without
limitation, the use of pharmaceutically acceptable salts of
the disclosed purine nucleosides which may be designed for
providing the purine nucleosides according to the present
invention to a cell susceptible to cytotaxicity, to any minor
substitution on the active nucleoside according to the present
invention which results in no untoward effects upon the
activity of the modified nucleoside from that of the depicted
purine nucleosides or which results in the same or substan-
tially the same activity as that found in the purine nucleo~
sides depicted in accordance with the preceding disclosure;
changes in formnlation made due to the specific routz of
administration of the nucleosides according to the present
invention; and changes made to the nucleoside molecule or
composition formulation because of a specific salt form of
the nucleoside according to the present invention.
Accordingly, such changes, alterations and modificaticns are
properly intended to be within the full range of equivalents,
and therefore within the purview of the following claims.

Having thus described our invention and the manner and
process of making and using the same in such full, clear,
concise, and exact terms so as to enable any person skilled
in the art to which it pertains, or with which it is most nearly
connected, to make and use the same,

We claim:

1. A method for bringing about a cytotoxic effect in a
marnmalian cancerous cell which comprises contacting said
cancerous cell with an effective amount of a cytotoxic
compound having the formula

N,
N’ N
A/KJD
N N
ROCH, o
B

OR

wherein R, each which may be the same or different, is
hydrogen or a protecting group; wherein Z is a selected from
the group consisting of F, C1, and Br; and pharmaceutically
acceptable salts thereof.

2. A method according to claim 1 which comprises
contacting said cancerous cell with a compound wherein R
is a protecting group.

3. A method according to claim 1 which comprises
contacting said cancerous cell with compound wherein R is
hydrogen.

4. A method according to claim 1 which comprises
contacting said cancerous cell with a compound wherein Z
isCL '

5. A method according to claim 1 which comprises
contacting said cancerous cell with a compound wherein the
compound is 2-Chloro-9-(2-deoxy-2- fluore-f-D-
arabinofuranosyl)-9H-purin-6-amine.

6. A method for inhibiting ribonuclectide reductase and
DNA polymerase o in 3 mammalian ccll which comprises
contacting said mammalian cell with of a cytotoxic com-

ferred embodiment of our invention, it is to be understood ~ pound having the formula
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NH, NIy
N% N ‘ N )IN
H\)qu') 5 2* N | N\>
R o R
R P
10
OR : oK

wherein R, cach which may be the same or differeat, is wherein R, cach which may be the same or different, is
hydrogen or a peotecting group; wherein Z is a halogen 1* bydrogen or a protecting group; wherein Z is & halogen
sclected from the group consisting of F, Cl, and Br; and selected from the group consisting of F, Cl, and Br; and the

pharmaceatically acceptable salts thereof, pharmaceutically acceptable salts thereaf.
7. A method according to claim 6 wherein R of sald l.-A:lf!hOdacch!ngwdgim9wm-Rofmd
compound is a protecting group. 5 ompound is a protecting group. .
. . ) 11 A method accarding to claim 9 wherein R of said
8. A method according to claim 6 wherein R of said a compound is hydrogen.
compaund is bydroges. 12. A methed according claim 9 wherein said compound

9. A method for inhibiting ribonucleotide reductase and  is 2- (J:lom-9-(2-deoxy-2-ﬂunro—ﬂ-D arabinofuranosyl)-
DNA polymerase o in a mammalian cell which comprises 25 9H-purin-6-amine.
contacting said mammatian cell with of a cytotoxic com-
pound having the formula 2 oo s
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Internal Memo Clofarabine Injecti 18-Feb-93
internal Moemo [Memo from Lawrence Trissel to D Michael Kea 31-Mar-93
to
internal Memo 21-Jul-93
1 initial IND 23-Aug 93
1 FDA Corres. N.T)g
0);
FDA Corres. 14-Sep-01
1 _[Internal Memo [ 15-Sep-93
to Paul Zimmerman/CSO at FDA: Response to Questions from FDA's QSE_RJ.
internal Memo  |Reviewer (not attached) - 16-Sep-93
Memo from Lawrence Trissel to Betty Shields (both of MD Anderson) Clofarabine Questions Regarding
internal Memo Production 16-Sep-93
1 FDA Sub. SN: 001 Clofarabine batch record submitted 1 'ml, 20-Sep-83
FDA Response: IND on Clinical Hoid. Deficiencies include: Insufficient PreClinical studies, Protoeol
1 FDA Corres. Inadequacies 29-Sep-93
1 Tele. Conf. 7-Oct-94
o old du
1 Gen Corres. 11-Jun-94
posal for Preclinical T xicology Studies und GLP Guidelines
9includes two letters: D, John Montg Bwv.mgihogﬂnnagﬂ\w&gns.mgg h from Joh
Gen Corres. Secrist, Il Nu:bcn.oa
gS!-EN-EBn..EDEOmO t FDA: Req gqoqggdogwaﬁﬂagg.
FDA Corres. §E~ 1-Sep-84
Letter to Paul Zimmerman/CSO at FDA: Suggested Proposal for nacoann-nnn Clofarabine based on FDA |
response to letter of 9/1/94; one rodent species study; limited phage I study in humans ix_u-.n-.ﬂ.loo-a
1 FDA Corres. study 2-Sep-94
Letter to Paul Zimmerman/CSO a¢ FDA: 0
1 FDA Corres. o ne 10-Oct-94
1 FDA Corres. : Co on ous le o Pa 12-Oct-94
1 Gen. Corres. o at Southe:; 6-~Jan-95
2 n & : Dr.,
1 FDA Corres. © o nee of 25-Jan-95%
1 FDA Corres. 3-Feb-95







Clofarabine No. 43,275

2 43,275 |[FDA Sub. SN: 021 Safety Report One Patient {No. 396682) 22-Nov-99

2 43,275 |FDA Sub. SN: 022 Follow-Up to Safety Report (Patient No. 396682) (Death) _1-Dec99 ]
SN: 023 CMC Amendment - Supply of Clofarabine from New Supplier - C of A & Synthesis from New

2 43,273 |FDA Sub. of Preparation Method by Pharmacist 1-Dec-99

2 : S _|FDA Sub. SN: 023 Duplicate of Submission sent to FDA on 12/1/99 but not received 11-Jan-00

2 43,275 |FDA Sub. SN: 024 New Protocol 'ID99-383* : 8-Mar-00
Fax from FDA Serial No. 023 CMC Amendment of 12/1/99 Not Approved Deficlencies/Not Enough
Information Provided (request detailed description of manufacturing process for Drug Substance or Master
Batch Record confirm that Delinar Chemicals wip manufacture Clofarabine under eGMP conditions;

2 43,275 |FDA Corres. rovide stab, stru & endotoxin info, . 10-Mar-00
SN: 025 Annual Report Very Little Information (only included objectives & patients earolled/completed

2 43,275 |FDA Sub. study) 31-Mar-00
SN: 026 Response to FDA fax of 3/10/00 No details provided Dot a true response (a memo repeating FDA's

2 43,275 |FDA Sub. uestions CMC information 3-Apr-00
SN: 027 Response to FDA fax of 3/10/00 Drug Master File from Delmar Chemicals ineluding GMP

2 43,275 |FDA Sub. compliance statement 20-Apr-00

2 43,275 |FDA Sub. SN: 028 uest to FDA for Sched Conference Call to discuss SN 026, SN 027 25-Apr-00
SN: 028 (Duplicate Serial No. Used) Safety Report One Patient (No. 356186) under Study ID99-3383 - Death,

2 S__|FDA Sub. Reported as Progressive Disease 16-Oct-00

2 43,275 |FDA Corres. Fax from FDA: CMC Amendment Submitted as SN: 027 on 4/20/00 Acceptable 22-May-00

2 43,275 |FDA Sub. SN: 029 Safety Report One Patient (No. 374316) (Death) 2-Nov-00

2 43,275 [FDA Sub. SN: 030 Safety Report Two Patients (No. 388664 & 425480) 3-Nov-00

2 43,275 |FDA Sub. SN: 031 Follow-Up to Safety Report (Patient No. 388664) (Death) 27-Nov-00 .
SN: 032 IND Safety Report Initial Report - Patient No. 416805 F-B, Protocol No. ID99-383 (13 yr old female-

3 43,275 |FDA Sub. bospitalization) 2-Feb-01
SN: 033 IND Safety Reports - Follow Up Reports - Patient No. 388664 JS, Protocol No. DM93-03¢ (21 yr old

3 43,275 |FDA Sub. male - death on study) and Patient No. 453290 AR, Protocol No. DM93-03¢6 (36 yr old female-death on study 8-Feb-01
SN: 034 IND Safety Report - Initial Reports Patient No. 202271 DG, Protocol No. DM83-036 (male

3 43,275 |FDA Sub. italization) and Patient No. 397304 MTC, Protocol No. DM93 67 yr old female 20-Feb-01

H me 0.

3 43,275 |FDA Sub. (Clofarabine) in Pediatric Patients with Solid and Hematologic Maii nancies" (Version 2 22-Feb-01
SN: 036 IND Safety Report - Initial Report - Patient No. 421060 NM, Protocol No. DMS93-036, (58 yr

3 43,275 [FDA Sub. old female) 1-Mar-01
SN: 037 IND Safety Report - Initial Report - Patient No. 421060 NM, Protocol No. DM93-03¢ (36 yr old

3 43,275 |FDA Sub. female - death on study) 13-Mar-01

3
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only 3 Patients on Study - Actively NQQ:F ] S-Apr-01

Clofarabine No. 43,275

26-Mar-01

43,275

FDA Sub.

43,275

FDA Sub.

43,275

FDA Sub.

43,273

FDA Sub.

43,275

FDA Sub.

_u!._.ln..n Patients with Solid and Hematologic Malignancies™ (includes list of Aes, grades, dates,

(closed to patient accrual, patients on therapy continue) includes list of advarse events (dates of
évents, grades, patient ID Nos., event descriptions) 8-May-01

nual Report for Sty ase rabine) In

43,275

FDA Sub.

43,275

FDA Sub.

43,273

FDA Sub.

43,275

FDA Sub.

43,275

FDA Sub.




Clofarabine No. 43,275

W W | L [ X




Clofarabine ) No. 43,275

3 43,275 |FDA Corres. uest for AML Orphan Drug Des nation R SWM)F:.QN.
Fax to Christy Wilson CSOIFDA; Correction to Serial Numbers fori SN: 060 & ILEX SN: 061
3 43,275 |FDA Corres, due to dy lication of Serial Numbers used MD Anderson 4-Feb-02
Official Acknowlegement of the Change of mvo:uo..u:.t from MD Anderson to ILEX offective 29
3 43,275 |FDA Corres. Jan 2002 S-Feb-02
3 43,275 |FDA Sub. SN: 085 Inv. ator's Brochure written b ILEX, o inally Submitted to new IND 63,641) 7-Feb-02
Officia) Approval of Omhan Drug Designation for Clorafex in ALL (Acute Lymphobiastic
3 43,275 |FDA Corres. Leukemia) 7-Feb-02
7-Feb-02
8-Feb-02
12-Feb-02
19-Feb-02
11-Mar-02
22-Mar-02
2-Apr-02
:o:.uoo.oa.o
o:u)t:.neanhu)!._.»eon“ No autopsy
r o additional follow up e, 9-Apr-02
~ |SN:069 Generai Correspondence: Withdrawal of IND - Request to Transfer Al Documents to New
3 43,275 |FDA sub. ILEX IND NO. 63,641 10-Apr-02
Request to Hagop Kantarjian, M.D., c:?!u.? of Texas MD Anderson Cancer Center for
4 43,278 |Gen, Corres. R
4 43,275 |Memo
Cer Coenter: Mouse Studies
4 43,275 [Memo Studies (summa vided 18-Apr-38
R Ist from Item 5., Nonclinicaj Toxicology Summary on of NDA 21673 - for Isting
4 43,275 |Ref. List of Mouse & Dog Studies Submitted to the NDA

6




43,275

Report

rabine Mouse nivers oxas n Cancer agop n
M.D, 23 January 1998 (submitted in clofarabine NDA ftem 5.4 Nonclincial Toxicology Summary
43,275 |Report Reference No. 3)
rabine Mouse nivers exas rson Cancer op n
M.D,, 13 March 1988 & 15 April 1998(submitted in clofarabine NDA item 5.4 Nonclincial .-.ox-oo.au<
43,275 |Report ~ Reference No. 3
rabine Mouse » Univers exas n Cancer
M.D., 26 June 1998 - 26 August 1998, (submitted in clofarabine NDA tern 5.4 Nonclincial
43,275 [Report Toxicology Summary - Reference No. 3)




Clofarabine 1 No. 63,641

1 FDA Sub. Pre-IND meeting Request for New IND No j 17-Jul-01
Phone Cail from Christy Wilson at FDA: pPre-IND mtg is scheduled for 9:30am EST internal mtg is )
k Tol. Contact |set for August 28th +FDA will try to detalls to | 23~Jut-01
Fax from Christy Wilson/FDA: Confirmation of pre-IND Mtg scheduied for 30 August 2001 at
1 FDA Corres. [9:30am EST with List of FDA Participants 25-Jul-01
1 CTX Applic. [CTX Application 1 -01
1 FDA Sub. _[Submission of ILEX's Clofarabine Pre-IND Meetin 20-Sep-01
1 FDA Corres. Recelpt of FDA's finalized minutes from Pre-IND Meeting: !oon:u of 30 August 2001 1-Oct-01
Intravenous GLP Toxicity Study of Clofaradine in Male Fisher 344 Rats submitted as Ref. No. 18);
2 FDA Sub. This initial IND lication also includes the New Protocol CLO-221 titled ; A Phase I, Open Label 7-Nov-01
ax on oase : ment o pt nitia for
Clofarabine, Assigned IND No. 63,641 & Request for Additional Desk Copy of Volume 1- for
2 FDA Corves. v:é.&.:ng Roviewer (Vol. 1 & 2 sent same day) 14-Nov-01
2 FDA Corres. |Official Ac 14-Nov-01
3 FDA Sub. an Dru. lication: Clofarex ALL 5 Dec01
Fax from Christy Wilson/FDA: Deficlencies in the CLO-221 Protocol - Specific Changes Required
3 FDA Corres. FDA - ILEX Must Commit to Correct Deficlencies b Close of Day 12/7/01 7-Dec-01
Fax from Mike Bernstein/ILEX to Christy Wilson/FDA: [LEX Commitment to Correct Six
3 FDA Corres. [Deficiencies as R by FDA 7-Dec-01
-ma e Bernste to ty : omm to Correct
Deficiencles as Requested by FDA and Actual Protocol Pages with Revisions to o
3 FDA Corres. |inclusion/Exciusion Criteria 7-Dec-01
Fax from Christy Wiison/FDA: Based on ILEX's Commitment to Correct Deficiencies, Clinical
3 FDA Corres. |Study CLO-221 May Proceed (effective date of IND) : 7-Dec-01
3 FDA Sub., Clofarex han D - 10-Dec-01
Fax from Christy Wilson/FDA: Several Comments from the Chemistry Reviewer Regarding initial i i
3 FDA Corres. |IND for Clofarex 14-Dec-01
Fax from Christy Wilson/FDA. Additional Toxicology & Genetic Toxicology Studies Must be Done:
FDA Corres. |Pre-clinical Studies that have alrea been done Do Not Su rt Further Phase Il Dev 21-Dec-01
: endment: - AT ase pen rex in Adu
Patients with Refractory or Relapsed Acute Myelogenous Leukemia Several Changes Per FDA's
Request & Resuiting from Two Expert Panel Meetings (Rationale Listed on Pages 2 -7 in the
FDA Sub. |Protocol Amendment Summ 23-Dec-01
Official Acknowledgment Letter from FDA: Receipt of Orphan Drug Application for Clofarabine for
FDA Corres. |Pediatric and Adult Pationts in ALL, han Drug Ref. No. 01-1532 27-Dec-01
ax : Pro evisions to ocol Acce resses
Deficiencies/Comments issued by Reviewers (based on protocol submitted in initial IND; revisions
FDA Corres. [submitted to FDA via E-mail on 7 December 2001 . 2-Jan-02
FDA Sub. SN:002 Revised FDA Form 1571 with correct Medical Monitor (Dr.T E 2-Jan-02




Clofarabine . No. 63,641
INDE| : ;

E-mails between Mike Bernstein/ILEX & Christy Wilson/FDA: Request on Status on Proposed 12/12/01 &

3 63,641 | FDA Corres. |CLO221 Protocol Changes & Reply from FDA 12/18/01

4 63,641 FDA Sub. SN:003 New Protocols: CLO-212 and CLO-222 (Pediatric ALL and Pediatric AML 25~Jan-02
From Jeff Fritsch (Orphan Drug Divigion) to Mike Bernstein: Unofficial E-mail indicating that

4__|63,641| FDA Corres. |Orphan Drug Status has been approved for Clofarex. 25-Jan-02
Official Letter from Orphan Drug Division: Orphan Drug Approval for ALL (acute lymphoblastic ]

4 | 63,641 FDA Corres. |leukemia) N 7-Feb-02
Fax from Christy Wilson/FDA: Final Minutes of Pharmacology/Toxicology Teleconference of 14

4 63,641 | FDA Corves. |January 2002 - ) . 7-Feb-02

- Fax from FDA: General Comments from the Clinical Reviewer for Improving the Protocol (original

4 63,641 | FDA Corres. |protocot filed in the initial IND) (9 detailed comments) 12-Feb-02
Official Acknowledgment Letter from FDA: Receipt of Orphan Drug Application for Clofarabine for

4 63,641 | FDA Corres. |Pediatric and Adult Patients in AML, Orphan Drug Ref. No. 02-1548 19-Feb-02
Official Comments from FDA Review of Initial IND for Clofarex: includes Chemistry, Pharm/Tox, &

4 63,641 | FDA Corres. |Clinical 25-Feb-02
From Christy Wilson (CSO) to Jenny Swalec: Response to request for Division Feedback from 12-

4 63,641 | FDA Corres. |Feb 2002. 7-Mar-02

4 63,641 | FDA Corres. |Fax to Christy Wilson, CSO/FDA: Advice uested as to how to flle Fast Track lication 11-Mar-02
From Christy Wilson (CSO) to Jenny Swalec: Response to questions regarding filing for fast-track

4 63,641 | Tel. Contact designation for CLOFAREX. 12-Mar-02
Fax from FDA: Comments and Deficlencies: Pediatric Protocols CLO-212 titied "A Phase 2 Open
Label Study of Clofarex in Children with Refractory or Relapsed Acute Lymphoblastic Leukemia™
and CLO-222 titled " A Phase 2 Open Label Study of Clofarex in Children with Refractory or

4 63,641 ] FDA Corres. Relapgsed Acute Myelogenous Leukemia” (submitted to FDA as SN: 003, dated 28 January 2002) 13-Mar-02
Official Letter from Orphan Drug Division: Orphan Drug Approval for AML (acute myelogenous

4 63,641 | FDA Corres. |leukemia) 14-Mar-02
Internal Distribution of FDA Comments Regarding Clofarex Pediatric Protocols (CLO-212 & CLO-

4 63,641 | FDA Corres. |222) and Copy of Fax to FDA Re. uesting a Teleconference for Discussing the FDA Comments 14-Mar-02

0 econference scheduled for 21 March 2002 to discuss n comments on ILEX

Pediatric Protocois (CLO-212 and CL0O-222): ILEX Questions and Current Protocol Amendments

4 63,641 FDA Sub. CLO-212-A1 and CLO-222-A1) Included in this Submission 15-Mar-02
Fax to Christy Wilson, CSO/FDA: Details for Discussion During Teleconference of 21 March 2002

4 63,641 | FDA Corres. |[(amendments to pediatric protocols due to FDA comments)® 15-Mar-02

" |Janet Woodcock (FDA) to Mike Bernstein: Reference to IND submitted under section 505(1):

4 63,641 | FDA Corres. |Information about the Clinical Trials Data Bank 18-Mar-02
To Christy Wilson From Mike Bernstein: Request for a Type A Meeting to discuss the pediatric

4 63,641 | FDA Corres. |clinical development and marketin Istration of CLOFAREX. . 21-Mar-02
To Dr's Jeha, Kantarjian, and Keating at MDACC from Mike Bernstein: Clinical Trial Material ’

4 63,641 | FDA Corres. |Provided by ILEX: Transfer of IND No. 43, 275 from MDACC to ILEX 22-Mar-02

