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CLINICAL PHARMACOLOGY & BIOPHARMACEUTICS REVIEW

NDA # 21-301 SUBMISSION DATE: 28-July-2000, 30-January-2001,
15-March-2001, 06-April-2001 -
BRAND NAME: Levoxyl®
GENERIC NAME: ' Levothyroxine Sodium, 25, 50, 75, 88, 100, 112, 125, 137,
150, 175, 200, and 300 mcg oral tablets
REVIEWER: » Wei Qiu, Ph.D
CONSULTANT: . Steven Johnson, B.S.Pharm, Pharm.D
SPONSOR: Jones Pharma, Inc.,1945 Craig Road, P.0.Box 46803,
St. Louis, Missouri 63146
TYPE OF SUBMISSION: New Drug Application
JERMS AND ABBREVIATIONS:
AUC.... ............ area under the plasma-concentration-time curve
BA...... coeereenane Bioavailability
BE....... ceoevevennen Bioequivalence
Cmax.. ... Maximum drug concentration
DMEDP............ Division of Metabolic and Endocrine Drug Products : -
DSI...... evreeeennne Division of Scientific Investigation - E
NDA.... ccooveerene New Drug Application E*.‘
OCPB.. ............ Office of Clinical Pharmacology and Biopharmaceutics
SLS..... oo Sodium Lauryt Sulfate :
TH2.ont cvvrennene Drug elimination half-life -
B < JOUUS L-triiodothyronine
Tt cveiinene L-thyroxine
Tmax... ccveeeenee Time to reach maximum drug concentration
SYNOPSIS:

Jones Pharma Inc. has submitted NDA 21-301 for Levoxyt' (Levothyroxine sodium) 25, 50, 75, 88, 100,
112, 125, 137, 150, 175, 200, and 300 mcg tablets on July 28, 2000. The Human Pharmacokinetics and
Bioavailability section of this application contained two clinical pharmacokinetics studies and relevant in
vitro dissolution testing information for review. ,

A single oral dose bioavailability study (338-03) compared 300 mcg Levoxyl® tablets manufactured by
Jones Pharma Incorporated and 200 mcg Synthroid® injection given as an oral solution manufactured by
Knolt Pharmaceutical Company following a single 600 mcg dose. it was found that the relative
bioavailability of Levoxyi® tablets based on AUC values was 98%.

Ashgbdosobbohuhdemshﬂy(%&&)wﬂm&dhdosag&fmnpuppaﬁmdﬂybemnmm
different strengths of Levoxyl® tablets 50 mcg, 100 mcg and 300 mcg following a single 600 mcg dose.
The dosage-form proportionality between the examined three strengths was established.

An in vitro dissolution-study examined the mutti-point dissolution profiles for all strengths to be marketed.
The sponsor used USP 24 monograph with the specification of not less than 70% in 45 minutes. There
were some issues raised conceming the rapid dissolution and downward curvature of dissolution profiles
using USP 24 dissolution method. Stability tests in USP 24 dissolution medium showed that this product
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was stable for at least 10 hours. The Agency conducted dissolution tests with 100 mcg strength of
Levogzyl@ using USP 24 method. The results confirmed the stability of the drug under proper analytical
conditions as well as the rapid dissolution for this product under USP 24 conditions. The USP 24

dissolution method is acceptable to the Agency if the sponsor agreed the specification tolerance of not
jess than — in 15 minutes.

RECOMMENDATION:

The Office of Clinical Pharmacology and Biopharmaceutics/Division of Pharmaceutical Evaluation 2
(OCPB/DPE-2) has reviewed NDA 21-301 submitted on 28-July-00, 31-January-01, 15-March-01, and 06-
April-01. The overall Human Pharmacokinetic Section is acceptable providing reserve sample retention
and software problems are solved. There are no further comments to be sent to the sponsor.
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ACKGROUND:

Levothyroxine sodium is indicated as replacement or substitution therapy for diminished or absent thyroid
function such as cretinism, myxedema, non-toxic goiter or hypothyroidism. The diminished or absent
thyroid function may resuit from functional deficiency, primary atrophy, from partial or complete absence of
the gland or from the effects of surgery, radiation or antithyroid agents.

DMEDP filing room or DFS, if not included)

Levothyroxine sodium is the sodium salt of the levo isomer of the thyroid hormone, thyroxine. The
production of levothyroxine hormone is regulated by the hypothalamus-pituitary axis through a negative
feedback system. When hormone levels are inadequate, the hypothalamus secrets thyroid stimulating
hormone-releasing hormone (TSH-RH), which stimulates the anterior pituitary to produce thyroid
stimulating-hormone (TSH). TSH then stimulates the thyroid gland to produce levothyroxine (T4) and
triiodothyronine (T3). T4 acts as a substrate for physiologic deiodination to T3 in the peripheral tissues.
The physiologic effects of thyroid hormones are mediated at the cellular level primarily by T3. High leveis
of T4 inhibit the production of TSH and TSH-RH to a lesser degree. This effect decreases the further

production of T4.

Circulating T4 is gradually eliminated from the body with a plasma half-fife of about 7 days. An oral dose
qivenoncedaily.oncelhodoseisstabilizod.muﬂsinafainymblalweldummuwermecourseof
ttnnext24houts.ThodrwlaﬁngT3Mnodfromdm(aﬁan4.onmeatmrhand.bdearedfromm
blood much more rapidly with a plasma half-life of about 1 to 1.5 days. Thus, the oral dosing of T4 resuits
inasteady,stablesqumje’valofumatinmmprovidesanoqualtystabhlwdofummn.

Sincola\vbmym:dnoisamnowmerapeuﬁchdexagent.itisimponammatmcdrugptoductsavailableto
patients are consistent in potency ‘and bioavailability.
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Q. Is the composition of each strength tablet similar?

Table 1. Composition of all strength tablets of Levoxy!®

STUDY SUMMARY INDEX

:r:'t:::: Title Page
338-03 A Pharmacokinetic Study to Assess the Single Oral Dose Bioavailability p. 17

of Two Formulations of Levothyroxine
338-04 A Pharmacokinetic Study to Assess the Single Dose Bioequivalence of p. 21

Three Strengths of Levothyroxine (Levoxyi®) Tablets
Dissolution in Vitro Bioavailability Study for Levoxyi® Tablets p. 26
FDA DPA test Dissolution Report-Attachment p. 38
Dsi Audit Report-Attachment p. 39
i —_

The differences in composition among all strength tablets are displayed in Table 1. The total weight of the
dosage form remains nearty the same for all strengths
were used for all strengths except the color additives, and the change in any strength was obtained by
altering the amount of the active ingredient, microcrystalline cellulose and color additives. The Levoxyl®
tablet compositions are proportionally similar across strengths.

The same inactive ingredients

Strength Levothyroxine | Microcrystaliine | Croscarmeliose Magnesium Color Additive(s) Amt.  of
Sodium, USP | Celluiose, NF Sodium, NF —— | Stearste, NF Color
(mgabiet) —— —~(mghablet) (mg/tablet) Additive(s)
(mg/apen) ] (mghabiet) |
25meg | 0.025 - _| FD&C Yeliow #6 p——_———
meg | 0.050 \‘ N/A J_
75 mcg 0.075 : Leke Blond # ——  °
(blend of D&C Red #30 |
4 and FD&C Biue #1) _
88 mcg 0.088 ; Lske Blend # — _—
(Blend of FDR Yeliow !
i #5,' and
| FD&C Biue #1) !
100 meg | 0.100 . Lske Blend # —_—r
{Blend of FD&C Yellow

112 meg | 0.112

125mcg | 0.125 Lake :
. (Blend of D&C Yellow #
ot ~ g |
137 0.137 - —| FOSCBue#1
1S0meg [ 0.150 . Laks Blend # -
\ (Blend of D&C Red #30
) _| and FD&C Biue #1) l
[(i7Smeg [ 0175 Lake Biend ¢ —>

\.
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200 mog | 0200 Lake Biond ——

(Blend of D&C Yenow %10

__| and DAC Red #30) i
300 meg | 0.300 ,J Lake Biend

i " (Biend of D&C Yellow #10 N
r _J and FD&C Blue #1)

——

(Blend of FD&L veaow
#6, DSC Yeliow #10 and '
FDAC Bluve #1) |

PISSOLUTION:
Q. Is the dissolution method and specification appropriate?

The sponsor used USP 24 monograph under supplement 1 as the dissolution method (Table 2). The
results of this study demonstrated that the muiti-point dissolution profiles for Levoxyl tablets were similar
across tablet strengths (Table 3 and Figure 1). However, it appeared that all the strengths of tablets
dissolved more than —— in 2.5 minutes and then the dissolution rates declined after 2.5 minutes. The
sponsor was asked to submit 45-minute dissolution data to support the complete dissolution in 45 minutes
(Table 4). Although the 45-minute dissolution data showed that for ail the strengths tested more than

of labeled claim dissolved in 45 minutes, the downward curvature of dissolution profiles could not be
explained reasonably. In addition, because the product dissolved very fast (more than — of labeled
claim dissolved within 2.5 minutes), the sponsor was asked to perform dissolution testing without
surfactant SLS in the media at paddie speed 50 and 75 pm to determine if SLS was a necessary
component. The results are displayed in Table 5. It was found that using either paddie speed 50 rpm or 75
rpm the Levoxyl did not dissolve more than —. and the dissolution profiles without SLS still exhibited a
declined dissolution. The sponsor was requested to perform assay validation test including stability over
10 hour period of time with and without 0.2% SLS. The stability results (Table 6) showed that this product
was stable for at least 10 hours in USP 24 dissolution medium. In addition, the Agency conducted
dissolution tests with 100 mg tablet using USP 24 method to characterize the products (Attachment-FDA
DPA Test). The resuits confirned the stability of this product in USP 24 dissolution medium and rapid
dissolution behavior. However, the downward curvature of the sponsor’s dissolution profile can not be
explained. It was agreed by the Agency that USP 24 dissolution method with specification of not less than
— in 15 minutes will be appropriate for this product.

Table 2. Dissolution Method

| Apparatus _| 2 (paddie)

| Speed 50 rpm
Media 0.01 N hydrochloric acid containing 0.2% sodium lauryl sulfate
Volume 500 mi
Tolerance " (Q) of the labeled amount is dissolved in 45 minutes
Strengths tested 25, 50, 75, 88, 100, 112, 125, 137, 150, 175, 200, 300 meg _
No. of batches/strength 3
No. of tablets/dissolution | 12

| Time points 1,25 5, 7.5 and 10 minutes

APPEARS THIS WAY

-

_ .- " ONORIGINAL
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Table 4. 45-Minute Muiti-Strength Dissolution Profile using USP 24

Lot
Number

TI57

il

TT31

TT28°

TT39

743

TT48 TT51

Packed
n

100ct

100ct

100ct

7133
100ct
—

100ct

100ct

100ct

100ct

100ct

Strength | 25

50

75

100

125

137

150 175

Vessel 1
Vessel
Vessel
Vessel 4
Vessel 5
Vessel 6

l—lv

Ave 81.6

97.8

b
0|

RSD(%) | 2.50

7.33

2f%

hs
W

|

Y
c3

!
le

* Pivotal Batches

APPEARS THIS WAY

ON ORIGINAL

Table 5. Levoxyl 100 mcg dissolution profile using USP 24 without SLS at paddle speed of 50 rpm and 75

pm.
Time 50 rpm 75 rpm
(minutes) | Mean | Range (n=3) | RSD (%) Mean | Range (n=3) | RSD (%)
1.0 16.7 40.95 36.1 14.50
25 426 ’\ 7.39 42.7 9.86
(5 53.2 10.41 55.1 3.77
75 512 15.33 55.9 5.50
10.0 571 5.06 51.0 11.57
15.0 58.1 4.21 54.9 9.99
20.0 54.9 6.67 50.9 4.49
30.0 523 6.98 49.7 11.90
40.0 47.6 16.46 433 12.09
45.0 485 3.52 445 8.34
50.0 42.2 15.60 421 535
60.0 40.8 \_ , 17.89 39.2 L_ 6.89
. APPEARS THIS WAY
. - -7 ON ORIGINAL
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N21-301 Levoxyl Dissolution Profiles: USP 24

