These records are from CDER’s historical file of information
previously disclosed under the Freedom of Information Act (FOIA)
for this drug approval and are being posted as is. They have not
been previously posted on Drugs@FDA because of the quality
(e.g., readability) of some of the records. The documents were
redacted before amendments to FOIA required that the volume of
redacted information be identified and/or the FOIA exemption be
cited. These are the best available copies.
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Lilly Research Laboratortes

Attention: Timothy R. Franson, M.D.

Executive Director, North American Regulatory Affairs
Lilly Corporate Center

Indianapolis. IN 46285

Dear Dr. Franson:

Please reter to vour March 13, 1995, new drug application (NDA) submittes under section 505(h) o the
Federal Food. Drug, and Cosmetic Act for Humalog [insutin lispro (rDNA origin) injection].
L00 unitsimL..

We acknowledge receipt of vour amendments dated March 15, May 9. June 5.6. 7. 8. 9. and 12, July 13
and 21, August 18, September 6, 7. 13, 15, 20, and 22, October 3, 10, 11, 23. 25,26, 27. and 30.
November 3. 6. and 13, and December 8, 11,13, 14, 18, 19, and 22, 1995; and February 6 ané 14, April 1,
3, and 22, May 14, 22, 24, and 28(2), and June 14, 1996. We note that your December 18, 1993, major
amendment extended the user fee goal date to June 14, [996.

This new drug application provides for the treatment of diabetes mellitus in patients requiring insulin.

We have completed the review of this application including the submitted dratt labeling [including a
physician package insert because this drug is approved for prescription use only] and have concluded that
adequate information has bzen presented to demonstrate that the drug product is safe and effective for
use as recommended in the draft carton and vial labeling submitied on April 22, 1996. and the draft
phvsician package insert and dratt patient package insert submitied June 14, 1996. Accordingly, the
application 1s approved.

The tinal printed labeling (FPL) must be identical to the labeling submitted on April 22 and June 14,
1996 Marketing the product with FPL that is not identical to this draft labeling may render the product
misbranded and an unapproved new drug.

Please submit 16 copies of the FPL as soon as it is available, in no case more than 30 days after it is
printed. Pleace individually mount ten of the copies or heavy-weight paper or similar material. For
administrative purposes. this submission should be designated "FINAL PRINTED LABELING for
approved NDA 20-563." Approval of this submission by FDA is not required before the labeling is used.

Should additicnal information relating to the safety and effectiveness of the drug become available,
revision of that labeling may be reautred.

The range of » of labeled claim for insulin assay of the drug product is approved for an interim
period until sutficient historical analytical batch data and stability data are obtained. In accordance with
a telephone conversation between Dr. Stephen Moore of the FDA and Dr. Greg Davis of Liily on

June |1, 1996, Lilly will meet with the FDA in approximately ! year to review this data and determine
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whether the assay range can be tightened to , 10 be consistent with other marketed insulin
products.

We remind vou of your commitments to conduct Phase 4 studies as specified in your submissions dated:

May 14, [9%6

[ =

May 24, 1996

\d

6

Mav 28, 1996

For administrative purposes. all
submissions, including labeling supg:lements. relating to these Phase 4 commitments must be clearly
designated "Phase 4 Commitments.”

In addition, please submit three copies of the introductory promotional material that you propose to use
for this product. All proposed materials should be submitted in draft or mock-up form. not final print.
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Please send one copy to the Division of Metabolic and Endocrine Drug Products, HFD-510, and two
copies of both the promotional material and the package inserts directly to:

Food and Drug Administration

Division of Drug Marketing. Advertising, and Communications, HFD-40
5600 Fishers Lane

Rockville, MD 20857

Validation of the regulatory methods has not been completed. At the present time, it is the policy of the
Center not to withhold approval because the methods are being validated. Nevertheless. we expect your
continued cooperation to resolve any problems that may be identified.

Please submit one market package of the drug product when 1t is available.

We remind you that you must comply with the requirements for an approved NDA set forth under
21 CFR 314.80 and 314.8].

If you have any questions, please contact Ms. Julie Rhee, at 301-443-3510.

Sincerely yours,

KB i sae

James Bilstad, M.D.

Director

Office of Drug Evaluation (1

Center for Drug Evalvatior: and Research
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ce: Original NDA 20-563
HFD-3510/Div. Files
HFD-2/MLumpkin
HFD-21 (w draft labeling)
HFD-40 (w draft labeling)
HFD-80 {w draft labeling)
HFD-85/MHolovac {+exclusivity checklist)
HFD-102 (w draft {abeling)
HFD-333/SSpungen
HFD-510/BKolter/RMisbin/AFteming/SMoore/WBerlin/DHertig/AJordan
HED-511/JRhee/EGalliers
HFD-715/DMarticello/ENevius
HFD-805/PCooney
HFD-820/Y Chiu
HFD-870/MFossler/HY Ahn
HFD-613 (' draft labeling)
HFD-735 (w draft labeling)
HF-2/MedWatch (w draft labeling)
DISTRICT OFFICE
HFD-222

Drafted 5/21,21.26/96/JWeber/lispro.app
Edited: JShort/LRipper
final: IShort {(emu) 6/14/96

APPROVAL w/ Ph. 4 commitments (AP) - NDA 20-363

Page 4

.




FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

DRAFT LABELING IS NO LONGER BEING SUPPLIED SO AS TO ENSURE
ONLY CORRECT AND CURRENT INFORMATION IS DISSEMINATED TO THE

PUBLIC.
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ODFE /I GRIGINAL NDa/NDA EFFICACY SUPPLEMENT

ACTION PACKAGE CHECKLIST

NIDA R _20-563 brug _Humalog (lispro} Insulin

Applicant EL Lilly and Co

G50 JWeber

phone _443.3519

Arranae package i the following order

¢ heuk o Comment

ACTION LETTER with upervisory signamures
W TION PACKAGE TRACKING FORM
Completed copy of s CHFCKLIST in package

LABELING (package inten ang labels) 1 final of tevised drafl, inciude copy of previous ~erian with ODE's comment
4hd yiale where 10 action package the Division s review o iocaied  1f Re-to-0 70 swich anclude unent Rx Package nsert
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PATENT INFORMATION _ ¥ EXCLUSIVITY CHEGKLIST Y

AP_XY_ Ab___Na

ChemTher Topes |- 5
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i

| {f more thun | review forany |

1 ducipline, separate reviews with o
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DIVISION DIRECTOR'S MEAMD
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PEDIATHIC PAGE

METHO AL REVIEW

SAFETY UPDATE REVIEW
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hf 145 ¢ 5 1/ 7¢
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CERTIFICATION

NDA Application: __20-943

Drug Name: Humalog™. [ipsulin !ispro (rDNA Loin)

Pursuant to provisions of 21 USC 335aik) 1), Eli Lilly and Company, through
Timothy R. Franson, M.D., hereby certifies that it did not and will not use in
any capacity the services of any person debharred under Section (a) or (b) (21
[I.5.C. 335ata) or tb)] of the Generic Drug Enforcement Act of 1992. in
connection with the above referenced application.

ELI LILLY AND COMP

By A

Timot ~Franson .D.

Title: Executive Director
North American Regulatory Affairs

Date: m&:’b(k ili‘fq f




May 30, 1996
Division Director's Memo
To the file: NDA 20-563 Humaleg [insulin lispro (rDNA) origin]

injection
From: Solonon Sobel M.D,Direc%o DlVl on of Metabolism and
Endocrine Drug Products / _)WB /f

Subject: Approval of NDA

The issues which require some clarification include the
prescription (non OTC) status of lispro, the clinical utility of
this insulin analog, the significance of the pharmacokinetic
profile with its resultant lower post prandial glucose levels and
the need for various Phase 4 studies.

The Advisory Committee unanimously reccommended that lispro be
made available only through prescription and not have the OTC
status accorded other insulins.There is an already existing
exception wunder CFR 429.11 (h) (1) for insulins containing 500
units per milliter. This exception, of course, reflects the
safety issue of inadvertent administration of a very high dose of
insulin.

In the case of lispro there is, likewise, a.safety issue of
inadvertently inducing hypoglycemia because of the more rapid
pharmacodynamic effect and potentially a lack of enterally
absorbed glucose at that time. .
' Other safety issues discussed
during the advisory committee meeting included the potential of
more rapid intracellular inflow of potassium which might be
induced by lispro beyond that of other available insulins given
subcutaneously.

In regard toc other regulations affecting insulins, lispro should
be treated conventionally. It is subject to the current
certification requirements for insulins. It would not be
reasonable to interpret the definition of the term insulin as
given under CFR 429.3 (g) "the active pr1nc1ple of pancreas which
affects ther metabolism of carbohydrate in the animal body" as
excluding the recombinart lispro whose amino acid sequence is not
found in any anrimal specie.

In respect to clinical utlllty our Indications and Usage section
states 51mply that "Humalog is an insulin analog ...... which is
indicated in the treatment of patients who requlre insulin to
achieve or maintain normal glucose homeostasis.

The advantage of the rapid absorption of lispro seems to be
primarily logistical,i.a., that the insulin can be taken closer
to meal time.

There is a demonstrated lower post prandial level of blood
glucose at one and two hours but the clinical benefit of this is
not clear. There is no benefit as neasured by the effect on
glycosylated hemoglobin levels. (This is in contradistinction to
agents such as acarbose which blunt the post prandial glucose




response but which alsc effect a lowering of glycosylated
hemoglcocbinj.

The lessening of nocturnal hypcglycemic events reflects the
shorter duration of action of lispro and the resultant higher
levels of blood sugar during the night (most clearly from
nidnight to 6 an.)

We have requested a numoer of phase 4 clinical studies. These are
mostly reflective of recommendations made during the advisory

committee discussions.
We have also requested phase 4 commitments in respact to

Conclusion:

The Division recommends approval of lispro.

The drug will require . prescription. Insulin certification
requiremei:ts will be those that apply to other insulins.

Various phase 4 commitments have been made and are outlined in in

the approval letter. I ;
pp //{"“ﬁL’ LNL«_,,\_.\ /:AV‘C/_

Soclomon Sobel

zc:  NDA Arch.
HFD-510
HFD~-510/EKoller, RMisbin, AFleming, JWeber



Group Leader's Note

NDA 20-56¢3
Humalog™ (lispro insulin)

May 26, 1996 Lilly Research Laboratories

Humalog is the first insulin analog to be presented for marketing. While there is abundant expenience
with nonhuman insulins and formulations of animal and human insulin designed to alter the time-
action profile, this is the first insulin molecule that behaves kinetically differently from human insulin
because of its modification in amino acid sequence. The clinical consequences of treatment with this
modified insulin require further resolution. We have enough evidence to suspect that there might be
some differences in outcomes of patients treated with Humalog compared with conventional insulin.
For his reason alone, we consider Humalog a special case among insulin drug products. It 1s
different enough from all previous insulin products that physician product labeling is warranted.
However, a reasonable perspective should be maintained about this drug product. Humalog's amino
acid sequence is closer to that of human insulin than beef insulin. Though the modification is in a
critical location with respect to self affinity of Humalog molecules, it is outside regions that interact
directly with insulin or IGF receptors. Thus, it is unlikely that this molecule will interact with these
receptors to induce adverse effects on insulin-mediated diabetic complications. Humalog does,
nonetheless, have some real and theoretical advantages and problems. [t is important to distinguish
what is known from what remains a concern. This review is organized according to three categonies
of various degrees of certainty.

[. What is well-established about Humalog?

Humalog has a significantly more rapid onset and offset of hypoglycemic action than regular
insulin when given subcutaneously. This has been clearly shown in normal subjects. There
are less PK-PD data from patients, in whom anti-insulin 2ntibodies might be expected to
reduce the difference in performance of Humalog and regular insulin (Humuiin). Those data
also show that Humalog performs differently from Humulin. Results of the phase 11 studies
also confirm the significant time course difference in a less formal fashion.

Humalog's more rapid onset of action undeniably represents a convenience for some patients
A pediatrician mother recently contacted me about continuing Humalog use in her four year
old girl who had participa*ed in a Lilly-sponsored study. She said that Humalog had made
2 miraculous difference in her ability to control her daughter's diabetes. Obviously, a single
testimonial of this sort does not prove much, but it does help to establish that Humalog's iime-
action profile is not just different but this difference results in a substantial benefit for one or
more patients. No attempt was made by the sponsor to quantitate the benefit of convenience
to the patient. Ultimately, this may be Humalog's sole substantial benetit




II. What is strongly suspected about Humalog therapy?

Glycemic Control

In the phase III studies, Humalog therapy resulted in comparable glycemic controf to that
achieved with regular insulin, but there was a very small difference favoring Humulin in
HbAlc reflected glycemic control. This difference is of no clinical significance for an
individual patient, but it may reflect a slight down side for use of the drug in the aggregate.
At the very least, physicians and physician cannot expect Humalog to reduce their efforts to
achieve good glycemic control. It appears reasonable to assume that comparatle or even
improved control with Humalog, compared to Humulin, can be obtained cver many years of
therapy, but this remains to be shown.

Hypoglycemia

It is plausible to expect Humalog therapy to reduce frequency and severity of hypoglycemia,
but this was not convincingly shown in the controlled studies. A small difference favoring
Humalog in episodes of night time hypoglycemia was found in the phase III studes, but this
could simply be the result of a slight loss in glycemic control as reflected by higher fasting
glucose averages associated with Humalog therapy. It is also reasonable to expect that severe
day time hypoglycemua, particularly related to .ncreased physical activity, will be reduced by
Humalog therapy. This was not shown in the phase [II studies, but they were not powered
to demonstrate this effect.

[nsulin Allergies

The very small increase in a variety of allergic-related reports seen with Humalog therapy
compared to that with Humulin therapy is a cause for concern. Obviously, a change in the
piimary structure of insulin could easily result in a more allergenic molecule. Of greater
concern is several reports of immediate, even anaphylactic-like reactions seen with Humalog
in the absence of such reports from Humulin-treated patients The frequency of such events
appears to be acceptable when compared to experience with animal insulins. On the other
hand, immediate-type ailergic reactions are very rare with human insulin. Non-ir._mediate
allergic reactions represent more of a nuisance than a senous concem. The low level of these
reactions in Humalog treated patients nonetheless appeared to be significantly diffzrent from
those treated with Humulin. While clinically insignificant, this may again point to increased
allergenicity inherent to the analog.

[[I. What are lesser and/or theoretica! concerns about Humalog therapy?

Deciine of Response to Humalog with Time
The phase I1I studies showed a small, but significant increase over six months in the doses of
basal insulin used by those on Humalog compared wath those on Humulin It 1s not clear why
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a treatment effect was observed on the basal and not the rapid acting insulin doses. The
signal here is weak and may turn out to be a chance occurrence. Alternatively, this could
result from a sensitizing effect of Humalog on insulin antibody production. No clear
relationship between changes in insulin doses and antibodies was seen, but this does not
exclude that mechanism.

Rapi , metabolic effects

It is conceivable that the rapid glucose lowering effect of Humalog could lead to transient
intraceliular influx of potassium and thereby promote cardiac arrhythmias. There is absolutely
no pre-clinical or clinical evidence of Humalog having such cardiac effects. Furthermore,
there is little reason to suspect that this would occur given the insulin kinetics and
glucodynamics following subcutaneous admunistration of Humalog. Humaiog when given sc
comes very close to mimicking the physiologic profile of postprandial insulin release and
glucose response. [t is true that diabetics typically have a wider excursion from peak to nadir
glucose levels than non diabetics. This greater absolute influx of glucose and possibly
potassium could conceivably be arrthythmigenic. However, the time course of sc¢ Humalog
on glucose levels is considerably longer than that seen duning iv insulin injection, where the
hypokalemic effect is known to occur and is even exploited to treat life threatening
hyperkalemia. Again, Humalog performance in this respect appears much closer to
physiology than to the iv pharmacologic effect.

Effect of mixing Humalog with other insulins

Humuiog might lose its rapid acting feature when it is mixed and incubated with protam.ne
insulin (NPH) for a prolonged period. This does not appear to be a problem when such
insulin mixtures are promptly administered. It was shown :hat there was no Humalog
association with protamine for up to 30 hours /n vifro, but thus does not exclude such an
interaction in vivo. This is unlikely to be more than a trivial effect under most circumstances,
but a study will be done tov examine this effect under more extreme situations.

Integrating clinical and regulatory perspectives

Humalog appears to offer sufficient overall benefits (perhaps nothing more than convenience) to
justify the apparent incremental nisk of substituting therapy with this new insulin molecule for reguiar
insulin therapy. There are two pieces of information necessary and sufficient for approval of this drug
product. The first is of Humalog's glucodynamic profile. The second is its safety profile during
clinical use compared with that of conventional insulin therapy under conditions that result n
comparable glycemic control.  This information has been adequately provided in the NDA.
Humalog's safety prcfile appears equivalent to that of Humulin with the possible exceptions discussed
above and in the proposed labeling. A very large patient exposure has been accumulated, but the
duration of controlled exposure is limited to six months. The open-label design has obvious draw
backs. but [ believe that it was the more practical way to achieve the large exposure needed tc have
soine chance of detecting less frequent but important events.



Comments about the physician labeling i o e T %77"7 %
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Lilly's current draft (s-ent by 5/24/96) of the proposed physician labeling represents the result of four
major rounds of negotiations with the company. Our primary reviewers have done an excellent job
of insisting on retaining a number of important points. In my estimate, the sponsor has come a great
distance in accepting virtually all these points. We have not yielded in any substantial way, but have
been open to editorial approaches paiatable to the sponsor that preserved the sense and the potential
tmpact of each point. [ believe that this draft labeling is acceptzble. Our primary reviewers would like
to see yet one more adc'tion m._le to the labeling as is described in the attached Email messages. As
I say in my note, it ., not an unreasonable proposal, but it will be seen as unreasonable by the
company at this point in the process given the extensive changes to which they have already agreed.
The company’s point of view would not be important if this were information that should be included.
[ believe that the benefit of their proposed statement is debatable. Therefore Irecommend that we
accept the sponsor’s latest proposed labeling.

Our colleagues, Anne Reb and Ken Feather, in DDMAC has closely reviewed the proposed physician
labeling, and has clearly documented their concems .bout how this could be used to make
unwarranted advertising claims (see attachment). These concerns are appropriate, but I am hopeful
they will not be issues after Lilly submits its advertising material. If they become issues, we in
DMEDP will strongly support DDMAC's efforts. On the other hand, I do not think we can justify
tightening up the labeling further as a means of preventing any possibility of the sponsor
inappropnately advertising their product.

Our primary reviewers have brought back another issue, their feeling that we should caution about
the usz of Humalog in patients with _ ) - I'am not persuaded by their concern. There is

However, it 1s the gastric dysfunction that is the issue and not the drug itself Because
there is a vast range of among patients with this diagnosis, how could a
physician do anything other than individualize therapy with Humalog as she/he aiready must do with
Humulin? I am puzzled by the notion that physicians and patients who already struggle with the
consequences of everyday have to be re-educated to monitor glycemic response to
insulin therapy of any kind. Humalog's physician labeling cannot be a comprehensive guide to insulin
therapy. 1 am also unsure of the kind of study that should be done in this patient population or
whether one is needed at all.

Summary and Recommendations:

Humalog has been adequatcly demonstrated to be safe and effective as a rapidly acting insulin
together with a long acting insulin product in patients requiring chronic insulin therapy. Humalog 1s
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significantly more rapid acting than regular insulin when given subcutanzously, and this s likely to
be beneficial to patients. There are some lingering concerns about allergenicity, rapid metabolic
effects, and long term tachyphylaxis, but these represent small, acceptable nisks that are appropnately
discussed in the physician labeling. The NDA should be approved contingent on the sponsor's
commitmment to complete the phase ¢ studies listed in the draft letter of approval. The sponsor’s latest
version of proposed labeling is acceptable.

Nl 2ot

Alexander Flemmg, MD.

with 5 pages of attachments

cC!

HFD-510

/Div. Files/ NDA 20-563

/M. Fessler, E. Koller, R. Misbin, S. Sobel, G. Troendle, J. Weber



CRUG STUDIES IN PEDIATRIC PATIENTS
(To be completed for all NME's recommended Por approval)

) Lo [IFLC
NA ¢ 20 -TLS Trade (generic) names patin Liif

Check any of the following that apply and explain, as necessary, on the next
page:

i. A proposed claim in the darart labeling i{s girecteu towaro a speciric
pediatric illness. The application contains adequate ang well-
controlled studies in pediatric patients to support that claim.

2. The qgraft labeling includes pediatric dosing information that is not
Lasea on agequate and weli-controilec studies in children. The
application contains a request under zL (FR 210.58 or 3l4,.126(c) for
walver of tne requirement at 21 (FR 201.57(f) for AAWC stuuies in
children. C

a. The application contains gata showing that the-couise of the
disease and the effects of the orug-are surticiently similar
in aaults ana cnilaren to permit extrapolation or tne ocata

- from adults to chilaren. The waiver reguest snould pe

granteg ang a statement to that effect is inclugeQ in the
action letter.

b. The information inclugea in the application coes not
adequately support the waiver request. Tne request should
NOt De granted ana a statement to that erfect is inciudea in
the action letter. (Lomplete #3 or ¢4 Delow as appropriate.

X.. 3. Peaiatric stuates (e.g., gose-rinding, pharmacokinetic, aoverse
reaction, adequate anad well-controlled ror safety ang efricacy) snoula
be gone after approval., The drug proouct has some potential ror use
in chilaren, but there is no reason to : L reag
peadiatric use (because, for example, Ei?:ﬁ::iI$:£i¥;;;E§§§‘5?311351§>

Or the condition 1s uncommon in cnilareémr:

a. The applicant has committea to doing such studies as will pe
requiredq.

d———

% (1) Stuaies are ongoing. Refor to Brief Revey (fM/‘Fc.
(2) Protocols nave been submitted and approveg.
(>, Protocols have been suomitted and are unaer
review.
(4) if no protocol nas been suomitteg, on the next
page ex, ain tne status o giscussions.

©. If the sponsor is not willing to ao pediatric stuagies,
attacn copies of FOA's written request that such studles pe
Qone ana or the sponsor's written response to tnat request.

4. Peciatric studies do not need to pe encouragea because the drug
ProQuct nas little potential for use in crularen.
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NDA # 20.563 MEMORANDUM TO THE FILE

The sponsor has proposed by FAX several phase 4 studies:

s

The sponsor did not propose” studies to assess the use of Humalog
in:

pregnancy
autonomic neuropathy

gastroparesis/abberrant gastric emptying

} select subpopulations with cardiac disease +/- use of druas
that 1ncrease the risk of dysrhythmia

k) exercise

1) smoking

m) increased subcutanecus thickness/obesity

i Q

The sponsor-proposed studies were briefly discussed by Drs.
Misbin and Koller with Dr. Sobel 4/22/96. Studies e) and f) were
not thought to be as important as the other studies and
completeness of the list would need to be considered. It was
agreed that Dr. Koller would write a Memoradum for the File RE:
the above proposals and that Dr. Misbin would request a formal
submission of the FAXed proposals. Later that afternoon Dr. Sobel
indicated that he agreed that studies examining

were also important. He was
raking additional time to consider other appropriate studies. A
copy of the Advisory Committee Transcipts, flagged with the study
requests by members, was provided toc Dr. Sobel.

The potential addition of studies regarding h}, 1), and j) was
discussed by Drs. Koller and Misbin with Dr. Winn by phone
5/23/936.

gf'zabeth Koller, M.D.
Prepared $/22/96 Updated 5/24/96

maY enclosed

2C: Weber Sobel/Kolier,Misbin/Fleming

h
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The following table includes those studies that re 1o be conducted with Humalog®
(insulin lispro).

Study Title Commeats



NDA 20.563, Page 1

1. Medical Officer Review: New Drug Applicaiion
1.1. Administrative Summary

1.1.1. NDR: $#20,563 MAY 2 2 1996

Review: #1

'..I

.1.

[

1.1.3. Submissions
1.1.3.1. Paper submission: 3/13/95

1.1.3.2. CANDA submission: 3/15/95 (6 compact disks)
(Information for indexing provided to DISD 8/96).
CANDA resubmission: 12/14/95 (because of validation problems

1.1.3.3. Major Amendment: 12/18/95
69 volumes-1 General information
2 F3Z-SB-IOQAT
3-34 F3Z-MC-IOAY
35-39 FRZ-MC-I0BN
40-69 Extension studies: IOQAK, IOAM, IOAN, and I0AO

1.1.3.4. Supplemental Submissions:

-£/5/95 Microbiology information

-6/6/95 1 volume with an incomplete response to questions RE:
IOAA posed by the Division in a 3/6/95 letter from DMEDP
-6/7/95 1 volume with a response to gquestions RE: IOAC posed by
the Division in a 1/19/95 letter from DMEDP

Hypoglycemia versus level of glucose control

Retinopathy data

-6/8/95 1 volume with a response to questions RE: IOAD posed by
the Division in a 3/6/95 letter from DMEDP

Renal data

-6/12/95 1 veclume with an incomplete response to guestions RE:
IOAF posed by the Division in a 3/6/95 letter from DMEDP
-7/13/9% 4 volumes of a safety update

-7/21/95 Chemistry, manufacturing, and control Data

-8/18/95 Confirmation of questions raised by DMEDP 7/27 and
8/10/95. :

-9/6/95 3 volumes with responses to questions posed by DMEDP
Attachment A Investigators in Canada who used standardized meals
during the trials

Attachment B Rashes.

Attactment C Pruritis.

Attachment D Dysmenorrhea.

Attachment E Number of hypoglycemic episodes-uncorrected Ly time
interval-sorted by glucose level.

Attachment F Creatinine.

Attachment G Insulin determination assay.

Attachment Al F3Z-LC-IMAD Synopsis without raw data, F3Z-SB-IOAT
Berger clamp data synopsis without raw data, F3Z-EW-EO0O01
Injection site PK data, F32-LC-IMAB Effect of addition of zinc-
individual patient data

Attachment A2 F3Z-LC-IMAC Dose-ranging studies-individual PK
data, F3Z-MC-IOAA/AK-renal data from 2 patlents discontinued
irenal/drug use!, EKG readings

Attachment A3 Neurcpathy and hypodlycemia



Attachment
Attachment
Attachment
Attachment
-9/7/95 L«
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A4 Neuropathy and hypoglycemia

AS Prior insulin use in IOAF

A6 Anti-insulin antibody assay validaticn

A7 Miscellaneous responses

rermination of patients in the U.S in extension trials

avaialable for retinopathic evaluation
~9/13/95 Response to request for validation of glucose excursion
Clinical report F3Z-SB-IOAT {Berger)

-10/10/9%
~10fll/95
-1C/23/95
-10/2%/95
-10/26/95
-10/27/95
responses
-10/30/95
-11/6/95 S

EKG data

Protccols for sites to be investigated

study IMAD, Meal data from 4 patients

Antibody data, Hypoglycemia by time

Background information on select patients
Allergic reacticn information, Counter-regulatory
in normal subjects

Definition of baseline

tability data '

-12/%/95 EKG Information, Quality of Life

-12/11/9%
from (F3Z)

24 volumes of case report forms for select patients
EW-E002, MC-IOBA, MC-IOAB, MC-10AC, MC-IOAD, MC-IOAE,

MC-IOAF, MC-IOAG, MC-IOAH, and M7-IOAN

-12/14/95
-12/19/9%

CBNDA resubmission
Physician labeling-draft #1

-2/14/96 Transposition of statistical data-correction
-4/1/95 Draft labels #2

-4/3/9% Dr

aft label diskette

-4/22/96 Revised draft labels

1.1.4,

1.
1.

Drug
.1. Gen

LS T ]

1.2.2. Pro

Review completed: 5/19/96

Name
eric name: Insulin Lispro

posed trade name: Humalog

1.3 Sponsor: Eli Lilly Laporatories

1.4 Pharma

1.% Propos

cologic category: insulin analogue

ed indications:

For treatment of patients with IDDM or NIDDM, who require insulin
therapy by subcutaneous injection.

l1.¢£ Dosage

form and route of administration:

1.6.1 Dosage forms: vials for injection and cartridges for use in

specified
1.6.2 Rout
1.7 NDA dr

1.8 Import
recombinan

injection pens.
e of administration: subcutaneous injection
ug classification: Standard

ant related drugs: human insulin {semi-synthetic and
t), animal insulins, and insulin-like growth factor

1.9 Related reviews:



INDH

F3Z-MC-ICOAA
F3Z-MC-IOAB
F32-MC-10AC
F3Z-MC-IOAD
F3Z-MC-IOAE
F32Z-MC-I0AF

final study reports

completed
complered
completed
completed
completed
completed

11/13/94
9/13/94
11/25/94
11/25/94
2/3/95
1/19/95

Advisory Committee Document
Cardiology consulr

1.10. Materials reviewed:
-Volumes: 1, 1A, 4, 8, 21-30, 324,
12%-128, 130-132, 191-192, 203,
370-372, and 387.

- ZANDA

212,

45-53,

214,

58-59,
242,

-Supplemental submissions as described above
-Major Amendment; Volumes 1%69

NDA 20.

63-80,

246,

563,

268-270,
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B5-119,

333,



.11. Table of Contents
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.2. Electrocardiographic changes in beagles
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2. Introduction

In current Ul00 insulin preparations, the insulin molecule tends
to aggregate as a hexamer. Dissociation must occur before insulin
can be absorbed into the blood. Conversely, the IGF-I monomer de-
monstrates a decreased propensity for aggregation. Although the
two compounds share large regicns of structural, homology, there
are non-homolocous regions. The sponsor exploited what was known
about these non-homolous areas to engineer a change from proline
to lyseine and lyseine to proline at positions 28 and 23 respec-
tively of the B chain of insulin. Early studies confirmed that
the modified insulin tended to lower glucose earlier than human
regular insulin. Because this effect was seen only with subcuta-
neous administration, and not with intravenous adminstration, and
because its bicavailablity was not altered by route of admini-
stration, it has been determined that lispro‘s novel pharmacoki -
netic properties are directly related to the altered rate of ab-
sorption. Rapid absorption permits administration closer to meal -
time and somewhat reduces the need for advanced planning of fsod
intake. It was also hoped that this somewhat more physiologic
profile result in improved glucose control and that the shorter
duration of action would result in less hypoglycemia.

There are, however, potential problems with the use of a new,
rapidly-acting insulin product:

1) Lispro, as a new molecular entity, may have undesirable
properties independent of its glucose lowering capabilities.

2) A short acting insulin might give rise to delayed, postpran-
dial hyperglycemia.

3} A rapidly acting insulin might not be tolerated by diabetics
with cardicvascular or neuropathic complications.

4) An insulin product that improved the glucose excursion, an
unvaliidated measure of efficacv, at the expense of HgbAlc could
be deleterious to the goals cf diabetes management, ie.,
reduction of the risks for chronic complications.

The sponsor submitted 10 clinical trials for review (8 IOAM-IOAH
3/95 and 2 ICAY and IOBN 12/95) . Despite the number of trials,
there were protlems in the collection of important pharmacologic
data and in the conduct of the trials. These problems limit con-
clus:ions about both safety and efficacy data.

3. Objectives

The sponsor sought to optimize the glucose control that can be
obtained with lispro. Nine studies employed multiple shots of
rapid acting insulins given .n conjunction with 20% or more of
daily calories. To assess glucose control, the sponsor utilized
measurements of HgbAlc, fasting glucose, postprandial glucose,
and the glucose excursion, (serum glucose at 1 or 2 hours post-
prardially minus the fasting glucose value). The excursion was
desiarated the major outcome parameter, but remains unvalidated.

4. Pentium chip use
The sponsor has indicated that an IBM 3090 was used for any
matnemat:ical calculations.
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5. CANDA Submission

The Sponsor developed their own CANDA software. The CANDA was
submitted 3/15/95, but did not become fully operational until
late August, 1995. Multiple requests for indexing variables were
made by K. Edmunds (DSID). There were a significant number of
problems with the CANDA, which were, 1n part, outlinea to the
Sponsor in a DMEDP letter. These problems included the 1nability
to identify through the ACCESS pathway groups »f patients defined
by two or more criteria. Case report forms were not electronical-
ly encoded as such. Information cn individual cases could be
obtained only after entry into multiple data bases. Data entry
was not uniformly codified. For example, death was coded as an
outcome by some investigators and as an adverse event by others
so, unless one knew which data bases to search a priori, data
assessment could be incomplete. There was a similar problem for
the codification cf data on retinal events. (Refer to comments by
Dr. Chambers in the Advisory Committee transc:pts.!

6. Notable chemistry issues

The sponsor has provided documentation that all reagents of
bovine crigin have been obtained from herds free or bovine
spongiform encephalopathy. (Volume 8)

7. Notable pre-clinical studies

7.1 Growth Promotion

Although promotion of growth is one of insulin’s metabolic
acrivities, IGF-1 1s more potent as a growth promotor. Changes In
the insul:in molecule which could potentially increase IGF-I
activicy need to be considered for several reasons:

1) I3%-1 has been :mplicated as a mediator for some of the long-
term compl:cations of diabetes, e.g., retinopathy and
nephropathy.

2) The clinical features associated with the hyperinsulinemia of
severe insulin resistance and Syndrome X have peen attributed by
some 1nvestigators with the interaction with the IGF-I receptor.
1) The increased cardiac mass seen with acromegaly may not be
well tolerated by diabetic patients.

In in v:itro studies utilizing human mammary epithelial cells,
another insulin analogue Asp B10 demcnstrated more growth
stimulation and binding to IGF-I receptors than lispro. Growth
stimulati:cn was similar for lispro and human insulin. Binding to
the IGF-I receptor, however, was 30% greater for lispro than for
unmodified human insulin. Thymidine uptake into human aortic
smooth muscle cells was also somewhat greater for lispro than
human 1nsul:n. (Volumes 21-22)

The clinical signiticance of changes of this magnitude is
uncertain. Cumulative exposure may magnify small changes seen
with in vitro assavs, and insulin requirements otten necessitate
administrarion for decades.
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7.2 Electrocardiographic changes

Prolongation of the QRS complex and the QTc interval are the type
of changes that have been assoc:iated with subsequent dysrhythmias
and sudden death in human subjects. Studies in dogs have shown
such electrocardiographic changes. They are transient and resolve
several hours after subcutaneous administration of lispro. £imi-
lar changes are seen with both lispro and human insulin when
administered to beagles intravenously. {1394 Annual report}

esumably these changes are related te the influx of glucose
into =he cell and/or the eflux of porassium from the cell. The
rapid:ty of abscrption may cause the modified insulin act more
lige i1ntravenous insulin, {which 1s usually administered in 4
monitored setring) . Although such changes were apparently
tolerated without incident by the healthy dogs in the study,
subsers of diabetic patients may be less tolerant of rapid

Pr

~nanges Ln serum glucose or potassium, e.g., Patients using
4iuretics are more prone to hypokalemia, which can potentiate the
25k for dysrhythmia, e.g., Digoxin also becomes more toxic in
rre sewtning of hypokalemia. (Reter to FDA Cardiology
Tonsultation.)

bParierts with <lass 3 cr 4 cardiac disease were excluded from the
clinical nrials, and subjects were never assessed with postdosing
electrccardlograms.

8. Notable pharmacokinetic-pharmacodynamic issgues

8.1 Absorption: serum levels

T, pharmacokinetic studies, the sponsor is axpected to
demznstrate absorption of drug. In this case specifically, the
ponsor has claimed that the engireered changes in their insulin
moLacule will increase the rate of absorption. This has been
adeguazely demonstrated in normal volunteers. In patients with
dlaperas, however, insulin values cannot be measured directly
pecause most patients with any significant exogencus insulin
ssur=s have anti-insulin antibodies c¢n the serum. These must be
oved to reduce interference with Such extraction
s not performed on samples for insulin levels in the majerity
~ne Sponsor’s studies including the population PK collections
he c¢linical trials. Adequate data for the pharmacokinetic

e in diabetice were provided in Stuay IOAT, but 1s limited
n patients. (9/13/95 Submission)

i
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Abscrption: inter/intra-patient variability

Jlucodynamic response (insulin levels are unknown) of Humalog
somewnat less variable than that seen with Humulin R when
tuated :n 8, young, IDDM parients (IOAJ: cross-over design!.
degre= of variability may be different in other populations,
sbese subjects. This would limit clinical relevance.
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8.3. Variables influencing abaorption
3 3.1, Intecticon site efiect

A more posent maximal effect on glucose lowering was seen with
SUC Curanesus injection to the abdominal region than with

cace s ong =0 the femoral or deltno:d regions, and the max:imal
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effect was seen sooner with lispro than with regular human
insulin. Studles were conducted only in normal subjects. (Volume
80} Lipodystrophy and/or lipohypertrophy may occur in diabetic
patients and are among the variables that might influence
absorption. (Young, RJ. Diabetic lipohypertrophy delays insulin
absorption. Diabetes care. 1984;7:479.)

8.3.2. Effect cf weight

The early pharmacokinetic-pharmacckinetic studies utilized normal
weighted volunteers (body masc index not to exceed 25). There
ware, however, several subjects who were outliers with respect to
both weight and testing results. The limited data suggested that
obesity and/or subcutaneous fat thickness reduced the rate of
absorption. This hypothesis was not formally tested by the
sponsor although it 1s known that many diabetics are overweight.

8.3.3. Effect of smoking

Smoxing is thought to have an effec' on insulin activity. In
part, this may be relatad to vasoco: striction of the blood
vessels involved in absorption. This hypothesis was not formally
rested by the sponsor. (Koivisto, VA. Various influences on
insulln absorptidn. Neth J med 1985;28 (Suppl):25.)

8.3.4. Effect of drug concentration

Changing the concentration of the insulin suspension may
facilitate the onset of insulin action. Moie dilute solutions
(U10,U40) are absorbed more quickly than more concentrated forms
(U120,9U5002) . (Galloway, JA; Chapter 7. Chemistry and clinical use
of insulin. In Galloway JA et al., eds. Diabetes Mellirus. 3th
ed. Indianapclis: Lilly Resgearch Laboratories; 1988:106-33.
Cranteleau, E et al.; Absorption of subcutaneocusly administerd
reguiar human and porcine insulin in different concentraticns.
Diapetes Metab {(Paris). 1985;11:106. Published data from Chatelau
ard Heinemann suggest that the half maximal giuvcose infusion rate
for U4C Actrapid exceeded that of U100 and apprcached that of
anccher rapid acting insulin analogue (Diabetes Research and
Clinical Practice. 1953 21:201-2).

8.3.5. Effect of mixing with other insulins
8.3.5.1. The mcre rapid absorption of Lispro 1s attenuated by
mix:ng with NPH, but not by ultralente. {Study IQAI-Volume 79)

§.3.5.2. The short acting properties of regular 1nsulin may be
attenuated by mixing with ultralente. (Schlictkrull J, Pingel M,
Hedig L3, Brang J, Jorgensen KH; Insulin prearation with
proionged effect. In Handbook of Experimental Pharmacology:
Insulin II. Hasselblatt E, Burchhausen FV, ed. Berlin,

Heidelberg, New York Springer 1975:729-77) Whether this
interaction contributes to some of the differences 1n cutcomes
s=2en with studles in which ultralente was used exclusively as the
.2nger-acring 1nsulln versus NPH 1s unknown.
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9. Study design
9.1. General

Table 1

DESIGN FEATURE S OF CLINICAL STUDIES L B i [ o o
(P TED Mg

FW? T Diabetes - 3tudy __Dqsmg ﬂ Arm __ Bllnd]ng ] t_Jm'qtjmi__ Basal Glugogg L

Sbdy © T Type " Type . Rapainsun  Duaton _ Meal nswn® - La0sTT -

floan 7 1 paraiet wihmeals  12mo om0~ mo_ U b

ioaB "7 2 7 parallel’  winmeals  2mo | no LY b

9AC T 1T parallel wihmeals  12mo  no no N b

I0AD T 2 paralei  wihmeas _12mc  no m N o lap

[JIOAE  “tinewlonsyin)  paraliel | wihmeals  12mo o "o NIU lab_

[lOAF ~ Zi{new to msuhny  parailel wihmeals  12me _ no  no NU b

WBAG T 1 T Txover . sdhmeals | 3mo ) NU O an

WOAH 27 aover wthmeals  3mo no N R

loaYy= — t1ama2 xover BID~ Z2mo no o N means of 4 days

T _Meter readingsivisit

oBN—™ ~ 1 T iover  withmeals = Imo T yes' om0 NgHS _msansof 4 days of
e L meter readingsivisit

UsUltidente, N2NPH ~ TxzTreatment

“In stidies where SOth fypes of longer acting nsuiing were used there was o rANCOMIZaBON for the typa of kinger acing INSUNN ft was an uncontored vanave
~"Some patients used preparatons with a fixed rano of Humuln R 1o 3 longer acting nsulin_ There was no comparabie fixed rauo preparation for Humaloy

= HGBAT andior HGDA1 sampies were collected o -
= “Lab” indicates that glucose values ware determined by laboratory assays and not seff monitonng by meter

== Both Humuiin R and Humalog were given srimed)ately pnor 10 maals 1 othar studies Hurmuiin R was given 30-45 minutes pnot 1o meais

9.2. ratient selection criteria
9.2.1. Exclusicnary criteria:
Class 3 or 4 cardiac disease or severe vascular disease
(peripheral or central)
renal transplantation or dialysis
Serum creatinine greater than 2 mg/dl in IOAA-IOAD or 3 mg/dl
in IOAE-IOQAH
Cancer or life expectancy less than three years
significant hepatic disease including SGOT levels greater than
twice the upper normal limit.
allergy to insulin or its excipients
in~ulin by pump infusion
in:ulin doses greater than 2 U/kg/day
body weight greater than 35 kg/meter sguared
pregnancy (or risk of) and lactation
non-compliance or situations which will interfere with proper
completion of control
recent participation in trials with another investigational
pharmaceutical agent
history of significant hypoglycemic unawareress and hypo-
glycemia
(more than two hospitalizations in the preceding year)
adrenal insufficiency
hemoglobinopathies or anemias

9.2.2. Additional exclusionary criteria for F3Z-MC-ICAE and I0AF
prior exposure to animal insulins
insulin use longer than two months
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9.2.3. Additional exclusionary criteria for F3Z-MC-IOAY
HgbAlc »2x the upper limit of normal
has not used insulin BID for at least 2 months
Ccreatinine <3 mg

$.2.4. Additional exclusionary criteria for F3Z-MC-IOBN
HgbAlc > than 1.5 times the upper normal value
N1DDM
not performing QID insulin administration
unable to perform home glucose monitoring
take less than 50% of their insulin 15 minutes prior to meals
creatinine <3 mg

5.3. Number of patients

The number of patients who were randomized to and who dropped out
of each treatment and each treatment arm is described in Table 2.
Drop-out rates were similar. The reasons for drop-out tended to
be similar.

Table 2 Number of Patlents in Study

Study # Randomized # Drop-outs % Drop-out

L H L/H H/L L H L/H H/L L H L/H H/L
I0AA 81 74 7 7 8.6 9.4
ICAB 72 73 2 2 2.8 2.7
IcAC 81 88 6 5 7.4 5.7
IOAD 73 77 5 6 6.8 7.8
ICAE 50 43 5 5 10.0 11.6
IOAF*186 189 30 2 i16.1 14.8
IOAG 1008 508 500 22 28 21 27 2.2 2.6 4.1 5.4
I0AH 722 354 368 20 16 21 15 2.8 2.2 5.9 4.1
IOAY 707 353 354 6**23 1 1 0.8 3.2 1.7 6.5
- IDDM 379 135 184
-NIDDM 328 158 170
IOBN 93 41 52 3x%x3 5 1 3.2 3.2 12.2 1.9
L=lispro

H=regular human insulin

* ~10% of patients were ineligible for entry; reanalysis of data
did nct change results

** 2 patients were dropped for hypoglycemia

*** 2 patilents were dropped fcr lack of efficacy

9.4. Characterisgstics of study population

9.4.1 Intended patient population for each of the trials.

The target population for each clinical trial is described in
Table 3.
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Table 3 Characteristics of the Intended Patient Population

Study Diabetes Type Insulin Use Age (yrs)
F3Z-MC-IOAA IDDM =2 months on insulin 12-70
F3Z-MC-I10QAC IDDM >2 months on insulin 12-70
F3Z-MC-I0OAE IDDM <2 months on insulin 12-70
F32-MC-I0AG IDDM »>2 months on insulin 12-70
F3Z-MC-IOBN IDDM very well controlled 18-7%

comfortable with in-
tensive therapy

F3Z-MC-IOAY TDDM > 2 months on BID therapy 18-70
HgbAle </=2x upper normal

9.4.2. Characteristics of the patients enrolled.
9.4.2.1. Age

cf the 2834 patients enrolled, 118 (4.2%) were under the age of
18. No patients were under age 12 (by entry criteria). 338 (12%)
were aded 65 years or more.

9.4.2.2. Gender

1265 (45%) of enrollees were female and 1569 (55%) weare male.
(N.B. Gender may be of some importance. In studies F3Z-MC-IOAA
through IOAD, lower glucose excursion values were se2n in women
treated with Lispro.)

9.4.2.3. Race
30% of enrollees were classified as Caucasgian, 4.5% as African,

3.4% as other, and 2.5% as Hispanic.

9.4.2.4. Location
48% of enrcllees were from North America, 40% from Europe, 8%
from South Africa, and the remander from the Pacific Rim.

9.4.2.5. Body mass index
Although IDDM patients constituted 51% of the enrolled patients,
over 60% of the enrollees were obese (BMI >/=25}.

9.4.2.6. Duration of diabetes

£4% of patients IDDM were known to hawve had
diabetes for less than 10 years. 18% of enrcllees were known to
have had diabetes for 20 or more years. Patients were not,
however, assessed for the complications of diabetes except by
serum creatinine. Those with problematic hypoglycemia (perhaps
secondary to autonomic neuropathy) were excludeu from the trials.
Those with elevated serum creatinines or renal complications were
excluded.
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%.5. Number of Patients Per Investigator

An investigator is more likely to recognize associations between
a drug and adverse if the investigator has treated a sufficient
number of patients with the drug for a sufficient duration. In
addition, lnvestigator impact cannot be properly assessed when an
investigator has treated fewer than ten patients in each
treatment arm. The average number of patients per investigator
was low. (The ability to evaluate investigator effect 1s markadly
limited when there are less than ten patients per treatment arm
per investigator.!

Table 4 Number of Patients Per Investigator

Study #Pts/Investigator Study #Pts/Investigator
F3Z-MC-ICAA -11.1 F3Z-MC-IOAB 11.1
F3Z-MC-I0AC 9.9 F3Z-MC-IQAD 11.5
F3Z-MC- IOAE 4.4 * F3Z-MC-I0AF 8.7
F3Z-MC-ICAG 9.7 F32Z-MC-I0AH 9.8
F3Z-MC-IQAY 3.4 F3Z-MC-IOBN 9.3

9.6 Blinding
Blinding is an important feature of study design. The ideal study
would have utilized a blinding with dosing of insulin and a
placebo-at the optimal time of action for each insulin species.
This design is somewhat more cumbersome, but could have reduced
some of the confounding present in the trials. If an open-labei
design is utilized, significant care must be taken to avoid test
parameters that are subjective and to maintain high expectations
for both treatment groups.

Of the clinical trials submitted, only F3Z-MC-IOBN {(n=93 IDDM
patients) was a blinded study. Insulin doses were given only at a
single preprandial time (which tended to favor Humalog for
postprandial outcomes). Patients were expected to administer
their insulin at the proper time and to do their own glucose
monitoring for seven point glucose profiles. This presented the
potential for even these blinded patients to derermine/suspect
thelr treatment status.

The postprandial glucose values obtained in F3Z-MC-IOAA through
IOAH are an example of test parameters with elements of
subjecvivity. Patients were given the test insulins at time
appropriate to their distinct pharmacokinetic properties in an
open label fashion, but ingested test me2als that were not
standardized for the trial. {Breakfasts were to remain the same
for a given patient during the triais.} The use of a cross-over
design may mitigate, albeit incompletely, the absence of
standardization for the meals.

Collection of the data on hypoglycemia is another example of a
test parameter with elements of subjectivity. Patients were
encouraged to report any episodes of suspected hypoglycemia even
without documentatlion of glucese. Vasodilatory episodes and other
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events-particularly in the presence of autonomic neuropathy-can
also be perceived as hypoglycemia. The investigator brochure
indicated that a reduced frequency for hypoglycemia was a likely
benefit of treatment with the new insulin analogue. If this was
conveyed to patilents, there was the potential for under-reporting
in the lispro treatment group. (Alternatively, investigators may
have been mcre aggressive with therapy if they believed the
hypoglycemia risk to be lower.}

Study durat:on may also ke more important in an unblinded
clinical trial. There is reduced novelty with extended use of a
drug so compliance and behavior patterns altered by expectation
may become more realistic. Studies F3Z-MC-IOAG, IOAH, IOAY, and
IOBN all had treatment arms limited to two or three menths in
duration.

9.7. Study drug-formulation'

Humalog has the empirical formula C257H383N6507756. The primary
structure 1s ldentical to that of human insulin except for the

reversal of the amino acids in positions 28 (proline--slyseine;
and 29 (lyseine--»proline} of the B chain.

Each millilirer of the cocmmercial formula contains insulin lispro
(10C¢ units), glycerin (16 mg), crescl (3.15 mg), phenol (trace),
zinc 1on (0.0197 mg from zinc oxide), water to volume buffered
with dibasic sodium phosphate (1.88 mg) tc a pH of 7-7.8.

The 1initial formulations lacked the presevative zinc. Although
zinc can i1ncrease self-aggregation, it had only a limited effect
on the more rapid absorption rate seen with the molecular

changes. (Volume 70) (Data from humans, pigs, and dogs were not
concordant . )

9.8 Doge-Route-Regimen

9.8.1. Subcutaneous administration

The pivetal clinical trials were all conducted using subcutaneous
administration.

9.8.2. Intravenous administraticn

Although intravencus adminstration was used in early PK-PD
studies, only a limited number of patients were assessed in these
studies. Morecver, the data (F3Z-LC-IMAC) suggest that the PX-PD
proiiles of regular human insulin and insulin lispro are
identical when this route of administration is used. This is
consistent with the hypothesis that the more rapid onset of
action i1s due to more rapid absorption. (Volume 49)

9.8.3 Pump adminstration

Subcutaneous administration does not include the utilizaton of
pumps (whether internal or external). For approval in pumps, the
SCONSor mMust submit acceptable data assessing a number of in
vitro parameters including buffering capacity as outlined in the
agency'’s draft guidelines from 1986,
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5.8.4 Use of longer acting insulin concomitantly

The trials were structured so that the rapid acting insulin was
used in conjunction with a longer acting insulin. In the clinical
trials in which either ultralente or NPH could be used as the
longer acting insulin, the unblinded investigator determined
without randomization which longer act:ing insulin would be used.
The majority of patients used NPH as a basal insulin. {(In F3Z-MC
IOAE and IOAF, 9/462 were using lispro+NPH and 12/462 were using
Humulin R+NPH at visit 2. In F32-MC-IOAG and IOAH, 1362/1697 were
using lispro+NPH and 1384/1765 were using Humulin R+NPH at visit
2. The remainder were using ultralente or no longer-acting
insulin.} Longer acting insulins could be given once or twice a
day. .
9.8.5. Mixing insulins

The C-max for lispro occurred later and was lower and the R-max
occurred later wher. lispro Was mixed with NPH. Because this
interaction does not occur with ultralente, it is presumed that
protamine is responsible. The Sponsor has not provided
information correlating protamine content with the degree of
attenuation of the rate of glucose lowering. It is also not known
whether the duration of mixing affects the extent of attenuation.
The Sponsor was not able to provide information on the number of
subjects who mixed insulins and what specific mixing regimens
were used at various times during the trials. This confounds
interpretation of data regarding the timing of hypoglycemia and
postprandial glucose measurements.

3.8 6. Regimens and titration

Investigators were instructed to adjust doses of insulin to
minimize glucose values at 1 and 2 hours postprandially and at
the time of fasting. Hypoglycemia was also to be kept to a
mipimum. A lead-in period was often utilized to make major
changes before the start of the treatment period. Because of the
known pharmacokinetics and the postprandial target sampling times
favoring Humalog, excessive dosing ot regular human insulin and
the subsequent hyperglycemia could be expected to result. To
achieve lower fasting levels, particularly with Humalog, doses of
basal insulins could be adjusted. This was not always clearly
permitted by protocol. If only the rapid acting insulin was
permitted to be adjusted, lower fasting glucose levels might be
achieved only at the expense of hypoglycemia occurring earlier in
the evening. This wculd be expected particularly for Humalog with
its known shorter duration of activity.

patients in IOAY who were on fixed ratios of Humulin R and a
longer acting insulin were allowed to remain on these fixed
ratios. There was no comparable fixed ratio treatment for
Humalog. Fixed ratios limit the the ability of the physician to
fine tune glucose control.