4




Clofarabine No. 63,641
INDE| !
4 63,641 | Gen. Corres. [Meeting Minutes, Wednesda , 27 Mar 02: Issue: SAEs 27-Mar-02
E-malilfTelephone Contact eport between Jenny Swa hristy Wilson: Clos| ng 0. 43,
and Transferring Active MD Anderson Protocols to ILEX IND No. 63,641 and Official Notification of
5 63,641 | FDA Corres. [Transfer; Submitting Active Protocols to IND No. 63,641 1-Apr-02
Fax from Christy Wilson/FDA: Confirmation and List of Attendees for the April 29, 2002 End-of-
5 63,641 | FDA Corres. [Phase [l Meeting at FDA 1-Apr-02
:005 Request for End-o as eeting Package: Includes Questions to the Agency and
Protocol Amendments CLO-212-A2 and CLO-222-A2 [both Pediatric Protocol Amendments]; also
5 63,641 FDA Sub. |new Med Monitor Dr. Cral 2-Apr-02
: General Correspondence: Transfer of Documents m erson . 43,275 to
ILEX IND No. 63,641; Includes Copies of MD Anderson Active Protocols 1D99-383, IDO0-038 & DM9
5 63,641 FDA Sub.  |225 & SN: 067-the Annual Report for 2001 for IND No. 43,275 10-Apr-02
SN: 007 Protocol Amendment- New Investigator: Neil Abramson, Baptist Cancer Institute,
5 63,641 FDA Sub. |Jacksonville, FL (dated 3/25/02) for Adult Study CLO-221 12-Apr-02
SN: 008 IND Safety Report Initial Report for Patient No. 001-0017 C-E, MedWatch Report No. 12448,
5 63,641 FDA Sub. Protocol No. ID99-383 (17 yr old female - rolonged hospitalization - selzure) 12-Apr-02
: ty Report for Patient No. s atch Report No. 12448, Protocol No.
{D99-383 (17 yr old fomale - prolonged hospitalization - seizure) Additional Information recetved 15
5 63,641 FDA Sub. ril 2002 15-Apr-02
: ety Report Follow Up Report, Report No. 12456, Patlent No. 007-0016 b-W (5 year
old) on Study 1D99-383 "Phase | Study of CL-F-ARA-A {Clofarex) in Pediatric Patients with
5 63,641 FDA Sub. Hematologic Malignancies” (no additional follow up expected) 26-Apr-02
5 63,641 | FDA Corres. |Official FDA Meeting Minutes from End-of-Phase i Moeeting held on 4/29/02 29-Apr-02
Official FDA Meeting Minutes from pediatric protocol (CLO-212/CLO-222) telecon held on 21 March
S5 63,641 | FDA Corres. |02 (received as a facsimile 30-Apr-02
Official Acknowledgment from FDA: Withdrawal of IND No. 43,275 (all active studies transferred to
5 63,641 | FDA Corres. [IND No. 63,641 for Clofarex per SN: 006 under guidance by FDA) 30-Apr-02
5 63,641 FDA Sub. {SN: 011 ILEX Follow-Up to EOP2 042902 Meeting - Pts ILEX wishes to have on Record 6-May-02
SN: 012 Protocol Amendment - New Investigator: Stewart Goldman, MD, Children's Memorial
5 63,641 FDA Sub. _ |Hospital, Chicago, IL (dated 3/22/02) CLO-222 Pediatric AML Study 8-May-02
SN: 013 Protocol Amendment - New Investigator: Stewart Goldman, MD, Children's Memorial
5 63,641 FDA Sub. |Hospital, Chicago, IL (dated 3/22/02 CLO-212 Pediatric ALL Stud 8-May-02
SN: 014 Protocol Amendment - New Investigator: Paul Conkiing, MD, Virginia Oncology :
5 63,641 FDA Sub. Associates, Norfolk, VA (dated 4/1/02) CLO-221 Aduit AML Study 8-May-02
SN: 015 Protocol Amendments CLO-212-A3 and CLO-222-A3 [both Pediatric Protocol .
6 63,641 FDA Sub. Amendments) Change in Protocol 9-May-02
SN: 016 Protocol Amendment - New Investigator: Sima Jeha, MD, MD Anderson Cancer Center,
6 63,641 FDA Sub. Houston, Texas (dated 4/23/02) CLO-222 Pediatrics AML Stud 10-May-02
: SN: 017 Protocol Amendment - New Investigator: Sima Jeha, MD, MD Anderson Cancer Centoer,
6 63,641 FDA Sub. Houston, Texas (dated 4/23/02) CLO-212 Pediatrics ALL Study 10-May-02
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6 63,641 FDA Sub. |Medical Center, Omaha, NE (dated 5/9/02) CLO-221 Adult AML Stud 17-May-02
: 019 Protoco endment - Change In Protocol: - hase 1i, Open Label
Study of Clofarex in Aduit Patients with Refractory or Relapsed Acute Myelogenous Leukemia™
6 63,641 FDA Sub. Adult AML 17-May-02
:0 oty Report - Ini eport: Report No. 12531, Patient No. 0 9-yr old)
on Study ID99-383 "Phase | Study of CL-F-ARA-A (Clofarex) in Pediatric Patients with Hematologic
6 63,641 FDA Sub. _|Malignancies™ 24-May-02
SN: 021 Protocol Amendment - New Investigator: Arnold Altman, MD, Connecticut Children's Med
6 63,641 FDA Sub. [Ctr. (dated 5/13/02) CLO-212 Pediatric ALL Study 24-May-02
SN: 022 Protocol Amendment - New Investigator: Amold Altman, MD, Connecticut Children's Med
6 63,641 FDA Sub. |Ctr. (dated 5/13/02) CLO-222 Pediatric AML Study 24-May-02
SN: 023 Protocol Amendment - New Investigator: Meir Wetzler, MD, Rosweli Park Cancer Centoer,
6 63,641 FDA Sub. _|Buffalo, NY, (dated 3/25/02) CLO-221 Adult AML Study 24-May-02
6 63,641 FDA Sub. [SN: 024 OTHER: Updated Investigator's Brochure {Edition No. 2) 30-May-02
7 63,641 FDA Sub. _|SN: 025 New Protocol: CLO-151 titied "A Phase I, Open-Label Study of Clofarabine in Adult Patie 3-Jun-02
: ty Reports - Follow Up (2 patlents): atch Report No. » Patient No. 001-
0012 (P-L) (19-yr old) and Patient No. 001-0017 C-E, MedWatch Report No. 12448, both on study
7__| 63,641 FDA Sub. - |No. ID99-383 12-Jun-02
SN: 027 Protocol Amendment - New investigator Dan Douer, MD, USC/ Normris Comprehensive
7 63,641 FDA Sub. Cancer Center, Los Angeles, CA (dated 6/4/02 12-Jun-02
InCell Report: Effect of Clofarabine and Gemcitabine on Pancreatic Carcinoma Cells (Report No.
7 63,641 Report ILEX11204, Report Date 14 May 2002) L
USAN Appilication: Sent to Sophia Fuerst, Director, USAN Secretariat, American Medical ’
8 63,641 | Gen. Cormres. |Association, Chicago, ILL. 14-Jun-02
9 63,641 FDA Sub. SN: 028 General Correspondence: Request for Division Feedback on CMC Starting Materials 14-Jun-02
SN: 029 Protocol Amendment - New Investigator Victor M. Aquino, UT Southwestern Medical
9 63,641 FDA Sub. _ |Center, Dallas (dated 5/7/02) CLO-212 Pediatric ALL Study 17-Jun-02
SN: 030 Protocol Amendment-New Investigator Michael Milder Swedish Medical Genter Cancer
9 63,641 FDA Sub. |institute CLO-221 (dated 6/17/02) 17-Jun-02
Acknowledgement of the Recelpt of the USAN Appiclation (14 June 2002) Requesting the
Nonproprietary Name of 'Clofarabine’ (& receipt of the check for $8,000) File No. 0O-77 Assigned
9 63,641 | FDA Corres. |to the Files for the Application 21-Jun-02
SN: 031 Protocol Amendment - New Investigator Victor M. Aquino, UT Southwestern Medical
9 63,641 FDA Sub. _ |Center, Dallas (dated 5/7/02) CLO-222 Pediatric AML Study : 24-Jun-02
9 63,641 | FDA Corres. |FDA Phone Contact Memo: CLOFAREX Emergency Use Procedures 25-Jun-02
10 rotoco) endment - New Investigator: Peter Stelnherz, MD.., Memorial Sloan Kettering
Cancer Center, New York (2 Form FDA 1572s - both dated 3/20/02) CLO-212 & CLO-222 Pediatric
9 63,641 FDA Sub. |Studies 27-Jun-02
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: 033 Protoco enament - New Investigator: Bassem ouk, , St. Jude's rens
Research Hospital, Memphis, TN (2 Form FDA 1572s) CLO-222/Peds AML (dated 5/21/02) & CLO-
9 63,641 FDA Sub. [212/Peds ALL (dated 3/26/02) Studies 27-Jun-02
SN: 034 Protocol Amendment - New investigator: David A. Rizzieri, MD, Duke University Medical
9 63,641 FDA Sub. Center, Durham, ND {dated 3/14/02) CLO-221 Aduit AML Stud 28-Jun-02
SN: 035 IND Safety Report - Initial: MedWatch Report No. 12589, Patient No. 0002-0002 (M-M), Prt
9 63,641 FDA Sub. |CLO-212 1-Jul-02
9 63,641 FDA Sub. _ [SN: 036 New Protocol (CLO-141) Adult Phase Uil Combo (CLOFAREX + Ara-C 3-Jul-02
SN: 037 Protocol Amendment- New Investigator: Kathleen M. Sakamoto, MD, Mattel's Children's
9 63,641 FDA Sub. |Hospital at UCLA (dated 4/10/02) CLO-212 Peds ALL Study 3-~Jul-02
SN: 038 Protocol Amendment - New investigator: Parameswaran Venugopal, MD, Chicago, Il
9 63,641 FDA Sub. |(dated 6/24/02) CLO-221 Adult AML Stud 3~Jul-02
Facsim m 3 O : ment from Biopharmaceutics Reviewer - Include a
study reports: complete assay description, assay validation, (sensitivity, specificity, recovery,
linearity, %accuracy & precision) and stability data from processing samples , storage & during ,
9 63,641 | FDA Corres. |assay procedures 9-Jul-02
9 63,641 FDA Sub. [SN: 039 Protocol Amendment CLO-221-A3 Aduit AML Study 12-Jui-02
SN: 040 IND Safety Report - Follow Up: Patient No. 001-0017 C-E, MedWatch Report No. 12448,
9 63,641 FDA Sub. |Study No. ID99-383 12-Jul-02
Argus Research Report: The "Intravenous osag nge Developmental Toxic dy of
Clofarabine in Rabbits” (Study No. 0202-02, Report Date 20 June 2002; Protocol No. 1209-
9 63,641 Report 002P)(w/diskette). Submitted to IND as SN:072.
Argus Research Report: The "Intravenous osage-Range Developmental Toxic) dy of
Clofarabine In Rats” (Study No. 0202-01, Report Date 11 June 2002; Protocol No. 1209-
9 63,641 Report 001P)(widiskette). Submitted to IND as SN:072 L .
SN: 041 IND Safety Report - Initial: Patient No. 001-0021 E-W, MedWatch Report No. 12603, Study
10 | 63,641 FDA Sub. |No. 1D99-383 19-Jul-02
SN: 042 IND Safety Report - Initial: Patient No. 0004-0010 L-M, MedWatch Report No. 12606, Study
10 63,641 FDA Sub. No. CLO-221 (Adult AML Stu 19-Jul-02
SN: 043 Protocol Amendments CLO-212-A4 and CLO-222-A4 [both Pedlatric Protocol
10 63,641 FDA Sub. Amendments] Change in Protocol 23-Jul-02
: rotoco endment: New Investigators Charles Casey Cunn ngham, » Mary Crowley
Med. Research Ctr, Dallas, TX (dated 6/12/02) and Donald Richards, MD, Tyler Cancer Center,
10 | 63,641 FDA Sub. r, Toxas (dated 5/19/02(?) CLO-151 Adult Solid Tumor Stud 25-Jul-02
: rotoco endment: New Investigator - Susan Rhelngold, , the dren's Hosp
Philadelphia, PA (dated 6/13/02) CLO-212 Peds ALL Study & CLO-222 Peds AML Study (dated
10 63,641 FDA Sub. 6/19/02 25-Jul-02
SN: 046 IND Safety Report - Initial: MedWatch Report No. 12602, Patient No. 0010-0007 D-B, 7-Day
10 63,641 FDA Sub. ited Report (faxed) CLO-221 Adult AML Stud 23~Jul-02
SN: 047 Protocol Amendment: New Investigator - Edythe Albano, MD.., The Children’'s Hospital
10 | 63,641 FDA Sub. |CLO-222 Peds AML Study and CLO-212 vomuo ALL Study 31-Jul-02
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dren's Hospital Los

Angeles, Los Angeles, CA (both 1572s dated 7/23/02) CLO-222 Peds AML Study and CLO-212 Peds
10 | 63,641 FDA Sub. |ALL Study 7-Aug-02
SN: 049 Protocol Amendment: New Investigators: Stafen H. Faderl, MD, MD Anderson Cancer
Center, Houston, TX (dated 7/1 5/02) CLO-221 Aduit AML Study and Donald K. Strickiand, MD, The
10 | 63,641 FDA Sub. _|Memphis Cancer Center, Memphis, TN (dated 8/6/02 CLO-221 Aduit AML Stud 8-Aug-02
nformationa enament: Pha ox Submission nal To: tudy Reports
(ILEX Report Nos. 0110-02 and 0111-01, BioRellance Report Nos. AA53PR.503.BTL,
10 | 63,641 FDA Sub. _ |AA53PR.331.BTL, Euvx.._nm.md_.vH . 9-Aug-02
E-mail: Response to Jenny Swalec's E-mails of 23 July & 13 Aug: Status on SN: 028 Request for
10 63,641 | FDA Corres. |[Feedback - CMC : 15-Aug-02
: 05 Safety Report -Tn eport: atch Report No. 21, Patient No. v
7-day Expedited Report* (*not considered 7-day upon original receipt of reported event- 7-day
10 63,641 FDA Sub. _ |decision made on 15 August 2002) CLO-221 Adult AML Study 16-Aug-02 .
SN: 052 Protocol Amendment - New Investigator: Blanche Mavromatis, MD.., Georgetown
10 | 63,641 FDA Sub. _|University Medical Center, Washington, D.C. (dated 5/6/02 CLO-221 Adult AML Stu 19-Aug-02
: 053 Protocol Amendment - New Investigator: Richa . ota, ey ren's Hosp
Health Center, San Diego, CA, (dated 5/8/02) for Study CLO-212 Peds ALL and (dated 8/20/02) for
10 | 63,641 FDA Sub. [Study CLO-222 Pads AML. 22.Aug-02
SN: 054 Protocol Amendment - New Investigator: John F. DiPersio, MD.., Ph.D., Washington
10 | 63,641 FDA Sub. |University School of Medicine, St. Louis, MO (dated 8/11/02) for CLO-221 Aduit AML Study 22-Aug-02
SN: 055 Protocol Amendment - New investigator: Kimo C. Stine, MD.., Arkansas Children's
10 | 63,641 FDA Sub. |Hospital, Littte Rock, AR (dated 8/13/02) for CLO-222 Peds AML Study 22-Aug-02
SN: 056 IND Safety Report-Initial Report MedWatch Report No. 12656, Patient No. 0013-0013 SB,
10 | 63,641 FDA Sub. |15-day ex ited report, for CLO-221 Adult AML Stud 23-Aug-02
a er from : Theresa Tolgo, y T, ce of Speclial Hea ues,
Office of Communications and Constituent Relations, Office of Commissioner (New PRS/Clinical
Trials Database Administrator): Reference SN: 036, dated 7/3/02: New Protocol (CLO141 ): Review
for Need to Enter New Protocol into New Clinical Trials Database per new Guidelines “Clinical
10__| 63,641 | FDA Corres. |Trials for Serious or Lifo-Threatenin Diseases” 23-Aug-02
SN: 057 IND Safety Report - Follow Up MedWatch Report No. 12602, Patient No. 001 0-0007 D-B
10 | 63,641 FDA Sub. Initial report submitted as SN: 046) CLO-221 Adult AML Stud 27-Aug-02
: rotoco endment - New Investigator: Lorl Luchtman ones, , Washington
University School of Medicine, St. Louis, MO (2 separate 1572s dated 7/31/02) for two studies CLO-
10 63,641 FDA Sub. [222 & CLO-212 27-Aug-02
Telephone Contact Report: Discussion on CLOFAREX Ped Exclusivity, Timing of NDA
10 63,641 | FDA Corres. |Submission, etc. 27-Aug-02
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: Amendment - New Investigator: Timo y C. Griffin, MD, Cook Children's
Hematology/Oncology Center, Fort Worth, TX, (dated 6/28/02) for CLO-212 Peds ALL Study &

10 | 63,641 FDA Sub. |(dated 6/27/02) for CLO-222 Peds AML Study 28-Aug-02
SN: 060 IND Safety Report-Foliow Up MedWatch Report No. 12569, Patient No. 0002-0002 M-M
11 63,641 FDA Sub. (initial report submitted as SN: 035) CLO-212 Ped ALL Study 4-Sep-02
SN: 061 IND Safety Report-Follow Up MedWatch Report No. 12606, Patient No. 0004-0010 L-M
11 | 63,641 FDA Sub.  [(initial report submitted as SN: 042) CLO- 221 Adult AML Study o 9-Sep-02
SN: 062 Protocol Amendment - New Investigator Stefan H. Faderl, M.D., MD Anderson Cancer
11 63,641 FDA Sub.  |Center, Houston, TX (dated 7/31/02) CLO-141 in Combination with Ara-C Study 9-Sep-02
SN: 063 General Correspondence: Notification fo Investigator's from Dr. Adam Craig (renal
11 63,641 FDA Sub. |toxicity) 12-Sep-02
SN: 064 IND Safety Report - Follow Up Report: MedWatch Report No. 12656, Patient No. 0013-0013 |
11 63,641 FDA Sub.  |S-B (initial report submitted as SN: 056 on 23 August 2002) CLO-221 Adult AML Study 12-Sep-02
11 63,641 SN: 085 IND Safety Report-Follow Up MedWatch Report No. 12621, Patient No. 0005-0009 J-S 17-Sep-02
FDA Sub. _ [(initial report submitted as SN: 051) CL. 0-221 Aduit AML Stu
1" 63,641 | FDA Corres. |Official Lettor from Bloenvision Confirming Tessman Technology Limited as the Agent for Orphan 17-Sep-02
Drug Designation in the Europe and the CTX & Clinical Triaig in the UK
SN: 066 Protocol Amendment - New Investigators: Arthur Kim Ritchey, MD, Children's Hospital of
Pittsburgh, Pittsburgh, Pennsyivania (dated 8/22/02); and Violet Shen, MD, Children's Hospital of
11 63,641 FDA Sub. Orange County, Orange, California (dated 8/6/02 CLO-222 Pedlatric AML Stud 20-Sep-02
: rotoco endment - New Investigators: Susan Blaney, MD, Texas dren's HospHal,
Houston, Texas (dated 9/12/02); Viotet Shen, MD, Children's Hospital of Orange County, Orange,
California (dated 8/6/02) and Arthur Kim Ritchey, MD, Children's Hospital of Pittaburgh, Pittsburgh,
11 63,641 FDA Sub. |Pennsyivania (dated 8/22/02) for CLO-212 Pediatric ALL Stud 20-Sep-02
ax from 80! : Requ r a Reply to U ons Regarding B } Proposed
Starting Materials, drug substance, qualifying vendors for starting materials, & confirmation that
commercial sources (Chen Yi Pharma Co. , Sumica & Ash Stevens) are not performing custom
11 63,641 ] FDA Corres. |s esis of proposed starting materials 3-Oct-02
Response from USAN Council/Stephanie C. Shubat, Associate Secretary, USAN Council:
11 63,641 | FDA Corres. |Clofarabine is not an acceptable name with Clofarex - need to submit alternate hame 3-Oct-02
SN: 068 Protocol Amendment - New Investigator: Susan Blaney, M.D., Texas Children's Hospital,
11 63,641 FDA Sub. |Houston, TX {dated 9/12/02) for CLO-222 Peds AML Study 8-Oct-02
SN: 069 IND Safety Report - 2nd Follow Up: MedWatch Report No. 12602, Patient No. 0010-0007 D-
11 63,641 FDA Sub. B, Additional Information Received 7 Oct 2002 - CLO-221 Adult AML Study 9-Oct-02
Tel. Contact |Email from Mike Bernstein/ILEX to Christy Wilson/FDA: Question Regarding Interim Analysis and
11 63,641 Rep. Approval to Proceed if 4 CRs are Not Document as Per Protocol CLO-221 (Adult AML Study) 11-0Oct-02
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70 Protocol Amendment - New Investigators: Richard K. Shadduck, MD, The Western
Pennsyivania Cancer Institute, Pittsburgh, PA (dated 8/5/02) and Clive Zent, MD, University of