1001r-
mq

w-
70 1
wq
wd

30 1
20 4 J
10 1

0® y ’ y - -

0 2 4 6 8 10 12
Time (minutes)

Percent Dissolution

*25mcg ®50mcg  <75meg  *“88mocg  X100meg ®112mey
+125meg  =137mcg ~—150mcg ®175mcg B200meg 4300 meg

Figure 1. Levoxyl dissolution profile using USP 24. -

Table 3. Dissolution profile of each strength of Levoxyf® using USP 24.

strength [1min__|25min [ Smin | 7.5 min | 10 min_| Batch No.
25 meg TT55, 1156, 1157
50 mcg [ [TT18, 7121, TT24(clinical study batch)
75 mcg_ 7730, 7131, 1132 _
88 mcg 1733, T134, 1135
[ 100 mcg LTT19, TT22, TT25(clinical study batch) ‘
112 meg TT36, 7137, 1738
125 meg "TT39, TT40, TT41
(137 mcg TT42, TT43, TT44
{150 meg | TT45, TT46, TT47
[175meg . TT48 1749, TT50
200 mcg __I TT51, 1152, 1153
300 meg 1720, TT23, TT26(clinical study batch)

_ - APPEARS THIS WAY
—:7 ON ORIGINAL
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NDA 21-301 Levoxyl Dissolution Profile: Levoxyt 100 meg-TT25
{without SLS)

L. o _

0 == USP 24 without SLS @ 50 rpm
""LS’Z‘WS.SQ‘ISM
0+ v — — —
[] 0 2 0 L S0 [ J ™
Tions (rmimston)

Figure 2. Levoxyl dissolution profiles using USP 24 without SLS at paddie speed 50 rpm and 75 rpm.

Table 6. The stability of the dissolution test solution hourly for up to 10 hours in USP 24 dissolution
medium

Interval- TT 25 100 pugitab : -

injection time Vessel 1 Vessel 2 Vessel 3 Mean RSD o
% Dissolved | % Dissolved | % Dissolved 3B

45 min 95.6 1.39 .

1 hour r 95.8 0.57 4

2 hour i 95.7 0.95 ’

3 hour 95.7 1.00

4 hour 95.3 0.99

5 hour 96.2 1.36

6 hour 95.9 1.30

7 hour 95.1 1.61

8 hour 95.7 1.49

9 hour _J 956 152

10 hour 96.1 1.27

ANALYTICAL METHODOLOGY:

Q. Have the snalytical methods been validated?

Total T4 and T3 in human serum were analyzed to assess the relative bicavailability of Levothyi® relative
to solution and dosage-form proportionality. A* ——— » method was- -
validated for the determination of total (free and protein-bound) thyroxine (T4) and a
method was used for the delennmabon of total (free and protein bound) triiodo-}-
thyronine (T3) using — (Table 7). The validation is
acceptable. - .

Table ¥: Analytical Method Validation for T4 and T3

\
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| 8 Relative Bioavailability

Anaiyte T4 Analyte T3
Protocol # 338-03 | 338-04 Protocol # 338-03 [ 338-04
ULQ(ug/dL) [ — _— ULQ (ng/mi) —_— —_—
| LLQ(ugsdL) - - LLQ (ng/mi) — _— ]
| Calibration (ug/dL) | 3-24 3-24 Calibration (ng/mi) 0.5-8.00 0.5-8.0
Precision (C.V.%) Precision (C.V.%)
6.49 ug/dL 3.81 -1 525 0.949 ng/mi 8.46 15.40
10.5 pg/dL 3.56 4.98 1.50 ng/mi N/A 8.05
20.4 pg/dL 2.88 4.16 2.95 ng/mi 9.46 7.34
5.94 ng/mi 7.64 not used
Accuracy (R.E.%) Accuracy (R.E.%)
6.49 ug/dL +1.08 -0.15 0.949 ng/mi 4.1 -5.58
10.5 pg/dL +7.14 +1.43 1.50 ng/ml N/A +0.20
20.4 ug/dL +9.02 +7.11 2.95 ng/mi +0.37 -0.68
5.94 ng/mi +10.57 not used
PH 1 BIOA TUD!

Q. What is the relative bicavailability of Levoxyl® tablets relative to Synthroid® solution?

The study, 338-03, submitted in this application was a two-way crossover single dose design in normal
healthy subjects under fasting condition. The bioavailability of Levoxyl® 0.3 mg tablets manufactured by
Jones Pharma Inc., relative to Knoll Pharmacautical Company’s levothyroxine sodium 200 ug (Synthroid®)
injection given as an oral solution following a single 0.6 mg dose was determined. A total of 30 subjects
were enrolled in the study, and 27 subjects completed the study. The relative bioavailabiiity of a single
dose of two 0.3 mg tablets of Levoxyi® was found to be 98% based on log-transformed AUC(0-t) vaiues of
T4. Results of this BA study are presented in Table 8 and Figure 3.

Table 8. Summary of the Pharmacokinetic Parameters of Serum T4 and T3 for Treatment A and B

e

T4 T3
Treatment A Traatment B TreatmentA | Trestment B
PK Arithmetic Arithmetic %Mean P Arithmetic Arithmetic % Mean
Parameters | Mean £ SO Mean t SD Rgl'b' (90% | perameter | Mean+SD | Mean £ SD g;ﬂo' (90%
Cmax 14481193 15.09£2.10 -— Crmnax 1.165:0.158 | 1.14020.119 | —
L {ug/dL) {ng/mi)
Tmax (hr) | 2.17 £ 0.810 1.62 ¢ 0.502 — Tmax(hr) | 146£152 | 16.3217.0 —
AUC(0-t) 5243+ 5007 | 529326283 | — FAUC(0-) 51.2518.183 | 50.07 £5.311 | —
{ g herdt) (ng-hrml.)_
In{Cmax) 2663201434 | 2705101339 | 94.5 n(Cmax) | 0.14442 0.1255:0.103 | 100.0
_ (91.1-68.1) 0.1289 4 (96.8-103.4)

WWAUC(0)] | 6256 0167 | 6265201169 | 8.0 WAUC(OD] | 3.930% 3.9082 0.1059 | 1007

\” T (95.6-100.5) 0.1209 (87.7-103.8

.~

NDA 21-301 ~ Levoxyi®1Lsvothyroxine Sodium ~ Jones Pherma inc. ~ 28 July 2000

-

Page 10 of 41

3




Traatment A = 2 x 0.3 mg Levoxyl Tablets: test
Treatment B = 0.6 mg Synthwoid Reconstituts Oral Solution: reference

* = based on LS Means
Total Serum T4 Concentration Comparison:
2+0.3 mg Tablets vs. 0.6 mg Solution
Protocol 338-03
g 18
- 14
3.
g 10 —
§5°%
3%
S8 ¢ ——2" 0.3 mg Tablets
2 —8-0.6 mg Solution
04 r r v T Y -
0 10 2 30 40 50 60
Time (hr)
Total Serum T3 Concentration Comparison:
20.3 mg Tablets va. 0.6 mg Solution
Protocol 338-03
12
1
] e— J
£ 08 1
§§ 0.01
gi 0.4 1 == 2°0.3 mg Tablets
§ 02 | —8~ 0.6 mg Solution
0 v .
0 10 20 30 40 50 80

Figure 3. Total serum T4 (upper panel) and T3 (lower panel) comparison between 2°0.3 mg tablets and
0.6 mg solution.

. Dosage-Form Proportionality

Q. Was dosage form proportionality established between the to-be-marketed formulstions?

The study, 338-04, was a three-way crossover single dose design in normal healthy subjects. The dosage
form proportionality between 50 mcg, 100 mcg, and 300 mcg of Levoxyi® tablets following a single 600
mcg dose was evaluated under fasting condition. A total of 28 subjects were enrolied in the study, and 24
subjects completed the study. Results of this study are presented in Table 8 and Table 10. Comparison of
total T4 and T3 pharmacokinetics following administration of 12x50 mcg, 6x100 mcg, and 2x300 mcg

ent for bicequivaience. The 90%
confidence intervals for ¥ comparisons of In(Cmax) and InfJAUC{0-1)] for T4 and T3 among the three
treatments were within the 80% to 125% ranges required for bioequivalence. Therefore, the dosage form

Levoxyi® tablets indicated that these three formulations met the

proportionality is established.

Ad0) 3181SS0d 1$39
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Tabie 9. Summary of the Pharmacokinetic Parameters of Serum T4 for Treatment A, B and C

. Arthmetic Mean + SD % Mean Ratio® (90% CI)
Pharmacokinetic TW'A Treatment B Treatmert C Avs. 8 Bws.C Avs. C
| Persmeters
| Cmax(ug/dL) 13702182 [ 14134148 | 14.15% 1.50 — — —
Tmax (hr) 2.37+1.04 1.98 +0.827 24011.09 - — —
AUC(”?’:)( 509.0 £+ 58.38 528.3 1+ 72.41 528.7 £ 57.13 — ~— —
-
n{Cmax) 2600+0.1378 | 2.64310.1095 | 2.644 £ 0.1085 96.8 100.0 06.8
{63.8 - 100.1) (96.7 - 103.4) {93.6 ~ 100.1}
INfAUC(0)) 8226 £0.1200 | 6.261 £0.1379 | 6.265 £ 0.1089 98.7 99.7 96.4
(93.4 ~ 100.0} (964-103.1) | (93.1-99.7)

“Treatment A = 12 x 50 mcg Levoxy! Tablets ‘
** Treatment B = 8 x 100 mcg Levoxyl Tablets
*** Treatment C = 2 x 300 mcg Levoxyl Teblets

Table 10. Summary of the Pharmacokinetic Parameters of Serum T3 for Treatment A, B and C

— Arithmetic Mean + SD % Mean Ratic* {90% CI)
Pharmacokinetic Treatment A Trestment B Treatment C Avs. B Bvs.C Avs.C
Parameters
Cmax(ng/mL) 1.173+0.138 1.142+ 0133 1.167 £ 0.169 —— — —
Trax (hr) 1291190 12.1£16.4 1154164 — — —
AUC(0-tY 49.43 £ 8872 50.35 £ 8.994 49.36 + 7.680 — — ——
|_ng-hrml)

In(Cmax) 0.15232 0.1226 | 0.126420.1194 | 0.14371 0.1491 1028 98.2 100.7

- (88.1 - 107.3) (83.9 - 102.7) {96.3 - 105.4)
In{AUC(0-)) 3800401538 | 3.905+0.1731 | 3.888 £ 0.1705 98.5 101.8 100.3

(83.1 - 104.3) (96.2-1078) | (94.7 -108.2)
“Treatment A = 12 x 50 mcg Levoxyl Tablets
** Treatment B = 8 x 100 mcg Levoxyl Tabiets
“** Treatment C = 2 x 300 mcg Levoxyt Tablets
APPEARS THIS WAY
ON ORIGINAL

—
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Total Serum T4 Concentration Comparison:
12°50 mcg, §°100 mcy, and 2°300 mcg Tablets

Protocol 338-04
é
g
g = 10
o3
3 I |~
S —4—12°50 mog Tablets I
3 —8—§°100 mog Tablets (7 .
Eo 04 . ; L %2300 mcg Tablets | L |
= 0 10 20 30 40 50 60 -
Tie () o
— _—
Total Serum T3 Concantration Comparison: !
12°50 meg, 6°100 meg, and 2°300 meg Tablets rm
Protocol 338-04
§ 1W‘—Q=l 1
]
5 7 0.8 1 -
fad E 0.6 1
s 0.4 1 ~=&— 12°50 mcg Tablets
3 on) —8— 6100 mog Teblets
§ " —&— 2°300 mcg Tablets
- 0 T Y y T T J
0 10 20 30 40 50 60
Time (hr)

Figure 4. Total serum T4 concentration comparison among 12 x 50 meg, 6 x 100 mcg, and 2 x 300 meg
tablets.

ill Biowaivers
Q. Can the biowaiver request be granted for the tablet strengths that have not been tested in vivo?

