CENTER FOR DRUG EVALUATION AND RESEARCH

APPLICATION NUMBER: 020918

ADMINISTRATIVE DOCUMENTS/CORRESPONDENCE



Labeling Review
NDA 20-918 GlucaGen [glucagon (rDNA origin) for injection]
Date of Submission: June 19, 1998 (physicians and patients package insert)

APRPEARS -THIS-WAY-ON-GRIGINA

Date of Review: June 22, 1998 .-

The June 19, 1998, physicians package insert was compared to our 6/17/98 fax for the draft
physicians package insert (FDA revision #6). The sponsor has incorporated all the changes
requested by the Agency.

The June 19, 1998, patients package insert was compared to our 6/17/98 fax for the draft patients
package insert (FDA revision #2). The sponsor has incorporated all the changes requested by the
Agency.

Julie Rhec, Project Manager

ARREARS -THIS-WAY-ON-ORIGINAL:

cc:OrigNDA

HFD-510/DivFile

HFD-510/Misbin/Berlin/Rhee

HFD-870/Shore -

Labeling Review

p-s. The sponsor submitted unannotated physicians package insert on 6/22/98. This submisison
is identical to the 6/19/98 physicians package insert except the annotaions removal.



Labeling Review

NDA 20-918 GlucaGen [glucagon (rDNA)]

Date of Submissions: May 1 and 22, 1998
Datc? of Review: Juqe 5, 1998 BEST-ROSSIBLE
Reviewed by: Julie Rhee

The labeling amendments dated May 1 and 22, 1998, were compared with our draft labeling
request for physician package insert (FDA revision #4) and patients package insert (FDA revision
#1) which were faxed to the sponsor on April 1, 1998.

L e followi than what we’v we ted on the ician

- package insert dated 5/1 & 5/22/98:

1. LT TN TR OLTRN  s 1) A P P EARS-THIS-WAY-ON-GRIGINAL

The original labeling submitted with the original NDA stated that safety and effectiveness
in pediatric patients have not been established. However, the physician dated 5/1 and
5/22/98 states “The use of glucagon in pediatric patients has been reported to be safe and
effective.” The sponsor cited four literature articles published between 1955 and 1988
(55, °58, ‘64, and ‘88) in support of this change.

Dr. Misbin, please comment whether or not GlucaGen is safe and effective in pediatric
patients. The articles are behind the 5/1/98 tab.

2. ADVERSE REACTIONS section:
“Hypersensitivity reaction . . . .” is changed to “Allergic reaction . . . .”

. Dr. Misbin, is this change acceptablé?

3. DOSAGE AND ADMINISTRATION section, “For the treatment of hypoglycemia”

subsection:
1. The first sentence “For adults and for pediatric patients weighing more than 55 Ib
(25 kg), . . . . ” has been changed to “For adults and for pediatric patients weighing

551b (25 kg) ormore, ....”
This is an editorial change and is acceptable.

ii. Novo added “younger than” before “6-8 years old” in the first sentence of the
second paragraph.

This is an editorial change and is acceptable.
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_ deleted “Clean rubber stopper with alcohol swab.” Their reason forthis deletion is

ii. “Time for GI smooth muscle relaxation” and “Duration of action”:

The sponsor changed the units from “USP Units” to “mg (IU)”; but the number of
units stayed the same- -

Dr. Berlin, please comment whether or not this change is acceptable.

HOW SUPPLIED section:

Dr. Berlin, please comment on this section.

[he following changes were noted on patients package insert dated 5/1 and 5/22/98:

The sponsor added “GlucaGen® [glucagon (rDNA)]} Emergency Kit For Diabetic Insulin
Reaction” and then “INFORMATION FOR PATIENTS.”

Drs. Misbin & Berlin, is this heading acceptable? APRPEARS THIS-WAY-ON-ORIGH

[For your info, Lilly’s patients package insert for glucagon states INFORMATION FOR
THE USER  GLUCAGON FOR INJECTION (rDNA ORIGIN)]

Changed “orange juice” to be given to patient to “fruit juice” to be given to patient.

Dr. Misbin, is this acceptable? ARREARS -FHIS-WAY-ON-ORIGINAL-

In the DIRECTIONS TO PREPARE GLUCAGEN® FOR INJECTION, Step 1, Novo

because there are no alcohol swabs provided with the package and this might cause
confusion and delay the injection. However, because the direction does not state the
alcohol swab is provided in the package and these are diabetic patients who already have
alcohol swabs for insulin injection, I feel the statement should remain.

) (N LI N R LN T2 A PPEARS THIS-WAY-ON-ORIGINAL-

Novo deleted the statement “Cleanse injection site on buttock, arm, or thigh with alcohol
swab” for the same reason mentioned #3. However, again for the same reason, I feel this
statement should remain as Step 6 and change the current Step 6 to Step 7.

HOW TO TAKE GLUCAGON: (aimmciaiscamteiic i ras et e e linra

Novo changed from “Inject ail 1 ml (adults and children above 55 Ibs or 6-8 years) or . .
.” to “Inject all 1 ml (adults and children 551bs, 6-8 years and above) or...”

APRPPEARS THIS-WAY-ON-ORIGINAL
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This change is acceptable. Py PR PPPY.

6. HOW GLUCAGON WORKS:

"
On the 4/1/98 fax, we had requested Novo to change “Blood sugar levels increase within
15 minutes of injection . . . .” but Novo did not make the change. It reads “Blood sugar

levels increase within 10 minutes of injection . ...”

Dr. Misbin, please comment. ARPEARS THIS-WAY¥-ON-ORIGINAL

7. POSSIBLE PROBLEMS WITH GLUCAGEN® TREATMENT:

In the second sentence, change the word “or” to “and” between “GlucaGen®” and “may
experience rapid heart beat for a short while.”

8. Carton label: ARPREARS--FHIS-WAY¥-ON-ORIGIN

Dr. Berlin, is the proposed carton label acceptable?

Recommendation: APREARS -THHS-WAY-ON-ORIGINAL-

In lieu of having a labeling meeting, a copy of 5/1 and 5/22/98 amendments along with our
4/1/98 fax have been left with Drs. Misbin, Berlin, HRhee, and Shore for their inputs. Once I
receive their comments, I'll incorporate them into the revised labeli_pg (FDA revision #5) and

convey to the sponsor.
ARPRPEARS THIS-WAY-ON- Ol T

Jili! Rhee, Project Manager

cc:OrigNDA

HFD-510/DivFile .
HFD-510/Misbin/Berlin/HRhee
HFD-870/Shore

Labeling Review



Novo Nordisk

May 11, 1998

Ms. Julie Rhee, ®
Consumer Safety Officer , n
Food and Drug Administration . /g /n

CDER/ODEII/DMEDP/HFD-S 10
Parklawn Bldg., Room 14B04 Pharmaceuticals Inc.
5600 Fishers Lare Suite 200

o
H 100 Overlook Cent
Rockville, MD 20857 APPEARS THIS-WAY-ON-OR Princeton, N) 08540.7810

. . - Tel. 609-987-5800
Re: Correction of Labeling Revision 4 Fax 609-921-8082

Novo Nordisk

Dear Julie,

-We noted that in error, we hadn’t changed one of the references to dosage to include the
551bs. Our draft Package Insert Revision 4, page 9 reads:

For the treatment of hypoglycemia: For adults and for pediatric patients weighing more
than 55 1b (25 kg), administer 1 mg by ............

It should read: ARPPEARS THIS-WAY-ON-ORIGINAL-

For the treatment of hypoglycemia: For adults and for pediatric patients weighing 55 Ib
(25 kg) or more, administer I mg by ...........

Please make this change on your hard copy and your electronic copy. s loe THS'WA¥'GN'9'R'

If you have any questions, please contact Mary Ann McElligott, Ph. D., Ditector,
Regulatory Affairs at (609) 987-5831.

Sincerely,

T 6 e %&,} B/Z
APPEARS THIS-WAY¥-ON-ORIGHIN AL
Mary Ann McElligott, Ph. D.,

Director, Regulatory Affairs

001
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use of GlUCAgON T3 TERMINATE
Insulin Readtions N piasetic cHILDREN®

LUCAGON is a hormone pro-
hyperglycemi& by enhancing glyca

tle insulin shook on a pnyehntnc
En[neph_rlne )_ui.s long been used

the advantage of not passessing a
sive effect.

- The present report concerns e
with glucagon used to treat mild i
actions on a pediatrie ward. Glu

for one hour following the admini
the glucagon. Capillary blood was
patient R.F. Venous blood was ¢btained

EFFECT OF
(ood Sugar
- Before  [RE./100 mi
Tadent Dawr Gluvngum 10 min.
RF, ______.5721 2 41
5/28 1l 187
. AKX -.5729 "66 79
G/81 ® 140
1724 41 m
U» 40 118,

8/3 170 26R

from patient A.K. Blood sugar wys deter-
mincd by the Benedict method after] prepar-
ation of a tungstic acid filtrate.

CASRI

R.F. was a 25-moull-vld Loy
betes of one weak’s known
when admitted to the Univ
Nebraska Hospital on 4 27-57.

His total daily ingulin dosage

*Artlalea ressived Cor publlection Ocbeber 16, 108Y.

TABLE [

UBCUTANEUUS GLUGAGON ON
RLOOD SUGAR .

156
170
300

G. E_GIBBS: D. W. EBERS., and
3. R MECEEL
Department ol Pediatrics. Uanlversity of
Nobraske Cellege af Medicine
Omaba, Nobraska

before breaklssl, and r from 10 to
80 units, adjusted by a plan of flexibla
insulin dosage’. His diet contuiued ap-
proximately. 1200 calories and included
between-meal and bedtime snacks. On
5-21, his hypoglycemia was manifeated
by unconsciousness; on 65-28, he was
merely drowsy and irritable. (See
Table I).
CASE II

A K. was a 10.year-old girl with dia-
betes complicated by hyperthyroidism,
She was admitted to the University of
Nebraska Hospital on 5-14-57. Her
diabetes was of three ycars’ duration,
During these studies, she was receiving

€0 min. Qnammant
G¢ Reapondad clinically
within 8§ wmin
so Respanded within
10 pin.
110 Responded wilhin
19 min.
187
123 Folt betler within
10 min.
160 Folt botter within
10 rin.
208 No improvement
in symptomsz

propylthiouracil in preparation for sub-
total thyroideetamy. On the tirst four
tests, hypoglycemia was suspected be-
cause of dizziness. The total drily {n-
sulin dosage of ordinary Leute was giv-
en before bpreakfast. Insulin dosage
ranged from 24 to 44 units, Her diel
contained approximatcly 2600 calories.
The study on 8-8 was two days post-thy-
roidecluiny. At that time, she was hav-
ing come respiratory difficulty and
eomplained of dizziness, This was inter-
preled clinically as hypoglycemis, put

Nebtazka S. M. |

/l/ ebrabe by M b met/ 1758 43
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the blood teat later ah that her
hlood sugar was actually elevated. The
glucagon, however, cau;ed further

rise.
SUMMARY

Subcutaneous injection of glu
vides a convenient ‘means of
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TUBERCULOSIS ABSTRACTS

ADVANTAGHS OF EOSPITAL ADMISSION
CHRST X-RAY EXAMINATIONS

Routine hospital admission eheot X-
tions are performed iu ouly 21% of hospitals
in the United States according to the 1964 figures
of the Amarican Hospital Aesocistion |It ic dif§-
cult to comprehend the reason for such|u situution
when the advantage of such examinanons was dem-
onstrated as long as 20 years agn.  Way many rea-
sons chest X-ray examinationo ohould Pe & neces-
sy and integral pact of a patient's
hospital,

Communicghle Disenses — Routine
exomination of the hospital population
{0 all hoapital personnel and to their 5
incidence of tuberculosis and ather vespieatory dis-
oa%08 is said to be greater among heopitdl perzonnel
than amoug wurkecs in uny other Indusgy. In any
hospital chest X-ray program preempldyment and
at least annual chest X.ray examinatibng of em-
Ploycca sre essentisl. The making of goni-anmual
chest X-ray films of thote on the arénding and
housge staffs is also inherent in aueh programs.

Errors in Diagnosis af Chest Diseades — The
“value and neccscity of odmicaion chest X-ray exam-
ination wery demunstrated over 20 years ago when
it was proved that, as a group, the pHyviciang at
the University of Michigan Hoapitals co tted one
gross orror & day withuut the beneflt of such chest
X-ray filma. This demonstration in itse]f warrants
the adoption of routine admission cheet| X-ray ex

aminstion of all hospital patisuts.
Unsuspested Cogeo of Cheot Disease — Many un-
suspecled cusca of chest disease amenable to treat-
ment are uncovered by admission chest Xe-ray exam-
inatian. Prompt treatment of these phtients da-
ereacca morbidity and mortslity rates and the length
of haupftalization. In this day of high hoBpital costs
and shortages of hospital bedn tha Iattdr eanxider-

ation is not a minoer one.

Pranparativa Work-up - In the evakistion and
proparation of the surgical patient, the pvutine ad-

examina-

Fobruary, 19G8

BESF-ROSSIBIL-E

wission chest rudiogruph furnishes informativn of
vilue to eurceons and anesthesiologists, The cor-
miation of the physieal findings with the Xomay

i increazes the acciuracy of the sppraisal of
the patient’s cardiopulmonary etatus and often in-
fluences the choice of the anasthatic agent and typs
of surgiesl procedure

Record of Chest Condition — In guveryday recnt-
Srobiimms of ascattainingr it possble e s, e
problems ¢ . if possible, the a ess
or chronicity of thorsele abuormslitics. Many cuch
questions can be resolved prowptly mul eusily if
previous chest films are svailable for comparison
Admission chest X.ray filma provide such walughle
tecords, particulatly in patients with postoperative
and other types of thorscic complications. X-ray
diagnesis of chest dicessa is thus madea mare re.
liable and accumta.

Tite History of Dicease — Over 20 million pa-.
ticnta are admitted to hospitals annually. Ohest
X-ray examination of all such patients would, not
only provide information of immediate {mpartance
to tho patient but alse valuable data for the study
of the nutural history of many chest diseases. The
potentizlities of the uso of such data in the study
of primary sancor of tho lung hac been demonotrat-
al,

Compunystion and Accideat Capes — In accident
and compensation cages, 36 in other types of medical
practice, negative and positive findings are of equal
importance. The availability of a outine rventgen-
ogram providea essental data for the trestment of
the patient and in the eangideration of enmpennation
olaima. Uneucpoctod traumatio leviona of the cheot
und gdjoininyg tiswues which muy not produce im-
mediate symptems are not infrequently uncovered
by admission c¢host X-ray films.

Trouma to other parta of the body may often be -
suspected or indicated on the basis of intrathoracic
changas. For example, basilar atelectatic faci
might refloat injury to intro-abdominal end/or die-
phxgmatic stractures,

Teaching Program in Genersl Hospitals — Survey
chest X-ray filma provide the mamgzru of the houne
staff with an opportunity to becomo aequainted with
the appcarnuce of (e averuge or “nurmul” chest
film, and provida 1 check on the phymical findines
From such correlations the house staff members
learn the limitatiqns of the various forms of exam-
ination and the indications for further X-ray fm-
vestigation. A chest Xoray admirkinn program may
help to make the hospital an cducational center for
detection, dlagnotls, treatment and even follow-up
of chest diseases.

Routine Hospital Examinations — Chest X.ray
acreening of hospital patients recvesls significant
itive abnormalities fn 10 to 16% of patients
rantad that the presance of many of these abnor-
maelitice ic muapocted, but the ceverity or cxtent of
discxse and/ur resclivalion of previvus discuse is
very often unsuspected. ‘L'he percentage of sixnifi-
eant pasitive findingr dintlntad hy admisnion chest
X-ray cxamination {o greatce than that rovealed by
any other routine hospital Iaboratary procedure.

Detection of Tubarculosis ~ The grest sirides
made in the tmantment of tnherculesis have givan

(Continned on page 61)
- s7
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that glucagon isa protein pol i

orystellizing glucagon. It is
posc of this paper to present
servations on the effects of glucd
thirty-four children, consisting

disease, glyecogen storage diseas
spontancous hypoglycemia.