8

11 63,641 FDA Sub. __ |Arkansas for Medical Sciences, Little Rock, AR (dated 6/18/02) for CLO-221 Adult AML Stud 15-Oct-02
SN: 071 Protocol Amendment - New Investigator: Kimo C. Stine, MD, Arkansas Children's Hospiltal,
11 63,641 FDA Sub. |Little Rock, AR (dated 8/13/02) for CLO-212 Peds ALL Study 15-Oct-02
. clal Notification from at the Orphan Drug Sponsorship has been Transforred to
Bioenvision for clofarabine in the Indication of ALL (copy of letter sent to Heather Barker in UK)
11 63,641 | Gen. Corres. |Additional Info. to follow from the Euro an Commission on Acceptance of Transfer 15-Oct-02
-mail: Reply from ease (Tor ty n to e Bernstein : Dr. Hirshfield
Tel. Contact |Agreed with Study CLO-221 (Adult AML) Proceeding if Interim Analysis Doesn't Show 4 CRs (ILEX
11 63,641 Rep. to follow up with protocol amendment 22-Oct-02
: 072 Information Amendment: Pha ox Submission of Final Toxicology Study Reports
(MicroConstant’'s Report Nos. MC02113, MC02114; Argus Report No. 1209-001P (ILEX Report No.
_ 12 | 63,641 FDA Sub. {0202-01 ); Argus Report No. 1209-002P {ILEX Report No. 0202-02) 22-Oct-02
SN: 073 IND MN?QWQ-.OJ - Initial: MedWatch Report No. 12741, Patient No. 001-0062 D-L Study
13 | 63,641 FDA Sub. |ID00-038 (Phase Il Acute Leukemia & MDS in Rela se - MD Anderson Stud 22-0Oct-02
E SN: 074 IND Safety Report-Follow Up Report MedWatch Report No. 12656, Patient No. 0013-0013 S
13 63,641 FDA Sub. B, (additional details of hospitalization & death), for CLO-221 Aduit AML Study 23-Oct-02
SN: 075 Protocol Amendment: CLO-141-A1 A Phase I/l} Study of Clofarex in Combination with
Cytarabine (Ara-C) in Adult Patients In First Relapse of AML or ALL; with High-Risk MDS; or with
CML Blast Phase as Front Line Therapy or in First Salvage
13 | 63,641 FDA Sub. 23-Oct-02
: 076 Revised Form : - Stine, MD, Arkansas Children's Hospltal, Little Rock
(dated 10/15/02) and Susan Blaney, MD, Texas Children's Hospital, Houston, TX (dated 10/3/02) for
13 | 63,641 FDA Sub. [CLO-212 Peds ALL Study 25-Oct-02
SN: 077 Protocol Amendment - New Investigator: Dr. Stephen Johnson, Taunton and Somerset
13 | 63,641 FDA Sub. |Hospital, Taunton, Somersat (dated 9/13/02) for Study CLO-221 Adult AML Stu _25-Oct-02
SN: 078 Revised Form FDA 1572:; Kimo C. Stine, MD, Arkansas Children's Hospital, Little Rock
13 ] 63,641 FDA Sub. dated 10/15/02) for CLO-222 Peds AML Study 25-Oct-02
SN: 079 Protocol Amendment - Change in Protocol: CLO-221-A4 Aduit AML Study (extending
13 63,641 FDA Sub. study; no stopping at Interim Analysis 28-Oct-02
clal request (E-mai m e Bemstein unc phanie Schubat, Assoc.
Secretary) to keep Clofarabine - not Clofarex - after USAN denial for ILEX to use both: see
additional correspondence & approval of the name Clofarabine: 3 Oct. 2002, 13 Dac. 2002, 27 Dec.
13 | 63,641 | FDA Corres. {2002, 29 May 2003 & 23 June 2003 28-Oct-02
SN: 080 Revised Form FDA 1562s: Richard P. Kadota, MD, Children's Hospital and Health Center,
13 | 63,641 FDA Sub. _ |San Diego, CA (each one dated 10/17/02) for CLO-212 Peds ALL & CLO-222 for Peds AML 1-Nov-02
SN: 081 Revised Form FDA 1572: Neil Abramson, MD, Baptist Cancer Institute, Jacksonvilie, FL,
13 | 63,641 FDA Sub.  |32207 (dated 8/27/02) CLO-221 Adult AML Study 1-Nov-02
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SN: 082 IND Safety Report - Initial Report: MadWatch Report No. 12724, Patient No. 0012-0017 J-K
13 ] 63,641 FDA Sub. {Ex| ited 15-Day Report - determined on 1 November 2002 4-Nov-02
: CO endment - New Investigator: Bruce Gordon, M.D.,
Hematology/Oncology & Bone Marrow Transplantation Program, University of Nebraska Medical
Center, 982168 Nebraska Medical Center, Omaha, NE, 68198-2168 {dated 9/30/02) for CLO-222
13 | 63,841 FDA Sub. _ |Aduit AML Study and (dated 10/7/02) foe CLO-212 Adult ALL Study S-Nov-02
SN: 084 Informational Amendment: CMC (List New APl and DP Manufacturers and also provides
13 | 63,641 FDA Sub. jUV Data) - 7-Nov-02
SN: 085 Revised Form FDA 1572: James Foran, MD, Univ. of Nebraska Medical Center, Omaha, NE
13 | 63,641 FDA Sub.  |(dated 10/23/02) for CLO-221 Aduit AML Study 13-Nov-02
SN: 086 Revised Form FDA 1572s: Peter Steinherz, MD, Memorial Sloan Kettering Cancer Center,
13 | 63,641 FDA Sub. |New York, NY (both dated 10/1 7/02) for CLO-212 Peds ALL Study and CLO-222 Peds AML Study 13-Nov-02
i SN: 087 Response to FDA Request for information: Sponsor Response to FDA Request for
13 ] 63,641 FDA Sub. |Additional Information RE: CMC Starting Materials 15-Nov-02
SN: 088 Revised Form FDA 1572s: Bassem Razzouk, M.D., St. Jude's Chliidren's Hospital,
13 | 63,641 FDA Sub. |Memphis, TN (both dated 11/14/02) for CLO-212 Peds ALL Study & CLO-222 Peds AML Study 21-Nov-02
SN: 088 Protocol Amendment: CLO-221A4 Site Specific Addendum (Dr. Wetzlers site to do
13 | 63,641 FDA Sub. |additional PK sampling) ‘l - 21-Nov-02
SN: 090 Revised Form FDA 1572s: Dan Douer, M.D., USC/Norris Comprehensive Cancer Center,
13 | 63,641 FDA Sub.  |Los Angeles, CA (dated 7/1/02 and dated 1023/02) for CLO-221 Adult AML Stud 21-Nov-02
: rotoco ndment - New inv. gator: Dr. Ann Hunter, Ce r Roya rmary,
Leicester CLO-221 Adult AML Study (dated 11/09/02) see entry of 16 January 2003: site specific i
13 ] 63,641 FDA Sub. |addendum never activated _ 21-Nov-02
SN: 092 Protocol Amendment - New Investigator: Dr. Michael Potter, Royal Free Hospital,
13 | 63,641 FDA Sub. |Hampstead London CLO-221 Aduit AML Stu - 22-Nov-02
SN: 093 IND Safety Report Follow Up: MedWatch Report No. 12724, Patient No. 00120017 VK
13 63,641 FDA Sub. including detalls on patient's death) 22-Nov-02
SN: 094 IND Safety Report -Follow Up: MedWatch Report No. 12606, Patient No. 0004-0010 L-M,
13 | 63,641 FDA Sub.  |CLO-221 Adult AML Study (Second Follow Up - including patients death) 22-Nov-02
Facsimile from Christy Wilson/FDA: Comment from Blopharmaceutics Reviewer - Validate Assay
Method prior to use in Trials; PK Sampling is Insufficient - Increase Sampling Points for
Characterizing the Disposition of Clofarabine; Need to Conduct In Vitro Cytochrome P450 Screens
13 ]63,641 | FDA Corres. jw/Human Liver Microsomes; Characterize Metabollc Activity & Elimination Pathways 2-Dec-02
SN: 095 Revised Form FDA 1572s: James Foran, MD, (dated 11/4/02) and Neil Abramson, MD
13 ] 63,641 FDA Sub. |(dated 11/7/02) for CLO-221 Adult AML Study 4-Dec-02
SN: 096 IND Safety Report - Follow Up Report, MedWatch Report No.12741, Patient No. 001-0062 D
13 - ] 63,841 FDA Sub. L on Study ID00-038 *change in causality from drug related to disease related per Pl 4-Dec-02
Official Notification from USAN Gouncil: Acceptance of the Namo Clofarabine; Request for Check
13 | 63,641 | FDA Corres. ($3,000) to the World Heaith Organization gg 13-Dec-02
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N: 097 Protocol estiga

Adult AML Study

Tarantolo, M.D., Unlv. of Nebraska Medical Center, Omaha, Nebraska (dated 12/2/02) CLO-221

17-Dec-02

13

63,641

FDA Sub.

SN: 098 2002 Annual Report: Report Period Oo<01:m 07 Dec 2001 through 01 Nov 2002

18-Dec-02

13

63,641

FDA Corres.

13

63,641

FDA Sub.

Fax from FDA: Submission No. 089 dated 21 November 2002 - Site Specific Protocol Addendum
for PK Sampling - Please Clarify the Dosing vs. Sampling Times as Listed in Chart of Addendum

24-Dec-02

Check for $3,000 to WHO, Letter sent to American Medical Assoc. for the USAN Council for
Processing the Name Clofarabine

13

63,841

FDA Sub.

27-Dec-02

esponse to Fax from FD opharmaceutics Reviewer: Clarification osing

089)

13

63,641

FDA Sub.

every

28 days) and Table in Site Specific Protoco! Addendum for PK & Urine Sampling (Submission SN:

31-Dec-02

Louls, MO, (dated 12/19/02) CLO-221 Aduit AML Stud

14

FDA Sub.

POYOCO enament:

Line Therapy or in First Salvage

SN: 100 Revised Form FDA 1572: John F. DiPersio, M.D., Washington Univ. School of Med., St.

31-Dec-02

. ase o n Combination'w|
Cytarabine (Ara-C}) in Adult Patients in First Relapse or First Salvage of Primary Refractory AML or
ALL (maximum of 2 induction courses); with High-Risk MDS; or with CML Blast Phase as Front

6-Jan-03

14

FDA Sub.

SN: 102 Revised Form FDA 1572s: Blanche Mavromatis, MD Lombardi Cancer Centoer,

Omaha, Nebraska - 2 qty 1572s ( dated 12/6/02 and 1/8/03) for CLO-221 Aduit AML Stu

14

Gen. Corres.

Washington, DC (dated 12/29/02); and Stefano Tarantolo, MD, Univ. of Nebraska Medical Center,

13-Jan-03

Letter to Meir Wetzler, MD: Withdrawa! of Special Addendum to CLO-221-A4 (site specific
addendum submitted to FDA as SN: 089 dated 21 November 2002) Never Activated

14

FDA Sub.

O enament: - ase orarabine In [t n

Line Therapy or in First Salvage

14

FDA Sub.

16-Jan-03

Cytarabine (Ara-C) in Adult Patients In First Relapse or First Salvage of Primary Refractory AML or
ALL (maximum of 2 induction courses); with High-Risk MDS; or with CML Blast Phase as Front

20-Jan-03

for CLO_221 Study

. oV om : Dav B » Duke Univers cal Center, Durham,
NC (dated 8/28/02); Michael Milder, MD, Swedish Medical Center - Cancer Institute, Seattle, WA
(dated 9/3/02) and Meir Woetzler, MD, Roswell Park Cancer Institute, Buffalo, NY (dated 1/3/03) all

20~Jan-03

14

FDA Sub.

{dated 1/2/03) CLO-141 Stud

14

FDA Sub.

SN: 105 Revised Form FDA 1572: Stefan Faderl, MD, MD Anderson Cancer Center, Houston, TX

20-Jan-03

eV om ) no, M.D., The ren's Hos , Denver, CO

ALL Study

(dated 1/8/03); Sima S Jeha, M.D., MD Anderson Cancer Center, Houston, Texas (dated 1/8/03);
Paul S. Gaynon, M.D., Children's Hospital Los Angeles, Los Angeles, CA (dated 11/6/02); Stewart
Goldman, M.D., Children's Memorial Hospital, Chicago, Ill. (dated 4/29/02) all for CLO-212 Peds

24-Jan-03

10
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FDA Sub.

Clofarabine  J No. 63,641

: eV om 'Y ) no, M.D., The ren's Hospital, Denver,
(dated 1/8/03); Sima S Jeha, M.D., MD Anderson Cancer Center, Houston, Texas (dated 1/8/03);
Paul S. Gaynon, M.D., Children's Hospital Los Angeles, Los Angeles, CA (dated 11/6/02); Stewart
Goldman, M.D., Children’s Memorial Hospital, Chicago, Ill. (dated 4/29/02) all for CLO-222 Pads

AML Study

14

63,641

FDA Sub.

24-Jan-03

SN: 108 Revised Form FDA 1572; Stefano Tarantolo, M.D., Univ of Nebraska Medical Center,
Omaha, Nebraska (dated 1/17/03) for CLO-221 Adult AML Stu

24-Jan-03

14

63,641

FDA Corres.

clal ication from Michae appell, ct Directo las: Results o u
Conducted by Iris C. Macines during 9/16/02 through 9/20/02 - Establishment Inspection Report
EIR) (FEI 3003288351)

14

63,641

FDA Sub.

24-Jan-03

SN: 109 IND Safety Report - Initial Report: MedWatch Report No. 12869, Patient No. 0007-0018
(CLO-212 ALL Study)

14

63,641

FDA Sub.

‘29-Jan-03

SN: 110 IND Safety Report - Initial Report: MedWatch No. 12893, Patient no. 0005-0039 (RLN) (CLO-

14

FDA Sub.

31-Jan-03

221 Aduit AML Stu

: ev orm FDA : Stefano Tarantolo, , Univ. of Ne cal Center,
Omaha, NE {dated 1/27/03) and Nelil Abramson, MD, Baptist Cancer institute, Jacksonville, FL
(dated 1/23/02) for CLO-221 Adult AML Study

4-Feb-03

14

FDA Corres.

Facsimile for FDA - Biopharmaceutics Reviewer: Sampling Timepoints for the Site Specific
Protocol Addendum submitted as Serial No. 089; and Request for Validation Assay (note* the site
s C protocol addendum was never implemented - E-mall filed with fax as ex lanation)

135

FDA Sub.

4-Feb-03

: niormation Amendment - Pharmacology/ToxIco : Report No. 17

(MicroConstants, Inc., Report Date 17 December 2002) Report No. MC02298 (MicroConstants, Inc.,
Report Date 17 December 2002); and SLI Study No. 3569.3 (ILEX 0204-05)(Springborn Labs, Report
Date 13 January 2003

15

63,841

Report

S5-Feb-03

udy No. 3569. ree Week Oral and Iintravenous tudy of
Clofarabine in Fischer 344 Rats™ (Springborn Labs, Report Date 13 January 2003) (ILEX No. 0204-
05)Submitted to IND In SN: 112

16

63,641

FDA Corres.

Officlal Acknowledgment of Recaeipt of $3,000 Check payable to WHO for Processing the Name
‘Clofarabine’ ) :

5-Feb-03

16

63,641

FDA Sub.

SN: 113 Response to FDA Request for Information: Sponsor's Response to FDA’s 04 February
2003 Facsimile RE: SN:089 Dated 21 November 2002

16

63,641

FDA Sub.

13-Feb-03

: eV om : Lorli-Luchtman-Jones, M.D_, Was ngton Univ. School of
Maedicine, St. Louis, MO (dated 1/28/03); Susan Blaney, M.D., Texas Children's Hospital, Houston,
Texas (dated 1/09/03) both for CLO-212 Peds ALL Study

16

63,641

Gen. Corres.

14-Feb-03

GLP Inspection Report: Multiple Studies, GLP Inspection of 16 Sept - 20 Sept 2002; Follow UP
Visit to 27 July 2002

18-Feb-03

16

63,641

FDA Sub.

16

FDA Sub.

28-Febh-03

: n on endment - Pharmaco oxicology: us Report No.
No. 0204-01), Argus Report No. 1209-002 (ILEX Report No. 0204-02) and MicroConstants Report

No. MC02299 11

28-Feb-03




D .q.lo..‘mm

Toxicity of Clofarabine in Rats"

Clofarabine

» No. 63,641

4°, .

(report Date 20 December 2002) Submitted to FDA in Serial No.

01) titled “Intravenous b svelopmental |

16 | 63,641 Report 116 on 28 Feb 2003
Argus Research Report No. 1209-00 aeport No. 2 ntravenous Developmental
Toxicity of Clofarabine in Rabbits"” (report Date 18 December 2002) Submitted to FDA in Serial No.
16 | 63,641 Report 116 on 28 Feb 2003 :
. SN: 117 IND Safety)Report - Second Follow Up: MedWatch No. 12724, Patient No. 0012-0017 (J-K)
17 1 63,641 FDA Sub.  |CLO-221 Adult AML Study : 5-Mar-03
SN: 118 IND Safety Report - Follow Up: MedWatch No. 12869, Patient No. 0007-0018 (CMR) CLO-
17 | 63,641 FDA Sub. {212 Peds ALL Study 5-Mar-03
Official Notification of Formal Written Request for Pediatric Exclusivity (refer to FDA
17 63,641 | FDA Corres. |comrespondence of 27 August 200 i 7-Mar-03
9 Revised Form : Susan Rhelngold, M.U_, The ren's Hosp adelphia,
Philadelphia, PA (2 qty 1572s, each dated 2/4/03) for Studies CLO-212 Peds ALL and CLO-222 Pads
17 63641 FDA Sub. |AML+ : 11-Mar-03
17 - FDA Sub. 21-Mar-03
17 - FDA Sub. 21-Mar-03
17 | 63,641 | FDA Corres. 26-Mar-03
port: MedWatch No. 12777, Patient No. 0005-0025 {DHE) CLO-
17 | 63,641 FDA Sub. [221 Adult AML Study 28-Mar-03
SN: 122 IND Safety Report - Initial Report: MedWatch No. 12841, Patient No. 0001-0010 (AMO) CLO-]
17 63,641 FDA Sub. |141 Combo w/Ara-C Study 28-Mar-03
17 | 63,641 FOA Sub. _ [SN: 123 Cross-Reference Authorization Ltr (Kantarjian/Fadert) 31-Mar-03
Tel. Contact |Telephone Contact Between Christy Cottrell/ICSO & Jenny Swalec: Non-ILEX Sponsored Ciinical
17 63,641 Rep. Trials (Not Treatment Use - Process for ISTs Investigator Sponsored Trials) . 1-Apr-03
SN: 124 Revised Form FDA 1572s - Muitiple Investigators, Muitiple Protocols: Dan Douer, MD,
USC/Norris Comprehensive Cancer Center, Los Angeles, CA (dated 2/27/03) for CLO-221 Aduit
AML Study; P. Venugopal, MD, Chicago, Ill (dated 1/1 7/03) for CLO-221 Adult AML Study; Richard
Kadota, MD, Children's Hospital and Healith Center, San Diego, CA (dated 10/0302 and 2nd Form
1572 dated 1/17/03) for CLO-212 Peds ALL Study; Susan Blaney, MD, Texas Children’s MHospital,
17 | 63,641 FDA Sub. [Houston, TX (dated 1/17/03 CLO-222 Peds AML Stud 3-Apr-03
: ormation endment - Pharmacology/Toxico eports: Report Nos. -2002-
0542-B10, QKAN-2002-0705-ADM, QKAN-2002-0642-B10, and QKAN-2002-0783-ADM (original
17 ] 63,641 FDA Sub. |reports filed separately) 10-Apr-03
SN: 126 Protocol Amendment - Change in Protocol: CLO-141-A4 "A Phase /Il Study of Clofarabine
in Combination with Cytarabine (Ara-C) in Adult Patients in First Relapse or First Salvage Therapy
or Primary Refractory AML or ALL (maximum of two induction courses); with High Rish MDS:; or
17 63,641 FDA Sub. _|with CML Blast Phase as Front Line Therapy or In First Salvage® 17-Apr-03

12




Clofarabine

7 No. 63,641

. it °<u .<.-r.-u i .rr.“:-.y-m(!”r. gated N z n.._,_{ or CI
212 Study; and Stewart Goldman, M.D., Chicago, ILL (2/ each dated 2/1 8/02) for CLO-212 & CLO-

17 | 63,641 FDA Sub. [222 Studies 30-Apr-03
17 63,641 Report Southern Research Institute (SRI): Results from Clofarabine + Camptosar Efficacy Study: ILEX-25
SN: 120 Information Amendment - Clinical: Final Clinical Study Report for DM93-036 (Volume 1 of
18 | 63,641 FDA Sub. |5 - 18-Mar-03
SN: 120 Information Amendment - Clinical: Final Clinical Study Report for DM93-036 (Volume 2 of
19 | 63,641 Report 5) 18-Mar-03
SN: 120 Information Amendment - Clinical: Final Clinical Study Report for DM93-036 (Volume 3 of
20 63641 FDA Sub. |5 . 18-Mar-03
SN: 120 Information Amendment - Clinical: Finai Clinicat Study Report for DM93-036 (Volume 4&5
21 63,641 FDA Sub. Jof5) 18-Mar-03
Telephone Contact Report Between Christy Cottrell/CSO, Mike Bernstein & Jenny Swalec: ILEX
called to check the status on the Agency's response to an ILEX facsimile (dated 4/3/03): The
Agency's Responses Included: Cross-Reference of Reports Already Submitted is Acceptable for
Tel. Contact |Oral IND Application; Address for Submitting Oral Formutation IND Application and Still Waiting
22 63,641 Rep. on Agency's Response to Stability Data {developmental or clinical trial material) 1-May-03
Telephone Contact Report Between Christy Cottrell/CSO, Mike Bernstein & Jenny Swalec:
Tel. Contact |Discussion on Timing of NDA Submisslon for Pediatric ALL, Request/Application for Fast-Track
22 | 63,641 Rep. Designation for Pediatric ALL, Pre-NDA Mtg Pk submission) & Rolling NDA Submission 1-May-03
. General Correspondence (No al No.): onal Pages/Replacement Pages for al No. -
Pharm/Tox Report QKAN-2002-0783-ADM Original Film Pages of Pictures to Replace Poor Quality
22 63,641 FDA Sub.  |Coples in Original Submission - 1-May-03
SN: 128 Protocol Amendments: Change in Protocols: CLO-212-A5 (Peds ALL) and CLO-222-A5
22 | 63,641 FDA Sub. Peds AML) Amendments 2-May-03
Facsimile from Christy Cottrell/CSO: Response to ILEX's questions - clarification of specific
22 63,641 | FDA Corres. |comments arding the T A meeting request- prep for Oral Formulation Initial IND 5-May-03
63,641 FDA Sub. |See SN: 129 Fast Track lication - Binder 23 8-May-03
: a eport - Follow Up Report: atch Report No. ’ nt No.
(AMO) for Study CLO-141 (Combo with Ara-C); Initial Report was Submitted as SN: 122 on 28
22 63,641 FDA Sub. March 2003 ‘ 9-May-03
: a eport - Follow Up Report: atch Repo 0. , 3 0.
(RLN) for Study CLO-221, Aduit AML Study; Initial Report was Submitted as SN: 110 on 31 Jan
22 63,641 FDA Sub. 2003 9-May-03
Official Acknowledgment of Receipt of Fast Track Application for Pediatric ALL - FDA will
22 63,641 | FDA Cormres. |Respond within 60 Days 13-May-03

13




Clofarabine s No. 63,641

DR R Nl i )
SN: 132 Revised Form FDA 1572s: Arnold Altman, MD, Connecticut Chiidren's Medical Center,
Hartford, CT (2 qty - each dated 2/13/03: 1 for CLO-212 Peds ALL Study, one for Peds AML CLO-
222 Study; Stefano Tarantolo, MD, University of Nebraska Medical Center, Omaha, NE (dated
5/7/03) for the Aduit AML CLO-221 Study; and Michael Milder, MD, Swedish Medical Center,
22 ] 63,641 FDA Sub. _|Seattle, Washington (dated 3/25/03) for the CLO-221 Adult AML Stu 14-May-03
acsimile from Oncology o : ng Min rom Type eeting - Wiritten Response
in Lelu of Face-To-Face Meeting; Includes Addendum to Initial Minutes/Response - Response to
ILEX's Request (via Facsimile of 3 April 2003) for Clarification (Oral Indication Needs Separate
22 | 63,641 | FDA Corres. |IND) : 21-May-03
22 63,641 FDA Sub. SN: 133 ILEX's Proposed Changes to Written Request (Dated 07 Mar 03) Issued by FDA 23-May-03
SN: 134 Revised Form FDA 1572s: Charles Casey Cunningham, MD, Mary Crowley Medical
22 63,641 FDA Sub. Research Center, Dallas, Texas (dated 4/24/03) and Donald A. Richards, MD, Tyler Cancer Center, 27-May-03
Official Notification from American Medical Association/USAN Counclil: Ciofarabine Adopted
22 | 63,641 FDA Corves. |(Approved) as the USAN Name 28-May-03
Facsimile from Christy Cottrel/FDA: Comments from Chemistry Reviewer Regarding Serial No.
22 63,641 | FDA Corres. |087 of 15 November 2002 and Submission of 7 May 2003: Pro sal for Drug Substance Starti 29-May-03
SN: 136 Request for Pre-NDA Meeting for Clofarabine In Acute Lymphoblastic Leukemia (ALL);
24 63,641 FDA Sub. Proposed date of Meeting - First Week in August : . 3-Jun-03
SN: 137 IND Safety Report - Initial Report: MedWatch Report No. 13026, Patient No. 0010-0022 NO.
22 | 63,641 FDA Sub. [M), CLO-222 Peds AML Study ) 10-Jun-03
Facsimlle from Christy Cottrell/FDA: Confirmation of Pre-NDA, Scheduled for 13 August 2003 and
22 63,641 ] FDA Corres. |List of Attendees 11-Jun-03
SN: 138 IND Safety Report - Initial Report: MedWatch No. 12777, Patient No. 0005-0025 (DHE) CLO-
22 | 63,641 FDA Sub. ]221 Adult AML Study . 16-Jun-03
. Official E-mail from Mike Bernstein to Christy Cottrel/FDA: Corrections to Serial No. 129 (Fast
22 63,641 | FDA Corres. |Track lication, 8 May 2003) Response Definition and Primary/Secondary Objectives 20-Jun-03
. Response to American Medical Association/lUSAN Council: Clofarabine Adopted (Approved) as
22 | 63.641 FDA Sub.  |the USAN Name - Changes to the Chemical Name , 23-Jun-03
SN: 141 Protocol Amendment: Revised Form FDA 1572 - Timothy Griffin, M.D., Cook Children's
22 63,641 FDA Sub. :o:.un@\o:ao_omk Ctr (dated 3/31/03) CLO-212 & CLO-222 Studies 30-Jun-03
SN: 142 Protocol Amendment: Paul Conkling, M.D., Virginia Oncology Assoc., Mid-Atlantic
22 | 83,641 FDA Sub. _ |Consultants, Norfolk, VA (dated 5/19/03) CLO-221 Stu 30-Jun-03
SN: 129 Request for Fast Track Designation and NDA Roliling Submission Strategy (ALL
23 | 63,641 FDA Sub. lindication) : 8-May-03
: BioReliance Report: Bacterial Reverse Mutation Assay (Report No. €LO.00.07.02, Report Date 3
24 A | 63,641 Report ril 2002) Submitted to IND as SN:050
BioReliance Report: in Vitro Mammalian Chromosome Aberration Test {(Report No. CLO.00.07.03,
24 A | 63,641 Report Report Date 27 March 2002) Submitted to IND as SN:050