1. The dosage-form proportionality among three strengths of tablets, 50 mcg, 100 mcg, and 300 mcg,
representing low, middle, and high strengths of the formulation, were found to be acceptable.
2. Each tablet strergith differs only in the amount of levothyroxine sodium and filler needs to maintain the

tablet weights. . )
3. Multi-point dissolution profiles are similar across tablet strengths using USP 24 dissolution method.

NDA 21-301 ~ Levoxyl@/ evothyroxine Sodium ~ Jones Pharma inc. ~ 28 July 2000 P 13of 41
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Therefore, the biowaiver request can be granted.
IN M TS:

(Strikeout-text should be removed from labeling; Double MM should be added to labeling; w=
indicates an expianation only and is not intended to be mduded in the labeling)

{ = DMEDP is using similar labeling for all levothyroxine sodium submissions. i

PHARMACOKINETICS

Absorption — Absorption of orally administered T4 from the gastrointestinal (GI) tract ranges fmm 40% to 80%.
The majority of the levothyroxme dose is absorbed from the jejunum and uppcr Ueum. WW

Ts absorpnon is mcmsed by funng. and decren.scd in nnlabsorpnon syndromes md by certain foods such as
soybean infant formula. Dietary fiber decreases bioavailability of T4. Absorption may also decrease with age. In
addition, many drugs and foods affect T4 absorption (se¢ PRECAUTIONS, Drug Interactions and Drug-Food
Interactions). . .

Distribution — Circulating thyroid hormones are greater than 99% bound to plasma proteins, including thyroxine- (‘;‘
binding globulin (TBG), thyroxine-binding prealbumin (TBPA), and albumin (TBA), whose capacities and affinities '
vary for each hormone. The higher affinity of both TBG and TBPA for T4 partially explains the higher serum
levels, slower metabolic clearance, and longer half-life of T4 compared to T3. Protein-bound thyroid hormones

exist in reverse equilibrium with small amounts of free hormone. Only unbound hormone is metabolically active.
Many drugs and physiologic conditions affect the binding of thyroid hormones to serum proteins (sce
PRECAUTIONS, Drug Interactions and Drug-Laboratory Test Interactions). Thyroid hormones do not readily
cross the placental barrier (see PRECAUTIONS, Pregnancy).

-
by
[ ™

Metabolism — T4 is slowly eliminated (see TABLE 1). The major pathway of thyroid hormone metabolism is
through sequential deiodination. Approximately eighty-percent of circulating T3 is derived from peripheral T4 by
monodeiodination. The liver is the major site of degradation for both T4 and T3, with T4 deiodination also

occurring at 2 number of additional sites, including the kidney and other tissues. Approximately 80% of the daily
dose of T is deiodinated to yield equal amounts of T3 and reverse T3 (1T3). T3 and rT3 are further deiodinated to
diiodothyronine. Thyroid hormones are also metabolized via conjugation with glucuronides and sulfates and
excreted directly into the bile and gut where they undergo enterohepatic recirculation.

Elimination - Thyroid hormones are primarily climinated by the kidneys. A portion of the conjugated hormone
reaches the colon unchanged and is eliminated in the feces. Approximately 20% of T4 is climinated in the stool. _.

Urinary excretion of T4 decreases with age. -

v.  Tablel: =Pl;nmcokln¢de Parameters of Thyroid Hormones in Evthyroid Patients
Hormone [Ratio in Thyroid G| Biologic Potency ty2 (days) Protein Binding (%)?

Ry
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[ evothyroxine (T4) 10 - 20 1 67l 99.96

! 3 10 4 days in hyperthyroidism, 9 to 10 days in bypothyroidism; 2 Inchudes TBG, TBPA, and TBA

Waei Qiu, Ph.D. ‘ ’

Division of Pharmaceutical Evaluation ||

Office of Clinical Pharmacology and Biopharmaceutics
RD initialed by Hae-Young Ahn, Ph.D., Team Leader,

OCPB Brie
attendees: Larry Lesko, Mei-Ling Chen, Hank Malinowski, John Hunt, John Lazor, Mehul Mehta, Hae-
Young Ahn, Steven Johnson, Lawrance Yu, Yih Chain Huang, Larry Ouderkirk.

FT initialed by Hae-Young Ahn, Ph.D., Team Leader______

CC: NDA # (orig..1 copy), HFD-510(McCortS), HFD-870(Qiu, Ahn, Malinowski,), HFD-850(Lesko,
Huang).

APPEARS THIS WAY
ON ORIGINAL
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Appendix 1. Study summaries
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2. SYNOPSIS

_ n:u’ﬁ'ogzx." sr""b"osv —(FORNATIONAL |
) od +BLE OPS! AUTHORITY USE ONLY)
mﬁ OF ﬁéﬁ% E-imﬁ REFERRING TO PART 1
. OF THE DOSSIER
Lavoxy!® .
'NAME OF ACTIVE INGREDIENT | Report No.: 20646
Volume: {
Title of Study: A Pharmacokinetic Study 10 Assass the Single Oral Dose
Bioavailability of Two Formuistions of Levothyroxine
Study Center:
Publication (Reference): Not applicabile
Studied period: Phass of development: |
(ciate of first snroliment)
07 Dec 1999
(date of iast compietsd)
14 Jan 2000

Objectives: To datermine the bicavaiability of levothyroxine sodium (Levoxyl®) 0.3 mg tablets
manutactured by Jones Pharma incorporated, relstive 1o Knolt Pharmacautical Company's levothyroxine
sodium 500 pg (Synthroid®) injection given as an oral solution following a single 0.8 mg dose.

Methodology: Single-doss, randomized, open-iabel, two-way crossover design.

Number of Subjects (planned and analyzed): A total of 30 subjects were enrolied in the study, and
compieted the study were included in the pharmacokinetic analyses.

27 subjects compieted the study. All 30 subjects wers included in the safety analyses and 27 subjects who

Disgnosis and Main Criteria for inclusion: Afl subjects enrolled in this study were judged by the
investigator to be healthy voluntesrs who met all inclusion snd exclusion criteria.

Test Product, Doss, Duration, Mode of Administration, and Bstch Number: The tes! product was
levothyroxine sodium (Levoxy!®) 2 x 0.3 mg tablets (Jones Pharma Incorporated) administered as a single
oral dose. Batch number TT26.

Refsrencs Product, Doss, Duration, Mode of Administration, and Batch Number: The reference
MWWW(SMSN»;MM(MHM“W)
reconstituted resulting in & 600 ug/15 mL sokution administered orally. Batch number 80130028.

- APPEARS THIS WAY 001012
ON ORIGINAL

NDAZ!~”$~MWW-WMM,~2OM2M

am——"

Page 17 of 41

tpre.




I —— e S
NAME OF COMPANY ';UMD%N- STUDY R NATIONAL
) ABLE SYNOPSIS AUTHORITY

Jones Pharma | od : USE ONLY)
mﬁ%ﬁ REFERRING TO PART 1

OF THE DOSSIER
e OF ACTIVE TRGREDENT | Aepor No: 20846

Volume: |

Levothyraxine sodium
Criteria for Evalustion:

: MWM&dhdﬂmbﬂdeMtﬁ¢hﬂTc
and T3 concentrations in serumn at specilied time points lollowing drug administration. From the serum
data, the parameters AUC(0-1), Cmax, and Trmax were caiculated.

Safety; Safety assessmant included vital signs, clinical laborstory evaluation (including TSH), physical
examination, and adverss events (AEs) assessment.

Statistical Methods:

Pharmacokinetics; Descriptive statistics (arithmatic mean, standard devistion (SD), coefficient of variation
(CV), standard esror of the mean (SE), umpbuzo(N) minimum, and maximum) were provided for all
pharmacokinetic parameters. The effects of baseline and baseline-by-trestrnent interaction wers evaluated
m-mm(mwwmnw(mcow)m:mu period, sequence,
within sequencs, in(baseiing), and interaction between in(beseiine) and treatment as factors,
applied 10 the In-transiormed pharmacokinetic parameters and Cmax. In the absencs of signilicant
in(baseline) and interaction between in(baseiine) and trastrnent, these parameters were removed from the
model. ﬂnmm;ﬂdwmwmlatddmsxmudsgimﬂuh(AUC(o—t)]and
h(Cmnx)bym'ngmﬁm.nmmmomndTmMon -

MmemddmmbdnﬂnM completing the study, and discontinuing E_?,
sarly wers tabulated. Descriptive statistics were calculsted for continuous demographic variables, and :
ﬁnuomycuﬂsmﬂuﬂﬁiuwwwwufamhmwmt

AEs wers coded using the 5™ Edition of the COSTART dictionary. AEs wers summarized by the number

and percentage of subjects experiencing each coded event. A summary of the total number of each coded
event and as a percentage of total AEs was aiso provided.

Laboratory summary tables included descriptive statistics for continuous serum chemistry and hematology
results at sach time point. Qui-ol-range valuss wers iisted by subject for each laboratory psrameter.

statistics for vital sign measurements at sach time point and change from bassiine to each time
point were caiculsted by treatment group.

Shits from ing 10 results for ical examinations were tabulated.

.. APPEARS THIS WAY

ON ORIGINAL 001013

A Y -
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summarized in the following table.

Taax(pr)
AC(0-T)(ugehr/ot)

in{Canx)
IatAc(0-t)}

Treateent A » 2 x 0.3 8

2
Treateent B = 0.6 g Synthroig(A) Rsconstitut
* = Sased on LS Geens Troe Taple 14.2.2.6.

NAME OF COMPANY INDIVIDUAL STUDY (FOR NATIONAL
TABLE SYNOPSIS AUTHORITY USE ONLY)

| Jones Pharma incorporated

NAME OF FRIISHED PRODUCT |  REFERRING TO PART 1
OF THE DOSSIER

A OF ACTIVE FGREDIERT | Report No: 20646

Volumae: |

Levothyroxine sodiumn

SUMMARY - CONCLUSIONS

PHARMACOKINETIC RESULTS:

T4: ANCOVA analyses inciicated that the effects of In(bassiine) and interaction between

in(bassiine) and treatment were not signiiicant. Thus, these factors were removed from the general inear
model and an ANOVA with trestment, period, sequence, and subject

sequencs
in-transformad Cmax and AUC{0-) parameters. The arithrmetic means of serum T4 pharmacokinetic
parameters for Treatments A and B and the statistical comparison for in-transionmad parameters sre

Susmary of the Pharmscokinetic Peraseters of Sorws Y4 Tor Treatments A and 8

..................................................................................

Trestoent A Trsateent B
Arithestic Arjthestic

man ” usan ”n
14.40 .8 15.00 2.10
2.17 0.810 1.62 0.802
824.3 89.07 629.3 @.83
2.089 0.1434 2.708 0.1330
6.286 0.1167 6.288 0.1180

..................................................................................

Loveryl(R} Tablets: test
.

ithi

Oral Solution: reterence

was appiied to the

APPEARS THIS way
ON ORIGINAL
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[NAME OF COMPANY WDIVIDUAL STUDY (FORNATIONAL
TABLE SYNOPSIS AUTHORITY USE ONLY)

NAME OF FINISHED PRODUCT REFERRING TO PART 1

OF THE DOSSIER

[ NAME OF ACTIVE INGREDIENT | Report No.: 20648

Yolume: |
 Levothyroxine sodium
Serum T3: ANCOVA analyses indicsied that the effects of in(baseline) and interaction between
W)WWmnmswmmelmhMOVAMumfw
Wm)mwm)mﬂmmmwmmhum An ANOVA with treatment,
pericd, sequenca, subject within sequence, and in(bassiine ), when significant, was appiied 1o the in-
transiormed Cmax and AUC(0-1) parameters. The arithmetic means of serum T3 pharmacokinetic
parameters for Treatments A and B and the statistical comparison for in-transformed parameters are
summarized in the following table.
Sumuary of the Pharsacekinetic Paraneters of Serva T3 for Treateents A and 8

seesscsvecccs SOPUB T crcvcecnceces

Trestaeat A Trestaent 8

Prarsacokinetic Arithastic Aritheetic § Sean
Paraseters Sean 0 aen 20 900 CI°  Matie*
Casn(ng/sL) 1.166 0.156 1.140 D.110 N .