PROCEDTIRR

The clinical malerial consisted of
sixteen mnormal subjects, eigh{ with
_liver disease, six with glycugen Storage
discase, and four with spontlsuedus hy-
poglyccmia. They ranged !
months to 13 years in age. The
sixtcen males and eighteeu fe

dtr P’ “gepuhnmt of Ped
ver outhern Califo
Q. u?l the Las. Aacelea ouu

This nw:eru.l1
the Weawru Society !.rlc F
Lua Ange aux on Nov 20, 1954,
‘&dle’ meu.bollr diseanes,
bv the United Stater Puhllc Heaith
qumrouly provided by OU Lilly
paay, lndianapolls, Ind.

\ /hoﬂuj #i f?

of glucagun per cubic centimeter (Lot
No. 208-155B-214) and the standard
dose used for all tests was 20 .g per
kilogram of body weight. Al sub-
jects were fasted overnight, and two
to Lhree days elapsed between tests.
Blood sugar determinations were dane
by the micruwetric method on eapillary
blood, usiug & modifled Folin-Wn
technique.*

NOKMAL SUBJECTS

Tablc I shows that glucagon pro-
dueed consistent blood sugar elevation
ranging from 22 to 68 mg. per cent,
with an average of 54 mg. per cent,
thicty minutes after subcutancous drug
administration, Thc avcrage onc-hom-
blood sugar level was 25 mg, per cent
with only Case 9 showing a value be-
low the fasting value. Three subjects
studied in greater detail showed that
the peak cffect of subcutaneously ad-
ministered glucagon occurred between
twenty and thirty minutes after injec-
tion, with substantiel elevation within
ten minutes.

The standard dose (20 pg per kilo-
gram) was doubled and the hyper-
glycemie results of the 20 and the 40
pg por kilogram dosage compared in
Fig. 1, whioch ghows that this increase
in dosage did not increase the hyper-
glycemio response. Our data are in
agreement with the work of Louve and
co-workers* who were also unable to
show increased hyperglycemic cffcet
with ineressed dosage, Both adreno-
corticotrophiec hormone and Adrepalin

‘Folin. J.: ), Biol. Chem. 86: 173. 1980,

19885 14 163 - 170
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162 TR rommx.. OF PEUIATHICS

incrcased the poteney of the| hyper- twice the peak value obtained with
glycemie effect of glneagon. fn Pig. each drug individually, and lusted
2, the blood sugar vesponse|in the longer than with either drug alonec.
same subject is compared, fdllowing Glucagon did not inhibit cardiovascy-
¢glucagon, Adrenalin, and eqmbined lar cficots of Adrenalin, such as tachy-
Adrenalin-glucagon  administration. ocardia or vasoconstriction.

oY Sixrzen Sussrors, USING 20 xaG PEE KNOGRAM of
SHOW AN Averaar Broop Suvoie ELEVA®ION oF §4
TY- AND S1XTY-MINUTE INTERVALS, RESTZCTIVELY

Taprz I Conrtaor Torrpaves T
G1.UCAGOY, BUBCUTANEOUSLY, WE
AND 23 MG, PER CENT A2 7HE T

BLOOD STIAAR CONOENTRATION, MG. PER CENT
TIME AFTER DOSE
CASE KO, ACR VYR, PastNG 30Mm. | GOmmy. | 120 auw,
1 ' 1 K] 114 105 a1
4 1 7 69 G3 o3
3 Q 93 §8 (11}
4 2 1 143 110 05
5 3 116 100 178 118
G 1 1 149 122 97
7 J 1] 128 a3 72
8 3 7 155 10¢ 78
9 & 9 1353 60 6]
10 5 131 173 137 06
11 R e 169 149 -
12 S 5 149 111 a7
1s 8 3 156 136 66
14 18 1495 146 108 108
15 12 140 168 127 a5
in 13 Y 108 3] 61
2001 1% Fastlng + 40u¢/Kg Glucagon Sube.
—ore Facting + 20 ugiiq Glucagan Subde.
o—tf= Fostlng
:
o 150 - /\ .
>
€ R /' N, .
. 4NN
[ 7/ ~
Q . N
o 1007 / \ Lo B .
- B A O et nd o TP S -
- py \ -
e ) & - N
© . —
o .
2 509
a
U v Y ™ T ——y
30 €0 80 120 IS0 180

Minutes Fol'lrwlng Inicotion
Fig. 1.—Glucagon tolcrance curves with| yubcutaneous v and 40 AL per kdloeram dosea. showing
i no sdaitive h;per‘l-'eemlo effoct with mcuuef Jotaze.

Following simultaneous Adrenalin and The anti-insulin effect of glucagon
glucagon administration, the maxjmum was studied in saven subjects. Fig. 3
hyperglycemia was approximately illustrates typical curves obtained in
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four subjects wlo had been g
unit of subculanecous insulin
gram of Lody weight prior to

2501

2004

! CLINICAL STUDIES WITH GLITCAGON 163
ven. 0.25 administration. Within thirty min
per kilo-- utes after insulin injection, the blood
plucagon  sugar dropped 26, 21, and 20 mg. per

—=8 Clycagen Teleranes Curve
20 g/ Kg. subculancuously

2—-g Adrenailn Yeleranae Teat

o—e Adrensiln Teleranes Test
plus Glucagan, 20 ug/Kg-
subcutaneously

#®
€ 1501
- h-
o
S
v 100 ‘\?&'
-] T
Qo
9.
@ 50
30 s? 90 120 150 180 )
Minutes Fol Injeetion

Fig:, £.—The hyperglyvemic effect of
the hyperglycemlc cffuct of =

150

|

QO

Blood Sugar, mg.%

Intglle 025 u/K¢

lowing
Eueagon. 20 g per kilogram yubcucaneo

1y, ls additive t
ultaneously sdminigtered subeuunuua%l:alm. ve to

- Subey,

cagon 20 yg/Kg. Subeu.

Fig. 3—Inrulin-glucagon tolarance
when admi

90 120
Minutes

urves demonstrat the antl-insulin effect of glucagon
cnd‘ thirty mimltlcna‘ A!t'cl' fwullu, s okt
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cent, respectively, in three pa tients,
remaining unchanged in the fpurth.
Glucagon (20 ug per klogram) was
then given subeutaneously, and Yithin
thirty minutes 2 35 to 40 mg. pe} cent
increase in blood sugur conceatfation
was uoled in all four sabjects. .| .
Insulin tolerance tests were| per-
formed on three suhjects for contpu-i-
son with comhined insulin-glubagon
tolerance tests. In the latter,| both
drugs were administered simultadeons-
ly. The results, listed in Table II,
illostrate that glucagon wae alfle to
eounteraot the hypoglycemie aetibn of

the cffcet of glucagon in eight patients

-with liver disease. In all but one pa-

tient, the diagnosis was established by
surgical biopsy. Cases 1, 2, and 3
had biliary atresia with cirrhasis;: Case
4 had cirrhasis of unknawn etiology;
Case 5 had 3 hamartoma replacing
most of the liver, associsted with he-
patic insufficiency; Case 6 had inspis-
eated bile syndrome without cirrhosis;
Cage 7 had acute hepatitis; and Oase
8 had an undiagnosed hepatomegaly,
In Cosc 8 liver biopsy revealed in-
creagsed glycogen stores, but a definite
diagnosis of glycogen storage disease

Tase JI. QoMTralroox or GLUCAGoN,] INSULIN, aND INSULIN-GLUCAGUN TULERANGE TESTS,
Ustig 20 0" PER KILOGRAM OF GLEOA00N AND 025 UNIT »Er KILOGRIM @ TNSULIN,
SrBCITANTONALY, SmOwmNG THAT GLUCAGON COUNTERAOTE INSULIN-INDUGHD

HYPOOLYOEMIA
- D BLOOD SUGAR -
RISE O FALL APTER TEST DOSE, MG. PER CENT

ca8m NO. TOLINANCE TEST TASTING SOMm. |  G0aIN., | 120 MIN,
TR Glucagon 8s 68 48 -28
7 Glucagon 65 ‘ 60 25 5
16 Glucagon 59 48 80 2
13 Insulin 86 -19 -19 -7
7 Insulin 100 -17 -12 -4Y
16 Insulin 88 -3 -17 -21
13 Insulin.glucagon 01 +10 -99 -98
7 Insulin-glucagon 89 +32 -2 . ]
16 Ingulin-glucacon 93 +_7 <14 -23

insulin. In the control insulin {oler-
auce tesls, a drop of 19, 17, and 4 me.
per cent, respectively, was noved thirty
winutes wlter insalin administrgtion.

at thirty minutes. The one- and jtwo-
hour blood sugar levels in the
gon-insulin tolerance tests were sijght-
ly lower than those iu the i
tolerance tests,-

PATIENTS WITH LIVER DISFASE
Since glucagon produces hypefgly-
cemia by glycogenolysis of liver |uly-
cogen,’ it was of interest to objerve

could not he estahlished. The Adrena.

. lin tolerance test in this latter case was
normal and there was no associagted

hypoglycemia or acetonuria. Table
III show= that the four subjects with
hepatie efrrhosis and the subject with
hepatie insufficiency dne to replace.
ment of liver tissue hy hamartoma cells
had from 13 to 24 mg. per cent hyper-
glycemie respounse to glueagon adminis-
tration. The remaining three with in-
spissated bile syndrome, acute hepati-
tis, and undiagnesed hepatomegaly
had 41, 47, and 28 mg. per cent blood
suvar elevation, respactively. ‘I'he pa-
tients with inspissated bile syndrome
and acute hepatitis responded norm-
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ally in spite of rather severe ketor\m, well known that the Adrenalin toler-
with serum bilirnhin levels of I4 and anco test in this disease usually shows
8 mg. per cent, respectively. a flat curve, Since Adrenalin and

Tamee ITI, GLUOA0ON TOLERANCE TdSrs ov ENITT PATENTS WITH LIVER Discase, Usmve exe
Sraxvaky DOSE OF 20 4o PER KTNGRAM SURCOTANTOUSLY, SHOWING TOB IMPAIEED
HyprroLvomae Rxoronecs Frve i‘Amp axD a Nodxau RLSPONSE IN

OTEIAg

THBREE
cass | 40r |wmomr = T BLooD AUwaz, Ma, Fix 100 KL, MIN. LITERDOSE
NO, (x&) | (Ea.) DIAGNOSTS PASTING | 30 M. | 60 M, [120av. [180 senv.
1 Ha d  Biliary atrapia 105 118 02 ] 110
with eirrhosis
e 1 7 Biliary atredia 3 86 74 69 67
R %2 6 Bilmrywi‘h prid 72 0
§ i ot 9 72 69 63
with eirr
¢ 8 30  Hepatie cirmhosis 55 57 70 53 80
X 12 30 Hoamartoma 1 63 70 60 €5
6 %12 3  Inspissated pile 87 128 a2 82 -
ayndrome
7 7 25 Acate hepatitis 90 137 9 20 —
8 1 8 Hepatomegaly un- 93 2 109 102 4
diagnosed
Tapre IV. ConraMson ur ADKENALLN AND (LUGAGON TOLZRANOKX TESTS Iy Srx Pariante
WiTE GLYOOGEN STORAGE Disrasw,| Swowmwe Vanrasrr Hyronoryeriie Resronsg ro
; ADAENALIN ¢3 GLUCAGON ADMINISTRATIUN
OASE A0B RLOOD SUGAR TIME IN MINUTBO AFTES DRUQ INJECTION
NoO. PATIENT (Y&) MSTING | §0 MIN. | 80w, | 120 aaN, | 180 aix.
Adrenalin Toleraned Test: Yo minim/kg., subc taneously
1 C. 5, 2 53 55 65 7 33
2 T. 8. 9 10 39 40 14 46
3 J. 3. 3 73 74 o2 93 -—
4 I H 7 53 62 50 90 a3
s D. B, (Donnial) 7 94 164 157 12 . 126
G D. B. (Dennis) 1 87 1248 i8¢ 111 114
Glucagom Tolerange Test: 20 png/ky., suboutanrcously “
1 C s, £ 55 20 §0 60 58
b T.8. 9 3¢ 26 26 @2 61
] J. 3. [ 83 74 70 7 38
3 J.8. (L V) 6 69 79 17 6y 87
4 KX 7 59 9 88 64— -
5 D. B. (Dannial) 7 80 06 148 108 -
6 D. B, (Donnis) 7 81 89 89 89 -
Cages 1 and 3 were referred to ug for stuly by Heary G. Kurz. s, La Habra. Calit

Case 3 was referred to us for y by Paul Starr, M.D., Pamadans, Calif.

Cage ¢ was referred to usg for stndy by James N. Yamaseki, M.D., Los Angeles., Callr.
Calie Cases § and ¢ were reforred to Ys for atudy by Vincent Rounds, ML, Redondo Beach,
AT,

PATIENTS WITH GLYCOGEN STOKAGK DIS- glucagon both ecanse glycogenolysis of
EASE liver glyrogen by increased phosphor-

Cori and Cori® have shown tha} scy- Ylase activity,® it is reasonable to as-
eral types of glyeogen storage sume that the hyperglycemic cffeet of
exist. They have shown o specific de- 8lucagon would be abscnt in the pa-
ficiency of gluaose-6-phospha in tlente with this disease. Six patients
two cases and struotural abnormalities were aceordingly tested with the stand-
of the glycogen’ in two others. {It is ard dose of 20 ug per kilogram of
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glucagon and the results of test
were comparaed with those oltained
with standard Adrenalin tolkrance
tests. Table IV chows tho low Adlrenal.
in tolerance tests in Cases 1, 2,{3, and
4. Case 1, the sibling of Case|2, has
clinical signe and symptoms of{glyeo-
gen storage disease, although| liver
biopasy has not been performed.| Case
2 has been studied by Illingworth and
Cori' and shown to have normgl liver
glycogen. Unfortunately, not ¢nough
liver tissue was secured for detemi
_tion of glycogen content of liver|tissue,
or for specific enzyme studies. | Cases
3 and 4 have clinical signe and|symp-
toms of the disease, as manif by

TaBLE V. QLUCAUUN TULEKANCE T
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phatase sectivity, Table V shows that
Cases 1, 4, and 5 had a 35, 30, and 59
mg. per cent response to glucagon ad-
ministration, whereas Cases 2, 3, and
6 failod to reveal any hyperglycemio
regponse to glusagon. Case 3 was sleo
given intravenous glucagon without
hyperglycemic response.

PATIENTS WITH SPONTANEOUS
HBYFOGLYCEMIA

It ic ourrently believed that patiente
with idiopathic hypoglycemia are un-
sble to mobilize .enough blood sugar
to relieve their symptoms during a
hypoglycemis convulsive episode.
Glucagon, however, is able to mabilize

S IN SIX PATIENTS WItrH SPONTANEZOUS HYPOGLYOEMIA

Usmie 20 ua. Pie Enocraw ov GrycansoN, STRATTTANRONSLY, AND ComPartNG mge Hreea.