14
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24 A

Report

Clofarabine

eport No. -2002 2-Bl

No. 125 on 10 Apr 03

24 A

Report

eport No. -2002-0 t

in Serial No. 125 on 10 Apr 03

24 A

Report

24 A

Report

Report No. QKAN-2002-07 t

248

Report

Cryopreserved Hepatocytes™ by Quintiles,

eport No. -2002-064 titled "in

2 No. 63,641

eta m of Clofarabine in , an uman

Kansas City dated 1 October 2002 (submitted in Serial

adlokInetic an cretion/Mass Balance Study of

14C-Clofarabine In Fischer 344 Rats" by Quintiles, Kansas City dated 30 January 2003 {(submitted

issue ution in Male or
Five Day Daily Intravenous Dose Regimen of 14C-Ciofarabine” by Quintiles, Kansas City, dated 20
March 2003 (submitted In Serial No. 125 on 10 Apr 03)

© Metabollsm of Clofarabine In Rat Myocardium,
Liver, Urine, Feces, and Plasma Samples Collected from Protocol (PK-817)" by Quintiles, Kansas
City, dated 5 March 2003 (submitted in Serlal No. 125 on 10 :

24B

Report

eport No. roCo

120 on 18 Mar 2003

Report

BioReliance Report: Mammalian Erythrocyte Micronucleus Test (Report No. AA53PR.125.BTL;
CLO.00.48, Report Date 15 July 2002). Submitted to IND as SN:050.

nt's Analytical Report: Determination of Clofarablne

Concentrations in Human Plasma for M.D. Anderson Study DM 93-036" (Report Date 29 March
2002) and the revised version of Report No. MC02013 dated 10 July 2002 (submitted to IND In SN:

alidation Report: Validation of a Method for

the Determination of Clofarabine in Human Plasma Using HPLC with Mass Spec Detection”
(Report Date 25 April 2002) Submitted to IND in SN: 112

248

Report

Appendix A - Bioanalytical Report titied
(submitted as a stand alone

248

Report

eport No. : Supplemen

144 on 17 July 2003

248

Report

eport No

No. 144 on 15 July 2003

248

Report

. - Formulation Analys
Concentrations in Dosing Formulations: A Muiti-cycle (Five Days' Dosing Plus 23 Days Recovery
Per Cycle) Intravenous Toxicity and Toxicokinetics Study in Beagle Dogs” by MicroConstants,
Inc., dated 21 Feb. 2003 (this report is an Appendix to the Full Report, ITR Report No. 2758
submitted in Serial No. 135 on 2 June 2003)(submitted as a stand alone report to the IND in Serial

Report No. MC02111 - Toxicokinetics Report titled "Clofarabine: A Multi-cycle (Five Days’ Dosing
Plus 23 Days Recovery Per Cycle) Intravenous Toxicity and Toxicokinetics Study in Beagle Dogs"
by MicroConstants, Inc., dated 23 April 2003 (this report is Appendix VI in the Full Report, ITR
Report No. 2758), submiitted in SN: 135 on 2 June 2003; This Report MC002111 includes an

"Determination of Clofarabine Concentrations in Dogs”

to the IND in Serlal No. 144 on 15 July 2003,

oxicokinetfics Repo ofarablne: ulti-cycle

(Five Days’ Dosing Plus 23 Days Recovery Per Cycle) intravenous Toxicity and Toxicokinetics
Study in Beagle Dogs” by MicroConstants, Inc., dated 1 July 2003 (submitted to IND In Serial No.

epo

July 2002) Submitted to IND as SN:072

eport No. 1 croConstant's Method Valldation Report: Valldatlon of a Method for
the Determination of Clofarabine in Rat Plasma using HPLC with MS/MS Detectlon®™ (Report Date 2

19
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;“-huilq ..,.M..,Mm.mm.mw...m.h,sw%:,hu.u..mwu...n..sl,t, [ S I B i e Ao
R ' A ed "MicroConstant's Method Valldation Report: Validation of a Me
the Determination of Clofarabine in Dog Plasma using HPLC with MS/MS Detection™ (Report
27 June 2002) Submitted to IND as SN:072

-q‘l

248

Report No. C onstant’'s We! aligation Report: Validation of a od for
the Determination of Clofarabine in a Formulation using HPLC with MS/MS Detection™ (Report
Date 8 August 2002)(this is an Appendix to the full Report, No. ITR 5471 )(submitted as a stand
alone report to the IND in Serial No. 144 on 15 July 2003)

248

Report

Report No. MC02116 - Toxicokinetics Report titled "Clofarabine: A Multi-Cycle (Five Days’ Dosing
Plus 23 Days Recovery Per Cycle) Intravenous Toxicity and Toxicokinetics Study in Fischer 344
Rats™ by MicroConstants, Inc., dated 25 May 2003 (this report is an Appendix to the Full Report,
TR Report No. 5471), with an Appendix titled "Determination of Clofarabine Concentrations in Rat
Plasma” (submitted as a stand alone report to the IND in Serial No. 144 on 15 Ju 2003)

248

Report

eport No. v ed c nstant’s Analytical Report: Determination of 2-Chloroadenine
Concentrations in Human Plasma For MD Anderson Study DM 93-036™ (Report Date 29 May

248

Report

epo 0. : rmination o arabine Formulations |
in an Intravenous Developmental Toxicity Study of Clofarabine in Rabbits by MicroConstants, Inc.
(Report Dated 4 September 2002) (this is an Appendix to Argus Report No. 1209-001) (submitted
as a stand alone report to the IND in Serial No. 144 on 15 July 2003)

63,641

Report

Report No. MC02137 - Formulation Analytical Report: Determination of Clofarabine Formulations
in an intravenous Developmental Toxicity Study of Clofarabine in Rats by MicroConstants, Inc.
(Report Dated 13 September 2002) (this is an Appendix to Argus Report No. 1209-002) (submitted
as a stand alone report to the IND in Serial No. 144 on 15 July 2003)

248

63,641

Report

Report No. MC02148 - Formulation Analysis Report titled "Determination of Clofarabine
Formutations in Clofarabine: A Multi-Cycle (Five Days" Dosing Plus 23 Days Recovery Per Cycle)
intravenous Toxicity and Toxicokinetics Study in Fischer 344 Rats” by MicroConstants, Inc., dated
4 Feb. 2003 (this report is an Appendix to the Full Report, ITR Report No. 5471)(submitted as a
stand alone report to the IND in Serial No. 144 on 15 July 2003)

248

63,641

Report

Report No. MC02013: Bioanalytical Report - "Determination of Clofarabine Concentrations in
Human Plasma for M.D. Anderson Study DM 93-036 (Report Dated 8 November 2002)

Report

Report No. MC02171: Bioanalytical Report - "Determination of Clofarabine Concentrations in
Human Plasma for ILEX Oncology Study ID99-383 ("Phase | Study of CL-F-ARA-A {clofarabine) in
Pediatric Patients with Hematologic Malignancies™ Re rt Dated 25 March 2003

248

Report

eport No. ormulation Ana eport - rmination o rabine Formulations Tn
Three Weekly Oral and Intravenous Dose Bridging Toxicity Study of Clofarabine In Fischer 344
Rats™ by MicroConstants, Inc. (Report Dated 8 November 2002) (Appendix to Springborn Labs

Study No. 3569.3)




Report

Clofarabine . No. 63,641

eport No. e croConstant's eport: Evaluation of the
Clofarabine in Liquid Formulations using HPLC with UV Detection” (Report Date 27 August 2002)
(this is an Appendix to the Full Report, No. ITR 5471) (submitted as a stand alone report to the IND
in Serial No. 144 on 15 July 2003

248

Report

eport No. : Bloanalytical Repori- "Defermination of Clotarabine Concentrafions In
Human Plasma and Urine for a Phase Il, Open-Label Study of Clofarabine In Pediatric Patlents with
Refractory or Relapsed Acute Myelogenous Leukemia) by MicroConstants, Inc. (Report Date 13
January 2004)(in su rt of Saection 6 of eNDA/CL0O-222 Stud

Report

croConstant’s Qua on Report: Qualification of Minor
Modifications to the Method for the Determination of Clofarabine in Human Plasma using HPLC
with MS/MS Detection™ (Report Date 25 September 2002) (submitted in Serial No. 151 on 8 Aug
2003

248

Report

eport No. 98: MicroConstant's Me alldation Report: Validation of a od for the
Determination of Clofarabine in Human Urine Using HPLC with Mass Spec Detection (Report Date
17 December 2002) Submitted to IND in SN: 112

Report

eport No. 2 alidation of a or the Determination o loroadenine In Human
Plasma Using HPLC with Mass Spec Detection (MicroConstants, Inc., Report Date 31 January
2003) Submitted to FDA in Serial No. 116 on 28 Feb 2003

248

Report

Report No. MC02301 - MicroConstant’s Non-interference Report: Evaluation of the Effect of
Cytarabine in the Determination of Clofarabine in Human Plasma Containing Heparin using HPLC

Report

X alidation Report: Extended Stabillty of
Clofarabine in Formulations using HPLC with UV Detection” (Report Date 8 October 2002)
Submitted in Serial No. 151 on 8 Aug 2003

248

248

Report

eport No. 2310: Bloanalytical Report - "Determination of Clofarabine Concentrations In
Human Plasma and Urine for ILEX Oncology Study CLO-221" by MicroConstants, Inc., Report
Dated 10 June 2003 (submitted to IND in Serial No. 144 on 17 July 2003)

Report

Report No. ﬂ%dmd_anggouavo:ﬁnac::_:wno: of Clofarabine Concentrations In
Human Plasma and Urine for ILEX Oncology Study CLO-212" by MicroConstants, inc., Report
Dated 27 May 2003

Report

Report No. MC02311: Bloanalytical Report - "Determination of Clofarabine Concentrations in
Human Plasma and Urine for a Phase Il, Open-Label Study of Clofarabine in Pediatric Patients with
Refractory or Relapsed Acute Lymphoblastic Leukemia™ by MicroConstants, Inc., Report Dated 13

Report

January 2004 (Revision No. 2)(in su rt of Section 6 of eNDA/CLO-212 Stud

aport No. : Pharmacokine eport - "Intravenous an arma ne
Clofarabine in Male CD-1 Mice, Report Dated 8 May 2003 (ILEX Study No. 0212-01 (will be
referenced in the Oral Formulation Initial IND and NDA Pkg)(submitted as a stand afone report to

dy of

the IND in Serial No. 144 on 15 July 2003)

17
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Report

Clofarabine ) No. 63,641

eport No. MC03045: Bioanalytica xo‘vo..n - "Determination o rabine Concentrations In
Human Plasma for ILEX Acute Leukemia Study 1D00-038", by MicroConstants, Inc., Report Dated
27 May 2003

Report

Report No. MC03065 - Qualification Report: Qualification of Minor Modifications to the Method for
the Determination of Clofarabine in Human Plasma using High-Performance Liquid :
Chromatography with Mass Spectrometric (MS/MS) Detection”™ Report Dated 15 Aprit 2003

248

Report

Report No. MC03105 titled Stabllity Report: "Evaluation of the Frozen Stability of Clofarabine in
Human Urine using High-Performance Liquid Chromatography with Mass Spectrometric (MS/MS)
Detection™ (Report, Date 14 July 2003) (this will be submitted in support of Section 6 of the Clinical
eNDA) .

248

Report

Report No. - Qualiification Report: Qualification o nor cations
the Determination of Clofarabine in Human Piasma using High-Performance Liquid
Chromatography with Mass Spectrometric (MS/MS) Detection”™ Report Dated 29 June 2003
(submitted to IND in Serial No. 144 on 17 July 2003)

248

Report

Report No. MC03153: BioAnalytical Report titled “Determination of Clofarabine Concentrations |
Monkey Plasma and CSF for a Study of Clofarabine Delivered Intravenously in Monkeys” (dated 5
March 2004) (this is the original) (will be In support of a both oral and IV formulations of
clofarabine; not submitted in initial eNDA for [V formulation) (not submitted in eNDA; submitted to
both clofarabine IND 63,841-IV & 67,954-oral formulation - on 3/23/04

248

Report

Report No. eport: "Evaluation @ Frozen of Clofarabine Tn
Human Plasma using High-Performance Liquid Chromatography with Mass Spectrometric
(MS/MS) Detection” (Report Date 22 August 2003) (this will be submitted in support of Section 6 of
the Clinical eNDA

Report

eport No. eport: "Evaluation of the mple of
Clofarabine in Human Plasma and Urine using High-Performance Liquid Chromatography with
Mass Spectrometric (MS/MS) Detection™ (Report Date 22 October 2003) (this will be submitted in
su rt of Section 6 of the Ciinical eNDA

t

Report

Report No. DE1802-02: Clofarabine Dosed PO or IP Against HT29 Human Colorectal Carcinoma
Xenograft Model by ILEX Oncol , Inc. (Report Dated 28 August 2003)

Report

Pharmacology/Toxicology: Ciofarabine Us as a Single Agent or in Combination - Data in
Support of the In Vivo Efficacy of Clofarabine, Report Nos. ILEX-3, ILEX-4, ILEX-8, ILEX-9, ILEX-11,
ILEX-12, ILEX-14, ILEX-16, ILEX-19, ILEX-24, ILEX-25, ILEX-27, 5260-7#138 and NCI Data (submitted

Report

in eNDA)
Report No. ILEX-3: "Response of SC PC-3 Prostate Tumor to Treatment with Taxotere™ performed
by Southern Research Institute, dated 3-12-2002

Report

Report No. ILEX-4: "Response of SC HT29 Colon Tumor to Combination Treatment with
Clofarabine and Irinotocan™ performed by Southern Research Institute, dated 4-1-2002

R

Report

Report No. ILEX-8: “"Response of SC HT29 Colon Tumor to Combination Treatment with

Clofarabine and 5-FU" performed by Southern Research Institute, dated 5-8-2002
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: "Response of SC PC-3 Prostate Tumor to Combination Treatment
axotere™ performed by Southern Research Institute, dated 5-9-2002

Report

Report No. ILEX-11: “Response of SC HT29 Colon Tumor to Treatment with Clofarabine™
performed by Southern Research Institute, dated 8-23-2002

Report

Report No. ILEX-12: "Response of SC CCRF-CEM Leukemia to Combination Treatment with
Clofarabine and ARA-C" performed by Southern Research Institute, dated 2-26-2002

Report

Report No. ILEX-14; “"Response of SC CCRF-CEM Leukomia to Combination Treatment with ARA-C
and Clofarabine” performed by Southem Research Institute, dated 12-12-2002

Report

Report No. ILEX-16: "Response of SC NCI-H460 Lung Tumor to Treatment with Clofarabine
(Scheduie Dependen rformed by Southern Research Institute, dated 9-18-2002

Report

Report No. ILEX-19: "Response of SC HT29 Colon Tumor to Combination Treatment with
Clofarabine and Irinotecan” performed by Southern Research institute, dated 10-23-2002

Report

R T St it Smmteodhatnhil

Report No. ILEX-24; "Response of SC HT29 Colon Tumor to Combination Treatment with
Oxaliplatin and Clofarabine™ ormed by Southern Research Institute, dated 3-12-2003

Report

Report No. ILEX-25: "Response of SC HT29 Colon Tumor to Combination Treatment with
Clofarabine and Camptosar” performed by Southern Research institute, dated 12-26-2003

Report

Report No. ILEX-27: "Response of SC HT29 Colon Tumor to Treatment with Clofarabine or CPT-
11" performed by Southern Research Institute, dated 4-17-2003

Report

eport No. - : "RResponse o rostate Tumor to Treatment - ~-A
(NSC 606869) and 2-F-ARA-AMP {NSC 312887)" performed by Southermn Research Institute, dated 5-
4-88

Report

NCIi Screening Data; in Vitro Anti-Tumor Screening on 60-Tumor Coll Lines ...Referenced in the IB,

FDA Sub.,

Oral IND and IV NDA (Report Date: 16 ril 2003; Test Date: 3 March 2003

: rmation ndment - Pha ox: Toxicology Repo rabine: ulti-cycle e
Days’ Dosing Plus 23 Days Recovery Per Cycle) Intravenous Toxicity and Toxicokinetics Study in
Beagle Dogs” (submitted as 3 Volumes) (ITR Study No. 2758 by ITR Laboratories Canada iInc.,
Report Date 23 May 2003)(ILEX 0203-01

25

Report

2-Jun-03

. : ogy Report “Clofarabine: A Mu ~cycle (Five Days' Dosing Plus 23
Days Recovery Per Cycle) Intravenous Toxicity and Toxicokinetics Study in Beagle Dogs” Volume
1 of 3 (submitted to FDA as SN: 135 Information Amendment - Pharm/Tox: Toxicology Report)_CD-
ROM of Report in pfd format also on file (Report Dated 23 May 2003

26

Report

eport No. :Toxico epo ofarabine: uiti-cycle e Days ng Plus

Days Recovery Per Cycle) Intravenous Toxicity and Toxicokinetics Study In Beagie Dogs™ Volume
2 of 3 (submitted to FDA as SN: 135 Information Amendment - Pharm/Tox: Toxicology Report)
(Report Dated 23 May 2003

27

Report

eport No. : Toxicology Repo rablne: ulti-cycle e Days' ng Plus 23
Days Recovery Per Cycle) Intravenous Toxicity and Toxicokinetics Study in Beagle Dogs™ Volume
3 of 3 (submitted to FDA as SN: 135 Information Amendment - Pharm/Tox: Toxicology Report)

(Report Dated 23 May 2003)
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dmont - F ; : Clofarablne Used as a STngle Agsn
nation - Data in Support of the In Vivo Efficacy of Clofarabine, Report Nos. ILEX-4,

or in Combi

28 | 63,641 FDA Sub. [ILEX-8, ILEX-9, ILEX-12, ILEX-14, ILEX-16, ILEX-1 9, ILEX-24, ILEX-25, ILEX-27 & ILEX-11 . 18-Jun-03
SN: 140 Information Amendment - _v-.n::nno_ocﬁ._.ox.oo_onﬁ ITR Study No. 5471(ILEX 0204-03)
29 | 63,641 FDA Sub. dated 23 June 2003) Volume | of 3 26-Jun-03
SN: 140 information Amendment - Pharmacology/T oxicology: ITR Study No. 5471 (ILEX 0204-03)
30 63,641 FDA Sub. dated 23 June 2003) Volume 2 of 3 26-Jun-03
: 140 Information endment - Pharmacology/Toxico) ogy: tudy No. 0 )
(dated 23 June 2003) Volume 3of 3 (Includes MicroConstants Reports: Appendix Ilf - MCo021186;
31 63,641 FDA Sub. |Appendix IV - MC02148; ndix V - MC02235; Appendix V - MC02115) 26-Jun-03
32 63,641 FDA Sub. |SN: 143 Pre-NDA Meetin _uno.ﬁma M!co»_: Scheduled for 13 August 2003 15-Jul-03
: nformation endment: Pharmacology/Toxico ogy: roConstants Reports: 111,
MC02111-A1, MC02112, MC02115, MC02116, MC02136, MC02137, MC02148, MC02235, MC0231 0, .
33 63,641 FDA Sub. |MC02410, and MC03135 15-Jul-03
Fast Track Designation Granted to Clofarabine for Acute Lymphoblastic Leukemia (ALL) Includes-
M4 63,641 | FDA Corres. Acceptance of Rolling NDA Submission now called a 'ste ise’ submission 8-Jui-03
SN: 145 Revised Form FDA 1572: Replacement PI: Rytting for Jeha, MD Anderson Cancer Center,
34 | 63,641 FDA Sub. Houston, TX, (dated 05/16/03) CLO-221 18-Jul-03

rotoco endment: New Protoco -152; ase |, Dose Escalation an

34 63,641 FDA Sub. Refractory Solid Tumors"” (retracted - will be submitted In Initial Oral IND Application) Formulation)
34 63,641 FDA Sub. SN: 147 Other: Updated Investi ator’s Brochure, Edition 3 (22 Jul 2003 25-Jul-03
SN: 148 Protocol Amendment: Revised 1572, Timothy Griffin, MD, Cook Children's
34 | 63,641 FDA Sub. :a:.n»o_EsO:no.omn Center, Fort Worth, TX (dated 07/1 1/2003) CLO-222 and CLO-212 31-Jul-03

| SN: 149 IND Safety Report, Inifial Report, Expedited, 7-day, Patient 0001 0031 (K-J), CLO-2132,

34 | 63,641 FDA Sub. |Report No. 13065 . . 01-Aug-03
SN: 150 IND Safety Report, initial Report, Expedited, 7-day, Patient 0004-0024 (S-1), CLO-222, _

34 63,641 FDA Sub. Report No. 13080 _ 0S-Aug-03
Facsimile from Christy Cottrell/FDA: Comments Regarding the Pre-NDA Package Submitted for

34 163,641 FDA Corres. |Meeting Set for 13 August 2003 _ 05-Aug-03
Facsimile from Christy Cottrell/FDA: Pre-NDA Meeting Changed to a Teleconference for 13 August .

34 | 63,641 | FDA Corres. |2003 (in place of face-to-face meetin ‘ 07-Aug-03
SN: 151 Information Amendment - Pharmacology/Toxicology: MicroGonstants Reports: MC02293

34 | 63,641 FDA Sub. |and MC02307 08-Aug-03

Minutes of 40.»00:33:00 (in place of Face-To-Face pre-NDA meeting scheduled for 13 Aug 2003)

to discuss pre-NDA package: FDA feedback on overall clinical data, the roliing NDA process &

review; further patient accrual; further development/study design; safety & officacy sections;

internal Corres |timing of CMC submissions.... minutes generated internally by IL| 13-Aug-03
: 152 Info on endment - em » Manufacturing an n N

COMMENT: Summary Report of Clofarabine Lot No. CO3E015 (Finished Drug Product -

34 | 63,641 FDA Sub. Relnspection, Visual Inspection, _vm..zo:_momm in Drug) 21-Aug-03

£
2
£
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SN: 153 IND Safety Report - Initial Report: Expeditable, 7-Day Facsimile of Controf No. 13090,
Patient No. 001-0034 (JMA) [death] on Study CLO-212

FDA Sub.

additional details available; MedWatch and Letters Sent Out to Investigators

£

FDA Corres.