Toax(he) 4.0 8.2 10.3 17.0 .. .
AC(0-t)(ngehr oL ) $1.28 5.183 80.07 .31 PR .
1a(Ceax) 0.1444 0.1200 0.1288 0,104 96.9-103.¢ 100.0
(A (0-1)) 3.8%0 0.1200 3.000 0.1088 #7.7-103.¢ 100.7

..................................................................................

Treatsent A = 2 x 0.3 ag Lovoryl(R) Tanlets: test
Treatsent 8 = 0.6 g Synthreid(R) Aecomstitute Oral Solvtion: refersnce

x
[
¢ ® 52004 On LS Means Tros Tedle 14.2.3.4.

Ad0J 314IS

Ri i A tolal of 18 treatment-emaergent AEs were experienced by 11 (37%) of the
30 subjects dosed. Headache was the most common event, reported following both treatments. The
majority of the AEs were mild or moderats in severity, and no serious adverse events occurred during the
trial.
No clinically significart changes were observed regarding vital signs, physical examination, or clinical
faboratory evaluations for either treatment.
CONCLUSION; Comparison of total T4 and T3 pharmacokinetics following administration of Levoxyt®

(Treatment A, test lormuiation) and Synthroid® (Treatment B, reference formuiation) indicated that the test
lmhﬁonmmonqummlabqu.wihMrdmmwm.

The 90% confidence intervals for the comparisons of In{Cmax) and InfAUC(0-t)] for T4 and T3 were within
the 80% 1o 125% range required for bicequivalencs.

in regard 10 subject safety, both trestments appeared 10 be equally safe and well lolerated.

Date of the Report: Msy 2000

061015

e ——————
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1. SYNOPSIS

NAME OF COMPANY INDIVIDUAL STUDY (FOR NATIONAL
TABLE SYNOPSIS AUTHORITY USE ONLY)
Jones Pharma Incorporated
NAME OF FINISHED PRODUCT REFERRING TO PART 1
. " OFTHE DOSSIER
Lwom:
NAME OF ACTIVE INGREDIENT | Repont No.: 20655
Volume: 1
Lsvothyroxine sodium
Titie of Study: A Pharmacokinetic Study 1o Assess the Single Dose Bicequivalence
of Three Strengths of Levothyroxine (Levoxy(®) Tablets
investigator:
Study Center: e ——
Publicstion (Reference): Not applicable
Studied period: Phase of development: 1
{date of first enroliment)
03 Dec 1999
{dats of last compietad)
20 Mar 2000

Objectives: The cbjective of Uvs study was 1o Gelermine the dosage-fonm Dioequivalence between three
ditferent strengths of levothyroxine sodium (Levoxy®) tabiets following a single 600 mcg dose. -

Methodology: This was a single dose, randomized, open-label, three-way crossover study conducted in _
heaithy maie and female subjects. Subjects were randomiy assigned to raceive a single 600 mcg dose of F.-
one of the levothyroxing sodium treatments (given as mutiples of the 50 mecg, 100 meg, or 300 mcg tabiet)
after an ovemight fast. The atemats products wers administered during subsaquent study periods. A
minimum 35-day washout interval separated each dosing period.

ey

Number of Subjects (planned snd analyzed): A total of 28 subjects, 15 males and 13 females, were
snrolled in the study and 24 subjects, 14 maies and 10 females, compisted the study. There were 24
subjects inciuded in pharmacokinetic analyses and 28 subjects inciuded in the safety analyses.

Disgnosis and Main Criteria for inclusion: All subjects enrolied in this study were judged by the
Investigator to be healthy volunteers who met inclusion and exciusion critena.

Test Product, Dose, Duration, Mode of Administration, snd Batch Number: Subjects randomized 10
Treatment A rocaivodalhqhonldoud12:50mcgbvomyroximsodiumub|m(meyﬂ.LMNo.
TT24. Subjects randomized to Treatrnent B received 6 x 100 mcg levothyroxine sodium tabiets (Levoxyl®),
Lot No. TT25. Subjects randomized to Treatment C recsived 2 x 300 mcg levothyroxine sodium tablets
(Levoxyf®), Lot No. TT26. All treatments wers taken with 240 mL of water. Test products were
manufactured by JMI-Danieis Phermaceutice!s, 8 subsidiary of Jones Pharma incorporated.

Refersnce Product, Dose, Durstion, Mode of Administration, and Batch Number: Not appiicabie.

APPEARS THIS WAY
- ON-ORIGINAL

001675

“ -— -
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NAME OF COMPANY INDIVIDUAL STUDY (FOR NATIONAL

TABLE SYNOPSIS AUTHORITY USE ONLY)
| Jones Pharma Incorporated |
NAME OF FINISHED PRODUCT | - REFERRING TO PART 1

OF THE DOSSIER
Lovory® |

NAME OF ACTIVE INGREDIENT | Report No.: 20855
Volume: 1

Criteria for Evaluation:

Pharmacokingtics: Pharmacokinetic assessment consisted of the determination of wtal (bound + free) T4
snd T3 concentration in serum at specified time points following drug administration. From the serum data,
the parameters AUC(0-t), Cmax, and Tmax wers caiculated.

Safety: The safety evaluation inciuded monitoring of sitting vital signs, clinical laboratory measurements,
%o»d—tﬁmmm hormone (TSH). physical examination, electrocardiogram (ECG), and adverse events
(AEs).

Statistical Methods:

Pharmacokingtics: Descriptive statistics (arithmetic mean, standard deviation {SD], costficient of variation
[CV]. standard error of the mean [SEM], sampie size [N], minimum, and maximum) were provided for all
pharmacokinetic paramaeters. A parametric (normal-theory) general linear model with treatment, period,
sequence, and subject within sequence as factors was applied to the in-transiormed Cmax and AUC(0-1).
The two one-sided hypotheses were lested at the 5% level of significance for INAUC(0-1)] and In(Cmax) by
constructing 90% confidence intervals for the ratics of Treatmant A to Treatment B, Treatment Ato

Treatment C, and Treatment B to Treatment C. —~

Safety: Frequency counts of ali subjects enrciled in the study, completing the study, nnddcseonmum o
early were tabuluted. Descriptive statistics were caiculated for continuous demographic variables and Ef,
fraquency counts were ubulatod for categorical demographic variables for each gender and overall. AEs

were coded using the 5™ Edition of the COSTART dictionary. AEs were summarized by the number and -
percentage of subjects experiencing sach coded event. A summary of the iotal number of each coded Y
event and as a percentage of total AEs was aiso provided. Laboratory summary tables included -
descriptive statistics for continuous serum chemistry and hematology results at each timepoint. Out-of-
range vaiues were listed by subject for sach laboratory parameter. Descriptive statistics for results at each
time point and changs from baseline to sach time point were caiculated by treatment group. Shifts from
screening 10 poststudy results for physical examinations were tabulated.

APPEARS THIS 'WAY 4 =
ON ORIGINAL _
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Serum T4; The arithmetic means of serum T4 pharmacokinetic parameters for Treatments A and B and
the statistical comparison for the in-transformed parameters are summarized in the following table.
Svamary of the Pharsscekinetic Parsseters of Sarum T4 for Treatwents A snd 8

............. S0rve T4 coecovenccnes
Trestaent A ‘l‘nntmt s
meumuc Aritheetic Aritheetic S vean
Paraneter ean L J [ L] ] 008 CI*  Ratie*

g.i...m ................ S T
(vgehrr/) 808.0 ui?! T3, 61 . . .
Mi O fr%s..ﬁ:ﬁ. B mran m
Trestaent A'Q'ii';'ié "-!- """"" sue Tablets o TTTTeeTes

Tresteent 8 - Ihyru ne xu- Tevlety
® © 8030d on LS Weans Trom Table 14.2.2.4.1.

The arithmetic means of serum T4 pharmacokinetic parameters for Trestments A and C and the statistical
comparison for the In-transformed parameters ars summarized in the following tabie.

Sussary of the Pharmecokingtic Paraseters of Serua T4 for Tresteents A and C

............. SOrUm T4 <crecvccnnove
Treateent A Treateent C
Pharsscokinetic aritheetic " H-i&m’"il& """" S vosn
Psraaeters Wean 20 ] 908 CI°  Retio*

L ......... vessecsananan ;s:zé ..... gg.ux; ..... ; ...................
wenrIR) 9.0 . 11 :
uhl.,, e R s:'. s

i;;;;“&;.;.;.;i.;.i&.;..u;&ﬁ.g;i’.‘; ..... paianiessseTeneuranotlsoeeiicannasels
reatoent C = 2 X 300 le' untn;nnu g:in Taslets

The arithmetic means of serurn T4 pharmacokinetic parameters for Treatments B and C and the statistical
comparison for the in-transformaed parameters are summarized in the following table.

Sumssry of the Pharsscokinetic Paraseters o' Serun T4 for Trestasents O ane C

..........................

NAME OF COMPANY . INDIVIDUAL STUDY (FOR NATIONAL ]
‘ TABLE SYNOPS!IS AUTHORITY USE ONLY)
| Jones Pharma incorporated
NAME OF FINISHED PRODUCT |  REFERRING TO PART 1
OF THE DOSSIER
Lp—.LD-EL—-——————————i
NAME OF ACTIVE INGREDIENT | Report No.: 20655
Volume: 1
Levothyroxine sodium
SUMMARY - CONCLUSIONS
BHARMACOKINETIC RESULTS:

Treatasnt ¢ anmnt <
i i "ﬁ ........ -
hnn “n e -m‘“ I “ ¢ = 0% CI¢ &tu'
..... i ‘: ’ L ‘§ g .
-t} (vgonera) i‘:.: E’ :
. -] 7-1036 1
f;‘:z -] ] 8 - R R S 9
................................... - reeisie " coscasssesccrssnee
5 j . I Bgi.. ¥= ots
n .....
N e -

001677
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NAME OF COMPANY INDIVIDUAL STUDY (FOR NATIONAL ]
TABLE SYNOPSIS AUTHORITY USE ONLY)
#_“MM_J
NAME OF FINISHED PRODUCT |  REFERRING TO PART 1
OF THE DOSSIER
Lovory®______|
NAME OF ACTIVE INGREDIENT | Report No.: 20855
Volume: 1
 Levothyroxine sodium
Serum T3: The arithmetic means of serum T3 pharmacokinetic parameters for Treatments A and B and

the statistical comperison for the in-transformed parameters are summarized in the following tabie.
Sunsary of the Pharsacekinetic Persseters of Serum T3 for Tresteents A snd B

..........................

PRarsacoRinetic Z}iiiﬁﬁi """" ZFiii\;iiE """" s wean
Parsmsters . 0 0 80% CI*  Ratio*

0.138 1. .. . .
‘al |!’= |l i2 ‘? t .. .
g ng'nrm.) § a R N
........ "'

TreAtaent A = 12 x Levothyrexine Sodius Tablets
Trestaent § » 8 X |g lez L.'.th;::ltﬂ. sodiua Tadlets

* = 8gs00 on LS eans frea Table 14.2.3.4.1Y.

The arithmetic means of serum T3 pharmacokinetic parameters for Treatments A and C and the statistical
comparison for the in-transformed parameters are summarized in the following table.

Sumsary of the Pharascokinetic Parsseters of Serva T3 for Treatsents A ang C

Treatsent A restaent C

reacokinet Arithestic Aritheetic
Pareasters T ie © - 08 €1+ Ravio-
?‘ [ 1.173 0.1 1.167 8.1 .. . .
sy r’i(:-nn-n i o‘::g @3 7"!5 R .