GLYCEXIO RESPONEE BErong AND

THO INGITTUTION OF ADRGNOCORTICOTROTAIC IIORNKONE

AND HYDROCURTISONE THERAPY
CASE AGL RLOOD £UCAR VALUEL, iC. PER 100 NL., MINUTRE LPIIR DAUC INJROTION
NO. (SR) | FASTING || 30 MIN. | @0 MIN. | IP0 MIN. | TR0 wIN.
1 1% 65 137 97 42 47
2 1 58 100 72 68 -—
3 4 69 132 69 69 64
4 2 (9 as SR (1] .
One ek after ACTH thorapy
1 1 65 132 115 91 90
2 4 60 165 A1 62, 84
2 + 20 138 110 100 -—
One week pfter hydrooortizone tAsrapy
s 9 a2 114 95 &0 —_—

hepatomegaly, poor growth, aceténuria,
flat Adrenslin toleranae tests, and sur-
gical biopsies, showing inereasdd gly-
cogen stores by histologic mpthods,
but not by chemical determipation.
Cases 5 and 6 are fraternal] twine
studied by Illingworth and Cori’
and shown to have normal livér gly-
cogen. @lycogen determinatigns in
these two cases were 14.2 and 1.7 per
cent, respectively, compared to ¢ontrol
values of 0.56 to 4.6 per cent.§} Cori
and Cori® studied a2 biopsy sp
obtained from (ase 6 and shdwed a
marked reduction in glucose-f-phos-

glycogen stores and raise the blood
sugar even in the presence of exoge-
nous insulin. From this, it was postu-
lated that glucagon might be able to
countaraet the acute hypoglycemio epi-
gsodeq which characterize this dicease.
Four patients with idiopathis hypo-
glycemia were studied. The disgnosis
in each was based upon the clinical
and laboratory observations of re-
peated episodes of spontzneous hypo-
glycemia and abnormal sensitivity to
exogenous insulin, as demonstrated by
insulin tests. Table V shows that glu-
cagon tolerance tests in these patients




produced an initial, normal| hyper-
glyccmic response at the thirty-minute
intervel. At the two-hour interval,
the blood augar concentration{had re-
turned to or below the original £fasting
level, Aftor the patients wer
on adronocorticotrophic hormo
per kilogram per day of the"
the initial hyperglycemic resp
prolonged. In subsequent ins

have been successfully used t
note hypoglyeemic convulsions
paticnts.

i1 Lhese

DISCUSSION

GQlucagon is s polypeptide differing
from insulin primarily in iJ amino
acid eontent.” Methionine and|trypto-
Phane are present in glucagon [but not
in insulin. Cystine, icolencige, and
proline are present in insulin put not
in glueagon. The drug io [readily
utilized subcutaneously and islalso ef-
fective when given intravcno
is relatively nontoxie in the
used in our studies,

Clucagon has been found

malat® Its distribution in the puu-
ercas i3 similar to that of islet

gland’s glueagon content.:t
and Reed,!? in 1954, showed

produces vacuolization in th
colle of the pancreas and that
from pancreas treated in this fmanner
do not contain glueagon. These ob-
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servativns lend support to the theory
that the alpha cells of the pancreas are
the sile of glucagon production.

Svecific glucagon action is thought
lo be mediated by increased phosphor-
ylase activity, which makes more gln-
cuse-1-phosphate available for glueose
vroduction' (see Fig. 4). As little
as 10 pg produces a significant eleva.
tion of blood sugar concentration.n
Further proof that the site of action
of glucagon is in the liver is furnished
by hepatic vein catheterization stndies
which showed that glucagon adminis.
tration results in a prompt increase of
hiepatic vein glucose, as compared with
veripheral blood glucose values*® In
addition, glucagon has no hypergly-
cemic effect in the hepatectomized ani-
mals** or the eviscerated rat.!* Tn con-
trast 10 Adrenalin, glueagon has little
it any effect on musele glyengen.®
Glucagon and Adrenalin also differ in
the glycogenolytic response to dihydra-
ergotamine which is an adrenergic
blocking drug.l* It has been shawn
in rabbit liver slices that this drug is
capable of blocking the glyengenolytic
effect of Adrenalin hut. not of glueagdn.

After Staub and co-warkers® sue-
ceeded in purifying and erystallicing
glucagon in 1953, experimental work
in the human being became passihle.
The drug has been nontoxic in our
hands, except when given intrave-
nously continuously over a periad of
four hours at.a 20 ug per kilogram
per hour dosage. Nausea and vomit-
ing without hypoglyecemia ocenrred in
three patients so treated. Itching twas
noted at the site of Injection in two
cases.

Glucagoun cunsistently produced hy-
perglycemia in our geries of normal
control subjects. The iutravenous and
subcutaneous routes pruduced predict-
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able results. The intramuseular] route
{ was not investigated; however, Kjrtlay*
has nsed this route of administiration
and found it satisfactory in adglts.
Utilizing in vitro studies with liver
glices, Sutherland® tested Adrpnalin
and glucagon together, in supr¢masxi-
mal amounts, and was unsble to demon-
strate more hyperglycemia
either substance alone. Our
studies clearly showed an a

effeot. Blood ecugar levels following insulin inactivation did not occur un-
Adrenalin plus glusagon showed|twice der the experimental conditions used.
- GLYCQGEN
“~
i Eazyme
PHOSPHORYLASE
GLUCQSK~1~PHOSPHATR
Euzyme
PHOSPHOGLUOCOMUTAED
Rnzyma .
i Hoxokinaae
—_ﬁ - -
GLUCOSE + AT ___________. GLUCOSE:..0-PEOSPHATE " * LACTIO ACID
Ezzyme
PHOSPHATASE
GLUOGSE + PHOSFIIATE
Plg: 4.—Schume of glucose methboliam, 1llustrading hotw glycogenotysig occurs when
howph
et e S, B e O e
the increase obtalned with efither plone. With simnitanenns administration of

Adrenalin or gluecagon can be at
in a controlled ‘“in vitro'’ tech®i
using supramaximal amannts.
of course, eannot he done in
man being because of the well-
physiological effects of Adrenal

On the basis of theoretioal eo
ations and the work of Kibler an
ciates?? the subnormal response t¢ glu-
cagon of patients with extensive|liver
disease was expeetad. ‘T'his may be dus
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to a variety of factars. Cellnlar dam-
age and poar nutrition with enunse.
quent inadequate snpplies of liver
glycogen and poor intracellular me-
tabolism prohably offer a reasonable
explanation. Tt is nnlikely that a spea-
cific deficiency of the enzyme phos.
phorylase plays a role here; however,
our data offer no proof of this.
Qlucagon definitely acts as an in-
sulin antagonist. Our data show that

glucagon and insulin, initial hyper-
glycemia was followed by rapid de-
crease in blood sugsr at the sixty.
minute {interval, to coneccntrations
comparable with those resulting from
insulin injection alonc. The eontag-
onism can oaly rcsult, thercfore, from
rapid liver glyeogenolyeis by glucagon. .
Similarly, it is appsrent that the drug
is effective only if liver glycogen stores
are adequate. In these studies, it was
noted that repeated tests in the ssme
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cfect of glucagon preswmnably {[due to
depletion of liver glycugen. Fpr this
reason two .to lhree days shol
allowed between lests.
" McQuarrie*® has demonstratk
absence of pancreatic alpha:cels in

value in this diseass; howaeve
present form is too short-aeting,
cumulative effect was evident with. in-

cagon, and blood sugar demonstrated.
This shows the availability of jormal
liver glycogen and the lack of a Jormal

ture of glyeogen or to an enzytie de-
ficiency? Tn 1929, Schoenhdimer??
- studied the glycogen isolated fro
Gierke's ariginal ease and showed it to

6-phosphatase. 1n two other eabes
von Gierke’s.disease with mild
toms, the activity of this enzymp was

others” In 1954, Sechnlmen and
Saturen®* and Cori and Schulman®
again confirmed the faet that glucose-
6.phosphatase is diminished in liver
tissue obtained from patients with this
disease. Schulman and Saturen® glso
suggested that the glueagon tolerance
test might be of real diagnostie value
in glycogen storage disease; however,
our dats do not substentiate this.
Cases 1, 4, and 5 showed a substantial
blood sugar clevation after glucagon
administration. Cases 1 and 4 showed
2 low Adrenalin toleranee tcst, but a
moderate hyperglycemic rcaponse- to
glucagon, whereags Caso 6 ghowed ab-
notmal hyperglycsmic responac to
Adrenalin but none to glueagon. Case
5 revealed & normal responsc to both.
It would appear from these data that
neither the Adrenalin nor the glucagon
tolerance tests are of pathognomonic
value in the diagnosis of glycogen stor-
age disease,

SUMMARY

1. Qlucagon was adminiatcrcgi to
thirty-four children varying from .2
months to 13 years,of age. It con-
sistently produced a hypcrglycemic
effect in normsl subjects. The drug
was effective intravenously and sub-
cutaneously, Dosage over 20 ug per
kilogram did not increase the hyper-
glycemie response.

2. The hyperglycemic cffcct of glu-
cagon was increased and prolonged by
simultaneous Adrenalin administra-
tion.

3. Glucagon can mobilize liver gly-
cogen in gpite of simultancous insulin
administration and is of value in con-
trolling convulsions duec to hypogly-
cemia.

4. Five pationts with soverc liver
disease failed to show the normal hy-
perglycemic response following glu-
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dmini 1 hree johi 5. Sutheriand, E. W., and Cori, C. F.: o
c&gon & lstratlon« T Ohlldrcn ﬁum Of alin Pﬂyar‘ﬁou on Glyeo.

with glycogen storage disease showed genolysis fn Liver Slices, J. Biol. Chem.

)
o _ 172: TR7, 1948. .
a similar lack of hyperglycdmic Te- ¢ Oori, Gerty T., and Qori, 0. Fui Qlocose:
spouse but three othier cases

vealed -6-phosphatage of the Liver in Glycogen
moderate increases.

?;ggge Disesse, J. Biol. Chem. 199: 661,

5. Four patients with gpogtaneous 7. Dlingworth, Barbare, and Cori, Gerty o

d Stracture of Glycogen 40d Amylopectins.
hypoglycemia responded to Tucagon LT Normal and Abpormal umaz Gly:

i i cogen, J, Biol. Chem, 189: €33, 1952,
with normal hyperglycenua. . 8. Sn%%rlmd, E. W.: Factors Affecting
6. A low.glucagon or Adre; tol- i-l;er u“%d 1{‘“;:“ Ph:q%%wno‘;bo-
: . e 1 ydre etabollsm by r Najhar,
erance test is helpful in estgblishing Beltimore, 1058, The Johns Holjmns
{he diupnosis of glycogen stogage dis- ﬁ'ﬁé Ppivliz-?‘ Personsl communicatio
case, but 8 normal response %o either - Bo Tiliy Ropenrch Laboratorics, Yadisn:
Lest does mot rule out the dia osis. spoliz.
. 10. Sutherland, X. W, and de buve, C.:
Wa are apprecistive of tho walugble cases Origin end Distsibution of Hygorﬁlyaomiu
of glycogen storage discase placgl s our Fuctor of Uws Paacreas, J. Biol. Cheuwn

dispasal by the physicians mentio: 175: €68, 1948.
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REFERENCE I

Joseph (. Shipp, M.D., Harry K. Velcher, B.S.. and fonn F -Muncoe, M.D.
Gainr..\'m'lle, Floridy

— —

Slycemic diabetic beys and Firis aftec trnatraeng wich sluea-

the Ceheentraiveg of hlead elgcass wes lower ot ity and
€ 2uxT muapies, Iy s coaeladcd that the hyverelyromic
cQouse sa Slucagny i hypuglycamie diabetje Loys uad
eirls wus identies) with a T or 2 mg dusa.

—_——

The prompe and Predicrable iwcrcage in the mncen.
Tration of bluud 8tucose follnwing Slucapoa sdminisery-
tion g hypoglyeermic bjects bas heeq well docu-

ice. Gainesvitle, Floride, and {mmodaler
Flotids's Summer Camp for Disbedc Boy, ":u:;nl

Novmu-omm, Iphg

FUppoLing evideuce, rhac hypoglycewia [n ¢he diaberic

* wested wid, 5 2 me. dose. Previous udics ur this
Qap indicared 4 Peompn rsponse 10 thie doger2 Be-
vae uf the imparmanec of 5 Peoan reversal ot hypa.
Blyremia, end (e kaown satety af 8luaagon, i seemmed

METHODS AND MATIRIALS
Subjects were diabeciy whose disorder vaned from

methnd of Dubowsk; s
REStITTS

Inacbiusum,mappfcchhk&minmcmn.
¢enradoa of blood glucose was evidens widiiy five
minures; by Aftecn nuinures the ghucose Mmncearadon

*Glacogem, Yoethingwu mw Cocpuration, Free
bold, New Jesey,

Sq35

C e L. Y "

-t

T A A 7t et s b e oy



1REATMENT OF INSULIN WPOCLYCTMTA v WABETIC CAMPERS
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TARLS )
Eftect of glucagon and glucoce oa couxuurerioa of blood elucrma
during inwlin hypoglyoemia iy diabetic boys and dﬂg‘
%.‘:P_-& r—
Povrsclon Tite ot Conesntiuion o
. Campy W - Ak Sood o
Ry Ne. :as u‘.“' Dtlg-a M.?.-.u - tlycctmy (-i-’tq'uznm) "
L 15 » <
3.[ i 14 M (] L 1<1
ucagon < 2 60 . 1300 30 & 136 13 2
1 mg. 1S 1 M “ 4 6L 4L 1748 J b1 91 122 _;‘7’
a6 14 M 4“ il gg; 0R 1200 3t b1 1] [ 109
P 10 M 36 [ L 0 1250 3s ™ 114 127 121
47 y F 30 1 oL o . 1220 45 50 69 1 1le
3 14 F 52 2 “T3ANPH 0 1152 A3 (2] 1 143 181
43 9 F 35 1 1L (1] 1214 3¢ 46 2 [¥¢} 10t
, UL
(1K
0 13 F 51 2 ‘Elli a 161§ 48 117 90 114 156
’ &tm.
56 13 F pLl] 6 WL ) (245 1 30 92 % 122 176
26 14 M “ 8] :g!i 20R 174> s L7 0 169 164
B.
gluusuu 30 3 F 51 ? 4:;&’1[ GNPH s 30 &7 74 112 114
a4
¢ 26 14 M “ 11 UOE WK 1805 48 63 123 170 s
80
n 18 M 50 ) i; 'l:ﬂ_ [+ 1158 39 58 73 103 96
33 14 M 46 2 6061 1SL 1220 3 60 128 147 181
23 10 M 43 4 J2NPH ] 12J0 33 40 77 "™ 75
9 12 M 36 1 14 NPH (1] 10J0 3t 380 98 o 94
G) 12 F 34 7 2: I;PH [} 1223 46 67 L. 114 127
21 10 M 36 [ L [+] 1535 45 70 7% 131 133
34 4 F 2 b 44NrH o 1013 n k) €6 111 123
45 9 ¥ 30 7 6oL v 173s 3s 3s 68 144 138
C.
(%llu:ose 50 13 F 5 2 44 :PH 6 NPH 0950 48 58 107 134 11>
Umg
29 14 M 53 7 1; gl’ﬂ 1S NPH 1200 47 62 87 110 125
61 12 F 54 1 “li . 1SL 1212 47 38 10] 128 04
14
54 14 r 32 2 40 NPH{ [ 1050 3 58 90 103 78
4R
3t 15 M so 3 42{..& ] 1245 39 au 69 92 44
14
21 10 M 3 6 3sL u 1800 40 30 27 132 169
26 14 M 41 11 Ogl. 20R 1200 ss 27 115 22 o4
[ {8
a7 9 F Jjo 1 101, 0 1224 54 71 107 114 [$]
33 14 M; 45 2 64‘){,." [4] 2030 54 63 .23 69 —
LT PO 2 9 :3:& Y 1045 P 35 47— 91 1y
- 12Ul
*Cectain clinieal featurcs, (he insulig durege, the hour of bypoelyccmia and dueoneonuuioqdbhndm
eatmant sre shown. Inzlla is desiguatal: T = Leale, R = Crystalline, NPH — Leopheac and UL = Ultraleate.

was within the physiologic range (tble x). Morc vai-

Ofb.loodglmduringr"ho':inyminummdidm
idend l alia & and 2 mg. of glucapon: the maan con

a&mmamcddumgmcmnddiny.’