Facsimile from Christy Cottrell/FDA: Comments Regarding Serial No. 152 CMC - Drug Product Lot
No. CO3E015: DO NOT USE - FDA Will Do a 30-Day Review

SN: 154 IND Safety Report - Initial 15-Day MedWatch Report No, 13090, In Support of SN: 153 (no

26-Aug-03

Nﬁ.):n.ou
28-Aug-03

FDA Sub.

SN: 155 IND Safety Report - Foliow Up: Follow Up Report to Initial 7-Day Report, (Control No.
13080 Faxed on 5 August 2003); MedWatch No. 13080, Patient No. 0004-0024 (S-l), CLO-222 Stu

FDA Sub.

SN: 156 Response to FDA Request for Information: CMC - Starting Materials {(Response to
Facsimile form FDA of 29 May 2003

FDA Sub.

29-Aug-03
04-Sep-03

SN: 157 Information Amendment - Chemistry, Manufacturing and Control - Additionaj Information
to SN: 156 (per teleconference of 4 September 2003 with FDA reviewer)

09-Sep-03

FDA Corres.

Facsimile from Christy Wiison/FDA: Follow Up to Teleconference of 4 September 2003, SN: 152
and SN: 157 Regarding the Failed Lot of Clofarabine Drug Product (Lot No. CO3E015)

10-Sep-03

E R R e R

FDA Sub.

SN: 158 Protocol Amendment - New Investigator: Robert J. Arceci, MD, PhD, Baltimore, MD, for
CLO-222 Study (dated 9/10/02) and CLO-212 Study (dated 9/14/02

3

FDA Corres.

11-Sep-03

acsimile from o : Commen m Biophamnaceutics Reviewer Regarding :
126 (protocol amendment CLO-141) submitted on 17 April 2003: Sampling Strategy - Request An
Added Time Point Following Last Dosin & Request for Assay Validation Report

£

FDA Sub.

1 w}wov.cu

126 (protocol amendment CLO-1 41) submitted on 17 April 2003: Sampling Strategy - Request An
Added Time Point Following Last Dosin & Request for Assay Validation Report

FDA Sub.

9/1//03

: 160 Information enament - Clinical: Fina n tu eports - Protoco :
“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”;
12 Volumes Total - (Volume 1: Sections

FDA Sub.

18-Sep-03

16 rmation endment - Clinical: Fina nical Stu eports - Protocol ID9 :
“Phase | Study of CL-F-Ara-A (Clofarabine) In Pediatric Patients with Hematologic Malignancies”;
12 Volumes Total - (Volume 2: Sections

37

FDA Sub.

18-Sep-03

: 160 Information endment - Clinical: Final Clinical Stu eports - Protoco :
“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”:
12 Volumes Total - (Volume 3: Sections

FDA Sub.

18-Sep-03

SN: nformation Amendment - Clinlcal: Final Clin tu eports - Protocol ID99-383:
“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”;
12 Volumes Total - (Volume 4: Sections

39

: nformation endment - Clinical: Fina nical Stu eports - Pro :
“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”;

FDA Sub.

FDA Sub.

18-Sep-03

18-Sep-03

12 Volumes Total - (Volume 5: Sections
: 160 Info on endment - Clinical: Fina nical Stu eports - :
“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”;

12 Volumes Total - (Volume 6: Sections ) -

18-Sep-03

21
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dy Reports - Protocol ID89-383;

“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies"”;

41 63,641 FDA Sub. |12 Volumes Totat - (Volume 7: Sections 18-Sep-03
: 160 Information endment - Clinical: Final Clinica y Reports - Protoco 9-383:

“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”:

42 63,641 FDA Sub. 12 Volumes Total - (Volume 8: Sections 18-Sep-03
B ormation endment - Clinical: Final Clinical Stu eports - Protoco B

“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”;

43 63,641 FDA Sub. 12 Volumes Total - (Volume 9: Sections 18-Sep-03
1 rmation endment - Clin : Fina nical Stu eports - Protoco :

. “Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”:

44 | 83,641 FDA Sub. 12 Volumes Total - (Volume 10: Sections 18-Sep-03

T ormation Amendment - Clinlcal: Final Cllinical Study Reports - Protocol 595383

“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies”;

45 63,641 FDA Sub. 12 Volumes Total -

T -0y

18-Sep-03

. eports - Protoco
“Phase | Study of CL-F-Ara-A (Clofarabine) in Pediatric Patients with Hematologic Malignancies™:;

48 63,641 FDA Sub. 12 Volumaes Total - (Volume 12: Sections 18-Sep-03
: nformation endment - Clinical: Fina nica eports - Pro :

“Phase ll Study to Assess the Efficacy of 2-Chloro-2’-Fluoro-Deoxy-9-b-D-
Arabinofuranosyladenine (Cl-F-ara-A; Cilofarabine) in Patients with Chronic Lymphocytic

47 | 63,641 FDA Sub. |Leukemia Who Are Refractory to Fludarabine and Alkytator Therapy” (Volume 1 of 1 18-Sep-03
: rmation Amendment - Cllnlcal: Fina nica eports - :

“Phase 1l Study of h.ﬂ:_o..onn..ﬂ_:oqonoooéb.c._u.?dc_:OQ:B:omSnno:_:o (Cl-F-ara-A; .
Clofarabine) In Aciite Leukemia and Myelodysplastic Syndrome (MDS) Refractory to Therapy or in ‘

48 63,641 FDA Sub. Rela " (Volume 1 of 1 18-Sep-03
s ty Report - initial Report: atch No. 13107, Patient No. 7 ) on
CLO-212 Study “initial report due to one event; ILEX notified on 9/19/03 of patient death; death

34 63,641 FDA Sub. included but awalting causali

19-Sep-03

ug n place 3 ng) to discuss p
NDA package: FDA feedback on overall clinical data, the rolling NDA process & review; further
patient accrual; further development/study design; safety & efficacy sections: timing of CMC

49 63,641 | FDA Corres. submissions....(minutes generated internally by ILEX) 29-Sep-03
34

63,641 FDA Sub. SN: 162 Pre-NDA CMC Meeting R uest: Proposed Week of 1 December or 8 December 2003 01-Oct-03
SN: 183 IND Safety Report, Follow Up Report, for Expedited, 7-day Report (SN: 149, submitted 1
34 63,641 FDA Sub. _ [Aug 2003), Patient 0001-0031 K-J), CLO-212, Report No. 13065 01-Oct-03
acsimile h tre - Confirmation of pre u or

December 2003 at 2:00pm; Includes List of FDA Attendees (this Is Iin response to SN: 162: Request
34 63,641 pro-NDA for !ea:\:mr 08-Oct-03
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e C;w.‘.‘.:.,Au >y F AR AT .10'»3!@.0»
included | nding the length of this study)

ncreasing the number of patients to be enrolled and exte

49 63,641 FDA Sub. |and CLO-222-A6 (Peds AML) Amendments 10-Oct-03
Officlal Notification of an Amendment to the Formal Written Request for Pediatric Exclusivity
49 63,641 | FDA Corres. lissued on 7 March 2003 (refer to FDA correspondence of 27 August 2002 14-Oct-03
acsimile from Christy Cottre /FDA: Final Meeting Minutes from the C Teleconference
between ILEX & FDA of 4 September 2003 (failed lot of clofarabine drug product, visible re-
49 | 63,641 | FDA Corres. |ins on, submission Serial No. 152) 16-Oct-03

Official Notification of Receipt of Part 1 of the Step-Wise NDA Submission: Non-clinical Sections
49 | 63,641 | FDA Corres. |(Pharmacology/Toxicolo.

: ev orm FDA 2 - Replacement PI: Michae ng, M.D., niversity of Texas
MD Anderson Cancer Center, Houston, Texas (dated 5/1 6/03) Replacing Dr. Sima Jeha in the CLO-
49 | 63,641 FDA Sub. 1212 Study (Peds ALL 22-Oct-03
SN: 166 Revised Form FDA 1572: Charles Casey Cunningham, M.D., Mary Crowiey Medical .
49 63,641 FDA Sub. Research Center, Dallas, Toxas (dated 8/11/03) for the CLO-152 Study (Adult Solid Tumor) 22-Oct-03

17-Oct-03

SN: 167 Revised Form FDA 1572s: Lori-Luchtman-Jones, M.D., Washington University School of
Medicine, St. Louls, Missourl (dated 29 August 2003) and Kimo Stine, M.D., Arkansas Children's

49 | 63,641 FDA Sub. |Hospital, Little Rock, Arkansas (dated 7/24/03 both on CLO-212 (Peds ALL) Stu 22-Oct-03
: evis orm : Lorli-Luchtman-Jones, M.D., Washington Univers ool of

Medicine, St. Louls, Missouri (dated 28 August 2003) and Kimo Stine, M.D., Arkansas Children's
Hospital, Little Rock, Arkansas (dated 7/24/03) and Bassem Razzouk, M.D., St. Jude's Childrens
Hospital, Memphis, Tennessee (2 1572s: one dated 8/26/03, the second form dated 10/03/03) on

49 | 63,641 FDA Sub. |[CLO-222 (Peds AML) Study : 22-Oct-03

SN: 169 IND Safety Report, Initial 7-Day Expedited Report, Control No. 13147, Patlent 0014-0029 (J-
49 | 63,641 FDA Sub. __|D), CLO-222 (Submiitted & Faxed CIOMS as the 7-day Report) 24-Oct-03
SN: 170 Revised Form FDA 1572: David Rizzieri, M.D., Duke University Medical Center, Durham,

49 163641]| FDASub. INorth Carolina (dated 8/4/03) for CLO-221 Study . 30-Oct-03

SN: 171 IND Safety Report, Follow Up to 7-Day Expedited Report (SN: 169), CIOMS Form - Control
49 | 63,641 FDA Sub. |No. 13147, Patient 0014-0029 (J-D), CLO-222 (Submitted & Faxed CIOMS as the 7-day Report) 04-Nov-03

SN: 172 Pre-NDA CMC Meeting Package - Meeting Scheduled for 10 December 2003: Several

49 63,641 FDA Sub. Questions; Proposed Table of Contents; Coples of Su 07-Nov-03
SN: 173 IND Safety Report - Initial Report: 15-Day Expedited Report, MedWatch No. 13155, Patient

49 63,641 FDA Sub. No. 0010-0041 (D-R), for CLO-212 Stud 11-Nov-03

: ,Report - Follow Up Report: MedWatch No. 13 0, Patient No. »h

for CLO-212 Study(ho further follow up information expected; initia! report was Serlal No. 153 on

49 63,641 FDA Sub. |26 Aug 2003) 13-Nov-03
SN: 175 IND Safety Report - Follow Up Report: MedWatch No. 13080, Patient No. 0004-0024 (S4),

49 63,641 FDA Sub. for CLO-222 Study (initial report was Serial No. 155 on 29 Aug 2003) 13-Nov-03
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SN: 176 IND Safety Report - Follow Up Report: MedWatch No.
on CLO-212 Study additional details received on 25 Nov 2003
Facsimile from Christy CottrelUFDA: FDA Responses to Questions from ILEX's pre-NDA CMC
49 63,641 pre-NDA Meeting Package; (If responses acce table to ILEX, a mesting Is not required) —_ 04-Dec-03
Call between Christy Cottreli and Edda Tschirhart: ILEX Request Teleconference to Discuss
49 63,641 pre-NDA Responses to pre-NDA CMC Meetin Questions 04-Dec-03

: afety Report - Second Foliow p Report (In , ay Repo : 149,

submitted 1 Aug 2003), Patient 0001-0031 (KJ), CLO-212, MedWatch Report No. 13085 (1st Follow
49 63,641 FDA Sub. |Up - SN: 163 submitted 1 October 2003) .
SN: 178 Revised Form FDA 1572: Bassem Razzouk, M.D., St. Jude’s Chiidren's Hospital, Memphis,
49 | 63,641 FDA Sub. |Tennessee (dated 11/12/03) CLO-222 Study . 05-Dec-03
SN: 179 Response to FDA Facsimile of 4 December 2003 (FDA Responses to pre-NDA CMC

49 63,641 FDA Sub. Meetng Package (submitted ag SN: 172 on 7 November 2003 :
: rosS8-re nce o on: James M. Foran, M.1J. rofessor of

Medicine, Co-Director, Hematologic Malignancy Working Group, Director, BMT Clinical Research
& Fellowship Training Program, Div. of In:.nno_onioq.oo_oﬂr Univ. of Alabama at Birmingham,
Birmingham, AL for the Protocol titled “A Phase /1l Study of Clofarabine & Cytosine Arabinoside
) Remission induction Therapy for Older Adults (= 60 yoars) with Newly Diagnosed Acute Myeloid :
49 | 63,641 FDA Sub. |Leukemla” (IST Stud - 08-Dec-03
SN: 181 IND Safety Report - Initial Report: 15-Day Expedited Report, MedWatch No. 13172, Patient
49 | 63,641 FDA Sub.  |No. 0018-0044 (RMH), for CLO-212 Stud 08-Dec-03
SN: 182 IND Safety Report - initial Report: 7-Day, Expedited Report, CIOMS Control No. 131 70,
49 | 63,641 FDA Sub. _ |Patient No. 0014-0040 (M-G , for CLO-212 Stud 09-Dec-03
: neral Correspondence - Change In cal Monitor: Change from Adam Craig, M.D_,To
Steve Weitman, MD; also added Vojo Vukovic, M.D. and Lisa Hammond, M.D. as Medical Monitors
49 63,641 FDA Sub. [for Evaluating Safe 09-Dec-03
: 184 IND ty Report - Follow Up Report: MedWaich 0. 13090, Patlent No. 0034 ),
for CLO-212 Study (Initial, 7-Day report was Serial No. 153 on 26 Aug 2003; Serial No. 154 on 26
49 | 63,641 FDA Sub. _ |Aug 2003, Serial No. 174 on 11 Nov 2003 . 11-Dec-03
: ty Report - Follow Up eport: eport No. 13026, ent No. 2
(D-M), CLO-222 Peds AML Study (Initial, 15-Day Report submitted as Serial No. 137 on 10 June

49 | 63,641 FDA Sub. |2003 ,
n eleconterence (in place of Face- ace p meeting scheduled for 10 Dec

2003) to discuss pre-NDA CMC Information: FDA responses to SN: 172 pre-NDA CMC Meeting

Package (fax of 4 December 2003 from FDA): Specifically extractables/leachables and validation of

49 63,641 pre-NDA AP & drug product. 10-Dec-03
: 186 a eport, Second Follow Up to 7 ay eport H s orm -

Control No. 13147, Patient 0014-0029 (J-D), CLO-222 (Submitted & Faxed CIOMS as the 7-day

49 63,641 FDA Sub. Report) (first Follow UP Report submitted as SN: 171 on 4 Nov 2003) 12-Dec-03

SN: 187 IND Safety Report: Initial 7-Day Expedited Report CIOMS Form - Control No. 13185,

49 63,641 FDA Sub. Patient 0009-0048 (TPR), OrO.N,-N {Submitted & Faxed CIOMS as the 7-day Report) 17-Dec-03

FDA Sub. 01-Deoc-03

05-Dec-03

08-Dec-03

11-Dec-03
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INDE
. nutes of Teleconference between IL » ASl, FDA and D ct ce Regarding Acceptance

Meeting of Conducting Concurrent Validation Runs on Three Consecutive Lots of Clofarabine; Response:
49 63,641 Minutes Acceptable/Approved - Minutes include Detalls of Discussion 17-Dec-03

49 63,641 | FDA Corres. [for Drug Substance Starting Material - Additional Information Required 18-Dec-03

Emails between Christy Cottrell, CSO/FDA and Mike Bernstein, Sr. Director Reg. Affairs: Outtine
for Clofarabine NDA (preparation of Clinical Statistical Section (i.e. CRTs by domain, integrated

49 63,641 | FDA Corres. |ISS database, specific data tables, patient profiles, SAS database & SAS program files, etc.) 30-Dec-03
Facsimile from Christy Cottrell/FDA: Meeting Minutes from 10 December 2003 pre-NDA CMC :
Teleconference with Addendum Added of Minutes from Teleconference of 17 December 2003
Between the FDA District Office, FDA Office of Compliance, ILEX and Ash Stevens, Inc.: Includes
Minutes Provided by ILEX and Minutes Provided by Judith A. Putz, FDA District Office/Detroit:
Concurrent Validation of APl Process (Yes- accepted & approved) Several Details Included in

49 63,641 | FDA Corres. |Minutes R arding Materials, Process, Validation, etc. 09-Jan-04

SN: 188 IND Safety Report - Follow Up Report: MedWatch No. 131 55, Patient No. 0010-0041 {D-R),
49 | 63,641 FDA Sub. [(initial Report was SN 173) for CLO-212 Stud

12-Jan-04

SN: 189 IND Safety Report - Follow Up: MedWatch No. 131 72, Patien
49 63,641 FDA Sub. Report was SN 181) for CLO-212 Study

t No. 0018-0044 (RMH), (Initial

SN: 190 Information Amendment - 1:!.5»00_00&._.0:.8_9@5 Report No. 3569.4 Titled “A 5-Day
Intravenous Toxicity Study in Female Fischer 344 Rats Comparing Two Lots of Clofarabine”™ by

51 63,641 FDA Sub. Charles Rivers Labg, Division of Sprin born Laboratories (Report Date 9 Jan 2004 15-Jan-04

SN: 191 IND Safety Report-Follow Up Report MedWatch Report No. 12656, Patient No. 0013-0013 S
49 | 63,641 FDA Sub. B, (additional details, autopsy received), for CLO-221 Adult AML Study 16-Jan-04

SN: 192 IND Safety Report - Follow Up: MedWatch No. 12724, Patient No. 0012-0017 (J-K) CLO-221

49 | 63,641 FDA Sub. _ |Adult AML Study (see also initial re rt SN: 082, & follow up reports SN: 093 & SN: 117 20-Jan-04
: 193 Rev orm 572s: Susan Blaney, , 1exas dren's Hosplital, Houston, Toxas

(dated 10/27/03) and A. Kim Ritchey, MD, Children's Hospital of Pittsburgh, Pittsburgh, PA (dated
49 | 63,641 FDA Sub. [11/10/03) CLO-222 Study Peds AML 30-Jan-04

B oV orm rLon-Luc an-Jones, , wwashin n Univ. School of

Medicine, St. Louls Children's Hospital, St. Louis, MO (dated 10/10/03); Susan Blaney, MD, Texas
Children’s Hospital, Houston, Texas (dated 10/27/03) and A. Kim Ritchey, MD, Chlldren's Hospital
49 63,641 FDA Sub. of Pittsburgh, Pittsburgh, PA (dated 11/1 0/03) CLO-212 Study Peds ALL 30-Jan-04
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INDE| T
Clinical Report: independent Response Review Panel Report (IRRP) for CLO-221 A Phase Il, Open
Label Study of Clofarabine in Aduit Patients with Refractory or Relapsed Acute Myelogenous
50 ] 63,641 Report Leukemia™ (Report Date 15 November 2002 includes CVs of Review Panel Members
nical Report: Independent Response Review Pane eport ) for CLO-: ase I, Open
Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acute Lymphoblastic
50 63,641 Report Leukemia” (Report Date 10 March 2003
Clinical Report: Independent esponse Review Panel Report r ase {I, Open
Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acute Lymphoblastic
50 63,641 Report Leukemia”™ (Report Date 8 June 2003
nical Report: Independent Response Review anel Report r -, ase Il, Open
Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acute Lymphoblastic
50 63,641 Report Leukemia™ (Report Date 19 December 2003
nical Report: Independent esponse Review Panel Repo r -2 ase I, Open
Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acute Lymphoblastic
50 63,641 Report Leukemia” (Report Date 28 Janua 2004
n eport: Independent Response Review Pane eport r ase I, Open
Label Study of Clofarabine in Pedlatric Patients with Refractory or Relapsed Acute Myelogenous
50 63,641 Report Leukemia”™ (Report Date 28 August 2003
linical Report: Independent Response Woici Panel 103§33-
Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acute Myelogenous
50 63,641 Report Leukemia~ (Report Date 19 December 2003
Clinical Report: Tndependent esponse Review Pane eport r e Il, Open
Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acute Myelogenous
50 63,641 Report Leukemia” (Report Date 28 January 2004)
52 | 63,641 FDA Sub. [Request for Labeler Code - To Information Management Team (New Drug Coding) with Form 2656 05-Feb-04
52 | 63,641 FDA Sub. 06-Feb-04
52 | 63,641 FDA Sub. 06-Feb-04
ubmitted to the Information Management Team (FDA,
52 63,641 | Gen. Comres. |Standish Road with Amended Form 2656 10-Feb-04
52 63,641 | FDA Corres. |Official Notification of the Assigned Labeler 10-Febh-04
To Mariene Hafiner, M. -, Orphan Drug sion: Annual Report covering
period 08 November 2002 through 31 October 2003 for Orphan Drug Designation No. 01-1532
52 | 63,641 ] FDA. Corres. (ALL) and Orphan Byug Designation No. 02-1548 (AML) 15-Feb-04
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Clofarabine

+No. 63,641

N: 157 Revised . 5: . n, C Ildren's Hem: lology/Oncology |
Center, Fort Worth, Texas (two forms, both dated 1/29/04) - CL.O-212 & CLO-, Studies; Paul S.
Gaynon, MD, Children's Hospital Los Angeles, Los Angelees, CA (two forms, both dated 1/21/04)
52 ] 63,641 FDA Sub. |CLO-212 & CLO-222 Studies 16-Feb-04
SN: 198 Revised Form FDA 1572s: Stefan F. Faderi, M.D., MD Anderson Cancer Center, Houston,
52 | 63,641 FDA Sub. _ |Texas (two forms - dated 12/1 5/03 & 1/12/04) both CLO-141 Stud: 18-Feb-04
: nformation ndment - Chemistry, Man uring an ntro ): Two New Lots of
Drug Manufactured - Lot No. CO3R068A and Lot No. CO3R068B and Change to Container/Closure
(New Stopper): Submission includes C of A for each lot and the Comparability Study for the New
52 63,641 FDA Sub. |Sto 20-Feb-04
cial No ation of the gn eler Code - No. 68 r en er e Request
(Final): Officlal Signed Form 2656, Labeler Code 68646 Assigned to ILEX Products, Inc., 2/17/2004 (see
52 | 63,641 | FDA. Corres. Registration No. 3003288351 10 Feb 2004)
SN: 200 IND Safety Report - Initial Report: 7-Day, Expedited Report, CIOMS Control No. 13249,
52 63,641 FDA Sub. [Patient No. 0010-0052 (AMC), for CLO-212 Study 8-Mar-04
SN: 201 IND Safety Report - Second Follow Up: MedWatch No. 131 72, Patient No. 0018-0044
52 63,641] FDA Sub. RMH),(Initial Report was SN 181, First Follow Up was SN: 189) for CLO-212 Stu 11-Mar-04
: eV orm 572s: Charfes Casey Cunn ngham. M.D., ry y cal
Research Center, Dallas, Texas (dated 10/13/03); and Donald A. Richards, M.D., Tyter Cancer
52 63,641 FDA Sub. Center, Tyler, Toxas (dated 1/1 9/04) - 11-Mar-04
SN: 203 IND Safety Report: Foliow Up to a 7-Day Expedited Report (SN: 187 submitted on 17 Dec
52 | 63,641 FDA Sub.  12003) CIOMS Form - Control No. 13185, Patient 0009-0048 (TPR), CLO-212 22-Mar-04
SN: 204 Information Amendment - v-.»::noo_ou<\.-.ox_no_on<" BioAnalytical Report No. MC03153
titled "Determination of Clofarabine Concentrations | Monkey Plasma and CSF for a Study of
Clofarabine Delivered Intravenously in Monkeys” (dated § March 2004) (will be in support of a both
52 63,641 FDA Sub.  |oral and IV formulations of clofarabine; not submitted in initial O@NDA for IV formulation) 23-Mar-04
SN: 205 IND Safety Report - Follow Up Report: Follow Up to a 7-Day, Expedited Report (submitted
52 | 63,641 FDA Sub. |as Serial No. 200 , CIOMS Control No. 13349, Patient No. 0010-0052 {AMC), for CLO-212 Study 30-Mar-04
SN: 206 Request for Review and Comment, Expedited Review of Carton and Vial Label (submitted
52 63,641 FDA Sub. as ltem 2, N21673_A3) and Review for approval of CLOLAR as Trade Name 1-Apr-04
SN: 206/207 (changed to SN 207 via fax) IND Safety Report - Initial Report: 7-Day, Expedited
52 | 63,641 FDA Sub. _ |Report, CIOMS Control No. 13291, Patient No. 0018-0053 (AMC), for CLO-212 Study 2-Apr-04
SN: 208 IND Safety Report - Follow Up Report, CIOMS Control No. 13291, Patient No. 0018-0053
52 63,841 FDA Sub. (AMC), (Initial Report submitted on 1 ril 2004 - SN: 207)for CLO-212 Stud 19-Apr-04
acsim m ty Cottre : Llinical Reviewer has Requested Cop atient s for
All CRs, Prs, and CRps (Responders) on Studies CLO-212, CLO-222 and ID99-383 (this is a copy -
52 63,641 | FDA Corres. [the original fax is filed with the eNDA submissions) 20-Apr-04
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52

FDA Sub.