0.i823 0.1 0.1437  0.1499 :'v . 100.7

ill t)} 3.890 g 18: 3 8!7& : g: 100.3

restaent A » 12 x Levethyroxine Sodiue Tablets
Tnltmt Cw2X aoo Levethyrox $ocium Tablets

iasee on Ll deans e a3, 808

The arithmetic means of serum T3 pharmacokinetic parameters for Treatments B and C and the statistical
comparison for the in-transiormed parameters are summarized in the following table.

Smmsry of the Pherescehinetic Paraseters of Serus T3 for Treateents B ane C

Cireiteent a0 eertaeni €
L ViRt m YRR w -M"-""
Li,..m, 1 S e+ B
il o, fille 0 i e am. =1

.................................................................................

g L LB LR s s
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NAME OF COMPANY _ INDIVIDUAL STUDY (FOR NATIONAL ‘1
- TABLE SYNOPSIS AUTHORITY USE ONLY)

NAME OF FINISHED PRODUCT |  REFERRING TO PAAT 1
OF THE DOSSIER

Report No.: 20655
Volume: 1

| Levothyroxine sodium

SAFETY RESULTS: There was a total of 58 treatment-emergent AEs reported by 15 (54%) of the 28
subjects dosed with study trestment. incidence of AEs was similar across treatments. Headache was the
most trequently reported event. The majority of reported AEs were mild in intensity. There was one subject
who experienced a serious adverse event of chest pain, considerad by the investigator 10 be unrelated to
treatment.

No trends were noted in vital signs, clinical laboratory results, or ECGs to suggest treatment-reiated
ditferences.

CONCLUSION: Comparison of total T4 and T3 pharmacokinetics following administration of 12 x S0 meg
Levoxy!® tablets (Treatment A) and 6 x 100 mcg Levoxy!® tablets (Treatment B) indicated that the two
formulations met the requirements {or bioequivaience. The 90% confidence intervals for the compansons of
In{Cmax) and IfAUC(0-t)] for T4 and T3 were within the 80% to 125% range required for bicequivaience.

Comparison of total T4 and T3 pharmacokinetics followirg administration of 12 x 50 meg Levoxy!®
tablets(Treatment A) and 2 x 300 mcg Levoxy!® tablets (Treatment C) indicated that the two formulations
met the requirements for bicequivalence. The 90% confidence intervals for the comparisons of In{Cmax)
and InfAUC(0-t)] for T4 and T3 were within the 80% to 125% range required for bioequivalencs.

Comparison of total T4 and T3 pharmacokinetics following administration of 8 x 100 Levoxy!® tablets
(Treaiment B) and 2 x 300 mcg Levoxy® tablets (Treatment C) indicated that the two formulations met the
requirements for bicequivalencs. The 90% confidence intervals for the comparisons of In(Cmax) and
IN[AUC(0-t)] for T4 and T3 were within the 80% 10 125% range required for bicequivaience.

The test formulations appeared 10 be sale and generally weil tolerated when given to heaithy adult
volunteers.

Dete of the Report: June 2000

- APPEARS THIS WAY
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6.3

SECTION 6
HUMAN PHARMACOKINETICS AND BIOAVAILABILITY

Results of the In-Vitro Bicavailability Study Levoxyl® Tablets

To determine the multi-point dissolution profiles for all levothyroxine sodium tablet
strengths to be marketed.

The intent is to demonstraie that the multi-point dissolution profiles are similar across
tablet strengths.

Protocol Reference:

Guidance for Industry: In Vivo Pharmacokinetics and Bicavailability Studies and In
Vitro Dissolution Testing for Levothyroxine Sodium Tabiets (June 1999). This
protocol was submitted in IND ——

——— (Refer to Attachment 1)
USP 24 Supplement | page 2638

Protocol

Perform multi-point dissolution testing using the following criteria and method

e Include all to be marketed levothyroxine sodium tablet strengths: 25, 50, 75, 88,
100, 112, 125, 137, 150, 175, 200 and 300 mcg tablets.

The batwches used in the Clinical Trials (TT24, TT2S, TT26) will be included.
The batch size will be 1/10® scale or ——— wblets per batch.

The number of batches tested per strength will be 3.

The number of tablets tested for each dissolution will be 12.

The time points tested will be 1, 2.5, 5, 7.5 snd 10 minutes.

Results;

The following data presents the mean result for each of the tablet strengths of
Levoxyl tested. Each point is the mean of three dissolutions, testing 12 tablets per
dissolution or n=36. The mean data is presented in table form followed by a graph.
The data is presented as percent of label claim dissoluted vs dissolution time.

The individual values for each strength and each batch of Levoxyi tested is presented
in Attachment 2.

The results of this study demonstrate that the multi-point dissolution profiles for
Levoxyl tablets are similar across tablet strengths.

002447
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SECTION 6
HUMAN PHARMACOKINETICS AND BIOAVAILABILITY

63  Results of the In-Vitro Bioavailability Study Levoxyl® Tablets
Comperative Dissolution Data of all Strengths of Levoxyi Tablets

0 minutes 1 minute 2.5 minute S minvies 7.5 minutes 10 minutes
25 meg 5.0% 84.9% 93.7% 20.9% 88.6% 84.7%
50 mcg 0.0% 82.8% 92.7% 91.8% 87.8% B84 4%
75 mcg 0.0% 78.9% 93.6% 02.2% 88.3% 84.7%
88 mcg 0.0% 79.8% £5.6% $4.1% 20.5% 66.9%
100 mcg 0.0% 85.4% 024.8% 84.5% 80.7% 83.5%
112 mcg 0.0% 75.5% 01.1% 80.7% 87.0% 82.9%
125 mcg 0.0% 75.0% 98.5% 95.5% 01.7% 87.8%
137 mcg 0.0% 79.9% 923.9% $3.2% 89.4% 85.7%
150 mcg 0.0% 75.6% 021.9% 91.4% 88.7% 84.6%
175 meg 0.0% 84.2% 95.7% 203.5% 90.3% 85.5%
200 mcg 0.0% 76.5% 94.9% 94.6% 91.0% 87.6% B
300 mcg 0.0% 74.5% 92.1% 91.4% 87.9% 84.0% .
Comparstive Dissolution Profiies of ail Strengths of Lavoxyl Tabiets ts
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Lot Number TT8Y TT24*
Packagedin 100ct  100ct
i Tablet Strength 26mcg 60meg

Vessel 1

Vessel 2 r—

Vessel 3

Vessel 4

Vessel 5

Vossel 8
Average % Dissoluted 9168 97.6
RSD! 250% 7.33%

* Pivolel Batches

48 minute Multi-Strength Dissolution Profile

TT31
100ct

T3 7Tv26° TT6 TT39
100ct 400ct 100ct  100ct

TT43
100ct

TT468 .
100ct

TT48  TT81 - TT20*

100ct

100ct

100ct

78mcg 88mcg 100mcg 112mcg 128mcg 137mcg 180mcg 176mecg 200mcg I00mcg

100.6
4.21%

99.5 93.1 94.5 100.2
357% 221% 1684% 3.23%
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97.2
1.57%

97.8
1.95%

99.9
3.34%

i01.9
1.62%

J

94.6
4.15%



The Effects of Omitting Sodium Lauryl Sulfate {SL5) from the
Dissolution Medium on the Dissolution Rate of
Levoxyl (levothyroxine sodium tablets, USP)

Purpose of the Current Study:

The NDA for Levoxyl (levothyroxine sodium tablets, USP) (NDA 21-301) includes
dissolution data on three lots of all the to-be-marketed strengths (Original Submission -
Section 6.3 submitted 7/28/00 and Amendment 3.1 submitted 1/29/01). These
dissolutions were conducted according to the USP 24 procedure which requires the
addition of 0.2% SLS to the dissolution medium.

In reviewing NDA 21-301, the FDA Biopharmaceutics reviewers requested further
analysis to determine what effect, if any, omitting the SLS from the dissolution medium
would have on the dissolution rate of Levoxy! tablets.

For the purpose of this study, the 100 mcg strength Levoxyl tablets (Batch # TT25) was .
seiected. This strength was selected because the 100 mcg strength is the middle strength F"
of the to-be-marketed strengths and represents the major market volume of Levoxyl
tablets. This batch was selected because it is one of the clinical pivotal batches submitted
in NDA 21-301.

Tpre.

Study Objectives:

1 To determine the effects of omitting the SLS from the dissolution medium on the
dissolution rate of Levoxyl tablets.

2. To determine the effects of two paddle speeds using media without SLS on the
dissolution rate of Levoxyi tablets.

3. To determine the dissolution rate for an extended period of ime.
Materials and Methods:

Experiment |
1. Product Tested:
a) Levoxyl 100 mcg tablets ~ Batch # TF2S
b) Number of Tablets Tested: 3
2. - Procedure: The dissolution procedure stated in USP 24 for levothyroxine sodium
tablets with a paddle speed of 50 rpm was used with the following variations:
a) Pissolution Medium: 0.01/ HCI (SLS was omitted)
+.b) SsmplelntervalsTeste:LlO 2.5,5.0,7.5,10.0, 15.0, 20.0, 30.0, 40.0,
45.0, 50.0 and 60.0 minutes

\-
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The Effects of Omitting Sodium Lauryl Suifate (SLS) from the
Dissolution Medium on the Dissolution Rate of
Levoxyl (levothyroxine sodium tablets, USP) ~ Page 2

Materials and Methods (Continued):

1 Product Tested:
a) Levoxyl 100 mcg tablets - Batch # TT25 . -
b)  Number of Tablets Tested: 3

2. Procedure: The dissolution procedure stated in USP 24 for levothyroxine sodium
tablets with the following variations: }
) Dissolution Medium: 0.01» HCI (SLS was omitted)
b)  Paddie Speed: 75 rpm
b) Samplie Intervals Tested: 1.0,2.5, 5.0, 7.5, 10.0, 15.0, 20.0, 30.0, 40.0,

45.0, 50.0 and 60.0 minutes

Results:

For the purposes of comparison, the data presented in FIGURE 1 are the dissolution
results for Levoxyl 100 mcg - TT25. The data are presented in table and graphic forms.
These data have been previously submitted in NDA 21-301 (Oniginal Submission). The
specification for the dissolution of levothyroxine sodium tablets stated in USP is not less
than 70% (Q) within 45 minutes. The results presented in FIGURE 1 show that at 2.5
minutes, the dissolution rate was well above the O of 70%. In addition, the 45.0 minute
results of — (data submitted in Amendment 3.1) show that Levoxyl has satisfied the
USP specification of ot less than () 70% within 45 minutes

Expeniment |:

The data presented in FIGURE 2 are the dissolution results for Experiment 1. The mean
of the values obtained from the tablets tested was caiculsted. The mean, the RSD and the
range (low and high value) for each data set are reported. The results presented in
FIGURE 2 show that without the presence of 0.2% SLS, none of the individual vessels
reached a dissolution rate of 70% within the required 45.0 minutes. The mean dissolution
rate at 45.0 minutes was found to be —— which is lower than the USP specification of
70.0%. Even after 60.0 minutes the mean dissolution rate was only ———

-

The data presented in FIGURE 3 are the dissolution results for Experiment 2. The
paddle speed for this dissolutiop was increased from S0 rpm to 75 rpm. The mean, the
RSD and the range (lowand high value) for cach data set are reported. The results
presented in FIGURE 3 show that without the presence of 0.2% SLS, even if the paddle
speed is increased to 75 rpm, the results do not conform to the USP specification. At
45.0 and 60.0 minutes the mean values were found to be respectively.
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The Effects of Omitting Sodium Lsuryl Sulfate (SLS) from the
Dissolution Medium on the Dissolution Rate of
Levoxyl (levothyroxine sodium tablets, USP) - Page 3

Resuilts (Continued):

. ive Review:
The dats presented in FIGURE 4 compares the dissolution values obtained with and
without the addition of SLS in the dissolution medium for the time points up to 10.0
minutes. FIGURE S compares the dissolution values obtained with and without the
addition of SLS and includes the extended time points of 45.0 minutes for the historical
data and 45.0 and 60.0 minutes for the experiments without SLS. The data reveals a
significant effect on dissolution release rates in the absence of the surfactant. At the
initial 1.0 minute interval, without SLS, there is about a decrease in
dissolution rate for the 50 rpm and 75 rpm dissolutions respectively. Subsequent time
points show similar results,

Discussion:

According to the Pharmacopeial Forum (Volume 24, No. 6, Nov.-Dec. 1998, “Proposed
Revision to the Dissolution Test for Levothyroxine Sodium Tablets), the SLS was “found
to reduce or completely eliminate the observed adsorptive loss of Levothyroxine in
contact with glass surfaces™. The dissolution profile for Levoxyl tablets using the current
USP monograph procedure shows that Levoxyl tablets are fast releasing. Over — of
the labeled amount of the drug dissolved within 2.5 minutes.

pre.

