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JONES PHARMA INCORPORATED

1945 Craig Road, P.O. Box 46903

St. Louis, Missouri 63146

314 576-8100 Fax 314 469-5749

January 29, 2001 www.jmedpharma.com

' 12

VIA FEDERAL EXPRESS ORlG AMgpyy

John Jenkins, M.D. Acting Director

Division of Metabolism and Endocrine Drug Products (HFD-510)
Document Control Room 14B-19

Food and Drug Administration

5600 Fishers Lane

Rockville, MD 20857

RE: Amendment to NDA 21-301 4 f‘

Levoxyl (Levothyroxine Sodium Tablets, USP)

Dear Dr. Jenkins:

JONES PHARMA INCORPORATED is hereby subrnitting an amendment to our pending
New Drug Application (NDA) for Levoxyl (Levothyroxine Sodium Tablets, USP) submitted
July 28, 2000. The following information submitted in this amendment was requested by Dr.
Steve Johnson, FDA Biopharmaceutic Reviewer, as a result of a teleconference held between
FDA and Jones on 1/23/2001.

Average dissolution results at 45 minutes from one lot of each strength were submittedin
Section 6.3 of the original NDA. Dr. Johnson requested that Jones provide the 45-minute
dissolution data from the individual vessels for the following Levoxyl lots in support of the
final averages previously reported. These data are provided as Attachment 1. -

- .

Lot Number Strength | Lot Number Strength Lot Number Strength

17157 25 meg. TT25 100 mcg TT4S 150 mcg
TT24 — 50 mcg TT36 112mcg TT48 175 meg |
TI31 75 mcg TT39 125 meg TTS51 200 meg

TT33 88 mcg TT43 137 meg TT26 300 meg |
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Amendment to NDA 21-301
Levoxyl (Levothyroxine Sodium Tablets, USP)

This application consists of a smglc volume. An archival copy is being filed in a blue
folder and a technical review copy is being filed in a red folder. Additionally desk copies
are being sent to Mr. Steve McCort (Project Manager, FDA) and Dr. Steve Johnson

(FDA Biopharmaceutic Reviewer).

By this letter, it is certified that'a true copy of the application (including a copy of FDA
application form 356h and a certification that the contents are a true copy of the application

filed with the Center for Drug Evaluation and Research) was sent to the Kansas City District
office of the FDA. This "field copy" was contained in a burgundy folder.

We look forward to the approval of this NDA. Should any additional information be
required, please do not hesitate to contact me at (314) 576-6100 ext. 3070.
Sincerely,

JONES PHARMA INCORPORATED - -

(A wholly owned subsidiary of King Pharmaceuticals, Inc.) ) E‘“"
—f )amw &,M#u :
Nancy Cafmeyer
Director, Regulatory Affairs ‘ / S /
Enclosure '.3* ‘} = 0)
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JONES PHARMA INCORPORATED
1945 Craig Road, PO. Box 46903
St. Louis, Missouri 63146

Fl
JONES

December 14,2000 | DUPUC ATE wwjmodpharms.com

Amendment to NDA 21-361
Levoxyl (Levothyroxine Sodium Tablets, USP)

John Jenkins, M.D. Acting Director

Division of Metabolism and Endocrine Drug Products (I-IFD-SIO)
Document Control Room 14B-19

Food and Drug Administration

5600 Fishers Lane

Rockville, MD 20857

RE: Amendment to NDA 21-301 : -
Levoxyl (Levothyroxine Sodium Tablets, USP)

tpre,

Dear Dr. Jenkins:

JONES PHARMA INCORPORATED is hereby submitting an amendment to our pending
New Drug Application (NDA) for Levoxyl (Levothyroxme Sodium Tablets, USP) submmed
July 28, 2000. The following information is included in this amendment.

Additional Information Requested by Dr. David Lewis, Chemistry Reviewer, FDA
a) Executed batch records for one lot of each strength submitted in the stability section

of the NDA
b) DMF reference letters from the manufacmrexs of the resin used to manufacture the

¢)  Updated stability data

New Information
a) Addmonal Validation Data for the Analytical Method for Impurity Testing

Corrections to Original NDA Submission:
a) CMC Section: Corrections to the Finished Product Certificate of Release for lot

*TT24 (50 mcg Tablets) originally submitted on page 000580 of the NDA

b) Human Pharmacokinetics and Bioavailability Section: For Study 338-04, adverse
event information for Subject 13, originally submitted on pages 002055 and 002061
of the NDA, is being updated
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Amendment to NDA 21-301
Levoxyl (Levothyroxine Sodium Tablets, USP)

This amendment is l?cing provided to CDER in duplicate: one Archival copy (blue
jacket), a CMC Review copy (red jacket) and a Pharmacokinetics Review copy (orange
jacket). Please incorporate this information into the application.

Additionally, a Field Copy (burgundy jacket) containing the CMC section has been
forwarded to the FDA District office in Maitland, Florida. .

We look forward to the approval of this NDA. Should any additional information be
required, please do not hesitate to contact me at (314) 576-6100 ext. 3070.

Sincerely, .

~ JONES PHARMA INCORPORATED

T omey Caprugn

Nancy Cafmeyer : B
Vice President of Regulatory Affairs

‘pre,

APPEARS THIS WAY
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JONES PHARMA INCORPORATED
1945 Craig Road, PO. Box 45903

St Louis, Missouri 63146

314 576-8100 Fax 314 469-5749
www.jmedpharma.com

September 7, 2000

John Jenkins, M.D. Acting Director
Division of Metabolism and Endocrine Drug Products (HFD-510)
Document Control Room 14B-19

Food and Drug Administration
5600 Fishers Lane
Rockville, MD 20857 )
\ . E-‘r : . ) §
RE: NDA 21-301 Levoxyl , N
g
C

Reference is made to our New Drug Application for Levoxyl (Levothyroxine Sodium

Tablets, USP), NDA 21-301. On August 31, 2000, Jones Pharma Incorporated merged
with and is now a wholly owned subsidiary of King Pharmaceuticals, Inc. This merger
does not affect the ownership of the NDA. Jones Pharma will still retain ownershlp of

NDA 21-301. ] \{
If there are any questions concerning this matter or further clarification is required, Y;\ \\
please do not hesitate to contact me by telephone at (314) 576-6100 or by fax at a &
(314) 205-9497. S‘

474 |
Sincerely, ? _ AD .

- Kl
{ ¢p

1 an W | L |
Nancy Cafmeycr ' 9/2‘/00
Vice Pm:dent of Regulatory Affairs
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JONES PHARMA INCORPORATED
1945 Craig Road, PO. Box 46903

July 28,2000 . : 314 5766100 Fax 314 485,574
~ www.imedpharmes.com

Food and Drug Administration

Central Document Room

12229 Wilkens Ave.

Rockville, MD 20857

NDA Submission

RE: NDA for Levoxyl (Levothyroxine Sodium Tablets, USP) Tablets

Dear Dr. Jenkins:

JONES PHARMA INCORPORATED is hereby submitting a New Drug Application -
(NDA) for Levoxyl (Levothyroxine Sodium Tablets, USP) Tablets.

On August 14, 1997, a notice was published in the Federal Register announcing the
classification of orally administered drug products containing levothyroxine sodium as
new drugs (Volume 62, Number 157, Page 43535). The notice stated that manufacturers
who wish to continue to market orally administered levothyroxine sodium products must
have an approved NDA by August 14, 2000. On April 26, 2000, the deadline was
extended to August 14, 2001 (Volume 65, Number 81, Page 24488).

Tpre.

In June and August 1999, two guidelines were published by FDA concerning the
submission of NDAs for levothyroxine sodium products. These guidelines entitled,
“Guidance for Industry: In-Vivo Pharmacokinetics and Bioavailability Stuides and In
Vitro-Dissolution Testing for Levothyroxine Sodium Tablets” and “Guidance for
Industry: Levothyroxine Sodium”, as well as meetings and telephone communications
between FDA and Jones, form the basis of this NDA submission.

The reason for the reclassification of oral levothyroxine sodium products as new drugs — -
can best be described by stating from the 1997 notice. “There is new information

showing significant stability and potency problems with orally administered

levothyroxine sodium products. Also, these products fail to maintain potency through the
expiration date, and tablets of the same dosage strength from the same manufacturer vary
from lot to lot in the amount of active ingredient present”.

Levoxyl Tablets have been commerically available since the mid-1980s. Jones Pharma
- has done extensive research on developing a formulation of levothyroxine sodium tablcts
- with the intent of increasing the shelf life of the product without the addition of a stability




NDA Submission
Cover Letter — Page 2

overage. The formulation of Levoxyl, which is presented in this NDA, was chosen
because it demonstrates improved stability characteristics over the current formula.

During product development, Jones performed a comparison forced degradation study
(60°C) on the active ingredient (levothyroxine sodium), the current formulation of
Levoxyl tablets and on the formulation which is presented in this NDA. The purposc of
this study was to compare the relative loss in potency under the extreme heat condition.
The results of this study, presented in table form below, illustrate the improved stability
characteristics of the new formulation of Levoxyl tablets.

R
|

J

- ot . s
The safety and effectiveness of Levoxyl tablets have been demonstrated during the over
20 year period that the product has been commercially available. The intent of this NDA -
is to provide evidence that reaffirms Levoxy] tablets are safe and effective and performas
the 1997 Federal Register notice intends for levothyroxine sodium products. &

The number of volumes in this application are as follows:

Contents Jacket Color # of Volumes
Archival Copy blue 21
Review Copy

Chemistry red 3
Pharmacology yellow 1
Pharmacokinetics orange 6
Appendices 1 and 2 (Case Report Forms) orange 9
Clinical light-brown 1

Additionally, a field copy in burgundy jackets containing the CMC section has been
forwarded to the FDA District office in Maitland, Florida. ‘

We look forward to the approval of this NDA. Should any additional informationbe
required, please do not hesitate to contact Nancy Cafmeyer at (314) 576-6100 ext. 3070.

_-— P

Sincerely,
Moy OW i Sl
Nancy Cafmeyer Elaine Strauss

Vice President of Regulatory Affairs Vice President of QA/QC JMI -Daniels
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JONES MEDICAL INDUSTRIES, INC. | o s Dox 46903
R
January 22, 1998 "

Dr. Solomon Sobol

Director, Division of Metabolic and Endrocrine Products
HFD-510

Food and Drug Administration

5600 Fishers Lane

Rockville, MD 20857

Docket No.: 97N-0314

Dear Dr. Sobol:

Reference is made to the August 14, 1997 notice in the federal register Prescription Drug

Products; Levothyroxine Sodium (Figure 1) and our letter of November 18, 1997, Asa

manufacturer of an affected product we are requesting a meeting with the FDA to discuss issues -~
resulting from this notice. Attached are the concerns for which we are requesting clarification in -
order for us to proceed in a logical, timely way in preparation of the NDA. &

e,

The following persons will be attending from our organization: Andrew Franz, Senior Vice
President of Operations-Pharmaceuticals, Nancy Cafmeyer, Vice President of Regulatory Affairs,
Dr. C.T. Rhodes, President, PharmaCon Inc., and Jess H. Stribling, with the law firm of King and
Spalding.

Aﬁamvicwinéthemachedlistofqustionsandconcems,youmdecidewbotheappmpﬁatc
persons from FDA should be in attendance.

We would like to try and set the meeting for one of the following dates: February 9, 10, 11, iSor
26. We will be contacting Steve McCort to verify which of the above dates would be acceptable.