9.8.7. Site of injection
The site of injection will influence the rate of absorption.
{Kovisto, VA; Alterations in insulin absorption and in blood
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glucose control associated with various insulin injection sites
in diabetic patients. Annals Int Med 1980;92:59.) Absorpticn is
more rapid from an abdominal site than from a deltoid or thigh
site unless the extremity is exercised, massaged, or heated.
{(Kovisto, VA; Various influences on 1insulin absorption. Neth J
Med 1985;28 (Suppl):25. Interpretation of the postprandial
measurements in F3Z-MC-IOAY and IOBN is complicated by the
uncontrolled site of injection. Because postprandial glucose
values were derived from home glucose monitoring, subjects were
not asked to limit their exercise for glucose sampling.

Table 5 Injection Sites

Study rapid actlng insulin basal 1insulin

ICaA  abdomen abdomen

ICAR abdomen abdemen

I0OAC abdomen * abdomen

I10AD abdomen abdomen

IOAE abdomen not designated

I0AF abdomen not designated

IOAG abdomen nct designated

10AH abdomen ° not designated

IOAY not designated not designated

10BN not designated not designated
kept similar although kept similar although

rotated during the trial rotated during the trial

9.7.8. Time of injection

In studies, F3Z-MC-IOAA through ICAH and F3Z-MC-IOAY, unblinded
sucjects were asked to inject Humulin R 30-45 minutes and Humalog
</=15 minuces prior to meals. In study F3Z-MC-IOBN, blinded
subjects were asked to inject Humulin R and Humalog </=15 minute
before the meal. The postprandial data are confounded by the
administrarion of both insulins at a time point prior to meals
{</=15 min) that favors the more rapidly absorbed compound.

9.9. Duration of Therapy

§.9.1. Controlled trials

F3Z-MC-IOAA through IOAF are parallel design studies in which
patients were treated with Humulin R or Humalog for ~12 months
afrer randomization.

F3Z-MC-I0AG, ICAH, and 10BN are studies in which patients were
randomized to treatment with Humulin or Humalog for 3 menths and
tnen crossed-over to the alternative treatment.

F3Z-MC-IOAY 1s a study in which patients were randomized to
treatment with Humulin or Humaleg for 2 months and then crossed-
over to the alternative treatment.

[N'&

G, 2. ncontrollﬂd extension triails
itien whe had used lispro and had completed their trial were
lowed anter an uncontrolled exrtensicon trial: IOAK, IOAM, IQAN,

u-'T‘
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or IOAQ. The initial maximal length cf the extension trials was 2
years. Extensions to the extension trials were added.

9.10. Concomitant medications

9.10.1. Other insulin products

Refer t~ 9.7.5. Dose-Route-Regimen (Mixing Lispro with NPH
iusulin and 8.3.5. Biopharmaceutical Issues (Mixing regular
insulin with ultralente) .

9.10.2. Beta blockers

Beta blockers are known to mask the signs of hypoglycemia. There
were no specific studies to address the issue of hypoglycemic
unawareness and lispro. The clinical trial data on hypoglycemic
unawareness is limited by the Sponsor’s definition{(s) of
hypoglycemia. It was unclear from the data provided whether a
patient with a glucose value of e.g. 60 mg/dl and who did not
experience symptoms had hypéglycemic unawareness or whether the
patient had an appropriate glucose level for his overall level cf
glycemic control.

9.10.3. Drugs altering potassium status; drugs dependent on the
kalemic state )

There were no electrophysiologic studies in patients at risk for
rhe EKG changes described previously. No integrated analysis of
electrocardiographic changes and kalemic status in patients with
sudden death or using drugs that could aggravate the potential
for dysrhythmia was provided. (In the CANDA, information that
could partially address this issue was scattered throughout the
database. Patients using digoxin-like preparations were listed
under at least seven categories (digitoxin, Digotab, digoxine,
digoxin, DPigoxin- lanoxin, and ?Digitrin.
Patients using a diuretic were listed under at least seven
categories (Dvazide, hydrochlorothyazide, hydrochlorothyazide
with (unspecified), furosamid, furosamide, lasix, Lasix Retard,
?Fusid, and ?Hydrodiuril}. Patients using potassium supplements
were listed under at leagt five categor‘es (K-dur, K-lor, K-lyte,
Kalium Retard, K Tab, ?Kaluril, or ? :

9.11. Safety variables

9.1..1. Physical Assessment

Phyrical exams were performed during screening. Vital signs and
weights were assessed at each visit. No additional physical
examination was routinely scheduled. No exit physical was
routinely performed. Routine diabetes care was to be provided,
put was not defined by the sponsor. Ophthalmologic assessment
including retinal examination was not obtained at baseline or
exit frcn the controlled trials. Routine assessment of the common
autonomic and sensory neuropathic problems associated with
diabetes was not done.

$.11.2. Labcratory Assessment

The trials were designed to collect routine clinical chemistry
rests 1ncluding BUN, creatinine, and creatine kinase, routine
hematologic tests, and routine urinalysis incliuding spot prote:in
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changes in serum Creatininre did not receijve any subseguent
Systematic evaluation. Antibodies specific to human insulin ang
the insulin analog were As5s5esged ar baseline, exit, and at some
intervening visite. Similarly, samples for antibodies Cross-
redctant to both types of insulin and for antibodies reactant to

the antibodies specific to a particular insulin although changes
were likely to be seen with the cross-reactant antibodies.

9.11.3. Electrorardisgrdphic Assessment
Electrocardiograms were obtained during the SCreening period. For
subjects in some foreign countries, most notabkly Canada and
Australia, additiocnal electrocardiographic studies were obtained
during the trials. These eléctrocardioagrams were not scheduled
LO assess any transient changes post dosing that might be
expected from the canine data.

9.12,. Efficacy variables
9.12.12 Efficiacy variables for the clinical Ltrials
F3Z-MC-10AA through IQAD
HgbAlc centval lab)
Fasting glucose
Postprandial glucose
Lipids: cholesterol, triglycerides, LDL, HDI.
Dailly insulin dosze
Freguency and incidence of hypoglycemic episodes
(blood glucose <36 mg/dl)

F3Z-MC-IOAE thrcugh I0AH
HgbAlc performed at a central lab)
Fasting gluccse '
Postprandial glucose 1 and 2 hour
{Glucose excursiocn 1 and 2 hour)
Lipids: crholestero?, triglycerides, LOL, HDL
Da.ly insulin dose
Frequency and incidence of nypoglycemic episodes
(tblood glucose <63 mg,dl)

F3Z-MC-Toay
HabAlz (by at a central lab)
f4sting and pre-meal glucose (home monitoring)
Postprandial glucose (2 hour) (home monitoring)
Bedtime jlucose (home monitoring)
(Glucose excursion {2 hour) not clearly designated as a
parameter)
Frequency and incidence of nypoglycemic episodes
‘blood zlucose <sa3 mg/dl)
Daily 1nsulin dose

FIZ-MT..0BN
HabAl: or HgbAl {fperformed at borh g central and local lap:
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Fasting and pre-meal glucose {home monitoring!
postprandial glucose (2 hour) {(home monitoringi
Bedtime glucose {optional) {home monitoring)
{Glucose excursion (2 hour) not clearly designated as 2
parameter)
Freguency and incidence ot hypoglycemic eplisodes
(plood glucese 4% mg/dl}
Daily insulin dose
Weight
Number of snacks

g.12.2. The sponsor Was advised in 3 meeting with the Division
5/6/92 that the glucose excursion even if statistieally
gignificant would not be acceptable as an endpoint unless
validation wastprovided.

g.13. Procedures *

The sponsor opbtained postprandial glucose measurements. In
studies F32-MC- IOAA rhrough IOAH, plood samples were analyzed 1in
a laboratory. In studies F37-MC-IOAY and ICBN, patients were
responsible for collecting their own values through self-
monitoring. The feal ingested by che unblinded subjects was not
scandardized for the study population. patients were tO ingest
rhelir Own routine breakfasts at rhe study sites. The sponsor wWas
not able toO provide information on rhe caloric content. or the
composition of the meals ingested. Complete food diaries for one
year for rhree DATlenis weLe subwmiiied, &n scrannated food diary
was summitited for a fourth patient. (10/23/95 Submission!

9.14. Protocol Amendments

FBZ-MC~*OAA—IOAD(b}(2) required Canadian investigators to collect
additional antipedy, chemlstry. nematologic samples, additional
EKGs, and a complete history and physical at rhe final visit.
patients were also to be discontinued if insulin needs increased
by 100% or antibedy levels increased by 3 standard deviations
above baseline values.

FBZ-MC*IOAC(b){Bl permitted in canada the agdition of 3 test
meals (ADA, high carpbohydrate, high fat) for additional visits
perween V1Sit g and 9 and the three 500 calorie test meals after
visit 9. Humulin R and Lispro w=2re to be used in a 50 /50 mixrure
ratio.

£3Z-MC-I0AG and IOAH(1) required australian investigators to
collect additional EKGS during the trrial and at exit.
£37-MC- LOAG and IOAH{2) required investigators in the United
Kingdom LO axclude women of child-bearing potential.

F3Z-MC-IOAG(3) permitted investigators at the University of Rome
to hospitalize subjects for their first dose.

F3Z-MC- [OAH (3} permitted Dr. de Leiva to collect add: -ional
idditional samples for apo Al, apo B-100, apo(a)(Lp(a)}, hepaticC
ii1pase actauvity, and endothelial liprotein lipase activity.

__H_ﬂ.\
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F3Z-MC-IOAG{4) permitted Dr. de Leiva to collect additional
additional samples for apo Al, apo B-100, apof{a; {Lp{a})), hepatic
lipase activity, and endothelial liprotein lipase accivitcy.

F3Z-MC-IOAY (1) introduced an interim analysis where previously
none specifically had been planned. Dr. D. Yue was the designee
as the final report coordinating investigator, and Dr. J.
Anderson was the designee to sign the final report for the
investligatoers.

9.1%. Statistical Analysis

g.15.1. Interim analysis

Interim analyses were conducted on several of the studies, but
the sponsor has not provided information on what statistical
adjustments were made.

9.15.2. Use of active contrbdls

The use of an active control can be problematic particularly :in
an open label trial. Equivalence can be more easily {and
erroneously) shown if if attention 1s not gilven to optimizing the
control group. In the submitted clinical trials, this was not a
majcr problem. The HgbAlc values tended not to change or to
decrease slightly from baseline regardless of trsatment arm.
(Spilker, B; Chapter 94 "Interpretating data from active medicine
control groups" from Guide to clinical trials; 1991, Raven Press,
New York.)

confidence intervals may be more appropriate statistical measures
when an active control is used. (Rosner, B; Chapter 7 in
Fundamental of Bilostatistics; 1986, PWS Publishers, Boston.)

9.15.3. Effect of the individual investigator
Investigator impact cannot be properly assessed when an
investigator has treated fewer than ten patients in each
treatment arm. {Refer ro Section 9.5.)

9.1%5.4. Carry-over effect
There was a carry-over effect seen for the first month in F3Z-MC-

ICAG and IOAH.

10, Efficacy

10.1. Efficacy Variables

10.1.1. Primary Efficacy Variables

10.1.1.1. Glucose Parameters

Integrated glucose control is best indicated by HgbAlc. It s the
standard that is accepted by the FDA and by the academic
community. The Diabetes Control and Complications Trial (DCCT)
has shown that lower HgbAlc values with human insulin therapy are
associated with fewer chronic complications in IDDM patients.
whether th:is data can be extrapolated to modified insulins or
other nypoglycemic compounds which may have other growth
potent:ating and metabolic properties 1is unknown.
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HgbAlc reqguires three months for full equ.libration. Approximate-
ly 60% of equilibration is achieved by cne month. Equilibration
was probably not reached 1n most of the shorter studies (F3Z-MC-
IOAG, IOAH, IOAY, and ICBN)} because of their duration and because
rhe studies permitted continual modification of the insulin
doses. Nonetheless, HgbAlc :s the most appropriate outcome
variable, and the clinical trials did prcvide some useful data.

The interpretation of postprandial values, however, is extremely
limited. Plasma (serum) glucose values after a designated, oral,
liquid glucose lcad (50, 75, or 100 gm) can be used to diagnose
diabetes. Mixed meal testing can be used to measure endogenous
insulin release through the assessment of C-peptide. Glucose
values serve conly as a gross indicater that food has been
absorbed. A postive response indicates that endogenous insulin 1is
present. A negative test, however, 1s less informative.
Reversible glucose toxicity of the islet cells may be present.
Insulin release may pbe delayed regardless of glucose values. Such
mismatch is frequently seen in NIDDM. Gastric emptying is quite
variant even among ncormal subjects and is a major confounding
variable with mixed meal testing. No normal val.es for
postprandial gludose have been established even with the use of
standardized meals. Standardized meals were no. used in these
trials, and only one small trial F3Z-MC-ICBN was blinded.
Measurements of glucose at a single timepoint, with the possible
exception of fasting values, do little to help the clinician
estimate the extent and duration of glucose exposure. Serial
glucose measurements (while fasted and at one, two, three, and
four post oral challenge) could be used to determine the total
area under the glucose curve (AUGC) and to estimate this glucose
exposure. The available data did not include the late
pecstprandial measurements, but was plotted against Hgblc. The
relationship 1s shown in figure 1, panels A and B.

The Sponsor has also defined a new parauweter, the glucose
excursion, as the blood or plasma(serum) gluccse value at one or
two hours postprandial value minus the fasting glucose value.
This paramerer does not account for potential differences in the
f:sting glucose for the two treatment groups and that
postprandial glucose values taken later, eg, three and four hours
postprandial would more likely favor human insulin because of
lispro’s short duration of activity. HgbAlc 1s generally accepted
as the integrated measure of mean glucose exposure and correlates
well with rhe occurrence of diabetic complications for adults.
Measurements of postprandial glucose and the glucose excursion
have not been validated and appear to have a limited correlation
with HgbAlc at best as is demonstrated in figure 2.

The numeric value of the postprandial gluccse and the glucose
excursion c¢an also be manipulated by the timing of insulir
adminisrravion. If the human insulin were given one hcur
preprandiaily, its glucose lowering profile would more closely
approximate that seen with administration of lispro fifteen
minutes or less before a meal. In studies F3Z-MC-I0AA through

e M
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Figure 1 Measures of Glucose Exposure: Relationship to HgbAlc

Panel A

HbA1c

HgbA 1c as a function of Fasting Blood Glucose
NIDDM/ Lispro/ ultralents in IOAB

Prd HBA1C

Panel B

HbA1c

Hgbatc as a function of AUGC(0-2 hre)
NIDOMW Lispro/ Uliralente in ICAB

Prd HBA1IC

AUGC(0-2 hrs)

Obs=0bservations

Prd=Predicted
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Panel A

Panel B
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IOAH, subjects using human insulin were given their insulin 30-45
sinutes prior to breakfast. In F37-MC-IOBN, subjects using human
insulin were instructed to take insulin within fifteen minutes of
a meal and to conduct self-monitoring. This timing of
administration favors Humalog if early postprandial glucose
values are to be assessed. In the protocol for F3Z-MC-IQAY, it is
not clear that subjects using human insulin were given any
specific time for administration. (Their efficiacy data was also
derived from home-monitoring data.) No trials employed double
dummy administration of insulin at times optimal to each drug.

HgbAlc values for the two rreatment groups were similar. (Refer
to table 6. HgbAlc values are expressed in %; Diamat methology
used.) In a major pivotal study, F3Z-MC-10AG (n=1008 IDDM
patients, 3 month treatment--= cross-over), the p-value was 0.0839
in favor of Humulin R. When 95% confidence intervals were
calculated, the difference was statistically significant at
endpoint .

The fasting glucose values consistently tended to be lower for
the Humulin R treatment group. (Refer to table 7. Glucose values
are expressed in mmol/L.) Although bedtime sampling was done only
in ICAY and IOBN ({(and was opticnal for the latter), the data tend
to suggest that diabetic subjects using Humulin R retired at
night with a lower blood glucose and awoke with a lower blood
glucose. (Refer toO figure 3.) Although no glucose sampling was
performed routinely during these hours in any of the trials, it
s likely that glucose values remained lower for the Humulin R
created group in the late postprandial period and tharoughout the
"gleep interval".

BLOOD GLUCOSE (mmolit)

Figure 3 GLUCOSE >ROFILES DURING THE DAY: STUDY IOBN
(IDDM patients used rapid acting insulins 10 minutes ac meais)
12 -
i | 4
11
= Humulin R
° | —tispro
5 . . A =
7 00 AM 12 00 Noon 6 00 PM 11.00 PM (5 00 AM)
dreakfast Lunch Dinner Bedtime

TIME




NDA 20.563, Page 25

Table 6§ Efficacy variable: HgbAlc (%) (Diamat methodology)
HghAlg i

Baseling ___ Mean - sD n Mean 8D n " pvalue
I0AA 832 167 78 817 141 75 a1t
lOAC Bia " 1e2 s 828 158 &1 079
JOAE 2wk 88 219 46 917 22 50 046
JOAG ~ 845 471 987 845 171 987  NA
I0AB 7 8.79 176 7t 869 163 70 0.83 |
I0AD ) | 883 i858 76 B78 14 73 01
I0AF 2wk 955 182 178 95 181 173 057
I0AH 888 187 713 8BB_ 167 73 NA
I0BN T 7s2 T yge  ea 7s2 109 93 NA
DAY iddm 802 A5 30 802 15 370 - NA_ ]|
(OAY niddm T8y Waz 321 843 132 321 NA L
e e . _ U
ime S . -
10AA 3 . 829 153 75 799 145 75 004 |
I0AC _ 8.04 142 87 778 126 78 014
10AE 696 107 a4 887 144 a8 097
10AG 81T 144 959 B35 15 964 009 |
IOAB 7834 148 85 801 126 60 077 |
IOAD - T 28 T Tia6 7M. TBOI . 12 67 022 |
IOAF T8989 W5 am BB 144 166 ~ 028
IOAtT 848 135 689 816 131 689 067
i0BN T TTism . an 87 743 112 88 092
2mo T . L .
OAY iddm T 786 146 363 779 136 365 066 |
IOAY niddm 808 142 32 BA 135 316 065 _
ﬁﬂdncmt o - L S
10AA 8.38 137 84 8.14 13 81 0.03"
10AC 822 144 BB 808 143 80 025 |
10AE 784 235 48 7.77 224 50 0.96
10AG BT 146 891 _B24a 149 984 009
10AB 82 164 72 8 1A 72 069 |
I0AC 85 t73 77 83 152 71 052
10AF 8.08 154 182 83 ts7 178 008
IOAH 818 138 705 ‘818 13 710 088
10BN 751 11 89 744 1n %0 081
I0AY 1ddm 7 788 146 363 779 136 385 066
IOAY middm 808 a2 34 81 13 317 065 |
}_—— PR - — i mma —————— — — —_— ———  ———
12.mo o e L ]
I0AA 8.4 13 79 '8.09 133 75 003"
IOAC 82 143 84 808 146 76 035
1OAE 788 24 43 78 234 45 091 |
I0AG X -
10AB T 821 165 71 798 122 70 0.66
10AD 8.48 178 70 234 155 67 054
I0AF 8.07 153 159 8.23 153 155 051
JAH X o ' X .

BN X X

.OAY 1ddm X X
LOAY rudedm X X
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Tatle 7 Efficacy variable: Fasting glucose (mmol/L)

Easting Glucose . HumulinR . ! Lispro e
Baseline __ _Mean , sD n | Mean = SD n p-vaiue |
IOAA 1149 593 86 , 1229 549 81 038
I0AC 1126 , 468 | 87 | 1106 4% 79 0.66
IOAE 2wk 7 787 232 ' 48 . 847 . 382 49 048 |
IOAG B 71236 | 545 | 988 . 1236 | 545 988 NA
ioas 1157 . 509 ;. 73 | 1153 | 396 72 0.38
I0AD W5 7 429 77 | 1174 : 436 72 0.97
IOAF 2wk 1182, 412 . 180 | 1161 373 176 054
I0AH - 1147 404 | 712 | 1147 ' 404 T T2 NA
oBN T 85 283 93 | 85 | 283 93 _ NA ]
JOAY iddm . 814 | 265 ' 379 . 814 - 265 379 _ NA
IOAY niddm °~ 842 ' 235 324 ' 842 . 235 324 NA
- e — . n — e e --_____*
1m0 B » : ' T
ioAA 546 80 . 1222 ' 547 719 013 |
IOAC 1093 4.8 87 . 976 395 78 009 |
IOAE B 8.0 3.41 44 - 172 318 48 03
oA~ T T 13 496 953  11.66 508 953 02 ]
10AB I H1a2 447 66 1052 441 64 097 |
oaAD 0 7T 143 437 74 . 1141 429 70 0.96
ioAF 967 304 174 96 29 167 074 |
I0AH 10.13 3.61 683 ~ 1061 . 371 690 0.004*
IoBN 848 313 85 9.04 343 89 0.03°
2mo - T
OAY iddm _ ' 8.26 2.54 367 867 . 26 367 0.28
fgﬂii@@f@f ) - 846 2.16 312 8.79 232 315 052
. R i _. ]
endoornt - ]
I0AA 1073 5.08 86 11.47 4.91 81 05
I0AC 99 432 88 1106 499 80 02 |
I0OAE ) 9.51 432 . 46 9.99 439 50 048
oA 11.34 496 950 = 11.64 509 984 027
hoaB 10.14 ags ' 72 | 1037 416 72 053 |
@‘g—_i_’"i 1029 371 77 1058 379 73 054
I0AF 10 313 182 10 344 179 088 |
10AH N 1047 367 705 - 1067 377 710 002°
10BN 8.39 309 89 9.13 353 9 002" |
10AY 1ddm " 828 255 368 867 - 26 367 028
IOAY nidem 845 217 313 879 231 316 __ 052 |
12 me e e ]
10AA 1082 49 = 78 2 1142 2 S5 73 046
l0AC ' 10.07 427 82 1083 499 76 0.38
lloaE ~ ' 97 438 43 1009 447 45 047
10AG x X T
I0AB ) 10.19 363 71 103 42 70 7 066 |
I0AD 10.24 374 70 1049 378 67 064
IOAF 9.99 299 159 981 323 154 087
OBN X S T
I0AH X T X i
IOAY 1ddm X X
I0AY auddm X ToX
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The one hour postprandial glucose values for the two treatment
groups differed by less than 1 mmol/L (or <18 mg/dl). These
differences were statistically significant only in the larger,
shorter, cross-over studies. (Refer to table 8.)

Table 8

Endpoint (mmol/L) End-of Study

STUDY Lispro Humulin R Lispro Humulin R

F3Z-MC-IOAA 12.63+/-5.37 13.53+/-4.99 13.16+/-5.33 13.85+/-4.91
F3Z2-MC-IOAB 12.44+/-4.11 13.22+/-4.57 12.36+/-4.12 13.24+/-4.60
F3Z2-MC-IOAC 14.05+/-5.44 13.52+/-4.91 13.86+/-5.45 13.56+/-4.92
F32-MC-IOAD 13.72+/-4.29 13.75+/-3.96 13.56+/-4.31 13.46+/-3.57
F32-MC-IOAE 12-73+/-5.81 13.14+/-5.77 12.63+/-5.88 13.22+/-5.89
F3Z-MC-IOAF 13.28+/-4.08 13.49+/-3.73 13.44+/-3.97 13.46+/-3.38
F3Z2-MC-IOAG 12.91+/-5.43 13.89+/-5.37* 12.94+/-5.41 13.87+/-5.35+
F3Z2-MC-TIOAH 13.23+/-4.43 13.89+/-4.18%* 13.19+/-4.38 13.88+/-4.16*

The two hour postprandial glucose values were statistically lower
in the Humalog treatment groups of the shorter, cross-over
studies (F3Z-MC-IOAG n=1008, IOAH n=722, IOAY n=707, and IOBN
n=33) and not in the longer, parallel studies (F3Z2-MC-IOAA n=156,
IOAB n=145, IOAC n=169, IOAD n=150, IOAE n=93, and IOAF n=375).
{Refer to table 9. Glucose values are expressed in mmol/L.) The
absolute differences between the two hour postprandial values for
the two treatment groups were approximately 1 mmol/L or 18 mg/dl.
(Refer to table 9, column headed differences). These postprandial
glucose values were were approximately 10% lower with Humalog
treatment. The clinical significance of this amount of lowering
in the face of two hour postprandial values that always exceeded
140 mg/dl and frequently exceeded 200 mg/dl is uncertain.
Moreover, in IOBN, in which two hour postprandial and’'preprandial
(or approximately four hour postprandial) glucose valties were
obtained, the glucose values were alternately lower for Humalog
and Humulin R throughout the day (Refer to figure 3.) Likewise
in IOAY, glucose values not uniformly lower for any one insulin
treatment and the absolute differences between the glucose values
were small. (Refer to table 10.)

Table 10 Serial glucose measures in IDDM patients (F3Z-MC-ICAY)

Blood Glucose {mmol/L)

Time Humulin R Humalog
Fasting B.26 8.67
2 hr p Breakfast 9.74 B.58
AC Lunch 6.71 6.42
2 hr p Lunch 9.87 10.07
AC Supper 8.95 9.29
2 hr p Supper 9.59 B.60
Bedtime B.58 8.22
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2 hour postprandial glucose {mmol/L)

Table 9 Efficacy variable:

Postprandial Glucose-2hr HumulinR ~~~  Lspre
8aseling Mean SD n ___Mean SO n  pvale
10AA~ 7T T a3y 598 83 13y T 572 78 077
0AG T 77 73e7 U sy1 81 1377 631 . 80 087
IOAE 2 wk T Tz sA7 T a5 7 9 apa 50 03
I0AG 7T 12867 583 . ges 1296 | 583 | 983  NA
ioAB 1476 573 N 1408 468 | 69 0.34
oA~~~ 1432 434 , 76 1403 505 72 0.66
I0AF 2wk T 1526 567 @ 178 1358 526 172 0 004
e 1392 474 711 1392 474 EZE CNA
ioBN 95 295 a3 9.5 2.95 93 ~NA
I0AY iddm "T974 T 348 377 974 348 | 377 NA
I0AY nddm — 1059 314 317 1059 314 317 Na
o ey N S
dme e ~ I o
ICAA 1198 a9 30 1092 59 79 02
10AC T 1306 544 87 1057 531 77 006
oA 10.05 541 44 9.54 48 47 046
10AG 4289 577 949 11.2 531 954  <0001°
10AB T “ 745 ~ 545 87 1145 424 64 <DOV’
I0AD T 1387 T 475 73 12.43 469 69 036
I0AF T 7T 1228 414 174 1135 422 166 019
icaH T T 1343 447 680 1204 - 457 687 001"
10BN T e31 299 as 22 285 89 0009
Zmo T T 0
IOAY iddm 9.74 312 362 8.58 305 360 <0001
10AY mddm 1036 _ 293 312 947 304 33 <000V
endooin! e . B

i0AA 1328 52 85 1132 52 81 005
10AC 1276 503 88 13.06 583 80 074
10RE 1239~ 643 45 11.44 607 50 068
IOAG 12.47 577 987 14.16 53 979 <0.001°
lcag © 1269 aB2 72 11.41 4.38 72 01
10AD 1319 424 77 1232 43 71 029
10AF 1295 ~ 422 79 121 46 175 03
IOAH 1314 448 703 1208 462 709 0001
NOBN 932”7 296 88 828 29 30 0006
[I0AY 1ddm 975 311 363 858 305 360 _ <000V
IOAY niddm 1036 293 313 946 304 314 <0DOT
|72 mo L T

OAA 14 ags 75 11.98 5.08 T 002"
I0AC 12.76 509 84 1276 5.75 76 09
I0AE 1249 657 43 11.42 63 45 067
IOAG x X o
IOAB 1272 485 71 11.33 434 69 01
IOAD 13.01 439 70 122 423 67 029
IOAF 12.85 3.76 161 12.48 46 154 053
IOAH X X

10BN X X

IQAY ddm X X

ICAY rugdm X X
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The glucose excursion at one hour postprandium was statistically
significant in four studies. (Refer to table 11.)

Table 11 Glucose excursion at one hour postprandium

Endpoint (mmol/L} End-of Study
STUDY Lispro Humulin R Lispro Humulin R
F3Z-MC-IOAA 1.50+/-3.83 3.25+/-3.14* 1.67+/-3.97 3.30+/-3.26*
F3Z-MC-IOAB 2.07+/-3.00 3.01+/-3.20*% 2.07+/-3.01 3.05+/-3.21+*
F3Z-MC-IOAC 3.01+/-3.85 3.63+/-3.95 2.92+/-3.92 3.56+/-3.95
F32-MC-IOAD 3.12+/-3.24 3.39+/-2.53 2.94+/-3.18 3.23+/-2.46
F3Z-MC-IOAE 2.59+/-3.69 3.53+/-3.08 2.54+/-3.79 3.52+/-3.14
F3Z2-MC-IOAF 3.37+/-2.82 3.38+/-2.42 3.64+4/-2.74 3.46+/-2.39
F3Z-MC-IOAG 1.244/-4.00 2.53+/-3.83% 1.27+/-3.95 2.57+/-3.56*
F3Z-MC-IOAH 2.59+/-3.08 3.74+/-2.38*%* 2.58+/-3.10 3.75+/-2.83+

The glucose
significant

endpoint and end-of-study for F3Z-MC-I0OAA,
and IOBN, but not F3Z-MC-IOAC,

ICAH, IOAY,

excursion at twd hours postprandium was statistically
by p-value and 95% confidence interval at both

IOAB,
IOAE,

IOAD,
and IOAF.

I0AG,

to table 12. Glucose values are expressed in mmol/L.) The
difference in the“values for the two hour glucose excursions for
the two treatment groups at endpoint ranged from 0.45 mmol/L (-8
(~52 mg/dl) with most of the values between
(~26 and 36 mg/dl).

mg/dl) to 2.85 mmol/1l
1.45 and 2.03 mmol/L

{Refer

It is unclear whether the differences between the two treatment
groups and the putative advantages of Humalog

glucose excursions and early, postprandial glucose values)
persist with chronic therapy.

{as measured by the
will

(Refer to figure 4.) When the

maximal differences between the treatment groups during the first

three months are compared to the values at twelve months,

the

differences appear to diminish in magnitude for subjects who
(Refer to figure S5 and table 13.)

completed the trials.

Figure 4
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Table 12 Efficacy variable:

Glucose excursion at 2 hour postprandium (mmol/L)
Glucose Excursion-2 he  iHumulin R _Lispro :
Baselne Mean _ SD n Mean SD ° n_: pvalue |
ICAA 233 | 532 83 092 508 @ 77 0.15
ICAC 269 415 86 289 543 . 78 | 04 |
IQAE 2 wk 224 ' 395 . 45 038 414 @ 49 | 007
I0AG 061 ' 522 | 985 0.61 522 | 985 | NA
I0AB 333 7 346 70 2.52 372 69 | 011
I0AD 271 7 345 76 2.36 322 ¢ 71 073
IOAF 2 wk 335 | 346 177 207 396 | 171 ' 0.006
I0AH 246 1 369 709 2.46 369 . 709 NA
10BN T . 098 364 , 93 0.98 364 | 93 NA
IOAY iddm T 18 324 377 16 324 | 377 NA
IOAY niddm j 216 261 317 216 261 | 317 NA

; ;

2mQ . ,
I0AA 158 5.06 78 -0.51 4.31 75 0.02°
I0AC 213 445 87 088 43 77 0.12
IOAE 204 3.51 4 182 3.38 47 0.97
IOAG . 188 5.07 841 051 483 849  <0.001°
0AB T 304 432 66 093 37 B4 _ <0.001° |
10AD ~21s 342 72 139 351 67 0.17
OAF 7 T 2.t 2.96 174 175 336 166 0.04°
IOAH T 298 372 678 141 366 683  <0.001*
ioBN 083 an 85 086 2.99 89 <0.001°
2mo _ _ _
IOAY ddm 155 2906 362 01 305 360 <0.00%" |
OAY mddm 19 242 3 067 266 313 <0001 ]
eodoot S R S
IOAS 2.92 4.28 85 0.07 4.87 81 0.001°
loac 275 484 88 = 199 508 80 046
IOAE T 218 4.37 45 A3 429 50 0l
oas 1.52 5.05 387 0.5t 488 979  <0.001°
10AB 248 354 72 104 366 72 002
IcAD 284 3.25 77 174 376 71 003
I0OAF 283 294 179 238 364 178 03
IOAH 2497 373 703 104 367 _ 7os <0001
IOBN ) 082 33 89 .-0.89 2.98 90 <0001
1OAY Wdm 154 296 363 21 305 360  <0.001*
IOAY niddm 191 242 312 067 266 )4 <0.001*
12mQ - R R
IOAA I X 75 054 473 68 0005
10AC 272 463 82 183 516 76 0.52
10AE T 219 447 43 133 447 45 02
I0AG x - 0
I0AB 2.53 395 T 1.08 363 g9  0.02°
I0AD 2.83 329 69 1.58 366 66 0 02*
10AF 2.82 2.97 159 2.7 355 153 07
IOAH X T X )
IOBN X X
IOAY 1adm X X
IOAY middm X X
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Figure 5 Change in glucose parameters over time

The longitudinal data in F32Z-MC-IOAC suggested that the
differences between the insulins as measured by the postprandial
efficacy parameters tended decrease with time. Maximal
differences for the two insulins during the first 3 months were
compared to differences at the 12 months. The 3 month values for
patients in IOAG and IOAH were comparable to those found during
the first three months of the parallel studies. (Data not shown.)
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Figure 5 {Cont.) Change in glucose parameters over Cime

Panel C 1 hour postprandial glucose
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Table 13 Change in glucose excursion over time

CHANGE IN GLUCOSE EXCURSION OVER TIME ___ | ' ‘ ]
i | 1
Diabetes |Study | Visit # |2 Hour Glu%ose Excursnon (1-3 me) l\ﬁsut # |2 Hour Glucose Excursion (12 mo)
Type HumutinR [Lispro  |p value L HumulinR [Lispro  'p value |
IDDM  [1OAA 4! 1.86! 1331 <0001 | 12 31 054’ 0005
: ! 6 088 1.3, 0002 | !
{IOAC | 4 235 045 0044 | 12 272 1.83] 0.521
T ! 6 213 088 0122 3
i TOAE 4 237 0.51° 0026 12 279 133, 0195
B | P 6 204 182 0974 !
NICOM  [I0AB | 4. 7 297 035 <0001 = 12 253 1.08/ 0.021
T s 3.04! 093 <0.001
QAR | 6! 232 0.34¢ 0938 12 2.83 158 019 |
N 7 215 139 0166 i
IQAF 4 288 1.76 0001 = 12 2.82 270 0702
i 6 261, 175 0038 l |

Glucose excursion=fasting glucuse-2 hour postprandial glucose value |
Glucose excursion expressed in mmol/L ; BE
Vusut 4=1.5 mo for {OAE and IOAF ana 1 mo for other studies

Visit 5=3.0 mo for all studies
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The largest studies were also the shortest. To try to answer this
question would require a longer period of cbservation. Although
many patients entered long-term extension trials, the entry was
not randomized, any data collection was uncontrolled {(except for
comparisons to self), and the extensions were not structured to
collect efficacy data. The pathophysiology underlying such a
phenomenon, 1f truly present, is unknown.

10.1.1.2. Hypoglycemia rates

Hypoglycemia rates, as presented by the Sponsor, were difficult
to interprete because the sponsor used several different glucose
levels to define hypoglycemia, and several of these thresholds
would have been in the "normal range" after conversion from blood
glucogse (as measured in glucose meters) to serum glucose. In
addition, subjects were permitted to report hypoglycemia if they
felt hypeglycemic. (Review of individual patient data in the
CANDA identified subjects with documented blood glucose levels of
7 mmol/L were recorded as being hypoglycemic.) To assess events
that were more clinically significant and to reduce elements of
subjectivity in unblinded studies, hypoglycemia was redefined by
the reviewer as a glucose reading less than or equal to 36 mg/dl
or an eplsode requiring the intervention of another. This
definition was not quite as restrictive that of the DCCT which
required intervention by another, but reduced the hypoglycemia
rate by a magnitude. Under the old definition, the hypoglycemia
rate in F3Z-MC-IOAG was somewhat higher for Humulin R than for
Lispro treated IDDM patients: 8.09 events/30 days versus 7.22
events/30 days (p-value </=0.00¢1). Under the new definition, the
number of events decreased approximately 20-fold. These corrected
rates more clos=1ly approximated the rates found in the DCCT, and
the apparent differences under the old definition disappeared. As
expected, the rates of hypoglycemia in subjects with IDDM were
approximately a magnitude larger than in subjects with NIDDM.
This relationship was not altered by application of the new
definition. (Refer to figure 6.)

Figure 6 New Definition of Hypoglycemia

HYPOGLYCEMIA RATE AT ENDPOINT: IQAG

+—_ 1

# HYPOGLYCEMIC EPMISODES/ 30 DAYS
D = N W s D e

JE — B
Lispro HumulnR Lispro Humut.a R
n=986 n=994 n=985 n=994
Cid Defindion New Defintwon
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Hypoglycemia rates are alsoc known (by clinical experience and by
the DCCT) to be inversely related to the HgbAlc level.
Adjustments for the relative level of glycemic control must be
made to reduce confounding. The HgbAlc data should also reflect
the time interval for which the hypoglycemia data was collected.
For example, in F3Z-MC-IOAG, HgbAlc levels tended to be lower for
Humulin R-treated patients than for Humalog-treated patients:
8.17% versus B.24% (p-value=0.089; 95% confidence intervals were
statistically significant). To assess hypoglycemia in the
presence of multiple variables, the number of episodes of
hypoglycemia versus the final HgbAlc was plotted for patients who
completed F3Z-MC-IOAG and had at least one hypoglycemic episode.
The data from the two insulin treatments are essentially
superimposable. (Refer to figure 7.) (The r values were -0.17 and
-0.20 for lispro and human insulin respectively. The scatter of
the data was not conducive to regression analysis.)

Figure 7 Adjusting hypoglycemia by HgbAlc

Panel A
# EPSODES OF HYPOGLYCEMA {«/2a34 mg/dl or requiring
sssistance} VS HGBAIC DURING IOAG: TX: Lispro
o
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-] H
Panel B

# EP1SODES OF HYPOGLYCEMIA (<38 mg/di or requiring
assistance) V3 HGBA1C DURING IOAG: TX: Humnuiln R
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Becaugse the goal of diabetes management is to optimize glucose
control, iypoglycemia rates were also evaluated for subjects who
achieved u HgbAlc «</=7% at study end. The data showed that a
smewhat greater number of the patients using Humulin R were able
to reach this level of glycemic control and that there was a
trend for a lower rate of hypoglycemia in the Humulin R treated
group. This pattern was present regardless of the diabetes type
and, in the 12 months studies, regardless of the basal insulin
used. (Refer to figure 8, panels A,B, and C.)

The above data suggest that the frequency of clinically
significant hypoglycemia is similar for the two treatment groups
after adjustment for HgbAlc and when the HgbAlc results were
comparable to these on conventional therapy in the DCCT.

10.1.1.3. Timing of hypoglycemia

The pharmacokinetics suggestethat the timing of hypoglycemia seen
with Humalog might be different from that seen with Humulin R.
This question was not adaressed prospectively by the sponscor. All
analyses are post hoc. The sponsor reported statistically
significant differences in the frequency (unspecified time
interval) of hypogiycemic episodes (hypoglycemia level undefined)
between the hours of 12 midnight and 6 A.M in studies F3Z-MC-
IOAA, IOAG, and IOAH. These differences favored Humalog. (Refer
10/25/9% submission, pp 97-104.) In an attempt to identify
diurnal patterns of hypoglycemia, the medical reviewer evaluated
the number of episodes of hypoglycemia during the interval prior
to the final visit for the study (3 months or 12 months). To
eliminate any confounding from differences attributable to
HgbAlc, the absolute number of hypoglycemic episcdes was
normalized and then plotted as a percent number on a military
clock. (Refer to figure 9, panels A, B, and C.) The number of
episodes of at night tended to be relatively less than the
numbers during other parts of the day. Episodes during the day
did not fit clearly predictible patterns. The differences between
the two treatment grcocups for the ¥ number of episodes at night
was less th 1 5% at any given time point. The clinical
significance of such small differences is uncertain. The clinical
importance of when hypoglycemic occurs is also open to judgement
especially when the overall hypoglycemia rates appear to be
similar. Hypoglycemia during the day is more likely to impact
vocatiocnal activities and driving and may have consequences for
persons other than the patient,.

Exercise is one of the variables other than insulin that can
influence the timing of hypoglycemia. There are very limited data
based on a study in ten IDDM patients. The author reports that
"in the analogue-treated patients the exercise-induced
hypoglycaemia was 2.2-fold greater {(p<0.01) during the early
exercise, but 46% less (p¢.0S) during late exercise as compared
to the treatment with human insulin (Tuominen JA, Karonen S-L,
Melamies L, Bollii G, Koivisto VA; Exercise-induced hypoglycemia
in IDDM patients treated with a short-acting insulin analogue.
Uiabetologla 1995 38:106) .
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Figure § Relative distribution of hypoglycemia throughout day
Hours expressed on a military clock. ??? designates events at an
unknown time. Hypoglycemia: glucose </=26 mg/dl or requiring
assistance.
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10.1.1.4. Relation of hypoglycemia to glucose excursion.

The magnitude of the glucose excursion does not appear to
correlate with the number of hypoglycemic episodes. (Refer to
figure 10.)

Figure 10

T T ' ¥ >

HYPOGLYCEMIA DURING 10AG VS GLUCOSE EXCURSION AT 3
MONTHS OF TREATMENT FOR SUBJECTS WHO COMPLETED
STUDY: LISPRO
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# of Hypoglycemic Episodes

10.1.2 Secondary Efficacy Variables

10.1.2.1 Weight

The sponsor also has postulated that the rapid absoption of
insulin could mimic the first phase insulin response and improve
thermogenesis. The first phase insulin response which occurs
within the first five minutes of islet cell stimulus is
frequently impaired in diabetes. Decrement in the first phase
insulin response have been associated with decrements ip
thermogenesis. The clinically relevant, integrated, and validated
measurement of thermogenesis is weight and changes in weight .

Although patients tended to gain weight with the more insulin
intensive therapy regimens in the trials, there were no
significant differences either statistically or clinically in
weight or weight gain between the two treatment groups. (Refer to
Table 14.)




{kg)

Human regular insulin

Table 14 Weight
Study Entry
F32-MC-IQAA 70.56
F3Z2-MC-I0AB 80.97
F3Z2-MC-IOCAC 72.18
F3Z-MC-IOAD 83.12
F3Z-MC-IOAE €6.48
F3Z-MC-IOAF 80.57
Entry
F3Z-MC-IOAG 71.20
F3Z-MC-IOAH 80.20

F3Z-MC-IOBN

F3Z-MC-ICAY

12
71

83.

74

85.

71.

'84.

mo Endpoint

.01

18

.51

58

3 mo

71

81.

.90

20

76.64 77.62

Entry
Information obtained per protoccl but

2 mo

10.2.1.2 Insulin doses
Insulin doses tended to increase in both treatment groups during
clinical trials.
most apparent in the cross-over trials F3Z-MC-IOAG,

and IOBN.

The differwences between the the two groups were

71.80
p-value
B83.29
p-value
74 .48
p-value
85.23
p-value
70.89
p-value
85.01
p-value
]
Endpoint
71.80
p-value
81.20
p-vaiue
77.15
p-value

Endpoint

During Clinical Trials

lispro
Entry
71.97
0.663
83.18
0.801
70.84
0.339
B0.05
0.154
65.01
0.154
79.97
0.758

Entry
71.20

80.20

76.64

Entry

{(Refer to figure 11 and table 15.)
approximately 5% higher dosing requirement for the total,
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insulin

12 mo Endpoint
73.07 73.40
0.372 0.489
84.67 B85.06
0.451 0.684
72.16 71.73
0.247 0.137
B1.75 Bl1l.67
0.216 0.171
72.88 72.86
0.225 0.221
84.29 B83.66
0.345 0.554

3 mc Endpoint
71.50 71.50
0.037 0.029
81.00 80.90
0.081 0.100
77.19 77.03
0.641 0.543

2 mo Endpoint

There was

not reported

I0AH,
an

10aY

rapid

acting, or basal insulin dose in the Humalog treatment arms.
(Although the HgbAlc values achieved by these doses were similar
the difference in HgbAlc favoring

in most of these studies,

regular human insulin in F32Z-MC-IOAG approached statistical
significance when p-values were calculated and attained
statistical significance when confidence intervals were used.)

Table 15 Insulin doses
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Figure 11
CHANGE IN INSUL!M (TOTAL! DAY) DOSING OVER TIME:
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It is unclear what the cause of these increased dosing
requirements is. Tnitial studies with the drug suggested that
there might be small differences in potency. Subsequent studies
did not identify these differences, and the sponsor has indicated
that each unit of Humalog contained the same number of moles of
Humalog as a unit of Humulin. It is also unclear whether antibody
formation contributes to these differences.

These differences are small and are problably clinically
insignificant unless the change in dosing requirements is a
harbinger of additional dosing increases with extended therapy.
A longer treatment phase than found in any of the cross-over
studies could have helped t» address this. Analysis of data from
the uncontrolled extension trials could also help address this
issue if changes in HgbAlc are also considered.

10.2.1.3. Lipids

Lipid parameters (HDL, triglycerides. and total cholestercl) were
not statistically or clinically different between the two
treatment groups in studies F3Z-MC-IOAA through IOAH.

10.2. Cverall outcome

The clinical trials suggest the levels of glycemic control as
measured by HgbAlc were similar between the two treatment groups.
After redefining hypoglycemia and adjusting for HgbAlc, hypogly-
cemia rates appeared te be similar for the two treatment groups.
Fasting blood glucose values tended to be higher in the Humalog
treated patients. The 2 hour postprandial values and glucose
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excursions in F3Z-MC-IOAG and IOAH were statistically lower in
the Humalog treatment groups. These outcome variables remain
unvalidated by the sponsor. Interpretation is further complicated
by the lack of standardized meals and unblinded nature of the
trials. There were no significant treatment associated dif-
ferences in any of the lipid parameters or weight. There were
small, but persistant differences for insulin dosing (higher for
Humaleg) in the four cross-over studies (2-3 month treatment
arms). These differences (1-2 U/day) are probably clinically
insignificant unless they increase significantly over time.

11. Safety results

11.1 Extent of exposure

Using very congervative estimates, there have been over 875
patient-years of experience with lispro in the setting of
controlled clinical trials with treatment arms 2, 3, and 12
months in length. ‘

11.2. Overview of adverse events :
There are several expected and several putative adverse events:
a) Hypoglycemia as detailed under Efficacy Outcomes, sections
10.1.1. and 1001.2.
Hypoglycemia and autonomic neurcpathy as detailed under
Special Populations, section 12.5.

b) Antigenicity resulting in increased frequency of allergic
reactions.

Antigenicity resulting in increased anti-insulin antibedy
formation.

c) Syncope, dizziness, hypotensicon as detailed under Special
Populations-autonomic neuropathy, section 12.5.

d) Acceleration of retinopathy, nephropathy, and/or athero-
sclercsis secondary to potential IGF-like qualities of the
drug.

e) Dvsrhythmias secondary to transient QTc changes +/- con-
comitvant risk factors.

11.3. Serious adverse events

11.3.1. Death

There were seven deaths overall (lispro: four; human insulin:
three) in the controlled segments of the clinical trials. The
total numoer of deaths was small and probably reflects the direct
and indirect exclusion criteria. Sudden death type events occur-
red in two patients (072-0573, 812-8141) using lispro and no pa-
rients using regular human insulin. There were twelve additional
deaths, 1including four from sudden death tvpe events (602-6025,
808-8181, 305-310S, 907-9342) during the uncentrolled extension
studies. (Volume 3-12/18/9% submission and Exv :tive Summary)

No definitive conclusions can be drawn because:

a) The numbers are small.

bi Par:ents most at risk for severe dysrhythmias because of thelr
underlving disease, t.a2ir use of drugs dependent on the kalemic
state, 2,3, and/or their use of drugs that altered the kalemic
srate, =.3., diuretics tended to be excluded from the trials.
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¢} Electrocardiograms were not routinely obtained after
initiation of therapy (except in Australia and Canada! during the
clinical trials.

d} The above EKGs were not definitively obtained during the time
interval during which electrocardiographic changes might have
been expected [O occur.

@) There have been no special, cardiclogic assessments 1in at-risk
populatlions.

f) The kalemic status of the patients who died was often unknown.

iRefer to FDA Cardiology Consult.)

11.3.2. Allergy

Lispro is a foreign protein being administered parenterally on arn
intermittent basis sO an antigenic response would not be entirely
unexpected. The first case of a probable allergic reaction
occurred during early PK-PD studies (F3Z-EW-E002}. A normal
volunteer developed urticaria and extensive edema immediately
after receiving a single, intravencus dose of lispro. Subse-
quently there was greater reporting of pruritus often in the
setring of rash. The computer data base was searched for cases of
rash and/or prurftus that was not explained by other causes and
persisted for at least one week. Cases that were present during
poth treatment arms of cross-over studies were excluded. QOf the
eighteen cases of such pruritus, sixteen patients were using
lispro while two were using human regular insulin. In study F3Z-
MC-IOAF alone, pruritus was identified in 8/175 patients using
lispro versus 1/179 patients using human regular insulin. The p-
value of the Chi-square evaluation was 0.017. An additional eight
patients were reported to have discontinued lispro between 4/2/94
and 7/5/95 because of events described as "“allergic reaction”,
anaphylactoid reaction”, "uticaria", and rash. The group included
one patient with subcutaneous insulin resistance and participants
in trials other than F3Z-MC-IOAA through IOAH. From .the data
presented, there is no basis to reject the hypothesis that lispro
1s associated with a greater risk for allergic reactiorn.

11.3.3. Retinopathy
In the integrated safety summary, the sponsor reported
statistically significant differences in cthe number of events
listed under the COSTART category “"retinal disorder". This
ifference was to the disadvantage of lispro. Subsequent analys:is
via the CANDA revealed that retinal events assoclated diabetes
~culd be listed in multiple categories and that events listed
under retinal disorder were not always appropriately classified.
{Refer to Appendix on retinal disorder.) (Refer to the comments
by Dr. W. Chambers during the Advisory Committee Meeting
2/29/96.)

In addition, the number of reports for diabetic retinopathy
overall appears to be small-suggesting that there was under-
raporting. Indeed, 1t 1s not clear that this was a required
alement of thne entry physical, and there was no =2xit physical.
rhere was also discordance tfor relationship between patients with
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renal disease and patients with retinopatihy. This also suggests
rhat there was a repcorting errcr.

Although it is unlikely that rate of progressicn of retlinopathy
could be accelerated to a degree that it could ke detected in the
shorter studies, no definitive cenclusions regarding the
induction or acceleration of diabetic retinopathy becasue of the
problems with the study design and the data collection-
categorization.

1.3.4. Syncopal type reactions

In study F3Z-MC-IOAF (n=377), there were ten events that could be
categorized under syncope, vasovagal reaction, postural
hypotension, and postural hypotension. Eight of these events
occurred in patients using lispro; two in patients using regular
human insulin. In addition, there were thirty three observatiocns
of dizziness or light-headedness. Twenty of these events occurred
in patients using lispro; thirteen in patients using regular
human 1insulin. -

whether this trend was present in the subsequent larger trials :Is
uncertain because of the scattered categorization of the data.
Whether these phencomenon are related to electrophysioclogic events
and/or the episodes of sudden death is unknown.

1.3.5. Diabetic ketoacidosis
This was a rare event in both treatment groups.

11.4. Laboratory evaluations

11.4.1. Hematologlc parameters

There were no clear changes in the hematologic parameters when
rhe studies were ccnsidered collectively.

11.4.2. Clinical chemistry parameters :
There were no clear changes in the majority of clinical chemistry
parameters assessed.

Select individuals experienced elevations in creatine
phosphokinase. It is unclear whether these individuals
inadvertantly injected intramuscularly or were reacting to drug-
2xciprent from the data provided. Cresol, a preservative, has
beer implicated as the cause for elevated CPK, generalized
myalgias, and localized injection site reactions (Bach MA, Blum
M, Rose SR, Charnas LR; Myalgia and elevated creatinine Kkinase
activity associated with subcutaneous injections of diluentc. J
Padiatrics 1392 24(4):650) .