Sympmms of hypoglycemis, in cach iusouace, were Jess
aftec five minutes 20d were relieved within ten minuie
with cach ¢ypc uf weaumeat The meaq concenreations

Ga6

_—'—-——_*

ommﬁmofg!mincboxampu:gﬁenzomf
ghmml&u;o(p(_az)udu&(p\'w)
min. chan dou ubserved with ghicagon (umhis 2, Sgore
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Comnm:iogofbbud Ucose afrer cestmens of insulig
bypoglycemia m"dhbcvk boys sad giilye

Concentratiog of blood #lucox
(e per 100 ral)
Time afeer reatmeny
{minuy)

Treatmeut
0 s 15 p 1) 60

A Glucagon, 1mg ¢4 3 1] 128 1

T 28 2x¢ o9 T 15

B. Glucagon, 21ng. 33 < 19 123 133

- ) =5 o7 z 8 =4

C Glucss,20pm. 44 ¢ 0 107 g7

Orally ) x4 =g T T+ 4

*Thc mean conceatration of blood ucose, and Standard

Error of diaberin Carpers of mbied t are shown,
¥
8
i
3
s
I INSULIN WYPoGLYCEMIA
B UIABETIC CAMPERS
Z34 TREATMLNT wiTH
GLUCAGON, 10 2 mg
GLUCOSF
T | S— ¥ L
9 s ts 30 60
MINUTES
FHS. 1 The coacentration of bleod glucnie [mesn = S, £)

afle: treatment ot insulfin hypanlyeemis with ylscagoa

{1 and 2 ng.) and glucace,

I). Among hypoglycawic ampers
&0y, the mcan @nerateadon af bled glucose was greater
thag xooms.pqioomlafr»rcixtyminnm,nsix:y
wlo teceived 1 mg. of glucagon
10d chree who rereived 2 mg. of gluagon had 1 con.
3 gluauscdles:dnaxoamg.per
100 ml Tn lhousiv:n;ogm_ofm.fmuéninc
100 mg.
ghucose rared

novnmu-uscsum. Ty

——y— .

pak action of We lojecred insulin, dhe magninde of
councer-regubarary responses 1o bypoglycemis. and oehee
kectors, 11y pave influenced he W treatmene,
nonumbqinmhgxoupwndalmhhmmhc-
s not direrrly selaced 0 reaugent, Five campers (Nog.
33,26, 50, 54 3ad 21) were weaced by all diree meehods;
Campec 26, who received o U. of jasulia daily, wag
aeated by all chreq methods, wud be recaaved ane mifli
&mm of glucagon 0n rwo ccexcions,

Pruenss were decply comatose afre receiving lacge duscs
of iasalin: fuscheemorc, iy Schulman’s saidy evaa a2 doce
of oz mg./kg did nee Produce narmogiycemia,

Thoce resuls indicare the consiveac snd prodictalile
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Hypoglycaemia in 6hildhood Diabetes

Il. Effect of Subcutaneous or Intramuscular Injection of Different
Doses of Glucagon

J. AMAN and L. WRANNE
From the Department of Paediatrics, Orebro Medical Centre Hospital, Orebro, Sweden

ABSTRACT. Aman, J. and Wranne, L. (Department of Paediatrics, Orebro Medical Centre
Hospital, Orebro, Sweden). Hypoglycaemis in childhood diabetes. II. Effect of subcutane-
ous or intramuscular injection of different doses of glucagon. Acta Paediatr Scand 77: 548,
1988,

Hypoglycaemia (blood glucose 1.3-2.5 mmol/1) was induced in thirty diabetic children by re-
duction of their morning meal. Glucagon, 10 or 20 ug/kg was then given by intramuscular or
subcutaneous injection. Ten min Iater, all signs of hypoglycaemia had disappeared and blood
glucase concentrations increased by 0.7-33 mmolA. Glucagon plasma concentrations at
glucose nadir were low, 23+8 pmolA, rose to 300+42 ten min after the injection and reached
pesk values after another ten min. Later, a slow decrease was noted. No significant differ-
ence of blood glucose or plasma glucagon concentrations were found after subcutaneous or
intramuscular injections of 20 pug/kg. After 10 pg/kg, slightly lower increase of blood glucose
was seen, but the clinical effect was equally good. Nausea occurred in four children given 20
pg/kg. The rise of blood glucose did not correlate to the peak glucagon concentration ob-
tained after the injection but showed significant correlations to the lowest glucose concentra-
tion and, inversely, to the concentration of free insulin in blood at glucose nadir. It is con-
cluded that glucagon injections are effective in hypoglycaemia in insulin-treated diabetic chil-
dren and that the injection of 10-20 ng/kg gives long-standing supraphysiological concentra-
tions which make repested injections unnecessary. Key words: childhood diabetes, hy-
poglycaemia, glucagon treatment.

Hypoglycaemia is a frequent complication in the treatment of insulin-dependent diabetes
mellitus (1, 2). While hypoglycaemia in the conscious diabetic can be treated by oral glucose,
problems arise in its severe forms when the patient is unable to swallow. Buccal and rectal
administration of glucose are useless (3, 4). In the hospital glucose is easily given intrave-
nously, but not at home. Glucagon, administered by parents or other adults, remains the
method of choice for the unconscious patient outside hospital.

However, studies of the effect of glucagon have given conflicting results. Some studies
showed a fast increase of blood glucose and relief of symptoms (5-7) but another found
glucagon effective only in 40% of the patients (8). All these studies concerned adults. In a
study of non-diabetic children, the optimum dose was considered to be 20 ug/kg (9). The ef-
fect in diabetic children does not seem to have been investigated. Whether subcutaneous or
intramuscular injection gives the best response is also a matter of dispute; some studies claim
good effect by the subcutaneous route (S, 6) while others do not (7). Side effects of glucagon
treatment of hypoglycaemia have not been discussed.

In the present study, the effects of glucagon injections on clinical signs, blood glucose and
plasma glucagon concentrations in hypoglycaemic diabetic children are reported. The effects
of giving glucagon by intramuscular and subcutaneous injections are compared, as are the ef-
fects of giving 20 and 10 pg glucagon/kg bodyweight. Finally, an attempt is made to explain
the variations of the blood glucose response to glucagon.

PATIENTS AND METHODS

The study group comprised thirty diabetic children. Clinical data are given in Table 1. Hypoglycaemia
was induced as described earlier (4, 10). When hypoglycaemic symptoms were obvious, blood samples
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were obtained followed by the injection of glucagon. This moment was designated *‘glucose nadir”™. In
the first randomized series of ten children, 20 ug/kg was injected intramuscularly or subcutaneously. In
the second series of subcutancous injections, another five children were given 20 ug glucagon/kg body-
weight and fifteen children were given 10 pg/kg. All injections were given by one of the authors (J. A)
using 30 mm injection cannulae. Intramuscular injections were given perpendicular to the skin surface
and subcutancous injections at a 45 degree angle. No child had much subcutaneous fat and the depth of
injection was further controlled by giving the intramuscular injections through flattened and streched
skin and the subcutaneous injection in a lifted skinfold. After the glucagon injection, blood glucose con-
centrations were measured at frequent intervals (Table 2). A total of seven signs of hypoglycaemia were
noted at glucose nadir and 10 min later as described earlier (10).

Glucagon, adrenalin, cortisol and free irfsulin concentrations were measured at glucose nadir (Table
1). Additional studies of glucagon concentrations were made during the following 60 min in the first
series and 30 min in the second series (Table 3). No food was given during this time. Methods of hor-
mone analysis are described separately (10). Student’s r-tests for unpaired data and linear regression
analysis were used. Data are shown as mean £ SD. The study was approved by the local committee of

medical ethics.

RESULTS

At glucose nadir, all children had hypoglycaemic signs and the blood glucose concentration
was 1.3-2.5 mmolAl. Signs and glucose concentrations were similar in the two series. With-
in 10 min after the injection of glucagon, glucose concentration had increased by 0.7-3.3
mmol/l (Table 2). At that time, all hypoglycaemic signs had disappeared. Blood glucose con-

Table L Clinical data of the study groups (mean x SD)

Levels at glucose nadir of
C-peptide
Injected glucagon Diabetes <0.1nmoV  Free- Gluca-  Adren- Corti-
Pat. Sex Age duration >0.1omoW1 insulin gon alin sol
pgkg im/sc no. (F/M) (yrs) (yrs) (no.) (mUA) (pmol1l) (nmoll) (nmol1)
First series
20 im 5 32 12.2143.0 5.4%3.0 5/0 45427  18%9 1.8£0.8 606+123
20 sc 5 /4  11.8%3.2 3.2%1.3 41 51+17 _ 197 2.7+1.4 549195
Second series .
20 im+sc 15 5/10 11.4+£2.5 3.1+2.8 9/6 S1+20 2248 2.3+1.3 S71+104
10 sc 15 312 12.8£2.6 2.7%£3.6 5/10 61+17 2419 3.3+£2.5 578%112
* Including the 10 children of the first series.
Table 2. Effect of injected glucagon on the blood glucose concentration (mean £ SD)
Injected glucagon Blood glucose A-Blood glucose after glucagon injection, mmol/
before injection -
pugkg im/sc (mmolAa) S min 10min 20min  30min 40min SOmin  60min
First series .
20 im 1.9+0.3 1.0£0.6 2.0£0.9 3.7t1.6 4.2£2.0 4.4%£22 4.6%2.5 4.8229
20 sc 1.7£0.3 0.5+0.4 1.7+0.7 3.0%1.2 3.4:£1.6 3.8+1.3 3.7+1.2 3.1+£10
Second series
20 im+sc 1.8+0.3 0.7+£0.5 1.7+0.7 3.0+1.2 3.5%15 - - -
L] ae
10 sc 1.8£0.4 0.4+£0.2 1.1£03 24%]l1 29+16 - - -

* p<0.05; ** p<0.01.
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tinued to rise in most children. but to a varying degree (Table 2). In no child did the blood
glucose level return to its previous nadir (Table 2).

Injection technique. All hypoglycaemic signs were rapidly relieved whether glucagon had
been given subcutaneously or intramuscularly. Ten min after the injection, the mean glucose
increase and the mean glucagon concentration were slightly but insignificantly higher after
the intramuscular injection. Peak concentrations of glucagon were seen after 20 min and did
not return to the pre-injection levels during the 30 or 60 min of observation.

Dose injected. Since the effects of subcutaneous and intramuscular injections of 20 pg/kg
appeared similar, these two groups were combined and another group of five children added.
In order to test a lower dose of glucagon, we gave fifteen children 10 ug/kg. Although the ef-
fect on clinical signs was equally good in all children, the increase of blood glucose concen-
tration after 10 min was less in those given 10 ug/kg, 1.1+0.3 mmolA, as compared to 1.7+0.7
in those given 20 pg/kg (p<0.01). After 20 and 30 min, a non-significant difference was seen
(Table 2). Also, as could be expected, the concentration of glucagon was lower in those given
10 ug/kg, but not to a significant degree until 20 min after the injection (p<0.01, Table 3).

The influence of other parameters. After 20 pg glucagon/kg a significant, direct correlation
was found between the increase of blood glucose at 10 min and- the blood glucose concent-
ration at nadir (r=+0.65; p<0.01) and an inverse correlation to the free insulin concentra-
tion at nadir (r=-0.75; p<0.01). After 10 ug/kg the free insulin but not the glucose concen-
tration at nadir showed a similar significant correlation to the rise of blood glucose. No cor-
relations were found between the rise of blood glucose and cortisol or adrenalin concentra-
tions at glucose nadir or glucagon concentrations 10 min after injection (Fig. 1).

Side effects. One to three hours after the glucagon injection, after being offered food and _
drink, four children felt nauseous and one of them vomited. All these children were given 20
ng/kg. The youngest children, 7-10 years old, were all nauseous. The peak glucagon concen-
tration found in these children was 593+ 189 pmoll, as compared to 410+162 pmol in those
who received 20 ug/kg but were unaffected. However, the difference between the groups was
not significant. Among those given 10 ug/kg, none felt nauseous. The peak glucagon concen-
tration in these children was 300140 pmol/.

DISCUSSION

In this study, hypoglycaemic signs were equally effectively relieved by intramuscular and sub-
cutancous injections of 10 or 20 pg glucagon per kg bodyweight. Although on the average,
the blood glucose concentrations rose more slowly after the injection of 10 pg/kg as com-

Table 3. Plasma concentrations of glucagon, mean * SD, before and after intramuscular or subcutaneous
injections of 10 or 20 ug glucagon/kg

Injected glucagon Plasma glucagon  Plasma glucagon after glucagon injection, pmol/l

before injection
ug’kg  im/se (pmolN) 10 min 20 min 30 min 45 min 60 min
First series
20 im 18+9 320+146 4501253 4144253 206+132 197+84
20 sC 19+7 282+139 464+214 418488 326+£90 275+50
Second series
20 im+sc 2218 331+125 481+186 427+149 - -
10 sc 2449 263+116 300+140 26179 - ' -

** p<0.01; *** p<0.001.
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pared to 20 ug/kg, this did not seem to be clinically important. Our findings are supported
by a recent study of healthy adults in which no difference was found between the effects of
subcutaneous and intramuscular injections of glucagon (11).

The amounts of glucagon injected gave plasma concentrations higher than those seen in
venous (12) or portal blood (13) of healthy adults during insulin-induced hypoglycacmia. In
peripheral plasma of these adults, the mean concentrations of glucagon rose from 15 to 50
pmol1 (12). Portal blood contained on the average 70% higher concentrations (13). Com-
pared to the concentrations found in those studies, we found that therapeutic glucagon injec-
tions gave much higher levels, probably higher than necessary for maximum effect. This as-
sumption is supported by the lack of correlation between the glucagon concentration at 10
min and the rise of blood glucose (Fig. 1)™—-

We have shown that the endogenous glucagon response to hypoglycaemia is blunted in
diabetic children (10) and similar findings have been reported from studies of adult diabetics
(12, 14, 15). These findings add to the conclusion that glucagon injection is the method of
choice for relieving hypoglycaemia in the unconscious child when intravenous injection of
glucose is not possible.

It is recommended by some manufacturers that the glucagon injection should be repeated
if the desired effect has not been obtained in 10-15 min. The present findings of sustained
high plasma concentrations of glucagon contradict this assertion. The lack of effect must de-
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pend on causcs other than insufficient concentrations of circulating glucagon. and therefore
the injection should not be repeated at short intervals. We found that the increased blood
glucose concentrations were sustained for at least 30 min. Thus there is no great hurry to give
the children food or drink after the glucagon injection.

The rise of blood glucose during the first 10 min correlated inversely to the plasma con-
centration of free insulin at glucose nadir (Fig. 1). This indicates that the hepatic glucose pro-
duction induced by glucagon is counteracted by insulin which also stimulates peripheral glu-
cose utilization (16).

Glucagon stimulates glycogenolysis ¢17, 18). Consequently, depleted glycogen liver stores
should reduce the effect of glucagon injections. In this study, glycogen was probably avail-
able in the liver. Therefore, our study does not allow conclusions concerning the effects of
glucagon on hypoglycacmia elicited by heavy physical exercise or prolonged starvation.
Further studies are necessary before we can recommend glucagon in these situations.

A placebo effect of the injection on blood glucose concentration seems unlikely. An earlier

study of rectal glucose infusion did not lead to any rise in blood glucose despite high expec- .

tations of a positive effect by parents and children (4). Therefore, the inclusion of a placebo
group was considered unnecessary.

CONCLUSIONS

We have found that the injection of glucagon is an efficient method of relieving hypo-
glycaemia in the hypoglycaemic child. The effect seems to be equally good, whether gluc-
agon is given subcutaneously or intramuscularly. This is advantageous, since hypoglycaemia
can be accompanied by seizures or muscular twitchings, which make the exact injection
depth difficult to ascertain. The injection of 10 pg/kg was cqually effective in relieving hypo-
glycaemic signs as was the injection of 20 pg/kg but the latter dose gave a stronger glucose
response. However, the finding of higher glucagon concentrations among those children who
became nauseous makes it probable that the lower dose should be preferred, at least in
young children. Once injected, the glucagon dose should not be repeated. It is not necessary
to give food during the first 30 min after the injection, since blood glucose and glucagon con-
centrations are clevated for at least 30 min. e —
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Trade Name Ctlvce GenGeneric Name Gite. e Fo imjeathon
Applicant Name ___ AtJg Kerkisy HFD-co ~ %5 ua)

ApprovalDate __ APPEARS THIS-WAY-ON-ORIGINAL-
PARTI Mmmﬂﬁﬂmmm?