As requested by the FDA Biopharmaceutics Reviewers, this study was conducted to
determine if the SLS was needed in the dissolution medium. The results of this study
show that in the absence of SLS, the dissolution of Levoxyl tablets is significantly
reduced This dissolution rate is reduced to such an extent that the values obtained
without SLS do not conform to the USP specifications for levothyroxine sodium tablets,
regardless of the paddle speed used in the test. The absence of the SLS in the dissolution
medium would not be a viable option for Levoxyl.

Counclusion:

The resuits of this study clearly demonstrate that SLS is a necessary component of the
dissolution medium for Levoxyl tablets and that the analytical method listed in USP 24 is
the method of chdice when performing such testing. Therefore, all the dissolution data
submitted in NDA 21-301 using hydrochloric acid dissolution medium containing 0.2%
sodium laury] sulfate present a dissolution profile for Levoxyl tablets that is consistent
with USP monograph criteria. No further testing is warranted unless requested by FDA.

\ -~
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FIGURE 1

HISTORICAL DATA
Dissolution Profile - Levoxyl 100 mcg — TT2S (with SLS @ 50 rpm)
Time Mean Value Range (o= 12 ) RSD
1.0 mimute 81.4% r' 19.50% -
2.5 minutes 92.0% 3.36%
5.0 minutes 92.5% 4.54%
7.5 minutes 88.0% 1.08%
10.0 minutes 83.1% ..J 1.14%
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FIGURE 2

EXPERIMENT 1
Dissolution Profile - Levoxyl 100 mcg - TT25 (without SLS @ 50 rpm)

Time Mean Value Range (n=3 ) RSD
1.0 minute 16.7% 40.95%
2.5 minutes 42.6% r_ 7.39%
5.0 minutes 53.2% 10.41%
7.5 minutes 51.2% 15.33%
10.0 minutes 57.1% 5.06%
15.0 minutes 58.1% 421%
20.0 minutes 54.9% 6.67%
30.0 mimstes 52.3% 6.98%
40.0 minutes 47.6% ’ 16.46%
45.0 minutes 48.5% 3.52%
50.0 minutes 42.2% J 15.60%
60.0 minutes 40.8% 17.89% - -
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FIGURE 3

EXPERIMENT 2
Dissolution Profile — Levoxyl 100 mcg ~ TT2S (without SLS @ 75 rpm)

Time Mean Value Range (0=3 ) RSD
1.0 minute 36.1% ("“ 14.50%
2.5 minutes 42.7% 9.86%
5.0 minutes 55.1% 3.77%
7.5 minutes 55.9% 5.50%
10.0 mimutes 51.0% 11.57%
15.0 minutes 54.9% : 9.99%
20.0 minutes 50.9% 4.49%
30.0 minutes 49 ™% 11.90%
40.0 minutes 43.3% 12.09%
45.0 minutes 44.5% 8.34%
50.0 minutes 42.1% J 535%
60.0 minutes 39.2% 6.89% -
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FIGURE 4

COMPARATIVE REVIEW

Levoxyl 100 meg - TT25
(with SLS @ 50 rpm and without SLS @ 50 and 75 rpm)

NDA 21-301 ~ Levoxyl@Levothyroxine Sodium ~ Jones Pharma Inc. ~ 28 July 2000
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FIGURES —

COMPARATIVE REVIEW

Levoxyl 100 mcg - TT2S
(with SLS @ 50 rpm and without SLS @ 50 and 75 rpm)
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JMI-Daniels Pharmaceuticals, Iac. Report QCSP-121
Title: Posency and Dissolution ~ &h’lnyoﬁbelevdmsw Department: Quality Control
i the HPLC vial over time. -

Pwpose: TT 25, 100 pg/tab, 100 ct bottie was analyzed over a period of time to determine if the
Pharmaceutical Active Ingredient (Levothyroxine Sodium) degrades over time. Dissolution
4S5 min interval was injocted at t~0 and every hour after 10 up to t=10 hours.

Procedwre and Summary:

I.  The following sample was used in this study:
TT 25: 100 pg per mblet (100 ct bottie)

. Dimohticoper . was used where the sampling time is ot 45 minutes (=0). A singie volume
of approximately 45 cc was drawn from each vessel. This single sampie was utilized to fill all
individual HPLC injection vials simultansously. Each vial would represent the injection tirmes as

depicted in the tables below.
A, anuuwowmlmmmusx.snm-rwhx
Table A . f
TT2S 100 ugiab with SLS
Interval - inj time Ves | Ves 2 Ves 3
% Diss % Diss % Diss Mean RSD
45 min, 1= 0 95. 139
t= r 95. 0.57
te=2 95. 0.95
1= 5.7 00 -
t=4 95.3 0.9 -
t=$5 6.2 36
=6 95.9 30
t=7 95.1 .61
t=8 98.7 49
t=9 _J 95.6 52
tw= )0 96.1 127

System Suitability RSD 0.17%; Standard over the run RSD 0.47%
B. Data for the 100 pg/ml TT2S dissolution without the SLS is found in Table B.

Table B - .
TT2S 100 pg/mb without SLS
Interval - inj time Ves ] Ves 2 Ves3
% Diss % Diss % Diss Mean RSD |
B mint=0 04.7 3.62
—— =1 . 91.6 6.04
t=2 90.5 4.56
t=3 $9.5 2.56
t=4 $5.0 9.89
t=$ 88, 5.5
t=6 8.3 _ 4.12
(=7 48 5.76
t=§ 32 9 7.63
t=9 763 237
t=10 ‘—J 81, 6.13
SynSumﬁmylSD 1 ““.MMNHIRSD?-”K
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MEMORANDUM ; DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: March 26, 2001
FROM: Michael F. Skelly, Ph.D.
Pharmacologist

Division of Scientific Investigation, (HFD-48)
=

THROUGH:! C. T. Viswanathan, Ph.D. - ,. / 3|3bfe ]
Associate Director - Bioequivalence
Division of Scientific Investigations (HFD-48)

SUBJECT: Review of EIR Covering NDA 21-301, Levoxil®
(levothyroxine sodium), sponsored by Jones
Pharmaceuticals

TO: David G. Orloff, M.D.

Director, Division of Metabolic and Endocrine Dfug_
Products (HFD-510)

As requested by HFD-510, the Division of Scientific Investigations
initiated an audit of the analytical portions of the following
biocequivalence studies.

Study 338-03: "A Pharmacokinetic Study to Assess the Single
(Project 20646) Oral Dose Biocavailability of Two Formulations
of Levothyroxine"

Study 338-04: "A Pharmacokinetic Study to Assess the Single
(Project 20655) Oral Dose Bioavailabil}cy of Three Strengths of
Levothyroxine (Levoxyl )"

The site of the analytical portions of the studies wag ————
(now —~ The clinical portion of
study #338-03 was conducted at and the
clinical portion of study #338-04 was conducted at e
The inspection was limited to the analytical
portion, as requested by HFD-510.

Following the analytical site inspection (2/26-3/2/2001), Form
FDA-483 .was issued. Our evaluation_of the inspectional findings
is provided below.

o APPEARS THIS WAY
ON ORIGINAL
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Page 2 - David G. Orloff, M.D.

la. Reserve samples for Jones Pharma levothyroxine study #338-04/
20655 were returned to the manufacturer and therefore wers
not available to FDA for sampling at this clinical site —

ib. Reserve samples for Jones Pharma levothyroxine study #338-03/
20646 were not selected and retained at the clinical site

w

Although the inspection was intended to cover only the analytical
portions of the studies, the discussion of reserve sample
retention was noticed during a review of correspondence files.
The failure to retain reserve samples at the clinical sites is a
violation of 21 CFR 320.38(b) (3). Thus, the identity of the test
and reference drug products used in the studies cannot be
verified. However, please note that DSI has not examined

comparable records of clinical portions of bicequivalence studies
for other levothyroxine NDAs.

2. Software Problem Report #15192 was written in response to a
user-reported error in regression calculation in study
338-04/20655-2 dated 3/2/2000. To date, therse has been no
final conclusion, resolution, correction, or evaluation of
this error resport. The extent and impact on data generated by
the affected program, bas not besn determined.

3. The information systams standard operating procedures for
software problem reporting are inadequate in that:

a) Software problems are not resclved in a timely manner.

b) Softwars problem report surmaries are not reviewed on a
periodic basic.

calibration curves were fitted with a computer
program ———— written for by a consultant.
Calibration data from one run caused the program to abort.

The failure could be reproduced on ——— at
~————— but not at the consultant‘'s site. Thus, the software
failure is unique to the ingtallation. As of this
writing, has not determined the cause of the
failure. Therefore, the extent of its impact on other data in
these studies is unknown.

e APPEARS THIS WAY
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Page 3 - David G. Orloff, M.D.

Conclusion:

We recommend that the data from Studies #338-03 and 338-04 be not
accepted unless and until it is shown that software failure did
not affect other data.

After you have reviewed this transmittal memo, please append it
to th%,0ﬁxgxnal NQ» submission.

/S/

szﬁ;é3~?' Skelly.abh.n.

DSI Final Classification:

VAI - (These studies only.)

A T—————")

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

Wei Qiu
5/1/01 11:06:51 AM . -
PHARMACOLOGIST e

Steve Johnson

5/9/01 11:51:30 AM

BIOPHARMACEUTICS .

Dr. Steven B. Johnson [acting team leader] signing off for Dr. Hae-You
ng Ahn. The final draft was reviewed by Dr. Ahn.
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3.6

SECTION 3 |
| SUMMARY (CONTINUED)
Human Pharmacokinetics and Bioavailability Summary:

36.1 Summary of the Pharmacokinetic Study to Assess the Single Oral Dose
Bioavailability of Two Formulations of Levothyroxine (Refer to Section 6)

Study Objective:

To determine the bioavailability of levothyroxine sodium (Levoxyl®) 0.3mg tablets
manufactured by JONES PHARMA INCORPORATED, relative to Knoll
Pharmaceutical Company’s levothyroxine sodium 200ug (Synthroid®) injection given
as an oral solution following a single 0.6mg dose.

Study Methodology::
Single-dose, randomized, open-label, two-way crossover design

Protocol Reference: :

Guidance for Industry: In Vivo Pharmacokinetics and Bioavailability Studies and In
Vitro Dissolution Testing for Levothyroxine Sodium Tablets (June 1999). This
protocol was submitted in IND

Study Center and Investigator:

L]

Study Period:
Date of first enrollment: December 7, 1999

Date of last completion: January 14, 2000

Number of Subijects:
A total of 30 subjects were enrolled in the study, and 27 subjects completed the study.

All 30 subjects were included in the safety analysis and 27 subjects who completed
the study were included in the pharmacokinetic analyses.

Diagnosis and Main Criteria for Inclusion: '
All subjects enrolled in this study were judged by the investigator to be healthy

volunteers who met all inclusion and exclusion criteria.

Test Product, Dose, Duration, Mode of Administration, and Batch Number:

The test product was levothyroxine sodium (Levoxyl®) 2 X 0.3mg tablets (JONES

PHARMA INCORPORATED) administered as a single oral dose. The batch number

utilized in this study was TT26.

Reference Product, Dose, Duration, Mode of Administration, and Batch Number:
“The reference product was levothyroxine sodium (Synthroid®) 2 X 500ug injection

vials (Knoll Pharmaceutical Company) reconstituted and 600ug administered orally.