Sincerely, ‘

‘ﬂamay &W‘ -
Nancy Cafmeyer -

Vice Pmdun Gikegulmy Aﬁ'aus

cc: Steve McCort

- e~ o e g v Y g——— e e e -
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' ‘./( DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service

Food and Drug Adminisiration

S , L Rockville MD 20857
A7 e o o

Joseph G. Valentino, J.D.
.Senior Vice President and General Counsel
The United States Pharmacopeial
Convention, Inc. -
12601 Twinbrook Parkway
Rockville, MD 20852 , REF: 7-97-003-R

Dear Dr. Valeatino:

This letter is in regard to both the USP 23 monograph and an In-process Revision
proposal for Levothyroxine Sodium Tablets that appeared in the September-October
1996 issue of Pharmacopeial Forum, Vol. 22, No. 5, on pages 2823-2825.

We recently completed a partial market survey of this product. The'survey uncovered _ -
analytical problems associated with the analytical steps under the Dissolution test in - t
both Test 1 and Test 2, and gave results that, perhaps, have not been anticipated by
the proposed Test 2. We wish to share this information with the USP.

-
L %

Manufacturers on the enclosed Table 2 are identified by the following code:

1.  Jerome Stevens Pharmaceuticals

2.  Daniels Pharmaceuticals, Inc.

3. L — "

4, i
One notes that ———— products probably will not meet the proposed Test 2; clearly
they can label the products that they will meet Test 1. .
Thelabamtoxymsinsuuctedmpctfnmﬂ;;mssolnﬁnn test according to the

proposed Test 2. This did not work. It was determined that the chromatographic
method lacks adequate seasitivity to accurately quantitate dissolved drug from the
lower strengths-of tablets, there was interference from unidentified peaks that may
have been caused by the 200 L injections, and levothyroxine is unstable at low
concentrations in water.

The laboratory performed a limited stability study of Levothyroxine RS in various
diluents. The standard was dissolved in Ammoniated solution as directed in PE 20:2.

(.

c



Page 2-REF: 7-97-003-R
1t was then diluted to 0.05 pg/mL in

a) water,

b)  water+ 1 drop of NH,OH per 50 mL,
c) pH 7.4 buffer (Test 1 Medium),

d)  pH 7.4 buffer + 1 drop H,PO, per S mL,
¢)  0.01M methanolic sodium hydroxide,

and tested. The following results were obtained:

- Table |

Dilyent Conditions 2 in Levothy

(a)' water Room temperature, 3 hours 21% -
Room temperature, 6 hours 36% e
Refrigerator, overnight essentially all, multiple peaks E '

(b) water + NH(OH Room temperature, 3 hours 0% g
Refrigerator, 3 days 5%

(c)pH 7.4 Room temperature, 3 hours 0%
Refrigerator, overnight 0%
Refrigerator, 3 days 16%

(d) pH 7.4 + H,PO, Room temperature, 3 hours 0% -
Refrigerator, 3 days 43%

Diluent (¢) produced unsuitable chromatographic peaks. -

Based on these data, we consider water to be an unsuitable Medium for Dissolution
testing of Levothyroxine Sodium Tablets.

Further, because of the analytical difficulties described above, the chromatography
described in PF 20:2 also was investigated. Experiments determined that a Mobile
phase of somewhat different proportions (water:acetonitrile(64:36) + 0.1% H,PO,)
prolonged the retention of levothyroxine on the column so that it was better resolved
from the baseline. This Mobile phase was used with an column that
contained packing L1, instead of L10, with a flow rate of 1.5 mL per minute and
detection at 225 nm. However, this system still was incapable of achieving suitable
reproducibility of peak areas at the lowest concentration, 0.05 pg/mL.




Page 3-REF: 7-97-003-R

We obtained generally suitable chromatography using the system currently described
for Test 1, except that our instrumentation system cannot accommodate 800 uL

injections. Thus, we lowered the injection volume to 150 pL. However, this resulted
in improperly integrated peaks with unacceptable % RSD and linearity values for the

lowest strengths of samples and standard. Other than that difficulty, Test 1 as written
worked for our analyses.

We have determined that water is niot a suitable Medium and that suitable
chromatography cannot be obtained using the L10 column proposed for use with Test
2. These problems should have significant repercussions with regard to the recently-
previewed USP bioequivalence guidance for Levothyroxine Sodium Tablets. Thus,
we recommend that the USP develop a suitable dissolution test, including the
determinative step, for marketed Levothyroxine Sodium Tablets. Earlier this year,
(REF: 4-97-005-R, dated April 28, 1997), we suggested that 0.1 N hydrochloric acid
appeared to be a preferable Medium to the official pH 7.4 phosphate buffer for
dissolution testing of the dominant brand of tablets. We also stated that 0.1 ¥
hydrochloric acid appeared to be suitable for tablets that dissolve in water. It might
be worth USP’s time to investigate the suitability of this reagent for testing of all
marketed formulations. If such svitability is found, an appropriately rugged
determinative step can be built around the revised Medium. We encourage the USP
to undertake this important project.

We hope this information and these comments will be helpful to the USP. Please feel
free to contact Bob Rippere on my staff if there are any questions or if additional
information is needed. We would appreciate use of the reference number provided
above on any ensuing correspondence. i

Sincerely, -

L4

/S/” -

A . 8

Yana Ruth Mille

.. Chief

Compendial Operations Staff, HFD-354
Office of Pharmaceutical Science
Center for Drug Evaluation & Research

cc: Vivian A. Gray, USP

Enclosure




TASLE 2

" DISSOLUTION
KER. LOT ¢ - LA3ZL (mg) HIAN (%) RANGE ()
3 MKT06128 0.025 86.6 F""’W
3 JT3672 0.025 80.9 T
3 MKT1271A 0.025 75.5
3 382-110 0.075 16.6
3 JT10195 0.075 81.7
3 MXTO0632A 0.075 92.9 D
3 JT3603 0.125 60.4 |
3 MKT0092A 0.15 7.2
3 MKTO081A 0.15 91.1
3 MKT0091A 0.15 98.9 -
3 MKTO351A 0.2 109.2 ‘&%-
3 MXTO711A 0.2 89.0 :
3 MXTO011A 0.2 82.7 )
3 JT1017? 0.3 84.6 |
3 MKTO391A. 0.2 78.0
3 JT10175 0.3 80.7
3 MKTO0611A 0.05 69.9
4 S04PROOS 0.1 61.2
4 S04PROOS 0.1 64.0
4 S04PROOS 0.15 73.7 .
4 S04PROO3 0.3 63.3 |
| 030594 0.1 100.2 r’ ]
1 000895 0.1 99.5 ‘ ]
2 4902 0.3 79.7 \\/s_\_J

C:tableibe.vpd
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.chicvod.'l‘hzdouuquindmmninnin l‘:mh sym tomindn Mxill ucthadbecomo
- this response Is thsn continued. The age ﬁon.hurtpl]pltldom. rypunhyrold allhoughthcyhnd :
_ . and general physical condition of th. - difficulty llecpln%l‘-m;‘ 2Sey : completsly controlled up until that .
. E.ﬁanundthomcritylnddundonofn Some of the npou-dm mm&udocmgnpormdinm '
’ ms determine the thnuultof:witnh.ingbnnds.liom 1984 that three patisnts, previously - -

gmnd sym

. the raté at which the " - other adverse‘events occurred when . -+ well-controlled on the product,had . ...
dougom bolncrnsodmthncvmmal; pnﬂcntsmdndlnﬁllohprodm:ton dwalapodthymidtmdcity,()uofthm :

: ‘mintemnealcnl.lthpudcuhﬂy i whichthtyhadpwvions,lyboumble. _ patients experienced atrial Sbrillation. -.
im to increase the dose very - indicating a lack of consistancy in -3 . There is evidence that manufacturers .

ty -*% eontinmtnmhﬁomnﬂaﬁonchmgs T

 gradually in ﬂennwithmyudmor‘;shbﬂi .
s . _qm10tsofnlzlmﬁo;ntho “to orally sdministered levothyroxine

cardiovascular dissass to prevent .=

. . . J Y
o, e y " ..l" R Y, "“‘ b, “""l. s VRYRM
< Nonowiopratteben Dy e e s 0] Labiic PN

overtreatment or undertreatment with

-precipitation of mgim. xnyoardhl same manufacturer. it <5 7wt i te sodium products. As discussed in’
i i oo e potency B e £ 1 e e e G :
a uct o marpotancyor-. ucts are ption 4257 IRAD iste er :
i.ﬁtyismbcﬁmtedinthe:-l.r -moarksted wi utnpprovndNDAl. T tomnkﬁtsyroductsublet:?goom ’ ]
ngimcnoflpatiumwhohub-m .'; mapufacturers are expressly nquind.‘ umpmmhtlmmdy(ksf.sl._ .
controlled on one product, & timll under 21 CFR 310.308, to report adverse mmnnhctum’slnothymmn C
response and idismcould .. : drug experiences that are unexpectsd .. -odlmubleunloctndimmdiﬂcmt"
ntult.Convmely.mhsﬁmﬂonohdmg snd sarious; thnymnotraquind.um - batches showed variations in ~* -
. Eoduct w‘sotnuy ucts with » pﬂaﬂom . chromatographs that
v-ﬂ-bif— ol tintr.cdc z‘.ﬁm’“’wd),f:i ', different excipients bunuud.
mnlfuhﬁonso yperthyrod dinnmch .yepart'sll adverse £ PR
" as cardiac pain, palpitstions, ‘or cardiac including expectsd or less serious V.swmyhobkm =S ..
" arrhythmias. In patients-with i : mts.Somnadvuudmgnq)dm Mhmﬁmmw;;
heart disease, even & small increase in ~.. related to inconsistencies in potency of States Pharmacopeial Convention, took
“thodmoflcvothyrmdnnodlnmmy " orally sdministered levothyraxine - - ~ - the initlative in a workshop
be hazardous. "7 a:fel s 2 Co -odiumpmdnctsmaynotbonprdodn in 1082 to set the for the use
Hyperthyroidism is a known risk . - serious o and;ss's result, - ' of a stability-indicating high- -~
-ﬁctmfaoatnpms"ullmdiu 'mygonnnpoﬂad. Reports received by liquid chromatographic
suggest that subclinical - . " FDA, therefore, mlynotnﬂectthctohl myhth-qmligwmlof
byperthyro idism in premenopansal . - . Dumber of sdverse events associated. ’”‘dmmod Wm"-”—
' women receiving levothyraxine sodium ° with incons@ﬂmduinpmduct
is associated with bone loss. To " - ‘ Mmmvmmmwox
minimize the risk of ,itis - W.Founhﬁon&np - v - ﬂlﬂ!hﬂ“bﬂlﬁlﬂm
- advisable thntthadouboﬁtntodtoth. Because onlly-dminhund - = . indicating problems withthcsubﬂ.ity of
lowest effective dose (Refs. 1 and 2). levoth sodium productsare - . orally administered levothyroxine
Because of the risks associsted with = marksted without approved - - sodinm roducts in the past several
. applications, manufacturers havenot A.Enost every manufacturer of
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onnyldmmmdlﬂothym:dm ' upmﬁondau.hNavmbulm ‘the  with an initial fast degradation rate
sodium products, including the market. renamed suacessor firm recalled one lot - followed by a slower rate (Ref. 4). The
leader, has reported mﬂsth-tmtho uﬂmthyrmdmndmmhblmdmto initial fast rate varies depending on