1. An exclusivity determination will be made for all original applications, but only for certain

supplements. Comtglete Parts IT and 11 of this Exclusivity Summary only if you answer "
to one or more of the following questions about the submission.

a) Is it an original NDA? -
) YES /v No/_/ APREARS THIS-WAY-ON-Q

b) Is it an effectiveness supplement?

YES /__/ NO/v

If yes, what type? (SEI, SE2, etc.)

) Did it require the review of clinical data other than to supFort a safety claim or

change in labeling related to safety? (If it required review on
bioequivalence data, answer "no."

YES/_/ NO/.J

y of bioavailability or

If your answer is "no" because you believe the study is a bioavailability study and,
therefore, not eligible for exclusivity, EXPLAIN why it is a bioavailability study,
including your reasons for disagreeing with any arguments made by the applicant that

the study was not simply a bioavailability study.

If it is a supplement requiring the review of clinical data but it isTot an effectiveness
supplement, describe the change or claim that is supported by the clinical data:

APREARS THIS-WAY¥-ON-ORIGH
Form OGD-011347 Revised 8/7/95; edited 8/8/95

cc: Original NDA  Division File ~ HFD-85 Mary Ann Holovac



APREARS FHIS-WAY-C

d) Did the applicant request exclusivity?

YES/__/ NO/ l//

If the answer to (d) is "yes," how many years of exclusivity did the applicant request?

Y o

IF YOU HAVE ANSWERED "NO" TO ALL OF THE ABOVE QUESTIONS, GO
DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. Has a product with the same active ingredient(s), dosage form, strength, route of
administration, and dosing schedule previously been approved by FDA for the same use?
YES/V'/ NO/

()/:M}Ifyes,NDA#&.’;l Drug Name Gtutﬁéfﬁ,\

IF THE ANSWER TO QUESTION 2 IS "YES," GO DIRECTLY TO THE SIGNATURE
BLOCKS ON PAGE 8.

3. Is this drug product or indication a DES] upgrade?

YES/ _/ NO/ / N

IF THE ANSWER TO QUESTION 3 IS "YES," GO DIRECTLY T

O THE SIGNATURE
BLOCKS ON PAGE 8 (even if a study was required for the upgrade)

APPEARS-THIS-WAY-O

ARPPEARS - THIS-WAY¥-ON-ORIGIN AL

Page 2



PART II - A% I NT
(Answer either #1 or #2, as appropnate)

1.

NDA #
NDA #

ARPREARS - THIS-WAY-ON-OR
Singl . i uct.

Has FDA previously approved under section 505 of the Act any drug product containing the
same active moiety as the drug under consideration? Answer "yes" if the active moiety
(including other esterified forms, salts, complexes, chelates or clathrates) has been previously
approved, but this tEarﬁc:u]ar form of the active moiety, e.g., this particular ester or sajt
(including salts with hydrogen or coordination bonding) or other non-covalent derivative
(such as a complex, chelate, or clathrate) has not been approved. Answer "no" if the
compound requires metabolic conversion (other than deesterification of an esterified form
of the drug) to produce an already approved active moiety.

YES/__/ NO/ [/

If "yes," identify the approved drug product(s) containing the active moie , and, if known,
the NDA #(s). s v

ARREARS THIS-WAY-ON-ORIGINA

NDA #

Combination product.

If the product contains more than one active moiety (as defined in Part I, #1), has FDA
previously approved an application under section 505 containing any ope of the active
moieties in the drug product? If, for example, the combination contains one never-before-
approved active moiety and one previously approved active moiety, answer "yes." (An active
moiety that is marketed under an OTC monograph, but that was never approved under an

NDA, is considered not previously approved.)
YES/__/ NO/_/

If"yes," identify the approved drug product(s) containing the active moiety, and, if known,
the NDA #(s).

NDA #
NDA #
NDA #

APPEARS -FHS-WAY-ON-ORIGI!

IF THE ANSWER TO QUESTION 1 OR 2 UNDER PART II IS "NO," GO DIRECTLY TO
THE SIGNATURE BLOCKS ON PAGE 8. IF "YES," GO TO PART III.

APREARS-THS-WAY-ON-GRIGHNAL

Page 3



PART III = ! NT

To qualify for three years of exclusivity, an ai)plication or supplement must contain "reports of new
clinical investigations (other than bioavailabj ity studies) essential to the approval of the a plication
and conducted or sponsored by the applicant.” This section should be completed only if tﬁe answer
to PART II, Question 1 or 2, was "yes."

1. Does the application contain Teports of clinical investigations? (The Agency interprets
“clinical investigations" to meéan investigations conducted on humans other than
bioavailability studies.) If the application contains clinical investi gations only by virtue of

a right of reference to clinical investigations in another application, answer "yes," then skip

to cﬂuestion 3(a). If the answer to 351) is "yes" for any investigation referred to in another

application, do not complete remainder of summary for that investigation.

APPEARS FHIS-WAY-ON-ORIG YES /__/ NO/__/

IF "NO," GO DIRECTLY TO THE SIGNATURE BLOCKS ON PAGE 8.

2. A clinical investigation is "essential to the approval” if the Agency could not have approved
the application or supplement without relying on that investigation. Thus, the investigation
is not essential to the approval if 1) no clinical investigation is necessary to support the
supplement or apl)lication in light of previously approved applications (i.e., information other
than clinical trials, such as bioavai ability data, would be sufficient to provide a basis for
approval as an ANDA or 505(b)(2) application because of what is already known about a
previously approved product), or 2) there are published reports of studies (other than those
conducted or sponsored by the applicant) or other publicly available data that independently
would have been sufficient to support approval of the application, without reference to the
clinical investigation submitted in the application.

For the purposes of this section, studies comparing two products with the same ingredient(s)
are considered to be bioavailability studies. ‘

(@) In light of previously approved apf)lications, is a clinical investigation (either
conducted by the applicant or available from some other source, including the
published literature) necessary to support approval of the applitation or supplement?

YES/_/ NO/ /

APPEARS THIS-WAY-ON-ORIGINAL

Page 4



(b)

(©

If "no," state the basis for your conclusion that a clinical trial is not necessary for
approval AND GO DIRECTLY TO SIGNATURE BLOCK ON PAGE 8:

APPEARS THIS-WAY-ON-ORIGINAL

Did the applicant submit a list of published studies relevant to the safety and
effectiveness of this drug product and a statement that the publicly available data
would not independently support approval of the application?

YES /__/ NO/_ /

(1) If the answer to 2(b) is "yes,” do you personally know of any reason to
disagree with the applicant's conclusion? If not applicable, answer NO.

YES/__/ NO/_ ¢

I yes, explain: APPEARS THIS-WAY-ON-ORIGINAL

(2)  If the answer to 2(b) is "no," are you aware of published studies not
conducted or sponsored by the applicant or other cFubhcly available data that
could independently demonstrate the safety and effectiveness of this drug
product?

YES/_/ NO/ |/

If yes, explain: ARPEARS THIS-WAY-ON-GRIGINAL

If the answers to (b)(1) and (b)(2) were both "n0," identify the clinical investigations
submitted in the application that are essential to the approval:

Investigation #1, Study #
) TFHIS-WAY-ON-ORIGHINAL
Investigation #2, Study # APPEARS-TH

Investigation #3, Study #

APPEARS - THHS-WAY-ON-ORIGINAL:

Page 5



In addition to being essential, investigations must be "new" to support exclusivity. The
agency interprets "new clinical investigation" to mean an investigation that 1) has not been
relied on by the agency to demonstrate the effectiveness of a previously approved drug for .
any indication an ? does not duplicate the results of another investigation that was relied

on by the agency to

emonstrate the effectiveness of a previously apgroved drug product, i.c.,

already approved application.

does not redemonstrate something the agency considers to have been demonst ated in ap
ARPEARS -THIS-WAY-ON-ORIGINAL-

a)

b)

-Tr
For each investigation identified as "essential to the approval," has the investigation
been relied on by the agency to demonstrate the effectiveness of a previously
approved drug product? (If the investigation was relied on only to support the safety
of a previously approved drug, answer "no.")

Investigation #1 . YES/__/ NO/ _/
Investigation #2 YES/ _/ NO/__/
Investigation #3 YES/ _/ NO/_ /

If you have answered "yes" for one or more investigations, identify each such
investigation and the NDA in which each was relied upon:

NDA#_______ Study# APPEARS THIS-WAY-ON-ORIGINAL
NDA#____ _ Study#
NDA#__  Study#
For each investigation identified as "essential to the approval,” does the investigation
duplicate the results of another investigation that was relied on by the agency to
support the effectiveness of a previously approved drug product?

Investigation #1 YES/ / NO/__/
Investigation #2 YES/ _/ NO/__/
Investigation #3 YES/__/ ’ NO/_/

If you have answered "yes" for one or more investigations, identify the NDA in

which a similar investigation wis relied on:
ARPEARS -THIS-WAY-ON-ORIGH

NDA#___ Study#
NDA#_____ Study#
NDA#______ Study#

APPEARS - FHIS-WAY-ON-ORIGINAL
Page 6



c) If the answers to 3(a) and 3(b) are no, identify each "new" investigation in the
application or supplement that is essential to the approval (i.e., the investigations
listed in #2(c), less any that are not "new"):

Investigation #_, Study #

Investigation #_, Study # ARREARS -FHIS-WAY-ON-ORIGINAL-

Investigation #_, Study #

To be eligible for exclusivity, a new investigation that is essential to approval must also have
been conducted or sponsored by the applicant. An investigation was "conducted or
sponsored by" the applicant if, before or during the conduct of the investigation, 1) the
applicant was the sponsor of the IND named in the form FDA 1571 filed with the Agency,
or 2) the applicant (or its predecessor in interest) provided substantial support for the study.
Orcciiinan'ly, substantial support will mean provi ing 50 percent or more of the cost of the
study.

a) For each investigation identified in response to question 3(c): if the investigation was
carried out under an IND, was the applicant identified on the FDA 1571 as the

sponsor?
I ARREARS -THIS-WAY-ON-ORIGINAL-
Investigation #1 !

!
IND#___  YES/ /! NO/ /'Explain:

!

Investigation #2 ! :

IND # YES/ / ! NO/_/ Explain:
— T
!

!

(b)  For each investigation not carried out under an IND or for whictrthe applicant was
- not identified as the sponsor, did the a_pfhcant certify that it or the applicant's
predecessor in interest provided substantial support for the study?

Investigation #1 ! \

i ! NO/__/ Explai
YES/__/Explain T xplain

APREARS- THIS-WAY-ON-ORIGINAL:

Page 7



-
.

Investigation #2 ! ' ARREARS THIS-WAY-ON-ORIGHINAL:

YES/__/Explain ! NO/__/ Explain
. _ —

!
!
!
— !

(©) Notwithstanding an answer of "yes" to (a) or (b), are there other reasons to belicve
that the applicant should not be credited with having "conducted or sponsored" the
study? (ﬁurchased studies may not be used as the basis for exclusivity. However,
if all rights to the drug are purchased (not Just studies on the drug), the applicant may
be considered to have sponsored or conducted the studies sponsored or conducted by
its predecessor in interest.)

YES/__/ NO/_/

If yes, explain:

APPEARS THIS-WAY-ON-ORIGINAL:

6-t°1- 98
ighature Date
Txtle:J)re\j e A Mrwwow

I
7gnature of Di\f(’éion Director Da
| APREARS THIS-WAY-ON-ORIGHNAL-

cc: Original NDA Division File  HFD-85 Mary Ann Holovac

Page 8



PEDIATRIC PAGE

(Complete for all original applications and all efficacy supplements)

@LA/PMA # 20—91 8§ Supplement # ____ ~— Circle one: SE1 SE2 SE3 SE4 SE§
6 .

D'OF\ o ' & -~ ed-;m
HF[ 5710 Trade and generic names/dosage form: (Y tucaGen € Klucoxm " Action: . %E gA 3

Applicant _‘MJoug ovpdi < I phoacc~Therapeutic Class 37

Indication(s) previously approved
Pediatric information in labeling of approved indication(s) is adequate ___ inadequate __

Indication in this application lrrea./(’w\em(" G{: hapoxlacemia, (a) A oo ¢ aicMFor
supplements, answer the following questions in relatign to the proposed indication. +

1. PEDIATRIC LABELING IS ADEQUATE FOR ALL PEDIATRIC AGE GROUPS. Appropriate *
information has been submitted in this or previous applications and has been adequately
- summarized in the labeling to permit satisfactory labeling for all pediatric age groups. Further
information is not required.

2. PEDIATRIC LABELING IS ADEQUATE FOR CERTAIN AGE GROUPS. Appropriate information
has been submitted in this or previous applications and has been adequately summarized in the
labeling to permit satisfactory labeling for certain pediatric age groups (e.g., infants, children,
and adolescents but not neonates). Further information is not required.

3. PEDIATRIC STUDIES ARE NEEDED. There is potential for use in children, and further
information is required to permit adequate labeling for this use.

a. A new dosing formulation is ne=sded, and applicant has agreed to provide the appropriate -
formulation.
b. A new dosing formulation is needed, however the sponsor is either not willing to provide it

or is in negotiations with FDA.

The applicant has committed to doing such studies as will be required.

(1) Studies are ongoing,

(2) Protocols were submitted and approved.

(3) Protocols were submitted and are under review. —
(4) if no protocol has been submitted, attach memo descnbing status of discussions.

If the sponsor is not willing to do pediatric studies, attach copies of FDA's written request
that such studies be done and of the sponsor’s written response to that request.

4. PEDIATRIC STUDIES ARE NOT NEEDED. The drug/biologic product has little potential for use in
pediatric patients. Attach memo explaining why pediatric studies are not needed.
5. If none of the above apply, attach an explanation, as necessary.

ATTACH AN F THE FOREGOING ITEMS, AS NECESSARY.

AL

Signature of Preparer and Title

v
Date
cc: Orig@@DAIPLA/PMA #_20 F 1&
HFD~-S1O /Div File

APPEARS TFHS-WAY-ON-ORIGHIN A=
NDA/PLA Action Package

HFD-006/ SOImstead (plus, for CDER/CBER APs and AEs, copy of action letter and labeling)

NOTE: A new Pediatric Page must be completed at the time of each action even though one was prepared
at the time of the last action. (revised 3/12/97)



- |
APREARS -FHIS-WAY¥-ON-ORIGINAL:
ARPREARS--FHIS- WAY-ON-ORIGINAL:

Debarment Statement

In accordance with the requirements of the Generic Drug
Enforcement Act of 1992, Novo Nordisk Pharmaceuticals Inc.
hereby certifies that it did not and will not use in any capacity,

- the services of any person debarred under Section 306 of the
Federal Food, Drug and Cosmetic Act in connection with this
application.

7

Barry Reit, PhD -
Vice President
Regulatory AfTairs

APPEARS-THIS-WAY-ON-ORIGINAL



Group Leader's Note

NDA 20-918 June 19, 1998
GlucaGen

glucagon APPEARS THIS-WAY-ON-ORIGINAL

The effect of this NDA is to provide for the first time a glucagon drug product that is entirely
No clinical studies are needed to demonstrate safety

and effectiveness though the sponsor has submitted clinical studies and has extensive post-
marketing experience from use of this product licensed in Europe. Technical problems with the

used for the original pK comparison of Glucagen and Lilly’s marketed /RN
product have been well discussed by Dr. Misbin. In the most recent pK study, measured plasma
glucagon levels were lower than would be expected. This appears again to be a technical
problem. Given the large dose excess for reversing hypoglycemia present in the recommended
unit dose, this does not represent a significant clinical issue. Nor is there a substitutability issue
and consequent need to show bioequivalence with the currently available/ RVl product.

APPEARS-FHIS-WAY-ON-ORIGINAL-

~ Recommendation: The NDA should be approved with the revised labeling recommended by the
Division.

Alexander Fleming, M.D.

APPEARS - THHS-WAY-ON-G
cc:

HFD-510
/NDA
/div. file
/R. Misbin

APREARS -THIS-WAY-ON-ORIGINAL:



“ .