3

here were no clear changes in the serum creatinine for subjects
sn =2ither drug. Given the duration of the studies, the selected
arlent population, and the relative ilnsensitlvity of the seru
y2atinine .versus creatinine clearance’, cone would be unlikely
5 detect changes in the serum creatinine unless the COX1C1DY was
sx-raordisary. -Refar to Appendix tracking renal changes in year

1ot
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long studies in patients with serum creatinine values - than 1.5
mg/dl.)

11.4.3. Urinalysis

Patients were evaluated with spot urines, which have limited
utilicy. Abnormalities in the spot urines did not correlate well
with serum creatinine levels. { Refer to table 16.) In addition,
one of the patients with retinopathy were among the patlents with
abnormalities in both serum creatinine and spot urine protein.
{This is a somewhat c'scordant and unexpected finding-suggesting
rhat evaluation and reporting of retinoparhy is incomplete.
Several patiants with the most abberrant renal studies including
851-852%, 906-9092, 203-256, and 904-9150 did not have routine,
follow-up laboratory studies.

Taple 16 Abnormal Renal Studies

Diabetic patients*

from studies ICAA-ICAD IOAE-IOAT

Humulin R Lispro Humulin R Lispro

Abnormal urine procein

# at Baseline 67 60 29 15

# (of above) with a value 56 57 22 14

at Completion

4 at Compietion 60 56 22 20

Change in urine protein

>/=1 unic 29(11) 20{10) 26{3) 16102)

>/=2 units 5(1) 21{1) 5(2) 2(1)

Abnormal urine protein+

serum creatlnine
# at Baseline 5
# at Completion 6

xon
L9 o]
<

* numbers in parenthesis are IDDM patients

Given the duration of the studies, the selected patient
population, and the relative insensitivity of the spot urine
(versus 24 hr collection), cone would be unlikely to detect
changes in proteinuria unless the rCoxicity was extraordinary.

11.4.4. Antibod:ies

Antibodies that cross-reacted to both human insulin and lispro
were the type of antibodies that showed increases during the
clinical trials F3Z-MC-IOAA through IOAH. The increases were most
predominant in studies IOAE and IOAF, which evaluated patients
with only limited or no pricr exposure to endogenous insuliln.
Analysis of patients in IOAE suggested that patients with higher
% binding required higher insulin doses. This appeared to be true
reqardiess of the type of insulin used. The asscciaticn between
1nsulin doses and % binding, however, was less clear for I[O0AG.
Mu.tl-tactorial analysis including the level of glycemic oontrol
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Tay be neccessary to more fully address this question. There wera
statistically higher levels of % binding icross-reacting type)
for patients treated with lispro in several of the clinical
trials. The clinical significance of these differences remairs
unknown at this time.

12. Studies in special populations

12.1. Effect of obesity or subcutaneous fat thickness on the rate
of absorption

No specific PK-PD studies were performed to address this issue
although results from several outliers have suggested that this
might ke an important parameter. (Refer to 8.3.2. Variables
influencing absorption-Weight and Characteristics of patiants
enrolled-Body Mass Index.)

12.2. Smoking
No specific PK-PD studies were performed to address this
variable. (Refer to Variables influencing absorption-smoking.)

12.3. Pregnancy

There have beern no clinical trials with women who desire
pregnancy or who'are pregnant. This product is likely to be used
women with IDDM or gestacional diabetes. Altered gastric emptying
ls one of the variables in pregnancy and can influence the blood
glucose levels as well as the timing of hypoglycemia. The
different pharmacokinetics of Humalog will need to be carefully
considered betore dosing in the various stages of pregnancy.

The following tabulation outlines what is known about the wcmen
who became pregnant during the trial. (Refer to volume 3.2 of 4
trom 7/13/95 submission.) The rates of pregnancy were similar in
the controlled trials: Humulin R 7 and Lispro 5. There was a
major complication in each treatment group. Although urcgenital
abnormalities are more common in male children and the listed
concomitant medications have not been associated with such, the
information is too limited to draw any definitive conclusions
about this particular complicating event or the role of Lispro in
pregnancy.

Table 17

Humulin R

+AA Mother with age of 24 years-discontinued from trial
Qutcome unknown

ICAC Mother with age of 20 years-discontinued from trial
E.2ctive abertion

[OAC Motier with age of 29 years-completed trial-4 months
prag:ront at study end
Preguancy complicated by toxemia-->C-section (30 weeks)
Blrthweignh-2 kg
Follow-up -1 year later-normal mother and baby
Folliow-up at -2 years-child with milk allergy and otitis

oAC Motner with age of 36 years-discontlnued from trial
Haby normal it birth
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ICAE Mother with age of 25 years-discontinued from trial XXX
pregnancy and delivery unremarkable
Follow-up at ~2 years-baby healthy

I0AG Mother with age of 23 years-discontinued from trial
Baby delivered (status unknown)

10AG Mother with age of 32 years-discontinued from trial
Elective abortion

Lispro

10AA Mother with age of 22 years-discontinued from trial
Elective abortion

ICAA Mother with age cf 27 years-discontinued from trial
Follow-up at one vear-baby healthy

IOAE Mother with age of 20 years-discontinued from trial
Qutcome unknown

10AG Mother with age of 38 years-discontinued from trial
HgbAlc at time of pregnancy 7.2%
Mother also treated for longstanding hypothyroidism
vaginal delivery induced at 38 weeks
Baby large for gestational age-4.6 kg
Follow-up at ~6 months-baby healthy

ICOAN Mother with age of 32 years
Spontaneous abortion (Lispro subsequently discort ' ued)
Follow-up at ~1 menth-woman healthy

IOAN Mother with age of 19 years-discontinued from t:
HgbA'c prior to conception 5.8-8.1%
Concomitant Rx: Femulen (with ethynodiol diacetate) and

Amoxil

On Lispro ~5 weeks
Vaginal delivery at 35 weeks
Birthweight-3.1 kg
Male baby with dysplastic kidney

12.4, Nureing mothers ‘
No clinical trials have been performed in nursing mothers. It 1is
known that insulin is secreted in breast milk, but it is unknown
whether the levels are sufficient to induce any biological re-
sponse. On a more speculative note, there is an association be-
rween ingestion of cow’s milk and the risk of developing IDDM
(Karjalainen J, Martcin JM, Knip M, Ilonen J, Robinson BH, Savi-
lahti £, Akerblom HK, Dosch HM; A bovine albumin as a possible
rrigger of IDDM N Eng J Med 1992 327(17):1252). It is known that
the gut barriers to foreign proteins are incomplete. Although the
authors postulated that bovine albumin was the culprit, it is ai-
so thought that oral ingestion of insulin may confer protection
against IDDM (Muir A, Schatz D, Maclaren N; Antigen specific im-
munotherapy: oral tolerance and subsutaneous immunizacion in the
treatment of IDDM Diabetes-Met Rev 1993; 9(4):279%). Whether in-
gestion of a foreign insulin protein versus a human insulin pro-
tain could alter the risk for IDDM is unknown.

12.5 Children
Shildren can become hypoglycemic with their high level of
chys173l activity and/or thelr =2rratlc =ating nabits. Lispro
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could potentially be given alter meals. hlldren, however, are
likely to be thinner thin aduizs, and the onset of glucocose
lowering may be =ven more rapid. DJnly 118 subjects between the
ages of 12 and 17 inclusive were =2nrolled in the controlled
~rials presented for the NDA. Younger children were excluded trom
~rials. The sponsor previously submitted two protocols for
evaluation =2f the drug in adclescents (F3Z-MC-I0BJ; submitted
10/13/94) and vyoung chiidren (F22-MC-IOCF; submitted 2/8/95)
Their designs may l:imit the safety and efficacy conclusions that
can be drawn.

12.6. Autonomic neuropathy

Abnormal gastric emptying can occur secondary to autonomic
neuropathy or may be latrcgenic. Patients with delayed gstric
amptying may be less tclerant of a rapid acting insulin.

In addition, abnormal vascdilitory responses after the
administration of insulin are more likely to occur 1n patlents
with autonomic neurcopathy. These may be 1intepreted as
nypoglycemia. In more severe cases, probably also confounded by
athercosclerosis, presumably blood flow to the brain and/or other
srgans is temporaYily. Whether these responscs would be
aggravated by an insulin with a higher Cmax and a shorter tmax 1is
unknown.

No specific PK-PD studies were performed to address this
variable. Furthermore, patients with autonomic neuropathy are
likely to have more proplems with hypoglycemia, and although
these patients were not specifically excluded trom the studies
and neurcpathy was noted under both TESS and non-TESS listings,
the exclusionary criterium for patients with problematic
hypoglvecemia introduced bias against thelr selection.

12.7. Renal disease

No adequate studies in diabetic patients with renal compllcatlons
have been performed. Studies with Humalog 1n renal patients are
limited to one, small, single-dose phdarmacokinetic study in non-
diaberic renal patients. Analysis was complicated and no clear
conclusions could be drawn. (Refer to Biopharmaceutics Review.)
mab°t1c patients with elevated serum creatinine levels (>2

..... mol/L or »3 mmol/L) were excluded from the clinical trials.

12.8. Cardiac disease
Fefer to 11.3.1. Death

13. Discussion

The sponsor has demostrated that the modified insulin can be
ibsorbed more quickly from subcutaneous tissue than regular huamn
insulin (U100) . This more rapid absorption 1s followed by a mcre
rapid time ro glucose nadir. This offers some convenience in
iiminiscration. Insulin can be taken immediately prior to food
Lntake . Mixing with NPH, however, can attanuate the rapid

= N p B P
(DSSrption oYy av-sua.
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he rlinical trials, the early postprandlal 1 and 2 hour)

= va.ues tended to be ALPrOXITAL2Ly 1.% lowar with lispro
hose found after the adm:nistrat:zn 5f human regular
insulin, but these values were s5%il1l markedly abnormal. Late
costprandial data, which would probably favor regular human
insulin was not collected in studies F3Z-MC-I0AA through IOAH. In
it l=ast one >f the trials, F3Z-MC-ICBN, human regular 1insulin
was g:iven at a time known to be disadvantagecus. The unblinded
insulin adminstration and non-standardized meals confounded
interpretation of postprandial data. Both the one and Fwo hour
glucose =xcursion and postprandial Jluccse remain unvalidated as
outcome wvariabies. It is unclear whether rthe magnitude of the
differences 1n the postprandial 3lucose parameters between the
two 1nsulins will sustained over time.

The intzarated glucose control, as measured by HgbAlc, and
fast:ing zlucose are not sufer:or to that achieved with regular
human :nsulin.

With the =xception of allergic cype reacrions, there were no
Cclear safery problems associated wizh lispro in the pcpulations
tested for the time interval used. The rates of hypoglycemia
appear to be similar to those seen with human regular insulin
although there may be differences in the timing. Safety
assessment, however, was limited by several factors:

a) the lack of baseline assessment. e.g., retinal exams

b} the lack of follow-up for abrnormal tests, e.g9., abnormal spot

the absence of electrocardiographic data at times post dosing
2 Thanges might be expected to be most prominent

the lack discharge physical examinations

duracion of the studies may be too short to assess adverse
with an altered rate of progression

exclusicn of populations with potentially more adverse
ncluding patients with autonomic neuropathy abncrmal
2mMptylng, more severe cardiac disease, and/or renal
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14. Conclusions
The drug is approvable for subcutaneous use {not including pumps)

wlth reservations and stipulations. The Sponsor has shown that
Humalog does lower gluccse and rhatr HgbAlc and overall
Aypoglycemia rates are similar to -hat seen with regular human
iasulin. The rate of absorption may offer convenience in
administrat.on. The trials, however, were not well conducced.
There are s:ignificant deficiencies in the pharmaccokinetic
intormaticn fsr the drug. Populat:on subgroups who are maijor
potent:al isers of the drug were speciiically exciuded from rhe
“iinical “rials and other, mere limited, pharmacokinerio-
rnrarmacadynami o avaluation.

P AN



The drug snould pe [im:ited "o prascriphion use snly. The label
should pe sutficient to slearly ourline now this i1nsul:
different trom otner availaple insulins and how this will alter
patient selection and pat:i:ent management. The physician should
have the informaticn to decide whether any iacrease in
ccnvenlence 18 baianced by the petenrtial for antigenicity and
other, less well-defined risks. The sponsor should dist:inguish
petween (nformation (toxXxicologlc or clinical) known to true €or
human insulin and tnat which has bpeen specifically establ:shed
tor Humalog.

Lo

The patient package insert should, at a minimum, indicate that
not all diabet:ic patients may be candidates for this drug, that
the glycemic contral and overall hypoglycemic rates are
comparable for human insulin and Humalog, that the timing of
nypoglycemia might be different, and that mixing with NPH will
decrease 1ts apsorption rathe and delay the cnset of glucose
Ltowaring.

The sSponsor should be limited 1n the claims that can be made, in
vart, because the some of “he cutcome parameters have not been
validarzed and are artifacts of study design.

1. Labeling Review

(Refer -o sponsor and reviewer drafts.)

15.1 General

Physician labeling was nct required for animal and human
racombinant/ seml-syntnetic insulins because of grandfathering
clailse. By their design, 1nsulin analogues have different
vroperties than those of human insulin. To provide the
physician with adequate information for proper patient
selaction and modifying dosing r2gimens, a physician insert
zlarifyiny what 1s known and what might be extrapolated :s
recommended.

1s r=commendation was informally conveyed to che sponosr
prior Lo the submissicn of the NDA and formally conveyed to
the sponsor in the 10/5,199%5. Labels (physician 1insert,
patient insert for drug in vials, and patient insert for drug
in pen cartridges) were submitted by the sponsor in writing

+ . 96 iletter date) and py diskette 4/3/96 (letter date; .

5..2.1. Descriprion

he sponsor draft indicated the structure of the molecule,
he racombinant technology used to prepare the insulin
analogue, and the availab:lity. The sponscr did not indicate
vhe nalogy >f the structural changes to the IGF-I molecule,
"ha amount ©f phenol in the excipient, and rthe limitation of
"ne Ccartridges o certaln pens. The sponsor also indicated
"nat nydrocnloris oacid and sodium hydroxide could be used
1313t the rH, put no lati have been submitted -laritying
n oclinicar conditions vhis should be done.

15.2. Comments on proposed labal
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L5.2.2. Jilinical Pharmacclcoagy

The sponsor included general data - :he activity of insulin.
The sponsor indicated that lispre analogue had equal potency
wlon recombinant human insulin, :ha: 1t had biloavailability
=qual to that of human insulin, chat .t was absorbed more
juickly than human insulin in normal and diabet:ic volunteers,

iz had a volume of distribution 2gual %o that of human
ulin, that 1t had a shorter =l:m.naticn ©1/2 than human

in, that it had a more rapild onset ot glucose lowering
activity :i1n normal and aiabetic volunteers, and that it had a
shorter duration of gluccse lowering activity.

15.2.2.1. General

The sponscr does not clearly indicate that this insulin is
intended for subcutaneous inject:ion and that the
oharmacokinetic and glucodynamic profiles were comparable when
administered to normal voluhteers by an IV route. (The SpoONsor
Lndlca"es that the elimination t1/2 are identical for the
analcgue and regular human insulin.:

15.2. Potency

Yery erlv PK-PD studiass suggested zhat Lispro was slightly
1285 potent. 5ubsequenc studies showed equlpotency There has
been no explanation for the discrepancy in the results. The
spensor has reported that equal milligrams per unit of human
and analogue insulin were used in the formulations for the
trials.

15.2.2.3, Abscrption

Tne sponsor does not indicate that the control insulin was
J100. 'U40 preparations of insulins appear to have more rapld
subcutaneous absorption than !J100 preparations. )

The sponsor deoes not indicate that absorption studies using
irfferent 1njection sites were not c»nducted with diabetic
parients, only normal volunteers.

The sponsor does not clearly state to what degree the mixing
of the insulin analogue with NPH blunts the absorption rate of
the insulin and it onset of glucose lowering activity, and
tham this does not occur with ultralente preparations. The
sponsor has submitted no data to clarify the effect of time on
this attenuation.

12.2.2.4. Metabolic studies

The sponsor indicates that the metabolism of Humalog is
tdentical to that of human regular insulin. The Agency
biropharmacologist has indicated that no metabolic studies were

submitted for review,

(5.0.20050 Jlinrzal trial data
“ne sponsor lacludes postprandial ind glucose excursion data from
"n= rlinical trials under pharmacology. “linical data should Jo

«nty o miinirzal section. The sponsor snculd neot be permitteda vo
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present data on unvalidated paramaters unless 1t is clearly
indicated that there i1s no validation). The sponsor shculd
comment on the tendency for higher or equivalent fasting glucocse
and HgbAlc levels.

The sponscr’s statments regarding hypoeglycemia are also
misleading. The overall hypoglcemia rates (glucocse </=36 mg/dl or
requiring assistance) at end of study were equivalent when
adjusted fcr HgbAlc. By post hoc analysis, using an unspecified
definition of hyroglycemia, and using an unspecified interval for
frequency, the spenscr is claiming reduced nocturnal hypogly-
cemia. The number of events during the evening hours were
relatively few for both insulins. The Sponscor’s analysis claims
statistical significance for the hours between midnight and 5 AM,
but does not present data analyzed in other blocks of time.

15.2.2.56. Special Populatiochs

Although the sponsor states that no pharmacokinetic-
pharmacokinetic data was collected on patients of different
age or sex, the sponscr repcrts that the analysis of clinical
trials did not reveal any differenceg. The clinical trials did
not include children under 12 years of age.

A small number of non-diabetic patients with vaying degrees of
renal impairment were assessed in a single dose study. The
sponsor indicates that there were no PK differences for
Humalog between renal patients and normal controls. Very
limited data was submitted for review, the analysis very
complicaced, and the interpretation contradicts some of the
literature. To assist physicians in dosing, the following was
suggested to the sponsor: "Some studies with human insulin
have shown increased circulating levels of insulin in patients
with renal failure. Information con the effect of renal
impairment on the pharmacokinetics of Humalog is limited.
caution should be used when administering any insulin product
to patients with any significant renal dysfunction."

The effect of smoking on pharmacokinetics was not assessed.
[nformation in the literature suggests that this is a relevant
variable. Vasoconstriction may impact on the rate of
abscrption.

Studies =valuating the effect of obesity on pharmacokinet:ics
were not performed. Because obesity 1s a significant risk
‘actor for NIDDM, a large number of diabertics will be
sverweight. An cbese, non-diabetic, male volunteer
demonstrated outlier pharmacokinetics for insulin Lispro.
(Obesity was an exclusion criterium for basic PK studies so
other subjects were not obese.) Whether total weight,
subcutaneous fat thickness at the site of injection, or some
other facrtor 1s explanatory 1s unknown.

Infarmation wn the effect of the various stages of pregnancy
>n nnhe pharmacoklneric-pharmacokinetic properties ot Humal g
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is not available. Insulin usage by pregnant patilents :is
routine. Gastric emptying, trimester-dependent insulin
resistance, and other factors contribute to differences 1in the
managJement of pregnant versus non-pregnant patients.

15.2.2.7. Drug Interactions

The sponsor should clearly state that no drug interactiocon
studies nhave been performed using Humalcg with the exception
of other insulin preparations. It is appropriate to list drugs
rhat are known to increase or decrease insulin requirements as
well as drugs that may mask hypoglycemia.

15.2.3. Indicatlions and Usage

The sponsor should clearly indicate that Humalog is to be used
subcutaneously in conjunction with a longer-acting insulin in
“he regimen. No trials were conductad using intravenous
administration. No trials wWere conducted without a basal or
longer-acting insulin although a few subjects did not use/
require an g¢vernight insulin. The coverage for glucose control
provided by Humalog is dissipated by four hours and may be
followed by hyperglycemia. Because of this short activity,
fasting glucose values may be higher and compensatory
adjustments in the basal/.onger-acting insulin coverage may be
necessary.

15.2.4. Contraindications

The sponsor indicates that hypoglycemia, hypersensitivity to
Humalog, and hypersensit:ivity to excipients in the
formulation are contraindications to use. There is some data
to suggest that cresol can result in localized reactions and
systemic myalgias. Specific information on the reactions seen
with excipients is not included in the label submitted by the
sponscr. Humalog use should also be relatively contra-
indicated in patients who are unable to tolerate rapid
shanges in serum glucose or potassium.

15.2.5. Warnings

The sponsor indicates that Humalog differs from human regular
insulin by its rapidity of onset and shorter duraticen of
acrtivity. For this reason, it should be given in conjunction
with food. Changes to a new insulin may necessitate changes
in short-term dose, long-term dose, and dosing times. Hypo-
jlycemia is the most common side-effect. The sponsor does not
‘nciude the major dose interaction with NPH which occurs with

MIXiINg.

15.2.6. Precautions

15.2.6.1. General

The sponsor should clearly indicate that rebound or late
hypeglycemia may occur and that the timing of hypoglycemia may be
lifterent.

t5.2.7. Laboratory T=sts
The sponsor recommends blood glucose and glycosylated
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hemoglobln tests to assess the rherapeutic response to the
insulin analogue. Improvemenr in the latter has been
validated as a parameter which corresponds to the reduction
of diaberic ceomplications in the DCCT.

15.2.8. Drug interactions

Drug interactions were addressed under Clinical
Pharmacology. The sponsor should clearly state that no drug
interaction studies have been performed using Humalog with
the exception of other insulin preparations. It 1s
appropriate to list drugs that are known to lncrease oOr
decrease insulin requirements as well as drugs that may mask

hypoglycemia.

15.2.9. Toxicology

15.2.9.1. Carcinogenesis, mutagenesis, impalrment of fertility
The sponsor states that chrbnic one-year toxicology studies
were performed in dogs and rats and showed no evidence of.
toxic effects, proliferative changes or tumors. The sponsor
did not conduct studies in an Agency approved format for the
evaluation of the carcinogenic potential of Humalog so the
prior statement i% misleading (per discussion with the
Supervisory Division Pharmacologist}.{The sponsor indicated in
volume 30, page 5, that carcinogenicity studies were not
applicarcle.)

The Agency agrees that Humalog was not mutagenic in a
battery of in vivo and in vitro genetic toxicity assays (per
discussion with the Supervisory Division Pharmacologist).

Available data support the statement "There is no evidence
from animal studies to date of Humalog-induced impairment of
fercility.

15.2.9.2. Pregnancy/labor and delivery

The sponsor states that reproduction studies in pregnant
rats at parenteral doses up to 20 unit/kg/day of Humalog (40
times the average human dose) and pregnant rabbits at
parenteral doses up to 0.75 units/kg/day (1.5 times the
average human dose} have revealed no evidence of harm to the
fetus. Data suggest that mg/meter squared dosing may provide
for better comparison of animal-animal and animal-human
dosing data than the mg/kg expression. The Agency nhas
adopted this practice. Tn addition, it was unclear what dose
rhe Sponsor was using as the average human dose. To
facilitate clinician interpretation of these animal data,
the following restatement of the animal cata is recommended:
Reproduction studies have been performed in rats and rabbits
using single parenteral doses up to 4 and 0.3 times
respectively, the normal human dose (40 Units/70 kg
person/day) based on body surface area.

Jecause no controlled clinical trials have been conducted
with Humalog in pregnant patients, desing regimens requlre

Sy
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change during the varicus srages ©f pregnancy, and the
riming of hypglycemia may be different with Humalog, this
drug cannot be recommended. Nonetheless, the following
guidance could assist the clinician: Although there have
been no clinical studies Humalog and pregnant women to date,
published studies with human insulins suggest that
optimizing overall glycemic control prier to conception and
during pregnancy improves fetal ocutcome. Although fetal
complications of maternal hyperglycemia have been well
documented, fetotoxicity has alsoc been reported with
maternal hypocglycemia. Insulin reguirements usually fall
during the first trimester and increase during the second
and third timesters. careful monitoring is required
throughout the pregnancy process. The timing cf hypoglycemia
may vary with the type of insulin used. Careful monitoring
of the baby during the peri:delivery period is warranted.

15.2.9.3. Nursing mothers

The sponsor clearly states that there have been no clinical
studies with Humalog in mothers and that caution should be
exercised. Because it is known that human insulin is excretad
in the milk, there is a high likelihood that Humalog will
also be excreted. The sponsor should state that the effects
of oral ingestion of human insulin versus Humalog during
infancy are unknown.

15.2.3.4. Pediatric use

The sponsor states that safety and efficacy of Humalog has
not been established in diabetic children under the age of
twelve.

15.2.10. Adverse Reactlons

The speonsor lists hypoglycemia, injection site reaction,
lipodystrophy, allergic reaction, pruritus, and rash under
"adverse reactions" and describes these reactions under
"precautions". The sponsor does not supply specific data
regarding the incidence and/or prevalence of allergic-like
reactions associated with Humalcog.

In controlled trials of Humalog versus Humulin R with over
2500 patients, there were 14 more cases (0.56%) of unexplained
pruritis lasting one week cor longer in patients on Humalog
rhan in patients on Humulin R. In a total of over 3000
patients who have received Humalog, there are nine reports
(0.3%) in whom Humalog was discontinued because of episodes
described as "allergic reaction", "anaphylactoid reaction", or
"gticaria“. These figures problably underestimate the number
of reactions because abnormal or allergic reactions to insulin
were exclusionary criteria in the clinical trials.

15.2.11. Drug Abuse and Cependence

The sponsor does not specifically address the issue of drug
icuse. The potential for abuse is low. Indeed, the literature
suigests that diabetics with eating discorders may reduce thelr
sompliance T facilitate glycosuria and welght less.
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15.2.12. Overdosage
The sponsor includes a section on hypoglycemia and its

management .

15.2.13. Dosage and Administration

The sponsor does not give clear guidelines as to how this insulin
is different from other preparations and how this might impact on
patient selection. The sponsor draft does not clearly indicate
that this preparation is for subcutaneocus injection from
cartridges or vials and not for pump use Or intravenous
administration. The implications of mixing with NPH and the
probable need for a longer acting insulin {particularly
overnight) are not spelled out. The probability that a different
hypoglycemic profile can be expected based on the kinetics is not
made clear. The sponsor also attempts to extrapolate to use in
non-tested populations and does not explicitly indicate what data
is from human insulin and rot lispro.

15.2.14. How supplied

The sponsor clearly indicates that the formulation is Ul0G and
that both 10 ml vials and packages of 5 1.5 ml cartridges are
available. The sponsor indicates that only specific cartridge
pens should be used.

1%.2.15. Patient 1inserts {vials and cartridges)

The sponsor goes into great detail about how insulin should be
given, but does not indicate to the patient the general reasons
why all diabetics may not be candidates for this insulin product.
The inserts do not indicate the problems with mixing and the
probable need for a basal insulin. The patient is not infcrmed
that there may be a different temporal profile of hypoglycemia.
(Refer to sponsor and reviewer drafts.)

Elizabgth Koller, M.D.
Medical Officer
Divisicn of Endocrine and Drug Products

-QM‘ h
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Medical Officer's Review
Insulin Lispro, NDA 20-563
submission of December 18, 1995

Study F3Z-MC-IOBN - A Double Blind Controlled Comparison of Glycemic Control Using
Insulin Lispro and Human Soluble Insulin in Type 1 Diabetics who take

Multiple Injections
Summary:

This is a double- blind cross- over study of insulin Lispro versus Humulin R in type 1 diabetics
who had been taking multiple insulin injections. Each of 93 patients received three months of
Humulin R and three months of insulin Lispro in randomized order. Insulin Lispro was better
than Humulin R with respect to control of postprandial glucose; however Hurnulin was better
than Insulin Lispro in controlling fasting glucose. Overall glycemic control, as measured by
hemoglobin Alc and seven point average glucose concentration, was the same with both groups.
There was also no difference in reporting of hypoglycemic reactions. The dose of Insulin Lispro
at the end of treatment was approximately 5 % higher than the dose of Humulin R. Reporting of
" flu-like” symptoms was greater with Lispro. Otherwise, there was no significant difference in
adverse events. )

Study Design:

This double- blind cross-over study was done at ten centers in Britain. The study groups
consisted of 114 patients who had had type 1 diabetes for one year or greater and who normally
injected insulin four times per day. Obese patients ( body mass > 35 kg/m2), patients with
progressive diabetic complications and those in poor glycemic contro! ( hemoglobin A1C greater
than 1.5 the upper Yimit of normal) were excluded. Patients were rardomly assigned to receive
insulin lispro of Humulin R before each meal for three months, before crossing over to the other
therapy for an additional three months. NPH insulin (Humulin N) was given as a single dose at
bedtime. A second dose of NPH could be given at the discretion of the investigator if preprandial
blood glucose remained over 7.8 mM( 140 mg/dl). Patients were instructed to give the dose of
test insulin ten minutes before meals and to adjust the dose in order to achieve a 2 hour
postprandial glucose less than 10 mM( 180 mg/dl). Primary efficacy measures were hemoglobin
Alc in addition to seven glucose measurements done at various times throughout the day.

Patient characteristics:.

Of the 114 patients who enrolied, 93 were randomized. Of the 21 patients who were not
randomized, 20 did not meet the entrance criteria and one elected not to participate. 41 patients
received three months of lispro followed by three months of Humulin R. 52 patients received
Humulin R first followed by Lispro. Six patients discontinued before the completion of the study
(see below). All patients were Caucasian with a predominance of men( 59%) to women( 41%).



Their average age was 35 years {18-63) and average duration of diabetes was 13 years( 1-51).

Efficacy:

Results of the seven point blood glucoses are shown in table 6.17 and figure 6.15. Significantly
lower fasting and evening preprandial glucoses were observed with Humulin R than with Lispro.
However significantly lower 2 hour postprandial glucoses were observed with Lispro. Bedtime
glucose was lower with Humulin but the difference was of borderline significance

( p=0.079). The differences between Humulin R and Lispro with respect to time of glucose peak
tended to cancel each other out. The mean of the seven point glucose determinations were 156
mg/d] with Lispro and 155mg/dl with Humulin R. There was also no significant difference with
resy ctto hemoglobin Alc which was 7.4 % with Lispro and 7.5 % with Humulin R. The
incidence of hypoglycemic reactions (defined as blood glucose less than 2.5 mM) was also the
same in the two groups and was approximately three per month. However a small difference (
p=0.065 ) existed between the two groups in the amount of test insulin used which was 0.43
U/kg with Humulin R and 0.45 U/kg with Lispro.

Safety and Tolerability: ;

Two patients dropped out of the study because of adverse events. One discontinued dueto "
hypogiycemic coma” while on Humulin R. A second discontinued because of emotional
fability" while on Humulin R although it may be worth noting that this patients( 802-8048) had
complained of pruritus on Lispro. There was an unexplained increase in reporting of " flu
syndrome” with Lispro. This occurred with 29.3 % of lispro patients and 7.7% with Humulin R
, p=0.006.

Reviewer's Comment

Although this study is small, it is probably the most important in the NDA because it is free from
the methodological flaws that limited interpretation of many of the other studies. As a double-
blind cross-over study, problems ralating (o lack of baseline data, patient and investigator bias,
and non-standardization of test meals are minimized. However, the result of this study are
largely the sam= and therefore validate the larger studies previously submitted. Sjnce it involved
patients who had previously been on an intensive regimen of four insulin injects per day, it the
best test yet for the hypothesis that muitiple injections of a rapidly acting insulin wiil result in
better glycemic control. The results show that Lispro does indeed result in less postprandial
hyperglycemia but this is achieved ar the expense of fasting hyperglycemia which is better
controlled with Humulin R. Overall glycemic exposure as measured by hemoglobin Alc and
seven point average glucose level was the same in both groups as was the incidence of
hypoglycemia. As has been observed in previous studies the dose of Lispro required to achieve
equilivalent results is about 5% higher with Lispro than with Humulin R.

-

Robert | Misbin MD/.XJ

Medical Officer } ,

January 3, 1996 % -
ol
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Protoco)l #: F3Z-MC-10AH(1)

Protoco) Titte: A Compariscn of the Glycemic Response to Exercise 1n Persons
with Type II Diabetes treated with a Rapid Acting Analog
[Lys{B28). Pro (B-29)] or humulin Regular Insulin.

Objective: To determine if there 15 less hypoglycemia asscciated with
exercise n individuals treated with comparable amounts of
rapid acting insuiin analog (Lys(B828), Pro(B29)] and human
reguiar insulin.

Procedure: The addendum proposes to study the glycemic response to
exercise which takes piace 2 hours after a standard
breakfast meal in individuals given 1nsulin analog
TLYS(B?8). Pro(B29)] compared to human reguiar insuiin. The
supposition being there will be less hypoglycemia following
the analog since there should be Tower insulin levels
present 2 hours after injection.

The study will invoive 15 Type Il diabetic patients who will
‘ be asked to exercise 1mmediately after the conclusinn of the
‘ 2 hour post prandial glucose scheduled at visit 7 or 8. and
' again at visit 13 or 14.

If the 2 hour post prandial value is less than 70 mg/dl one
CHO exchange will be given. Determinations will be made
prior to inclusions in the amendment to exclude subjects
with known contraindications to exercise on a sedentary
bicycle.

Under the supervision of a qualified health professional
with exercise tending experience, each subject will ride a
stationary bicycle at a level of 60% of predicted maximum
neartrate for 20 minutes. Additional capillary glucose
testing will be obtained at specified time points.

The exercise sessions will occur once during each treatment
phase of the standard protocol. fach patient will serve as
his/her own control. Exercise will take place at 12 weeks
of therapy. If a patients has attained excellent overall
glucose control (HbAlc within 1% of the upper limits of
normal) by B weeks. exercise will be done at that time.

Recommended Regulatory Action:
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STATISTICAL REVIEW AND EVALUATION

NDA #: 20-563/ Drug Class 1S

o
APPLICANT:  Eli Lilly and Company MAR | 4 1995

NAME OF DRUG: Humalog™ (insulin lispro)
INDICATION: Hypoglycemic Agent
DOCUMENTS REVIEWED: Volumes 1.133thru 1.190 & 1.203 thru 1.388

MELCICAL REVIEWERS: Elizabeth Koller, MD (HFD-510)
Robert Misbin, MD (HFD-510).

This review is arranged in five sections. Section | gives a brief introduction of the
studies under this submission. Sponsor's efficacy results, efficacy discussions and
conclusions are described in Section Il. This reviewer's evaluation of these studies is
contained in Section Ill. Section IV gives the results of the three analyses performed
by the sponsor that were requested by the FDA. Section V contains reviewer's
conclusions that may be conveyed to the sponsor.

1. INTRODUCTION

The sponsor submitted eight raulticenter, multinational clinical studies comparing
Humalog™ (insulin lispro) with Humulin® R in patients with diabetes (see a brief
description on the next page). These eight studies involved patients with either Type |
or Type Il diabetes using multiple dose therapy consisting of either Humulin® U or
Humulin® N as a basal insulin, and lispro or Humutin® R as the pre-meal insulin.
These studies included patients who had been previously treated with insulin as well
as patients initiating insulin treatment.

Efficacy was measured by glucose control as determined by hemoglobin A,c (HbA;c),
fasting blood glucose (FBG), 1- and 2-hour postprandial biood glucose values, and 1-
and 2-hour glucose excursions following a test meal. In addition, hypoglycemia rate
per 30 days, total daily insulin dose, body weight and plasma lipids were also
obtained.

Key Words: Multicenter Studies, Muitinational Studies, Cross-over Studies,
Parallel Studies, Insulin.



TABLE:

BRIEF SUMMARY OF EIGHT STUDIES

St;dy No. Number Total Type of Design Duration
& of Sample Control of
Type of Centers Size ' Treatment

Diabetes l
|
[OAA 14 Enr. 17] Active: Randomized | 12 months
Type I Ran. 167 Humulin R Parallel !
Open-label |
I0AB 13 Enr. 157 Active: Randomized | 17 months
Type I1 Ran. 145 Humulin R Parallel !
Open-label l
IOAC 17 Enr. 174 Active: Randomized i 12 months
Tvpe | Ran. 169 Humulin R Parallel |
Open-label
I0AD 13 Enr. 160 Active: Randomized 12 months
Type 1l Ran. 150 Humulin R Parallel
Open-label
IOAE 22 Enr. 98 Active: Randomized 12 months
Type | Ran. 98 Humulin R Paraliel
Open-label
[OAF 48 Enr. 377 Active: Randomized 12 months
Type 1 Ran. 375 Humulin R Parallel
Open-iabel
[OAG 101 Enr. 1037 Active: Randomized 6 months
Type | Ran. 1008 Humulin R Two-Peniod
Cross-Over
Open-label
[OAH 78 Enr. 777 Active: Randomized & months
Type [I Ran. 722 Humuhn R Two-Period
+ Cross-Over .
v == e et (Open-label
e —— S
in. P ' Y T

This section reviews the sponsor's resuits and conclusions of the primary and
sacondary efficacy variables (defined by the sponsor) from the eight multicenter,
multinational studies comparing the rapid-acting insulins, lispro and Humulin® R.

Studies IOAA(N=167), IOAB(n=145), IDAC(n=169) and IOAD(n=150) were 12-month,
randomized, parallel studies in patients with diabetes having used insulin for at least 2
months prior to enrolling in the study. Each of these studies required patients to use a



simidar insulin regimen (ether Humulin® U or Humulin® N, given one or two times per
day) and a rapid-acting insulin (either lispro or Humulin® R) before each meal. The
recommended therapeutic goais. dosing guicelines and endpcints were identical for
each of these studies. These four studies differed only in the type of diabetes (IQAA,
IDAC: Type I 10AB, IQAD: Type i) and the type of basal insulin (IOAA, IOAB: Humulin
U: I0AC. I0AD: Humulin N} used. The sponsor analyzed these studies separately as
well as combined.

Studies |OAE(n=98) and IOAF(n=375) were also 12-month, randomized, parallel
studies. These two studies were identical with the exception that IOAE enrolied
patients recently diagnosed with Type | diabetes and IQAF enrolled patients with Type
Il diabetes who had recently began therapy with human insulin. These two studies
were analyzed separately rather than combined due to the disparity of the patient
populations.

Studies IOAG(n=1008) and IOAH(n=722) were 6-month, randomized, two-period
cross-over studies involving patients with Type | (IOAG) or Type 1l (IOAH) diabetes who
used human insulin for at least 2 months prior to the start of the study. These two
studies were analyzed separately as well as combined.

1. 2-Hour Postprandial Blood Glucose Excursion

The following table gives the summary and analysis of 2-hour blood glucose excursion
at endpoint for each of the eight studies as welil as combined studies: IQOAA through
IOAD, and IOAG through IQAH.

TABLE: 2-Hour Blood Glucose Excursion (mmol/L) at Endpoint by Study

LISPRC Humulin R Treaiment
Protocaol n Mean SD n Mean SD | ¢ .mparison
I0AA 81 0.07 4,87 85 2.92 4.28 p=.001
IOAB 72 1.04 | 366 72 2.49 | 3.94 p=.016 )
I0AC 80 1.99 | 5.08 88 275 | 4.64 p=.458 T
I0AD 71 1.74 3.76 77 2.84 3.25 p=.025
- A-D Combined 304 1.19 4.47 322 2.76 4.07 p<.001
IOAE 50 1.31 4.29 45 2.78 4.37 p=.206
I0AF 175 2.38 3. 64 179 2.83 2.94 p=.296
IOAG 979 -0.51 4.88 987 1.52 5.05 p<.001
I0AH 709 1.40 367 703 2.97 .73 p<.001
G-H Combined 1688 0.29 4.51 1630 2.12 4 60 p<.0O1

The 2-hour postprandial glucose excursion was consistently lower during therapy with
lispro in each of the eight clinical studies and achieved statistical significance (p<0.05)
n five of these studies.



2. Hypoglycemic Rate per 30 Days

The following table gives the summary and analysis of hypoglycemic rate per 30 days
at endpoint for each of the eight studies as well as combined studies.

TABLE: Hypoglycemia Rate per 30 Days at Endpoint by Study

LISPRO Humuiin R | Treatment

Protocol n mean!| SO n Mean SO | Comparison
IQAA 81 541 6.74 86 5.40 6.36 p=.413
10AB 72 212 32 72 2.52 4.58 p=.511
I0AC 81 3.44 479 88 3.58 4.15 p=.799
{OAD 73 0.82 2.33 77 0.78 2.14 p=.647
A-D Combined 307 3.03 4.95 323 3.18 4.89 p=.740
10AE 50 3.38 4.18 a7 3.42 5.01 p=.8677
IQAF 182 0.85 2.13 183 0.75 1.91 p=.386
ICAG 386 6.44 7.63 9394 7.19 8.08 p<.001
IQAH 713 2.67 4.59 709 2.79 4.64 p=.310
G-H Combined 1699 4.85 6.79 17073 5.36 7.19 p<.001

A statistically significant decrease in tha mean hypoglycemia rate during therapy with
lispro when compared to therapy with Humulin R was observed in study I0AG. in the
studies involving patients with type Il diabetes, the rate of hypoglycemia was
consistently less than in the studies of patients with type 1 diabetes.

3. Hemoglobin Asc (%)

The following table gives the summary and analysis of hemoglobin A c (%) at endpoint
for each of the eight studies as well as combined studies.

TABLE: Hemoglobin A c (%) at Endpoint by Study

- LISPRO Humulin R Treatment

Protocol n Mean SD n Mean SD | Comparison
IOAA 81 8.14 1.30 84 " 8.38 1.37 p=.031
10AB X 72 8.00 1.21 72 8.20 1.64 p=.680
IOAC 80 8.08 1.43 88 822 1.44 p=.251
IQAD 71 B.38 1.52 77 8.50 1.73 p=.525
A-D Combined 304 8.15 t.37 321 8.32 1.54 p=.134
ICAE 50 7.77 2.24 486 7.84 2.35 p=.958
IDAF 178 8 32 1 57 182 8.08 1.54 p=.063
10AG 984 8.24 1.49 991 817 1.46 p=.089
I0AH 710 818 1.30 705 8.18 1.38 p=.924
G-H Combined 1694 B.22 1.42 1696 8.18 1.43 p=.149




There 1s a tendency for the hemoglobin Aic to be lower in the ispro group than in the
Humuiin R group in the one-year studies of patients previously treated with insulin.

This contrasts to studies IOAG and IOAH where the therapy penod was only 3 months
which may be insufficient to see changes in hemoglobin Aic, or in the new patient
studies (ICAE and IOAF) in which the disease state was changing during the time of the
study.

4. Total Daily Insulin Dose (Rapid-Acting and Basal)
The following tables give the summary and analysis at endpoint {or total daily rapid-
acting insulin dose and basal insulin dose at endpoint for each of the eight studies as

well as combined studies: IOAA through |OAD, and IOAG through IOAH.

TABLE: Total Daily Rapid-Acting Insulin Dose (Units/Kg) at Endpoint

LISPRO Humulin R Treatment

Protocol n Mean SD n Mean SD | Comparison
ICAA 81 0.29 0.14 86 0.32 0.13 p=.304
I0AB 72 0.36 0.27 72 0.40 0.21 p=.188
IOAC 80 0.29 012 88 0.30 0.12 p=.323
IOAD 73 0.34 0.24 77 0.34 0.25 p=.654
A-D Combined 3C8 0.32 0.20 323 0.34 0.19 p=.211
IOAE 50 0.19 0.15 46 0.20 0.17 p=.48GC
ICAF 175 0.25 0.18 179 0.25 0.13 p=.997
1I0AG 985 0.36 0.18 993 0.36 0.17 p=.907
IDAH 713 0.34 0.22 709 0.34 g.21 p=.784
G-H Combined 1698 0.35 0.19 1702 0.35 0.19 p=.713

TABLE: Total Daily Basal Insulin Dose (Units/Kg) at Endpoint

LISPRO Humulin R : Treatment

Protocol n Mean| SD n | Mean{ SD [ Comparison
ICAA 81 0.44 0.16 86 0.39 0.18 p=.065
IDAB 72 0.34 0.21 72 0.33 0.17 p=.839
ICAC 80 0.37 0.15 88 0.38 0.20 p=.940
IOAD 73 0.36 0.18 77 0.39 0.23 p=.397
A-D Combined 306 0.38 D.18 323 0.37 .20 p=.677
IOAE 50 0.3 0.23 46 0.34 0.25 p=.400
IOAF 175 0.3 0.20 180 0.29 c.18 p=.6C6
ICAG 985 0.35 Q.18 393 0.33 018 p<.001
IQAH 713 0.36 0.23 708 0.36 0.23 p=.002
G-H Combined 1698 0.38 Q.20 1701 | 0.34 0.20 <. 001




The sponsor stated that in most of the muiticenter, multinational clinical studies, the
iotal daily rapid-acting insulin dose and the total daily basal insulin dose were similar
during therapy with both lispro and Humuiin R; however, a statisticaily significant,
although not clinically meaningful, difference in the total daily basal insulin dose was
observed for studies IOAG and IQAH, p <.002.

Sponsor’s Conclusions

The sponsor stated that in patients previnusly receiving insulin therapy, therapy with
lispro significantly reduced postprandial glucose excursion, and overall glycemic
control was improved compared to regultar insulin. The sponsor further stated that in
patients new to insulin therapy, postprandial glucose excursion with lispro was iess
than with regular insulin therapy. However, this improvement was not statistically
significant. While improvements in hemoglobin Asc were seen in some studies,
consistent differences in hemoglobin Aic with patients receiving lispro versus regular
insulin were not observed.

In summary, the sponsor concluded that, the time activity prefile of lispro more closely
approximated the physiclogic release of insulin in response (¢ a meal; as a result,
fispro produced tetter postprandial and better or equivalent overall glucose control
with equivalent dosages to regular insulin, with no increased {or less) risk of
hypoglycemia.



STATISTICAL REVIEWER'S EVALUATION

This reviewer's evaluation of the eight studies is contained in this section. Patient

disposition for efficacy evaluation is in the following tables. The first table gives the
number of patients at each visit for the studies: IOAA, IOAB, IQAC, I0OAD, |0OAE and
IOAF. The second table gives the number of patients at each visit for the crossover
studies: IOAG ana IOAH.

TABLE : Number of Patients at Each Visit for Studies I0AA, I0AB, I0AC,

IOAD, IOAE and [OAF.

Protocol|Treatment VISIT
Vi1 V2 v vd V5 VAL V7 Vs V9
IOAA |Lispro 81 81 81 81 80 80 79 78 75
Humulin-R 86 86 86 86 84 83 82 81 80
IDAB |Llispro 72 72 72 72 71 71 71 71 71
Humuilin-R 73 73 72 72 72 72 72 72 71
IOAC |Lispro 81 81 g1 80 80 79 79 77 76
Humulin-R 88 88 Be 88 88 88 86 85 84
IOAD |Lispro 73 73 73 72 72 72 71 70 69
Humulfin-R 77 77 77 77 77 76 75 73 72
IOAE |Lispro 50 50 50 5L 49 48 46 46 45
Humulin-R 48 47 45 45 45 45 45 44 43
IOAF |Lispro 186 182 174 172 171 171 167 163 157
Humutin-R 189 183 179 176 176 175 175 170 164

TABLE : Number of Patients at Each Visit for Studies IOAG and I0AH.

Protocol |Sequence Baseline Period 1 Period 2
vi[v2iv3|va|vs|ve|VT]V8]VI|ViQoVv1tiVvi2|V13V1g4
I0AG Hum-R/Lispro | 5001 500] 4991 499] 497 | 4961 492]1485|482]1482|481(481]477|474
: Lispro/Hum-R | 508]| 508|504 | 502|501 |501] 498 496495| 495 494]4921480| 487
1CAH Hum-R/Lispro | 368 | 368[ 3RB{ 367} 365 | 365) 365| 363 360| 360)359]1359]1357]355
Lispra/Hum-B |354|354{353| 3521350 |350(3471346(341]|341}341[341;340]339

Clearly, the percentage of dropouts for both the drugs is under 8% for IQAA, under 3%
for IOAB, under 7% far IOAC, under 7% for IOAD, under 11% tor IOAE, and under 16%
for IOAF. For crossover studies, it is under 6% for IOAG and under 5% for IQAH for both
the sequences.

We present the efficacy results in the same sequential order as that of the sponsor, i.e.,
we follow the same order for the efficacy variabies as that of the sponsor. We have



also included the results for fasting blood glucose and 2-hiour postprandial glucose.
The 95% confidence intervals for the difference of the means for the actual
measurements as weli as for the change trom baseline for severat efficacy variables
are included in appendices. There may be a small disparity between the p-values and
the corresponding confidence intervals because the p-values were based on an
analysis with treatment, investigator and the interaction in the model whereas the
confidence intervals are based on the unadjusted actual treatment means. The Cls are
presented to guide the ciinicians regarding the clinical significance of any results
favoring the control.

1. 2-Hour Pcstprandial Blood Glucose Excursion

The following table gives the summary statistics and 95% contidence intervals for the
difference of means of 2-hour blood glucose excursion at endpoint for each of the eight
studies as well as combined studies: I0AA through ICAD, and |OAG through [OAH,

TABLE: 2-Hour Blood Glucose Excursion (mmoi/L) at Endpoint by Study

LISPRO Humulin R 95% Ci} for the
Protocol n Mean SD n Mean SD Difference* in Means
ICAA 81 0.07 487 85 2.92 4.28 {1.50, 4.20)
IOAB 72 1.04 3.66 72 2.49 3.94 {0.24, 2.66)
I[CAC 80 1.99 5.08 88 2.75 4.64 (-0.68, 2.20)
IOAD 71 1.74 | 3.76 77 284 | 3.25 (0.04, 2.16)
A-D Combined 304 1.19 4.47 322 2.76 4 .07 (0.90, 2.24)
I0AE 50 1.31 429 45 2.78 4 37 {-0.18, 3.12)
IOAF 175 238 | 3.64 179 283 | 294 (-0.21. 1.11)
IOAG 979 -0.51 4 88 987 1.52 5.05 {(1.69, 2.37)
I0AH 709 1.40 367 703 2.97 373 (1.2R 1.86)
G-H Combined | 1688 0.29 451 1690 2.12 4 .60 - (1.59, 2.07)

A
*Difference in Means=Humulin R Mean - Lispro Mean.

The 2-hour postprandial glucose excursion mean was consistently lower during
therapy with lispro than Humulin R in each of the eight ctinicat studmss. In five of these
studies (namely, IOAA, IOAB, IOAD, IOAG and IOAH), lispro appears to be statistically
superior to Humulin R whereas in the remaining studies, lispro appears to be
statistically simdar to Humulin R. The plots for 95% confidence intervals are included in
Appendix | for studies IOAA, IOAB, IOAC, IOAD, I0AA thru IOAD combined, IOAE, IOAF,
IOAG, IOAH and IQAG thru IOAH combined.

2. Hypoglycemic Rate per 30 Days
The following table gives the summary and analysis of hypoglycemic rate per 30 days

at endpoint for each of the eight studies as well as combined studies: IOAA through
1OAD. and IOAG through IOAH.
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TABLE: Hypoglycemia Rate per 30 Days at Endpoint by Study

et |

LISPRQ Humulin R 95% CI for the
Protocol n Mean SD n Mean sSD Difference* in Means
IOAA 81 541 6.74 86 5.40 6.36 {-1.67, 1.65)
|I0AB 72 212 3.21 72 2.52 458 (-0.75, 1.55)
IOAC 81 344 4.79 88 3.59 4.15 (-0.95, 1.25)
IOAD 73 0.82 2.33 77 Q.78 2.14 (-0.74, 0.66}
A-D Combined 307 3.03 495 323 3.16 4 89 {-0.60, 0.86)
ICAE 50 3.38 418 47 3.42 5.01 (-1.67, 1.75)
10AF 182 0 85 2.13 183 0.75 1.91 (-0.47, 0.27)
I0OAG 986 6 44 7.63 994 7.19 8.08 (0.39, 1.11)
|OAH 713 2.67 4.59 7Q9 2.79 4 .64 {-Q0.14, Q.38)
G-H Combined | 1699 4 85 6.79 1703 5.36 7.19 {0.27, 0.75)

*Ditference in Means=Humulin R Mean - Lispro Mean.

in the studies enrolling patients with Type 1l diabetes (IOAB, IOAD, I0AF, and IOAH),
the hypoglycemia rate was less than the studies enrolling patients with Type | diabetes
(I0AA, IOAC, IOAE. and IOAG). In only one study (namely, IOAG), lispro is statistically
superior to Humulin R whereas in the remaining seven studies, lispro appears to be
statistically similar to Humulin R.

3. Hemoglobin A;c (%)

The following table gives the summary and analysis of hemoglobin Asc (%) at endpoint
for each of the eight studies as well as combined studies.