Clofarabine No. 63,641

: rotoco enament - Change in Protocol: - S ase {1,
Open-Label Study of Clofarabine in Pediatric Patients with Refractory or Relapsed Acuter
Lymphoblastic Leukemia®, (most notable change: additional information/requirement for pre- and
post- clofarabine treatment medications)

27-Apr-04

$2

FDA Sub.

SN: 210 Revised Form FDA 1572s: Charles Casey Cunninham, M.D., Mary Crowley Medical
Research Center, Dallas, Texas (dated 2/4/04) for the CLO-151 Study; and Stefano Tarantolo, M.D.,
University of Nebraska Medical Center, Omaha, Nebraska (dated 4/1/04) for the CLO-221 Study

12-May-04

52

FDA Sub.

SN: 211 Protocol Amendment - Change in Protocol: CLO-151-A1 titled "A Phase i, Open-Label
Study of Clofarabine in Adult Patients with Advanced Solid Tumors” Adult Phase | Solid Tumor

18-May-04

m Kl. Ulanne Murphy, M.D., Director, ON. of Counter{eiTorism an atric Drug
Development, CDER: FDA is amending the requirements for the data to be captured for race &
ethnicity under the "Format of Reports to be Submitted™ under the Written Request (Pediatric
Exclusivity) under the BPCA Act (Best Pharmaceuticals for Children Act); internal note - too late
for ILEX to rewrite clincial study reports that were filed in the eNDA - CRFs were not designed to
capture the data as the new format uires .

7-May-04

: ross rence orization: - Knistie Blum, M.D., Asst. Professor, Div. of
Hematology/Oncology, The Ohio State University, Columbus, Ohio for the Study titled "A Phase Ul

i Stud o._,. 0_..%»

with Aggressive Non-Hodgkin's L

SRt

SN: Revisec : * Stewa .0, C il Hospital, Chicago,
ILL (each dated 6/10/04); « Peter Steinherz, M.D., Memorial Sloan Kettering Cancer Center,New
York, NY (each dated 5/14/04); » Armold Altman, M.D., Connecticut Children's Medical Center,
Hartford, CT (each dated 5/5/04); « Lori Luchtman-Jones, M.D., Washington Univ. School of
Medicine, St. Louis' Thildren’s Hospital, St. Louis, MO (CLO-212 Study Only dated 5/4/04)); CLO-

52 | 63,641 FDA Sub. |212 & CLO-222 Studies 22-Jun-04
Report No. . e Determination of Clofarabine in Human Plasma In ILEX—
53 63,641 Report Products Study CLO-141" Report Dated 19 May 2004, By MicroConstants, Inc. o
Report No. MC02298.02 titled “Validation of a Method for the Determination of Clofarabine in
Human Urine Using High-Performance Liquid Chromatography with Mass Spectrometric (MS/MS)
Detection” (MC02298.02 is Revision No. 2 of this report; the original report was submitted in Serial
53 | 63,641 Report 1 5 B 2003) B ts, Inc.
SN: 214 Information Amendment - Pharmacology/T oxicology: Report No. MC02297.02 (dated 19
52 63,641 FDA Sub. May 2004) and Report No. MC02298.02 daetd 1 June 2004 23-Jun-04
: esponse to the ce of Counter-terrorism an atric Drug Development:
Acknowledgement of Amendment: Written Request “Format of Reports to be Submitted” More
52 63,641 FDA Sub. Specific Race & Ethnic Data Requried for Ciinical Reports 23-Jun-04
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R N AL SN N T e Pon it LD
SN: 216 afety Report - d Fol oi.u.omﬂan Follow Up to a 7-Day, pedited Report
(submitted as Serial No. 200), CIOMS Control No. 13349, Patient No. 001 0-0052 (AMC), for CLO-212

52 | 63,641 FDA Sub. |Study 13~Jul-04
K
: SN: 217 Revised Form FDA 1572s: Timothy C. Griffin, MD, Cook Children's Hematology/Oncology
52 63,641 FDA Sub. Center, Fort Worth, Texas (two forms, both dated 07/08/04) - CLO-212 & CLO-222 Studies 16-Jul-04
: ross-reference 0 on Lelter: a gura, MO, and Marrow

Transplantation Services, Baylor University Medical Center, Dallas, Texas for the study titied "A

Phase [l Trial of Clofarabine and Cytarabine in Relapsed Standard-Risk MDS in Aduit Patlents, and
Untreated AML in Elderly Patients"” (authorization includes the co-PI: Houton Holmes, M.D., Texas
52 | 63,641 FDA Sub. |Oncol , P.A. (same office as Dr. Agura ) . __19~Jul-04
Telephone Contact Report with Mike Bernstein and Amy Baird, CSO/FDA: Approval Granted for

52 | 63,641 FDA Sub. |Pediatric Exclusivity (6-months) (contingent upon market approval) 16-Jul-04

Official Notification from WHO (World Health Organization) Nomenclature Committee / USAN
Council: Clofarabine Adopted (Approved) as the INN {International Proprietary Name) from Paul
S2 | 63,641 | FDA Corres. |Hofmann, Administrative Secretary for the USAN {United States Adopted Name Councll) Program 28-Jul-04

Telephone Contact Report with Dotti Pease (for Christy Cottrell): Withdraw of Single-named
Patient IND No. 68,260 which was Inadvertently Assigned to ILEX Products Instead of investigator
Dr. Leonard Sender (approval to treat one patient issued by FDA on 1/14/04); Clarification that IND

S52_| 63,641 | FDA Comres. [No. 63,641 Still O n - Only Site Closed for CLO-221 Aduilt AML Stu 23-Aug-04
acsimlile 0 easeo (for O : raw ng| am atie 0.
which was Inadvertently Assigned to ILEX Poroducts Instead of investigator Dr. Leonard Sender
(approval to treat one patient issued by FDA on 1/14/04); Clarification that IND No. 63,641 Still
52 63,641 | FDA Corres. |Open - Only Site Closed for CLO-221 Adult AML Stu 23-Aug-04
: a eport - Initial] ay Report: repo on 0 ase

No. BIOV-018), Patient No. 1105-0006 on Bioenvision's Study, BIOV-111 (Peds ALL) (not an ILEX
Sponsored study - occurred under Bloenvision's CTX 19999/0001/A) (copy of facsimile to FDA also

52 63,641 FDA Sub. _ |filed here) " 26-Aug-04
SN: 220 Request for Meeting: Pre- and Post- Approval Trials in Adults (ILEX request for a mid-
52 63,641 | FDA Sub. October meeting to discuss develoj ment of clofarabine in aduits 31 ~Aug-04
2 D ty Report - ond Follow Up Report, ontrol No. » Patient No. 84

0053 (AMC), (Initial Report submitted on 1 April 2004 - SN: 207, 15t Follow Up - SN: 208) for CLO-

52 | 63,641 FDA Sub.  |212 Study 01-Sep-04
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52

FDA Sub.

Clofarabine J No. 63,641

SN: 222 information Amendment - v:n::nno_oaui.ou_oo_onﬁ Report No. 3254.01 Formulation
Analysis Report: “The Determination of Clofarabine Concentrations in Dosing Formulations: A 5-
Day Intravenous Toxicity Study in Female Fischer Rats Comparing Two Lots of Clofarabine” by
MicroConstants, Inc.; Report No. MBU0000S - "A Primary Eyae Irritation Study in Rabbits with
Clofarabine (Raw Powder)", Report No. MBU000OS - “A Primary Skin Irritation Study in Rabbits
with Clofarabine (Raw Powder), Report No. MBU00010 -"A Primary Eye Irritation Study in Rabbits
with Clofarabine (Clinical Formulation)” and Report No. MBU00011 -"A Primary Eye Irritation Study
in Rabbits with Clofarabine (Clinical Formulation)”

07-Sep-04

52

FDA Sub.

: afe eport - Follow Up Report: repo on 0. ase No. -
018), Patient No. 1105-0006 on Bioenvislon's Study, BIOV-111 (Peds ALL) (not an ILEX sponsored
study - occurred under Bioenvision's CTX 19999/0001/A) Additional Information Received 27
August 2004

07-Sep-04

63,641

Report

Report No. 3254.01 Formulation Analysis Report: “The Determination of Clofarabine
Concentrations in Dosing Formulations: A $-Day Intravenous Toxicity Study in Femnale Fischer
Rats Comparing Two Lots of Clofarabine” b MicroConstants, Inc.; dated 28 October 2003

63,641

Report

Report No. MBU0000S - “A Primary Eye Irritation Study in Rabbits with Clofarabine (Raw Powder)~,
by Charies River Laboratories, dated 11 August 2004 (original re

63,641

Report

Report No. MBUOO009 - “A Primary Skin Irritation Study in Rabbits with Clofarabine (Raw Powder),
by Charies River Laboratories, dated 31 August 2004 (original report)
Report No. MBUO0O10 -~A Primary Eye irritation Study in Rabbits with Ciofarabine (Clinical

& 8 8 |8

63,641

Report

Formulation)”, by Charles River Laboratories, dated 11 August 2004 (original report

Report No. MBUGOO11 -"A Primary Eye Irritation Study in Rabbits with Clofarabine (Clinicat

63,841

FDA Sub.

Formulation)”, by Charles River Laboratories, dated 11 August 2004 (original report)

: eV orm : Susan Blaney, , 1axas ren's Hospital, Houston, Texas
(dated 08/13/04), Susan Rhsingold, The Children's Hospital of Philiadelphia, Philadelphia, PA
(dated 01/30/03, 08/07/03, and 06/17/04), and A. Kim Ritchey, MD, Chiidren's Hospital of Pittsburgh,
Pittsburgh, PA (dated 06/24/04 CLO-222 Study Peds AML

63,641

FDA Sub.

08-Sep-04

: oV orm : Susan ney, , 1exas ren's Hospital, Houston, Texas
(dated 08/13/04), Susan Rheingold, The Children's Hospital of Philiadelphia, Philadelphia, PA
(dated 01/30/03, 08/07/03, and 06/17/ » and A. Kim Ritchey, MD, Children's Hospital of Pittsburgh,
Pittsburgh, PA (dated 06/24/04 CLO-212 Study Peds ALL

63,641

FDA Sub.

08-Sep-04

SN: 226 Revised Form FDA 1572 - Donald A Richards, MD, Tyler Cancer Center, Tyler, Texas
dated 07/21/04) for the CLO-151 stud

10-Sep-04

FDA Sub.

acsim m y Ba [o] : Response to SN: equ or ng: Pre- and
Post- Approval Trials in Adults (to discuss development of clofarabine in adults) FDA Meetng

Date Set for 2 November 2004 {10:30am)

14-Sep-04
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FDA Sub.

Clofarabine ) No. 63,641

SN : : CLL Research Consorfium (CRC), Tor The o4
“Phase | Study of Weekly Clofarabine for the Treatment of Relapsed/Refractory Chronic
Lymphocytic Leukemia™ (CRC 006 Master Protocol); Contact CRC Principal Investigator Thomas
J. Kipss, M.D., Director, CLL Research Consortium, Univ of California San Diego, School of
Medicine, La Jolla, California

FDA Sub.

SN: 228 Adult AML Meeting Package: Teleconference Scheduled for 2 November 2004; Adult

07-Oct-04

Stra = Clinical Development ; Vol. 1 of 4: Meeting Package & Reference Articles

FDA Sub.

SN: 228 Aduit AML Meeting Package: Teleconference Scheduled for 2 November 2004; Aduit
Strategy - Clinical Development; Vol. 2 of 4: Reference Articles

07-Oct-04

FDA Sub.

SN: 228 Adult AML Meeting Package: Teleconference Scheduled for 2 November 2004; Adult

07-Oct-04

Strat - Clinical Develo ment, Vol. 3 of 4; ndix - CLO-221 Clinical Stu Report

FDA Sub.

: u eeting Package: Teleconference u or 2 November s Adu
Stra - Clinical Development; Vol. 4 of 4: Appendix - CLO-141 Clinical Study Report

07-Oct-04

FDA Sub.

SN: 229 IND Safety Repart: initial, 7-Day Expedited Report, CIOMS Report, Control No. 13462,

13-Oct-04

FDA Corres.

Patient No. 0001-2055 (MJP), CLO-151 Adult Solid Tumor Stud

acsimife from ty Cottre O. : wers to Adult Strategy Submlssion, Serfal No.
228 (Requesting a Teleconference to Discuss Future Adult Studies); Teleconference Set for 2
November 2004 is optional

27-Oct-04

Report

Report No. ILEX-26: "T oxicity Evaluation of Clofarabine (NSC 606869) with Ara-C (NSC 63878) in
Male Scid Mice", by Southern Research Institute; Evaluation/Report date 2 September 2003

Report No. ILEX-37: “Response of RPMI-8226 Myeloma to Treatment with Vincritine, Fludarabine,
Clofarabine, or ILX-651 ", by Southern Research Institute (SRI Report No. A542.10), report dated 19

Report

Report

. : ofarabine In Human Plasma In
Products Study CLO-141", Report Dated 27 September 2004, by MicroConstants, Inc. (thisis a
revised report for corrections to errors in sampling times/Report No. MC02297.02 was submitted
in Serial No. 214 or’23 June 2004

63,641

FDA Sub.

: rmation endment - Pharmaco) oxicology: Report No. ~28: "ToxIc
Evaluation of Clofarabine (NSC 6068€9) with Ara-C (NSC 63878) in Male Scid Mice", by Southern
Research Institute; Evaluation/Report date 2 September 2003; Report No. ILEX-37: "Response of
RPMI-8226 Myeloma to Treatment with Vincritine, Fludarabine, Clofarabine, or ILX-851", by
Southern Research Institute (SRI Report No. A542.10), report dated 19 July 2004; Report No.
MC02297.03 titled: “The Determination of Clofarabine in Human Plasma in ILEX Products Study

28-Oct-04

FDA Sub.

CLO-141", Report Dated 27 September 2004, by MicroConstants, Inc.
: a eport - Inftial, ay Report: repo on 0. ase

No. BIOV-028), Patient No. 11010012 on Bloenvision's Study, BIOV-111 (Peds ALL) (not an ILEX

sSponsored study - occurred under Biosenvision's CTX 19989/0001/A)(copy of facsimile to FDA also

filed here)

02-Dec-04
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SN: 232 Revised Form FDA 1572s: Multiple Investigators: Edythe Albano, MD, The Children's
Hospital, Denver Colorado (dated 08/03/04); Susan Blaney, MD, Texas Children’s Hospital,
Houston, Texas (dated 09/08/04); Bruce Gordon, MD, Pediatric 20330_8<\O:oo_0n< & Bone
Marrow ._.3:2..._»:3:0: Program, Omaha, Nebraska (dated 05/21/03); Bassem Razzouk, MD, St.
Jude's Children Hdspital, Memphis, Tennessee (dated 11/12/03); Susan Rheingold, The Children's
Hospital of Philladelphia, Philadelphia, PA (dated 09/28/04):A. Kim Ritchey, MD, Children's Hospital
of Pittsburgh, Pittsburgh, PA (dated 09/01/04; and Michael Rytting, MD, UTMDACC, Houston,

54 | 63,641 FDA Sub. |Texas (dated 08/10/04) CLO-212 Study Peds ALL |

SN: 233 Revised Form FDA 1572s: Muttipte Investigators: Edythe Aibano, MD, The Children's
Hospital, Denver Colorado (dated 08/03/04); Susan Blaney, MD, Texas Children's Hosplital,
Houston, Texas (dated 09/08/04); Stewart Goldman, MD, Children's Memorial Hospital, Chicago,
Ninois (dated 06/23/04); Bruce Gordon, MD, Pediatric Ia:.n_"o_onioq.no_oﬂ‘ & Bone Marrow
Transplantation Program, Omaha, Nebraska (dated 05/21/03); Bassem Razzouk, MD, St. Jude's
Children Hospital, Memphis, Tennessee (dated 11/12/03); A. Kim Ritchey, MD, Children's Hospital
of Pittsburgh, Pittsburgh, PA (dated 09/01/04); and Michael Rytting, MD, UTMDACC, Houston,

54 | 63,641 FDA Sub. |Texas (dated 08/10/04 CLO-212 Study Peds ALL

SN: 234 Information Amendment - Clinical: Revised Investigator's Brochure (IB) Edition 4, dated
54 63,641 FDA Sub. 12/3/04 ’

Teleconference Discussing pre- and Post Approval Trials in Aduilts (includes specific comments
for defining the elderly patient population, endpoints, registration strategy, and acceptance as
54 | 63,641 FDA Sub. |support of iatric a val/confirmatory trial , .

: e epo olfow Up Reporf to an ay Repo : :
report, Control No. 13490 (Case zo...w_0<.o~3. Patient No. 1101-0012 on Bioenvision's Study,
BIOV-111 (Peds ALL) (not an ILEX Sponsored study - occurred under Bioenvision's CTX

54 | 63,641 FDA Sub. 19999/0001/A)(copy of facsimile to FDA also filed here)

Clofarabine Plus Cytarabine and L-Asparaginase in Pediatric Patients With Refractory or Relapsed
Acute Lymphoblastic Leukemia (FDA Draft); Post-Approval Development Timeline; COG Protocol
No. AALLO1P2 titled "Intensive Induction Therapy for Children with Acute Lymphoblastic
Leukemia (ALL) Who Experience A Bone Marrow Relapse”; CLO-312 Protocol Synopsis, study

59 | 63,641 FDA Sub. Relapsed (see COG protocol AALLO1P2)
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59

FDA Corres.

Clofarabine J No. 63,641

Facsimile to Christy Cottrell/CSO: Copy of the Official Notification from American Medical
AssociationflUSAN Council: Clofarabine Adopted (Approved) as the USAN Name in Support of

FDA Sub.

13-Dec-04

FDA's Comments to the Draft Package Insert that Clofarabine was not Published in the 2004 USP

9 Flelday ’ ’
Comprehensive Cancer Canter of Wake Forest University,Winston-Salem, NC for the Study Titled
“Phase /Il Open-Label Study of High-Dose Cytarabine and Clofarabine in Adult Patients with
Refractory or Relapsed Acute Myelogenous Leukemia or Refractory or Relapsed Acute
Lymphoblastic Leukemia”

20-Dec-04

SN: 238 Missed/Inadvertently not used

59

FDA Sub.

. C] eport -Follow Up Report to an ay Repo : :
Report, Control No. 13490 (Case No. BIOV-028), Patient No. 1101-0012 on Bloenvision's Study,
BIOV-111 (Peds ALL) (not an ILEX sponsored study - occurred under Bioenvision's CTX

59

FDA Sub.

19999/0001/A)(copy of facsimile to FDA also filed here

: afety Report -Initlal, ay epo epo O o.
(Case No. BIOV-026), Patient No. 1301-0014 on Bioenvision's Study, BIOV-111 (Peds ALL) (not an
ILEX sponsored study - occurred under Bioenvision's CTX 19989/0001/A)(copy of facsimilie to FDA
also flled here) y

59

63,641

FDA Sub.

SN: 241 Request for PROTOCOL EXCEPTION: Treatment of Single, Named Patient Under IND No.
63,641 (per FDA - due to clofarabine approval & CLO-212 study closed to enroliment) for Patient R-

S under Violet Shen, M.D. at Children's Hospital of Orange County, Orange, CA

03-Jan-05
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BINDER
Telephone Contact R port: Discussion on CLOFAREX Pedlatric Exclustvity Timing DA
10 63,641 | FDA Corres. Submission, etc. 27-Aug-02
request (Ema ° n unc u 3

13 | 63641 _uo>oo=8.u8.~8~.~o:-<»8:.8._§o§u ) 28-Oct-02

Tel. Contact Discussion on Timing of NDA Submission for Pediatric .>r_.. Request/Application for Fast-Track

22 63,641 Rep. nation for Pedlatric ALL, Pre-NDA Pkg (submission) & Rolling NDA Submission 1-May-03
i SN: 136 Request fo Pre-NDA Meeting for Clofarabine in Acute Lymp - Leukemia (ALL)

24 63,641 FDA Sub. date of Meeting - First Wesk In August 3-Jun-03
Facsimiie from Christy Cottrel/FDA Confimation of Pro-N A, Scheduled 13 August and

22 83,641 | FDA Corres. List of Attendees : 11~Jun-03
Officiat E-mall from Mike Bemnstein to Christy Cottrell/FDA: Corrections to Serial No. 129 (Fast

22 63,641 | FDA Corres. Track Application, 8 ' 2003) Reapo Definition and Prima /Secondary Objecti 20-Jun-03
SN: 129 Request for Fast Track Desig N and NDA Rolling S; jfon agy (ALL

23 63,641 FDA Sub. |indication _ 8-May-03

Dato: 16 April 2003; Tost Date: 3 March 2003).