ARPEARS--THIS-WAY-ON-ORIGINAL:

X
4
Safety Update 'E
Q
4
June 17, 1998 g
Q
. 4
Wy=
Solomon Sobel, M.D. — H
Director, Division of Metabolism & Endocrine /1/. .
Drug Products (HFD-510) S :’ho:':::.':,:l:als inc.
Office of Drug Evaluation i Suite 200
Center for Drug Evaluation and Research 100 Overiook Center
Food and Drug Administration Princeton, NJ 08540-7810
5600 Fishers Lane Tel. 609-987-5800
Rockville, MD 20857 Fax 609-921-8082

Re: NDA 20-918
GlucaGen® [glucagon (rDNA)]

Dear Dr. Sobel: APPEARS--THIS-WAY¥-ON-ORIGHN AL

Reference is made to NDA 20-918 GlucaGen® [glucagon (rDNA)]. As requested by Julie Rhee
during her telephone conversation with Mary Ann McElligott, Director, Regulatory Affairs, and in
accordance with 21 CFR §314.50(d)(5)(vi)(b), enclosed is a Safety Update for GlucaGen® [glucagon
(TDNA)). The Safety Update is a listing of the spontaneously reported adverse events for the period
January 16, 1998 through June 10, 1998. The NDA Safety Update was current from September 1,
1989 through July 31, 1997. The 120-Day Safety Update submitted January 20, 1998 was for the
period August 1, 1997 through January 15, 1998. MedWatch forms are also provided for the IND .

fi .
Safety Reports APPEARS THIS-WAY-ON-ORIGHNAL .

if you have any questions regarding this submission, please contact Mary Ann McElligott at the
above number.

Sincerely,
NOVO NORDISK PHARMACEUTICALS INC.

Mt ne ﬂ%/]ﬂl pa /A Sy et

Barry Reit, Ph.D.
Vice President, Regulatory Affairs

BRJpk
Enclosure

F:\...\glucagon\safety update 6.17-98




RECORD OF TELEPHONE Date: 6-10-98
CONVERSATION/MEETING

e
NDA#: 20-918
Based on the results of chemistry review #2 and consultation
with the lead field investigator, the sponsor was asked to Telecon/Meeting
provide the following as an amendment to the NDA: initiated by: WKBerlin
1. The sponsor was asked to clarify the sub-lot sizes for the O Applicant/Sponsor
drug substance I! :!z !ﬂ ® FDA
By: Telephone
2. The sponsor was asked (b)(4)
(b)(4) Product Name:
GlucaGen
Firm Name:
Novo Nordisk

Name and Title of Person
with whom conversation
was held:

he sponsor was asked not to re-submit
the relevant section of the NDA with those corrections, but,
rather to stipulate that the changes had been made.

Mary Ann McElligot

Phone:
609-987-5831

Name: William K. Berlin, Review Chemist




APPEARS THIS-WAY-ON-ORIGINAL
Consult #905 (HFD-510)

GLUCAGEN glucagon (tDNA) injection

The Committee noted a sound-alike/look-alike conflict with the following USAN:
glucagon. The committee felt there,was a high potential for confusing the proprietary
name of this product with the generic name, leading to an inappropriate choice of
product.

Overall, the Committee finds the proposed proprietary name unacceptable.

CDER Labeling and Noghenclature

APREARS-THIS-WAY-ON-ORIGIN AL



REQUEST FOR TRADEMARK REVIEW
APPEARS - THIS-WAX-ON-ORIGH

To: Labeling and Nomenclature Committee
Attention: Dr. Daniel Boring, Chair, HFD-530, Corporate Building, Room N461

From: Division of Metabolism and Endocrine D. P./ HFD-510
William K. Berlin 301-822-_.6320

ARREARS -THIS-WA¥-ON-ORIGINAL:

Date: 10-27-97
Subject: Request for Assessment of a Trademark for a Proposed Drug Product
Pro;;osed Trademark: GlucaGen® NDA #: 20-918

Established name, including dosage form: Glucagon (rDNA) injection

ARREARS -THIS-WAY-ON-ORIGINAL-

Other trademarks by the same firm for companion products: Novolin® for rhInsulin
Name and address of applicant: Novo Nordisk Pharmaceuticals, Inc.

100 Overlook Center
Princeton, NJ 08540-7610 APRPEARS - THIS-WAY-ON-ORIGHN Al-

Indications for Use (may be a summary if proposed statement is lengthy):
hypoglycemia and diagnostic aid

Dosage Form: sterile powder for injection/ Strengths: 1 mg/ Route of Administration: injection Dispensed: R

Initial comments from the submitter (concerns, observations, etc.): Tradename submitted in the NDA original
submission

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 Oct. 1993



She agreed to check with the medical people and get back to
me asap.

Following this t-con, Dr. McElligott faxed the attached copy

of lab printout for subject 10 which shows serum potassium
or

Attachment: 6-10-98 fax from Dr. McElligott

cc:OrigNDA
HFD-510/DivFile
HFD-870/shore

APREARS--FHIS-WAY-ON-ORIGINA

Nase: Julie Rhee

RECORD OF TELEPHONE Date:
| CONVERSATION/MEETING June 10, 1998
Re: 6/9/98 Biopharm review NDA#: 20-918
I called Dr. McElligott and mentioned that subject 10 was Telecon/Meeting
reported to have a pre-study serum potassium of m initiated by:
a value almost incompatible with life and asked her to clarify
how a healthy subject with such a potassium was enrolledin | O Applicant/Sponsor
the study. ® FDA

By: Telephone

Product Name:
GlucaGen

Firm Name:
NovoNordisk

Name and Title of Person
with whom conversation
was held:

Mary Ann McElligott, Ph.D.

Regulatory Affairs

Phone:
(609) 987-5831




RECORD OF TELEPHONE
CONVERSATION/MEETING

an -

glMM'\'\

Date:
April 21, 1998

I called Dr. McElligott and conveyed the following requests
from Dr. Shore:

1. What is the formulation of GlucaGen used in Study
101/UK?

2. Is the formulation and manufacturing process and site the
same as the proposed to-be-marketed GlucaGen?

3. What was the batch size of the 101/UK formulation and
how does that compare with the to-be-marketed GlucaGen
batch size?

CC:OrigNDA
HFD-510/DivFile
HFD-870/Shore

APRPEARS -THIS-WA¥-ON-ORIGINAL:

Rlage: Julie Rhee

NDA#: 20-918

Telecon/Meeting
initiated by:

O Applicant/Sponsor
® FDA
By: Telephone

Product Name:
GlucaGen

Firm Name:
Novo Nordisk

Name and Title of Person
with whom conversation
was held:

Mary Ann McElligott, Ph.D.
Regulatory Affairs

Phone:
(609) 987-5831




*

o,

-

*""m'

' 5 DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

C

Food and Drug Administration
Rockville MD 20857

NDA 20-918

Novo Nordisk Pharmaceuticals, Inc. - MAR 20 jgo8
Attention: Barry Reit, Ph.D.
Vice President, Regulatory Affairs

100 Overlook Center o
“FiH Y- INAL-
Suite 200 ) APPEARS THS-WAY-ON-ORIG

Princeton, New Jersey 08540-7610
Dear Dr. Reit:

We acknowledge receipt on March 13, 1998, of your amendment dated March 12, 1998, to
your new drug application for GlucaGen® [glucagon ('DNA origin)].

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 23, 1998.

If you have any questions, please contact Julie Rhee, Regulatory Health Project Manager, at
(301) 827-6424. -

Sincerely yours,

APRPEARS THIS-WAY-ON-ORIGIN

Division of Metabolic and

Endocrine Drug Products, HFD-510
Office of Drug Evaluation II
Center for Drug Evaluation and Research

APREARS--THIS-WAY-ON-ORIGHNAL-
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.
{ p’ DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
’\~.~ . Food and Drug Administration
1 Rockville MD 20857
( NDA 20-918
Novo Nordisk Pharmaceuticals, Inc. MAR 20 |98

Attention: Barry Reit, Ph.D.

Vice President, Regulatory Affairs ~~
100 Overlook Center

Suite 200

Princeton, New Jersey 08540-7610

: WAY-ON-ORIGINAL:
Dear Dr. Reit: APPEARS-FHIS-WAY .

We acknowledge receipt on March 13, 1998, of your amendment dated March 12, 1998, to
your new drug applicaﬁqn for GlucaGen® [glucagon (rDNA origin)].

We consider this a major amendmeht 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 23, 1998. -
If you have any questions, please contact Julie Rhee, Regulatory Health Project Manager, at -
_ - (301) 827-6424. '
( APRPEARS - THIS-WAY-ON-ORIGHINAL-
Sincerely yours,
s/
3 /M Vels
Solomon Sobel, M.D. L ‘ —
o : Director
Division of Metabolic and
Endocrine Drug Products, HFD-510
Office of Drug Evaluation II
Center for Drug Evaluation and Research
APREARS - THIS-WAY-ON-ORIGINAL-
cc: .
Original NDA 20-918
HFD-510/Div. Files
HFD-510/J.Rhee
DISTRICT OFFICE
Drafted by: JRhee /March 19, 1998/ c:wpfiles/letter/20918ext.ltr
, Initialed by: Galliers 3-20-98
( final: JRhee 3-20-98 9 2l

REVIEW EXTENSION



TRV e

0CT 21 1og7

RECORD OF TELEPHONE
|| CONVERSATION/MEETING

Date:
October 20, 1997

I called Dr. McElligott and informed her that we had the
filing meeting and if they could provide the assay validation
data (requested by Dr. Rob Shore of Biopharm during their
10/17/97 t-con) by 11/7/97, we will file the NDA as a Priority
application.

Dr.-McElligott stated that she had received 100 pages of fax
from Europe and is going to go thru them but did not think
they will have any problem meeting the 11/7/97 date.

I also asked her to look into{:3]Z s} assay values as requested
by Dr. Misbin. She said the company is aware of the low
values and is looking into them.

cc:OrigNDA
HFD-510/DivFile
HFD-510/Misbin
HFD-870/Shore

tb)t4)

Julie Rhee

NDA#: 20-918

Telecon/Meeting
initiated by:

O Applicant/Sponsor
@ FDA
By: Telephone

Product Name:
GlucaGen

Firm Name:
Novo Nordisk

Name and Title of Person
with whom conversation

was held:

Mary Ann McElligott, Ph.D.

Regulatory Affairs

Pﬁone:
(609) 987-5831




NDA 20-918

Novo Nordisk Pharmaceuticals, Inc. 0CcT 22 1897
Attention: Barry Reit, Ph.D.

Vice President, Regulatory Affairs

100 Overlook Center

Suite 200

Princeton, New Jersey 08540-7610

Dear Dr. Reit: ARPREARS -THIS-WAY¥-ON-ORIGIN AL

Please refer to your September 18, 1997, new drug application submitted under section 505 ()
of the Federal Food, Drug, and Cosmetic Act for GlucaGen® [glucagon (rDNA)].

We also refer to our acknowledgment letter dated September 26, 1997, which stated that the
drug review priority classification for this application would be standard (S).

Our policy regarding determination of priority or standard review status is based on the
proposed indications and alternate treatment(s) marketed for the proposed indication. Upon
further consideration of your application, we have concluded that this application should
receive a priority review.

The decision on whether or not to file this application will be made by November 22, 1997,
the filing date. Our initial review identified deficiencies which could prevent filing this
application. Please submit your responses to the following information requésts by
November 7 to allow sufficient review time before the filing:




NDA 20-918
Page 2

If you have any questions, please contact Julie Rhee, Regulatory Health Project Manager, at
(301) 827-6424.

- Solomon Sdbel, M.D.
Director
Division of Metabolic and

ARPEARS- - THIS-WAY-ON-ORIGINAL Endocrine Drug Products, HFD-510
Office of Drug Evaluation II

Center for Drug Evaluation and Research

cc:
Original NDA 20-918 -
HFD-510/Div. Files
HFD-510/Misbin/Berlin/HRhee

HFD-870/Shore
ARS- WAY-ON-ORIGIN AL
HFD-160/Uratani APRE S

Drafted by: jr/October 20, 1997/ c:wpfiles/letter/20918p.ack
Initialed by:Galliers 10-22-97

final:JRhee 10-22-97 fo-22s 49 e — —

GENERAL CORRESPONDENCE

APREARS - FHS-WAY-ON-ORIGHINAL-



s KReg

uscy,,
5."" p DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
L\ JC
o —
) Food and Drug Administration
J Rockville MD 20857
A NDA 20-918

Novo Nordisk Pharmaceutical, Inc. .. , SEp
Attention: Barry Reit, Ph.D. : 26 1997
Vice President, Regulatory Affairs

100 Overlook Center, Suite 200
Princeton, New Jersey 08540-7610 APREARS THIS-WA¥-ON-ORIGHINAL-

Dear Dr. Reit:

We have received your new drug application (NDA) submitted under section 505(b) of the
Federal Food, Drug, and Cosmetic Act for the following:

Name of Drug Product: GlucaGen® [glucagon (rDNA)]
Therapeutic Classification: Standard
Date of Application: September 18, 1997 -
( ' Date of Receipt: September 23, 1997 APPEARS HHE-WAY-ON-ORIGINAL
Our Reference Number: 20-918
Unless we notify you within 60 days of our receipt date that the application is not sufficiently
complete to permit a substantive review, this application will be filed under section 505(b) of
the Act on November 22, 1997, in accordance with 21 CFR 314.101(a). . . __ —

If you have any questions, please contact Julie Rhee, Project Manager, at (301) 443-3510.

Please cite the NDA number listed above at the top of the first page of any communications

concerning this application.
726 /97
Enid Galliers

APRPEARS - THIS-WAY-ON-ORIGHNA
Chief, Project Management Staff

Division of Metabolic and
Endocrine Drug Products, HFD-510
. Office of Drug Evaluation I
( Center for Drug Evaluation and Research

APPEARS THIS-WAY-ON-ORIGINAL-

Sincerely yours,




Page 2
NDA 20-918

ccC:

——
HFD-510/Div. Files
HFD-510/CSO/J.Rhee -
HFD-510/Misbin/Berlin/Steigerwalt -
DISTRICT OFFICE

r

Drafted by: JRhee/September 25, 1997/ c:wpfiles/letter/20918ack.1tr
n:julie/letter/20918ack.Itr

ConcurrenceGalliers 9-26-97

Final: JRhee 9-26-97

9-26-97
ACKNOWLEDGEMENT (AC)

APPEARS--THIS-WAY-ON-ORIGHINAl:




AP PEARS -HHS-WAY-ON-ORIGHINAL-

-
A
[~
( NDA Amendment 4
] )
June 22, 1998 3
<
Dr. Solomon Sobel ()
Dir., Div. of Metabolicand -~ - 'ﬂ
Endocrine Drug Products, HFD-510 yaYi _
Office of Drug Evaluation II E— oy o s Inc.
Parklawn Bldg., Room 14B04 <uite 200
5600 Fishers Lane 100 Overlook Center

0GRV o Il LY B A PP EARS THIS- WAY-ON-ORIGHN AL Princeton, NJ 08540-7810
i Tel. 605-987-5800

Re: NDA 20-918 GlucaGen® [glucagon (rDNA origin) for injcction] Fax 609-921-8082
NDA Amendment

011 S0 AL 1 A PP EARS- - FHIS-WAY¥-ON-ORIGINAL

We refer to NDA 20-918 GlucaGen® [glucagon (rDNA origin) for injection].

NDA 20-918 is submitted under section 505(b)(2). The approved drug product in the
listing “Approved Drug Products” is glucagon hydrochloride injectable; injection -
glucagon, (animal source, pancreatic origin). The chemical structure of the glucagon in
. GlucaGen® [glucagon (fDNA origin) for injection) is identical to the glucagon extracted
‘ from beef and pork pancreas. The fact that this drug product is listed in the “Approved
Drug Products” is the basis for the 505(b)(2) submission.

If you have any questions, please contact Mary Ann McElligott, Ph.D., Director,
Regulatory Affairs at (609) 987-5831.