TABLE: Hemoglobin Ayc (%) at Endpoint by Study

LISPRO Humulin R 95% CI for the
Protocol n Meanji SD n Mean SD Difference® in Means

ICAA 81 814 1.30 84 8.38 1.37 {-0.12, 0.60)
I0AB 72 8.00 1.21 72 8.20 1.64 (-0.24, 0.64)
ICAC 80 8.08 1.43 as 822 1.44 (-0.28, 0.56)
{OAD 71 8.38 1.52 77 .50 1.73 (-0.40, 0.64)
A-D Combined 304 8.15 1.37 321 8 32 154 {-Q 06, 0.40)
{OAE e 50 777 2.24 46 7.84 2.35 {-0.83, 0.97}
IOAF 179 832 1.57 182 8.08 1.54 (-0.55, 0.07)
I0AG 984 824 1.49 991 817 1.46 (-0.13, -0.01)
IOAH 710 g.18 1.30 705 § 813 1.38 {-0.06, 0.06)
G-H Combined 1694 8 2}_i_1iz 16986 818 “43—-h- {-0.08, 0.00)

*Difference :n Means=Humulin R Mean - Lispro Mean.

In one study (namely, IOAG), lispro appears to be statistically inferior to Humulin R
whereas in the remaining seven studies, lispro appears to be statistically similar to
Humulin R. The plots for 95% confidence intervals are included in Appendix I for




studies 10AA, iOAB, 10AC . I0AD, I10AA thru IOAD combined, IOAE, IOAF, IOAG, IOAH
and I0AG thru IOAH comoined. Note that, there is a disparity between the p-value and
the contidence interval for the study IOAA because the p-value was based on the
analysis with treatment, investigator and the interaction in the model whereas the
confidence interval is based on the unadjusted actual ireatment means. The p-value
should be used to judge statistical significance white the Cls are presented to assist in
a determination of clinical significance.

4.

Total Daily Insulin Dose (Rapid-Acting and Basal)

The following tables give the summary for total daily rapid-acting insulin dose and
basal insulin dose at endpoint for eignt studies as well as combined studies.

TABLE: Total Daily Rapid-Acting Insulin Dose (Units/Kg) at Endpoint

LISPRO Humulin R 95% CI for the
Protocol n Mean 5D n Mean SD Differance* in Moans

IQAA 81 0.293 0.14 86 0.321 0.13 (-0.009, 0.0865)
IOAB 72 0.355 0.27 72 0.400 0.21 (-0.034, 0.124)
IOAC 80 0.287 012 88 0.295 0.12 (-0.026, 0.042)
1IOAD 73 0.345 0.24 77 0.341 025 | (-0.069, 0.061)
A-D Combined 306 0.318 0.20 323 0.336 0.19 ~(-0.012, 0.048)
IOAE 50 0.194 0.15 46 0.200 017 {-0.063, 0.075)
IOAF 175 0.254 0.18 179 0.251 0.13 (-0.034, 0.028})
IOAG 985 0.363 0.18 993 0.361 017 {-0.008, 0.004)
IOAH 713 0.338 0.22 709 0.337 0.21 (-0.007, 0.005)
G-H Combined | 1698 0.353 019 1702 0.351 0.19 (-0.006, 0.002)

*Difference in Means=Humulin R Mean - Lispro Mean.

TABLE: Total Daily Basal Insulin Dose (Units/Kg) at Endpoint

B LISPRO Humulin R 95% CI for the
Protocol n Mean| SD n Mean SD | Difference® in Means
I0AA 81 0.438 0.1¢ 86 0.392 0.18 (-0.092, 0.000)
i0oAB — - 721} 0.342 0.21 72 0.328 0.17 (-0.077, 0.049
IQAC 80 0.367 0.15 88 0.376 0.20 (-0.040, 0.058)
1I0AD 73 0.364 0.19 77 0 .391 0.23 - {-0.034, 0.088)
A-D Combined 306 0.379 0.18 33 0.373 0.20 (-0.036, 0.024)
IOAE 50 0.313 0.23 46 0.345 0.25 {-0.049, 0.113)
{QAF 175 0.310 Q.20 180 0.292 0.18 (-0.054, 0.018)
IDAG 985 0.351 018 963 0.3 0.18 (-0.024, -0.016)
ICAH 713 ¢.365 0.23 708 0.358 .23 {-0.011, -0.003)
G-H Combined | 1698 0.360 0.20 1701 0.342 0.20 5-0.021. -0.015)
N I —

e —— S
*Difference 1+ Means=Humulin R Mean - Lispro Mean.
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In six studiss (namely, IQAA, I0OAB. IOAC, IOAD, IOAE and IOAF), the total daily rapid-
acting insulin dose and the total daily basal insulin dose were statistically stmilar
during therapy with both lispro and Humulin R. However, a statistical dissimilarity was
observed for studies IQAG and IQAH as 35% confidence intervals for the difference of
means for total daily basal insulin dose contained all negative values.

5. Fasting Blood Glucose (mmol/L}

The following table gives the summary and analysis of fasting blood glucose (mmol/L)
at endpoint for each of the eight studies as well as combined studies.

TABLE: Fasting Blood Glucose (mmol/L} at Endpoint

LISPRO Humulin R Treatment

Protocol n Mean SD n Mean S§D | Comparison
IDAA 81 1117 | 4.9 86 10.73 | 5.08 p=.497
10AB 72 10.37 { 4.16 72 10.11 | 3.68 p=.531
IQAC 80 11,06 | 4.9% 88 9.90 4.32 p=.198
I0AD 73 10.55 3.7¢9 77 10.29 3.71 p=.544
A-D Combined 306 10.81 | 4.51 323 10.26 | 4.26 - p=.128
IDAE 50 9.99 4.39 46 9.51 4.32 p=.481
IDAF 17& 10.00 3.44 180 10.00 3.13 - p=.878
I0AG 985 11.64 | 5.09 993 11.34 | 4.96 p=.274
I0AH 713 10.67 | 3.77 708 10.17 | 3.67 p=.002
G-H Combined 1698 | 11.23 | 4.61 1701 10.85 | 4.50 - n=,002

The fasting blood glucose was consistently higher during therapy with lispro than
Humutin R in each of the eight clinical studies. in one study (nameiy, 10AH), lispro is
statistically significantly inferior to Humulin R. The plots for 95% confidence intervals
are included in Appendix HI for studies IOAA, IOAB, IOAC, IOAD, IOAA thru IOAD
combined, IOAE, IOAF, IOAG, IOAH and IOAG thru IOAH combined.

6. 2-Hour Postprandial Glucose—(mmol/l) ——==——

The foliowing table gives the summary and analysis of 2-hour postprandial glucose
(mmoi/L) ai endpoint for each of the eight studies as well as combined studies.

The 2-hotr postprandial glucose was consistently lower during therapy with lispro than
Humuiin R in seven ¢t the eight clinical studies, whereas statistical significance was
achieved in only four studies. Study |{OAB achieved marginal significance. The plots
for 95% confidence intervais are inctuded in Appendix IV for studies IOAA, I0AB, 10AC,
IOAD, I0AA thru IOAD combined, IOAE, IOAF, IOAG, I0AH and I0OAG thru ICAH
combined.
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TABLE: 2-Hour Postprandial Glucose (mmol/L) at Endpoint

LISPRO Humuilin R Treatment

Protocol! n Mean SD n Mean SD | Comparison
I0AA 81 1132 ¢ 520 86 13.29 | 5.20 p=.048
10AB 72 11.41 | 4.38 72 12.69 | 4.82 p=.096
ICAC 80 13.06 | 5.83 88 12.76 | 5.03 p=.740
IDAD 73 12.32 ] 4.30 77 13.19 | 4.24 p=.290
A-D Combined 3086 12.03 | 5.03 323 12.99 | 4. 84 p=.016
IOAE 50 11.44 6.07 46 12.39 6.43 =679
I0AF 17§ 12.31 | 4.80 180 12.95 | 4.22 p=.300
ICAG 985 1116 | 5.30 993 12.87 | 5.77 p<.001
I0OAH 713 12.08 | 4.62 708 13.14 | 4.48 p<.001
G-H Combined 1698 | 11.55 [ 5.05 1701 12.98 | 5.27 p<.001
PONSOR’ N F STED ANALYSES

On January 31, 1996, medical officer (Robert Misbin, MD) and statisticians (Dan
Marticello and Baldeo Taneja, Ph.D.) at FDA requested the sponsor to provide the
following three analyses for the study IOAG:

1.

Analysis of the hypoglycemia rate per 30 days as presented in Table 6.4
on page 47 (of a draft briefing document for the advisory committee, dated
January 26, 1996) using only hypoglycemic episodes with a blocd
glucose value of <2 mmol/L or if the patient reportad that they were not
able to self treat this hypoglycemic episode.

Give the statistical details on the statement of an inverse relationship
mentioned in the last paragraph on page 98 and redo this analysis using
the new definition of hypoglycemia.

Compare hypoglycemia rate (new definition) to HbAyc using a scatter plot
without thg grouping or quartiles and to fit regression lines for each
treatment and compare the regression lines between the treatments.

Sponsor's Response

1. The following table presents a summary of results of the analysis for
hypoglycemic rate per 30 days using the new definition of hypoglycemia.
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TABLE: Rate of Hypoglycemia per 30 Days Using the New Definition of
Hypoglycemia at Endpoint

LISPRO Humuitin R Treatment

Protocol n Mean{ SD n Mean | SD | Comparison
{0AG (Originai) 386 6.44 7.63 994 7.19 8.08 p<.001
IQAG (New) 985 | 037 | 112 | 994 | 042 ! 126 p=.368

When using a nonparametric analysis, the treatment comparison p-value is 0.096. The
nonparametric analyses may be preferred over the parametric analyses due to the
large number of hypoglycemia rate with zero values due to the new definition.

When we compare the results for hypoglycemia rates per 30 days for the original and
the new definitions of hypoglycemia, we find that the decrease in the mean
hypoglycemia rate during therapy with lispro is not statistically significant any more with
the new definition.

2. The following table prasents a summary of resuiis of the analysis for
hypoglycemia versus metabolic controi using the new definition of hypoglycemia.

TABLE: Percent of Patients at Endpcint with a Hypc;élycemla Rate per 30
Days > 2 by Level of Hemoglobin Asc for Study IOAG

Study/Hypo HbA1lc Lispro Humulin R | Treatment
Definition Quartiles (%) {%) Comparison
IQAG M({<7.2) 69.9 75.6 p=0.878
Onginal Delinition Q2 (7.2 thru 8.3) 72.9 67.5
Q3 (8.3 thru 9.5) 61.5 67.8
Q4 (> 9.5) 46.8 49.7
Linear Trend p-value p<0.001 p<0.001
I0AG Q1(<7.2) 12.5 14.1 p=0.846
New Definition Q2 {7.21thru 8.3) 5.3 5.9
T 7163 (8.3 thru 9.5) 4.6 4.9
Q4 (> 9.5) 2.5 3.4
Linear Trend p-value p=0.002 p=0.001

The frequency and percent of patients with hypoglycemic rate per 30 days > 2 for each
of the quartiles of HbA ¢ was greatly reduced with the new definition of hypogiycemia
but the relationship was similar to that observed in the analysis using the original
definition of hypoglycemia.

3. Figures 1, 2 and 3 present the scatter plots of hypoglycemia rate per 30 days
using the new definition versus hemoglobin Ajc for each period and for both periods
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combined. Even though the slopes within each treatment group are small, as well as
very small R2, the slopes were statistically significantly different from zero in alil cases
(p<0.05). A {marginally) statistically significant difference between the treatments for
these slopes was observed during period 1 (p=0.088) and a statistically significant
difference between the treatments for these siopes was observed during period 2
(p=0.045). However, no difference between the treatments was observed for the
composite analysis combining both periods (p=0.959). Patients receiving Humulin R
first and Lispro second had a larger negative siope than did patients that received
Lispro first and Humulin R second.

V. STATISTICAL REVIEWER'S CONCLUSION THAT MAY BE
CONVEYED TO THE SPONSOR

If one uses HbA:c as the primary efficacy variable, then lispro appears to be statistically
inferior to Humulin R in one study (namely, IOAG), whereas in the remaining seven
studies, lispro appears to be statistically simifar to Humulin R. Thus, on the basis of
hemoglobin Aic, lispro appears to be inferior or similar to Humulin R. But, if cne
uses the 2-hour pcstprandial glucose excursion as the primary efficacy variable, it was
consictently lower during therapy with lispro in each of the eight clinical studies and it
achieved statisticai significance (p<0.05) in five of these studies. Thus, on the basis of
2-hour postprandial glucose excursion, lispro appears to be superior or similar to
Humutin R. Clinicai input is needed to judge the relative importance of these two
endpoints.

In the studies enrolling patients with Type Il diabetes (IOAB, IOAD, IOAF, and {OAH),
the hypoglycemia rate (original definition) was less than the studias enrolling patients
with Type | diabetes (IOAA, IOAC, 10AE, and I0AG). With the original definition ot
hypoglycemia, in only one study (namely, IOAG), lispro anpeared to be statistically
superior to Humulin R whereas in the remaining seven studies, lispro appeared to be
statistically similar to Humulin R. For the study IOAG, when we compare the resuits for
hypoglycemia rates per 30 days for the original and the new definitions of
hypoglycemia, we find that the decrease in the mean hypoglycemia rata_during therapy
with lispro is not statistically significantly different than that with Humuiin R with the
new definition.

For study IOAG, the frequency and percent of patients with hypogiycamic rate per 30
days > 2 for each of the quartiles of HbA ¢ was greatly reduced with the new definition
of hypoglycemia but the relationship was similar to that observed in the analysis using

the original definition ot hypoglycemia.
. .

Baldeo K. Taneja, Ph.D.
Mathematical Statistician (Bicmed)
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Study I10AA
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Studies ICAA thru IOAD Combined
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Study I0AF
Fasting Blood Glucose (mmol/L)
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Study I0AG
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Study I0AH
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Studies 10AG and IOAH Combined
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APPENDIX IV

Study IOAA
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Study |OAB
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Studies I0AA thru IQAD Combined
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APPENDIX IV (Continued)

Study IOAE
2-Hour Postprandial Glucose (mmol/L)
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Study 10AG
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Study I0AH
2-Hour Postprandial Glucose (mmol/L)
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Figure 1: Hypoglycemia Rate New Definition vs. HbAl1c
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Figure 2: Hypoglycernia Rate New Definition vi. HbATC
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ERELIMINARY SAFETY UPDATE #TR WDA ®20,3-3 Lispr>
_=trar dace May 30, Received May 11

received by medizal officer June i, 1iin
Part1ally reviewed June 7, 1995

3 vo.Lumes; 1544 pages

30a. daze for NDA June 12, 1936
spenscr: Lilly Laboratories
indianapolis, IN

Reportedly the safety data includes information from studies
‘including ICAA-AH, IOBN, IZAK, IOAM-AC, IOAY, ICBX, I2BP, IDAL,
TOBY, IDCM, IODR, and I0BJ: collected-conducted betwean 4,/2/35
through 2/9/9%6.

Much of the data are from extension studies:
IOAK (for patients from IOAA-AD)
IOAM (for patients from IOAG-AH in UK
IOAN (for patients from IOAG-AH)
TCOAC ifor patients from IOAE-AF)
CAY ifor patients from IOAY) .,

Intepretation of the data is limited because

most of the conirolled trials were unblinded (and the
porting bias is unknown),

rhere is no denominator ‘time or actual patient number) for
e extension trials,
there is selection bias for subjects wno entered the axtensicon
ials,

i adverse events occur with insulin and/or diabetes, but
sccur at a different rate with Lispro, it :s unlikely that they
will be detected in short. contrcolled trials cr long uncontrall
rrials,
it is not clear from the reports whetller patients were still
n -he controlled phase of the trials or in the extension phase
when -he extension trial carried the same name as the controlled
crial,

5} evaluation of diabetic complications was not routinely
verformed at baseline in the major trials,

7) rhera ware no exit physicals in the major trials

3, i1nvestigators often did not manage many of the patients’
madizal needs so were often unable to obtain good medical racords
when an adverse event did occur,

37 multiple adverse events were reported °n a single adverse
avent form as addenda (and do not appear to have been zodified as
discrate AE’s by the sponsor in the serial tabulations).
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ponsc>ry Tabulations 2f Death
Dur ng controlled trials

study Pe TX Days of Rx Cause of Death

TOAY 8-218 LP 392 liver digease

IDAY 602-6025 LP 135 sudden death+*in NDA)
S OBM 834-8128 HR 33 hypoglycemlc seizure
12C= 30-484 LP 5 AML

Juring unccontrolled trials



the end ot the controlled phase g, and wiernoey *he nndpoint
va.ues were UaKen at 1 oyear post corpietion reooontrollen

::
e
23
T
1
Wt
e s

phase of =he ~rials. The aclinizal ‘wbicange U thesge changes
are diff.cult to 1Ssses bacause there was 0o intograted analys:is
2f insulin dzues, HgbAlc, and ant:bedy cindiny level.

Table 8 35, Summary of Baseline, Endpoint, and Change from Baseline
to Endpoint for Antibody Tests from Patients In Studies iQAA,
I0AB, IOAC, IQAD, IODAG, and IQAH

Antibody Therapy N Buyeine Mean  Endpo'mt Mesn  Change Mean Withw-Group Bcrween-urou;—
rMed) Med) Med) pvalue povrlued

LP.Sreeific LP 1806 037010} 06810 [0} Q0 12(0 00} 1) 850

(™ barding) Mumulin R 1814 D3SO} 06} (01D} 20310 00) 122

Hur o (nculn.

pecific LP 1806 08710 '0) 0840010} 003 (0 0g) 992 Bas

(™ bunturg} Humolin B 1822 R ENL R o101y 0021000 538

Crow-Rescive 1P 1 Ter2 90 18301 30) I 1410 30) - 00

(% binding) Humulin R 1827 7442 %) T{1 1) 0 40 (0 DOY < 00!

Ant-ECP LP 1917 I 96 4 (24 0) A1 001 [ 28]

(RLLY Humalin R 1931 KWW 97 1 {350 23 sl

Abbrevisbions. N = number of palents with § base! ina and postbeseline massurement, Med - medun, LF = insuiin hspro, ECP = Escherichia colt polypuptides;
RLU = relative [sght unity .
? p-vaive from the reduced model

Table 5.36. Summary of Endpoint for Antibody Testa from Patients in
Studies IOAE and IOAF

Endpout Mes Betweowns-Group

Annbody Thernpv N (Mad) pvalued
P-specific LP PR | G.52(0) 349

% bnding) Humuinm R prel 033¢0.3)

Human ngm-

Specific Lr 28 030400 008

% badag) Humulia R hoy) 038(02)

Crom-Rassctiva Lp 2t 1102(4.1) o9

(% bechrg) Humulin K 27 2010100

Aro-EC? ir 27 LIL1 (90.0) on9

(AL} Humuln R 18 1120 (% 0)

Abbwevsnons. N = sumbar of patents wich a bassize and postinseims messremont; Med = median; [P
= nnim topro, ECP = LacAerwchut colr polypepodes, RLU = relatres bight ugts.
¥ p-valus fross e reduced model

Tabie 5.41. Summary of Bassline, Endpoint st t-Year, and Change from
Baseline to 1-Year Endpcint for (:rcas-Reactive Antibodies
within Diabetes Type and Baaad Insuiin from Studies 1I0AK,
10AM and IQAN

Wiha-  Between-
Batsime Eadpows Change Growp  Group
Submt & Mem (Med)  Moss (Mad)  Mean (M) prvahe  p-valug

Duabeves

Type Twpa 1 429 1Y 14.00 7. 94) 0.37(0.39) 003 231
Typa 1l 24 103390 1027(330)  0.09(0.00) 189

Baml

lasuln Hunwa N 30) 1191(371hH 12 43 (6 69) 031 (0.16) Odd 207
Humuiw U 187 12845 41) 1J42(530 078(032) 206

Ovarall B10 GZ1I88T) 1269(63T 038 (020) 019

Abbrrvianons N numoer of pebenty with & baselse and posth uve Mad = roeduan
Reforence range for Tuis-rubcuve SRobndy bt uwling u 0% 10 1 3%



Srudy pr Tx Uay
TCiol 24%-2604 1P 750
1OAN 517-5333 LP 751
I0AD §1-432 LP EER
IOTH 201-3006 LF 45

After discon

inuation

Whn-2746 HR 4
366-9702 Mixtard 70739

I0AY
10CC £35-5059 NPH )
i10CE 2n0-7010 Insulatara

Sponsor Tabulations of Di

Taugae of Death
sudden death*{1n
MI--s»CHF

tung CA

sulcide by DKA

Z
.
e

T

31 CA

dead in bed*
lung Ch
drowning

sceontinuations due Lo AE’' s

Table 5.7. Patiants Who Discontinued Duv to an Adverse Event

Sady Pavent Treatrnent Days oo Advene Event

Conguiled) Thetapy

EQoz’ 41-2408  lnsalip Lapto b.5hours  Allerpc macton @

10aYR 0050129  Insulin Lispro 1 year Unintended pregnancy
2412430 Insulio Lispro 124 Myocardial infarct »
603-6045 Insulin Lispro bt Unantended pregnansy

108J¢ 307-3143  Insulin Lispro 88 Disbet acadosis
803-8043 lasulin Lispro 51 Diabenc acadogis
4%69.9798 Humulin R 0 Diabenc acidosis

10BN B01-8032 Humulia R 31 Hypoglycemic reaction
802-3043 Humulin R 28 Emotonaj lability

1080 103-0031 Insulin Lispro 19 Myocardial infuc o
1030015 Humulin R 62 Peychosis

occt §35-80%9 Lagulin Lispro 2219 Pulmonary adenocarcinofia

LOCE® 103-3080 insulin Easpro 165 Kidney function abpormal ¢
4044106  Giybeoclamude 6d Gasrowntzsunal caciooma
503-5082 [nsulin Lispre 3 Pentoaitis
504-5110 Gl vbenclamide 2! Myocardial infarct &
T40-7409 [awlin Lispro 127 Myocardial infarct »
§70-8506 __lnsulin Lispro 64 Prosutic carcipoma

{'acontroljed)

I0AN 102-1048 {nsulin Lispro 536 Uninteoded pregaancy
154-1525 lnsalin Lispro i Caerebrovasculsr ccident *
24)-2547 lasulin Lispro 546 Hypoglyvernia «
246-2569  Insulio Lispro 740 Hypoghycemia «
503-505C Insulin Lispro 592 Allergic reation o
T40-Ta42 lasudin Lispro 198 Hepatits
722-7301 lawslin Lispro e Amal arrhythmis 5

10AC [rr2Bizal] Insulin Lispro 173 Carcinoma
0750604 insulin Lispro 359 Surgical procedure (quadrupi: bypatt)

10Bv 100101 Insulia Lispro 49 Accidental injury

IOCH 7017048 {nsulin Lispro 35 Hypoglycema #
T01-7035 lnsulin Lispro 72 Accudental injury

ocy $01-5007___Insulin Lisprm 94 Endocarditit

* Trus panent disconnnued 1g Oct 91
b Srudy IOAY became uncoagollad & of 17 Jan 95
¢ Srudy [OBJ became uncontrolled s of 30 Nov 93

d A Liscugmion of tus patient 18 16 3.1 212 Deaths After Study Ducontnuation

€ Siudy [OCE became unconoiied s of 16 Oa 93

{ A dsscusuion of Gua pauent i in 5 1 22 1 Senous, Unexpectad, Poinibly Causally Reisted Adrere

Events
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NDA 20-563 23 February 1996
Eli Lily and Company

Lily Corporate Center

Indianapolis, Indiana 46285

Submission: 13,14 Mar 85

REVIEW AND EVALUATION QF PHARMACCLOGY AND TOXICOLOGY DATA
Original Summary

Humalog (insulin lispro, recombinant DNA origin)

Synthetic (recombinant DNA origin, E. coli derived) Analog of Human Insulin
(Lys (B28)-Pro (B29)]

Indicated Use: Control cf blood glucose; treatment of diabetes mellitus.

Dosage: Individualized by the physician.

Related: IND

Form: Humalog is a sterile solution for subcutanecus injection. It should not
be used intramuscularly. The concentration of Humalog is

100 units/mL (U-100!.
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Foreign Studies: None

Preclinical Studies: LysPro = LY2755%85

Pharmacoleqgy. See also Original Review IND ded. 12,13 July 1990
(attached) .

Cardiovascular and Respiratory Effects in Anesthetized Dogs: (Report 1) (See
also IND ; roview p.3)

When anesthetized male beagles received 0.1 U/kg LysPrc or Humulin BR
Diluent by i.v. boluos injection (to maximize exposure) it 15 reported that no
toxicologically impostant changes in cardiovascular or respicatory parameters
ware observed. Howevar, there were slight proloagati'mns of the QRS duraticn
{max. 9% at 10 min) and Q-T. interval (max. 10% at 5 min}. The 1ncreases in QRS
duration and Q-T. interval were reported to be similar to that seen after
administration of 0.1 U/khY Humulin R.

Cardiovascular Effects in Conscious Rats: {(Report 3}

As a single s.c. injection of 1, 3, eor 10 U/kg LysPro had no significant
effects upon mean arterial bi-od pressurz or heart rate 1n consciovus male
Sprague-Dawley rats.

Effects on Renal_ Function and Ele-trolvyte Excretion in Fischer 344 Rats:
{Report 2)

A single s.c. dose of 1, 3, 6 U/kr LysPro followed by oral saline caused
an increase in urine electrolyte excretic resulting in elevated osmol excretion
and osmolal cleacance. Rats in all treatment groups maintained serum
alectrolyte {godium) and osmol balance anc thus the sponsor did not consider
thege changes to represent an adverse renal effect.

Gastrointestinal Effects in Mice: (Report 4}
Gastrointestinal motility, as evidenced by charcoal meal transit, was not
affected by s.c. doses up to 3 J/kg in male mice.

Pharmacological Evaluation in Igolated Smooth and Card.ac Muscle Preparations
In vitrc: (Report 5)

Agonist as well as antagcnlft actlvgty was evaluated against standard
agonists at concentrations of 1x10 to 1x10™M {Molar concentrations equivalent
to 5.81 ng/ml to 58.1 ug/ml LysFro.)

LysPro did not significantly contract or relax the guinea pig3 1ileum,
estrogen-primed rat uterus, or rat vasg deferens, nor did it significantly
inhibit or potentiate the twitch height response inrduced by field stimulation
of the rat vas deferens. No 34gn1f1cant effects were seen on the inotropic or
chronotropic activiry of the spon: aneous;y beatlng gu1nea pig atria. The twitch
height response to field stimulation in the guinea pig 1leum was significantly
decreased at concentrations of >1x20 ™.

1x10°M mildly antagonized tre response of the ileum to acetylcholine, the
field-stimulated guinea pig ileum respcnse to angiotensin I, and slightly
antagonized the inotrppic response of the atria to 1sopro*erenol the
chronotropic response of the atria to isoproterenol was not affected. 1x10 M
mi1ldly antagonized the response of the vas deferens to norepinephrine and mildly
potentiated the response of the estrogepn-primed uterus to oxytocin.

Thus, studies with LysPro at <1x10'M did not exhibit agconist activity in
the ileum, atria, estrogen- prxmed uterus, or vas deferens. Only the highest
concentration tested, 1x10°M (10 micromolar} may slightly antagonize
cholinergic, adrenergic, and angiotensin receptors, and may potentiate oxytocic
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receptors. [It is reported that most clinically relevant agents are active in
smooth muscle in vitro at nanomolar concentrations and thus, effects seen at
higher micromoclar concentraticns are not considered clinically relevant. |

Acute Behavioral Effects in Mice: (Report 6)

LysPro did not alter pain thresholds or interfere with autonomic
responsiveness in CD-1 male mice tested with s.c. doses of 0, 0.03, 0.3, and 1
U/kg. Dose dependent reductions were seen in spontaneous ambulatory and non-
ambulatory activity. At the high dose hexobarbital-induced sleep times were
increased and sensorimotor responsiveness decreased. Electroshock or
pentylenetetra. ol evaluation showed no changes in convulsive thresholds. There
was, however, a dose-related trend toward increased seizure thresholds. Body
temperature and neuromuscular function wer= unaffected. [The sponsor reports
that rased on this information, 3 U/kg LysPro may produce sedation or CNS
depression and decrease sensorimotor responsiveness; and that single therapeutic
doses of LysPro would not be expected to adversely affect the other CNS
functions evaluated.]

Studies in the Conscious Female Pig;: {Report 10)

LysPro was compared with a scluble human insulin formuliat .on, Humulin BR
in conscious female pigs. LysPro was more rapidly absorbed from subcutaneous
tissues and waa more rapid acting than the goluble human insulin formulation.
There was a decrease in LysPro arterial concentrations in the last hour of
infusion, possibly indicating an increase in metabolic clearance at this time.
Hepatic removal ¢f LysPro however, remained nearly constant during the infusion.
Except for a decrease in tne intestinal uptake of LysPro, splanchnic handling
of both insulin and LysPro are repcrted to be near-equivalent. Disposal of
glucose by peripheral tissues as well as the splanchnic bed was nearly
equivalent during the infusion of either LysPro or insulin.

The time course of suppression of glucose production in the liver was

similar for both compounds. Removal of insulin or LysPro by the liver,
corregponding to a 50¥% extraction, suggests that the liver is the principal site
of insulin action. However, at the hindlimb muscle, the principal site of

action, the kinetics of LysPro and insulin show a significant deviation. The
action of both substances with respect to glucose remains very similar, hcwever,
human insulin is removed in hindlimb muscle with an extraction rate of ca. 25-
30% (maintained throughout the infusion period! while LysPro shows a lower rate
of removal averaging 10-15% near the beginning of infusion and then rapidly
decreasing to an average uptake near zero. There appears to be a dissociaticen
of insulin actien on glucose removal from its extracticn out of the circulation;
i.e. glucose stimulaced removal by the two compounds is parallel and reaches
a level of ca. 30% in 2 hrs. in the hindlimb while their extraction varics
widely in this muscle.

Comparisons of rates of subcutaneous abgorption in the pig model of three
LysPro formulations differing, slightly in zinc and preservative compositions
showed the formulations to be almost identical and to exhibit more rapid
absorption than the soluble human insulin formulation. Equivalent
biceffectiveness was demonstrated by nearly identical rates of glucecse infusion
ireported to be actual and cumulative) .

In vitro Analysis of Lys{28) Pro(B29) Human Insulin (LY275585) : (Report 9)
Human i1nsulin and LY275585 were equipotent [EDy: 21 + 12 vas 26 + 5.2 pM
respectively (n=3, p=NS}] in terms of potency {81%) at stimulating glucose

transport into isolated human adipocytes. LY2755BS5 was reported not to appear
different than human insulin in binding (differences did exist) to the insulin
receptor in human liver [membranes (potency rel. to Ins 68%) and solubilized
receptor (92%)), skeletal muscle {(63%) and adipocytes (75%) {low numbers
precluded statistical analysis). Comparison of LY275585 and insulin in terms
cf afrfinity for human skeletal muscle IGF-I receptor in a Ssecle experiment
reportedly showed no apparent difference. Both insulins were ca 400-fold less
potent than IGF-I 1tself.
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In vitro analysis - Stimulation of Growth of Human Mammary Ep:ithelial Cells
{HMECs} and Binding to the HMEC IGF-I Receptor: {Report 8)

In vitro studies generally indicated that LysPro was essentially equivalent
to human insulin with respect to insulin receptor binding and glucose transport
into adipocytes. LysPro showed a greater binding affinity to the IGF-I receptor
although this was not manifested in a greater mitogenic effect in a functional-
type assay such as stimulation of growth of human mammary epithelial cells
{HMEC! in culture by insulin and insulin analogs. The EDy, was 16.0 + 3.0 for
human insulin vs 18.6 3 4.0 nM for LY275585 and 4.84 + 0.63 for Asp(Byl
insulin. LY275585 was approximately 1.4 times more potent than insulin, but ca
2.5 x less potent than Asp(B, insulin in terms of binding to the HMEC IGrF-I

receptor. (A 12 mo. toxicity study performed by on Asp (B,)
insulin showed an increased incidence of breast tumors in rats associated with
treatment with Asp(B,) -insulin, but not normal insulin (Drejer, K.,

Diabetes/Metabclism Reviews 8, 259-286, 1992.}.]

ADME Studies: Lilly Research Laboratories. Lot :
Pharmacokinetics, Disposition, and Metabolism of LY275585:

The pharmacokinetics of LY275585 were studied in rats and dogs.

Rats: When Fischer rats were given single s.c.injections of 2 and 4 units/kg
LYZ75585. the peak concentration (C,) of insulin-like immunoreactivity (IRI)
wag 7.07 (at 10 min) and 19.95 nmol/L (at 20 min), respectively. The area under
the plasma concentration curve for 2 U/kg was 4.49 nmol-h/L (AUC,,) and that
for 4 U/kg was 12.3 nmol-h/L (AUCys) . For the leow dose the concentration of
IRl fell from the peak with a half-life of 17.76 min and was below detectable
limits by 150 min after administration. Half-life for the high dosc was 135.0
min. and IRI was below detectable limits at 180 min after injection.

Maximum glucose suppressinn with 2 U/kg was 55% of controls at 45 min (68%
of controls at 10 min), and 53% of controls at 75 min (73% of contrels at 20
min) with the high dose. Plasma glucose returned to control levels by 120 min
for the low dose and by 240 min for the higp dose.

Male Fischer 344 rats vreceived I-Al4-LY275585 {Lot
intravenously {24.4 ng/kg, 1.48 uCi/animal} and the levels and chemical nature
or "PI-radicactivity were determined in plasma, liver and kidney.

Radicactivity was cleared rapidly from the plasma. Compared to ! min post-
injection levels ca 15% of the radiocactivity was present at the 3 min time-
point. Following a rapid distribution phase, plasma radiocactivity was slowly
eliminated over the next 3 hrs. Liver and kidney quickly took up radiocactivity
with peak levels 5 min after injection. For the kidney the per gram of
radivactivity wag 3-4 times highey rhan that of the liver. Both tissues (major
organs involved in the clearance of human insulin) showed a rapid ¢learance with
s10% of peak levels remaining at 3 hrs. -

Radicactivity in liver and kidney was predominantly in the form of "I-
peptides/MIT (monojiodotyrosine) or inorganic iodide. It is reported that the
findings are consistent with'the rapid proteclytic metaktolism of '""I1-LY275585
in the liver and kidney to the ultimate metabolite '"S1-MIT, with subrequent
deiodination to yield &Forganic iodide.

In another study ~I-{Al4)-LY275585 (Lot was given to male
Fischer 344 rats subcutaneouslv {44 ng/kg, 2.09, 2.11 uCi/animal} .
Radicactivity in plasma was detectable 5 min after dosing. Plasma radiocactivity
reached a plateau at %0 min (C,, was 0.94% of dose/ml plasma at 3 hrs.) where

1t remained over the 4 hrs examined.

Trlchloroac$§ic acid (TCA) ..ad silver nitrate were used to examine the
degradation of I-(Al4) -LY275585 to small peptide intermediates and the
subsequent metabolism of these intermediates to inorganic iodide. Anion

exchange was also used to determine metabolic profiles of protein-associated
radicactivity 1n plasma.

However, 1t 1is reportqg that although the data provide insight lnto‘Ehe
rates of catabolism of 'YI-(Al4)-LY275585, the plasma kinetics of ~I-
radivactivity does not accurately represent the kinetics of native LY275585.
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A single daily 2 U/kg (5%.6 ug/Kg) dose of LY275%85 was given
subcutanecusly to male Fischer 344 rats for 7 consecutive days. LY275585 plasma
concentrations were obtained from the rats after a single injection of LY275585
on Days 1, 4, and 7. Plasma insulin-like immunoreactivity (IRI) concentration
was ascertained by

Peak plasma concentrations Days L, 4, and 7 were 5.50, 5.94, and 5.96
nmol/L respectively, after 15 min. The IRI plasma concentration decreased on
these days from the peak level with a ty of 12.7, 15.7, and 18.0 min,
raspectively; IRI levels were below detection after 90 min. AUCs on these days
were 2.79, 3.45, and 3.63 nmol-h/L, respectively. LY275585 did not accumulate
over the time-course of study.

Urine and feces were collected over a 72 hr perjod following subcutaneous
administration of “1-(Al4)-LY275585 (45 ng/kg, 1.57 uCifanimal) to male Fischer
rats. Animals were then sacrificed and residual '“I-(A14)-LY275585 was
determined in whole blood, plasma, lung, thyroid, heart, skin, skeletal muscle
and duodenum.

Urine contained the majority of administered radicactivity [(78.7%) 72.5%
in firstc 24 hrs], with a minor amount in the feces (3.77%). The thyrocid giands
contained the majority of tissue radioactiviecy (3.07%}. Overall recovery of
radicactivity was 87.3%, The majority of urinary radicactivity {(81.3%) was
scluble in 15% trichloroacetic acid indicating an association with small
peptides, and monoicdotyrosine or pregence as free “I-iodide. It is reported
that high levels of radicactivity in CQS thyroid that persist beyond 72 hrs are
consistent with the degradation of ~I-(Al4)-LY275585 to small IJI—peptide
fragments and ultimately inorganic'”Iodide. The process probably represents
uptake of free iodide into the thyroid with subsequent incorporation into
thyroglobulin.

Following s.c. administration of 4 U/kg (119.2 ug/kg) LY27%585 to male
Fischer 344 rats, anion chromatography of plasma at 10 and 45 min showed the
presence of a single immunoreactive peak {239%) with retention characteristics
of LY275585. Recovery of insulin-like immunoreactivity from plasma ranged from
60-70%.

Dogs : Vehicle - Sterile diluent for Humulin BR
1 U/kg (29.8 ug/kg) LY275585 was administered subcutaneously to male beagle
deogs and the plasma concentration was determined by along with

plasma glucose levels.

The IRI peak plasma concentration was 1.70 nmel/L and the (,, was reached
45 min after injecticn. IRI plasma concentrations declined after peak with a
t% of about 1.15 hr. The AUC,, was 3.80 nmol -h/L. At 6 hrs after injection
IRl wasg detectable {0.05 nmol/L) at about the same levels as in untreated
animals,

Plasma glucose was decreased to 73% of controls at 20 min and by 75 min
maximum depression was 66% of control. By 180 min plasma glucose had returned
to control levels.

-

A _i1-Day Blood Lev=l Study in Figcher 344 Rats Civen a single Subcutaneous
Injection of LY¥Y27%585: Lilly Research Laboratories Study R43393. Report 6
May 1954, Lot : Q.A.: Present.

Groups of 30/sex Fischer 344 rats received a single s.c. dose of 0, 20, 200
U/kg LY275585 and blood was collected over & hours (5/sex/time period).

All rats survived and serum concentration showed considerable variability.
LY275585 was rapidly absorbed with maximum serum concentrations being achieved
by ¢.5 hr. Elimination was rapid with a terminal half-life of 0.5 hr. or less.
Compared to males, females had a greater clearance (56.0 vs 34.8 ml/min/kg F vs
M low dose clearance and 29.0 vs 23.5 ml/min/kg F vs M high dose clearance) and
volume of distribution (2.70 wvs 1.36 L/kg F vg M lowv dose and 0.67 vs 0.57 L/kg
F vs M high dose) with the difference being more pronounced for the lower dose.
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However, both sexes had consistent differences in distribution. The ten-fold
increase in dose resulted in increases in (., greater than 10-fold (M;F
combined 210.3 wvs 2535 ng/ml and AUC 266.1 vs 4512 ng-hr/ml). LY275585
disposition was saturated between doses and clearance was reduced by 10% or more
as the dose was 1ncreased.

. Through 2 hours after administration the magnitude and duration of the
decrease in mean blood glucose were similar (ca 50%} for both dose groups
suggesting saturation of the insulin receptor sites. The return of mean blood
glucose to predose values at 4 to 6 hrs. after dosing was delayed (a longer
duration of action! for the 200 U/kg group and remained slighcly below control
values (ca 7%) at 6 hrs.

Acute Toxicity Studies with LysPro;: See also IND Review dtd. 12 Jul 90.
New Formulation with increased m-cresnl preservative. TR 20. Study R3049%3.
Bulk Lot Formulated Lot ) (Each ml contained glycerin, 6

mg; m-cresol, 1.6 mg: phenol, ¢.6% mg; sodium phosphate dibasic, 2 mg in
water for injection. Sterile Diluer.c for Humulin was also used.}
Rat: Fischer 344
Neither Vehicle control nor 10 U/Kg LY275585 s.c. produced any
deaths in s/sex/group. MNo signs of toxicity were observed and thus
no adverse toxicity was associated with the change in formulatioen.
Thus §5.C. - Median Lethal dose = > 10 U/kg

§-Month Subcutaneous Toxicity Study of LY275585 {(Human Insulin Analog)} in

Fischer 344 Rats: Lilly Research Laboratcries., May 1993, Study R157S52.
TR 17. Lot: assume 100 U/wl (Bulx lot . Start: Mar 92.
Q.A. - Present.

Dose: 0, S, 20 U/kg for & months
Vehicle vol. 2 ml/kg

No. Animals: L1SM;15F per group.
Males 149.0 + 7.5 g Females 113.1 + 5.0 g Age - 7 weeks

Note: Test article decreasaed in pctency by ca. 5% {103.86 1initial - 98.73%
final) throughcut duration of study.
Average dose received ca. 4.6 U/kg and 1%.3 U/kg.

Buffered Vehicle - 16 mg Glycerin, ACS znd 2 mg Sodium Phosphate
Dibasic, ACS per ml in purified water. - Control solution = commercia.ly
available Sterile Diluent for Humulin diluted with vehicle to achieve a
conc. of 0.109 mg phenol/ml.

Reguylts:

One male in each dose group died unrelated to treatment [low dose -
mononuclear cell leukemia; high dose - hypoglycemic shock due to lack of food
{(feeder malfunction) post dose].

Clini~al observations showed no apparent treatment related findings.

Body weight gain 1increased significantly during the first 3 months 1n
treated males (similar to controls at termination) and sporadically throughout
treatment in femaler (increased at termination by 12.5% low and 11.2% high
dose) .

Pocod consumption was statistically significantly increased in high dose
females during the last 3 months of treatment. Mean efficiency of food
utilization was significantly increased during the first 3 months in treated
males of both dcses and sporadically in females cof both doses.

Ophthalmologic exams revealed no treatment-related effects. The incidence
of retinal degenerat:on seen in all groups was less in the high dose group.

Hematological examination revealed several statistically signiticant
findings, however, they were indicated as not being apparently treatment-related
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changes 3ince the magnitude was negligible, they were not consistent and not in
a dose r'lated pattern.

Clinical chemistry showed cholesterol and/or triglyceride values that were
mildly decreased in both doses of males and/or females (possibly a
pharmacological effect of the compound). OCther changes of a small magnitude
included mildly decreased albumin in high dose females at 3 months. At 6 months
high dose females showed decreased total protein attrikutable to decreased
albumin {ca.0.9 fold) and globulin (ca. 0.9 fold). AST and ALT were minimally
decreased (ca 0.8 and 0.7 fold, respectively i1in low and high dose males and
females. Total bilirubin was mildly decreased (ca. 0.7 fold) at 3 and & months
in high dose males. CPK which showed a dose related reduction in females (high
doge significant) at 91 days and a dose related increase in males (high dose
significant) showed a non significant high dose {only) increase at 6 mos. in
females and males. Other significant changes were reported to be of a small
magnitude and not consistent. [The sponsor indicates that many of the findings
at 3 months in the males were due to artifacts in specimen processing.)

Urinalysis showed no consistent treatment-related changes. The
statistically significant wurinalysig findings were generally of a small
magnitude and not in a dose related patterm.

Organ weights, absolute or relative, showed some statistically significant
changes, however, they wer~ considered by the sponsor to be inconsistent and
reveal no apparent toxicologically impertant changes.

Pathology was reported to show no compound-related gross or microscopic
lesions. However, histologically there were a number of lesions asscciated with
slight grades of severity or associated with aging rats. Incidental lesions
included multi-organ inflammation and congestion, hepatccellular necrosis and
focal cellular atypia, urinary bladder calcul:, hypospermarcgenesis, adrenal
gland vacuolization, colonic nematodiasis. thyreid f£ollicular hyperplasia,
cataract, retinal degeneration and chronic iritis. Possible aging associated
lesiong were present in the kidney (renal tubular cast formation, mineralization
or regeneration, and interstitial inflammation), heart {(small inflammatory or
necrotic foci) and bone marrow /{prominent aggregates of lymphocytes - only in
females) .

Blocd glucose determined ca. 24 hours after the last insulin dose was
within normal range.

l-Year Subcutanecous Toxicity Study of LY275585 in Piacher 344 Rats: Lilly
Research Laboratories. Study RO7792 TR 24. Report dtd. March 1994.

Scudy Dates Jun 92 - Jul 93. Lots (Bulk Lot ;

Lot - 30 May 93 to end}: Q.A.: Present.

Dose: 3, 20, 200 U/kg

No, Animals: 30M;30F per doge group. 35M;35F vehicle controls,
Age 7-8 wka. Males 15%3.0 ¢+ 11.0 g. Females 111.7 + 6.0 g.

Stability: Both Lots were stable thru the live-phase of study. Mean
concentration 98.4%.

NOTE: It is reported that as shown in a blood level study (R43393} doses of 20
and 200 U/kg of LY275585 produced a maximal drop in blocd glucose concentration
of ca. 55%. This changs reportedly only slightly exceeded the drop of 40-50%
1n blood glucose concentration determined in rats given doses up to 3 U/kg
{R24589) and thus doses of LY275585 20 U/kg induced a maximal pharmacological
affect based on blood glucohse depresasion.

Recults:
Inree males and two 200 U/kg females, and cne 20 U/kg male and one contrcl
female died. One high dose died t(hypeglycemic shock!) when a [eeder

malfunctioned and 1t vould not access food after dosing. Of the other four high



HNDA 20 -5/R3 . 8

dose that died one dJdied due to obstruction by a urinary bladder calculus. one
from a pituitary adenoma and no cause cof death was determined for ths remaining
two. A low dose animal had urinary obstruction secondary to bladder calculus
formation and the control rat had a severe gastric ulicer.

Clinical observations were reported as not being treatment-related,

Significant 1ncreases in mean body weight, body weight gain, food
congsumption and efficiency of food ut:ilization (EFU; also for 20 U/kg females)
were seen for both sexes of the high dose. By the end of treatment high dose
body weight gain for males was 11% and that for females 17% greater than
controls. Increases at 20 U/kg were slight (<10%) and not sustained. At the
end of treatment food consumption for the nigh dose was 8% greater than controls
for males and 5% for females. 20 U/kg males had increased fcod consumption the
2nd-5th month which were slight (<4%} ind not sustained. Values for 20 U/kg
females were gimilar to controls. Mean Effi "ency of Food Utilization {EFU) was
significantly increased for both sexes at 2 U/kg and 20 U/kg females. EFU at
termination for the high dose was 4% greater than controls for males and 13% for
females. EFU was increased in 20 U/kg females months 1-11; males at this dose
showed no effect.

Ophthalmoscopic examination revealed no apparent treatment-related ocular
effects based on pretreatment, interim and final examinations.

Hematolcgy on 10 rats/sex/group at ca. the mid-peoint and end of study
revealed no important compound-reiated changes according to the sponsor.
Apparently miner ccmpound-related changes (relative to controls) seen at
termination {some also at 6 mos.) included some increase in mean Hb (ca S%), PCV
(ca 5%), MCV and MCH (ca 5%) mainly in high dose wales, platelet count (ca 16%)
of aigh and low dose maleg and females; and prothrombin time (ca 5%) of high and
low dose females. There were also mean lymphocyte count increases in high dose
males {(ca 22%) an. high and low dose females {(ca 41%).

Clinical chemistry also on 10 rats/sex/group at similar time periods
produced several treatment-related changes reported to be mostly related to
pharmacologic activity. There was a slight increase 1in high decse male and
female mean serum glucose (ca. 35%) and female low and high dose inorganic
phosphorus (14%); slight decreases in low and high dose female serum
triglycerides {(ca. 19%) and low and high dose male and female cholesterol (ca.
22%) ., Various other significant differences were transitory in nature or of a
small magnitude with lack of dose-response or consistency between the sexes.
Thegse 1ncluded decreases in total protein, BUN, total bilirubin, ALT and AST.

Urinalysis at the end and mid-study produced no apparent important
treatment-related changes. Howevar compared to contrels there was a slight
increase 1n mean urine volume of high dose males and females which was
agssociated with a corresponding increase in total excretion of electrolytes in
the females.

Organ weights showed no toxicclogically significant changes as reported by
the sponsor. [t appeared th..t most of the changes in mean organ weights of beth
males and females of the high dose were due to increases in mean body weights
of that group. Relative to body weilghts significant high dose increases
included male adrenals, and female, parathyroids/thyroids and uterus; decreases
included male spleen, testes, and brain and female liver, pituitary and brain.

Necropsy showed a non dose-related enhancement of the degree and incidence
of inflammation at the subcutaneous injection sites compared to contreols (also
had miid inflamcation). The low incidences of mammary gland adenoma and
fibroadenoma noted in this study were reported to be consistent with historical
data from other l-year studies conducted 1in their laboratory with Fischer 344
rats. Male rats showed no significant difference from male control rats with
respect to an increase in tubulcalveolar merphology indicative of an enhanced
endocrine etfect attributed to prolactin. Minimal chronic focal cortical
inflammation of the kidney was increased in females nf both treated groups
compared to controls. The incidence of slight dilation of the uterus showed a
slight dose related 1increase. The 1incidence of slight progressive
cardiomyopathy 1n high dose males was greater than that of controls however,
males and females of all groups including controls had a high incidence of
minimal progressive cardiomyopathy.
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Immunctoxicity determination of anti-LY275585 IgG and IgM levels showed no
statistically significant effects.

1-Year Subcutaneous Study of LY275585 in Beagle Doga: Lilly Research
Laboratories. Study D035%2. TR 22. DPecember 1993. Bulk Lot
Formulated Lot Start: Mar 92. Q.A.: Present.

Dose. 0, 1, 2 U/kg s.c. (controls 0.1 ml/kg sterile di1!l i1ent for Humulin)}

No. Animals: 4M;4F per group. 7-8 months cf age
Males 8.3 + C.7 kg; Females 8.0 + 0.8 kg.
NCTE: Dogs are to be dosed after having eaten a portion »f the food ratien.
Dogs that do not eat will not be dosed on that davy.

Regsuvlis:

There were no deaths.

One control and one 1 U/kg deg were not dosed ounce and 2M;3F dogs were not
dosed 2-9 times.

Clinical signs included taree high dose dogs with one or four occurrences
of hypoglycemia, characterized by hypcactivity and lateral recumbency which
required clinical intervention of dextrose administration. Other hypoglycemic
observations included emesis, tremors, and hyperactivity. Low dose dogs did not
have any incidents ¢f hypoglycemia requiring food supplementation or dextrose
administration. The incidence and frequency of abnormal stools was low being
seen in 1M;1F low dose and 3M;1F high dose. Other findings frequently noted ir
dog colonies were not reported to be treatment related.

Compared to controls, body weights of the 1 and 2 U/kg males and 1 U/kg
females were increased during the last 6 months. [Due to low number of animals
and high variability the increase was not statistically significant.]

Fccd consumption which fluctuated due to manipulations to prevent
hypoglycemia, was reported to show no treatment-related changes.

Terminal physical examinations reportedly showed no treatment related
clinical findings.

No apparent compound-related ocular effects were found.

Electrocardicgrarns showed a modest increase in HR 2 hrs. after dosing in
both groups (Low Dose Non-Sig.) on Day 184 and 0.5 and 2 hrs. after dosing on
D y 366 in the 2 U/kg group. [Hypoglycemia, is reported to produce an increase
i, circulating levels of catecholamines {Liang et _al., JClin. Invest. 69, 1321-
1336, 1982).]) Non-significant incrsases were seen in dosed animals at various
other time periods. QTc intervals (combined sexes) showed some increases over
controls 2 hrs. after injection of 2 U/kg on Days 268 and 365 (females also Day
183 and in general greater than males). The changes in QTc interval were
associated with T wave morphology alterations which were reported to be likely
due to effects known to occur during insulin-induced hypeoglycemia {Mudge and
Weiner in Goodman and Gilman’'s The Pharmacological Basis of Therapeutics, 8th
ed. pp. 682-707, 19%0.].

Hematclogy showed no apparent treatment related findings. The few
statistically significant findings appeared to be sporadic. Bone marrow Smears
prepared at the end of treatment were not evaluated due to the lack of
hematological findings.