Scheduled for 13 Aupust 2003) | | 1w

ne for e Lymphe

Set for 13 A 2003

acsimile from Christy Cottrell/FDA: Pre-NDA ng Changad to a ! 3

63,641 | FDA Corres. ust 2003 (in of face-to-face mestin , . - ‘ 07-Aug-03 |



Clofarabin  )A 2 1-673

34 - 83,641 ag
34 63,641 SN: 162 Pre-NDA CMC Meeti uest: Pro Week of 1 December or 8 December 2003 01-0ct-03
acslm : nof eduy
December 2003 at 2:00pm; Includes List of FDA Attondees (this Is in response to SN: 182:
34 63,641 pre-NDA _ |Request for Meeting) . 08-Oct-03
SN: 172 Pre-NDA CMC Moeeting Package - Meeting Scheduled for 10 December 2003: Several
49 63,641 FDA Sub. Questions; Pro Table of Contents:; _ 3 of Supportin FDA Corres -Included 07-Nov-03
Facsimile fic Christy Cottrel/FDA: ponses to Questions ] S pre A CMC
49 83,641 pre-NDA ng Package; (if res a ble to ILEX, & mee is not i . . 04-Dec-03
Ca co.iooso..gnoﬂ.d_.n: ] hirhart: uest To to uss
49 83,641 pro-NDA  |Respe  to pre-NDA CMC Moatii Questions . 04-Dec-03
: 179 Responss to >m.oo=..___o 4| A .,..ueeu._ugwga DA
49 83,641 | FDA sub. {10 (Submitted as SN: 172.0n 7 November 2003) ) 08-Dec-03
: rence (In place of Face- ACO P 4 r 10 Dec
2003) to discuss pre-NDA CMC information: FDA fesponses to SN: 172 pre-NDA CMC Meeting
Package (fax of 4 December 2003 from FDA): Specifically xtractables/fleachabiles nd validation
49 83,641 pre-NDA lof APl & drug product. : 10-Dec-03
Facsimile from Christy Cottrell/FDA: Meeting Minutes from 10 Decomber 2003 pre-NDA CMIC
eleconference with Addendum Added of Minutes from Teleconference of 17 December 2003
Between the FDA District Office, FDA Office of Compliiancs, ILEX and Ash Stevens, Inc.: includes
Minutes Provided by ILEX and Minutes Provided by Judith A. Putz, FDA District Office/Detroit-
Concurrent Validatio of API 130.’.9&?3093!. & approved) Several Detalis included
49 63,841 | FDA Corres. |mMi utes rding Materials, Process Valldation, etc. 09-Jan-04
() pal Inv : Ul and
Treatment Recomme dations (RE Capillary Leak .w«:ng,e. SIRS) from Stev. Weitman, MD
52 683,841 FDA Sub. |PhD ‘ : 4 06-Feb-04
m . nical Réviewer hias :
All CRs, PRs, and CRps (Responders) on Studies CLO-212, CLO-22 and ID99-383 (this is a copy
82 83,641 | FDA Corres. {the original fax is filed with the eNDA submissione) 20-Apr-04




Clofarabir,. DA 21-673

file was left out of original on therefore requiring the resubmission with inclusion of the
FDA Sub. - navigation file (no other changes were made to the submission): binder includes those documents
2 21-873 NDA which were sent as hard ies, and a of the CD which contained the electronic submission 3-Oct-03
Official Notification of Receipt of Part 1 of the Step-Wise NDA Submission: Non-clinical
63,841 | FDA Corres. h;n::uoo_wﬁ:.ox.oo_mnﬁ
FDA Sub. -
3 21-873 NDA

63,641 | FDA Corres.

FDA Sub. -
4 |21e73 NDA

na.aqu _..dboo:co.
Facsimile from Christy Cotirel/CSO/FDA: Request for Copies of CRFs for Ali PRs, CRs, and CRps for
21-873 FDA Corres. |Patient in Studies CLO-21 2, CLO-222 and 1D99-383 .

FDA Sub.- -
S 21-873 NDA 20 April 2004)

21673 | FDA Corres. [Mike Bemstsin attached . racones minutes 13-May-04

21-673 FDA Corres. |table with responses, conformed responses, duration of response, and death) 28-May-04




Ciofarabit DA 21 673

21-673

21-673

21-673

21873

21673 i : ditional Eficacy Data 4~Jun-0¢

21-673 FDA Corres.

21-873 FDA Corres.

21873 FDA Corres.

21-873 Gen. Corres.

21-873 FDA Corres.




Clofarabir pa 21-673

21673 FDA Corres. Johnson) 23-Jun-04
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Responsa to the Filing Letter of 8 June 2004 as an Electronic Submission and the Additiona) Clinicai

21-673 FDA Corres. |Data/E Data will be R nized as a Major Amendment ) 23-Jun-04
-Su O < Response etter o une
FDA Sub. - {and Teleconference of 4 June 2004:

21-673 NDA

21-873 FDA Corres.

FDA Sub.-
21-873 NDA

FDA Sub. -
21-673 NDA

21-843 FDA Corres,

21-873 FDA Corres.

21-873 FDA Corres.

. |21-673__ | FDA Corres.

21-873 FDA Corres,

21-673 | FDA Corres.
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FDA Sub. - Response Duration and TTP for Patients from the CLO-212 & CLO-222 Studies as Presentsd in
9 21-873 NDA the Summary Table in the Facsimile from FDA of 10 mber 2004 .E
mall ohanna Iy ng
Scheduled for 8:00am, 1 December 2004 - 40 Paper Coples and 2 Electronic Coples in MicroSoft
Word Format Due to wo>gn~OQon~8A (see email of 29 September 2004 for change in date) to
Advisors and Consultants Staft FDA, CDER, OEP, HFD 21, Room 1098, 5830 Fishers Lane
21-873 FDA Corres. |Rockviille MD, 20852-1734, Tel 301-8
21-673 FDA Corres.
21-673 FDA Corres.
21-873 FDA Corves.
21-673 FDA Corres.
21873 | FDA Corres. |__29-Sep-04
Amy Baird/CSO/FDA: Request for the Name CLOLAR to be
Submitted to the Nomenciature Committee (for approvability); Status on Acceptance of CLOLAR as the
21873 FDA Corres. Marketed Name for Clofarabine E
Emails between Mike Bemstein and Amy Baird/CSO/FDA: Discussion of ILEX Requesting Subpart 1
Designation Now or to Wait for ODAC Meeting (Per Amy/FDA: Consensus is to Wait, Stili Passiblity of
21-873 FDA Corrves. |Full | vs. Accelerated roval : 1-Oct-04
Email: Confirmation from Amy Baird/CSO/FDA: New PDUFA date is 30 December 2004 - No Word on
21673 | FDA Corres. Committee Date (as of the email 1-Oct-04
u n #10: Response a esponse Du a B
FDA Sub. - [CLO-212 & CLO-222 Studies as Presentsd in the Summary Table in the Facsimile from FDA of 10
10 j21-673 NDA ber 2004; ILEX R uests Teleconference to Discuss 9-Oct-04
Emall: From Edda Tschirhart to Johanna Clifford, Executive Secretary/ODAC List of Consultants (List of
Principal investigators for Clofarabine Studies as Presented in Table 8.2 of the Clinical Section of the
21-873 FDA Corres. INDA: List does not include Sub-investigators) 19-Oct-04
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21-873 FDA Corres. i 27-Oct-04
ng umen r ng schedu r paper a
FDA Sub. - |electronic coples (CDs with MicroSoft Word File of Volume 1) to Johanna Clifford, Executive
11 [21-873 NDA . for ODAC; Volume 1 of 2 27-Oct-04
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electronic copies (CDs with MicroSoft Word File of Volume 1) to Johanna Clifford, Executive
FDA Sub. - Secretary for ODAC; Volume 2 of 2 {Volume 2 Appendix A - Articles & Publications not
12 21-673 NDA referenced In document 27-Oct-04
Email from Mike Bemnstein to Christy Cottrel!/CSO/FDA: “Latest Update Package Insert (P1) with the 84
21-673 FDA Corves. |Patient Data*” with comittment to submit
FDA Sub. - s
13 |21673 NDA 18-Nov-04
Email from Mike Bernstei to Christy Cottrel/CSO/FDA: Slides Presented at ASH 2004 Conference
21-673 FDA Corres. investigators: S Jeha, MD., B. Razzouk, M.D., M M.D., et.al 24-Nov-04
ODAC Briefing Document Created by CDER, FDA: Oncologic Drugs Advisory Committes Meeting
14 21673 FDA Corres. Note: FDA has marked few 'Readactions’ 1-Dec-04
Email from Tracie Reed to Christy Cottreil: Confirmation of Dr. Pazdur's email address for forthcoming
21-673 FDA Corres. |istter from Mike Bemstein & Steve Welitman 3-Dec-04
Email from Christy Cottrel/CSO/FDA to Steve Weitman & Mike Bemstein: FDA's first set of
comments/revisions to the clofarabine package insert; note: this does not include comments from Dr.
Temple; per email ILEX to respond by close of business 15 December 2004; attachments include
tracked changes (FDA's revisions) & clean copy; ILEX to work from clean Copy. see submission of 15
21-873 FDA Corres. December 2004: A11 - Sub 12
21-873 FDA Corres.
FDA Sub. -
15 |21873 NDA
21-873 FDA Corres. 17-Dec-04
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Go.:!o:goao.on-n_oo from NDA (emais ofof 17 December 2004, Christy Cottrell on behalf of

16 j21-e73 NDA FDA Chemistry Reviewer) 21-Dec-04
Email from Christy Cottrel!CSO/FDA to Mike Bemstein: rmcm__au\vuorbno Insert - FDA'g Comments ang
Revisions to the Package Insert ILEX Must Respond by Close of Business
21-873 FDA Corres. See Amendment 16 - Sup #17 of 28 Decem .
21-673 FDA Corres. :
FDA Sub. -
17 |21e73 NDA
FDA Sub. -
18 21673 NDA
FDA Sub. -
19 21-873 NDA
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20 [21-873 NDA Genzyme Font & Colors 28-Dec-04
FDA Sub. -
21 121873 NDA A17 - Submission #18: Responss to FDA est for Additional information - CMC Commitment 28-Dec-04
- Subm n : a ng m nts - Comm - S—
Study and Completion of a Controlied Clinical Study to Verify & Describe Clinical Benefit in
Pediatric ALL (further protocol development & discussion with FDA needed) Commitment 2
FDA Sub. - Completion of Additional Work for Drug Substance (Validation of Specified Impurities &
22 216713 NDA radants) and Refini the Test Methods for Validation 28-Deoc-04
Approval Letter for NDA 21-673; Courtesy Copy Recelved Via Emall with Approved Package
21673 | FDA Corres. insert and Carton ang Viai Labeling; Approval in Pediatric ALL (after two prior regimens) 28-Dec-04
Official Approval Lettor for NDA 21673 with Approved Package Insert and Carton and Vial
21-673 FDA Corres. rlvol_gta(.. in Pediatric ALL {after two prior _regimens) (Received ¢ January 2003) 28-Dec-04
Facsimile from Christy Cottrel/CSO/FDA General Comments Chemistry Recommend Retest of Drug
Substance & Orug Product at 24-months; Clinical _u..m::woo_onv. Evaluate PK of the Active Metaboites
21-873 FDA Corres. [in Future Adult & Pediatric Studies Examine Renaj Iimpairment for Safety in Future Studies; and 28-Dec-04
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2-HALO-2'-FLUORO ARA ADENOSINES AS
ANTINOPLASTIC AGENTS

The application is a continuation of application Ser. No.
07/693,646. filed May. 10, 1991, now U.S. Pat. No. 5,384,
310 which is a continuation-in-part of application Ser. No.
071355358, filed May 23, 1989now U.S. Pat. No. 5,034,518.

The research leading to the discovery of the present
invention was funded, in part, by funds from the United

. Stated Department of Health and Human Services.
Accordingly, the United States government has certain statu-
tory rights to the present invention under 37 USC 200 et seq.

The development of effective anticancer agents is a
complex problem for a number of reasons, but primarily
because of the lack of an identifiable, exploitable biochemi-
cal difference between normal and malignant tumor cells, be
they of animal or human origin.

The simplest and most used strategy for the discovery of
new anticancer agents is by empirical search, which has
been most successful in identifying useful antitumor anti-
biotics. The search for lead compounds among synthetics is
somewhat different, since few clinically useful agents have
resulted from strictly random screening, which in fact is not
a truly random search since it reflects the status of organic
chemistry and, largely, what synthetic chemists have found
of interest ‘for whatever reason. In fact, most synthetics
found to have clinical activity were screened for a reason. A
prime example is one of the first clinically useful agents,
nitrogen mustard, which was tested because of its effects on
the blood elements discovered in the chemical warfare
program. Regardless of the method of discovery, anticancer
agents can be classified in five broad groupings:

A. Antimetabolites

Glutamine antagonists

Inhibitors of dihydrofolic reductase
Purine and pyrimidine analogs
Nucleoside diphosphate inhibitors
B. Nucleic acid complexors
Actinomycins

Anthracyclines

Bleomycins

Mitomycins

Mithramycin

Neocarcinostatin

Anthramycins

C. Chemically reactive compounds
Nitrogen mustards

Aziridines

Sulfonates

Triazenes

Nitrosoureas

Procarbazine

cis-Platinum

D. Mitotic inhibitors

Vinca alkaloids

Podophyllum derivatives

E. Hormones

Estrogens

Androgens

Progestogens
Glucocorticoids
Miscellaneous synthetics
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From these groupings, it is clear that anticancer agents
with proven utility interfere one way or another with cell
division and, since cancer cells must divide or eventually
die, they are cytotoxic agents with some degree of specificity
for neoplastic cells. Thus it would seem logical that the
search for new lead compounds should focus on new struc-
tural types that will also interfere with one or another of the
processes of cell division. The most approachable of these is
the design of enzyme inhibitors. There are at least 85
enzymatic reactions involved in the de novo synthesis of
purine and pyrimidine nucleotides, in their interconversion,
in their polymerization to nucleic acids, and in the so called
salvage pathways. Of these 85 enzymes, approximately 14
are known to be inhibited by metabolic analogs or anabolites
thereof. These inhibitions are thought to be responsible for,
or at least contribute to, the anticancer activity of these
compounds, ' ’

Two such compounds are the arabinofuranosyl
nucleosides, 9-B-D-arabinofuranosyladenine and 1-B-D-
arabinofuranosylcytosine, of the formula:

0 B

OH

HO

OH

wherein B is adenine or cytosine, have well-known antiviral
(B=adenine) and anticancer (B=cytosine) activity. In
addition, other arabinofuranosyl nucleosides with
2'-substituents other than hydroxyl have also exhibited use-
ful biological effects. All of these nucleosides require acti-
vation (phosphorylation) to be effective, and generally this
is accomplished by different enzymes than the correspond-
ing ribofuranosyl nucleosides.

In addition, a number of 2'-substituted-9-1p-D-
arabinofuranosyl-2-haloadenines [see J. Med. Chem. 31:405
(1988), and J. Med. Chem. 29:2389 (1986)} have also been
developed along this general design. 9-B-D-
arabinofuranosyl-2-fluoroadenine monophosphate is, for
example, is a drug of choice against chronic lymphocytic
leukemia; and 2-chloro-2'deoxyadenosine has shown some
promise in a phase I trial against T-cell neoplasms and in
phase II trials against chromic lymphocytic leukemia of
B-cell origin that is refractory to conventional therapy, and
against hairy-cell leukemia. However, the search for befter
and more effective, anticancer compounds continues.

Thus, in accordance with the present invention it has now
been found that the incorporation of a 2-halo substituent
onto the purine ring of these prior compounds significantly
alters the metabolism of adenine nucleosides, specifically by
reducing the ability of the compound to serve as a substrate
for adenosine deaminase; that substituting a fiuorine in the
arabino configuration at C-2' makes these derivatives highly
resistant to phospharolytic cleavage; and that the combina-
tion of these two changes in the same molecule provide
enhanced biological and anti cancer activity of the resulting
compound. '

The present invention relates to a family of novel nucleo-
side compounds, and pharmaceutically acceptable salts
thereof, represented by the general formula:
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NH;
N -2 N
\
Z):NIQ
0

ROCH;

F

OR

in which R. which may be the same or different, is a
hydrogen or acyl protecting group such as an atkanoyl
protecting or blocking group such as benzoyl, and wherein
Zis a halogen of the group F, Cl, and Br. In accordance with
one aspect of the present invention, where R is acyl, the
nucleoside compound acts as a prodrug in prolonging the in
vivo life of the compound.

More specifically, the most preferred compounds of the
present invention are those of formula:

-2 N
e
x>

\)\N N
HO °
P

OH

wherein Y is F, Cl or Br, or the pharmaceutically acceptable
salts thereof,

This and other aspects of the present invention will
become clearer in the following discussion and description,
both provided for purposes of clarification and not limitation
as to the scope of the present invention.

In its broadest description, 2'-substituted purine arabino-
nucleosides are prepared from 2-haloadenosines via their
3',5"-O-(tetraisopropyldisiloxane-2'-0-triflate derivatives
according to the process discussed in J. Med. Chem. 31:405
(1988). Since this prior approaches failed to provide the
2'-fluoroarabinonucleosides in reasonable yields, these com-
pounds had to be prepared by reaction of the appropriately
blocked 2'-fluoro sugar (compound 1) with 2,6-
.dichloropurine followed by modification of the purine [see
J. Med. Chem. 29:2389 (1986)].

Br
(o]
BzO J
F) </N | Y
AN 2N
AcO H N Br
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-continued

X
N X
o

o )N N)\Y

F

R20
R0
3
NH,
(NfN
o s AN
RO
F
4
a)X=Y=Br,Ry= Ac,Ry=Bz a)R=Bz
b)X=NH;, Y=Br,Rj=R=H b)R=H

¢)X=Y=CLR,=Ac,R,=Bz
&)X =NH, Y=CLR, =R, =H
) X=Y=NH,, R, =Ac, R, =Bz
f)X=NH, Y=F,R, =Ac, R, =Bz
2X=NH,Y=ER,=R,=H
h)X=NH, Y=FR,=H, R, =Bz

The same sequence was also applied to 2.6-
dibromopurine (compound 2) for the preparation of the
2-bromoadenine nucleoside. The blocked 2'-fluoro sugar
was condensed with 2,6-dibromopurine in refluxing 1.2-
dichloroethane in the presence of 4A molecular sieves. The
anomeric configuration and substitution positions for com-
pound 3a were confirmed by 'H NMR comparisons with
compound 3c. Animation and deprotection of compound 3a
or 3c done in ethanolic ammonia yielded a mixture of the
desired product and the 5-benzoyl protected compound.
This residual blocking group may be removed if desired by
treating the mixture with LiOH in MeCN—H,0 to give
either compound 3b or 3d.

Non-aqueous diazotization of compound 3e with tert-
butylnitrite in 60% hydrogen fluoride/pyridine at -20° C.
produced the 2-fluoro compound 3f. Deacylation of com-
pound 3f was accomplished with LiOH in MeCN—H,0,
allowing a reasonable yield of compound 3g, free of any side
products.

In order to prepare the dideoxy compound 4b, the
3'-acetyl of compound 3f was first selectively removed with
NaHCO, in MeOH. The resulting product, compound 3h,
was then treated with thiocarbonyldiimidazole followed by
reduction with tri-n-butyltin hydride to give compound 4a.
The 5'-benzoyl protecting group of compound 4a was then
removed with LiOH to produce compound 4b.

The following examples, given for purposes of clarity in
more fully demonstrating the methods by which the com-
pounds of the present invention may be prepared, are
provided. However, these examples are not meant to be
limiting in any manner, and modifications and adaptions
may be made to provide other routes, which are to be -
considered to be within the scope of the present invention,
for the synthesis of the desired compounds.
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EXAMPLE I

2,6-Dibromo-9-(3-0-acetyl-5-O-benzoyl-2-deoxy-2-
fluoro-B-D-arabinofuranosyl)-9H-purine

(compound 3a)

A solution of 3-acetyl-5-benzoyl-2-deoxy-2-
fluoroarabinofuranosylbromide (33.2 mmol) i 400 mL of
dry dichloroethane was stirred for 10 min with 4A molecular
sieves (250 mL) before the addition of (9.3 g. 33.5 mmol)
2,6-dibromopurine. The mixture was vigorously stirred with
an overhead stirrer and placed in a preheated 100° C, oil
bath. Heating was continued for 32 h until all the bromo-
sugar was consumed. (TLC 2:1 cyclohexane-ethyl acetate,
using 4-(4-nitrobenzyl) pyridine spray for detection.) After
the mixture had cooled to room temperature, it was filtered
through Celite. The solids were washed with dichloroethane,
and the combined filtrates were evaporated to dryness in
vacuo. The residue (16.5°g) was a mixture of three nucleo-
sides which were separated by flash chromatography on 150
g of silica gel (230-400 mesh) using 2:1 cyctohexane-ethyl
acetate as the eluting solvent. By combining pure fractions,
the desired compound was obtained as a glass 3.64 g
(19.7%) which was chromatographically homogeneous but
would not crystallize. A second column run on impure
fractions gave 2.21 g (11.9%) more pure product for a total
yield of 31.6%.

EXAMPLE I

2-Bromo-9-(2-deoxy-2-flucro-§-D-
arabinofuranosyl)-9H-purin-6-amine

(compound 3b)

A solution of the example I product (5.84 g, 10.5 mmol)
in 400 mL of ethanolic ammonia (saturated at 0° C.) was
sealed in a glass-lined stainless steel bomb and left at room
temperature for 3 days. The solution was evaporated to
dryness and evaporated with ethanol to remove ammonia.
The residue, containing the desired product and 5'-benzoyl
compound, was dissolved in 440 mL of acetonitrile and 120
mL of water. Lithium hydroxide monohydrate (881 mg, 21
mmol) was added, and the solution was stirred for 16 h at
room temperature. Thin-layer chromatography (5:1
CHCL,—MeOH) indicated complete reaction. The chilled
solution was carefully neutralized with glacial acetic acid
and evaporated to dryness. The white solid residue was
recrystallized from water, The product was dried in vacuo at
room temperature at 100° C. for 2 h: 2.15 g (59.2%); Mp
209-210° C.