/mk




APREARS--THS-WAY-ON-ORIGINAL-

£
n
(]
NDA Amendment Z
o
>
June 22, 1998 Q
<
Dr. Solomon Sobel . (]
Dir., Div. of Metabolic and ﬁﬂ
Endocrine Drug Products, HFD-510 /3/
Office of Drug Evaluation 11 I  ~ovo Mordisk
Parklawn Bldg., Room 14B04 Tt ne
5600 Fishers Lane 100 Overiook Center

Princeton, NJ 08540-7810

Tel. 609-987-5800
Fax 609-921-8082

-Rockville, MD 20857 ™

Re: NDA 20-918 GlucaGen® [glucagon (rDNA origin) for injection])
NDA Amendment - Labeling

L%V 0 0, AT TS A P REARS--FHIS- WA Y¥-ON-ORIGHIN Al-

We refer to NDA 20-918 GlucaGen® {glucagon (rfDNA origin) for injection].

As requested, we are enclosing the Physicians® Package Insert with the annotations
removed. This package insert is the same as Novo GlucaGen® PI Revision 6 (June 18,
1998) submitted in the letter dated June 19, 1998 with the exception of the removal of the

ELLCEL TS A PDE A RS THIS-WAY-ON-ORIGINAL

The electronic copy (file name: Unannotated Package Insert) is enclosed.

[f you have any qucsnons plcasc contact Mary Ann McElligott, Ph. D., Director,

Vice Presrdent Regulatory Affairs

/mk

Enclosures

APPEARS--HHHS-WAY-ON-ORIGHIN AL



Novo Nordisk

NDA Amendment
June 16, 1998 °
Dr. Solomon Sobel ,H
Dir., Div. of Metabolicand - V3¢
Endocrine Drug Products, HFD-510 — '::m:::’;'c‘m ine.
Office of Drug Evaluation II e - uite 200
Parklawn Bldg., Room 14B04 100 Overlook Center
5600 Fishers Lane Princeton, NJ 08540-7810

< FOR .

Rockville, MD 20857 Z T OggN Tel. 603-987-5800

Fax 609-921-8082

: REC'D
Re: NDA 20-918 GlucaGen® [glucagon (rDNAS
NDA Amendment - CMC Update JUN 171998
HFD-510

Dear Dr. Sobel,
We refer to NDA 20-918 GlucaGen® [glucagon (rDNA)).

We are enclosing amendments to the NDA based on our discussions with Dr. William
Berlin yesterday.

Based on the Pre-Approval Inspection of Feb. 17 - Mar. 5, 1998, we are amending several
sections of the NDA to be in accordance with changes that have been made. They are
linked to the PAI Observation number for ease of review. Reference is made to the
original NDA for the revision. “

_ If you have any questions, please contact Mary Ann McEliigott, Ph. D., Director,
Aty Affairs at (609) 987-5831. T -

/mk

Enclosures

Desk copy - Bill Berlin
cc: Full copy to Field Office with Field Copy Certification
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NDA Amendment

June 5, 1998

Novo Nordisk

Dr. Solomon Sobel -,
Dir., Div. of Metabolic and -
Endocrine Drug Products, HFD-510

ENEEN ~ovo Nordisk

Pharmaceuticals Inc.

JUN 1.8 1998 )

Suite 200
Office of Drug Evaluation II 9, HFD'510 lgae()verlook Center
Parklawn Bldg., Room 14B04 ‘?04 €= Princeton, NJ 08540-781(
5600 Fishers Lane LT Tel. 609-987-5800

Rockville, MD 20857 Fax €09-921-8082

RE: NDA 20-918 GlucaGen® [glucagon (rDNA))
Response to Reviewers’ Query

Dear. Dr. Sobel, ARPREARS THIS-WAY-ON-ORIGIN AL

The following information is provided in response to Dr. Misbin’s query of October 2,
1997 and Dr. Shore’s comments during our telephone discussion on June 1, 1998
regarding plasma glucagon levels.

We are providing an explanation and have attached the literature reference discussed.

If you have any questions, please contact Mary Ann McElligott, Ph. D. DlI‘CCtOI‘
Regulatory Affairs at (609) 987-5831.

. ARPEARS THS—WA¥-0N—G-R-I-GNAL
Sincerely, .

NOVO NORDISK PHARMACEUTICALS, INC. . T
MG M Citend T Ponrny Reck

Barry Reit, Ph., D.
Vice President, Regulatory Affairs

QAPREARS THIS-WAY-ON-GRIGHN AL



w
&

June 2, 1998

Novo Nordisk

Dr. Robert Shore

Food and Drug Administration
CDER/ODEI/DMEDP HFD-510

Parklawn Bldg., Room 14B04 Suite 200

5600 Fishers Lane 100 Overlook Center
‘Rockville, MD 20857 APREARS FHIS-WAY-ON-ORIGINA 'T’;"::';s ;‘_’S:z‘i“"-"m

Fax 609-921-8082

B ~ovo Nordisk

Pharmaceuticals Inc.

Re—: Responses to Comments on Preliminary Assay Validation Results
for GlucaGen® Study 007
NDA 20-918 GlucaGen® [glucagon (rDNA)]

Dear Dr. Shore,

Attached is the response to your fax of May 28, 1998 providing your comments on the
Preliminary Assay Validation data. The responses indicate where in the final validation

report these issues are addressed. APPEARS FHIS-WAY-ON-ORIGINAL-

If you have any questions, please contact Mary Ann McElligott, Ph. D., Director,
Regulatory Affairs at (609) 987-5831.

Sincerely,

71/)&7 Uwn \7{76 aafﬂi%& —
ey e MeElligor. Ph. D

Director, Regulatory Affairs

-~

Attachment .

/mk
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ORI AMENDIILNT

{7

NDA Amendment

May 26, 1998

Novo Nordisk

Dr. Solomon Sobel

Dir., Div. of Metabolicand - ,
Endocrine Drug Products, HFD-510
Office of Drug Evaluation II
Parklawn Bldg., Room 14B04
5600 Fishers Lane

Rockville, MD 20857

BN ~ovo Nordisk

Pharmaceuticals Inc.

Suite 200
100 Overlook Center
Princeton, NJ 08540-7810

Re: NDA 20-918 Tel. 609-987-5800
GlucaGen® 1mg [glucagon (rDNA)] Fax 609-921-8082

ﬁ /vc‘\— Joe s
57_1/\4,7/ ‘K)O
[0/

NDA Amendment, Final Study Report GLU/USA/007/USA
Dear Dr. Sobel,

We refer to NDA 20-918 for GlucaGen® 1mg [glucagon (rDNA)].

We are submitting in duplicate, Study Report for Protocol GLU/USA/007/USA entitled
“Pharmacokinetic Assessment of Glucagon after Intramuscular Injection.” The assay validation
for glucagon measurement is also enclosed. Responses to the Biopharm Review comments (Ma
8, 1998) are addressed in these reports. Two additional responses are explained below.

s/

The batch numbers were HR40162 for GlucaGen® and GR41031 for Sterile Water for
Reconstitution in the study. These batches were from a full scale production size batch,made on
the same equipment using the same manufacturing procedures that will be used for making the
final to-be-marketed product at the proposed site of manufacture Additionally,
male subjects were used in Study 007 which needed to be conducted expeditiously to confirm

- plasma concentrations after one dose of glucagon. Male volunteers fulfilied this objective and
females had been studied previously in GlucaGen® Study 006.

If you have any further questions, please contact Mary Ann McElligott, Ph. D., Director,
Regulatory Affairs at (609) 987-5831. o
- \b‘_’h ~\,_\
gerf :

Sincerely, y
NOVON, K PHARMACEUTICALS, INC. & /a\{
M3
Barry Reit, Ph. D. REVIEWS COMPLETED
Vice President, Regulatory Affairs
CS0 ACTION: ‘
/mk LETTER
Enclosure O CivaL COImemo
ARPPEARS FHIS-WAY-ON-ORIGINAL- CS0 INTIALS DATE

ORIGINAL



NDA Amendment
May 22, 1998

Dr. Solomon Sobel

Dir., Div. of Metabolic and
Endocrine Drug Products, HFD-510
Office of Drug Evaluation I]

Parklawn Bldg., Room 14B04 Pharmacoutials Inc.
5600 FiShCl'S Lane Suite 200

100 Overiook Center

Rockville, MD 20857
Princeton, NJ 08540-7810

Re: NDA 20-918 GlucaGen® [glucagon (rDN2 Tel. 609_-987:5800
NDA Amendment Fax 609-921-8082
Response to CMC Review Comment L
Patent Information ORI Akl -

) %0
D SV AL WA PR EARS FHIS-WAY-ON-GRIGIN AL

We refer to NDA 20-918 GlucaGen® [glucagon (rtDNA)].

We are enclosing in duplicate, the 12 months interim stability report for GlucaGen®
(development item #5-1972-05; production no. for US item 5-9400-44) and the
supportive 24 month interim stability report. These reports are submitted in support of
the expiry dating proposed in the NDA and in response to the CMC Review Comment

#16 (March 4, 1998). APPEARS THIS-W A¥-GN-G-FHGM=

Additionally, we are submitting a separate patent information statement indicating no
relevant patents. The patent certification in the original NDA indicated the same.

If you have any questions, please contact Mary Ann McElligott, Ph. D., Director,
Regulatory Affairs at (609) 987-5831. -
7 //‘ ) X

Sincere L ‘ = e
NOVO ORDISK PHARMACEUTICALS, INC.

2.1 0L — b ¢ 4 - ~—

Barry®Reit, #h. D.
Vice President, Regulatory Affairs

/mk
APRPEARS-FHIS-WAY-ON-GRIGHN A=
Enclosures

cc: Full copy to Field Office with Field Copy Certification !

ORIGINAL
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lg
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May 5, 1998 NE<W CORAELE S
) S
' >
(=}
Dr. Solomon Sobel ° 4
Dir., Div. of Metabolic and ' -
Endocrine Drug Products, HFD-510 -~ M
Office of Drug Evaluation II ' _
Parklawn Bldg., Room 14B04 - — Z‘.’:ﬁ,."lﬁ'.’.';u Inc.
5600 Fishers Lane Suite 200
ROCkVillC, MD 20857 100 Overliook Center

Princeton, NJ 08540-7810

Re: GlucaGen® [glucagon (rDNA)] ::L 28;':;7 :Bsggg

NDA 20-918
APPEARS-THIS-WAY¥-ON-ORIGINAL-
Dear Dr. Sobel, )

As requested by Ms. Julie Rhee, enclosed are two copies of the fax sent to her on
April 29, 1998 regarding the teleconference to discuss the assay validation for Study 101.
Also enclosed, are two copies of the list of attendees.

If you have any further questions, please contact Mary Ann McElligott, Ph. D., Director,
Regulatory Affairs at (609) 987-5831.

Sincerely, ~

A Tne 52&7@7

Mary Ann McElligott, Ph. D.
Director, Regulatory Affairs

Enclosures

RPN
0

} REVIEWS COMPLETED

£ 350 ACTION:

t{ SLETTER |jN.A.|. MEMO
ORIGINAL | ZRsate

* 050 INTIALS DATE

Cr




MDA ORIG AMENDMENT

ORIGINAL
&/

May 6, 1998

Novo Nordisk

Dr. Robert Shore
Food and Drug Administration~ -

CDER/ODEI/DMEDP HFD-510 BN  Novo Nordisk
Parklawn Bldg., Room 14B04 ' N T T Pharmaceuticals Inc.
5600 Fishers Lane Suite 200

100 Overlook Center

Rockville, MD 20857 Princeton, NJ 08540-7810

I -
Re: Assay Validation Results for GlucaGen® Study 007 I:, 563:99317 .3333

NDA 20-918 GlucaGen® [glucagon (rDNA)]

Dear Dr. Shore, APREARS -THIS-WAY¥-ON-ORIGINAL

As discussed last week, we are faxing (hard copy to follow) some initial results from the
assay validation for your review. The validation is still ongoing, including inter- and
intra-assay validation and storage stability covering the time period of analysis.

We will have those results for you shortly.

Sincerely, ARPRPEARS -THS-WAY¥-ON-ORIG

(RTRS

Mary Ann McElligott, Ph. D.
Director, Regulatory Affairs

cc: Julie Rhee ,
-
OVS

APREARS - FHIS-WAY-ON-ORIGIN A=
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General Correspondence Q
( 2
NEW CORRESP 9
April 20, 1998 " (=]
; 4
! Dr. William Berlin, @~ r
Chemistry Reviewer ‘ ) : % In
CDER/ONDC/DNDCII HFD-520 / ' "\ EEEEEE  Novo Nordisk
Parklawn Bldg. Pharmaceuticals Inc.
5600 Fishers Lane - Room 14B31 Suite 200

100 Overlook Center
Princeton, NJ 08540-7810

Tel. 609-987-5800
Fax 609-921-8082

Rockville, MD 20857

Re: NDA 20-918
GlucaGen® 1mg [glucagon (rDNA)]

Dear Dr. Berlin,
tb)t4)

{ This submission should conclude all outstanding issues from the NDA CMC review (fax
dated March 4, 1998) and our responses (letter dated March 19, 1998).

If you have any questions, please contact Mary Ann McElligett, Ph. D., Director,
Regulatory Affairs at (609) 987-5831.

'Si ly, ” on N
incerely . ARPEARS THIS-WAY-ON-ORIGHNAL
) .
L 72% %4 Z// -

Mary Ann McElligott, Ph. D. “ o
Director, Regulatory Affairs )

cc: Julie Rhee

APREARS THIS-WAY-ON-ORIGINAIL:

REVIEWS COMPLETED
{
' CSOACTION:
I:]LEFI'ER [nas. [IMemo
£-1€-98
ANtAIMN AL CSOINlTIALS DATE
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APPEARS - THIS-WAY-ON-ORIGINAL

General Correspondence Q
Information Request

ACH
10 AMENDMENT
March 17, 1998 NDA GRIG n“AL
\
Dr. Ron Steigerwalt 0 O R\ G \N
Food and Drug Administration IR Novo Nordisk
CDER/ODEI/DEMEDP HFD-510 ’ Pharmaceuticals Inc.

Suite 200
100 Overlook Center
Princeton, NJ 08540-7810

Tel. 609-987-5800
Fax 609-921-8082

Parklawn Bldg., Room 14B04
5600 Fishers Lane
- Rockville, MD 20857

RE: GlucaGen® [glucagon (rDNA)
NDA 20-918

Dear Dr. Steigerwalt,

On February 25 we sent you the reports for the Rat and Rabbit Reproduction
Studies for GlucaGen® as requested during our telephone conversation of
February 23. As discussed today, we are submitting the tabular data listings to -

S lement those reports.
uPp P APPEARS THIS-WAY-ON-ORIGHNAL

Please let us know if you need any further information.
Sincerely, ARPEARS -THIS-WAY-ON-ORIGHINAL:
NOVO NORDISK PHARMACEUTICALS, iNC.

Mk ue Sien

Mary Ann McElligott, Ph.D.
Director, Regulatory Affairs

Enclosure

cc: Julie Rhee (w/o enclosure)

F:\.........wpdocs\glucagon\Glucagon - repro studies 3-17-98

ARPEARS THIS-WAY-ON-ORIGINAIL-
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MpA 0 O P |GINA L

General Correspondence

rdlk

March 16, 1998

Dr. Solomon Sobel
Dir., Div. of Metabolic and
Endocrine Drug Products, HFD-510

Office of Drug Evaluation II
Parklav‘vn Bldg., Room 14B04 Novo Nordisk
5600 Fishers Lane Pharmaceuticals Inc.
Rockville, MD 20857 Suite 200

100 Overlook Center

Princeton, NJ 08540-7810

Re: NDA 20-918 Jaspeion

GlucaGen® 1mg [glucagon (rDNA)]

Dear Dr. Sobel, APPEARS THIS-WAYX-ON-ORIGINAL

We refer to NDA 20-918 for GlucaGen® 1mg [glucagon (rDNA)]. In response to the
bxopharm rev1ewer s request transrmtted by Julie Rhee on Februa

If you have any further questions, please contact Mary Ann McElhgott, Ph. D, Director,
_ Regulatory Affairs at (609) 987-5831.