Clinical Chemistry included serial evaluations of blood glucose which
showed moderate dose-related decreases by 15 minutes postinjection. In general
decreases of che 1 U/kg group were ca 35%Y and for the 2 U/kg group ca. 47%.
Both dose groups showed further blood gluceuse decreases by 1 and 2 hrs afterx
dosing after which they began to rise beina comparable to pretreatment Vvalues
by $ hrs in the 1 U/kg group. For the 2 U/kg group recovery was slower and by
6 hrs after dosing values cccasicnally remained below pretreatment values (ca
25%). Cbserved changes in blood glucose lowering after 1 month were fairly
congistent throughout the dosing period. Additicnal treatment-related changes,
compared to control and pretreatment, included slight increases .n mean serum
cholesters]l and triglycerides at the end of treatment. Compared to controls K’
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levels showed no statistically significant changes.

Urinalysis revealed no apparent treatment related changes.

Organ weights were variable vithout any apparent treatment velated effects,

Necropsy and microscopic examination did nci reveal anv apparent treatment
related findings.

Reproduction Studies:

Male Fertility Study of LY27558%5 Aadminjstered Subcutanecusly to Fischer 3144
Rats: Lilly Research Laboratories. Study R2119%2. TR 18 dtd Aug 93.

Lot: Bulk Formulated Live Phase of Study R21192: Aug-Sep 92.
Q.A.: Present.

Male Fischer 3144/Tac rats were given daily subcutaneous injections of «,
5, or 20 units LY275585/kg a8 part of a 6-month chronic study {R15792 above) .
LY275585 was given tc 15 male rats/group for about 5 months prior to and during
cohabitation with sexually receptive untreated Fischer 344 female rats. At rhe
time of mating females were ca 13 weeks of age and weigrted 147.8 + 9.0 g
{mean+SD) ., Females were killed 13 days after separation irom the males for
study of reproductive parameters.

Fifteen control, 14 sach low and high rlose males alive after 5 months of
treatment were cochabited with untreated females. 3, 0, and 3 males (ccntrol-
high deose) failed to mate during the first overnight cohabitation and were each
eohabited with a second female. One male of the high dose group mated with the
second female. Mating indices were 80 (12/15), 100 and 86 {12/14)% contrel thru
high dose and fertility indices were 83 (10/12), 100 and 100% for males control

thru high dose. No significant differences were noted in pre- and post
implantation losses, numbers of corpora lutea, implantations, or dead
implantations (early resorptions). However, although not reported as

gignificant the low doge preimplantation loss and high dose post implantation
loss were greater than that of controls.

There were no significant differences reported for testicular or prostate
weights and there were no microscopic testicular changes indicative of a
treatment-related effect on spu=rm preduction.

The reproductive perfo.mance no-effect level was given as 20 units/kg/day
fer male rats.

A 6-Month Fertility, Perinatal, and Postnatal Study, Including Behavioral and

Reproductive Assesgsment of the F Generation, in CD Rats Administered LY275585
by Subcutanecus Inijection: Lilly Research Laboratories. Studies R36492,

R365%2, R36692, R37392. TR 23. dtd. Feb 24. Lot: Q.A.: Present,

Effects on reproductive performance of F, CD rats [Crl:CD (SD) Charles
River! and on the development, behavior, and reproductive performance of their
F, offspring were evaluated in rats givem 0, 1, 5, or 20 U/kg LY275585 (1
ml/kgt .

Male rats (20/group) were treated beginning 2 weeks prior to cchabitation
and throughout the mating period (R36492).

Females (20/group) in the delivery component (R36592) were treated 2-weeks
prior to a maximum 2-week cohabitation period with males throughout Postpartum
Day 20. Dams were permitted to deliver and maintain their young thirough a 21-
day lactation period.

Females (20/group) in the teratology component (R36692) were treated 2
weeks prior to cohabitation through Gestation Day 19 and killed on Day 20.

After weaning 1 pup/sex/litter was assigned to the F, generation (R37392..
The F, generation 0, 1, 5, 20 U/kg treatment-derived groups consisted ot 20, 18,
15 and 17 rats/sex, respectively. They received no treatment. Behavicral
testing (2)-60 days) was conducted and a reproduction trial was conducted.
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F, dams were allowed to deliver and maintain F, progeny through Postpartum
Day 1. F, were necropsied at ca. 18 weeks of age.

Results:

F, Deaths - 1 male and four 20 U/kg females and one 5 U/kg F died with the
causative factor appearing to be hypoglycemia.

Fy, - 8light :increases in beoidy weights, body weight gains and/or food
consumption were noted in high dose males throughout treatment and during
pretreatment for females of the teratology porticn of study. No alterations of
these parameters were seen for females in either study segment. Compared to
controls, dams from all treated groups gained less weight and showed reduced
efficiency of food utilization during the first week postpartum, however, during
the lactation period there were no significant changes in body weights or food
consumpticn.

F, mating and fertility were not affected by treatment. Males showed signs
of mating and fertil.ity with at least one female. The slightly lengthened mean
gestation lengths for treated females were not considered toc be biologically
relevant by the sponsor. Live birth index, litter size (slightly smaller than
controls for 1 and 5 U/kg groups), offspring growth and survival to Postpartum
Day 21 were not effected by treatment.

Treatment during the teratology portion showed little or no effect on
implantations (per dam increase in the high dese), live litter size or
resorption rates. The apparent preimplantation loss at 1 and 5 U/kg were not
statistically significant and were reported to be due to individual animal
increases. Effects that may have been treatment related suggesting a marginal
effect on in utero growth were decreased fetal body weights (ca 7%) and
increased incidence of fetal runts/litter in the high dose group.

There was no teratogenicity.

All F, rats survived to termination. F, efficacy of food ucilization
decreased during the growth phase in 5 and 20 U/kg males and 5 and 20 U/kg
females weighed less during the beginning of the grswth phase. High dose rats
were more reactive than <ontrols in the startle test (hyperreactive to eliciting

auditery stimulil. No effects were seen on mating, fertility, or reproductive
end-points such as gestation leagth, live birth index, litter size, progeny
survival, progeny body weight, and percent males. F, rats had no apparent

treatment-related lesions.
According to vhe sponsor, 5 U/kg/day was considered to be a no-adverse-
effect level for developmental toxicity.

Subcutaneous Teratology Study of LY275585 in New Zealand White Rabbits; Lilly
Regsearch Laboratories. Study B007%3. TR 2z5. dtd. April 1994. Lot:

Bulk Lot Q.A.: Present. Study Dates: Nov-Dec 1993.

Dose Determinations: Reported that dose selection was based on two preliminary
studies. In nonpregnant rabbits (Study B07192) single, s.c. doses of 0.5 and
0.75 G/Kg LY275585 produced ca 5% and 68% reductions in serum glucose
concentrations, respectively. A pilot study in pregnant rabbits (Study
B02893) at doses of 0, 0.13, 0.25 and 0.5 U/kg gestation Days 6-18 produced
serum gluccse concentration depressions of ca 40-44% in all treated groups.
There was a dose related normalization of glucose response with treatment
groups returning to contreol levels by 6 hours after dosing. There were no
adverse aeffects on maternal body weight gain, fcood consumption or fetal
viability, weight or external morphology.

0, 0.1, 0.25, 0.75 U/kg/day LY275585 were administered subcutanecusly in
Ster:le Diluent for Humuiin 3R at a volume of 0.1 mi/kg to 20 female New Zealand
white rabbits per group Days 7-19 of gestation. To minimize vrisk cf
hypoglycemic shock, food availability was modified so that food was available
Days 0-19 from at least 1 hr. prior to dosing until at least & hrs. after
dusing. Days 20-27 food was available ad libitum. Sacrifice was on Day 28.
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There were no deaths or clinical signs of toxicity reported.
17, 16, 17 and 18 (85, BO, 85, 90%) pregnant rabbits (control thru high dose}
were examined on Gestation Day 28.

Although LY275585 reportedly did not adversely affect body weight, body
weight gain or food consumption, marginal increases in body weight gain and food
consumption occurring in the 0.25 and 0.75 U/kg groups were repcrted to appear
to be compensatory and consistent with the pharmacologic eftects of insulins.

Treatment groups showed similar values for corpora lutea, implantations and
percent preimplantation loss (the early resorntions per litter were slightly
greater for the two higher dose groups).

LY275585 did not adversely affect fetal viability, fetal weight, sex
ratios, incidence of fetal runts (number per litte: slightly greater for the low
and high dose groups!, or morphology. However, fetuses with variations per
litter were slightly greater for treated than for controls. Variations included
some increases in mid and high dose extra or rudimentary ribs and incomplete
ngsification at the high dose. Deviaticons for the high dose included an
increased incidence of bipartite sternebra and incomplete ossification cf the
pelvic girdle.

Treated showed no increase in malformations over that of controls.

The sponsor reports the NOAEL for LY275585 in this study to be ©.75 U/kg,
the highest dose tested; the LOAEL for developmental toxicity was not
determined.

Mutagenicity Studies:

The Effect of LY¥275585 on the Induction of PReverse Mutaticons in Salmonella
Typhimurium and Escherichia Coli Using the Ames Test: Lilly Research
Laboratcories. Study 911112AMS324%. TR 10. dtd. Jan 1592. Initiation: Nov
%1. Lot: Q.A.: Present.

Salmonella typhimurium scrains TA1535, TA1537, TAS9 and TAlO00; anc
Escherichia coli strain WP2uvrA were tested with and without metabolic
activation using an 59 fraction prepared from the livers of Aroclor 1254-induced
rats according to the method of Ames, et al. N-ethyl-N’-nitro-N-nitroso-
guanidine (ENNG), 2-nitrofluorene {(2NF}, and 9-aminoacridine (9AmAc) served asg
positive controls for the nonactivated assay, and 2-aminocanthracene {2AA) served
as the positive control for the activated assay.

LY275585 treatment did not result in the induction of §. typhimurium and
E. coli revertants when tested at concentraticns of 312.5, 625, 1250, 2500, and
5000 ug/plate in either nonactivated or activated tests and thus it was
concluded that LY275585 was rnot mutagenic in the Ames Salmonella/E.coli
microsome test for bacterial mutation.

Effect of LY275585 on the . Induction of Reverse Mutations in Salmonella
typhimurium and Escherichia "coli Using the Ames Test: Lilly Research
Laboratories. Studv 930713AMS3249. TR 21. dtd. Oct 1993, Initiated Jul
1953, Lot: Q.A.: Present.

This study appears ro be a repeat of Study 211112AMS3249, TR 10 above using
a different lot of LY275585.

Concentrations rangerd from 312.5 to 5000 ug/plate as in the previous study.
and it was concluded that LY275585 was 1ot mutagenic 1in the Ames
Salmonella/E.coli microsome test for bacterial mutation.




NDA 20-563 p. 13

The Effect of LY2755B5 on the Induction of Forward Mutation at the Thymidine
Kinase Locus of L5178Y Mouse Lymphoma Cells: Lilly Research Laboratories.
Study 920311MLA3249. TR 11. dtd. Sep 1982. Initiated Mar 1992.

Lot: Q.A.: Present.

The L5178Y TK' mouse lymphoma cell assay was used to test the potenrial
of LY275585 to induce mammalian cell mutation. This test was carried out both
with and without metabolic activation using an $9 liver fraction from Arcclor
1254-treated rats. Positive controls were ethylmethane sulfonate {(EMS) for the
nonactivated and 3-methylcholanthrene [(3MC) for the activated assay.

Treatment with LY275585 did not induce mutation at concentrations ranging
from 10, 2%, 50, 100, 259, 500, 750, and 1000 ug/ml with or without metabolic
acrtivation. No concentration-dependent cytotoxiC response was observed ang
slight variations in mutation frequency noted in LY275585-treated cultures were
similar to those of the controls and were not concentration-dependent.

Thus, the conclusion was that LY275585 1s not mutagenic in L5170¢ mouse
tymphoma cells with or without metabelic activation.

The Effect of LY27%585 on the In Vitro Induction of Chromoscome Aberrations in
Chinese Hamster Ovary Cells: Lilly Research Laboratories. Study 520624CAB32453.
TR 13. ded. Dec 199%92. Initiated Jun 18992. Lot : Q.A.: Present.

Chinese hamster ovary (CHO) cells were used to investigate the potential
of LY275585 to induce chromosome aberrations. This test was carried out Lboth
with and without metabolic activation using an 59 livzr fraction from Aroclor
1254-treated rats. CHO cells were exposed for 4 hours to concentrations of
1000, 1560, or 2000 ug/ml LY275585 with and without metabolic activation
followed by evaluation of chromosomal aberrations. The positive control in the
nonactivated asgsay was Mitomycin C and that for the activated assay was

cyclophosphamide.
There was no increase in chromosomal aberraticns with or without metabolic
acrivation following treatment with LY275585. Thus the conclusion was that

LY275585 does not induce chromosomal aberrations in vitro in Chinese hamster
ovary cells.

The Effect of a Single Subcutaneous Injectien of L¥275585 on the Induction of
Micronuclei in Bone !larrow of ICR Mice: Lilly Research Laboratcries. Study
920316MNT3249. TR 12. dtd. Sep 18%2. Bulk Lot: Q.A.: Present.

Male and female mice (5/sex} ca 7 weeks of age received a single
subcutaneous injection of either vehicle or 2.5, 5.0 or 10.0 U/kg LY275585 (vol.
10 ml/kg}, or the positive control, 25 mg/kg of the promutagen cyclophosphamide.
Bone marrow was collected ca 24, 48, and 72 hours after LY275585 treatment (24
hrs. only for cyclophosphamide) and the frequency of micronucleated
polychromitic erythrocytes was determined. The incidence of micronucleated
polychromatic erythrocytes (MPCE) of LY2755B5 treated and control werz not
different. The test system was sensitive to a chemical c¢lastogen as indicated
by the pesitive control.

The conclusion was that LY275585 did not induce micronuclei in vivo in bone
marrow of ICR mice; it was not clastogenic and did not interact with the mitotic
spindle.
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Hyperimmunogenicity Study With L¥275585 Administered Intramuscularly in Freund's
Adijuvant to Rhesus Monkeys for 6 Weeks. Lilly Research Laboratories. S+tudies
PO369%2 (Treatment Jul-Sep 199%2) and P0149%3 (Treatment Apr %3)}). TR 19.

Lot: - RS50118; LY04100! - RS50133; Cpd 165744 - RS0100. Q A.: Preseut
Study P036%2 - Intramuscular - 52 Days: P01493 - Intravencus challenge - 2
Days ifor IgE antibody). ([Reported that since the primary structure of monkey

insulin 1s i1dentical to that of human insulin, the inferences made in this study
should be directly applicable to man.]

Male rhesus monkeys {4 per grouvp) were used tc investiqgate the development
of insulin antibedies after weekly immunlzatiocn in Freund's adjuvant with 1}
LY27S585, 2) LY041001l, biosynthetic human insulin and 3) compound 165744,
purified porcine insulin.

Mcnkeys were l1mmunized over a 6-week period with increasing doses of

insulin, ranging £from 10 to 100 ug/monkey. Serum collected prior ¢to
immunization and 5, 10 and 16 days after the final immunization was analyzed for
IgG insulin antibodies. Prior to immunization serum and serum 10 days after

final immunization were analyzed for IgE {class associated with allergy} insulin
antibodies. (IgG antibody was detected in one LY275585 monkey pretreatment. It
developed a higher antibody titer which reached a peak of 20.0 pg/ml 5 days
after final immunization (this concentration of antibody was 20 to 100-fold
lower than that reached with other proteins using an identical protocol}. Other
monkeys did not show any insulin antibody responses, [Two LY041C01 and one
165744 monkeys exhibited hypoglycemia and unconsciousness Test Day 29 and were
revived with dextrose scolution.]

No IgE antibodies were detected in any of the monkeys.

The conclusion is that according to this study all three insulin forms
have an extcremely weak immunogenic potential in rhesus monkeys.

Literature:
Several volumes of reprints and abstracts were submitted with this NDA.
Few of the articles were specific for LysPro. The maicrity of articles and

abstracts concerned the physiclogy, pharmacology and toxicology of insulin and
other analogs as well as various preclinical test methods, principles and
rechnigues of teratology and statistical principles, methods and analysis. Also
covered were varicus effects of insulin i normal and diabetic subjects.

Labeling: See Comment Section below.

Jomments and Conv'usion:

Humalog (LysPro), which is preduced by means of a strain of Escherichia
<oli bacteria that has been genetically altered, is structurally similar to
natural insulin with the excéption that the amino acids at B, (Pro) and By
(Lys) in the C-terminal portion of the B-chain of insulin are inverted to Lys
By, Pro By 11 Humaloeg.

The C-terminal portion of the B-chains of both insulin and IGF-I have
considerable related structural homology and similar hydrophobic character. The
cone key difference is at B, , where the Pro-Lys sequence of inaulin is Lys-Pro
in the like region of IGF-I. Since IGF-I does nct self-associate, the sponsor
reasoned that by inverting the sequence of reqular insulin from Pro-Lys to Lys-
Pro the self-association characteristics of insulin might be more like those of
IGF-I and thus provide a monomeric-type of insulin that would provide an ultra-
fast time acticn. (Commercial formulation insulin exists in a hexameric state
in solution, which delays onset of hypoglycemic action. After s.cC.
administration reguiar insulin undergoes a process of dissociation to form
dimers and monomers, so as to be able to diffuse through capillary membranes
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towards the circulatory flow.} Thus, the rate of absorption of “moncmeric”
LysPro (also less readily joined to a zing ion) from subcutaneous injection
sites is greater than that of regular human insulin. By producing more rapid
and higher serum insulin concentraticis with a shorter duration of activity, a
rapid acting analog should decrease glucose excursion during and after meals and
improve glucose control with less chance for late hypoglycemia. [The time
course of action of any insulin, however, may vary considerably in different
individuals or at different times in the same individual. As with all insulin
preparations, the duration of action of Humalog is dependent on dose, site of
injection, blood supply, temperature, and physical activity.]

The pharmacokinetic and pharmacodynamic profiles of LysPro point towards
a mcre rapid acting, and therefore a more physiological mealtime insulin, than

regular insulin. Initial clinical pharmaccleogy studies reported the onset of
activity of LysPro te be within 15 minutes of administration; that for regular
buman insulin is 30 to 4% minutes. LysPro serum levels peak at about 1 hr.

compared to 2-3 hrs. for regular human insulin. LysPro pharmacokinetics showed
a duration of action ca. 3.5 to 4.5 hrs. compared to ca. 5.5 to 7.5 hrs. for
regular insulin. It is reported that clinical pharmacology studies in patients
with type I and type II diabetes showed that cptimal glycemic control can be
obtainea with LysPro administered 0-15 min before a meal vs 30-45 minutes for
regular human insulin.

In general LysPro appears to be biologically equivalent to standard human
insulin with regard to its hypoglycemic activity in animals. LysPro appears to
be equivalent to insulin in several in vitro tests including insulin receptor
binding in cultured lymphocytes, glucose transport in adipocytes and for IGF-I
receptors in porcine zortic smooth muscle cells. In vitre studies showed LysPro
te be egquipotent in terms of binding to the human placental {(92%) and IM9
lymphocyte (106%) insulin receptor and in stimulating e glucose uptake into
rat adipocytes.

LysPro was about 1.5x more potent than insulin at binding to the placental
IGF-1 receptor, and about 4x meore potent at binding to the placental-IGF
receptor and also more potent at stimulating [H) thymidine incorporation into
human vascular smooth muscle cells. [According to C. Reviriego and E. Bolanos
{Endocrinologia, Vol. 41, No. 9, 1994}, the affinity of LysPro for the receplor
of IGF-I1 in human bp.acental membranes is significantly lower than IGF-1I and
AspBLO )

The greater binding affinity for the IGF-I receptor by LysPro was not
manifested in a greater mitogenic effect in a functional-type assay such as
stimulaticn of growth of human mammary epithelial cells in culture.

Additional studies conducted under limited circumstances !low receptor or
n-numbers) which did not receive a £ormal review showed insulin receptor
preparations derived from human liver, human skeletal muscle, and human adipose
tissue to have binding from 63-92% relative to human ingulin.

Preclinically there appears to be a dissociation of insulin action o©on

gluccse removal from its extraction cut of the circulation; 1i.e. glucose
stimulated removal by the two compounds in the hindlimb muscle of pigs 1is
equivalent, while their extraction varies widely in this muscle. The

significance of this finding is uncertain.

Pharmacckinetics were investigated in rats and dogs (See p. 4). For rats
the half-life following single s.c. injections of LY275585 of 2 and 4 U/kg was
ca. 18 and 19 min with a Cp, of 7.07 and 19.9 nmol/L and T, of 10 and 20 min
respectively. Maximum glucose suppression was reached at ca. 45 and 75 min for
the two doses., LY275585 did not show accumulation following 7 days continuous
dosing 1n the rat.

When larger doses {20, 200 U/kg) were given to rats, elimination was rapid
with a rerminal half-life of ca 1/2 hr. Females had a greater clearance and
volume of distribution than males with the difference being more pronounced for
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the lower dose. The ten-fold increase in dose resulted in C,, increases greater
than 10 fold. LY2755%8S dispesition was saturated between doses and clearance
was reduced by 310% or more as the deose was Lncreased, For 2 hours after
administration the magnitude and duration of the decrease in mean bloocd glucose
were similar for both dose groups suggesting saturation of the insulin receptor
sites., The higher dose had a longer duration of action.

Following a 1 U/kg s.c. dose 1in dogs the tl4 was 1.1% hrs. with a C of
1.70 nmel/L seen at 45 minutes. Maximum glucose suppression was seen at 1,15
hours.

The drug was rapidly cleared from plasma and degraded into small peptide
fragments in beoth rats and dogs.

Plasma kinetic prof:.les with ®I-LY275585 for the rat are reported ta not
accurately represent the kinetics of native LY275585.

Acute toxicity studies produced ne deaths or signs of toxiclty when male
and female rats were given a single i1.v., or s.c. deose of 10 U/kg LysPro. Dogs
tolerated a single :.v. dose of 0.1 U/kg or a single s.c. deose of 2.0 U/kg.
These doses, considered vto be maximally tolerated doses, decreased blood glucose
ca. 50% without causing significant signs of toxicity.

The maximum tolerated dose of LysPro (3.0 U/kg reported as based on
depression of blood glucose concentrations in a pilot study) administered s.c.
to rats daily for 1 menth caused no apparent biologically important changes.

2.0 U/kg LysPro, reported to cause approximately a 50% reduction in glucose
levels in dogs in a pilot study, was considered the maximum tolerated dose for
repeated administration t2 dogs. In the l-month s.¢. dog study transient
changes in T wave morphology, prolongation of the QT incerval and increased
heart rate were slight and considered by the sponser to be the result of
hypoglycemia and lowering cf potassium levels produced by the drug. [However,
at the time of clinical chemistry measurement (pre-test, and Lays 7, 13, 21 and
29) potassiun levels wecse not significantly different from controls.] Effects
possibly associated with bypoglycemia included a slight (significant) increase
over c¢ontrols in heart rates at the 2 hr. time point on Day 29. Slight
prolongations of the QRS duration {(maximum 9% at 10 min) and Q-T, interval
{maximum 10% at 5 min) as related in the Pharmacology section of the IND
review were reported to have been previously cbserved following Humulin R. {See
also next page of this review regarding effects in 1 yzar dog study.)

When rats were given C, S, 20 U/kg s.c. tor 6 months, body weight gains
were increased in males and females at both doses anc food was increased in high
dose females with the efficiency of food utilization being increased in both

sexes at bcth doses. Triglyceride and cholestercl decreases were noted for
males and females of both doses. Various other clinical chemistry values were
variable and of a small magnitude. There were no treatment-related

ophthalmologic findings and blood glucose values 24 hrs. after the last dose
were within normal range. ‘.

The l-year rat s.c. study at doses of 0, 20, 200 U/kg/day again showed
increased boudy weights, body welght gain, food consumption and efficiency
of food utilization for both sexes. Treatment-related changes were mostly
related to pharmacologic activity. Some apparently minoer changes were seen 1in
hematology. Decreases were noted in triglycerides and cholesterol. The slight
increase in glucose of male and female high dose animals at terminaticn (ca 24
hrs after dosing) was attributed by the sponsor to the rebound in glucecse
concentraticn that follows hypoglyrcemia. There was a nondose-related
enhancement of the degree and incidence of inflammation at injection sites.

Increases in body weights, weight gains, food consumption and efficiency
of food utilization appeared to be due to enhanced physiological/pharmacological
eff{acts produced by large, repeated doses of insulin with respect to promoting
fatty acid synthesis, storage of triglycerides 1n adipose tissue and protein
synthesis,
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Because the development, function, and morphology of the mammary glands are
influenced by the endocrine system and in view cf the fact that dose dependent
mammary gland fibroadenomas and adenocarcinomas had developed with the rapid-
acting insulin AspB, ., mammary glands were examined
periodically for alterations in size ard development of nodules as well as
receiving multiple section histolegical examination. LY275585 did not influence
the incidence of mammary neoplasms. In addition there were no morrhologic
changes 1in the mammary gland indicative of an enhanced prolactin endocrine
effect.

Although the incidence of slight cardiomyopathy was slightly increased 1in
high dose males, males and females of all groups including controls had a high
incidence of minimal progressive cardiomycpathy.

No significant antibody levels were detected when serum was analyzed for
the presence of specific IgG or IgM antibodies focusa2d towards LY275585.

There were no apparent ocular effects.

Dogs received 0, 1, 2 U/kg LY275585 ¢.c. for 1 year. Blood glucose was

decreased (also occcurrences of hypoglycemia) in both males and females at 2
U/kg, triglyceride and cholesterol were increased and there was an increase in
heart rate and T wave alteraticon. Heart rate alterations may have been affected
by hypoglycemia which is reported to produce an increase in circulating levels
of catecholamines (Liang et al., JClin. Invest. 6%, 1321-1336, 1982).
In addition it is reported [Mudge and Weliner in Goodman and Gilman‘'s The
Pharmacolcgical Basis of Therapeutics, 8th ed. pp. 682-707, 1990.) that changes
in QTc interval associated with T wave morpholegy alterations may occur
following insulin administration. These initially healty dogs showed no
significant changes in potassium measurements.

Further insight into this area will have to rely cn clinical data.

No apparent compound related ocular effects were found.

When male rats were given daily s.c. doses of 0, 5, or 20 Units {(as part
of the 6 mo. chronic study) and mated with untreated females tha reproductive
performance no-effect level was given as 20 U/kg/day.

Effects on reproductive performance of F; rats and cn the develooment,
behavior, and reprcductive performance of their ¥, offspring were studied in M
& F rats given O, 1, %, or 20 U/kg LY275585. The few parenteral deaths were
ateributed to hypoglycemia and some effects were seen on bady weights and food
consumprion. F, mating and fertility were not affected by treatment and there
wag no teratagenicity. All F, rats survived to terminaticon with no apparent
treatment-related lesions, however, high dose rats were more reactive than
controls in the startle test {(hyperreactive to eliciting auditory stimulz:i).
Mating and reproductive end-points did not seem to be affected. According to
the sponsor, § U/kg/day was considered to be a no-adverse-effect level for
develcpmental toxicity.

Doses of 0, 0.1, 0.25, 0.75 U/kg/day in the rabbit teratolegy study (based
on production of ca 55% and 6BY¥ reductions in serum gluccse with doses of 0.5
and 0.75 U/kg LY275585, respentively} showed no increase in malformations over
that of controls.

LY27558% was not mutagenic as tested in a number of mutagenicity tests
including: Ames Salmonella/E. coli microsome tests; Induction of forward
mutation at the thymidine kinase locus of LB178Y mouse lymphoma cells; In vitro
induction of chromosome aberrations in Chinese hamster ovary cells; or Induction
of micronuclei in bone marrow of ICR mice; and Induction of unscheduled DNA
synthesis in primaiy cultures cof adult rat hepatocytes.

Accor ling to the hyperimmunogenicity study with LY275585, biosynthetic
human ins..in and poercine ingulin, all three insulin forms have an extremely
weak 1mmunogenic potential in rhesus monkeys.

Carcinogenicity studies were deemed not necessary for this insulin analog.
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Labeling was developed as Informarion for the Patient in accordance with
21 CFR 429 and 1s very similar to that approved for Humclin R (insulin human
injection, USP [recombinant DNA origin}), El1 Lilly and Company (NDA 18-780).

Wwe recommend Physician labeling - to be worked out among the various
disciplines.

Pharmacology r=commends approval of Humalog (insulin lispro} for control
of blood glucose; treatment of diabetes mellitus however, we suggest Physician
rather than Patlent lebeling.

/

Z'_l

cPavid H. He?ﬁig
Pharmacologist

cC:

Original NDA 20-563; IND
HFD- 24 JDeCGeorge

HFD- 345
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HFD-510 DHertig



Clinical Pharmacology & Biopharmaceutics Review

NDA: 20-563
insulin lispro {100 U/mL)
(Humalog’} FEB 22 95
i
Submisson Date: 3/13/95
9/6/95
10/23/95
12/18/95
Sponsor: Eli Lilly

Indianapolis, IN
Type of Submission: New Drug Application (15-NME)
Reviewaer: idichael J. Fossler, Pharm. D., Ph. D.

Synopsis

Eii Lilly has submitted NDA 20-563 for insulin lispro, an analog of human
insulin. The proposed indication is for the treatment of cdiabetes mellitus. Insulin
lispro (Humalog) has a quick onset of action and a short duration of activity, and is
intended to be given within 15 minutes of a meal.

Most of the studies submitted to the pharmacokinetics portion of the NDA
were performed in normal volunteers. The absolute bioavailability after
subcutaneous injection ranges from 55-77%. In normat volunteers, subcutaneous
injections of insulin lispro are absorbed more quickly than reguiar human insulin.
Zinc (added to enhance stability) does tend o attenuate the rate of absorption of
insulin lispro, but it is still absorbed faster than regular human insulin. The to-be-
marketed formulation was shown to be bioequivalent 1o the clinical trials
formulation in 16 normal male volunteers. Mixing insulin lispro with NPH insulin
significantly reduces the rate but not the extent of absorption, but it appears that
uitralente has no effect on either rate or extent. Insulin lispro 1s absorbed faster
than regular human insulin at all of the usual insulin injection sites (abdomen,
thigh, deltoid).

The pharmacokinetics and pharmacodynamics of insulin lispro were studied
in 18 normal valunteers using a partial crossover design. After intravenous
administration, the clearance of insulin lispro is identical to human insulin. In
addition the kinetics of both compounds is non-linear with dose, as clearance
drops by 50% as the dose is increased from 0.1 U/kg to 0.2 U/kg. After sC



Non-linearity is also seen after subcutaneous injection. Using the glucose infusion
rate as a pharmacodynamic measure in subjects on a glucose clamp, onset of
action was slightly faster and duration of action shorter with insulin lispro as
compared with regular insulin.

One PK/PD study was performed in 10 Type | diabetic patients. The
patients were dosed with either regular insulin or insulin lispro before a
standardized test meal high in carbohydrates. Concentrations of insulin and biood
glucose were measured over time. Insulin lispro peaked higher and earlier than
regular insulin and significantly attenuated the post-prandial glucose peak as
compared with regular insulin,

No metabolism or drug interaction studies were performed. Non-diabetic
patients with varying degrees of renal failure showed no significant decrease in the
clearance of insulin lispro. A population analysis was performed, but due to
analytical and experimental difficuities yielded no useful information on the
pharmacokinetics of insulin lispro in the diabetic population. No information exists
on the effect of age or gender on the pharmacokinetics/pharmacodynamics of
insulin lispro. Although children as ycung as three have been treated with the
compound, no information exists on the disposition or pharmacodynamics of
insulin lispro in the pediatric population.

Recammendatian

The Division of Pharmaceutical Evaluation |l {HFD-870) has reviewed the
NDA 20-563 for insulin lispro and has determined that although the NDA is
adequate for approval, critical information is lacking in the submission. The
additional information necessary could be obtained as Phase |V studies if the
compound is approved for marketing. Please forward the text under X. General
Comments (to be sent to sponsor) to the sponsor as appropriate.
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BRackgrountd

Eli Lilly has submitted NDA 20-563 for insulin lispro, an analog of human
insulin. Insulin lispro (288-L-lysine-29% L-proline insulin {(human)) is identical in
structure to human insulin except that at positions

This reversal allows the compound to exist as 3 monomer in soiution.
This is in contrast to human insulin, which even in solution exists as a mixture of
dimeric and hexameric forms. ~hus the altered compound is absorbed more
rapidly after subcutaneous injection, which may help control post-prandial glucose
leveis.

Insulin lispro is a 2-chain peptid2 containing 51 amino acids. Its molecular
formula, weight and pl {5.8) are identical to those of human insulin.  The primary
stricture is shown in Figure 1.

Figure 1: Primary structure of insulin lispro.

—




Summary af Bioavailability/Pharmacakinetics/Pharmacodynamics
I Bioavailability/Bicequivalence
A. Absoiute Bioavailability

The absolute bioavailability of insulin lispro was found to range between 55-
77% at doses of 0.1-0.2 U/kg. This absolute bioavailability is similar to regular
human insulin, which in the same study was found to have an absolute
bioavailability of 48-89%.

8. Bioequivalence
Effect of Formuliation

Early Phase | studies of insulin lispro used a lyophilized formulation without
zinc. This formulation did not have a practical shelf-life. To determine whether
the addition of Zn?* had a significant effect on the absorption rate of insulin
lispro, a four-way, randomized cross-over trial wes performed in ten young heaithy
males using the giucose clamp technigue 0 maintain euglycemia. Each subject
received either sc insulin lispro, sc insulin lispro with Zn ?*, sc human insulin or
intravenous humarn insuliri. The results are shown in Tatie 1. Although Zn 7*
does atteriuate the rate of absorption (as astimated by Cmax) by 20-40%, the
absorption rate is still significantly ‘aster for insulin lispro than for human insulin.

To enhance stability, the to-te-marketed formulation has a different
preservative system than the clinical formulation, consisting of 3.15 mg/mi m-
cresol. The clinical formuiation had a mixed preservative system consisting of
1.09 mg/ml phenol and 1.25 m-cresol. As both phenol and m-cresol are known to
promoete self-association of insulin, a bioequivalency study was carried out in 16
healthy male volunteers in a randomized crossover study. The dose used was 10
units of either the clinical rormulation or the to-be-marketed formulation. Based on
the two one-sided tests procedure on AUC and Cmax (Tabie 2), the two
formulations are bioequivalent. Figure 2 shows that the mean concentration vs.
time curves are superimposable for the two formulations.



Table 1: Back-transformed means and 90% confidence intervals for the log-ratios
of AUC ;720 mw 3Nd Cmax after administration of 10 units of human insulin and
two formulations of insulin lispro. Mean (90% Cl’s) n=10. Reference formulation
indicated by *.

Lyophilized insulin Zn insulin lispro vs. Zn insulin lispro vs.

lispro vs. regular regular insulin* lyophilized insulin
ingulin® lispro*
(Hg*min/L) {97.0, 123.9) {91.3, 116.6) {83.3, 106.4)
Cmax 215.4 171.1 79.4
(ng/mL} (169.2, 274.2} {134.4, 217.8) (62.4, 101.1)

7able 2: Results of the two one-sided tests procedure comparing the to-be-
mariseted formulfation with the clinical formulation, using the clinical formulation as
the reference. N=16 (Study F3Z-LC-IMAE}

To-be-marketed formuiation vs. Clinical

formulatiog
AUC ;150 min) 103.7 {(99.1, 108.5)
{ng*min/L}
Cmax 103.1 {87.9, 121.1)
{ng/mt}




Figure 2: Insulin plasma concentration vs. time curvas for the clinical and the to-
be-marketed {sales} formulation. The curves are nearly superimposable. Each
point reprasents the mean of 16 subjects.
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As most diabetics also take a long-acting insulin (e.g., NPH or Ultralente) in
addition to a short-acting insulin,many times it is more convenient for the patient
to mix the long and short-acting insulins in the same syringe and inject them
together. To determine whether the quick absorption of insulin lispro is preserved
when mixed with long-acting insulins such as NPH or ultralente, 13 male
volunteers were given insulin lispro along with either NPH or uitralente either as
separate injections or as a single injection. The two insulins were mixed
immediately before the single injection. The results show that mixing with NPH
(but not ultralente) attenuates the rate of absorption {(as measured by Cmax) by
20-50%. The tmax for mixed insulin lispro/NPH is also increased as compared to
separate injections {0.75 hr separate vs 1.27 hr mixed), but the imax for mixed
insulin lispro/ultralente shows little change from the separate injections (0.85 hr
separate vs. 0.73 hr mixed}. These data suggest that insulin lispro should not be

mixed with NPH insulin.




Table 3: Back-transformed means and 90% confidence intervals for the log-ratios
of AUC,y,;n and Cmax after administration of 0.2 units/kg of insufin lispro and
two formulations of long-acting human insulin as separate injections or mixed in
one syringe. Mixing with NPH greatly attenuates the rate of absorption. Mean
(90% Cl) n=13.

Mixed vs. Separate® Mixed vs. Separate**
{(NPH) {Ultralente)
AUC(0-12 hrs) 106 100.1
{90.4, 124.3) {85.3, 117.3)
Cmax 69.9 105.1
(58.8, 83.0) (88.4, 125)

*mean tmax for separsts injection iv 0.75 hr. ve. 1.27 hr. mixed
%% mean tmax for separate injection is ¢.85 hr. vs. 0.73 hr. mixed

Effect of Injection Sites

The subcutaneous site where the dose of insulin is injected has a profound
effect on the rate of its absorption. It is generally accepted that the rete of
absorption of insulin is fastest from the abdomen, intermediate from the arm and is
slowest frorn the thigh. To determine what effect the site of injection has on the
rate of absarption of insulin lispro, a study was performed in 12 heaithy male
volunteers. Each volunteer was given either human insulin or insutin lispro ( 0.2
U/kg) in either the abdominal, deltoid or femoral region in a randomized crossover
fashion. The results (Figure 3) show that insulin lispro is consistently absorbed at
a higher rate than regular human insulin at all three injection sites, with the Cmax
after abdomina! administration about 50% higher than those resuiting after deltoid
or thigh injection.



Figure 3: Serum concentration vs. time profiles for human insulin {HR} and insulin
lispro (LP) after injection of 0.2 U/kg in the alidomen, deltiod, or fernoral regions.
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Il. Pharmacokinatics
Normal Volunteers

The pharmacokinetics of insulin lispro and human insulin after both
intravenous and subcutaneous injections in 18 healthy male volunteers were
studied using a rising single-dose randomized partial-crossover design. Resuits
are shown in Table 4. As shown previously, subcutanecusly administered insulin
lispro is absorbed faster {as shown by increased Cmax and decreased tmax) than
regular human insulin at all four sc doses. Human regular insulin aiso displays a
longer half-life than insulin lispro at all sc doses. This most likely reflects the rate-
limited absorption of human insulin, as intravenous doses of both compounds have
nearly identical half-lives. Clearance values for the intravenous doses of the two



compounds are nearly identical within-dose; however, clearance drops by more
than 50% for both insulins when the dose is increased from 0.1 to 0.2 U/kg.
There is scme evidence as well of nonlinearity at sc doses > 0.2 U/kg for the
subcutaneous administrations of both compounds, as the AUC values increase
more than proportionally with increasing sc dose.

Type | Diabetic Patients

Two studies examined the pharmacokinetics of s¢ insulin lispro and human
insulin in diabetics. The first study (Study {OAJ} was performed in eight Type |
diabetics. Each patient was given 0.15 U/kg of either regular insulin or insuiin
tispro followed by a 600 kcal test meal. Sampies for insulin and glucose
measurements were measured over eight hours. Each treatment was repeated
three times to get a estimate of bath intra- and inter-patient variability. It was
discovered later that all of the subjects had antibodies to insulin, and that one of
the subjects (Subject 8) had very high insulin antibody levels. This patient also
had measured insulin concentrations many times higher than the other, indicating
that the antibodies were interfering with the , which makes the data unreliabie.

Because the insulin antibodies interfere with the cor insulin, the Agency
requested additional data in patients using an appropriate extraction method for
autoantibodies. The firm submitted Study I0AT on 12/18/85. This single-dose,
randomized double-blind crossover study compared the PK/PD of regular insulin
and insulin lispro in 10 C-peptide negative patients after ingestion of a meal high in
carbohydrates. Eac subject was begun on an insulin infusion {0.2mU/kg/min)
which was maintained throughout the study, and served as a "basal” insulin.
Blood glucose was clamped at 120 mg/dL prior to the start of “he study. A
subcutaneous injection of either regular human insulin or insulin lispro was given
immediately before the ingestion of a meal of pizza, Coca-Cota’ , and tirami-su.
The dose of insulin was individualized for each patient, but was kept constant
within-patient across the two arms of the study. Concentrations of blood glucose
and serum insulin' were followed for 8 hours post-injection.

The results are shown in Table € and Figure 4. The data show that insulin
lispro is absorbed faster (by roughly 45 minutes) than reguiar human insulin in
these patients, as peak concentrations are higher and earlier in the lispro arm.
Both insulins are absorbed to a similar extent, as seen in normal volunteers.

‘The assay used in this study included a which has baen shown to remova
insulin autoantibodias from human serum. This assay was parformed at the clinical study sita.
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Table 4: Pharmacokinetics of human and lispro insulin after subcutaneous and
intravenous administration to healthy male volunteers. Mean (SD,CV%). (Study

IMAC)
Dosa, Type AUC(0-t)* Cmax tmax s CL/F
Route {ng*hr/mt) ing/mL) {hr) thr) {mL/min/kqg)
0.1 U/kg,sc LP 3.90 2.04 0.60 1.27 17.8
in=9) {(1.71, {0.85, (0.1, {0.68, (8.£4, 49.8)
43.9) 41.6) 19.8) 53.6)
HR 3.78 1.23 0.9 2.72 25.0
{n=9} {2.41, {0.59, {0.52. (2.0, 73.4) {16.1, 64.3)
63.8) 47.9) 60.0)
0.2 Ulkq sc LP 7.24 3.71 1.0 1.14 17.7
n=9 {2.93, (1.37, {0.31, {0.52, {7.2, 40.6)
40.4) 37.0) 31.0 45.5}
HR 7.98 1.72 1.5 4.4 19.8
n=9) {4.01, (0.9, 52.5} (0.48, (4.8, 110y (9.64, 48.7)
50.3) 32.3)
0.3 U/kg,sc LP 16.1 7.90 0.8 0.87 10.6
{n=23} {2.57, {0.68, 8.7) {0.29, 0.22, {1.77, 15.6i
16.0) 34,6} 24.7)
HR 10.5 2.3 2.1 2.39 225
{n =9} {4.66, {1.12, {1.04, {1.18, (11.3, £0.5)
44 .4) 48.7) 50 8} 49.3}
0.4 U/kg.sc LP 21.8 8.50 1.6 1.52 10.4
in=23} 5.10. {2.53, {0.72, {1.22, (2.22, 21.3)
23.4) 29.7 45.6) 80.4)
HR 21.4 4.43 2.8 2.03 12.3
(n=23) 5.27, (0.52, {1.26, {1.24, {3.8, 30.7)
24.7) "7 44 .4} 61.2)
0.1 Ulkg.iv LP 3.34 na na 0.76 20.3
in=12) (1.2, 36.1) {0.57, {10.9, 53.5;
75.2)
HR 34 na na 0.76 20.6
in=12) (1.4, 40.9; (0.65. 5.6, 27.2)
25.2)
0.2 U/kg.iv LP 13.0 na na 1.04 8.8
(n =G} n=12) {2.99,23.0) {0.63, (2.3, 26.0)
60.8)
HR 14.7 na na 1.43 9.48
{n =6} {4.8, 32.4) {0.8, 56.3) {4.3, 44.9

na-not apphcable

'from time zerg untit insulin concentrations reached basehne fevals
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Table 5: Pharmacokinetic parameters of human insulin and insulin lispro after a
single sc dose in 10 Type |l diabetics. Values in the table ara mean * SD. (Study

IOAT) _
Treatment Cmax *NCmax tmax **AUC(IQ) *NAUC(0-=)
(ng/mL) {ng/mL/U) {hr) {ing®hr/ml) __(ng*hr/mL/U)

Lispro 1.66 £+0.42 0.11 £0.03 1,13 £ 0.29 364 £ 0.88 0.24 + 0.06
(n=10)}

Human 1.07 + 0.3 0.07 =0.03 1.9 £0.46 4.05 +0.75 0.27 £0.05

insulin

{in=10)

p-value ~0.001 <{0.001 <(.001 0.205 0.249
(ANOVA)

*adjusted for dose
* *corrected tor basal insulin infusion

Figure 4: Mean serum insulin concentration after a sc dose of regular human
insulin or insulin lispro in Type [ diabetic patients. Each point represents the mean
of 10 patients.
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. Metabolism

No metabolism studies were performed. It is likely that insulin lispro
undergoes similar metabolism to human insulin.

IV. Daose and Dosage Form Proportionality

The dose of izisulin lispro to be given to each patient must be individualized
based un the :zuent’s current disease state, degree of controi, and other patient-
related variables. Insulin lispro will be marketed in only one strength (100
units/rmiL).

V. Special Populations

Renal

No significant difference in insulin lispto pharmacokinetics was observed
between non-diabetic patients with renal impairment (ranging from slight
impairment to anephric) and normal controis.

Age, Gender, Pediatric

No information on the effect cf age or gender on the
pharmacokinetics/pharmacodynamics of insulin lispro is available. A population
analysis was performed on a large sub-set of the patients used in the clinicai
efticacy trials. The resu!ts of tha analysis showed that clearance of insulin lispro is
reduced in subjects > 69 years of age and that bioavailability is decreased in
hypertensives and smokers. However, the reliability of this analysis is in question
due to several questionable assumptions which had to be made concerning the
absorption and bioavailability of the concomitantly-administered basal insulins. In
addition, there are potential mnalytical difficulties, as no extraction of insulin
antibodies was performed in these patient samples, which can interfere with the
assay.

The compound has been used in patients as young as 3 years old; however,
no information exists on the disposition of insulin lispro in the pediatric population.

Vi. Drug Interactions

No drug interaction studies were performed.
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Vil. Pharmacokinetic/Pharmacodynamic Relationships
Normal Volunteers

The PK/PD of insulin lispro was studied in normal voiunteers using the
glucose clamp procedure. The PD measurement used in all of these studies was
the glucose infusion rate (GIR) required to maintain euglycemia. Table 6 displays a
summary of the data obtained from Study IMAC. From Table &, it is noted that
maximum glucose infusion rate {Rmax) for the insulin lispro is higher and occurs
earlier at all four doses. Onset of action is slightly faster and duration of action
siiahtly shorter for insulin lispro as compared with regular insulin, although these
parameters snow significant variability. Figure 5 shows the the mean GIR curves
over time for the two treatments. From Figure 5, it is noted that, although in
general the G!R curves resulting from insulin lispro administration peak higher and
eariier than those from regular insulin, the differences are not large.

Type | diabetics

Study IOAT was performed in 10 Type | diabetic patients. Each patient was
maintained on a basal insuiin infusion (0.2 mU/kg/min) and serum glucose was
clamped at 120 mg/dL prior to the study.A sc dose of either insulin lispro or
regular human insulin was given, followed immediately by a carbohydrate-rich
meal. Figure 6 shows the mean blood glucose over time curves for the study. It
can be readily seen that insulin lispro attenuates the post-prandial rise in blood
glucose as compared to regular insulin. The seconadary peak seen in the lispro
curve (also seen in most of the individual patient plots) is most likely due to more
slowly-absorbed carbohydrates. The rise in blood sugar at this time in the lispro
group indicates that the sc lispro insulin has been largely eliminated. This
secondary peak is not seen in the regular insulin plot, due to its longer duration of
action.

14



Table 6: Mean pharmacodynamic parameters from 18 healthy males given 0.1-0.4

Urkg insulin lisproe or reqular human insulin and maintained on a glucose clamp.

Values in the table are mean = sd (range). Rmax: maximum glucose infusion rate,
TRmax: time of Rmax (Study IMAC).

Treatmant Dose Rmax TRmax Onsat* Duration**
{mg/min} {min) {min) (min}

Inaulin lispro 0.1 Uikg 539193 93«25 35«10 297 =124
{n=9) {275-846) {45-120) {20-45) {120-485)

0.2 U/kg 748 + 219 146112 3011 353 =183

(n=9) (546-1178} (45-420) {10-45) {180-795)

0.3 Wkg 850+ 108 85=x9 28+3 312 =68

{n=23) {737-951} {75-90) {25-30) {270-290)

0.4 Urkg 843 197 13075 32=12 458 £ 60

in=3) {693-1067) {60-210) {25-45) {395-515)

Regqular 0.1 U/kg 389179 145 £112 39+19 304 = 164
Human in=9) {110-684) {20-350 {10-75) {140-645)
0.2 Ulkg 520 = 203 185 =94 49+18 541 =136

{n=9) {228-7286) 1795-360) {25-75) {275-795)

0.3 U/kg 628 =158 180+51 43:9 312+68

in=9) {428-928} {105-270) {30-60) {270-380})

0.4 U/kg 701 £ 55 195 =65 43+18 627 +93

{n=23} {638-739) (150-270) (25-80) (540-725)

* defined ss the fire? of at lesst J consecutive tirnes that

GIR>10% Rmax.

** defined as the firwt of at laast J consacutive times that
GIR <10% Rmax post-Rmax.
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Figure 5: Mean GIR vs. time plots for 4 doses of insulin 'ispro and reqular human
insulin given to normal male volunteers. For ease of examination, all insulin lispro
markers are solid; all regular insulin markers are clear. (Study IMAC).
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Figure 6: Overall mean blood gluccse levels over time in 10 Type | diabetic
patients given either regular insulip or insulin lispro immaediatly before a
carbohydrate-rich meal. Error bars denote +one standard errov. (Study IOAT)
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Vili. Formulation

The to-be-marketed formulation is listed in Table 7.
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Tabla 7: To-be-marketed formulation of insulin lispro. Batch sizes and lot numbers
of all clinical batches are located in the Appendix.

Ingredient Quantity/mL Allowable Function
Variation
Insulin lispro **100 units Active
alycerin, USP 16 mg Tonicity modifier
m-Cresol 3.15 mg Preservative
*Zn*" 19.7 ug Stabilizer
Dibasic Sodium 1.88 mg - ) Buffer
Phosphate, USP
10% HCI qs pH adiustment
10% NaOH Qs pH adjustment
Water for injection Qs 1 mL vehicle

* added as zinc oxida, USP
**100 units = 3.5mg
IX. Assays

The assay used for both insulin lispro and human insulin (except for Study
IOAT) -

The assay was validated by
Liliy in-hous2 as shown in Table 8.
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The package insert of the assay states the following:

The application of insulin (0 patients already
undergoing insulin therapy is complicated by the facr that such

therapy typicafly leads to the formation of anti-insulin antibodies
capable of interfering with the assay.

Because of this, the plasma insulin/insulin lispro levels in patients are
suspect, since no antibody levels were determined. it is for this reasan, {as well
as additional reasons detailed above) that the population PK study is not
considered to be of much utility. In Study I0AJ, it was stated in the report that
anti-insulin antibodies were measured and found to be zero for ail eight patients.
However, the raw data were not supplied to the Division. The Division requested
these data in a teleconference with the firm cn 8/29/35. On 3/26/35, the
reviewer spoke to Jim Woodworth, Ph.D., of Lilly who stated that the antibody
data were lost 1o retrieval, but the samples had been located and were being re-
run. On 10/24/95, the reviewer received the antibody data. It was immediately
obvious that all subjects in the study had insulin-binding antibodies, with Subject 8
having particularly high titers, so it is unclear why it was stated in the submission
that no antibodies were seen. Because of the presence of antibodies, these data
are not considered reliable.

As normal volunteers do not normaily have antibodies to insulin, the assay
is considered reiliable for them. The volunteers also received insulin lispro, which

19



i3 a foreign protein capable of eliciting an immune response. Generally, the
subjects received only one dose of the product, so it is considered urlikely that
any anti-insulin antibodies were formed in these subjects.

A different kit was used for Study IOAT, which is the pivotat PK/PD
study in patients. The kit used was from

and was performed at the study site.
step was performed to rid the patient samples of any insulin antibadies prior to
analysis. Validation data for this assay are shown in Table 2. Ailthough the assay
appears sufficiently precise, it is noted from the table that accuracy is poor at
concentrations above 0.68 ng/mL. This is most likely due to loss of insulin from
the sample due to the Therefore, it may be that the higher
insulin/insulin lispro concentrations are underestimated in this study, and that the
most emphasis should be placed on the glucodynamic data.