EXAMPLE I

2-Chloro-9-(2-deoxy-2-fluoro-B-D-
arabinofuranosyl)-2,0 SH-purin-6-amine

(compound 3d)

A solution of the compound 3c [see J. Med. Chem.
29:2389 (1986)] (5.1 g, 10.9 mmol) in ethanol saturated (0°
C.) with anhydrous ammonia (100 mL) was placed in a
glass-lined stainless steel bomb and left at room temperature
for three days. Thin layer chromatography (2:1
cyclohexane-ethyl acetate and 5:1 CHCl,—MeOH) indi-
cated the absence of starting material. However, two major
products were present: the desired compound and its
5'-benzoyl analog. The solution was evaporated to dryness

6

and co-evaporated with acetonitrile. The residue was dis-
solved in acetonitrile (100 mL.) and diluted with water (60
mL) before the addition of lithium hydroxide monohydrate
(915 mg, 21.8 mmol). The solution was stirred at room
temperature for 3 h, at which time thin layer chromatogra-
phy (5:1 CHCl;—MeOH) indicated the reaction had gone to
completion. The solution was cooled, neutralized with acetic
acid, and evaporated to dryness. Three recrystallizations
from water gave the pure compound: 1.4 g (42.3%); Mp
225°-226° C.

EXAMPLE IV

2-Fluoro-9+3-0-acetyl-5-O-benzoyl-2-deoxy-2-
fluoro-f-arabinofuranosyl)-9H-purin -6-amine
(compound 3f)

Diamino compound 3e [see J. Med. Chem. 29:2389
(1986)] (700 mg, 1.63 mmol) was dissolved in 3:2
HF-pyridine (15 mL) at -25° C. and treated with tert--
butylnitrite (271 pL, 2.28 mmol). After 1 h at -20° C., the
reaction was incomplete as indicated by thin layer chroma-

" tography. Additional tert-butylnitrite (70 pL, 0.59 mmol)

35
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was added. and the reaction was held at —20° C. for an
additional 2 h. The cold reaction solution was added drop-
wise to saturated aqueous NaHCO, (1L) containing ice. The
foaming mixture was stired vigorously for 20 min, then
diluted with CHCl; (300 mL). The solution was allowed to
layer, and the layers were scparated, and the aqueous layer
was extracted with additional CHCl, (2x175 mL). The
combined organic extracts were washed with water (3x175
mL), dried (over MgSO,), and evaporated to dryness. The
resulting residue, in CHCl,, was applied to a flash column
containing 50 g of silica gel (230-400 mesh) with CHCl, as
eluant. Fractions were combined to give essentially pure
product (500 mg, 70%). Crystallization of a small sample
from EtOH gave pure product: Mp 208°-209° C.

EXAMPLE V

2-Fluoro-9-(2-deoxy-2-fluoro-B-D-arabinofuranosyl)
-9H-purin-6-amine

(compound 3g)

A suspension of the example IV product (430 mg, 0.99
mmol) in 1:1 MeCN—H,0 (40 mL) was treated in one
portion with solid lithium hydroxide monchydrate (125 mg,
2.97 mmot). The reaction became a clear solution after being
stirred at room temperature for 20 min. A 3 h thin layer
chromatography aliquot showed the deblocking to be com-
plete. Glacial acetic acid (57 pL) was added, and the solution
was evaporated until a white solid was deposited. After
being chilled, the solid was collected, washed with cold
water, and dried in vacuo at room temperature to give a
crude solid (252 mg). This solid was dissolved in 40 mL of
water and applied to a water-equilibrated SM-4 Bio-Bead
column (1.5x32 cm). After initial elution with water, the
product was eluted with a step-wise gradient, 5%—20%
EtOH in water. The residue from the combined evaporated
column fractions was crystallized from 25 mL of boiling
water with charcoal treatment, and dried in vacuo at 56° C.
for 16 h to yield a pure product: 178 mg (59%); Mp
207-209° C.

EXAMPLE VI
2-Fluoro-9-(5-0-benzoyl-2-deoxy-2-fluoro-B-D-
arabinofuranosyl)-9H-purin-6-amine
(compound 3h)

A suspension of the example IV product (312 mg. 0.72
mmol) in MeOH (25 mL) at 10° C. was treated with solid
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NaHCO, (181 mg, 2.16 mmol). After being stirred at room
temperature for 2.5 h, the reaction was quenched by the
addition of glacial acetic acid (170 pL) and evaporated to
dryness. This residue in hot EtOH was applied to two silica
gel thick plates (Analtech, GF, 2000 pm) and subsequently
developed in 9:1 CHCl;—MeOH. The product was
extracted with hot EtOH and evaporated to dryness to give
essentially pure product: 208 mg (74%).

EXAMPLE VII

2-Fluoro-9-(5-0-benzoyl-2 3-dideoxy-2-fluoro-8-B-
arabinofuranosyl)-9H-purin-6-amine

(compound 4a)

191 mg (0.49 mmol) of the compound made in accor-
dance with example VI was dissolved in dry acetonitrile (20
‘mL) at 45° C., and then treated with 1.1'-
thiocarbonyldiimidazole (339 mg. 1.7 mmol). The resulting
cloudy yellow solution was stirred under N, at 45° C. for 24
h at which time thin layer chromatography analysis (EtOAc)
showed one major product. The reaction was evaporated to
dryness, and the residue was dissolved in dry toluene (15
mL). Treatment with AIBN (13.7 mg, (.08 mmol) and
tri-p-butyltin hydride (1.3 mL. 4.7 mmol) produced a yellow
mixture that was placed directly in a 120° C. bath. A clear
solution was observed after a 5 min reflux, and at 1 h the
reaction was complete as indicated by thin layer chroma-
tography. The solvent was then removed in vacuo, and the
resulting syrup was coevaporated once with EtOH. Tritura-
tion of this residue with petroleum ether (50 mL) produced
a white solid that was collected and washed with fresh
solvent to give 214 mg of crude solid. This material in hot
EtOH was applied to two Analtech (GF, 2000 pm) layer
plates. After three developments in 9:1 CHCl,—MeOH, the
product band was extracted with boiling EtOH. The residue
from evaporation of the combined extracts was crystallized
from boiling EtOH to yield sufficiently pure product 160 mg
(87%); Mp 215°-217° C. Without any further purification,
this material was used in the deprotection step of example
VIIL

Example VIII

2-Fluoro-9-(2-3-dideoxy-2-fluoro-B-D-
arabinofuranosyl)-9H-purin-6-amine

(compound 4b)

A suspension of the example VII compound (135 mg, 0.36
mmol) in 3:1 MeCN-H,O was treated in one portion at room
temperature with solid LiOH-H,0 (38 mg, 0.9 mmol). The
stirred mixture became a clear solution after %h. At 7 h an
aliquot examined by TLC (5:1 CHCl;—MeQOH) showed the
absence of the example VII compound. Glacial acetic acid
(35 pL) was added, and the reaction was evaporated to
dryness. This residue in hot acetonitrile was applied to one
silica gel thick plate (Analtech, GF, 2000 um). After the plate
was developed three times in 5:1 CHCl;—MeOH. the
product band was extracted with boiling MeCN. Evapora-
tion of this extract gave slightly impure material that was
chromatographed as above on three prep plates (Analtech,
GF. 1000 pm). The resulting residue was crystallized from
boiling H,0 (25 mL) containing EtOH (0.5 mL): After being
chilled, the white solid was collected. washed with cold H,0
and dried in vacuo at 56° C. for 16 h to give pure product,
71 mg (73%); Mp 249°-250° C.

In contrast to the previously reported 2'-substituted 9-f-
D-arabinofuranosyl-2-haloadenines, the 2'-fluoro com-
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pounds were quite cytotoxic to three human cell lines,
H.Ep.-2, CCRF-CEM, and K562, and the murine lukemia
line, L1210. They, in fact, are significantly more cytotoxic
than the corresponding 9-B-D-arabinofuranosyl-2-
haloadenines, resembling more closely the 2'-deoxy-2-
halodenosines (see Table 1).

Obviously, to be useful as anticancer agents, the nucleo-
sides of the present invention must show the ability to kill
cells in vitro. The results in Table 1, indicating the concen-
tration required to inhibit cell proliferation to 50% of
untreated controls, show that these nucleosides can, at
reasonable concentrations, kill cells. One cell line (L1210) is
a murine lukemia, whereas the other three are human

. neoplasms. Based on many years of experience, we believe
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that compounds that do not require activation by the liver
must have an ICs, of about 1-10 uM or less to show useful
activity in the in vivo animal models—and in man. Many
people today emphasize the importance of toxicity to human
cell lines.

TABLE I
totoxicity fas IC of 2-Haloadenine Nucleosides
NH;
d N
N
&
&
H\ N N
HO o
X
OH
Compound HEp-2 L1210 CCRFCEM K562
when Y=F
X=0H 9 3 04 0.15
X=H 02 09 0.2
X=F 034 038 0.14 03
when Y = Cl
X=0H 3 <3 10
X=H 0.03 007 0.003
X=F 0.012 023 0.05 0.003
when Y = Br
X=0H 4 3
X=H 0.02 09 0.02
X=F 0.22 026 002 005

The data in Table I (given in pM amounts) clearly
establishes the ability of the compounds according to the
present invention to kill neoplastic cells. :

Subsequently, the phosphorolysis of these compounds
were compared by E. coli purine nucleoside phosphorylase.
The arabino and 2'-deoxyribonucleosides are rapidly
cleaved by this enzyme, whereas the arabino nucleosides
substituted at 2' by Cl, N, or NH, are almost completely
resistant. The 2'-fluoro compounds are less resistant to
cleavage, being cleaved at roughly one-third the rate of the
arabino and 2'-deoxynucleosides. This reduction in cleavage
rate may be acceptable for pharmaceutical purposes as
phosphorylation in mammalian cells is quite rapid.

More specifically. an enzyme reaction mixture consisting
of 0.5 mM nucleoside substrate, 50 mM pH 8.0 phosphate
buffer and purine nucleoside phosphorylase in a final vol-
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ume of 1.0 mL was allowed to incubate for 30, 60, 120, 180
and 240 minutes, and the amounts of nucleoside and sub-
strate remaining were determined by HPLC. The results of
this experiment are tabulated in the following Table II.

TABLE II

Phosphorolysis of Nucleosides

Compound % Cleavage
3b 45
3d 39
3g 10
2-flucro-9--D-arabinofuranosyladenine 9
2-chloro-2'-deoxyadenosine >99
2-flucro-2'-deoxyadenosine >99

A recent report from our laboratory {see Cancer Research
51:2386 (May 1st 1991) which is incorporated in toto
herein] indicates that the compound 3d of the present
invention inhibits DNA synthesis due to the inhibition of
ribonucleotide reductase activity and inhibition of chain
elongation by DNA polymerase o. These inhibitions of the
ribonucleotide reductase and DNA polymerase o enzymes
by compound 3d were important to the development of the
cancerous K562 cells. Although this finding is similar to
observations with 9-B-D-arabinofuranosyl-2-flucroadenine
and 2-chloro-2'-deoxyadenosine, the degree of inhibition of
these enzymes by the S'-triphosphate of these nucleoside
analogues is quite different. The inhibition of ribonucleoside
reductase by 2-chloro-9-(2-deoxy-2-fluoro-p-D-
arabinofuranosyl)adenine S'triphosphate was the same as
that seen with 2-chloro-2'-deoxyadenosine 5'-triphosphate,
and the inhibition of DNA polymerase ¢ by 2-chloro-9-(2-
deoxy-2-fluoro-f-D-arabinofuranosyl) adenine §' triphos-
phate was similar to that seen with 9-13-D-
arabinofuranosyl-2-fluoroadenine 5'triphosphate. In
contrast, 9-B-D-arabinofuranosyl-2-flucroadenine 5'triphos-
phate was a much less potent inhibitor of ribonucleotide
reductase than either 2-chloro-2'-deoxyadenosine
5'-triphosphate or 2-chloro-9-(2-deoxy-2-fluoro-§-D-
arabinofuranosyl)adenine 5'triphosphate, and although all of
the 2'-deoxyadenosine nucleotide analogues inhibit the
incorporation of 2'-deoxyadenosine 5'triphosphate by DNA
polymerase o into the DNA and were more efficient sub-
strates for the polymerase, the incorporation of 2-chloro-2'-
deoxyadenosine S'monophosphate into DNA by DNA poly-
merase o did not inhibit the further elongation of the DNA
chain to the degree that was seen with the incorporation of
either 9-f-D-arabinofuranosyl-2-flucroadenine 5'mono-
phosphate or 2-chloro-9-(2-deoxy-2-fluoro-f8-D-
arabinofuranosyl) adenine S'monophosphate. These results
indicated that the 2-chloro-9-(2-deoxy-2-fluoro-8-D-
arabinofuranosyl)adenine (compound 3d) incorporates
properties of both 9-B-D-arabinofuranosyl-2-flucroadenine
and 2-chloro-2'-deoxyadenosine into onme compound.
Furthermore. in the cell the inhibition of DNA polymerase
o by these nucleoside analogues is a function of the ratio of
[analogue nucleoside triphosphate] to [2'-deoxyadenosine
5'triphosphate]. Because 9-B-D-arabinofuranosyl-2-
fluoroadenine 5'triphosphate inhibits ribonucleotide reduc-
tase at a 10-fold higher concentration than that required with
2-chloro-9-(2-deoxy-2-fluoro-f-D-arabinofuranosyl)
adenine 5' triphosphate, the 2° -deoxyadenosine 5'triphos-
phate pool should be lower and the inhibition of DNA
polymerase o should be greater, in cells treated with
2-chloro-9-(2-deoxy-2-fluoro-8-D-arabinofuranosyl)
adenine than in cells treated with equimolar concentrations
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of 9-B-D-arabinofuranosyl-2-fluoroadenine, assuming equal
conversion to the triphosphate. These metabolic features
may contribute to the potent inhibition of K562 cell growth
with compound 3d [2-chloro-9-(2-deoxy-2-fluoro-8-D-
arabinofuranosyl) adenine] of the present invention. In
addition, the solubility problems associated with the admin- -
istration of 9-f-D-arabinofuranosyl-2-flucroadenine should
not occur with this compound because of its greater solu-
bility and high potency.

The reason that the 2'-fluorine atom disrupts chain exten-
sion is not obvious because the 2'-carbon is not involved in
the reaction and a fluorine has an atomic radius slightly
larger than a hydrogen atom. Steric hindrance would be
expected to be less than is believed to be in the case of
arabinofuranosyl nucleotides. It is possible that the electron-
withdrawing properties of fluorine may affect the reactivity
of the 3'-hydroxyl and/or the three dimensional structure of
the DNA chain such that extension of a DNA chain termi-
nated with a 2'-fluoronucleoside by the polymerase is inhib-
ited.

Studies with the P388 leukemia cell line in mice (see
Table HIT) indicate that the most effective compound of the
present invention is the compound according to general
formula 3d, that is the 2-chloro-2"-flucro substituted nucleo-
side. This, coupled with the lower toxicity of the cleavage
product, 2-chloroadenine, relative to 2-fluoroadenine, make
this compound a preferred compound of the present inven-
tion. The foliowing Table III provides a summary of the in
vivo activity of the 9-(2-fluoro-2-deoxy-B-D-
arabinofuranosyl)-2-haloadenines vs P388 leukemia cell
line in which CD2F1 mice were implanted ip with 10° P388
leukemia cells on day 0 in accordance with the protocol of
Waud et al [Cancer Res. 50:3232 (1990)).

TABLE Il
Median %
LS Tumor-
Com- Optimal (dying mice Log,q free
pound IP Dose  Schedule only) change  Survivors

3d 100 qd1-5 +38 -03 0/5
200 qdl-5 +59 ~1.6 03
20 g3hx8 +220 6.6 16

(Days 1, 5,9)
25 q3hxs$ +118 -238 0/5

(Days 1,5,9)
3g 100 qdi-5 +63 -18 03
25 q3hx8 +81 0.1 0/6

(Days 1, 5,9)
3b 30 q3hx8 +100 -1.0 0/6

(Days 1, 5,9)
50 q3hxs8 +41 +1.6 0/6

(Days 1, 5,9)
200 qdi-5 +33 +0.1 /6

In the above table, the optimal dose refers to mg/kg/dose
(ZLDs); ILS refers to the increase in life span; and the log
change refers to the change in viable tumor cell population
at the end of therapy compared to that at the start of therapy,
based on the median day of death among the animals that
died. The data in this table is presented in accordance with
the National Cancer Institute activity criteria for drug testing
in which an ILS of 20~74% is considered moderate activity.
and an ILS of 75% or more is considered good activity.

In addition to the above, the 2,3-dideoxynucleoside
depicted as compound 4b showed slight activity against HIV
(strain IIIB) in either CEM or MT cell lines in culture.

In a similar test, compound 3d was administered orally
and evaluated for antitumor activity against ip P388 leuke-
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mia cells. As the data in Table I indicates, the optimal
regimen for the compound, administered ip, is in divided
doses five on days 1, 5, and 9, a similar schedule was
selected for the oral administration of this compound. In this
set of experiments, an oral dosage of 67 mg/kg/dose, given
q 6 hx4 on days 1, S, and 9, effected a reduction in tumor
burden of 1.7 log,, units, a figure which is approximately
2.5 log,, units less that that obtained in studies using ip drug
administration.

The compounds according to the present invention are
useful for their cytotoxic effects, and thus are useful as
anticancer compounds in the treatment of cancerous cells in
mammals when administered in an amount sufficient to
bring about their cytotoxic effect to the desired cancercus
cell. The compounds may be administered in a wide range
of regimens ranging from about 10 mg to about 1000 mg per
day. These regimens may be designed to give the com-
pounds as a single dose or as multiple doses over extended
periods of time, and the regimen may be adapted to provide
the optimum therapeutic response. For example, several
divided doses may be administered daily. or the dose may be
proportionally reduced or increased as indicated by the
exigencies of the therapeutic situation. The compounds
according to the present invention may be administered in
the form of the free purine nucleoside or as a nontoxic
pharmaceutically acceptable salt thereof, and may be admin-
istered either alone or in combination with one or more
compounds of the present invention or with additional
pharmaceutically active compounds.

The active compounds of the present invention may be
administered parenterally, e.g. by subcutaneous,
intramuscular, or intravenous injection. Solutions or suspen-
sions of the active compound as a pharmaceutically accept-
able salt can be prepared in water or saline containing the
appropriate buffers and additives for administration. The
pharmaceutical forms suitable for injectable use include
sterile aqueous solutions or dispersions and sterile powders
for the extemporaneous preparation of sterile injectable
solutions or dispersions. In all cases, the form must be sterile
and must be fluid to the extent that easy syringability is

" provided; it must be stable under the conditions of manu-
facture and storage, and must be preserved against the
contaminating action of microorganisms such as bacteria
and fungi. The carrier may be a solvent or dispersion
medium containing, for example, water, polyol (e.g.,
glycerol, propylene glycol, and liquid polyethylene glycol),
and suitable mixtures thereof. Compositions suitable for
intramuscular or subcutaneous injection may also contain
minor amounts of salts, acids, and bases to adjust tonicity
and buffer the pH.

The compounds according to the present invention may
also be suitable for oral administration, for example with an
inert diluent or with an assimilable edible carrier, or they
may be enclosed in hard or soft shell gelatin capsules, or
compressed into tablets. For oral therapeutic administration,
the compounds may be incorporated with excipients com-
monly used in the formulation of oral pharmaceutical prepa-
rations as, for example, sweetening agents, and preserva-
tives.

In addition, the compounds of the present invention may
be formulated in accordance with acceptable pharmaceutical
formulation techniques for administration by other routes
such as administration within topical ointments, creams or
salves, as suppositories, or as lozenges.

Thus. while we have illustrated and described the pre-
ferred embodiment of our invention, it is to be understood
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that this invention is capable of variation and modification
and we therefore do not wish to be limited to the precise
terms set forth, but desire to avail ourselves of such changes
and alterations which may be made for adapting the inven-
tion to various usages and conditions. Among such varia-
tions and modifications are, for example, and without
limitation. the use of pharmaceutically acceptable salts of
the disclosed purine nucleosides which may be designed for
providing the purine nucleosides according to the present
invention to a cell susceptible to cytotoxicity, to any minor
substitution on the active nucleoside according to the present
invention which results in no untoward effects upon the
activity of the-modified nuclecside from that of the depicted -
purine nucleosides or which results in the same or substan-
tially the same activity as that found in the purine nucleo-
sides depicted in accordance with the preceding disclosure;
changes in formulation made due to the specific route of
administration of the nucleosides according to the present
invention; and changes made to the nucleoside molecule or
composition formulation because of a specific salt form of
the nucleoside according to the presemt invention.
Accordingly, such changes, alterations and modifications are
properly intended to be within the full range of equivalents,
and therefore within the purview of the following claims.

Having thus described our invention and the manner and
process of making and using the same in such full, clear,
concise, and exact terms so as to enable any person skilled
in the art to which it pertains, or with which it is most nearly
connected. to make and use the same,

We claim:

1. A method for bringing about a cytotoxic effect in a
mammalian cancerous cell which comprises contacting said
cancerous cell with an effective amount of a cytotoxic
compound having the formula

NH;
N - N
g:\/'[\)
N N

(0]

ROCH,

F
OR

wherein R, each which may be the same or different. is
hydrogen or a protecting group; wherein Z is a selected from
the group consisting of F, Cl, and Br; and pharmaceutically
acceptable salts thereof.

2. A method according to claim 1 which comprises
contacting said cancerous cell with a compound wherein R
is a protecting group.

3. A method according to claim 1 which comprises
contacting said cancerous cell with compound wherein R is
hydrogen.

4. A method according to claim 1 which comprises
contacting said cancerous cell with a compound wherein Z
is CL

S. A method according to claim 1 which comprises
contacting said cancerous cell with a compound wherein the
compound is 2-Chloro-9-(2-deoxy-2- fiuoro-B-D-
arabinofuranosyl)-9H-purin-6-amine.

6. A method for inhibiting ribonucleotide reductase and
DNA polymerase o in 2 mammalian cell which comprises
contacting said mammalian cell with of a cytotoxic com-
pound having the formula
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NH;
N -~ N
/:I»
N N

o]

ROCH,

P

OR

wherein R, each which may be the same or different, is
hydrogen or a protecting group; wherein Z is a halogen
selected from the group consisting of F. Cl, and Br; and
. pharmaceutically acceptable salts thereof.

7. A method according to claim 6 wherein R of said
compound is a protecting group.

8. A method according to claim 6 wherein R of said a
compound is hydrogen.

9. A method for inhibiting ribonucleotide reductase and
DNA polymerase o in a mammalian cell which comprises
contacting said mammalian cell with of a cytotoxic com-
pound having the formula

14

NH;
)I>
~
z)\ NN
ROCH
F

OR

wherein R, each which may be the same or different, is

15 hydrogen or a protecting group; wherein Z is a halogen

selected from the group consisting of F, Cl, and Br; and the
pharmaceutically acceptable salts thereof.

10. A method according to claim 9 wherein R of said
compound is a protecting group.

11. A method according to claim 9 wherein R of said
compound is hydrogen.

12. A method according claim 9 wherein said compound
is 2- Chloro-9-(2-deoxy-2-fluoro-B-D arabinofuranosyl)-

25 9H-purin-6-amine.