' usult of poung‘. mbillty pmblm ~ superpotency. temperature. To compensate for the -
ince 1991, - Anmhaﬁmnmllad:ixlouof . initial accelerated degradation, some
thlnioﬁm—iniﬁntadmlhof o hvothyzoximsodiumhhlminlw:l - wmmmw'qf.cﬁ“
lcvothym:dnoood!umublculnvo . because they fell below potency,or - -. ingredient in their formulation, which
150 lots and more than 100 million wouldhavohllcnbelwpomnq.b-fon anludmmiom]wof 2
tablets. In all but one case, the recalls : - the expirstion dats. The USP specifies a supatpotancy :
wers initiated becanse tablets were. . - range for levoth sodium vt
el S e o
expiration potandu
date. The nullwinithtod ranging from 74.7 percent to 90.4 - . mﬁzndkph ‘in the Dockets -
haproductthatwn:m’bundtobo pm:;.Sixmgol;m.thhﬁm v ent Branch (address above)
superpotent. recalled another lot of levothyraxine - I terested persons -
.ahoiauedm mw ‘sodium tablets when it fell below -.- m?m:npm Mnnday .
,muhctumsdﬁngshbﬂity&mhlms hbaledpouncyduﬂngmﬁmmbimy,'wpﬂm _ ' o
withonllyadm!nimndlcvo hsting.(:nnumnmlysbﬁonndth. (1) Paul, T. L etal’ "lungtcnnlf
Alanoﬂrm.potmcypmblmwﬂh _percent to 86.2 percent. S tly, <. Decreased Hi Bop’ Density in Pro-
levo aodiumhbloumultadin ‘an FDA inspection at the firm toth.' unl‘;v oe ity the -
ducucdonofpmducuandnpulad " issusnce of a waming letter regarding ., - mmmloumdof
.. recalls. From 1990 to0 1992, thcﬁnn‘ the firm’s levoth sodium ;_: .. 259:3137-3141,1088. ““".’.".
46 lots of Jevothyroxine | . products. Ons of the deviations from " 141.1
sodium tablets that failed to meet * . . podmuhmﬂngpncﬁccng\muom {2) Kiing,'A. W. C., lndK.l(.Pun.
potency or content nhiformity . ", ...  cited in that letter was failure to - “Bone Mineral Derisity in
tions during finishe product. + determine by ropriatambﬂity "+ Premen udeomacheaivingLong—
testing. In August 1989, this firm ..tudngthoupinﬁondnuofwm hunPhysiologulDoouof o
recalled 21 lots due to'subpotency. Tn~  strengths of levothyroxine sodium. :- . - Journalofthe =
© 1991, the firm recalled 26 lots in <"+ Anotber deviation concarned failure to * .Awmn%mldsqdaten- S
) Fabnnrymdislotsin]unohamof mblhhadeqmuproadumbn .-:. 205:2688-2691,1991. 7T U E
subpotency. AT andconuoloftunpmnm - (ﬂGnmick.R-I-OuL "S!l'bﬂi
AnFD:m lon ; ":t:namlng mdh tydmingm.mmﬁcmﬂnghdia Higgkmsunlgm
sodium showeg that 14 percent of all lnApril 1904 onomnnhcmru .’.;.i:; Control- oISodlumLiothymnincnn:l’
lots manufactured from 1991 through ” “recalled seven lots of levothyraxins Sodium Levothyroxine in Tablet . ,
1993 were rejected and destroyed for - "‘ sodium products because potency eould Pomuhtiom‘.”ln“HormoneDmgs"
failure to meet the assay specificstions ©  not be assured through the expirstion - ted by J. L. Gueriguian E:D.." " “"

. letter to a firm'stating that its ~ - 0

gfnlnoa to 110 percent esnblhho;d_by_tho

- ~

Federal Register / Vol. 62, No. 157 / Thursday, Angustrii.- 1997 / Notices

Fl

.

wnrmigs, - %l T3
Ian:hwss FDAunuwu'mng

“ Jevothyroxine tablets were adulterated

because the expiration date wasnot | |
supported by adequats stability :tudiu.
Five lots ofthoﬁrmalmthymx:lm
sodium tablets, labeled for storage

within controlled roomi temperature -

. range, had recently failed stabili
~ hsﬂngwhcnstortzatthohighut{ndof

e

. not conform to any
(USP) XXIL In responsa, the-firm

storage range of 15 to 22 °C. FDA ~ "

objea.dm&iahbdhgbaunndid
storage conditions’

d.ﬁnodinUn.itadsuthhwp-h

changed the imtmcu'bnwm
the product at 8-to 15 °C. The firm - -
inﬁmmodFDAthnitwonldufnunuhh
iulcvothymxinuodiumnblmmh
stable’at room tem

The five failing odinFDA'

" warning letter were recalled in April -

1994. Previously, in December 1993, a
lot of levothyroxine sodium tablets.was
recalled by the same firm because -
potency was not assured through the

' poducts because

plodw:ts.thh

" Jevothyroxin:

“dste. In February 1995, the same - --. ;

: manufacturer initiated a major recall of .

levothyroxizie sodium affecting 60 lots -

*  and 50,436,000 tablets. The recall was -
* initiated when the product was found to-

be below potency at 18-month stability -

m%lm.lmmth

mllodzzlotlofhvothym:dmnodinm
through the tio! d.notb-
iration date.
ln.ddiﬁontonm?;mabout_
thlumdnlmpouncyofmlly B
sdministered ym:dnc-od!nm
pattern of stability -
mgutsthnﬂhccmtoxnnry:-

' guhnlﬂﬂnmynotbonppmpﬂnh :

these products becauss they are
to experience accelerated - - .
dation in response to a vu-my of ..
L et gt
unstable in the presence
temperature, air, and humidity (Rcf.-l). .
Ons study found that some excipients
used with levothyroxine sodium act s
catalysts to hasten its degradation (Ref
5). In addition, the kinetics of -
e sodium d onis -
complex. Stability studies show that
levoth: sodium exhibits a
biphasic first order degradation profils,

— = ———— g s o

7 15:331-3386,1990.

_ Twol-

Bnnsom. and A. S. Outschoorn, ™

United States Pharmacopeial .~ -~
Connntion. PP- 504—516 Rocl:ville. -
1982. . N
(4) Won, c M. “Klnaﬁm of
tion of Lavoth in

‘Aqueous Solution and in Solid Stats,”
thchthnlﬂsaach 9: 131—137 .
1992. . ’
(SlDquph.V.ctd..“Eﬂactof‘

' Excipients dn the Stability of

Lavothyroxine Sodium Tablets,” ]oumal

ofainlcull-‘haxmacyand@_agpwﬂu.
(O)Knnmq ).y, K.D Bnmn.

mdL.Wum&ky “l'hc&;uivtlencyof

_cﬂn al Madicire, 102:770-773;

msm 5. S..lndw Eﬁ.ﬁ
“Potency of Levothyroxine ucts
Joarnal of the American Medical .

: Anodaﬂon. 251:635-836, 1984

" (8)Fish, L. H. stal,; "Rsphmem -
Dose, Metabolism, and Bioavnihbility of
Lnothyrmdm in the 'Prutmont of -
thyroidism; Role of . .

'l' odothyronine in Pimitnry Feedback
in Humans,” The New England Journal
of Medicine, 316:764-770, 1987.. :
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_ and efficacy of thm products. .- (gecs. 502; 505 (21 U.S.C. 352,355)) and’
. . controlling hypothyroid tympmms or . manuhcmnr of an orally - - - "3 under authority dd’ij“ed to the Deputy-
- oles: mhmnco le ﬂ,ymn, ~ levo tbymxina g:d c:x?t:::s that the oner for A (21 CFR 5.20).
2 .og:x’mdri:sumuble in t;:o resence of < T m product is n°'°;“t§f:“ to the new . - ~M:_w‘7"1m7.?"“f """
perature, ents act, this claim  William K. Hubbard, ., .
gﬁ:uuxamuhc‘:ﬁngpwgn - should be submitted in the form ofa'<-.. Asociats Commissioner for Policy. .- -
: boctmfullylndcnnlistandymntmllod. - citizen petition under §10.30 and ... : -Coordination. .. -
. orally sdministered levothyraxine - 'hol:ld thf:ln'd to wDockgt No. 87N~0314 - [FR Doc. 97-21575 Filed 8-13-07; 8:45 am]
) =7 po later October 14, 1997. Sixty : -uncounm 7L’=’-'-33‘-v‘j -&
. ”d‘::?pmdud&omhb:l?db;‘?&ﬁ“ f__'d.g;n:heﬁmunowedﬁormch Lz e -
... dats, or be of nshtantpotnncyfmm ons in similar f";'_"_ DEPMENTDFHEALTHAND ‘._;;‘_"
" lottolot - - {See § 314.200(c) and (e).) Under = ', T AND
" Thereis widm fmmmlh _510.30[0)(2). the agency will oa HUM. SERVIOES P —‘.z- s am o
" adverse dru experience reports, snd -, TpePCnre to sach petitioner within 180 .. Food and omg Admnnmuon o
“ inspection reports that even when a. " y:ﬂo thatp‘ °m3‘pg:t°n' - :
" .physician consistently prescribes the . 5:;8 ;:oduct?;nnot mbiact:o the new - . Nlﬂonal COrm.lmer Fomm, Noﬁe‘ of
e . i .t n el ‘ - _'.‘l’ - -
Sovorbyroeios sodiim. patiants mey e iy o S LI
receive products of varisble potency at = - and information set forth in . }ﬁ{sm F°°d and DT“S Admimsmﬁon. -
a given dose. Suchvnﬁ::xfc;min roduct saidzoo(eLNotsupocm.lythau Noﬁaof -
Boprmm e o Sl S T
as . R
. In conclusion, the active ingredient ‘ -&"wmmm, ofm m”“ '%&%ﬁ%&'&?&.._ .
. levothyroxine sodium is effectivein . ml(p)ofthe:c!htohmppoﬂedby Consumi Aﬁ:irs(OC;\ is annot i
when cacally aod consistently - - scteutite sidense thatisrequired to” - 1be It in gseries of Natlomal
mnuhctnrodcndmd.'ind 72277 obtainsp mnlofmaypllaﬁonﬁ_:rthe m;gmn;.opm Mean
pruu-lbodinthaeonacumountto product. s.egau,zoo(g)m) L S with consumers an thiuus
replace the defici of thyroid othyraxine sodiiin products are - .
hoxmonelnayar::l{lrp-ﬂmt. "medimll thagm agency actions. , .- . ... aa
Howum.nocmvnﬂymuhhdmlly nndtotruthypo ~  DATES: 'l’homeeﬁngwmhohnl on
administered levothyroxine sodium ~ - nltumaﬁvedmghmliaduponbythe ... Tussday, Septsmber 23, 1997, from 1 _
,'producthubocn:howntodunommto _medical community as an adequate - - pm.msP.m.Duetospmlimimions.-
~comistantpotancytndmbﬂitynnd mbsﬂmteAwoxdingiymAMll . ﬁonhmomm;nmdabih 1
thus, no currently marketed orally- - m'l:tonlly - .ir.zioi ADDRESSES: The meeting eld in
administered levothyroxine sodium - - . sodium’ roductnobo the Truman Room of the White House
product is generally recognized as safe -marbtod without uppmnd NDA'suntil Conference Centar, 726 Jackson PL. NW.,
, effective. Accordingly, sny orally” ~ August 14, 2000, in order to glv&; i ymmﬁnicgmg:‘:ﬁ f}tz?;i
'fvn;itgkumd’ mu:t nc::'xuining . manufacturers time to conduct Line‘manu 4 F + Weat on Bluel g

4

43538 A

. basis. Levothyroxine

) _hblatsmgth.

Federal Register /- Vol;-ﬁi. hio::aszfl Thursday, August 14, 1997/ Notices -

Vn.l.-galsutns YornengnN e e

lgvothyro:unc sodmm is usod as ,
nplacemant therapy when andognnous
thyroid hormone pmducuon is ...

* deficient. The maintenance dosage must

be determined on a patient-by-patient
sodium products .
are marketed in multiple da .
strengths, thntmlynrybyo y12 T

3 'ﬂtntlonofdon Becauss of

Jevothyroxine sodium's nmw o

B mmpeuucmdax.nupuucmﬂiy"

important that the amount of
active dmgboconmunthrlgim, -,,

- vs.-;-.. .

‘Varistions in the amount of lvlihble

‘,activadmgcnnnﬁeabothnbtyand

-ﬁecﬁmm.ugﬁenu who receive . j.-' .
superpotent tablets may experience ;.'.'
angina, tachycardia, or urhythmhs.

. " “There is also evidence that v
- _overtreatment can cause ostaopomds
.- Subpotent tablets will not be effective in

under section 201(p) of the act (21
U.S.C. 321(p)) and is subject to the
requn'ements of secuon 505 of the act.

Manuﬁcmrm ‘who wlsh to conti.nua :
to market orally administered - -
yroxine sodium products must
submit applications as by
section 505 of the act and part 314 (21
CFR part 314). FDA is prepared to - -
accept NDA'’s for these ucts, - - L
inclndmg section 505(b)(2). npphcanons
An applicant making a submission
under section 505(b)(2) of the act may -
uly upon-investigations described in
uction 505(b)(1)(A) that were not
condiicted by or for the applicant lnd
for which the npplianthunotobtnined

arishtofmfumcommﬁomthn T

Ewnbyotbrwhomtho P
'v'.ﬂflﬁomwmeondm:bd.lfor

example, such an application may

- jnclu hmmnmppaﬁngthnufuty

‘and/or the effectiveness of -

levothyroxine sodium. Al:ionnihbﬂity
- study must be completed and submitted

‘ss pert of an NDA, im:lnding a sos(b)(z)
" application; in order to evaluate the -

! studies and to
_submit applications, ans to dlow mn_e

for review of and action on these

"applications. This provision for

" continuation of marketing, which .

- spplies only to levothyroxine sodium
. products marketed on or before the
- publication of this notice, is consistent.

with the order in Hoffmann-La Roche,
- Inc.v. Weinberger, 425 F. Supp. 890-

(D.D.C. 1975), npnn!od in the l-'ederal
Register of September 22,1975 (40 FR -
43531) and March 2, 1976 (41 FR 9001). -
After August 14, 2000 any orally
edministered , product containing -
" Jevothyroxine sodium, markéted on or -
before thie date of this notics, thatis -
introduced or delivered for introduction’
into interstate eommu:m m an -
approved application ject to --
- regulatory action, unless there has been
lﬁndingKFDA. -under a citizen™ - -
E:i:nbed tted for that productas
‘sbove, that the product is not

mbpcttothoncw drugrequirexnents of

' Thh fotice is {ssusd Ghder the
Federal Food, Drug, and Cosmetic Act

. Line. .. _..°~
FORFUH‘IHERNFOMM’IONMACI’
Carol M. Lewis, Office of Consumer
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Sec. 505 FEDERAL FOOD, DRUG, AND COSMETIC ACT 78

(4) A drug which is subject to paragraph (1) shall be deemed
to be misbranded if at any time prior to dispensing its label fails
to bear the statement “Caution: Federal law restricts this drug to
use by or on the order of a licensed veterinarian.”. A drug to which
paragraph (1) does not apply shall be deemed to be misbranded if
at any time prior to dispensing its label bears the statement speci-
e oD i Sonstary ehali desigaate a sent of the Food

e esignate a component e
and Adminisu-t:gon to regulate products that constitute a
combination of a drug, device, or biclogical product. The Secretary
shall determine the primary mode of action of the combination
product. If the Secretary determines that the primary mode of ac-

tion is that of— .
(A) a drug (other than a biological uct), the persons
cpa{gc:ﬁwithprmarketreviewofdmgsmhnvepﬁmaryju-

on,
(B) a device, the persons charged with premarket review
of devices shall have primary jurisdiction, or '
(C) a biological product, the persons charged with pre-
gﬁet review of biological products shall have primary juris-
on. : :

(2) Nothing in this subsection shall t the Secretary from
using any agency resources of the Food and Drug Administration
necessary to ensure adequate review of the safety, effectiveness, or
substantial e&(i;:lence of an article. . ‘

(3) The tary shall promulgate regulations to implement
market clearance procedures 1n accordance with paragraphs (1) and

= (2) not later than 1 year after the date of enactment of this sub-
section. : :

(4) As used in this subsection:

(A) The term *biological uct” has the meaning given

the term in section 351(a) of the Public Health Service Act (42

U.S.C. 262(a)). .

(B) The term “market clearance” includes—

(i) approval of an application under section 505, 507,
515, or 520(g), '
ehap(tigaﬁx&dingofsubstanﬁalequinlenceunderthissub-

, 8n T -

(iii) approval of a product or establishment license
under subsection (a) or (d) of section 351 of the Public
Health Service Act (42 US.C. 262),

NEW DRUGS
8Ec. 505.! [355] (a) No person shall introduce or deliver for

SNSRI introduction into interstate commerce any new drug, unless an ap-

$The application

of this section as amended by the Drug Amendments of 1963 (P.L. 87-781)

s stated as follows by sec. 107(c) of that Act:
{Bec. (eX1) As veed In this subsection the term “snactment date” means the dste of en-
—‘-nn-td. Ar(wuxo.wl;ummwummwrud.m
D An application filed pursusnt te section 505(b) of the basic Act which was “effective” within
hdhcn:-tu‘h&b:d" g’ﬁ-mv&h:m

- .. -ﬂhﬁ-
A of the basic Ast as by this

. - -
~
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wagraph (1) shall be deemed
rto ing its label fails
ral law restricts this drug to
terinarian.”. A to which

deemed to be misbranded if
el bears the statement speci-

ite a component of the Food
» products that constitute a
cal product. The
action of the combination
hat the primary mode of ac-

logical uct), the persons
drugs m have primary ju-
rged with premarket review
dten orcharged ith
persons with pre-
cts shall have primary juris-
{I orevent the Secretary from
nd Drug Administration
o safety, effectiveness, gr

te regulations to implement

ance with paragraphs (1) and
te of enactment of this sub-

uct” has the meaning _"given
dublic Health Service Act (42
e” includes—

tion under section 505, 507,

1 equivalence under this sub-

ict or establishment license
f section 351 of the Public
262),

; -
hall introduce or deliver for
any new drug, unless an ap-
Drug Amendments of 1962 (P.L. 87-781)
“snactment date” means the dats of o
he basic Act which was “effective” within

the enactment date shall be desmed,
yw&nw'&hhm

i) FEDERAL FOOD, DRUG, AND COSMETIC ACT Sec. 505

al of an application filed pursuant to subsection (b) or (j) is ef-
ive with respect to such drug. ,

_(bX1) Any person may file with the Secretary an application
with respect to any drug subject to the provisions of subsection (a).
Such submit to the Secret.a.rilas a part of the lica-
tion (K; full reports of investigations which have been rggge to
show whether or not such is safe for use and whether such
drug is effective in use; (B) a list of the articles used as compo-
nents of such drug; (C) a full statement of the composition of such
drug; (D) a full description of the methods used in, and the facili-

manufacture ing, and pack-
ingofsuchdmg;(E)mchump:g:ofmcthgand the articles

g
g
E
88
;

could reasonably be asseted if a person not hicensed b
in the manufacture use, or sale of the drug.
a application 1s under this subsection fora drug and a patent
which rlaims such drug or a method of using such drug is 1ssued
after the filing date but before approval oft.he»:gplicaﬁon, the ap-
plicant shall amend the application to include the information re-

the ing sentence. Upon approval of the lication,
e Seab"étary shall %hsh mformapg:n submitted nndog'pthe two
ing sentences.

(2) An application submitted under h (1) for a drug for
which the ;pp igations described in clause (A§ of such paragraph
and relied wu the licant for approval of the
or for the applicant and for which

lication
e appli-

_cant has not obtained a right of reference or use from the on
pydgrd for whom the investigations were conducted also
include—

with to which filed under section 805(b)
mm:tpmduydrgh Tospect ,nq:lli&ﬁn e b)

=
pnaw&)d‘&bm—-
the amendments made by this Act to section 201(p), and to subsecticns (b} and (d)

of section 508, of the basic Act, insofar as such amendments to the effectivencss of

i

|
5
|

S Y SR .
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FEDERAL FOOD, DRUG, AND COSMETIC ACT %0

505
(A)acerhﬁuaon,mtheop:monofthe t and to
the best of his ledge with respect to ea patent which
e dmg for which such investigations were conducted
or which claims a use for such drug for which the applicant is
oeekingappruvnl under this subsection and for which informa-
is required to be filed under paragraph (1) ar subsection

(i) that su chpntantmformahonhunotbeenﬁled,
(ii) that such patent has
xii)ofthedateonwhxchmch tent will or

orw:llnotbemfnnged

ther;;anufaclnre use, ornleofthenewdrugforwhmh

ﬁledtmdercgangnph(l)orlubaechon(c)foramethodofm

notdmmamforwhlchtheapphcantu

leehﬁ approval under this a statement that the
mtdoesnot a use.

(SXA) An t who makes a tertification described in
gagmph (2YAX1v) shall include in the application a statement
(B)tt:-h-e applicant will give the notice required by subparagraph

(l)eachownerofthepatentwhxchuthembjectoftheeer-
tification or the representative of such owner designated to re-
ceive such notice, and

(ii) the holder of the approved application under subsection

() for the drug which is claimed by the patent or a use of

which is claimed by the patent or representative of such

holder designated to receive such notice.

(B) The notice referred to in subparagraph (A) shall state that
an application has been submitted under subsection for the
dmgmﬂarespectjowhxcbﬂieeerﬁﬁeahonumadetoobtmn

al to engage in the ercial manufacture, use, or sale of

before the expiration thepatentrefa'redtomtheeerhﬁ
eat&o?.egsalucll:ax:;hz the appli t? - ug::m&t dtteh:t ot
an cant’s opinion pa is n
valid or will not be infringed.

(C) If an application is amended to include a certification de-

(2XAXiv), the notice required -
mm)mththemd:lapphma:ynm
1) Within hundred and E after the of
(cxhlnnndarm (baneigh ﬁhng an
.hzfreedupon Smhrymdtheupphmt,ﬂmSecrstuy

the application if he then finds that none of

fordenyxngappmvalspecxﬁedmluhuchon(d)ap- _

?h) the applicant notice of an opportunity for a hear-
ogv:heSecretlryqnderlubsechoﬁ.(d)mty&}equzﬁon




::‘l: the patent is invalid,
» OF not infringed, and
lo l: appea:jod. t:e date of th?a S
or order by a higher oourt
1§ or affirming the decision of the
3t court that the patent {s fn.
unenforceable, or not infringeq i~
If the district court anters a de.
that the patent g and
icision is appealed, the dlta on
.t.he district court enters g Judg.
;ll::tot.he x:nt.enz is invalid, anep.
. O no ed purs
iate issned by a court of :;npeut to‘.
The applicant shall submit o
{ the entry of the order or judg-
© the Office of Generic Drugs
00), or to the appropriate divi-
‘f.he Office of Drug EBvaluation I
~r Office of Drug Evaluation
", whichever is applicables,
vrking days of a final Judg-

nputation of 45-day time ¢l L

day clock described mockug?
b)X3) of this section begins on
after the date of receipt of the
it's notice of certification by
‘nt owner or its representative,
he approved application holder.
\e 45th day falls on Saturday,
or a Federal holiday, the 45th
be the next day that is not a
', Sunday, or a Federal ho)j-

! abbreviated new -
he 505(bX(2) spnummm
- immediately of the flling of
'act.lon filed within 45 days of
’ the notice of certification. If
lcant submitting the abbre-
'w drug application or the
pplication or patent owner or -
sntative does not notify FDA
' before the expiration of the
e period or the completion of
7's review of the application,
occurs later, that a legal ac-
stent infringement was filed
days of receipt of the notice
stion, approval of the abbre-
¥ drug application or the
mlication will be made effec-
“ely upon expiration of
upon completion of the
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D is not appealed, th . 3
3 the right to appeal hp:,:.“,.nl 4
If the district court enters a dagy,

food and Drug Administration, HHS

agency's review and approval of the ap-
plication. whichever is later. The noti-
fication to FDA of the legal action
shall include:

() The abbreviated new drug applica-
tion or 505(b)X(2) application number.

(ii) The name of ths abbreviated new
drug or 505(b)(2) application applicant.

(iil) The established name of the drug
product or, if no established name ex-
ists, the name(s) of the active ingredi-
ent(s), the drug product's strength, and
dosage form.

(iv) A certification that an action for
patent infringement identified by num-
ber, has been flled in an appropriate
court on a specified date.

The applicant of an abbreviated new
drug application shall send the notifi-
cation to FDA's Office of Generic
Drugs (HFD-600). A 505(b)2) applicant
shall send the notification to the ap-
propriate division in the Center for
Drug Evaluation and Research review-
ing the application. A patent owner or
its representative may also notify FDA
of the flling of any legal action for pat-
ent infringement. The notice should
contain the information and be sent to
the offices or divisions described in
this paragraph.

(3) If the patent owner or approved
application holder who {s an exclusive
patent licensee waives its opportunity
to file a legal action for patent in-
fringement within 45 days of a receipt
of the notice of certification and the
patent owner or approved application
holder who is an exclusive patent li-
censee submits to FDA a valid waiver
before the 45 days elapse, approval of
the abbreviated new drug application
or the 505bX2) application will be
made effective upon completion of the

agency's review and approval of the ap-
plication. FDA will only accept a waiv-
er in the following form:

(Name of patent owner or exciusive pateat li-
Cemsee) has received notice from (name of ap-
plicant) under (section 505(0)(3) or S05(UN2XB)
of the act) and does not intend to flle an ac-
tion for patent infringement against (name of
applicant) conocerning the drug (name of drug)
before (date on which ¢5 days elapses. (Name of
patent owner or exrclusive patent hcensee)
waives the opportunity provided by (section
S0S(cHINC) or S05()(B)(H1) of the act) and does
not object to FDA's approval of (name of ap-
plicant)’s (505(b)(2) or abbreviated new drug ap-
plication) for (name of drug) with an imme-

§314.108

diate effective date on or after t.he date of
this Jetter.

[59 FR 50067, Oct. 3, 1994)
nl}.tl’oa New drug product exclusiv-

(8) Definitions. The following defini-
tions of terms apply to this section:

Active moiety means the molecnle or
ion, excluding those appended portions
of the molecule that cause the drug to
be an ester, salt (including a salt with
hydrogen or coordination bonds), or
other noncovalent derivative (such as a
complex, chelate, or clathrate) of the
molecule, responsible for the physio-
logical or pharmacological action of
the drug substance.

Approved under section 505(b) means
an application submitted under section
505(b) and approved on or after October
10, 1962, or an application that was
‘“‘deemed approved” under section
107 (cX2) of Pub. L. 87-781.

Clinical investigation means any ex-
periment other than a bioavailability
study in which a drug is administered
or dispensed to, or used on, human sub-
Jocts,

Conducted or sponsored dy the appli-
cant with regard to an investigation
means that before or during the inves-
tigation, the applicant was named in
Form FDA-1571 filed with FDA as the
sponsor of the investigational new drug
application under which the investiga-
tion was conducted, or the.applicant or
the applicant's predecessor in interest,
provided substantial support for the in-
vestigation. To demonstrate *‘substan-
tial support,” an applicant must either
provide a certified statement from a

oertified public accountant that the ap-

plicant provided 50 percent or more of
the cost of conducting the study or
provide an explanation why FDA
should consider the applicant to have
conducted or sponsored the study if the
applicant's financial contribution to
the study is leas than 50 percent or the
applicant did not sponsor the inves-
tigational new drug. A predecessor in
interest is an entity, e.g., & corpora-
tion, that the applicant has taken over,
merged with, or purchased, or from
which the applicant has purchased all
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rights to the . Purchase of non-
exclusive rights to a Clinical investiga-
tion after it s completed is not suffl-
cient to satisty this definition.
Dateofcmomlmeauthednuon
the letter from FDA stating that the
Bew drug application is approved,
whether or not fina} printed labeling or

materials fs not
“Date of approval”
final approval and DOt to a tentative
&pproval that may become oflective at
A later date,

Essential to approval means, with re-
gard to an investigation, that there are
Do other data avajlable that could sup-
port approval of the application.

FDA means the Food and Drug Ag-

Newchanicazeuu'ty means a drug that
contains no active moisty that has
beex approved by FDA in any other ap-
Plication submitted under section
505(b) of the act. )

New\cuuical investipation means an in-
vestigation in humans the resulits of
which have not been relied on by FDA
to demonstrate substantia) svidence of
offectiveness of a previously approved
drug product for any indication or of
safety for a new patient population and
40 not duplicate the results of another
investigation that was relied on by the
agency to dermonstrate the effective-

drug product but not to support the ef-

fectivenesa of the drug product would

be considered new.
(®) Submission of and effective date of

approval of an abbreviated

plication submitted under section

the aa]og @ 505(0)(2) application. (1) (Re-

served

D If a drug product that containg a
bew chemical entity wss spproved
after September 24, 1984, in an applica-
tion submitted under section 505(b) of

the act, no person may submit a

- 505(bX2) spplication or abbreviated new

drug application

under section 505(§) of
act for

8 drog product that oon-
the same active mofety as in the

21 CR Ch. | (4-1-97 aaua,,,

few chemical entity for a period of §
yoars from the date of approval of the
first approved new drug n,
except that the 505(bX32) application gp
abbreviated application may be snb.
mictoduterlyunlﬂtoonuluaou.
tiflcation of patent invalidity or nop.
ment bed 4n

§314.50(DAXIXAXD or
§324.04a X12XIXA XD, ~

(3) The approval of s 505(b)X2) applica.
tion or abbreviated application ds.
acrlbodinvlmnvh(b)(z)“thuuc-
tion will become effective as provided
in §314.107(bX1) or (bX2), unless the
owner of & patant that cinims the 3
the patent owner's repressntative, or
exclusive licensee brings suit for pat-
ent infringement against the applicans
during the l-year period beginning ¢
months after the date of spproval of
the new drug application for- the new
chemical entity and within 4% days
after receipt of the notice descrided at
§314.52 or §314.95, 1n which case, ap-
proval of the BOS(bX2) applioation or
abbreviated application will be
sffective as provided in §314.107(b)(3).

(4) If an application:

() Was asubmitted under section
505(b) of the act;

(11) Was approved after September 34,
1984;

(11) Was for a drug product that con-
tains an active moiety that has been
previously approved in another appii-
cation under section 505(b) of the sct;
and .

{1v) Contained reports of new clinical
investigations (other than bioavailabil-
ity studles) conducted or sponsored by
the applicant that wers essential to ap-
proval of the application, the agency
will not make effective for a period of
Syemmrmdauolappmm of the
application the approval of a S05(bXD)
applicstion or an abbreviated new drag
applicstion for the conditions of ap-
proval of the original application, or an
new drug application sub-
mitted pursuant to an approved poti-
tion under section S05(IXINC) of the act
that relies on the information support-
ing the conditions of approval of an
original new drug application.

(6) I & supplemental application: - :

(1) Was approved after September M,
1984; and

152

4= . e e - A - b

- -~ ~

e

food ond Drug Admini

Contained report:
m‘vi:)g;intions (other tl
jty studies) that wer
sponsored by the app!
essential to approval
mental application, th
make effective for a |
‘Mr ‘-h‘ d‘“ of ‘ppm.
mental application t¢
s05(bX2) spplication-o
pew drug spplication
an sbbreviated new
submitted parsuant &
tition under section !
act that relies on t.he_
mrm » cm‘e ‘w

plemental new drug aj

159 FR 50068, Oct. 3, 1994)
§314.110 Approvable
plicant.

(s) In selected cir
useful at the end of
for the Food and -Dnt
to indicate to the a
application or abbre
fs basically approval
tain issues are resolv
jetter may be iss
cumstances. FDA wi
csnt an spprovable }
cation or sbbreviate
stantially meets th
this part and the ag
it can approve the ap
viated application if
information o:u gl::

r specific con -
:smmchmxas in labe

by the applicant. Th

will describe the in!

rial FDA requires 0

applicant is asked t

tica! matter, the ap

serve in most inst

pism for mm‘

on drugs

snd marketed. For ¢

abbreviated antibio

applicant shall, wi
the dats of the appr

(1) Amend the s}
visted antibiotic :

FDA of an inten

ment. The flling o

notice of intent to

conatitutes an agre
cant to extend the
days after the dat



AR

21 CFR Ch. | (4-1-97 Edition)

ical entity for a period of §
i the date of approval of the
>ved new drug application,
t the 505(bX2) application or
d application may be sub-
sr 4 yoars if it contains a cer-
of patent inwvalidity or non-

mt described in
XEXAXS) or
2DXIXAXNS).

pproval of & 505(b)X2) applica-

Jbbreviated application de-
paragraph (bX32) of this sec-
ocome sffective as provided
‘(OX1) or (bX32), unless the
patent that claims the drug,
, owner's repressntative, or
Jcensee brings suit for pat-
ement against the applicant
- l1-year period beginning 48
ter the date of approval of
rag application for the new
mmtity and within 45 days
pt of the notice described at
#4985 in which case, ap-
W05(b)(2) application or

.  olication will be made
b provided in §314.107(bX3).
pplication:

submitted under section
e act;
wpproved after September 24,

for a drug product that con-
ctive moiety that has been
approved in another appli-
eor section 505b) of the act;

ained reports of new clinical
ons (other than bicavailabil-
) conducted or sponsored by
nt that were essential to ap-
the application, the agency
ake effective for a period of
sr the date of approval of the
 the approval of a 505(bX2)
| or an abbreviated new drug
1 for the conditions of ap-
3¢ original application, or an
i new drug application sub-
suant to an approved peti-
section 505(JX2XC) of the act
on the information support-
nditions of approval of an
w drug application. .
pplemental application:
pproved after Septemiber M,

—

Food and Drug Administration, HHS

(11) Contained reports of new clinical
investigations (other than bicavailabil-
ity studies) that were conducted or
sponsored by the applicant that were
easential to approval of the supple-
mental application, the agency will not
make effective for & period of 3 years
after the date of approval of the supple-
mental application the approval of a
§05(b)X2) application or an abbreviated
new drug application for a change, or
an abbreviated new drug application
submitted pursuant to an approved pe-
tition under section 505(J}2XC) of the
act that relies on the information sup-
porting a change approved in the sup-
plemental new drug application.

[58 FR 50368, Oct. 3, 1994)

§314.110 Approvable letter to the ap-
plicant.

(a) In selected circumstances, it is
useful at the end of the review period
for the Food and Drug Administration
to indicate to the applicant that the
application or abbreviated application
is basically approvable providing cer-
tain issues are resolved. An approvable
letter may be issued in such cir-
cumstances. FDA will send the appli-
cant an approvable letter i{f the appli-
cation or abbreviated application sub-
stantially meets the requirements of
this part and the agency believes that
it can approve the application or abbre-
viated application if specific additional
information or material is submitted
or specific conditions (for example, cer-
tain changes in labeling) are agreed to
by the applicant. The approvable letter
will describe the information or mate-
rial FDA requires or the conditions the
spplicant is asked to meet. As a prac-
tical matter, the approvabls letter will
serve in most instances as a mecha-
nism for resolving outstanding issues
on drugs that are about to be approved
and marketed. For an spplication or an
abbreviated antibiotic application, the
Applicant shall, within 10 days after
the date of the approvable letter:

(1) Amend the application or abbre-
viated antibiotic application or notify
FDA of an intent to file an amend-
ment. The filing of an amendment or
notice of intent to file an amendment
Constitutes an agreement by the appli-
cant to extend the review period for 45
days after the date FDA receives the

153

§314.110

amendment. The extension is to permit
the agency to review the amendment:

(2) Withdraw the application or ab-
breviated antibjotic application. FDA
will consider the applicant’s failure to
respond within 10 days to an approv-
able letter to be a request by the appli-
cant to withdraw the application under
§314.65 or the abbreviated antibiotic
application under §314.99. A decision to
withdraw an application or abbreviated
antibiotic application is without preju-
dice to a refiling;

(3) For a new drug application or ab-
breviated antibiotic application, ask
the sgency to provide the applicant an
opportunity for a hearing on the ques-
tion of whether there are grounds for
denying approval of the application
under section 505(d) of the act. The ap-
plicant shall submit the request to the
Division of Regulatory Affairs (HFD-
360), Center for Drug Evaluation and
Research, Food and Drug Administra-
tion, 5600 Fishers Lane, Rockville, MD
20857. Within 60 days of the date of the
approvable letter, or within a different
time period to which FDA and the ap-
plicant agree, the agency will either
approve the application or abbreviated
antibjotic application under §314.105 or
refuse to approve the application or ab-
breviated antibiotic application under
§314.125 and give the applicant written
notice of an opportunity for a hearing
under $314.200 and section 505(cX2) of
the act on the question of whether
there are grounds for denying approval
of the application under section 505(d)
of the act;

(4) For an antibiotic, file a petition
or notify FDA of an intent to file a pe-
tition proposing the issuance, amend-
ment, or repeal of a regulation under
$314.300 and section 507(f) of the act; or

(5) Notify FDA that the applicant
agrees to an extension of the review pe-
riod under section 505(c) of the act, so
that the applicant can dstermine
whether to respond further under para-
graph (aX1), (aX2), (aX3), or (a)X4) of
this section. The applicant's notice is
required to state the length of the ex-
tension. FDA will honor any reason-
able requést for such an extension.
FDA will consider the applicant’s fafl-
ure to respond further within the ex-
tanded review period to be a request to
withdraw the application under §314.65

s A b -
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Bioequivalence of Generic and
Brand-name Levothyroxine Products
in the Treatment of Hypothyroidism

Betty J. Dong, PharmD; Walter W. Hauck. PhD; John G. Gambertoglio, PharmD; Lauren Gee, MPH;

John R. White, PharmD; Jeff L Bubp, PharmD; Francis S. Greenspan, MD

Objective.—To compare relative bioavailability of Synthroid. Levoxine (Levoxine
has been renamed Levoxyl), and 2 generic levothyroxine sodium preparations.

Design.—Single-blind (primary investigators blinded), randomized, 4-way cross-
over trial.

Setting.—Ambutatory care.

Patients. —Twenty-two women with hypothyroidism who were dlinically and
chemically euthyroid and were receiving levothyroxine sodium, 0.1 or 0.15 mg.

interventions.—All patients received each of the 4 levothyroxine products for

F Swvoekpmiodshmsa_nedosaqeasmeirprasnnymgirnen.wmmwmm
) qudmmmmedzwsequemeswasmndawydetemmedbeforeswy

initiation.

Main Outcome Measures.—~-Area under the curve, time to peak serum concen-

trations, and peak serum concentrations of thyroxine, triiodothyronine, and free
thyroxine index for all 4 products.
- Results.—All data analyses were completed prior to unblinding of the product
codes. Na significant differences between the 4 products were found in area under
the curve or peak serumn concentrations of total thyroxine, total triiodothyronine, or
free thyroxine index. Although Synthroid produced a more rapid rise in total serum
triiodothyronine concentration and a higher total peak serumn uiiodothyromnq con-
wmaﬁonﬂunmeommmesemmncesmnmmmﬁ@wsugnmm
(P=.08). The Food and Drug Administration criterion for relative bioequivalence
within 90% confidence intervais (0.8-1.25) was demonstrated (F<.05) for all pairs
of procucts. Relative bioequivalence of 0.95 to 1.07 was demonstrated, tighter than
the current bicequivalence criterion for oral formulations. . .

Conciusions.—The 4 ic and brand-name levothyroxine preparations
studied are different but are(bicequivalent by current Food and Drug Administra-
tion criteria and are interchangeable in the majority of patients receiving thyroxine
* replacement therapy. Further investigation is required to determine whether our re-

sults are toal JAMA 1997277:1205-1213

FOM 18 DSOS ¢f Civecas PRavmacy (-7 EE m-mmumm.ﬁw_n.
b Ly i b San Mamo Coursy Generss Mososal. San Mawo. Cald.
The SIMSMENts sN0 ODTNONS SXOIESSE0 N TS AR
r9fiect NG views Of e AU aNd Nt NECESSANTY

. PrarmD. Decarntment of
Clinicat . Uneversay of Calikorres Scnooe of
Prarmacy. C-152. 521 Pamassus Ave. San Francisco.
CA 94143-0822.

$oechs. Po. Or Whas & cutercy wan he Cotege of

JAMA_ Apni 16. 1997—Val 277. No. 1£

LEVOTHYROXINE sodium is a lLife-
long medication taken by a large pro-
portion of the population. It is estimated
that about 8 million Americans receive
thyroid replacement and suppression
therapy. Brand-name products are of-
ten recommended as the levothyroxine
preparations of choice because of wide-
spread concern sbout the therapeutic
equivalency of less costly generic prod-
ucts. However, it is controversial whether
different brands of levothyroxine are
therapeuticaily interchangesble and bio-

equivalent because variations in thy- -

roxine levels have been observed in pa-
tients taking either generic or brand-
name preparations.'? Although several
brand-name levothyroxine prepara-
tions have been deemed bicequivaient,
similar information is not available re-
garding comparable gefieric prepara-
tions.*¢ Contributing to this presumed
nonequivalefice is that in vivo bicavail-
ahility testing is not required by the Food
and Drug Administration (FDA) for mar-
keting of levothyroxine products. The
mean bicavailability of 2 brand-name le-
vothyroxine product is 81.3%, while the
bioavailability of generic levothyroxine
preparations is unknown.

See aiso pp 1199, 1224, and 1238,

Such unresoived concerns about the
therapeutic bioequivalence of generic
and brand-name levothyroxine have

prompted many clinicians to recommend’

that patients continue to receive the
brand of levothyroxine that achieved
euthyroidism and adequate thyroid re-
placement. Regardless of these appro-
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is required to determine whnether our
results are equally applicable to ail
existing levothyroxine preparations on
the market or to patients who require
thyroxine suppression therapy. Dem-
onstration of bioequivalence between
brand-name and generic preparations
should enhance cost-effectiveness for
patients receiving lifelong thyroxine re-
placement therapy.

‘This study was supported in part by a grant from
Boots Pharmaceuticals Inc, Lincoinshire, Il

The suthors thank Leslie Z. Benet. PhD. for his
invaluable asmstance in making this article pos-
sible. We aiso thank Gamal Hussein. PharmD. and
Jose P. Franco. PhD. for tachmical support. and
Mohammed K. Hassanzedeh, PhD. for analytical
sapport.
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15 aoout 1 mL per minute. Chromatograph five replicate injec-
tions of the Standard preparation, and record the peak responses
as directed under Procedure: the relative standard deviation is
not more than 2.0%, and the tailing factor is not more than 1.8.

Procedure—Separately inject equal volumes (about 50 uL.) of
the Standard preparation and the Assay preparation into the
chromatograph, record the chromatograms, and measure the re-
sponses for the major peaks. Calculate the quantity, in mg, of

1sH10luaNN2aO, in the portion of Levothyroxine Sodium taken
by the formula:

(798.86/776.88)(2.5CKry/rs),

in which 798.86 and 776.88 are the molecular weights of levo-
thyroxine sodium and levothyroxine, respectively, C is the con-
centration, in ug per mL, of USP Levothyroxine RS in the Stan-
dard preparation, and ri and rg are the peak responses obtained
from 'lhT Assay preparation and the Standard preparation, re-
spectively. ’

Levothyroxine Sodium Oral Powder

®» Levothyroxine Sodium Oral Powder contains not
less than 90.0 percent and not more than 110.0 per-
cent of the labeled amount of C;sHJI/NNaO,.

Packaging and storage—Preserve in tight, light-resistant con-
tainers.

Labeling—Label it to indicate that it is for veterinary use only.
USP Reference standards (11)—USP Levothyroxine RS.

Loss on dryisg (731)—Dry it in vacuum st 60° for 3 hours: it
joses pot more than 2.0% of its weight.

Assay— .

Mobile phase, 0.01 M Methanolic sodium hydroxide, Stan-
~dard preparation, and Chromatographic sysiem—Proceed as di-
" rected in the Assay under Levothyroxine Sodium.

Assay preparation—Transfer an accumi? weighed portion
of Oral Powder, equivalent to about 5 mg of levothyroxine so-

dium, to a 250-mL volumetric flask. Dilute with 0.0/ M Meth-
anolic sodium hydroxide to volume, mix, apy w to stand for

-4 hours, with occasional mixing. Filter a po¥n of this mixture
through a filter that does not absorb levothyroxine. Transfer 10.0
ml of the filtrate to a 50-mL volumetric flask, dilute with 0.0/
M Methanolic sodium hydroxide to volume, and mix.

Procedure—Proceed as directed for Procedure in the Assay
under Levotkyroxine Sodium. Calculate the quantity, in mg, of
C.;ll;l,ol.NNnO. in the portion of Oral Powder taken by the for-
mula:

(798.86/776.87X1.25CKry/rs), _
in which the terms are as defined therein.

Levothyroxine Sodium Tablets

» Levothyroxine Sodium Tablets contain not less
than 90.0 percent and not more than 110.0 percent
of the labeled amount of C,sH;sl,NNaO,.

Packaging and storage—Preserve in tight, light-resistant con-

taupers.’ . ~

USP Reference stasdards {11)—USP Liothyronine RS. USP
. Levothyroxine RS.

“ Solvent system—Mix 5 volumes of rerr-amyl slcobol, 4 vol-

« .-ames of water, and 1 volume of ammonium bydroxide, shake,
and aliow 1o stand. Transfer the upper phase to a suitable chro-
matographic chamber, arranged for thin-layer chromatography,

pouring it over the r lining, cover the chamber, apg Loos s
to stand for 1 hour. pape "31’ i& l";:,!],
Detection reagent—Add 65 mL of 2 N bydrochloric i A X0,
50 mL of a 1 in 10 solution of sodium arsenite in 1 ¥ o N: IR 3 G
hydroxide, with vigorous stirring. Mix 1 volume of this m\: '3"';5':( U
with 5 volumes of a 27 in 1000 solution of ferric chloride jn 1. B . % ide.
bydrochloric acid and 5 volumes of freshly prepared "“ MM""'
ferricyanide solution (35 in 1000). R N S L
Standard preparation—Prepare a solution of about 1§ et
USP Levothyroxine RS, accurately weighed, in 100 mLm"-. dfdl p
mixture of 19 volumes of methanol and | volume of ﬂmmmg pe
hydroxide. Dilute 10.0 mL of this solution with the same 3% - 8% %0
1 50.0 mL, and mix. el S
Test preparation—Shake an amount of powdered Ti@ ol i
e?uinlent to about 60 ug of levothyroxine sodium, with 2 R 9‘;‘,,,,
of a mixture of 19 volumes of methanol and I volume of oo Sw{d""
;fpm'um hydroxide in a centrifuge tube for 10 minutes, ang oy fos b #
uge. R onse
Procedure—Apply 10-uL. volumes of the Test preparation pweco U
of the Standard preparation, mgectively. 10 & thin-layer thye < 40
matographic plate coated with a 0.)-mm layer of eenu{:effp;f— “proce.
velop the plate in the Solvenr system until the solvent front haf e Stan
moved not less than 10 cm beyond the point of applicatiog of fhe 10gT2
Test preparation, air-dry, and spray the plate with 0 ‘lpﬂ“‘
reagent: the chromatogram of the Test preparation shows a bige from the
spot corresponding in R, value to the chromatogram from the - the Star
levothyroxine Standard preparation. - ﬁ;‘g of Tioth:
Dissolution (711)—{NOTE~—AIl containers that are in contsq - Ass3y—
with solutions containing levothyroxine sodium are to be made " Mobi
of glass.] e dard pr
Medium: 0.05 M, pH 7.4 phosphate buffer (see Buffer So.° rcted i
lutions in the section Reagents, Indicators, and Solutions); $00° - Assa
mlL. N 2 Tablets
Apparatus 2: 100 rpm. = uiva)
Time: 80 minutes. it vo!
Determine the amount of levothyroxine sodium dissolved using sodiu.
the following method. et T 7S Shake
0.01 M Methanolic sodium hydroxide—Add | mL of 10X - sodiurr
sodium bydraxide to 750 mL of metbanol in a I-liter volumetric Proc
flask, mix. Dilute with water to volume, and mix. =i snder .
Mobile phase—Prepare s filtered and degassed mixture, of - of Cst
methanol and 0.1% phos;l::ric acid (60:40). L IES
Standard solutions—Prepare a stock solution of USP Levo: -
thyroxine RS in 0.0/ M Methanolic sodium hydroxide baving = ia whil
an accurately known concentration of about 0.5 mg per mL.'D¥ &
lute aliquots of this stock solution with 0.05 M, pH 7.4 pbosphglq;
buffer to obtain solutions having concentrations similar to those'”
expected in the Test solutions. Add 1 drop of phospboric acid =
t0 5.0 mL of this solution, and mix. s
Test solution—[NOTE—~Prior to use, check the filters forad- . Lidc
sorptive loss of drug.] Transfer 5.0 mL of a filtered portion of
m solution under test to a flask, add I drop of phosphoric 3&
Chromatographic system (see Chromatography (621))—Th¢ %,
liquid chromatograph is equipped with a 225-nm detector and 3 3
4.6-mm X 25cm column that contains packing L1. The flov,
rate is about 2 mL per minute. Chromatogratgh replicate injec ¥
tions of the Standard solutions, and record the peak responses CiH.
as directed under Procedure: the relative standard deviation ¥ g Acete
not more than 4.0%, and the tailing factor is not more than 1.5 2{Di
Procedure—Scparately inject equal volumes (about 800 al)
of the Stﬁ‘ndcrd sol:gion and the Test :o‘l:éion into themdl;: : a1
matograph, record the chromatograms, measure 7 3 not )
sponses for the major peaks. Calculate the amount of CisHir gk
LNN20; dissolved. - o Pack
Tolerances—Not less than 55% (Q) of the labeled amount ¢ USP
CsH ol /NN2OQ, is dissolved in 80 minutes. ';;;é‘ AN Went
Uniformity of dosage wnits (905): meet the requirements. {i{EH A
Soluble halides—Place a n of finely Tablets, over
equivalent to about 2.5 mg of anhydrous levothyroxine sodium. gy B:
in a large test tube, add 1 g of chloride-free activated charcos! 3% . trop
and 25 mL of water, insert the stopper in the tube, heat to aboSt B ¥ _ * 2mi
40°, and shake for 5 minutes. Add 3 drops of dilute nitric sG4 & s fo
(2 in 5), and filter. To the filtrate add 8 drops of silver nitra* K- Meh
TS: any turbidity produced does pot ex that in & contiot g Besi

containing 0.25 mL of 0.020 N hydrochloric acid (7.1%).
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the number of mL of 0.1 N ®sodium thiosulfate used in the Assay
Jor iodine g multiplied by 16.60 represents the number of mg
of KI in the volume of Strong lodine Tincture taken.

Isosorbide Dinitrate Sublingual Tablets, USP 23 page 859
and page 2018 of PF 22(2) {Mar.-Apr. 1996]}—Sec bricfing
under Acetaminophen and Aspirin Tablets.

2110325  (DBA)

Change to read:
Dissolution,

RTS—16719-09

8Procedure for a Pooled Sampleg;
(711)—
Medium: water; 900 mL.
Apparatus 2: 50 rpm.
Time: 20 minutes.
Mobile phase—Prepare a suitable degassed and filtered mix-
ture of pH 3.0, 0.1 M ammonium sulfate and methanol (50:50).
Chromatographic system (see Chromatography (621))—The
liquid chromatograph is equipped with a 220-nm detector and a
4.6-mm X 5-cm column that contains packing L1. The flow rate
is about 1.0 mL per minute. Chromatograph the Standard so-
dution, and record the peak responses as directed under Proce-
dure: the tailing factor is not more than 1.5, and the relative
- standard deviation for replicate injections is not more than 2.0%.
Procedure—Separately inject equal volumes (about 20 xL) of
the Standard solution and a filtered aliquot of the solution under
test into the chromatograph, record the chromatograms, and mea-
sure the responses for the major peaks. Calculate the amount of
C¢H;N;04 dissolved in comparison with a Standard solution hav-
ing a known concentration of USP Isosorbide Dinitrate RS, sim-
ilarly prepared and chromatographed.
Tolerances—Not less than 80% (Q) of the labeled amount of
CHgN,Oyq is dissolved in 20 minutes.

1

Kanamycin Suifate Capsules, USP 23 page 862 and page
2018 of PF 22(2) (Mar.-Apr. 1996]—See briefing under
Acetaminophen and Aspirin Tablets.

2K00200 (DBA) RTS—16719-10

Change to read:
Dksohﬁon. .

SProcedure fo'r' a Pooled Sampleg;
(711)— :
Medium: 0.1 N hydrochioric acid: 900 mL.
Apparatus 1: 100 rpm.

IN-PROCESS REVISION 2823

Sept.-Oct, 1996

’7’7me:d 45 nﬁglenes.
rocedure—Determine the amount of kanamycin (C,4H,N
O,;) dissolved, employing the procedure set forth in(thle' Afsb.\'a;
D Foleranaes—Niot T than 75% (0

olerances—Not less than (Q) of the labeled a t of
CusHyNLO,, is dissolved in 45 mimtes. mount

Ketorolac Tromethamine, page 2472 of the First Supple-
ment.
2K00970  (CH4)

Erratum:

Identification test-C, line 7: Change “0.25-cm” to:
0.25-mm.

RTS—17856-01

Levothyroxine Sodium Tablets, USP 23 page 834, page
2648 of the Second Supplement, and page 2018 of PF 22(2)
{Mar.—Apr. 1996]. The Dissolution and Bicavailability Sub-
committee (DBA) have considered all of the comments re-
ceived from the publication in Previews of changes to this
monograph that were first presented in PF 21(6) [Nov.-Dec.
1995], and again in PF 22(2), and have recommended for-
warding Test I and Test 2 under Dissolution to In-process
Revision and adding a Labeling section.

2102400  (DBA)
Add the following:

S abeling—The labeling indicates the Dissolution Test
with which the product complies.g;

Change o resd:

Dissolution (711)—[NOTE—AIl containers that are in contact

:;r’th sohlnions containing levothyroxine sodium are to be made
glass.

STest I: If the product complies with this test, the,
labeling indicates that it meets USP Dissolution Test
1 - )

Mediunc 0.05 M, pH 7.4 pbospbate buffer (see Buffer So-
lutions in the section Reagents, Indicators, and Solutions); 500
mL.

Apparatus 2: 100 rpm.
Time: 80 minutes.

RTS—15232-01; 16845-01

© 1996 The United States Pharmacopeial Convention, inc. A/l Rights Reserved.
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2824 IN-PROCESS REVISION

Sepl.-Oct. 1996

Determine the amount of levothyroxine sodium dissolved using
the foilowing method.

0.01 M Methanolic sodium hydroxide—Add 1 mL of 10 NV
sodium hydroxide to 750 mL of methanol in a 1iter volumetric
flask, and mix. Dilute with water to volume, and mix.

Mobile phase—Prepare a filtered and degassed mixture of
methanol and 0.1% phos&l.:eoric acid (60:40).

Standard solutions—Prepare a stock solution of USP Levo-
thyroxine RS in 0.0! M Methanolic sodium hydroxide having
an accurately known concentration of about 0.5 mg per mL. Di-
lute aliquots of this stock solution with 0.05 A, pH 7.4 phosphate
buffer to obtain solutions having concentrations similar to those
expected in the Test solutions. Add 1 drop of phosphoric acid
to 5.0 mL of this solution, and mix.

Test solution—[NOTE—Prior to use, check the filters for ab-
sorptive loss of drug.] Transfer 5.0 mL of a filtered portion of
3:! solution under test to a flask, add 1 drop of phosphoric acid,

mix.

Chromatographic system (see Chromatography (621))—The
liquid chromatograph is equipped with a detector and a
4.6-mm X 25-cm column that contains packing L1. The flow
rate is about 2 mL per minute. Chromatograph replicate injec-
tions of the Standard solutions, and record the peak responses
as directed under Procedure: the relative standard deviation is
not more than 4.0%, and the tailing factor is not more than 1.5.

Procedure—Separately inject equal volumes (about 800 uL)
of the Srandard solution and the Test solution into the chro-
matograph, record the chromatograms, and measure the re-
sponses for the major peaks. Calculate the amount of C\sH;o

. I.2NN2OQ, dissolved.

Tolerances—Not less than 55% (Q) of the labeled amount of
.sH,0ldNNaQy is dissolved ip 80 minutes.

8Test 2: If the product complies with this test, the
labeling indicates that it meets USP Dissolution Test
2.

Medium: water, 506 mL.

Apparatus 2: 100 rpm.

Time: 45 minutes.

Determine the amount of levothyroxine sodium dis-
solved using the following method.

Ammoniated solution—Add 0.05 mL of ammonium
hydroxide to 200 mL of water.

Mobile phase—Prepare 2~ filtered and degassed
mixture of water and acetonitrile (55:45) that contains
1 mL of pbosphoric acid in each 1000 mL of solution.
Make adjustments if necessary (see System Suitabil-
iry under Chromt;ography {621)).

Standard solutions—Prepare two standard stock so-

-ions in Ammoniated solution containing known con-

centrations of about 10 ug per mL of USP Levothy-
roxine RS in one stock solution and about 10 xg per
mL of USP Liothyronine RS in the other stock solu-
tion. Dilute a portion of each stock solution quanti-
tatively with water to obtain a concentration of about
0.5 ug per mL of USP Levothyroxine RS (Standard
solution A) and 0.5 ug per mL of USP Liothyronine
RS (Standard solution B).

Test solution—Transfer 20 mL of the solution un-
der test into a centrifuge tube, and centrifuge until a
clear supernatant liquid is obtained.

System suitability solution—Prepare a solution of
USP Levothyroxine RS and USP Liothyronine RS in
Ammoniated solution having known concentrations of
about 10 ug per mL of each Reference Standard. Di-
lute with water to obtain a concentration of about 0.5
ug per mL of each Reference Standard.

Chromatographic system (see Chromatography
(621))—The liquid chromatograph is equipped with
a 225-nm detector and a 4.6mm X 25-cm column
that contains packing L10. The flow rate is about 2
mL per minute. Chromatograph the System suira-
bility solution and record the peak'responses as di-
rected under Procedure: the resolution, R, between
the liothyronine and levothyroxine peaks is not less
than 3.0. Chromatograph each Standard solution and

_record the peak responses as directed under Proce-
dure: the relative standard deviation for replicate in-
jections is not more than 4.0%.

Procedure—Separately inject equal volumes (about
200 pL) of Standard solution A and the Test solution
into the chromatograph, record the chromatograms,

© 1996 The United States Pharmacopeial Convention, Inc.  All Rights Reserved.
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and measure the responses for the major peaks. Cal-

culate the amount of CysH,0l,NNaO,.
Tolerances—Not less than 70% (Q) of the labeled

amount of CisH,ol{NNaO, is dissolved in 45 min-

utes.gy

Lisivopril Tablets, USP 23 page 895 and page 2020 of PF
22(2) [Mar.-Apr. 1996]—See briefing under Acetamino-
phen and Aspirin Tablets.

2005075  (DBA)

Change to read:
Dissolution,

RTS—16720-01

8Procedure for a Pooled Sampleg;
(711)—

Medium: 0.1 N hydrochloric acid; 900 mL.

Apparatus 2: 50 rpm.

Time: 30 minutes. - ‘

tz;:lnnine the amount of lisinopril dissolved using the following
method.

Mobile phase and Chromatographic system—Prepare as di-
rected in the Assay.

Procedure—Inject a volume of a filtered portion of the solution

under test into the chromatograph, the chromatogram.
and measure the response for the major Calculate the
quantity of Cy;Hy,N,O; dissolved in com ison with a Standard

solution having a known concentration of USP Lisinopril RS in
the same medium and similarly chromatographed.

Tolerances—Not less than 80% () of the labeled amount of
CyHj; N3O in the Tablets is dissolved in 30 minutes.

—
Lithium Carbomate Extended-release Tablets, USP 23 page —

898 and page 2594 of PF 22(4) {July-Aug. 1996]. The
Medium under Drug release Test 2 was omitted in the pre-

vious proposal and is consequently added.

2L05350 . (DBA) R‘l'S—-l‘lSQ-Ol

Add the following:

'l.abdiu:—'-‘rhe labeling indicates the Drug release
test with which the product complies.gg

IN-FHRULEOD NCVIOIVIY

N o

Sept.-Oct. 1996

Add the following:
®Drug release {724)—

Test 1: 1f the product complies with this.t&st, the
labeling indicates that the product meets USP Drug
Release Test 1.

Medium: dilute hydrochloric acid (7:100); 800 mL.

Apparatus 1: 100 rpm. ‘

Times: 15 minutes, 45 minutes, 90 minutes, 120
minutes.

Procedure—Proceed as directed in the Dissolution
test under Lithium Carbonate Tablets. |

Tolerances—The percentages of the labeled amount
of Li;CO, dissolved at the specified times conform to
Acceptance Table 1.

Time (minutes) - Amount dissolved

15 _between 2% and 16%
45 between 25% and 45%
90 between 60% and 85%
120 not less than 85%

Test 2: If the product complies with this test, the
labeling indicates that the product meets USP Drug
Release Test 2.

Apparatus and Procedure—Proceed as directed un-

 der Test 1. -

Medium: water; 900 mL.

Times: 1 hour, 3 hours, 7 hours.

Tolerances—The percentages of the labeled amount
of Li,CO; dissolved at the specified times conform to
Acceptance Table 1.

Time (hours) Amount dissolved
1 pot more than 40%
3 between 45% and 75%
7 not less than 70%g

© 1996 The United States Pharmacopeial Convention, Inc. All Rights Reserved.




LEVOTHYROXINE PHARMACOKINETICS AND BIOAVAILABILITY STUDIES IN

VIVG

amovu\mua-n

A.

Pharmacokineiics Studices

Information on the pharmacokinetics (absorptioa, distribution, metabolism and
excretion) of levnthyroxine may be abtained from the literature and/or from
original studies. If the studies cited have used levothyroxine sodium formulations
other than the formulation intended for market, the submission should contain
information identifying how those formulations differ from the to-be-marketed
formulation.

Bioavailability Studies

This guidance recommends that in vivo bioavailability studies be conducted using
the formulation(s) already on the market, assuming that & sponsor intends to keep
marketing the formulation(s). The tablets used in the study should be made from
a full-scale production batch, and should meet all compendial requirements. The
formulations used should demonstrate sufficient stability for the length of the
study. It is recommended that stability evaluations be made for the bio-batch prior
1o and after the study.. All dissolution, potency and content uniformity data sheuld
be submitted to the NDA for review. For sponsors who do not have &
levothyroxine sodium formulation in the marketplace, the usual approaches to
developing pilot scale baiches for bloavailability studies apply. Sponsors are
éncouraged to review available product quality and other applicable guidances for
information on the chemistry, manufacturing and controls (CMC), and other
components of an NDA for levothyroxine.

For each pharmacokinetics/bioavailability study outlined below, at least 24
volunteers should complete the trial. The subjects should be healthy volunteers,
18-50 years of age and within 15% of ideal body weight for their height and build.

Sponsors should attcmpt to caroll approximately equal numbers of men and
women. Volunteers recruited for the study should have an acceptable medical
history, physical examination, and clinical laboratory tests. All thyroid function .
tests should be within normal limits. Volunteers with any current or past medical
condition that might significantly affect their pharmacokinetic or
pharmacodynamic response to levothyroxino should be cxcluded. Female
volunteers should be given a pregnancy test prior to beginning the study.
Pregnant women should be excluded from the study. Written informed consent
must he ohtained from all volunteers before they are accepted to the study.

EAX TRANSMITTAL Py 5

S )

[ [ X
Jv'\.S MC L, ¢ ll& Eph

. From
=n S”'&vlac mc(_ i .
fdaen £ S et T e S !

[0 "X ]

NEN 7640.01.317.7388 6098 10t GENERAL SERVICES ADMNISTRATION

- - eem n - e g e W — s - e C§ @ L= Tw o




-~ e crmege e TN TTT ST T

Single-Dose Bioavailability Study
Objective

To determine the bicavailability of the to-be-marketed farmulation of
levothyroxine relative to a reference (oral solution) under fasting
oonditions. _

Design

The study is a single-dose, two-treatment, two-sequence crossover design.

An equal number of volunteers should be randumly assigned to each
sequence. The washout period between treatments should be at least 35
days.

Dose and Number of Studies

One bioavailability study using a multiple of the highest tablet strength
(600 pg dose) will be sufficient provided that:

a The tablet strengths differ only in the amount of levothyroxine
sodium and filler needed 10 maintain the tablet weight,

b.  Multi-point dissolution profiles are similar across tablet strengths,
and

c. The results of the dosage-form equivalence study indicate that the
tablets studied are equivalent

Sponsors whose products do not meet these criteria should contact the
Division of Pharmaceutical Evaluation I for further guidance.

Procedure

Following a 10-bour ovemight fast, volunteers should be administcred a
single dose of levothyroxine sodium orally with 240 mL water. The
treatments should be as follows:

Treatment 1- Multiples of the highest levothyroxine sodium tablet to be
marketed

Treatment 2- Levothyroxine sodium as an oral solution at an equivelent
dose with treatment 1.

—y ¢ TR —— o



Volunteers should remain fasted for four hours after dosing, with water
only allowed after the first hour. Volunteers should be served
standardized meals according to the schedule throughout the study.

Blood Sampling

Blood samples should be drawn at the following times afier oral dosing:
0.5,0.25,0,0.5,1,1.5,2,25,3,4,6, 8, 10, 12, 18, 24, and 48 hours
post-dose.

Data Analysis

Individual and mean plasma/serum concentration-time profiles of total
(bound + free) '1'4 and 13 should be included in the report. The following
pharmacokinetic parameters should be computed:

. Area under the plasma/scrum concentration-time curve from time 0
to the last measurable time point (AUC,,)

. Peak concentration (Cmax)

. Time to peak concentration (Tmax)

Analysis of variancc (ANOVA) should be performed for log-transformed
AUC,, and Cmax data using SAS General Linear Model (GLM)
procedure. The oral solution should be used as the reference formulation.
The back-transformed means and 90% confidence intervals of the AUC,,
and Cmax ratio (test/reference) should be presented as evidence of
bioavailability.

Dosage-Form Equivalence Study

Objeclive )
To determine the dosage-form equivalence between the to-be-marketed
tablet strengths of levothyroxine sodium.

Design -

The recommended study is a single-dose, three-treatment, six-sequence
crossover design. An equal number of volunteers should be randomly
assigned to each sequence. The washout period between treatments
should be ut Jeust 35 days.




h

Tablet Strengths and Dose

Three strengths of tablets should be studied that represent the low, middle,
and high strength of the formulations to be marketed. Generally, the
middle strength studied is the 100 ug tahlet Multiples of each tablet
strength are necessary for detection of T4 above baseline levels. The total
dose given for each treatment in (he study will usually be 600 pg.

Procedure

Following a 10-hour overnight fast, volunteers should be administered a
single dose of levothyroxine sodium orally with 240 mL water. ‘The
treatments are as follows:

Treatment 1- Multiples of the representative low strength tablet.

Treaunent 2- Multiples of the representative mid-strength tablet. ‘This is
normally the 100 ug tablet, and should be considered as
the reference for this study.

Treatment 3- Multiples of the representative high strength tablet.

Volunteers should remain fasted for four hours after dosing, with water
only allowed after the first hour. Volunteers should be served
standardized meals according to the schedule throughout the study.

Blood Sampling

The blood sampling schedule for this study is identical to that
recommendcd for the bioavailability study (Section II1.B.1).

Data Analysis -

Individual and mean plasma/serum concentration-time profiles of total
(bound + free) T4 and T3 should be included in the repurt.

The pharmacokinetic including AUC,,, Cmax and Tmax,
should be computed for hoth total T4 and T3. For the assessment of
equivalence between dosage forms, the Jog-transformed AUC,, and Cmax
data should be analyzed with ANOVA using SAS GLM procedure. The
back-transformed means and 90% confidence intervals of the ratio of
AUC,, and Cmax should be presented for each pairwise comparison.
Dosage-form equivalence is demonstrated if the 90% confidence imervals
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fall within the 80-125% range.

For both single-dose bioavailability and dosage-form equivalence study, the
assessment of bioavailability should be based on the measurement of total (bound
+ free) T4 and total T3 levels. The determination of free T4 and T3 is not
necessary. However, if sufficiently precise and accurate assays are available for
free T4 and T3, these moieties may be measurcd as well. Statistical analyscs of
free T4 and T3 should then be performed, with the results used as supportive data.
If free T4 and ‘I3 are measured, the assays used should be based on the immuno-
extraction ("two-step”) method, rather than the labeled analng ("ane-step”)
mcthod. Levels of thyroid-stimulating hormone (TSH) should be measured as
part of the vohunteer screening process as well us pust-study. These TSH data
should be reported in the NDA.

DISSOLUTION

For each tablet strength to be marketexd, mulii-point dissoluton studies should be
performed on three production-gized batches using 12 tablets per batch. The time
points to be used are 10, 20, 30, 45, 60, 80, 100, and 120 minutes, or until 80% of
the Isheled claim it dissolved, so that a complete profile may be obtained.
Dissolution testing should include lots used in the bioavailability studies.

ASSAY VALIDATION

Assays used for both in vivo and in vitro studies should be reproducible, precise,
wceurale, specific, stable and linear. 1If commercial kits are used, they should be
validated "in-house” at the analytical sitc where the assay for the study is
performed. Please note that the validation data from the kit manufacturer alone is
not acceptable.

FORMULATION £

The composition of the formulation for each tablet strength of levothyroxine
sodium to be marketed should be provided in the NDA submission.
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