Table 9: Insulin assay validation summary. used in
Study 10AT.
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Xl. Labeling Commaents {to be sent to Sponsor)

1. The text under CLINICAL PHARMACOLQGY in the draft physician {abeling
should be modified &s follows:

CLINICAL PHARMACOLCGY

The primary activity of insulin is the reguiation of glucose metabolism. In addition,
ail insulins have several anabolic and anti-catabolic actions on many tissues in the
body. In muscle and other tissues (except the brain), insulin causes rapid
transport of glucose and amino acids intracellularly, promotes anabolism and
inhibits protein catabolism. In the liver, insulin promotes the uptake and storage of
glucose in the form of glycogen, inhibits gluconeogenesis, and promotes the
conversion of excess glucose into fat.

Humaiog has been shown to be equipotent to human insuiin on a molar
basis.

Absorption

Humalog is as bioavailatle as regular human insulin, with absoiute
bioavailablity ranging between 55%-77% at doses of 0.1-0.2 U/kg.

Studies in both normal volunteers and Type | diabetics demonstrate that
Humalog is absorbed faster than regular insulin. In normal volunteers given
subcutaneous doses of Humalog ranging from 0.1-0.4 U/kg, peak serum levels
were seen 30-30 minutes after injection. In contrast, volunteers given equivalent
amounts of regular human insulin reached peak levels anywhere from 50-120
minutes after dosing. In Type | diabetics, similar resuits were seen (see figure
below). Humalog is absorbed faster than regular human insulin at all three of the
cammon injection sites used by diabetics (e.g., abdomen, thigh, deitoid).

A study was performed to determine whether Humailog may be mixed in the
same syringe with long-acting insulins such as NPH or Ultralente. When mixed
with NPH just before injection, the rate of absorption of Humalog (as estimated by
Cmax) is decreased by 30%, and the mean time to peak increased from 45
minutes to 76 minutes. No effect was seen when Humalog was mixed with
Ultralente. These results suggest that mixing Humalog with NPH insulin will
significantly decreasae its rate of absorption.

A study was performed in 12 healthy male volunteers to determine what
affect the site of injection has on the absorption rate of Humalog. Each volunteer
was given either human insulin or insulin lispro ( 0.2 U/kg) in gither the abdominal,
deltnid or femoral region in a randomized crossover fashion. The resu!ts show that
insulin lispro is consistantly absorbed at a higher rate than regular human insulin at
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all three injection siies, with peak insuiin lispro concentrations after abdominail
administration about 50% higher than those resuiting from deltoid or thigh
injection.

Distribution

The volume of distribution for Humalog is identical to human insulin, ranging
from 0.26-0.36 L/kg.

Mataboiism

No metabolism studies were conducted. It is assumed that the metabolism
of Humalog is identical to human insulin.

Elimination
When given intravenously, both Humalog and human insulin show identicai
dose-dependent elimination, with a t,,, of 26 minutes at 0.1 U/kg, and a t,,, of 52

rninutes at 0.2 U/kg. Given subcutaneously, the t,,, values observed for Humalog
are longer {about 1 hour) due to rate-limiting absorption.

Special Populations
Renal

No significant difference in insulin lispro pharmacokinetics was observed
between non-diabetic patients with renal impairment (ranging from slight
impairmerit to anephric) and normal controls.
Age, Gender, Pediatric

No information on the effect of age or gender on the
pharmacokinetics/pharmacodynamics of insulin lispro is available.
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Drug-Drug Interactions

No studies were performed.

Pharmacokinetics/Pharmacodynamics of Humalog in Type | Diabetics

Serum insulin, serum Humalog and blond glucose levels after subcutaneous
injection of either reqular human insulin or Humalog immediately before
consumption of a meal high in carbohydrates in 10 Type | diabetics
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2. On page 9 under DOSAGE AND ADMINISTRATION, the first sentence of the
third paragraph should be changed to the following:

"Humalog is absorbed rapidly (with peak concentrations being reached 30-90

minutes post-injection, as compared with 50-120 minutes for regular insulfin} and

would be expected to have a faster onset of activity and a shorter duration of
action than regular insulin.”
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3. On page 9 under Mixing Humalog with longer-acting insulins, a statement
should be added warning of the decrease in absorption rate seen when Humalog is
mixed with NPH insulin.

Michael J. Fossler, Pharm. D., Ph. D.

Division of Pharmaceutical Evaluation |l
Office of Clinical Pharmacology and Biopharmaceutics

RD initialed by Hae-Young Ahn, Ph.D., Team Leader 2/7/96
FT initialed by Hae-Young Ahn, Ph.D., Team Leader ~

Biopharm day held 2/16/96 11:00 AM. Prasent: Lesko, M. Chen, Lazor, Ahn,
Koller (HFD-510), Misbin (HFD-510), Fossler

varsion: final

cc: NDA 20-563 (orig., 1 copy), HFD-510(Kolier, Misbin, Weber), HFD-
880(Fleischer), HFD-870{M. Chen, Fossler, Ahn), HFD-860(Malinowski}, HFD-
850(Drug file, Chron. file, Reviewer}, HFD-205(FO!) HFD-340 (Vish)
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AR 16 1996

DIVISION OF METABOLISM AND ENDOCRINE DRUG PRODUCTS - HFD-510
Review of Chemistry, Manufacturing and Controls

NDA #; 20-563
CHEMISTRY REVIEW #: 1 DATE REVIEWED: 04-16-96
SUBMISSION TYPE D T DA CDER DATE ASSIGNED DATE
ORIGINAL 03-13-95 03-14-95 03-16-95
AMENDMENT 07-21-95 07-25-95
11-06-95 11-07-95
04-01-96 04-02-96
NAME & ADDRESS OF APPLICANT: Eh Lilty and Co.
Lilly Technology Center
Indianapohs, IN 46285

RRUG PRODUCT NAME

Propnetary: Humalog

Nonpropn / ligh AN: Insuhin Lispro

Code Name/#; LY275585

Chem Type/Ther Class: 18
A i n/ ! Paten : N/A
PH AC Cc T YANDIC : Insulin
QOSAGE FORM: injectable (solution)
STRENGTHS: 100 U/mL (10 mi vials and 1.5 mi cartridges)
ROUTE OF ADMINISTRATION: Injection
DISPENSED: _X_Rx __0OTC
CHEMICAL NAME, STRUCT L ILA, MOLECULAR WEIGHT:
Lispro;

TIN

IND , Lispra Insulin (rONA angin), Ely Lilly.
OMFs
RELATED DOCUMENTS (If applicable): NDA 18-780, Humulin R, Hurian Insuiin (rONA origin), Eiy Lilly, IND

Human Proinsulin, Ely Lilly.
CONSULTS: Environmental Assessment; Microbiology: CDER Labeling and Nomenclature Committee.
REMARKS/COMMENTS;

This NDA describes Insulin Lispro, a recombinant analogue of human insulin. In Lispro, the order of the am:no acids
at the B-28 (proline} and B-29 (lysine) positions have been raversed, resulting in B®-lysine-B%-proline human insulin.



In the chnical studies performed to date. there were fewer \naidents
of hypoglycemia associated with Humalog than with Humulin R repoited  With respect to area under the curve (AUC),
Lispro has bean shown to be equivalent to human insuhin in terms of potency per urit weight of protein

Lisporo druq substance 1s produced by recombinant DNA methods in £ coir, and is produced by a

_ form of Lispro msulin i are performed at Lilty's Dista
facility in the UK followed bv operations at the Lilly Technology center in Indianapolis.
The isolation of the Drug Substance follows essentially the same steps used in the production of Jdenved

human insulin. Lispro has the same malecular weight, pi, and ammo acid composition as human insubn.  Lispro can
be distinguished from human (and beef and pork insulins) insulin by

The spensor has performed extensive studies of the secondary, terhary, and quaternary structures of
Lispro, and with the exception of the conformation of the Lt
essentially equivalent to human insulin.

The Drug Product will be marketed urder the trade name, Humalog™, for both 10 mL vials and 1.5 ml carindges. Drug
Product vials wili be manufactured in the firm's facihities in indianapolis, whereas the cartridges will be manufactured in
the firm's Fegersheim, France facilities. Cartndges are for use with the B-D Pen and B-D Ultra Pen.

Amendment 07-21-85 provides the following: 1) for the drug substance. updated stability data; revised tests and
specifications to inciude tightened specifications for

' .. analytical data for 16 commerctal-size
batches: and, 2) for the drug product: batch histones for three representative fuil-scale batches of 10 m! viais
manufaciured at the Indianapolis, Indiana facllity and three representative full-scale batches of 1.5 m! cartndges
manufaciured at Fegersheim, France facility, revised tests and specifications to include tightened specifications for

analytical data for three commercial-size lots each of vials and cartridges; stability data for four full-scale

iots of vials manufactured at the Indianapolis, Indiana facility; stability data for three full-scale lots of cartndges
manufactured at the Fegarsheim, Frange facility, updated stability data for those lots previously submitted;, the results
of simulated in-use stability of cartridges manufactured at the Indianapclis, Indiana facility, the
resuits of a dosing accuracy studies to support the use of the B-D Pen and B-D Pen Ultra; snd, analytical resuits for
methods validation samples.

Amendment 11-06-95 provides the resuits of validation studies to demonstrate the stability of various in-process
intermediates in order to support holding times of more than Aiso provided are the results of simulated in-
use stability studies j of 1.5 mi cartndges manufactured at the Fegersheim, France facility.

Amendment 04-01-96 provides a draft labeling for the Physictan's Package ir.- art, revised Patient's Package Insert,
cartndge label, cartridges carton, vial tabel, and vial carton.

CONCLUSIONS & RECOMMENDATIONS:
The chemistry, manufactunng and controfs TCMCYICTIITTOTT TS IOt satisfactory ~ The Micrabiology information for

stenhization pracess validation was found to be satisfactory (see consuitive Microbiclogy Review #2, dated 1-22-96) .
The Environmental Assessment (EA) documentation was found to be adequate and a FONSI| was recommended (S88-.
consultive EA Review, dated 2-19-96). The CGMP status of all of the facilities utilized by the firm were found to be
acceptabie as of 11-27-95, however, the Lilly France Fegersheim facility.-whish is utilized tor cantridge manufacture,
was found to be unacceptable. The results of a re-inspection of the firm's Fegersheim faciity are pending. Additional
CMC deficiencies are detailed in the Chemist's Draft Letter. Issue a chemistry information request letter.

cc:
Org NDA 20-563

HFD-510/Division File

HF D-510/W Berin/S . Mcore/Y.Chiu/J. Weber(CSO)
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DIVISION OF METABOLISM AND ENDOCRINE DRUG PRODUCTS - HFD-510
Review of Chemistry, Manufacturing and Controis

NDA #:. 20-563
CHEMISTRY REVIEW #; 2
SUBMISSION TYPE ~ DOCUMENT DATE

ORIGINAL 03-13-95
AMENDMENT 04-22-96
05-14-96
05-28-96
05-28-96

ICA

N A F

DRUG PRODUCT NAME
Proprietary:.

Nonpropn f lished/USAN

D, il !
PHARMACOLOGICAL CATEGORY/INDICATION:
DOSAGE FORM:

STRENGTHS:
ROUTE OF ADMINISTRATION:
DISPENSED:

DAT VIEW (5-29-96

CDER DAT

03-14-95
04-23-96
05-15-96
05-29-96 (1 of 2)
05-29-96 (2 of 2)

ASSIGNED DATE

(3-16-85

Eli Lilly and Co.
Lilly Technology Center
indranapolis, IN 46285

Humalog

Insubn Lispro
LY275585, LysPro
18

N/A
insulin
Injectable (solution)
100 W/mL (10 ml vials and 1.5 ml cantndges)

Injection
X Rx _ _OTC

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOLECULAR WEIGHT:

Lispro;

SUPPORTING DOCUMENTS:
IND Lispro insulin {rfDNA origin}, Ely Lilly.

DMFs

MAY 2 9 1996

RELATED DOCUMENTS (if applicable): NDA 18-780, Humulin R, Human Insulin (rDNA origin}, Ely Lilly; IND

Human Preinsulin, Ely Lilly.

CONSULTS: Ervironmental Assessment; Microbiology. CDER Labeling and Nomenclature Committee.

REMARKS/COMMENTS:

This review covers the responses to a chemistry information request letter issued to the fim on the basis of Chermstry

Review #1, dated 4-16-96 (see FDA letter, daied 4-

30-96).

Amendment 4-22-96 provides revised lateling for the physician’'s package insert, patient information for vials and
patient information for cartndges, cartons, and labels.

Ameandment 5-14-96 provides the responses to re. Jests for chemistry information on the 1) drug substance. including




structurat and bioiogrcal characterizalion . reference standard /. and
2) drug product. including sampling plan and ltabeting

Amendment 5-28-96 (1 of 2} provides a Phase 4 commitment t¢

Amendment 5-28-96 (2 of 2) provides a revised physician's package insert, patient information for vials and patient
information for cartndges. The submission s stated to be the same as a 5-24-96 FAX.

The firm makes the following Phase 4 chemistry commitments.

CONCLUSIONS & RECOMMENDATIONS:

From a Chemistry point of view, this apphication may now be approved. The chemistry, manufacturning and controls
(CMC) information 's satisfactcry The Microbiclogy information for stenlization process validation was found to be
satisfactory (see consultive Microbiology Review #2, dated 1-22-98) . The Environmental Assessment (EA)
documentation was found 1o be satisfactory (see consultive EA Review and FONSI, dated 2-19-96). The CGMP status
of all of the facilities utilized by the firm were found to be acceptable as of 5-22-96 (see EER dated 4-25-95 and Foilow-
up EER, dated 4-14-96)

cC:

Crg NDA 20-563

HFD-510/Division File

HFD-510/W Bertin/S Moore/Y Chiw/J Weber(C.

Willam K. Berlin, Review Chemist

ﬁ/w- Nerron i’/z,‘?/c;g'

Stepth K. Moore, Team Leader Chemist

Filgname N2056302 Isp
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REQUEST FOR TRADEMARK REVIEW

TO: Labeling and Nomenclature Committee
Attention: Ms. Yana Mille, Chair, (HFD-611) MPN TI

FROM: Division of Q@éa/),_i\mn{ég(qmpé ﬂﬂfqﬁm/mfmm- 570
Attention: /A rt,a/mﬂ oore” Phone | _443-35/
DATE: ?’/ 7 C?ﬁf

SUBJECT: Request for Assessment of a Trademark for a Proposed
Drug Product

™ =ND #
Proposed Trademark: Huma 103 NDMFANDAE_(re -NOA %}é)
Company Name: E/f L/'//l/ ancd (Orﬂ
Es lished name, in ludln ge form: LiSPrO
;a cnfe:‘ESwﬂe 417?!24? ; disa '

Other tvademar@)by the sa/m,e fuzuufor companion prgcducts:

Hiumulin man L%l L due b ﬁ A/,_ggmm)

Indications for Use (may be a summary if proposed statement is
lengthy):

Treat meut oF AlabeFe T (gropoed ).

Initial comments from the submitter: (concerns, observations,
etc,)

¥

) LIspro Js 4. Ly /A.;Lzr&p_ggg,)_@m@_ﬁae, o

_btimay Ik 77,

ST T T T AW Y T T B e Tt

He péay Fufinz 41 018 Ay Lirm ag /'e‘iuesff&( &
€ /4 : 41”‘1&0

NOTE: Meetings of the Committee are scheduled for the
4th Tuesday of the month. Please submit this form
at least one week ahead of the meeting, Responses
will be as timely as possible.

Rev May.94

MRS (ETTET)
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Consult #1342 {HFD-510)

HUMALC™ Lispro Injection
The Committee noted the similarity between the proposed name and
the human insulin, Humulin. However, the Committee believes they
are sufficiently different, and with adequately different
rackaging there should be not sicnificant risk of medication
error involving the proposed proprietary name with Humulin.

The Committee has no reason to find the proposed name
unacceptable.

CPER Labeling and Nomenclature Committee

Lt
’Z/) I N A 77:;_’,&&’ , Chair

60
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consultative Review to HFD-510
DIVISION OF TDICAL IMAGING, SURGICAL,
and DENTA.. DRUG PRODUCTS; HFD-160

Microbiologist's Review #1
31 July 1995

A. 1. NDA 20-563
APPLICANT: Lilly Research Laboratories
Lilly Corporate Center
Indianapolis, IN 46285

2. PRODUCT NAMES: Humalog® (insulin lispro)

3. DOSAGE FORM AND RQUTE OF ADMINISTRATION:
The product is an injectable for subcutaneous injection.
Strength is 100 U/mL.

4. “{ETHODS OF STERILIZATION:
The drug product is

5. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION:
The drug product is used to control blood glucose levels in
the treatment of diabetes mellitus.
B. 1. DATE OF INITIAL SUBMISSION: 13 March 1995

2. DATE OF AMENDMENT: 5 June 1995 (Amended with
Microbiolegy Information.)

3. RELATED DOCUMENTS:

IND DMF
DMP DMF DMF
DMF DMF DMP
DMF DMF DMF
DMF DMF
—

4. ASSIGNED FOR REVIEW: 4 April 1995

C. REMARKS: The NDA provides for the manufacture of two
product container configurations at different
facilities. Vials (10 mL fill) will be
manufactured at: Eli Lilly and Company, Lilly
Technology Center, 1200 - 1555 Kentucky Avenue,
Indianapolis, IN. Cartridges (1.5 mL fill) will
be manufactured at: Eli Lilly France $.A., rue
du Colonel Lilly, 67640 Fegersheim, France.



Litly Research NDA : Hum ® (insulin lispro}, Microbiologist's Review #1 PAGE 2

D. CONCLUSIONS: The application is approvable upon resolution of
. microbiolcgy concerns.

//4/%/5/ Jol, g

Paul Stinavage, /£h.D.

%17
cc: Original NDA 20-563 //’:;:%*(j 51
HFD-160/Stinavage/Consult File

HFD-510/Div File/J. Short
Drafted by: P. Stinavage
R/D initialed by P. Cooney




REVIEW FOR HFD-510 JAN 22 1996
OFFICE OF NEW DRUG CHEMISTRY
MICRCBIOLOGY STAFF
MICROBIOLOGIST'S REVIEW #2 OF NDA 20-563
18 January 1996

A. 1. NDA 20-563
APPLICANT: Lilly Research Laboratories
Lilly Ccrporate Center
Indianapolis, IN 46285

2. PRODUCT NAMES: Humalog® (insulin lispro)

3. DOSAGE FORM AND ROUTE OF ADMINISTRATION:
The product is an injectable for subcutaneous injection.
Strength is 100 U/mL.

4. METHCDS OF STERILIZATION:
The drug product is

5. PHARMACOLOGICAL CATEGORY and/or PRINCIPLE INDICATION:
The drug product is used to control blood glucose levels in
the treatment of diabetes mellitus.

B. 1. DATE OF INITIAL SUBMISSION: 13 March 1995
2. DATE OF AMENDMENT: 13 December 1995

3. RELATED DOCUMENTS:

IND DMF

DMF DMF DMF
DMF DMF DMF
DMFP DMF DMF
DMF DMF

%
4. ASSIGNED FOR REVIEW: 4 April 139S
C. REMARKS: The amendment is a response tc deficiencies found

in the 31 July 1995 review of the New Drug
Application.




Lilly, NDA 20-563; Humalog®, Microbiologist’s Review #2

D. CONCLUSIONS: The application is recommended for approval on
' the basis of the information supplied.

%/%/ (8 Torwsig, /%¢

Paul Stiflavage,”Ph.D.

\ ZZ!
cc: JOriginal NDA 20-563 A’:}NL f QC

HFD-805/Stinavage/Consult File
HFD-510/Div File/J. Short

Drafted by: P. Stinavage, 18 January 19955
R/D initialed by P. Cooney, 18 January 1996

PAGE 2



CONSULTATWE REVIEW TO HFD-510
DIVISION OF MEDICAL IMAGING, SURGICAL,
and DENTAL DRUG PRODUCTS: HFD-160

Microbiologist's Comments for Filing Meeting

3 April 1995
A. 1. NDA 20-563
SPONSOR Lilly Research Laboratories
{.illy Corporate Center
» [ndianapolis, Indiana 46285

2. pRODUCT NAMES: HUMALOG™ (insulin 1spro, recombinant DNA origin)

3. DOSAGE EORM AND ROUTE OF ADMINISTRATIQN: A sterile solution of
100 units per mL for subcutapeous injection. The dosage form consists of
multi-dose cartridges of 1.5 mL of 100 units per mL (for use in injector pen
devices) or in 10 mL muiti-dose vials. The solution is preserved with m-cresol

(3.15 mg/mb).

4. METHOD(S) QF STERIUZAT[ON:

5. PHARMA OLOGICAL CATEGORY: {asubin

PHARMACOLOGICAL S22

5. DRUG PRIORITY CLA§§IFIQATION: 15
B. L DATE OF INITIAL 5@}41_5_51,@_15-1 13 March 1995

2. DATE OF AMEND NT: (none}

3. RELATED DOCUMENTS: DMF
were Various DMFEs
e BLMAE&S The applicant has provided 2 copy of the »complete drug product section”

(CMC volume 1.59A) as well as inroductory and summary volumes (1.1 and 1.1A) of
the submission in white jackets for micrcoiology review. Type 1 DMF references are
provided for manufacuning procedures.

The product is manufactured at 2 sites. 1he 1.5 mL cartridge presentation 1S
manufacturcd at Lilly S.A. at rue de Colonet Lilly in Fegersheim, France, and the 10

ml. vial presemalion 18 manufactured at e Eli Lilly Technology Center at 1200.- 1555



NDA 20-563 Microbiologist's Comments for Filing Meeting

Kentucky Avenue in Indianapolis, Indiana. Other approved insulin products are
manufactured by Eli Lilly at these facilities.

The drug product composition was described (v. 1.59a, P. 12) and is shown in
Table 1, below.

Table 1. Composition of the drug solurion.

Component Amount per mL
LysPro 100 units
Glycenin, USP 16 mg
m-Cresol 315 mg
Zinc Oxide, USP q.s. w0 Zn"* of 0.0197 mg
Dibasic Sodium Phosphate, USP 1.88 mg
Water for Injection, USP q.5. 0 1 mL

Specific process information for product registration batches was provided.
Representative batch (registration batch) histories were concisely summarized, including

) sterilization parameters and data. Substantive information for microbiology
review of sterility issues was not provided, including:

Page 2



NDA 20-563 Microbiologist’s Comments for Filing Meeting

ccC:

_ 1s recommended and methods for
o should be described.

As a general guide to the applicant, the FDA "Guideline for Submitting
Documentation for Sterilization Process Validation in Applications for Human and
Veterinary Drug Products” (Federal Register 58(231): 63996-64001, 3 December 1993)
will be provided.

CONCLUSIONS: The submission is not recommended for filing on the basis of
sterility assurance issues. A knowledgeable conclusion concerning the sterilization
methods and their validation cannot be made upon review of the material submitted.
Should the Division decide to file the application as submitted, a review may be
completed by the end of July 1995

~

§ =95
D A l r*‘-m_ﬂ Srnsn,
David Hussong, Ph.D.

r"\ét"“")'
q/ﬂ)‘?T

Original NDA 20-563
HFD-510/Division File
HFD-160/Consuli File
HFD-510/CSO
HFD-510/Chemist/S. Moore
HFD-160/D. Hussong

drafted by: D. Hussong, 04/03/95
R/D 1nitialed by: P. Cooney, 04/04/95

Page 3
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APR 30 19%

Lilly Research |aboratories
Attention: Tinothy R. Franson, M.D.
Lillv Carporate Center

Indianapohis. IN 36285

Dear Dr. Franson:

Please refer 1o v our pending March 13, 1995, new drug application (NDA) submitted under
section 30:¢bj ei the Federal Food, Drug and Cosinetic Act for Humalog™, [insulin lispro.
(ZDNA otz [njection].

We alseieler o vour amendments dated Aprid 1. July 21, and November 6. 1995,

We have compicted our review of the Chemistry, Manufacturing and Controls section of vour
submission and tave identified the followtng deficiencies:

Drug Substance

1. Please provide a table showing the identity of the Lispro lots that were used in the
as described in volumes
P2 and 160 Also, please include intormation on whether these were clinical lots.
comumeraial-scale lots or reterence standard lots.

- Picase ~upply information on the volume of the culture. number of vials and amount per
vial e e
4. Continceney plans tor the action to be taken in the event of the exhaustive utilization. or

Foes o] e should be submutted.




NDA 203567 Paee 2

th

Eherostits of a validation study to demonstrate stabiltty of the copy number of the
should be provided.

Please commit to perform in the post-approval period. a validation study of the

Plense proide brief details of the preparation of the Lispro primary reterence standard.
A curicnt and fully-characterized Lispro primary reference standard must ke maintained.
The chiccterization should include the tull modified

anaiys's stould be capable of distinguishing Lispro rom human msulin.

Prcioe moovide atest and specitications sheet for the qualification of current and future
Lispro primary reterence standards.

Please s ficate whether or not a Lispro working reference standard will be uttlized. If so.
a brerdescription of its preparation and the criteria tor qualification necd to be furnished.

Revarane the the toilowing should be

iy o
i

st
.
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Drug Product

1. Plei o v ovide a brief description of the sampling plan used for the drug preduet.

2 A Zd-nath expiration datng period is granted on the basis of the stability data
subnnt: o

Labeliny

I Whereas phenolts an integral and important furctional component of the drug substance,

the it ingredients and their auantttative amounts in the Description section of the
“hysivice s Insert should inciude phenol and the amount.

2. Asccos Draragraph should be added to the Deseription section of the Physician's Insert
Grsie at the cartridges are tor use ondv in 13- Pen and B-D Pen Ulira,

3. Stice tnore are two difterent Patient's Packave Inserts, one for vials and the other tor
cartria o the one for vials should include the word "Vial” in the utle.

4. Thewelowang sentence 10 the Deseription sectien of the Patient's Packase Inserts tor both
Vi e artnidges: "Humalog has had nothine added to chanee the speed or length of
s et s the first statement made in this section concerniny the rate and effect of
Lrsveosctions The sentence 15 potenually contusimg in the context presented and
theret - tshould either be deleted or revised with more detait and imoved to a position
ol s rominence i the text,

5. 1he colos burgundy on the aluminum crimp seals and plastic flip-off seals

for vials.and aluminum crimp seals for cartridges. sliould not appear on the labeling or be
relenicd toas g coler code tor Lispro mn either the labeling or advertizing until the
cuarrent. proposed color-coding scheme torisulins becomes lnalized.



NDA 20 ANFHNE

Establishment Inspection

The establistiznent evatuation of the Lilly France Fegarshenm facility was found unaceeptable, the
results ot the re-mspecton are pending.

We wauld aprcciate vour promptwritten response 0 we can contimtie our o aluation ot vour
NDA.

It vou have ane guestions, please contact Ms Jena Weber at 301-333-33110),

Sineerely vours.

JI
Jla 1
v i o Y S

Sofomon Sobel, M.D.
Director
Division of Metabalism and
Lndocerine Drug Products (HED-310)
Otnice of Drug Esvaluation H
Center tor Drug Lvaluaton and Research
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HIED-3 o
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Concurrence~s Sshen tor Woerlin 426/8Moore 426 EGailiers 420,90
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IND
NDA. 20-563 MAR - T 1996
Lilly Rescarch Laboratories

Attention: Timothy R. Franson, M.D.

Executive Director, North American Regulatory Affairs
Lilly Corpurate Center

INDIANAPOLIS IN 46285

D=ar Dr. Franson:

Please refer to your Investigational New Drug Application (IND) submitted pursuant to section
505(i) of the Federal Food, Drug, and Cosmetic Act for Humalog (insulin lispro (fDNA origin)].

Reference is also made to your amendment February 28, 1994, requesting a waiver of the
requirement for the submission of paper copies of the case report forms for your
Computer-Assisted NDA (20-563) subsequently submitted on March 13, 1995, for
Humalog [insulin lispro (rDNA origin}] Injection, 100 units/ml.

We have completed the review of your amendment and have concluded that under
21 CFR 314.90(b)(2) your proposed alternative electronic submission justifies waiver of the "hard
cop" requirements of 21 CFR 314.50(f). Consequently, your waiver request is granted.

Should future retrieval be deemed necessary, and as a condition of granting this waiver, you are
required to maintain the paper copies of the case report forms in a reviewable format.

If you have any questions, please contact:

John R. Short, R.Ph.
Consumer Safety Officer
(301) 443-3510

Sincerely yours,

Janet Woodcock, M.D.
Director
Center for Drug Evaluation and Research



cc: Original NDA 20-563
Original IND
HFD-510/Div. Files (one each for NDA and IND)
DISTRICT QOFFICE
HFD-001/JWoodcock
HFD-005/]Axelrad
HFD-323/PMotise
HFD-510/CSO/].R.Short
HFD-510/EKoller, RMisbin, AFleming

drafted: JShort/12/10/95 \N20563AD.4]S
r/d Initials: EGalliers 12/12, AFleming 12/28, SSobel 1/3/96

final; JShort 1/29/° 4
redrafted: JShort 2, 21/96 / “// 8”&1 jHS
r/d Initials: / N

final: Cl

ADVICE LETTER 7 1/“1 I e
// /



NDA 20-563

Lilly Research Laboratories

Attention: Timothy R. Franson, M.D. FEB 2 6 1896
Executive Director, North American Regulatory Affairs

Lilly Corporate Center

INDIANAPOLIS IN 46285

Dear Dr. Franson:

We acknowledge receipt on December 19, 1995, of your December 18, 1995 amendment to your
new drug application for Humalog [insulin lispro (fDNA origin)] Injection, 107 units/mL.

We consider this a major amendment received by the agency within three months of the user fee
due date. Therefore, the user fee clock is extended three months. The new due date is June 14,
1996.

If you have any questions, please contact:

Jena Weber
Consumer Safety Officer
(301) 443-3510

Sincerely yours,

Loy

Director
Division of Metabolism and
Endocrine Drug Products (HFD-510)
Offics of Drug Evaluation II
Center for Drug Evaluation and Research



Original NDA 20-563
HFD-510/Div. Files
DISTRICT OFFICE
HFD-005/RHassall, NSager
HFD-40/AReb
HFD-&?O/MFosslcr, HAhn
HFD-715/BTaneja, DMarticello
HFD-510/CSO/J.R Short
HFD-510/EKoller, RMisbin, AFleming, SMoovre, DHertig, AJordan

drafted: JShort/2/11/9¢ \N20563RV.JRS
r/d Initials: EGalliers 2/23/96

final: JShort 2/25/9¢
—

2‘/}"7'%

REVIEW EXTENSION (Goal Date 6/14/ 96)
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DEPARTMENT OF HEALTH AND HUMAN SERVICES

MEMOR.AND UM PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

Date M 30 %

/ J y .
from  Solomon Sobel, MD, _adorm bt 1]ng 38
Director, Division of Metabolism and Endocrine Drug Products (HFD-510)

Subject  Waiver of Paper Copies of Case Report Forms for NDA 20-563

Te Director
Center for Drug Evaluation and Research

Through James Bilstad, M.D.

Director 1.//
Office of Drug Evaluation II 7 1'1/4 b
Jane Axelrad ’;Zs l,z /%Z WW&

Associate Director for Policy, CDER

On July 11, 1994, the Division sent a letter (under IND to Lilly informing them that we
granted their request to replace paper copies of case report forms with electronic case report
forms in the format of a CANDA. Later we learned that such a waiver may only be granted by
the Center director. This prompted twn telephone conversations with Lilly (October 13 and
November 7, 1995) to discuss the situation. During the later one, Ms. Axelrad informed Lilly
that the required submission of paper copies of case report forms could be waived, but the
Division must be able to obtain all needed information from the electronic case report forms.
The Division believes that the contents of the electronic case report forms are adequate.
Attached is a letter to Lilly granting their waiver request. If you agree with this action, please
sign and return to Mr. John Short of this Division.

Lilly subsequently decided to submit the paper copies of the case report forms and these were
received on December 12, 1995 (submission dated December 11, 1995). Lilly still wishes to
receive this letter confirming our decision to issue the waiver because they foresec the same issue
arising with a future NDA.

Thank you.

Attachments (3)
IND Letter Dated 7./11/94
NDA 20-563 Memo of Teleconference (draft) held 10/13/95
NDA 20-563 Memo of Teleconference (final) held 11/7/95



cct Original NDA 25-5¢3
HED-5123/Div. Files
HFD-001/] % oodcock
HFD-005/]Axelrad
HFD-323/PMotise
HFD-SIO/CSO/}.R.Short
HFD-510/EKoller, RMisbin, AFleming

drafted: ]Shon/12/10/95 \N20563AD.4}S
r/d Initials: EGalliers 12/12, AFlcming 12/28, SSobel 1/3/9¢
final: JShort 1/29/95



NDA 20-563 December 6, 1995
Humalog (insulin lispro) Injection
Lilly Research Laboratories

MEMORANDUM OF TELECONFERENCE

Lilly Representatives:

Gregory Davis, Ph.D., Director, Regulatory Affairs CM&C

Bruce Frank, Ph.D., Research Advisor, Biopharmaceutical Development

Paul Hines, Development Projects Management

Ervin Kattelman. Ph.D., Research Scientist, Biosynthetic Technical Services
Barbara Mallett, Senior Regulatory Representative, Reguiatory Affairs CM&:C
Wiltiam Muth, Ph.D.. Natural Products Research and Development

Mary Sitckelmeyer, Ph.D . Biopharmaceutical Product Development

FDA Staff:

Dr. Moore
Dr. Berlin
Mr. Short (CSO)

Purpose: Lilly requested the meeting to discuss 1) a proposed site change for and
initial recovery of the lispro bulk drug substance (BDS). and 2) See
information appended to the attached correspondence dated November 20, 1995, for details of
Lilly's presentation.

Discussion and Conclusions: Dr. Davis noted that Lilly wants to discuss these changes at this
time not as a change in the pending NDA, but as a supplement to the NDA following approval
(assuming that the NDA will be approved).

After Mr. Short introduced the people on our end of the teleconference, Dr. Davis questioned
why Dr. Chiu was not present. Mr. Short explained how she no longer is involved in the
day-to-day decision making of the chemists in this Division since October 1, 1995, when she
tecame the acting Director. Division of New Drug Chemistry 11, within the newly created Office
of New Drug Chemistry (ONDC). Mr. Short explained that the day-to-day operations are now
overseen by two acting Team Leaders, Dr. Stephen Moore and Dr. Helen Davies.

Site Change
Dr. Muth explained how Lilly plans to move the . 1n the

production of the BDS will be moved from the Biotech Center at Dista (in the UK) to Lilly's
Indianapolis facilities. All other steps 1n the production of the BDS will be performed at the
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Indianapolis facility, as currently described in the NDA. Dr. Davis noted that the process is
essentially the same bur all new equipment will be used. See page 5 of attachments for minor
=it differences.

Mr. Hines described the timeline for implementation of this change, culminating with a NDA
supplement submission in September 1996. He then went on to describe the proposed contents
¢t the supplement (see attachments). Lilly will provide accelerated and 3-month, real-time
stability data for the BDS produced in the new facility. Dr. Moore requested that a commitment
be provided that long-term stability results will be included in subsequent annual reports. Lilly
also wiil provide batch-release data on drug product produced from the BDS totally produced at
the Lilly facihty for the following drug products:

2 Jots of U100 Vials

2 lots of U100 1.5 mL Cartridges

*1 lot of U40 Vials

*1 lot of U100 Vials

*These three lots will be manufactured primarily for European registration, but the release
data will provide further support for this supplement.

No stability data will be provided in the suppiement on the drug product produced from the new
BDS. Dr. Moore requested that a commitment be made to provide this data in subsequent annual
reports.

Other [ssues (regarding pending NDA)

Dr. Davis noted that answers are being gencrated for the microbiology and environmental
assessment (information request letter dated 9/6/95) and will soon be submitted to the NDA.

Regarding the inspection of the manufacturing facilities, Dr. Moore told the Lilly representatives
that all received a satisfactory inspection except the Fegersheim, France facility, which was
found "unacceptable”". Dr. Moore asked Dr. Davis to let um know when this facility would be
ready for re-inspection and then Dr. Moore would initiate a new EER (Establishrent Evaiuation
Request). Dr. Davis said he would do this as soon as the facility was ready for inspection.
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Conclusion

FDA staff had no objections to the propos«.d content of the two supplements discussed.

ACTION [TEMS:

1. Lilly to provide supplements as provided above.

2. Dr. Davis to inform Dr. Moore when the Fegersheim, France facility is ready for re-
inspection.

3 Lilly to provide responses to our [R letter dated 9/6/95 re: microbiology and EA
deficiencies.

J6Br{R. Short, CSO

Attachments
Background Material (correspondence dated 11/20/95)



NDA 20-563 November 7. 1995
Humalog (insulin lispro) Injection
Lilly Research Laboratories

MEMORANDUM oF TELECOXNTERENCE

Lilly Representatives:

Timothy F ranson, M.D., Executjve Director, North American Regulatory Affajrs
Robert Hizer, Systems Informatics Advisor

Diana McKenzie, Manager, Regulatory Systems

Philip Reid, M.D., Vice President, Lilly Research Laboratories

Jeffrey Winn, DDS., Regulatory Scientist, North American Regulatory Affairs

FDA Stafr:

Mr Shon
Ms. Axelrad (HFD-003)
Mr. Moutise (HFD-323)

Purpose: FDa requesied the teleconference as 3 follow-up 10 our Previous teleconference held
October 13, 1995, 10 discuss the possibility of FDA waiving the requirement of submitting paper
copies of case report forms {CRFs).

Logistics Information: Each of the FDA Tepresentatives was in his/her respective office to be
part ot the calj.

Mr. Motise their procedure for obtaining electronic information and thejr electronic auditing
procedure. Ms Axeirad Was not pan of the first conversation.

Discussion and Conclusions: Ms. Axelrad told Lilly that she had discussed the results of the
October 13, 1995, ‘eleconference with various CDER staffers, including Dr. Woodcock, and that

not organized on a per-patient basis as they would be in 2 naper CRF. Ms. Axelrad said that
waiving the paper requirement will not relieve Lilly of the responsibility of providing the
HFD-510 staff with data in a reviewable format.



NDA 20-563 Page 2

said FDA agrees that we should be able to handle the problem through our DSI audits of the
pivotal clinical tnals.

Ms. Axelrad said she was aware of Lilly's concern during the October 13 teleconference that we
were applying 1995 standards for data integrity to data which were generated in 1991. She said
CDER needs to address this problem for future applications and will do so in the final electronic
signature/records rule.

Mr. Motise noted that 1t is of utmost importance that anyone be able to see changes made in
CRFs He said his greatest concern about Lilly's electronic CRFs is that such changes (which
should be detectable via an audit trail) are available only in a separate file. In other v.ords. only
if one is looking at the separate file would it be possible to know if and what changes a:e made in
the CRF. Mr. Hizer said that the paper copies of files for patients in the audits Dr. Tumer will be
performing (submitted November 3, 1995 to IND . show the changes made. 1.2, there is a
paper audit trail. Mr. Short noted that Mr. Motise may want to look at the desk copy forwarded
by Lilly to Dr. Turner's office.

Mr. Motise noted thai he had one other concern: that the auditors should be able to examine the
electronte trail of change. not just a paper trail, because the records were collected electronically
and the paper represeniations may not reflect ali changes. Mr. Hizer noted that although all
computers were removed from each site at the time the data collection was completed. he said the
computers could be re-installed with all the data and Lilly personne! available on short notice.
Mr. Motise liked this idea because then the audit could be done on data in its native form.

Mr. Motise said that it also would be good to do the audit with both paper and electronic data
available for comparison. Mr. Motise suggested that Lilly set up the computers at each site to be
audited. but Mr. Hizer said that Dr. Turner had agreed (prior to his departure on a current audit
trip) that Lilly could produce the 2lectronic capability at the site if requested by Dr. Tumner. it
was agreed that if this could be done within 1 or 2 days (2 days at the most) of Dr. Tumer's
request, that wouid be satisfactory.

Mr. Short agreed that he would generate the waiver letter to be signed by Dr. Woodcock.
ACTION ITEMS:
1) Mr. Short to generate the waiver letter to be signed by Dr. Woodcock.

) Lilly to be prepared to delivery computer equipment and electronic data to whatever site
Dr. Turner requests (during his audit of the site) within 2 days of the request.

ot il bt

nR Short, CSO
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DEPARTMENT OF HEALTH AND tIUMAN SERVICES

MEMORANDUM PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

Date

From

Subject

To

ocT | 7 W&

Solomon Sobel, M.},
Director, Division of Metabolism and Endocrine Drug Products (HFD-510)

Request for Clinical Study Audits for NDA 20-563, Humalaog (lispro insulin)
Injection

Director, Division of Scientific Investigations, HFD-34¢C

We have identified the following studies as being pivotal to the approval of this application. We
recommend that the indicated sites be audited.

Stucy
#

Besides the Moscow site, we have selected several other pivotal trial sites for
audit. The sites were selected with several criteria in mind: 2) the number of
patients, b) the location was a site for more than one study, ¢} there were
perceived problems at the site, and/or d) there was some geographic proximity
between locations. Although there are some problems with the South African
sites, we realize that an audit there would present some logistical problems
and have not included them in this request.

# pts Investigator Address
#  Name

Moscow Site:

10A] 8 101 L. Dedov _Nat. Center for Endocrinology, Moscow, Russia
First Tier:

ICAA 22 0c3 H.P. Chase U of Colorado, 4204 E. $th Ave, Denver, CO
IOAF 11 005 M.L. Spencer  Park Nicollet, 500C W. 39th St., Minneapolis, MN
IOAF 14 024 T. Blevins ADCCR, 911 W. 38th St., Austin, TX

IOAF 11 029 V. Calamia 201 Forest Ave Staten Island, NY

IOAF 11 064 N.G. Soler SDEC, 2528 Farragut, Springfield, IL

IOAF 138 072 P. Lodewick 700 18th St., S. Birmingham, AL

IOAF 10 080 E. Ritchey IDC, 3655 Lutheran Pky., Wheat Ridge, CO
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ICAA 9 300 B. Charbonne] Hotel-Dieu Pavillion, Mere Et Enfant, Place Alexis
10AF 7 " " Ricordeau, France
10AA 10 600 A, Jara Hospital Gregorio Maranon, Madrid, Spain
Second Tier:
IOAF 6 079 D. Bloomfield St. Vincent's, 355 Bard St., Staten Island, NY

IOAF 11 082 M.A. Charles = DMRC, 1000 S. Anaheim, Anaheim, CA
Most of the above investigators also conducted extension trials.
For your assistance, attached is a complete list of investigators by study number.

The reviewing medical officer for this applizztion is Dr. Elizabeth Koller, phone 443-3492. In her
absence, you may contact Dr. Robert Misbin, phone 443-3510.

The responsible project manager is Mr. John Short, phone 443-3510.

The User Fee goal date is March 14, 1996.
The Division’s action goal date is January 12, 1996.

[NOTE: We are more than half way in the 12-month review process because initially it was decided
that a D3I investigation was not necessary as this is an insulin product (for which investigations are not
generally done), but it was decided during the review process that an investigation is necessary.]

cc: NDA Arch
HFD-510
HFD-334/GTurner
HFD-512/EKoller, RMisbin, AFleming
HEFD-5311/)Short 13/14/95/FT/}S/10/17/95 \N2C563M.DSI
Concurrence: EGalliers, EKoller 10/14, AFleming for RMisbin, AFleming 18/16/95

—
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MEMORANDUM OF TELECON

DATE October 10, 1995
APPLICATION NUMBER: NDA 20-563

BETWEEN
Name: Jeff Winn, DDS
Phone 317-276-2098
Representing’ Lilly Research Laboratones

AND
Name John R Short, CSO
Division of Metabolism and Endocrine Drug Products, HFD-310

SUBJECT: Physician PI and Advisory Committee Meeting

As an Action Item from our internal STATUS meeting for Humalog on September 19 & 21,

1995, I called Dr Winn and informed him that we would like Lilly to submut a physician's

version of the Pl for this drug (Lilly assumed it would be an OTC item like all other insulins and,

therefore, only provided :he patient version in the NDA) Dr Winn said that it was quite a shock

10 know that we are thinking of making 1s product an Rx item, and that he would check into 21/
1ding ician' P S

providing us a physician's P1. (Lo "D‘J 4+ /

1 also informed Dr. Winn that we would be taking this NDA toefir Endocrinologic and
Metabolic Drugs Advisory Committee on either January 11 or 12, 1996 [NOTE. Ina
subsequent conversation with Dr. Winn he informed me that Lilly would not have time to
generate the matenial for the Advisory Committee (by 4 weeks prior to the meeting), and asked if
we could delay the meeting [ told him that the next meeting would be February 29 and March 1,
1996 [ in‘ormed him that this would be too close to Goal Date of 3/14/96, and uniess the Goal
Date were extended 90 days as a result of a major amendment within the last 90 days of the
original Goal Date, we could not change the meeting date [ told him that if Lilly wanted to
delay the advisory ccmmittee meeting, they should make a submission to the NDA explaining
why they cannot make the 1/11-12/96 date, and provide a comnutment that there would be an
amendment to the NDA during the 90 days prior to 3/14/96 which could be classified as a Major
Amendment, extending the Goal Date 90 days (to 6/14/96) He said he would take this

information to his management for discussion. ! also told him that one way or another we wil . r2f2ef 25
have an advisory committee meeting to discuss this drug. }
el
“John R Short T -
Consumer Safety Officer 7 e

[ £ "



cc¢ Original NDA 20-563
HFD-510/Div File
HFD-519/EKoller, RMisbin, AF'eming, SSobel
HED-510/1Shert 10/24/95 \N20563MT 21§

TELECON
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NDA 20-563
SEP 13 1985

Lilly Research Laboratories

Attention: Timothy R. Franson, M.D.

Executive Director, North American Regulatory Affairs
Lilly Corporate Center

Indianapolis, IN 46285

Dear Dr. Franson:

Please refer to your pending March 13, 1995 new drug application submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for Humalog [insulin lispro (rDNA
origin)) Injection, 100 units/mL.

We also refer to your amendment dated August 18, 1995, providing a confirmation of clinical
questions and comments made at a CANDA session at the Agency on August 10, 1395,

We have completed our review cf the agreements inciuded in your submission and offer the
following response related to comment #2. Comment #2 is stated a. follows in your Augus® 18
communication:

2. What was the justification for using the changed in the 1 and 2 hour
postprandial glucose excursions as a primary measure of efficacy? Explain why
these changes are not at variance with changes in hemoglobin Alc and fasting
glucose.

The issue is not why changes in 1- and 2-hour postprandial glucose excursions may sometimes
be at variance with changes in HbA . and fasting glucose. The issue is the clinical importance
of changes in postprandial glucose excursion.

-

Lilly has previously stated the case as follows:

By decreasing giucose excursion following a meal, the exposure of elevated glucose
and its potential to cause long-term complications is reduced . . . Therefore, the
2-hour postprandial blood glucose excursion was used 25 the primary efficacy
variable. (page 125/6, volume 1.1A)

Although this may appear reasonable on the surface, it ignores the possibility that a rapid-
acting insulin might give rise to delayed postprandial hyperglycemia, 3-5 hours after eating.
Also, the 2-hour postprandial glucose excursion has not previously been validated as a measure
of glycemic control, nor has it been shown to correlate with the development of diabetic
complications. Indeed, the only measure of glycemic control whicix has been clearly shown to
correlate with the development of diabetic complications is HbA,.. Therefore, an insulin
product which improved the 2-hour postprandial glucose excursion at the expense of HbA,,
would actually be deleterious to the primary goal of therapy, which is to reduce the risk of
complications. FDA’s Endocrinclogic and Metabolic Drugs Advisory Committec and the
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American Diabetes Association are both on record as supporting the recommendation that it is
desirable to lower HbA, by pharmacological means. It follows that overall glycemic control as
reflected by HbA, outcorae should be a primary consideration in the evaluation of any insulin
drug product intended for chronic use.

Our risk/benefit assessment of lispre would be assisted if Lilly would provide evidence that a
reduction in 2-hour glycemia excursion is desirable in itself. We also would be reassured by
pharmacodynamic data that demonstrate that the effect of lispro at the 2-hour postprandial
time point does not result in worsening >f glycemic control at subsequent time points.

If you have any questions, please contact:

John R. Short, R.Ph.
Consumer Safety Officer
(301) 443-3510

Siacerely yours,

Rl
Solomon Sobel, M.D.
Director
Division of Metabolism and
Endocrine Drug Products (HFD-510)
Office of Drug Evaluation II
Center for Drug Evaluation and Research

¢c:  Original NDA 20-563
HFD-510/1L v, Files
DISTRICT OFFICE
HFD-510/CSO/J.R.Short
HFD-510/EKoller, RMisbin, AFleming

dr-fted: JShort/9/8/95/N20563AD.JRS

r/c Initials: EKoller, RMisbin 9/8, AFleming 9/11/95
Revised as per Dr. Fleming’s comments - JShort 9/13/95
final: JShort 9/13/95

ADVICE LETTER ”\/}@(
dy, ’

el

VAR 2
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NDA 20-563

SEP -6 1995

Lilly Research Laboratories

Attention: Timothy R. Franson, M.D.

Executive Director, North American Regulatory A*fairs
Lilly Corporate Center

Indianapolis, IN 46285

Dear Dr. Franzon:

Please refer to vour pending March 13, 1995 new drug application submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for Humalog [insulin lispro (rDNA origin)]
Injection, 1C0 units/mL.

We also refer to your amendment dated June 5, 1995, providing additional microbiology
information.

We have completed our review of the environmental assessment and microbiology sections of
your submission and havz identified the following deficiencies:

Environmenta) Assessment

The responses to deficiencies 1) and 2) may be provided in a non-confidential addendum to the
EA if you prefer, rather than reformatting the current EA to incorporate the informaticn.

1) Regarding Section 4, description of proposed action:

Informa:ion should be provided on accommodations for the disposal of waste or rejected
drug substance and rejected or returned product. The name and location of current
facilities used, whether the facility is a landfill or incinerator, and the licensing
information (responsible regulatory agency, permit number, permit expiration date, if
applicable) should be provided.

2)  Regarding Section 6, introduction of substances into the environment for the sites of
production:

The discussion of the disposition of solid wastes is not adequate. These wastes from all
facilities are said to be sent to "appropriate waste facilities”. Information shoul_ be
provided about these disposal facilities, including whether they are landfills or
incinerators, and licensing information (see deficiency 1). _

3)  Please provide an EA document suitable for public release or confirmatin that pages 6-95
of the EA dated January 1995 may be released.



NDA 2C-563 Page 2

Please provide an amendment to address the following concerns:

1} For both manufacturing sites, please specify holding time limits between -

2) wr L]
specified for both manufacturing sites. Actions to be taken if these limits are exceeded
should also be specified.

3)

4)

5)

6)

8)
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9)

18)

11)

12)

13)

14)

15)

provided.

- -

Detailed information regarding the container/closure integrity testing of both

Industry for the Documentation for Sterilization Processes Validation in Applications for
Hutnan and Veterinary Drug Products, The Guidance states (in part):

"The applicant should provide scientific validation studies (and data) in support of the
microbial integrity of the drug packaging and components. The following information

should be included:

1. ¢
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16)

We would appreciate your prompt written response so we can continue our evaluation of your
NDA.

If you have any questions, please contact:

John R. Short, R.Ph.
Consumer Safety Officer
(301) 4433510

Sincerely yours,

& -
%j G/ /7 )
Solowon Sobgl, M.D.
Director
Division of Metabolism and

Endocrine Drug Products (HFD-510)
Office of Drug Evaluation II
Center for Drug Evaluation and Research
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cc: Original NDA 20-563
HFD-510/Div. Files
DISTRICT OFFICE
HFD-C04/R]erussi
HFD-005/M]Jones
HFD-102/PVincent
HFD-160/PStinavage, PCooney
HFD-510/CSO/J.R.Short
HFD-510/SMoore, YYChiu

drafted: JShort/August 25, 1995/ N20563IR.JRS
r/d Initials: Strinavage/8/25/95/Cooncy/8/25/95/Moore/8/ 25/95/Chiu/8/25/95
final: THenry/9/1/95 .

INFORMATION REQUEST (IR) o
f // a8



ShAesT

NG 25 MW

MEMORANDUM OF A TELEPHONE CONVERSATION 8/25/95 NDA #20,563
Sponsor: Lilly Laboratories

Indianapolis, IN 46285

317-276-2000

After consultation with Dr. Fleming regarding the 8 cases of
retinal disorder in the treatment group versus none in the
standard therapy group, Drs. Koller and Misbin contacted Dr. Jeff
Winn (Regulatory) at 2:30 P.M. 8/25/95 to ask that investigators
be nctified of these tindings. (Refer to separate memerandum, ;] In
response to this request, Dr. Timothy Franson (Executive
Director-North American Regulatory Affairs), contacted me. It was
agreed that, on 8/28/95, the sponsor would make a pPresentation in
which they would explain their view of the findings thac would,
perhaps, change our position. Drs. Koller and Misbin were in
attend@nce during the phone conversation.

vffuzmuﬁ~kéiw¢kff«’

S0l Sobel, M.D.
DMEDP-Division Director

Clo /‘VD/?- A’TCL
BED . ST

PO 505 Mflornarss  Gfotllan R teokern. THonT
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TELEFAX

TO:  Jeff Winn, Ph.D.
FAX: 317-276-1652
) PHONE:

EROM: John R. Short

Food and Drug Administration
Division of Metabolism and Endocrine Drug Products

5600 Fishers Lane--HFD-510
Rockville, Maryland 20857-1706
il

FAX: 301/443-9282
PHONE: 301/443-3510
DATE: 4/7/95

PAGES: 3 [inclusive]

COMMENTS: Subject: NDA 20-563

1. Microbiology: See attached page. On 4/6/95 I mailed to you a copy of DA's "Guideline
for Submitting Documentation for Sterilization Process Validatioin in Applications for Human
and Veterinary Drug Products.”

2. Biostatistics: See attached page.

3. Biopharmaceutics: Contact the Division of Biopharmaceutics to discuss possible
additional data analyses as related to the evaluation of postprandial glucose excursion using
alternative measurement parameter (i.e., AUC).

(>

AN =

If you are not the addressee, or a persen autherized to
deliver this document to the addressee, you are hereby notified that any review, disclosure, dissemination, copying,
or other action based on the content of this communication is not authorized. If you have received this document
in error, please notify us immediately by telephone (301/443-3510 or 301/443-3490) and return it to us by mail at the
address below. Thank you,

Food and Drug Administration

Division of Metabolism and Endocrine Drug Products
5600 Fishers Lane~-HFD-510

Rockville, Maryland 20857-1706

cc: NDA Arch (20-363), HFD-510
HFD-510/Fleming, Short, SMoore, YYChiu, EKoller
HF¥L-427/JHunt
HFD-160/DHussong HFD-713/BTaneja, ENevius
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During our filing meeting held April 4, 1995, it was determined that additional informaticx is
needed from the statistical standpoint, as follows:

1. Data on demographic and primary efficacy variables in ASCII
file on a diskettz.

2.  Computer programs to reproduce the sponsor’s analyses on
demographic and primary efficacy variables.

3. Aninvestigation of the effect of dropouts on analyses
{demographic and primary efficacy variables) including the
following:

(a) how many dropouts at each timepoint for each
treatment

{(b)  analyses comparing the cohorts of dropouts for the two
treatments at each timepoint

{c} asequence of graphs for the analyses in (b} plotting
demographic and primary efficacy variables on vertical
axis and timepoints on horizontal axis.

Approved by

. ' /

[y‘ o | R
Solémon Sobel, M.D.
Director, DMEDP
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During our filing meeting held April 4, 1995, it was determined that considerable Microbiology
information was missing from the application and must be provided as soon as possible. The
information missing is listed below. It is hoped that this information can be provided by Friday,
May 12, 1995 (the filing date is Saturday, May 13, 1995). If not, a commitment must be made by
May 12, 1995, that the data will be submitted by July 12, 1995, or the application may not be
filed.

Specific process information for product registration batches was provided.
Representative batch (registration batch) histories were concisely summarized,

2) ) ) o ' were not
provided. These should be briefly described including methods °

3) Sterilization validation information (methods and brief data summaries)
were not provided for components and equipment. Such validation
experiments should include, for example, = - T '

summaries) were not provided.

. g . r

Approved by

nedd 15150
i ! /o
Solgmon Sobel, M.D/ '
Director, DMEDP
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MAR 30 195

Lilly Research Laboratories

Attention: Timothy R. Franson, M.D.

Executive Director, North American Regulatory Affairs
Lilly Corporate Center

Indianapolis, IN 46285

Dear Dr. Franson:

We have received your new drug application submitted under section 505(b) of the Federal Food,
Drug, and Cosmetic Act for the following:

Name of Drug Product: Humalog {insulin lispro ({DNA origin)] Injection, 100 units/ml
Therapeutic Classification:  §

Date of Application: March 13, 1995

Date of Receipt: March 14, 19¢5

Our Reference Number: NDA 20-563

Unless we notify you within 60 days of our receipt date that the application is not sufficieutly
complete to permit a substantive review, this application will be filed under section 505(b) of the
Act on May 13, 1995, in accordance with 21 CFR 314.101(a).

Under 21 CFR 314,102(c) of the new drug regulations and in accordance with the policy
described in the Center for Drug Evaluation and Research Staff Manual Guide CDER 4820.¢,
you-may request an informal conference with this Division {to be held approximately 90 days
from the above receipt date) for 2 brief report on the status of the review but not on the
application’s ultimate approvability. Please request the meeting at least 15 days in advance.
Alternatively, vou may choose to receive such a report by telephone. Should you wish a
conference, a telephone report, or if you have any questions concerning this NDA, please
contact:

Mr. John R. Short
Consumer Safety Officer
(301) 443-3510
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Please cite the NDA number listed above at the top of the first Page of any communications
oncerning this application.

Sincerely yours,

- 3.309¢

Chief. Project Management Staff
Division of Metabolism and

Endocrine Drug Products (HFD-51¢0)
Center for Drug Evaluation and Research

cc: Onig. NDA

HFD-510

DISTRICT OFFICE

HFD-510/]Short 3/16/95 \N20563AC.JRS

Concurrence: EGalliers 3/30/95 (
Lyr

ACKNOWLEDGEMENT - AC e
g 77/ 3;/ A
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Lilly Research Laboratories
A Dwision of € Lily and Company

Lilty Corporate Center
Irdianapoiis Ind ana 46285

May 28, 1996 (3173 276-2000

Food and Drug Administration

Center for Drug Evahiation and Research

Division of Metabolism and Endocruc
Drug Products, HFD-510

Attn Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563—~Humalog™(insulin lispro, rDNA origin)

Eli Lilly arnd Company is amending NDA 20-563 to provide the FDA Division of
Metabolism and Endocrine Drug Products a copy of changes (indicated by bolding and
strtkethrough marks) and a clean copy of the physician’s package insert for Humalog
(insulin lispro, rDNA origin). This is the same version that was FAX'd and provided via
e-maifl on May 24, 1996

Please call Dr Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

North American Regulatory Affairs

attachiment

e Ms Jena Weber (desk copy)
Mr. John Short (desk copy)
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Lilly Research Laboratories
A Division of Eh Lilly and Company

Lilly Corporate Center
Incianapaits, InGtana 46285
(317 276-20000

May 28, 1996

Food and Drug Admunistratior

Center for Drug Evaluation and Resear ch

Division of Metabolism and Endocrnine,
Drug Products, HFD-510

Attention. Document Control Room 14B-03

5600 Fishers Lane

Rockville, Maryland 20857-1706

Re.  NDA 20-563 Humalog, insulin lispro

The enclosed amendment contains a phase I'V commitment

) ) This commitment was requested by
Dr. Steven Moore (FDA) in a telephone conversation with Dr. Gregory Davis (Lilly) on
May 23, 1996

Please call Dr Jeffrey Winn, (317) 276-2098 or me at (317) 277-1324 if there are any
questions Thank you for your continued cooperation and assistance.

Very truly yours,
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Lilly Research Laboratones

May 24, 1996

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metaboiism and Endocrine
Drug Products, HFD-510

Aun. Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563--Humalog™(insulin lispro, rDNA origin)

Eli Lilly and Company is amending NDA 20-563 to address the phase 4 plan for Humalog.
The information provided in this letter is intended to answer the questions asked by the
FDA Division of Metabolism and Endocrine Drug Products in a telephone conversation
between Dr. Robert Misbin (FDA), Dr. Elizabeth Kotler (FIDA), and Dr. Jeffrey Winn (Eli
Lilly and Company) on May 23, 1996 regarding NDA 20-5563.

We have attached the phase 4 plan for Humalog,

Please call Dr Jeffrey Winn a1 (317) 276-2098 or me at (317) 277-1324 if there are anv
questions  Thank you for your continued cooperation and assistance




Sincerely,

ELI LILLY AND COMPANY
REVIEWS COMPLETED

Q%Jf/ 350 ACTION:

L2 Timothy R. Franson, M.D.

eetrer T nar Thiaemo

Executive Director CSC MITIALS

DATE

North American Regulatory Affairs
attachment

¢cc: G. Alexander Fleming, M.D. (desk copy)
Solomen Sobel, M.D. (desk copy)
Robert Misbin, M.D. {desk copy)
Elizabeth Koller, M.D. {desk copy)




The following table includes those phase 4 studies that are to be conducted with
Humalog® (insulin lispro).

Study Title Comments
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Lilly Research Laboratories
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May 14, 1996

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products. HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563--Humalog™(insulin lispro, rDNA origin)

The information provided in this letter is intended 1o answer the questions asked by the
FDA Division of Mestabolism and Endocrine Drug Products in a letter dated April 30,
1996 regarding NDA 20-563. For your convenjence, a copy OF The TeTrer accompanies the
response.

Please call Dr. Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely,

ELTLILLY AND COMPANY

RN
meﬁ’/

Tunothy R. Franson. M.D.
txecutive Director
North American Regulatory Affairs

allachments
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Lilly Research Laboratories
A Dwision of Eli Lilty angd Company

Lihy Corporate Center
incianapohs Indianad gl
1317} 276200

April 22, 1996

Food 2nd Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products, HFD-510

Atin: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563—Humalog® (insulin lispro, rDNA origin)

ORIGINAL

SRR AL IS

Liily is herewith submitting labeling for Hwnalog pursuant to regulations cited in 21 CFR 20} Subpart B-
-Labeling Requirements for Prescription Drugs and/or Insulin, including the appropriate format, and 21

CFR 429 Subpart B,

The current document contains changes from that FAXed from the FDA 10 Eli Lilly and Company on

April 15, 1996. Please see Note to Reviewer for an explanation of the changes.

Enclosed are copies of the physican’s package insert, patient information for vials and cartridges. and

cartons/labels for Humalog,

Please call Dr. Jetfrey [.. Winn at (317) 276-2098 or me at (317 277-1324 if there are any questions.

Thank you for your continued cooperation and assistance.

Sincerely,

ELI LILLY AND COMPANY REVIEWS COMPLETED

CEOACTION:

(e CInar [Jmemo

CSO INMALS

DATE

enclosure

o G. Alexander Fleming, MD (desk copy)
o« Michael Fossler, PhD (desk copy)

(Wi Elizabeth Koller, MD (desk cupy)

Vs Robert Misbin, MID) (desk copy)

cC Williamn Berlin, PhD (desk copy)




~ Lilly Research Laboratories
- A Division of Eh Lilly and Company

Lily Corparate Center

il 3. 1996 Inghanapolis Indlana 36285
Apl’l 13171 276-2000

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products. HFD-510

Atin: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563 Humalog™ (insulin lispro injection, rDNA origin)

Reference is made 1o a telephone conversation between G. Alexander Fleming (FDA) and
Dr. Jeffrey Winn (Lilly) on April 2, 1996. We are herewith submitting a diskette entitled
Humalog Physician Insert (Humapwp.doc) in the format WordPerfect 6.1 as requested by
Dr. Fleming.

Eli Lilly had requested a meeting on April 11, 1996 to discuss the proposed physician

- insert. however, it was noted that by using a secure system, the internet would be a useful
method by which to communicate. Dr. Winn will provide the Division with his internet
address when it becomes available.

Please call Dr. Jeffrev L. Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely.

ELI LILLY AND COMPANY

Jorew & ot d

leﬂ(imoth_\‘ R. Franson. M.D.
Executive Director
North American Regulatory Affairs

enclosure
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Lilly Research Laboratories
A Dwosion of BN Lily ang Comoany
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April 1. 1996

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products, HFD: 510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re:  NDA 20-563-Humaleg™ (insulia lispro, rDNA origin)

We are herewith submitting labeling for Humalog pursuant to 21 CFR 201 Subpart B--
Labeling Requirements for Prescription Drugs and/or Insulin and 21 CFR 429 Subpart B.

The current document contains editonial changes from that which was FAXed 10 the FDA
on March 29, 1996. In the Information for Patients section, the first sentence in the
second paragraph has been changed to “Patients should be advised 1o inform their
physician if they contemplate or become pregnant™. Also in that section, the first sentence
of the third paragraph has been edited to “Refer patients to the Information For The
Patient circular...”. In the Dosage and Administration section under Mixing with longer-
acting insulins, the fourth semence has been changed from “1sophane sulin human
suspensior. USP™. to “Humulin N™.

We have included the annotated Physician’s labeling. The annotated Information For The
Patient can be found in volume 1.1A, page 7, of the original submission (March 13, 1994).
Additionally, we have included the reformaned cartons and labeis for your review.

Please call Dr. Jeffrey L. Winn a1 (317) 276-2098 or me at (317) 277-1324 if there are am
questions. Thank you for vour continued cooperation and assistance.



Food and Drug Adpnms etrateon
NDA 50-563 - Hurpalog,
April 1. 1996

Page 2

Sincerely,

ELILIOLY AND COMPANY

OllaidWensien

Timothy R Franson, M.D.
Executive Director

North American Regulatory Affairs

enclosure

ce G Alexander Fleming, MD (desk copy)
cc Michael Fossler, PhD (desk copy)

cc Elizabeth Koller, MD (desk copy)

ce. Robert Misbin, MD (desk copy)

cc Stephen Moore, PhD (desk copy)
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Lilly Research Laboratories
A Divizion of Eli Lilly and Company
Lily Corporate Centel
Indianapalis, inhana 46285
February 14, 1996 (317 276:2000
Food and Drug Administration i '
Center for Drug Evaluation and Research _ RECD j&%
Division of Metabolism and Endocrinc i FEB 15 1996 '
Drug Products, HFD-510 I ‘
Attn: Document Control Room 14B-03
5600 Fishers Lane
Rockwille, MD 20857-1706
Re: NDA 20-563--Humalog™(insulin lispro, rDNA origin)
The information provided in thss letter is to correct a mistake that was discovered in the
amendment to NDA 20-563 submitted February 6, 1996. The mistake was noted in Table
ee beclgmﬁ?ﬂﬂmg-vﬂtmﬁe_ﬁﬁavenemly transposed with the Humulin R
aues. Thes transposition has only a small effect of the data interpretation since the means
were not found to be statistically significantly different. The values in Table 1 were .
summarized from a larger computer genersted table presented in Appendix 1 of the AL
February 6, 1996 submission —}?, =
P
A
Mr Rocco Brunelle (Lilly) telephoned Dr Taneja (FDA) on February 13, 1996, Dr fd y
Teneja indicated that he had noted the transposition while checking the numbers in the ‘s

1ables against the computer generated tables in the attachments.

It should also be noted that although there is no significant difference between the
treatments for the mean hypoglycemua rate per 30 days using the new definition, the mean
was slightly lower during Humalog therapy when compared to Humulin R therapy This is
consistcnt with the treatment comparisons observed for the original defimtion of
hypoglycemua as presented in Table 1A (see below) When using all the hypoglycemic
episodes, the mean hypoglycemia rate per 30 days was significantly lower during Humalog
therapy when compared to Humulin R therapy (p< 001) This difference in the results is
attributable to the difference in the definitions of hypoglycemia. The new definition (blood
glucose <2.0 mmol/L, or the patient indicated that they were not able to self-treat the
hypoglycemic episode) accounts for only 6 35% of the total hypoglycemic episodes, thus
reducing the frequency of hypoglycemic episodes and reducing the hypoglycemic rate per
N days
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Please call Dr. Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerey, REVIEWS COMPLETED
ELILILLY COMPANY —E?Sb ACTION:

(O LETTER O NAL

Timkthy R. Franson, M.D. SOINITIALS DATE
Executfve Director
North American Regulatory Affairs

attachments
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Lilly Research Laboratories
A Dwision of Eit Lilly ang Company

Lty Corparate Center
INntianapoks InMana 46285

February 6, 1996 13173 2762020

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products, HFD-510

Antn: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563—Humalog™(insulin lispro, rDNA origin)

The artached document contains information requested by the medical reviewing officer
and the statisticians responsible for the review of Humalog. This document is the reply to
the questions requested by Drs, Misbin, Taneja and Marticello (Food and Drug
Administration) during a conference call with Mr. Rocco Brunelle (Eli Lilly and Company)
on Wednesday, January 31, 1996.

Please call Dr. Jeffrey Winn ar (317) 276-2098 or me at (317) 277-1324 if there are any
qQuestions. Thank you for your continued Cooperation and assistance,

Sincerely,
ELT LILLY AND COMPANY

S

DY |
e WY

Timothy R. Franson, M.D.
Executive Director
North American Regulatory Affairs
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Lilly Research Laboratories
A Division of £ Lilly and Company

Liny Corporate Center
indlanapahs (osana 46285
(317 2762000

December 19, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Diwvision of Metabolism and Endocrine
Drug Products, HFD-510

Attn Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563—-Humalog™ (insulin lispro, rDNA origin)

Eli Lilly is hercwith amending NDA 20-563 to provide a draft physician's package insert
requested by Mr John Short (FDA) to Dr. Jeffrey Winn (Eli Lilly and Company) Mr
Shon verbally asked Dr Winn to submit draft labeling following the amendment on
December 18, 1995 1 is understood that the action letter will be issued on, or before,
June 13, 1996

Please call Dr Jeffrev Winn at {317) 276-2098 or me at (317) 277-1324 if there are any
questions Thank vou for your continued cooperation and assistance.

Sincerely, AEVIEWS COMPLETED

EL!I LILLY AND COMPANY CSG”EC-“ON
-7 Q/ ( ] LETTER ] NAL o
o o L
b ™ SOINITIALS DATE
North Amencan Regulatory Affairs (P)\ 3+
f
enclosure r )
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Lilly Research Laboratories
A Division of Bl Lilly and Company

Lily Corperale Centes
indianapohs. Indiana 46285
(3171 276 2000

December 13, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocnine GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn. Document Control Room 14B-03

5600 Fishers Lane

Rockwlle, MD 20857-1706

Re: NDA 20-563—-Humalog™ (igsulin lispro, rDNA origin)
Eli Lilly 1s herewith amending NDA 20-563 to provide responses to questions provided in
a letter from the FDA to Eli Lilly and Company dated September 6, 1995 A copy of the

letter has been provided for the reviewer

Please call Dr Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions  Thank you for your continued cooperation and assistance

Sincerely,

ELI LI ' Y AND COMPANY

O
Timoffiy R Franson, M D
Executjve Director

enclosures
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Lilly Research Laboratories
A Divesion af €1 Liffy and Company

Lily Corporate Center
ndiandpols indiang 46285
(317} 276.2000

December 8, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metaboiism and Endocrine GENERAL CORRESPONDENCE
Drug Products, HFD.5]0

Attn. Document Control Room {4B-03

5600 Fishers Lane

Rockviile, MD 20857-1706 -

Re:  NDA 20—563-Humalog“' (insulin lispro, rDNA origin) \

Eli Lilly and Company is herewith submitting to NDA 20-563 electrocardiograms for |
ISi and nine from F5Z-MC-10AA. F37-MC-10AB, and F3Z-MC-I0AC conducted
in Canada The QTe¢ intervals were calculated by an outside cardiologist
. and have been placed in an Excel spreadsheet

We are also submitting the final quality of life report and sample questionnaire for F3Z-
MC-IOAG and F3Z-MC-10AH conducted in Belgium and The Netherlands

Please call Dr Jeffrey Winn at (-, 7) 276-2098 or me at (317) 277-1324 if there are any
questions  Thank you for your continued cooperation and assistance

~

Sincerely, s

REVIEWS COMPLETED

LSO ACTION, T
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ELILILLY AND COMPANY

Execyyve Director AR T T
North American Regulatory Affairs N NI HALS
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Lily Research Laboratories
& Dwision of Eh Lily and Company

Lity Corporate Center
Ingilanapohis. Indiana 46285
(317) 276-2000

November 6, 1595

Food and Drug Admunistration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine AMENDMENT
Drug Products, HFD-510

Attn’ Document Control Room 14B-03

5600 Fishers Lane

Rockwville, MD 20857-1706

Re:  NDA 20-563-—-Humalog™ (insulin lispro, rDNA origin)

LA

The attached amendment is for vials (VL-7510) and Cartridges (VL-7515) of Humalog™
(insulin lispro)

This amendment includes data on the stability of process intermediates and approxumate
holding times for each process intermediate  Stability data from full-scale lots of Vials and
Cartridges of insulin lispro were provided in an NDA 20-563 amendment dated July 11,
995 Since that time. _ data have become available for the three full-
scale cartridge lots A summary cf those data are provided within this amendment

Please call Dr Gregory Davis at {117) 276-4125 or Dr Jeffrey Winn at (317) 276-2098 1f
there are any questions. Thank you for your continued cooperation and assistance

Sincerely,

REVIEWS COMPLETED

b T CSO ACTION:
. /[ -ﬂ'fff/mn@ ] LETicR [ NAL

Franson, M D
Executive Director

North American Regulatory Affairs CSO lNlﬂA LS DATE_

ELILILLY AND COMPANY

enciosure

cc Y -Y Chiu, PhD (desk copy)
Stephen Moore, PhD (desk copy’
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Lilly Research Laboratories
A Division of Elj Lilty and Company

Litly Corporate Center
Indranapoks. Indhana 46285
(317) 276-2000

November 3, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism ang Endocrine
Drug Products, HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rocxville, MD 20857-1706

Re: NDA 20-563 ~Humalog™ (insulin lispro, rDNA origin)

This letter to NDA 20-563 is 1o document within the NDA that the foIonJ‘ing i dtion I
has been submitted to IND insulin lispro, (rDNA origin) with Serial Numbe 2?;/ ¥

conversation, Dr Turner stated that he would perform audits at the sites of investigator
number 003 (F3Z-MC -I0AA) and investizator number 24 (F3Z-MC-I0AF)

As per Dr Turner's reéquest, we submitted the audit printouts for the 9 patients for

. . . . . [
investigator number 24 and eleven patients requested for investigator number 003 1o IND f

for insulin lispro (rDNA ongin) and are in sequential order by patient number.

Please call Dr Jeffrey Winn at (3] 7) 276-2098 or me at (317) 277-1324 if there are any
questions Thank you for your continued cooperation and assistance

Sincere] -
ncer

e EVIEWS CourL i
ELI LILLY AND COMPANY .

CCSTACTION. S

wson 1) J LETIR /[ NAL

Franson, M D

I ll'eCtOT - .""‘_“—‘*"‘—I:*%—
North American .'\‘egulatory Affairs \)3 l NITm y DATE

» 4
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October 30, 1995

Food and Drug Admumnsstration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn Document Control Room 14B-03

5600 Fishers Lane

Rockwille, MD 20857-1706

Re:  NDA 20-563--Humalog™ (insulin lispro, rDNA origin}

This correspondence is in response to a question from Elizabeth Koller, MD of the Food
and Drug Administrations Division of Metabolism and Endocrine Drug Products on ¥
September 7, 1995 to Mr Mark Richdarson {Lilly). \. s .

During a meeting with Dr Koller, M1 Richardson was asked to provide in wrniting whet
Liuly determined the baseline during the clirucal investigation of Humolog. We have
attached the answer to that question C_]

. roo
Please call Dr Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there (r\g:u\yeﬁ ‘h
questions Thank you for your continued cooperation and assistance.

4
!

Sincerely,
EL{ LILLY AND COMPANY . /.‘
(W4
( REVIEWS COMPLETED

imothy R Franson, M D QN )
Executive Director €50 ACTION:
North Amenican Regulatory Affairs [ LE;TER 0 AAJ
enclosure )

| €S0 iNTIALS pars |

e

cC Dr Ehzabeth Koller (desk copy}

i |
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Lilly Research Laboratories

NDA ORiG AMENDMENT

L (‘11;1-2?‘3’;0[294-A
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October 27, 1995 J

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rockwille, MD 20857-1706

Re:  NDA 20-563—Humalog™ (insulin lispro, rDNA origin)

This correspondence is in response to a letter from the Food and Drug Admunistrations
Division of Metabolism and Endocrine Drug Products dated March 6, 1995 We have
attached a copy of tnat letter for your reference

The letter stated that additional information on subject #242-2408  Following a review of

the IND and follow-up with the investigational site, we believe that the subject number of

interest is #241-2408. We have attached tiie additional information requested for subject

#241-2408 and a copy of the Clinical Study Report for F3Z-EW-E002 from Item 6,

velume 1 52, pp 206-234 of the NDA for your convenience Qﬂ Ve
Q>

Please call Dr Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there are arg (JQ)\

questions Thank you for your continued cooperation and assistance

A 1)

‘b” 0} ﬁ'-’/ 1]:':/-

Sincerely, w/ Yo h}:‘ .

o g

ELILILLY AND COMPANY O{ﬂ u I
othy R Franson, M.D REWEWS COHPI.ETED

Executive Director

North American Regulatory Affairs CSO ACTFO N:

enclosurc | 3 LETTER O] NAL.

cc Dr Elizabeth Koiler (desk copy}

CS0 INITIALS DATE
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Sincerely,
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Lilly Research Laboratories
A Division of £l Lilly and Company

Lty Corporate Center
inthanapohs. indrana 46285
{317y 276-2000

October 23, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products, HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

, HFD510 & '
Jor wy 54

Re: NDA 20-563—Humalog™ (insulin lispro, rDNA origin)

This correspondence is in response to a questions from Dr Robert Misbin (FIDA) to Dr Jefirey Winn
(Lilly) on August 10, 1995 and subsequent telephone conversations between Dr Michael Fossler (FDA)
and Dr. James Woodworth (Lilly). The questions involve the availability of calonic intake and
composition from the pharmacokinetic study F3Z-LC-IMAD.

We are herewith submitting the data as requesied to the NDA for review  Please find attached the study
report “Pharmacokinetic and Analytical Repon, Study F3Z-LC-IMAD (attachment 1). a pnntout of the
calonc intake, blood glucose measurements, and insulin doses for all patients tested in study IMAD
(attachment 2) and meal composition {attachment 3

Luly was also asked duning the August 10, 1995 meeting and subsequent telephone conversations with
Dr Michael Fossler if insulin antibody titers for study F3Z-MC-IOAJ pauents are available We have
attached (attachment 4) those data available

Please call Dr Jeffrey Winr at (317) 276-2098 or me at (317) 277-1324 1f there are any questions Thank
you for your continued cooperation and assistance

Sincerely,

REVIEWS COMPLETED
~ CSOACTION.
(J LETTER [ NAL

BT —e

ELI LILLY AND COMPANY

enclosurcs
wooyevtt 1/ /3)"
cc Or Michacel Fossler (desk COpv) ~s l ‘ ( ¥
Dr Elizabeth Koller (desk copy) i, U/ r
Dr Robert Misbin (desk copr) LA

)%
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Lilly Research Laboratories
A Dwision of Bl Lty and Company

Lilty Corporate Cenfer
Inghanapohs, Indiana 46285
{317) 276-2000
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QOctober 11, 1995

Food and Drug Admunistration
Center for Drug Evaluation and Reseaich
Division of Metabolism and Endocnne GENERAL CORRESPONDENCE
Drug Products, HFD-510
Atta: Documeni Control Room 14B-03
5600 Fishers Lane / P
Rockville, MD 20857-1706 0 | £l &

Re: NDA 20-563—-Humalog™ (insulin lispre, rDNA origin) .

This letter is in response to a telephone conversation between Dr. Gurston-fumer (FDA)
and Dr_ Jeffrey Winn (Lilly) on October 10, 1995. During the conversation, Dr. Turner
noted that he would perform site audits in Moscow (F3Z-MC-10AJ) and in Barcelona,
Spain (F3Z-MC-10AA)

As per Dr Turner's request, we are herewith providing the protocols for the two studies,
investigator list for IOAA and patient numbers for the various sites in Spain for 10AA
Please note that the study is listed in the NDA as muiticenter and multinational and only
investigators 600, 601 and 602 are located in Spain and are indicated with an asterisk
Investigator 601 and 602 are located in Barcelona

Please call Dr Jetfrev Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
guestions  Thank you o7 yow continued cooperation and assistance

Sincerely,

REVIEWS COMPLETED

e (SO ACTION:
%rm@ (] LETTER 7 HAL

tive/Director "5 O]MN h’ | ALS D Al E

ELI LILLY AND COMPANY

c Dr Gurston Tumer (HFD-344) o i
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Lilly Research Laboratories l\)
A Division ot Elr Lilly and Company

Lilly Corporale Center q LR
indianapols, indiana 46245 \V - ‘ vof
,-'//——. -

{(317) 276-2000

October 10, 1995

Food and Drug Admunistration

Center for Drug Evaluation and Research

Division of Metabolism and Endocnine
Drug Products, HFD-51 0

Attn' Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563~Humalog™ (insulin lispro, rDNA origin)

Lilly is herewith submitting the remaining EKG data as requested by the Division of
Metabolism and Endocrine Drug Products on January 19, 1995, regarding F3Z-MC-

JOAC(b)(1) and in a letter from the Agency dated October 6, 1995 A4 <.,
.,2__"/,

FDA Question: Provide serial EKG data on the Canadian and Australian subjects \kj’/

(as well as any other patients for wliom it is available). Please include the QRS T

duration and the QT¢ interval. N\

Lilly Response: Please refer 1o artachment A (F3Z2-MC-10AC data), attachment B (F3Z-
IOAG data), and attachment C (F3Z-MC-10AH data) To assist the reviewers, we have
provided an EXCEL spreadsheet containing the investigator, patient, and wisit results for
both the QRS duration and the QT interval, electrocardiogram report, and the EKG
tracing. If data were supplied in the September 0, 1995, submission, an asterisk will be
next to the visit number on the spreadsheets All other results on the spreadsheets are
new

All new data are accompanied by an “Electrocardiogram Report” and the EKG tracing
The electrocardiogram report was completed by the external cardiologist who analyzed
the tracings Certain invesugalors did not have new data’ (investigator 961 from F3Z-
MC-10AC, investigator 960 from F3Z-MC-10AG, and investigator 961 from F3Z-MC-
I0AH) To assist the reviewers, only the EXCEL spreadsheet is provided containing the
previously reported results from these investigators The EKG tracings can be found in
the September 6, 1995, submission



Additionally, please note that the FDA question number one was answered incorrectly in

the submission from Eli Lilly and Company to the Division of Metabolism and Endocrine

Drug Products dated September 6, 1995. The question, answer and corrected answer are
provided below.

FDA Question 1: Which studies document the blood concentrations of insulin lispro
and insulin in patients with diabetes? What are the results of those measurements?
How was the validity of those measurements assessed with respect io endogencus
antibodies in those patients?

Lilly Answer Please see attachment A

The answer should have indicated that these issues were discussed dunng the
teleconference on August 29, 1995, between members of the FDA Division of Me.abolism
and Endocrine Drug products and Eli Lilly and Company. Ina telephone conversation
between Dr. Mike Fossler (FDA) and Dr. James Woodworth on October 4, 1995, Dr
Woodworth indicated that Lilly was in the process of collating the requested information
for the study F3Z-LC-IMAD This information will be submitted to NDA 20-563 when
available We apologize for any inconvenience this incorrect answer may have caused the
reviewers

Please call Dr Jeffrey Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance

Sincerely,

ELILILLY AND/QOMPANY

Amm’\”ﬁb

Timothy R branson, MD
Executwve Dhrector
North American Regulatory Affairs

Attachment

cc Elizabeth Koller, MD (desk copy)
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Lilly Research Laboratories I N ORI A‘
A Division of Ell Lty and Company [ H !"’\ | ’J t ‘ e N =

Lily Corporate Center .
Ingianapoiis, Indiana 46285
(37 276-2000

October 5, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine
Drug Products, HFD-510

Attn. Document Control Room 14B-03

5600 Fishers Lane

Rockwville, MD 20857-1706

Re: NDA 20-563--Humalog™ (insulin lispro, rDNA origin)

The following information is in reply to three verbal questions that were asked by Dr
Baldeo Tenaja (FDA) to Mr Rocco Brunelle (Lilly} during a meeting on Thursday,
September 211995 at the FDA. To assist the reviewer we have provided the questions in
wnitten format tollowed by our response

Please call Dr Jeffrey Winn at (317) 276-2098 or me at (317) 276-2574 if there are 2ny
questions Thank you for your continued cooperation and assistance.

Sincerely. )

ELILIL LY AND COMPANY

e )MG’W@

Timothy R‘ Franson, M D
Executive Director i
North Amernican Regulatory Affairs

enclosure ‘ /
cc  Baldeo Teneja, Ph D (HFD 713) i
)
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A Division of Eli Lilly and Company <
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Scptember 22, 1995 _
. e

Food and Drug Admimstrabon \ Lé,d z
Centes for Drug Evalustion and Reacarch {7 . }7%
Division of Metabolism and Endocrine Sy~

Drug Products, HFO-510 0,.44 | p* A .
Atn: Ducument Contrej Room 148-03 1 ¢ - /V"
3600 Fishers Lane v ’(,,JJ" 1,2 E —
Rockwille, MD 20857-1706 9)0 0 V)t 720
Re:  NDA 20-563—Humalog™ (inmulia lispro, rDNA origix) s v 5'/2‘77)
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Mwmma%ﬁmwﬂmm;ﬁm‘

A!thmghhmmgﬂcdhyﬂr.&hdﬂutwwdsmﬂbemwwfmmumﬁmy
mmmdwmdmm..mmmmsmmwwm)mm
Philip Reid (Lilly) on September 18, 1995, indicated that the proposal wonld be submutted st this time
rather than an September 19, 1995, The proposal was developed 1n concert with both Lawrence Rand,
M5 and Ronatd Klein, MD, MPH. We fecl that the enciosced proposal will provide the best information
thatunbcobuinedfmmmumiwdmmbud'pntmlnuﬂcfmmmpuﬂldmﬂia

ni,miunym@wsmummmiﬁmdmmmmmm
obigate us to perform the study.

MmmdomdhnfuedlwmﬁunD:.anlthinrcprdinglhcmﬁnddlm&ts. Additionally, 1 am
sending a desk copy of the September 15, 1995, submisnon regarding the laser therapy/photoccagulation
information to Dr. Wiley Chambers

Plcasc call Dr. Jeffrey Winn at (317} 276-209% or mc a1 (317) 276-2574 if there are any questions. Thank
you for your continued cooperation and sssistance

Sincerely,

EL1 LILLY AND COMPANY

P o )

Ti Franson, M.D.
Executive Dinextor
North American Regalatory Affairs
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September 6, 1995

%

o LTS

Focd and Drug Admunistration

Center for Drug Evaluation and Research

Division of Metabolisni and Endocrine GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re:  NDA 20-363—Humalog™ (insulin lispro, rDNA origin)

This letter is in response prior commitments and current commiim=nts by Eli Lilly, as well
as to a telephone conversation between Solomon Sobel, MD, of the Division of
Metabolism and Endocrine Drug Products and leffrey Winn, DDS (Lilly) on September 1,
1995, As agreed to by Dr Winn and Dr Xan Fleming on August 29 1995, the following
answers would be provided by Eli Lilly and Company on 5 September 1995 to the FDA
Additionally, a call was initiated by Dr. Winn to clarify the time-trame for the feasibility
analysis and protocol proposal regarding retinal disorders as suggested by Dr. Sobel on
Monday, August 28, 1995, and as discussed by Dr. Winn and Dr. Sobel on August 31,
1995,

It was suggested by Dr Sobel that 2 weeks would be appropniate to perform a feasibility
analysis and development of the propssa!  Lilly will perform the feasibility analysis
immediately and the proposal will be drafted and sent to the FDA on September 19, 1995
due to the late afternoon discussion between Dr Sobel and Dr Winn, the time
requirements for the feasibility analysis (to determine scientific vahdity), and the
development of the proposal

The toliowing questions are provided purstant to the questions delineated in a letter from
Eh Lilly and Company to the FDA on 18 August 1995, as well as those questions
requiring follow-up and Faxed questions Lilly will continue to provide the medical
reviewers information regarding the additional information requested for the adveise drug
experience reports as they become available to us

CHF ) A
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Please call Dr. Jeffrey Winn at (317

) 276-2098 or me at (3 17) 277-1324 if there are any
questions. Thank you for your con

tinued cooperation and assistance.

Sincerely, REVIEWS COMPLETED
£SO ACTION:
LETTER NAL
Ay O -
CSO INITIALS DATE

North American Regulatory Affairs

cc: Alexander Fleming, MD (vlesk copy)
Michael Fossler, PhD (deslk copy)
Elizabeth Kolier, MDD (desk copy)
Robert Misbin, MD (desk copy)
Solomon Sobel, MD (desk copy)
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August 18, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metaboli:m and Endocrine
Drug Products, HFD-510

Attn. Document Control Room 14B-03

5600 Fishers Lane

Rockwville, MD 20857-1706

Re: NDA 20-563--Humalog™ (insulin lispro, rDNA origin)

Thus letter 1s in response 10 questions received (both verbally and wnitten) during our
meeting with members of the Division of Metabolism and Endocnine Drug Preducts on
July 27, and on August 10, 1995

The meeting on 10 August 19935, was intended to be a training session for the CANDA
and only non-clirucians were present. We would like to avoid any misunderstandings of
the information requested and eliminate delay by restating your clinical questions and
comments as we understand them Similar information has been provided previously in
replies to questions from the Division, but we would like provide a complete response to
assist a timely and productive review. We would ask for your confirmation that this is the
complete list and that we have not omitted any of your questions.

1 Which studies document the blood concentrations of insulin lispro and insulin in
patients with diabetes ? What are the results of those measurements ” How was
the validity of those measurements assessed with respect to endogenous antibodtes
in those patients ?

to

What was the justification for using the changes in the t and 2 hour postprandial
glucose excursions as a pnimary measure of efficacy ? Explain why these changes
are not at variance with changes in hemoglobin Alc and fasting glucoses

3 Since the reviewers state the meals were not standardized, can we provide
information on the equivalence of the meais between the lispra and Humulin R
groups 7 Can Lilly provide calorie counts and carbohydrate {simple and complex)
content 7

4 Please provide more details about the patients who developed retinal disorder, rash
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FDA Letter

NDA 10-563

Avgus 1R 1995

5. “Differences in subjective reporting of hypoglycemua is not a valid safety measure
tn a study which i1s unblinded.” Please provide data analysis using documented
hypogiycemia (defined as only those hypoglycemia episodes documented by a
blood glucose value)

6. Please provide the progression of credtinine values for each patient in the
registratton trials who had a creatinine equal or greater than 1.5 mg/dL (133
pmol/L}.

7. Provide information on the rapid absorption and onset of activity in patients with

diabetes.

In addition, the following biopharmaceutics issues will be addressed:

1

Precision and accuracy data (both intra and inter-day) justifying the proposed
quantitation limit ot 0.12 ng/mL has not been provided in the submtssion.

In studies which measured serum insulin, the results are suspect since samples
were not “cleaned up.”

Use of C-peptide measurements to correct for endogenous insulin secretion is not
valid Calculation of AUCs are suspect since ‘‘return to baseline” is somewhat
subjective.

Study D (assumed to be study IMAD, not I0AL) had too many differences with
respect to treatment days, meals, sample fimes and insulin/lispro doses Method of
adjusting for basal insulin invokes numerous assumptions.

Population PK study not designed properly to answer guestion - is lispro absorbed
faster than insulin in patients with diabetes.

We plan to have a conference call with Dr. Fossler from the FDA and pharmacokiretic,
medical and regulatory representatives from Lilly

Written resp mses to the above questions will be provided by 1 September 1995
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Please call Dr. Jeffrey Winn at (317) 276-2098 or me at (317) 276-2574 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely, REVIEWS COMPLETED
ELI LILLY)AND COMPANY . .
€SO ACTION:
}@ % @ (] LETTER 1 NAL
R. Franson, M.D
Exetutlve Director 2SO INITIALS DATE

North American Regulatory Affairs

cc: Elizabeth Koller, MD (desk copy)
Robert Misbin, MD (desk copy)
Alexander F leming, MD (desk copy)
Mike Fossler, PhD (desk copy)
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. July 21,1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of sfetabolism and Endocrine AMENDMENT e
Drug Products, HFD-510

Ann Document Conirol Room 14B-03

5600 Fishers Lane

Rockville, MD 70857-1706

Re: NDA 20-563, Humalog™» (insulin lispro rDNA origin)

Pursuant to the agreement arranged at the pre-NDA meeting between representatives of
the Division of Metabotism and Endocrine Drug Products, FDA, and Lilly, as welt as 8
telephone conversation between Dr. Greg Davis (Lilly) and Dr. Chiu (FDA) on July 10,

1995, we are herewh submitting a Chemistry, Manufactuning, and Control (CM&C)
amendment tO the NDA.

Please see the note 10 the reviewer for detailed information regarding the amendment

please call Dr. Jeffrey L. Winn at (317) 176-2098 or me at 317) 277-1324 if there at€ any
questions. Thank you for your continued CCOperation and assistance.

Sincerely, REVI WS ¢0 WP Let €D

e
D COMP £SO ACTION: {
,(‘.dménﬁ (] LETTER ] WAL 1»

Executivé Directof CSO \mﬂi\l\—_—s

" North American Regulatory Affairs

DATE

enciosure

e Dr Y-Y Chiu (desk copY)



" QRIGINAL

Ly - 0f1¢ Amend

Lilly Research Laboratories
A Diwvision of i Lidly and Company

Lilly Corporale Center
Inchanapohs, Indiana 46285
{317 276-2000

July 13, 1995

Food and DPrug Administration

Center for Drug Eval:ation and Research

Division of Metabolism and Endocrine
Drug Products, HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re: NDA 20-563—-Humalog™ (insulin lispro, rDNA origin)

We arz herewith submitting the 4-month safety update pursuant to 21 CFR
314.50(d)(5)(vi)}(b) and as otherwise noted in the Guideline for The Format and Content

of the clinical and Statistical Sections of NEW DRUG APPLICATIONS.

This document summarizes all of the new safety information for Humalog™ from patients
treated in completed and ongoing clinical studies conducted by the sponsor through 1
April 1995. There have been 800 patient-years additional exposure in 1901 patients which
sepresents 38% new exposure since the NDA. According to the Guideline for The Format
and Content of the Clinical and Statistical Sections of NEW DRUG APPLICATIONS
(July 1988), "if the total exposure has substantially changed (rule of thumb, increased by
25% or more)" then a reanalysis of appropriate safety data should be performed.
Therefore, the new safety information from completed studies or interim analyses of
ongoing studies including exposure, adveise events, hypoglycemia antibodies, and vital
signs was reanalyzed with the previous safety information. All serious events from all
completed and ongoing studies that occurred between 2 April 1994 and 1 April 1995 are
also included.

The following paragraph documents an agreement rcached with the Food and Drug
Admunistration's Division of Metabolism and Endocrine Drug Products and Eli Lilly and
Company since filing the IND for this drug (IND ;on June 1, 1990, and as
previously noted in the cover letter for the NDA 20-563 (dated March 13, 1995).

A July 11, 1994, letter from Dr. Solomon Sobel, FDA, to Dr. Max Talbott, Lilly.
This letter approved a written request (February 28, 1994) to waive the
requirement [2] CFR 314.50(f)(2)] that paper copies of the case report forms be
submitted in an NDA for "...each patient who died during a clinical study or who
did not complete the study because of an adverse event ", This waiver was
requested because Lilly utilized an electronic format for capturing the data from
the large-scale clinical trials, and subsequent extension trials for this drug, resulting
i an absence of paper case report forms.




| NDA 20-563

Food and Drug Administration
July 13, 1995

. Page 2

Please call Dr. Jeffrey Winn at (317) 276-2098 or me at (317) 276-2574 if there are any
questions. Thank you for your continued cooperation and assistance.

e REVIEWS COMPLETED
ELI LILLY AND COMPANY
Tﬁﬂﬂ D TS0 ACTION:

WA |\ Lf/ﬁn@oq ) |
Tm:@. Franson, M.D. MB [J LETTER [] NAI
Executive Director
North American Regulatory Affairs €S0 NITIALS DATE

cc: Elizateth Koller, MD (desk copy)
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X
yﬁ)od and Drug Administration
Center for Drug Evaluation and Research )
Division of Metabolism and Endocrine GENERAL CORRESPON DENCE

Drug Products, HFD-51¢
Attn: Document Control Room 14B-03

5600 Fishers Lane ~
Rockville, MD 20857-1706 . E
<
7, <
Re: NDA 20-563-—Humalog“‘ (insulin lispro, rDNA origin) _ \,ﬁ//'
I)p):’ TN?
Reference is made to the Jetter m the FDA regarding the final report for protocol F3Z- :“

MC-IOAF | and dated Marchfi, 1995 The letter contained 38 questions from the
Division of Metabolism and Endocrine Drug Products regarding the New Drug
Application (NDA 20-563) fou Humalog™ (insulin lispro, rIDNA origin) At this time we
are submitting detailed fesponses to each of the 38 questions To aid the reviewer, we
have listed each FDA question/issue with the corresponding response from Lilly
Additionally, we are including a copy of the FDA letter dated dated March 6, 1995

Please call D¢ Jeffrey L Winn at (317) 276-2098 or me at (317) 2771324 if there are any
questions  Thank you for your continued cooperation and assistance.

Sincerely,

. 'Tfl'\.‘!rll o f..f""‘ sl = —
ELI 7AND COMPANY LCCWS C0TDLITED

2R NA B e

DV (”/bWrL’O'. /i’l( WU ALTIC
Timothy R Franson, M D - 7 ee
Exeodytiye Director D LETicR o]
North Amenican Regulatory Affairs ‘
_r‘_,‘,,_. s e _Nl.f.k_, .h ::_...._
enclosure C\.)O 'NIT“ALS . ':)\"- "‘$y bn'i I E
cc Elizabeth Koller, MD (desk copy) ( (5 w L
R .l ‘p oy :)l" ! ‘:}'i t"U-t_-./ "/, N .
AN LA A CO AP L o
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June 9, 1995

Food and Drug Administration

Center for Drug Evaluation ang Research

Division of Metabolism and Endocrine
Drug Products, HFD-5 10

Attn: Document Control Room 14B-03

5600 Fishers Lane //

Rockvilie, MD 20857- 1706

< =
—/2- N }" -
‘r’?‘
Re: NDA 20-563—-Humalog™ (insulin lispro, rDNA origin) ~T L

Please call Dr Jeffrey L Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely,

ND COMPANY REVIEWS COMPLETED
Mo [~

Tirhothy R Franson, M D

Executive Director D LETTER

Nort encan Reguiatory Affairs

enclosure CSO IN]T”‘\LS;
cc Elizabeth Koller, MD (desk copy}




ORIGINAL

.,y b oas .
C...a.’..’: PR o

Ly

Lilly Research Laboratories
A Division al B Laly and Companry

Pty Uorporale Cenler

Tune 8, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn: Document Control Room 14B-03

5600 Fishers Lane A _
Rockville, MD 20857-1706 ST M ' )

Y.

» j'/
Re: NDA 20-563—Humalog™ (insulin Ji€pro, rDNA origin) /-;\3’/

-
Reference is made to the letter from the FDA regarding the final report for protocol F3Z- (f -

MC-IOAD(b)(1), and dated March 6, 1995. The letter contained 16 questions from the
Division of Metabolism and Endocrine Drug Products regarding the New Drug
Application (NDA 20-563) for Humalog™ (insulin lispro, IDNA origin). At this time we
are submitting detailed responses to each of the 16 questions. To aid the reviewer, we
have listed each FDA question/issue with the corresponding response from Lilly.
Additionally, we are including a copy of the FDA letter dated dated March 6, 1995

Please call Dr Jeffrey L Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely,

L CVIEWS COMPLETED
LSO ACTEIN:
Executive/ Director D LETTER D NA'

North American Regulatory Affairs

enclosure 50 INITIALS DATF
¢c Elizabeth Koller, MD (desk copy)
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June 7, 1995

Food and Drug Admunistration

Center for Drug Evaluaiion and Research

Division of Metabolism and Endocrine
Drug Products, HFD-510

Attn: Document Contrcl Room 14B-03

5600 Fishers Lane
Rockviile, MID 20857-1706

el 2208

indlanad 46285
(307 2762000 -

Vd

Re: NDA 20-563--Humalog™ (insulin lispro, rDNA origin)

Reference is made to the letter from the FDA regarding the final report for protocol F3Z-
MC-IOAC(b)(1), and dated January 19, 1995. The letter contained 19 questions from the

Division of Metabolism and Endocrine Drug Products regarding the New Drug

Application (NDA 20-563) for Humalog™ (insulin lispro, rDNA origin). At this time we

are submitting detailed responses to each of the 19 questions. To aid the reviewer, we
have listed each FDA question/issue with the corresponding response from Lilly
Additionally, we are providing a copy of the FDA letter dated January 19, 1995.

Please call Dr Jeffrey L. Winn at (317) 276-2098 or me at (317) 277-1324 if there are any

questions. Thank you for your continued cooperation and assistance.

Sincerely,

R Franson, M D
htive Director
North American Regulatory Affairs

enclosure

cc: Elizabeth Koller, MD (desk copy)
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June 6, 1995

CSO INITIALS DATE

Food and Drug Administration
Center for Drug Evaluation and Research

Division of Metabolism and Endocnne GENERAL CORRF.SPONDENCE

Drug Products, HFD-510 /} <,
Attn: Document Control Room 14B-03 o
§600 Fishers Lane -7 pad
Rockville, MD 20857-1706 .

Re:  NDA 20-563—Humalog™ (insulin lispro, rDNA origin)

Reference is made to the letter from the FDA regarding the final report for protocol F3Z-MC-
IQAA(b), and dated Marsch 6, 1995. The letter contained 13 questions from the Division of
Metabolism and Endocrine Drug Products regarding the New Drug Application (NDA 20-563)

for Humalog™ (insulin lispro, rDNA origin). At this time we arc submitting detailed responses

to each of the 13 questions. To aid the reviewer, we have listed each FDA question/issue with
the corresponding response from Lilly We have also included a copy of the letter from the

FDA dated March 6, 1995.

Please call Dr. Jeffrey L. Winn at (317) 276-2098 or me at (317) 2ZJgANEFRMgErc are any Ao ¢
questions. Thank you for your continued cooperation and assis . [ 213
f

i
Sincerely, “in_
LI LILLY, TD COMPANY
. / Je
Timdghy R/ Fradson M D ‘
Execttive Director | o
North Amencan Regulatory Affairs R A
. “l.. LL“
enclosure \ \ " \;/\
I \\3 _"‘ L .\3
cc Elizabeth Koller, M.D (desk copy) ‘ @% \e CJ} . ) / &
\C \‘\L v .\ r .)\-)1)
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Li'ly Research Laboratories

June §, 16958

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocrine GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn: Document Control Room 14B-04

5600 Fishers Lane

Rockviile, MD 20857-1706

ATTN: Mr. John Short
Re: NDA 20-563—-Humalog™ (insulin lispro, rDNA origin)

This duplicate copy of the following document is being sent by the request of Mr. John Short.
The original amendment was submitted on June 5, 1995.

Reference is made to the FAX communication (dated April 7, 1995) from Mr. John Short
(FDA to Dr. Jeff Winn (Lilly) detailing the comments made by the Division of Metabolism and
Endocrine Drug Products at the April 4, 1995 filing meeting regarding the New Drug
Application (NDA 20-563) for Humalog™ (insulin lispro, rDNA origin). Specifically, this
amendment satisfies the commitmeni tor Eli Lilly and Company to provide the requested
microbiology information.

Please call Dr. Jeffrey L. Winn at (317) 276-2098 or me at (317) 277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely,

Tim th'y R. Franson, M.D.
Executive Director
North Amencan Regulatory Aftairs

enclosure
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June 5, 1995

Food and Drug Administration

Center for Drug Evaluation and Research
Central Document Room

12420 Parklawn Drive

Room 2-14

Rockville, MD 20857-1706

i NDA 20-563--Humalog™ (insulin lispro, rDNA origin)

Reference 15 made to the FAX communication {dated April 7, 1995) from Mr. John Short
(FDA to Dr. Jeff Winn (Lilly) deiailing the comments made by the Division of Metabolism and
Endocrine Drug Products at the April 4, 1995 filing meeting regarding the New Drug
Application (NDA 20-563) for Humalog™ (insulin lispro, rDNA engin). Specifically, this
amendment satisties the commitment for El; Lilly and Company to provide the requested
microbiclogy information.

Please cali Dr. Jeffrey L. Winn at (317) 276-209S or me at (317)277-1324 if there are any
questions Thank you for your continued cooperation and assistance

Sincerely,

ILILLk' AND COMPANY

tive Directo
American Regulatory Affairs

sure



Lilly Research Laboratories

May 9, 1995

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Metabolism and Endocnne GENERAL CORRESPONDENCE
Drug Products, HFD-510

Attn. Document Control Room 14B-03

5600 Fishers Lane

Rockwville, MD 20857-1706

Re: NDA 20-563--Humaleg™ (insulin lispro, recombinant DNA origin)

Reference is made to the Fax communication (dated April 7, 1995) from Mr. John Short
(FDA) to Dr. Jeff Winn (Lilly) detailing the cot yments made by the Division of
Metabolism and Endocrine Drug Products at the Apnil 4, 1995, filing meeting regarding
the New Drug Application (NDA 20-563) for Humalog™ (insulin lispro). Specifically,
this letter requested that a commitment be made by May 12, 1995, to submut missing
Microbiology information no later than July 13, 1995,

Eli Lilly and Company hereby commits to provide the requested microbiology information
us an amendment to the referenced NDA no later than May 29, 15995,

The additionz' comments in the April 7, 1995, Fax communication on the Biostatistics and
Biopharmaceutics sections of the NDA application will be addressed in a future letter.

Please call Dr. Jeff Winn at 317-276-2098 or me at 317-277-1324 if there are any
questions. Thank you for your continued cooperation and assistance

Sincerely, -

~

N
L1 LILLY AND COMPANY

")

Execuuve Director
North Amencan Regulatory Affairs

cc; Mr. John Short
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| CS0 ACTION:
! Food and Drug Administra*ion
| Center for Drug Evaluation and Research D LETTER g NAL
I Central Document Room ; :
' 12420 Parklawn Dnive — " '
. /
Room 2-14 CSO INITIALS /7 DATE

Rockwville, MD 20852

Re: NDA 20-563; Humalog™ (insulin lispro, rDNA origin)

In response to a facsimile inquiry by Elizabeth Koller, M D on January 4, 1995,
requesting further details on the advesse event described in the Drug Experience Repont
with manufacturer's control number ZA94123094A, with patient number
F3ZMCIOAQ9(59105 and with pnor submissions on December 19, 1994, and December
23, 1994, we are herewith enclosing the official submission of the follow-up report by the
treating physician. All information obtainable at this time is included in this report

Please call Dr Jeffrey L. Winn at (317) 276-2098 or me at (317) 277-1324 if there are 2ny
questions Thank you for your continued cooperation and assistance.

Sincerely, o) -3
il =~z \
ELILILLY AND COMPANY L
T
! [ .(_1‘
K = :-:?';
x T
Timot Flanson, M D - \ ;
Executive Director = o
North American Regulatory Affairs =
Attachment
cc:  Beth Koller, M D (desk copy) \\\VV /‘“pft\o
& X &
Q
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March 1§, 1998

Food and Drug Administration

Center for Drug Evaluation and Research

Drivision of Metabohsm and Eudocrine GENERAL CORRESPONDENCE
Drug Products, HFD-310

Attn Document Control Room 14B-03

5600 Fishers Lane

Rockville, MD 20857-1706

Re:  NDA 20-563--Humalog™ (insulin lispro, recombinant DNA origin)

Reference s made 1o the submission (dated March 13. 1995) of an original New Drug
Application (NDA 20-563) for Humalog™ (insulin lispro} Reference is also made to a
meeting (Tuesday, March 14, 1995, room 13-B28 of the Parklawn Building) in which Lilly
representatives met with FDA representatives from the Division of Information Systems
Design to deliver the CANDA (in the format of six [6] compact disks) in support of
biopharmaceutics. biometrics and the medical reviewers for the Humalog NDA At that
meeting. 1t was agreed that the deliverv of the CANDA would be documented by
submisston of this letter to the NDA file We are enclosing a copy of the letter that was
delivered to Mr Dave Moss (FDA) at the referencad CANDA submission meeting

Please call Dr Jeff Winn at 317-276-2098 or me at 317-277-1324 if there are any
questions  Thank vou for vour continued cooperation and assistance.

Sincereiy,

Executiye Director
North Amernican Regulatory Affairs

enclosure

cc. Dr G Alexander Fleming (cover letter only) HFD-5(0
Mr John Hunt (cover letter only) HFD-426
Dr. Ehzabeth Koller. (cover letter only) HFD-510
Mr David Moss (cover letter only) HFD-070
Dr. Ed Nevius (cover letter only) HFD-713
Mr. John Short (cover letter only) HFD-511
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March 13, 1995

Food and Drug Administration

Center for Drug Evaluation and Research
Central Documeni Room 2-14

12420 Parklawn Drive

Rockwville, Maryland 20852

Drug Application (NDA) for Humalog™ (insulin lispro). The CANDA (compact disk
media) in support of biopharmaceutics, biometrics and the medical reviewers, will be
submitted separately to the Division of Information Systems Design on March 14, 1995.
Humalog is 3 new molecular entity and is an injectable human insulin analog which is
designed for the treatment of diabetes mellitus. Humalog has a quick onset of action and a
short duration of activity. Humalog should be injected within 15 minutes of a meal.

Please note that although there are pharmacokinetic studies referenced within this NDA
using U-40 Humalog (40 units/mL, insulin lispro), Elt Lilly and Company does not intend
to register this concentration for the Unuted States.

This application is formatted and organized according to 21 CFR §314.50 and tollows the
"Guideline for the Format and Content of the Clinical and Statistical Sections of New
Drug Applications” and the ““Guideline on Formatting, Assembling, and Submitting New
Drug and Antibictic Applications”. The initial User Fee due for this submission has
already been paid (Form 3397 is provided). A Pentium Certification and a Debarment
Certification have been provided.

The following summarizes the interactions and agreements reachea with the Food and
Drug Administration's (FDA) Division of Metabolism and Endocrine Drug Products, the
Division of Biometrics, the Division of Biopharmaceutics, and Eli Lilly and Company since
filing the IND for this drug (IND _onJune 1, 1990
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1. The February 8, 1994, meeting between representatives of the FDA and Lilly, and
confirmed in a letter of April 21, 1994, from Dr. Max Talbott. At this meeting FDA
and Lilly representatives agreed that:

The statistical section should be modified to include Mean on Therapy and a
repeated measures analysis. Additionally, Lilly agreed to include more graphical
representations of the data such as investigator-by-treatment plots for each of the
efficacy vanables and plots showing the demographic subgroup-by-treatment
interactions.

The pharmacokinetic data will be analyzed using population pharmacokinetic
modeling and the effects of age and gender upon Humalog pharmacokinetics will
be assessed.

2. Aluly 11, 1994, letter from Dr. Solomon Sobel, FDA, to Dr. Max Talbott, Lilly. This
letter approved a written request (February 28, 1994) to waive the requirement {21
CFR §314.50(f)(2)] that paper copies of the case report forms be submitted in an
NDA for “.._each patient who died during a clinical study or who did not complete the
study because of an adverse event...””. This waiver was requested because Lilly
utilized an elecironic format for capturing the data from the large-scale clinical trials
for this drug, resulting in an absence of paper case report forms. However, all data
from all patients 1s provided in the accompanying CANDA review tool.

3 The August 16, 1994, pre-NDA meeting between representatives of the Division of
Metabolism and Endocrine Drug Products, FDA, and Lilly. At this meeting it was
agreed that'

a

A Chemistry, Manufacturing, and Control (CM&C) amendment to the NDA will
occur approximately four months following the March 1995 NDA submission.
This CM&C amendinent would have, as key content, the manufacturing and
analytical data for three bulk drug substance and drug product (U-100 wials and
tJ-100 cartridges) validation lots.

Lilly would submut black and white cartons and labels despite the impending
change in the regulations wiich govern color coding for insulin products. If the
regulations were revised during the review period then Lilly could submit an
amenriment with color-coded cartons and labels. Lilly also expressed an interest
in color coding the aluminum seals and the crimp seals as an aid in product
duferentiation and the FDA indicated that they supported this concept.

4
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c. Lilly would continue to submit the final reports for the eight (8) major clinical
studies to the IND file as soon as they were completed and the FDA would pre-
review these reports as time permitted. Note that final reports for these 8 studies
were submitted to the END file as follows:

Pr stocol Number Date Serial Number
F3Z-MC-10AA June 29, 1994 124
F3Z-MC-I0AB August 2, 1994 131
F3Z-MC-I0AC August 15, 1994 135
F3Z-MC-10AD September 2, 1994 139
F3Z-MC-IOAE December 22, 1994 168
F3Z-MC-10AF December 22, 1994 169
F3Z-MC-I0AG December 22, 1994 170
F3Z-MC-10AH December 22, 1994 171

4. August 30, September 2, 6, and 7, 1994, phone conversations between Dr, Y.-Y.
Chiu, Dr. Steve Moore, and Mr. John Short (FDA) and Dr. Pay} Gesellchen (Lilly).
The FDA agreed 1o allow Lilly to use the color garnet _ on the aluminum
crimp seals of the Humalog vials and cartridges and on the plastic flip seals of the
Humalog vials. A more detailed discussion of the use of this color on the closures for
Humalog cartridges and vials may be found in the Reference section of the labeling
sections of Item 2 and [tem 4 of the NDA.

5. A October 19, 1994, telephone call from Dr. Steven Moore, FDA to Dr. Paui
Gesellchen. Dr. Moore informed Dr. Gesellchen that the Lilty request for the FDA's
Labeling and Nomenclature Cemmittee to review the Tradename of Humalog™ had
been completed and no objections had been raised.

stated his desire to minimize paper submissions to the Division of Biometrics and
therefore requested that sections of the appendices which had been indicated by the
Division as being particularly useful shouid be submitted only in Item 11 of the NDA.




Page
NDA 20-363
Food snd Drug Adounistration
March 13, 1993
Page 4

7. A January 6, 1995, telephone conversation: between Mr. John Short, FDA, and Dr.
Paul Gesellchen, Lilly. At this time Mr. Short informed Dr. Gesellchen that the Lilly
request of July 11, 1994, to weive the requirements for inclusion of the curriculum
vitae (and the attendant Englis 1 translations) for Japanese subinvestigators had been
approved and a letter would b forthcoming. This request had been discussed during
the Pre-NDA meeting of August 16, 1994, and in several phone conversations
between Dr. Geselichen and both Mr. Short and Dr. Beth Koller pnior to the January
6, phone call. As a result of those conversations, an exampie of the Japanese
nvestigator listing, which was to be provided in the NDA submission, and which was
to be signed by the Japanese Chief Investigators, was submitted to the IND file on
December 9, 1994 (Senial No. 161). It should be emphasized that none of the
Japanese studies are part of the pivotal studies that serve as the basis for approva! of
this drug product in the United States. Rather these studies are Phase I and 11 studies
that are required for Japanese approval of this drug product.

8. A February 9, 1995, meeting between representatives from the FDA and Lilly. The
purpose of this meeting was to discuss shelf-life potency specifications. It was agreed
that Lilly would provide a statistical justificaiion package for potency specifications at
expiry of of 1abel claim. Due to the timing of this discussion, it was
agreed that this information could be provided in an amendment to the planned NDA.

9 A March 9, 1995, telephone conversation between Lyr. Y.-Y. Chiu, FDA, and Ms.
Yvette Lloyd, Lilly. It was agreed that the Microbiology Section (Item 7) of the NDA
would be comprised of the complete drug product volume and will include an outline
of the relevant sections that are pertinent to the microbiological review

The cut off date for the data included in the clinical sections of this submission was Apnil
1, 1994.

To co-ordinate our activities with yours, we suggest that any facsimile (Fax) or other
written communications, concerning this file, regardless of subject, be directed to

Timothy R. Franson, M.D.
Executive Director

North American Regulatory Affairs
Lilly Research Laboratones

Lilly Corporate Center
Indianapolis, IN 46285

FAX number: (317) 277-05%4
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Telephone calls should be made between the hours of 7.30 am. and 4:15. p.m. (EST).
Any calls dealing with general issues, clinical reports, labels and literature should be made
to:

Jeffrey L. Winn, DD .S

(317) 276-2098

or in his absence to:
Timothy R. Franson, M.D.
(317) 277-1324

Any telephone calls related to manufacturing and control issues should be made to:

Gregory Dawvis, Ph D.
(317) 276-4125

or in his absence to:

Yvette Lloyd, R Ph.
{317) 276-4122

Any calls relating to toxicology or pharmacology issues should be made to:

Dougias Morton, Ph.D.
(317) 2774301

or 1n his absence to:

Gregory S Probst, Ph.D.
(317) 277-4886

On hobdays, Saturdays, or Sundays, call Dr. Winn or Dr. Franson at home using the
telephone numbers indicated

Close haison between the Lilly personnel listed above will resuit in any messages, no
matter how received, being brought to the attention of all concerned.
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Please call Dr. Jeff Winn at 317-276-2098 or me at 317-277-1324 if there are any
questions. Thank you for your continued cooperation and assistance.

Sincerely,

ELILILLY AND COMPANY REVIEWS COMPLETED

\

i 4 €SO ACTIes;:
imothy ranson, M. . rErre

Executive Director U LEFTER
North Amencan Regulatory Affairs

enclosures L_CSO INITIALS DATE

cc: Dr. Y.-Y. Chiu (cover letter only) HFD-510
Dr. G. Alexarder Fleming (cover letter only) HFD-510
Mr. John Hu. {cover letter only) HFD-426
Dr. Elizabeth Kolier (cover letter only) HFD-510
Dr. Ed Nevius (cover letter only) HFD-713
Mr John Short (cover letter only) HFD-511
Dr Gurston Turner (cover letter only) HFD-344

L1 WAL
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FINDING OF NO SIGNIFICANT IMPACT
NDA 20-563
Humalog™

(insulin lispro)

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of 1its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application for Humalog™, Eli Lilly
and Company has prepared an environmental assessment in
accordance with 21 CFR 25.31af{a) (attached) which evaluates the
potential environmental impacts of the manufacture, use and
disposal of the product

Humalog™ (insulin lispro) is a human insulin analog synthesized
by recombinant DNA technology using a special non-disease
producing strain of Escherichia coli bacteria. The product will
be injected subcutaneously by individuals with diabetes in order
to achieve appropriate levels of glucose in the blood. Drug
substance manufacturing operations will occur at Dista Products
Limited, Liverpool, England and Eli Lilly and Company,
Indianapolis, Indiana. The drug product will be manufactured at
Lilly France S.A., Fegersheim, France and Eli Lilly and Company,
Indianapolis, Indiana. The finished drug product will be used
primariiy in homes.

Insulin lispro is not expected to be introduced into the
environment from use because it is destroyed in the liver and
xidney. If released into the environment it is expected to be
used as a source of amino acids for protein decomposers (e.qg.,
microorganisms) .




Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Pharmaceutical waste will be
disposed of by the manufacturer at a licensed incineration
facility. From home use, empty or partially empty contalners
will typically be disposed of by a community's solid waste
management system which may include landiills, incineration and
recycling.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected tc minimize occupaticnal

exposures and eavironmental release. The manufacturing site
where occurs maintains a level of containment
greater than what is required by Good industrial Large Scale
Practice. which contains E. coll is

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species Or upon
property listed in or eligible for listing in the National
Register of Historic Places.

A 14]906 (:;}f3§§EZZEL7¢fi‘iég4x/———"
DATE PREPARED HY o

Nancy B. Sager

Acting Supervisor

Envirconmental Assessment Team

Center for Drug Evaluation and Research

;@w W

CONCURRED
Roger L. Williams, M.D.

Deputy Center Director for Pharmaceutical Science
Center for i'rug Evaluation and Research

b Ay

Attachment: Environmental Assessment
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ENVIRONMENTAL ASSESSMENT FOR THE
USE OF HUMATROPE® IN THE TREATMENT OF
GROWTH HORMONE DEFICIENCY IN ADUL TS

1. DATE April 1996

2, APPLICANT  Eli Lilly and Company

3. ADDRESS Lilly Corporate Center
Indianapolis, Indiana 46285

4, DESCRIPTION OF THE PROPOSED ACTION

An application has been made to extend the current approved use of Humatrope®
(NDA 19-640) to use in adults with growth hormone deficiency. The active ingredient in
Humatrope is somatropin, a polypeptide hormone with an amino acid sequence identical
to that of human growth hormone of pituitary cigin. This human growth hormone is
synthesized by recombinant DNA technology using a special non-disease-producing
laboratory strain of Escherichia coli bacteria.  For adults, Humatrope will be injected
subcutaneously on a long-term basis at doses that may vary based on individual patient
requirements. The recommended dosage for adults at the start of therapy is not more than
0.006 mg/kg/day (0.018 IU/kg/day). The dose may be increased according to individual
patient requirements to a maximum of 0.0125 mg/kg/day (0.0375 [U/kg/day). This
product may be used by adults with deficiency of growth hormone throughout the United
States.

Humatrope was originally approved for treatment of children under provisions of
Orphan Drug status within the United States. Approval of this new application would
extend use of Humatrope to adults, but would continue to be used in a very small total
patient population (Vance, 1994). The current production, formulation, and packaging
facilities (Eli Lilly and Company, Lilly Technology Center, 1200-1555 Kentucky

Avenue, Indianapolis, IN 46285) will make the same product for use in adults.



Rejected, expired, retumed, or waste drug product and drug substance will be disposed of
by incineration at Clizton Laboratories (Fli Lilly and Company, State Road 63, Clinton,
IN 47842) according to a Resource Conservation and Recovery Act permit issued by the
U.S. EPA under facility identification number IND072040348. These materials may
also be disposed of by witnessed incineration at the Indianapolis Resource f{ecovery
Facility i
This facility is operated in compliance with a solid waste permit (FPP No. 49-
13) issued by the Indiana Department of Environmental Management (IDEM), air permit
certificates of operation (Nos. 0123-01, 0123-02, and 0123-3) and an air permit (no.
[49]11602) issued by IDEM, and a waste water discharge permit (permit 495301) issued
by the City of India apolis.

Very small quantities of Humatrope will be used in the United States.
Even with addition of adults to the patient population, less than a total of
material per year would be used in the United States five years after approval of the
extension. This environmental assessment will provide environmental information on the
manufacturing site (temperate urban industrial environment in Indianapolis) and will
address the potential for any effects from release of the product into the environment.
Because of the small quantities of Humatrope used in the United States and because it is
used for a rare disease with a small patient population, the environmental assessment for

adults will follow an abbreviated format (pursuant to 21CFR Sect. 25(31)a(b)(3) or
21CFR Sect. 25 (3Dafa) Tier 0).



5. IDENTIFICATION OF SUBSTANCES
A. HUMATROPE

Humatrope will continue to be available as somatropin supplied in 5-mg vials, along
with 5-mL vials of Diluent for Himatrope. Humatrope for injection will be dissolved in
the Diluent for Humatrope. Lists of the materials supplied in these vials dre in the
confidential attachments to this assessment.

A material safety data sheet for somatropin is provided in Appendix A.

B. SOMATROPIN

Somatropin is a white lyophilized plug containing about $ mg of somatropin, or
about 15 [U. Somatropin is comprised of 191 amino acids in a single polypeptide chain
with two intra-molecular disulfide bonds. Somatropin contains no single impurity greater
than 1 percent in the finished drug product.
Chemical Name: Biosynthetic human growth hormone
CAS Number: 12629-01-5
Molecular Formula: Co90oH1528N262030057
Molecular Weight: 22,125

Isoelectric Point: Approximately 5.2 -




6. INTRODUCTION OF SUBSTANCES INTC THE ENVIRONMENT
A. PROLUCTION HOST CELL

The organism used to produce somatropin is Escherichia coli K12, strain
(ATCC31608). This host strain contains a
which is a derivative of and codes for the somatropin molecule asavell as
tetracycline resistance. A glossary of biotechnology terms is provided in Appendix B.

The original strain of E. coli K12 was isolated over 70 years ago from the feces of a
hospital patient at Stanford Medical School (Bachman, 1987), and is considered tc be
highly debilitated with respect to the colonization potential of its original niche (Levy et
al., 1980; Smith, 1975). The strain has been cultured more or less continuously since
then and has become a microbial genetics workhorse since Tatum and Lederberg (1947)
began using the strain over 45 years ago. The original strain has been used in many
laboratories, and has been repeatedly mutated to a large number of novel genotypes.
Some attempt was made by Bachiman (1972) to identify and trace the lineage of this
organism.

The strain of E. coli K12 in use for somatropin production, , was first
identified as such by Maurer er gl. (1980) and is genetically distinct from its predecessors.
The strain is now in common use in many laboratories around the world. A
comparison of many of the characteristics which might difierentiate an enteropathogenic
strain of E. coli from either E. coli K12 or, more specifically, E. coli K1z are
listed below. A description of the ) its sequence, and characteristics

that code for somatropin is included in confidential attachments to this assessment.




Trait Pathogenic Nominal RV308

Strain K12
1. - + +
2 +- +- -
3. + +- -
4, - -I+ +
5. +/- +- -
6. +/- +/- -
7. + - -
8 + - -
9 + - -
10.7 +- - -

The first three traits shown have no bearirg on pathogenicity, but clearly help

differentiate RV308 from most other E. coli.

has been shown by Smith (1975) to

reduce the in vive survival of a strain containing U.2 trait.

were present, somatropin would not be produced by the production strain.

While nominally pathogenic E. coli may well have either a
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This complex process has been thoroughly validated to insure satisfactory operation.
In addition, during the course of normal . operations, periodic samples are
withdrawn and tested to insure a properly functioning process. The conditions used are

calculated to yield less than a 10-6 probability that a single cell in the

« for production of somatropin
granules are sufficient to prevent the release of significant amounts of E. coli K12
(RV308/ -ells even in extreme circumstances. Floor drains are closed and
sealed to prevent any organisms from being released. Disinfectant and absorbent
materials are used to inactivate and remove any small spill of liquid containing the host
cell. Absorbent materials are autoclaved and incinerated. Any contaminated uniform are

autoclaved.

Reeulations for use of R binant Oreanisms in Production P
The Good Large-Scale Production (GLSP) category has been adopted by the
National Insututes of Health in the United States (Federal Register, 1994). This category
provides principles of occupational safecy and hygiene for large-scale applications with
recombinant organisms of intrinsically low risk and that warrant only minimal
containment. This category involves no containment measures beyond those required for
process needs of the non-recombinant host cell. Other categories provide for increased

containment of recombinant organisms based nn the possibility of increased risk
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associated with exposure to the organisms. Containment characteristics for these '
categories have been reviewed by Frommer et al. (1989).

Even though somatropin can be manufactured under the GLSP category, Eli Lilly
and Company has chosen to maintain a level of containment that is generally consistent
with the next higher containment category. This choice was made to help énsure
containment of the production organism due to its proprieiary value, nct due to any

perception of increased risk. This level of containment also helps to ensure the purity of
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procedures for working in a recombinant production facility.

To ensure that all containment hardware continues to function properly.
procedures is periodically be carried out on all vessels. Periodic environmental air
sampling are carried out to d2termine whether or not any equipment is malfunctioning.
The samples thus obtained are processed and analyzed in the laboratory for the p.2sence
of E. coli K12 (RV308’

The physical and operational containment steps outlined here meet or exceed the

guidelines set out by NIH (Federal Register, 1994).

Survival of E. coli K12 (RY308/ in .
As indicaied above, it is very unlikely that viable cells of E. coli K12
{RV308/ » are released into the environment. Even if relcased into the

environment, this strain could not persist.

Strains of E. coli K12 do not persist :n soil, sewage, river watur, or the normal

mammalian intestinal tract. Bogosian and Kane (1991) summarized information from a
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number of studies that were used to assess the environmental fate of E. coli K12 ar-:d the

. Even under optimal conditions, the
maximum survival times in natural water, soil, and sewage were 15, 20, and 10 days,
respectively. The presence of competitors and predators in all of these media appeared to
reduce the survival rate of the E. coli K12. In water, very cold tcmpcratuﬁ:s 4°C)
extended the viability of the test organisms to 15 days. A recent study on the fate of an
E coliKI2 . . , in sewage demonstrated that the
organism was preferentially associated with the settling solids and was unable to maintain
its viability even though it was initially present at concentrations higher than indigenous
microorganisms (Heitkamp et al., 1993). The E. coli K12 (RV308/, used to
produce somatropin is resistant to tetracycline, but is thiamine dependent. The survival
time of this strain should, therefore, be very short.

E. coli K12 would not even persist in the normal irtestinal tract of a mammal.
Colonization involves binding between bacterial adhesions and intestinal receptors
(Bogosian and Kane, 1991). While this organism was originally isolated from the feces
of a human, it no longer has the ability to colonize the conventional human intestinal
tract, or that of rodents. Levy et al. (1980) inoculated the GI tracts of both mice and
human volunteers with E. coli K12, either alone or containing and
failed to recover any of the test organisms from the feces. Presence of an antibiotic
resistance marker (Tc) on the does not seem to help the E. cali tolonizz, even
when the antibiotic is fed to the test animal throughout the experiment (Ma shall et al.
1981, Muth, eral., 1993, Yancy et al., 1993). There is some evidence that £. coli K12
under specialized circumstances can at least transiently colonize the mammalian gut.
Smith et al. (1985) orally administered about 1 x 109 E. coli K12 to normal (control),
germ-free, and antibiotic treated mice. The strain did not colonize the control mice, but
persisted in the GI tracts of both the germ-free and antibiotic treated mice to the end of

the study. While most K12 strains do not colonize the GI tracts of mammals, it is likely
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that some strains may uader some specialized conditions persist for some period of time.
. which codes for somatropin to

some recipient strain in is extremely unlikely. Bogosian et al. (1993) demonstrated that a

indigenous to water in the Missouri River. Gealt er al. (1985 and McPhefson and Gealt

(1986) demonstrated that transmission of 2 i does not occur in

Special conditions must be present for the triparental matings to occur and certain
conditions can inhibit them. The concentrations of the host strain, the mobilizer strain,
and the recipient strain apparently need to be at least around 107 cells/mL for detectable
triparental transconjugation (Mancini er al., 1987). Stationary culture conditions are also
needed for matings to occur (McPherson and Gealt, 1986; Khalil and Gealt, 1987). Femric
chloride severely inhibits transconjugation (Khalil and Gealt, 1987). Sodium chloride
and low temperature also inhibit transconjugation (Khalil and Gealt, 1987).

Given the conditions required and the dilution, triparental matings involving E. coli
K12 (RV308 ; are not expected. E. coli K12 (P.V308/; is grownina
solution that contains sufficient levels of Fe+3 to inhibit triparental transconjugation in
the environment. It is also very unlikely that the host strain, the mobilizer strain, and the
recipient strain would all occur at high enough concentrations to facilitate tripareatal

matings in the environment.

Exposure of Humans 1o £ coli K12 (RV308,

Based on containment processes, exposure of humans to E. coli K12
(RV308/ is highly improbable. Exposure to E. coli K12 (RV308/p
would not, however, adversely affect human health.

Gorbach (1978) has cited six cnteria for pathogenicity in a microorganism: 1)
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survival outside the host so it can spread from host to host; 2) a mechanism for, in this
case, penetrating the mucosal surface of the intestine; 3) multiplication within the host; 4)
systemic spread within the host; 5) resistance to host defense mechanisms; and 6)
production of toxin(s). He pointed out that E. coli K12 is more or less deficient in all six
areas. Freter {1978) indicated that deficiency in any one of these six areas is probably

sufficient to render the microbe avirulent. E coli K12 and E. coli K12 (RV308) do not

) ¢ that have been
assoCtaw:d with pathogenicity.

Exposure studies done with E. coli K12 and with E. coli K12 (RV308) indicate that
these organisms are safe and cannot col:nize the human gut. Levy et al. (1980) fed E.
coli K12 (both with and without _ to mice and human volunteers and was
unable to recover the test organisms from feces and concluded that no colonization had
taken place. Smith (1975) showed that thiamine dependent mutants are significantiy iess
hardy than their non-dependent parents. Thus, they disappear sooner from the
recoverable fecal spectrum of microorganisms, making colonization even less likely. E.
coli K12 . - is thiamine dependent. Marshall ef al. (1981) reported that
when a K12 strain was used in intestinal surviva! studies and it contairad a with
a tetracycline resistance marker, the number of recoverable cells did not increase when
oral tetracycline was administered. They concluded that the K12 strain is indeed under a
strong selecuve disadvantage, which is not mitigated by tetracycline resistance. The E.
coli K12 . - strain has a tetracycline resistance marker. A colonization
study with E. coli K12 (RV308) demonstrated that it fails to colonize the gastrointestinal
tract of the rat and is eliminated from the rat within 72 hours (Muth et al., 1993).
Furthermore, the rats in this study displayed no abnormal clinical signs, nor any

treatment-related effects on body weight, food consumpiion, or efficiency of food

utthzauon.
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Transmission of genetic material from a strain of E. coli K12 to resident cells in the
gastrointestinal tract is extremely improbable (Curtiss, 1978; Levine et al., 1983; Levy et
al., 1980). While transfer of genetic traits may occur in laboratory cultures, depending on
the specific circumstances, Levine er al. (1983) estimated that with or
derivatives which lack a mobilization trait (mob-), in vivo mobilization of markers to a
new recipient occurs at a frequency of 10-12 or less. The E, coli K12 (RV308/,
used to produce somatropin lacks the mobilization trait (mob-). Curtiss (1978) estimated
an even lower frequency and reviewed the factors that world diminish the potential for
transmission o* n the gastrointestinal tract. Levine ez al. (1983) confirmed that
the likelihood is remote by reporting failure of triparental mating by E. coli K12 with a
poorly mobilizable in 12 human volunteers, even when antibiotic selection was
added. Levy et al. (1980) also found no evidence of transmission of _ from E.
coli K12 host strains in the gastrointestinal tract of human volunteers. Finally, Yancy ez
ul. (1993) concluded that transfer of ) . does not occur in the
intestinal tract.

Even if the was transferred from E. coli K12 (RV30' , the
recipient cell would probably not survive. The presence of the would result in
energy being diverted to production and storage of inactive and insoluble somatropin in
the new host. The new host cell would be at a severe competitive disadvantage because
of the energy diversion and would most likely die very quickly.

Based on this information, it ¢an be concluded that E. coli K12 (RV308,
non-pathogenic, could not colonize the human or mammalian gut, and is extremely
unlikely to transfer selected or unselected genes to indigenous bacteria in the
gastrointestinal traci. The proposed action is not experted to adversely affect human

health.
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B. INTRODUCTION OF SUBSTANCES FROM THE MANUFACTURING SITES
1. Location of Facilities Used for Manufacturing, Formulating, and Packaging

The processes for manufacturing somatropin, the operations for formulating and
packaging Humatrope, and the pollution contro! practices at the corresponding plant site
are designed to result in minimal environmental impact. These processes will not change
for extension of the use of Humatrope to adults. - of somatropin granules is
already carried out at facilities of Eli Lilly and Company (Lilly Technology Center, 1200
- 1555 Kentucky Avenue) in Indianapolis, Indiana. The purified drug substance is
formulated and packaged at the same facilities of Eli Lilly and Company (Lilly
Technology Center, 1200 - 1555 Kentucky Avenue) in Indianapolis, This product is

produced under current Good Manufacturing Practices.

2. Environmental Regulatory Requirements

Facilites which produce, formulate, and package Humatrope will comply with all
appropriate environmental statutes, regulations, and permits conceming emission control
and waste reatment. Somatropin is produced by -

Materials used in these production processes will not change for extension of
the use of Humatrope to adults. The amounts of materials used to produce somatropin
are small because the amount of somatropin produced is small. Approval of the extended
use of Humatrope for adults will not change compliance with emissions regulations.
Since he amount of materials used in the production process are: small and containment
is high, the materials emitted are not expected to have a significant impact on the
environmeni and are, therefore, not listed in this assessment as specified by the FDA
CDER Guidance for Industry document.

Treatment, storage, and disposal practices for solid, liquid, and gaseous wastes from
the Indiana plant site are defined by the regulations administered, in certain instances, by

the Indiana Department of Environmental Management (IDEM), and in other instances
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by the Indianapolis Department of Public Works (DPW). A permit associated with
liquid waste discharge (DPW Permit Number 283001, expires 12/31/00) was issued by
the Indianapolis Department of Public Works. Permits associated with control of
emissions to the atmosphere, if required, are administered by the City of Indianapolis.

The waste water discharge from the site is received by the Indianapolis Department
of Public Works Belmont Advanced Wastewater Treatment facility. This facility is
designed to treat an average of 120 million gallons of waste water per day. The facility
removes at least 97% of the BOD and TSS that it receives. The facility tre:ts more than
90% of the ammonia that it receives. This public waste water treatment facility
discharges into the White River.

Pretreatment of the waste water from the production, formulation, and packaging
operations in Indianapolis is not required to meet the discharge limits for these facilities.
The volume of water from this process represents less than 1% of the waste water
discharged from these facilities. These waste waters are discharged into the Belmont
Advanced Wastewater Treatment facility. Liquid process waste directly associated with
the formulation, especially any with solvent levels 2 0.1%, is collected and drummed for
disposal by thermal oxidation at Clinton Laboratories.

Any solid wastes from the production, formulation, and packaginé operations will be
collected and sent to appropriate solid waste facilities. All packaging and labeling
components are collected in restricted areas at facilities in Indianapolis. Wastes from the
formulation and packaging facilities will generally be cartons, paper, and plastic. Any
rejected material, plastic liners, gloves, hair covers, or vials will also be collected and sent
to an appropriate waste facility.

Solid wastes and rejecied or returned drug substance will be disposed of by
incineration at Clinton Laboratories (Eli Lilly and Company, State Road 63, Clinton, IN
47842) according to a Resource Conservation and Recovery Act permit issued by the

U.S. EPA under facility identification number IND072040348. Rejected or returned drug
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substance may also be disposed of by witnessed incineration at the Indianapclis Resource
Recovery Fucility i .
Regular solid wastes may also be disposed of at this facility.
This facility is operated in compliance with a solid waste permit (FPP No. 49-13) issued
by the Indiana Department of Environmental Management (IDEM). Whilé this permit
has an expiration date of 6/1/94, regulations indicate that the permit remains in force
while the application for the new permit is being evaluated. Air permit certificates of
operation (Nos. 0123-01, 0123-02, and 0123-3) and an air permit (no. [4911602) issued
by IDEM carry an expiration date of 5/31/91, but remain in force while IDEM reviews
the renewal applications. A waste water discharge permit (permit 495301; expires
4/30/97) for the Indianapolis Resource Recovery Facility was issued by the City of
Indianapolis.

No special environmental air emission control equipment is required for production,
formulation, and packaging of Humatrope. All room air at these facilities will pass
through ~:filters and dust collectors. These collectors and filters will be

packaged with solids, particulates, and dust for disposal at one of the solid waste facilities

mentioned above.

C. INTRODUCTION OF SUBSTANCES FROM THE USE SITES

Humatrope will be used in the United States for long-term: treatment of children and
adults with growth hormone deficiency. Five years after approval for use in adults, total
use of somatropin will be less than Growth hormone in mammals is
extensively filtered and absorbed into renal cells in the kidney tubules. Within the renal
cells, growth hormone is catabolized with at least a portion of the breakdown products
being returned to the circulation (Johnson and Maack, 1977). Thus, significant
elimination of somatropin from humans is unlikely. If a portion of the compound was

eliminated, it would be discharged to either a sewage treatment facility or a septic tank
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where microbial degradation of peptides is common. Even if all somatropin produced in
a year could be eliminated as the active protein, concentrations less than 0.3 nanograms/L.
(< 10 kg/yr X (1/1.115 x 101! L/day from POTW's ini the United States) X yr/365 days X
10!2 nanograms/kg) would be discharged from publicly owned sewage treatment works.
This level is well below that which requires review of the fate and effects of the material
in the aqueous environment.

Humatrope will be packaged in glass vials with a rubber stopper, sealed with an
aluminum seal combined with a plastic cap. These glass containers are packaged in paper
cartons. Cartons are placed in packs, overwrapped with plastic, and placed in cardboard
containers for shipment. The cartons and boxcs are made with recyclable material where
possible. This packaging is necessary to protect products and customers by reducing the
damage to the product during shipping, enhancing product stability, discouraging

tampering, and providing a surface for an approved label.

7. FATE OF SUBSTANCES IN THE ENVIRONMENT

This section of the environmental assessment is not applicable because of the small
amounts of somatropin used in a year and the small patient population. As noted in
Section 6, above, there is little chance that any somatropin will be released into the
environment.

There is little potential for absorption of somatropin as an intact molecule or for
accidental systemic exposure in man. Large polar molecules, such as proteins, are not
significandy absorbed across dermal layers (Malkinson and Gehlmann, 1977; Wester and
Maibach, 1985). Somatropin is a polar protein with a molecular weight of 22,125.
Absorption of the intact molecule after ingestion is also very unlikely. Proteins undergo
acid hydrolysis in the presence of pepsin in the stomach and in the presence of trypsin,
chymotrypsin, and carboxypolypeptidase secreted from the pancreas (Guyton, 1976).
Amino acids and small peptides are the only components remaining after this process.

Somatropin is a protein that would undergo these same digestive processes and would
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lose its activity as an intact molecule.

Proteinaceous materials like somatropin are degraded in soil (Loll and Bollag, 1983).
Protein decomposition is carried out by soil microorganisms, which can use the resulting
amino acids as carbon and nitrogen sources. Protein decomposers, such as bacteria,
actinomycetes, and fungi, are found in a wide range of environments and may comprise
from 22% to 89% of the total soil population. Proteases released from these
microorganisms fragment proteins by hydrolysis into peptides and amino acids which
microbes can absorb and further metabolize. Any somatropin inadvertently released into

the environment would quickly be inactivated and degraded by microbes.

8. EFFECTS ON THE ENVIRONMENT

This section of the environmental assessment is not applicable because of the small
amounts of somatropin used in a year and the small patient population. As noted in
Sections 6 and 7, above, it is extremely unlikely that any somatropin will be released into
the environment or that systemic exposure to the material could occur. Somatropin is
produced at one plant site. Engineering controls and personal protective equipment are
used to eliminate exposure or reduce it to a safe level. Eye and face protection and
protective clothing is generally required in the production areas. A Material Safety Data
Sheet (Appendix A) has been created to provide information about somatropin.
Employees are directed to change uniforms and thoroughly wash with soap and water in
case of an accidental exposure to somatropin. The proposed action is not expected to

result in adverse effects on human health.

9. UTILIZATION OF NATURAL RESOURCES AND ENERGY
This section of the environmental assessment is not applicable because of the small
amounts of somatropin used in a year and the small patient population.

Production, formulation, and packaging of somatropin for use in adults will occur at
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facilities already anproved for production of this material for use in children. In general,
production processes for Humatrope use a very small proportion of the waste treatment or
recovery facilities already installed for these and other process wastes.  Properties listed
in :he National Register of Historic Places will not be affected by the additional
production of Humatrope. Endangered and threatened species are not affected by the
production of Humatrope. Somatropin is not expected to reach the environment at any
measur:able level. All of the facilities that are part of the process to produce Humatrope

are operated according to current Good Manufacturing Practices.

10. MITIGATION MEASURES

This section of the environmental assessment is not applicable because of the small
amounts of somatropin used in a year and the small patient population.

As noted in Sections 6 and 7, above, it is extremely unlikely that any somatropin
will be released into the environment or that systemic exposure to the material could
occur. Engineering controls and waste treatment practices described in Section 6 are in
place 10 minimize release of process materials at the production, formulation, and
packaging facilities. Personal protective gear, such as eye protection and protective
clothing, is womn, when r.ecessary, to reduce the potential for exposure to all chemicals at
production sites, including those involved in production of Humatrope. Humatrope is
produced under current Good Manufacturing Practices. A material safety data sheet
describing somatropin, its physical properties, general handling precautions, and other

information is available (Appendix A).

11. ALTERNATIVES TO THE PROPOSED ACTION

This section of the environmental assessment is not applicable because of the small
amounts of somatropin used in a year and the small patient population.

The proposed action would not be expected to have any significant adverse effects
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on human health or the environment. While there are no known environmental benefits
from the production and use of Humatrope, there are, likewise, no known significant risks
to the environment. The alternative of not approving Humatrope for use in adults with
growth hormone deficiency would only serve to restrict treatment cptions available to
patients and physicians with no environmental benefits. It is, therefore, not necessary to

consider this alternative to the proposed action.
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12. LIST OF PREPARERS

The following personnel of Eli Lilly and Company are responsible for the preparation of
this Environmental Assessment:
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Roger D. Meyerhoff, Ph.D. ¢ Date
Head,
Environmental Science and Haz.ard Communications
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Neil J. Patke, M.A. Dauwt
Senior Environinental Affairs Representative
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Toxicology Project Leader
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13. CERTIFICATION

The undersigned official certifies that the information presented in the Environmentat
Assessment is true, accurate, and complete to the best of his knowledge.

/4

Date
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MATERIAL SAFETY DATA SHEET

Page 1
COMMON NAME: Somatropin (rDNA Origin) for Injection
(Lilly Nos.: VL7330, VL7332, VL7335, VL7346, VL7348,
VL7331, VL7360, VL7365, VL7372, VL7520, VL7522, VL7524,
VL7525) e
DATE: April 15, 1993

U.S. TELEPHONE NUMBERS: EMERGENCY 317-276-2000 CHEMTREC 800-424-9300

As of the date of issuance, ve are providing available information
relevant to the handling of this material in the vorkplace. All
information contained herein is offered with the good faith belief that
it is accurate. THIS MATERIAL SAFETY DATA SHEET SHALL NOT BZ DEENED TO
CREATE ANY VARRANTY OF ANY KIND (INCLUDING VARRANTY OF MERCHANTABILITY OR
FITNESS FOR A PARTICULAR PURPOSE). In the event of an adverse incident
associated vith this material, this safety data sheet is not intended

to be a substitute for consult-tion with appropriately trained personnel.
Nor is this safety data sheet intended to be a substitute for product
litcrature vhich way accompany the finished product.

See attached glossary for ai.breviations.

SECTION 1 - MATERIAL IDENTIFICATION

- e A

Common Name: Somatropin (rDNA Origin) for Injection

Syncnyms/Trade Names: Humatrope+; Biosynthetic 2 Cistron Human
Grovth Hormone Cystine; hGH; Humatrope
Recombinant DNA Origin for Injection*;
Somatropin; Somatctropin; Human Growth
Hormone, Blosynthetic; Growvth Hormone, Human

Mixture Ingredients Listed Below:

Percent in
Common cor Chemical Name Synonyms/Trade Names CAS Nuamber Mixture
Somatropin Humatropew 12629-01-5 13.8
Marnitol D-Mannitol 69-65-8 69.2
Glycine Amino acetic acid 56-40-6 13.2
Dibasic sodium DSp 7782-85-6 k|

phosphate

Contains no hazardous components (one percent or grezcer) or carcinogens
{one-tenth percent or greater) rnot listed above.

* Trademark of Eli Lilly and lompany

ZOTLILLY AND COMPANY = LY CORPORATE CENTER « INDIANAPOLIS. INDIANA 46285
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Page 2
COMMON RAME: Somatropin (rDNA Origin) for Injectioca
(Lilly Nos.: VL7330, VL7332, VL7335, VL7346, VL7348,
VL7351, VL7360, VL7365, VL7372, VL7520, VL7522 VL7524,
VL7525)
DATE: April 15, 1993

Appearance: Vhite lyophilized plug or povder
Odor: Odorless

Boiling Poirt: NA

Melting Point: NAIF

Specific Gravity: NA

pH: 6.5-8.5 (reconstituted)

Evaporation Rate: NAIF

Solubility in Vater: Soluble

Vapor Density: NAIF

Vapor Pressure: NAIF

-------------- SECTION 3 - FIRE AND EXPLOSION INFORMATION

Extinguishing Media: Use vater, carbon dioxide, dry chemical, foam, or
Halon.

Uniusual Fire and Explosion Hazards: As a finely divided material, may
form dust mixtures in air vhich could explode if subjected to an
ignition source.

Flash Point: NAIF

Method: NA
UEL: NAIF
LEL: NAIF

SUILILLY AND COMPANY = LiLLY CORPORATE CENTER » INDIANARPOLIS, INDIANA 46285

SECTION 2 - PHYSICAL DATA -
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MATERIAL SAFETY DATA SHEET

COMMON NAME: Somatropin (TDNA O
(Lilly Nos.:
VL7351, VL7360, VL7365,

VL7330, VL7332, VL7335,

rigin) for Injection

. 222 i
. I
B
. .
- - -~
x .1

Page 3

VL7346, VL7348,
vL7172, VL7520, VL7522, VL7524,

SECTION 4 - REACTIVITY INFORMATION R

VL7525)
DATE: April 15, 1993
Stability: Stable at normal temperatures and pressures.
Incompatibility: None knovn.

gazardous Decomposition:

Hazardous Polymerization:

decomposition.

¥ill not occur.

e e e

Suman - QGccupational

—

Effects, Inclvding Signs and Symptoms, of Exposure:

Biosynthetic Somatrapin
pituitary origin.

Medical Conditions Aggravated By Exposur?:

Primary Route(s)

Exposure Guidelines:

is identical to human
It is not considered to be

of Entry:
PEL and TLV not established.

Animal Toxicity Data Single Exposure

o ————

Toxicity data for the active ingredient,

Oral:
Skin:
Inhalation:

Intravenous:

Skin Contact:

Ty LILLY AND COMPANY CiLLY CORPOR

OBy rav e

Somatropin - Rat, 150 mg/kg,

Somatropin - Rat, 12.5 mg/Xg,

o —— A O

Somatropin - NAIF

Samatropin - NAIF

Dog, 3.125 mg/kg.

Somatropin - NAIF

SECTION S ~ HEALTH BAZARD INFORMATION

Nay emit toxic fumes vhen heated to

None reported.

grovth hormone of
hazardous.

None known.

Inhalation and skin contact.

Somatropin, are presented.

no deaths or toxicity.

no deaths or toxicity.
no deaths or toxicity.

ATE CENTER « INDIANAPOLIS. INDIANA 46285
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Page 4

COMMON NAME: Somatrapin (crDNA Origin) for Injection
(Lilly Nos.: VL7330, VL7332, VL7335, VL7346, VL7348,
VL7351, VL7360, VL7365, VL7372, VL7520, VL7S22, VL7524,
VL7525) : .

DATE: April 15, 1993

===~———-—-~ SECTION 5 - HEALTE HAZARD INPORMATION (continued)

Animz]l Toxicity Da:a Single Exposure

Eye Contact: Somatropin - Rabbit, slight irritznt

Animal Toxicity Data Repeat Exposure

Toxicity data for the active ingredient, Somatropin, are presented.

Target Organ Effects: Somatropin - Metabolic effects (skeletal grovth,
increased number of bone marrov ostegblasts,
increased body veight, increased food
consumption, increase in serum alkaline
phosphatase, changes in protein, carbohydrate and
fat metabolism, and increased number and size of
muscle cells).

Reproduction: Somatropin - NATF
Sensitization: Somatropin - NAJF
Mutagenicity: Somatropin - Not mutazgenic in bacterial cells.

Carcinogenicity: Somatropin - Since the amino acid sequence of the
compound is identical to human grovth hormone of
pituitary origin, carcinogenicity studies are not
considered necessary to support the safety of
somatropin. Not listed us carcinogenic by IARC,
NCI/NTP, ACGIH, or OSHA.

............ SECTION 6 - EMERGENCY AND FIRST AID PROCEDURES ————_______
Eyes: Flush eyes vith plenty of vater. Get medical attention.

Skin: Remove contaminated clothing and clean before reuse. Vash all
exposed areas of skin with plenty of socap and water. Get medical
attention if irritation develops.

Inhalation: Move individual tc fresh air. %et medical attention if
breathing difficulty occurs. If not breathing, provide
artificial respiration assistance (mouth-to-mouth) and call a
physician immediately.

or ELILILLY AND COMPANY » LILLY CORPORATE CENTER » INDIANAPOLIS. INDIANA 46285
-5 EIP cravw
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COMMON NAME: Somatropin (rDNA origin) for

Injection

(Li1ly Nos.: V17330, VL7332, VL7335, yL7346, VL7348,
yL7331, VL7360, VL7363, V17372, y17520, VL7522, YL7524,
YL7525) P

DATE: April 13,

.- SECTION 6

1993
- EXRGENCY AND FIRST AID PROCEDURES (continued) SRS

Ingestions Do not iaduce vomiting. Call a physician ot poison control
center. LE available, administer activated charcoal
heaping Leaspoons) yith tvo to three glasses of vater. Do not

give

anything by mouth fo an unconscious person. 1smediately

transport to 3 pedical care gacility and see 3 physician.

- o ————— o it s e e

Under normal use
required. The £

Respiratory Prot

Eye Protection:

— SECTION 7 - HANDLING PRECAUTIONS — —

and handling conditions, ne pro:ective equipaent is
olloving is reconmended for a production setting:

ectioni N10SE approved respirator ©of labcratory fume
hood.

safety glasses.

ventilation: Laboratory fume hood ©oT local exhaust ventilation.

other Protective

Equipment: Impefvinus gloves and body covering te
prevent skin contact.

------------ SECTION 8 - SPILL, LEAK AND DISPOSAL PROCEDURES o e i

Spills: Contain dry material by sweeping Up °F vacuuming. Vacuuming B©ay
disperse dust it appropriate dust collection filter is not part

of the

yacuum. Dbe avare of potential fo: dust explosion when

using electrical equipment. Year protective equipment, {ncluding
eye protection, to avoid expasure {see gection 7 for specific
handling precautians).

Vaste pDisposal:

ZLLLILLY anND CO

Dispose of any cleanup materials and vaste residue
according 10 applicable federal, state, and local
regulations. Material is mot 2 RCRA hazardous vaste for

disposal.

MPANY & LY COHPORATE CENTER * lNDlANAPOLlS. INDIANA 46285
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COMMON NAME: Somatropin (rDNA origin) for Injection
(Lilly Nes.: VL7330, VL7332, VL7335, VL7346, VL7348,
vL7351, VL7360, VL7365, VL1372, YL7520, VL7522, VL7524,
VL7525) -

DATE: April 15, 1993

SECTION 9 - SHIPPING INFORMATION

(Proper Shipping Name / Hazard Class / UN Number)
DOT: Not regulatad for surface transport.
1CA0: Not regulated for air transpert.

IMO: Not regulated for water transport.

For additional information call: Occupstional Health and Safety
Eli Lilly and Company 317-276-3494

For additional copies call: Customer Services
Eli Lilly and Company 1-800-LILLY-Rx
(1-800-545-5979)

SUELILLY AND COMPANY « LiLLY CORPQRATE CENTER « INDIANAPOLIS, INDIANA 46285
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GLOSSARY
ibbreviations Used in Material Safety Data Sheets

ACGIH » American Conference of Governaental Industrial Hygienists
BEI = Biolagical Exposure Index
CAS Number = Chemical Abstract Service Registry Number
CERCLA = Comprehensive Environmental Response Compensation and Liability
Act (of 1980)
CHEMTREC = Chemical Transportation Emergency Center
CVA = Clean Vater Act
DOT = Department of Transportation
EP = Extraction Procedure as defined under RCRA Regulations
EPA = Environmental Protection Agency
HEPA = Bigh Efficiency Particulate Air (Filter)
BSDB = Hazardous Substance Data Base
IARC = International Agency for Research on Cancer
ICAO = International Civil Aviation Organization
IMO = International Maritime Organization
LEG = Lilly Exposure Guideline
LEL = Lowver Explosive Limit
MSDS = Material Safety Data Sheet
NA « Not Appliicable, except in Section 9 vhere NA = North America
NAIF = No Applicable Information Found
NCI/NTP = National Cancer Institute/National Toxicology Program
NIOSH = National Institute for Occupational Safety and Health
NOS = Not Otherwvise Specified
OHS = Occupational Health Services
0S8A = Occupational Safety and Health Administration
PEL = Permissible Exposure Limit
PSN = Proper Shipping Name
ACRA = Resource Conservation and Recovery Act
~RTECS =» Registry of Toxic Effects of Chemical Substances
SARA = Superfund Ammendments and Reauthorization Act
STEL = Short Term Exposure Limit
TLV = Threshold Limit vValuye
TSCA = Toxic Substances Control Act
TVA = Time Veighted Average/8 Hours Unless Othervise Noted
JEL = Upper Explosive Linmit
UN = United Nations

SLILILLY AND COMPANY = LILLY CORPORATE CENTER « INDIANAPOLIS. INDIANA 46285
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