The reference product used was the 500ug injection instead of 200ug due to the -

unavailability of sufficient quantities of 200ug injection to conduct the study. The

batch number utilized in this study was 80130028. :

ey



3.6

SECTION 3
SUMMARY (CONTINUED)

Human Pharmacokinetics and Bioavailability Summary (Continued):

3.6.1 Summary of the Pharmacokinetic Study to Assess the Single Oral Dose
Bioavailability of Two Formulations of Levothyroxine (Continued)

Criteria for Evaluation:

Pharmacokinetics: .

Pharmacokinetic assessment consisted of the determination of total (bound + free) T4
and T3 concentrations in serum at specified time points following drug
administration. From the serum data, the parameters AUC(0-t), Cmax, and Tmax
were calculated.

Safety:
Safety assessment included vital signs, clinical laboratory evaluation (including
TSH), physical examination, and adverse events (AEs) assessment.

Statistical Methods:

Pharmacokinetics:

Descriptive statistics (anithmetic mean, standard deviation (SD), coefficient of
vanation (CV), standard error of the mean (SE), sample size (N), minimuin, and
maximum) were provided for all pharmacokinetic parameters. The effects of baseline
and baseline-by treatment interaction were evaluated using a parametric (normal-
theory) general linear model (ANCOVA) with treatment, period, sequence, subject
within sequence, In(baseline), and interaction between In(baseline) and treatment as
factors, applied to the In-transfopmed pharmacokinetic parameters and Cmax. In the
absence of significant In(baseline) and interaction between In(baseline) and
treatment, these parameters were removed from the model. The two one-sided
hypotheses were tested at the 5% level of significance for InfJAUC(0-t)] and In(Cmax)
by constructing 90% confidence intervals for the ratio of Treatment A to Treatment
B.

Safety:

Frequency counts of all subjects enrolled in the study, completing the study, and
discontinuing early were tabulated. Descriptive statistics were calculated for
continuous demographic variables, and frequency counts were tabulated for

categorical demographic variables for each gender and overall.

AFEs were coded using the 5™ Edition of the COSTART dictionary. AEs were
summarized by the number and percentage of subjects experiencing each coded

~event. A summary of the total number of each coded event and as a percentage of
total AEs was also provided.

Laboratory summary tables included descriptive statistics for continuous serum

chemistry and hematology results at each time point. Out-of-range values were listed
by subject for each laboratory parameter.

E“"
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3.6

SECTION 3
SUMMARY (CONTINUED)
Human Pharmacokinetics and Bioavailability Summary (Continued):

36.1 Summary of the Pharmacokinetic Study to Assess the Single Oral Dose

Bioavailability of Two Formulations of Levothyroxine (Continued)

Statistical Methods (Continued):
Safety (Continued):

Descniptive statistics for vital sign measurements at each time point and change from
baseline to each time point were calculated by treatment group.

Shifts from screening to poststudy results for physical examinations were tabulated.
PHARMACOKINETIC RESULTS - T4:

ANCOVA analyses indicated that the effects of In(baseline) and interaction between
In(baseline) and treatment were not significant. Thus, these factors were removed
from the general linear model and an ANOVA with treatment, period, sequence, and
subject within sequence was applied to the In-transformed Cmax and AUC(0-1)
parameters. The arithmetic means of serum T4 pharmacokinetic parameters for
Treatments A and B and the statistical comparison for In-transformed parameters are -
summarnized in the following table. E‘.
Summary of the Pharmacokinetic Parameters of Serum T4 for Treatments A and B .

&

Treatment A* Treatment B**

Pharmacokinetic
Parameters

Arithmetic
Mean

[4

SD

Arithmetic
Mean

SD

90% Cl

% Mean
Ratio

Cmax (ug/dL)

14.48

1.93

15.09

2.10

Tmax (hr)

2.17

0810

]1.62

0.502

AUC(0-t) (ug*hr/dL)

5243

59.07

529.3

62.83

In (Cmax)

2.663

0.1434

2.705

0.1339

91.1-98.1

94.5

In [AUC(0-1)]

6.256

]

0.1167

6.265

0.1169

95.6-100.5

98.0

* Treatment A = 2 X 0.3mg Levoxyl Tablets: test

**Treatment B = 0.6mg Synthroid Reconstitute Oral Solution: reference

PHARMACOKINETIC RESULTS - T3:

ANCOVA analyses indicated that the effects of In(baseline) and interaction between-

In(baseline) and treatment were not significant and were removed from the ANOVA

model, except for In(baseline) on In(Cmax) which was significant and was kept in te

model. An ANQVA with treatment, period, sequence, and subject within sequence,
and In(bassline), when significant, was applied to the In-transformed Cmax and

AUC(0-t) parameters. The arithmetic means of serum T3 pharmacokinetic
parameters for Treatments A and B and the statistical comparison for In-transformed
parameters are summarized in the following table.



SECTION 3
SUMMARY (CONTINUED)

3.6 Human Pharmacokinetics and Bioavailability Summary (Continued):

36.1

Summary of the Pharmacokinetic Study to Assess the Single Oral Dose

Bioavailability of Two Formulations of Levothyroxine (Continued)

PHARMACOKINETIC RESULTS ~ T3 (CONTINUED):
Summary of the Pharmacokinetic Parameters of Serum T3 for Treatments A and B

Treatment A* Treatment B**

Pharmacokinetic Arithmetic | Arithmetic 90% Cl % Mean
Parameters Mean SD Mean SD Ratio
Cmax (nymL) 1.168 0.156 1.140 0.119 ———— —
Tmax (hr) 14.6 15.2 16.3 17.0 — e
AUC(0-t) (ng*hr/mL) 51.25 6.163 50.07 5.311 — —
In (Cmax) 0.1444 0.1289 0.1255 0.1034 96.8-103 4 100.0
In [AUC(0-1)] 3.930 0.1209 3.908 0.1059 97.7-103 8 100.7

* Treatment A =2 X 0.3mg Levoxyl Tablets: test
**Treatment B = 0.6mg Synthroid Reconstitute Oral Solution: reference

SAFETY RESULTS: _

A total of 18 treatment-emergent AEs were experienced by 11 (37%) of the 30
subjects dosed. Headache was the most common event, reported following both
treatments. The majority of the AEs were mild or moderate in severity, and no
serious adverse events occurred during the tral.

No clinically significant changes were observed regarding vital signs, physical
examination, or clinical laboratory evaluations for either treatment.

Conclusion: -
Comparison of total T4 and T3 pharmacokinetics following

administration of Levoxyl (Treatment A, test formulation) and
Synthroid (Treatment B, reference formulation) indicated that
the test formulation met the requirements for bioequivalence
with the reference formulation.

" The 90% confidence intervals for the comparisons of In(Cmax)

and In[AUC(0-t)] for T4 and T3 were within the 80% to 125%
range required for bioequivalence.

In regard to subject safety, both treatments appeared to be
equally safe and well tolerated.

2y
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SECTION 3
SUMMARY (CONTINUED)

Human Pharmacokinetics and Bioavailability Summary:

362 Summary of the Pharmacokinetic Study to Assess the Single Dose

Bioequivalence of Three Strengths of Levothyroxine (Levoxyl®) Tablets
(Refer 10 Section 6)

Study Objective: . ;

The objective of this study was to determine the dosage-form bioequivalence
between three different strengths of levothyroxine sodium (Levoxyl®) tablets
following a single 600 mcg dose.

Study Methodology::
Single-dose, randomized, open-label, three-way crossover design

Protocol Reference: .

Guidance for Industry: In Vivo Pharmacokinetics and Bioavailability Studies and In
Vitro Dissolution Testing for Levothyroxine Sodium Tablets (June 1999). This
protocol was submitted in IND —

Study Center and Investigator:

.

Study Period:
Date of first enrollment: Dgcember 3, 1999

Date of last completion: March 20, 2000

Number of Subjects:
A total of 28 subjects were enrolled in the study, and 24 subjects completed the study.

All 28 subjects were included in the safety analysis and 24 subjects who completed
the study were included in the pharmaﬂcokinetic analyses. :

Diagnosis and Main Criteria for Inclusion:
All subjects enrolled in this study were judged by the investigator to be healthy

volunteers who met all inclusion and exclusion criteria.

Test Product, Dose, Duration, Mode of Administration, and Batch Number:
Subjects randomized to Treatment A received a single oral dose of 12 X 50 mcg

levothyroxine sodium (Levoxyl®) tablets, Lot No. TT24. Subjects randomized to
Treatment B received 6 X 100 mcg levothyroxine sodium (Levoxyl®) tablets, Lot No.
TT25. Subjects.randomized to Treatment C received 2 X 300 mcg levothyroxine
sodium (Tevoxyl®) tablets, Lot No. TT26. Test products were manufactured by
JMI-Daniels, a subsidiary of Jones Pharma Incorporated.

AN

Reference Product, Dose, Duration. Mode of Administration, and Batch Number:
Not applicable

tpre,
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Human Pharmacokinetics and Bioavailability Summary (Continued):

362 Summary of the Pharmacokinetic Study to Assess the Single Dose
Bioequivalence of Three Strengths of Levothyroxine (Levoxyl®) Tablets

Criteria for Evaluation:

Pharmacokinetics: i ‘
Pharmacokinetic assessment consisted of the determination of total (bound + free) T4
and T3 concentrations in serum at specified time points following drug
administration. From the serum data, the parameters AUC(0-t), Cmax, and Tmax
were calculated. ’

Safety:

Safety assessment included monitoring of sitting vital signs, clinical laboratory
measurements, thyroid-stimulating hormone (TSH), physical examination,
electrocardiogram (ECG), and adverse events (AEs).

Statistical Methods:

Pharmacokinetics: :

Descniptive statistics (arithmetic mean, standard deviation (SD), coefficient of
variation (CV), standard error of the mean (SEM), sample size (N), minimum, and
maximum) were provided for all pharmacokinetic parameters. A parametric (normal-
theory) general linear model with treatment, period, sequence, and subject within
sequence as factors was applied to the In-transformed Cmax and AUC(0-t). The two
one-sided hypotheses were tested at the 5% level of significance for InfAUC(0-t)] and
In(Cmax) by constructing 90% confidence intervals for the ratios of Treatment A to
Treatment B, Treatment A to Treatment C, and Treatment B to Treatment C.

Safety:

Frequency counts of all subjects enrolled in the study, completing the study, and
discontinuing early were tabulated. Descriptive statistics were calculated for
continuous demographic variables, and frequency counts were tabulated for
categorical demographic variables for each gender and overall.

AEs were coded using the 5™ Edition of the COSTART dictionary. AEs were
summarized by the number and percentage of subjects experiencing each coded
event. A summary of the total number of each coded event and as a percentage of
total AEs was also provided. -

Laboratory summary tables included descriptive statistics for continuous serum
chemistry and hematology results at each time point. Out-of-range values were listed
by subjectfor each laboratory parameter.

Descriptive statistics for vital sign measurements at each time point and change from
baseline to each time point were calculated by treatment group.

Shifts from screening to poststudy results for physical examinations were tabulated.

‘e,
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SUMMARY (CONTINUED)

3.6 Human Pharmacokinetics and Bioavailability S‘ummary (Continued):

3.6.2 Summary of the Pharmacokinetic Study to Assess the Single Dose

Bioequivalence of Three Strengths of Levothyroxine (Levoxyl®) Tablets

PHARMACOKINETIC RESULTS - T4:

i The anithmetic means of serum T4 pharmacokanetic parameters for Treatments A and
B and the statistical comparison for the In-transformed parameters are summarized in
the following table.

Summary of the Pharmacokinetic Parameters of Serum T4 for Treatments A and B

Treatment A* Treatment B**
Pharmacokinetic Arithmetic Arithmetic 90% C1 % Mean
Parameters Mean SD Mean- SD Ratio
Cmax (ug/dL) 13.70 1.82 14.13 1.48 — —
Tmax (hr) 2.37 1.04 1.98 0.827 —— —_—
AUC(0-t) (ug*hr/dL) 509.0 58.36 528.3 72.41 —_— —_—
In (Cmax) 2.609 0.1378 2.643 0.1095 93.6-100.1 96.8 N
In JAUC(0-1)} 6.226 0.1200 6.261 0.1379 93.4-100.0 96.7 .
* Treatment A = 12 X 50 mcg Levoxy] Tablets E

**Treatment B = 6 X 100 mcg Levoxyl Tablets

Tpre,

The arithmetic means of serum T4 pharmacokinetic parameters for Treatments A and
C and the statistical comparison for the In-transformed parameters are summarized in
the following table.

Summary of the Pharmacokinetic Parameters of Serum T4 for Treatments A and C

Treatment A* Treatment C**
Pharmacokinetic Arithmetic Arithmetic 90% C1 % Mean
Parameters Mean SD Mean SD Ratio
Cmax@g/d],) 13.70 1.82 14.15 1.50 e —
Tmax (hr) 237 1.04 2.40 1.09 — —_—
AUC(0-t) (ug*hr/dL) 509.0 58.36 528.7 5§7.13 ——— —
In (Cmax) 2.609 0.1378 2.644 0.1085 93.6-100.1 96.8
In [AUC(0-1)] 6.226 0.1200 6.265 0.1089 93.1.99.7 96.4

* Treatment A = 12 X 50 mcg Levoxyl Tablets
“Tru!mem C=2 X.__‘lOOng Levoxyl Tablets

The arithmetic means of serum T4 pharmacokinetic parameters for Treatments B and
C and the statistical comparison for the In-transformed parameters are summarizedin

the following table.




SECTION 3
SUMMARY (CONTINUED)

3.6 Human Pharmacokinetics and Bioavailability Summary (Continued):

3.6.2

Summary of the Pharmacokinetic Study to Assess the Single Dose

Bioequivalence of Three Strengths of Levothyroxine (Levoxyl®) Tablets

PHARMACOKINETIC RESULTS - T4 (Continued):

Summary of the Pharmacokinetic Parameters of Serum T4 for Treatments B and C

Treatment B* Treatment C** .

Pharmacokinetic Arithmetic Arithmetic 90% C1 % Mean
Parameters Mean SD Mean SD Ratio
Cmax (ug/dL) 14.13 1.48 14.15 1.50 — —
Tmax (hr) 1.98 0.827 2.40 1.09 —— —
AUC(0-t) (ug*hr/dL) 5283 7241 528.7 57.13 — —
In (Cmax) 2.643 0.1095 2.644 0.1085 96.7-103 .4 100.0
In {AUC(0-0)} 6.261 0.1379 6.265 0.1089 96.4-103.1 997

* Treatment B = 6 X 100 mcg Levoxyl Tablets
**Treatment C = 2 X 300 mcg Levoxyl Tablets

PHARMACOKINETIC RESULTS - T3:

The anithmetic means of serum T3 pharmacokinetic parameters for Treatments A and.

B and the statistical comparison for the In-transformed parameters are summarized in
the following table.

Summary of the Pharmacokinetic Parameters of Serum T3 for Treatments A and B

Treatment A* Treatment B**

Pharmacokinetic Arithmetic Arithmetic 90% C1 % Mean
Parameters Mean SD Mean SD Ratio
Cmax (ng/mL) 1.173 0.138 1.142 0.133 — —
Tmax (hr) 12.9 19.0 12.1 16.) — ——
AUC(0-1) (ng*hr/mL) 4943 6.872 50.35 8.994 e ——
In (Cmax) 0.1523 0.1226 0.1264 0.1194 98.1-107.3 102.6
In [AUC(0-1)] 3.890 0.1538 3.905 0.1731 93.1-104.3 98.5

* Treatment A = 12 X 50 mcg Levoxyl Tablets
**Treatment B = 6 X 100 mcg Levoxyl Tablets
\ - -

The arithmetic means of serum T3 pharmacokinetic parameters for Treatments A and

C and the statistical comparison for the In-transformed parameters are summarized in
the following table.

Tpe,
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3.6 Human Pharmacokinetics and Bioavailability Summary (Continued):

362

Summary of the Pharmacokinetic Study to Assess the Single Dose

Bioequivalence of Three Strengths of Levothyroxine (choxyl°) Tablets

PHARMACOKINETIC RESULTS - T3 (Continued):

Summary of the Pharmacokinetic Parameters of Serum T3 for Treatments A and C

Treatment A* Treatment C**

Pharmacokinetic Arithmetic Arithmetic 90% Cl % Mean
Parameters Mean SD Mean SD Ratio
Cmax (ng/mL) 1.173 0.138 1.167 0.169 e ———
Tmax (hr) 12.9 19.0 11.5 16.4 — ——
AUC(0-1) (ng*hr/mL) 4943 6.872 49.36 7.680 —— —
In (Cmax) 0.1523 0.1226 0.1437 0.1491 96.3-105.4 100.7
In [AUC(0-)] 3.890 0.1538 3.886 0.1705 94.7-106.2 1003

* Treatment A = 12 X 50 mcg Levoxyl Tablets
**Treatment C = 2 X 300 mcg Levoxyl Tablets

The arithmetic means of serum T3 pharmacokinetic parameters for Treatments B and .

C and the statistical comparison for the In-transformed parameters are summarized in
the following table.

Summary of the Pharmacokinetic Parameters of Serum T3 for Treatments B and C

Treatment B* Treatment C**
Pharmacokinetic Arithmetic Arithmetic : 90% C1 % Mean
Parameters Mean SD Mean SD  Ratio
Cmax (ng/mlL) 1.142 0.133 1.167 0.169 — —
Tmax (hr) 12.1 16.1 11.5 16.4 — —_—
AUC(0-t) (ng*hr/mL) 50.35 8.994 49.36 7.680 —— —
In (Cmax) 0.1264 0.1194 0.1437 0.1491 93.9-102.7 08.2
In [AUC(0-1)} 3.905 0.1731 3.886 0.1705 96.2-107.8 101 .8

¢ Treatment B = 6 X 100 mcg Levoxyl Tablets
**Treatment C =2 X 300 mcg Levoxyl Tablets

SAFETY RESULTS:
There was a total of 59 treatment-emergent AEs reported by 15 (54%) of the 28

 subjects desed with study treatment. Incidence of AEs was similar across treatments.

Headache was the most frequently reported event. The majority of the AEs were
mild in intensity. There was one subject who experienced a serious adverse event of

chest pain, considered by the Investigator to be unrelated to treatment.

No trends were noted in vital signs, clinical laboratory results, or ECGs to suggest
treatment-related differences.

Ty,




SECTION 3
SUMMARY (CONTINUED)

3.6 Human Pharmacokinetics and Bioavailability Summary (Continued):

362 Summary of the Pharmacokinetic Study to Assess the Single Dose
: Bioequivalence of Three Strengths of Levothyroxine (Levoxyl®) Tablets

Conclusmn° -

Comparison of total T4 and T3 pharmacokmetxcs followmg
administration of 12 X 50 mcg Levoxyl® tablets (Treatment A)
and 6 X 100 mcg Levoxyl® tablets (Treatment B) indicated that
the two formulations met the requirements for bioequivalence.
The 90% confidence intervals for the comparisons of In(Cmax)
and In[AUC(0-t)] for T4 and T3 were within the 80% to 125%
range required for bioequivalence.

Comparison of total T4 and T3 pharmacokinetics following
administration of 12 X 50 mcg Levoxyl® tablets (Treatment A)
and 2 X 300 mcg Levoxyl® tablets (Treatment C) indicated that
the two formulations met the requirements for bioequivalence.
The 90% confidence intervals for the comparisons of In(Cmax)

and In[AUC(0-t)] for T4 and T3 were within the 80% to 125%
range required for bioequivalence.

Comparison of total T4 and T3 pharmacokinetics following
administration of 6 X 100 mcg Levoxyl® tablets (Treatment B)

and 2 X 300 mcg Levoxyl® tablets (Treatment C) indicated that

the two formulations met the requirements for bioequivalence.
The 90% confidence intervals for the comparisons of In(Cmax)
and In[AUC(0-t)] for T4 and T3 were within the 80% to 125%
range required for bioequivalence.

The test formulations appear to be safe and generally well
tolerated when given to healthy adult volunteers.
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SUMMARY (CONTINUED)

Human Pharmacokinetics and Bioavailability Summary (Continued):

3.63 Summary of the In-Vitro Bioavailability Study (Refer to Sections 4.2.11 and 6)

Study Obijective:
To determine the multi-point dissolution profiles for all levothyroxine sodium' tablet
strengths to be marketed.

Study Scope:
The intent is to demonstrate that the multi-point dissolution profiles are similar across

tablet strengths.

Protocol Reference:
Guidance for Industry: In Vivo Pharmacokinetics and Bioavailability Studies and In

Vitro Dissolution Testing for Levothyroxine Sodium Tablets (June 1999). This
protocol was submitted in IND

Analytical Method and Method Reference:
——— (Refer to Sections 4.2.11 and 6 — Attachment 1)

USP 24 Supplement 1 page 2638 F

Protocol:
Perform multi-point dissolution testing using the following criteria and method

tpre,

e Include all 10 be marketed lévothyroxinc sodium tablet strengths: 25, 50, 75, 88,
100, 112, 125, 137, 150, 175, 200 and 300 mcg tablets.

The-batches used in the Clinical Trials (TT24, TT25, TT26) will be included.
The batch size will be 1/10" scale or tablets per batch.

The number of batches tested per strength will be 3.

The number of tablets tested for each dissolution will be 12.

The time points tested will be 1, 2.5, 5, 7.5 and 10 minutes.

Results:

The following data presents the mean result for each of the tablet strengths of
Levoxyl tested. Each point is the mean of three dissolutions, testing 12 tablets per
dissolution or n=36. The mean data is presented in table form followed by a graph.
The data is presented as percent of label claim dissoluted vs dissolution time.

The individual values for each strength and each batch of Levoxyl tested are
presented in Sections'4.2.11 and 6 — Attachment 2.

Conclusions:

The results of this study demonstrate that the multi-point
dissolution profiles for Levoxyl tablets are similar across tablet
strengths. ‘
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3.6.3

Results of the In-Vitro Bioavailability Study
Comparative Dissolution Data of all Strengths of Levoxyl Tablets

SECTION 3

SUMMARY (CONTINUED) |
3.6 Human Pharmacokinetics and Bioavailability Summary (Continued):

Summary of the In-Vitro Bioavailability Study (Continued)

0 minutes 1 minute 2.5 minute S minutes 7.5 minutes 10 minutes
25 mcg 0.0% 84.9% 83.7% 90.9% 88.6% 84.7%
50 mcg 0.0% 82.8% 92.7% 91.8% 87.8% 84.4%
75 mcg 0.0% 78.9% 93.6% 92.2% 88.3% 84.7%
88 mcg 0.0% 79.8% 95.6% 94.1% 90.5% 86.9%
100 mcg 0.0% 85.4% 94.8% 94.5% 90.7% 86.5%
112 mcg 0.0% 75.5% 91.1% 90.7% 87.0% 82.9%
125 mcg 0.0% 75.0% 96.5% 95.5% 91.7% 87.8%
137 mcg 0.0% 79.9% 93.9% 93.2% 89.4% 85.7%
150 mcg 0.0% 75.6% 91.9% 91.4% 88.7% 84.6%
175 mcg 0.0% 84.2% 95.7% 93.5% 80.3% 85.5%
200 mcg 0.0% 76.5% 94.9% 94.6% 91.0% 87.6%
300 mcg 0.0% 74.5% 92.1% 91.4% 87.9% 84.0%

Comparative Dissolution Profiles of all Strengths of Levoxyl Tablets
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Dissolution Profile (USP24) - NDA 21-301 - Jones Pharma, Inc.

100
— !
\‘ ‘.
80 {- —
60 —]
?
2
i
&
40 -
20! -
; S
04 ——————
00 10 25 50 75 100 125 150 175 200 225 250 275 30.0 325 350 375 40.0” 425 450
Time (minutes)
e
) '~ / .“/’