) ARPPEARS THIS-WAY-ON-ORIGINAL:
Sincerely,
ISK PHARMACEUTICALS, INC.

Vice Pre51dent, Regulatory Affairs
/mk

Attachment

APREARS--FHIS-WAY-ON-ORIGINAL
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General Correspondence 2
(o]
3
March 12, 1998 _
NEW CORRESP e <
Dr. Solomon Sobel -, ﬂ
Dir., Div. of Metabolic and : / _
Endocrine Drug Products, HFD-510 ) ___ '::::”'::z':”;ls e
Office of Drug Evaluation II uite 200
Parklawn Bldg., Room 14B04 100 Overlook Center
5600 Fishers Lane Princeton, NJ 08540-7810

Tel. 609-987-5800

Rockville, MD 20857
Fax 609-921-8082

Re: NDA 20-918
GlucaGen® 1mg [glucagon (rDNA)]

Dear Dr. Sobel, ARPEARS--FHIS-WAY-ON-ORIGIN Al-

We refer to NDA 20-918 for GlucaGen® 1mg [glucagon (TDNA)]. In response to the
biopharm reviewer’s request, transmitted by Julie Rhee on February 25, we are
submitting information for Study 101 entitled “A Comparison of the Relative
Bioavailability of Glucagon Novo (ge) and Glucagon Novo Given Intramuscularly to
Healthy Volunteers”. This report was submitted previously in the original IND. We will
submit the Assay Validation information for that study on Monday, as discussed.

If you have any further questions, please contact Mary Ann McElligott, Ph. D., Director,
Regulatory Affairs at (609) 987-5831. '

APPEARS--THIS-WAY¥-ON-ORIGINAL:

ISK PHARMACEUTICALS, INC. 9‘
ke
v Y

Barry Reit, Ph. D. E :

Vice President, Regulatory Affairs

/mk

Enclosure

APREARS THIS-WAY-ON-ORIGINAL

NRIGINAI
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(R
AMENDMENT.

Novo Nordisk

February 25, 1998

Dr. Ron Steigerwalt
Food and Drug Administration Suite 200
CDER/ODEII/DMEDP HF D-510 100 Overlook Center
Parklawn Bldg., Room 1 4B04 Princeton, N) 08540-7810
5600 Fishers Lane . :;'( gg::::_'gggg
Rockville, MD 20857

I ~ovo Nordisk

Pharmaceuticals Inc.

RE: GlucaGen® [glucagon (fDNA)] NDA 20-918
Information on Reproduction Studies

Dear Dr. Steigerwalt, APPEARS -THIS-WAY¥-ON-ORIGHINAl-

Enclosed are the reports including tables for the Rat and Rabbit Reproduction Studies for
GlucaGen® as requested during our telephone conversation of February 23".

Please let us know if you need any further information.

Sincerely, REVIEWS COMPLETED
NOVO NORDISK PHARMACEUTICALS, INC.
CSO ACTION:
B, Q ‘

U U ))/)% (,é%m ) CJLeTTER A [CIMemo —
Mary Ann McElligott, Ph. D. CSO INIALS DATE
Director, Regulatory Affairs

LC’cAe “""Zy Comomends 4w be
Enclosure - ‘["ﬂf& &S5 FOR yeuisiom B
cc: Julie Rhee .
. ot 1 g
Qo 5[fl1 —




General Correspondence

February 17, 1998

Dr. Brenda Uratani,
Microbiologist
CDER/ONDC/ONDC/HFD-160
Parklawn Bldg., Room 1753
5600 Fishers Lane

Rockville, MD 20857

RE: GlucaGen® 1mg [Glucagon (rDNA)]
NDA 20-918 '

Dear Dr. Uratani,

ORIGINAL

AT
AMENDMENT

Novo Nordisk

B ~ovo Nordisk

Pharmaceuticals Inc.

Suite 200
100 Overlook Center
Princeton, NJ 08540-7810

\ Te/. 609-987-5800

\ Fax 609-921-8082

FEB 191998
HFD-510

R0

APPEARS--FHS-\WAY-ON-ORIGHIN AL

As requested in your fax dated Feb 10, 1998, enclosed is the summary validation

If you have any questions, please contact Mary Ann McElligott, Ph. D., Director,

Regulatory Affairs at (609) 987-5831.

Sincerely,

NOVO NORDISK PHARMACEUTICALS, INC.

Mk 6%911 fn /sm,/) Rt

Barry Reit, Ph. D.
Vice President, Regulatory Affairs

cc: Julie Rhee

Enclosure APREARS--FTHIS-WAY-ON-GRIGINAL-
/mk

REVIEWS COMPLETED
CSOACTION: * —
EANAL [IMemo
2-i9-9¢&
CSO INITIALS DATE

,QDA. M'{c( r€‘C;eU‘)-

G4

/\/\
my :
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AVENDMENT

February 13, 1998

Novo Nordisk

Ms. Julie Rhee,
Consumer Safety Officer
Food and Drug Administration

CDER/ODEII/DMEDP/HFD-510 B  w~ovo Nordisk

A Pharmaceuticals Inc.
Parklawn Bldg., Room 14B04 - e Suite 200
5600 Fishers Lane 100 Overlook Center
Rockville. MD 20857 Princeton, NJ 08540-7810

Tel. 609-987-5800
Fax 609-921-8082
RE: GlucaGen® [glucagon (rDNA)]

NDA 20-918
GlucaGen® Labeling Revision 2

SRR A PR EARS FHE- WAY-ON-ORIGHN AL |

We have revised the labeling according to the recommendations of February 6, 1998
made by the Pharmacology Team Leader, Dr. Ronald Steigerwalt. We are attaching the
recommendations with identifying numbers and provide a hard copy of the revised
Package Insert with the corresponding numbers. We spoke to Dr. Steigerwalt about the
fact that reproduction studies were conducted with GlucaGen®. Based on that
conversation, the wording is different than originally outlined in the fax.

The electronic version of the insert is enclosed and the file name is as follows: )

Novo GlucaGen PI Revision 2 ol ot Te  (ogl e e 2y /e ] TS

- If you have any questions, please contact Mary Ann McElligott, Ph. D., Director,
Regulatory Affairs at (609) 987-5831.

-—

Sincerely, )
NOVO NORDISK PHARMACEUTICALS, INC. REVIEWS COMPLETED\~\

Jan LY >/ ._

Al hu,?,é&y 1 550 ACTION.
Mary Ann McElligott, Ph.D. ,\4 WAJ. _DMEM(}
Director, Regulatory Affairs ‘\/\f\ $-§-49

CSO0 INMALS . DATE

.

Enclosure W
/mk
ARPEARS--THIS-WAY-ON-ORIGINAL
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% “) General Correspondence =
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3
January 29, 1998 =
(]
A
Dr. Solomon Sobel . h “ .
Dir., Div. of Metabolicand - N el Inc.
Endocrine Drug Products, HFD-510 suite 200
Office of Drug Evaluation II 100 Overlook Center

Princeton, NJ 08540-7810

Tel. 609-987-5800
Fax 609-921-8082

Parklawn Bldg., Room 14B04
5600 Fishers Lane
Rockville, MD 20857

RE: GlucaGen® 1mg [Glucagon (rDNA)]
NDA 20-918

Dear Dr. Sobel,

As requested in your fax dated January 5, 1998, enclosed is the summary data on the
validation runs for the sterilization of the following items used in the manufacture of
GlucaGen® 1mg:

‘e Stoppers and utensils

e Preparation tanks

o Equipment (filling equipment, tubing, and manifold which are sterilized by Steam-in
Place, filter and filtration cartridge)

¢ Lyophilizers

o Vials

If you have any questions, please contact Mary Ann McElligott, PhB, Director,
Regulatory Affairs at (609) 987-5831.

A DISK PHARMACEUTICALS, INC. T~
REVIEWS COMPLETED
i Cs0 ACTIOM../
' S CJEmer ENAL
Vice President, Regulatory Affairs s | [IvEmo
7. -ao8
¢SO INMIALS _ DATE

Enclosure
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ORIGINA

" AMENDMENT

Novo Nordisk

January 15, 1998

\ &
S

: - .
r ) ‘ ) BN vovo Nordisk

O Pharmaceuticals Inc.

C . ® _ | a ' Suite 200
RE: GlucaGen® NDA 20-918 100 Overlook Center

Electronic copy of Package Insert Princeton, N) 08540-7810

- Tel. 609-987-5800
- Dear Julie, APREARS-THIS-WAY-ON-ORIGINAL- o 505,921 2005

As requested, enclosed is a disk with the file for the GlucaGen® Draft Package Insert.

The file is a Word file. APPEARS THIS-WAY-ON-ORIGHNAL-
Sincerely,

NOVO NORDISK PHARMACEUTICALS, INC.

W Ve M&IW [ Reviews cowpLereo _

Mary Ann McElligott, Ph.D.

Director, Regulatory Affairs CSO ACTION:
T EI/AI CImemo
- (&5
CSO INITIALS _DATE

Neuy ANSI e Subrm +He L 2-,1-G &

APPEARS-FHIS-WAY-ON-ORIGINAL-



Amendment #1

Novo Nordisk

sember 16, 1997 :
()

' . -
APRPEARS THIS-WAY-ON-ORIGHINAL M
- .- .

Solomon Sobel
-, Div. of Metabolic and
docrine Drug Products, HFD-510
fice of Drug Evaluation II
rklawn Bldg., Room 14B04
00 Fishers Lane
ickville, MD 20857

£: NDA 20-918

zar Dr. Sobel,

ORIGINAI

EolAd

ORIG AMENDMENT

Novo Nordisk
Pharmaceuticals Inc.

Suite 200
100 Overiook Center
Princeton, Nj 08540-7810

Tel. 609-987-5800
Fax 609-921-8082

he following information is provided in response to Dr Misbin’s query of October 2,

397 regarding plasma glucagon levels.

"you have any questions, please contact Mary Ann McElligott, Director, Regulatory

ffairs at (609) 987-5831.

REVIEWS COMPLETED

incerely,

44’[ l )W%W%ﬂl /37«»:.7 Red (EOAC'HON:

3arry Reit, Ph. D.
Vice President, Regulatory Affairs

Desk copy sent to Dr. Misbin
APREARS THIS-WA¥-ON-ORIGINAL- 0 \j

\®



ORIGINAL

ORIG AMENDLEHT

Novo Nordisk

} November 6, 1997

Yy
/ k/ﬂ
I _ . nvovo Nordisk

Pharmaceuticals Inc.

B Dr. Solomon Sobel
f Dir., Div. Of Metabolic and
' Endocrine Drug Products, HFD-510
- Office of Drug Evaluation I 100 Overlook Center
b Parklawn Bldg. Room 14B04 Princeton, NJ 08540-7810
f 5600 Fishers Lane ::)" 65399_';’;17_‘:::3 '
Rockville, MD 20857

Suite 200

{ RE: NDA 20-918

y Dear Dr. Sobel,

We refer to NDA 20-918 for GlucaGen® [glucagon (rDNA) 37N
"(b)(4-) '

E We are submitting responses to the information requests listed in that letter. The enclosed
' g document contains the following:

(b)4)

- If you have any questions, please contact Mary Ann McElligott, Director, Regulato\ryl\ ~- X
| Affairs at (6Q9) 987-5831. A

REVIEWS COMPLETED ‘_T

~ | MEMO
Barry Reit, Ph. D. NAL ?75 47
, Vice President, Regulatory Affairs ( DATE

' ¢c: Dr. Shore

APREARS--THIS-WAY-ON-ORIGINAL:




October 1, 1997

Solomon Sobel, MD
Director, Division of Metabolism
& Endocrine Drug Products (HFD-% 10)
Office of Drug Evaluation I
Center for Drug Evaluation & Research
Food and Drug Administration
5600 Fishers Lane
Rockville, MD 20857

RE: GlucaGen® (glucagon -(rDNA))
505(b)(2) ND4

Dear Dr. Sobel:

Enclosed is a List of Documents for the GlucaGen® NDA. This list contains all

20 GIF

X,

/,

0CT 0 2 1997
HFD-510

ORIGINAL

Novo Nordisk

B w~ovo Nordisk

Pharmaceuticals Inc.

Suite 200
100 Overlook Center
Princeton, NJ 08540-7810

Tel. 609-987-5800
Fax 609-921-8082

&

APPEARS-FHHS-WAY-ON-ORIGINAl-

documents, in alphabetical order, that are referred to in the GlucaGen® NDA and gives a
cross reference to locations in the NDA. This list may be a useful aid for the reviewer. .

If you have any questions or need any further information please contact Dr. Mary Ann
McElligott, Director, Regulatory Affairs at (609) 987-5831.

APREARS - HHHS-WAY-ON-ORIGINAL-

Sincerely, .

Mary Ann McEligott, Ph. D.
Director, Regulatory Affairs

Enclosure

MAMc/mk

WX

REVIEWS COMPLETED .-
“{ cs0 acTion: — o
CJLETTER va.A.:. CImemo
Yr— i0-27-97
CSO INITIALS DATE
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September 18, 1997

Novo Nordisk

()

Solomon Sobel, MD _ ym
Director, Division of Metabolism ~~. © /§ ln

& Endocrine Drug Products (HFD-510) NN ~ovo Nordisk
Office of Drug Evaluation II Pharmaceuticals inc.
Center for Drug Evaluation & Research Suite 200
Food and Drug Administration 100 Overlook Center
5600 Fishers Lane Princeton, NJ 08540-7810
Rockville, MD 20857 Tel. 605-927-5800

Fax 609-921-8082

RE: GlucaGen® (glucagon (rDNA))
505(b)(2) NDA

S S RO AP RPEARS HHE-WAY-ON-ORIGINAL

Reference is made to IND 36,913 Glucagon injection (tDNA origin). The GlucaGen®
NDA is submitted as a 505(b)(2) application.

The 505 (b)(2) application was discussed with the agency on May 10, 1996 and

based on the discussion a clinical summary of Novo Nordisk studies with

GlucaGen® was prepared and submitted on November 6, 1996, The clinical

summary of Novo Nordisk studies was reviewed by the agency and a bioequivalence

study comparing GlucaGen® and the LillyMGlucagon product was «

requested and conducted. At the time Novo Nordisk conducted the bioequivalence

study in the US, it was agreed with Dr. Stephen Moore that the IND would not be :
updated at that time, but a table outlining the changes, IND to NDA, would be -—
submitted in the NDA (See NDA Section Investigational Product F ormulation).

On June 3, 1997 Novo Nordisk met with the agency and discussed a proposal for
the format and content of the Glucagon 505(b)(2) NDA. '

It was agreed that the 505 (b)(2) NDA would be modified as follows:

" Reitdg .

¢ Application Summaries - only summaries pertinent to the submission to be
provided: package insert referenced to Novo Nordisk information and .

literature. APPEARS FHIS-WAY-ON-ORIGINAL

* Clinical Section - composed of the Clinical Summary submitted November 6,
1996 and the Bioequivalence Study Report.

APPEARS THIS-WAY-ON-ORIGINAL-



Dr. Solomon Sobel
September 18, 1997
Page 2

It was agreed that the following NDA sections or subsections were not pertinent to
the GlucaGen® 1 mg 505 (b)(2) NDA:

Integrated Summary of Safety

Integrated Summary of Efficacy

Benefits and Risk

Non-clinical Pharmacology and Toxicology Technical Section

Human Pharmacokinetics and Bioavailability Technical Section
- Statistical Technical Section : :

Case Record Forms and Tabulations

We intend to market this product under the trade name of GlucaGen® (glucagon
A A\ PPEARS- THIS-WAY-ON-ORIGHAL

This original application is being submitted in triplicate (archive copy, review copy, and
field copy).

Vice President, Regulatory Affairs e — —

BR/pk
fi\.....\glucagon\nda

APPEARS--THIS-WAY-ON-ORIGINAL:






