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

Four Industrial Way West
Eatontown, NJ 07724-2274

Dear Mr. Karlan:

Please refer to your April 26, 1988 new drug application (NDA) submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for ProAmatine (midodrine HCI) 2.5 and
5 mg Tablets.

We acknowledge recelipt of your amendments and correspondence dated June 10, 14, 19 and 26,
July 5, 8 and 15 and August 6, 13, 15 and 23 (two), 1986.

The new drug application provides for the use of ProAmatine for the treatment of symptomatic
orthostatic hypotension (OH). The indication is based on ProAmatine's effect on increases in
1-minute standing systolic blood pressure, a surrogate marker considered likely to correspond
to a clinical benefit. At present, clinical benefits of ProAmatine, principally improved ability
to perform life activities, have not been established.

We have completed the review of this application including the submitted draft labeling,
according to the regulations for accelerated approval, and have concluded thut adequate
information has been presented to approve ProAmatine (midodrine HCI) 2.5 and § mg Tablets
for use as recommended In the enclosed marked-up draft. Accordingly, the application is
approved under 21 CFR 314.520. Approval is effective on the date of this letter. Matketing of
this drug product and related activities are to be in accordance with the substance and
procedures of the referenced accelerated anproval regulations. In particular, we remind you
that all promotional materials must be submitted at least 30 days prior to the intended time of
initial dissemination of the labeling or the initial publication of the advertisement. Please
submit one copy to NDA 18-815 and a sacond copy directly to the Division of Drug Marketing,
Advertising, and Communications. Such submissions should be prominenily labeled
“Accelerated Approval Materials.”

We remind you of your Phass 4 commitments specified in your submissions dated May 20 and
August 15, 1998. These commitments, along with any completion dates agreed upon, aro listed
below.

As described under 21 CFR 314,570, approval under this section requires that you
study the drug further to verify and describe its clinical benefit. The studies required to
confirm the clinical benefit of midodrine were discussed at the July 18, 1996 meeting
with the Agency. Draft protocois for the Phase 4 trials provided in your

( August 156, 1993 submission are currently under review. Our recommendations for the
proposed studies will be provided under separate cover. Upon receipt of these
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recommendations, the studies should be carried out with due diligence. The projected
time for completion of these trials was estimated, at the July 18 meetirg, to be 3 to
4 years, depending on rate of enroliment.

Protocols, data, and final reports should be submitted to your IND for this product with a copy
of the cover letter submitted to this NDA. For administrative purposes, all submissions,
including labeling supplements, relating to these Phase 4 commitments must be clearly
designated “Phase 4 Commitments.”

If these studies do not provide verification of clinical benefit to conclude that the drug is safe and
efiective for an Intended use, you will comply with the accelerated approval withdrawal
procedures described in 21 CFR 314.530. Additional studies, including treatment IND
protocols, could proceed after such a withdrawal if the data supported continued trials.

The final printed labeling (FPL) must be identical to the enclosed marked-up draft. Marketing
the product with FPL that is not identical to this draft labaling may render the product
misbranded and an unapproved new drug.

Please submit sixteen copies of the FPL as soon as It is available, in no case more than 30 days
after it is printed. Please individually mount ten of the coples on heavy weight paper or similar
material. For administrative purposes this submission should be designated “FINAL PRINTED
LABELING" for approved NDA 19-815. Approval of this submission by FDA is not required
before the labeling is used.

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

Please submit one market package-of the drug when it is available.

We remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314.80 and 314.81,

If you have any questions, please contact:
Mr. Gary Buehler
Regulatory Health Project Manager
(301) 594-5332

Sincerely yours,

Robert Temple, M.D.

Director

Nffice of Drug Evaluation |

Center for Drug Evaluation and Research

Enclosure



APPLICATION SUMMARY
NDA 19-815 Proamatine (Midodrine HCI) 2.5 and 5 mg Tablets

Roberts Pharmaceutical Corporation
Meridian Center 11|

6 Industrial Way Waest

Eatontown, NJ 07724

Date of Submission: April 26, 1988

Not-Approvable Letters: October 22, 1993
July 31, 1991
February 13, 1990

Approvable Letter: June 6, 1996

Date of Major Amendment.  Septembar 25, 1995
Due Date: March 23, 1996

BACKGROUND

Upon receipt of the Febriary 13, 1990 not approvable letter, Roberts requested that they be
considered for apprcval under subpart H, approval based on a surrogate endpcint. Because of
midodrine’s effect on blood pressure, the decision was made to consider approval under

subpart H. The Division met with Roberts to review their data supporting the use of increase in
standing blood pressure as a surrogate for clinical benefit and decided that approval based on
this surrogate could be considered. An approvable letter issued on June 6, 1996.

Please refer to previous CSO overview for further background on this application.
MEDICAL - Dr. Gordon

Dr. Gordon has done a comprehensive review of the latest 3 studies (201, 320 and 318)
submitted by Roberts. While she found that all showed a statistically significant effect on
raising blood pressure, the eftect on symptoms was not impressive and only one trial (318)
even looked at standing time. She was also troubled by the incidence of adverse evarits,
specifically the high incidence of hypertension seen, and the fact that 5 times as many patients
in the midodrine group dropped out of study 320 compared to the placebo group.

DS! Audiis

Three audits were recently done on the 320 study (Low Giiden and Freeman). All found the
conduct of the study centers acceptable

STATISTICS - Dr. Mahjoob



The efticacy of midodrine was measured by elevation of standing systolic blood pressure and
improvement cf major symptoins. Dr. Mahjoob concluded that midedrine therapy substantially
elevated the standing systolic blood pressure from pre-dose to 1-hour post dose, but study 320
does not provide a full characterization with respect to the risk/benelit of the therapy for a 24
hour duration. He stated that the trials showed that midodrine showed significant superiority
over placebo in improving the dizziness/ lightheadedness/unsteadinass (DLU) symptoms with
respect to placebo.

BIOPHARMACEUYICS . Dr. Borga
Aithough he identified many deficiencies in the trials submitted by the tirm, Dr. Borga tound the
application basically approvable provided that certain changes in labeling be made and that the
firm commit to doing a phase IV study of the mechanisms of renal elimination and potential for
drug-druy interaction for desglymidodrine.
CHEMISTRY - Dr. Mittal
Deficiencies listed in review #7 were related to Methods Validation and Dr. Wolters askod that
they not be included in the decision letter. The firm has received these deficiencies, but they
were informed that they will not affect approval.
Chemistry review #8 found the application approvable.

Establishment Inspection
An acceptable establishment inspection was issued on May 16, 1996,

Environmental Assessment
A satisfactory environmental assessment was submitted. A FONSI was prepared.
PHARMACOLOGY - Dr. Link et ail
Initial pharmacology submission was reviewed by Dr. Lathers. She found the application
approvable, except that she stated that if the indication was expanded to patients with less
serious disease (non-Shy-Drager patients), they should have carcinogenicity studies.

Carcinogenicity studies were submitted and reviewed by Dr. Link.

Dr. Lipicky did not believe that the further animal studies recommended by Dr. link need be
performed.

Statigtical Review of Carcinogenicity Studies - Dr. Cui
Review was completed by Dr. Cui. He deferred evaluation of ine iesuits to the revieving
pharmacologist. Dr. Link stated that the studies met minimal regulat--y requiremaents; results

were not significant.

SUMMAR'?



We have met with the firm to discuss their labeling, protocols and promotional material. There
has been agreement on draft labsling. It is ready to send with an approval letter. Protocols for
phase 4 trials have been submitted and are being reviewed. Promotional material has been
submitted to DDMAC. An approval on draft labeling lettar has been preparad for Dr. Temple's
signature.

Gary Buehler
Orig NDA
HFD-110
HFD-110 GBuehler
HFD-110 SBenton
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Roberts Pharmaceutical Corporation
Attention: Mr. Drew Kailan
Meridiarn Center |l

6 Industrial Way West

Eatontown, NJ 07724

Dear Mr. Karlan:

Please refer to your April 26, 1988 new drug application submitted under section 505(b) of
the Federal Food, Drug, and Cosmetic Act for Proamatine (midodrine HCI) 2.5 and 5 mg Tablets.

We acknowledge receipt of your correspondence and amendments dated March 12, 14, 18, 22,
and 29, April 11, and 25, and May 13, 15, and 20, 1996.

As provided under 21 CFR 314.102(d), a meeting was held on May 22, 1996 between
representatives of your firm and the Agency. Based upon discussions at that meeting, | have
reconsidered the approvability of this application and have determined that it is approvable
under 21 CFR Subpart H - Accelerated approval of new drugs for serious or life-threatening
ilinesses, specifically under 29 CFR 314,610 - Aporoval based on a surrogate endpoint or on
an oftect on a clinical endpoint other than survival or irreversible morbidity. Before
Proamatine can be approved, howaver, the following additional information is needed:

1. Labeling: Piease submit draft labeling revised to state clearly that the approvail
of this new drug is based on its effect on a surrogate endpoint, one-minute
standing blood pressure, and that additional trials are underway to verify and
describe the clinical benefits of midodrine. The labeling should include
descriptions of the completed trials and endpoints used as suirogates upon which
the approval is based. The labeling must be candid about what has not been
established with respact to the clinical manifestations associated with orthostatic
hypotension in the indicated population as well as the potential risk of supine and
sitting blood pressure elevation.

Accelerated approval applies only to products that are used ‘o treat serious or
life-threatening ilinesses. The patient population for which this drug should be
indicated should therefore be identified as those whose lives are considerably
impaired, even after optimal clinical care; i.e., people who have not responded
adequately to nonpharmacologic treatment (life-style alterations) and fluid
expansion. :
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2. Promotional Materials: As required by 21 CFR 314.550, you should submit for
conslderation during the preapproval review period, three coples of all
promotional materlals, including promotional labaling as well as advertisements,
intended for dissemination or publication within 120 days following marketing
approval. All proposed materials should be submitted in draft or mock-up form,
not final print. Please submit one copy to the Division of Cardio-Renal Drug
Products and two coples of both the promotional matarial and the package insert
directly tc: '

Food and Drug Administration

Division of Drug Marketing, Advertising and Communications, HFD-240
5600 Fishers Lane

Rockville, Maryland 20857

After 120 days following marketing approval you must submit promotional
materials at least 30 days prior to the intended time of Initial dissemination of
the labeling or initial pubiication of the advertisement.

3. Protacol(s): Please submit protocol{s) that will be carried out with due
diligence after approval to verify and describe the clinical benefit of midodrine
(see below). Please include a propoced schedule for initiation and completion of
the trial(s) and for submission of the completed study report(s).

Protocol Design

As we explained in our March 22, 1896 not-approval letter, we have concluded
that midodrine has a clear pressor effect in both the supine and standing position
for 7 hours when administered q3h and for 1 hour after the first (or second)
dose of the day when given for up to 3 weeks at 10 mg t.i.d. in an asymmetric
regimen. Under an accelerated approval, additional trial(s) will be needed to
show the clinical benefit in the treatment of oithostatic hypotension and define
the time course of that benefit. In conducting these trials it Is critical to
consider the lessons of previous efforts. Please refer to the March 22, 1996
iotter for details of our conclusions on previously conducted trials. We believe it
will be very important for us to meet with you and your consuitants to discuss
the design of the additional trials.

There are several approaches to consider in seeking evidence of clinical benefit.
The principal goals of the trial(s) are to show that midodrine provides a clinical
benefit and to develop information that will aliow the drug to be used with greater
safety and effectiveness. Certain design considerations are applicable to all of the
trlals we suggest below.
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All trials should be randomized, double-blind, placebc-controlied,
parallal-group design studies with primary endpoint(s) identified clearly in the
protocol. The principal protocol-stated analysis should be one that uses data from
all patients given drug. [t should be clear how patients not completing the study
will be handled.

The following are our proposals for the trials that may be used to generate the
necessary information; it may be possible to combine or “nest” some of these:

The most critical trial is one to establish that the recommended dosage of
Proamatine has clinical benefit in a defined population. We belleve tha
best, and most efficient, way to do this Is to identify patients who are
known midodrine responders and who can tolerate the side atfects of
midodrine and study them using a randomized withdrawal design. Patients
should be identifiad on the basis of a morning blood pressure response,
possibly a morning standing time response, and one important activity
that the patient perceives as significantly improved by midodrine. The
activity would be detined for each patient but described on a common scale
(e.g., 10 cm VAS). At the start of the trial, all patients would receive
midodrine (for a minimum amount of time, such as 2 weeks) at a defined
dose (e.g., t.id. with at least 3 hours batween doses). They would then be
randomized to continued midodrine or placebo for a defined period (e.g.,

3 weeks). Patients would be encouraged to remaln in the trial but could
terminate prematurely as fallures for well-defined reasons (e.g., defined
deterioration in ability to perform the Important activity), or for other
reasons. It would be critical to determine those reasons. Midodrine and
placebo would be compared for efferts on the critical activity and abllity
of patients to complete the trial. Blood pressure effects would be
measurad but would not be the primary cndpoints of this trial.

The protocol should clearly define the questions that are to be asked
during the patient evaluations, Including the words used and the order In
which they will be asked. Blood pressure measurements should be taken
after the patients have answered the questions, and the person who
recuirds the blood pressure and collects side effects information should be
different from the one who evaluates the clinical response. Each should be
blind to the results obtained by the other and both recorders and patients
should be blind to previously reported ratings. Patients could be asked to
rate themselves periodically during a single day of treatment (e.g., the
day before a clinic visit). In addition, it might be informative to have
patients maintain diaries or record their scores fraquently between
visits.
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Nalve Patlent_Yrial:

To gain a realistic assassment of risks and benefits of midodrine In an
unselected population, study of a naive population would be usatul.
Patients on standard therapy for orthostatic hypotension, including
nonpharmacologic management and fluid expansion, who remain
symptomatic and have never taken midodrine, would bs randomized to
either placebo, a standard regimen of midodrine (10 mg t.l.d., at least

3 hours apart, with the last dose given by 6:00 p.m.), or a titrated
regimen of midodrine (perhaps starting at 2.5 mg t.i.d. and increased to
10 mg t.l.d. or q.l.d. over 3 weeks). The titrated arm would allow one to
know whether titration to a dose leads to fewer side effects than starting
immediately on that dose. The primary efficacy endpoint, as in the
randomized withdrawal trial, should be a daily life activity, but standing
time measured over the course of the day would also be a reasonable
endpoint. This trial should also measure one- and 3-minute standing
blood pressuras over the course of the study at intervals (e.g., weekly).

A High-Dose Study:

The effect on blood pressure of 20 mg Is clearly greater than 10 mg.
Unleas there is good reason not to, doses higher than 10 mg shoulkd be
explored. A trial could be performed in patients who have failed to
respond adequately to standard doses of midodrine (10 mg t.1.d.); these
patients would be randomized to greatar and/or more frequant doses of
midodrine or placebo. One possitle design would be to randomize one
group to placebo, one to 20 mg t.1.d., one to a regimen of 20 mg as the
first dose of the day, followed by doses of 10 mg, and one group to

15 mg t.i.d. Again, endpoints should incilude an important life activity,
one- and 3-minute standing blood pressure, and possibly standing time.

The following points should be considered in deciding on the design of the trial(s):

1. Standing time, in contrast to standing systolic birod pressure, is a
clinically meaningful endpoint. When studied, standing time should
be assessed over the course 0! a day (at least over the waking
hours), and the effect of the Initial cally dose assessed over time
(e.g.. weekly) with continuous dosing. These measuroments might
he performed in a well defined subgroup of any of the proposed
trials.

2. increases in supine and sitting blood pressure are substantial and
' are worrisome. it would be worthwhile to explore the effect of
mildodrine on blood pressure over a 24-hour time period (at
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baseline and then after chronic dosing) using an automated device,
at laast in a subsaet of the treated population. This device, which
can evaluate hlood pressure under “dally living" conditions, has
been used successfully In many studies evaluating
antihypertensive agents.

Within 10 days after the date of this letter, you are required to amend the application, notlly us
of your intent to file an amendment, or follow one of your other options under 21 CFR 314.110.
in the absence of such action FDA may take action to withdraw the application.

The drug may not be legally marketed until you have baen notified In writing that the appiication
is approved.

Should you have any questions, please contact:

Mr. (Gary Buehler
Regulatory Health Project Manager
Telephone: (301) 594-5332

Sincerely yours,

Robert Temple, M.D.

Director

Office of Drug Evaluation |

Center for Drug Evaluation and Besearch
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study after randomization. This I=ft 19 fentanyl and 17 placebo patients
in the study.

The subjects were typical for the predommuantly male VA patient
population, with a mean sge ot G2 vears, wejpht of 80-83 kg, and ASA
rass 1T As'n group. this pnnuhlxon has a }ughex degree of alcohol and
drug use and ciesthetdc and andgesic foleranee than other sub-samples
of the population, and this would be expected to reduce the dificrence
between the fentanyl and placebo group by altering the
pharmacodynaozzics of fentanyt.

As the system was applicd pre-operatively, an "intent-to-treat" analysis
should include all patients, but the 3 subjects in the fentanyl group wiw
were withdrawn all had non drug related protocel changes or surgical
cancellations. The same was true of the 3 per1 operative placebo
withdrawals. In consequence, the most unhiased method of handling the
patients who had systems hufr 10 .n.mjzzmy is not tc extrapolate their
values, the method used by the spuilsui.

The same cannot be said for ‘fl*ura 1 plaocbo patient who was removed for
respiratory depresseoa a2 placebe patients who dropped out for
inadeqate analgesia as weli. No m*edictable bias was Ukely 10 nave been
introduced by tiese withaivals, but they do degrade the power of the

trial.
Besuite and Analysis

Fo eyt L : Coot o A the q(-‘r\o"nngn\’i*ng 'pagec‘,, As may be

Taie resadin o U ot x-', - .
seen f"Ou' Jw }'A'_}'_ m m P LJL-; use, he use L‘. rescue memcat]' 0 in ine

fae-n

hotrs of {he trnl and whne the use of morphme was zuway fess mlice d(;li\"ti
by%tem g,roup this dtfierence was o 1oVRT signiricant. While a sigmificant
diifterence favaring the TTS sysrenn was seen in 0-24 hour global pain ratings,
hourly pd.il" ratings and observer r mnub did not differ to any appreciable

exnLenl.
"E&Iﬁi '

Review of the pattern of side offects reported in the study shows no
obvious pattem other than a higoer incidence of winary retention (5
ientanyl vrs 2 placebo) and of wudety (2 fentanyl vrs O placebo).

There were thoee patients {n the »hudy who had episodes of serious
respiratory depression :

SN 170, a fentanyl patient. had an episode of apnea after extubation in
the PAR {fentanyl level 1.85) and required naloxuie.

SCN 125, placebo, had hypercarbia after pulmonary lobectomy and
recewing 18 mg morphiuc.

SCN 130, fentanyl, had an episode of h"p opnea af after recetving 50 mg
mnhpnhrrirammﬂ IV for hives {fentan;: level 0.61).



None of these episodes appearad relted to TTS fentanyl overdosage, but
did seem related to the residua of anethesia, use of narcotic analgesics
or the combinauon ol nawsiics wids sedatives

Topical effects from the svstcul were as expected. Both fentanvl andd
plicebe sydter patients had mild envthema lasting 24 hours post system
renioval, while one patient had mild irritant dermatitis with pustules
lasting over 24 hwours.

Pharmacologic Performance

There was considetable variaton mn peak blood tevel, Tmax. and 24 hour
dose in this study. Pxewinarinn of the group mean reveaied that it
'equired about 4-8 hours tor the paucuts to reach analgesle blood levels
of fentanyl even with the Yolus dnge, and the peak level was not reached

until 2 hburs after the system was removed at 24 hours (thowr 26).

Case reports for wo vy e indivy hacd= with the lowest blood levels and
two with the highest blood levels were re\dewed to exanuue e
pharmacokinetic exceptiens. Sabjecis 1153 & 127 had low biood levels of
entanyl and were fornid 1o be males who we 1phed 108.9 and 104.\5 kilos
-“spectivelv who weie ‘mvmg a total knee repair (3.5 hr) and
cnolecyaicctora ' 5 i resnecttvely, Oa mq 122 & 174 (who had high

blood levels) were aisc male, Y0 & 8 pccaivm) awd paving 4 low
anterior resecticn {4 & hrd cad o _".n:v:t rcd fvuon 5.5 hr). No satisfactory

explanction [ o fhe mﬁr enees olier than e 20 % welglu didfeiciee and
its probabic 1C.atons ugs t. e ace oo 2l he discernied.

Heviewer's Evaluauion

The investigator failed to show any difference between ITS 199 .ol
placebu on any oi e ajur outr st arinhies {0 the study. Although
TTS 100 fentan-t «ticd consistently outperform placebo in both
supplemental mnrplmu: requiternnends and pain Intensity scoree the
difference oo "2 magnitmide such as to reach statistical
significance given the power oi tiic »tudy. Tho safety Hindings are
consistent with tiw clicacs cutcome, and both seem to reflect the lack of
sufficientlv high Hood I Gi fentan 1wl to produce eidier m-aw'“*-‘_;ifa o
adverse eliects. T ety of gupreer © overall pain relief in the 0-24 hour

ratings is not sufficientiy ro’mm to be‘ aocepted owing-to the nmuiupichy
of secondary variables.

T

Concliision
This study gives useful informauo about the kinetfes of b dui, 7
rOVldeb NO Ioia v -L_,’d_xhﬂ;, eil }1(“1 al RYLRIQESZ‘C Cﬁect or 1aC1{ Ot
toxicity in analgesic doses,
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REQUEST FOR TRADEMARK REVIEW

TO Labeling and Nomenclature Committes
Attantion: Ms. Yana Mille, Chair, (HPD-609) MPN II
FROM: Divisicn of Cardlo-Renal Drug Products HPD= 119
Attention: _&sry Ruahlex 7 Phons 4-5332 .
DATE) 10719794

SUBJECT: Request for Asssesmant of a Trademark for a Proposed
Drug Produoct

Proposed Trademark: __Progpatina NDA/ANDAS _ 19-B18 o

Company Nana: ber A

Established name, including dosage form: _midedzine N .Sablate .. . .

Other tradenmarks
Sutron (suropes)

tha same firm for companion products:

Indications for Use (may be a sumsary if proposed statemant is

lmvﬂw) : .___mw — eem——

Initial comments fron the submitter: (concerns, observations,
ete.)

——0A0r 50 CONPULE #38 for pravisus discuasion

NOTE: Meetings of the Committea are scheduled for the
Ath Tuesday of ths month. Please submit this fornm
at least one week ahead of the meating. Responses
will be as timely as possible.

Rev Oct. 913
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REQUEST FOR TRADEMARK RELVIEW

TO: Labeling and Nomenclature Committee
Attention: Mr. Kent Johnson, Chair, (HFD-600) MPN II

FROM: Division of Cardio-Renal Drug Products ypp- 110
Attention: Rotert Wolters — _ _Phona; 443-031.
DATE; May 20, 1991

SUBJECT: Request for Assessment of a Tradamark for a Proposed
Drug Product

Proposed Trademark: Amatine NDA/ANDA # 119-81%

*

Established name, including dosage form: Midadrine Hydrachloride
LA & o mg tablets

Other trademarks by the same firm for companion products:

Indications for Use (may be a ;uinmary if proposed statemsnt is
lengthy): near 1ist for i hypotension

Initial comments from the submittaer: (concerns, observations,
etc.)

NOTE: Meetings of the Committee are scheduled for the
. 4th Tuesday of ths month. Please submit this forna
at least one week ahead of the meating. Responses
will be as timely as possible,

Rev Dec. 1990

L4
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Consult #58 (HFD~110)

Amatine Midodrine Hydrochloride Tablets

A review revealed two names which look or sound like the proposed
name. The first, Emetine, an antiameblc, is an injection, not
widely used, and is not thought to present a significant problem.
However, the second conflicting name, Amantadine, is that of a

well-recognized and widely used product which is frequently
prescribed by established name.

The Committee finds the proposed name unacceptable since it is
clearly misleading as described in 21 CFR 201.10(c) (5).

CDER Labeling and Nomenclature Committee

\ \
hsgf:§}7rjjﬁsffa¥ﬁﬁﬁq 23U

~ ., Chair
N

e ot . o o



Consult #3662 (HFD-110)

PROAMATINE Midodrine Hydrochloride
Tablets

A review revealed several names which sound or look 1like the
proposed name: Primatine, Persantine, and Pro-Banthine. However,
the Committee does not believe any of these names are likely to be
confused with the proposed name.

The Committee has no reason to find the proposed name unacceptable.

Zﬁé ,Chair

eling and Nomenclature Committee

COMPLETED

//7/4?
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW

MDA No. 19-818
Submission Dates: 12/28/87, 05-14-93, 9-21-94, 9-22-98, 10~-05-9S,
12-37-98%, 12-29~9%, 01-04~96
Generic Mame: Midodrine HCl
Brand Mame: ProAmatine ,
FYormulation: Tablets 2.5 and 5 mg.
Sponsor: Roberts Laboratories Inc., Eatontown NJ 07724
TYpe of Subaission: New Drug Application Btatus: 1P
Reviewer: 0. Borga, Ph.D.
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Background: Midodrine HCl is the racamate of a chiral
sympathonimatic agonist that binds to receptors of the arterial
and venous vasculature, leading to an increase in vascular tone
and elevation of blood pressurs. While it has been shown to have
in vitro activity of its own, it appears clear that the main
active moiety is the metabolite desglymidodrine, which has an in
vitro activity 15 times that of the parernt compound.
Desglymidodrine is formed by enzymatic hy'\rolysis of the
glycineanide bond of midodrine. Midodrine is currently marketed
in Europe under various brand names, its main indication being
the treatment of orthostatic hypotension associated with
autonomic failure. An effective treatment ir still lacking for
this indication. Midodrine has the status of an orphan drug.

Drug Substance: Midodrine is a mixture of two enantiomers. It has
weak basic properties, the pK, being 7.8. The hydrochloride has a
solubility in water of 93 mg/mL. The solubility is 78 mg/mlL at pH
1.0 (0.1N HCl) and 98 mg/mL at pH 7.3. Thus the solubility is
high and gquite independent of pH. The distribution coefficient
between octanol and water is low, 0.019.

OCH,
CHOH-CH 5

NH * OC » CHyNH, * HCI

OCH,

Drug Formulation: The tablets are immediate-release tablets of
strengths 2.5 and 5 mg. The maximum daily dose is 30 mg. The
quantitative composition of the formulations is presented in
Table 1. Full-scale production batches have been used throughout
the clinical and biopharmaceutical programs. Tablets have been
supplied by Hafslund Nycomed Pharma, Norway, that manufactures
and sells the product world-wide under the name of Alphamine,
Amatine, Gutron, Hipertan, Metligine, and Midamine.
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Table 1. Composition of Pro-Amatine (midodrine HCl) 2.5-mg and 5-
mg tablets.

Strength 2.s-n2 Tablat 5-m2 Tablet
Midodrine HC1l 2.8 " 5.0 7
Magnesium Stearate

Talc

Colloidal S8ilicon Dioxide
Microcrystalline Cellulose
Corn Starch

FD&C Yellow 6 Lake

Total w.ight

®*) Corresponding to the actual content of midodrine HCl, from 98%
to 102%, e.¢g. for 5-mg tablet: 4.9-5.1 myg.

**) In dependence of the actual content of active substance:
86¢.1-79.9 mg
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Contents of Previous and Present Subaissions: The 12/28/87
submission contained 6 studies and was reviewed by Dr J.B.
Jenkins, who found this submission grossly deficient and
unreviswable. Study 058-133b (only mentioned deficiency:
chromatograms were not supplied) was one posasible exception. I
have reviewed this study; see Study 4. The 05/14/93 amendment
contained one study that was reviewed by Dr R.S. Pradhan, who
concluded that the study contained several unexplained findings.
The Sponsor has iater volunteered information that the assay used
in that study was not measuring desglymidodrine as intended. The
09/21/94 amendme:;: was not reviewed at the time, but rather the
Sponsor was inf--med what information would still be neaded
before a review of the Biopharmaceutics part of the svbmigsion
could be undertaken.

The present submissions (from 1995-96) contains one pilot study
(Study 3) of the kinetics of the (+) and (-) isomers of midodrine
and desglymidodrine after administration of the racemate. It also
contains the response to the letter of 5/23/95 from FDA in which
the outstanding biopharmaceutics issues were brought to the
Sponsor’s attention. The response addresses these issues, and
refers to data excerpted from the previous submissions as well as
data compiled from sources within the company and from the
literature. Among missing information in the previous submissions
was validation data for the biocanalytical procedures (e.g.
chromatograms for Study 4)., which is now being presented. The
new information is presented in 6 volumes as follows:

Volume 1

Physical/Chemical properties of the drug
Proposed Package Insert (PI)

References to PI (1-6)

Volumes 2 and 3
References to PI (7-36)

Volume 4

Raferences to PI (37-41)

Summary of ADME & pharmacokinetic (PK) properties
Validation of biocanalytical methods

Dosage formulation information

In vitro drug dissolution

Metabolic pathways

Volume § -
Multiple dose kinetics in humans studied with chiral assay.
Toxicokinetic studies in rats and dogs using chiral assay.

Volume ¢
Single-dose studies in patients. Plasma level data analyzed
according to age and gender classification.



SUMMARY OF PHARMACOKINETICS AND PHARMACODYNAMICS

Reviews of the four pharmacokinetic studies most central to the
pharmacokinetic issues are to be found in Appendix 2. Otherwise,
the following summary will draw from previous reviews as well as
from the material that was submitted by the Sponsor in direct
response to the FDA letter of »/23/95.

Pharmacology of the Enantiomers: In vitro effect studies,
measuring the contractility of isolated rat aorta, showed that
the EC 50 of the 1(-)-enantiomer of desglymidodrine was two
orders of magnitude lower than that of che d(+)-enantiomer. This
demonstrates that only the 1l(-)-i'~m is active. Comparing the
EC50 of theo i(-)-forms of midodr. ‘¢ and desgglymidodrine, it wvas
concluded that desglymidodrine was approximately 15 times more
active. The slow in vitro onset of action with midodrine
indicated that the effect was mediated by desylymidodrine formed
in the in vitro tast system. Selective blocking by prazosin
indicates that the sffect is via a,~receptors. It is jmportant to
note that there is no interconversion in vivo between the two
snantivmeric forms. Thus d(+)-midodrine is metabolized to da(+)~
desglymidodrine which is completely inactive.

Absorption: The absorption of midodrine tablets is very fast with
a T, of about 0.5 hours. The absolute bioavailability of
midodrine is approximately 50%. The absolute biocavailability of
its active metabolite, desglymidodrine, has not been determined.
Urinary data demonstrates that at least 34% of the dose is
transformed to the active metabolite. While plasma levels of
midodrine peaked after 0.5 hr, desglymidodrine plasma levels
peaked after 1.1 hr. This indicates rapid conversion to
desglymidodrine. A fraction of the dose appears to be converted
already during the first passage of gut wall and/or liver. The
absolute fraction of systemically availabia midodrine that is
being converted to desglymidodrine is not known. The AUC for
desglymidodrine after oral administration of midodrine amounts to
90% of the AUC of desglymidodrine formed after an intravenous
administration of midodrina. However, as pointed out above, the
absolute amount of desglymidodrine formed is not known in either
case. Part of the biotransformation of midodrine is of hepatic
origin, part of it is due to metabolic activity in blood and
other tissues. The plasma levels of midodrine and desglymidodrine
were virtually identical after the fablet (2.5 mg) and an oral
solution of midodrine, indicating rapid in vivo dissolution. The
tablet and the solution showed similar bioavailability.

FYood Studies: A food effect study was undertaken with a 10-mg
dose (2 X 5 mg). There was no effect of a medium-size meal (1 pkg
Corn Flakes, 4 oz whole milk, 2 slices toast with butter and janm,
plus coffee) on C_, and AUC, of the active desglymidodrine,
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whereas mean T, was prolonged from 1.3 to 2.1 hours. T, for
midoArine was slightly prolonged (from 30 to 45 min), while mean
Cuax d@creasad from 42.6 to 29.1 ng/mL. In contrast, AUC of
midodrine was increased on the average 25% by the meal. Since the
decrease¢ in C_,, and increase in AUC was not propagated from
midodrine to the active moiaety, desglymidodrine, these effects
are inconsequential. .

Distribution: The protein binding of midodrine and
desglymidodrine in human serum was of the order of 30%. The
volume of distribution (model independent, V,) of midodrine was
approximately 70 L. The volume of distribution for
desglymidodrine is not known.

Half-lives: After intravenous administration of midodrine, its
half-life is approximately 0.4 hours, while that of formed
desglymidodrine is about 3 hours. As discussed bhelow, the half-
lives for midodrine and desglymidodrine are difficult to cefine
1? a meaningful way, since the enantiomers have different half-
lives.

Kinetios of enantiomers: A study using a chiral assay after oral
administration of midodrine demonstrated large differences in
apparent clwaarance and volume of distribution values for the two
enantiomers. The true values for these parameters could not be
determined dAue to uncertainties in the oral availabilities of the
two enantiomers of midodrine, and in the percentages of the dose
tha: get converted to the enantiomers of desglymidodrine,
Neverthaeless, the data demonstrated a longer half-life of the
active (-)-form of the metabolite, 3.5 hours as compared to 2.1
hours for the inactive (+)-form. Plasma levels of the active form
were also remarkably higher than those of the inactive form. The
kinetics of separately administered enantiomers of midodrine have
not been studied.

Multiple-dosa kinetios: Since midodrine and desglymidodrine have
short haif-~lives, accumulation is not expected to occur with
administration bid. This was demonstrated to be true in a study
in healthy volunteers that obtained 7.5 mg midodrine twice daily
for 7 days. Plasma level data for days 1 and 7 was virtually
superimposable. The Sponsor has suggested dosing 3 times a day
with an interval of only 3 hours, but not provided any data with
regard to accumulation for this regimen.

Renal Rlimination: The renal elimination of midodrine is
insignificant. The renal clearance for desglymidodrine is of the
order of 385 mL/min. Since the unbound fraction in plasma is 70%,
one can estimate glomerular filtration to be approximat-ly 84
mnL/min (0.7%120 mL/min). Thus about 80% of the renal ul mination
ocours by active renal secretion and about 20% by glomerular
filtration. S8ince no mechanistic studies have been undertaken,
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one can only speculate that the active secretion is by the base-
secreting system responsible for the secretion of a number of
drugs that are also bases (see Labeling: "Potential for Drug
Interactions®). As noted above, the active 1(-)~-enantiomsr of
desglymidodrine is cleared slower in man than the inactive d(+)-
enantiomer. It has not clarified whether this difference occurs
on the level of renal secretion or metabolism or both. It is
worth noting that for a structurally similar compound, the §,-
agonist terbutaline, the active 1l(-)-enantiomer had a lower renal
clearance than the inactive d(+)-enantiomer (Rorgstrom et al.,
Br.J.Clin.Pharmacol. 1989, 27:49-56).

Since the amount of desglymidodrine being formed has not been
determined, the relative importance of the renal routs for the
elimination of desglymidodrine is not known. Thus the
consequences of impaired renal elimination or drug-drug
interaction at the renal level can not be predicted.

Metabolism: Midodrine is mainly converted to desglymidodrine,
although other pathways apparently exist, which might decrease
the biocavailability in terms of dssglymidodrine. The main
metabolic pathway for desglymidodrine is by demethylation of the
methoxy group located in meta position to the amino side-chain.
This metabolite (M-2) is deaminated to the corresponding glycol,
which is the main metabolite (M-4) of desglymidodrine. Conjugated
forms of midodrine, desglymidodrine, M-2, and M-4 exist, and
could be either glucuronides or sulfates, since hydrolysis was
brought about by use of preparations with f=glucuronidase plus
sulfatase. (The means of identification is still unclear. The
Sponsor has indicated that information on “C-study is underway).
Neither midodrine nor desglymidodrine are substrates for
monoamine oxidase.

Dose Proportionality: Using 2.5- and 5-mg tablets, dose
proportionality was demonstrated for single doses of 2.5, 5, and
10 mg (2x5 mg) midodrine, both with regard to C., and AUC, of
midodrine and desglymidodrine. Also, dose-normalized mean plasma
levels of midodrine and desglymidodrine were virtually
superimposable. Studies in patients showed a similar dose
proportionality for single doses of 5, 10 (2x5), and 20 (4x5) ng.

Clinjical versus Market Formulations: The Sponsor states that the
clinical studies have been performed with the final formulation,
which in all cases have been manufactured by Hafslund Nycomed
Pharma. .

Pharmacokinetics in Target Population: A study with limited
sampling in 25 patients (of both sexaes) with orthostatic
hypotension indicated slightly higher plasma lesvels of
desglymidodrine in the patients, as compared to young healthy
male volunteers from another study. No formal analysis was




undert.aken due to the fact that samples ware taken only up to 6
hours after drug administration, but the average half-life in the
patients was estimated at 4 hours. The average half-life of
desglymidodrine in hsalthy subjects is 3 hours. Thus the
pharmacokinetics in the target population does not seem to
deviate dramatically from that in healthy subjects.

B.derly: Plasma level data for midodrine and desglymidodrine from
20 patients were divided according to patient age: <65 years
(N=11) and 265 years (N=9). A cross-over design was used; sach
patient had received 2.5, 10, and 20 mg of midodrine. Both after
doses of 10 and 20 mg mean plasma levels were virtually identical
in the two age groups (if anything, the younger age group was
slightly higher in terms of plasma levels).

Gender Rffects on Plasma Levels: Data from 17 males and 23
females were compared with respsct to plasma concentrations of
midodrine and desglymidodrine. No differences were found after a
10-mg dose. After a 20-mg dose of midodrine, plasma levels of
desglymidodrine tended to be higher (approximately 40%) in the
females. The finding appears to be of little concern since the
highest recommonded daily dose is 30 mg, which is probably going
to be divided into three dose administrations of 10 mg esach per
day. Midodrine plasma levels (20-mg dose) were also higher in the
fenales than the males. This finding has no relevance per se,
since midodrine itself has virtually no activity.

Pharmacokinetias in Special Populations: No studies have been
performed in patients with impaired renal or hepatic function. As
noted above, the consequences of renal impairment can not be
predicted. Without quantitative data on the metabolism of
desglymidodrine, the consequences for hepatically impaired
patients are egually difficult to predict. These concerns need to
be expressed in the labeling.

PK-PD Relationship: No attempt to analyze the rslationship
betwean plasma laeavels and hypertensive response has been
undertaken by the Sponsor. Some sort of relationship is expected,
since there is a clear-cut dose response, and plasma levels are
proportional to dose. A factor that is bound to blur the picture
is the lack of separate measursments of the active 1l(-)enantiomer
and the inactive d(+)enantiomer. Since the clearance of the cwe
is different, the ratio of the two will change with time. Thus
the total plasma levels will not reflect the levels of the ac:ive
enantiomer. In view of this limitation, and the high inter- and
intra-variability in effect measurements, the undertaking of a
PK-PD analysis by this reviewer was not considered meaningful.



DIASOLUTION MERTHROD

Product Dissolution Method

Dosage Form: Tablets

Dose Potencies: 2.5 and 5 mg

Apparatus:

Medium:

Volume!

Agitation:

Tenperature:

Sampling Times:

Analytical:

Dissolution Specifications: The speciflication proposed by the
Sponsor states "not less than dissolved within 30 minutes".
The data submitted by the Sponsor demonstrates an average
dissolution at 5 minutes of about ‘the lowest individual
tablet was dissolved). The following sampling times are
suggested: 5, 10, 15, and 30 minutes, with the specification be
sat to be "not less than within 15 minutes".

LABERLING COMMENTS

A copy of the proposed labeling, including minor suggested
changes pencilled in, is presented as Appendix 2. The
Pharmacokinetics part has been completely redrafted as follows:

“Pharmacokinetics: ProAmatine is a prodrug, i.e., the therapeutic
effect of orally administerad midodrine is due to the major
netabolite desglymidodrine, formed by deglycination of midodrinas.
After oral administration ProAmatine is rapidly absorbed. The
plasma levels of the prodrug peak after about half an hour, and
decline with a half-life of approximately 25 minutes. The
absolute bicavailability of midodrine is approximately %0%. The
absolute bioavailability of desglymidodrine has not been
determined. Approximately the same amount of desglymidodrine is
formed after .intravenous and oral administration of midodrine.
Urinary recovery data demonstrates that at least 34% of an oral
dose of midodrine is transformed to the active metabolite. The
plasma half-life of desglymidodrine is 3-4 hours. Peak levels of
the active dasglymidodrine are ¢generally reached 1-2 hours after
drug administration. After a 10-mg dose of ProAmatine, the mean
peak level of desglymidodrine is approximately 20 ng/mL. A
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desglymidodrine level highar than 10 ng/mL is generally
maintained from 0.5 to 4 hours after drug intake, during which
blood presaure is elevated. The biocavajilability of
desglymidodrine was similar when a 10~mg dcse of ProAmatine was
given with a meal or in a fasted stata. Neither midodrine nor
desglymidodrine is bound to plasma proteins to any significant
extent (about 30%). The volume of distribution of midodrine is
approximately 70 L. The value for the active metabolite is not
known. The renal elimination of midodrine is insignificant. The
ralative importance of renal and non-renal elimination routes for
desglymidodrine is not known. Thorough metabolic studies liave not
bsen conducted, but it appears that deglycoination of midodrine to
desglymidodrine takes place in many tissues, and both compounds
ara meatabolised in part by the liver. Neither widodrine nor
desglymidodrine are subatrates for monosmine oxidase.

The renal clearance of desglymidodrine is of the order of 385
nL/min. The majority, or about 80%, is by astive renal secretion.
The actual mechanism of active secretion has not been studied,
but it is quite possible that it ococurs by the base-secrating
pathway responsible for the secretion of saveral other drugs that
ara bases (See also Potential for Drug Interactions)."

The following should also be included in the labeling:

“potential for Drug Interactions: It appears likely, although
there is no experimental evidencs, that the high renal clearance
of deaglymidodrine (a base) is due to active tubular secretion by
the base~-secreting system also responsible for the secretion of,
-.?. metformin, cimetidine, ranitidine, procainamide,
triamterene, flecainide, and quinidine. Thus there might be a
potential for drug interactions at this lavel."
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CONMENTS TO BE FORWARDED TO THR FIRM

1. The pressant view held by the Sponsor and presanted in their
dratt of the Package Insert that "ProAmatine is rapidly and
almost completely absorbed, with a mean absolute bioavailability
(as desglymidodrine) of 93%" is incorrect and based upon
misinterpretation of data from study 058-133b. Absolute
bioavailability of desglymidodrine requires a study in which this
entity is given intravencusly.

2. Calculations of pharmacokinetic parameters in study 058-133b
must take into account that doses are reported in mg of midodrine
hydrochloride while plassma concentiations are reported as ng/mnL
of the free base. Also, as pointed out above, the proportion ot
desglymidodrine formed from midodrine is unknown. Hence the
values reported for clearance and volume of distribution of
desglynidodrine are incorrect.

3. In study GUH-1/94 the plasuma levels were reported &s ng/mL of
the hydrochlorides of midodrine and desglymidodrine as opposed to
reporting the free base concentration as done in the other
studies. Thus plasma levels and C_, values are not comparable
across studies.

4. In study GUH-1/94, dua to oversight by the investigator, the
calculations of V and CL did not take into account that the dose
of each enantiomer is 3.75 mg, not 7.5 mg, which is the dose of
the racemate. The latter contains equal amounts of the two
snantiomers. A second mistake was not to compensate tor the
differences in molecular veights of midodrine and
desglymidodrine. The dose in terms of each enantiomer of
desglynmidodrine*HCl is 6.028/2 mg taking into consideration that
the molecular weight of desglymidodrine+HCl is a factor 0.8038
less than that of midodrine+*HCl. A third mistake was not to
consider that one does not know the actual percentage of the dose
of midodrins that is being converted into desqglymidodrine.
Reported values for clearance and volume of distribution of
desglymidodrine are thus incorrect.

4. 8inice it appears that the active metabolite is highly
dorendent on renal sacretory mechanisms for its elimination, it
is necessary to study these mechanisms further, in order to
assess the potential for drug interactions. That can bs done by
using an inhibitor of base secretion, such as cimetidine, as a
probe. A study of renal and metabolic clearance (cimetidine is
also a blocker of mixed function oxidase) in the presence and
absence of cimetidine is highly desirable. These studies will
only be weaningful if analyzed with a chiral assay.

5. If the intended dosage regimen is 3 times daily with an
interval of 3 hours, a multiple-dose study with this regimen
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should be done. The study should focus on the active enantiomer
of desglymidodrine.

6. In vitro studies to identify the isoenzyme(s) responsible for
the metaholism of desaglymidodrine are recommandad.

7. In view of the different elimination rates of the two
enantiomers; if future studies are considered of the disposition
of midodrine, e.g. in patients with compromised renal or hepatic
function, such studies should be performed with a chiral assay.

RECOMMENDATIONS

The following phase IV commitments ars recommended:

The following is recommended with regard to in vitro dissolution
testing: USP Apparatus II using 50 rpms and 900 mL of 0.i-N ACl.
Specification: Qm at 15 minutes.

For the purpose of comparing dissolution profiles, sanpling times
at 5, 10, 15, and 30 minutes are suggested.

Upon implementation of the suggested labelingy changes, and
provided that further studies will be done as phase IV
cormitments as indicated above, the Sponsor’s NDA 19-815 is
approvable from the Office of Clinical Pharmacology and

B ophnrnacouticl' perspective.

..... /ﬂjf ;\....................?gf{?ii.??i...g......

Olof rqa Ph.D. Date

Division of Pharmacsutical Evaluation I

FT Initialed by Patrick Marroum, Ph.D. ....!2;???????7722[490@?7‘
Biopharm Day: 2/8/96 (Lazor, Marroum, Mehta, M.Gordon)

cc: NUA 19-8135, HPFD~-110, HFD-860 (Malinowski, Borga, Mehta), HFD-

870 (ML Chen), HFD-880 (Fleischer), Drug, FOI (HFD-19), Chron,
HFD-340 (Viswanathan).
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REVIEW OF 8TUDY BUBNITTED AS AN AMENDMENT TC NDA 19-815
8TUDY 1:

Study Title: A dose proportionality study of miuodrine (2.5, f,
and 10 mg) and the effect of food on oral bioavailability in
normal male subjects.

Protocol Number:
Rapoxt Number:
Investigators: !

Study _Site: Not reported.

; To study dose proportionality of midodrine and
evaluate the effect of food on the availability of midodrine, 10~
mg tablet.

Ireatments: Each subject received four single doses of midodrine:
2.5 mg, 5 mg, and 10 mg midodrine orally were given during
fasting conditions; 10 mg was given immediately after a
"standard meal" containing 1 swall package of Corn Flakes, 4 02
of whole milk, sugar for taste, 2 slices toast, lightly buttered
with a standard package of jam or jelly. Tablets of the strength
2.5 mg and 5 mg were used.

Resign: Open label, randomized, single-dose, 4~way crossover.

Study Subijacts: 18 male subjects were studied. Age ranged from 20
to 49 years (mean 33), body weights from 60.5 to 102 kg (mean
8l1). Eight were Blacks, 8 were Whites, 2 were Hispanics. None was
smoker. The subjects are referred to as patients, but it appears
from the tabulated medical history that healthy volunteers were
used.

Plasma was collected at the following times: 0
(blank), 10, 20, and 30 minutes, 1, 2, 3, 4, 6, 8, 12, 24, 36,
and 48 hours after dosing.

4 i The principle of the assay was not described
in earlier submissions, nor was any validation data. The present
submission (10/05/93) presents validation data for parent drug
:nglnntabolito for Studies 1 and 2 that can be summarized as

ollows:



14

STUDY RESULTS: Plasma levels of the prodrug, midodrine, declined
rapidly and, with one exception, levels were below limit of
quantitation (L0Q), 0.5 ng/mL, at 4 hours after the 10-mg dose,
earlier after the other doses (See Figure 1 for mean levels). The
plasma levels of the active moiety, desglymidodrine, were above
LOQ, 0.5 ng/mL, up to 12 hours in all subjects (See Figure 1 for
mean levels). Pharmacokinetic parameters for the 3 doses are

summarized in Table 1 for the prodrug and Table 2 for the active
netabolite.



Table 1. Pharmacokinetic parameters for midodrine, mean (%CV),
for 18 subjects dosed in the fasting state.

Parameter

Dose (mg)

Dose

5.0 mg

10.0 mg

Cagg(Ng/mL)

22.8 (29)

42.6 (27)

T;gv(hr)

0.41 (29)

0.50 (42)

AUC, (ng*hr/nL)

19.6 (25)

36.6 (21)

t1/2 (hr)

0.46 (33)

0.44 (25)

Table 2, Pharmacokinetic parameters for desglymidodrine, mean

(SCV), for 18 subjects dosed in the fasting state.

Parameter

Dose (mg)

Dose

5.0 mg

10.0 mg

Cyax (Ng/mL)

9.23 (21)

19.3 (25)

Tpu_(hr)

1.56 (49)

1.28 (43)

AUC,, (ng*hr /mL)

53.2 (28)

107.7 (24)

t;/z (hr)

3.14 (11)

3.03 (13)

Dose proportionality is obvious from C_,, and AUC, values in
Tables 1 and 2. Also, dose-normalized mean plasma levels of
midodrine and desglymidodrine were virtually superimposable (see
Figure 2).

In terms of C_,

and AUC, the effect of food was only pronounced

on midodrine, whereas the food-effect was negligible on the

active metabolite, desglymidodrine (Tables 3 and 4).



Table 3. Pharmacokinetic parameters for midodrine, mean (%CV), in
18 subjects after 10-mg tablet given without and with food.

Parameter

Fasted

Fed

p-value; fed
vs fasted

_Cau (ng/mL)

42.6 (27)

29.1 (30)

0.0002

To (hT)

0.50 (42)

0.76 (37)

0.0084

AUC,,
_(ng*hr/mL)

36.6 (21)

46.3 (28)

0.0001

Table 4. Pharmacokinetic parameters for desglymidodrine, mean
(%CV), in 18 subjects after 10~-mg tablet given without and with

food.

Parameter

Fasted

Fed

p-value; fed
vs fasted

Cuax (Ng/mL)

19.3 (25)7

18.6 (19)

0.3910

Tay (hX)

1.28 (43)

2.06 (26)

0.0004

AUC,,
(ng*hr/mL)

107.7 (28)

107.5 (23)

0.9251
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Figure |

Mcan_Plasma Levels of Midadrine (ng/ml.) and Desglymidodrine (ng/mL) afier
Single Oral Doses of 2.5. 5. and 10 mg of Midodrine Hydrochloride to
' I8 Fasting Subjects
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Figure 2

Mean Plasma Levels of Midodrine (ng/mL) and Desglymidodrine (ng/mL) Normalized
for Dose (concepuration/dose! after Single Oral Doses of 2.5, 5, and 10 mg of
Midodrine Hydrochioride to 18 Fasting Subjects

’

A
\

MIDODRINE

TSR h haury

et 00O vy (XJoua e AAA 0 W3 FAITE

DESGLYMIDODRINE




19

REVIEW OF PLASMA LEVEL DATA OBTAINED IN CLINICAL STUDY IN
HYPOTENS.VE PATIEXNTS

8TUDY 2:

i A double~blind randcomized dose response study of
midodrine in patients with neurogenic orthostatic hypotension

Protocol Number;
Report: Submission 7-25-95

Authors: Shawk:
Investigators:

Qbjectives: To assess dose response to single doses of midodrine.
T~ examine duration of actior.

To gain information in patients with orthostatic hypotension on
blood levels of midodrine and desglymidodrine.

Subjects;: Twenty-five patients, 11 males, aged 38-78 years, and
14 females, aged 40-70 years, participated.

Residgn: Double-blind, randomized, 4-way complete cross-over.

Treatpents:; Each subject was studied on 4 occasions, on 4
consecutive days. Oral doses of placebo, 2.5 mg, 10 mg, and
20 mg as tablets (2.5-mg and 5-mg) were administered in the
morning.

Blood and Urine Sampling: Samples of blood were taken hourly over

6 hours.

Analytical Method: See review of Study 1.
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; The mean plasma levels in the 4 study groups are
presented in Table 1. The reason for plasma levels of midodrine
even in the placebo group can be traced back to one single
patient in which midodrine levels in the range 46-65 ng/mL were
obtained after placebo administration, while his plasma levels of
desglymidodrine were 0 at the same timeas. Obviously, the Sponsor
should have excluded this patient when calculating mean levels.

The data clearly shows the dose proportionality both for
midodrine and desglymidodrine.

The data was examined with relation to gender effects (Figures 1
and 2). No differences were found after a 10-mg dose. After a 20-
ng dose of midodrine, plasma levels of desglymidodrine tended to
be higher (approximately 40%) in the females. The finding appears
to be of little ccncern since the highest recommended daily dosa
is 30 mg, which iun probably going to be divided into three dose
administrations ot 10 mg each per day. Midodrine plasma levels
(20-mg dose) were also higher in the females than the males.
While this indicates a lower clearance in the females, it has no
relevance per se, since midodrine itself has virtually no
activity.

The plasma level data was also examined according to patient age:
<65 years (N=11) and >65 years (N=9), Both after doses nf 10 and
20 mg mean plasma levels were virtually identical in th two age
groups (if anything, levels in the younger age group we: 2
slightly higher). See Figures 3 and 4. The Sponsor made no formal
pharmacokinetic evaluation of the data, probably in view cf the
limited sampling time that would not allow accurate
determinations of half-life and AUC and parameters derived from
these. However, a comparison with the data in healthy subjects in
Study 4 at corresponding time-points shows that the elimination
of desglymidodrine on the average is slower in the patients; a
rough estimate based on average data indicates a half-life of
about 4 hours as opposed to 3 hours in the haalthy subjects.
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PLASMA LEVFELS OF MID()DR%‘;ZBA‘E‘:“‘ ;)ESGEYM IDODRINE (ng/ml.)
Midodrine Study
e _
Midodrine Midodrine Midodrine
Placebo 2.5 mg 10 mg 20 mg
Hour N=20 N=20 N=19 N=20
) " Plasma Levels Midodrine (ng/mL)
0 0004000 | 004004 0.23 4 0.14 0.11 4 0.09
0.25 270 2.58 8.82 & 2.07 4836 48.57 | 82234 18.27
0.5 2.85 & 2.85 12044228 | 47724618 | 89.4314.00
1 283£2.69 | 735+178 | 2708374 | 47472530 |
2 327327 4.93 & 2.68 13.09 £3.31 21.18 £ 2.96
4 2.95 42,95 3.04  2.58 4.6142.74 5.64 % 2.47
6 2412231 1.98 % 1,80 3.00% 1.97 3.26 % 1,94
) Plasma Levels Desglymidodrine (ng/ml.)

0 0.51£0.15 0.39£0.15 0.34£0.15 0.15 £ 0.08
0.25 0.450.13 1.53 % 0.34 7.74 £ 1.55 11.0842.18

0.8 042£0.13 3,54 4 0.54 14.97 £2.25 24.49 4 3.58
1 0.39 £0,12 4.51 %045 19284202 | 35.643.79
2 0.36£0.11 4.65+0.35 20894 1.84 | 39.40£2.75
4 0.24 £ 0.0 333+ 0.18 14324105 | 28382 1.58
6 008£006 | "2.450.16 10.13 4 0.54 19.92 + 1.04
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FYGURE 1 |
PLASMA LEVELS (ng/mL) OF MIDODRINE BY GENDER
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FIGURE 2
PLASMA LEVELS (ng/mL) OF DEBGLYMIDODRINE BY GENDER
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TIGURE 3

PLASMA LEVELS (ng/mL) OF NIDODRINE BY AGE
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FIGURE ¢
PLASMA LEVELS (ng/mL) OF DESGLYMIDODRINE BY AGE
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REVIEW OF BTUDY IN PRESENT BUBNISSION
STUDY 33

' { Unicenter phase I study to investigate the
pharmacokinetics of Midodrine after single and repeated p.o.
administration in male healthy volunteers (n=6).

Brotogol Number:
Reaport Number: . submitted 10/05/96

Study Site: See above.

Obiactives: To study the pharmacokinetics of the different
snantiomers of midodrine and desglymidodrine in healthy subjects.

Treatments: Subjects received 13 oral doses of 7.5 mg midodrine
as tablets, doses wvere given twice daily.

Rasign: Open labal, nonrandomized, repeated doses.

Study Subiacts: Six healthy normal male caucasian volunteers aged
26 to 37 years. Two were smokers.

5 gt Fifteen blood samples were dArawn over a period of
24 hours after dose on days 1 and 7.
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Pharmacokinaetic Evaluation:; Noncompartmental analysis was
undertaken. Due to oversight by the investigator, the calculations
of volume of distribution and clearance do not take into account
that the dose of each enantiomer is 3.75 mg, not 7.5 mg, which is
the dose of the racemate in terms of the hydrochloride salt. In
Table 1 below I have corrected this mistake. Calculations of
apparent total clearance and volume of distribution of
desglymidodrine were based on the assumption that the "dose" of
desglymidodrine hydrochloride was 7.5 mg. Correcting for the
actual content of each enantiomer this becomes 7.5/2. But there is
an additional mistake introduced at this stage, since the dose in
terms of desglymidodrine*HCl is 6.028/2 mg taking into
consideration that the molecular weight of desglymidodrine*HCl is
a factor 0.8038 less than that of midodrine*HCl. Finally, one does
not know the actual percentage of the dose of midodrine that is
being converted into desglymidodrine. Clearance and volume of
distribution, reported as CL and V by the Jponsor, will in the
following be designated a3 CL/F and V/F to indicate this fact.

STURY _RESULTS: Dramatic differences in kinetics of the enantiomers
vwere observed both with midodrine and desglymidodrine (See Table 1
and Figure 1). Apparent clearance of (-)~-midodrine was
approximately 65% higher than for (+)-midodrine. Apparent volume
of distribution was approximately twice as high for the
(-)-enantiomer. As a result, half-life was slightly longer for
this enantiomer. These results were in contrast to the results
obtained with the metabolite, for which clearance of the (+)~
enantiomer was approximately twice that of the (-)-snantiomer.
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While the volumes of distribution were similar for the two
enantiomers of the metabolite, the half-life was shorter for the
(+) ~enantiomer, 2.1 as compared to 3.5 hours for the (-)-form. The
data in Table 1 refers to the first dose (day 1). There was no
accunulation of drug after repeated administration, and the data
obtained on day 7 was very similar to that of day 1.

; The different kinetics for the two enantiomers of
midodrine is difficult to interpret, due to the uncertainty in the
bioavailability factor, F. While the oral absorption is probably
complete for midodrine, there is a substantial first-pass
formation of desglymidodrine (see Study 4), which could differ
between the enantiomers. Thus part of the differences in apparent
clearance and volume of distribution noted for the two enantiomers
of midodrine might actually be due to differences in first-pass
metabolism.

The interpretation of the different kinetics of the two
enantiomers of desglymidodrine is also not straight forward
because the fraction F of the parent drug that is actually forming
the metabolite is not known (Note: This is a different F than
above). The observed differences are only true if F is the same
for the two enantiomers. However, the most important fact is that
the half-life of the active (-)-metabolite enantiomer is
considerably longer and the plasma levels are higher. This has
implications for the duration of action of the druy. Also, the
apparent kinetics of desglymidodrine, as studied by a non-chiral
an:ay, will be dominated by the (-)-enantiomer at later time
points.

Specific information for the metabolism and renal clearance of the
anantiomers of desglymidodrine can not be obtained in the present
study. However, it is interesting to note that for a structurally
similar compound, the fS,-agonist terbutaline, the active 1(-)-
enantiomer had a lower renal clearance than the inactive d(+)-
enantiomer (Borgstrom et al., Br.J.Clin.Pharmacol. 1989, 27:49-
56) .
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Table 1. Mean pharmacokinetic parameters (3CV) of midodrine and
its active metabolite after oral administration of (racemic) 7.5
mng midodrine*HCl to healthy volunteers (day 1 of 7 days of
repeated administrations).

midodrine enantiomer desgly- enantiomer
Parameter midodrine

() (=) (+) (=)

C., (ng/mL) 37.3 17.3 (36%) | 9.6 (17%) | 10.0 (18%)
(35%)

T.. (hr) 0.33 0.42 (22%) | 0.75 (81%) | 1.25 (40%)

(31%)

t1/2 (hr) 0.28 0.36 (23%) | 2.1 (22%) 3.5 (6%)
(27%)

Clearance/F | 200 (25%) | 329 (36%) 108 (11%) 56 (15%)
(L/hr)

V,/F (L) 77.3 165 (34%) | 328 (18%) 285 (9%)
(24%) |
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Figure 1. Median plasma levels of the enantiomers of midodrine and
desglymidodrine on day 1 (n=6).
Legend: X=X=X (=)=-midodrine

0=-0-=0 (+) -midodrine

000 (-)-desglymidodrine

u-u-u (+) ~desglymidodrine
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REVIEW OF BTUDY IN ORIGINAL SUBMISSION OF NDA 19-815

BTUDY 4

i ; Studies on the bioavailability of midodrine and
alpha-2,5-dimethoxyphenyl-beta-aminoethanol hydrochloride.

Protocol Number:
Report: See oriainal NDA. volume 9, pp. 150-166D.
Investigators:

Objectives: To determine the absolute biocavailability of the
active metabolite of midodrine (ST 1059) after administration of
2.5 mg of midodrine either as a solution or as a 2.5-mg tablet.
The relative bioavailability of the tablet as compared to the
solution was also determined.

Subjects: Twelve healthy males, aged 21-26 years, participated.
Data is available in 11 of them.

Treatments: Each subject was studied on 3 occasions separated by
one week. Fasted rubjects recuived single 2.5-mg doses of
midodrine intraveriously, as a solution, or as a 2.5-mg teblet. The
solution was prepared in mineral water, volume 125 mL. The tablet
was administered together with 125 mL of mineral water. Subjects
were given breakfast 2 hours after drug administration.

Deslgn: Randomized, cross-over.

; 15 samples of blood were taken over 24
hours. Urine was collected in 6 fractions over 24 hours.

Analytical Method:
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{ The mean plasma level data for midodrine and
desglymidodrine are presented in Tables 1 and 2 respectively. The
eliminatjion half-life of midodrine after intravenous
administration was short, approximately 25 minutes, and midodrine
reached its LOQ after about 3 hours. From the mean values in the
table one may estimate CL at approximately 120 L/hr and V,; at
approximately 70 L.

After oral administration, the mean C_,,, of midodrine was
approximately 11 ng/mL after both tablet and oral solution, T,
being approximately 25 minutes (see Table 3 for pharmacokinetic
parameters of midodrine). The ratio of oral and intravenous AUCs
indicate that the oral bie»-ailability in terms of midodrine is
approximately 50%.

Figure 1 shows the mean plasma profiles of desglymidodrine after
the three administrations. Plasma levels could be followed up to
10 hours after all three administrations before reaching the LOQ.
Mean C_, was approximately 5 ng/mL after the oral administrations,
T.. Was approximately 1 hour. Pharmacokinetic parameters for
desglymidodrine are presented in Table 4. Note the high apparent
cleaiance of desglymidodrine, approximately 54 L/hr or 1200
mnL/min.

The bioavailability of desglymidodrine after the oral
administrations, using the AUC of desglymidodrine formed after an
intravenous dose of midodrine as the reference, was 0.90 for the
oral solution (95% C.I.: 0.78-1.02) and 0.93 for the tablet (95%
C.I.: 0.84-1.08).
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Table 1. Mean plasma concentration of midodrine hydr :nloride
(ng/nlL) after administration of 2.5 mg to 11 healthy volunteers.

Intravenous

Oral solution

Tablet

56.6

3.4

21.6

8.0

11.3

9.7

7.6

8.0

4.4

5.3

3.2

3.5

1.8

1.8

Table 2. Mean plasma concentration of desglymidodrine

hydrochloride (ng/mL) after administration of 2.f% mg midodrine
hydrochloride to 11 healthy volunteers.

Intravenous

Oral solution

Tablet

8.1

5.1

5.2

5.1

5.4

5.4

4.9

4.5

3.3




Table 3. Mean pharmacokinetic paramete.= ($CV) for midodrine after
administration of 2.5 mg of midodrine hydrochloride to 11 healthy

volunteers by 3 different routes.

Parameter

Intravenous

Oral solution

Tablet

Tou (hE)

0.38 (61%)

0.45 (44%)

Cqy (ng/mL)

10.9 (27%)

11.2 (35%)

ty (hr)

0.41 (20%)

0.45 (27%)

0.49 (24%)

AUC, (ng*hr/mL)

18.6

8.71 (20%)

9.46 (22%)

CL (L/hr)

118

-

vy (L)

70

-

| Uppp (3 of dose)

3.6 (36%)

2.2 (18%)

2.2 (27%)

Absolute
Bioavailability

(3)

100 (ref)

47

51

Table 4. Mean pharmacokinetic parameters (%CV) for desglymidodrine
after administration of 2.5 mg of midodrine hydrochloride to 11
healthy volunteers by 3 different routes. The fraction (Fr) of
systemically available midodrine that actually forms
desglymidodrine was set at 0.9 in the calculations of clearance

and V,.

Parameter

Intravenous

Oral solution

Tablet

s (hr)

1.1 (45%)

1.1 (45%)

C (Ng/mL)

4.6 (22%)

5.0 (32%)

ty (hr)

3.1 (16%)

3.0 (13%)

3.0 (17%)

AUC,
(ng*hr/mL)

28.7 (23%)

25.7 (26%)

25.6 (24%)

CL/Fr (L/hr)”

54 (19%)

Vg/Fr (L)”

240 (19%)

-

Upun (% Of

dose)

39.3 (10%)

34.4 (8%)

34.4 (13%)

® Fr is the unknown fraction of midodrine that is being converted

to desglymidodrine.
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DISCUSSION

The oral absorption rate of midodrine is obviously very high. The
completeness is more difficult to judge. The fraction of the dose
being transformed to deasglymidodrine can not be estimated, since
there was no systemic administration of this entity. The absclute
oral bioavailability of midodrine was approximately 50%. The
relative (not absolute as believed by the Sponsor) oral
availability of desglymidodrine, using the AUC of desglymidodrine
after intravenous midodrine as the reference, was more than 90%.
This indicates that there is a fraction of the dose that is lost
on oral absorption of midodrine which is actually forming
degglymidodrine by first-pass biotransformation in the qut and/or
liver. Since the fraction of the dose eventually forming
deaglymidodrine is not known, no quantitative statement can be
made with regard to how much of the first-pass metabolism is due
to formation of desglymidodrine, and how much is due to formation
of other metabolites and/or due to incomplete absorption. The
present numbers were interpreted by the Sponsor to indicate a 90%
absorption of midodrine. While the reasoning was not presented in
the report, it was probably based upon the notion that the
metabolic fate of midodrine should be the same irrespective of
administration route. However, if presystemic formation of
desglymidodrine were to occur predominantly by gut wall
metabolism, this may compensate for a loss dQue to incomplete
absorption of midodrine. In other words; the present data on
desglymidodrine levels can not be used to draw conclusions with
regard to absorption of midodrine.

The systemic clearance of midodrine is very high, approximately
120 L/hr. That systemic and presystemic clearance may not
necessarily be exclusively hepatic has been shown in rats;
metabolic transformation of midodrine to desglymidodrine was found
in blood, lung, intestine and other organs.

CONCLUSIONS

The statad goal to determine the absolute biocavailability of the
active metabolite, desglymidodrine, can not be achieved with the
present design. It would require the administration of intravenous
desglymidodrine. In terms of quantitation of the formation of
desglymidodrine, the present data on urinary recovery demonstrate
that at least 34% of an oral dose of midodrine, i.e., one third of
the dose, is transformed to the active moiety.



36

o
Ly

-)
3

o
'y

LV
i

F
A

-t
A

»~
1

—
A

Plasme concentration (ng/ml)

[ =]
1
r

o
-
~>
wr
-~

Figure 1. Mean plasma concentration of desglymidodrine after
administration of 2.5 mg midodrine hydrochloride to 10 healthy
volunteers: x = i,v.; & = p.o. solution; o = tablet.
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BACKGROUND:

Midodrine HCl is the racemate of a chiral sympathomimetic agonist
that binds to receptors of the arterial and venous vasculature,
leading to an increase in vascular tone and elevation of blood
pressure. While it has been shown to have in vitro activity of
its own, it appears clear that the main active moiety is the
metabolite desglymidodrine, which has an in vitro activity 15
times that of the parent compound. Desglymidodrine is formed by
enzymatic hydrolysis of the glycineamide bond of midodrine.
Midodrine is currently marketed in Europe under the brand name
Gutron®, its main indication being treatment of orthostatic
hypotension associated with autonomic failure. Clinical studies
are ongoing in this country for this indication for which an
effective treatment is still lacking. For this reason, midodrine
has the status of an orphan drug. I have been unable to find any
information with regard to the biologic activity of the two
cptical isomers.

In the amendment submitted 9-21-94, the firm submitted three
studies, one of which is of biopharmaceutic relevance. The
original submission was reviewed by Dr Janice Barnett Jenkins,
Division of Biopharmaceutics. As a whole, it was considered
unraviewable because of a large number of deficlencies. The
present review consists of an examination of the newly submitted
study plus a reevaluation of one study (with a minor deficiency)
in the original submission.

RECOMMENDATION

Even after the present submission and reevaluation of the
previous submission there remain a number of biopharmaceutical
issues that should be adequately addressed by the Spoasos:

Physical/chemical properties of the drug: These should include
information about solubility in water and some common organic
solvents, pK,, and, if available, octanol-water partition
coefficient at pH 7.4.

Proposed package insert: This should contain a summary of the
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basic ADME and pharmacokinetic (PK) properties of the drug, with
references that support the specific claims done by the Sponsor.

validation of bicanalytical methods: All assays of drug or drug
metabolites have to be validated with regard to specificity,
sensitivity, linearity, accuracy and precision. Samples of
chromatograms should also be provided. The stability during
storage of midodrine and desglymidodrine in actual biological
samples has to be established. This could be done by repeating
the analyses of previously analyzed sanples after some months and
comparing the results. In addition to the validation of the assay
per se, the in-study performance of the assay has to he
documented, e.g. by ircluding quality control samples of known
concentration as unknowns in each assay performed.

Dosage formulation information: For the midodrine tablets, the
following information should be provided: Composition of the
formulation. Batch/lot numbers and information to indicate if the
batch is from a full scale production size batch made on the same
kind of production equipment using the same manufacturing .
procedures that will be used for mgking”tha final market product iki:
at the proposed site of manufacture.\IFf the batch is not a full -
scale production size batch, it should ideally represent 10% of

the number of dosage units for what a full scale production size
batch will be or dosage units, whichever is greater.

{f’""’" 2!

,JFor the batch/lot of the midodrine being tested in-vivo, content
“uniformity data should be provided. For the individual tablets to

be administered to subjects in the study, the tablets should be
randomly selected, i.e., there must not be any prescreening of
tablets from a batch/lot.

In vitro drug dissolution: A pH-solubility profile for the drug
itself should be submitted. For the midodrine tablet, the
following information should be provided: Dissolution profiles in
simulated gastric fluid (without enzymes), simulated intestinal
fluid (without enzymes), water and other media (i.e., different
pHs, surfactants, etc.) as appropriate. In media where sink
conditions exist, dissolution profiles should be carried out to
where at least of the drug is dissolved. For the water
dissolution medium, its pH should be determined before and after
drug dissolution. Twelve dosage units per tablet per dissolution
medium should be provided. Individual as well as average results
should be subfitted.

Metabolic pathways: 1Identification of main metabolite(s) by
unequivocal methodology, e.g. mass spectrometry, with comparisons
with synthetic reference compounds. The ongoing mass balance
study will hopefully address this issue.

Stereoisomers: The present guidelines request the Sponsor to. I

describe the behavior of each isomer separately.(iqu;#“‘l“““( ~
ol 4 /;‘::v‘.':;u v /:t-"/"/“-' :f ). o
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Single dose PK studies: A previous submission contained an
acceptable study comparing 3 formulations (i.v., oral solution
and tablet) after single dose that presented data on absolute
biocavailability of the tablet. The study also presents basic
information on clearance, volume of distribution and half-life
for both the parent drug and the active metabolite. The—eniy
defieiency With this study, ie-that chromatograms were not (L4l
supplied for tre assay validation. e

Biocequivalence study(ies): If clinical studies have been
undertaken with preliminary experimental formulations, their
bicequivalence with the to~be-marketed formulation should be
ascertained. If clinical studies in this country were in fact
performed with the final formulation, this is not an isaue.

The combined dose-proportionality and food study, presented in
this submission, is adequate to characterize the 5ingle-dcse
profile of midodrine. However,

8pecial populations: The Division of Biopharmaceutics recommends
studies in elderly, in patients with renal disease, and patients
with hepatic diseases.

Gender analysis: Gender must not be an exclusion criteria in PK
studies. Whenever PK data are availabhle in both sexes, an
analysis should be undertaken of possible gender effects on the
PK.

Most of the requests should present little problem, since they
only deal with compilation of information that should be easily
available to the Sponsor. With regard to studies in special
populations, the Division of Biopharmaceutics is cognizant of the
fact that it might present practical difficulties to undertake
such studies. However, a lack of such information will be
addressed in the labeling.

AP"CND// . Summar OFf slud es Dr Janking.
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REVIEW OF STUDY SUBMITTED AS AN AMENDMENT TO NDA 19-815
ETUDY 1:

i A dose proportionality study of midodrine (2.5, 5,
and 10 mg) and the effect of food on oral biocavailability in
normal male subjects.

Erotocol Number:

B t Num
Investigatore;

Study Site: Not reported.

; To study dose proportionality of midodrine and
evaluate the effect of food on the availability of midodrine, 10-
mg tablet.

Treatments: Each subject received four single doses of midodrine:
2.5 mg, 5 mg, and 10 mg midodrine orally were given during
fasting conditions; 10 mg was given immediately after a
“standard meal". The time of the day or the length of fasting was
not reported, nor was the composition of the "standard meal".
Also, it is not clear whether the same (e.g. 2.5-mg) or different
tablet strengths were used, or, in fact, whether tablets were
used at all. It follows, that other pertinent data such as batch
numbers, batch sizes etc. were not presanted.

Resign: Open label, randomized, single-dose, 4-way crossover.

18 male subjects were studied. Age ranged from 20
to 49 years (maan 33), body weights from 60.5 to 102 kg (mean
81). Eight were Blacks, 8 were Whites, 2 were Hispanics. None was
smoker. The subjects are referred to as patients, but it appears
from the tabulated medical history that healthy volunteers were
used.

; Plasma was collected at the following times: 0
(blank), 10, 20, and 30 minutes, 1, 2, 3, 4, 6, 8, 12, 24, 36,
and 48 hours after dosing.

; The principle of the assay is not described,
nor are any validation data presented. Assays were undertaken by
(address not given). The method is said to be
presented in the following document:"The Analysis of Midodrine
and ST-10%59 in Plasma" but the document is not included in this
submission.

Pharmacokinetic Eveluation: A standard, noncompartmental analysis

was performed.



STUDY RESULTS: Plasma levels of the prodrug, midodrine, declined
rapidly and, with one exception, levels were below limit of
quantitation (LOQ), 0.5 ng/mL, at 4 hours after the 10-mg dose,
earlier after the other doses (See Figure 1 for mean levels). The
plasma levels of the active moiety, desglymidodrine, were above
LOQ, 0.5 ng/mL, up to 12 hours in all subjects (See Figure 2 for
mean levels). Pharmacokinetic parameters for the 3 doses are
summarized in Table 1 for the prodrug and Table 2 for the active

metabolite.

Table 1. Pharmacokinetic parameters for midodrine, mean (%cCV),
for 18 subjects dosed in the fasting state.

Parameter

| Dose (mg)

Dose

5.0 mg

10.0 mg

22.8 (29)

42.6 (27)

Can_(Ng/nL)

0.41 (29)

0.50 (42)

T (BT)
| AUC, (ng*hx/mL)

19.6 (25)

36.6 (21)

t1/2 (hr)

0.46 (33)

0.44 (25)

Table 2. Pharmacokinetic parameters for desglymidodrine, mean

(%CV), for 18 subjects dosed in the fasting state.

Parameter

Dose

Ca_(Ng/mL)

19.3 (25)

Tou (hT)

1.28 (43)

| AUC, (ng*hr/mL)

107.7 (24)

ti/2 (hr)

3.03 (13)

Dose proportionality is obvious from C_,, and AUC, values in
tables 1 and 2. Also, dose-normalized mean plasma levels of
midodrine and- desglymidodrine were virtually superimposable (see
Figures 3 and 4).



In texrms of C,,

and AUC, the effect of food was only pronounced
on midodrine, whereas the food~effect was negligible on the
active metabolite, desglymidodrine (Tables 3 and 4).

Table 3. Pharmacokinetic parameters for midodrine, mean (%CV), in
18 subjects after 10-mg tablet given without and with food.

Parameter

Fasted

Fed

p~value; fed
ve fasted

42.6 (27)

29.1 (30)

0.0002

T (BT)

0.50 (42)

0.76 (37)

0.0084

AUC,_
(ng*hr/mL)

36.6 (21)

46.3 (28)

0.0001

Table 4. Pharmacokinetic parameters for desglymidodrine, mean
(3CcV), in 18 subjects after 10-mg tablet given without and with

fooqd.

Parameter

Fasted

Fed

p-value; fed
vs fasted

Coy (ng/mL)

19.3 (25)

18.6 (19)

0.3910

Tgy (DX)

1.28 (43)

2.06 (26)

0.0004

AUC,,
(ng*hr/mL)

107.7 (28)

107.5 (23)

0.9251
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REVIEW OF S8TUDY IN ORIGINAL SULMISSION OF NDA 19-815
8TUDY 2:

; Studies on the bioavailability of midodrine and
alpha-2,5~-dimethoxyphenyl-beta-amincethanol hydro~<hloride.

Pxotocol Number:
Report: See original NDA, volume 9, pp. 150-166D.
Investigators:

: To determine the absolute bicavailability of the
active metabolite of midodrine (ST 1059) after administration of
2.5 mg of midodrine either as a solution or as a 2.5-mg tablet.
The relative biocavajilability of the tablet as compared to the
solution was also determined.

Treatments: Each subject was studied on 3 occasions separated by
one week. Fasted subjects received single 2.5-mg doses of
midodrine intravenously, as a solution, or as a 2.5-mg tablet.
The solution was prepared in mineral water, volume 125 mL. The
tablet was administered together with 125 mL of mineral water.
Subjects were given breakfast 2 hours after drug administration.

Desian: Randomized, cross-over.

: 15 samples of blood were taken over 24
hours. Urine was collected in 6 fractions over 24 hours.

STUDY RESULTS: The individual plasma level data for midodrine and
desglymidodrine are presented in Tables 1 and 2 respectively. The
elimination half-life of midodrine after intravenous

administration was short, approximately 25 minutes, and midodrine
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reached its LOQ after about 3 hours. From the mean values in the
table one may estimate CL at approximately 170 L/hr and V, at
approximately 100 L.

After oral administration, the mean C,, of midodrine was
approximately 11 ng/mL after both tablet and oral solution, T.,
being approximately 25 minutes (see Table 3 for pharmacokinetic
parameters of midodrine).

Figure 1 shows the mean plasma profiles of desglymidodrine after
the three administrations. Plasma levels could be followed up to
10 hours after all three administrations before reaching the LOQ.
Mean C,_,, was approximately 5 ng/mlL after the oral
administrations, T,, was approximately 1 hour. Pharmacokinetic
parameters for desglymidodrine are presented in Table 4. Note the
high clearance of desglymidodrine, approximately 72 L/hr or 1200
mL/min.

The biocavailability of desglymidodrine after the oral
administrations, using the AUC of desglymidodrine formed after an
intravenous dose of midodrine as the reference, was 0.90 for the
oral solution (95% C.I.: 0.78-1.02) and 0.93 for the tablet (95%
C.I.: 0.84-1.08).

Table 1. Mean plasma concentration of midodrine hydrochloride
(ng/mL) after administration of 2.5 mg to 11 healthy volunteers.

Intravenous Oral solution Tablet

56.6 3.4
21.6 8.0
11.3 9.7
7.6 8.0
4.4 5.3
J.2 3.5
1.8
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Table 2. Mean plasma concentration of desglymidodrine
hydrochloride (ng/mL) after administration of 2.5 mg midodrin
hydrochloride to 11 healthy volunteers.

Intravenous Oral solution Tablet

8.1
5.1
5.2
5.1
5.4
5.4
4;9
4.5
3.3
2.6
1.6
1.1
0.7

Table 3. Mean pharmacokinetic parameters (%CV) for midodrine
after administration of 2.5 mg of midodrine hydrochloride to 11
healthy volunteers by 3 different routes.

Parameter Intravenous Oral solution Tablet
Tpay (D) - 0.38 (61%) 0.45 (44%)
Cuay (Ng/mL) - 10.9 (27%) 11.2 (35%)

tk (hr) 0.41 (20%) 0.45 (27%) 0.49 (24%)

AUC,, 14.6 (32%) 8.71 (20%) 9.46 (22%)
(ng*hr/mL)

Upzen (% OF 3.6 (36%) 2.2 (18%) 2.2 (27%)
dose).




Table 4. Mean pharmacokinetic parameters (%CV) for

desglymidodrine after administration of 2.5 mg of midodrine
hydrochloride to 11 healthy volunteers by 3 different routes.

Parameter

Intravenous

Oral solution

Tablet

Ty (hT)

1.1 (45%)

1.1 (45%)

Coax (ng/mL)

4.6 (2z%)

5.0 (32%)

ty (hr)

3.1 (16%)

3.0 (13%)

3.0 (17%)

AUC,_
(ng*hr/mL)

28.7 (23%)

25.7 (26%)

25.6 (24%)

CL (L/hr)

72 (19%)

-

v, (L)

319 (19%)

-

Upuy (% of
dose)

-3
I

o
A

oW
A

"

“
e

~N
Fl

Plasma concentration (ng/ml)
-

39.3 (10%)

cermrrasas oo o "

34.4 (8%,

34.4 (13%)

¢
~

Figure 1. Mean plasma concentration of desglymidodrine after
administration of 2.5 mg midodrine hydrochloride to 10 healthy
volunteers: X = i.v.; @ = p.o. solution; o = tablet.
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NDA 19-81S )  Category 1P Submission Date:05-14-1993
Midodrine tablets

Amatine’, ,

Sponsor: Roberts Laboratories. Inc. Reviewer: Rajendra S. Pradhan

Type of Sybmission: Amendment

Background: Midodrine is a specific a, sympathomimetic agonist that is claimed to bind to the
receptors of the arteriolar and venous vasculature, leading to an increase in vascular tone and
elevation of blood pressure. It is also claimed to stimulate the o receptors in the bladder neck
and proximal urethra leading to an improvement in involuntary micturiion. The
pharmacologically active metabolite of midodrine is desglymidodrine, which is formed by
enzymatic cleavage of a glycine residue. Midodrine is under investigation for the indication of
treating patients with orthostatic hypotension associated with autonomic failure and patients with
stress urinary incontinence.

In this amendment the firm submitted a relative bioavailability study between to-be-marketed
tablet formulation and solution. This submission is amending the previous submission (12-28-
1987), which was reviewed by Dr. Janice Bamnett Jenkins (Division of Biopharmaceutics). Dr.
Jenkins's review is attached in the appendix I. The latter submission was found deficient on

several issues, and considered unreviewable by the Division of Biopharmaceutics. The current
submission has only one study and addresses only one issue i.e. relative bioavailability.

Recommendation: The following studies are needed to be submitted to the Division of
Biopharmaceutics. The required information/studies are divided into 1. Critical for evaluation
of biopharmaceutic aspects of the drug and 2. Recommended but not mandatory for Div. of
Biopharmaceutics's evaluation,

1.
Drug physical/chemical properties
Proposed package insert

Dosage formulation information
Radiolabelled ADME studies
Metabolism information

Single dose PK studies

Multiple dose PK studies

Dose Proportionality

Bioequivalence study




In vitro drug dissolution
Gender Analysis

2.
Food effect study

PK/PD study

Special population

Protein binding
Assay-Validation
Metabolic identification/Isozymes characterization

The firm so far has satisfied only the requirement of relative bioavailability study. The solution
was found bioequivalent to the tablet. In this relative bioavailability study there were several
unexplained findings. First, the parent compound was not detected. Second, the level of
desglymidodrine showed a second peak at 36 hr post drug administration. The firm has
confirmed that the peak seen at 36 hr is not due to a compound other than desglymidodrine using

The Division suggests that the firm run a to make
sure that it is desglymidodrine. The firm has concluded that the drug is getting metabolized
extensively in the gut wall to desglymidodrine. It is recommended to identify the exact
mechanism of this conversion. This is important especially because firm has quoted two
references where total conversion of midodrine to desglymidodrine did not take place in the gut
wall. It is quite clear that some properly designed basic pharmacokinetic studies are necessary
to understand midodrine disposition e.g. pharmacokinetics and mass-balance study of
radiolabelled midodrine.

The Division of Biopharmaceutics is willing to work with the sponsor in designing the above

studies
. a>
(e T

Rajendra S. Pradhan, Ph.D.
Division of Biopharmaceutics

Initialed by Ameeta Parekh, Ph.D. duu.ﬁ-zL M/C 22/4‘,‘3

cc: NDA 19-815, HFD 110, HFD 426 (Fleischer, Parekh, Pradhan), Chron, Drug, FOI (HFD
19), HFD 340 (Viswanathan), MET.
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Relative-Bioavailability of Midodrine Tablet with respect to Aqueous Solution

Objective: To compare the oral bioavailability of a S mg dose of midodrine in the tublet and
the aqueous solution,

Study Treatments: Tablet (5 mg) Lot# 293511.
Aqueous solution (5 mg) Lot# 110553

Study Design: Open, randomized, two-way cross-over trial conducted at a single center, 18
healthy male subjects received one of two treatments and subjects remained fasted for 4 hr
following drug administration. The wash out period was 5 days.

Specimen: Blood, at 0, 10, 20, 30, 45 minand 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 36, and 48 hr
after the administration of the drug.

Results: The parent compound midodrine was not detected in the plasma. Mean concentrations
of desglymidodrine versus time plot is shown in fig 1. The profile showed two peaks, one at
20 min and the other one at 36 hr. Table 1 shows pharmacokinetic parameters at several time
points. In this table AUC was calculated from 0-3, 0-8, 0-12, 0-24, 0-36 and 0-48 hr. The
following table shows the 90% confidence intervals for desglymidodrine pharmacokinetic
parameters (log transformed)

Aqueous solution/Tablet | 90% CI

~ Cmax 84.86-105.48
CTmax -22.19-351.55

Comments: There were several unexplained findings in this study. First, the parent compound
was not detected. Second, the level of desglymidodrine showed a second peak at 36 hr post
drug administration. The firm has confirmed that the peak seen at 36 hr is not due to a
compound other than desglymidodrine using . The Division suggests that the firm
run a ' * to make sure that it is desglymidodrine. The firm has
concluded that the drug is getting metabolized extensively in the gut wall to desglymidodrine.
It is recommended to identify the exact mechanism of this conversion. This is important
especially because firm has quoted two references where total conversion of midodrine to
desglymidodrine did not take place in the gut wall. It is quite clear that some basic
pharmacokinetic studies are necessary to understand midodrine disposition e.g. pharmacokinetics
and mass-balance study of radiolabelled midodrine.

Conclusion: Midodrine 5 mg tablet and aqueous solution are bioequivalent.
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Reviewer: Janice Bamett Jenkins

L}

Type of submission: Original NDA

Background: |

The sponsor has submitted 6 studies which examine the metabolism and bioavailability of
midodrine (ST 1085). Midodrine is a prodrug of desglymidodrine (ST 1059) which is an
alpha-receptor sympathomimetic stimulant (Figure 1). The sponsor does not mention what
the intended indication is for midodrine, however, conversations with the CSO (Gary
Buehler) reveal that midodrine will be used to treat patients suffering from idiopathic
orthostatic hypotension. This condition is quite rare, making it difficult to recruit significant
numbers of study subjects. Clinical studies are also hindered by the fact that patients with
this disorder are virtually bedridden because of the hypotension and when they experience the
positive effects from midodrine they are reluctant to participate in placebo phases of studies.
According to Gary Buehler, the dose that has been found to be effective is 10 mg.
Midodrine is curr .Uy marketed in Europe under the brand name Gutron®. The studies
submitted by the sponsor were conducted in Europe under the sponsorship of the

" At best, the details of the submitted studies are sketchy,
containing very few specific details of the methods used for sample and data analysis.
Therefore, a scientifically based biopharmaceutics review cannot be undertaken at this time.
A brief description of the studies and results will be included in the Appendix. Also, the
conclusions drawn by the sponsor will be included. It should be noted throughout that the
conclusions are not those of the reviewer, but of the sponsor. Because of the many
deficiencies in the submitted studies, a reasonable review cannot be undertaken at this time.

L,
4 N




There are a number (‘)f deficiencies in the present submission which need to be addressed
before a biopharmaceutics review can take place. Below is a summary of the information
needed for each study and information that is needed but not included in the submission.

QUESTIONS

(1) What is the proposed indication for use?

(2) What strength(s) and dosage form(s) will be marketed?

(3) What is the dose, dose range and dosing interval, and how do these relate to effect?

(4) Has an effective plasma concentration been identified and has a

pharmacokinetic/pharmacodynamic relationship been established?

(5) What is the proposed labeling for the product?

(6) How is product labeled in Europe?

(7) Where will the final product be manufactured, and what will the batch size be?

(8) What is the composition of the formulation(s) used in the studies and intended for

marketing?

(9) Has the market image tablet been studied in clinical trials, if not, has bicequivalency

been established between the clinical formulation and market image tablet?

(10) What are the dissolution characteristics and proposed dissolution specification for the

(11) Is there interconversion between the enantiomers?

(12) What is the stability of midodrine in blood samples collected from study subjects (i.c. is
there any in yitro metabolism of midodrine in blood/plasma)?
midodrine formulations intended for marketing?

(13) What studies have been done to define the pharmacokinetics of midodrine in terms of
dose proportionality and the effect of food? What were the findings of such studies?

(14) Are there other metabolites besides ST 10597 If so, have they been identified and their
pharmacokinetics and pharmacodynamic effects defined?

(15) Are studies planned to examine the pharmacokinetics of 10 mg doses of midodrine, if
this is to be the labeled dose?

(16) Have the pharmacokinetics of midodrine been studied in patients and special
populations, such as elderly, hepatic and renal dysfunction?

(17) Are there any significant interactions with other renally cleared drugs?

(18) It was reported that most of the subjects in the submitted studies experienced
formication (see definition below®) following the administration of midodrine. Is this side
effect dose and/or concentration related? Also, do patients experience this side effect?

(19) Is midodrine protein bound to a significant extent and if so, what protein(s) is/are
involved?

‘Formication: A tactile hallucination in which there is a sensation of tiny insects crawling
over .a¢ skin; most commonly seen in cocaine or amphetamine intoxication. (from 27th
edition of Dorland’s Illustrated Medical Dictionary)

é
3¢
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manufacturg ke,
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(2) Assay method
specify method
range of standard curve ..
linearity, specificity, sensitivity, wcuncy and precision of assay
range of quality control aamplu
inter- and intraday variability ;.
stability undef: frozen conditions \
wmﬂnenmphumlyudwnhinthemgeofthesm‘dardcuwe
were sampu dllu\ed

(3)Dataanalym N\

(Part 1)°, umwwyumbmmdﬁmphxmmmmums
however, the method used for this conversion is not detailed. Furthermore, it is not clear
how such a conversion could be done based on total radioactivity, since active metabolite and
residual activity are included in total radioactivity. The rationale for such conversion needs
to be explained by the sponsor.

Any information which has been published regarding the pk/pd of a drug for which approval
is sought should be included in the application ;ubmitted by the sponsor. At least one
publi~ation has been identified which was not included in the submission (Pharmacodynamics
of midodrine, an antihypotensive agent. Zachariah P’K. et. al., CPT, 39:586-591, 1986).

N 4
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The uxopharmceutig pachge for NDA 19-815 is found to be grossly deficient. The studies

submitted to the Division of Biopharmaceutics as part of NDA 19-815 iave not been
documented in a manner which allows for appropriate biopharmaceutics review. In addition,
other pertinent information relative to the drug has not been included in this submission. It
is therefore recommended that the listed deficiencies contained herein be forwarded to the
firm in order to provide guidance in putting together a reviewable biopharmaceutics package.
Furthermore, if there is clinical interest in pursuing the approval of this application or if
there is the possibility of a resurgence of this application, the Division of Biopharmaceutics
would be willing to work with the sponsor to expedite the approval of this 1P orphan drug.

]
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R B Janice Bamett Jenkins, Ph.D.
RD initialed by Ameéta PAD. auja’s
FT initialed by Nichohs ‘H /
PO LoZa Akl gfsfes

cc: NDA 19-815, H'.FD llo HFD‘AG (Ieukinl Pldnhu) Chmn Drug, FOI (HFD 19),




d.1-ST 1085, HCl (MIDODRINE, GUTRON®) urinary excretion of the metabolite ST 1059
after one single oral dose of ST 1085, HCI to volunteers,

Study: Volume: 9 Pages; 28 - 37

SUMMARY

Six healthy male volunteers 27 to 59 years of age and weighing 68 to 90 kg participated in
this study. Each subject received a single 5 mg dose of midodrine (batch No. 566319) with
250 ml of mineral water. A urine sample was collected prior to dosing and complete urine
collection was carried out in intervals of 0 - 2, 2 - 4, 4 - 8, and 8 - 12 hours after drug
administration. The samples were stored frozen until analysis. The active metabolite, ST
1059, was quantitated by fluorometric determinatiori.

Note: About 1 hour after administration, formication of the scalp occurred. Analogous
symptoms occurred in the shoulders and back. The symptom wanes after about 4 hours.

Based on the data from this study, the sponsor reached the following conclusions:

(1) ST 1085 (midodrine) seems to be rapidly absorbed from the tablets.

(2) ST 1085 is rapidly metabolized to ST 1059.

(3) Within a period of 8 hours, an average (n=6) of 30.2% of the administered dose is
excreted as ST 1059 in the human urine (Tables 1 & 2).

(4) The temporary course of the excretion is identical with the duration of the subjective
effect



Table 1

Summary of excretion of ST 1059 (active metabolite) in the individual urine fractions
following an oral dose of 5.0 mg ST 1085.HCI (midodrine) each to test persons (i.e. 66.9
mcg/kg ST 1085.HC! (n=6)), expressed as micrograms of ST 1059 excreted per fraction.

0- 2 hou

TS

2 - 4 hours

178.68 1024.52 |
130.74 17623 |
73.17 17.20

LN



Summary of excretion of ST 1059 (active metabolite) in the individual urine fractions
fullowing an oral dose of 5.0 mg ST 1085.HCI (midodrine) each to test persons (i.e. 66.9
mcg/kg ST 1085.HCI (n=6)), expressed as percent of the administered dose (n=6).

i
|
|
| Table 2
|
|
|
|

8 - 12 hours | % of Total
Dose

(1) The sponsor has not submitted specific details regarding the analytical procedure used in
this study.

(2) The sponsor calculated the total percent (30.2) of the dose excrcted as ST 1085 in the
urine by adding the average percents excreted in each urinc fraction. I calculated the value
(31.03) by taking the average of the individua! iotal values for each study subject.

(3) The table in the submission reports "% of dose as ST 1085", I think it should be ST 1059
and I have changed the above tables to reflect this?

(4) The firm reports that the urinary excretion of ST 1059 can be correlated to a subjective
effect, however, the subjective effect is not specifically stated.



after repeated administration of ST 1085 HCI t¢ volunigers,

Study: Volume: 9 Pages; 38 - 48
SUMMARY:

The same 6 healthy male volunteers who were in the preceding single dose study
participated in the present study. The subjects received three 5 mg doses of ST 1085.HCI
(midodrine) (batch no. 566319). The dosing interval was 4 hours. Urine samples were
collected prior to drug administration and over intervals of 0 - 4, 4 - 8, 8 - 12, and 12 - 24
hours. Samples were frozen until the time of analysis. The metabolite ST 1059 was
quantitated using fluorometric determination.

Note: About | hour after the administration of the 1st tablet, formication of the scalp
appeared, spreading to the shoulders and back. About half an hour after the administration
of the 2nd tablet, this formication and chill covers practically the whole body. After
administration of the 3rd tablet, a moderate reddening of the skin of the face is seen. All
symptoms last until about 20.30 h.

Based on the data from the study, the sponsor reached the following conclusions:

(1) ST 1085 seems to be rapidly absorbed from the tablets.

(2) ST 1085 is rapidly metabolized to ST 1059,

(3) Within a period of 24 hours an average (n=6) of 44.9% of the administered total dose is
excreted as ST 1059 in the human urine (Table 1).

(4) The amount of ST 1059 excreted in urine, over the reported intervals, after three doses of
ST 1085 was similar to what was observed after single dose administration. There is
apparently no accumulation of the substance within the observation period; so the chosen
dosing interval can reasonably be considered as adequate.

(5) The tempora-y course of the total excretion can be correlated approximately with the
duration of the subjective effects.



Table 1

Summary of excretion of ST 1059 (active metabolite) in the individual urine fractions
(expressed in micrograms) following 3 oral doses ST 1085 (Smg) and percent of total dose
excretec as ST 1059.

Subject# | 0-4h |4-8h 8-12h | 12-24 h | Total % of

|

|

; dose

? ' | — | T S

N

|

‘ 2 l

| 3|

[ 4

BE

—

| -

| mean 968 | 1476 | 1445 | e85 | 45713 | as9 |
sd 21 | 26 | 29 | 06 | s | s6 |
[ % cv 17| 17 21 103 19 | 190 |
Comments:

See comments #1 & #4 from previous study,




Studies on the pharmacokinetics and the metabolism of d.1-*H-ST 1085/HC! (midodrine)
er 10 —dUT

Study: Yolume: 9 Pages: 49 - 81
SUMMARY:

One male subject participatzd in this study (age; 43, hgt; 186cm, wgt; 85kg). A solution of
d,1-’H-ST 1085/HCI (purity 95%) in normal saline was prepared and a 5.11 mg dose
administered intravenously to the study subject. Blood samples were collected prior to and at
the following times after drug administration; 3, 6, 10, 15, 30, 60 (mins), 2, 3, 6, 8, 24, 48,
72, and 96 (hr). Urine was collected over the following intervals; 0-2, 2-4, 4-6, 6-8, 8-12,
12-24, 24-36, 36-48, 48-72, 72-96, 96-120, 120-144, and 144-168 hours. Compiete stools
were collected at 24 hour intervals, over a 4 day period. All samples were frozen until
analysis.

Liquid scintillation counting was used to measure total activity. The method of internal
standardization was used for the calculation of the absolute activities. About 93% of the
administered activity was excreted via the urine within 168 hours (7 days), therefore,
analysis of the stool samples was not done. The distribution of metabolites in plasma and
urine following drug administration was confined to a separation of the bases and neutral
substances divided into 3 fractions; ST 1085 (midodrine), ST 1059 (active metabolite) and
residual activity. The separation involved extraction, thin layer chromatography, elutioa and
counting (dpm). The distribution of metabolites was also determined after incubation of urine
samples with the enzymes beta-glucuronidase/arylsulfatase |

Note: Within a period of 1.5 to 4 hours after the administration of the test drug to the study
subject, he experienced shivers of the whole body with piloerection. During the collection
period of the two first urine fractions, a markedly increased desire to urinate with
concomitant slight micturition difficulties was observed. The observed effects and their
course meet approximately with the course of action of active concentration of *H-ST 1059 in
the plasma and urine.

Results:

Based on plots of total activity (TA) versus time (Figs. 1 & 2), the sponsor presumes that 3
different kinetic processes are occurring. The first is rapid distribution of the TA which ends
at about 30 minutes, and is presumed to correspond to an accumulation of the substance in a

depot (Fig. 2). This is followed by a fall of the TA with a half life of about § - 6 hours (Fig.

1). Subsequently, there is a very slow fall of a residual activity which is concealed for the
first two days, and becomes manifest from about 48 hours after drug a“ministration (Fig. 1).
The sponsor notes that the plasma and urine levels of residual activity reach equilibrium at
the same time and that this portion of the TA can reasonably be attributed to *’HHO, which
cannot be further concentrated by the kidney. The *HHO has a half life of about 7 - 9 days
via the urine.

O



Distribution of metabolites (DM) in plasma was only done within the 0 - 120 minutes after
drug administration, The TA was separated into 3 portions (Fig. 3); unchanged d,1-*H-ST
1085 (midodrine), d,1-°H-ST 059 (active metabolite) and residual activity, calculated as the
difference to 100% of the TA. Plasma d,1-H-ST 1085 had rapid elimination from the
plasma. The plasma level of d,1-’H-ST 1059 fell rapidly for the initial 15 minutes, then
rose to practically constant values within a period of 60 - 120 minutes.

The urine clata is summarized in Table 2 and Figure 4. Within 4 hours after drug
administration, 50% of the TA was excreted in urine. Within 168 hours after drug
administration, 93% of the TA was excretzd in the urine. Distribution of nictabolites was
measured in the first 4 urine fra tions (covering 0 - 8 hr). The TA was separated into 3 parts
as described above. After the conjugates were split, the activity of each of the three parts
was evaluated again. Both before and after splitting of the conjugates, only a small percent of
the TA was attributable to ST 1085 (midodrinz2).



Table 1

Activity levels of the fractions ST 1085, ST 1059 and "residual activity” (for O to 120
minutes only) and total activity in plasma, expressed as dpm/ml.

% Sampling T irﬁe Total Activity Fraction of Fraction of Fractlion of

i dpm/ml plasma | ST 1085 ST 1059 "Residual

| dpm/ml dpm/ml Activity”

g dpm/m]

i 3 min 62186 37480 7848 16858

[ 6 32607 18726 4131 9749

{ 10 " 25115 13075 3325 8715

i 15 " 20712 10466 3030 7216

! 30 " 17327 4375 4373 8579

i 60 " 16373 1793 7867 6708

| 2 hr 15921 | 446 8741 - 6736

E LI 13768 -- -- - ‘

IxE 9686 . - . |

| 8 " 7051 - - -- !

| 24 2178 - - i

[ 48 599 . - . |
7" 528 - -~ - {

|rs
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Table 2

Excretion of total activity (expressed in dpm/ml) in the separate urine collections

o

|
|

dpn./ml of

dpm for total

% of excreted

Total excreted

T e e e AN

0.035

| Urine Fraction
in hours urine urine togal activity in activity in
urine urine
0-2 821900 508760873 29.97 --

2-4 1392300 284733106 16.77 46.74
4-6 1972400 225852768 13.30 60.04
6-8 764300 160519360 9.46 69.50
8- 12 501150 195719217 11.53 81.03

12 - 24 199280 161420740 9.51 90.54

24 - 36 24241 26665614 1.57 92.11

36 - 48 10379 5707971 0.336 92.45

48 - 72 2438 3761834 0.222 92.67

72 - 96 1203 1785549 0.105 92.77

96 -120 892 1302465 0.077 92.85
120 -144 812 983004 0.058 92.91
144 -168 477 590860 92.94

le
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Activities of the fractions ST 1085, ST 1059 and residual activity
in the separate collected urine before and after the splitting of conjugates.
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midedring 1n_man (part 1)

Smd:f' Volume: 9 Pages: 82 -110

In this study, plasma and whole blood levels and the excretion via urine and feces of "H-
midodrine were measured in healthy male and female subjects after intravenous and oral
administration, in order to confirm oral absorption. Three male and 3 female students
ranging in age from 20 to 27 years participated in the study. The subjects fasted overnight
prior to the study day. The subjects received either 5 mg or 5.3125 mg of *H-midodrine
either intravenously or as an oral solution, respectively, in a randomized crossover study
design. The study days were separated by 2 weeks. The drug was supplied by

For oral adminstration, the solution was injected into soft gelatin capsules and
the capsules were ingested by the study subjects. Blood samples wee collected prior to and at
S, 10, 20, 40 and 60 min as well as 2, 4, 8, 12, 24, 48 and 72 hours after intravenous
administration of drug. With the exception of the 5 minute sample, blood was collected
according to the same schedule after oral administration. Both after the intravenous and the
oral administration the urine was collected in 2 hour fractions until the 6th hour, which was
followed by one period until the 12th hour, by another period until the 24th hour, afterwards
the urine was collected in 24 hour fractions until day 7. In both trials feces were taken in
24-hour fractions until day 4.

Total activity was measured in whole blood, plasma, urine and feces.
Results:

The total activity was converted to ng/ml of midodrine and the mean results after inttavenous
and oral drug administration are presented in Table 1, along with their deviations. Table 1
also contains the theoretical plasma concentrations which were determined by using a
multiple feathering computer program (Wagner, 1975; Fundamentals of Clinical
Pharmacokinetics, Drug Intelligence Publications Inc., Hamilton). Figurz 1 shows the
theoretical plasma concentration curves. The predicted midodrine plasma concentrations
correlate with the observed values after both routes of administration.

Mean whole blood concentrations after intravenous and oral drug administration are shown in
Table 2. Table 3 has the mean excretion of midodrine in urine and feces after intravenous
and oral administration of midodrine. The predominant percentage of the administered dose
was excreted in the urine, with only a very small amount being excreted in the feces.

The plasma data following intravenous and oral administration of midodrine were fit to a
two- and one-compartment model, respectively, using the computer program referenced
cbove. The results are in Tables 4a, 4b, 5a and 5b. The mean absorption rate after oral
administration was calculated by Dost's proposition and turned out to be 109%.

The individual data for Tables | - 5 are included in the appended tables A - D.




Table 1

Mean plasma concentrations of midodrine and their deviations after intravenous and oral
administration of 5 mg and 5.3 mg of *H-midodrine, respectively, calculated from the "H-
total activity and converted to ng/ml. The predicted concentrations derived from fitting the

iv and oral data to two- and one-compartment models, respectively, 1s included.

v

v

deviation predicted deviation | predicted
(SEM) (ng/ml) (SEM) (ng/ml)
5 min 94.25 10.19 91.35
10 " 60.77 8.07 62.31 13.58 6.69 13.58 JI
IL 20 " 46.16 5.45 46.08 30.25 5.42 30.25 H

3.30

41.00

5.06

45.00

2.68

38.57

4.66

48.46

2.21

32.27

4.99

43.23

1.72

22.58

3.47

29.65

0.57

11.06

1.58

13.81

0.32

5.41

0.75

6.43

0.10

0.64

0.13

0.65

0.01

0.01

0.00

1
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Mean whole blood levels of midodrine in ng/ml after intravenous and oral administration

Table 2

(5.0 and 5.3 mg, respectively), calculated from the *H-total activity.

| Time v v PO PO

I mean deviation mean deviation

| (ng/m) (SEM) (ng/ml) (SEM)

{5 min 109.82 18.35

! 10 " 69.56 13.06 14.21 7.28

[ 20 - 50.50 8.77 29,82 7.13
40 * 40.42 5.84 45.91 3.06
60 " 38.18 5.14 41.61 1.99
2 hr 37.81 4.50 37.74 3.47
4 " 22.93 2.75 25,47 2.54

i g 11.40 1.19 11.35 1.14

| - 4.91 0.56 4.64 0.56

| 24 - 0.53 0.14 0.45 0.14

[ 48 0.0 0.0

| 72" 0.0 0.0




Table 3

Mean excretion of midodrine in urine and feces after intravenous and oral administration, as
percentage of the dose given.

Time IV 1AY PO PO
mean deviation mean deviation
% of dose % of dose
URINE 0-2h 34.49 1.14 26.46 1.64
| 2 4h 18.60 1.86 20.61 0.91
4-6h 13.85 1.90 12.38 0.84
6-12h 6.77 1.59 7.90 2.03
| 12- 24 h 7.02 1.92 7.82 200 |
2 days 1.17 0.27 1.17 0.15 "
3 days 0.17 0.04 0.18 0.04 ”
4 days 0.01 - 0.04 0.02
5 days 0.0 --- 0.01 0.01
| 6 days 0.0 0.0
t( 7 days 0.0 --- 0.0
{ TOTAL 82.08 76.57
URINE
FECES 1 day 0.04 0.02 0.42 0.33
ﬁ 2 days 0.32 0.15 0.69 0.44
lr 3 days 0.35 0.16 0.83 0.24
r 4 days 0.07 0.06 0.17 0.16

2.11

78.68
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ad tables 40, anéd 4h

8 1 slow disposition constant
o« : rapid disposition constant
B : intersection of the mono-exponential fB-straight

line with the ordinate

A : intersection of the mono-exponential A-straight
line with the ordinate

c fictitious concentration in the plasma at time O
k12 distribution constant

k21 distribution constant

k13 : elimination constant

t1/23 biological half life (= half life of f-phase)
t1/2&: half life of dc-phase

AUC : area under blood level curve

Cltot : total clearance

Vc, Vdss, vdaroa: distribution volumes




UL/4095/ 22

Table ﬂn,: Pharmacokinetic results for midodrine after intravenous adwinistra-

calculated according to an open two-compartiment-model. The talle

tion of 5 mg,
shows the individual results for each test perxrson,

the means and deviations

Test person o B ty/28 d A t/2d
h? ng/ml h h? ng/ml h

1

2

3

‘

5

6
X 0.1803 46.C1 3.87 15.26 168.29 0.06
0.0061 3.13 10.12 3.06 29.61 0.01

104
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Tabiec ﬂﬁ : Pharmacoukinetic resuits for midodrine alter intraveuous administra-
tion ot 5 mg, calculated according te an open two-compartiment-wodel. The table
shows the individual results for each test person, the means and deviations
O~ oo
Test ¢ k12 "21 kl3 Cltot Auc VC vdss vdarea
person -1 -1 -1 n h
ng/ml ml/min —i——-—mi ml ml ml
1
2
3
)
5
E
6 Y
X 214.30 11.38 3.2251 0.8588 319.60 268.67 25.03 101,60 106.21
SY' 28.18 2.71 0.3365 0.1271 26.45 19.37 2.62 £.95 7.11




UL/ 4092/ &7

ad tables SR and 51L

k : elimination constant

el
kcb : absorption constant
t1/2.1: biological half life (= half life of B-phase)
t1/2ab: abgorption half life
C; : fictitious concentration in the plasma at time O
t, : time-lag of absorption
tmnx ¢! time of maximal concentration
c { maximal concentration
max
AUC ! area under blood level curve
Vd. Vd.r.l: digtribution volumes
f : fraction of absorbed dose (x 100 = par:zentage)
-/ 28

109
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UL/4095/

sec 2/iefss
oral
Table ﬁik, Phormacckinetic results for midodrine afier intravenous administra-

tionn of a solution oo .3 mg, calculated according to an open one-compartiment -
model. The table shows the individual resulls {or eacli test person, the meuns

and deviations

o
Test kel A=B=C, t1/2e1 Xab ty/2ab to tnax “max
person -1 ‘ -1
h ng/ml h h h h h ng/ml
b |

)

2

3

4

5 !

6

x 0.19€5 64.24 3.58 4.5822 0.22 0.13 0.66 53.91
Sz Q.0102 5.93 0.19 1.4827 0.04 0.04 0.12 4.00

107
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JeC 2/0f58
oral
Tablejib . Pharmacokinetic results for midodrine after intsavenews administra-

108

tion of a solution of 5.3 mg, caléﬁlated according to an open one-compartiment-
model. The table shows the individual results fcr cach test person, the means

and deviations

Test person | AUCO— = £ Vd vdarea
| M_-h o<1 |m.10® | m. 10’
1
2
3
. ;
5 a
6
X 307.93 1.09 93.83 100.11
Sﬁ. 25.93 0.07 11.34 12.59




Comments:

(1) The oral midodrine dose was 5.3125 mg instead of 5.0 mg because gravimetric

determination found that the subjects received 0.425 ml instead of 0.400 ml of the dosing

solution.

(2) When the data is examined based on gender, there does not appear to be any difference

(Table 6, Figure 2). However, the small number of subjects does not allow for concrete
conclusions to be drawn.

Table 6

Mean (std. dev.) plasma concentrations of midodrine (ng/ml) after intravenous and oral
administration to 3 female and 3 male volunteers.

v

PO

PO

1 Time v |
| FEMALE MALE FEMALE MALE |
5 min 106.0 (29.0) | 82.5 (17.4)
10 " 71.4 (22.3) 50.1 (11.7) 7.8 (12.4) 19.4 204) |
| 20" 54.1 (13.4) 38.2 (8.6) 28.7 (17.5) 3.9 (112) |
| a0 - 45.6 (5.3) 37653 | 5963013 | 41947 |
60 " 40.6 (5.3) 33.1 (6.1) 56.3 (10.7) 44.009.8) |
2 h 36.9 3.2) 30.4 (5.5) 54.7 (11.4) 40.4 9.5)
4" 26.5 (3.8) 21.5 (3.5) 35.0 9.4) 27.9 (7.3)
g " 12.4 (0.6) 11.1 (1.8) 14.5 (3.8) 15.3 (4.7)
12 " 5.2 (0.3) 4.5 (1.0) 5.4 (1.7) 6.5 (2.1)
2 0.7 (0.2) 0.6 (0.3) 0.5 (0.2) 0.8 (0.4)

29
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Tabiic B. Individual resulls

to table 1

Time 1 @ 2 Q s @ ‘¢ o s 5
5 min 72.49 121.98 123.43 64.64 .99.43 83.50
10 min 45.94 87.61 80.72 41.72 63.47 45.14
20 min 38.74 63.24 60. 40 31.14 47.84 35.59
40 min 39.77 46.75 50.22 29.69 39.73 31.55
60 min 34.45 43.50 43.91 26.11 36.09 37.13
2 h 133.26 38.91 38.62 24.39 35.34 31.34
4n 22.38 27.23 29.76 18.55 25.32 20.75
€ h 11.73 12.39 12.99 9.70 13.06 10.41
12 h 5.14 5.59 1.96 3.89 5.71 3.99
24 h 0.79 0.92 0.53 0.24 0.79 0.65
48 h o 0 0 0 0 )

72 h 0 0 0 0 0 o

</



Table B: Individual results to table

Time 1 9 2 9 4 d‘

10 min 1.29 o 22.03 42.11 2.48 13.54
20 min 23.04 14.60 48.31 44.30 22.73 28.52
40 min 66.96 65.13 46.56 36.68 45.70 43.18
60 min 61.95 62.95 43.95 33.13 52.38 46.35
2 h 57.59 64.39 42.13 29.42 45.90 45.79
4 h 39. 16 41.48 24.17 19.42 31.96 32.19
8 h 15.95 17.41 10.19 10.77 20.18 15.01
12 h 6.17 6.50 3.42 4.94 8.94 5.70
24 h 0.68 0.57 0.24 0.78 1.17 0.43
48 h 0 0 0 0 o 0
72 h 0 0 0 o 0 0




Table G Individual results to table p
) . l . [

Time 1 g_) 2 9 3 9 4 d‘ S 6‘ 6 (5
S min 108.52 163.85 158.65 45.88 90.33 91.69
10 min 69.84 117.45 94.56 28.88 50.74 55.86
20 min 57.06 82.80 61.91 20.92 39.76 40.56
40 min 43.66 §0.02 50. 80 19.40 35.56 33.09
60 min 42.78 56.13 44.07 18.97 32.55 34.59
2 h 38.85 47.21 37.74 15.38 27.47 30.19
4 h 27.35 30.40 25.35 10.97 .22.31 21.18
8 h 13.59 14.39 11.68 6.28 12.31 10.13
12 h 6.25 5.64 5.22 2.50 5.66 4.18
24 h 0.83 0.82 0.37 o 0.83 0.34
48 h. o &) 8] o) 0 o]
72 h 0 o O 0 0 0

23



Taule D_._ Individual results to table )

pral

Time 1 ? 2 9 3 9 4 6 S d

10 min 0.50 (o) 24.73 45.04 2.62 12.3¢
20 min 15.71 13.08 50.11 53.013 20.82 26.17
40 min 44.70 60.52 45. 80 43.20 41.56 39.606
60 min 35.73 49.29 43.35 37.01 42.06 42.21
2 h 38.22 49.97 37.94 23.32 39.32 37.68
4 h 22.30 34.03 25.16 15.62 28.86 26. 86
8 h 8.56 13.08 11.13 7.92 15.34 12.07
12 h 3.35 4.90 4.43 3.16 6.98 5.00
24 h 0.10 0.22 0.37 0.23 0.82 0.94
48 h 0 o ) ) o 0
72 h (o 0 (o] o o o
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K | Kinetic trials with *labelled midodsine i Part 2

Study: VYolume: 9 Pages: 111 - 130
SUMMARY
The plasma and urine samples from the previous study . were analyzed for

midodrine (ST 1085) and its active metabolite (ST 1059) using radio-thin-layer-
chromatography. Plasma samples collected at 20 min, 60 min, 2 h, 4 h and 12 h after iv and
oral drug administration were assayed. The urine fractions: 0 -2h,2-4h,4-6h,6-12h
and 12 - 24 h were also assayed. Urinary metabolites were also measured following a 24
hour incubation with an enzyme mixture (betagluconidase/arylsulphatase). The activity in the
thin ‘ayer bands corresponding to ST 1085 and ST 1059 was determined and the remaining
activity was the residual activity. Data was expressed as the percent of total activity.

The mean activities of the 3 fractions, after oral and intravenous administration of midodrine,
in the separate plasma samples and urine fractions are presented in Tables 1 & 2,

respectively.



Table 1: Mean activities of fractions "ST 1085", "ST 1059" and "residual activity"
in the separate plasma specimens - expressed as percentages of total activity -
after introvenous and oral administration of 5 mg midodrine in subjects No. 1 - 6
Intravenous Oral
Plasma ST 1085 ST 1059 Residual ST 1085 ST 1059 Pesidual
(time) activity activity
20 min 31.5 + 2.14 29.5 + 2.65]38.8 + 8.88 §52.8 + 4.38 27.5 + 5.21 19.5 + 4.04
60 min o 34.8 + 3.11 165.2 + 3.11% 0 25.2. £12.03 | 74.8 + 12.03
2 h 0 37.2 + 5.33 | 62.7 + 5.42 0 o 100"
4 h — — — — — —
12 h —— e — —_— — —
+



Table A: Mean activities of fractions "ST 10857, "ST 1059" &ad "residual activity"
in the separate collected urines - expressed as percentages o{ total activity -

after intravenous and oral administration of 5 mg midodrine in subjects No. 1 - G

Defore cleavage of conjugates

3/

124

_ - A, e

Intravenocus ' ' Oral
Urine (h) ST 1085 ST 1059 acriies l ST 1085 i ST 1059 neidyyy
0 - 2 11.5 * 2.29 §s56.5F 3.52]31.7 % 3.78 §13.2 F 1.35 {57 7% 2,31 129.8% 2.59
2 - 4 3.1 _*0.72 |53.7 % 2.60]|42.8 * 2.23 4.2 1. .5 £ 3.09 J40.5 ¥ 2.17
4 - 6 1.6 20.74 |51.0% 1.71147.0 % 1.51 2.8 % 1.05 !54.2%3.59 |42.5 % 3.13
6 - 12 2.1 ¥ 1.80 |51.2 % 3.24]46.8 * 2.12 2.3 ¥ 0.91 '50.6 *2.91 147.0 % 2.53
12 - 24 0.2 *0.15 |66.2 ¥ 5.32]33.7 * 5.25 0.4 £ 0.32 | 54.77 3.6 44.8 ¥ 3.30 |
After cleavage of conjugates
0 - 2 14.3 * 1.38 160.2 * 1.94} 25.2 * 1.49 ﬂ 13.0%1.39 }55.3 % 4.06 [3v.7F3.21
2 - 4 3.0 ¥+ ©.52 ]| 54.7 * 2.95)42.3 * 3.12 4.6%1.27 153.7 +3.03 [41.2 + 2.89
4 -6 3.0 * 0.37_}55.3 % 3.81} 41.7 % 3.90 4.8%1.33 (53.5 +2.72 |41.5 * 3.08
6 - 12 3.2 * 1.08 |55.0*%5.34( 41.2 * 4.93 6.6+0.93 |51.0% 3.27 |42.2 % 3.12
12 - 24 0.720.42 164.0 ¥ 6.63035.2% 6.60 1.8+0.60 |54.2 % 3.28 |43.5 X 2.78




Study: Volume: 9 Pages. '50 - 166D

The purpose of this study was to examine the absolute bioavailability of the active metabolite
of midodrine (ST 1059) when administered as a drinkable solution of 2.5 mg of midodrine
and also when administered as a 2.5 mg midodrine tablet. The bioavailability of the tablet
relative to the solution was also examined.

The formulations were manufactured by

Study Design;

Twelve (12) healthy, male volunteers between the ages of 21 and 26 years (median = 23),
weighing from 63 to 88 kg (median = 76 ) and from 175 to 190 cm tall (median = 185)
participated in this randomized crossover design study. On 3 occasions, each separated by
one week, fasted subjects received single 2.5 mg doses of midodrine either as iv, oral
solution or tablet preparations. The solution was prepared in mineral water and had a final
volume of 125 ml. The tablet was administered with 125 ml of mineral water. Subjects
were given breakfast two hours after drug administration. Ten (10) ml blood samples were
collected immediately before drug adminstration or injection and 5 min (only after iv), 10
min, 20 min, 30 min, 45 minand 1, 1.5, 2, 3, 4, 6, 8, 10, and 24 hours after drug
administration. Urine samples were collected before adminstration and for the following
intervals after drug administration: 0-2h,2-4h,4-6h,6-8h,8-10hand 10- 24 h.

"Plasma and urine samples were stored frozen at -70° C until assayed.
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Results:

After oral administration, the mean plasma concentrations of midodrine peaked at 10 ng/ml
in about 20 - 30 minutes, for both preparations, and midodrine was no longer detected in
plasma after 3 hours (Tables 1 & 3). The calculated pharmacokinetic parameters for
midodrine are presented in Table 1.

Figu.c 1 shows the mean plasma concentrations versus time profiles for ST 1059 following
the administration of 2.5 mg of 3 different midodrine formulations (iv, oral solution, oral
tablet). At about 1 hour, concentrations of ST 1059 peaked at 4.3 and 4.7 ng/ml for the
solution and tablet formulations, respectively. Plasma concentrations of ST 1059 could be
detected up to 10 hours after midodrine administration in most subjects. Pharmacokinetic
parameter estimates and mean plasma conccatrations for ST 1059 are presented in Tables 2
and 4.

The absolute bioavailability (F) (mean + sd) of ST 1059 as the drinkable solution was 0.9
(95% C.1.: 0.78 - 1.02) and F for the tablet was 0.93 (95% C.1.: 0.84 - 1.08). The mean

relative bioavailability of the tablet compared to the solution was 1.09 (95% C.1.: 0.90 -
1.22).

Fiaure |

ot ”~ [V, ] o -J o
L F. 1 4 L ]
consosse <

~
2

Plasma concentration (ng/mi)

-l
[

01 Lg —— ¥ ¢ g

0 \ 2

IR
. . Toie (40
gure 1: Mean plasma concentratifons of ST 1059 after
administration of 2.5 mg widodrine hydrochloride in each case to

10 healthy volunteers. «x f.ve; o p.o. (solution);
0 p.o. (tablet).
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Table 1

Pharmacokinetic parameters of midodrine hydrochloride after administration of a 2.5 mg
dose to healthy volunteers.

Intravenous

Oral Solution

Oral Tabletr

23+ 14

27 4 12

109 + 2.9

112 + 3.9

0.41 + 0.08

0.45 40,12

0.49 + 0.12

146 + 4.6

8.71 + 1.78

9.46 + 2.09

Ugn = excretion in 24 hours

Pharmacokinetic parameters of ST 1059 after administration of 2,5 mg midodrine to healthy
volunteers,

| Parameter

Intravenous

ek 1y

Oral Solution

224 04

Table 2

_224 0.6

Oral Tablet

| Usuus (% of dose

Uga4w = excretion in 24 hour urine

| Tmax (h) : 114 05 1.1 4 0.
| Cmax (ng/mi) B 464 1.0 5.0 + 1.6
| 4, (h) 3.1 405 3.0+ 04 3.0+ 0.5
| AUC (ngxh/ml) 28.7 + 6.6 2874+ 66 25.6 + 6.2
| CI (ml/min) 1200 + 229 1392 + 378 1378 4 319
| volume (1) 319 4 6l 355 + 81 352 + 80
193438 44426 344145

4y



Tabie 3: Plasma concentrations of midodrine hydrochloride
(ST 1785/HC1, ng/ml) after adminfstraettion of 2.5 mg Gutron to
11 volunteers. |

_Nosage form .
Time . Oral
Intravenous m—t—— m— et
solution Tablet
5 min $662122.2 Ja=194 =4
10 62 62 NOed 2 492104
RV s LR EFRE 94=)4
30 162 10 $0220 9924)
43 dds |, 5)z19 6.2:1)
I h 12x 1 IXPIN 40209
1.3 1.8z 03" 132035 2.1203
2 -4 11029 BRELRL
1)l\ -9 z)n - §,; ”n -7y "Hout of tha values below

the limit of detection of 1.0 ng/ml.

Table4: Plasma concentrations of ST 1059/HCY (ng/ml) after
administration of 2.% mg Gutron to 11 volunteers.

Dasage form -
Time Onl
Intravenous
folution Tablet
© 3 min $.1221 - -
10 S1=10 202100 -4
20 J2=x1.1 Ni=zl2 235210
30 3.1x10 ARER J6zl 4
43 54212 39=xl) 43220
I h S4x10 RPN 6718
13 . 49208 41210 44zl
p. 45207 42209 42=).|
) 3Ja0? J1208 1)207
4. 26203 26206 26206
6 160} 1,5£0,4" 1,604
s 112029 12204 1,0£0.2
10, 07202 08202 0,7%0,.2
1,n -9, 2’n = )0, J’g - 7, ‘)Hélt of the values below

the limit of detection of 0.5 nq/ml.
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midndwx:ﬁa HC1 Roberts lLaboratories, Inc.
Ama Tablets Eatontown, New Jersey 07724
2.5m, 5.0 mg Submission Date:
NDA 19-815 AHpril 26, 1988
Reviewer: Ching-leou C. Teng, Ph.D.
[2)
DEC 29 I9R9
Review of an NDA

Midodrine HC1 is the glycine analog of a potent alpha sympathomimstic
agent. Following oral administration, midodrine is bioactivated by
hydrolysis of the glycine estar to des-gly-midodrine which is the active

alpha receptor agonist.

According to Dr. Charyl J. Graham (medical offiocsr, HFD-110), the NDA was
disapproved. Therefore, the Division of Biopharmaceutiocs will not review
this NDA at this time. A brief description of studies is included as a
refarence.

1. Single oral dose urinary excretion study to evnluate midodrine
metabolites,

§ix haalthy male voluntesrs each received 3 mg midodrine tablet., Urinary
concantralions of deaglymidodrine (active metabolite) ware determined by
fluormatric assay.

2. Multiple oral dose urinary excretion study to svaluats midodrine
metabolites.

8ix healthy male volunteers recaived a total of thrwe doses of 5 my
midodrine.

3. Single I.V. dose to evaluata midodrine metabolites.
One suhject received 5.11 mg of midodrina (764.6 uCi of tritium label, 3

ml) by intravencus injection. was usad to
separate unchanged midodrine and its metabolites in plasma and urine
sanples,

4~5. Midodrine single dose I.V./P.0. study, 2-way crossover metabolic

8ix mubjects receaived an i.v. dose of 5 mg of midodrine labeled with 268,1
uCi of tritium (3 ml) and an oral dose of 5.3 my midodrine labeled with
266.0 uCi in 0.4 ml. Total radicactivity wvas mesasured in whole blood,
pla=ma, urine, and feces (stixly 4). Plamva and urine specimans were
extracted by methanol. The extracts were then subjectal tc
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6. Single dose midodrine biocavailability study.

Twelve healthy male volunteers received 2.5 mg i.v., 2.% mg solutian

(p.cz;‘, and 2.5 mg tablet (p.o.) according to a randomized 3-way crossover
design.

Clang tane €. oy 1-7-8]

Ching-Leou C. Teng, Ph.D.
Pharmacokinetice Evaluation Branch

FT Initialed by Mei-Ying Huang, P.D._ /2 Y H ’c}"}y'ﬁ

oct NDA 19-813 Orig., HFD-110(2), HFD~426(Teng), HFD=-344 (Turner,
HFD-19 (FOI), Chron, and Drug Filas.

CICT,clct, PC; 12/29/89
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DIVISION OF CARDIO-RENAL DRUG PRODUCTS
CHEMIST REVIEW #1

NDA No.: 19-815 Date Completed: 7/28/88
Applicant: Roberts Laboratories, Inc.

Eatontown, NJ 07724

(AF 63-036)

Product Name: Amatine (midodrine hydrochloride) Tablets

Proprietary: Amatine

Nonproprietary: Midodrine Hydrochloride
USAN: Midodrine Hydrochloride
Compendium: -

Code: ST 1085/HCI

, RQU T i 1 A T.. iets for oral
adg:nistration containing 2.5 and 5 mg of midodrine hydrochloride per
tablet; Rx

Pharmacological Category and/or Principa) Indication:
Antihypotensive. Proposed indication: Idiopathic orthostatic
hypotension.

Structural Formula & Chemical Name:
CrvHyg Ny Oy . HEI
ﬁ ”90'7‘
HO CHCH,NHC C Hy NH,
Hco

2-Amino-N-[2-(2,5-dimethoxyphenyl)-2-hydroxyethyllacetamide
hydrochloride

or
2-Amino-N-(2,5-dimethoxy-beta-hydroxyphenethyl)acetamide hydrochloride
or ~

1-(2',5'-dimethoxyphenyl)-2-glycinamidoethanol hydrochlo+ide



Page 2 - NDA 19-815

B. 1. Initial Submission (Manufacturing & Controls): 12/28/87 (Rec'd.
12/30/87; assigned 12/31/87).

2. Remainder of NDA (Including changes in mfg & controls): 4/26/88
3. Supporting INDs, NDAs. DMFs & Letters of Authorization {LA):

This in only a partial 1ist of the several INDs filed by individual
investigators.

C. Remarks: The Pre-NDA submission (12/28/87) was supposed to be “a complete
manufacturing/controls section and validation package ...". However, the
remainder of the application as submitted under date of 4/26/88 (rec'd.
4/28/88) includes additional information on manufacturing and controls.

The drug was developed by ‘ ~ . It was filed as IND
. At that time sponsor stated
that the drug was being marketed in some dozen countries in Europe, South
America and the Far East. The proprietary name used initially was
"Gutron." Sponsorship of IND . was transferred to Roberts
Laboratories, Inc. on 10/1/84. FDA letter dated 6/21/85 advised sponsor
that the drug had qualified for the orphan drug designation in the
treatment of idiopathic orthostatic hypotension. It is for this same
indication that applicant is seeking approval via the subject NDA.

The bulk and finished products will be manufacturing by
Present plans call for all testing, packaging, labeling
operations, etc., to be performed by

D. Conclusions and/or Recommendations: This NDA shows some deficiencies in
. the Manufacturing and Controls information, and a few changes are
necessary in the draft labeling submitted. The controls deficiencies and
requested changes in draft labeling are summarized in "Draft of Chemist's
Part of Letter to Applicant" which follows the Review Notes.



Page 3 -~ NDA 19-815

Methods validation 1n our laboratories will be requested after agreement

is reached on methods and specifications.

GMP evaluation of the manufacturing facility,

has been requested

cc: Orig
HFD-102/CKumkumian
HED-110

D-110/CSO

- ompson
c1b/7/29/88/0904C
R/D init: RWolters/7/29/88

A.J. Thompson, Jr.



NDA 19-615 ROBERTS AMATINE

DIVISION OF CARDIO-RENAIL DRUG PRODUCT
Review of Chemistry, Manufacturing, and Control

NDA #: 19-815 cumM.REVIEW #: 2 REVIEW DATR:  28-MAY-93

SUBMISSION TYPB DOCUMENT DATE CDER DATE ASSIGNED DATE
AMENDMENT 01-0OCT-92 05-0CT-92 07-0CT-~92

NAME & ADDRESS OF APPLICANT Roberts Pharmaceutical Corporation
Merdidian Center III
6 Industrial Way West
Eatontown, New Jersey 07724
908-389-1182

DRUG PRODUCT NAME

Proprietary: AMATINE
Nonproprietary/USAN: Midodrine Hydrochloride
Gode Name/#: ST 1085
Chem.Type/Ther .Class: Vasopresser
ANDA Suitability Petition/DESI/Patent Status: N/A
PHARMACOL .CATRGORY/INDICATION: Idiopathic Orthostatic Hypotension
DOSAGE FORM: TABLET
STRENGTH 2.5 mg and 5.0 mg.
ROUTE OF ADMINISTRATION: ORAL
DISPERSRD: Rx

CHEMICAL MAME, CAS REGISTRY NUMBER, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL.WT:

CHEMICAL HAME: Acetamide, 2-amino~-N-2(2-(2,5-dimethoxyphenyl) -2-hydroxyethyl) -, mono-
hydrochloride, (%)

CAS # 3092-17-9
MOLECULAR PORMULA: C H,N,0,.HC1
MOLECULAR WEIGHT: 290.74

STRUCTURAL PORMULA:
0 NH,.HC1

OH



L

NDA 19-815 ROBERTS AMATINE

SUPPORTING DOCUMEBNTS:

Table I. List cf ;ND'- and DNP’'s

DOCUMENT # SURJECT NAME OF COMPANY

IND Midodrine | Roberts Laboratories

RELATED DOCUMENTS (if applicable): None
CONSULTS8: None at present.
REMARKS /COMMENTS ;

The amendment provides a reply to the Agency letter of February 13, 1990. The
applicant has answered most of the comments described in this letter. The
applicant made various changes and submitted new infor-ation. The application is
still deficient in several areas which are commentad in the review below and in the
draft letter to Applicant Section. These deficient areas include closure for amber
glass bottles, regulatory assay methods for the Midodrine HCl and impurities,
Labeling, Environmental Assessment, DMF authorizaticn .ietters and some other minor

issues, The applicant has been requestaed to finalize betwoen duplicate test
methods and closures for bottles. At this stage it is Juite early to request for
EER and MV.

« CONCLUSIONS & RECOMMENDATIONS:

NDA 19-815 is deficient for packaging, regulatory test methods, container/closure
systems, Labeling and Environmental Assessment. Recommended Non-Approval. Draft
Chemists portion of letter is attached.

cc:
Orig. NDA .
HFD-110/Division.File

w Mittal/date ——
HFD-102/CKumkumian [#1 only] dy£4?’ Ramsharan D. Miztal Ph.D., Review Chemist

R/D Init by: RWolters/ e H C:1\NDA\19015\19815.002
3’&’1’

L/



NDA 19-815

DIVISION OF CARDIO-RENAL DRUG PRODUCT

T A

Rewview ol Jheny
19-815

SUBNISSION TYPE

NDA #:

AbtRHOMENT b it

NAME & ADDRESS OPF APPLICANT

DRUG PRODUCT NAME
Proprilet iy
Nonproptriatary USAl:
codre Name =
Chem., Type Ther.Ulass:

ROBERTS

Ly
gty

CHEM.REVIEW #:

DOCUMENT DATE

AHMATINE

SEF

Moot oo vontrod

Ty oy PR
[ SRR R R

REVIEW DATE: RN O SR

CDER DATE ASSIGNED DATE

ARG S R A L QU
Pharmaceut toal corpolation
HB I

Way west
\Ir’l .‘:F‘}. U

sty U
Merdidrian Centen
0 l“»lu»ﬁt !.J.u.'x

Eatontown, New trod
GNH LRQ-1]18)
AMATINE

Midodrine Hydrochlovride
ST 1o8h

Vasopresser

ANDA Suitability Petition/DESI/Patent Status: N A

PHARMACOL . CATEGORY/INDICATION:

DOSAGE FORM:

STRENGTH

ROUTE OF ADMINISTRATION:
DISPENSED:

CHEMICAL NANE,

CHEMICAL NANE: Acetamide, 2-amino-N-2[2-(2,5-dimethoxyphenyl)-2-hydroxyethyl] -, mono-
hydreohloride, (£

379

to

CAS # : -1

MOLECULAR FORMULA: < H N ,HCI

MOLERCULAR WEIGHT: 290,74

STRUCTURAL PORNULA:

CAS RRGISTRY NUMBER,

~3

-0

Idiopathic (Qrthostatic Hypotension

TABLET

2.5 mg and %.0
ORAL

Rx

mg.

STRUCTURAL PORMULA, MOLECULAR FORNULA, MOL.WT:

0 NH,.HC1

OH



NDA 19-815%
SUPPORTING DOCUMENTS :

Table I. Llot ot IND ] and DHP .

ROBERTS

AMATINE

DOCUMENT # SUBJECT NAME OF UOMPANY
— S sl cem s e - —_ e mve. mas mme h S
[N Moo by e (S ST B SN Y S T
[
I
!t . R —— J'
FELATED DOCUMENT™ (1t appli-able): None
CONSBULTS8: None atr present.,
REMARKS /COMMENTS
Thig amendment provides a few of the many deficient items which were conveyed over
the phone during the previous: review and later addrecssed in Agency's letter of
Ootober 22, 199%, Atrer submission of this amendment the applicant has called a few
rimes and was informed that this amendment did not address varioua other

deficiensies, and They should respond to

phone convetbsat ion

Laboratoriesz on Feb, 28, 1994,

between Ram Mittal and Dr.

the above deficiency letter. 1In the last
Harold Jacobson of Roberts

the applicant was made clear that this amendment did

not address various other items, and the applicant said that they will be replying

to other deficiencies.

7 The applicant was also informed that I will wait for their
reply and ti1ll that time hold the review of this amendment.

We are still waiting for

the reply to Agency’'s letter of October 22,1993 which addressed various CMC

deficiencies.
CONCLUSIONS & RECOMMENDATIONS:

MDA 19-&1%
netoper 22,

remains deficient f-or

1957,

Drig. NDA
HFD-110/Davisicn File
HFD-110/kam Mittal -date
HFD-11lG/Cmn

FoDolnit by: Faclters:

L
f\\‘y

all the CMC

items ot +he deficliency letter of

~ . LEwy

\<§:f\\~\

Kamsliatan L. MM>tal Ph.D., Review Chemist
filename C:\NDA\19815\19815.003
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NDA 19-815 ROBERRTS AMATINE

DIVISION OF CARDIO-RENAL DRUG PRODUCT
Review of Chemistry, Manufacturing, and Control

NDA #: 19-815 cExn.REVIEW #: Bl REVIEW DATE: 09 DEC 94
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
AMENDMENT (BC') 03 0CT 94 14 OCT-94 20-00T-94
AMENDMENT (B(') 20-00T-94 S oUT 94 21-0CT-94
SPECTFCATION (FAX) 0% NOV-94 03 NOV 94

NAME & ADDRESS OF APPLICANT Roberts Pharmaceut ical Corpuratiaon

Merdidian Center 11!

6 Industrial Way West
Eatontown, New Jersey 07724
90R -389-1182

DRUG PRODUCT NAME

Proprietary: AMATINE
Nonproprietayy/USAN. Midodrine Hydrochloride
Code Name/# ST 1085
Chem. Type/Ther . Class; Vasopressor
ANDA Suitability Petition/DESI/Patent Status: N/A
PREARMACOL . CATEGORY/INDICATION: Idiopathic Orthostatic Hypotension
DOSAGE FORM: TABLET
STRENGTH 2.5 mg and %.0 mg,
ROUTRE OF ADMINISTRATION: ORAL
DISPENSED: Rx

CERMICAL MAME, CAS REGISTRY NUMBER, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL.WT:

CERNICAL WAME: Acetamide, 2-amino-N-2(2-(2,5~-dimethoxyphenyl) -2-hydroxyethyl]-,
mono-hydrochloride, (t)

CAS # 1 3092-17-9
MOLECULAR FPORMULA: C,,H,,N,0,.HC1
MOLRCULAR WEIGHNT:  290.74
STRUCTURAL FORMULA:

O

HO._ I
CHCH,NHCCH,NH,

= OCH; + HCl

H,CO X



NDA 15-815 ROBERTS AMATINE
RELATED DOCUMENTS: (:! applicable): None

CONSULTB: Noiic at present.

REMARKS /COMMENTS ;

There are minor some minor issues which remain to be answered and these are
described in the comments and in the draft deficiency letter. The applicant needs
to provide an EA in a proper ftormat. For snap-on LDPF closure: the tests wers done
by United States Testing Company, this facility should be included 1 the lisr of
FER's .,

CONCLUSIONS & RECOMMENDATIONS:

NDA 19-815 remains deticient tor the CMC jtems included in the draft of the
deficiency letter .

ce
Orig. NDA
HFD-110/Division File

HFD-110/Ram Mittal/date CgmLigrde“;ZZ‘kll-_'
A ——

HFD-110/C80

Ramsharan D. Mittal Ph.D,, Review Chemist
R/D Init by: RWolters/ fileggme: C:\NDA\19815\19815.004

/J[": s
2
Y
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THMYOCOL C-85-067, STUDY 11: PLEZIA

Table 7
Serum Fentanyl Zoncentraticen (ng/ml)

Tarfent  cecessmucaauaaa Nominal Time (hours) -c«-r-memacanccan
Caber+ 0 18 8 12 24 30 26 48

IS
4

13
si4
519
s16 N
22
R
€25
518
529
3
534 E
535
536
538
569 N
570
S71 N
§74 N
576 E
S
579

(Summary statistles exclude non-snalyzable patients)
N i6 16 16 14 13 13 12 9
Yean 0.06 0.64 1.15 1.31  1.52 1.47 1.01 0.63
S0 0.04 0,60 0,90 0.84 0.85 0.72 0.5 0 39
SE 0.0L 0,15 90,22 0.22 0.2¢ 0,20 0.17 0.13

¥inimum
Maximum

+ Codes: E indicates TTS removed prior to 24 hours
N indicates non-analyzable patient
+ Values less than 0 1 ng/ml, the sensitivity of the assay,
are reported as 0,05 ng/ml
* Values not included {n summary statistics: patient had TTS

removed early
Value is the average of 0.4 ng/ml (3.0 hours) and 0.4 ng/ml (4.0 hours)

Value is the average of 1.5 ng/ml (4.0 hours) and 2.4 ng/ml (5.7 hours)
Slightly hemolyzed
Hemolyzed

T oTom

ALZA CORPORATION, PALO ALTO, CA 94303-0802

C.3

n

—

-

-

~3
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NDA 19-818% ROBERTS PRO-AMATYNE

DIVISION OF CARDIO-RENAL DRUG PRODUCTS
keview of Chemistry, Manufacturing, and Control

NDA #: 19-815 cuEM.REVIEW #: 5 REVIEW DATE:  1L1-MAY-95
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
AMENDMENT (BC) 02-MAR-95 02-MAK=95 10-MAR 95

NAME & ADDRZSS OF APPLICANT Roberts Pharmaceutical Corporation

Merdidian Center II1
6 lndustrial Way West
Fatontown, New Jersey (07724
908-389-1182

DRUG PRODUCT NAME

Proprietary: PRO-AMATINE
Nonproprietary/USAN; Midodrine Hydrochloride
Code Name/#: ST 1085
Chem.Type/Ther Class; Vasopressor
ANDA Suitability Petition/DESI/Paternt Status! N/A
PHARMACOL .CATEGORY/INDICATION: Idiopathie Orthostatic Hypotension
DOSAGE FORM: TABLET
STRENGTR 2.5 mg and 5.0 mg.
ROUTE OF ADMINISTRATION: ' ORAL
DISPENSED: Rx

CHEMICAL NAME, CAS REGISTRY NUMBER, STRUCTURAL FORMULA, MOLECULAR FORNULA, MOL,WT:

CHEMICAL NAME: Acetamide, 2-amino-N-2(2-(2,5-dimethoxyphenyl) -2-hydroxyethyl] -,
mono-hydrochloride, (%)

CAS # 3092-17-9
MOLECULAR FORMULA: C,,H,N,0,.HCl
MOLECULAR WEIGHT:  290.74
STRUCTURAL FORMULA!

o)

HO__ I
CHCH,;NHCCH,;NH,
= -OCHj3 - HCI

H,CO \



NDA 19-818% ROBERTS PRO-AMATINE

RELATED DOCUMENTS: (1! applicable): Nonwo

CONSULTS8: An EER was sont earlier and Methods Validation Request 1s bheing submitten
REMARKS /COMMENTS

EER is pending. In order to determine the expiration date, the applicant i1s being
requested to resubmit the stability data. Details are covered below in the
deliciency letter .

The labels have not been revised as yet., In one of the earlier ammnedments,
applicant stated that aus per thelr maeeting with the Agency held on April 21, 1994,
the suggoestions: ol CHMC detficioncy letter of October 1994 will be incorporated in the
revised labels,

CONCLUSIONS & RECOMMENDATIONS:

NOA 19-815 is not appruvable as EER is pending and package insert has not been
revised, The applicant regquested an expiration date of % years. We are requesting
additional information and at this stage an expiration date of three years is
approvable,

The applicant should delete hyphen in proprietary name PRO-AMATINE.

cc:
Orig. NDA
HFD-110/Division File

HFD-110/Ram Mittal/date ( 3 JLLAWL_u_.
HFD 110/C80 ,S(’\ B e

Ramsharan D. Mittal Ph.D.,, Review Chemist
} filename: Ci1\NDA\19815\19815.008
#

R/D Init by: RWolters/

UJ‘ g( (L
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NDA 19-815 ROBERTS ProAmatine

DIVISION OF CARDIO-RENAL DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Control

NDA #: 19-815 cHEm.rEVIEW #: 6 REVIEW DATE: (9-FER-96
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE-—
AMENDMENT (BC) 03-AUG-95 0'7-AUG-9% 10-AUG-95

a 22-SEP-95 25-SEP-95 04-Nov-95
AMENDMENT (BC) 28 -NOV-95 06-DEC-95 11-DEC-96
NAME & ADDRESS OF APPLICANT Roberts Pharmaceutical Corporation

Merdidian Center III
6t Industrial Way West
Eatontown, New Jersey 07724
90R8-389-1182

DRUG PRODUCT NAME

Proprietary; ProAmat ine
‘1eta ;AN : Midodrine Hydrochloride
ST 1085
e¢/Ther .Class; Vasopressor
ANDA Suitability Petition/DESI/Patent Status: N/A
PHARMACOL . CATEGORY/INDICATION: Idiopathic Orthostatic Hypotension
DOSAGE FORNM: TABLET
STRENGTH 2.5 mg and 5.0 mg.
ROUTE OF ADMINISTRATION: ORAL
DISPENSED: Rx

CHEMICAL NAME, CAS REGISTRY NUMBER, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL.WT:

CHEMICAL NAME: Acetamide, 2-amino-N-2{2-(2,5-dimethoxyphenyl) -2-hydroxyethyl] -,
mono-hydrochloride, (t)

CAS # 1 3092-17-9
MOLECULAR FORMULA: C,,H,N,0,.HC1
MOLECULAR WEIGHT:  290.74
STRUCTURAL FORNULA!:

0
O I
CHCH,NHCCH,NH;,

= OCH, - HCl

H;CO X



NDA 19-815 ROBERTS ProAmatine
RELATED DOCUMENTS8: (if applicable): None.
CONSULTS8: None,

REMARKS /COMMENTS :

The applicant has been issued a warning letter for significant deviations from
Current Good Manufacturing Practices which is still in effecr., but most ot the
issues are easily resolvable.

CONCLUSIONS & RECOMMENDATIONS:

From CMC standpoint, the NDA is approvable.

folol
Orig. NDA -
HFD-110/Division File ’

HFD-110/Ram Mittal/date
HFD-110/CS80

Ramsharan D. Mittal Ph.D., Review Chemist
R/D Init by: RWolters/ filename: C:1\NDA\19815\19815.006

I YRy
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NDA 19-815 ROBERTS ProAmatine

DIVISION OF CARDIO-RENAIL DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Control

NDA #: 19-815 cHEM.REVIEW #: 7 REVIEW DATE: 20-FEB-96
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE

NC A LAN22-JUL~95 27~-JUL-95 31-JUL-95

FAX ’ 12-FEB-9¢6

MV (Philadelphia District) 30-0CT-95

MV (DDA, St. Louis) 09-FEB-96 13-FEB-96

NAME & ADDRESS OF APPLICANT Roberts Pharmaceutical Corporation

Merdian Center III
6 Industrial Way West
Eatontown, New Jersey 07724
908-389-1182

DRUG PRODUCT NAME

Proprietary: ProAmatine
Nonproprietary/USAN: Midodrine Hydrochloride
Code Name/#: ST 1085
Chem.Type/Ther.Class: Vazopressor
ANDA Suitability Petition/DESI/Patent Status: N/A
PHARMACOL . CATEGORY/INDICATION: Idiopathic Orthostatic Hypotension
DOSAGQE FORM: TABLET
STRENGTRH 2.5 mg and 5.0 mg.
ROUTE OF ADMINISTRATION: ORAL
DISPENSED: Rx

CHEMICAL NAME, CA8 REGISTRY NUMBER, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL.WT:

CHEMICAL NAME: Acetamide, 2~-amino-N-2[2- (2, 5-dimethoxyphenyl) -2-hydroxyethyl] -,
mono-hydrochloride, (#)

CAS # 3092-17-9
MOLECULAR FORMULA: C,.H,N.0,.HCl
MOLECULAR WEIGHT: 290.74

STRUCTURAL FORMULA:

0
HO. T
CHCH,NHCCH,NH,

= OCHj; - HC]

~,

H,Co™ X



NDA 13-815 ROBERTS ProAmatine
RELATED DOCUMENTS: (if appl:icable): None,

CONSULTS: None,

REMARKS /COMMENTS :

The applicant has been issued a warning lettrer for significant deviations from
Current Good Manufacturing Practices which is atill in effect, but most of the
15sues are easily resolvable.

This review evaluates the Method Validation reports ftrom Division of Drug Analysils,
St. Louis and Philadelphia District Laboratory. E&t. Louis Laboratory reported that
IR’s ot the product were of poor quality and did not match the standard. There wa:
no problem with the IR’s recorded by Philadelphia Lab. This method is satisfactory.
The TLC method for limit tests requires minor improvements and applicant 1s being
sent a letter to modify TLC methods.

CONCLUSIONS & RECOMMENDATIONS:

From CMC standpoint, the NDA is approvable.

cC:

Orig. NDA
HFD-110/Division File
HFD-110/Ram Mittal/date

HFD-110/CSOZ- - &@SW\AUJJL_
S ————

Ramsharan D. Mittal Ph.D., Review Chemist
R/D Init by: RWolters/ filename: C:\NDA\19815\19815.007




NDA 19-815
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ROBERTS ProAmatine

DIVISION OF CARDIO-RENAL DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Control

NDA #: 19~815 CHEM.REVIEW #: 8 REVIEW DATE: 12-JUN-96
SUBMISSION TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
Original Amendment 22-MAR-96 22-MAR-96 28-MAR-96
Original Amendment 11-APR-96 17-APR-96 23-APR-96

NAME & ADDRESS OF APPLICANT Roberts Pharmaceutical Corporation

DRUG PRODUCT NAME

Merdian Center III

6 Industrial Way West
Eatontown, New Jersey 07724
90B-389-1182

Proprietary: ProAmatine
Nonproprietary/USAN: Midodrine Hydrochloride
Code Name/#: ST 1085
Chem. Type/Ther.Class: Vasopressor
ANDA Suitability Petition/DESI/Patent Status: N/A
PHARMACOL . CATEGORY/ INDICATION: Idiopathic DOrthostatic Hypotension
DOSAGE FORM: TABLET
8TRENGTH 2.5 mg and 5.0 mg.
ROUTE OF ADMINISTRATION: ORAL
DISPENSED: Rx

CHEMICAL NAME, CAS REGISTRY NUMBER, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL.WT:

CHEMICAL NAME:

CASB # :
MOLECULAR FORMULA:

MOLECULAR WEIGHT:

Acetamide, 2-amino-N-2[2-(2,5-dimethoxyphenyl)-2-hydroxyethyl]-,
mono-hydrochloride, (1)

3092-17-9
C,H,,N;0, . HC1

290.74

BTRUCTURAL FORMULA:

O. I
CHCH,NHCCH,NH,
= OCH; - HCI

H O™ N



NDA 19-815 ROBERTS ProAmatine .
RELATED DOCUMENTS: (1t applicable): None.

CONSULTS8: None.

REMARKS/COMMENTS :

The applicant was issued a Warning Letter for significant deviations from

Current Good Manufacturing Practices. The applicant arraged a meetin ith the
compliance and CMC review team on February 6, 1996. As per Complianégé equest the
applicant provided revised validation protocol of 2 SQP's. The EER was ‘approved on
May 16, 1996, a copy of the EER was provided to Gary Buehler, €S0 and also is
attached at the end of this review.

CONCLUSIONS & RECOMMENDATIONS:

From CMC standpoint, the NDA is approvable.

cc:
Orig. NDA

HFD-110/Division File . "~ . 4
HFD-~110/Ram Mittal/date k%ﬁx«.ruwk._.
pr—————b

HFD-110/CS0O

Ramsharan D. Mittal Ph.D., Review Chemist
R/D Init by: RWolters/ filename: C:\NDA\19815\19815.008
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FINDING OF NO SIGNIFICANT IMPACT
NDA 19-815

PRO-AMATINE TABLETS
(midodrine hydrochloride)

The National Environmental Policy Act of 1969 (NEPA) requires all Federal agencies to assess
the environmental impact of their actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product applications as an integral part of its
regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and Research carefully
considered the potential environmental impact of this action and concluded that it will not have
a significant effect on the quality of the human environment and that an environmental impact
statement will not be prepared.

In support of their new drug application for Pro-Amatine (midodrine hydrochloride) Tablets,
Roberts Pharmaceutical Corporation, Eatontown, NJ 07724-2274 prepared an abbreviated
environmental assessment (attached) in accordance with 21 CFR 25.31a-(b)(3) which evaluates
the potential environmental impacts of the manufacture, use and disposal of the drug product
intended for the treatment of a rare disease.

Midodrine hydrochloride is a synthetic drug administered in tablets for treating idiopathic
orthostatic hypotension. The drug substance and the drug product are manufactured at facilities
of Hafslund Nycomed Pharma in Linz, Austria.

The finished drug product, Pro-Amatine (midodrine hydrochloride) Tablets will be used by pa-
tients in hospitals, clinics and their homes. Patients will excrete the drug and its metabolites in
urine into the sewer system (POTW).

Significant environmental effects are not expected because the Maximum Expected Emitted
Concentration (MEEC) of midodrine hydrochloride in the aquatic environment is much less than
1 part per billion. ( < 1 part in 10°)

Production waste is incinerated at the off-site facility operated by EBS in Vienna, Austria. Empty
and partially empty packages resulting from hospital and clinic use will be disposed according
to their policies and regulations. Empty and partially empty containers resulting from home use
will be disposed in the municipal solid waste management system which includes landfill and
incineration; insignificant quantities of unused drug may be disposed in the sewer system.
Returned goods will be disposed by a contractor licensed by the EPA.

The Center for Drug Evaluation and Research concluded that the product can be manufactured,
used and disposed without any significant adverse environmental effects. Precautions taken at
the sites of manufacture of the bulk product and its final formulation are expected to minimize
occupational exposures and environmental release.



Hov-a0, 795 c/%«da/%w/u

DATE Prepared by Florian Zielinski, PhD, Review Chemist
Ofﬁce of New Drug Chemistry I
-
#‘ DYF
DATE Concurrence y Robert ] Wolters, PhD, Chemist

Office of New Drug Chemistry I

lhts Y LS
ATE Approved by Environmental Scientist

Center for Drug Evaluation and Research
Attachment: Environmental Assessment and Safety Data Sheet

Original: NDA 19-815

cc: HFD-110 Division File
HFD-110 Ram Mittal
HFD-110 FW Zielinski
HFD-110 CSO, Gary Buehler
HFD-004 FONSI File NDA # 19-815
HFD-004 Docket File
HFD-019 FOI COPY

File Name FWZ C:\..\wp60\..\curntwrk\fonsi815.V1 Oct 13, 1995
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Attachment D

Environmental Assessment

Product Name: Pro-Amatine (midodrine hydrochloride) Tablets
(2.5 mg and 5.0 mg as base)
(Manufactured by Hafslund Nycomed in Linz, Austria)

1. Date: March 2, 1995

2. Name of Petitioner: Roberts Pharmaceutical Corporation

3. Address: 4 Industrial Way West
Eatontown, N.J. 07724

4.  Description of the Proposed Action:

The-drug substance, midodrine hydrochloride, and the drug product, Pro-
Amatine Tablets, are manufactured at the facllities of Hafslund Nycomed Pharma
(building 3/a/31s and 33) located at St. Peter Strasse 25, 4020, in Linz, Austria.
These activities, to satisfy the Austrian market, have been on-going for about 10
years or more at this large industrial plant that manufactures numerous
pharmaceutical products. The plant is located in an industrial area in the vicinity
of plants manufacturing fertilizers, chemicals, iron, and steel.

The manufacture of the drug substance is described in DMF to which
authorization to use has previously been granted to the FDA.

The drug product involves the
raw materials to form tablets.
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" PROTOGOL C-85-042, STUDY 11, HOTCHKISS

2.2 Investigators
The study was conducted at Emory University Hospital,

1364 Ciifton Road, N.E., Atlanta, GA 30322. The study

" —— ¢ et -

protocol was reviewed and approved by the Human
Investigations Committee of Emory University. The
principal investigators responsible for the ovéra11
conduct of_the study were Richard Hotchkiss, M.D., Lars
R. Newsometh.O., C. Craig Moldenhaner, M.D., and C. C.

Hug, Jr., M.D., Ph.D.. Curricula Vitae’s for these

individuals are included in a separate volume (Refer to

table of contents for location of C.V.)

2.3 Subjects

! 2.3.1 Inclusion Criteria
Male and femaie patients between the ages of 21 and
70 years, providing inforined consent and meeting
the following criteria, were eligible for inclusion
in the study:

a) ASA (American Society of Anesthesiologists)
status I-I11,

b) undergoing major elective surgery of the

! following type: thoracotomy, intra-abdominal or
retroperitoneal exploration, laminectomy, or total
hip or knee replacement.

2.3.2 Exclusion Criteria

Patients were excluded from the study for any of
the following: .
a) ASA status above 1II,

2

: ALZA CORPORATION, PALO ALTO, GA 943030802 1.2 1004



4. (Continued)

The following Austrian Authorities are involved with environmental protection:

- Bundesministerium/Umwelt (Federal Ministry/Environment)

- Amt der Oderosterreichischen Landesregierung
(Office of the Upper Austrian Provincial Government) -

- Wasserrech:sabteilung beim Amt der Oberosterreichischen Landesregierung
(Department for Water Law of the Upper Austrian Provincial Government)

- Magistrat Linz, Amt fOr Technik und Umweltschutz
(Municipal Councll Linz, Office for Technic and Environmental Protection)

The regulations governing the protection of the environment are:

- Osterr. Chemikaliengesetz (Austrian Chemical Law, Federal Law No. 326 of 1987)

- Osterr. Abfallwirtschaftsgesetz-AWG (Austrian Waste Law, Federal Law No.325
dated June 26, 1890)

- Gewerbeordnung-GWO 1973 (Trade Reguiations Federal Law No.50)

- Wasserrechtsgesetz 1959 (Water Law, current Federal Law 252/00 as of 01 07
1980)

Compliance with the technical standards and with the regu!ations is subject to periodical
Inspections (within 3 years) pursuant to § 338 of the Tfade Autirority, Municipal Council
Linz, Office for Technic and Environmental Protection. Additionally the facilities are seif-
inspected at 5-year intervals pursuant to § 82 b of the Trade Regulations for complying
with the authorities reguiations. The plant and processes are approved by the local
authorities prior to being put into operation.

At these sites, wastes from the manufacture of the drug substance and the drug product
are controlled by Hafslund Nycomed Pharma AG Environmental, Safety & Security
Denartment to meet all local and federal Austrian discharge levels as permitted for the
site.




4. (Continued)

Drug Substance Production Sites

The drug substance is synthesized at our facilities in building 31a and 31s. Qrganic
liquid wastes are divided into halogenated and non-halogenated streams. Both are
disposed of by high temperature incineration at an off-site licensed hazardous waste
disposal agency (i.e. EBS, Vienna). Aqueous waste streams are neutralized and
cleaned in the physical waste water treatment plant and transferred to a biological pre-
treatment system for waste water, prior to discharge to the public sewage plant in Asten,
Upper Austria.

Hazardous waste, including sub-standard pharmaceutical raw materials and surplus
chemicals are disposed of by high temperature incineration at an off-site licensed
hazardous waste disposal company (l.e. EBS, Vienna). This procedure is performed
according to Austrian Federal Law (No. 325 Waste Law (AWG) dated June 26, 1890) as
required by the Hafslund Nycomed Pharma AG Environmental, Safety & Security depart-
ment.

Drug Product Production Site

The Drug product is manufactured in building 33. All of the solid wastes associated with
the drug product manufacturing process are treated by high temperature incineration at
an off-site hazardous waste incinerator (i.e. EBS, Vienna). Dilute aqueous waste (i.e.
from cleaning of equipment used in the manufacturing process) is neutralized befors
transfer to a biological pre-treatment system for waste water prior to discharge to the
local public sewage plant in Asten, Upper Austria. Solid drug wastes associated with the
packaging operations are disposed of by high temperature incineration in off-site licensed
hazardous waste disposal facilities.



Midodrine Hydrochloride (ST 1085-HCI)
2-amino-N-[2-(2,5-dimethoxyphenyl)-2-
-hydroxyethyl]-acetamide hydrochloride

CAS Number 30902-17-9

M.W. 280.74

C,,HsN,O,HCI

White, non-volatile, crystalline powder, soluble in water (USP)
Additives: none Impurities: none

Silicon Dioxide, Colloidal (NF)

Si 0,

CAS Number 7631-86-9

M.W. 60.08 |
Non-volatile, water insoluble powder
Additives: none Impurities: none

Microcrystalline Cellulose (NF)

CAS Number 9004-34-6

Practically insoluble in water, acids, and most organic solvents; while powder;
purified, partially depolymerized celiuiose.

Additives: none Impurities:. none

Starch (NF)

CAS Number 8005-25-8

Stored by plants as discrete granules in mature grains of corn, wheat, or potato
Additives: none Impurities: none

Talc (USP)
White, very fine, odoriess, crystalline powder.
insoluble in water, cold acids or alkalies

Magnesium Stearate (NF)
Octodecanoic acid, magnesium sait
CAS Number 557-04-0

M.W. 591.27

CogHyoMg O,

Fine, white powder, faint odor. .
Insoluble in water, alcohol, or ether
Additives: none Impurities: none

vV



5. (Continued)
Purified Water (USP)

FD&C Yellow No. 6 Aluminum Lake

Aluminum salt of 1-p-sulfophenylazo -2-naphthol-6 sulfonic acid, absorbed onto
a substratum of hydrated alumina.

Each lot is certified by the FDA and bears the certification lot number. The
aluminum lake and the color from which it was originally produced conform to the
purity specification of the FDA, UK, and EEC.

Substances listed below are usad in the synthesis of drug substance:



5.

(Continued)
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5. (Continued)

6. [0) vironment:

As explained in format item #4 above, wastes are handled in such a
manner as to satisfy Austrian government requirements for this site. Organic
liquid wastes and aqueous waste streams are handled in such a manner as to

become innocuous when finally returned to the environment. Please see format
item #4 above.

Format items 7 to 11 and 15 are not required for drugs that will be used
infrequently (CFR 25.31a(b)(3)ii).

Vil



12.

13.

14.

List of preparers:

Harold Jacobson, Ph.D.

Assistant Director, Regulatory Affairs
Roberts Pharmaceutical Corporation
4 Industrial Way West
Eatontown, N.J. 07724

Dr. H. K. Vorreither

Vice President

Pharmaceutical Production Concessionaire
Hafslund Nycomed Pharma

St. Peter Strasse 25

A-4021 Linz

Austria

Dr. Peter Seidel

Vice President

Environment, Safety, and Security
Hafsiund Nycomed Pharma

St. Peter Strasse 25

A-4021 Linz

Austria

Cedification:

The undersigned official certifies that the information presented is true, accurate,
and complete to the best of the knowledge of the firm responsible for preparation

of the environmental assessment.

Date: March 2, 1995
Signature of responsible official:

Title: Vice President
Worldwide Regulatory Affairs
Roberts Pharmaceutical Corporation
4 Industrial Way West
Eatontown, NJ 07724

References:

Not applicable other then those cited in format item #4 above.

Vil

Drew Karlan
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FINAL PRINTED LABELING HAS NOT BEEN SUBMITTED TO THE FDA.

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

PUBLIC.
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MEMORANDUM Jert1e v

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

vy
FROM: MARYANN GORDON,MD. . bt e o
PRIMARY MEDICAL REVIEWER, HFD-110

DATE: 1/12/96 | / /
.

TO: RAYMOND LIPICKY, M.D.
DIVISION DIRECTOR, HFD-110

SUBJECT: MIDODRINE REVIEW, NDA#19,815

cCc

ORIG:NDA#19,815
HFD-110
HFD-110/CSO
HFD-110/M. GORDON



CONCLUSIONS



CONCLUSIONS

This is a comprehensive review of the reports for the 3 most recentiy conducted double blind,
placebo controlled trials: protocols 201, 318 and 320. The current NDA consists of 12 studies,
mostly with a very small sample size and poorly conducted. These are all outlined in Appendix
I. Neither an integrated summary of safety including all studies nor the annual safety report for
1995 has been submitted by the sponsor.

Midodrine is a sympathomimetic agonist being developed for the treatment of patients with
orthostatic hypotension (OH) of neurogenic origin. Etiologies of OH for the study patients were
originally Shy-Drager (multiple system atrophy) and Bradbury-Eggleston syndromes but the
sponsor later expanded enrollment to inciude patients with OH secondary to diabetes mellitus
and Parkinson’s disease.

Current symptomatic treatment of OH includes increasing salt intake, body stockings and
fludrocortisone (causing fluid retention). Numerous other drugs (at least 60) have been reported
to be beneficial, to various degrees, but none are universally accepted. Kauf.nann 1 states in a
published article on neurally mediated syncope that non-pharmacologic interventions including
reassurance and instructing patients how to avoid situations or triggers that can pgpvoke an
episode of OH “may be all that is needed.”

Cne open label midodrine trial (20,762-12B) is ongoing. As of October, 1994, 695 patients have
been enrolled, 171 (24.6%) have dropped out, and 56 (8.1%) have died. Over 13 months, there
have been 15 reports of supine hypertension. Serious adverse events reported as of October,
1994 in:lude, among others, congestive heart failure, cerebral ischemia/infarction (total of 4
reports), coma, myocardial infarction, and changes in mental status. Since there is no control
group it is not possible to disassociate the use of midodrine with any of the serious events. It is
well demonstrated that midodrine substantially increases supine (and sitting) blood pressure,
so events such as stroke and heart failure for patients receiving midodrine are not unexpected.

Efficacy :

A total of 250 patients were included in these 3 trials: 117 received only placebo, 110 received
only midodrine, and 23 received both placebo and midodrine. The doses studied for most
patients were 2.5, 10, and 20 mg and tﬁiven 3 times a day 3 hours afart for the 2 studies that
included multiple dosing. Only 1 of these studies (320) had a double blind treatment phase
that was longer than 1 day.

All reviewed studies showed that midodrine, compared to placebo, can significantly raise
standing blood pressure: _

showed that midodrine 10 mg given 3 times for 3 weeks, compared to placebo,
raised standing blcod pressure 1 hour ager dosing.

showed that midodrine 10 mg given 3 times 3 hours apart for 7 hours raised
standing blood pressure, but only significantly more than placebo 1 hour after doses 2 and 3.

showed that there is a dose response with single dose midodrine: 2.5 mg was not
different from placebo, 10 mg was superior to placebo at 1 and 2 hours after dosing, and 20 mg
was superior to placebo at 1 through 4 hours ager dosing.

1Kaufmann, H., Neurally modlaiod syncope: pathogenesis, diagnosis, and treatment. Neurology
1995,45(5):812-17.

NDA#18,815
1 M. Gordon, MD



There is no proof that raising standing blood pressure is an acceptable surrogate endpoint.
Standing time, an endpoint that clearly can be categorized as a clinical benetit, was measured
only in 1 study (318). This trial measured standing time 1 and 3 hours after each of the 3 doses
for a total of 7 hours. The results showed that midodrinie was numerically but not statistically
better than placebo in prolonging standing time; however, there was a trend at 1 hour after the
first dose. The lack of information about the cffect of midodrine used chronically and al various
doses and dosing regimens, compared to placebo, on standing time is a serious omission in this
drug’s development.

Studies 318 and 320 measured symptoms of OH.

Study 318 showed only a significant difference between midodrine and placebo 1 hour after the
second dose for dizziness/lightheadedness/unsteadiness (DLU), and this was dependent
upon what baseline was used. There were no differences for symptom dimming /blurring of
vision (DBOV).

Study 320 showed a significant difference after 2 and 3 weeks of dosing with midodrine
compared to placebo for DLU for study completers. There were no significant differences for
the other symptoms at endpoint. The differences in mean scores were less than 1 point on a 10-
point scale and it is likely that the elevated blood pressures and the unusual adverge events
associated with midodrine (piloerection, pruritus, paresthesia) caused an unintentional
unblinding of investigators who were instructed to assist the patient in completing the visual
scale.

Safety

The number of drop outs in the midodrine group during the 3 week dosing study was more than
5 times the number of drop outs in the placebo group. It is quite surprising how well patients
tolerated being on placebo for at least 3 weeks and how unwilling patients were to endure the
troubling adverse events caused by midodrine.

Midodrine significantly raises supine (and sitting) blood pressure to levels identified by the
Fifth Joint National Committee Report on Detection, Evaluation, and Treatment of High Blood
Pressure (JNIC) as Stage 2 hypertension and above. At the end of 3 weeks of dosing in study
32C, the mean supine BP was 162/91 mm Hg for the midodrine group which was significantly
higher than the mean for the placebo group (145/84).

For reference, the table below gives corresponding systolic and diastolic blood pressures for
stages 1-4 hypertension as defined by the INC Report.

Stages of hyp

C

rtension as defined by J

yperenson Definition 1 Definition 2
(systolic/diastolic in (systolic/diastolic in
| mm Hg) mm Hg)
Stage 1 140-159/<100 <160/90-99

160-179/<110

<180/100-109

P T

180-209/<120

<210/110-119

systolic >210

" diastolic >120

NDA#19,815
M. Gordon, MD



All 3 studies showed that it was not unusual for patients on midodrine to have systolic blood
pressures of 200 mm Hg and above (stages 3-4 hypertension). Study 201, in which the effect of
a single dose of midodrine was followecf for 6 hours, showed that the 10 and 20 mg midodrine
groups had a substantial number of patients with these elevated pressures while the placebo
group had none. At 3 hours after dosing, 22% of patients in the 10 mg group and 45% o
patients in the 20 mg group had supine syatohc blood pressures above 200 mm Hg. Usin;, the
definition of “prolonged” hypertension as supine SBP 2 200 mm Hg for at least 2 consecutive
readings, the percents of patients who fell into this category were 17% and 41% in 10 and 20 mg
dose groups, respectively. Midodrine increased sitting systolic and diastolic BP 1 hour after
dosing at all double blind visits. The increase provoked b{ midodrine on sitting blood pressure
was as much as 20 mm Hg systolic and 10 mm Hg diastolic. Reviewing 24-hour BP profiles of
patients taking midodrine chronically (including various doses and vanous dosing regimens) is
necessary in understanding the extent of the risk of this adverse event.

Other adverse events well associated with the use of midodrine and reported in the 3 week
study include paresthesia (18.3% midodrine vs. 4.5% placebo), piloerection (13.4% midodrine
vs. 0% placebo §’ dysuria (including increased urinary frequency, impaired urination, 13.4%
midodrine vs. 0% placebo), and supine hypertension (6.1% midodrine vs. 0% placebo).

Laboratory values obtained during double blind treatment (and not 2 weeks after as in study
320) are not available so the impact of midodrine on hematology and blood chemistries is
unknown.

Risks/Benefits
Clearly, a drug that would be beneficial in the treatment of OH is one that, compared to
rlagebn can prolong standing time and allow patients to carry out their daily activities of
iving. The lack of adequate information about the ability of midodrine to do this along with the
risks associated with the substantial increase in supine (ar.d sitting) blood pressure cause this
reviewer to conclude that the mostly unexplored benefits of midodrine do not outweigh its real
risks, thus making midodrine not approvable. This conclusion, in a way, is supported by the
many patients who actually took the drug. In the only study of reasonable size and duration
(320) the remarkable difference in drop out rates (5 times compared to the placebo group)
leads one to conclude that patients with OH seem to tolerate being on place io very well (at
least for 3 weeks) and that they themselves have decided that midodrine’s ”beneﬁts" do not
out weigh the discomfort of its adverse events.

NDA#19,815
3 M. Gordon, MD
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The first finding was that the trlal was sensitive to the amount of
fentanyl delivered by the system, as there was a graded and predictable
fall in the amount of rescue medication used with increasing blooG levels
of fentanyl. The analgesic effects of the system became apparent when the
patients achieved blood levels above 0.5 ng/ml, but maximal analgesia
was reacheg about 1.5 ng/ml for the group as a whole.

The second {inding was that there was a probable interaction with
droperidol. This intcraction with droperidol is speculative, as the drug
was prescribed va a iy basis or nausca during the postoperative poeriod
and not given in an orderly fashion. As shown . the patients who
received droperidol for nausea had no greater blood levels of fentanyl
than those who did not. and droperidol use was not related to fentanyl
blood levels. When the four possible drug combinations were related to
pain scores and meperidine use, the combination of fentanyl and
droperidol was more effective than fentanyl alone in relieving pain and
much more effective than droperidol alone.

Although post-hoc and not statistically significant due to multiplicity,
there was a clear and consistent falling trend in both pain scares and
use of rescue meperidine in the order Placebo = Droperidol » Fentanyl
TTS > Fentanyl & Droperidol.

Conclus:on

This study cannot be considered to prove a superior analgetic effect for
TTS fentanyl, due to the failure of randomization, significant bias from
unbalanced genders in the study groups, confounding by other
medications and a significant number of patients who failed to achieve
analgesic blood levels. The trial is not pegative, since it showed better
analgesia for TTS fentanyl. but must be considered to be only supportive
due to the aforementioned bias and confounding.

The major finding of the study is that preoperative use of a
benzodiazepine combined witl: posloperative use of the neurolent anti-
emetic Droperidol mayv make the system more effective in relieving pain
and may reduce the frequency of subjective adverse cffects. Investigation
o1 an orderly scguenee of nremedication. system application, and use of
synergistic medication may be appropriate to develop a clidcally sound
strategy for the use of this product in postopecative pain.
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SYNOPSIS
i Title

Protocol #320C

A randomized, double blind, multicenter
study comparing midodrine 10 mg vs.
placebo in patients with neurogenic
orthostatic hypotension

Date of protocol/revisions

November 21, 1991, March 26, 1992, July 2,
1992, July 5, 1994

Date of final médxcal/ statistical report )

February, 1995/December, 1994

Number of patients randomized

170 patients were randomized (88 received |
placebo, 82 received midodrine).

Smdy design

H
t

Double blind, randomized, parallel group,

placebo controlled, multicenter. Double blind |

pwhase was 3 weeks, -

| Dose and dosing interval
i

|
|

1 week: single blind placebo run in

3 weeks: double blind study drug (10 mg tid
or placebo)

2 weeks: sitigle blind placebo run out

Primary objective (amended July 5, 1994)

Standing systolic blood pressure (1 minute

i

after rising, 1 hour after dose] and symptoms |

of dizziness/lightheadedness/unsteadiness
(DLU)

Other endpoints

) Standing diastolic blood irmura, other

symptoms of orthostatic tension,
supine blood pressure, global assessments

Notable inéiﬁsions

Diagnosis of moderate to severe orthostatic
hypotension associated with autonomic
dysfunction, fall in systolic BP 2 15 mm Hg

!

upon rising, with symptoms DLU of 5 or less |

on 10 point scale.

- ENotable exclusions

Pre-existing sustained supine h
tension (>180/ 110 mm Hg); need for
disallowed concomitant medications

Volumes of NDA reviewed

Protocol and case re gort forms vol 16.1 (SN
022) received 7-19-95; atatistical report serial
no. 0186 received 3-16-95; medical report

dated 2-95; CRFs of drop outs serial no. 033

dated 12-21-95
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Protocol #320C

SUMMARY 7
This was a multicenter, randomized, placebo controlled, parallel group. Study periods included
1 week single blind placebo run in, 3 week double blind treatment fhase, and 2 week placebo
run out. There were 170 patients randomized: 88 to placebo and 82 to midodrine 10 mg.

Midodrine, compared to placebo, significantly raised 1 minute standing blood pressure at all
double blind visits 1 hour after dosing. There was no attempt made by the sponsor to show if
midodrine also raises blood pressure at the end of the 3 hour dosing interval. The evidence that
midodrine raises blood pressure is irrefutable. However, it is the relevance of this effect that
remains unclear.

More than 5 times the number of midodrine patients dropped out of the study, mainly for
adverse events, compared to placebo. Considering the significant effect of midodrine on BP, one
would have expected more placebo patients to have dropped out. This unanticipated finding
of how well patients tolerated being on placebo for at least 3 weeks casts doubts on the use of
standing systolic BP as an endpoint for evaluating drugs for patients with orthostatic
hypotension. Patients are concluding on their own, 80 it seems, that the benefits ofanidodrine
do not out weigh the nuisance of the drug’s adverse events.

Regarding the symptoms scores, patients on midodrine had significantly higher mean scores of
imfprovement in symptoms of DLU compared to placebo at the last 2 double blind visits. The
differences in mean scores were less than 1 point on a 10-point scale (a scale of unknown
validity) and those patients who could not tolerate midodrine were excluded. In addition, it is
likely that the elevated blood pressures and the unusual adverse events associated with
midodrine (piloerection, pruritus, paresthesia) caused an unintentional unblinding of
investigators. This further confounds the reliabilig' of the scores because the investigators were
instructed by the protocol to assist the patient in describing the severity or frequency of the
symptoms of orthostatic hypotension.

At the end of double blind treatment, midodrine could not be differentiated from placebo in
other symptoms of orthostatic hypotension.

The patient and investigator global assessment scores were significantly higher (i.e., improved) -
for patients on midodrine com to patients on placebo. The validity of the rather crude

scale, as with the symptom scale, is unknown and the results only included patients who could
tolerate midodrine.

Along with increasing standing blood pressure, midodrine increases supine and sitting blood
pressure. While patients with orthostatic hypotension tend to have supine h'memnsion, there
were significant differences in BP between midodrine and placebo patients that were as much
as 16 mm Hg systolic and 8 mm Hg diastolic. Mean supine blood pressures in the midodrine

roup were as high as 162/91 mm Hg with the corresponding mean for the placebo patients
geing 145/84 mm Hg. It is unknown what the mean supine (and sitting) blood pressires were
during the entire 9 hour dosinﬁ period and throughout the night. Understanding the effect of
midodrine on supine/sitting blood pressure measured throughout 24 hours is essential in
assessing its risks. , ,

In conclusion, it is difficult to accept standing blood pressure as a surrogate endpoint

< NDA#19,815
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demonstrating clinical effect. Clearly, a drug that would be beneficial in the treatment of
orthostatic hypotension is one that, compared to placebo, can prolong standing time and allow
patients to carry out their daily activities of living. The lack of this information along with the
substantial increase in supine (and sitting) blood pressure of unknown duration prohibits this

rgvki:wer from concluding that the (mostly unexplored) benefits of midodrine outweigh its real
risks.

Protocol

Dates of protocol and amendments: original protocol: November 21, 1991. Amendment A:
March 26, 1992. Amendment B: July 2, 1992. Amendment C: July 5, 1994. Sample size estimate
and primary endpoints changed with this amendment.

Study design: Multicenter, randomized, placebo controlled, parallel group. Study periods
included 1 week (visit 1) single blind, placebo run in; 3 week (visits 2, 3 and 4) double blind
treatment phase, 2 week (visit 5) placebo run out.

Number of subjects planned: originally 98 patients were planned. This was incre.;sed to 130
patients with amendment C (dated July 5, 1994).

Study drug/dosing instructions: 10 mg (2 5-mg tablets) three times daily (30 mg total daily
dose). First dose taken upon rising, second dose taken mid-day, third dose taken late afternoon
but not after 6:00 PM. Actual time of each dose appeared to be at the discretion of the patient.
Dosing interval was to be at least 3 hours apart. On the day of clinic visit, the patient was
instructed not to take a dose of study medication less than 3 hours before coming to clinic (the
time of last dose was recorded). There was no stipulation about what time of day the clinic
visit should occur (AM or PM) and there was no attempt to keep the time of clinic visits
constant for ~ach patient to account for diurnal variation. There were instructions that the
patients were not to eat, ingest caffeine, or smoke within 2, 3 and 4 hours prior to the office
vigit, respectively. The time of the last occurrence of each of these activities were recorded).

Notable inclusions: patient must have had a diagnosis of moderate ta severe orthostatic
hypotension (OH) associated with autonnmic dysfunction; had a fall in systolic blood preasure
with supine to standing drop of > 15 mm Hg; report symptoms of DLU with a severity of 5 or
less on a 10 point symptom scale (1: always —>10: never). S

Notable exclusions: pre-existing sustained supine h jon > 180/110 mm ‘Hg;
concomitant administration of sympathomimetic of alpha receptor agonist or antagonist, or any
drug with significant smooth muscle relaxant or constrictive properties.

There was no mention about patients being treatment previously with midodrine

Primary objective: evaluate efficacy of midodrine compared to placebo based on the ability of
midodrine to elevate standing SBP and improve major symptems of OH (limited to DLU in
amendment c). Standing time was not included in the endpoints and was not collected in the
case report forms. , '

Blood pressure measurements: made pre and 1 hour post dosing with standard

| NDA#19,815
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sphygmomanometer or automatic BP device. Supine BP was measured after the patient was
supine for 3 minutes. Standing BP was measured after patient was standing for 1 min. Tilt
table: angle must be 70 degrees or greater and the angle was to be kept constant (a place to
record the angle could not be located in CRF) from visit to visit. Sitting BP was measured after
the patient had been sitting for 1 minute. Sequence: supine (after 3 minutcs), standing (after 1
minute), sitting (supine for 3 minutes followed by sitting for 1 minute). There was no
stipulation about whether the dose given at the clinic was to be the first, second, or third dose

of the day. There was a requirement that 3 hours had to lapse between the dose taken prior to
the clinic visit.

Symptom questionnaire: a!l visits, “the investigator, in conjunction with the patient, will
describe the severity or frequency of the symptoms of orthostatic hypotension using a visual
scale” (1: always —~->10: never). The case record form instructed the reader to “circle the
number that corresponds tn the severity or frequency of the patient’s symptoms for the past
week.”

Global questionnaire: visit 5 (after 3 weeks on double blind drug) and visit 6 (after 2 weeks
single blind placebo). Patient and investigator gave a global assessment of improvement in
patient’s symptoms of orthostatic hypotension using a 5 point scale (1: no improvement, 5:
excellent improvement).

Concomitant treatment: allowed but to be kept constant: fludrocorotisone, high salt diet, Jobst
garments;

disallowed: sympathomimetics, alpha-agonists, alpha-antagonists.

Laboratory values: drawn at screen (visit 1) and 2 weeks after the end of double blind period
(visit 6).

Statistical procedures: sample size was estimated based on the symptom score DLU. With
amendment C, the sample size for each group was increased from 49 to 65 patients in order to
be able to detect the difference in improvement rates of 25% of drug over placebo. This size was
to allow the detection of a difference in mean scores of 1.2 units.

-the primary efficacy variables with amendment C were: symptoms DLU and standing systolic
blood pressure (change in predose to 1 hour post dose pressures). -the secondary efficacy
variables were symptom energy level and standing diastolic blood pressure.

-the tertiary efficacy variables were symcﬁ::m dimming and blurring of vision (DBOV),
symptom fainting, supine systolic and diastolic blood pressures, global assessments by
investigator and patient. ,

For all planned efficacy evaluations, the statistical significance level was to be taken as alpha =
0.05, two-tailed.

The original I:rotocol identified the primary endpoints as standing systolic blood pressure and
symptoms of DLU, DBOV, fainting and energy level.

Amendments:

A (March 26, 1992): tilt table, if used, must have an angle of 70 degrees or greater and the angle
- must be kept constant from visit to visit. Prohibition of eating was changegr;'om 1to 2 hours,
ingesting caffeinated food or beverages for 3 hours and smoking for 4 hours were added.

B (July 2, 1992) added: At visit 6, if the investigator judges that the patient has deteriorated

| NDA#19,815
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since the double-blind phase, the investigator should circle none on the improvement scale and
check the box indicating deterioration.

C (July 5, 1995): change in total sample size from 98 to 130 patients. Primary efficacy variables
changed to symptom of DLU and standing systolic blood pressure. Other symptoms including
DBOV, fainting and energy level, and other blood pressures recordings became secondary and
tertiary variables.

RESULTS

24 investigative sites were involved in screening and randomizing patients. Three centers
contributed 48% (82/170) of the patients.

Patient disposition:

--192 patients were screened at Visit 1; 22 were not eligible for randomization;

--170 were randomized at Visit 2 : 82 received midodrine, 88 received placebo;

--25 (14.7%) discontinued double blind treatment (21 on midodrine and 4 on placebo).

Demographics: of the 170 patients randomized; demographics are only available for 162
because the sponsor excluded 8 patients from the efficacy analyses.

Demographics

placebo

{No of patients 88
f randomized

| No.in-luded in sponsor’s 83
analyses

i No. of rpales 41
I No. Of females 42

Mean age

Etiologies
Shy-Drager

Bradbury- Eggleston

Diabetes | : |
Parkinson’'s |

The sponsor excluded a total of 8 pafients (5 midodrine and 3 placebo) from their efficacy
analyses. Of the remaining patients, the number of males and females were evenly split and the
mean age was 60 years. The majority of patients (70%) had either Shy-Drager, Bradbury-

NDA#19,815
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Eggleston, or diabetes 1s the etiology of their hypotension

Most patients (85.7%) were white.
The treatment groups were balanced at baseline.

Efficacy: these intent-to-treat analyses were performed by Dr. Kooros Mahjoob. All p values
are 2-tailed.

The majority of patients (69-80%) had morning clinic visits. Depending on the visit, 35-48% of
patients had a minimum of 14 hours between the last dose taken and the dose during the clinic
visit.

1 minute standing systolic blood pressure: mean values before and 1 hour after dosing at each
double blind visit, and change from baseline (pre dose at each visit) minus placebo effect are
shown in the table below. Visit 2 was the first day and Visit 5 was the last day (after
approximately 21 days) of double blind medication.

Standing systolic BP (mm Hg

| Midodrine: chane |

from baseline minus
Placebo idodri placebo

| Visit 2-pre dose;
| day of randomization

L Visit 2-post dose;
1effect of first dose

i Visit 3-pre dose;
f after 1 week of
j dosing

Visit 3-post dose;

 visit 4-pre dose;
effect of 2 weeks of
| dosing

| Visit 4-post dose

f Visit 5-pre dose;
jeffect of 3 weeks of
§ dosing

| Visit 5~post dose
** p< 0.01 ,

Midodrine significantly raised 1 minute standing systolic BP compared to placebo 1 hour after
the dose at each visit during duuble blind treatment. It is unknown if midodrine is effective at
the end of the dosing interval (3 hours) and if the second and third doses of the day are

NDA#19,815
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effective.

The size of the BP increase seen after the last dose of midodrine on Visit 5 was similar to the
increase seen after the first dose on Visit 1. These data, therefore, indicate that there is no loss
of effect of blood pressure with chronic dosing with at least a 3 hour interlude between dosing.

Those study patients who completed the double blind period underwent a 2 week placebo
washout (visit 6). The mean cl:ange from baseline for standing systolic blood pressure 1 hour
after dosing with placebo was 2 and 3 mm Hg, for the midodrine and placebo patients,
respectively.

The question of the adequacy of the 1-minute standing BP as a surrogate endpoint must be
addressed. It is of interest that there were far fewer patients remaining on midodrine compared
to those remaining on placebo after 3 weeks of double blind dosing. Looking at the above table,
one can see that 82 placebo patients at Visit 2 and 73 at Visit 5 had their 1 minute standing BP
recorded. This compares to 78 midodrine patients at Visit 2 and only 55 at Visit 5. Considering
the significant effect of midodrine on BP, one would anticipate that placebo patierds would
drop out of the study more frequently than the midodrine patients. The unexpected finding of
how well patients tolerated being on placebo for 3 weeks, in addition to the 2 week placebo
wash out at the end of the study, casts doubts on the use of standing systolic BP as a valuable
efficacy endpoint for evaluating drugs for patients with OH.

Symptoms: were broken into 4 groups: 1). DLU 2). DBOV 3). “how often do you feel like you
were going to faint,” 4). “energy level.” At visit 1 (screening) and 2 (baseline), patients had to
have a score of 5 or less (moderately severe) for the symptom of DLU in order to qualify for the
study. The responses to the other 3 symptoms were not used as inclusion/exclusion criteria.

Symptoms were evaluated at every visit using a visual rating scale shown below. The words in
parentheses refer to questions of energy level.

Often

(low level) (very high
level)

There were no instructions in the protocol about the sequence of recording of symptoms in
relation to the recording of blood pressure and adverse events. This raises the possibility that
the substantial increase in blood pressure and the unique adverse events (piloerection, for .
example) caused by midodrine led to unintentional unblinding of the investigators to study drug
and, as a result, influenced the recording of symptoms. It was stated in the protocol that the
investigator was to assist the patient in describing the severity or frequency of symptoms
(Protocol section V. C. page 6).

= : mean scores for each treatment group and means scores for midodrine minus
mean scores for placebo at each double blind visit are shown in the table below.

NDA#19,815
8 M Gordon, MD
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Sms of DL

Miodn'e minus
Placebo Midodrine placebo

P<0.02 for midodrine compared to placebo

The mean scores for midodrine were significantly better compared to placebo at visits 4 and 5.
However, the differences betwe n groups were less than 1 point on a 10 point scale and the
scores included only those patients who could tolerate study drug.

—fainting: the only significant differences between midodrine and placebo for this
variable occurred at visit 3 (p= 0.03) and visit 4 (p=0.05). There was no significant difference in
mean scores between midodrine and placebo at visit 5.

- : there were no significant differences between midodrine
and placebo at any visit.

Global assessments: the patient and investigator were to give a global assessment of the
patient’s improvement in symptomatology at the end of the double blind visits (Visit 5) and at
the end of the 2 week washout (Visit 6). The instructions in the case record form were to

“describe the patient’s overall symptom improvement” for both the investigator and the patient
using the following scale

moderate | excellent

3

The validity of this scale is unknown.

NDA#19,815
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_Global assessment scores at end of double blind (Visit

| midodrine §
| Global assessment minus

“placebo

jinvestigator . ! . 0.8

| patient . 55 0.5 |
e e o e—————

Both assessment scores were significantly higher for the midodrine patients compared to the
placebo patients. These scores, however, do not take into account the patients who were unable
to tolerate midodrine. And, as was cited above for symptoms, the substantial increase in blood
pressure and the unique adverse events (piloerection, for example) caused by midodrine could
have resulted in unintentional unblinding of the investigators to study drug and, asa result,

influenced the recording of global assessments. \

SAFETY

Serious safety: there were no reported deaths during this study.

Drop outs: of the 82 patients randomized to midodrine, 25 patients (21 midodrine and 4
placebo) dropped out of the study.

The randomized patients who dropped out and the reasons are displayed below. All midodrine
drop outs are in the first table and all placebo drop outs are in the second table.

NDA#19,815
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Midodrine patients who discontinued

i ST ———————weeprvage

easons for discontinuation

[Fainted | 2 06-084-070
| Urinary retention 4 18-163-130+
Painful paresthesia, chills 2 11-122-097+

|
| e
&

| Increase in supine bp, lethargy, 5# 04-077-062+
|unsteadiness at visit 4

[ Pain, testicular/ penile constriction 2 16-197-156+

' .upine hypertension 3 12-169-134 -
Dysuria, leg cramps, paresthesia 2 03-094-075

“ Tinglingr pain, blotches 2 09-299-241+

| rUrinary urgency 2 06-188-149
hypotension 3 25-295-238+

] Supine hypertension, urinary retention 2 10-132-105+ 7
Retinal vein occlusion 2 10-135-096+

1 Supine h rtension, scalp tingling, 2 14-147-116+

22-211-166

Pruritus, piloerection 13-140-111+
Generalized tingling 18-060-055
Neck rash 22-212-162

> 18-116-094
On disallowed concomitant med 06-086-068

22-213-058
18-204-054

Z
o
wn
4
3
W lwliala{Nw{nw|NiN

Aee to enter open label midodrine study
#refused to take last dose of study medication at Visit 5

Of the 82 randomized midodrine patients, 21 {25.6%) dropped out; 13 did not return after
visit 2 (first day of dosing) mainly because of adverse events. There were 4 drop outs at visit 3,
3 at visit 4, and 1 at visit 5.

NDA#19,815
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Placebo patients who discontinued 7
| s visit Patiet nur
| Refusal: felt drug was not helping 5+ 02-030-024
Thepatitis 4 1-013-013
 Refusal 3 18-165-131

T e

18-061-056

| Reasons for discontinuation

It is surprising that only 4 (4.5%) placebo patients dropped out of the study.

One placebo patient (02-034-028) was classified by the sponsor as a drop out although the

patient completed all double blind visits; he did not return for visit 6. This patient is not
included in the above table. -

Adverse events: the sponsor classified events as either adverse events or concomitant illnesses.
The list of adverse events that were reported more than 1 time is shown in the table below.
Adverse events reported once by midodrine patients were asthenia, headache, vasodilation,
flatulence, leg cramps, increased confusion, dizziness, dry mouth, insomnia, nervousness,

somnolence, erythema multiforme, dry skin, and visual field defect. Patients could report more
than 1 event.

NDA#19,815
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Adverse events

placebo T  midodrine
n=88 n=82

#of reports | # of reports % of f::aAtlients

, Total number of )

paresthesia"

piloerection

dysuria+

pruritus$

supine
hypertension? A

chills
pain#

rash

Aincludes hyperesthesia and scalp paresthesia

+includes dysuria (1), increased urinary frequency (2), impaired urination (1), urinary retention
(5), urinary urgency (2)

$includes scalp pruritus

AAincludes supine hypertension increase

#Includes abdominal pain and pain increase

The midodrine group re rted over 3 times the number of adverse events compared to the
placebo group (76 vs. 22). The majority of events were paresthesia, piloerection, problems with
urination, pruritus, and supine hypertension. Of these events, only paresthesia and pruritus
were reported by the placebo patients.

With the exception of supine hypertension, none of the reported adverse events appeared to be
serious or of concern although they did cause a rather large number of patients to choose not to
continue treatirent.

Concomitant illnesses

The table below shows the number of concomitant ilinesses reported by at least 2
midodrine patients during the double blind treatment period. The ones reported by only 1
midodrine patient include: pain, cerebral ischemia, diarrhea, flatulence, hallucinations,
supine hypertemion, somnolence, increased tremor, laryngismus, pharyngms, scalp
pruritus, jaw surgery.

NDA#19,815
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Concomitant ilinesses

Protocol #320C

midodrine

;;lacebc

n~=88 n=82
Wevént o # of reports #of;'e}nc;rt;t: B
headache S 1 2
infection 0 3
Accidental injury 1 2
7 syncope I T 3
| nausea/vomiting | 0 4
| dizziness | 1 2
Ut 4 ’

The table below adds selected adverse events and concomitant ilinesses to derived the total
number of reported events.

Combined events

| placebo midodrine
n=88 n=82
event # of reportsﬁ; " Wof repnrtéﬂ h
dysuria 7 4 13 o
| pruritus 2 11
Supine hypertensi(imr 0 6
pain | 0 4

The following events are strongly associated with the use of midodrine: supine hyperhensién,

pruritus, dysuria, chills, piloerection, and paresthesia.

Supine blood pressure: supine and sitting blood pressures were also collected at each double
blind visit. The mean supine blood pressures for both treatment groups are shown below.

NDA#19,815
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Supine systolic/diastolic blood pressure (mm Hg

Midrine:cmg *
from baseline minus ‘
n Placebo n Midodrine placebo g
Visit 2-pre dose; 82 | 145/8¢ | 78 | 145/83 | ’ i
| day of ‘
| randomization 7 !
 Visit 2-post dose; 82 145/83 78 161/90 16" /8% {
effect of first dose l
Visit 3-pre dose; 78 142/82 | 63 146 /84 |
| after 1 week of
j dosing o .
| Visit 3-post dose; 78 145/84 | 62 164/92 15 /6**
| Visit 4-pre dose; 75 143/82 | 58 | 151/85
jeffect of 2 weeks of
i dosing o |
| Visit 4-post dose 75 |  146/85 | 59 | 168/94 15%*/7** i
Visit 5-pre dose; 74 143/84 56 150/86 i
effect of 3 weeks of ?
{ dosing B . |
Visit 5-post dose 73 145/84 | 55 162/91 10°*/5* l
**pg 0.01 - A - :

There were statistically significant increases in supine systolic and diastolic blood pressure in
the midodrine group compared to the placebo group and the increases 7

(placebo subtracte£ were as much ag 16/8 mm Hg. Since the sponsor did not collect 12- or
24-hour blood pressure profiles, one cannot assume that supine (and probably sitting) blood
pressures did not remain excessively elevated throughout the double blind treatment period.

NDA#19,815
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Sitting blood pressure

The following table displays the mean sitting systolic and diastolic BP readings for the 2
treatment groups. Only patxents thh pre and post basehne data per visit are mcluded No

Midodrine:
change from
Placebo idodri baseline minus
placebo
f Visit 2-pre dose; 122/77 . 122/75

day of randomization

L Visit 2-post dose; | 124779 T 144787 | 20410
i eftect of first dose

| Visit 3-pre dose; 120/75 124/78
jafter 1 week of
| dosing -

Visit 3-post dose; 125/79 146/87

| Visit 4-pre dose; 121/78 124/76
effect of 2 weeks of
jdosing

Visit 4-post dose 128/82 148/89

Visit 5-pre doae; , 123/77 127/79
 effect of 3 weeks of
{ dosing 7 7 7
Visit 5-post dose 130/79 142/86
from fax sent 1-4-96 ' : ‘

Midodrine increased sitling systolic and diastolic BP 1 hour after dosing at all double blind
visits. The increase was as much as 20 mm Hg systolic and 10 mm Hg diastolic.

Laboratory values: were drawn at screen before patients entered the trial (visit 1) and at end
of the 2 week post study placebo washout out phase (visit 6). The sponsor did not obtain
laboratory values while patients were taking study drug. Mean values for selected laboratory
parameters are listed in the table below.

NDA#19,815
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Mean laboratory values ‘

Placebo

Protocol #320C

i parameter

Before study
start

2 weeks after
end of double
blind

Before study
start

2 weeks after
end of double
blind

Hematology
i g/dl

13.45

13.31

13.42

13.37

Hematocrit
I %

41.26

40.86

41.43

41.00

| wec
| thou/cmm

6.56

6.5

6.41

6.35

VPlateletsr
thou/cmm

 252.34

250.38

244.0

| sGoT
| 1U/]

17.78

22.22

21.55

| SGPT
| 1U/1

14.86

" 20.82

19.07

| BUN
| mg/dl

20.37

17.59

18.24

| S. Creatinine
| mg/dl

1.24

1.11

Pre and post laboratory means were similar for midodrine and placebo groups. Again,
laboratory values were not collected while patients were actually taking midodrine.

Regarding adverse/concomitant events, there was one report of hypokalemia (midodrine), one

report of jaundice (placebo), one report of both h
There is no evidence that midodrine has a large adverse effect any la
although laboratory values obtained while patients were on midodrine would

informative.
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A double blind comparison of midodrine and

Protocal#318

placebo in midodrine resgondqr atients
suffering from severe orthostatic hypotension
due to autonomic dysfunction

Februarf' 20, 1991 /March 25, 1991 /March
26, 199

report/additional information

October, 1992/ August, 1995/June, 1995

i Number/type of subjects enrolled into double
Iblind Day 3

63 patients were randomized and 58 received
double blind drug (29 received placebo, 28
received to midodrine and 1 received
unknown
drug).

—

Study design

Double blind, fandorf\ized, parallel group,
placebo controlled, multicenter. Study was 3
days duration

Dose and dosing interval

Day 1: no study drug

Day 2: single blind midodrine 10 mg bid (6
hours apart)

Day 3: placebo or midodrine 10 mg tid (3
hours apart)

Primary objective (as written in statistical
i procedures, protocol page 23)

Standing systolic blood pressure [not further
apedfi ] and symptoms lightheadedness,

izziness, or unsteadiness, (DLU) dimming
or blurring of vision (DBO

| Other éndpoints

Standing diastolic blood pressure
Supine blood pressure -

| Notable inclusions

Diagnosis of severe orthostatic hypotension
associated with autonomic dysfunction;

treated with midodrine for at least 2 weeks
prior to entering the study and have the
ability to stand while taking midodrine.

: Notable exclusions

Pre-existing sustained supine hyper- M
tension (>180/110 mm Hg); ability to stand

> 15 minutes without symptoms in between
doses of midodrine

| Volumes of NDA reviewed

Protocol and case report forms vol 16.1 (SN
022) received 7-19-95; statistical report serial

no. 027 received 9-12-95; medical report !
serial no. 028 and vols 8.1, 8.2

NDA#19,815

2 M Gordon, MD



Protocol#318

Summa

This was a double blind, randomized, placebo controlled trial evaluating the effect of 10 mg
midodrine (given 3 times, 3 hours apart for 1 day--total dose 30 mg) compared to placebo on
blood pressure, symptoms of orthostatic hypotension (OH), and standing time in patients who
had previously responded to midodrine, The total double blind evaluation of patients was 7
hours. All 58 (Fatients treated with double blind medication had received single blind 10 mg
midodrine bid the day before the double blind period.

The primary objective, change in standing systolic blood pressure, was measured at 1 and 3
minutes after rising and at hour 0, 3, 4, 6 and 7 hours after drug intake. The protocol did not
pre-specify which BP recording was to be used to show statistical superiority of midodrine over
placebo. There were no adjustments for multiple comparisons in the sponsor’s statistical report.

The study evaluated symptoms of orthostatic hypotension using a crude scale where patients
checked a number on a line demarcated by numbers from 1 (extreme) to 10 (none). The sequence
of study procedures with blood pressure measured prior to svmptom assessment and the
coordinator/investigator actively assisted the patient in symptom assessment lead one to
question the validity, reliability and objectivity of this measurement.

There were 64 patients who were randomized and received at least 1 dose of open label
inidodrine. Etiologies of OH were primarily Shy-Drager (34%), idiopathic OH {23%), and
Parkinson’s disease (11%). Six rangomize patients did not meet entry criteria for Day 3 and
did not received study drug.

Midodrine was numerically but not usually statistica'ly superior to placebo in raisinF 1 minute
(aind_ 3 minute standing BP and prolonging standing time during the one day of double blind
osing.

Midodrine improved symptoms of dizziness/unsteadiness/lightheadedness (DLU) compared
to placebo but this was rarely statistically significant. The effect of midodrine on symptoms of
dimming and blurring of vision (DBOV) was not different from placebo.

Patients on midodrine reported the adverse events usually associated with this agent,
tingling / pruritus/piloerection/chills, while patients on placebo reported no events.

With the exception of baseline values, mean supine BP was always higher in the midodrine
group compared to placebo and often met the JNC definition of stage 2 hypertension. Mean
supine BP 1 hour after the third dose of study drugpwas 176 /95 for the midodrine group and
146/85 for the placebo group. Individual systolic BP for the midodrine group were up to, and
even greater than, 210 mm Hg (stage 4 hypertension). o A

In conclusion, this trial of very short duration measured the effect of 3 doses of midodrine 10
mg given 3 hours apart over a total of 7 hours demonstrated that midodrine raises standing
systolic blood pressure in a population that was shown to respond to midodrine. Symptoms of
H were measured with a scale of unknown validity and with the active particiration of the
study coordinator. The significance of this is unclear. The most clinically relevant endpoint,
standing time, was unable to differentiate midodrine from placebo although the mean changes
from baseline were numerically greater for midodrine comoared to placebo. Midodrine is
associated with unique adverse events of piloerection, chills, pruritus. Few patients found these
events intolerable for the 2 days of dosing. However, the elevation in supine systolic blood
pressure was striking with mean SBP at the end the 7 hours nearly 30 mm Hgm igher than the
mean for the glia“cebo group. Individual SBP in the midodrine foup had readings greater than
%10 mg\ olc*iig. is reviewer concludes that this 7 hour study showed a poor benefit to risk ratio
or midodrine.

NDAW#19,815
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Protocol

This was a 5-center study: J. Gilden, North Chicago, I (n=36); H. Kaufmann, New York

gn:lS); B. Hiner, Marshficld, WI (n=2); J. Jankovic, Houston TX (n=7); D. Robertson,
ashville, TN (n=10).

Protocol objectives: Primary: standing systolic BP and symptoms DLU and (DBOV)).
Secondary: standing diastolic and supine systolic and diastolic BP.

Inclusions/exclusions

Notable inclusions: patients who were:

--diagnosed with severe OH associated with autonomic dysfunction,
--treated with midodrine for a minimum of 2 weeks prior to start of study,
—-able to stand while receiving midodrine.

Additional eligibility criteria for Days 2 and 3 pre-dose measurements include
--supine to standinF systolic blood pressure fa‘) of 2 15mmH

--symptom score of 5 or less on at least on of the symptoms oF hypotension;
--unable to stand motionless and unassisted for more than 15 -iinutes.

For Day 2 (single blind midodrine treatment) only: 1 hour after receiving first dose of midodrine
there must be a 10 mm Hg increase in standing (or sitting) systolic BP and the score for
qualifying symptom must increase 1 point.

Notable exclusions: patients who have 1) a history of being able to stand for a period of > 15
minutes without symptoms when midodrine is withdrawn (e.g., between doses), 2) pre-existing
sustained supine hypertension > 180/110 mm Hg.

Sample size: There were no power calculations in the protocol. Protocol stated that 12-30
patients would be studied (page 3).

Procedures ‘ ,

Day 1: screening and washout period. Midodrine was to have been discontinued at least 15
hours prior to entry. Supine and 1 and 3 minute standing BP and sitting BP were recorded. The
symptom evaluation for DLU and DBOV was completed. Standing time was recorded. A limit
of 15 minutes was included which was later disregarded and a limit of 5 minutes was used to

identify an:‘l!zable patients. All measurements were repeated again after 6 hours. No drug was
administered. '

Day 2: all patients were evaluated for orthostatic drop in systolic BP of > 15 mm Hg and
symptom score of 5 (moderate) or less for at least one of the symptoms, and able to stand
motionless and without significant symptoms for less than 15 min. All 3ualified patients

received open label midodrine 10 mg at hour 0 and 10 mg at hour 6. Randomization to double
blind drug occurred on this day.

Day 3: all patients who had an orthostatic drop in SBP of > 15 mm Hg and a symptom score of
5 or less for at least one of the symptoms and could stand unassisted and motionless for less
than 15 minutes were randomized to double blind midodrine 10 mg or placebo. Fifteen hours
were to have lapsed between the last dose of D..y 2 and the first dose of Day 3. Doses on Day
3 were given at hours ), 3 and 6. BP, symptoms, and standing time were measured at hours 0,

1,3, 4, 6, and 7. Standing time was not measured (after the pre-dose measurement) for patients
whose standing times were > 5 minutes.

NDA#19,815
4 M Gordon, MD
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The sequence of study procedures as written in the protocol was in the following order: blood
pressure, pulse, symptoms and standing time. In addition, the protocol states that “The

patient, with the active assistance of the cocrdinator, will complete a symptom
evaluation .. ..”

Major amendments to the protocol included change in eligibility re%uirements: improvement in
symptoms while on midodrine Day 2, 1 hour after first midodrine dose and Day 3, 1 hour after
first double blind dose went from 2 points to 1. Twenty patients were enrolled under old
criterion of 2 points and 50 under the new criterion of 1 point.

Statistical considerations: baseline was defined as measurements recorded Day 3,
immediately before dose #1. Endpoint was not pre-specified in the protocol.

RESULTS

All efficacy data in this review are derived from the statistical report from Roberts dated
August, 1995, and from Dr. Kooros Mahjoob's statistical review. All analyses are intent-to-
treat and all p values are 2-tailed. Only efficacy data from Day 3 are evaluated. Sefe
information also include data from the medical report from Roberts dated October, 1992.)

Demographics: 70 patients enrolled on Day 1 (washout period). The mean age was 61.8 years.
The etiologies of OH included idiopathic orthostatic hypotension (22.9%), Shy-Drager (34.3%),
Parkinson’s (11.4%), diabetes (24.3%), other (7.1%).

Drop outs Day 1: 70 patients entered on Day 1, 2 patients dropped; on Day 2, 64 patients
were randomized and received open label midodrine. Six patients dropped before the start of
double blind dosing on Day 3. A total of 58 patients were dosed on Day 3 (29 received placebo
and 28 received to midodrine and 1 received unknown drug).

This sponsor éo’iécied and analyzed both 1-minute and 3-minute standing BP without pre-
specifying which one would be the primary endpoint. The emphasis of this review is on the 1-
minute systolic BP although the results of the 3-minute systolic BP were also inspected.

For the purposes of this review, changes from baseline values were calculated 2 ways: a).
Baselines were the values recorded immediately before each dose (i.e., values recorded at Hours
0, 3, and 6); and b) baseline was only the Hour 0 value (this was pre-specified in the protocol).

1-minute standing systolic/diastolic BP: table below shows the mean BP values before and
after each dose by treatment group. :

NDA#19,815
5 M Gordon, MD
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Mean standing BP H — ‘
systolic diastolic

ngr since | Dose # Mido (n) Placebo (n) Mido (n) Placebo (n)
1 dose

|Predose#1 | 75(25) | 7507 | 52 (1) 51 (23)
Post dose#1 | 93 (27) 85 (27) 65 (24) 59 (22)
Pre dose #2 a3 (27) 81 (27) 66 (23) 60 (22)
Post dose#2 | 97 (27) 80 (27) 65 (25) 55 (21)
Pre dose #3 93 (26) 84 (25) 66 (20) 57 (23)
Post dose#3 | 107 (27) 88 (26) 71 (25) 60 (23)

At baseline (hour 0), the mean BP was similar between treatment groups. At all time points

after baseline, the mean blood pressures in the midodrine group were higher than the mean
pressures in the placebo group.

The changes from baseline (when baseline was the BP recorded immediately before each dose)
at 1 hour after the dose are shown in the table below. Only patients with both pre and post
baseline data are included.

e————cAN, change from baseline for systolic/diastolic BE(mmHe)
|1 18/12 10/7 (8/4
12 4/-1 0/-4 1 (5)3

A p=0.09

The differences between treatment groups always favored midodrine but none reached
statistical significance. There was a trend toward significance with dose #3.

The mean changes in BP using the Hour 0 reading as the only baseline are shown in the table
below. Dose #2 was given at hour 3 and dose #3 was given at hour 6.

NDA#19,815
6 M Gordon, MD
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Mean change in from baseline for systolic/diastolic BF (mm H

placebo subtracted

12°/6
17++/9
12~ /847

A p values between 0.08 and 0.06

Midodrine was numerically better than placebo at all time points and the differences were
significant at hours 4 (1 hour after dose #2) and 7 (1 hour after dose #3). There was a trend
toward significance for some of the other values.

3-minute standing systolic/diastolic blood pressure: tables showing these data are in Dr.
Mahjoob'’s statistical review. The differences between midodrine and placebo in 3-minute blood

ressure elevatior: were not statistically significant at any time point when using the 3 baselines
in the analysis except diastolic BP after dose #3 (p=0.04¥. When hour 0 is used as the only
baseline, midodrine signiﬁcantly raises blood pressure more than placebo at hours 2, 4 and 7.
Midodrine was numerically superior to placebo at all time points except Hour 3.

Standing time: unlike increases in blood pressure, increases in standing time is an indisputabl=
clinical benefit. The table below shows mean standing time for all patients with post baseline
data by treatment group. The numbers of patients with data are shown in parentheses. The
protocol stated that “patients will be asked to stand motionless for a maximum of 15 minutes
until the onset of herald symptoms that indicate the onset of syncope.” In addition, the
protocol instructed investigators that standing times will not be measured in patients who
stand longer than 5 minutes before the first dose on Day 3.

Mean standing times (sec

=, (n=28) (n=29) |
 Pre dose #1 Y
i Post dose #1 : 176.3 (27) 97.6 (26)
I Pre dose #2 1358 (26) 107.6 (26)
{Post dose #2 | 1813 (27) - 927 (27)
|Pre dose #3 142.7 (27) | 104.4 (28)
{Post dose #3 211.2 (27) 120.6 (27)
ATl patients with data) o ‘ ' T I

At all time points, midodrine had higher mean standing times compared to placebo.

NDA#19,815
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The changes from baseline (when baseline was the standing time recorded immediately before
each dose) at 1 hour after the dose are shown in the table below. All patients with pre and post

baseline data are included.

placebo subtracted

The differences in standin§ time between midodrine and placebo were not statistically
significant, although the effect with Dose #3 was trending toward significance.

The table below shows mean changes in standing blood pressure usin%the Hour 0 reading as the
only baseline. Dose #2 is given at hour 3 and dose #3 is given at hour 6. -

_Mean change from baseline (hour 0) for standing time (sec

-

p=0.09

With this evaluation, midodrine was statistically superior to placebo in prolonging standing
time at hour 4 (1 hour after dose #2 was taken) and there was a trend toward superiority at
hours 1 and 7. Three hours after each dose, there was less of a difference between drug and

placebo although midodrine was always numerically better.

Conclusions: midodrine 10 mg given 3 times 3 hours apart was usually numerically but not

always statistically superior to placebo in raising systolic BP and prolonging standing time. The

§reatest effect on BP and standing time was seen one hour after each dose and the effect tended
o dissipate after subsequent doses. :

Symptoms: the symptom evaluation consisted of the following instructions as stated in the case
record forms: “check the one box under the number that most accurately describes the severity
of the symptoms that you feel upon standing for this evaluation.”

NDA#19,815
8 M Gordon, MD
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moderate

5 6

2. Same instructions and scoring system were given for symptoms of dimming/blurring of
vision (DBOV)

Symptom score #1 for DLU: mean change from baseline.

The table below shows mean symptom score for all patients with post baseline data. The lower
the score the less improvement in symptoms as reported by the patient.

I N
| (n=28) =)

| Pre dose #1 4.0 (28) 3.7 (29)

[Post dose #1 5.8 (28) 4.7 (29)

’ Pre dose #2 6.4 (27) 5.5 (29)

| Post dose #2 7 7.0 (28) 5.4 (29)

[ Pre dose #3 6.2 (28) 5.6 (29)

{Post dose #3 7.2 (29) 6.1 (29)

At all time points, midodrine had higher mean symptom 3cores compared to placebo.

The chaxc'lg‘es from baseline for each of the 3 doses by treatment %oup are shown in the table
below.

ly patients with pre and post baseline data are included.

__ Mean change from baseline_
-
2.0
0.4
1.3

placebo subacted ’k
0.7

0.8*

*p=0.03

While the differences between %rgf,ai\d placebo in symptom score for DLU favored midodrine,
they were all less than 1 point. Only the difference for dose #2 was significant.

The table below evaluated mean changes in symptom score using the Hour 0 reading as the only

NDA#19,815
9 M Gordon, MD
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baseline. Dose #2 is given at hour 3 and dose #3 is given at hour 6.

change from baseline (hour 0) for symptom score

' time after 1st dc;ée

placebo subtracted

None of the differences in scores between midodrine and placebo were statistically significant.
The hour 4 difference (1 hour after dose #2) was trending toward significance.

There were no significant differences between midodrine and placebo in mean score of DBOV at
any timepoint and this was true regardless of what baselines were used. The differences
between scores for midodrine and placebo were small and at times, placebo was numerically
better than midodrine. These results are available in Dr. Mahjoob'’s statistical report.

SAFETY

Drops outs: there were 5 randomized patients who received at least one dose of midodrine on
Day 2 and dropped out of the study. These patients are discussed in the table below.

Patien o Amount | Reaso f dmping
number midodrine
f dispensed

Drops ots Day 2

4 tablets Gas?ec:faresis; failed to meet entry criteria; later re-
ente

102-09-09 2 tablets Worsening ascites; failed to meet entry criteria
05-07-05 2 tablets failed to meet entry criteria

103-02-02 2 tablets failed to meet entry criteri (also had abdominal
' discomfort)

i
i

‘ Dmpswo;xts Day 3
103-01-01 4 tablets Did not meet eligibility requirements

Although the sponsor stated that these patients were dropped from the study because they
failed to meet entry criteria, 3 of these patients also reported adverse events. :

NDA#19,815
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Adverse events: the table below lists the adverse events reported during this study on Days 2
(open label midodrine) or 3 (double blind).

| Goose flesh

'l‘ingling scalp |

{ Pressure in head

All 11 events were reported by patients receiving midodrine and included

tingling/ pruritus/ piloerection/chills as well as elevated blood pressure, flushing, pyrosis,
urinary urgency, gressure in head. All events with the exception of elevated blood pressure were
reported on Day 2.

concomitant illnesses: these events were designated by the investigator as concomitant illnesses
if they were considered to be unrelated to study medication. Only events reported by

randomized patients are included in the following table and events are reported by one patient
unless noted.

Concomitant illnesses
i Hypoglycemic episode

| Low blood sugar

; Headache upon standing

| Heart burn 7 |

| Syncope (2 patients)

{ Extra insulin dose/ gastroparesis

i Increased ascites

NDA#19,815
11 M Gordon, MD
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Protocol#318

It is unclear if these events occurred on Day 2 (open label midodrine) or Day 3 (on double blind
drug). It seems reasonable to count these as concomitant illnesses.

supine blood pressure: the dramatic effect that midodrine has on supine blood pressure is a

satety concern. The table below shows the mean blood pressure values before and after each
dose by treatment group.

midodrine P placebor
~ (n=28) (n=29)

Pr dose #1
; Post Jdose #1
| Pre dose #2
Post dose #2
Pre dose #3

Mean supine BP was always higher in the midodrine group compared to placebo and often met
the JNC definition of stage 2 hypertension. Mean supine systolic/diastolic BP for the placebo
group, on the other hand, was not above 146/85 mm Hg.

Regarding individual recordings, there were numerous recording above 180 mm Hg (stage 3
hypertension) with some > 210 mm Hg (stage 4 hypertension). (From figure A.7 of Dr.
ahjoob’s report.) '

Supine BP in this trial was analyzed in the same manner as standing BP: a) using 3 baselines
(hour 0, 3, and 6), and b) using 1 baseline (hour 0).

The changes from baseline for each of the 3 doses by treatment group are shown in the table
below. Only patients with pre and post baseline data are included.

Mean change from baseline for supine systolic/diastolic BP ) ‘
placebo subtracied |

|

i
|

|

Midodrine raised supine systolic and diastolic BP more than placebo with 1 exception, but
these ir.creases were not statistically significant.

The table below evaluated mean changes in supine systolic blood pressure using the Hour 0

NDA#19,815
12 M Gordon, MD
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reading as the only baseline. Dose #2 is given at hour 3 and dose #3 is given at hour 6.

e from baseline (hour 0) for supine systolic BP (mm Hg

[time after 1t dose i placebo plcebo ubtrcte !

Mean chan

7.3
17.4*
25144
23,3
28.5

<0.02
***p<0.001

Unlike the previous analysis that used multiple baselines, there were (highly) statistically
significant differences between treatment groups on supine systolic blood pressure blood at all
time point except 1 hour after the first dose. Diastolic BP (not shown) was only significantly
different (or nearly so) at hours 4 and 6.

Laboratory values: these were only drawn at screen.

NDA#19,815
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SYNOPSIS
| Title

Protocol #201A

7 Auble-Bid, andomized ose Rponse |

Study of Midodrine in Patients with
Neurogenic Orthostatic Hypotension

| Date of protocol/amendments

July 13, 1992/September 7, 1993

{ Date of final study report
l
!

7/25/95 (NDA submission serial number
024)

| Number /type of subjects 25 patients randomized, 23 patients

g completed study doses/Neurogenic

i orthostatic hypotension. Sample size

e determination was not discussed in protocol.
Study design Randomized, double blind, cross ovar

i Dose /Dosing interval

|

0, 2.5, 10, and 20 mg/single doseé™(3 patien{s 7
received 5 mg instead of 20 mg)

Primary objective

Standing systolic blood pressure, not further
specified. The measurement 1 hour post dose
was selected post hoc.

|
§
I
|
l
!
g ,
| Notable inclusions

i
i

-Supine to standing drop in SBP > 15 mm Hg
-exhibit dizziness/lightheadness/
unsteadiness

Notable exclusions

|
|
%
;
|

-Pre-existing sustained supine hypertension
(>180/110 mm Hg)

-need for concomitant medications that
would interfere with interpretation of efficacy
results;

-have one of the disallowed diseases

Primary objective

Standing systolic blood pressure

NDA#19,815
M. Gordon, MD
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Summary

There were 25 patients who were randomized and 23 patients who completed this double blind
cross over study comparing single midodrine doses (2.5, 10, and 20 mg) to placebo. Patients
were selected based on 1.) a diagnosis of moderate to severe orthostatic hypotension associated
with autonomic dysfunction, 2.) a drop in SBP of at least 15 mm Hg upon rising from a supine

position and 3.) symptoms of orthostatic hypotension. Two patients dropped out of the trial
after taking the 20 mg dose.

The primary efficacy endpoint was standing SBP measure [after 1 minute upon rising--added
post hoc]. The mid and high dose groups significantly increased standing SBP compared to
placebo for about 4 hours after dosing. Both mid and high doses were significantly different

from the low dose at selected time points; there was a significant difference between mid and
high doses (p=0.03) at hour 2.

There was no evaluation of midodrine on the drop of BP upon rising even though patients were
selected on this basis, and, most importantly, there was no demonstration that patients on
midodrine could maintain the upright position longer than patients on placebo. Although it may
be intuitive, there is no eviderce that an increase in standing systolic blood pressure has been
demonstrated to be of clinical benefit to the patient with crthostatic hypotension.

Global assessments were to be completed by both patient and investigator 1 hour after each
dose of sturdy drug using a crude visual scale ranging from 1 (designated as none) to 5
(designated as excellent). The 10 and 20 mg dose groups had significantly higher (i.e.,
improved) mean scores compared to placebo. However, the validity of the scale and what the
results mean are unknown. It is unclear from the protocol how the responses on the scale were
obtained (what questions were asked, if any) and if unintentional unblinding of the study
medication occurred because global assessments were recorded after blcod pressure
measurements.

Two patients dropped out of the study after taking midodrine 20 mg. Reported adverse events
were mairly paresthesia, pruritus, and piloerection.

The higher doses of midodrine caused a substantial number of patients to have supine SBP z
200 mm Hg, which, depending on the corresponding DBP, is stage 3 or 4 hypertension according
to the Fifth JNC . . . On High Blood Pressure, and it is of interest that patients qualified for the
SHEP study with SBP > 160 mm Hg . The high dose midodrine group had 45%, the mid dose
had 22% and the placebo group had 0% of patients with SBP 2 200 mm Hg. It was also
demonstrated that this midodrine-provoked elevation in supine SBP was long lasting. Using
the definition of “prolonged” hypertension as supine SBP 2 200 mm Hg for at least 2
consecutive reading, the percents of patients in the low, mid and high dose midodrine groups
fulfilling this criterion were 4%, 17%, and 41%, respectively.

In conclusion, while the clinical benefits of long term use of midodrine remain mostly elusive, the

risks, related to grossly elevated supife systolic blood pressure as shown in this study, are
clear. ' '

NDA#19,815
3 M. Gordon, MD



'rotocol #201A
Protocol

Amendments

6 amendments made Sept 7, 1993 and included elimination of 5 mg dose and substitution of 20
mg dose. Reduced number of blood draws per study segment from 8 to 7. Reduced number of
evaluations from 8 to 6 hours per day. Blood pressure recording at 15 minutes after drug intake
was changed to optional. Three patients from center #1 (0101, 0102, and 0103) were studied
under the original protocol and were included in the analyses for 0, 2.5 mg and 10 mg treatment
groups.

Primary objective:

to assess the dose response to midodrine by measuring standing systolic blood pressure. Blood
pressure was to be measured 1 minute after rising (using tilt table) and then optionally for 15
minutes. The primary objective was changed, post hoc, to standing BP 1 minute after rising 1
hour after drug intake.

Secondary objective:

to gain information on blood levels of midodrine and the active metabolite. -

Study design:

randomized, double-blind, four-way complete crossover. The study was 6 days in duration.
Day 1 is pretreatment, Day 2-5 is dosing period, Day 6 is post treatment period. Each dose
was taken once by all patients and the sequence of doses was determined at randomization

Doses studied:
all patients were to receive single doses of 0, 2.5, 10 and 20 mg. Tablet strengths included 2.5
mg and 5 mg. The dosing sequence was randomly assigned. Meals were standardized and the

timing was as follows: breakfast at least 2 hours prior to dosing, lunch immediately after the
hour 5 measurements.

Number and type of subjects:

Patients with neurogenic orthostatic hypotension. Each patient must exhibit a supine to
standing systolic blood pressure fall of > 15 mm Hg and a major symptom of orthostatic
hypotension (dizziness/ﬁightheadedness/ unsteadiness) or cther presyncopal symptoms.
Notable exclusion was “pre-existing sustained supine blood pressure greater than 180/110 mm
Hg.” There was no discussion of sample size in the protocol.

Global assessments:
overall symptom imfrovement to be completed by both patient and investigator involved a

crude visual scale of 1 (none) to 5 (excellent) made at hour 1 after dosing for days 2-5. The first
3 patients from center 1 had their assessment at 8 hours post dose.
The scale appears as such:

Describe the patient’s overall symptom improvement

1 L 2 3 4 5

copenan

none moderate excellent

NDA#19,815
4 M. Gordon, MD
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Protocol #201A

The validity of this quite crude scale is unknown. There are no instructions in the protocol about

how this scale was to be present to patients (i.e., what questions were asked to which the
patients were to respond).

Safety was assessed by adverse events, especially the occurrence of supine hypertension
defined by the sponsor as supine SBP » 200 mm Hg

Saline replacement:

administration of normal saline iv injection was allowed for each day that blood draws are
made. Time of administration and amount were to be at the discretion of the investigator. All
patients at both centers received volume replacement (NDA submission (024).

Dropouts were replaced and their substitutes were given the same treatment sequence.

Blood draws for midodrine and desglymidodrine levels were to be performed at 0, 15 and 30
minutes and 1, 2, 4, and 6 hours after dosing. -

Symptoms:
Day 1: standing (at 1 minute and optionally every minute for up to 15 min) blood pressure

measurements at Hours 0, 1, 2, 3, 4, 5, and 6 hours after dose. Supine blood pressure
measurements at Hour 0 and then every 30 minutes for 6 hours.

Day 2.5: qualified patients were randomized to a particular dosing sequence and included
doses of 0, 2.5, 5, and 10 mg (protocol amendment changed doses to 0, 2.5, 10, and 20 mg).

Statistics: if baseline BP measurements were not obtained from a patient, the average of the
remaining baselines was used. If BP was not obtained at other time point evaluations, the
patient’s baseline was used.

RESULTS:

Patient disposition: 25 patients from 2 study sites were enrolled, 2 dropped out after receiving
the 20 mg dose and were excluded from the analyses. Therefore, there were 23 patients who
completed the study and took 1 dose of placebo and 3 doses of midodrine.

A Patients missing from bl
Midodrine 2.5
105

bressure an loba score tbles _
Midodrine 10 Midodrine 20
105, 201 101, 102, 103

105, 201

Therefore, the efficacy analyses should include the 23 completed patients and the safety
analyses should include all 25 randormized patients.

Demographics:

NDA#19.815
5 M. Gordon, MD



Protocol #201 A

age, sex, race

Of the 25 patients, there were 14 females (567%), the mean age was 62 years (range 38-78), mean
height and weight were 66 inches and 153 pounds, respectively.

Etiology

There were 14 patients (56%) with Bradbury-Eggleston (I0H), 7 patients (28%) with Shy-
Drager, 2 with diabetes, and 1 each with Parkinson’s and Giullian-Barre syndrome.

Efficacy

1 minute standing blood pressure. The table below shows standing systolic blood pressure for
all patients by treatment group.

Mean standing systolic blood pressure (mm Hg)

_Midodrine

" Placebo Mido 2.5 mg Mido 10 mg | Mido2) mg
n=24 _n=23 | n=22 7

NDA#19,815
6 M. Gordon, MD



Protocol #201 A

1 Minute Standing SBP

140

130

120

110

100

!
]

90

80

1/

T
0 2 4
hours after dose
——placebo

———low dose
—mid gose

¢ O KX +

——high dose

The standing SBP was similar at hour 0 for the different treatment groups. Both of the mid and
high doses significantly increased SBP compared to placebo for abou! 4 hours after dosing. Both
mid and high doses were significantly different from the low dose at selected time points; there
was a significant differences between mid and high doses (p=0.03) at hour 2.

Symptoms

e sponsor chose to evaluate patient well being by investigator and patient “global
evaluations” of overall symptom improvements. These evaluations were performed 1 hour after
dose on each treatment day. A score of 1 is “none,” or no improvement, and a score of 5 is
“excellent,” or excellent improvement. Data from patient #105 are excluded from the 20 mg

group.

NDA#19,815
7 M. Gordon, MD
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Protocol #201A

_ _ _ _ Mean Score_ . m _

, ) | ~ Midodrine

{ Global assessment Placebo Mido25mg | Mido10mg | Mido20~ mg

| by: n= 23 —24 n=23 n=21

i Cinvestigator | 19 | 20
_ patient 20 2.3 3.0° 3.3¢ J

* p< 0.5 for the comparison o drug and placebo
~excludes patient 201

There is a significant difference betweer higher doses of midodrine and placebo in the mean
scores for both investigator and patient assessments. There is concordance between the
investigator and patient scores.

The table below identifies the number of patients per score category (investigator/Patients
responses).

Category of Global Score-Number of patients
Investigator response/patient response

Pla—cebo h:l?do 25mg
n=23 n=24

Mido 20 mg
n=214

| 5+ (excellent)

p<005 usm Cochran-Mantel- Haensze procedure for the 10 and 20 mg midodrine groups vS.
placebo
~excludes patient 201

There were significantly more patients with higher scores in the mid and high dose midodrine
groups compared to the placebo and low dose midodrine groups.

Conclusion: it is impossible to judge what this “symptom” score is measuring. The sponsor
stated that blood pressure measurements were recorded before the global assessments
(submission seriarnumber 024, received July 28, 1995). Therefore, it is probable that the
elevation of blood pressure seen in the midodrine group could have resulted in unintentional
unblinding of the investigator/patient to the study drug.

SAFETY (not all 25 patients per dose group were evaluated)

NDA#19,815
8 M. Gordon, MD



Protocol #201A

Drop outs for adverse events
There were 2 patients who dropped out of the study after the 20 mg dose, one patient (#0201)

for excessive hypertension (supine BP 2 hours after the 20 mg dose was 266/110 mm Hg) and
one patient (0105) for acute confusional state.

Adverse events

No adverse events were reported when patients were receiving placebo and 5 mg dose (taken by
3 patients). Surprisingly, only 1 patient out of 9 at center 1 reported an event. On the other
harld, all but 2 patients from center 2 reported at least one event. The events consisted
rrimarily of paresthesia, piloerection and pruritus and there was a dose response: patients on
ow dose reported the fewest events and patients on high dose reported the most events. While
only 2 patients had supine hypertension listed as an adverse event, at hour 3, there were 10
patients in the high dose group who had supine SBP 2 200 mm Hg.

The 2.5 mg group had single reports of

headache, dry mouth, abnormal thinking, piloerection, paresthesia, scalp paresthesia and scalp
pruritus.

The 10 mg group had

3 reports of paresthesia, 4 reports of scalp paresthesia, 2 reports of piloerection, 1 report of
pruritus and 1 report of scalp pruritus.

The 20 mg group had

2 reports of supine hypertension, 2 reports of paresthesia, 4 reports of scalp paresthesia, 2
reports of piloerection, and 3 reports of pruritus.

Supine blood pressure

The number of patients with supine SBP 2 200 mm Hg (clinically significant hypertension)
recorded beiween 0 and 6 hours after drug intake was as follows.

NDA#19,815
9 M. Gordon, MD



Protorol #201A

Number of patients with supine SBP > 200 mm Hg

"~ Midodrine
Hours after drug Placebo Mido 2.5 mg Mide 10 mg Mido 20 mg
n=22"

intake n=23 n=24 n=23

0 0

i:(‘)ur 35
Hour 4
Hour 4.5
Hour 5
Hour 5.5
% Hour 6

Alncludes patient 201

lclocloclolecloiclolnlcin]~
cleiNnlm i iwinislilw{w|w

Unlike the placebo group which had no patient with supine SBP 2 200 mm Hg, the higher doses
of midodrine had a substantial number of patients with these elevated pressures. The mid and

high dose groups had 22% (5/23) and 45% (10/20) of patients with elevated blood pressure 3
hours ufter the dose, respectively.

The elevation in supine SBP is long lasting. Using the definition of “prolonged” hypertension as
supine SBP 2 200 mm Hg for at least 2 consecutive readings, the percents of patients who fell
into this category were 4%, 17%, and 41% in low, mid and high dose groups, respectively.

NDA#19,815
10 M. Gordon, MD
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remain constant. Serious adverse events (requiring medical evaluation or
dosage adjusiment) occurred at a rate of 8-10 per 100 patient-months,
and had occurred in about half the patients by the end of the study.

The investigators & sponsor did not feel that any of the serious adverse
events were direcly related to the TTS Tentanyl, but review of the case
report forms revealed a number of probable associations (in many cases
the evaluating physician removed the system or adjusted the dose as the
therapeutic intervention).

Patient 202- Hospitalized on day 46 for confusion, slurred speech & poor
memory. System removed. -

Patient 203- Hospitalized day 8 agitation, confusion, hallucinations.
System removed.

Patient 205- Nausea, dizziness, mental confusion, fall at home, urinary
retention. TTS continued.

Patient 209- Dose increased day 40, one day episode of emesis, dyspnea,
weakness. TTS continued.

Patient 214- Mild confusion and disorientation during a period when
TTS dose increased rapidly from 100-36G0 ug/hr. TTS continued.

Patient 215- Somnolence, woozy, shaky, unsteady gait, dizzy when TTS3
increased to 100. TTS reduced to 50.

Patient 218- Dysphoria, "weird spaced-out feeling" when TTS increased
to 450 pg/hr. TTS reduced.

Patient 302- Increased sleepiness when dose increased to 300 pg/hr. TTS
reauced.

Patient 315- Nausea & vomiting when TTS increased to 75. TTS removed.

These patients represent 9 of 54 for a total serious adverse reaction rate
of 15-20%. No patient suffered any permanent injury or death
-attributable to TTS fentanyl, none suffered respiratory depression or was
treated with naloxone, and all skin reactions resowved with system
removal.

Laboratory screening data was available for most individuals during the
period of TTS application, but much of it was abnormal due to prior
disease. Scatter-plots of this data revealed no consistent trend signifying
medication induced abnormalities.

Pharmacologic Performance

No pharmacokinetic or pharmacodynamic data were collected.

e A s mm—m e e ERRL ST T . Zavd WL,



Additional Analyscs

This study used two methods of predicting analgesic demand, predicted
demand based on the patient's reported use of analgesics, and actual 24
hours usage rates of oral morphine while under observation. The

enclosed sgatterplots show the predicted v. actual morphine demand, and
the relationship of TTS dose to observed morphine use at the initial
application of the TTS and after one week. Since TTS dose was set by the
observed use of morphine in the stabilization period in the protocol, there
should be a strong relationship between that two, and this is, in fact,
observed. After a week in which the dose is adjusted to best analgesia,
the doses of TTS are higher, with the relationship 300 mg/24 h oral
morphine (50 mg/24 hour parenteral morphine) = 100 ug/hr TTS fentanyl.
This probably represents a more accurate reflection of the analgetic
relationship.

Conclusion

This study establishes the acceptability of TTS Fentanyl for pain control
by cancer patients and suggests that that ratio of oral morphine toc TTS
Fentanyl for conversion to TTS fentanyl lies between 75-125 pg/hr TTS
fentanyl per 360 mg/24 h oral morphine demand. The study revealed no
unexpected clinical or laboratory hazards of the drug, a serious adverse
events rate {(mostly opioid side effects on the CNS) of 10 per 100 patient
months, and a rate of dose increase of approximately 50% per month of

therapy.
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PILLADC PHIA HEART INSTITUTE
gEc 21992

Presbyterian Medical Center
39th and Market Streets Telophone
Philadelphia, PA 19104 215662 9020

November 29, 1992

Raymond Lipicky, M.D.
Director, Cardio Renal Drugs Division
' Food and Drug Administration HFN 110
5600 Fishers Lane
Rockville, MD 20857

RE: NDA 19-815 Midodrine (Roberts Pharmaceuticals)
Dear Doctor Lipicky:

Enclosed plcase find my review of the study in responders of
midodrine conducted by Roberts Labs. You will note that in this
highly selected mixed population that the 10 myg dose level of
midodrine does show pharmacologic effects on blood pressure and 1
of the 2 symptom category studied by a very unscphisticated
questionnaire. Limitations include a mixed sample of patients
including even some with mitral prolapse, only one rather large dose
level studied (10 mg-sponsor recommends starting at 2.5 mg), and a
pre required set of responders during single blind (open to the
investigator) who then during only 1 day of treatment had to show
the same response compared to placebo.

I think it is obvious that with these criteria that midodrine is not
inert but this study I think is at best only supportive and thus does
not clearly change the drug's regulatory status. This is of course
perhaps more a policy decisipn rather than strict "science" and will
require an overall response from you. Please let me know if I can
help in any way. Best regards.

Joe Morganorth, M.D.
JM:encl

Proshyter s Mede ab Contee s o otldeate L0 e e sty of Penmsyiyant Fux 215 662 8577




MEDICAL REVIEW OFFICER'S EVALUATION
PRODUCT: MIDODRINE HCL (AMATINE®)
NDA#: 19-815

SPONSOR: ROBERTS PHARMACEUTICAL
DREW KARLAN 908-3891182

PROTOCOL: 20,762-318
DOUBLE BLIND COMPARISON OF MIDODRINE AND
PLACEBO IN MIDODRINE RESPONDER PATIENTS
SUFFERING FROM SEVERE ORTHOSTATIC HYPOTENSION
DUE TO AUTONOMIC DYSFUNCTION

TYPE: MULTICENTER (N=5) SINGLE TO DOUBLE BLIND PLACEBO
CONTROLLED 3 DAY INPATIENT STUDY

DRUG: 2 MIDODRINE 5 MG TABLETS GIVEN AS 10 MG BID ON
DAY 2 AND 10 MG TID ON DAY 3

TIME PERIOD:  4/23/91-9/23/92

OBJECTIVE: TO IMPROVE STANDING SYSTOLIC BLOOD PRESSURE
AND SYMPTOMS OF SEVERE ORTHOSTATIC BLOOD
PRESSURE

STUDY DESIGN:

The study was conducted at 5 centers in patients who are over
17 years of age, males and non-pregnancy potential females, who
had been on and responded to Midodrine for at least 2 weeks for
severe orthostatic hypotension. Patents with supine bllod pressure
over 180/110 mm Hg, able to stand for over 14 minutes without
symptoms, on concomitant sympathomimetic or alpha receptor
agonists/antagonists, or who had pheochromocytoma, severe cardiac
disease, acute nephritis/chronic renal failure, thyrotoxicosis,
uncontrolied diabetes, or a history of CVA or coagulopathies were
excluded. o




STUDY DESIGN CONTINUED

Day 1 was entry iiito hospital for washout of midodrine, all
caffeine and smoking prohibited

Day 2 required the patient to show orthostasis with symptoms
and response to midodrine and evaluation of duration of
action of midodrine, 10 mg Midodrine given 2 hrs after
breakfast and a second 10 mg dose 6 hours later, 15 hrs
will elapse before first dose on day 3. Eligibility pre-dose
1 was a supine to standing BP fall of over 14 mm Hg (but
not less than 70 as initially required) and a symptom
score of 5 or less in 1 of the 2 symptom categories;
elligible patient after the first dose are tested at hrs:
1,3,4 and 6. BP taken every 30 minutes though. To
go on patients had to have at 1 hr post dose an increase
in systolic BP of >9 mmHg and an increase in the
symptom score by at least 1 point ( an amendment
allowed this 1 vs the initial protocol which requires a 2
point rise).

Day 3 eligibility by symptom demonstration and randomization
to placebo or midodrine given as 2 tatlets 2 hrs after
breakfast and 2 more tablets in 3 hours and again in
another 3 hours; Predose 1 if standing occurs for <6
minutes then this parameter is measured throught the
day if between 5-15 then not measured again. To
continue into day 3 the patient has to have eligibility
criteria remet as on day 2. Post dose 1 and 2 the
endpoints are measured at 1 and 3 hours and only 1 hour
after dose #3. (page 2b,2¢ show the study procedures)

Efficacy endpoints were the standing 1 and 3 minuted systolic BP
and effect on symptom class dizziness felt more common than visual
change in these patients. Secondary endpoints were standing
diastolic and supine BPs and supportive were standing time and
sitting BPs.
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PROTOCOL NC 20,762-318C :

APPENDIX A

MIDODRINE STUDY #26,722-318

STUDY SCHEDULE DAY 1
DAY 1 UPON ADMISSION ¢ HOURS AFTER ADMISSION
Medical History X
Physical Exam X
Laboratory Tesus X
Review of Inclusion & Exclusion Critenia X
Record Time Of Last Midodrine Doss X
Supine, Sitting and Standing X X
Blood Pressure and Pulss
Symptom Evaluation X X
X X

Standing Time

t
N
(v
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'ROTOCOL NO. 20,762-318C

APPENDIX A (CONTINUED)

MIDODRINE STUDY #26,722-318
STUDY SCHEDULE DAY 2 AND DAY 3

—HOUR )
DAY 2 20 [05]1.015[20(25[3.0[3.5/40]/45[50][55[60i6s [0}
osing * X X ! X
leal = X ' |
ipine BP & Pulse x| x| x| x|{x|x|x{x{x|x|x|x|x| |x
'g‘;,'f‘;:;’:' X X X X X X
'mptom Evaluation X X X X X X 2
t Time X X X X X X
;gibility Evaluation X X
............................. SR ]
DAY 3 20 |os|tofus|2o2s]s0]ss|[a0les|so|ss|coles]|r0]
»wing ° X X - X
wl oo X x
pine BP & Pulse X X X X X X
;“";‘f‘;“'f:' X X X X X X
mptom Evalustion X X X X X X
nding Time X X X X X X
gibility Evaluatioa 11X

.

.

8 is w immediatsly follow any evaluatiLas made st that time poiat (i.a BP, pulss, standiag time, etc.)

- are (0 immedistely (ollow the doss st that tise point.

\ldud area for meals is the time duriag which disbetic pstients tnay bave a sasck if sbsolutely muury



STUDY DESIGN -CONTINUED

Blood pressure: measured by cuff at first clear sound = systolic and
Phase V absense = diastolic ( nonaudible diastole or <40mmHg = not
detectable (ND)). Supine = 3 minutes prone, standing obtained at 1
and 3 minutes, sitting = after 1 minute from supine, Order of
pressure measurements: supine then standing then return to supine
and do sitting. Meal times were to be kept constant and standing
time to symptoms measured with over 15 minutes without
symptoms = ineligibility. Concomitant medications such as
fludrocortisone and high salt diet (as well as Jobst stockings) were
allowed. A 10 point symptom evaluation for dizziness
/lightheadedness /unsteadiness and dimming/blurring of vision was
obtained by the coordinator and patent filling out a form:

_SYMPTOM SCALES

CEECK THE ONE BOX UNDER THE NUMBER THAT MOET ACCURATELY DEK-
} SCRIBES THE SEVERITY OF THE SYMPTOMS THAT YOU FEFL UPOW STAND-
| ING FOR THIS EVALUATION.

| 1. Feelings of dizziness/lightheadedness/unsteadiness

| Extreme T 7 k] T 5 4 T8 ¥ 10 None

( tYy ) t)ry ) ()
€ [slvcgn] ] Moéotate slight

| 2. Dimming/blurring of vision

| extreme T 7 3 & 5 € T & % To None

( t)y 1 o1y o) (1)
r [slvogo] t] Hoéorato slight




STATISTICAL ANALYSIS:

Data from day 2 were subjected to ANOVA comparing each
time point with hour 0. On day 3, systolic BP and standing time were
analyzed by ANCOVA with hour O as the covariate. One hour after
each dose ( hours 1,4,7) were compared for midodrine vs placebo
and only in patients evaluated at those hours with complete datasets.

RESULTS

' There were 70 patients enrolled but only 54 eligible for day 2
and 53 for day 3 of study for efficacy and 53 and 52 respectively for
symptoms at the 5 centers.

LIST OF INVESTIGATORS PARTICIPATING IN
MIDODRINE STUDY NO. 20,762-318

INVESTIGATOR
NAME | INSTITUTION

Gilden, J. univ. of Health Sciences/
Chicago Medical School
Diabetes & Endocrine sections
3333 Green Bay Rd. (ll1lF)
North Chicago, IL 60064

Kaufmann, H. Mt. Sinai Medical cCenter
Annenburg Building

Dept. of Nauroloq{

One Gustav Levy Place
New York, NY 10029

Marshfield Clinic
Neurology Department

1000 N. Oak Avenue
Marshfield, WI 54449-5777

Jankoviec, J. Baylor College of Medicine
Movement Disorder Clinic
6550 Fannin

Houston, TX 77030-2707

Robertson, D. Vanderbilt uUniversity

. | €linical Research Center
Medical cCenter North
Nashville, TN 37232-219%
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RESULTS - CONT

Reasons for the drop from 70 to 53 evaluable patients is :
2 for concomitant event during day 1, symptoms not sevre enough
(4); no blood pressure response(6), no symptom response (1) and

other (3) or 14 during day 2 and on day 3 1 patient with not severe
enough symptoms.

The demography of the patients on day 3 are:

- —

PATIENT DISTRIBUTION
FOR PATIENTS IN DOUBLE-BLIND PHASE (EFFICACY ANALYSIS)
: o _ _ — 4 - \ — = b
; RANDOMIZED ‘

10 mg
MIDODRINE PLACEBO

| NO. PATIENTS : 27 26 53*

| No. mEN ; 19 14 1 33 (62v)

| NO. WOMEN : 8 12 | 20 (38%)

| MEAN (RANGE) AGE (YRS) || 8.6 (17-78) | 63.9 (20-81) | 61 (17-81) |

| DIAGNOSTIC GROUPS

| IOR (BRADBURY~EGGLESTON)

| sny-praGER

| PARKINSON'S

! DIABETES

*) Patients eligible for and included in efficacy
analysis

13




RESULTS - CONT

Of the 53, 13 (25%) had Bradbury Eggleston Syndrome, 22 (42%)
ShyDrager, 3 (6%) Parkinsonism, 12 (23%) diabetes. Of the last 3 , 2
had mitral prolapse and 1 just orthostatic hypotension.

DAY 2 RESULTS

Pre dose BP response on day showed that the mean standing systolic
was 79/55 at 1 and 77/55 at 3 minutes with a supine-standing fall
of 53/23 and 57/23 mm Hg respectively in 54 eligible responding
patients.

Duration of action was defined by 0.5 hr B measurements in the
supine position after the first dose for 6 hours compared to the "0"
hour value. Figure 1 (see end of report) shows that the blood
pressure rose from 132 mmHg at baseline to 155 at 1 hour and 166
at 3 hours then fell either because the drug's effect waned or food
was taken at this time. Blood pressure rose again to 154 at 6 hours
before the nexi dose. Standing BP at hours 0,1,3,4,6 and 7 with doses
at 0 and 6 hours given. At 1 minute the systolic BP increased from
80-105 and remained elevated for 3 hours (Figure 2) as did the 3
minute values ( Figure 3). Symptom results showed that for the
dizzy category 49 of 53 had a score of 5 or more severe ( a lower
number) at baseline and the score went from 3.7 to 6.1 at 1 hour
and began to decrease at 3 hours (Figure 4). Only 18 of 53 had a
visual abnormality and a similar effect was seen as shown in figure
5. The standing time ( time to the symtom of suggested syncope) is
shown in Figure 6 and again is similar to the other symtoms with the
observed change lasting for 3 hours before starting to suggest a
decrease in effect. No effect on pulse rate was seen of note.

DAY 3 RESULTS

The results for the 10 mg Midodrine dose vs placebo for the key
parameters is:

standing systolic BP 1 min ( p=.02) 3 min (p=.02) dizzy symptoms
(p=.03) and visual symptoms (p=.55). Standing diastolic (p=.03),
supine systolic (p=.001) and diastolic (p=.02). Standing time (p=.07),
siting systolic (p=.004),diastolic (p=.005). These comparisons are
based on comparing hours 1,4,7 as adjusted for hour O (the peak 1
hour effect) in those with complete data sets. Figures 7-12 show
these results.




FPIGURE 1

DURATION OF ACTION OF MIDODRINE
SUPINE BLOOD PRESSURE
DAY 2
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(n = S1). These patients provided complete data ssts at
Mours 0, 1, 3, 4, 6 and 7. Values represen: tlhe means
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data point. A dose of 10 mg midodrine was given at
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FIGURE 2

{ EFYECT OF MIDODRINE ON S
1 MINUTE STANDING BLOOD PRESSURE
DAY 2
110 -
SYSTOLIC
~ 100 (p<0.01) -
=S T
£ 90 :
-
3 80 .
“
N
-
& 70 DIASTOLIC _
v ¢ (p<0.01)* |
g 3 'f
m 60¢ *~\~““~\\ -
s
-
50 | -
1 A 1 A . ] 1 d L

o + 2 3 4 5 6 7 8 9 10

Time (hours)

(n = 42 for systolic and 34 for diastolic). These
patients provided complete data sets at Hours 0, 1, 3,
4, 6 and 7. Values represent the means + S.E. A dose
of 10 mg midodrire was given at Nours 0 and 6; a meal at
Rour 3. significance ves. Hour 0: p<0.01 for all data
points; a) excluding mour 6.
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Blood Pressure (mm Hg)

FIGURE 3

EFFECT OF MIDODRINE ON
3 MINUTE STANDING BLOOD PRESSURE

DAY 2
110 | n
TOLIC
100 SYSTO R
{p<0.01)*
90 .
80 2
70 | T DIASTOLIC
T\ (p<0.05)*
E\ -
60
T
S0 -
L 1 ] I 1 1 ! 1

o 1 2 3 4 5 6 7 8 9 10

Time (hours)

(n = 33 for systolic and 22 for diastolic). Theses
patients provided complete data sets at Hours 0, i, 3,
4, 6 and 7. values represent the means + 8.L. A dose
of 10 mg midodrine was given at Hours 0 and €; a meal at
Hour 3. significance vs. Hour 0: p<0.05 for all

diastolic data pointu; p<0.01 for all systolic data
points; g) excluding Hour 6.
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Medical Officer Review

& NDA #: 19,813
Alza Corporation

TTS Fentanyl

(Transdermal Therapeutic System)

Volume 2 - Pharmacokinetics & Pharmacodynamics

Executive Summary

This amendment was requested of the sponsor by HFD-007 in May 1990 in
order io address concerns about the pharmacokinetic performance of the TTS
system and to clarify the pharmacodypnamics of fentanyd at biood levels
between 0-5 ng/ml. The submission consists of a mixture of material from the
open literaiure and new daia from the sponsor. It shows uiat while the
manufacturing controls and in-vitro performance of the TTS system are
acceptable, there is a large variation in the blood level of the drug supplied by
the system in clinical trials and that not ail of this variation is due to
individual variation in clearance. The data provided support a Ctox for
opioid-naive postoperative patients of 3.0 ng/nl ( 2.0 ng‘ml! for patients with
one or more respiratory risk factors such as chest surgery concomitant
administration of CNS depressants, poor ASA status, lung disease), and a
MEC of 0.6 ng/ml.

Blood levels for patients wearing the TTS 30 system (50ug/hr) will be below
the Minimum Effective Concentration (6.6 ng/ml) for 15%, hit the target zone
(0.6-2.0 ng'ml ) for 83% of the patients, be toxic ( 2.0-2.99 ) for 2% of
vulnerables, but will not exceed 3.0 ng/ml Of the three systeins tested in
clinical trvials it is both safe and effective.

The 75 & 100 pg'hr systems both provide too much fentanyl (8% and 11%
above 3.0 ng/'ml) for unrestricted postoperative use and the sponsor hasbeen
advised that approval will depend on the adequacy of the labeling in
identifying postoperative patients who should and should not be prescribed the
larger sysiems, and the adequacy of carton/package/system warnings,

All systems (25,50,75,100) are reliable encugh so that they will not dose-
--dump (Cmax < 5 ng/ml) and should not be toxic for opioid-tclerant
individusls in the cancer pain indication.

" Submitted: 5/16./90
Reviewed: 5/31/90 tn 6/6/90
Curtis Wrigat MIJ,MPH

WRITTEN CWIV - 6/6/90
PEER REVIEWED RD- 6/18/90
SPONSOR'S COMMENTS MS -6/19/90
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General Comiments Regarding the PK-PD Amendment

One of the fagiors which has prolonged the review ¢ ocess for TTS
fentanyl was a nearly universal concern about safety on the part of the
regulatory staff who reviewed the original submission. This discomfort
was due, In part, to the novelty of transdermal administration of a
potent opioid, but was also the result of concerns about the
pharmacokinetic reliability of this method of delivery of fentanyl. As a
direct result, the sponsor was asked to examine the pharmacokinetics of
the TTS systems in detail and to develop additional pharmacodynanic
information about the pharmacodynamics of fentanyl in tlse 0-5 ng/ml
range delivered by the system. This amendment is their response to this
request.

Overview of the Amendinent & Review

The submission consists of a series of discussions of the performance of
the TTS system and a combination of new and old data which defines
thie system and evaluates the probable causes of variation in its
pharmacalinete parformancs.

FHSTYHY Topics Review Orig.
Page page
System Variables Rate Liruiting Mer abrane a 3
Ethanol! Flux 4 3
Skin Vaxiables Skin Site 5 8
Skir Tervperature 8 9
Bloocd Flow 8 10
Pharmacokinetics Dosec Progortionality 9 14
Body Weight Effects 23 1
Average Blood Level Profiles 10
Skin-Depot Effects 11 !
Repeated Dosing 1] 23
Fiver/Renal disease 12 26
Obesity i2 27
Elderly 12 28
TTS System Modeling Pharmacckinetic Model 12 31
Physic-chemical Model 13 35
TTS Variability Release Rute 14 38
Skin Permeability 15 38
Cloarance 18 39
Phannacodynanaios Cardlovascular 18 4]
Ventiiatory 16 41
Analgesic 17 42
Hysteresis 20 46
Adverse Effects 21 48
Reviewer's conclusions 21



FIGURE 4

EFFECT OF MIDODRINE ON
THE KEY SYNPTOM OF ORTHOSTATIC HYIPOTENSION

SYMPTONM 1
DIZZINESS/LIGHTHEADEDNESS /UNSTEADINESS
DAY 2
8.0
7.5 (p<0.0001) -
7.0

5.5

Score

5.0
4.5
4.0

3.5 1+

L

i

3.0 n ! R 1 1 1
6

0 1 2 3 4 S

Time (hours)

(h = 49). These patients providad complete data sots at
Houxe 0, 1, 3, 4, 6 and 7 and reported the symptoam with
a score of 5 or more s=vsrs., Values represent the means
+ 8.E. A dose of 10 mg midodrine was given at Rours 0
and 6; a moal at HNour 3. siguificance vs. Nour O:
p<0.0001 for all data points. A score of 1 was most
severe, a score of 10 indicated that the prtient did not
hava the symptonm.

N
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FIGURE S

EFFECT OF MIDODRINE ON
A SYMPTOM OF ORTHOSTATIC HYPOTENSION
SYMPTIOM 2
DIMMING/BLURRING OF VISION
DAY 2

9.0

8.5 | .
8.0 | T .

7.5
7.0

6.5

Score

6.0
5.5
5.0

4.5
4.0

3.5 )| | ! 1 ——ke 1 i L

0 1 2 3 4 5 6 7 8

Time (hours)

(h = 18). These patients provided complete data sets at
Hours 0, 1, 3, 4, 6 and 7 and reported the symptom with
a scoxe of 5 or more severe. Values represent the means
+ 8.E. A dose of 10 mg midcdrine was given at Hours 0
and 6; a meal at Hour 3. significance vs. Hour 0:
p<0.01 for all data points. A score of 1 was most
sevare, a score of 10 indicated that the patient did not
have the symptom.
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FIGURE 6
EFFECT OF MIDODRINE ON

STAMDING TIME
DAY 2

4.0

3.5 v i

Minutes

1.0 1 L . 1 i - | 1 [

4 S 6. 7 8

Time (hours)

o
-
N
W

(n = 49). These patients provided complete data sets at
Bours 0, 1, 3, 4, 6 and 7. Values represent the neans
+ 8.8. A dose of 10 mg midodrine was given at Eours 0
and 6; a meal at Hour 3. Significance vs. Mour 0:
p<0.0% for all data points.
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FIGURE 7

EFFECT OF MIDODRINE AND PLACEBO ON
1 MINUTE STANDING BLOOD PRESSURE
DAY 3

120
SYSTOLIC
110
Midodrine
3 100 (p<0.05)
o #]
a 90 Placebo
B
o 80; DIASTOLIC
=
?; 70 F '(‘::d:é‘ f‘on.'f )
a § Placebo
o 60 i W_————'—T
§ 4
z 50
40 }+
30 ) | 1 1 1 { | } {

o 1 2 3 4 5 6 7 8 9 10

Time (hou;'s)

(n = 24 midodrine, 24 placebo for systolic; 20 midodrine, 18 placebo
for diastolic). These patients provided cocmplete data sets at Hours
0, 1, 4 and 7. vValues represent the means + S.E. Doses vere given
at Hours 0, J end 6; a meal at Hour 3. AMCOVA Midodrine vs.
Placebo, Nours 1, 4 and 7 (adjusted for Mour 0). significance:
(p<0.05) for both systolic and diastolic »p.
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FIGURE 8

EFFECT OF MIDODRINE AND PLACEBO ON
3 MINUTE STANDING BLOOD PRESSURE

DAY 3
120
110 k SYSTOLIC
Midodrine

= 100 / (p<0.05)
-
E 90 ' Placebo
£ [ pastotsc
o B0
5 Midodrine
n 70 / (p<0.01)
[}
o / }\i
’§ 60 Y Y Placebo
= S50

40

301

L H | i | L L o !
8

o 1 2 3 4 5 6 7 9 10

Time (hours) -

(n = 17 midodrine, 17 placebo for ayutolic: 13 midodrine and 15
placebo for diastolic). These patients provided complete data sets
at Hours 0, 1, 4 and 7. Valuss represent the means ¢+ $.E. Doses
were given at Hours 0, 3 an 6; a meal at Hour 3. ANCOVA Midodrine
ve. Placebo, Nours 1, 4 and 7 (edjusted for Mour 0). signiticance:
(p<0.03) for systolic BP and (p<0.01) for diastolic »r.
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Blood Pressure (mm Hg)
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(n = 27 midodrine, 26 placebo).

FIGURE 9

EPFECT OF MIDODRINE AND PLACEBO ON
SUPIME BLOOD PRESSURE
DAY 3

“SYSTOLIC
) Midodrine |
(p<0.01)

T
Placebo
T Y ace

T+

DIASTOLIC
Midodrine

!/ i (p<0.08)
§""’ ! § Placedo

E ~3—%" :

1 L Lo i | ol 1 i . 1
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‘These patients provided complete

data sets at Nours 0, 1, 4 and 7. Values represent the msans + 8.E.

Doses were given at Hours 0, 3 and 6; a meal at Hour 3.

ANCOVA

Midodrine vs. Placebo, Hours 1, 4 and 7 (adjusted for HMour 0).
signiticance:s (p<0.01) for eystolic and (p<0.05) for diastolic BP.

31

0072

1



-ad

FIGURE 10

EFFECT OF MIDODRIMNE AND PLACEBO ON
THE KEY SYMPTON OF ORTHOSTATIC HYPOTENSION

SYMPTOM 1
DIZIINESS/LIGHTHEADEDNESS /UNSTEADINESS
DAY 3
9
8 | -
Midodrine
(p(0.0S)
7} -
" / \ Placebo
b
o ad
Q
n
L L ol i i | L.

4 5 6 7 8 9 10

Time (houru,)

(n = 24 midodrine, 25 placebo). These patients provided complete
data sets at Hours 0, 1, ¢ and 7. Values represent the means ¢ 8.E.
Doses were given at Hours 0, 3 and 6; a meal at Hour 3. ANCOVA
Midodrine vs. Placebo, Mours .1, 4 and 7 (adjusted for mour 0).
significance: (p«<0.08%).
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(n = 12 midodrine, 8 placebo).
data sets at Hours 0, 1, 4 and 7.
Dosss were given at Hours 0, 3 and 6; a meal at Hour 3.
Midodrine vs. Placebo, Hours 1, 4 and 7 (adjusted for Hour 0).

FIGURE 11

EFFECT OF MIDODRINE AND PLACEBO ON
A SYMPTOM OF ORTHOSTATIC HYPOTENSION
SYMPTOM 2
DIMMING/BLURRING OF VISION
DAY 3

‘ Midodrine
N/

Placebo

Score

H L 1 | i

.
o 1+ 2 3 4 5 6 7.8 9

Time (hours)
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These patients provided complete
Values represent the means + 8.E.
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FIGURE 12

EFFECT OF MIDODRINE AND PLACEBO ON S
STAMDING TIME N
DAY 3
4.5 - -
4.0 } > )
- -
3.5 + Nidodrine -
(p<0.07)

4
/

Placedo -

Standing Time (minutes)

1 1 4 | 1 i 1 A

2 3 4 5 6 7 8 9 10

Time (hours)

(n = 26 nidddrino, 24 placebo). These patients provided complete
data sets at Bours 0, 1, 4 and 7. vValues represent the means + 8.E.
Doses were given at Hours 0, 3 and 6; a meal at Hour 3. ANCOVA

Midodrine vs. Placebo, Hours 1, 4 and 7 (adjusted for Nouxr 0).
significance: (p<0.07).
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SAFETY

There were 10 on day 2 and 1 on day 3 adverse effects related to
midudrine of 64 patients dosed with the drug. None of the placebo
patients on day 3 had an adverse effect. The effects noted were
considered tolerable and are listed in this table and what was
considered concomitant events in the next table (note 2 syncopes):

TREATMENT-RELATED SIDE EFFECTS

INCIDENCE N (V)
PLACERO (N=-29) MIDODRIME (N-64) |

| REACTION

| Tingling/Pruritus/Piloersction/Chills

Elavated Blood Prassure

§ Plushing

E Pyroais

| Urtlaary Urgemcy o (0%) 1 (1.60)

| Pressuca (a Hend *

70 patients enrolled, 64 patients treated with midodrine on Day 2,
11 ADR's reported for 10 patients (15.6% reporting > 1 ADR) +) ADR
reported on Day 3, all other ADR's reported on Day 2. All reports
were considered by investigator as either possibly, probably or
definitely related to drug. 7

(1
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I PATIENT

| NUMBER

APPENDI: TABLE F3

CONCOMITANT EVENT

O O AN EVENTS

ETIOLOGY OF EVENT

f 1-01-01 | Hypoglycemic Episode Missed Bedtime Snack
; 1-04~04 | Low Blood Sugar Change in Meal Times
{ 1-06~06 | Headache upon standing | Lu» BP on Standing
§ 1-10~00 | Severe nausce &« “wit- | Viral Gastroenteritis
ing
1-14-~13 | Hemsthuon Symptom Subsided by 10:30
pm After Administration of
I S i iylanta
i-19~18 | Syncvpe linwitnessed; Out of Bed to
Urinate
1..20-19 | Syncope Untreated Orthostatic Hypo-

tension

1-24-24

(a) Extra Insulin Dose
(b) Gastroparesis

Extra Meal as a Result of
Extra Insulin Dose

2-09-09

Increased Ascites

Existing Congestive Heart
Failure

|
|
}
|
1
|
|
|

Urinary Tract Infec-
tion

Neurogenic Bladder

| 2-14-14

Elevated Glucose Lev-
els in Blood & Urine

Diabetes Mellitus

Abdominal Discomfort

Concomitant Medication -
Sinemet

! 4-01-01

Confusion

Possibly Related to Hospi-
talization

pertension

Supine H

VPfe-existin- Condition



MRO Comments:

This very specific study evaluated a highly selected group of patients
proven or thought to have responded to midodrine. The patients
were sought from S centers yet over half came from one center. The
population represents many patients with primary autonomic
dysfunction but also many with just diabetes or Parkinson's disease
and even some with just mitral prolapse. Only a single dose level of
midodrine was given—-10 mg (tid) which is rather high considering
that the starting dose recommended by the sponsor is 2.5 mg. The
duradon of action of this 10 mg dose in these selected responders
using a single blind (!!) method appeared to best last for 3 hours and
at a stretch may be 4-6 hours. Using only evaluable patients with full
data sets in this selective protocol of a 10 mg tid dose level, there is
an effect compared to placebo of midodrine to increase blood
pressure and decrease the symptoms of dizziness but not clearly
visual blurring for at least 3 hours and possibly 6 hours. The
adverse profile of skin effects, increased blood pressure and
71syncope seen in 11+2 or 13/64 or about 20% in this 48 hour
exposure period vs 0% on placebo over 24 hours is notable.

In conclusion, I believe this study documents that a 10 mg dose
given tid of midodrine in selected known responders to the drug
shows a pharmacological effect on blood pressure and some
symptoms of orthostatic hypotension. This dataset thus becomes
supportive to the sponsor's claim of a safe and effective
drug that hitherto was not considered yet proven. Whether
these data thus effect the overall decison of approvability for the
NDA will require further review and a policy decision.

V' Joel Morganroth, MD dated: "/ 2 (45
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. .Date received at FDA# 11539-90 | : N

Y. pate received by medical review officer: 12-7-90

MEDICAL OFFICER’S REVIEW

TITLE: A DOUBLE-BLIND COMPARISON OF MIDODRINE AND PLACEBO IN
PATIENTS WITH ORTHOSTATIC HYPOTENSION (study #20,762~11A)

NDA# 19-815

Date of this feport: ‘12~12;90

Sponsor: Roberts Pharmaceutical COrporition
DETAILS OF PROTOCOL g
OBJECTIVE:

To evaluate the efficacy and safety of midodrine versus placebo in
patients with moderate to severe orthostatic hypotension.

STUDY DESIGN:

This was a multicenter out-patient placebho~controlled double-blind
parallel group evaluation of midodrine at 2.5, 5.0,.and 10.0mg.
administered t.i.d. The goal was to have 80 patients enter the
double-blind portion of the study with the hope of having 4 to 12
patients at each investigational site.

After enrollment patients were randomly assigned to: placabo
t.i.d., midodrine 2.5mg. t.i.d., midodrine S.0mg. t.i.d.,
midodrine 10.0mg. t.i.d.

Each group was to enter a one week, single-blind, placebo lead~in
period with sympathomimetic medications being withdrawn at the
initiation of lead-in. Patients were to remain on their fixed
dose for a period of two to four weeks with clinic visits every
week. The protocol flow sheet demonstrating dose escalation and
procedures is attached from the sponsour’s report. The protocol
called for the omission of this at five based on the patient’s
response to the medication. At completion of the trial patients
can be continued to an open-label coupassion study under separate
protocol.

The study population included those patients who are over the age
of 18, who signed a consent form, and who had the diagnosis of
moderate to severe orthostatic hypotension with progressive
autonomic failure with or without peripheral or central nervous
system involvement. Therefore patients with ideopathic
orthostatic hypotension, Shy-Drager syndrome, diabetes mellitus,
and Parkinsonism disease could be enrolled.



Group

Visit
Week

GROUP 1
GROUP 2
GROUP 3
GROUP 4

= saa s waRINILUNN

MIDODRINE

DOSE ESCALATION FLOWSHEET

. 4 \54
‘ 1 Dose ﬁ
.Placebo 2.5 mg 5 mg 10 mg 10.0 mg
. : tid
Placebo 2.5 mg 5 mg 5.0 mg
tid
Placebo 2.5 mg 2.5 mg
tid
Placebo Placebo Placebo
tid
[} b} |
1 4 5
(romlme=) (mmmQume) (om=3enn) (mmafewe) (—==Soead
Placebo tid.
Midodrine 2.5 mg tid
Midodrine 5.0 mg tid
Midodrine 10.0 mg tid ‘2 .
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GRS POSMIRLE

The sponsors did investigate the kinetics of fentanyl in a limited number
of patients using a iri-exponential model of IV infusion with the
following results:

Subject Ve Vss Cl MRT
Liters Liters Liters/hr Hours
950 35.2 731 74.7 9.7
951 155 330 82.4 40
952 229 : 268 32.4 8.2
953 105 198 44.1 4.4
954 184 285 41.8 6.8
955 6.9 377 ' 21.7 17.3
956 8.0 549 42.7 12.8
957 9.1 446 30.5 14.6
Mean - 158 398 46.3 9.7
SD 10.2 185 22.8 5.1
Cv 64% ) 46% 49% 52%

If this data is generalizable (N=8),-and since the blood level at pseudo-
steady state be determined by the relationship between the flux into
the body and the clearance of the drug, the observed 50% CV for the
clearance of fentanyl suguests that the best that the system could
achieve is a target blood level +/- 50%. This corresponds t ‘he
following distribution for 100 patients wearing the TTS 75 system,

16
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STUDY PROCEDURES FLOWSHEET

. o *WH*?*“t e ‘Y.
A DOUBLE-BL.IND COMBARISON'OF - Y
MIDODRINE AND PLACI¥S IN PATIENTS AR |
WITH ORTHOSTATIC KYPOTENSICN ' o

MIDODRINE

Placebo
Lead-In v f .
Visit 1 W2 ,i3$ Qﬁ é;ﬁi
Medical ‘Hisztory X .
Physical Examination X 7
Clinical
Laboratory Tests X
EKG X
Rody Weight 7 .
Measurements X X X X 'X
BP, Pulse
Measurement X X X X X
Target Symptom Checklist X X X X X
Investigator's
Global Assesrment X X X

Patient's global Impression
of Thaerapeutic Response

Investigators global Imprgslion

* Optional Visit

501




The patient also had to have symptoma of syncope or pre-syncope on
agsuming an upright position and also evidence of a change in
systnlic blood pressure of at least 15mm from supine standing with
at leasmt two symptoms of moderate severity. Patlents were
ixgludad who had incapacitating symptoms unable to meet the
irements of the protocol or a disease process advanced to the -
pulnt that prolonged in-hospital dose titration was necaasary.
Also pre-existing supine h{*mrt-nlion -defined: asjgres #i
190/100, oclinically significant renal or hu gtig,; g rmant, <y Lpi i
eoncomit:nt adninistration ‘of -ynfnthaunmo f ip a'*receptor”’ "ot EGR
agonists agents, other investigational ‘agents,' {nvestigational th
drugs within one month, or any of the following diagnomses:
pheochromocytoma, severe cardiac disease, acute nephritis, .
thyrotoxicosis, uncontrolle” diabates mellitus, history of Yv
cerebral vascular accident, angina pactoris, severe cardiac
nrrh{thmin-, coagulopathies, concomitant nnéicoqqulncian usag
complate urinary retention, seizure disordar, other n-urolo?
disease inpairing ability to stand or walk, pregnancy or ch
bearing potential.

DRUG DISPENSING:

Patients were given bottlez A & B and were lnstructed to take 2
tablets three times daily, one from bottls A and one from bottle
B.

RANDOMIZATION

In order to qQqualify for enrollment in the double-blind portion of
the atudy after the initial single-blind placebo week, the patient
has to demonstrate a 15mm decrease in systolic blood pressure upon
standing and two symptoms that were considered moderate to markad
as dafined on the target symptom check list. This check list is
attached. Patients ware given drug t.i.d, with at least three
hours lapse batween doses. The following medications were allowed
to be used concomitantly and were to be kept stable:
fludrocortisone, indomethacin, cardiac glycosides, Jobst support,
lilbii dietary sodium intake, other medications for pre-existing
diseases.

Thearapeutic response planned was to idantify three target symptoms
that were considered to be the most savere which would be used as
a symptom endpoint. Medication diaries were used as well as a
seven-point global assessment impairing visits three through six
with the visit two.

Blood pressure was obtained at each visit using the same arm with
a standard sphygmomanometer. The blood pressure was to be
obtained aftar the patient had baen supine for at least threc
minutes and a ?nin after assuming a standing position for one
minute. 8itting blood pressure was to be used if the patient
could not stand.
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Oon the day of a scheduled visit, the medicatiocn was to be
administerad in the investigator’s office but no specific time or
taking blood pressure was Loted in the protoool in referencs to
taking study medication. The conmplaete study was defined after
four weeks of treatment with double-blind medication and patientn
could be discontinued, of course, at their request or lack of
cooparation or noncompliance or the occurrence of a signiticant

intercurrent illness. In addition, uupinohhyicrt-nnion of greater:’,
tion or an increase in. -

than 230/110 'or at the investigator’s discre
diastolic pressure by 3Omm above basaline or the development of
symptomatic bradycardia or other intolerable side-effects. ’

STATISTICAL PROCEDURES: -

The protocol called for an interim analysis after one-quarter of
the patients were completed to determine thé definitive sample
size raquired.

The data was planned to ba nnalizcd u-ini a repeatead measurement
design evaluating in the analysis of variance betwasn patients:
investigator drug, drugs, drug X investigator interaction between
patient error (a) and within patient: time, drug X time within
patient error (b). The analysis will be intent to treat with all
patients with at least one follow-up visit will be included in the
analysis using the last assessment for the current dose.

Incidence of laboratory abnormality and adverse reaction was
planned to be compared using tha ordered contingency table mode :0
determine whether there is a dose response.

The protocol was amended on 6-12-89 and included the following
changas: blood pregsure readings were to be done in triplicate,
revising of the symptom and rating scale for the symptomatology
questionnaire and requiring that visit 5 be mandatoxry. 1In
addition, the protocol further amended to allov patients to have
either 15mm drop in blood pressure or two symptoms rather than
both. It turns out that 92 of the 104 patients or 88% actually
met the original protocol requirament of having both of these
parameters. Of the 75 patients eligible for the last visit blood
pressure analysis, 10 patients did not meet the original protocol
requirement of having both blood pressure and symptoms at the same
time. Thus, 63 of the 75 or 87% of the patients didq, however,
meat this criteria. In addition, the protocol was amended to
allow for baseline blood pressures of 180/110 to be acceptable for
entry rather than the original 190/100. In addition, patients
with stable angina could be enrolled.

&
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The original protocol was titled Study 11 and the amended protocol
11A. Total number of patientas in Study 11 and Study 11lA are shown
in the accompanying two tables from the spcnsor’s report. It
appears that approximately 24 patients of the 104 were in protocol
11 versus protocol 11A.

TIMING OF THE 8TUDY:

The first patient was enrolled on January 17, 1989 and tha 104th
patient on May 21, 1990.

The -ponsar~- study report notes in their introduction that
patients other than the inclusion criteria in the protocol were
allowed for various atiologies orthostatic hypertension and stated
by the addition of "and other". In addition, the objective of the
trial defined in their atudy report notes this fact that in Study
11A an additional change in the protocol had blood pressures now
to ba obtained in one hour post dosing tha projected time of peak
effect. This presumably was done in Study 11A but not in Study
11. Primary efficacy endpoints were not specifically defined in
the protocol but in the study report were said to be: key
syncopal symptoms which were defined as syncope and dizziness as
well as the effeact on blood prassure. The effect of midodrine on
other symptoms was to be considered supportiva.

It is important to nota that the placebo and 2.5mng...subgroups
were, of course, at constant doses throughout the double-blind
phase but that the 5 and 10mg. group did not reach that dose of
midodrine until visit 4 and therefore the visit 5 and 6 blood
pressure and symptoms wvere assessed at that time.

The official endpoint for efficacy is defined b{ the sponsor in
their study report included: 1)standing systolic blood pressure;
2) difference in the supine versus standing blood preassure and an
aggregate of the two principal symptoms of syncope and dizziness.
In addition, specific comparisons were employed: tests for
linearity of the dose response 10mg. versus placebo; 5 and 10mg.
doses together versus placebo and all midodrine doses together
versus placebo.

In regards to symptoms, the frequency used in Study 11A included a
zero measure for off and always a 1 for sometimes and 2 for never
occurring. A 1 was added to each score to facilitate calculation

of percentage change. Thea two key lymptozz, syncope and

dizziness, were evaluated separately and averaged together. .
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APPENDIX TABLE 21l
IDENTIFICATION OF PATINNTS

IN
1 STUDY 11 AND 11A
ore ALRY PYNEE pig RA-4 ng
11 n 047 1] 5 13
L7 T 042 534 10 a :
14 'l 100 w2 0 o8 -
58 1] 108 m 0 08 &
1) T o 1] L o1 .
«0 1 024 L+ S K1} ‘50,
1l 1l 1T+ DR 1) "w T -
8 n o IV, 0 . 09 RO
] n o5 My 8 62 S
) “ ] 139 48 s “
, ) 3| o7s 773 s 14
“ n oré a7 13 "
o7 3 142 44 2.3 .
"] ] 101 388 3 1
) n 038 m 10 Jdé
™ n 102 179 10 43
4l 2 or2 340 0 "%
n 1" 032 $i2 S 1%
73 n 103 424 e 1
74 n 149 419 (] “
s ] n %o “r 10 “
76 1| 087 b 1y] (1 "
, ” ] 0aa m 10 "
- n 2 043 3 1) 0 1} ]
™ a 7Y 7 2.3 1"
] a1 028 408 2.3 18
'] n oat 343 10.0 " .
a a o %7 2.9 “
« 21 124 404 s b T
" n o4y 340 2.3 13
s ] " 8 10 13
| 21 o 349 10.0 (]
7 a 1 ar 2.9 o
™ n "4 382 s.0 or
» n 104 7] 0 43
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" 3] 01 ”»s 0 (7
” n 1} .} 13 2.3 b L]
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] " 113 7Y 2.8 or
% n "r »s 2.3 43
or n "8 ™ 0 63
% 3] 1] 3 2.3 o1
” n 1% 37 s o
100 1! or7 ™m ™ Y]
101 n o029 406 s 1
102 1] 150 43 ] 1" i]
103 n ors 348 0 4 .
Mo o " 080 @ 2 "

TITLES: OE# (PATIENT OATA ENTRY #); PTSS @ (PATIENT SINGLE BLIND #),
PTA (PATIENT DOUSLE SLIND #); D6-6 (DESIONATED DOSE);
g IN# (INVESTIOATOR #)
{ COORS: 11e$TLDY 11; 21e3TLDY 114
N=106 (24 PATIENTS TREATED UMDER STUDY 11, 80 PATIENTS TREATED UNOER 11A)

e 134




. tmlsm‘!“g\-l ae s A Pt

. ! ; N -
{ > . o .

EXCLUSION OF PATIENTS:

Blood pressure data were not included in the analysis and no
medication was taken at the study visit and all blood pressure
measurements included were in a window of 35 minutes at 2.5 hours
after dosing. Blood pressure readings taken in the sitting
position were not used in the last visit analysis of standing
blood pressures.

RN S
Patients evaluable for symptoms were those who complied with the
medication dosing scheme during’the preceeding week and had no
concomitant events that could interfere with assessments. Tables
C-2 and C~-3 from the sponsor’s report are now attached to detail
the reasons the patients were excluded from the blood presssure and
symptom analyses.

RESULTS:

The attached table which is from the sponsor’s protocol lists with
each of the 18 centars and the number ¢of patients recruited at
each of the centers. Note that 7 of the 18 centars did not maest
protocol requirement of having at least 4 patients enrolled.

Attached is the sponsor’s table 4 which details the demographic
distribution specifically highlighting the diagnostic groups.
Note that only 18% of the study population haa the targeted
indication plan by the sponsor for Sshy-Drager syndrome.

TABLE 4 ,
PATIENT DISTRIBUTION

PBO '
RUN=  ==cw- RANDOMIZED-~====~
IN 0o 2.5 5 10 TOTAL
N (%)
TQTAL -
No.” PTS 7 23 24 24 26 104
No. MEN 12 13 13 15 53 {55&)
No. WOMEN 11 11 11 11 44 (45%)
MEAN AGE (YRS) 61 60 59 65 ?. -
IOH 5 4 6 ) 20 (21%)
Shy-Drager 3 6 1 7 17 (18%
Parkinson's 5 6 6 -] 22 (23%
Diabates 8 5 6 8 27 (28%
Other 2 3 s 1 11 (11%

§ PTS ENTERED DOUBLE BLIND = 57



APPENDIX TABLE C2

PATIENTS EXCLUDED FROM BLOOD PRESSURE EFFICACY ANALYSIS
MIDODRINZ ETUDY 11 AND 1i1A

REASON 0F #
0 MG GROUP
. DROPOUT l oy
CONCOMITANY EVENT 14
ADR 43
NISSED VS/ NONCOMPLIANCE (NEDS) Vé ! 5
"
2.5 na arour v
oroPQUT
AR %
79 1 11 ]
27
PROTOCOL VIOLATION 17
ﬂ [ 1]
VS SITTING BP/ V6 NONCONPLIANCE (MEDS 3
53
$.0 W3 GRUP
dROPOUT 34
ADR 3
CONCOMITANT EVENT ,
PROTOCOL VIOLATION 0
V3 OPTIONAL, V& NOM CONPLIANCE (MEDS) ?
FLORINEF DOSE CNANGE [\ ]
10 Hé GrOLP
SROPOUT
ADR b 3]
CONCONI TANT EVENT 32
MON COMPLIANCE (MEDS) 1]
®w
VS FLORIMEF DOSE CHANGE/ V6 ADR ™
TOTAL
a

¥ = 104 EMROLLED; 7 MOT RANOOMIZED; 22 UNEVALUABLE; 79 EVALUABLE PATIENTS
® DOSED DOUBLE SLIND HMEDICATION OURING PLACESO
** INCORRECT DOSING SEQUENCE
*o% NEDICATION RRADJUSTED AND LATER RE-ENTERED
TITLES: OES (PATIENT DATA ENTRY @)

-6~ 161
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APPENDIX TABLE C3

PATIENTS KXCLODED FPROM STMPTOM ANALYSIS
KIDODRINK SYUDY 11A

PFLACKSO
REASON | - DE#
MISSING 1 OR MORE QUESTIONS ONLY .
Q8,10 7
Q9 ) 60,76
Ql0 16
Yisir i
4
DROPOUT , 28,57
MTSSING 1 OR MORE QUESTIONS ONLY
Q5.10 71
Q9.10 60
Q10 16
YI8IT &
DROPOUT 25.57
CONCOMITANT EVENT A
MISSING 1 OR MORE QUESTIONS ONLY
Q5.9.10 7
Q9 76.78.
Q10 16
L
DROPOUT , 28,87
CONCOMITANT EVENT 43
MISSING 1 OR MORE QUESTIONS ONLY
Q90 20,76
Q9,10 16.71
Q10 49
Yisir ¢
DROPOUT 29,37
CONCOMITANT EVENT 43
MISSING 1 OR MORE QUESTIONS ONLY
Q9 20,45,60,74.76.78
Q10 16,71
Yigix 7
DROPOUT 25,87
CONCOMITANT EVENT 43 .
MISSING 1 OR MORE QUESTIONS ONLY
Q9 20.76

Qio0 16,71

SWDY 11 7 P18, mn IANDG(IZE. AND DE# 91. 'nnm umn
PROTOCOL 11A, ANSWERED STIMPTOMATOLOGY ON TRRE ORIGINAL FORM. & PTS.
FROM STUDY i1 (DER# 14, 13, 16, 17) ANSWEREID SYMPTOMATOLOGY ON THE
REVISED FOCRM AND WERE INCLUDED IN THE SYMPTOM ANALYSIS.

TITLES: DE# (PATIENT DATA ENTKY #)

ABBREVIATIONS: ADR (ADYERSE DRUG REACTION); Q (QUESTION ¢) l 8 9

-7-
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APPENDIX TABLE C3

PATIRNTS EYCLUDED FWROM SYMPYOM AMALYSIS
HIDCORIER STUUY 11A

2.5 NG
REASON pEe
YI3IX.2
PROTOCOL VIOLATION 12.93
MISSING 1 OR MORE QUESTIONS ONIJ
Q9.10 84
Q10 . .17
‘ YISIT 3
PROTOCCL VIOLATION 12,95
LOST TO ¥OLLOW-UP . 27
DROP OUT - SUPINE RYPERTENSION 79
MISSING 1 OR MORE QUESTIONS ONLY 7
Q9 17.84
Q10 7 98
unT L
PROTOCOL VIOLATION 12.93
LOST TO FOLLOW-UP 27
DROP OUT -~ SUPINE RYPERTENSION 79
DROP-OUT 96
MIS3ING 1 OR MORE QUESTIUNS ONLY 7
Q10 17.84
PROTOCOL VIOLATION 12,93
LOST TO roLLOW-UP 7
DROP OUT - SUPINE RYPERTENSION 79
DROP OUT , 96
MISSING 1 OR MORE QURSTIONS ONLY
Qe 98
c10 17.84
YISIX ¢
FROTOCOL VIOLATION 12,93
LOST TO FOLLOW-UP a7
DRQ? OUT - BUPINE RYPERTENSION 79
DROP OUT 96
20 LB. WT. L0888 42
MISSING 1 OR MORE QUESTIONS ONLY
Q9 98
Q1o 17.35.84
Yiuzz
FROTOCOL VIOLATION 12,95
LOST TO FOLLOW-UP , 27
DROP OUT - SUPINE HYPERTENSION 79
DROP OUT 7 96 .
nrssxgg 1 OR MORE QUESTIONS ONLY
98

Q10 17.04

I'I‘UDT ll. 7 P18, “VIR mmxzm. AND DR¢ 91. TIIATID UNDI!
PROTOCOL 11A. ANSWERED SYMPTOMATOLOGY ON THE ORIGINAL PORM, 4 PTS.

FTROM STUDY 11 (DEé 14, 13, 16, 17) ANSWERED SYNPTOMATOLOGY ON THE

REVISED FORM AND WERE INCLUDKD IN THE SYMPTOM ANALYSIS.

TITLES: DE# (PATIENT DATA ENTKY ¢) s
ABBDREVIATIONS: ADR (ADVERSE DRUG REACTION); Q (QUESTION #) l b3

-§-
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APPENDIX TABLE C3

FATIENTS AXCLUDED FRON SYMPTOM ANALYSIS
MIDODRINE STUDY 114

5.0 NG
REASON DY #
Yisir 3
PRCTOCOIL. VIOLATZION 88
MISSING | OR MORE QUESTIONS ONLY
0%.9 9]
Qr.:.0 45 0
Q9.10 . 19 .
010 15.““.63.55 N i?d . ﬁi "%.v‘ij
L1381 3 '
PROTOCOL TIOLATION 83
MISSING 1 OKR MORE QUESTIONS ONLY -
Q7,10 63
Q9 101
Q9.10 19
Qio v 19.44,43,688
YISIT &
PROTOCOL YIOLATION 1]
MISSING | OR MORE QUESTIONS ONLY
Q7.10 45
Q9 83,93.101
79.10 19
Q10 135.44,63,88
YIaxz 3
PROTOCOL VIOLATINON [ ]|
FLORINEF DOXE CRANGE V4 6}
MISSING 1 OR MORE QURSTIONS ONLY
Qs 50
Q7.10 63
Q9 83.101
Q9,10 19
Q10 15.44,60
VEREEL_ ¢
MROTOCOL VIOLATION - 1]
FLORINEY DOSE CRANGE VISIT 4 63
DROP OUT - SUPINE RYPERTENSION , 8
MIBESING 1 OR MODRE QUESTIONS ONLY
Qr.10 , [} ]
Q9 101
Q9.10 19
Q10 15.44,88
visx 2
PROTOCOL VIOLATION a0
FLORINEY DOSE CNANGED VISIT & ('} ]
MINSSING | OR MORE QUESTIONS ONLY .
Q7.10 : 63
Q9 101
Q9.10 _ 19 )
Q10 19,404,688

[ ] Y v A .

STUDY 11. 7 PTS. NEVER RANDOMIZED. AND DE# 91. TREATED UNDER

PROTOCOL 11A, ANSWERED STMPTOMATOLOGY ON THE ORIGINAL VORM. & PTS.

FROM STUDY 11 (DE® 14, 15, 16, 17) ANSWERED STMPTCMATOLAGY ON THE

RIVISED PORM AND WERR INCLUDED IN THE SYMPTOM ANALYSIS.

TITLES: DRe (PATIENT DATA ENTXY ¢) .
ADBREVIATIONS: ADR (ADVERSE DRUG REACTION); Q (QUESTION #) 164
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APPENDIX TABLE (3

PATIENTS EXICLODED FPROM SYNPTOM AMALYSIS
MIDOORINE STUDY 11A

10.0 MG
REASON 1.1
YIisixr 2 i .
NON-COMPLAINT 69 oo
MISSING 1 OR MORE QUESTIONS ONLY DY
Q3 81 ' e
Q9 86" N7 ek
Q10 14,61,70 .
YIisrr i
NON-COMPLAINT i 69
MISSING 1| OR MORE QUESTIONS ONLY
Q3 a1
Q9 ¢ 75,86
Q10 14,61,70
YISIT 4
NON-COMPLAINT 89
DROP OUT - ADR 3 31
MISSING 1 OR MORE QUESTIONS ONLY .
Q9
Q0 14,61.70
Yiaiy 3
NON-CCMPLAINT &9
DROP OUT - ADR 3T .
DROPOUT ss
nu 75
MISSING 1 OR MORE QUESTIONS ONLY
Qs.10 6L
Qe 77.868
Q10 14,70
YX8IT &
NON-~COMPLAINT 69
DROP QUT - ADR 3
DROPOUT $8.70
LOST TO FOLLOW-UP 14
TLORINEY DOSE CNANGR $2
MISSING 1 OR MORE QURSTIONS ONLY
Q8,10 61
Q9 56,86
Y1811 2
NON-COMPLAINT . 69
DROP 03; = ADR 3
DROP ( B o T
MISSING 1 OR MORE QUESTIONS ONLY
61
84
Y

mmu. T PTs. NEVER RAMDONIZED. AMD DKo 91, -rm\rm UNDER

PROTOCOY, 11A,

ANSWERED nnrmmoa! ON TNE OIIGIM FORM .

4 PTS.

TROM STUDY 11 (DE# 14, 13, 14, 17) ANSWERED SYMPTCOMATOLOGY ON THE
REVISID FORM AND WERE INCLUDED IN THE SYMFTOM ANALYSIS.
TITLES: DE# (PATIENT DATA ENTKY ¢)

ADBREVIATIONS:

ADR (ADVERSR DRUG REACTION): O (QUKSTION #)
=10-

w0

165



A ARRY -
A i
Ve i )

¥

LIBT OF INVEBTIGATORS PARTICIPATING IN
MIDODRINE STUDY 11 AND 1L1A
v e . INSTITUTION ) R
.0 JANKOVIC, J. BAYLOR COLLEGH 17
NOUSTON, TX
. 02 KAUPNANN, M. MT. SIMAI MEDICAL CENTER e
NIV YORK, NV
3. or STRERTEN, O. SUNT WEALTH SCIENCE CENTER 2
SYRACUSH, NY
i, of SROMM, 0. ABBOTT NORTIMESTEAN NOSPITAL 14
HINNEAPOLIS, WM
.. COQGNLAN, C.N. UNIV. OF ALABAMA AT BIRNINGHAM "
RERMINGHAN, AL
. 1 FOUAD-TARAZI, F.  TWE CLEVELAND CLINIC POUMOATION ¢
CLEVELAND, OM
7. W% eiLoaN, J. THE CNICAGO MEDICAL SCNOOL 1%
VANC NORTH CNICAQO
cHICAGO, It
5. 1 RINER, 8. MARSHFIEALD CLINIC 1%
MARSHPIELD, Wi -
9. 19 prigFrER, N, LEXINGTON VA MEDICAL CENTER 1
LOVISVILLE, XY
0., 2 BRESLIN, O. TME LANEY CLIKIC MIDICAL CENTER 2
SURLINGTON, WA
. % JoMs, C. UNIVERSITY OF UTAN WEDICAL CENTER 2
SALY LAKE CITY, UT
2. W PORASH, L. UAST ORANOE VA MEDICAL CEINTER 2
UAST ORANGE, WY
15, % e, c.p. BORTOM UNIV SCHOOL OF NEDILINE 2
B0STON, MA
“w 8 neiN, N, N.Y. COMWELL MEDICAL CENTER ¢
NSV YORK, MY
5. 43 SERGENSTAL, W, INTERNATIONAL DIASETES CENTER 2
NINNEAPOLTS, W
TR cARRoLL, J.8. DOCTOR’S CLINIC RESEARCH CENTER s
VERO BIACH, L
1 2! oYz, C. RUSH PRESBTTERIAN HOSPITAL s
' CHICAGD, 1L
10, LAWY, A, 7. THOMAS MEDICAL CENTRR 4
AKRON, ON -
ToTAL 104

¥ o= 104; (*) Oovd PATIENT'S CASE REPORYT FORM AECEIVED APTER DATA
GASE CLOSED AND ANALYSIS UNOERWAY
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partial regression (as opposed to fitting all adjustments "en-bloc") going
from the most independent variables (preswmably least confounded
toward the more higily confourniced ones was then sclected.

Using this strategy the first adjusancn! was performed using the placebo
groupr and regressing age against MS usage:

Morphina Use v. Ags
Pooled flacebo Group

y = -.058x + {13.747, 2 = 014
30 . [ S VU VOTIE. BUPPRD S P 4 .
20
20. |
It
3 15. 3
o
£
S 111. 1
- -\r" - 0
Q ;
= |
5 F 5
i
0l . 0
g
S I A
IRt IG H 34 50 70 80
Age
{(F each putter avalue 218,15 & 21 hours)
As miay Lo 2ion there 15 g small gge effect in the trials, which

aceounts for Jess i.h'm 1-2% of the vaiauce, wid x.o,xcqpc"'*“ fe o
hxnm., effcar 7.5 iy, gl vwrphine denmend for a 20 vear old declinmg
‘o a b mg!/ qﬁhr mory: hine de;wmd for an eighty VLa.I -oid. This {Inding 1s
consistent with abicred plhormacelyrsmios for oplolds with aging, the
magnitude of the adinstment 13 sy A,

The values f»r morphine use for the entire data-set were thus
adjusted to the grandm--a as for age subirazilng 9.058 wg!/q6hr for every
year below the rocun nge of 48 2nd adding 0.056 mg/q6hr {or every year
above age 48 for everv data-point. ‘U.J':: adjusunent was then rechecked
against the original variailc and o adiustment was found to have
collapsed the age effert as intende d

Checking the effert ~f the adjustent on tie data. the effects are havely
perceptbie.
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The othar reasons for orthostatic hypotsnsion in 11 patients
included amyloidosis, peripheral neuropathy, multiple sclerosis,
and mitral valve prolupse.

There ware 104 patients enrolled in this study (an additional 1
patient did not arrive in time and was excluded) and 97 patients
wvere randomized to the double-blind phase of the study.:
Eighty~-three completed the study. The attached table from the
sponsor details the reasons. for non-study completion by dosa
qraup. . FL ¢ . ' : : . AT

EFFICACY: . -

Pre-study blood pressure profile (vieit 1) for all patients
eligible for the last visit analysis is pradented in the
accompanying table from the sponsor’s raport. B8tanding systolic
blood pressure (pooled for all groups).

LAST VISIT ANALYSIS:

The accomplnying table 6, details the wffact of midodrine on
standing systolic blood pressure in all patients by dosing group.
S8tanding systolic blood pressure was elevated by 9, 4, 22mm ﬁg.
for the 2.5, 5 and 10mg groups respectively. The only significant
effect was at the 10mg. group versus placebo. When the 5 and 10
and the 2.5 5 and 10 groups were combined, statistical
significance at the 085 level was reached compared to the 001 level
for the 1l0mg. group itself. Table 7 details the linear dose
response relationships at visits 4, 5, 6 and 7 for esach of the
groups. Blood pressure rasponse showed a decrease over time (28mm
Hg at visit 4 versus 22 at visit 5 or 6).

DIFFERENCES IN SUPINE TO STANDING BLOOD PRESSURE:

The fall in the blood pressure standing as compared to supine was
67 pre-doss and 58 post~dosa in the 10mg. group at visit 7. This
reduction, even at the 10mg. dose, orthostatic hypotension was not
statistically significant. The sponsor argues that the level of
standing systolic blood pressure which was higher for the 10mg.
group may be sufficient to effect symptoms and may be a more
meaningful parameter of efficacy than the actual change in the

- postural fall in systolic blood pressure itself. . The actual data

regarding these differences in supine and standing is shown in

tables 8 and 9 which are attached and it is important to note that

for 2.5 and 5mg. midodrine dosing groups thers is no chanyge at
all. 8tanding and supine diastolic blood pressure at the last
visit is shown in rigurs 2 and demonstrates no significant effect.
There¢ was no important effect on pulse rate.

,_z‘zs
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TABLE 1
PATIENT SYSTOLIC BLOOD PRESSURES (mm Hg)
AT STUDY INITIATION VISIT 1

MIDODRINE STUDY 11 AND 11A

MAX

wumm.s N | MEAN | $.0.| MIN
PRE STANDING 36 97| 24| 40| 156
POST STANDING 82 00| 26| so| 1m
PRE SUPINE 87 41| 24| so| 191
POST SUPINE e 3| 25| 92| 19
CHANGE (STANDING) 82 o 1l Bl e
% CHANGE (STANDING) | ®2 6| | -3 1%
DELTA PRE 86 “| 27 2| 17
DELTA POST 82 a3l 2711 | o
DELTA OF DELTAS 82 2| 16| -s4| 34

PRE (PRE PLACEBO), POST (1 HR POST PLACENO)
" CHANGR = POST MINV[SPRE
% CHANGE = POST MINUS PRR/PRE
DELTA = SUPINE MINUS STANDING

DELTA OF DELTAS = DAELTA POST MINUS DELTA PRR

32
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EFFECT OF MIDODRINE ON STANDING SYSTOLIC
BLOOD PRESSURE (mm Hg) IN PATIENTS -

TABLE 6

" WITH ORTHOSTATIC HYPOTENSION

MIDODRINE STUDY 11 AND 11A
¢

e

PRE-DOSE | POST-DOSE CHANGE % CHANGE
, (POST- _ |(POST-PRE/PRE)
GROUP| N |MEAN SEM [MEAN SEM | MEAN SEM | MEAN SEM
3 0 18 108 s| 108 S 3 4 4 4
2.5 17 106 s| 14 6 9 3 4 6
s 19 100 71 104 ] 4 3 s 4
10 21 04 7] 116 7 22 eee 4 28 ¢ §

LAST VISIT (VISIT 7) ANALYSIS; MEASUREMENT TAKEN | HR POST DOSR
P VALUES BASED ON ONE TAILED T-TEST OR P-TEST V3. PLACERO,;

(MP <0.1; *¢* p< 0.00!

CHANGE AND % CHANOS:

#*

£ rd e .
5-y_-1- AX YO
P L T

LINEAR DOSE RELPONSS (p<0.001)

S AND 10 MO

r<.09)

1.5, SAND IO MG (r<.08)

2l
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. EFFECT OF MIDODRINE ON THE supxmz TO STANDING FALL - 1™
IN BP (mm Hg) IN PATIENTS WITH ORTHOSTATIC HYPOTENSION

+

 TABLE' a‘* Gl o L

MIDODRINE STUDY 11 AND 11A
PRE-DOSE | POST-DOSE | CHANGE | % GCHANGE

DELTA OF DELTA OF
DELTA DELTA DELTAS DELTAS
GROUP| N | MEAN SEM | MEAN SEM | MEAN SEM | MEAN  SEM
1 0 18 3 8| 8 7 -8 o -3 20
2.5 17 v 9| 3 8 2 3 14 17
s 19 a1 S 8 -2 K 3 14
10 21 &7 8| s8 8 - s| -2 10

LAST VISIT (VISIT 7) ANALYSIS; MEASUREMENT TAKEN 1 HR POST DOSE
DELTA (SUPINE MINUS STANDING SYSTOLIC BLOOD PRESSURE).

-
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’; TABLE 9
SUP!NE TO STANDING DROP IN BLOOD PRESSURES (mm Hg) AT DESIGNATED DOSE
IR - *DELTA OF DELTAS"
:;53 L MIDODRINE STUDY 1! AND 11A
" PRE - POST CHANGE P VALUES % CHANGE P VALUES
DELT&H DELTA DELTA OF CHANGE DELTA OF % CHANGE
. DELTAS DELTAS S
025 sS100{]025 S10]0285 510 S+10 ALL 2S5 S 10]0 25 S I0{LIN 5+10 ALL 2S S {0
CpResFe
MEAN |38 » O 2] 23 @ ]S 1 2 -1S[{0I1% 040 €386 0300 .19 0.0M|-Y) 23 3 29]8356 €)% 0.I38 C.I00 0.102 0.3
SEM 8 7 & 71 s s & s 4 $ 3 @ (% 3 n o 9 . ‘
e » " » 2 » s » 2! » n » n » e ¥ 2
MEAN | M 38 48 51|31 M @ 7] 3 3 4 4feast 040 CA 499 G408 S| D, 1S 3 -11[|00% 0057 007 0278 ©.15) 0.1%8
S ] [ ] ? [ ] » [ . b ) ) | 3 ] " ”» ¢ W .
t " 7 B Nl n n B N T s n 1 n "
VISIT 6
MEAN | 2 M &4 4|2 2 « ]2 -3 -1 <les u{i m 0463 0428 02| 10 7 ¢ -is{e.06l 0231 0217 0292 0423 .UM
[ ] ] P » [ ] [ ] b ] b 4 | n » 17 s

[} 3 ] 0 w» M| D 139 B NI D 3 ¥ » 1n 13 B B
ViSIT 7 _
MEAM |33 3 @ 7] 3% 45 ]S 2 2 e 0 040 02T 2B 06| I W 3 20le1ss 035 e4s 0z 098 02
SEM [ ] L ] 7 [ ] ¥ [ ] [ I ¢ 3 b » 7 W » .
1] " n - aln 7 P B n 7 v n " 7 o n

TITLES: SYSTOLIC BLOOD PARISURES FRE (RS DOBEY; FOST (1NR FOST DOSEER; CHANGE (POST-PRER. & CHANOE MPOST-PRENPRE)L

P YALUES BASED ON ONS TARED T-TEST OR P TEST.
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FIGURE 2

EFFECT ON STANDING BP
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CHANGES IN SYMPTOMATOLOGY:

The principal endpoint for symptoms were syncope and dizziness.
Table 13 attached demonstrate that the only improvement in these
symptoms (using the sponsor’s definition and analysis techniques)
was for the 10mg. midodrine dose when combining syncope and
dizziness. However, table 14A demonstrates for syncope alone

‘which is a much more important symptom in thisg reviewsr’s mind,

there appears to be no statistically significant effect .at any’
dose when using a change rather than a percent change. Table 14B
adds additional symptoms. .Note that in general all the other
symptoms listed by the sponsor using even the percent change mcde
of analys{s details no supportive information for the
effectiveness of midodrine. The ¥DA biostatistics group must look
at these statistical analyses caraefully singe this reviewer
balieves that theay may be potentially misleading in light of the
use of cnly a one tailed aznalysis and the nature of looking at
change of changes.

GLOBAL EVALUATIONS:

The investigator obtained weekly global evaluations and the
results are presented in table 16. There was no statistical
significant improvement using the global evaluation for any of the
midodrine groups. The lack of Aifferentiation the sponsor argues
that the investigators did not focua on the parameters which vere
of prime importance to the patients. When patient’s global
impression rather than investigator’s global impression was used,
statistical significance was demonstrated at the 2.5 and 10ng.
groups.

SAFETY:

The overall adverse drug reaction rate is demonstrated in table 17
from the sponsor’s report.

TABLE 17
OVERALL ADR REACTIONM RATE
DOUBLE BLIND PHASE

"RANDOMIZED NO. TED

: ;.DOSE GROUP (N/TOTAL N (%)
0 . $/23 22%
s 2/24 8%
10 9/26 5%

TOTAL(2.5-10) 20/74 . 27%




TABLE 13

(SYNCOPE AND DIZZINESS/LIGHTHEADEDNESS)
IN PATIENTS WITH ORTHOSTATIC HYPOTENSION

L)

MIDODRINE STUDY 11A

‘.1‘ '3

EFFECT OF MIDODRINE ON THE "KEY SYNCOPAL SYMPTOMS'

(4
CHANGE % CHANGE
VISIT 1 VISIT 7 VISIT(7-1) VISIT(Z-1)

GROUP N MEAN SEM | MEAN SEM | MEAN SEM | MEAN SEM

0 e | 22 01| 26 02| o036 om; v s
25 | 14 19 01| 24 02| 045 o016 N 12
5 17 18 01| 23 02| 056 o016 - 3 14
10 18 1.6 00] 23 01| 067 o13| s3e 13

LAST VISIT (VISIT 7) ANALYSIS; SYMPTOM RESPONSES WERE CODED AS:
SYNCOPE (O=2NVERAL TD{ES WEEKLY; l= < | TIME WEEKLY; 2=NKVER)
DIZZINESS (O=OFTEN; | ~SOMETIMES; 2=NEVER).

A ONK WAS ADDED TO BACH SCORE POR PURPOSES OF ANALYSIS.
P VALULS BASED ON ONT TAILED T-TRST OA F-TAST V3. PLACEDRO; * P«.03

S CHANOR:  LINEAR DOSE RESPONSE (P<.09)
SANDIOMO  (P<.09)
25, SAND I0MO (P<.10)
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. TABLE l4a
"_ SYMPTOMATOLOGY: LAST VISIT ANALYSIS
: MIDODRINE STUDY 11A |
| . VISTT 1 VISIT 7 CHANGE P VALUES V),
SYMPTOM ° "] w0 25 s wimo 25 s mimo 25 s 10| LW sel AL 25 5 10
KEY SYNC. SYM (4+1) 22 19 I8 16| 26 24 23 23]0.36 0456 056 0.670.120 0.164 0.242 0.3 0.3¥ 0.135
SEM 0.1 01 01 O6i| 02 02 02 o1f0ll €6 017 6.5 :
N M 4 1T B KM W 7T 18] MW 4 17T 13 . |
DAZZINESS (1) 19 16 13 12123 2 21 19]048 036 0.77 0.67/0.105 0.110 0.228 0399 O0.!04 0.366
SEM : 01 o1 a1 oi!l e2 62 e2 o1}j02 02 020 eu ‘
N [} 7 ] 17 [ 1 ] ] ) 4 17 1 ] 13 1} 1 it
, WEAK/FATIGUE (2) 15 1.6 14 L3[{ LT 2 19 L7[021 0.4 GS9 039]0.263 0.107 0.11S 0.208 0.070 0.481
g SEM ei oO1 01 Q1| €2 02 ¢2 6ci1jois 017 02 0O.14
! N M K P | KM M 7T 1] M K TR
BLURRED VISION (3) 23 21 17 19| 24 26 21 241007 05 041 0.56(0.080 0057 0.048 0084 0.125 0100
SEM _ 02 02 ©2 02] 62 e2 e2 e2{eIr7T 02 4B 62
N | 4 M 17 18] W K4 7 18] W W DB «-s:f 4 .
FAINTINGIFALLS () 26 22 22 19/29 28 25 26[029 057 035 0.67[0.108 O.163 .13 0.147 0398 O.M0| o .=
SEM - 82 €2 02 02| @1 e2: w2 c2|013 02 B s & - lj"--
N “ w17 | o o wl W o o 3;?4' . 4 “
ENERGY LEVEL (5) 1.7 14 14 13| 21 24 32 24)099 093 276 1.17}0.0i3. o.nm‘aau 0.050 C.114 ©.007
SEM 02 o1 o1 o1} 62 @2 oz ezlen 2 e =2 ;”'
N : B3 M 17 1| B K o 1] 13 W 1 1»), .3 ‘4 R
SYMPTOM REIFOMIES WERS CODEP FROM S~OFTEN 7O 22MEVER FROM THE CAME RSPORT FORM. mmmnmmvm
A ONE WAS ADDED TO BACK SCDRE FOE PURFOSES OF ANALYESR. N
NS rvmmmmnmr-mur—mwmmmy-pmnmmm

(op] ALL 23, $ AND 10 MO DOSES TOGETNERY. 1.5, 5 AND M (EACH DOSE GROUP V3 FLACEROY.
.
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TABLE l4a
SYMPTOMATOLOGY: LAST VISIT ANALYSIS
MIDODRINE STUDY (1A .

. VISTT I VISIT 7 % CHANGE P VALUES
STMPTOM [ o 255 wimo 25 s Rimo 25 5 W M. HmpAL 25 5 W
KEY SYNC. SYM (4+1) 22 19 18 16] 26 24 23 23} 17 0 ¥ 93 mms-omr;o.m 0.225 0.113 0.0i8
SEM - o1 o1 @&! oa1f €2 62 o2 1| S n W
N W K 17 1] W KW o7 B 4 M S
DIZZINESS (1) 19 1.6 13 12123 2 21 19)] 2 32 4 67(0.031-0028 0082 0444 0.035 0.05
sEM €1 o1 01 e1f 02 e2 32 o1l 8 P W u
N 4 4 . ow| w1 | W ou o
WEAK/FATIGUE (2) 15 1.6 1.4 13]17 2 19 17] 18 32 5 39[qi67 0.08 0.102 0.230 0.050 0.129
SEM o1 o1 01 o1} 82 o2 @2 er{ U 5 U W
N M_ WM 78] MmN B K WD B |
BLURRED VYISION (3) 23 21 L7 19] 24 26 21 24 § GO 4 410095 005 0.054 0.103 0.104 0.066
SEM 62 €2 e2 o12{ 02 o2 02l 10 2 2 » ‘
N M M 17 8l MW W o Bl M ok 7o J
FAINTING/FALLS (4) 26 22 22 19( 29 28 26 26] M 37 24 51{004 0090 0083 0.{34 0317 0.03C
SEM 02 02 o2 02! &1 o2 02 @2 6 15 W s s T
N M 4 17T B H KW 11T B 4 W 1N B IS
ENERGY LEVEL (5) 1.7 14 14 131 21 24 22 24| 32 75 74 108j0.007 0.@13:‘0.017 0.08: 0.079 0.005
SEM 62 o1 o1 o1 @2 62 02 2| 7 B® » =n CLEET R
In 3B KW 1 B B k% 17 s 13 K 0w

A ONE WAS ADDED TO BACH SCORE FO& PURPOSES OF ANALYSIE '
P YALUES (BASED ON ONE TARED YT-TEST OR F-TESTX LIN (LIEAR DOBE RESFONSES, 5+ (3 AMD 18 M3 DOSES TOOETRER)
ALL (2.5, $ AND 0 MO DOSES TOOETHERX 2 5, 3 AND 10 EACH DOSE OROUP VS FLACERNY.

o
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TABLE 14b
SYMPTOMATOLOGY: LAST VISIT ANALYSIS
MIDODRINE STUDY t1A

P VALUES

VISIT 1 VISIT 7 CHANGE

SYMPTOM . PO 25 S WO(PO 25 S W|PO 25 S | LW S+ AL 25 )
STANDING (6) 22 17 18 17] 24 23 22 18|04 057 041 0.110295 038 0.1° 0.036 0.113 92.908
SEM 02 02 02 o2 e2 ez o2 e2| 01 02 o 03
N “ M 17 18] w M 17 ] W W o7 s
WALKING (7) 26 24 2.1 19% 27 22 22 21014 -0.1 006 0.1i |0399 0.393 0.25] 0.306 2.911
SEM 02 02 2 2] &f ©2 @2 o2 €1 &1 o1 o2
In M M 36 18] W M K 1] K M 6 s
DEPRESSION (3) 24 24 2] 22| 24 25 23 26 0 0.14 0.18 03510.026 0.048 0.07 O.163 0.176 0.017
SEM 02 o1 a1 oeif| ¢2 a1 02 eilcw w0 eis en}’
N M W 11 17 WM M O P M M 7
WORST SYMPTOM | <

TIME () 16 1.8 15 14|18 138 12 13025 -08 -31 -06
SEM 83 03 02 02{ @3 @3 §1 e2{6RN SM o o
N . R BN B nln B o g 2 B3 B3 7
ACTIVITY -
IMPROVEMENT (10) 19 18 19 19]23 25 25 25!04 067 058 06|
SEM 0! &l a1 a1 €2 02 o1 e2|/em 8% o 02
N R 17 B 15l 1 R B 8] 7 2 1 s

SYMPTOM RESPONIES WERS CODED PROM S=OFTEN 70 3-0MEVER FROM THE CANS KEPORT FORM. MIORER SCORES BEDICATE LESS PREQUENCY OF SYMPTOM.
A ONE WAS ADBED TO BACN SCORE FOR PURFOSES OF ANALYSE.
P VALUSS SASED OM ONE TALED T-TEIT OR P-TEST); LN SINBAR DOSE RESFONIEY: 318 (5 AND 18 MO0 DOSES TOOFTHERY:
ALL G5, S AND 30 366BOSES TOOETHER: 2.5, $ and 18 EACK DOSE GROUP V3 PLACYSO)

[
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TABLE 14b -
SYMPTOMATOLOGY: LAST VISIT ANALYSIS
MIDODRINE STUDY 11A |
VISIT | VISIT 7 % CHANGE P VALUES |
SYMPTOM PO 1S s w|mo 215 S w|rO 25 S 0] LN S+ AL 28 5 10
STANDING (6) - 22 17 1.8 L7124 23 22 I8 7T © 35 2510135 0.130 0085 0.043 0.056 0.183 |
SEM 02 62 o2 02{ 02 02 o2 02| S B T M
N M KM 17 8] M M 17 1B M W 1T 18
WALKING (7) 26 24 21 19127 22 22 21 12 -5 3 260107 0422 0391 0.i181 0.246
SEM 02 o2 a2 a2 ¢t €2 o2 02| o 3 s IS 1
N 4 M 6 1] 4 W 6 1] W K4 s
DEPRESSION (3) = -~ 24 24 21 22|24 25 23 26| U 7 13 21{Q.023 0041 0074 0.127 0.126 0.018
SEM 02 otf o1 et] 02 e1 01 o1 R T | rd
N “ 7] 17 7 [ ] 7} 17 ” H ] rrt 17
WORST SYMPTOM
TIME 1.6 1.8 15 14]18 18 12 13 i 7 17 M
SEM 3 &3 62 02] 33 03 02 e2] S S u s
N 2 1 1’ 7} 12 BB e B3
ACTIVITY
IMPROVEMENT (10) 19 18 19 19:23 25 25 25( 29 46 38
SEM 01 01 1 @&1] €2 82 02 o02{ 1 W 6 1§
N 2 2 522 sl 1 o2 15| 2 @22 @2 is

A OME WAS ADDED TO BACH SODRE FOR PURFOSES OF AMALYEE
P VALUES (BASED ON ONE TALLED T-TEST OR #~TEIT); LN LENEAR DOGE XESPOSE); 5+38 {3 AND 390 MO DOSES TOOETHER),
ALL @5, 5 AND % MO DOSES TOOETHERX, 2.3, 5 ARD 30 BACK DOSE V3 PLACEROY.

O



Using this data set, serum fentanyl! level was then regressed
against patient weligls Jenn body mass, Ideal body mass, surface area,
body mass index, and total body waicr, Ali re gressions were signhicant,
but no derived racasure was saffictently better than weight in kilos to
warrent their increased complexity anu W mg,m was used in subsequent

calculations. The sponzar G L sinubd = “fon using the data from
the Stauski BA study m whk.}* fentanyd cre, * was measured
directly. The relationships they observed ¢

Stanski BA study
1V Fenranyl
Clearance v. Demographic Variables

Variable F Value R-Square p-Value
Weight 4.561 0559 .0359
Height 5.025 0491 0279
Surface Area M sq. 5.666 0685 .0198
Lean body Mass (Peck) 5.216 0634 0251
Age 0.680 0.000 999
Body Mass Index 522 0118 3398
ldeal Body Weight 5171 0629 02538
Lean Body Mass (H20} 5.36 0652 0232

The seatterplota for cach TTS size by body weight are as shown:

19
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TABLE 16
lNVEST!GA‘l‘OR AND PATIENT GLOBAL ASSESSMENTS OF mERAPEUTlC RESPONSE
MIDODRINE STUDY 11A
VISIT2 . {  VISIT) VISIT 4 VISIT S VISIT 6 VISIT 7 | INVESTIGATOR] PATIENT
DOSE | IMPROVED | IMPROVED | IMPROVED | MMPROVED | MPROVED | MMPROVED | IMPROVED BETTER
‘cmouv'rmaqus "N| % [totAl] N[ & frotal N| s frotatl N[ % N| % [TOTAL % [ToTAl] N| %
° % 3 1]: 4 7] 13 s »W U9 6] 13 66| D 6wl B s a2l B s »
2.3 6 ¢ 25| 4 6 O B-% @& 3 w0 7 n % 8“3 0N B 0w n 3 10 T
[ 7 3 8] v s» n ral 1 enl s ral w 1 ] 6 936l 16 s %
o P «2al woeal el 6wl s weal el 7Tuel oo

WEEKLY GLOBALS: NVESTIGATOR'S GLOBAL ASSESSMENT CF PATIENT'S SYMPTOMS I COMPARESON TO V): RIPROVED (YESND)
END PATIENT GLOBAL: PATIENT'S GLOBAL IMPRESSION OF THERAPEUTIC RESPONSE - { FEEL BETTER (YEIAND)
EMD INVESTICGATOR GLOBAL: INVESTICATOR'S OVERALL BIFRESSION OF THERAPEUTIC RESPFONSE - PATIENT'S CONINTION NAS IMPROVED (YES/NO)
BID GLOBALS BASED ON EVALUABILITY CODE FOR VINIT 7 ANALYSRS
* P05 (ONE-TALLED TEST VS. PLACEBO) BASED ON A STANDARD NORMAL TEST ON TZ2E LOGISTIC RECRESSION MODEL PARAMETERS

Q
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The specific ADR’s are detai’ed in table 18 ag
placebo in table 19. 18 as well as compareq to

TABLE 18 L B
TREATMENT RELATED SIDR NFFRCTS R

. | INCIDENCE N 63)
. REACTION PBO - NI

(Nm104)  (N=74) -
PRURITUS (SCALP) 2 (3% 7 (9%
SUPINE HYPERTENSION 1 (1%) 6 (8%
TINGLING (SCALP) o (0%) 3 (4%
URIN URGE 0 (08%) 3 (4%
READACHE 1 (18) 2 (3% .
PRURITUS 1 (1% 1 (1%

, TINGLING o (0% 1 (1%

- URINARY FREQUENCY 0O (0% 1 (1%
GI DISTRESS 1 (18) 1 {1s
NAUSEA 1 (1% 1 (1%
BACKACHE o {os) 1 (1%
CANKER SORE o (o) 1 (%)
FLUSHING o (o 1 (18)" .
NEAD, FULLNESS o {o% 1 {18
ANXIETY o (0% 1 (1%
FATIGUE 2 (28) O (o
SWEATING 1 (18) o (los
ALTERED MENSTRUAL

CYCLE 1 (18) O (o%
HOT LEFT FACE 1 (1%) .0 (0%
AR, 100 G

MALAISE 1 (18) O (o%
COLD LEGS 1 (1% o {os

1 (1s) o (os

" ATRIAL FIB

. - . -
‘- 4.4 s mws - N

' PR P i S
B . B

SR S

Adverse effects likely due to midodrine include: pruritus, supine

gzzsztngiun (8% vs. 1%), scalp tingling, urinary urgency and
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TABLE 19
ADVERSE DRUG REACTIONS (MIDODRINE AND PLACEBO)
FREQUENCY AND RATE o
MIDODRINE STUDY 11 AND 11A R
W ’ umoom i ,f!
BODY | T K TOTAL _ 2
SYSTEM |EVENT : Nk R NR R “
{soDY HEADACHE [ am| oos)  20%) .
CV  |HYPERTENS SUPINE o(o:g 1am)| oo%) eam)
FIBRILLAT ATR 11%)| o0%)  O©O%)
pic  loipis | 00%)  11%)| oo%)  11W)
NAUSEA ) 0(0%) 1%y 1% 1(1%)
MISC WEIGHT INC %)  oo%)| oo®)  oEw)
COLD LEOS 00%) 10%)| 00%)  O0%)
DIZZINESS/WRAK/MALAISE 0O%) 11%)| o%)  0O%)
FATIOUR o0%) 22%)| O00O%) 0(0%)
FEELS WARMER 00%)  1(1%)| 0O%)  O(O%)
HOT LEPFT FACE 0(0%) %) oE%)  00%)
BACKACHE 00%)  0O%)| oo%) 1(1%)
BASAL SK CARC REMOVED 00%)  O©%)| 11%)  0(O%)
CANKER SORY 00%)  0%)| oE%) 1(1%)
FLUSHING FACE 0O%)  O0O%)| oO%) 1(1%)
B HEAD, SENSE OF FULLNESS 00%)  0%) | 0K) (1%)
NER TREMOR INC 1(1%)  OO%)| OOK)  OO%)
ANXIETY INC o0%)  oO%)| ooN) 13 %)
TINGLING 00%)  o&0%)| oo%) 1(1%)
TINOLING (SCALP) 0(0%) oO%) | 0O%) K4%)
SKIN PRURITUS 00%) 1(1%) | oco%) 1(1%)
PRURITUS (SCALP) 00%) ~  22%)| oO%) 79%)
SWEAT | 1(1%) 11%) | O0%)  O%)
lau ALTERED MENSTRUAL CYCLE | 0(0%) .- 1(1%)| 00%)  0(0%)
" . " JURIN FREQUENCY | 00%) . (O%) fﬂﬂl) (IN)
URIN URGENCY ] o0%) . 00%)| 00%) Xe%) ¢
s TINNTTUS 10%)  0O%)| 0O%)  0%)
RES PNEUMONIA ASPIR 11%)  O0O%)| 0O%)  0O%)
TITLES: NR(NOT RELATED); R(RELATED) ' ,
20 MODO TREATED PTS HAD | OR MORE mn.numu:ummmmmim
Ne74 TREATED WITH MIDODRINE
14 PRO TRTD PTS HAD | OR > ADAR; 22 REPTS; PTI PIOTIIATID(IWHN; OR RANDOMIZED)
N=104 PTS TREATED WITH PLACERO AT SOME TIME DURING STUDY .
11 REPTS DURING STUDY, DOSE=0; 11 REPTS PRO RUN-N 62

-§2-



Tables 20 to 22 from the sponsor’s report detail the adverse drug
reactions by severity. Finally table 23 details the number of
patients with supine systolic blood pressure reading greater than
180 and show a clear effect on this parametar.

. TABLE 23 . .
" MO. OF PTS WITE A SUPINR SYSTOLIC

- . N
'y, ;/BLOOD PRESSURE READING >:180 mm Ng . .

+ DOSE  TOTAL DRUG DOSE
PT

. RECEIVED N (8) . N (%)
97 6 (6) 10 (10

g.s 74 3 h 1& 15

s %0 6 (12 9 (18

10 26 7 (27 14 (56

Clinical laboratory evaluations did not demonstrate any clear-cut
treatment-related abnormalities. There were no clear-cut effects
on the electrocardiogran.

OVERALL MEDICAL REVIEW OFFICER’S SUMMARY: v

There are major problems with this study. Obviocusly many of the
centers did not recruit the appropriate number of patients and the
total sample size is relatively small in light of the many
diagnostic groups. There is no argument provided as to why was
idiopathic orthostatic hypotension evaluated in patients with
mitral valve prolapse, diabetes, peripheral nauropathy, and
amyloidosis, would respond similarly to patients whose orthostatic
hypotansion due to a central nervous system etioclogy such as nost
pertinently the target indication of shy-Drager Syndrome. Fronm an
efficacy point of view, this reviewer believes that midodrine dia
not affect orthoatatic hypotension which was to be a principal
endpoint. While there is an apparent effect on systolic blood
pressure for just the 10mg. dose, there is no dose response effect
shown and no effect on the presumed principal mechanism of action
of the drug that is on orthostatic hypotension. .The fact that

- midodrine did - not clearly effect symptoms of syncope and only when

synopa and dizziness was combined was there some improvement at
the 10mg. dose again suggests a heterogeneity of response that may
well be nonspecific. In fact, a formal biostatistical analysis of
this study is extremely important since all of the significance
seen may be in large part due to the usc of a one-tailed rather
than a two-tajiled test and truely intention to treat approach.
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TABLE 21
ADVERSE REACTIONS (PLACEBO TREATED)
NUMBER OBSERVED AND RATE
MIDODRINE STUDY {1 AND 11A
BODY MILD MODERATE SEVERE TOTAL
SYSTE |EVENT Nk PO PR DJ|NR PO PR D | NR PR D NR x
80DY HIAS%CHG i(1%) 1(1%) Hi%y 1% , :)
CV  |HYPERTENS sUPINE 1{1%) oU%)  1(1%) ‘
FISRILLAT ATR 1(1%) 0O%) 1(1%)
DIG  |oIDts . I(1%) o0%;  1(1%)
MAUSEA™ 1(1%) o0%) 1{I%)
MISC |WEIGHT INC 101%) i | %) ops)
COLD LEGS 101%) Tl opm)  11%)
DIZZINESS/WEAK/MALAISE 11%){ 0E%) I(1%)
FATIOUE (1K) 11%) 0E%) 22%)
FEELS WARMER 1(1%) oOs) 1(1%)
HOT LEFT FACE 1(15) 00%)  1(1%)
NER  |TREMOR INC 1(15) K1) OO%)
SKIN |erumrTUS H(1%) o0%)  I(1%)
PRURITUS (SCALPj 1%) (%) o0%)  202%) —
SWEAT _ hasy s %)  1(1%) J
UG  |ALTERED MENSTRUAL CYCLE 101%) * R 0O%) IIN)
sS  {TINNTTUS %) ¢ (1K) OEK)
RES  |PNEUMONIA ASPIR 11%) 1(1%) O©%)

TITLES: NRINJT RELATED). POPOSSEALYY: PROPROBABLY); DIDEFINITELY)

unacaonummmmlmmummnnmmmnmmmmmnummmmumum
M=101 PTS TREATED WITH PLACERO AT SOME TIME DURING STUDY - )
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TABLE 22

ADVERSE REACTIONS BY BODY SYSTEM
MIDODRINE STUDY 11 AND 11A

DOSE ADR
GNOUP DOSE DUR S R
DE # (MG)  (MG) (DAYS)
SKIN .
SWEAT ' % 0 0 3 2 2
SWEAT n 28 Mo ’ 2 '
PRURITUS (SCALP 20 0 0 >4 1 3
PRURITUS (SCALP) 104 2.8 2.5 c ] 3
PRURITUS (SCALP) 38 2.5 2.8 n ] 3
PRURITUS (SCALP) “ 2.5 3.8 1 1 3
PRURITUS (SCALP) ® s P <29 1 3
PRURITUS (SCALP) n 10 10 c 1 2
PRURITUS (SCALP) L 10 mo » 2 .
PRURITUS (SCALP) ss 10 2.8 20 2 3
PRURITUS (SCALP) 7] t0 28,5 32 12 22
PRURSTUS 7 0 ”mo “ 1 3
PRURITUS Y 10 s 23 1 2
CARDIOVASCULAR
» 0 0 t ) 3
© 2.8 1.8 7 2 2
» X 1.8 s 2 3
1) s s R | ! .
n 10 10 c 3 3
n 10 s . 1 P
% 10 10 1 3 )
© o 0 c t 2
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TABLE 22

ADVERSE REACTIONS BY BODY SYSTEM
MIDODRINE STUDY 1! AND 11A

DOSE ADR L
Qgrour DOSE DUR S R
DE# (MG) MQ)  (DAYS) =
GENITAL URINARY
URIN FREQUENCY » 10 s s ! 2!
UNIN URGENCY 18 K| 8 2 2 3
URIN URGENCY "’ s FIRE 2 /] 3
URIN URGENCY st 10 0 18 11 3.3
ALTERED MENSTRUAL CYCLE 4 0 ons L) t 1
BODY
HEADACHE ™ 0 o c | i
HEADACHE 7] 23 25 1 2 2
¥ ZADACHE - 10 80 » 2 2
HEAL A HE n” 10 2s c ] 2
lu: ERVOUS SYSTEM |
TREMOR INC 3 ™m o ' 13 3
ANXIETY INC n s s o b 2.
& s 1s i - | 3
o 10 23 n 2 2
% 10 1.8 a8 v 't
1 s X t 1 2
n 0 ”mo ] t ]
(] 10 10 2 1 {
38 10 10 1 | 2
n 15 Mo 3 2 2
] 10 10 L 2 2
” 1 ) c 1 '
n 0o c 1 1
u-mmnummmnmmmuﬁmw ™ WITI MIROORINE .

" TITLER DMSePATIRNT DATA BNTRY NUMBSR; ADE DOSS OF OCCURRENCE
DUR DURATION OF ADVERSS DRUG ABACTION)
S=SEVERITY (1 MILD; 2 MODERATE: 3 SEVERRY:
ReRELATIONSICP (1 NOT RELATED: 2 FORMGLY:; 3 PROBABLY: 4 DEFINITELY)

CODES: PROWADR DURING PLACESO BUN-IN WEEX: OSS=OSSERVED BEFORR STUDY START
O=CONTINUING; 77=NOT RANDOMIZED TO DOSS OROUP

D8 £33 RELATIONSICP REPORTED AEMOTE. CODED POSSALY
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The lack of any supportive effect of midodrine on other symptoms
or on global evaluation by the physician again supports the
conclusion that this trial does not demonstrate clear-cut efficacy
of midodrine. There were, however, no safety concerns identified
in this trial that were not already addressed in the previous NDA
svaluation. :

FINAL MEDICAL REVIEW OFFICER’S RECOMMENDATION:
" continued disapproval of midodrine.
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MEDICAL OFFICER’S REVIEW OLI'-B Y5
NDA 19-815
AMENDMENT - MIDODRINE (AMATINE) SAFETY UPDATE REPORT

DATE: SEPTEMBER 9, 1988
FROM: ROBERTS LABORATORIES, INC.
JOHN A. SOLEWSKI, ASSOCIATE DIRECTOR
MEDICAL REVIEW OFFICER: JOEL MORGANROTH, M.D.
DATE SENT TO FDA: SEPTEMBER 28, 1988

The previously reviewed NDA 19-815 on midodrine for
idiopathic orthostatic hypotension was submitted to the Food and

Drug Administration on April 26, 1988. This review represents
the data submitted by Roberts Laboratories as a four month, post-
NDA evaluation. This represents 19 patients who were. treated

with midodrine at the time of the NDA submission and on 4
additional patients who received midodrine after that time.

These patients were included in Prctocols 20,762-05A which
is an open, compassionate use study of oral midodrine in patients
with severe orthostatic hypotension and also Protocol 20,762-10B
wnich 1s a dose ranging efficacy study of vral midodrine and
placebo in patients with severe orthostatic hypotension. At this
time there are 18 patients who are receivirg midodrine (date:
August 25, 1988) which are derived from a total of 19 patients
who were receiving treatment at the time of the data lock for the
NDA, 4 patients who have subsequently entered these studies, 2
who have transferred from Study 10B to Study SA and 7 who
discontinued. The following table demonstrates this data.

PATIENT ENTRY STATUS

as of August 25, 1988 Study Study
O5A 10B
Patients completed at data lock dates¥* 17 7
Patients discontinued prior to data
lock dates 17 7
Patients in treatment at data lock dates 17 2
Patients entered after data lock dates 2 2
Patients transferred from Study 10B
after data lock dates 2
Patients discontinued from study
since data lock dates 5 0
TA%21l matients currently in treatmc.c 16 ‘ 2




The attached Table 1 (from the sponsor) details the number
of adverse reactions reported prior to the NDA, during the posat-
NDA period and an overall total.

Specific patients and adversec reactions identified since the
NDA lock are shown in Table 2.

Four patients discontinued midodrine since July 31, 1987
which includes one patient, two of whom because of systemic
hypertension in the supine position and two because the physician
decided not to continue midodrine because of either fair response
or that the regimen was too complex.

Patient #1203 had died since July 31, 1987 and that death
was in a patient on 30 mg of midodrine per day who had supine
hypertension for 2 years and had been on midodrine for 4 years.
She had sudden cardiac death presumably due to ventricular
fibrillation.

In reviewing Table 2, one notes that supine hypertension
occurred in 8 patients in which 2 had their midodrine
discontinued and the other 6 are continuing on that medication.

The other adverse effects had been noted in the previous
safety evaluation and do not appear changed or altered in quality
or quantity.

It should be noted of the 4 patients who had entered this
NDA to be treated with midodrine, data are available on »nly 2.
Patient #206 demonstrated little improvement with midodrine but
nevertheless the patient was continued on the medication and no

adverse effects have been noted to date. Patient #207
demonstrated minimal improvement on midodrine but continued long-
term since some improvement was claimed. No adverse effects are
noted.

MEDICAL REVIEW OFFICER’S EVALUATION OF THIS SAXETY UPDATE

No important qualitative or quantitative changes in the
safety evaluation of midodrine are noted in this review of 19
patients. Only 18 patients are currently receiving the drug
under this NDA. This report does not effect my previous review
nor recommendations.

Signature: <= ==c—cmrm e e



Midodrine NDA 19-815 9
Safety Update Report

TABLE 1
ADVERSE REACTIONS
NUMBER OF PATIENTS REPORTING ADVERSE EXPERIENCES
WITHIN EACH SYSTEM—-ORGAN CLASS
(Protocol 20,762-05A)

__ NO, OF PATIENTS

SYSTEM-ORGAN CLASS ADVERSE REACTIONS A ST- UPDATED .
____TOTAL ___ TOTAL TOTAL_
Cardiovascular Chest Pain 2 2
Flughing 1 1
Palpitations 2 2
Supine Hypertension 5 3 8
Atrial Fibrillation 2 2
Cardiac Failure 1 1
Ventricular Arrhythmia 1 1 2
Central and
Peripheral Nervous Headache 1 1
Cerebrovascular
Disorder 2 2
Hemiparesis 1 1
Tremor 1 , 1
Seizure 1 1
Gastrointestinal Abdominal Discomfort 1 1
Nausea 2 2
Integumentary Fruritus (scalp) S 5
Pilcerection 1 1
Musculoskeletal Night Cramps 1 1
Respiratory Respiratory Arrest 3 3
Urinary Frequency 2 2 4
Dysuria 1 1
Incontinence 1 1
Fullness of Bladder 1 1
Other Chills 1 1
Total number of adverse resctions reported: 38+ 7 45
Number (percent) of Patients reporting 18 23
one or more ADR's: (52.9) . (60.5)
Number of Patients reporting no ADR's: 16 15

*Multiple reports of the same ADR for a single patient are counted 1
ot.Cce,



Midodrine NDA 19-815

Safety Update Report

10

) TABLE 2
ADVERSE REACTIONS
IDENTIFICATION OF PATIENTS REPORTING ADVERSR REACTIONS
WITHIN EACH SYSTEM-ORGAN CLASS
(Protocol 20.762-05A)
SYSTEM-ORGAN CLASS ADVERSE REACTION PATIENT NO.
Cardiovascular Chest Pain V403, 0701
Flushing 2102
Palpitations 0403, 0701
Supine Hypertension 0402, 1001,
1101, 1201,
1202, 1203,
1206, 2401
Atrial Fibrillation 1201, 1206
\_ Cardiac Failure 1201
Ventricular Arrhythmia 1202 (death)
1203 (death)
Central and Headache 0403
Peripheral
Nervous Cerebrovascular Disorder 0501, 1201
Hemiparesis 0501
Tremor 1207
Seizure 0401
Gastrointestinal Abdominal Discomfort 0403
Nausea 0501, 2102
Integumentary Pruritus (scalp) 0401, 0403,
0601, 1203,
2102
K Piloerection

1403




Midodrine NDA 19-_..5 11
Safety Update Report
TABLE 2 (con:inueds
SYSTEM-ORGAN CLASS ADVERSE REACTION PATIENT NO.
Musculoskeletal Night Crampa 1204
Respiratory Respiratory Arrest ' 0102 (death)
0301 (death)
1102 (death)
Urinary Frequency 0401, 0402,
0403, 0404
Dysuria 1801
Incontinence 0401
Fullness of Bladder 2102
Other Chills 0403

14
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s THE GRADUATE HOSPITAL

0 One Graduote Plozo, Philodeiphio, Pa. 19144 e (215) 893-2000

h_oht
N

July 27, 1988

Raymond J. Lipicky, M.D.

Director, Division of CardioRenal
Prug Products

Food and Drug Administration

Room 16-B-45

5600 Fishers Lane

Rockville, Maryland 20857

Dear Ray:

Enclosed please find my initial review of NDA 19-81%5 on
midodrine by Roberts Laboratories. This review covers the
clinical materials sent to me at the end of May 1988 but should
not be considered final until the audit currently underway by
Doralie Segal of the Scientific Investigation Branch has been
completed.

After you have reviewved this material please let me know |if
I can provide you any clarifications or if any changes are
required.

Thank you again for allowing me to provide you with ny
comments. Best personal regards.

Morganroth, M.D.
ctor of Cardiac Research & Development

Préfessor of Medicine and Pharmacology
Hahnemann University

JM: ik

Enclosure

Affiliated with The Univenity of Penneyivanic School of Medicine ond School of Dental Medicine



NDA: #19-815
S8PONSBOR: ROBERTS LABORATORIES
AGENT: MIDODRINE (AMATINE)
USE: ORAL THERAPY FOR ORTHOSTATIC HYPOTENSION
DATE RECEIVED BY CENTER FOR DRUG EVALUATION & RESEARCH: 4/28/88
DATE SENT TO MEDICAL REVIEW OFFICER: 5/30/88
DATE SENT TO FDA: 7/27/88

MEDICAL REVIEW OFFICER: JOEL MORGANROTH, M.D.

S8TATUS OF THIS REVIEW! COMPLETED WITH REGARD TO CLINICAL DATA
BUT REQUIRES CORRELATION WITH PARALLEL
SCIENTIFIC INVESTIGATION CURRENTLY UNDER
PROGRESS



OVERALL MEDICAL REVIEW OFFICER’S SUNNARY OF THE
NEW DRUG APPLICATION 19-81S (MIDODRINE)

on April 28, 1988 the Center for Drug Evaluation and
Research received from Roherts Laboratories, Incorporated NDA 19-
815 involving the orphan drug, midodrine, in which oral tablet
therapy for the treatment of idiopathic orthostatic hypotension
is requested for an approved clain.

The drug substance is manufactured by

This reviewer has not evaluated any of the data (if
available) regarding this drug’s manufacturing, packaging, or
preclinical toxicology. The condition known as orthostatic
hypotension is established by defining a decline in standing
blood pressure which is of clinical .importance best defined in
patients who complain of cerebral hypoxic symptoms from such
hypotension. These would be symptoms such as dizziness or frank
syncope.

Idiopathic or primary orthostatic hypotension may be
associated with somatic neurological abnormalitias or not or may
be secondary to other medical conditions that effect the
autonomic system such as diabetes, Parkisonism, amyloidosis, atc.
There is no uniformly effective excellent therapy though several
available agents are ocurrently used includirg Florinef, and
several sympathomimetic agents.

In the 1960’s a series of substituted phenylethanolamides
were tested and a derivative known as midodrine was felt to be a
pressor agent that poorly diffused across the blood vein barrier.
This agent, mnidodrine, exerts its alpha sympathetic receptor
agonism principally through its primary metabolite, des-gly-
midodrine. Arterial and venous blood pressure tone increases and
it was therefore felt that midodrine may be effective in patients
with orthostatic hypotension. The drug has baen widely used in
Europe and elsewvhere and is available in the following countries:

SEE ACCOMPANYING TABLE

The drug is marketed under the ¢trade names Gutron or
Hipertan and the trade name in the United States would be Amatinae.

The chemical name for this agent is dl-alpha-(2,5-
dimethoxyphenyl) -beta-glycinanido-ethanol hydrochloride and it is
a white, microorystaline powder which is soluble in water with
stability for 3-5 years when protected from light. Tha tablet
contains, in addition to midodrine, cellulose,
cornstarch, talc and nmagnesiun. It is available in both
intravenous and oral formulations.
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Preclinical pharmacological studies demonstrate that this
agent stimulates the alpha adrenergic receptors comparable to
norepinephrine. The activity resides in the l-~isomer and, as
stated above, 18 due to the hydrolysis of the parent compound to
its primary metabolite. The alpha-agonist activity of midodrine
is direct rather than the enhancement of intrinsic amines or due
to elevation of receptor sensitivity. Little activity |is
observed when given by intramuscular or subcutaneous routes.
Despinalization was used to demonstrate the pure peripheral site
of action effect of this agent. Depletion of catecholamine
stores did not effect its action providing further evidence for
its direct effect on sympathetic receptors. Phentolamine
significantly reduces its action whereas propranolol enhances its
effect. MAO inhibition or COMT inhibition did not effect the
pressor change therefore suggesting that these enzymes are not
prominent in the degradation of midodrine. Treatment reduces
acute injection and therefore tachyphylaxis is of some concern.

Direct mechanism of action studies were conducted in both
dogs and cats. There was no evidence that midodrine effects beta
receptors using isoproterenol studies.

While most of the activity of midodrine is due to its
metabolite, it is possible that the identified metabolite is only
an intermediate and that other metabolites may be effectiva.

In isolated rat right ventricle midodrine was a negative
inotrope when used in high concentrations. This was also shown
in other species. There was some increase in coronary flow.
Midodrine effected the electrocardiogram by inocreasing both the
QT and PR intervals. Midodrine increases pulmonary artery
pressure which is equilibrated by reflex. There were no
significant effects on the GI, GU or liver in preclinical studies
but there was some questionable analgesic effect on the central
nervous system and a decrease in the agqueous humour in the eye
leading to pupillary dilitation. Inhibition of  uterine
contractions, a decrease in minute volume on the lungs and a
decrease in the inflamxatory process was noted as well as a
tendency towards hyperglycemia. A half-life of the metabolite
was 1.75 hours and the parent agent 1 hour. Over 95% is excreted
in the kidney.

Clinical pharmacological data suggests that midodrine and
its metabolite, desglymidodrine, has the major route of excretion
through the kidney with a high proportion of conjugates. It is
almost completely absorbed from the GI tract with a
bioavailability of 93%. The half-life of desglymidodrine appears
to be longer than midodrine.

Please ses the review of the human pharnaoolbgy for further
details.

The sponsor has provided clinical data to attempt to
establish midodrine’s safety and efficacy.



EFFICACY

The sponsor has provided two studies which it calls key in
its attempt to provide efficacy data. These studies are 20,762-1
which is midodrine versus ephedrine and placebo in 8 patients and
20,7862-2A which 1is midodrine plus fludrocortisone versus
fludrocortisone alone in 7 patients. These protocols drew
patients from a variety of sources with both primary and
secondary orthostatic hypotension and used single investigations.
Additional protocols are reviewed which have been conducted in
the United States involving midodrine compared to
dihydroergotamine, placebo, an open label compassionate use and a
Mayo Clinic experience.

PROTOCOL 20,762-1

This was a report as a single center study conducted by Dr.
Tarazi at the Cleveland Clinic in which after a baseline 2 day
in-hospital period, patients were randomized in a double blind
fashion to either midodrine or ephedrine. An initial titration
phase was concluded by a short maintenance phase and an interim
placebo prior to crossover to the other uactive agent. This study
was conducted on the background of fludrocortisone and Jobst
garments. Eight patients were enrolled in this center and all
completed both phases of the protocol except for 1 patient who
did not enter ephedrine maintenance. Six patients had idiopathic
orthostatic hypotansion and 1 each, diabetes and Parkisonisnm.
This resviewer found that 3 patients should have been axcluded
because of the presence of several readings of severe supine
systolic hypertension with readings >180 mmHg at baseline and 3
additional patients who had infrequent blood pressures <80 mmHg
with standing and therefore did not meeat criteria for severe
orthostatic hypotension. The data demonstrated by the sponsor
suggests that midodrine and ephedrine produced statistically
significant increases in supine blood pressure not different from
each other and that standing blood pressure was better with
midodrine compared to placebo than ephedrine’s affect. More
patients were able to stand on midodrine than on placebo.

It appears that this study was part of a multicenter double
blind study that was called Protocol #20,762-1 in which a
separate report for the other six centers was made in which 22
patients were entered but because so many patients did not meat
study criteria, only 8 patients from 4 centers were evaluated.
In these patients there was no demonstration of any efficacy on
midodrine and in fact the data suggested that ephedrine was
superior. I suspect that this extremely weak study (Protocol
#20,762~1A) when combined witr the relatively unimpressive in
Protocol #20,762-1 (the Tarazi study) would not provide that this
protocol, #20,762-1, demonstrates that midodrine is effective.
In addition, the data from these studies suggests that the
majority of patients enrolled did not meet the study criteria and
the conduct of the study was questionable in that many of the
blood pressures were not recordad as they were supposed to be per
protocol. In addition, the sponsor shows not to compare the



effects of ephedrine and midodrine against the placebo baseline
and used a least significant difference approach. The comments
from the biocstatistical group at the FDA need to be integrated
with this report to determine whether the sponsor’s statistical
approach is valid.

PROTOCOL #20,762~2A

This 1is the second pivotal trial that the sponsor offers in
support of this claim which was conducted at Mt. Sinai Hospital
by Dr. Yahr which evaluated midodrine compared to
fludrocortisone. It should be noted the protocol provided by the
sponsor did not match the actual study reported and was
presumably a logistic error. After a baseline period, patients
underwent a 10-21 day midodrine titration and then maintenance
and then a double blind crossovar study. Midodrine plus
fludrocortisone or placebo plus fludrocortisone was used for the
first 5-8 days with a 2 day washout period in which placebo from
midodrine and fludrocortisone were used followed by a crossover
to the other regimen. The sponsor in this trial chose to take
the double blind blood pressure measurements and to combine them
with the open label single blind midodrine phase arguing that the
blocd pressures were objectively taken by an automatic mneans.
This medical reviewer objects to this practioce. The study
population included 7 patients in which 6 were female, 4 having
Parkisonism and the other 3 idiopathic orthostatic hypotension.
A similar statistical analysis was performed as in the Tarazi
study - #20,762-1. All 7 patients were not analyzed since 1
patient was excluded because 11% of <that patient’s baseline
supine blood pressure readings were over 180 mmHg though another
patient met this criteria 5.4% of the time but that patient was
not excluded. It could also be argued that patient numbers 5306
and 5307 could also have been excluded by these mechanisms but
were not by the sponsor. The patient that had an actual worse
response on midodrine during the blood pressure measurements was
patient 5302, excluded by the sponsor. This reviewer evaluated
in individual patients mean standing systclic blood pressure
during the double blind phase only comparing midodrine versus
placebo and found that only 2 of the patients had a 10 mm change
in midodrine whereaa the other 5 patients did not. Only 1
patient (5305) demonstrated a marked clinical change in blood
pressure on midodrine compared to placebo in supine systolic
blood pressure.

Thus, this second pivotal trial offered by the sponsor
recruited few patients despite the fact that the majority had
Parkisonism which would have seemed to be a common enough
condition that more patients with orthostatic hypotension dus to
this disease could have besen enrolled. The only well controlled
portion of this trial was the double blind phase and it is clear
that the effectiveness of midodrine during this study was
marginal at best.



Another double blind Phase III placebo controclled crossover
comparison of midodrine with dihydroergotamine was performed by
the sponsor but was not considered to be a pivotal trial. This
was Protocol #20,762-3 conducted by Dr. Vinik at The University
of Michigan.

A double blind trial design was used similar to the Tarazi
study, #20,762-1 (midodrine versus ephedrine). According to the
protocol, the medication was to be given open label though the
medical study report suggests it was done double blind. Nine
patients were analyzed in this trial in which 7 had orthostatic
hypotension due to diabetes mellitus and only 2 had idiopathic
orthostatic hypotension. No patient in this trial demonstrated
efficacy from midodrine except for a tendency in 1 patient (5110)
according to this medical reviewer, however, there is marked
variability 4in the blood pressures between bassline placebo and
interim placebo phases. The sponsor concluded the data
demonstrated that placebo improvad the patients 40% of the time
compared to 40-60% on dihydroergotamine versus 60% on midodrine.
The sponsor suggests that perhaps a carxyover effect accounts for
these results and of course if this is the case then the study is
invalid as would be the previous studies discussed.

The sponsor also conducted a dose ranging study (Protocol
#20,762-10) comparing midodrine to placebo. This protocol was
begun in November of 1987. After an initial washout period of 2-
S days amended to 1-2 days, patients underwent a single blind
dose ranging of midodrine from 2.5 mg to 12.5 mg though the 12.5
mg dose was deleted by an amendment. Thereafter, the patients
underwent a Phase III single blind washout with placebo and then
wera randomized in a double blind fashion to either placebo or
the dose that was found to be effective during the titration
period. Dr. Polintsky, from the NIH, recruited 3 patients and 4
patients were enrolled by Dr. Freeman from New York Deaconess
Hospital. Patients in this <trial suffered from idiopathic
orthostati. hypotension, the principal population sought for the
claim for midodrine’s use. This study demonstrated, to date, no
evidence of midodrine efficacy and even more disturbingly no
evidence of any dose blood pressure rasponse to this agent. In
this short term study Holter monitoring data was obtained in the
first 6 patients and in at least 1 of these patients a serious
atrial and ventricular arrhythmia developad on midodrine compared
to placebo. More details about safety of the drug but 1little
controlled information regarding efficacy could be provided by
the compassionate use of oral midodrine conducted in Protocol
#20,762 .nd by the Mayo Clinic experience in 176 patients
reported by Dr. Alexander Schriger, et al. In the open and
compassionate use study, 20,762-5 initiated in August 1983, 34
patients received midodrine many of whom were in previous
protocols and as of 2/29/88 seventeen patients were continuing on
the drug. No specific data regarding efficacy can be concluded.



Midodrine was also reported in 176 patients studied at the
Mayo Clinic between 1976 and February 1988. These patients had a
variety of primary and secondary causes for orthostatic
hypotension and the entire study was conducted in an open 1label
fashion over the courss of many years. No controlled data
regarding midodrine’s efficacy could he demonstrated but there is
no question that some of the patients in this series apparently
had a marked effect from midodrine though variability of blood
pressure responsa could not be evaluated.

Finally, the sponsor provides data regarding the clinical
literature of midodrine which reports the use of this agent in
close to 4000 patients with a variety of primary and secondary
hypotengive disorders including urinary and ejaculatory
disorders. Forty percent of the patients received only 1 dose
per day with the majority of patients only being treated for 3-6
weeks. Thus, the majority of the clinical experience outside the
United sStates appears to be the occasional single use or short
term use of midodrine for subjective symptoms due to autonomic
dysfunction from a variety of causes. The benefit versus risk
ratio for this use has not been studied in the United States nor
been provided as part of the domestic experience with this agent.

SAFETY

The safety data from the trials, 1literature, and fron
individuals with their own IND generally view midodrine over a
short period in the controlled trials and in a variety of
heterogenous patients over a few years.

The most frequent clinical adverse experiences include:
pruritis of the scalp (9.2%), supine hypotension (3.4%), nausea
and vomiting (3.4%), and chest pain, flushing, and urinary
frequency - each with an incidence of 2.3%.

The following table details other adverse reactions on
midodrine compared to other agents in controlled trials and
points out the potential for syncope and cardiac symptoms as well
as for supine hypertension.

In the Mayo Clinic experience, in 146 patients, the
following table provides their adverse effects.

Additionally, 1 patient had angiitis and several patients
have died from myocardial infarction, stroke, congestive heart
failure, and arrhythmia all of which might have been potentially
related to midodrine’s effect on systemic blood pressurae.

Laboratory data did not demonstrate many major safety
concerns though some patients did have an increase in glucose
which might have been predicted from the preclinical data.
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Supine hypertension, which 1is an expected effect of this
agent, is of principal concern and in patients on 1long term
therapy 15% had blood pressures over 180 mmHg (supine systolic
pressure) about 20% of time.

A most disturbing feature of this agent is its lack of any
dose response relationship which perhaps is an important clue
that supports the analysis of ¢the trials which overall
demonstrate weak to unconvinecing evid-noe of efficacy of this
agent.

Because of the major risks of midodrine which include
systemic supine hypertension, the concerning negative interaction
with midodrine and digitalis-like agents etffecting AV conduction,
the potential for significant cardiac arrhythmias, and the other
pharmacological effects including urinary retention, etc. and the
unimpressive benefit as demonstrated in controlled ¢trials, this
reviewar would conclude that the benefit to risk ratio is
extremely poor. The sponsor’s choice of splitting the ephedrine
comparative pivotal trial into the Tarazi study and the others
demonstrates their attempt to identify the occasional patient who
may suggest an effect from this agent. It is clear however that
an occasional patient appears to benefit from this drug on
subjective terms, especially in the Mayo Clinic experience but
because of the risks and Ltecause of tha large potential for
misuse of this agent by general physicians who may apply it to
the patient with occasional dizziness, etc. I believe this drug
does not warrant general approval. Since it is an orphan drug
and since an occasional drug might benefit, a policy decision
should be considered regarding its availability on a
compassionate use individual case basis by the sponsor.
Safeguards against general abuse must be considered.

Signature: £~ -<ccecccnncnn.d
el Morganroth, M.D.




CLINICAL PHARMACOLOGY
NDA19~-815

ROBERTS8 LABORATORIES (MIDODRINE)

Midodrine (AMATINE, Gutron, ST-1085) is metabolized to &
major active metabolite, desglymidodrine (St-~1059). This active
metabolite is an alpha receptor sympathomimetic agonist with an
elimination phase of approximately 5-6 hours whereas the parent
compound has a relatively short half-life. The major route of
excretion is urinary with a high proportion of conjugates.

Midodrine has a biocavailability of 93% and the hemodynamic
study showed that midodrine produces vasoconstriction similax to
norepinephrine but with less diminution in plasma volume. Thus
midodrine increases venous tone prior to affecting systemic blood
pressure.

The sponsor has conducted the following trials which include
6 human pharmacokinetics and biocavailability studies as detailed
in Tables 1A and 1B.

In addition, the sponsor has conducted 7 pharmacodynamic
studies as demonstrated in Table 11.

SINGLE ORAL DOSE URINARY EXCRETION STUDY TO EVALUATE MKIDODRINE
METABOLITES (8TUDY 058-37)

This study invastigated 6 healthy male volunteers who
received one 5 mg midodrine tablet orally with |urinary
collections over 12 hours. Urinary concentration of the
metabolite using a fluormetric assay demonstrated that an average
of 30% of the administered midodrine doses are excreted in urine
as the mnmetabolite over the 8 hour period. None was found
thereafter. Thus, midodrine is readily absorbed and rapidly
metabolized and the appearance of the metabolite correlated with
the subjective effect of chills in these normal volunteers. The
data are denonstrated in Table 2.
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TABLE 1A

RIDODR Ik HuAN PHARHACOMINETICS AMD BIOAVALILABILITY STUDIES

Report Date cf Hature of Nuaber of Age Meight He ight Doce investigalor

Nusber ° Report Stuey Sulb jects Cur) thp) tcad {mg)

938~3?7 2774 Single—dosa & 27-5%9 68-90 M. S. 3 og tabilut p.o. F. Takics
Urinary sacretion - Cheniew Linz, A.G.
Norsal voluaieers

J38-38 774 . Mlitiple-dose . * . * S mg tablet z 3 F. Jakacs
Ur inary excretion p.0. G4 hr Chesie Linz, A.G.
Norsal volunteers

038-39 7778 Singln-dose i 43 8s 186 S.11 g i.v. F. Tiaacs
IH-1abeled drup i264.6 pCo) Chem @ Lin:, A.G.

Metabolic study
Norss) volunteer

038-4C 481 Siangls~dose 3F .38 20-27 M. S. M. S. S mg i.v. W.R. Nukcvet:
IH-labeled drug {(268.1 uCy) Grat Univers:ty
Pharsacokinglic study 5.3 mg p.o-"
Randomized ) (282.4 pC1 )

2-may Crossover
Morsal volumtoers

038~40s 1081 Gingle—dose . . . C e . .
. 3H-abeled drue .
Furiher gharsacoa¥inelc
study of plasas and
urine sasples from
058040 (4/81)

038-133a 12/8?7 Single-dosa 12n 21-2% 63-88 173-190 2.5 mg i.v. H. Grobecker
Sicavailability study 2.5 »g wolution p.o. wi a}
Randomized 2.5 mg tadlet p.o. Regensdurg
J-way crossover University

Al msidodrine wss used as the hydrochloride sait.
N. 8. - mot stated. .

5 Golution in gelatin capsule



Based on the probable widespread use of this convenient dosage form
the following phase IV studies should be considered:

1. Either find in the lterature or perform an experimental study of the
volume of distribution and clearance of fentanyl in patients with hepatic
disorders rg:sulung in impaired drug metabolism.

2. Performing an experimental study of the pharmacodynamic effects of
TTS or IV feutanyl on oxygen saturation, respiratory rate, paCOZ2 (or end
expiratory CO2), and COZ2 sensitivity in normal volunteers in the
presence and absence of a typical postoperative CNS sedative and/or
alcohol. It would be prudent to include some measure of the magnitude
of time course (hysteresis effects) in such a study.

3. Performing an experimental study of the pharmacodynamic effects of
TTS or IV fentanyl on oxygen saturation, respiratory rate, pCO2, and
CO2 sensitivity in patients with compensated COPD such as might
receive the patch for same day surgery.

4. Perform abuse lability testing in experienced drug users if any
schedule other than CII is desired (CIIIl may be possible).

Safety Conclusions
_ Postoperative use

The TTS fentanyl system had been shown to have typical oploid safety
characteristics in clinical trials in postoperative pain. The most
significant side effect observed in the trials was the capacity of the
system to produce hy poventilation, hypercaibia, and hypoxia at times
when the patient was aslcep. This effect was clearly related to blood
fentanyl level and did not occur at blood levels below approximately 2.0
ng/ ml. In consequence, the 50 ug/h dose produced no such episodes, the
75 ug/h resulted in 6 episodes in 177 applications (3%), and the 100
caused 7 in 105 applicaticns (6%). Re spiratory depression was more
comrnon in patients who had had pulmonary surgery, received fuli dozes
of concurrent CNS medication, had received large amounts of rescue

esic, who were under 63 kilos in weight, and who were ASA Class
HI & higher. It may reasonably be expected that the frequency of this
adverse effect will increase should TTS use spread into more debilitated
populations on the medical services and into less well supervised
postoperative settings.

Until more is known about the pharmacodynamics of respiratory
depression caused by low dose fentany! it would be prudent to allow the
50 pug/h dose into general use, restrict the 75ug/h dose to clinical
settings which would allow immediate recognition of hypoventilation,
and restrict the postoperative use of the 100 ug/h dose to patients in
closely monitored settings who have known opioid tolerance, high
estimated clearance, or procedures known to cause several days of
Intense pain. :

Unanswered is the question as to how clinicilans should modify the
doses of other concurrent analgesic or CNS active medication in patients



TABLE 1B

MIDODRINE HUMAYN PHARMACOKINETICS
AND BIOAVAITLABILITY STUDIES

Report
Number

Study Conclusion

058-37

058-38

058-39

058-40

058-40a

058-133b

30% of adninistered midodrine is excreted in
urine as active cetabolite (desglymidodrinae)
in 8 hours after a single orel dose.

44.9% of administered Midodrine is excreted in
urine as active metabolite (desglymidodrine)
within 24 hours following multipls oral doces.

Midodrine shows a rapid eliminstion fronm
plasma. in contrast to the prolonged levels of
active maior metzbolite (desglymidodrine).

S0% of the total radiocactivity injected was
excreted into urine over 4 hours and 93% was
excreted over 7 deys. The largest single
conmponent of urinary radioactivity is due to
active metabolite.

76% and §2% of the total midndrine dose
administered was excreted in urine after oral
and i.v. doses., respectively, over 3 days. A
comparison of i.v. and p.o. data indicates
complete oral absorption.

There is a rayid disappearance of midodrine
from plasma. a rapid apprearance of
desglymidodrine in plasma and a majority of
the urinary activity (51-66%) is due to
desglymidodrine, which indicates it is the
major metabolice of midodrine.

The bioavailability of a 2.5 mg midodrine
tablet is considered equivalent to 2.5 mg
midodrine given i.v. and to 2.5 mg given p.o.
88 a solution. The absolute biocavailability
of the tablet is 93% (95% confidence limits:
84-108%). Excellent biocavailability is
demonstrated.
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TADLE 11
HIDOORINE CLIMICAL PHARNMACDLOGY STUDIES - SUMMARY TADLE FOR PHARMACODYHAMILS
Raport Oate of Nature of Hunber of Mo Height Dailyan Investigitaing
usher ftaport Stuwidy Surh jecis (ur) (hg) Doae Lr aap
9358~41 S/ Double blind crossover, &F , an 3-S50 49-%2 1 ¥ 2.5 mg p.o. Chemie Linz, AQ
Nidodrine vs placebo
oSe-~42 1779 Doubkle &)iad crassover, 2F. Sn 29-43 s8-82 K: L xS mo p.a. Chiemie Linz, AG
Nidodring vs ST-1059 571 3 & 4 mg p.o.
ves placebo
058-~43 2é TYolerance resslratore, 74 M, 5. N. S. 1 2 6.15 ma/kg t.v. Chumie Linz, AG
cardiaovascular, resal. urtnery stude:
wrinary, intestiaal and I-4 25 ma p.a. (1-8 wisi
hemaetologic affects athwr studies
oS8 -~44 23 Dpen parallizl, hesodynawmic é Ta-64 ., S, fn: i 2 0.5 mg/hy 1.v. Chemin Linz, AG
effects of atdadrine (M)
vs aoresineshrine (NE)Y, é 2-45 M. S. NE: ! 2 1-B pa/min {.v.
N effecls in patisnts witlh 3 . S. M. S. B: 1 2 0.3 my/ky 1.v.
cardlac calheter
03843 4a4’rn Slagle dlind parallel, 10 placedo 21-43 n. S. 1 23 mg J.ov. First thedical
hoaodgaanic effects of 11 aldodr ine Cliinic, YVienna
sldodr ine va placebe University
038-44 S/47 Open, rheagraphy in heed, 17F, S Ja-73 N. S. L x93 mg. p.a. Chemie Linz, MG
finger and arm aftler
midodrine, .
Chronic trestennt of 10 N. S. M. S. 3 x 2.5 m0 p.o. (4-6 wks) Cheaie Linz, AG
heddache willh midodrine
03847 ?7 Open, carbohydrate § fal #z 2F. M Q2+13 120+218 1 23 @3 i.v. Chemic Linz, AG
wetobalise In normal (M) D: 4F, 27 Jen1> §123+330
and diabatic 1D) sub jecis
after sidodrine. 0: 2F, N (a2 46+1 4 113233 I x93 oy p.o. (5 days!}
D F, M M &8s ¥ 1040110
D: IF, 28 (¢} 48210 107+248

® A1) sidodrias was used as Lhe hydrochloride salt and was

X waight, Broca = 100X

M. S. - sot stated.

(a) Diadeles controlled by diet oniy.
Id) Diabeles conlrolled bu oral drugs.
(c) Dlaikelas controllied by lasvlin.

sadainistered for 1 day oaly, unless noted otherwise.
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TABLE 2

URINARY ELIMINATION OF DESGLYMIDODRINE AFTER ORAL ADMINISTRATION OF MIDODRINE

Study Nature of Mean Urinaru Elimination of Desglumidodrine Total
Report Study . (pg) In Time Periods (hr) Recovery
Number (% dose)
0-2 2—-4 4-8 g-12 12-2
058-37 Single dose 326 320 179 0 N.D. 20.0
3 mg
058-38 Hultiple doces - 60" 14746 1445 485 44.9
) I XS mg .
4 hr

* Represents 0-4 hr fraction



MULTIPLE ORAL DOSE URINARY EXCRETION STUDY TO EVALUATE MIDODRINE
METABOLITES (REPORT 058-38)

Another group of 6 normal healthy male volunteers raceived
three doses of 5 mg of midodrine on a 4 hourly basis. Urine was
collected over 24 hours and demonstrated a total elimination of
desglymidodrine of 44.9% of the administered dose. The amount of
metabolite excreted was similar for the intervals of 0-4, 4-8,
and 8-12 hours and therefore the sponsor argued that there is no
evidence of accumulation of metabolite.

This raviewer believes that a more prolonged, multiple day,
multiple dose study would provide higher cbnfirmation to these
results.

S8INGLE IV DOSE TO EVALUATE MIDODRINE METABOLITES (REPORT 058-39)

Tritiated midodrine was given to only 1 subject who received
5.11 mg of midodrine by intravenous injection and thin layer
chromatography was used to separate midodrine from its
metabolites. The initjial distributive phase was of 30 minutes
and elimination phase with a half-life of 5~6 hours. After 48
hours a very slow secondary clearance phase was evident with a
half-life in excess of 160 hours. By 30 minutes, most of the
radiocactivity was in metabolites and Dby 60 minutes
desglymidedrine was the major compound identified. (See Table 3
for separation of plasma radiocactivity).

Total urinary excretion accounted for 93% of the
administered dose over 168 hours. Thus, desglymidodrine has a
longer plasma half-life and the sponsor believes that this
m:taboiito is responsible for the pharmacological properties of
midodrine.

MIDODRINE SINGLEB DOSE IV PO S8TUDY TWO-WAY CROSSOVER =~
METABOLIC STUDY (REPORT 038-40)

An extensive metabolic study in 6 subjects (3 females)
received a tritiated 5 mg intravenous dose of midodrine and an
oral dose of 5.3 mg of midodrine was studied in a 2-way crossover
design. Thin layer radiochromatography was used with recovery of
56 +8% of applied radiocactivity for plasma and 61+1% for urine.
Blood radioactivity was evenly distributed between plasma and
formed elements.

Pharmacokinetic parameters are detailed in Table 6. The
major clearance half-life for oral and intravenous administration
was similar at approximately 3.6-3.9 hours. Bioavailability was
close to 109% for oral midodrine essentially identifying complete
absorption. Tmax was 0.66 hours. Midodrine disappeared rapidly
from plasma being undetectable after 60 minutes and the major
metabolite, desglymidodrine, was significant at 1 hour after oral
and 2 hours after intravenous dosing. Pharmacokinetic analysis
of desglymidodrine oclearance ocould not be performed due to
insufficient data. Fecal elinmination is minor (2% of dose).
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TABLE 6

MAJOR PHARMACOKINETI(. ~ARAMETERS FOR MIDODRINE CALCULATED FROM

RADIOACTIVITY DATA OF TABLE 5

EyX t&ﬂ AUC Q-0 V4 area Cnax™™ ‘max Cliot
-{hr) (hr} (ng ? hr) (ml) (ng/ml) {hr) {(ml/min)}
m
Intravenous Administration*
Mean 0.06 3.87 268.67 106.21 214.30 - 319.60
s.e.t 0.01 0.12 19.37 7.11 28.18 - 26 .45
Oral Administration*

S.E. - 0.19 25.93 12.59 4.00 0.12 -

* Parameters were calculated on the basis of one- (oral) or

twvo-compartment (intravenous) models.
Intravenous, 5.0 mg.

The doses were: Oral, 5.3 ug;

**-In the case of intravenous administration, this value represents the

extrapolation of the curve to time O.

In the case of oral

administration, the corresponding extrapolated velue was 64.24 ng/ml,

+ Standard error of the mean.




Bioavailability of tha oral drug was 93.3% based on wurii ry
excretion. Unchanged midodrine appeared in the 0-2 hour urinary
sample to exceed 10% and declined very rapidly thereafter.

SINGLE DOSE MIDODRINE BIOAVAILABILITY STUDY (REPORT 058-133)

This study investigated 12 healthy normal male volunteers
who received 2.5 mg of midodrine intravenously, orally, and as a
solution in a randomized 3-way crossover design. The 3
treatments were considered biocequivalent. These data are
presented in Table 1l0A.

Finally, a comparison of the pharmacokinetic parameters of
midodrine and its active metabolite, desglymidodrine, following
oral by tablet was demonstrated in this study in Table 10B.

Seven studies were conducted to evaluate human
pharmacodynamics of which 4 were exclusively single dose and 3
involved single and multiple dose phases.

SINGLE DOSE TOLERANCE (STUDY 058-41)

In this study, 12 normal volunteers received one 2.5 ng
tablet of midodrine in the evening. Twelve hours later blood
pressure and heart rate were measured supine and after standing
for 1-3 minutes. Subjects recorded their state of vigilance on a
scale of 0 meaning very alert to 100 meaning asleep.

There was no difference between the circulatory changes
after single douses of midodrine and placebo for the group as a
whole, but 5 subjects who the sponsor claims had orthostatic
circulatory dysregulation showed improvement on midodrine but not
placebo. Eleven of the 12 subjects reported sleeping well but 3
subjects reported pilomotor reactions.

A second single dose study compared midodrine with
desglymidodrine (Report 058-42). This study involved 7 subjects
who received 5 mg of midodrine and 4 mg of desglymidodrine in a
3-way, randomized study with placebo including a 3-5 day washout
period. Sitting and standing blood pressure and heart rate wvere
measured at 1,2,4 and 5 minutes before and 2 hours after each
treatment. Hemodynamic parameters were not significantly
affectaed except for a small drop in pulse rate after midodrine or
its metabolite. Pilomotor reactions were more pronounced after
desglymidodrine than midodrine. These reactions persisted for
approximately 2-3 hours after desglymidodrine and 30-240 minutes
after midodrine.



TABLE 10A

BIOAVAILABILITY OF 2.5 MG MIDODRINE GIVEN I.V., P.O.
AS A SOLUTION AND P.O. OR A 2.5 MG TABLET (10 SUBJECTS)
(REPORT 058~-133a)

95% Confidence
Parameter Mean Limits

Absolute Bioavailability 950% 78-102%
of Solution, p.o.

Absolute Bioavailability 93% 84-108%
of Tablet, p.o.

Relative Bioavailability 109% 90-122%
of Tablet/Solution., p.o.




TABIE 10B

COMPARATIVE PHARMACOKINETIC PARAMETERS OF
MIDODRINE AND TEE ACTIVE METABOLITE. DESGLYMIDODRINE
FOLLOWING ORAL DOSING BY TABLET (REPORT 058-133a)

Desgly-
Parameter Midodrine midodrine
thax 27 + 12 min 1.1 + 0.5 hr
Cmax (ng/ml) 11.2 + 3.9 5.0 + 1.6
t,,p (br) 0.49 + 0.12 3.0 +£ 0.5
AUC (ng % hr x ol 1) 9.46 + 2.09 25.6 + 6.2
Cl (ml/min) -- 1378 + 319
v (1) -- 353 + 80
Us- ke (% of dose) 2.2 + 0.6 34.4 + 4.5
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MULTIPLE DOS8E TOLERANCE (STUDY 058-43)

This was a multi-institutional study detailing the effects
of 15 or 20 mg of midodrine given in divided doses over 1-8 weeks
in 74 male or female patients. Table 13 summarizes the tolerance
study and the effects of midodrine on several systems. Midodrine
caused a decrease in the diffusion capacity of the lung in 8 of
10 patients with a reduction of approximately 20%. This was
probably due to a reduction in pulmonary perfusion and the
sponsor claims that this effect was no longer seen after 22 days
of therapy. Seventeen subjects had a reduction in mean heart
rate from 78-69 beats per minute but this effect did not
intensify with continued therapy. In 3 patients who had been
digitalized, more marked effects were seen with the heart rate
decreasing to 40 and 50 beats per minute and in a third subject
to as low as 25 beats per minute with first degree AV block and a
rise in the blood pressure to 230/80. Five days after
discontinuing midodrine the heart rate in this third subject
returned to 60-70 beats per minute. Without the digitalis this
patient was rechallenged after 2 weexks and the heart rate
decreased to no lower than 60 beats per minute.

Thus, potentiation of the negative chronotropic effect of
digitalis by midodrine is demonstrated in this patient and
cautions a serious warning for the combination of midodrine ana
digitalis.

Renal function demonstrated no significant effect on
clearance but 10 patients with prostatic hypertrophy had an
increase in residual urine volume and 20 subjects without
prostatic disease experienced dysuria. There was an increase in
internal sphincter tone and a delayed rasponse to filling state
of the bladder. Colonic tone was not effected. There were no
abnormalities in the chemistry or blood parameters. There is
evidence that midodrine can cause marked pruritis and generalized
urticaria which may be due to an e¢ffect on histamine release. No
effect on coagulation was noted.

Hemodynamic effects were evaluated in 3 studies, the first
of which was Report 058-44 in which in one part 6 normal subjects
from 25-64 years of age received an intravenous infusion of
midodrine of 10 ug/kg/minute. These ware compared to 6 other
healthy volunteers from 26-65 years of age who received
norepinephrine at 1 ug/minute and up to 8 ug/minute to achieve an
increase of 40 mmHg in systolic pressure. In the second part, 3
patients undergoing cardiac catheterization had central pressures
recorded after an infusion of 10 ug/kg/minute for 30 minutes of
midodrine. Table 14 presents the data obtained in this study.
Both midodrine and norepinephrine increased blood pressure but
midodrine 1lowered pulse pressure markedly compared to
norepinephrine 21 versus 6 beats/minute. Midodrine caused a
lower reduction in plasma and blood volunme. Midodrine caused an
increase in both systemic and pulmonary blood pressures and
stroke volume and pulse rate were decreased. Cardiac output
failed while peripheral and pulmonary vascular resistances rose.




BEST POSSIBLE COPY

Ta3E 13

£I0CORINE MULTI-D03E TQLERANCE STUDY - SUMMARY TA2LE (REPORT 0X:-43)

Parasater lavesticater Kusper of Results
Sub jects
Pulsonsry function F. Vitek 10 (with ED)® Reduction i diffusion cagacity and wecific
(dithelainensaital, Viennd) diffusion (8/10). Veatilatios uachinged.
Cardiac funclion £, Kiesewetter 17 Raduction in heart rate (17/17); neqative
(Withelminenspital, Viennd) T3 (/71N potentiation of digitalis
actioa (3/17).
Renal function A, Mostbeck 7 Ko effect om renal fuaction after & veels,
(Wilhelminenspital, Vienna)
$laddar dynanic function . Nerean 10 (with PH) Increasad residual urine voluse (4/10) and
(Kr ankenhaus-Rudolfsstiftung, total urine rateation (4/10) afier single
Vienna) i.v. dose (0.15 mg/hg).
20 controls Controls dysuric 10-13 mia after single i.v,
dose (0.13 sg/kg).
10 {with PR) No affect om micturition ofter 13 s5/day for
3 weeks,
Colonic tone £, Deiamr 7 luith KID) No significant change ia colon tone after §
(Roentgenoiogical Diagnostic weeks at 1S sg/day.
Institute, Vienns Univarsity)
Kezalology and €. Kiesewatier 17 No significant changes after ¢ waels,
blocd chesistsy (¥ilheiginenspital, Vienna)
Bone wmar-ow stalus ?P. Hocher 10 One fesale exoerienced allergic prucitis on
(Hanusch-Krantanhaus, Vienna) second dayj no Hone sarrow chinges after &
weets,
8100d coagulation N, Fischer 10 No changes after 3 weels.

and fibrinolysis

{Fuaicipal Hospital
Laing, Vienna)

Except where indicated under "Resulls,® all doses were 20 s3/day n.0., and the drug was adeinistered o3 U

hydrochioride salt,

¥ ED » extripulsonary disease, PN = prostatic hypertrophy, VO = hypotensive vasculer disorcers.

BEST POSSIBLY ~~
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THAHLE 14

EFFECT UF HIDODRIHE (10 DG/KG/RIn THFUSION:

50 HIN [N GROUP 1:
AND OF NOREF INEPIRIHNE (1-8 UG/HIN) ON CIRCULATORY PARAMETERS.

310 HId
(REPORT 05U-44)

In GEDuE )

GROUP 1}

Flasms Biood
8lood Pressure (es bHag) Heart Rate Hematocrit Vol ume Valume
Sustotic Liastolic (beats/amin) (%) (mi) (m})
Hidodr ine +45kn A -30.6 +0. 440 S Dnn ~-40)5m.
(+17.35) (+18.4) (113.06) (10.41) (1120.7) (s1é3.u)
Horepinephe ine +34600 +15.6 ~-5.6 40.37 n3 ~5844n -266
(114.8) (113.57) ($2.61) (£0.47) ($251.2) (1496, 6)
GROUPF 2 )
I'evsure Py rnsure Pulmnnary
(horia) Pulmonary artery Minute Stroke Peripherat Circulatiaon
(mm Ho) {(am o) Heart Rate Outaut Voluaue Resistlance Hesistance
Systol. Diastol. Sucgtol. Diactol. (beats’ain) (ml) (mi) (cm~Uedynesec) (cm-5- dyn.sec)
Midudrine +480 +2% ne +4.65 ns +3.66 ns ~-18.6& ns -970n +4.33 ns +751. 3300 49L. 66N
(#14.9) (+19.0) (+5.51) (43.017 (420.59) (+329) (4172.15) (+177.8%) (143.14)
* a (0,05, sianificant

#% p ¢ 0,01, ns not



All subicuts experienced piloerection and coldness and 1 patient
had a desire to urinate witnovt being able to empty the bladder.
This condition was eliminated ky phentolanmine.

Report 058-45 was undertaken in 10 patients who had no signs
of cardiovascular disease. Venous occlusion plethysmography was
studied after midodrine was administered at a dose of S5 mng
intravenously. Table 15 details these results and shows a small
decrease in venous capacity with an effect on venous tone
becoming noticible before a change in blood pressure. Reduction
in heart rate that was statistically significant was also noted.

The final hemodynamic study was 058-46 which used a
rheographic technique to measure electrical conductivity ¢to
asgsess tone. Measurements were made before and 30 minutes after
an oral dose of 5 mg 9f midodrine. Eleven rheumatic patients and
another 11 with vascular spondylogenous headaches were studied.
There was a variable response in terms of index finger arterial
pressure changes as well as a change in vertebral artery tona.
Overall, an increase in tone was demonstrated in 15 cases, little
change in 5 and constriction in 2 cases.

Report 058-47 evaluated normal and diabetic subjects who
received intravenous midodrine at 5 mg. No significant effects
on glucose tolerance, serum free fatty acids or 1lipids were
noted.

CONCLUSIONS

The sponsor concluded that the pharmacological effects of
midodrine are due principally to the active metabolite,
desglymidodrine, and that midedrine qualitatively resembles
norepinephrine in its vascular constrictor effects but has a less
effect on diminishing plasma and blood volume. There is evidence
that midodrine increases venous tone which may occur before
systemic hypertension. This may decrease venous pooling in
orthostatic hypotensive patients. Midodrine stimulates alpha
receptors of the urinary bladder and can cause urinary retention
but has no detrimental effect on renal, colonic or blood
parameters. There is a decrease in pulmonary diffusion capacity.

It should be noted thaut all of these studies were performed
outside of the United States and only =minimal summaries were
provided.
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TABLE 15

THE FECT OF THTRAVENLUS YHUUSINHS OF HIDODRIHE (S.0 MG DOSC: 5 HIN IHFUSIURD

ON CIRCULATORY PARAMETERS UF LOWL (UL AND FOUT (MEANS » STANDARD CCVIATIUN)

(REFORT GL0-4%)

Group -’ N Baseline

Value

Infusion
Vaiue

AfLer
1 min

AlLer
13 min

Al Leor
S0 min

Circulation (m1/100 ml Lissuve/min) change in comparision Lu baseline

l.ower Leg

Cantrel+ 10

2 + +0,07 + 0.739% +0,.17 + C,44 ~0.21 + 0.31 -0.0% + 0.45

Hidodrine 11 2.70 + 0.71 -0.11 + ¢.17 +0.02 + 0.19 -0.10 + 0.21 -0.25 + 0.32
Fouot
Cantrol 10 2.09 + 1.%2 ~0.02 4+ 0.45 -0.10 + £.81 ~0.2% v 0.B5 ~0.27 + C.hb
Midade ine 12 1.87 + 1.30 +0.04 + 0.24 +0.16 + 0.31 +0.20 ¢+ 0.53 Q.21 4 0.6
Venous Lapacily (m1/100 wl Ltissue) chanupe 1o comperisen tuo based iaw
Control 10 4.09 + 0,91 +0.25 + 0.52 +0.13 + 0.24 10.24% ¢+ 0,32
Kidodrine 10 4.04 + 1.09 -0.11 + 0.13nm -0.04 + 0.17 +0.02 + 0.27
p* { 0.05 < 0.05 ¥} 2.0%
Bluod tressure (ma Hg) change in comparison 1o baseline
Systolic oressure
Control 10 102.8 + 14.2 0.0 + 2.0 +0.1 ¢+ 2.3 -3.4 + 6.7 =2.7 1 6.3
Midodrine 11 113.1 + 22.1 -1.0 + 2.7 ~2.0 = 4.2 ~1.5 + 4.2 +3.5 4 U.0
Diastolic prassure
Control i0 54.3 + 4.5 +0.7 + 2.0 +0.8 + 1.8 ~-1.64 + 3.7 1.4 + 4.7
Midodrine 11 61.3 + 12.3 +1.0 + 3.4 +0.2 + 3.7 +1.5 * 3.7 +0.9 + 6.8
Pulse Rate/wmin change Iin comparison Lo baseline

Control 10 5.5 ¢ 11.1 +0.2 + 1.0 +0.6 + 2.0 +0.7 + 2.4 +0.2 4 2.5
Hidodr ine 11 45.0 + l10.8 -1.4 ¢+ 1.6 -2.7 + 2.8 -6.5 + 4.9 +4.9 + 3.1
pt = 0.05 « 6.0 { 0.01 { 0.0:

% ¥Y-test according to van des Uaerdea
&R Wilcuxon paired test {(with preliminary value)ds
+ MNormal saline solution

p ( 0.03




NDA #19-215
ROBERTS LABORATORIES (MIDODRINE)

A DOUBLE BLIND PHASE IIX CROSSOVER COMPARISON OF THE SBAFETY
AND EFFICACY OF MIDODRINE AND EPHEDRINE IN PATIENTS8 WITH SEVERE
IDIOPATHIC ORTHOSTATIC HYPOTENSION (PLACEBO WASHOUT)
PROTOCOL #20,762~1

INVESTIGATORS:

This 1is a single center study conducted at the Cleveland
Clinic Foundation in Cleveland, Ohio by Drs. Robert Tarazi, F.
Fouad and E. Bravo. The project was initiated in August of 1983
and completed in May of 1984.

PROTOCOL:

Figure 1 details the design of this study which included a
single blind baseline period in which patients were hospitalized
for 2 days and received an oral matching placebo on a tid basis.
All previous pressor agents were withheld frem the patients
during this baseline period, however concomitant continued use of
fludrocortisone (0.1-0.2 mg bid) and the continued wearing of a
Jobst garment were permitted. The protocol called for this to ba
a multicenter trial in which sach centar was to enroll at lezst
10 to 20 patients. Patients were to have idiopathic orthostatic
hypotension which was not specifically defined in the protocol
under patient description nor inclusion criteria. These patients
could have orthostatic hypotension due either on a primary basis
(e.g. Shy-Drager) or secondary to conditions such as diabetes
mellitus or Parkinsonism.

Exclusion criteria included the history of persistent supine
hypertension >180/100 or severe symptomatic coronary artery
disease, renal disease, thyrotoxicosis, or significant liver
dysfunction. The presence of a pheochromocytoma, dementia, or
co?comitant use of MAO inhibitors wer: additional exclusion
criteria.

The protccol suggested that several confirmatory diagnostic
tests wers to be included which included thermoregulatory swseat
test, serum protein electrophoresis, cortisol, thyroxine,
electrolytes, catecholamines, and a rectal biopsy for amylo.u.

After the single blind placebo 2 day period, patients would
enter a titration pericd for 3 to 5 days in which they were
randomized in a 1:1 basis to initially receive midodrine or
ephedrine. They were to be titrated to optimal blood pressure
control which was defined as a supine systolic preasure of 140 to
180 with a diastolic blood pressure not greater than 100 with
concomitant standing systolic prsssure of >80 mmHg or/and
improvement in subjective clinical condition. Medication was
administered tid at least 30 minutss before meals and for
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General Comments Regarding the Abuse Liability of TTS Fentanyl

The submission by this sponsor of an NDA for a new dosage form for
fentanyl posed a new regulatory problem. It was the first of many "non-
Injection” parenteral delivery systems for older drugs, where
modification of the pharmacokinetics of the delivery of an agent reveals
a new dimension of the pharmacodynamic spectrum of the drug. Recent
experience with the enhancement of the addictive potential of intranasal
cocaine by its conversion 1o smoked cocaltic or "crack”, stands as a
warning of the possibility of significantly altering the abuse pattern of a
known drug of abuse by a change in the dosage form. As our ability to
predict the abuse liability of drugs improves the relationship of the
pharmacokinetics of the delivery system to the pharmacodynamics of
abuse has become an important dimension in the evaluation of both licit
and illicit narcotic drugs.

Fentanyl is not currently a drug of abuse for the general population,
although the persistence of clandestine synthesis and illicit distribution
shows that it Is a desirable dru? of abuse. The current low prevalence of
abuse is probably due to the relative scarcity of access to the drug.
Among health care providers with high access to the drug
(anesthesiologists, operating room personnel. intensive care unit staff) it
remains a significant drug of abuse and is second only to meperidine in
total number of addicted health care professionals.

The TTS fentanyl system will be available from pharmacies, ciinics, and
patient's homes as well as the relatively controlled operating and
recovery room environmuent. In order to evaluate the abuse Hability of
this new dosage form it will be necessary to answer the following
questions:

1. What is the abuse and dependence potential of the TTS system to the
intended users when used as directed?

2. What is the risk of abuse and dependence of the TTS system to health
care providers handling the system?

3. What is the abuse ard diversion potential of the intact TTS system?

4. What is the magnitude of the risk posed by the fentanyl in used or
removed patches and what measures should be taken to control such
risks?

In an attempt to answer these questions a meeting was held on the 21st

of February 1990 netween representatives of the sponsor, FDA, NIDA,

and DEA. The following is a review of thal weeting and material
provided by DEA, NIDA, and the sponsor addressing these questions.

Risk of abuse of TTS When Used as Directed
There was universal agreement among the parties to the meeting that

the TTS system had pharmacokinetic properties which gave it less ebuse
potential than IV or IM fentanyl when used as directed. The TTS system



FIGURE 1

sUDCORTME STUDY DESIGN

(2C,762-1)
Ltgle Couble
j¢ Ltind —>f< - 8iind >

Baseline Titracion Maincenance Placedo Ticeation Maintenance I!nd of

> b Y ? > > Teial
Pearicd Period Pazicd Paricd Pericd Period
(2 days) : (3-5 days) {3=S days) (& days) (3=5 days) (3-5 davs)

Randcaize
] | j e |
reatzent #1 Treatrant #2




administered tid at 1least 30 minutes before meals and for
midodrine dose level was 2.5 mg tid titrating up to 5, then 7.5,
then 10 mg tid. For ephedrine it was 6 mg tid to 12 to 18 to 24
mg tid.

Once a maximal accepted dose level was attained, that level
was given for 3 to 5 days in a "maintenance period". This was
followed by a 2 day placebo washout period. Patients were then
crossed over to the other medication for a repeat of the
titration and maintenance periods.

Blinding was achieved by placing 2.5 mg midodrine and 6 ng
ephedrine tablets in opaque white gelatin capsules which were
identical to placebo zapules.

During the last day of the placebo run in period, baseline
blood pressure determinations were conducted using an automated
noninvasive blood pressure monitor from 8 A.M. to 4 P.M. These
measurements were made after a 3 minute supine rest after a 3
minute sitting rest and after 1 mrinute of quiet standing.
Radial pulse was neasured at each interval. Signz or symptoms of
hypotensic.a were also recorded. During titration only 2 doses of
medication were given on the first and if additional medication
was required, a third single doae was permitted on Day 2. During
the maintenance period the dosing was at 7:30 A.M., 12:30 P.M.
and 5:30 P.M.

Adverse effects of pressor ~herapy could be treated if the
supine blood pressure was >180/100 by using 5 mg intravenously of
phentolamine and a reduction in the pressor drug dosags. Severe
symptomatic bradycardia with a heart rate <40 beats per nminute
was to be treazted with 0.5 to 1.0 intravenous atropine. Blood
tests were obtained at baseline and after the first and second
legs of the crossover study. Patients achieving a satisfactery
clinical response were permittead to continue the drug as
outpatients under a compassionate study.

The protocol defined patient failure as that vwhich the
patient had a blood pressure >180/100, bradycardia with symptoms
requiring atropine therapy, persistent nausea, vomiting,
piloerection, headaches or tingling, or failure to get a standing
blood pressure >80 mmHg. If there was no control of symptomatic
or systolic hypotension or change in the quality of 1life, this
wvas aiso considered a treatment failure. It is in this phase of
the vrotocol that there is a suggestion of a definition of
orthcatatic hypotension, of a drop in standing blood pressure by
30 mmHg systolic and 15 mmHg diastolic.

Efficacy in the protocol is defined as a decrease in the
symptoms aue to postural hypotension or ¢ less decrease in
standing blood pressure on drug if there was no hypaertension
defined as 2180/100 supine blood pressure 1 hour after the
morning dose. Efficacy would also be dafined if this effect
lasts for at least ™ hours and an absence of significant side
effects.




nf the 9 patients entered into this study, 1 patient (4709)
" >ed a cardiac arrhythmia during the initial placebo run in
1ix. . and therefore was dropped from the study and was not

1alyzed.
‘ATIBSTICAL PLAN

Since effectiveness claims for midodrine are to be made
smpared to ephedrine during maintenance therapy, the data
stained during titration was not analyzed and statistical
»mparisons were made only during the maintenance phase. There
18 a great deal of variability in the number of blood pressures
:asured during each phase of the experiment and therefore data
ire presented using both mean and median descriptors. The
iwvestigators d4did not enmploy a uniform procedure for making
itries in the case report form when the patients were unable to
:and and the statistical report points out that the blood
‘essures were not taken as per protocol often and therefore all
lood pressure measurements before 6 A.N. and any blood pressure
ading <40 were deleted from the analyses. The sponsor
ierefore analysed unable to stand as either that that entry was
cesent in the case report form or if no entry wvas in the case
sport form Dbut there was an entry for supine or sitting blood
ressure but not for standing, it was assumed the patient met
aat oriteria. A block design of analysis was used so that each
atient could serve as his own control and a pooled error term
r?m the block design was used to make pair-wise comparisons via
17 % test,

ft should be noted that patient 4705 did not achieve
aintenance well on ephedrine and this was treated as miassing
ata so that the block design had 1 empty cell. The sponsor used
MDP program for statistical analysis.

ATIENTS ENTERED

All 8 patients underwent all phases of the protocol except
or Patient 4705 which did not enter the ephedrine maintenance
ince he did not have a clinical response that was satisfactory
uring ephedrine titration. Patient randomization to study
edication 1is demonstrated in Table 1 and demographics in Table

The population comprised 4 men and 4 women with an average
ge of 60 years with an average duration of orthostatic
ypotension of 5 years. All 8 patients had severe symptoms from
rthostatic hypotension and 1 patient each had diabetes and
arkinsonism. One patient (4701) had a pacemaker which will
omplicate the results of analysis. Table 3 details the baseline
ardiovascular parameters and demonstrates an approximately 50 mm
rop in systolic blood pressure accompanied by an increase of
bout 6 beats per minute in heart rates. Standing systolic blood
rr-sure >80 occurred only 65% of the time in these patients.

percent of the time, patients wers unable to stand due to
x. 4s8ive weakness, dizziness or syncope. It is important ¢to




TABLE 1

PATIENT RANDOMIZATION TO
STUDY MEDICATION

(20,762-1)

PATIENT NO. TREATMENT 1' TREATMENT 2
4701 midodrine ephedrine
4702 ephedrine midodrine
4703 ephedrine midodrine
4704 ephedrine midodrine
4705 midodrine ephedrine*
4706 ephedrine midodrine
4707 midodrine ephedrine
4708 ephedrine midodrine
47Q9%%* nonei none

* Patient 4705 did not complete the maintenance phase of
ephedrine treatment (treatment #2).

% Patient 4709 was entered into the study and completed the
initial placebo period. but never received active treatment.

I ———— Y~ o~
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TARBLE 2

PATTENT ROSTER
(20.762~1)

PATIENT DIAG~ YEAR START ©° END
MUMBER TINITIALS AGE SEX  NOSIS Dx DATE DATE COMMENTS

4701 . 78 M IOH 1973 8/16/83 9/5/83 S/P Pacemaker
Ir(zizx?:;nence

4702 . 8 M IOH 1969  9/12/83 -~

4703 . 43 M IOH 1980 10/10/83 Incontinence

4704 . S2 F  IH 1982  11/8/83 Incontinence

4705 . 48 F IOH 1982  1/9/84 —

4706 . S5 M IOH 1980  2/13/84 -

4707 . 6 F IOH 1980  7/9/84 —

4708 . 62 F IOH 198  9/21/84 Mild Diabetes

(diet controlled)

4709 . 51 M IOH 1982 4/30/84 5/10/84 Parkinsons Dis.
CcoPD

“"\..
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TABLE 3

MEAN BASELINE CARDIOVASCULAR PARAMETERS,
STMPTOM INCIDENCE AND DEMOGRAPHY IN STUDY PATIENTS

(20.762-1)
VARIABLE VALUE
Number of Patients 8
Age 60.4 years
Duration of Disease 4.9 years
% Males 50
% Females 50
Supine Blood Pressure 147.0/85.7
Standing Blood Pressure 89.2,63.5
Supine Pulse Rate 74.6
Standing Pulse Rate 80.6
% Incidence Unable to Stand 10.7
%Z Incidence Standing Systolic BP > 80 mm Hg 65.0
% Incidence Systolic BP > 180 mm Hg:
Supine 8.0
Sitting 0
Standing 0
% incidence Systolic BP > 200 mm Hg:
Supine 2.9
Sitting 0
Standing 0
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note that patients 4701, 4702 and 4707 had supine systolic
hypertension with several readings >180 mmHg during the baseline
period. These patiants technically should have been excluded
according to the protocol. In addition, Patients 4703, 4704 and
4708 had infrequent blood pressures <80 mmHg with standing anad
therefore would not have met the criteria ¢of severe orthostatic
hypotension.

Table 4 details the supine and standing blood pressure
results over the entire group throughout each phase of the study.
Both midodrine and ephedrine produced statistically significant
increases in both supine systolic and diastolic blood pressures
compared to placebo but were not different between each other.
Standing blood pressure with midodrine was statistically
significantly dgreater than that produced by placebo, but
ephedrine was not statistically different than placebo. P values
for these comparisons are found in Table 5.

Table 6 details the mean change in blood pressure from
the baseline which confirms this data.

Pulse rates increased for ephedrine but decreased for
midodrine. The higher standing heart rate on ephedrine may be
explained by a reflex component as well as partial beta agonism.

Tables 7 and 8 detail mean and mean change data.

The percentage of patients who were unable to stand at
baseline was 10.7% and during the placebo washout, 14.2%. on
midodrine this was 5.3% compared to 10% on ephedrine. The
success rate attributable to midodrine was significantly greater
than both placebo and ephedrine when there was an arc sine
transformation waited by the reciprocal of the variances. The
percentage of patients with standing systolic :tiood pressure 280
mmHg is demonstrated in Table 10 and again dewonstrates a higher
prevalence during midodrine than ephedrine compared to placebo.
The smaller standard deviations during the midodrine maintenance
peried suggests greater consistency in response.

Table 11 details the doses used for midodrine and ephedrine
during the maintenance period for each of the 8 patiaents.

SAYETY ANALYSIS

During this study patients received midodrine from 6 to 9
days with an average of 7.4 days and ephedrine for 7 to 10 days
with an average of 7.8 days. Table 12 details the adverse
reactions bhut the severity of these reactions were not reported
by the investigator but no patient required discontinuatian of
medication. No deaths occurred in this study.

The percentage of patients with supine systolic blood
pressure is >180 mmHg as shown in Table 13 and 200 mmHg in Table
14. Note that the incidence of severe hypertension >200 mnHg
occurred in 12% of the patients during midodrine versus 7% on




TABLE 4

MEAN SUPINE AND STANDING
BLOCD PRESSURE (mm Hg) IN PATIENTS WITH SEVERE
IDICPATHIC ORTHOSTATIC HYPOTENSION TREATED WITH
ORAL PLACERO, PUOIXDRD{E72 )Ammxmm
(20,762-1

MEAN BLOOD PRESSURE (mm Hg) + SD

SUPINE STANDING
TREATMENT SYSTCLIC DIASTOLIC SYSTOLIC DIASTOLIC
Baseline 147.0 + 19.2 85.7 + 7.5 89.2 + 8.2 63.5+ 7.1
Midodrine - Titration 164.0 + 24.0 89.5 ¢ 10.0C 97.8 + 14.2 65.0+ 7.0
Midodrine - Maintenance 165.8 % 23.9 91.5 + 8.8 105.6 + 10.6 68.5 + 9.4
Ephedrine ~ Titration 156.5 £ 21.9 88.0 ¢ 7.2 91.2 £+ 15.0 61.7 + 8.6
Ephedrine - Maintenance 161.6 % 19.6 90.9 + 7.8 90.4 £ 12.5 63.1 + 9.0

Placebo 150.0 £ 19.2 85.2 ¢ 8.1 87.2 £ 13.4 60.6 + 8.9




TABLE 5

PROBABILITY VALUES ASSIGNED TO COMPARISCNS CF
MAINTENANCE THERAPY OF EACH ACTIVE TREATMENT VS. PLACEBO
(CARDIOVASCULAR PARAMETERS DURIMG THE STUDY)

(20,762-1)

PARAMETER DATRED TREATMENT COMPADRTSOMNE

MEASURED M:ido.v.Pho.  Eph.v.Pbo. Mide.v.Eph.
Supine Systolic < .001 < .01 V. S.
Supine Diastolic « Q1 < .01 N,
Sitting Systolic « 001 LS. < .0001
Sitting Diastolic « .0C2 .S, < .10
Standing Systolic < .0001 M.S. < .001
Standing Diastolic < 001 M. S < .05
Supine Pulsge < .05 < .001 « .00001
Sitting Culse ¢ .01 < .0001 < .0001
Standing Pulse < .01 < .02 < ,0001
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TABLE 6

MEAN CHANGE FROM BASELINE IN SUPINE AND STANDING
3LOOD PRESSURE (mm Hg) IN PATIENTS WITH SEVERE
IDIOPATHIC ORTHOSTATIC HYPOTENSION AFTER
ORAL PLACEBO, HID%PRINE AND EPHEDRINE
(20,762~1)

MEAN CHANGE INM BLOOD PRESSURE (mm Hg)

SUP INE STAND ING
TREATMENT SYS. DIA. SYS. DIA.
Placebo 3.0 -0.5 -2.0 -2.9
Midodrine - Titration 17.0 3.8 8.6 1.5
Midodrine - Maintenance 18.8 5.8 16.4 5.0
Ephedrine — Titration 9.5 2.3 2.0 -1.8
Ephedrine - Maintenance 14.6 5.2 1.2 -0.4%
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MEAN SUPINE AND STANDING

TABLE 7

PULSE RATES (bpm) IN PATIENTS WITH SEVERE
IDIOPATHIC ORTHOSTATIC HYPOTENSION TREATED WITH
ORAL PLACEBO. MIDODRINE AND EPHEDRINE

(20,762~1)
i MEAN PULSE RATE #SD
TREATMENT SUPINE STANDING
Baseline 74.6 + 9.0 80.6 + 10.7
Midodrine - Titration 76.8 = 7.3 80.4 ¢+ 11.9
Midodrine - Maintenance 73.8 + 8.6 76.5 % 8.0
Ephedrine - Titration 82.2 & 6.1 88.3 + 8.2
Ephedrine -~ Maintenance 84.2 =+ 8.0 88.6 = 8.1
Placebo 77.3 + 6.8 83.0 + 12.1
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TABLE 8

MEAN CHANGE FROM BASELINE IN SUPINE AND STANDING
PULSE RATES (bpm) IN PATIENTS WITH SEVERE
IDIOPATHIC ORTHOSTATIC HYPOTENSION TREATED WITH
ORAL PLACEBO., %}DQPRINE AND EPHEDRINE
(20,762~1)

MEAN CHANGE IN PULSE RATE (bpm)

TREATMENT SUPINE STANDING
Placebo 2.7 2.4
Midodrine - Titration 2.2 -0.2
Midodrine - Maintenance -0.8 -4.1
Ephedrine - Titration 7.6 7.7
Ephedrine - Maintenance 9.6 8.0

v“\
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TABLE 10

PERCENTAGE OF STANDING SYSTOLIC
BLOOD PRESSURE READINGS GREATER
THAN 80 mm Hg

' (20,762-1)
TREATMUNT MEAN % INSTANCES 8D
Baseline 65.0 + 18.3
Midodrine - Titration 746.  r 21.1
Midodrine - Maintenance 81.8 £+ 8.8
Ephedrine ~ Titration 63.3 ¢ 22.9
Ephedrine - Maintenance 59.1 ¢ 16.4
Placebo 54.8 ¢+ 19.8

2 emmame s cumvemren ol e ———

Load N
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TABLE 11

INDIVIDUAL MAINTENANCE PERIOD DOSE LEVELS
OF MIDODRINE AND EPHEDRINE
ACHIEVED DURING THE STUDY

(20,762-1)

PATIENT MIDODRINE EPHEDRINE
NUMBER (mg TID) (mg TID)
4701 7.5 ‘ 18.0
4702 7.5 18.0
4703 10.0 24.0
4704 10.0 24,0
4705 10.0 N.D.»
4706, , 10.0 24.0
4707 7.5 24,0
4708 2.0 24.0
AVERAGE 8.4 22.3

* N.D.. not possible to determine as no
maintenance dose could be established.
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MEETING MINUTES 0N W

NDA 19-813
| MAR 7 I989
DRUG: Transderamal Therapet.tic System (Fentanyl)
SPONSOR: Alza Corporation
DATE: February 2, 1989
LOCATION: Conference Reom 10B-45
ATTENDEESE: P. I2ber, M.D. R. Temple (HFD-100)
¥F. Vocei, Fh.D. P. Botstein (HFD-100)

E. Nevius. Fh.D. (HFD-713) C. Rovacs, C30
P. Relley, Ph.D. (HFD-713)

SURJECT: Working Meetins

Rackeround -

The firm & application was transferred to this division in May, 1988. On June
17, 1888, the fimm was mrformed by a teleconference that their proposed labeling
olalm «as not supported by the type of preclinical and c¢linical date submitted.
Instead of withdrawing the NLA and re-submitting = -~ we¥agze to support a
ravised c¢laim, the Jirm amended their apvlication with a revised indication:

“,..for the contrl of medarate to severs pain in patients requiring cpiloid
analgesia following surgery or for palliative therapy in patierts with cancer.”

Dr. Leber stated that Lle puracse of this meeting was to discuss the difficulties
in reviewing this application. The following was discussed:

1. Dr. Vecel made a presentation of the clinical studies performed by the
firm in support of their post-op claim, thelr reported findings, and ADR’s.

There were 6 controlled studies performed in the perioperative/post-

operative cetiolng ulolizsing the feanaryl patoh versus a placebhs match and

evaluating the nead for supplemental morphine and c¢hanges in pain
intensity. Dr. Vocci pointed out the following:

(1). Data from b of the studies demonstrates that the patch reduces
but does not eliminate the need for suppiemental morphine.

(2). This reduction in need for supplemental morphine occurs over the
12-24 hour post-op period. During the first (-12 hours post-op,
the patch has su ~therapeutic effects.

(3). Respirai-ory depression and naucea/vomiting increased in the fentanyl
ratch groups.

(4. Instruoticrs for Lhe peteh recemmend 2 bvlus of 100-300 micrograms
of fentanyl intracperatively.

Dr. Relley stated that in the Caplan study, the p value is slightly in
favor of the fentanyl treatinent,

Dr. Lebter agreed that over the time interval selected, the firm dces
demonstrate effectivereas of thelr product as an analdesic, However,
questions and concems ragarding safety in the pericperative environment
should not bte macde by thi= 4--*=zi:n. Dr. Latsr recommended that a



TABLE 12

ADVERSE REACTIONS TO STUDY MEDICATIONS

(20.762-1)

__ ADVERSE REACTION REPORTED ,

TREATMENT PATIENT PRE-EXISTING
GROUP NUMBER EVENT CONDITION
Placebo 4701 Hypokalemia No
Midodrine 4701 Dizziness Yes
4701 Lightheadedness Yes
4707 Hypokalemia Yes
4707 Scalp Pruritis No
4707 Scalp Tingling No
Ephedrine 4701 Dizziness No
4701 Lighthecdedness No
4705 "Cardiac Awareness" No
4705 Photosensitivity No
4705 "Pounding in Ears" Yes
4708 Dysequilibrium Unknown
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TABLE 13

MEAN PERCENT INSTANCES OF SYSTOLIC BLOOD PRESSURE (SBP)
READINGS GREATER THAN 180 mm Hg IN PATIENTS WITH

SEVERE IDIOPATHIC ORTHOSTATIC HYPOTENSION

AFTER ORAL PLACEBO, MIDODRINE AND EPHEDRINE

(20,762-1)

% SBP > 180 mm Hg

TREATMENT Supine Sitting Standing
Baseline 8.0 0 0
Midodrine - Titration 26.4 4.8 0.3
Midodrine - Maintenance 25.2 3.5 0.4
Ephedrine - Titration 14,5 2.2 0
Ephedrine - Maintenance 24.8 0 0
Placebo 13.9 0.9 0

o0



TABLE 14

MEAN PERCENT INSTANCES OF SYSTOLIC BLOOD PRESSURL (SBP)
READINGS GREATER THAN 200 mm Hg IN PATIENTS WITH
SEVERE IDIOPATHIC ORTHOSTATIC HYPOTENSION
AFTER ORAL PLACEBO, MIDODRINE AND EPHEDRINE

(20,762-1)
% SBP > 200 mm Hg
TREATMENT Supine Sitting Standing
Bageline 2.9 0 0
Midodrine ~ Titration 8.6 0.9 0.3
Midodrine ~ Maintenance 11.7 1.6 0.4
Ephedrine - Titration 6.5 0.6 0
Ephedrine - Maintenanze 6.8 0 0
Placebo 3.4 0.3 0.3

5|



ephedrine.

There 1is no dicernable trend or clear abnormalities in any
of the chemistry or blood hematology values during this study.

MEDICAL REVIEW OFFICER’S COMMENTS ON THIS STUDY

It is clear that the sponsor offers this protocol as one of
the two well controlled trials required for the establishment for
the safety and efficacy of midodrine in idiopathic orthostatic
hypotension. Unfortunately, this study fell down in quality in
many aspects. From a protocol technical point of view, this
study enrolled only 8 patients rather than a minimal of 10
patients required for each center. Only 1 center actually
enrolled patients. The nature of the patients is not wvell
defined and un'ortunately 2 of them represent conditions
substantially different from idiopzthic orthostatic hypotension
of the Shy-Drager or Bradbury-Eggleston variety. If one excludes
these 2 patients since they did not have idiopathic orthostatic
hypotension and also excludes those patients who were technically
protocol violators since they had severe supine hypertension,
ther. there are so few patients left that this protocol’s data
would be insufficient to analyze. The lack of the investigator
following tlie protocol in obtaining blood pressure measurements
vhen required as well as providing medication when required,
preaumably is the explanation for why the sponsor does not
provide data regarding the duration of action, duse-effect data,
etc. The statistical approach of omitting readings because of
the investigator errors and omitting other data also weakens the
analysis. The protocol stated that whan a patient’s blood
pressure reached 180/100 they were to receive intravenous
phentolamine. This appears not to have been done despite the
fact Ehat many such readings were recorded during the course of
the trial.

It is unfortunate that patients with idiopathic orthostatic
hypotension are so uncommon and that carefully controlled trials
can not be performed in large numbers of patients in many
centers. It is even more unfortunate that when such patients are
found that the protocol was not followed meticulously to obcain
the important data required to properly analyze midodrine’s
effactiveness. The confounding influence of the background of
Florinef and Jobst garment are additional problems as well as the
lack of data providing diagnostic contirmation as the protocol
requested. The quality control of the automated blood pressure
device used in this trial is not stated. From a statistical
point of view, the placebo baseline was not used for comparison
of the effects of ephedrine and midodrine with the argument that
there were different periods of time during each of these phases
in the protocol. The statistical approach was therefore a least
significant difference. Another very weak factor is demonstrated
in that the investigator did not racord in the case report form
that the patient could not stand (in several cases) which
obviously was a key endpoint for analyses. The sponsor therefore
concluded that if no entry was made but if there was a sitting or



supine blood pressurs but not a standing blood pressure recorded
that one could assume the patient did not stand. This obviously
is hazardous and again points out the lack of careful conduct in
this protocol.

From a safaety point of view, this reviewer is8 concerned
about the increased frequency of very severe hypertension in
patients on midodrine compared to ephedrine. Twelve percent of
patients on midodrine maintenance had a systolic blood pressure
>200 compared to 7% on ephredrine. The tact that approximately
3% of patients had such blood pressures at baseline again
underlines the lack of careful adherence to the protocel since
this was an exclusion criteria. Since this study reports only
short term experience averaging about 1 week on therapy, the long
term effect of stroke, heart failure and other major
complications from midodrine therapy could not be analyzed. In
addition, the previously reported effects of marked bradycardia,
though not seen in this study, apparently, might be due to the
short duration of treatment.

Overall, the data do demonstrate that midodrine has a
positive pressor effect as one would expect from the pharmacology
of the drug but the proof of efficacy in patients with idiopathic
orthostatic hypotension 1is not well demonstrated in this trial
due to all the methodologic problems noted. A concern for safety
has also been highlighted.



A CONTROLLED PHASE III 8S8TUDY OF THE EFFICACY AND SAFETY
OF MIDODRINE ALONE, MIDODRINE PLUS FLUDROCORTISONE AND
PLUDROCORTISONE ALONE IN PATIENTS WITE ORTHOSTATIC HYPOTENSION
AND AUTONOMIC FAILURE

Protocol $#20,762~-2A

Investigator: Melvin D. Yahr, M.D. and co-workers at Mt. Sinai
Hospital in New York.

Date Initiated: April, 1983

Date Completed: December, 1984

This is the second pivotal trial that the sponsor offers
which is supposed to be well controlled to define the efficacy
and safety of midodrine.

PROTOCOL

The protocol provided in Volume 13 of 37 does not match the
actual study reported under the description in the title. The
protocol details a design similar to the Tarazi study, 20,762-1,
in which only 1 leg of the crossover was conducted. Therefore,
all comments on this report will be as defined in the clinical
report and statistical report as part of Volume 13.

Patients were hospitalized for periods from 4 1/2 to 7 weeks
and all had a 4 to 8 day baseline period without any therapy for
their idiopathic orthostatic hypotension. During that period of
time, baseline laboratory and exclusion characteristics were to
be defined. They were allcowed to continue the Jcbst garment and
a weight maintaining diet containing 160 mEq of sodium per day.
Bads were kept in the 30 degree tilt upright position and
patients were not allowed to be recumbent during the 8 AM to 8 PM
period except to obtain supine blood pressure mnmeasurements.
Supine standing measurements were obtained after 10 minutes of
quiet recumbency and 2 minutes after standing and an automated
blood pressure recorder was used for all measurements. Symptoms
- of hypotension in the upright position were to be recorded.

Patients during baselines were to be excluded if they had a
supine hypertension >180/100 or severe coronary artery disease,
renal or liver dysfunction, thyrotoxicosis, pheochromocytoma,
dementia, the use of MAO inhibitors or pre-menopausal women.
After baseline, the patiegnts all underwent a midodrine treatment
starting at 2.5 mg one to three times daily and increased
depending on the patient response until an optimal blood pressure
control was achieved. The total daily dose was from 15 to 45 mg
per day. Optimal response was to obtain a supine systolic
pressure between 140 and 180 and supine diastolic >100
concomitantly with a standing systolic pressurs of 80 mmHg or
higher. One or two weeks were allowved during this titration



e

phase. Thereafter, patients underwvent a midodrine maintenance
for about one week which served as the reference measure for the
doses chosen in the double blind phase.

The patients then underwent a crossover study in which each
leg lasted approximately one wveek. Figure 1 details the design
which demonstrates that the crossover legs were separated by 2
days of placebo plus fludrocortisone 0.1 mg plus matching placebo
to midodrine which was single blind in nature. Patients received
either fludrocortisone 0.1 mg plus midodrine on a tid to qid
basis or fludrocortisone plus a placebo for midodrine. Blood
pressure and pulse were to be recorded 1/2 to 1 hour after each
medication dose and then at 2 hourly intervals throughout the
day. The sponsor and the investigator believe that since the
blood pressure measurements were taken automatically that they
could combine the data during the double blind with the data
during the single blind phase. This medical reviewer strongly
objects to this conclusion.

S8TUDY POPULATION

The study population as shown in Table 1 consisted £ 1 male
and 6 females in which 4 had symptoms of Parkinson’s disease, 1
had Shy-Drager syndrome, and the remaining 2 had orthostatic
hypotension without neurologic manifestations, the so-called
Bradbury-Eggleston syndrome. The average age of tlhese 7 patients
was 60 years with an average duration of orthostatic hypotension
of 4 years. Table 2 details the ramdomization that was used for
these 7 patients during the double blind period.

During the midodrine titration which lasted an average of 10
days (range 6-16 days) the dosage ranged from 2.5 to 7.5 mg
whereas during the maintenance period lasting 4 to 6 days (mean
4.4 days) the daily total dosage ranged from 15 to 45 mg with an
average of 25 mg prescribed in tid or gqid dosing. The use of
fludrocortisone was a 0.1 mg dose per day. The midodrine
titration and maintenarce as well as the baseline were all
conducted under open label conditions. The crossover study,
however, was double blind but the fludrocortisone was not
blinded.

The effectiveness of midodrine was determined during the
titration and maintenance open phases by 6 to 8 blood pressures
taken between 8 AM and 8 PM.

In addition to patients wearing Jobst garments,
fludrocortisone was discontinued in 4 patients (5302, 5304, 5306
and 5307; and 6 of the patients continued with concomitant
medications, most of which were used for Parkinsonism though 3
patients were on sodium chloride and others as 1listed in the
chart taken from the sponsor.
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A COHNTROLLED PHASE
MIDODRINE PLUS

FIGURE 1

II1I STUDY OF THE- EFFICACY AND SAFETY OF MIDRODRINE ALONE,
FLUDROCORTISOMNE AMD FLUGROCORTISONE ALONE IM PATIENTS
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or » Placebo or
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TABLE 1

PATIENT PROSTER
(20,7462-2A)

Y e U e T S e Gum g e T T T 34 s e W W W S SR U AR e e S o e WS R W ST Var T W e S TP S TP vmn T TR e G S T S G G e G e e e G S A e e e ot Mev W e S

e e S U D B A NS SR TS m D e T e Sms TR R et G P S L Y GAR E R e e ST G Wey WAD TES WY GNS W T GEF W SR Gnf TS G M R S Gt G W S TR B M TSNP N G af WS TG e ha et S A e . o m T

PATIENT OURATION OF START END
NUMBER INIT. AGE SEX DIAGNOSIS ILLNESS (YRS) DATE DATE
5301 63 F PD, SDS 1 4/01/863 S/06/83
5302 69 F PD, SDS 1 4/26/83 3/31/83
3303 37 M PD, SDS, 3 3/11/83 6/13/83
3304 40 F SDS 4 10/14/823 11722783
3303 49 F I0H 13 1/10/84 2710784
5306 Sé F PD, SDS 1 4/10/84 3/15/84
3307 67 F I0H 3 11/12/84 12713784
“TTbilasnosis T TTTTTTTTETTTT T

PD - Perkinson’s disease
SDS - Shy-Drager Syndrome
I0H - Idiopathiec orthostatic hypotension



TARLE 2

PATICNT RAMDOMIZATION TO

STUDY MEDICATION
(20,762-2A)

" o T T D AL S s T L By v e A G S A et e L we e R S e S e G W W Ty e G US FS STE A SR aw I S W G S s G S Sy S GUP W S S S N W = v e e e S - .

o SOr S M S A S M D G . A e " S S A Tt B AW e o ot T M T W S SN R R el N W G T S A S e S e T G S T e W e e o v I W A SR A i e b e S e P S

Midodrine + fludrocortisone
Placebo + fludrocortisone
Midodrine + fludrocortisone
Placebo + fludrocortisone
Placebo + fludrocortisone
Midodrine + fludrocortisone

Midodrine +'f1udrocortisonw

Placebo +
Midodrine
Placebo +
Midodrine
Midondrine
Placebo +

Placebo +

fludrocortisone
+ fludrocortison
fludrocortisone
+ fludrocortison
+ fludrocortison
fludrocortisone

fludrocortisone
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STATISTICAL PLAN

A block design was utilized similar to that performed in the
Tarazi study, #20,762-~1. All 7 patients completed the full
course of the study ranging from 32 to 59 days.

All 7 patients are not analyszed aince patient 8302 was
excluded because 11% of that patient’s baseline supine blood
pressure readings were >180/100 mmHg. It is of interest to note
that patient 5306 met this criteria 5.4% of the time but was not
considered sufficient to exclude that patient. 1In fact, as shown
in Table 3 patient 5304 also met the maximum criteria of 180 mmHg
but was not excluded. In addition, standing systolic blood
pressure >120 mmHg (Table 4) occurred in 1/3 of the readings in
Patient 5302 which was also used as a justification for
discontinuing this patient, however this criteria was also met in
16.7% of the readings for 5307 and 6.1% of the readings in
Patient 5306 yet these 2 patients were not excluded. The nature
of the patients are described in the following manner:

Table 5 details the individual patient changes in standing
systolic blood pressure by treatment group together with the
physician’s global evaluation. This table details that 4 of the
patients were considered to have an excellent global response
whereas 1 was considered to bae worse. The patient that was
considered to have a worse effect was Patient 5302 that the
sponsor excluded for reasons mentioned above. If one compares
the change in mean standing systolic blood pressure in the double
blind crossover phasa between midodrine versus placebo, one can
see that Patient 5301 and 5304 had a 10 mmHg change on midodrine
compared to placebo where the other 5 patients aid not
demonstrate a 10 mmHg increase on midodrine compared to the
effect of placebo.

Mean changes in supine systolic blood pressure are
demonstrated in Table 7 in which only 1 patient (5305)
demonstrated a marked clinical change in blood pressure on
midodrine compared to the placebo in the double blind phase.

Mean values for blood pressures in the various phases are
demonstrated in Table 9 with significant labels demonstrated in
Table 10. The data suggests that midodrine caused a significant
increase in systolic blood pressure compared to placebo.

In regard to pulse rates, midodrine caused a reduction from
baseline and supine pulse rates of 4 to 5 beats per minute which
was statistically significant. The standing pulse rates were
unaffected in all treatment groups.



TABLE 3

BASELINE SUPINE SYSTOLIC ELOOD PRESSURES (mmHg)

(20,762-2A)
PATIENMT Q3 PERCENT
MNUMBER MEAMN + S.D. MAX MIN RANGE (mmHg) Y1EOmmHg
5301 123+ 17 140 ?2 138 0
£302 142 =+ S 200 210) 160 11.9
5302 140 + 2 170 120 143 0
S304 142 + 3 180 100 152 0
£I03 103 + 2 123 74 y 120 0
cl06 136 + 4 183 102 153 5.4
85307 144 + 3 163 101 152 0
Q3 - 25X of blood oressure readings were greater than this number



TANLE 4

BASELINE STANDING S15TOLIC BLOOD PRESSURES (mmHg)
(20,762~28)

- T - Ly . TR M S ke o e R W WD O TR G G M e S0 S e Y e R A W W WD G Sy B e mY e R e S G G Y A M W TN P W e A o S W BT e e e cum M M e -

PATIENT Q3 PERCENT
NUHEER MEAN + S.D. MAX MIN RANGE (mmH@) >120mmHg
5301 22 + 10 120 70 96 1.3
5302 114 + 7 194 48 130 33.3
S203 97 + 2 120 78 ! 102 )
5304 &6 .2 110 A2 80 0
5305 64 + 2 e7 50 70 )
5306 % 4+ 3 152 53 104 6.1
307, 9% + 4 131, 71 117 16.7

N3 - 23% of blond pressure readings were greater than this number
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Cardiovascular Effects

Gardocki 4and Yelnosky gave dogs 2 doses of fentanyl (00,0025 and 0.005
mg/kg, i.v., 15 min apart). 3lood pressure -creased 20%, heart rate
remained unchanyed in 2 dogs and decreased (140-190 bpm) in 1 dog. £CG
was unaffected, In another dog study, 0.010-0.040 mg/kg, i.v, caused
immediately decreased blood pressure {maximum effect in 19 min) which
lasted 30 min and Ybradycardias within 2 min, ECG showed ventricilar
sremature contractions at 0.010 mg/kg, i.v. and prolongation of the ?-R
interval (1 animal at 2.010 mg/kg and ail dogs at 0,040 ag/kg).

pharmacologist review, 8-7-75) reported slight
hypotension and intense bradycardia in nonanesthetized dogs receiving 9,05
mg/kg, i.v. fentanyl, Atropinization predisposes the dog to a pressor
response to fentanyl,

Emesis

Gardocki and Yelnosky reported no emetic activity in dogs in doses up to
10 mg/kg, i.m,

s vt et s ot s

Gardocki and Yelnosky reported that do¢s given 4 doses of fetanyl
(0,01-0.04 mg/kg, i.v.) at 30 min, intervals showed that the animals
rapidly develop tolerance o the hypotensive effect of the drug,

Withdrawal

reported that fentanyl suppressed the withdrawal
symptoms of morphine-addicted monkeys at 1/75 the morphine dosa., When
Innovar was given to monkeys for 2 weaks (b.i.d., s.c.) at the highest
tolerated dose and 2bruptly withdrawn, signs of abstinence were very mild,

Neuromuscular Transmission

Gardocki and Yelnosky reported that fentanyl (up to 0,16 mg/kg, f.v,) did-
not affect neuromuscular transmission in anesthetized cats.

H

Femoral B8lood Flow

Gardocki and Yelnosky reported that intra-arterial injections of 2,750
fentanyl did not affect femoral Slood flow,

t

_ reported that when heparinzed dog blood (1 =1)
was added to either 0.05, 0,1, 0.25, 0.5, 0.75 or 1 ml of 0,01% fentanyl
solution at the highest 4ilution there was 7% hemolysis.
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TABELE S
INDIVIDUAL PATIENY MEAN CHARGEZC FROM DASCLIHE  Cmueldogo
IH STAMDING SYSTOLIC BLOOD PREOTURE
2Y TREATHMEHT PERIOD
(20,762-28)
............. ,-_-------____-_-I---_-__-_--__”------,---,__----____-“---_-_-____ﬂ_www,mm,_*_m_-_-_
Patient Global Dase Rasel ine Midodrine Midodr ine Muidudrine Piacebo
Number Response Mean Titration Maint. + Fludro. + Fludro.
3301 Excellent 20.0 ?e.2 14.7 1.3 2t 7.4
2302 Worse 22.35 114.4 -F.4 -12.1 -25 .0 -74.3
2303 Fair £5.0 7.1 -B.1 -14.4 - 7.0 -1.3
5304 Exceilent 25.0 66.3 1.7 - 6.8 10,7 1.1
a3035 Excellent 30.0 b66.0 4.0 - 1.4 &, 0.5
5306 Poor 20.0 75.4 ~7.9 - 4.7 - 4.3 AR
3307 _Excelient 15.0¢ ?8.7 24.7 19.1 ar.a 2.0

Mote: Positive numbers indicate an increase in systolic pressure
over baseline; negative numbers indicate a decrease

1. Daily dose of sidodrinc {(mg) during midodrine maini nance and _ro over phos o
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TABLE 7-

IRDIVIDUAL FPATIEHRT MEAN CHAMGES FROM BASELIHD (Cummiig)
IN SUPIHE SYSTOLIC BLOOD PRESSURE
BY TREATHENT PERIOD

(20,762-2R)

Patient Glo;;; dﬁase;:;e Hidadrin;-— _;:dud;:;;m““-a;:;;;;:;;-—~-;;;;;;;-~--“--’-m--‘
Musber Response Hean Titration Maint. + Fludro. + Fludro.

s301 Excellent  123.5 6.7 11.% T TTis.z T sl
5302 dorse 142.5 T 12,6 19.9 14.G 12,3

5303 ‘Fair 139.2 -9.7 1.7 12.3 - &3

3304 Excellent 141.8 -1.4 7.0 5.5 - Lo

5305 Excellent 105.4 22.3 25.0 20.1 7.7

S3046 Poor 135.9 7.1 10.7 3.5 -1.1

3307 | Excellent 143.7 13.0 ) 11.3% 15.1 c.o

- — - - - ———— A . S A . W b S S S S . b, A s S . SO O A e W Y T ol A el . e D D, A D . T . . s St i i M A = o 7 ot S~ A . -

Mote: Positive numbers indicate an increase in systeolic pressurs aver batoline:
negative numbers indicate a decrease.

-
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TABLE 9

GTAHLTNG

CLOND PPRESSURE CGmaHg)
By TREATHMENT CROUP
(20,7262-2M)

A g G e TG W SN N M) G s we R R Gu toet W LMS Wy She I A M T B ST e S e m e G b e S e Tan T SR e e et A by O W et Wt S e e g 6T s S M R XD . e s et W

MZAN BLOOD PRESSBURE =+ 8.D.

ST E e F TN SH SR wh S tem e o e e o tm TR NS S M S ma S S S o S e W 0 U0 08 5 85 oe e Sy oty S B R Aub Gh G T e S R W R G G s G S S W W

TREATMENT

Basel ine

Midodrine
Titration

Midodrine
Maintenance

Midodr ing +
Fludrocortisone

Placeabo +
Fludrocortisone

&u

SYSTOL1C

132

128

143

144

:

i+

i+

15

11

10

PINEC

PIASTOLIC

WY e e T e o W ¢ R G S S ey NI D A M e A GG GNP T R Y M S e T R S G TR Gk S G el WD SR G A L A G ey T I W D e A G e G g O e

7?7

78

4+

i

(Nwo)

STANDING
SYSTOLIC DIABTOLIC
86 + 15 59 + 8
91 + 21 41 + 8
€3 # 23 61 + &
97 & 24 61 + 10
90 + 2% 59 + 8



TABLE 10

MEAN THANGES IN SUPINE AND STANDIMNG BLOOD PRESSURES (smlig)

AND STGMIFITANCE LEVELS

BETWEEN TREATHENT GROUPS (N=4)

(20,762-2A)
SUP INE STANDING
COMP AR 1SOH . SYSTOLIC DIASTOLIC SYSTOLIC i‘ CIASTOLIC
WITH: |
MN/T [ g M+ F PL « F VAl M/n M+ F P +F [ VA M My Py a7 MY Bt My FOPY O+ F
Basel ine 8.35 11.3 12.8 1.3 0.7?7 1.7 2.0 ~-0.1 4.6 2.5 11.4 4_¢ 2.1 PN ¢ 0.1
.1 .01 .001 NS NS NS NS s NS NC .05 HS " . h HS
- — - S I e e e e
Hidodr ine 1.5 -10.2 0.34 ~-1.8 8.9 1.9 -2.6
Naintenance
NS .01 NS ns .1 HS KT
Midodrine ¢ ° ~-31.7 -2.1 ~7.0 -2.6
Fludrocortison
0.01 NS HS uS
IREATHENT _GROUPS;
Baseline (Basel ine)

%7

Midodrine titration

Midodrine saintenance
Midodrine + fludrocor
Placebo + Tiuwdrocorti

(7))

(/M)
tisone ( N ¢+ F)
sone « PY + F)
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CLINICAL RESPCNSE TO STUDY MEDICATION

Of the 4 patients with an excellent response as detailed
above, 5301 continued until her death 14 months later, 5304
maintained her improvement for 10 months at which time midodrine
was discontinued because of noncompliance, 5307 continuaed on the
agent for 3 years to the end of the study, &nd 5305 discontinued
midodrine and retfused further treatment after 2 months.
Individual patient doses during maintenance and crossover were
demonstrated in Column 3 on Table 5.

SAFETY

The total duration of midodrine treatment averaged 21.9 days
with a range of 17 to 33 days in this satudy. Six patients
continued to take midodrine as noted above after exit from this
protocol as part of a compassionate use program.

Patient 5302 developed a worsening of her baseline supine
hypertension while on treatment with midodrine and patients 5304
and 5307 developed transient scalp itching due to the drug. No
patients died. No other adverse effects occurred during the
short term phase of the study.

In tha compassionate use program, Patient 5305 developed
urinary retention in part related to midodrinae. No clinical
laboratory abnormalities were seen.

MEDICAL REVIEW OFFICER’S EVALUATION OF THIS PROTOCOL

Once again it is clear that the study site recruited very
few patients, the majority of which were complicated because of
the underlying condition of Parkinson’s disease and the multiple
medications those patients were on. The double blind portion of
this protocol 1is the only well controlled portion and the
individual data provides the hardest evaluation of efficacy
rathar than mean data for reasons mentioned above. It is clear
that the sponsor chose to exclude 1 patient because of baseline
protocol violation but did not exclude other patients meeting
this criteria. The patient excluded had a clear worsened
response on midodrine. Only 2 patients (%301 and 5304) had what
this reviewer would regard as a change in systolic standing blood
pressure that would have been clinically significant but
unfortunately their supine systolic blood pressure measurements
were less impressive in regards to an increase. Large
variab.ility obviously exists. Therefore, larger numbers of
patients with homogenous diagnoses would be necessary to clearly
define the dose, dose effect, duration of effect, and expected
response to midodrine. = Nevertheless, it is apparent that
midodrine can be effective in an occasional patient. The sponsor
does not detail secondary diagnostic tests as recommended in the
protococl nor any data regarding duration of action or dose
effect. The use of the automated blood pressure without
dc?onstrating quality control is again a major weakness in this
trial.




A DOUBLE BLIND PHASE JIX PLACEBO COKTROLLED CROSSOVER
COMPARISON OF THE BAFETY AND EFYFICACY OF MIDODRINE AND
DIHYDROERGOTAMINE IN PATIENTS WITH SEVERE ORTHOSTATIC HYPOTENSION

PROTOCOL #20,762~3

Investigator: Aaron Vinik, M.D.
Ste:lan Fajans
University of Michigan

Date initiated: May 6, 1983

Date Completed: October 23, 1984

The purpose of this study was to evaluate midodrina as
compared to dihydroergotamine in severe orthostatic hypotension
utilizing a double blind randomized protocol in hospitalized
patients. The protocol design is demonstrated in Figure 1.

A 2 day single blind placebo baseline was used during which
oral placebo was administered on a background of concomitant
fludrocortisone (0.1-0.2 mg bid) and Jobst garmenta. The
protocol called for 12 insulin dependent diabetics between the
ages of 20 and 45 with autonomic neuropathy with a fallen
systolic blood pressure at least 30 mmHg or to 80 mmHg o' lower
on standing. Patients with supine hypertension of 200/100 or
greater as well as those with nephritis, renal failure,
thyrotoxicosis, significant 1liver disease, pheochromocytona,
or dementia were excluded. Informed consent was obtained.

If the baseline characteristics were met, the patients
entered a 3-5 day titration period during which they received up
to 4 doses of midodrine from 2.5 to 5.0 to 7.5 to 10 mg tid or
dihydroergotamine from 5 to 10 to 15 to 20 mg tid. Successful
control was defined as attaining a supine systolic blood pressure
betwean 140 and 180 and a supine diastolic blood pressure no
greater than 100 mmHg concomitant with a standing systolic blood
pressura >80 mmHg. Medication was administered 30 minutes before
meals. Medication was given open label treatment according to
the protocol though the medical study report suggests this was
done double blind.

Thereafter, patients underwent a 2 day placebn period to
washout medication just received and thereafter were crossed over
to receive a titration and maintenance period similar to the ones
just described using the other agent.

Eleven patients were entered into this trial and their
detailed demographics ars demonstrated in Trlhle 1.
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MIDODRINE STUDY DESICH

FIGURE 1

-

(20,762-3)
Single Double
l(--Bl[nd =)~ e e Blind ——————mmmmrr e b
Baseline Titration Maintenance Placebo Titration Maintenance End of
————————————— ) e e e e Y e e e e Y e e e e e e Y e e e ) | Y]
Period Period Periocd Per o4 Period Period
(2 daus) | {(3-5 daus) {1-5 daus) {2 daus) {3-5 days? (Z-5 days)
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Treatment 11

Treatment §2



TABLE 1 -

PATIENT ROSTER
(26,762-3)

- i . S . T S o — o — — L - — S T T — — - —— It — A - A —— . Vo - " o o . o — — - ——— " —— > W — = M ol T % A S o + o e he mea o AW e — o s

2%

PATIENT DIAG- YEAR START END

NUMBER AGE SEX MOSIS . Dx DATE DATE COHHENTS

5101 35 M Oti-Da 1761 376783 5/724/82 Insulin d=pendent
5102 3¢ M DH~D 19270 6/21/83 7/12/83 Insulin delendent
L103 47 F Ol-D 1961 S/6/83 5/24/83 Insulin deaendentil
5104 28 M DH-D 1972 1271783 12/24/83 Insulin dependent
3103 72 F 104 1983 2/20/83 10/1B/B3 -

S106 38 F OH-D 1944 12/46/8B3 1/78/84 Insulin dependent
S107 Iz M oH- b 10D 2/10/84 2/28B/84 Insuiin devendent
51086 26 5] OH-D 1969 8/9/83 8/11/83 insulin dependent
9510%c - M OH-0 1969 3/22/B4A 3/23/84 Insulin dependent
5110 41 5] OH-D 1948 8/23/84 9/12/84 Insulin dependent
5111 5?7 F I0H 1984 10/74/84 10/23/84 -

a. Drthostatic hypotension concomitant with diabetes. .

‘b. Study drop-out, during Day 3 pre-active drug period. Kefused te stop sacking.
. Study drop-oul, during Day 2 pre-aclive drug period. Refused to stop smoking.



Tabla 2 details the randomization of drug use and the
medical writeup suggests that these were done in a double blinded
rfashion using opaque gelatin capsules which has been stuffed with
the appropriate active medication. It should be nmnoted that
patients 5108 and 5109 did not receive any treatment because thay
dropped out having refused to stop smoking.

During this protocol hourly blood pressures were obtained
between 8 A.M. and 4 P.M., 3 minutes during supine rest and then
in duplicate after intervals of 1 and 3 minutes of quiet
standing. If standing was not posaible, sitting blood pressures
were used. The pulse rates were also recorded. Blood pressures
wera to be measured prior to and 1/2 hour after drug
administration and hourly until 4 PM. Medication was to be given
at 7:30 AM, 12:30 PM and 5:30 PM. Laboratory tests were obtained
at baseline and following the first and second legs of the
crossover. Readings after 4 PM of blood pressure were to be
taken by family members. Al) blood preasure readings betwveen
midnight and € AM were excluded from analysis since there vere
few readings between thase time periods. Statistical analysis
was by block design and during the crossover periods, analyses
were limited to the maintenance rather than titration periods.

RESULTS

Nine patients were analyzed and Tabla 3 details the mean
demographic data of these 9 patients in which 2 had idiopathic
orthostatic hypotension and 7 orthostatic hypotension due to
diabetes mellitus.

Table 4 details the doses that were used of each of the
agents during the crossover period. These doses range from the
lowast to the highest allowabla.

INABILITY TO S8TAND

Table 5 details the number of times a patient could stand as
compared to the number of times a patient was asked to stand
during each of the periods of the protocol. This data, which isa
extremaly important, demonstrates no patient receiving efficacy
from midodrine except for a tendency in Patient 5110, but obvious
variability between baseline placebo and the interim placebo
phases need to be noted. The sponsor has interpreted this data
in Table 6 to suggest that the percent of patients showing some
placebo improvement occurred in 40% compared to 40-60% of
patients on dihydroergotamine and 60% of patients on midodrine.

The =nonzor suggests that the placebo effect might have been
due to carryover. Of course, 1if this is the case, the entire
study is invalid. Nevertheless, it appears from this data that
no clear efficacy from midodrine for this parameter is
demonsatrataed.
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TA3LE

g8

PATIENT RANDOMIZATION TO
STUDY MEQICATION

=A = -
(20, 76D0=5)

S ST SR T ST ES Sx 53 A0 MR D % S v e sy W6 W R LS G WL e ae B G e B W TR W Eve B8 U N M ew WO NS W ke 08 el gy SR oy AS R o bk SR BX P Ak e e AR Tm T e e e

PATIENT NO. TREATMENT 1 TREATHENT 2

Tlol Dihqd;o@rgqtamin@ Micdodrine

%00 Midodrine Dihydroargctamine
B103 Dihydroes jatamine Midodrinae

104 Dihydroergotamine Midodrinm

RN Midogrlns. Dihydroergatamine
T104 Midodrine OOhgdraérgstgm{ni
2107 Dihydroergotamin . Midodrine

5108 a None None

I10% b None Mone

€110 Midadrine Dihydroergotamine
13511 Dihydroargotamine Midodrine

a. bropoad out of study on Day 3 (pre-drug)d

b. Dropved out of study on Day 2 (pre-drug)
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TABLE 3

MEAN DEMOGRAPHY OF STUDY PATIENTS

{(Excluding 2 Drop=outs)
(20,767 -3)

VARIABLE

S B e cvee rae dmin M MR DM RS m R e mm w S S s s m o mas oo S mm mm o R omes MA Mt s e o e M TR mw E

Mumbhar of Patients
Ago
Meran
Range
Duration of Disease
HE’&I"\
Range

Sev
Males
Famales

Diapnos s

10
OH--n

SR e mm mm m ay w WE BE B M) MM o S oxm == = RW

R N R L L T

ER RS R el mm wr omm e met tm s 5 S G e

VALUE

OGS FE B e wey W W B B RE Gw Swm PR SN AR B e

?

A3.4 years
28-72 ywars

s |

~ )

- vm B 6@ ma M e £ mm P T G Eam 8w an

i R @ B e U8 M= mmoEm e mae e
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TABLE 3
INDIVIDUAL MAINTENANCE PERTIOD DOSE LEVELS
OF MIDODRINE AND DIHYDROEZRGOTAMINE
ACHIEVED DURING THE STUDY
(0, THT-1)
PATTIENT MIDOORINE DIHYDROERGOTAMINE
NUMBER ‘mg TID) (mg TID)
5101 7.5 15.0
q102 5.0 15.0
31073 7.3 10.0
5104 3.0 10.0
B10% 10.0 20.0
5106 7.5 3.0
5107 10.0 20.0
“1LOn Dropoed out during placebo run-—-in
SLO7 Rropoed out during nlacebo run-in
HARRY .0 .0
+5 9 5 S UPRPUNUUTS ¥ £  JUUUUPUN PR S ¢ N
AVERAGE &7 13.3
{
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TARBLE S

COMPARISON OF MIDODNIME (M) AND DIHYDROERGOTAMINE (OHiD3
PATIEMT-INABILITY-TO-STAHD RESILTS
(NG. OF TIHNES UNABLE TO STAMD/NO. OF ATTEMPTS TOD STAND; (XJa.

(20,7462~-3Y
H1D0DR INE MIDCORINE 1.1 TH I
PATIEMY MNO. BASEL iME PLACEBU TITRATIUH MALHTEHAH TITanrTiln KA THTUNAICE
5101 4/17 (24) ersS 1o 0/4% () 0/67 (0) Crls $9) 0,57 (D)
S102 G/17 (0) 0717 (Q) 3,47 {0) 0/2A {0) 0744 (o) LAY to)
5103 0/11 e 0/a% (G} 0rs 84 (0) 0,48 {G) 0/44 (o Gret (o)
5104 0/16 (0) 0/S¢ (33 0/42 (0} 0/42 (0) 0/37 (0 0/12 to)
5105 6.1 (100 L 10 NEEPEE S 41 ) 40740 (109} b1/&8)  1200) 41742 (10D)
104 3720 (s 26r27 {9L£) 337353 (74 S¢/50  (100) 41743 {100 23432 (1000
5107 0/15 oS e 0r36 (D) 0/34 (0} or42 (6} 0/37 (03
3110 2/20 (10> 2710 {20) 1723 (3] Q10 Q) 1720 <) AS2H (13}
S111 2/18 (11 0./55 (o) 0/40 (o) /59 (0 0/55 (o) 1742 2)

- - ——— s o o —— o . - o P o Y S S S

4. Unable to stand/ooportunitlies Lo stand
Unable to stand = no read:.ngs in stending position, but reddings In supine and/or sitlinn

o
o
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Category:. . Narcotic Agonfst Analgesic - Synthetic Opioid Related to the
Phenylpiperidines

Related [.D: - Transdermal Therapeutic System (TTS) - Fentany!l
DAs:
Marketing Indication: "rolonged control of moderate to severs pain requiring
nartotic analgesia.

Each TTS (fentanyl) snould be applied to non.irritated
skin an the upper torso and may be worn continuously
for 72 hours before applying a new sysiem on 3
different skin site, for surgical use, a dose of
50-100 meg/hr TTS (fentanyl) is applied 1 - 2 hours
prior surgery. For chronic use, 3 recommended dosage
increment is 25 mcg/hr every 72 hours, 775 {fentanyl}
- 100 is app.osimately equivalent in snalgesic
attivity to 50 g morphine IM (10 mg every 4 hours)
administered over a 24-hour pericd., Analregia may
perzis%t §-12 hours after TTS (fentaryl) removal,

Mew Precifnical Studies and Testing Laboratories
A, Pharsasculagy - Ditaratyre Bevioy

B, Acute Toxicity

. Multidose Toxicisty

1. Rat .
3, 2-week digt
B, 4-week T.m.

. Auweek i,v,

&

2. Pahbit

2. Yoweek apical
b, 13-week tioical

. fog

§. deweet 1,m.
b, d-week i,v,
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TABLE &

EFFICT OF RICOZRINE, OIHYOROGROOTAMIME AND PLACERO
ON INCIZENCE OF INADILITY TO STANDa

- .- --\;-—-———--o-‘--——-——w-----—-——-—--——,—p-g MEsELCRBRTRTEEET NSNS AU ERRERERESE RNy w

: NO, OF PATIENTS PATIENMNTS

, DEFICIRNT IN SHOWING

STANOING ARILITY IMPROVEMENT

YREATMENT AT BASELINE NO. (X) PATIENT NOS,
Midodrine 3 3 (40X%) 2101, 110, 311t
Placebo -2 -1 2 (40%) 8101, Ti1}
Dihydrowrgetimine L e 2~3 (40=40%) 8101, Siin, E111

4. One patient hacame wcrwe on al) trestments.

b. Thore may be carry-over effectis during placebo, since It followed active
trestment,

€. Patients showed imorovement in titration phase but not during main-
tenence phase, .
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Table 7 details the incidence of standing systolic blood
pressures >80 mmHg. In one patient, 5103, there is some
suggestion of mild efficacy during midodrine maintenance but not
titration but in no other patient is there any demonstration of a
midodrine effect. A pharmacologic effect of an increase in mean
supine systolic blood pressure was shown on midodrine compared to
placebo and midodrine produced a statistically significant (p<01)
lower pulse rate in supine position than either placebo or
dihydroergotamine. The sponsor believes this is a result of a
reflex due to the increase in supine blood pressure.

SATETY

Patients received midodrine for an average of 6.8 days
(range 5-8 days) in this trial. Three subjects in fact continued
midodrine continued midodrine for a year =~ patients 5102, 35103
and 85106. Table 12 details the adverse rsactions to study
medication and demonstrates that Patient 5103 developad syncope
on midodrine, not present during placebo, and several had other
symptoms eXpected from this agent. By removing pre-existing
symptoms, 22% of the midodrine and placebo patients had symptons.

Table 14 details the percent of incidences of systolic blood
pressures >180 mmHg and this occurred J times more often on
midodrine than on lacebo but not differant than
dihydroergotamine. No important changes in laboratory tindings
ware noted.

MEDICAL REVIEW OFFICER’S EVALUATION

This ltﬂd! provides no evidence of midodrine’s efficacy in a
population principally of patients with diabatic, orthoastatic
hypotension. Adverse effects of decreasing heart rate and
increase in systolic supine blood pressure were noted and 1
patient developad syncope on midodrine compared to placebo,



TABLE 7

THCIDELCE CF STANDING SYSTOLIC BLOOD PERESZURES
GRZATER THAN 80 mm Hg

CATIZIT STUCY W0, OF ATTINFTS
NI PHASE+r  VALUZS
CEQmmHE RV “

5101 EL 13 18 100.0
5198 MT 43 43 120.)
5101 M 57 7 100.0
5101 Fel 35 55 190.0
5101 CT 45 43 160.0
S1C1 LN §9 53 93%.3
3102 BL 17 8 ad7.1
S1c2 MT 4/ 32 €5.1
5102 MM N 2 4.1
5102 FEOD 21 13 92.5
5102 DT 43 27 2.3
5102 8], gu 49 81.7
5103 BL 11 : G 0.0
51043 HT 64 i 1.6
3103 R q4€ 7 &.2
S133 : PBO 50 g . 3.0
$103 DT 4% v 0.0
8103 DH 61 1 1.8
3104 BL 13 1% 100.0
5104 MT 42 42 120.0
9104 MM 49 49 100.0
5104 PEO es 83 102.0
$104 DT a7 37 100.0
5104 O 12 12 100.0
51095 EL 0 0 0.0
5105 MT 1 )] 0.0
510938 MM 0 0 0.0
8108 P8O g 0 0.0
3108 DT 0 0 0.0
$105% DY 0 0 0.n
S10A eL '8 0 c.0
3108 MT 2 0 0.0
3108 MH 0 0 0.0
3108 PBO 0 0’ 0.0
5108 DT N 0 0.0
3108 D 0 0 0.9



TABLE 7 (cont’'d)

TNOIDOSNCE CF STANDING SYSTOLIC gLSCD PRESSURE
GREATED THAN A2 nn Hg

FATIEIY STULY HWo. Cf ATTIHFETS

M FHASI« VALUZES
séoamEd RIS ‘

SLg7 e 15 13 88.7
300" h i 598 53 93,z
51807 el Sa 28 52.4
5107 £:” g2 47 90.4
51327 T 2 39 @2.9
£1237 ct 37 323 94 .9
5110 EL 2L 17 81.9
SL12 MT el 22 71.0
5110 MY il 4 43.10
3LL0 Tz 9 7 77.8
£1110 c~ 15 17 8C.9%
51.C o 23 21 75.0
511L EL 15 13 81.2
S111 N 3 4. 7.4
11! h iy §3 q 78.0
S111 PEQ LT 37 87.3
St DT 40 213 7.3
s1l1 LH 58 3% 58.93

x BL=BASELINE, HT=MIDCDRINE TITRATICH,
MM=MIDODRINE HMAINTEZNANCE, PBO=PLACERO,
0T=DIHYDROERGCTANINE TITRATICH,
DH=DIHYDROERGOTAMINE MAINTEMNANCE
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TREATMENT
GROUP

PATIENT
NUMBER

il

TABLE 12

AT
-

O ETUDY MEDICATIONS
v

- e v WY e g x B AE BW G VS @ vt SN s

PRE=-EXISTING

CONDITION

T G e A S G T P WS L SUV M S TS W D R G S R S AP D B WS WS GF DGR S GG i O R AR D Ey S S G SN A} ST MR WP WR SR 06 YR GD G G WD Ee e =Sy TR e e e

Placebo
(Mine
Patiaents
Treatad)

Midaod~ine
("Jin\é

patiwnts
treataed)

s102
3103
5103
3104
$104
3106
5104
S1009%

35101
S1014
5102
5103
5103
5103
3102
31C3
5103
3103
3103
5103
3104
3106
31046
3106 -
$107 -
3110
3110
5110

Dizziness/Lightheadednes
Dizzinesa/Lightheadedness
Deoression
Dizziness/Lightheadedness
Limb pain
Dizziness/Lighth
gyncope
MNeusea/vomiting

rdedness

ODizziness/Lightheardedness
Headache
Dizziness/Lightheadedness
Dizziness/Lighthieadedness
Hesdache

Syncooe
Cardisc awarenes:
Chest pain

Nausea/vomiting

Pounding in esars

Limb pain

Difficulty breathiny
Dizziness/Lighthvadednaess
Sunine hyoertension
Nausea/vomiting
Gastroparesis

Suoine hypertension
Dizziness/Lighth2adedness
Clammy

Chills

Yeq
Yas
Mo

Ho

fes
Yas
Yoz
Yas

Yes
Yos
Yeos
Yas
No

Yas
Yes
Yas
No

Yes
Mo

Yas
Yas
Yas
Yea
No

Yes
Yoy
Yes
Yes
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Tavble 12 (Continued)

ADVERSE REACTIONS TO STUDY HMEDICATIONMS

e G A R Y T g TR 08 te T My R W My m o AR R v e et ke Ae e e ey T T MR BB e m e we W NS Gme B N R e D e M O G P W R A Gy M W e e e

....... ADVERSE_REACTION _REPORTID ______
TREATMENT PATIENT PRE~EXISTING
GROUP NUMBER EVENT CONDITION
]
Dihydraoergotamineg
(Nine 5101 Dizziness/llightheadednass Yes
patients S192 Dizzinass/Lightheadedness Yas
treated) S102 Painful neuropathy \L]
S103 Dizziness/Linghtheadedness Yes
5103 Cardiac awarenass Mo
G103 Fatigue » No
5109 Dizziness/Lighthexdedress No
S104 Nausea/vomiting Yes
3106 Fever No
%110 Dizziness/Lightt : Jedness Yas
5110 Dizziness/L.ighth: Jdedneas Yes

e AR D . R T D A S AR S G mt SN W A PR S WS U ey S A N e G e T T WP Wy Bl Wh WA uS R DU T T WD g G I G PR R A A i e W G e

*Oroooed out during run-in before active medication.

07 O
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TABLE 14

INSTANCES OF SUPIME SYSTOLIC BLGOD PRESSURE
READINGS GREATER THAM 120 mm Hg
20,762-3)

-y

- o G S W S TV e D R A N S WD D S Mt Th en e Gy A R A e W T VR T S S S B AR B el N AR SR e W 0@ O R SE AN M Y A s Sk e g S S G G W RS B a e e

NQO. NO. PATIEMTS WITH NO. READIMGS
TREATMENT PATIENTS 1 OR MORE READINMNGS > 180 min Hg
TREATED > 180 mm Hg
NO. (%)

Basaline 9 1 a. 11% 5
Midndrine 9 I b. I3X 4
Flacebo ? 1 c. 1% 1
Dihydroergotamine 9 3 d. i34 é

- G Y G RS T i e S G wEm A W S M A G G GRS GRS VIR G S TR L R S s TE G G S A G S e ST PN A TEL af M T SR A WS UMD D RS SN S S S ceP e ek e G

‘a. Patient No. %110
b. Patiant No. 3102, 3104, 3110
c. Patient No. 5110
d. Patient No. 5107, S110, 5111}
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DOSE RANGING EFPICACY 8TUDY OF ORAL MIDODRINE AND PLACEBO
IN PATIENTS WITH SEVERE ORTHOSTATIC HYPOTENSION

PROTOCO!L, #20762-10

Investigator: Dr. Ronald Polinsky, National Institute of Health
Dr. Roy Freeman, New York Deaconess Hospital

OBJECTIVE

To define the dose of midrodrine relationship to response as
well as safety using 24 hour Holter monitoring.

This protocol is dated November, 1987 and attempted to
enroll 10 to 12 cases at 3 to 6 centers of patients with
orthostatic hypotension with progressive autonomic failure due to
the Shy~Drager or the Bradbury-Eggleston syndrome or those with
Parkisonism or diabetes who had a history of syncope or near-

syncope assuming the erect position. Patients excluded include
those with a history of stroke, congestive heart failure, angina,
cardiac arrhythmias, savere renal or hepatic impairment,

pheochromocytoma, urinary retension, Meniere’s Syndrome, seizure
disorder, psychosis, or pregnancy. Patients with Jobst garments
were excluded as well as thosae on Indomethacin or other NSAIDs.
Florinef was allowed as background as well as digoxin, if
necessary.

This study was divided into 4 in-hospital phases. Figure 1
details the protocol design. An amended protocol (10A) reduced
Phase I to 1-2 days and Phase III placebo to 1 day and the double
blind portion to 4 days. Originally, Phase I was 2~-5 days, Phase
II to 6 days, Phase III to 1-3 days, and Phase IV to 5 days.
Matching placebo tablets were administered during Phase I which
was a placebo washout baseline period. Tablets were administered
in the morning before breakfast and supine and standing blood
pressures and pulse were measured before and 1 hour after dosing.
Sitting blood pressure was used for standing if the patient was
unable to stand.

During Phase II, a single blind dose ranging use of
midodrine from 2.5 up to 10 mg (in an amended protocol) on a
daily basis was used (2.5, 5.0, 10.0). An automated noninvasive
blood pressure monitor was used and blood pressures were taken at
1/2,1,2,4,6,8,10 and 32 hours post-dose. The first 6 patients
underwent 24 hour Holtor monitoring on Day 1 of placebo and on
Day 4 of midodrine. Thereafter, patisnts underwent Phase III
which was a washout for placebo and at the end of this phase a
quality of 1life questionnaire wvas utilized. In Phase 1V,
patients were randomized to receive placebo or midodrine therapy
at a dose level and frequency based on the results of the Phase
II Adata. Laboratory tests were performed during Phase I and
Phase 1V. Quality of life questionnaires were repeated at the
Phase ./ double blind portion.
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FIGURE 1

DOSE-RANGING EFFICACY S51TUDY OF MIDODRINE AND PLACEBRO
MIDODRINE STUDY #20,762-10

‘PIHASE II PIIASE 1V

SINGLE BLIND, DOSE-RANGING DOUBLE BLIND, PARALLEL

MEDICATION SERIES

2.5 mg.

Smg 7.5mg* 10wmg 12.5mg# Placebo
PUASE X - =) == P = - 3 - - PUASE III

) SINGLE-BLIND 5.0 mg.
Placebo
J Placebo
Washout Placebo 2.5mg Wnshout/Treatment 7.5 mg.
b

- ] > A\ Placebo
2-5 days* 2-6 days 1-2 days/ 1 day* 10.0 mg.

(L€ no response to 2.5mp, Lhen Placebo
continue to next dose level) 12.5 mq.

™

[N

Placebo
5 days*

Laboratory Laboratory
Tests Tests

*Protocol #20,762-10A amendments: Phase 1 washout reduced to 1-2 days, Phase II 7.5 mg and

12&5 mg dosing days deleted, Phase III washout reduced to 1 day, and Phase IV reduced to
ays.

SS




Seven patients participated in this trial, 6 women and 1
man. The damographic data are shown in Tables 1 and 2.

Table 3 details prior medications in patients 101, 102 and
103 and Table 4 the concomitant medications in the 7 study
patients.

RESULTS

It is important to review Tables 5 thru 11 (attached) which
demonstrate the entire data obtained in this study.

Patient 101 demonstrated, to this medical reviewer, no
important changes in blocd pressure on midodrine compared to
placebo demopnstrating no dose response relationship nor any
efficacy. Patient 102 likewise demonstrated no impressive change
in supine systolic blood pressure though standing systolic
pressure clearly increased on midodrine but ia a non-dose
responsive way. The 12.5 mg systolic standing blood praessura
which appears unusually out of line with the other blood
pressures is difficult to interpret. During the double blind
phase midodrine, at 10 mg tid, demonstrates no change in »lood
pressure paramaters compared to the placebo Phase II data. The
sponsor claims the patient noted the frequency of fainting spelils
was reduced under the double blind treatment with midodrine.

Patient 103 demonstrates no efficacy on midodrine and the
sponsor claims that the investigator should have titrated to ..
higher dose.

Patient 201 demonstrates that midodrine clearly increased
the standing and supine blood pressure compared to the placebo
period. There was absolutely no dose responsive relationship

seen, howaver. The second placebo phase following 5 days of
titration with midodrine exhibited higher systolic Dblooad
pressures. This suggested a longer lasting effect of the drug

vhich, 4if true, would suggest that a carryover effect would have
to be atrongly considered in trials that had only a short placebo
vashout prior to switching legs of a crossover design. It |is
important to note that no improvament in the treatment score was
demonstrated in this patient’s quality of life despite the fact
that bloocd pressures wvere improved.

Patient 202 demonstrates an increase in supine and sitting
blood pressures on nidodrine with no clear dose response
relationship demonstrated. This medical reviewer could not find
sufficient data from this patient to confirm the author’s claim
that this individual had a beneficial clinical response except
that on one occasion the patient could astand with a systolic
blood pressure of 67 (10 mg of midodrine) but this was not true
at a higher dose of midodrine with a higher supine systolic and
sitting blood pressure.
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FPROTOCRL E9.742-10
PATIENT DEMOGRAFHY
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TABLE 2
PROTOCOL R0762~10

DIAGNQSIS
FI_HO  ERIMARY e SECONMRERY o~
11 OH FoF=  Tdiomatnic
1 Z CHF AL Shw=Dragar Socdrema

1z Cirds - ~F == /"'[ﬂ'é‘nf':\' =t oma
E'Jl C‘*{t'FﬁiF ‘E}‘s‘.""i_r;g@r- (\._.. l'l-ld|-C'lnm
el GHFAF IZicocathice

&7 OH.FAF Saw—Drager Syndiroeme
=08 CH/FAF Shy=Crager Sondrene, with Chrabateos Mally tus

* Orthostatic hypotension/Progressive Autonomic Failure
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FREVIOUS MEDICATION USED

FEEY MEDR
Flor net

Floriner

Matrin

Flarineot

Mobtrin

DOSE FREQ, _

TABLE 3
FROTOCOL 20.742-10

Cally
GCaily

L I1D-AC

T trbe qod

AC gid

TO TREAT

AN
1934
1997
1984
11/18/87

11/18/787

HYFOTENSION

ENR-CONT

Ended 19937

Ended 1937
Ernded S/787

o

Frotoog!

— .

80
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TABLE 4
PROTOCOL 20742-10
CUNCONITANT KEDICATION

[T R o, | I 11 FREQUEICY BEGAN__ END-CONT REASTN
BN Artiae 213 I tad po qi 19¢3 Cngring Rx far rigidivy
Y-t PR 1+ 20 287 ¢d 1937 - Polassiue supslenent
Mandeliaine 1 qe 1 2 34 1938 0az0ing Urinary tract infestion jreantn
Yitigin C o8 ¢t gl 1584 fngeing Urinay tract fnfectica srevite
193 Artaze T 1.3 tad qid 111897 . Pirkinsanina
Flerine! 1 g 3 tab o4 ISYALYL ) - Crihsetitic hypetansion
Randelisire 1 gr tio 1 tad pa gl 11/14/87 - Urire Aciditicatinng
fotrin (LR 1] ! tab qid AC 148l - Orthostatic hypotenilsn
Prevaria NN ] ! tad qd 19/9 - s/p hystarsctoay
Vitaain € 309 o 2 tadw qld/gc 1188 - Urira Acldificatica
201 Ativia 2 A3 03/87 C-321ng Insoania
02 Flortnet 0.1 ag 00 1922 . - Cedmy Mypctensien
NACL 5.0 ga Par Doy 1982 0rngoing Hypotansion
203 Paricalice 100 o 1] 1984 Crg3ing Constipaticn
Tylwnol §30 a9 PRY 1584 Cn5oing Paia
N Colace Onn PAN - Cr3alng Constipaticn
Darvocat N 100 ag qi2-PRY - C3alng Pain
Ducolan One PRY - Criolng Constipatien
Seraz 1N g4h PRN - 0ngolng Rrxiaty
Tolbutaside 300 s  Did m Ongoing Mabetas

Patient 101 had no concomitant medications.
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Studies in rabbits with 4. fentanyl (20 mcg/kg) have shown that the fall in
ntisma ecancentration and urinary excretion were more rapid in rabbits fnan in
man, signifying a siower metabsiion and langer bioleqinal half-life of
fentany! 1in humans than in rabbdits,

The priuosad Yateling is acceptasle from the standpoint of prarmacology.

COnc1us1on

Transderma?! Therapeutic System {fentanyl) [TTS (fentanyl)j nas been studied
adequately in laboratory animals and has been shown to be relatively safe and
afficacious, The texicological profile which has been developed provices an
adequate basis for concluding that the drug can be adequately labeled to
provide assurance of its relative safe use in humans,

AL
Oy O Ly st
Clyde G Qberlander
Pharmacologist

ccy  NDA 19-813
HFN=-160, Doc. Rm. 150
&/D:C. Oberlander:3/11/88
R/D init., by:Dr. Inscoe:3/14/88



NDA 19-813

Alza
Palo

Type

Nn +a
I IR

Date
Date

Drug:

Corporation
Al to, CA J4353.08072

of Submisston: Original NDA

nf Suhmiesian:  Decemher 21, 1987
of Receipt: Marcn &, 1uud

of Review: July 18, 15

Review #2

REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

ADDENDUM TO PHARMACOLOGY REVIEW OF March 1

Duragesic

Transdermal Therapeutic System (fentanyl)

DURAGESIC is a transdermal system providing
concinuous controlied systemic jelivery of
fentanyl, a potent opioid analgesic, for 72
hours.” The chemiral name is
N-(1-phenylethyl-4-niperidyl) propionanilide.
The structural formula is

)
The moleculzr weight of fentanyl base is Q /4i
336.5, and the molecular strycture is A3
CppHpaM,0.  The n-octanel:water partition
coefgicient is 860:1.

0
l / \
w-{.\, Yo Oyl Cony ChyCHyme = N

1, 1988

""*/N“*Ch56ﬁ5<€zizz>
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TABLE S

MIDODRINE STUDY NO. 20,762-10
PATIENT #101

. HARY OF SUPINE AND STANDING PARAMETERS

DURIHG SINGLE-DOSE TITRATION WITH MIDOORINE

(MEAN VALLES OVER 12 HOURS POST TREATMENT)
AND TREATHENT RATING SCORES

AVERAGE Treatment
TREATMENT ———__SUPINE o ____STANDING______ SID_TIME Rating
(Phase) Sys Dia Pluse Sys Dia Pulse (min) Score
(=m Hg) (Min) (mm Hg) (Min)
Placebo (II) 138 81 &0 91 57 92 S
Placebo (111) 132 81 &3 8s &0 20 S i8
Placebo (Mean) 133 81 62 89 S9 ?1 S
.Midodr ine
2.9 g 134 a0 Se 103 64 8é S
5.0 mg 142 a8é 58 96 &2 3 S
7.5 mg 143 8é 58 £ 62 93 S
10.0 mg 133 84 57 24 &2 90 -3
12.5 ng 127 7é 54 a4 39 ;] 3
Double Blind - Mean 35 Days
Placeba (IV) 120 71 &0 86 58 a3 3 135

Conclusions Hidodrine, over a range of 2.5 to 10 mg, produced a non-dose related
increase in standing systolic btiocod pressure over plicebo. A modest increase in
diastolic pressure was also noted. For unexplained reasons, possibly variability
in the disease state, the 12.5 mg dose of midodrine did not increase these
parassters over placebo. During the double-blind portion of the study, this
patient was assigned to receive placebo and exhibited a treatment rating below
the pre-double Llind treatment piacebo, 18 vs. 14.8. Thus, no benefit was
achieved during DB placebo treatmeni either in terss of blood pressure or

treateent rating.

3. HMaximum score = D284,
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TABLE ¢

HIDOORINE STUOY NO. 20,742-10
PATIENT @102

SUHMARY OF $UPINK AND STANDING PARAMETERS

OURING SINOLE-DOSKE TITRATION WITH MIDOORINE

(HEAN VALUES QVER 12 HOURS POST TREATMENT)
AND TREATMENT RATINO SCORES

) AVERAOE Trestment
TREATHENT S 1175 1. | YN ---~NIONQING ___.. HIQ.IINE Rating
(Phase) Sye Dia Pluse tys Ola fulse (min) fcore
{(mm Mg) (Min) (mm Hg) (HIn)
Placede (ID) 132 7é 78 7? 3é . 1.0
Placebo (111) 118 'Y 26 73 27 87 0.2 19
Placeno Hean 128 73 ” 73 32 ] ] 0.6
Midodrine (I1) )
2.5 mp 137 €3 78 ? 1] L ¥4 0.60
5.0 mg 133 70 70 L4 42 0 0.40
7.3 mg 127 2 80 0 40 3 0.1b
10.0 mg 134 53 84 8l 87 ” 1.9
12.5 mg 121 7?7 82 136 L [ 74 0.1b

Double=-blind ~ Mean 4 Days

Hidodrine (IV)

10.0 mg tid 132 7 7? 8o 43 ?? 0.8 18
(30 mg/day)

Cenzlualanai Hidodrine increased both supine and standing, systolic and dlastolic
blood oresturet, althcugh a dose-response relationship wes not found. This
ostient had difficulty standing es noted in the osoor standing times, A marked
improvement was noted at the 10.0 mg Lid dose level. This dose lYevel was
selected for the double bling portion of Lthy study. The blood oressure
parameters were incressed over placebo during the deuble dlind sortion of the
study under midodrine. In addition, standing time wae Imoroved by midodrine, not
reflected in the sverages, but (n the individua! standing times. Although the
overall trestment rating score does not show a 9reat imorevement over sliceda,
the patient noted that the frecuency of fainting spells was reduced under double
blind trestmant with midodrine., Btanding times were somewhat imoreved under
anidadrine treatment.

4., Haximum score = 2§
b. Patient unaeble to reméin standing et many obeservation times,
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TABLE 7

PATIENT NO, 103
HIDODRINE 3TUDY NO. 20,762~10

SUHMARY OF SUPINKE aND STANDING PARAMETIRS DURING
BINGLE OOBE TITRATION WITH HIDODRINE (NEAN VALUES QVER 12 HOURS)
AHD TREATHENY RATINO SCORESR

L T Y R VS R B ¥ 4 TS A G W R R TR M B A AR WS W A S S T T M N TN G T T T S L S e R S W T S e S S M S e e A WY B T S S G

. V1.3 {. | Y veaSIONQING .. AVERAQE TREATHENT

TREATHENT §Y8 DIA PULSE SYS OIA PFULSE 8TD TINMK RATING
{PHABL) {mm Mg) (Min) {mm Hg) (Hin) (Rin) SCORE »
Placebo (11} 128 ¥4 73 ?2 s7 L 0 -3
Plecebe (IID) i 38 P4 | 22 A3 22 4 . 3
Placebs Hesn 124 58 74 8s -3} L4 4.8
Hidodrine (1D ’
2.8 mg 126 B9 74 20 40 20 3
5.0 wg 127 61 72 78 37 ” 3
7.8 mg 133 70 7? 87 Aé L 1) 3
10.0 mp Hot done
12.%5 my Not done
Oauble BYind Treastment =~ Masn of 4 daye
Placebo (IV) 128 40 7% 79 . 33 7 4,3 4

L i e T e T T T R T L T L L L Rt T W R S W O W T e A A VI S W R A AP W A

Genclusignst Hidodrine showed a slight dose~releted increase in susine
sustalic and diastolic blood eressure. A comparable incresse wes not observed in
the standing vcarameters, It wes evident Lhe investigatar did not titrete to o
high enaugh dose of midodrine to elicit & sufficient rescanas. During the dounle
blind sertian of the study olacebo did not imprave the blaoocd osressure darsmetersy
or standing Lime gver the pre-treatment nlaceba. The trsatment rating score
uhauwd some deterioration from 8 L0 4, since the ocatient stated thery were more
freouent falnting soells during this treastment ceriod.

a., Maximum acare = 24
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TABLE 8
MIDODRIME STUDY NO. 20,762-10
PATIENT 3201
SUMMARY OF SUPINE AND STANDING PARAMETERS
DURING SINGILE~DOSE YITRATIUN HITH MIDUDRINE
(MEAN VALUES OVER 12 HOURS POST TREATMENT)
AND TREATHENT RATING SCORES
TREATHENT SUPINE_ . STHANDING e SITTING AVERAGLE TREATHENT
(Phase) Sys Dia Pluse Sus Dia Pul se Sys Dia Pulse STL.TIME RATING
({mm Ho) thin) (mm Ho) (Min) {mo jgy) (Min) (Msn) SCUORE .
Placebo (1) 112 53 67 Could notl stand BA 37 7h o
Placebo (IIX) i21 S0 72 24 LY 80 a2 43 8BS G b3
- —————— e i00e reading onlw) e
(Folloming 117 S6 70 B3 40 B1 o
Mido. Phace 1I)
Midodrine (II)
2.5 m 143 &4 65 Could not stand 106 S1 75 o
5.0 mg 131 59 &6 92 48 81 Bé A5 74 1
7.5 mg 139 72 460 90 49 73 - - - -
4 10.0 m 132 72 &0 9 49 73 21 42 78 0
12.5 ma 1350 &4 el (e RES 80 a8 30 76 4]
Douvble-blind — Mean 3 Daus
Midodrine (IV) 1346 &b &7 S8 24 81 79 37 BA 1 )
12.35 oqg tid
37.5 mg/day
Conclysionss Midodrine increased both supine and sitting blood pressures. 1In fact,

this patient, who mas unable to stand before

titration ochase of the study.

is apparent.

hiagher suoine blood oressures.
This mauy suagest a lona lasting effect of the drua.
the watient showed hioher valo:
in the treatment score was demonstrated in Lthis patieant,

period.

mrdodrine 12.9% mg Lid (37,3 ma/dau)d,
tmprovemsasnt

parametlers over plaoechbo. tio
ailthouyh there were objective sians of (mprovement.

a. Maxiwum score = 26

midodr ine, was able to stand durina the midodrine
Althouoch a midodrine effect is evident, no dose-respnnse relationship
Interestinaly, the second slacebo, following 5 davs titration with midodrine exhiba ted
Also, the patient was abile to stand for one slacebo observation
Under dauble blind Ltreatment wilh

for the bLlowl preswure



TABLE ¢

NIDODRINE STUDY NO, 20,742-10
PATIENT 9202

SUMMARY OF SUPINE, BITTING AND STANOING PARAMETERS
OURING SINOGLE-DOSE TITRATION WITHW MIDOORING
(MEAN VALUES OVER 12 HOURY POST TREATMENT)
AND TREATHENY RATING SCORES

- s e > e - W W TP VWO O A e D O O S S R D D G 2 T O Ol D e 5 o D W e B S

TREATHENT . (1.3 4. | S L---STANRING. ... ==naeSRTIING _ ___  AVERAGE TREATHENT
(Phase) Sys DOia Pluse Sys Dia Pulse Sys Dia  Pulee 47D, TINE AATING
(mm Hg) (Min) (mm Hg) (Hin) (mm Mg) (Min) (Nin) SCOREs
Placebe (1IV 118 21 43 Could not stand (] ) 40 ¢4
Plecewo (IID) 110 1/ 0 Cauvld not stand ” -1 e 0 3
Placebe mean 114 43 3 00 -1 41
Midodrine (ID)
2.3 mp 140 77 1] Could not staend 1} 39 (') (]
3.0 mg 133 76 43 Covid not stand 1 [ 82 3 0
7.3 mp 132 7é &b Could net stand ” 39 43 ]
10.0 mg 1283 70 6} (Y4 a8 3¢ 1) g4 L Y] 0
12.5 mg 150 ?? 61 Could not stand 114 63 40 ]

Doublie-blind - Mean S Days

nidodrine (IV) 113 oé 60 7v 82 14 4 1 14 0 Not done
12,9 ng tid
37.3 ng/day

I .

- i e e W P S W R P R PR RGO RS W e A e - - - - D P Gn EB Gy 5b E S qF 4P AT W @B

Coaglvsigol Midodrine sroduced an incredse in both susineg and sitting bleod sressure. Only the
sitting systelic oressures suggested & dose relationshio. Sursrisingly, during the doutle blind
study, under treatment with migodrine 12.5 mg Lid, only 4 sodest incresse in sitting systolic viooe
sesture was evident. The only indication that the sstient may have teun feeling bBetter s that the
satient could stand at many observation soints., This was nct sossiblie before midodrine. These dete
suggest midndrine produced o beneficial clinical ressonse,

a. Fazimum i1core = 24

91
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TalLE 10

PATIENT NO. 203
HIDODRINE STUDY WO, 20,742-10

SURRARY OF SUPINE. STANDING ANO SITTING PARAMETERS
OQURING SINGLE-O0SK TITRATION WITW MIDOORINE
(MEAN VALUES OVER 12 HOURS POST TREATMENT)

AND TREATHENT RATING SCORLS

rocsnmmcccseceren sTaeaas cessmwee LT LI P E EL P A L L L L L L L DY L L DY T T Y P Y Y ]

-o--SURLNE____ - SIANQING ___ SR 134 ¢4 U AVERAOL TREATRINT
Tagatnent 678 ofA  PuLat ivd oln  dusl §v8 ofa PULER STAND. TINE RATING
(PHASE) tam Wy} (Rin) (nm Wy) tNin) (mn Hy) {Rin) (Hin) SCORE »
Plecebo(ll) 142 ” ” 3 40 119 144 [ 1} (1] ] Nat 19ne
(one resding)
P'icono(lll) 140 L 21 3 100 3 [ 14 - - - 1.4 Pelt migodrine
Plec, Moon 144 L | ¥4 »? A8 102 144 | 1 [ 1} 0.8 dose ranging
Aidodrine (11)
7.5 e 149 92 1 139 4Y/0%(ene read’yg) 108 4° 103 1.0
9.0 mg 132 e 77 *s 82 102 - - - 2.0
7.3 =g 153 s* N1 % 3 101 133 &7 1903 2.0
10.9 ag 15¢ 82 | 14 [} 114 152 " %% 1.0
12.8 ag 188 4 3 117 '\ 2 [} - - - 2.9

Oouble Blind Study (Phase IV) = 4 sverage days cf trostaent
Placebe 157 93 7 111 43 [ [ - - - 2.0 20

cmsmmwe - manoe » -

Caglyslignas Midodrine caused an increase In the susine and standing Sleed sressures. A dose-rfesdonss
relationship Is not evident. A eerked imsreovenent was hotsd in this satient since the aditity te stand wie
restored by midogrine, The eversge standing Lime increased frem O sinutes to 1-2 minutes during the
Sitration. For unexnlained recsens, this satient maintaingd higher Diead sresnures and standing sbility
during the double Bling slacebe shsre of the study. This suggests thet sidedrine may hove o longer
duration aof e7fect than previously snticissted or that a charge In disedse stete esceured,

4. Merimum score = 24,
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TASLE 11

PATIENT NO. 204
MIDODRINE STUDY NO. 20,742-10

SUMMARY OF SUPINE AND STANDING PARAMETERS
DURING SINGLE-DOSE TITRATION WITH MIDOODRINE
(MEAN VALUES OVER 12 HDOURS POST TREATHENT)

AND TREATMENT RATING SCORES

- i A D A O D 0 AT S e D Y S W T WD s A A e e T T Y G G 0 D WS e e S o T P B D S €3 P W I A G O D e P W G G O

______ SUCINE e ..SIANDING. __ AVERAGE TREATHENT

TREATMENT SYS OIA PULSE 8YS DIA PULSE STAND . TINE RATING

(PHASE) (mm Hg) (Min) (mm Hg) (Min) (Min) SCORE o
Placeba(IId 148 59 79 106 53 94 2.1 Not done
Placeboa(I11) 140 77 83 114 &S 93 2
Placebo rean 143 &0 81 110 59 94 2
HIRQRRINEC(II i

2.5 mg 149 73 79 117 60 £ 1.0

S.0 mg 143 73 79 123 =8 3 0.9

10.0 mg 152 79 79 143 92 £ 1.4

12.% mg 141 63 vki 114 S6 sz 2.0

Double Blind Study (Phase 1V) ~ 4 days trestment average

Conglysipns Midodrine increased both the suoine and standing systolic blood
precaure. The standing systolic blood pressure tuggests a dose~resconse
relationshio. Interestingly, the beneficial effect of midodrine is maintained
during the double blind ohase of the study while the vatient received placebo.

a. Maximum score = 24
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Patient 203 - This medical reviewer finds no evidence fron
the data on this patient that midodrine had any efficacy or any
dose response relationship demonstrated.

Patient 204 - This medical reviewer concluded from this data
that midodrine showed no demonstration of efficacy or dose
response relationship.

S8AFETY

The data from Holter monitoring in 6 patients is
demonstrated in Table 14. The sponsor has noted that the
abbreviation "8VT" means sinus ventricular tachycardia. I
suspect this is supposed to be supraventricular tachycardia or
sustained ventricular tachycardia. 1It is important to note that
in Patient 102, that on midodrine the patient demonstrated this
rhythm disturbance as well as a run of ventricular tachycardia.
The sponsor states that the relationship of these events to
midodrine is unknown. No other safety data of concern were noted
in this study.

MEDICAL REVIEW OFFICER’S CONCLUSION

This study clearly demonstrates no efficacy of midodrine of
any . umportance and, most disturbingly, no evidence of any dose-
blocd pressure response to this agent. Holter monitoring data
suggests that at least in 1 patient the drug may cause, or be
related to, serious atrial/ventricular arrhythmias and thus
raises the potential for this problem in patients on this agent
in other studies since Holter monitoring was not conducted in
other protocols in this review. This medical reviewer finds this
data not compatible with the statements said by the sponsor in
their conclusion that midodrine appears safe and efficacious for
the treatment of patients with severe orthostatic hypotension.
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TABLE 1A
HIDODRINE STUDY NO

« 20.762-10

SUMMARY OF 24 HOUR HOLTER HONITOR RESULTS
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PRINCIPAL HOLTER MONITOR
INVESTIGATOR TREATHENT PERIOD
Polinsky Placebo

Midodrine 10 mag a

Palinsky Placebo
fidodrine 2.5 ma
Midodrine 7.5 ma
Midodrine 10.0 ma
Hidodrine 12.35 mo

Hidodrine 30.0 mn/day-dau 4

Polinskuy Placebo
Hidodrine 10.0 mo

Freeman 4 Mos. porior to Studu
4 daus following Midodrine
(37.3 ma/day)
Freeman No Holter Monitoring done

fFreeman Placebo
Midodrine 12.5 wma t.i.d.
(37.5 mo/dau-dau &7

Freeman Midodr ine 10.0 ma t.i.d.
(30.0 mg/day-day 4)

COMMENT

Rare PVC‘s. PAC’s biaceinu
NO apparent NMidodrine-related ch.noe.

Occasional PYL’'s. rare PAC’s

Rare PAC’<c, SVMT aberrancu

PAC’s, PUC’s, SVUT with AF

PAC’s, PYC‘s

PAC’s, PVC’s, EVT aberrancy., pos331bly due to AF

PaC’s,. PUC’s, one run of VT (2 beate)

Rare PAC’'s with chort runs of V7T
Mo Midodrine-related abnormslities evident

History of PVCs, VT
No aooarent abnormalitiec due to Micodrine

Normal
No Midodrine related abnorsalitie: evident,

No Midodrine related abnormalities evident.

"Patient 102: Showed PVUC’s and PALC’s during placebo. The fur :
are consistent with he~ history and the relationshio to midodrine is unknown.

Ve
PAC
L 4]

ST

AF
(:)
g

Single doses, unless othervise stated.

]

Premature Ventricular LContractions
Premature Auriculer Contractions
Ventricular Tachucardia

Sinus Ventricular Tachucardia
Auricular Fibrillation

ther seauelae noted during midodrine treatsent

- " — -~ T T~ " - - T -



IN-HOBPITAL COMPASBIONATE USE STUDY OF NMIDODRINE ON DOSE
TITRATION EFFECT ON BLOOD PRESSURE AND PULSE

PROTOCOL #20,762-8
CONDUCTED BY INVESTIGATORS DEMONSTRATED IN TABLE 1A (ATTACHED)

This is an open label compassionate use trial in which
patients were admitted to hospital for 2 days of placebo given 3
times a day followed by a titration of midodrine of doses of 2.5,
5.0, 7.5, and 10 mg given tid. A minimum of 2 days was required
at each dose level and vital signs were conducted before 1/2
hour, 1 and 2 hours after doses.

Sixteen patients from 9 centers were evaluable in which
their mean age was 65 (range 28-78), 7 being men and 9 women.
Eight had idiopathic orthostatic hypotension, 5 Shy-Drager
syndrome, 1 Parkinson’'s disease, 1 amyloidcsis and 1 diabetes.

A 1list of their concomitant medications is demonstrated in
Table 2.

The results are demonstrated in Table 3 and show that in all
16 patients the mean systolic blood pressure of 142 on placebo
was not clinically different from the reange of 135-156 on
midodrine without any evidence of dose responsiveness. Likewise,
the systolic standing mean blood pressure of 90 on placebo was
the same in the patients on 22.%5 mg of midodrine per day though
slightly higher at the other doses. Thus, no dose response
relationship was evident.

Table 4 details the patients who received all of the dose
levels possible and shows marked variability of systolic blood
pressure response during the supine condition but a tendency for
standing blood pressure to be increased at the highest dose
levels on midodrine compared to placebo. No safety data are

provided in this report.
MEDICAL REVIEW OFFICER’S EVALUATION

Again, this data demonstrates no confidence that midodrine
is effective and no data on safety are provided.



TABLE 1A

(20,762-5)
INVESTIGATORS INVOLVED IN MIDODRINE IN-HOSPITAL PHASE

Bernmard Tabatznik, M.D.

North Charles General Hospital
Cepartment of Cardiology

2724 North Charles Street
Baltimore, MD 21218

Jares Green, M.D.

Ranch Acres Medical Center
Intermal Medicine
Cardiology

3102 South Harvard

Tulsa, (K 74135

Pierre Larochelle, M.D.

The Clinical Rasearch Institute
110 Pina Avenue West

Montreal, Quebec

Canada H2W 1R7

Charles E. Hansing, M.D.
Bellevue Cardiology Clinic,P.S.
Cascade Madical Center
1414-116ch N.E.

Bellevue, WA '98004~3893

H. Cecil Coghlan, M.D.

University of Alabama at Birmingham

Department of Medicine

Division of Caxdiology

Rocm 338 LHR, University Station
Birmingham, AL 35294

Ruten Aguilera, M.D.
Intermal Medicine
12611 N, 103rd Avenue
Suite A

Sun City. AZ 85351

Fetnat Fouad-Tarazi, M.D.

The Cleveland Clinic Foundation

Lepartmant of Health and
Hypertension Research

9500 Euclid Averiue

Cleveland, OH 44106-477S

Janice Gilden, M.D.
University of Health Sciences
The Chicago Medical School
3333 Green Bay Road

N. Chicago., IL 60064

Melvin D. Yahr, M.D.

Mt. Sinai Medical Center
Department of Neurology
One Gustzve Levy Place
New York, NY 10029

10



BEST POSSIBLE ¢~

TABLE 2

CCMCONITANT NERECATICN
NIZQZAINE PROTOCCL 20.762-3 [N HOSPITAL PHASE

4AL6 —alf . BEE. RMEME O SAREN RGN FOR MERICATION

-

liiace DR b1 DI Centiauing Ciaptization

Flarinal g FiH terie Lantirang HIRES LT L IRY ST PRY
s e Y i verdia il sintiauteg ALERL

et LA DO 7 Tiavafl T B wehtinuiny Barainea’s iran
FHETIN e n: 1338 Lontinuing Hvaodsienii

Fiorinaf DT HY Urancan Gintimuing Jrenestatis d.sitangina
Lithius - - - - -

Fiarined 0.1 29 ph] Y51 tentinelng Cramyptanis szatevnin
Eleriraf 2.2 59 anh . fiatinuing Brinantasic Hinitaenen
I T qoh . wentinuing .

Fierioe! DI 0 34,01 a Tantinuing e |

Micra X I S 1} Yl is Lantinuing W pokalasii

Xzt Negarin LALTUN LD g13h ve/ 10/ 34 Contiruing -

dodiun Chlarrde KT Tid 0e/2e: 2y Centiruing IoM

Fioriref 0.1 a Tig 1954 Coatinuing 104

Wedralazicg 2% g Ti4 10:44 %) Cantinutng fupine Muparcansion
liardil 3eq 0ia W' Sontinuing Histerv of NI

K-Lvia 2% 89 Tid 04/24. 13 Continuing Hypotaloans

HIRTT I 21729 Tid 1544 Continuing Parkinsoniva

Jodiua Chinside T tep @ 0370235 Continuing fcH

'BEST POSSIBLE COPY



-ty
.

ST POSSIBLE COFy

tend

it

BEST POSS!BLE COPY

RN
Tituasd
abntal

Fisrinaf

KL Tauqaar
Fiorinaf
Fririeed
Tngzcin
NPY ineulin
Flerimaf
Nolizine
Clonaiepan
Florainaf
Lancain
Potasatua Chloride

Procardis

TABLE 2 (cont.)

CxccarTAnt mEDICATICH

RICOCRINE PROTOCCL £0.742-3 IN HOSPITAL PHASE

MSE. ERA MK

an

va by

1 57
0.2 g
0.8y
3 akq

03

Y

di2

Tid
A
3id
i
24
Nt
q
bid

3 thr

W3

133 1,

il ode
103, 3%
Yneromn
Ty i
1.3, %
03. 148
0%, 1476
| TREREE
09, -
9952
01/12
08/38
Yurs 45
1984
1931
1999
1430
1480

193

SRR
Loatinuing
{ontinuiig
Contiauing
Coatinuing
Continuing
Continuing
Leatinunzyg
Continuing
tentinuing
Cintinuing
Coatinuin
Continuing
Continuing
Contimuing
Continuing
Contiruing
Continutzg
Continuirg
Contiming

Continuing

Y530 EGR NRICATIN
i

carra

160 010700

a

TR
uyinita
E T LT
Aattanntan
Wazhalanns
3evers Hveotangian
Hypotenisn
¥ypctantion

Labatas
Orthensatic Kvgotennion
Firkintan's Disnn
Orttastatiz Nupotaniicn
Tacshvcardia
Hypstalasia fros Florial

Tacshveardia

13



- e

ot

REST POSSIBLE COF*;

PRI

i

Sainianedical

Tenindd

tord

CiEses
wlil el

Y T

ioracat

L 1
PYREt 244 N

F.oryza¥

Eecansius Chiortts

I 1T 1)

dusivy Chioride

TABLE 2 (cont.)

COMCTALTANT MEDILATICY

VZOIRINE PROT000L 20,702-3 [N HOSPIITAL PHASE

R L1

LA Tia

S &, 3 !
R tatlyed
HEH 23

X Y
5 1l
$ i
® , -
: H
ol i3
.. . Al -
22,49 114
(h 19
. 4 - e
ta

BATE 389

BATE £N0
Cortiinaing
Ciavirnmy

pEIA Y VLM

Continuivg
Contiming
Centinuing
Contiruing
Continuirng
Canttnuing
Continving

Cantinuing

AEASON FOR MEjLCAT oY

Sontsencerumd! Nseizicie

Pantzarozaund. Jesessicontt

Hiatai oy

Urisars incinsic

L |

Orthontatis Hopstan.an

Farktanein

Apraingzin

Brthaetatic Hozcoatiiin

Hoookalaata
Farkingininn

dritpatatic

g a

hFT-H

Hig Mk

14



Regults

rttached as Tables II-V are the individual subject results and
aupporting summary tablesg =7 the caleoulated pharmacokinetic values, A
summary table of pharmacokinetic parameters 18 reproduced below:

TTS-75 AL Cmax TidXx Residual Dose Delivered
Mean 106.0 1.83 35.3 2.86 4.54

$CV 12.3 16.13 20.3 9.2 5.7

Max

Min

A graphical repregsentation of thie data is preseited as figure
1. The results of Wagner-—-Nelson analysis is presented as Table VI and
figure 2.

Digcussiacn

From the Wagner Helson results it can be demonstrated that the
release of fentanyl from the TTS system is excessive. At 24 hours,
using the apongor‘s fraction of drug released data, it ran be
calculated that 2.4mg of fentanyl has been released from the TTS-75

dosage unit. Thisa corresponds to the proposed performance of the
TTS~100 patch but not to the TTS5-75 patch (the TTS~75 is desmigned to
release 1.8mg of fentanyl over 24 hours). The individual subject

regults show that the range for the amount of fentanyl released at
24hrs. ie from 1.76mg to 3.49%mg.

The performance of the TTS-7% aystam over 72 hours shows that
the dosage form is capable of delivering fentanyl throughout the dosing
interval. Whether this amount of fentanyl would be guificient to
produce clinical analgesia without an undue amount of respiratory
depresgion is unknown.

89-006

Study Title: Assessment of +the Analgesic Efficacy of Tranadermal
Fentanyl by Patient Controlled Analgesia.

Investigator: G N € Kenny, FFARCS

Study Site: Glasgow Royal Infirmary
Glasgow, Scotland (U.K.)

Obijective: Tha purpcse of this study is to determine whether
fentanyl, delivered transdermally, can provide a
significant component of analgesia in patients after
upper abdominal surgery. The dose proportionality among
the three TTS(fentanly) doses are also examined.

Hethods

This study was designed as a double-blind, placebo-controlled,
paraliel-group +trial of 120 upper abdominal surgical patients. At the
-3



presernt  time, Unlirtesn subjects have been enrolled in this study on

active treatmenta; & (a0 .0 TF5, G 0 TTE=TE and 3 on TTS-~100. The
study 1is still underwav and the inves:lgator remains blinded as to the
randomization. To be enroiled i the study the nubjects have to be
hbetween the aoes of 18-85, male or female, weligh 50~-100kg, and bhe
scheduled for elective upper abdominae. surgery. Subidects were 2y Vudpd
from the study {f +*hey had anv sign of héepatic or kidney dysfunction,

or had significant CNS deficits. No demographic data has been provided
by the sponosr on *hoss subjscl cur-oestly enrollsad in the study.

Two hours before the surgery, a TTS system (active or placebo)
is applied to the upper antarior chesat and ig left in place for 72
heura unlegs vespiratory or othar clinical signes dictate earlier
removal. All groups have access Lo addatacnai analgesia via o patient
controlied analgeoiz (PCA) device containing morphine. Morphine usage,
as determined by the PCA record, will be one of the primary efficacy
determirants in this study.

Throughout the =atudy. blood samples for fentanyl will be
collected at the followioy timns: O, 4, 8, 12, 24, 36, 48, 60, and 72
hours following the application of the TTS and 2, 4, 6, and 12 hours
after the removal of the TVS. Opticnal samples could be taken at 24

and 36 hours after removal. The bloci samples will be centrifuged
immediately upon collection, and the resulting plasma will be frozen at
-20°cC. The samples will be ghipped on dry ice to Dr. Hull at the

University of Newcastle Upon Tyne for assay using the RiA method.

Analytical Methodoleogy

According to the material presented by the sponsor, the plasma
samplee obtainsed *n thig study will be analyzed via RIA., Tt should be
noted that {n the original Fentanyl NDA (for the posi-surgical
indication) the sponsor provided insufficient information to address
the issues of assay validation or cross-reactivity. These issues
should be re~iterated to the sponsor for this study as it has a
promising design with the large number of subjects proposed.

INTERIM RESULTS

Attached as Tables VIX-XII are the individual subject results
and supporting summary tables of the calculated pharmacokinetic

values, A summary table of pharmacokinetic parameters is reproduced
below:
TTS-25 AUC Ccmax Tmax

N=5 ng*hr/ml ng/ml hr
Mean 37.60 0.66 47.24
sCV 66.7 53 50.4
Max
Min

—ly~




TAELE 4

(Study No. 20762-05 In Eospital Prase)
(4esn Values)

SO __swpnn
Total Paily No.
0 16 12 81 77 0 62 51
7.5 16 150 82 75% 92 62 83
0 15 140 80 78 89 6l €1
7.5 15 148% 81 764 91 61 84
15.0 15 149% 82w 7w 97% &S 83
0 9 136 719 81 88 63 84
7.5 9 141+ 80 78 8 59 89
15.0 9 1408 81 78 93nw 68 87
22.5 9 137 1% 79 93w 63 86
0 6 132 79 81 Bl €0 87
7.8 6 19« 8 79 8L 55 93
15.0 6 137 80 79 91 63 90
32.5 6 135 78 79 87 &0 €9
30.0 6 139+ 81 7% ik  gSwh B9
* = gtatiscically different frem placebo (0), p <0.05
#4u gtatistically different frem midodrine 7.5 og, p<0.05



RESULTS OF AN OPEN CONPASRIONATE USE STUDY OF ORAL MIDODRINE
IN PATIENTS WITR SEVERE ORTHOSTATIC HYPOTENSION

PROTOCOL #20,762~8

Investigators: See Attachad
Date Initiated: August 1983
Date Completed: In Progress

The objective of this study was to obtain data using oral
midodrine in orthostatic hypotension in an open label
compassionate use manner. Patients received oral placebo tid for
up to 2 days in-hospital to obtain baseline conditions followed
by in-hospital titration of midodrine given tid. An outpatient
phase of long-term extended therapy wvas permitted. See Figure 1
for details.

Patients were allowed to have a background of
fludrocortisone and/or indomethacin and/or Jobst arments.
Midodrine was given starting at 2.5 mg tid up to 10 mg tid.

Thirty-five patients entored this study in which 34 received
a course of midodrine. Many of the patients who were in previous
protocols were transferred to this protocol in addition. Table 2
details the baseline demographic data.

Table 3 details the dose and length of therapy.

As of 2/29/88, 17 patients are ongoing in this protoceol.
The mean baseline and subsequent supine and standing blood
pressures over 48 months of therapy is demonstrated in Table 5.

Table 6 details the mean change from baseline. It s
obvious that a marked variability exists.

Table 8 details the change in heart rate over time and the
mean change in heart rate in Table 9.

Standing systolic blood pressures »80 mmHg were demonstrated
45% of the ¢time at baseline and 62-82% of the time at 6-12
nonths. Global response to midodrine has been evaluated by the
sponsor and demonstrated in Table 12.

Table 13 demonstrates the doses used by the investigators in
these 34 patients. Again, a great deal of variability is noted.



MIDODRINE COMPASSIONATE-USE
STUDY (#20,762-5)

STUDY PROFILE

INVESTIGATORS/STUDY CENTERS:

Lawrence Giroux, M.D.
Cape Coral Medical Clinic
Cape Coral, FL

Paul Seavy. M.D.
The Emory Clinic
Atlanta, GA

Bernard Tabatznik, M.D.
Department of Cardiology
North Charles General Hospital
Baltimore., MD

Mark Silverman., M.D.
Piedmont Hospital
Atlantas, GA

John Samaet, M.D.
Private Practice
Clayton, MO

James Green. M.D.

Internal Medicine - Cardioclogy
Ranch Acras Medical Center
Tulsa. OK P ‘

Gretajo Northrup, M.D.
Rush-Presbyterian

St. Lukes Medical Center
Chicago., IL

Michael Sole, M.D.
Division of Cardiology
Toronto General Hospital
Toronto, Cntario

Canads

Irwin Klein, M.D.
Lawrence Wechsler, M.D.
University of Pittsburgh
School of Medicine
Pittsburgh, PA

Kenneth-Jordan, -M.D.
Loma Linda Physician's
Medical Group

Loma Linda, CA




MIDODRINE COMPASSIONATE~USE
STUDY (#20,762-5)

Fetnat Fouad-Tarazi, M.D.

The Cleveland Clinic Foundation
Heart and Hypertension Research
Cleveland, OH

John P. Finley, M.D.

The Izzak Walton Hospital
For Children

Halifax, Nova Scotia

Canada

Pierre Larochelle, M.D,.

Otto Kuchel, M.D.

The Clinical Research Institute
Montreal., Quebec

Canada

H. Cecil Coghlan. M.D.
University of Alabama
School of Medicine
Birmingham, AL

Ruben Aguilera, M.D.
Internal Medicine
Private Practice
Sun City, AZ

Charles E. Hansing. M.D.
Bellevue Cardiology Clinic
Bellevue, WA

Janice Gilden, M.D.

Sant P. Singh, M.D.

Yoginder Kumar, M.D.

St. Mary of Nazareth Hospital
Chicago, IL

Melvin D. Yahr, M.D.
Mt. Sinai Medical Center
New York, NY
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TABLE 2

MEAN BASELINE CARDIOVASCULAR PARAMETERS,
STMPTOM INCIDENCE AND DEMOGRAPHRY IN STUDY PATIENTS

(20,7862-5)
VARIABLE VALUE
Number of Patients 34
Age (Years) 60
Age Range (Years) 16-85
Duration of Disease 4.9 years
% Males 55.9
% Females 44,1
Supine Blood Pressure (mm Hg) ‘ ' 136/8d
Standing Blood Pressure (mm Hg) 82/55
Supine Pulse Rate (bpm) 75
Standing Pulse Rate (bpm) 81
% Incidence Standing Systolic BP > 80 mm Hg 45.2
% Incidence Systolic BP > 180 mm Hg:
Supine 0
Sitting 0
Standing 0
%« Incidence Systolic BP > 200 mm Hg:
Supine 0
Sitting 0
Standing 0




TABLE 3

DOSAGE AND LENGTH OF THERAPY AS OF LATEST RECORD*

(20,762-5)
PATIENT DAILY TOTAL
NUMBER _DATE DOSAGE MONTHS
0101 87/05719 30.0 58
0102 86/06/25 15.0 24
0301 86/03/23 25.0 19
0401 87/06/02 30.0 22
0402 87/07/21 30.0 13
0403 87/07/21 12.5 13
0501 86/09/24 22.5 30
0601 87/03/24 65.0 48
0701 85/11/08 22.5 1
0801 87/07/08 10.0 49
0901 85/10/07 22.5 23
0902 86/06/10 10.0 44
1001 87/03/05 30.0 56
1101 86/11/06 25.0 34
1102 85/12/13 22.5 34
1201 86/11/19 15.0 kY.
1202 86/10/16 22.5 36
1203 87/06/01 30.0 36
1204 87/03/16 22.5 36
1205 86/10/16 40.0 6
1206 86/11/12 10.0 4
1207 86/12/04 15.0 .75
1301 87/01/19 20.0 50
1401 85/10/20 30.0 26
1402 87/05/21 22.5 37
1403 87/05/28 15.0 14
1501 87/04/08 37.5 21
1701 86/03/15 30.0 .25
1801 86/06/19 7.5 1
2101 87/06/25 30.0 9
2102 87/06/25 15.0 5
2201 87/05/28 12.5 10
2202 85/11/01 12.5 1
2203 87/06/11 12,5 8
Averaze: 22,7 23.7

* Through 7/31/87.
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TABLE 5

MEAN SUPINE AND STANDING BLOOD PRESSURE
IN PATIENTS WITH SEVERE ORTHOSTATIC HYPOTENSION |
RECEIVING ORAL MIDODRINE FOR COMPASSIONATE PURPOSES

(20, 762-5)
DURATION MEAN BLOOD PRESSURE
OF 'NO. OF T SUPINE STANDING
TREATMENT  PATIENTS SYS. DIA. SYS. DIA.
Baseline 34 136 80 82 55
0.5 23 155 87 106 68
1 23 147 86 95 64
2 18 149 87 " 95 65
3 17 145 87 89 64
6 17 135 83 88 65 ‘
12 19 154 85 107 70
24 18 144 89 95 63
36 11 139 83 101 61
48 4 148 80 75 56
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TABLE 6

MEAN CHANGE FROM BASELINE
IN SUPINE AND STANDING BLOOD PRESSURE
IN PATIENTS WITH SEVERE ORTHOSTATIC HYPOTENSION
RECEIVING ORAL MIDODRINE FOR COMPASSIONATE PURPOSES

(20,762-5)

DURATION | MEAN CHANGE IN BLOOD PRESSURE (mm Hg)
CF SUPINE STANDING
T?ﬁﬁﬁ?ﬁﬂ? SYS. DIA. SYS. DIA.
0.5 +19 +7 +24 +13
1 +11 +6 +13 +9
2 : +13 +7 +13 +10
3 +9 +7 + 7 +9
6 -1 +3 + 6 +10
12 © 418 C4s +25 +15
24 + 8 +9 +13 + 8
36 + 3 +3 +19 + 8
48 +12 0 -7 + 1




| TABLE 8
|

MEAN SUPINE AND STANDING HEART RATE
OF PATIENTS WITH SEVERE ORTHOSTATIC HYPOTENSION
RECEIVING ORAL MIDODRINE FOR COMPASSIONATE PURPCSES

(20,762-5)
DURATION MEAN HEART RATE (bpm)
OF NO. OF
TREATMENT PATIENTS SUPINE STANDING
(Months)
Baseline 34 75 81
0.5 23 72 80
1 23 N2 77
o 2 18 69 T o
3 17 67 74
6 | 17 73 79
12 19 73 82
24 18 68 81
36 11 75 83
48 4 69 86

-
Y.
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TABLE 9

MEAN CHANGE FROM BASELINE IN SUPINE AND STANDING HEART RATES
OF PATIENTS WITH SEVERE ORTHOSTATIC HYPOTENSION
RECEIVING ORAL MIDODRINE FOR COMPASSIONATE PURPOSES

(20,762-5)
DURATION MEAN CHANGE IN HEART RATE (bpm)
TREA'?‘!E:!ENT SUPINE STANDING
(Months)
0.5 -3 -1
1 -3 -4
2 -6 -1
3 -8 -7
6 -2 -2
12 -2 +1
24 -7 0
36 | 0 +2
48 -6 +5
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TABLE 12

GLOBAL RESPONSE TO MIDODRINE THERAPY

AT

FIRST AND LAST EVALUATION

(20,762-5)
NO. OF PATIENTS
RATING FIRST (%) LAST (%)
EXCELLENT 7 (21.9) 1 (3.1
GOOD 13 (40.6) 22 (68.8)
FAIR 10 (31.3) 6 (18.7)
POOR 2 (6.3) 3 (9.4)




TABLE 13

INCIDENCE OF VARIOUS MIDODRINE DOSE LEVELS
ACHIEVED DURING LONG-TERM THERAPY

(20,762-5)

DAILY DOSE INCIDENCE (N = 34)

(mg) No. %
7.5 1 2.9
10.0 3 8.8
12.5 4 11.8
15.0 5 14.7
20.0 1 7.9
22.5 7 20.6
25 2 ; 5.9
30 8 23.5
37.5 1 2.9
40 1 2.9
65 1 2.9

48



TABLE 14

ADVERSE EXPERYENCES _
NUMBER OF PATIENTS REPORTING ADVERSE EXPERIENCES

WITHIN EACH SYSTEM-ORGAN CLASS

(20,762-5)

SYSTEM-ORGAN CLASS

ADVERSE EXPERIENCE

NO.of PATIENTS

Cardiovascular

Cantral and
Peripheral Nervous
Gastrointestinal
Integumentary

Musculéskeletal
Respiratory

Urinary

Other

4

Chest Pain

Flusgshing

Palpitations

Supine Hypertension
Atrial Fibrillation
Cardiac Failure
Ventricular Arrhythmia

Headache

Cerebrovascular Disorder
Hemiparesis

Tremor

Abdominal Discomfort
Nausea

Pgsoriasis (scalp)
Piloerection

Night Crampa.
Regpiratory Arrest
Frequency

Dysuria
Incontinence
Fullness of Bladder

Chills

= N MO N

- P P et N (9 ] s LN N s s N 2

Total number of adverse experiences reported:

Number of Patients reporting one or more ADR's:

Number of Patientn,iepcrting no ADR'g: 17

*Multiplo reports of the same ADR in a single patient are

counted once.
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The Amount of fentanyl Apsorbed at Indicated Time Expressed
as & fraction Relazive to the Total Amount Absorbed at the
tast Saapling Point

Subject

TIME SCNI9I1 SCH1912 SCHI1913 SCN1914 SCNIPIAaSCHIPIT SCRIDIA SCN1919 HEAN sD SE N

Chr)
0 0.049 0.062 0.023 7
1 6.015S 1
2 0.060 0.063 0.026 6
o 0.205 0.216 0.088 6
6 0.231  0.041 9.043 2
8 0.249 i
12 £8.355¢  6.137  0.052 7
18 0.473 0.207 0.078 7
24 0.529 0.134 0.051 7
LY. 0.607 0.083 0.D33 T
40 0.664 0.078 ©0.u29 7
13} 0.773 0.106 0.040 7
s2 0.871 1
56 0.820 0.098 0.037 7
b 6.892 4.056 0.021 7
el 0.981 0125 ©0.0477
{3 2976 0.043 0.016 7
20 0.8 0.0644 0.007 7
84 0.982 0.045 0.0V17 7
a8 0.995 D0.050 0.019 7
9% 0.995 0.052 O0.¢ 7
108 $1.007 0.0o! 0.0185%
120 1.000 0.000 ¢.00Q 6

s Not calculated because there is no estimate of the disappearance
rate constant for this patient.
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SYSTEM-ORGAN CLASS ADVERSE EXPERIENCE PATIENT NO.
Cardiovascular Chest Pain 403
701
Flushing 2102
Palpitations 403
701
Supine Hypertension 1101
1201
1202
1203
1206
Atrial Fibrillation 1201
1206
Cardiac Failure 1201
Ventricular Arrhythmia 1202 (death)
Central and Headache 403
Peripheral
Nervous Carebrovascular Disorder 501
1201
Hemiparesis 501
Tremor 1207
Gastrointestinal Abdominal Discomfcit 403
Nausea 501
2102
Integumentary Pruritus (scalp) 20%
0
501
1203
2102
Piloerection 1403
i.usculoskeletal Night Cramps 1204
Respiratory Respiratory Arrest 102 (death)
301 (death)
1102 (death)
Urinary Frequency °* 401
403
Dysuria 1801
Incontinence 401
Fullness of Bladder 2102
Other Chills 403

o0



USE OF MIDODRINEB IN 176 PATIENTS WITH PRIMARY AND SECONDARY
ORTHOSTATIC HYPOTENSION BETWEEN SBEPTEMBER 1979 AND FEBRUARY 1988
AT THE MAYO CLINIC

Investigator: Alexander Schirger, et al.

This report appears to be prepared by Dr. Schirger in
patients who he defines as having idiopathic orthostatic
hypotension without neurologic manifestations (Bradbury-Eggleston
syndrome) , idiopathic orthostatic hypotension with somatic
neurologic manifestations (Shy-Drager syndrome) and secondary
orthostatic hypotension due to diabetes mellitus, primary
amyloidosis, etc. A further differentiation is made from those
patients who have abnormal sympathetic function with orthostatic
hypotension which are considered patients with orthostatic
hypotension compared to those patients who have an intact
sympathetic nervous system in which orthostatic hypotension |is
considered to be poor postural adjustment. The team at the Mayo
Clinic using midodrine includes Dr. Sheldon Sheps of a division
of hypertension and Dr. Gary Schwartz as well as Dr. Robert
Fealey from the Department of Neurology as well as Drs. David
Colville from the Department of Internal Medicine and Dr.
Alexander Schirger of the Division of Cardiovascular Diseases.

Midodrine has been used in those patients who do not
adequately respond to Ritalin 10 mg tid, Jobst garment, Florinef,
and Indomethacin. Not all of the agents needed to be used 1if
there were reasons that made them impractical or disadvantageous.

The report points out that patients with orthostatic
hypotension, especially secondary, have a progressive downhill
course with a reduced 5 year survival rate.

This group used midodrine 30 minutes before rising from bed,
30 minutes before lunch and at about 4:30 P.M. before supper.

These authors noted a relatively short half-life for the
drug and short duration of action so they therefora would often
give midodrine at 9 A.M. and 1 P.M. to some individuals.
Sometimes they would give a dose 1/2 hour prior to a patient
getting out of bed during the night for urination. They initiate
dosing with 2.5 mg tablet size. The principal response index was
the standing blood pressure elevation without orthostatic
symptoms. A 1 minute standing blood pressure was used.

Figure 1 details the distribution of patients according to
diagnostic categories.
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Table A details the age distribution of the patients. Thig
group concluded from data that the baseline catecholamine pattern
offered no guidelines as to the patients’ response to midodrine
and could not be used for any predictive value. This group also
concluded that altlXough initially patients may not show a blood
pressure response they seem to show subjective improvement over
time. Figure III-A details some of this information.

The ability to dAistinguish a trend from  Dblood
pro:nurc/di:calo variability is obviocusly not apparent to this
reviewver.

. Long term observations in 74 patients treated with midodrine
were provided by this group in which principally family members
and/or the patient measured blood pressure. Table II-A
denmonstrates that some patients (7~15%) developad severae
hypertension (180/110) but this incidence depended on the time of
day.

Table 1I-C demonstrates that some patients had a marked
improvewent in their standing systolic blood pressure. However,
some WwWere worse. Fifty-nine patients responded ¢to a
questionnaire in which 50 felt that they had fewer fainting
spells on midodrine.

In regards to side effects, in addition ¢to supine
hypertension, other common side effects included pruritis,
paresthesia, piloerection, headache, urinary urgency, flushing,
insomnia, nightmares, and in 1 patient biopsy proven angiitis.
One patient had a sustained hemorrhagic cerebral accident.

MEDICAL REVIEW OFFICER’S EVALUATION

This open label individual investigator/center study
provides no control data regarding midodrine’s efficacy.
Obviously, in this group’s opinion, midodrine is effective in
some patients. Adverse effects, however, have besn documented as
described above and of concern is one case of angiitis.

While in the Mayo Clinic’s experience, this agent would be
useful in the armamentarium in the management of patients with
this disorder approvability to the general public of physicians
requires careful consideration of the balance of benefit versus
risk in terms of who will receive this agent, at what dose, and
with what adverse effects compared to efficacy. The Mayo Clinic
believes that because of the nature of the disease process that
they were reluctant to particpate in placebo controlled trials so
they state in their report that they would be willing to
ungnrtako a short term placebo controlled double blind crossover
trial. :



AGE AND SEX DISTRIBUTION

‘o

TABLE A

IM 177 PATIENTS WITH ORTHOSTATIC HYPOTENSICN

SOK

.20 MLCH 87 WOMEN
DIAGROSIZ 72U |30 g 50 GU 7071 90 20 130 50 [ 60 70 [ 40
to | to to to to to to to to | to to to to to
29 : 39 49 59 69 79 89 29 | 39 49 59 69 79 39
10H "3 9 | 10 | 16 9 2 2 6 |17 |11 4
SDS 1 6 12 4 2 8 12 6 2
AMYLOID 2 1 3 1
DM | 1 H 3 2 1 1
OTHER 1 1 2 4 1 2 3 3 )|
IOH = Idiopathic Orthostatiz Hypotension
SDS = Shy-Drager's Syndrome .
SOH = Secondary Orthostatic Hypoteasien

DH

Dftabetes Mellitus




O

- ‘.. FIGuas TITA

U
A.M. SYSTOLIC STANDING BLOOD PRESSURE IN 24 PATIENTS
CURRENTLY RECEIVING MIDODRINE
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TABLE IIA

INCIDENCE OF SUPINE SYSTOLIC AND DIASTOLIC
HYPERTENSION (>180 mm Hg and >110 mm Hg) IN ALL
74 PATIENTS FOLLOWED 3 TO 57 MONTHS*

A.M. P.M.
\ =nd of End of
' foliow-up Entire period follow-up Entire period
Blood
pressure | £t, no. % P, no. % Pt, no. % Pt, no. %
Supine
systalic 5 6.8 11 14.9 5 6.8 16 21.6
Supine
di:’fnstolic 4 5.4 4 5.4 2 2.7 4 5.4
*During follow-up period those patients were included who had
() above roted hypertension values in more than 20% of readings
102769-4A '
=
Q2

(o 7
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A MULTICENTER DOUBLE BLIND PP2JB III CROSSOVER COMPARISON
OF THE SAFETY AND EPFICACY OF MIDODRINE AND EPHEDRINE
I PATIENTS WITH S8EVERE ORTHOS8TATIC HYPOTENBION

PROTOCO!, #20,762-1A

Investigators: Matthew Conoliy, M.D.
UCLA

Frank Douglas, M.D.
University of Chicago

Steven Higgins, M.D.
University of Colorado

David Robertson, M.D.
Vanderbilt

Stuart Selonick, M.D.
Johns Hopkins

David Streeten, M.D.
SUNY

The objective of this protocol was to evaluate midodrine
compared to ephedrine in a multicenter crossover design using
double blind technique.

The same protocol was followed by the Taraxi study in which
- as previously stated - after a 2 dQay single blind placebo
pericd patients undervent a 3-3 day titration with either
midodrine or ephedrine. Midodrine vas given from 2.8 to 5.0 ¢to
7.5 to 10.0 myg tid and ephedrine from ¢ to 12 to 18 to 24 tia.
Thereafter, a 3~-35 day maintenance therapy was used followed by a
2 day placebo period and a crossover to the other agent.

Patient selection was previously defined and included severe
orthostatic hypotension on a background of Florinef and Jobst
stockings. Blood pressures were obtained hourly from 8 AM to 4
PM by an automated noninvasive blood pressure mnonitor and
crigeria for effectiveness, exclusions, etc. were previously
daefined.

Twenty-two patients were entered by the 6 investigators and
1 (3502) did not meet study criteria. Only 8 patients were
evaluated in this report from 4 centers, the other 14 being
excluded because of multiple protocol violations.

Table 2 demonstrates the patient numbers and the treatments
they received. :

Mean Dblood pressure values are demonstrated in the
accompanying table.




Midodrine/Ephedrine Comparison
Study (#20,762-1 - Multicenter) 12

TABLE 2

PATIENT RANDOMIZATION TO
STUDY MEDICATION
(207€2-1 - MULTICENTER STUDY)

PATIENTS WHO WERE ANALYZED FOR SAFETY AND EFFICACY

- ks W R Y G AP Mp Ny WA WY D W A WS YR WD WY WS R R SR AU D e e e R YR U AP WS R W D G A e G A WE /IR W e TS G G B A G ey AN TR U G WS B TR AR A A S S e

PATIENT NO. | TREATMENT 1 TREATMENT 2
1101 midodrine ephedrine
1102 midodrine ephedrine
3501 midodrine ephedrine
3902 ephedrine midodrine
4403 midodrine ephedrine
4604 ephedrine midodrine
4405 ephedrine midodrine
4407 midodrine ephedrine

. A W W WS B e ey R W SR S D G T G M D W D IR G AR WP U W M WS WD A G A AR W RS NP R GB G b WD Gy TR M M G e s o T G A T T A e e B D Y e
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Mean Values for Blood Pressure (mm Hg)
and Pulse (bpm)

Variable Baseline Midodrine Placebo Enhedrine

Supire Systolic 131.3 136.9 132.4 139.1
Diastolic 76.4 79.5 76.9 78.5

Pulse 71.2 71.1 73.7 77.1

Sitting Systolic 110.9 118.0 106.4 113.2
Diastolic 69.4 76.5 69.4 71.5

Pulse 76.7 79.4 80.2 82.2

Standing Systolic 95.5 96.6 96.5 99.6
Diastolic 59.0 59.6 60.4 60.6

Pulse 85.9 87.0 86.8 89.0
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Note that both midodrine and ephedrine increased the blood
pressure slightly compared to the placebo periods but this
reviewer considers these to be extremely modest and of no
clinical significance. Statistically, the sponsor claims an
increase was sigrificant for ephedrine compared to baseline and
for wmidodrine only in the sitting systolic blood pressure. No
significant changes in standing blood pressure were noted. The
statistical significant factors are displayed in the accompanying
table.

BAFETY

on midodrine, 2 patients had adverse effects. Patient 1407
had flushing and 3502 had supine hypertension requiring
discontinuation frcm therapy. No clinical laboratory data of
concern were noted.

MEDICAL REVIEW OFFICER’S8 COMMEN™S

This study obviously demonstrutes no supportive data for the
efficacy of midodrine and again demonstrates that some patients
may hav *“o be discontinued because of hypertensior. If this
protocec. rsport was combined with the Tarazi report which would
have L. .n proper - I suspect that the weak support that that
tri:l offers for the efficacy of midodrine would have totally
vanished.



The significance levels are displayed below.

P Values for Comparison of Means

Variable BvsM Bvs E Pvs M PvsE Muvs E

Supine Systolic .11 .03 .19 .06 NS
Diastolic .12 NS .19 NS NS

Pulse NS .02 NS .18 .02

Sitting Systolic .02 .07 .05 .21 NS

| Diastolic .01 .10 .04 NS NS
Pulse NS NS NS NS NS

Standing Systolic NS .18 NS NS NS
Diastolic NS NS NS NS NS

Pulse NS NS NS NS NS



REVIEW OF MIDOLAKINE CLINICAL LITERATURE

The sponsor reviewed and summarized the results of 56
clinical study reports which have been published or unpublished
dealing with a total of 3,996 patients receiving midodrine
therapy, 87% of whom suffered from hypotensive disorders. This
was a markedly heterogenous group with secondary hypotension due
to disease states or drug therapy or urinary or ejaculatory
disorders. The duration of midodrine therapy ranged from less
than 1 day to 15 months with 56% of patients receiving midodrine
for 3-6 weeks., Most received a total daily dosage of either 5 mg
or less (39%) and 40%, 1-3 doses of 5-10 mg.

Three thousand two hundred sixty-five patients were
evaluable for adverse effectas of which the incidence was 9.4%
with 1.6% of the total number requiring discontinuation of
midodrine due to its therapy. Most of the reactions were
pilomotor. Changes in blood pressure were variable but
subjective complaints were felt to be improved.

MEDICAL REVIEW OFFICER’S COMMENTS

It is this widespread use of midodrine, often with just a
single dose per day, that provides this reviewer with great
concern about the general release of midodrine. Subjective
symptoms of autonomic dysfunction are by its definition
subjective and without proper placebo controllad trials to
demonstrate that such symptoms are in fact helped by the use of
this agent. The benefit, which may be extremesly small, must be
weighed against a risk that could be considerable. The trials
have demonstrated that the risks include angiitis, significant
cardiac arrhythmias, bradycardia, syr.cope, and potentially
excessive systemic hypertension 1leading to congestive heart
failure, myocardial infarction and death.



BATETY UPDATE

The clinical cut-off date for this NDA was set as of July
31, 1987. Two midodrine clinical trials were ongoing at that
time and only 3 patients have been demonstrated to have safety
concern in one of those trials. One developed supine
hypertension requiring discontinuation after 5 years of therapy,
another had night cramps of moderate severity and a final one, a
single isolated seizure with no clear relationship to the drug
with an unlikely relationship since there has been no recurrence
with continuation of therapy at 30 mg per day.

Previous adverse drug effects of concern were submitted by
the sponsor on FDA 1639 forms in 1982 thru 1984. These include 1
cardiac arrest resulting in death, 1 stroke ending in death, 2
myocardial infarctions ending in death, and 1 congestive heart
failure ending in death. The potential relationship of these
events to midodrine is uncertain but plausibla.
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REVIEW/EVALUATION OI' PHARMACOLOGY/TOXICOLOGY DATA:
ORAL CARCINOGENICITY STUDIES IN RATS AND MICE

W.T. Link, Ph.D.
September 19, 1995

SPONSOR: Roberts Pharmaceutical Corporation
DRUG: Midodrine (TS 701) (Amatine®)

TESTING FACILITY:

STUDY NUMBER -

STUDY DATE: Study completed 11 April, 1989

GLP COMPLIANCE: The author has provided a statement that the above study
was conducted in compliance with Good Laboratory Practice regulations.

ANIMALS: The study was conducted using Sprague Dawley rats, 300 males
and 300 females, approximately six weeks of age at the start of dosing.
Animals were housed, sex segregated, with five animals per cage (dim. 580 x
385 x 200 mm). Two weeks of acclimatization were provided prior to start of
dosing.

MODE OF ADMINISTRATION OF TEST AGENT: TS 701 from two batches
(M32998, received 4 March 1987 and P22150, received 17 July 1987) was
used in this study. Stock dosing solutions were prepared fresh weekly using
distilled water as vehicle. Analysis of dosing solutions, and validation of 7 day
stability was conducted during weeks 1, 13, 26, 35, 43, 54, 61, 71, 78, 94 and
105 of dosing, under Animals received daily oral doses
of TS 701 or vehicle by gavage using a steel dosing cannula at a constant
volume of 5 ml dosing solution per kg body wt. Animals were weighed daily for
dosage calculations.
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DOSE LEVELS: Rats were randomly assigned to four Groups «s follows:

Dose Level number of number of
(mg TS 701/kg/day) males . females
Group 1 0 100 100
Group 2 1 50 50
Group 3 3 50 50 j
Group 4 10 100 100

OBSERVATIONS/MEASUREMENTS: All animals were checked for viability
each morning and as late as practical in the evening. In addition, from Week
52 to the end of the study, animals were checked for moribundity at
approximately midnight. Animals were observed for reaction to treatment
during the day. The location, appearance, dimensions and progression of all
visible or palpable masses was recorded. Every animal was given a detailed
clinical examination weekly.

Body weight was recorded weekly, starting one week prior to treatment, until
Week 13 and at four week intervals thereafter. Food consumption per cage
was recorded on the same intervals as for body weight. Water consumption
was verified visually but not reported.

LABORATORY INVESTIGATIONS: Differential blood smears were taken from
all animals at Weeks 51, 77/78 and 102/103. Differential blood counts were
performed on all Group 1 {Control) and Group 4 (High Dose, 10 mg/kg/day)
for each of the indicated time intervals. During Weeks 102/103, peripheral
blood red and white cell counts were performed on all Group 1 and 4 animals.

TERMINAL STUDIES: All surviving animals were sacrificed and necropsied
after week 104. The gross dissection and necropsy were performed under the
supervision of a pathologist. Premature decedents were necropsied at time of
discovery.
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The following organs were weighed:

Adrenals Prostate

Brain Seminal vesicles
Heart Spleen

Kidneys Testes

Liver Thymus

Lungs Thyroids
Ovaries (with Fallopian tubes) Uterus
Pituitary

The following tissues were examined in situ and fixed:

Adrenals Lungs (perfused)
Aortic arch Mammary gland
Any abnormal tissue Mesenteric lymph node
Bladder Muscle (thigh)
Bone (sternum and rib) Nasal cavity
Brain Oesophagus
Epididymides Ovaries (with Fallopfan tubes)
Eyes Pancreas
Femur (bone marrow) Pituitary
Heart Prostate
Harderian gland Sciatic nerve
Intestine: duodenum Seminal vesicles
jejunum Skin
fleum Spinai cord
caecum Spleen
colon Stomach (glandular and non-glandular)
Kidneys Submaxllary salivary gland
Liver Submandibular lymph node
Testes (plus epididymides) Tongue
Thymus Trachea
Thyroids (with parathyroids, Uterus
examined where present) Vagina

HISTOPATHOLOGICAL EVALUATION: All tissues fixed, with the exception of
aortic arch and nasal cavity, were processed and examined histopathologically
for all animals in the Control (Group 1) and High dose (Group 4) and for all
premature decedents.

STATISTICAL EVALUATION: Organ weight and body weight data were
statistically analyzed for homogeneity of variance using the F-max test. If the
group variances appeared homogeneous a parametric ANOVA was used and
pairwise comparisons made via Student’s t-test using Fisher's F-protected
LSD. If the variances were heterogeneous log or square root transformations
were used to attempt to normalize the variances. If they remained



NDA 19-8156 Page 4

heterogeneous, then a non-parametric test such as a Kruskal-Wallis ANOVA
was used. Organ weights were also analyzed conditional on body weight (i.c.
analysis of covariance). Histopathology data were analyzed using Fisher's
Exact Probability test.

Differences in survival between the Control and groups receiving the test
material were assessed graphically using Kaplan-Meier survival curve and
tested formally using the Gehan-Wilcoxon test.

RESULTS

OBSERVATIONS:

Mortality: There were 277 premature deaths during the study. distributed
among the four Groups as follows:

Group 1 Group 2 Group 3 Group 4
(Control) (1.0 mg/kg/day) (3.0 mg/kg/day) (10.0 mg/kg/day)

Males

Females

48/(100)
53/(100)

22/(50) 25
21/(50)- 25/(50)

ST Aumtam——

42/(100)
41/{100)

High dose (Group 4) females showed an increased rate of mortality in the early
stages of the study (Weeks 4-24, see Fig. 1). A period of no premature deaths
followed until Week 56 where, again, Group 4 females showed significantly
higher mortality rates than controi (Group 1) females. Mortality for male
animals (see Fig. 2.) was not significantly greater than for controls.

Clinjcal signs: Clinical signs recorded included perigenital swellings, swollen
hindlimbs and hindfeet, hunched emaciated posture, subdued behavior, pale
extremities, breathing difficulties, hypothermia and ataxia. These signs were
regarded as generally typical for rats of this age and strain. There were no
differences in the incidence of external palpable mssses.

In group 4 males there was a significant incrcase in the incidence of
sores on the feet or limbs {23/100 in Group 4, 5/100 in Group 1).

Body weight: Group mean body weights for Groups 1 through 4, males and
females, are shown in Fig. 3.
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Figure 2

TS 701
104 Week Gavage Carcinogenigity Study in Rats
Koplon—Meler Survival Curve : Moles
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b. Quantitative Composition
component Welght per Dosage Form (mg)
Nominal Delivery Rate 25 mcg/hr 50 meg/hr 75 meg/hr
Delivery Area (Size) (10 cm=) (20 cmz) (30 cm=)
Component
Occlusive Backing -
v,
_‘4223) Drug Reservoir.

Fentanyl Base
(Active Component) 2.5 5 1.5

iy

Release Membrane

Contact Adhesive

Protective Liner

€0 Total Weight: 659 1255 1810

100 meg/hr
(40 cm=)

10

2377 mg

* Freon is a processing aid and is not a component of the final system
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Figure 3
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MALES: High dose males (Group 4) showed a 16% reduction in
body weight gain relative to Group 1 controls. Analysis of group inean body
weights demonstrated significant reductions at perieds throughout the study
for Group 4 rats relative to conirol. Groups 2 and 3 were not different from
control in any period.

FEMALES: Group 4 females showed a 9% reduction in overall
weight gain with significant differences in mean body weight from start of the
study until Week 76. Group mean body weights were not different from
control for the remainder of the study. Group 2 and 3 females were not
significantly different from control in any time period.

Food and water consumption: There were no significant differences among

Groups, male or female, with regard to food intake or water consumption.

Analvses of dosing solutions; The dosing solutions analyzed were generally
within the £10% limits of acceptability for this study. Exceptions noted were

as follows:
Week 11 - solution for Group 4 was 11% high
Week 61 - solutions for Groups 3 and 4 were both low by 12%
Week 105 - solutions for Groups 2, 3 ;md 4 were tow by 25%, 30% and

36% respectively. Reanalysis demonatrated the values were within the limits
of the study.

LABORATORY INVESTIGATIONS: There were no significant differences in
group mean values for differential blood counts at Weeks 51, 77/78 and
103/104 for males or females. Whole blood red and white cell counts
performed on Week 102/103 demonstrated no differences from control in
either sex.
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TERMINAL INVESTIGATIONS:

Page 9

Organ weights: Statistical comparison of organ weights among the Groups
demonstrated numerous treatment-related differences. Organs, with weight
differences significant at the p<0.05 level, are listed below by comparison of
Group 4 (High dose) males and females relative to their control (Group 1).

Parame

I. Absolute organ
wt.

. Normalized to

average
body wt.

. Relative (% of
body wt.)

Change

increase

decrecase

increase

decrease

increase

decrease

MALES

Adrenals
Lungs

Prostate
Seminal vesicles

Adrenals
Lungs
Heart

Prostate
Seminal vesicles

Adrenals, Brain
Heart, Kidneys
Liver. Lungs

Thyroid, Spleen

Prostate
Seminal vesicles

FEMALES

none

Heart

Lungs

nomne

Kidneys
Liver
Lungs

nomne
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GROSS PATHOLOGY: During the period of necropsy, several lesions were
described which occurred exclusively or predominantly in the Groups receiving
TS 701 and appear to be treatment related. Significant differences from
control were only reported for Group 4, those animals receiving the highest (10
mg/kg/day) dose. The incidence of these lesions and their statistical
significance are shown below:

Group 1 Group 4 Group 1 Group 4

Lesion; Males Males Females Females
Thorax: 1 7 1 8*
fluid /blood
Aorta: dilated 1 9* 1 8*
Heart: atrium 0 24*** 1 3
enlarged/mass
Kidneys: 2 10* 8 5
granular
Kidneys: cyst 3 13* . 4 5
Kidneys: 3 13* 4 4
depressed foci
Feet/limbs: 5 23** 3 7
sores
Level of significance:

* p<0.08

** p<0.01

*$% p<0.001
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HISTOPATHOLOGY:

Non-neoplastic findings

AORTA: Lesions of the aorta were found in the portion of the aorta
attached to the heart or in sections from aortas processed due to observed
abnormalities discovered during necropsy. Aortic aneurysms occurred with
high frequency in high dose (Group 4) rats. Nine males out of 21 and 13 out of
18 females observed had visible aneurysms compared to no occurrences in
male or female controls. In several cases the aneurysm had ruptured causing
intrathoracic hemorrhage, and deaths from this cause were reported as early
as Week 4,

Mineralization of the aorta was reported in 13 of the 21 males and 7 of
the 18' females examined, however the incidence of this finding was 4 out of 4
for males and O out of 1 for females among the control (Group 1) rats. Itis
likely that these control animals were selected for examination because of
apparent gross findings, rather than selected randomly from the control
population.

HEART: Numerous treatment-associated cardiac lesions were reported,
with high dose males being the most severely affected. These include left atrial
thrombosis (25 out of 100, p<0.001); left and right atrial hypertrophy with
degeneration (78/100 and 19/100 respectively, p<0.001); left atrial
calcification (13/100, p<0.001) and left atrial endocardial thickening (13/100,
p<0.01).

High dose females showed significant left and right atrial hypertrophy
with degeneration (56/100, p<0.001 and 8/100, p<0.01 respectively).

PULMONARY VESSELS: Significant increases in the incidence of lesions
were only observed in males. These were vascular wall mineralization in high
dose males (26/ 100, p<0.001) and medial muscle hypertrophy in high dose
male premature decedents (10/48, compared to 1/42 controls).

LUNGS: An increased incidence of interstitial pneumonitis was seen in
high dose female rats (34/98, p<0.05).

KIDNEYS: There was an increased incidence and severity of
nephropathy in both high dose males (92/100 relative to 80/100 for control,
p<0.05) and females (76/100 relative to 56/100, p<0.01).

! In the study summary, pg. 33, this value is reported as 8, not 18 as reported
in Table 18, pg. 103. The correct value is 18.
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ADRENALS: There was a significant increase in incidence of adrenal
infarcts in high dose temales (9/98, p<0.01).

OTHER FINDINGS: There were significant decreases in the incidence of
the following lesions in high dose animals relative to control:

Liver: Males had lower incidence of portal sclerosis (p<0.001) and
pale cell foci (p<0.01) than control.

Kidney: Females had lower incidence of pelvic mineral deposits
(p<0.001).

Pancreas: Fewer treated animals showed replacement of
pancreatic acini by fat cells (males - p<0.001, females -
p<0.05).

Neoplastic findings:

The single significant neoplastic finding was of increased incidence of
benign interstiticl cell tumors of the testes (19/100 relative to control 6/100,
p<0.05).

Comparisons that were not significant, but different and of posgsible
borderline significance include:

malignant pheochromocytoma - 11/100 for high dose males
relative to 4/100 for control

benign mammary adenoma - 5/98 for high dose females relative to
2/99 for control

DISCUSSION:

The above study was carried out to determine the carcinogenic potential
of TS 701 during long term, high dose oral treatment. The features of primary
interest in this review are therefore: Is the dosage as high as can be reasonably
tolerated? and: Were there any significant neoplastic findings associated with
treatment? Additionally, because of the profound effects of this agent on the
cardiovascular and renal systems, discussion of the non-neoplastic findings is
warranted.

It appears that the minimal requirements were met with regard to
dosage adequacy, number of animals, duration of exposure and thoroughness
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in evaluation of experimental results. Dosage adcquacy is demonstrated by 1)
significant or borderline increases in mortality in the high dose group; 2)
decrcase in body weight gain; 3) significant treatment-associated changes in
organ weights especially relative to body weight and 4) widespread
cardiovascular and renal pathology evident at both the gross and microscopic
level. Based on these effects, it seems apparent that significantly greater
mortality would be observed at dose levels much higher than the 10.0
mg/kg/day used, and is therefore at or near the maximum tolerable dose for
this agent in rats.

The effects on mortality appear to be of borderline significance with one
noteworthy exception: the early deaths among high dose females. The cause of
death was attributable to thoracic hemorrhage secondary to rupture of aortic
aneurysm in selected premature decedents. Aneurysms were a significantly
observed feature among survivors in the treated groups as well. It is likely that
these aneurysms and early sudden deaths are due to the pronounced
cardiovascular effects of the TS 701%, These effects are not observed at lower
doses.

The decrease in body weight gain in treated animals was greater in
males and not significant in females after Week 76. This decrease was not
assoclated with decreased food consumption or water intake. This decrease
could be due to a contraction of body fluid volume secondary to the
cardiovascular and renal effects of TS 701. Alternatively, it could simply reflect
greater metabolism with unchanging caloric.intake resulting in depletion of
body fat. The effect on body weight is not apparent in the lower dose groups.

Changes in organ weight were observed in both directions and probably
result from multiple factors. Regional changes in blood flow, increased
metabolic load, ongoing pathology and secondary effects resulting from direct
cardiovascular or renal effects and ongoing pathology in other organs probably
all play a role. The increase in heart weight is undoubtedly due to hypertrophy
secondary to increases in both preload (decreased venous compliance and
increased venous return) and afterload (increase in stroke volume and total
peripheral resistance). Increased liver weight may simply reflect an increased
metabolic load due to the TS 701 per se, or be secondary to cardiovascular and
renal effects of the agent.

The pronounced gross and microscopic pathology observed in the treated
groups can, for the most part, be explained on the basis of the pharmacologic
action of TS 701 as an alpha agonist. In most respects, the lesions observed
are consistent with those observed in chronic hypertension: cardiac

? It is probably coincidental, but still worth noting, that the sudden mortality
increase in fernales evident in Fig. 1 (weeks 1-13) ends at the same time (mid
July) as the second batch (#P22150) of TS 701 arrived.
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hypertrophy. nephropathy and adrenal infarcts. Additionally, the presence of
significant sores and external lesions of the limbs are consistent with
peripheral vascular perfusion deficits seen with chronic adrenergic stimulation.

While pathologic responses to persistent adrenergic stimulation can
explain the observations, they do not rule out the possibility of direct or
indirect cytotoxic effects on cardiac and vascular tissue independent of alpha
receptors or elevated arterial pressure. Separation of such effects, if present,
may not be easily demonstrated.

Neoplastic findings:
Significantly increased incldence of interstitial tumors of the testes were

associated with high dose TS 701 treatment. While this was reported to be
just within the natural incidence (4-20%) seen at Inveresk, the incidence
shows a tendency towards dose-dependency. Incidence of this tumor type was
6% (67100}, 0% (0/22), 12% (3/25) and 19% (19/100) for Groups 1, 2, 3 and 4
respectively. In order to suggest that <roup 1 controls are showing incidence
on the low side of normal, would require the simultaneous claim for Group 2
as well.

Other tumors noted by this reviewer which appear to be of borderline
significance were malignant pheochromocytoma and benign mammary
adenoma. The occurrence of pheochromocytoma is especially worth noting in
light of the cardiovascular effects of TS 701 and a significant effect (direct or
indirect) on the adrenals themselves. There is no suggestion of increased
incidence of these tumor types in the intermediate dosage groups.
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REVIEW/EVALUATION OF PHARMACOLOGY/TOXICOLOGY DATA
78 WEEK ORAL CARCINOGENICITY STUDY IN MICE

William T. Link, Ph.D.
September 18, 1995

SPONSOR: Taisho Pharmaceutical Company Limited
DRUG: Midodrine (TS 701) (Amatine®)

TESTING FACILITY:

STUDY NUMBER

STUDY DATE: Study completed 21 February, 1989

GLP COMPLIANCE: The author has provided a statement that the above study
was conducted in compliance with Good Laboratory Practice regulations.

ANIMALS: The study was conducted using CD-1 strain mice, 300 male and
300 female. Mice were obtained from

They were approximately 4 weeks old on arrival (males 21 = 1,
females 18 + 1 g). Mice were allowed to acclimatize for 13 days prior to
initiation of dosing.

MODE OF ADMINISTRATION OF TEST AGENT: TS 701, Batch No. P22150
(250 g. received on 17 July, 1987) was used in this study. Stock dosing
solutions were nrepared weekly using distilled water &s vehicle. Doses were
administered daily (seven days per week) for a minimum of 78 weeks, by
gavage using a steel dosing cannula at a constant volume of 5 ml/kg body
weight. Animals were weighed daily for dosage calculations.
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DOSE LEVELS: Mice were randomly divided into four dosing Groups as
follows:

Dose Level number of number of
(mg TS 701 /kg/day) males females _
Group 1 0 160 100
Group 2 1.7 50 50
Group 3 5.0 50 50
Group 4 15.0 100 100

OBSERVATIONS/MEASUREMENTS: All animals were checked for viability
each morning and as late as practical in the evening. In addition, from Week
52 to the end of the study, animals were checked for moribundity at
approximately midnight. Animals were observed for reaction to treatment
during the day. The location, appearance, dimensions and progression of all
visible or palpable masses was recorded. Every animal was given a detailed
clinical examination weekly.

Body weight was recorded weekly, starting one week prior to treatment, until
Week 13 and at four week intervals thereafter. Food consumption per cage
was recorded on the same intervals as for body weight. Water consumption
was verified visually but not reported.

LABORATORY INVESTIGATIONS: Differential blood smears were taken from
all animals at Weeks 51, 77/78 and 102/103. Differential blood counts were
performed on all Group 1 (Control) and Group 4 (High Dose, 15 mg/kg/day)
for each of the indicated time intervals. During Week 77, peripheral blood red
and white cell counts were performed on all Group 1 and 4 animals.

TERMINAL STUDIES: All surviving animals were sacrificed and necropsied
after Week 78. The gross dissection and necropsy were performed under the
supervision of a pathologist. Premature decedents were necropsied at time of
discovery.
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The following organs were weighed:

Adrenals Prostate

Brain Seminal vesicles
Heart Spleen

Kidneys Testes

Liver Thymus

Lungs Thyroids
Ovaries (with Fallopian tubes) Uterus
Pituitary

The following tissues were examined in situ and fixed:

Adrenals Lungs (perfused)
Aortic arch Mammary gland
Any abnormal tissue Mesenteric lymph node
Bladder Muscle {thigh)
Bone {sternum and rib) Nasal cavity
Brain Oesophagus
Epididymides Ovaries (with Fallopian tubes)
Eyes Pancreas
Femur (bone marrow) Pituitary
Heart Prostate
Harderian gland Sciatic nerve
Intestine: duodenum Seminal vesicles
jejunum Skin
ileum Spinal cord
caecum Spleen
colon Stomach (glandular and non-glandular)
Kidneys Submaxillary salivary gland
Liver Submandibular lymph node
Testes (plus epididymides) Tongue
Thymus Trachea
Thyroids (with parathyroids, Uterus
examined where present) Vagina

HISTOPATHOLOGICAL EVALUATION: All tissues fixed, with the exception of
aortic arch and nasal cavity, were processed and examined histopathologically
for all animals in the Control (Group 1) and High dose (Group 4) and for all
premature decedents.

STATISTICAL EVALUATION: Organ weight and body weight data were
statistically analyzed for homogeneity of variance using the F-max test. If the
group variances appeared homogeneous a parametric ANOVA was used and
pairwise comparisons made via Student’s t-test using Fisher's F-protected
LSD. If the variances were heterogeneous log or square root transformations
were used to attempt to normalize the variances. If they remained
heterogeneous, then a non-parametric test such as a Kruskal-Wallis ANOVA
was used. Organ weights were also analyzed conditional on body weight (i.e.
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analysis of covariance). Histopathology data were analyzed using Fisher's
Exact Probability test.

Differences in survival between the Control and groups receiving the test

material were assessed graphically using Kaplan-Meter survival curve and
tested formally using the Gehan-Wilcoxon test.

RESULTS
OBSERVATIONS:

Mortality: There were 119 premature deaths distributed throughout the
Groups as follows:

Group 1 Group 2 Group 3 Group 4

(Control) (1.7 mg/kg/day) (5.0 mg/kg/day) (15.0 mg/kg/day}
Males 14/(100) 7/(50) 13/(50) 20/{1C0Q)
Females 22/(100) 13/(50) 10/(50) 20/(100)

Kaplan-Meier Survival curves for all four Groups in males (Figure 1) and
females (Figure 2) are presented below. There was some suggestion of
increased mortality in Group 3 males, particularly in the latter stages of the
study. This difference was not significant though, with a p value of
0.05<p<0.10. There is no evidence of differential mortality among the four
Groups of female mice.

Body weight: There were no demonstrable differences in body weight among
any of the Groups in either sex. Body weights for all Groups, both male and
female are presented in Table 1.

Food and water consumption: There were no notable differences in either food
or water intake in either sex among the four dosing Groups.

Analyses of dosing solutions: Periodic analysis of the dosing solutions showed
that acceptable accuracy (+ 10%) was achieved.
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Figure 1

TS 701
78 Week Gavage Corcinogenicity Study in Mice
Kaplon—Meier Survival Curve : Males
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Figure 2

TS 701
78 Week Gavoge Carcinogenicity Study in Mice
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Numbers in superscript indicate numbher of animals data derived from at that and subsequent

Table 1
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LABORATORY INVESTIGATIONS:

Differential blood counts/Red and white blood cell counts: There were no

significant intergroup differences in differential blood counts in either sex at
Week 52 or 78, and no significant intergroup differences in red and white cell
counts in either sex at Week 77.

TERMINAL STUDIES:

Organ weights: MALES: Both prostate and seminal vesicle weights were
elevated in the high dose group with statistical significance achieved in
absolute weight, with body weight as covariate and as percentage of body
weight (p<0.001 in all comparisons). This trend was apparent in the
intermediate dose group, suggesting dose-dependence, but not significant.
Low dose mice were not. different from control.

FEMALES: Thyroid weight was significantly increased, by all three
methods of comparison, in the high dose group relatie to control. The
intermediate and low dose groups were not significantly different from centrol.
Heart weight was slightly increased in the intermediate dose group after
covariance analysis and when expressed as a percentage of body weight. Due
to the lack of this observation in the high uose group, it is likely that this is a
chance effect.

Gross Pathology: In males, there was an increased incidence of enlarged
seminal vesicles in the high dose group (43/100 vs 14/100 for controls).
There were no notable differences among other groups, male or female.

Histopathology:

NON-NEOPLASTIC FINDINGS: Changes considered to be associated with
administration of TS 701 were present in the left atrium of the heart of mice of
both sexes. High deose males (24/100) and high dose females {(10/100) had
karyomegaly and hypertrophy of myocytes in the leit atrium. This finding was
accompanied by some degree of interstitial fibrosis in 6/24 males and 3/10
females. These changes were not seen in any of the control mice. No
morphologic changes between controls and treated mice were seen in the
prostate gland or seminal vesicles.

NEOPLASTIC FINDINGS: There were no neoplastic findings which could be
attributed to treatment with TS 701. The range of neoplasms observed was
sirnilar in type and frequency to that commonly seen in mice of this age.
Hepatocellular, pulmonary and lymphoproliferative tumors were among the
most commecn tumors observed.
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DISCUSSION

There were no notable findings during 78 weeks of dosing with TS 701 in
mice, with up to 15 mg/kg/day. Histopathologic evaluation did not
demonstrate any evidence of carcinogenicity, but with doses of 15 mg/kg/day,
TS 701 was considered to be associated with karyomegaly and hypertrophy of
left atrial myocytes, accompanied by some interstitial fibrosis.

There were no morphologic changes in the prostate or seminal vesicles to
account for the weight increase or necropsy findings. The macroscopic
changes wer: suggested to be due to increased secretion which was not
sufficiently severe to induce histologic changes.

As observed in the previous 104 week study in rats, there was no
evidence of carcinogenicity. Additional findings that were similar between the
studies are kayomegaly and hypertrophy of left atrial myocytes. These
occurrences were confined to the high dose groups in both studies.

Sumrmaries of the major histopathologic findings are attached.

RECOMMENDATIONS: The highest dosages administered in this study are
probably 50 to 100-fold higher than the intended human dosage. At the low
dose (still 5 to 10-fold higher than intended for humans), no significant
cardiovascular or renal pathology was evident, and no neoplastic findings were
evident. Labeling should undoubtedly include warning to those patients with
cardiovascular and/or renal impairment. The likelihood of overt
carcinogenicity is probably insignificant.

NOTE: The carcinogenicity data for these two studies has not yet been
independently evaluated by our Biometrics division. A phone conversation
with Dr. Karl Lin has confirmed that the sponsor has submitted the data in
the appropriate format and that it was received on or about Scptember 1.
Gary Buehler has independently confirmed that this data is currently being
reviewed by Biometrics.

Detlone T Lid
William T. Link, Ph.D.
Pharmacologist

ccC:
NDA 19-815
HFD-110
HFD-110/CSO
HFD-110/T Link
HFD-345/G James



SUMMARY OF HISTOPATHOLOGY FINDINGS - RAT CARCINOGENICITY STUDY:



YT ALl

TABLE 18 (continued)

INCIDENCE Of AETIOLOGY OF DEATN (NUMERIC) |
MALES FEMALES
FINDINGS TREATRENT JGrp 1 Grp 2 JGrp 3 |Grp & JGrp 1 jGrp 2 JGrp 3 jGrp 4
Osg { 1mg | 3m |]100g [ Omg | teg ] 3mg §10mg
kg-1. Jkg-1. Jkp-1. Jko-1. Jkg-1. Jkg~-1. [ke-1. Jkeg-1.
dey-1 |day-1 |day-1 |day-1 [day-1 ldasy-1 [day-1 |day-i
CAUSE OF DEATN: (42) | (22) | (25) | (48) | (42) | (21) | (2B) | (53)
LIVER: NEPATOCELLULAR CARCINOMA(TA) (M) 0 Q Q 2 a 0 0 0
LIVER: necrosis 1 0 o 2 g o o o —
NEART: pericerditis 0 0 0 (1] 0 0 1 (4] N
NEART: myocarditis 0 0 0 o 1 ] o (]
WEARY: throsbosis L] o 0 2 0 0 0 0
REART: hypertrophy with degenerstion in 1] 0 1 6 L] o 0 2
strium
AORTA: snevrysm 4] 0 0 2 0 o o 4
KIDNEYS: nephropathy 1] (1] 3 4 1 0 0 4]
KIDNEYS: tubul ar necrosis 1 (4] 0 Qe o] 4] 0 ]
LUNGS: inflammation 1 1 1 2 4 1 1] 4
ADRENALS: PMAEOCEROMOCYTOMA(TA) (K] 0 1 4] 4] 0 1) 0 ]
BRAIN: GLICHA (M1 2 2 o 0 1 0 0 0
BRAIN: neoplasia (unspecified) ] 0 o 1 0 0 0 0
BRAIN: necrosis 0 (4] 0 1 4] (1] 0 0
SPINAL CORD: demye) ination 4] ) 0 o 1 (1] 0 o
SXELETAL MUSCLE: RNASDONYOSARCOMA(TA)Y [N) (¢] 0 0 (4] 0 o 1 a
PANCREAS: I1SLET ADEMOCARCINOMA(TA) [R]) 0 0 1 0 0 0 L+ ] ]
PANCREAS: CARCINOSARCOMA(TA) (M) 1) 1 1] 0 0 0 0 0
PITUITARY: ADEWOCARCINOMA(TA) (M) ] 3 0 ) 2 1 3 2
PITUITARY: ADEMORA(TA) (8] 14 8 7 8 2 1" 15 28

Figures in brackets represent the rumber of animels from which this tissue wes exsmined histologically

[1-1 gadTHUddy &wamﬁti_%! b



SL58¢EY 141

TABLE 18 (continued)

INCIDENCE OF AETIOLOGY OF DEATH (NWUMERIC) |

MALES FENALES

FINDINGS TREATMENT JGrp 1 JGrp 2 JGrp 3 JGrp 4 Grp 1 JGrp 2 1Grp 3 |Grp 4
0 mg ‘ 1mg | 3mp J10mg | Omg | 1 mg | Jmg [10mg
kg-t. [kg-t. fjko-1. |kg-1. lkeg-1. fkg-1. jkg-1. jke-t.
day-1 |[day-1 |[day-1 jdey~1 jday-1 jday-1 jday-1 lday-1

CAUSE OF DEATH: (42) | (22) | €25) | (48) | (42) | (21) | (25) | (5D
o c 0 0

SKIN/SUBCUTIS: SOUAMOUS-CELL o (o} 1
CARCINOMA(TA) (M)

SKIN/SUBCUTIS: FIBROSARCOMA(TA) (M)
SKIN/SUBCUTIS: SARCOMA{TA) ([M]
SKIN/SUBCUTIS: FIBROMA(TA) [B]

MAMMARY GLANDS: ADENOCARCINOMACTA) ([N]
MAMMARY GLANDS: FIBROADENOMA(TA) (B)
URINARY BLADGER: inflsmmstion

TONGUE: SQUANCUS-CELL CARCINORA(TA) (W]
TRACNEA: possible trasumatic demage
OESOFPRAGUS: rupture

JEJUNUM: ADENOCARCINOMA(TA) [M]
SCIATIC NERVE: degeneration

ABDOMEN: SARCOMA(TA) [M)
LYMPKORETICULAR/NAEMOPCIETSC TISSUE:
LYNPROMA (M)
LYMPHKORETICULAR/HAENOPOIETIC TISSUE:
LYNPHOCYTIC LEUKAENIA (M)
LYMPHORET ICULAR 7HAEMOPOIETEC TISSUE:
HISTIOCYTIC SARCOMA(TA) (Ul

Lower jaw misaligned

Foot/tall lesions

ETA

“ Qs DOO0O0000~
~“~Q000=0000000O0

-

© O 0000000 0OO~=000
Q

OO0 O O C0OO0OWOOO0ODO=Nw

0D O QO ~QOoO0ONODOOONOO=—
00 0 0O QO000—»~000O0QOO0

o O
oo

NO O O L000NO=NOODWD
O -

-0 O 0 0~200~00000000Q

Figures in bracket

s represent the number of snimals from which this tissue was exemined histologicelly




- — - - - " - - -

FINDINGS

TABLE 18 (continued)

CAUSE OF DEATN:

Metastatic calcification
Acc {denta!
Unknowun

INCIDENCE OF AETIOLOGY OF DEATH (NUMERI)IC) l
MALES FEMALES
TREATMENT |Grp 1 |Grp 2 {Grp 3 JGrp 4 {Grp 1 |Grp 2 |Grp 2 [Grp 4
0 mg 193 { 3mg [1Omg ] Omg | 1 mg ] I mg |10 mg
kg-1. lkg-1. jkg-t. |ko-t. jkg-1. |kg-1. jkg-1. |Jko-1.
day-1 [dey-1 |day-1 [day-1 |day-1 |dey-1 [day-1 |[dey-}
(42) (22) (2%) (48) (42) | 21 (25) {83
0 0 1] 1 0 0 (0] 0
0 Q o 0 o 1 0 3
13 3 4 7 1 0_ 3 7

Figures in brackets represent the nunber of

snimals from which this tissue was examined histologically

gLe6Ey 1

921




TABLE 18 (continued)

|
!

{
i

Males

Statistical [nformation

Femsles

Mode of Death |

fep1|6p2|Gp3|6rpa|6rp1|6rp2|Grp3|crpdl|
Im| 3mg|10mg | Omg|

{Treatment| 0 mg |

I1mg| 3w | 10mg |
| kg*. | kgt. | kgt | kg*. | kgt | kgt | kgt | kgt. |

|

|

l | 1 oyt ] devt | davt | dayt | dayt | dayt] dave ] devt |
! , i | - | i | |

| Termtnal Ki11 | s8 ) 28 | 25 | s2 | s3 | 29 | 25 | @&
{ { | | | | | i |

| Found Dead | 2] 9| 1wof{ 3| 12| s} 2} 2
} I | | | | | | |

| Killed Prematurely | 20 | 13§ 15 ] 18 | 29 | 17| 18] 32
| 1 | ] 1 | ! ] 1

| | ! | | I | | |

| Total ] 100 | so | so | 10 | 100 ] so | S0 | 100
| | i ] | | i | |

{nued

. - TR W —— — A S SEPo s
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TABLE 19

TS 701
104 Week Gavage Corcinogenicity Study in Rats
Overal) Tumour Incidence

TUNOUR TABLE |
MALES FEMALES
TREATMENT {Grp 1 |Grp 4 |Grp 1 |Grp &
Ong {10mg | Omg 10 g
kg-1. lkg-1. fkg-1. [keg-1.
’ day-1 |day-1 {dey-1 [dsy-1
NUMBER OF ANIMALS: 100 | 100 | 100 | 100
NO. OF ANIMALS WITH TUMOURS 82 n 93 81 ~
NO. OF ANINALS WITN SINGLE TUMOURS as 28 4 3N ©
NO. OF ANINALS WITH MULTIPLE TUMOURS 43 49 52 50
NC. OF ANIMALS WITH BENIGN TUMOURS 73 7 a9 n
NO. OF ANIMALS WITR MALIGKANT TUMOURS 3t 32 20 22
NO. OF ANINALS WITH METASTASISING TUMOURS 1 2
TOTAL NUMBER OF TUNOURS 150 | 159 | 163 160
TOTAL RUMBER OF BENIGE TUMOURS 118 | 122 ] 139 | 135
TOTAL NUNBER OF MALICNANT TUMOURS 32 37 24 25
TOTAL NUMSER OF METASTASISING TUMOURS 1 2
£ AKIMALS WITH TUWMOURS 82 77 93 81
% ANIMALS MWITH SINGLE TUMOUR 9 28 4 ] ]
< ANIMALS WITH RULTIPLE TUMOURS 43 49 52 50
X ANINALS WITH BENIGK TUMOURS 73 71 | 8 7
X ANIMALS WITH NALIGNANT TUMOURS 3t 32 20 22
X ANIHALS WITH METASTASISING TUMOURS 1 2

Animals with more than one tumcur type are recorded ss having sul tiplie tumours




SUMMARY OF HISTOPATHOLOGY FINDINGS - MOUSE CARCINOGENICITY
STUDY:



Tanle 16 (continued)

female

number cf animals
Non-protocol Organs

FACTORS CONTRIBUTORY TO DEATH
None fdentified

Malignant )ymphoms
Amyloidosis

Ulcerative dermatitis
Mammary gland adenocarcinoma
Peritonitis

Intrauterine haemorrhage
Cystic endometrial hyperplasia
Probable dosing accident
Haemorrhagic ovarian cyst
Mammary gland adenoacanthoma
Malignant schwannoma

Thrombosis adjacent to
pituitary

Hagmorrhage within ovarian
cyst

Osteosarcoma
Pituitary adenocarcinoms
Glomerulonephritis

Endometvial stromal polyp

127

100

50

5.0

mg/kg/day

S0

15.0

100
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Table 16 (continued)

Female
0 1.7 5.0 15.0
mg/kg/day
number of animals 100 50 50 100
) Kon-protocol Organs
PREDOMINANT PATHOLOGY
Pulmonary adenoma 6 0 0 6
No significant pathology 4 0 2 4
present
Pulmanary adenocarcinoma 1 0 0 0
Narderian gland adenoma 1 0 0 1
Malignant )ymphoma %] 3 2 ?
Hypertrophic gastritis 0 0 0 1
Amyloidosis s o 0 15
-7 Ulcerative dermatitis 1 3 0 2
' Ovarian follicular cyst 3 1 2‘ 39
Cystic endometria) hyperplasia 13 0 1 9
Fibroma 1 0 0 0
Sarcoma, NOS 4 0 0 2
,‘;‘ Basal cell adenoma 1 0 0 ]
Endometrial stromal polyp _ 3 1 0 2
Marmary gland adenocarcinoma 2 0 0 1
> -
Fat necrosis and acute 1 0 0 0
peritonitis
Islet cel) adenoma 1 0 0 1
tntrauterine haemarrhage 3 1 1 0
Luteoma 3 0 0 0

Fibrous polyp - uterine cervix 1 0 0 0
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Table 16 (continued)

Femaie

0 1.7 5.0 15.0

mg/ky/day
number of animals 100 50 50 100
Non-protocol Organs
PREDOMINANT PATHOLOGY
Fibrosarcoma 1 0 0 0
Focal hyperplasias - pituitary 1 0 0 0
gland
Pituitary asenoms 1 0 4] 0
Foreign body granuloma - lung 1 e 0 0
Hydrometra 1 0 o 0 '
thoriocarcinoma 0 0 0 1 -~
Let “yoma 0 0 0 3
Thymic (ymphoid hyperplasia 0 0 0 2 é
Perioesophageal haemorrhage 0 0 0 1 g‘
and fibrosis

Ovarian cystadenoma 0 0 0 2
Arteritis 0 0 0 1
Ovarian bursal cyst 0 0 0 1 -
Transitionsl cell papilioma 0 0 0 1
Mammary gland adenocscanthoma ) 0 0 1

Maltgnant schwannoma
Cellulitis

Endometrial stromal sarcoms

L~ T~ B -
o
o o o o o
-

Metritis 0 0



Table 1+ Randomized Controlled Clinical Study cCharacteristics
Invest- fentanyl — XYo. of Patients — 2~tail
igator (mncg/hr) Recruited Evaluable p-value [1]
McLeskey 50 (28, 26) (26, Z4) {2] 0.05
caplan 75 (22, 20) (20, 20) 0.06
Nimmo 75 (23, 23) (23, 18) 0.03
Plezia 75 (22, 21) (16, 21) 0.30
Hotchkiss 100 (25, 24) (22, 21) 0.04
Stanski 100 (23, 23) (19, 20) 9,60

Total: (143,137) (126,124)

[

[1] FDA assigned p-value based on applicant's Wilcoxon Rank
Sum Tests up through 30 hours inclusive post-~p.

[2] Counts are respectively (fentanyl, placebo)
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Table 16 (cantinued)

Female

0 1.7 5.0 15.0

my/kg/day

number of animals 100 50 50 100
Kon-protocol Organs
Frictured femur 0 0 0 1
Osteosarcoma, primary site not o 0 1 0
fdentifiee
Pitultary adenocarcinoma 0 1 1 0
Glomerulonephritys 0 ) 0 0

st @aamfa

P R e L
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Female

pumber of animais
Overal) Tumour lncidence
PRIMARY TUMOURS

Foce) Wyparplasia
BENIGH TUMOUR

MAL TGMANT TUMOUR
MULTIPLE PRIMARY TUMOURE
focal Hyperplasta
BENIGN TUMOUR

MAL IGNANT TUMOUR
MALTGNANT LYMPHOMA

presant

13

Tab'e 16 {continued)

100

10
10

e B

1

1.7

s0

"

5.0

mg/Kg/cey

80

- we

o000

1%.0

100

16
16
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Table 16 (continyeq)

Female
0 1.7 5.0 15.0
na/kg/day

number of Mnimais 100 50 §0 100
Statistica) Information

Mode gr death

Termina) ki1 78 k¥ 40 80
Found deag ] F4 3 0
Killeg Prevature)y 14 11 ? 20
Tots) 100 80 50 100
Killed 4n Study week

1-10 0 0 ] 1
2l « 39 3 1 1 1
31 - g 1 ? ! 1
41 - 8 ) 1 1 4
51 - & 4 2 2 5
1 - 10 k] k] 3 3
N - g0 [ ] 4} 42 2
Tota) 100 50 $0 100

et €D, .

' L ]
¢ 3umgop - Apmg
Mm-\ua T

é




NDA 19-815 JUN | 2 1995

REVIEW/EVALUATION OF PHARMACOLOGY/TOXICOLOGY DATA
W.T. Link, Ph.D.
May 24, 1995
SPONSOR: Roberts Pharmaceutical Corporation
DRUG: Midodrine (TS 7C1) {Axﬁaﬂne@)
STRUCTURAL FORMULA AND CHEMICAL NAME:
o)
HOCHCH, NH C"l C HyNH,

o< HJ Formula wt. 290.74

.
H,CO

2-amino-N-[2-(2,5-dimethoxyphenyl)-2-hydroxyethyljacetamide hydrochloridc
or: .
2-amino-N-(2,5-dimethoxy-fi-hydoxyphenethyllacetamide hydrochloride

or:
1-(2°, 5'-dimethoxyphenyl)-2-glycinamidoethanol hydrochloride

PHARMACOLOGICAL CLASS: sympathomimetic, peripherally acting a-agonist
PROPOSED INVESTIGATIONAL USE: idiopathic orthostatic hypotension

PRECLINICAL PHARMACOLOGY:

The preclinical pharmacological data submitted in support of this
application is extensive. A complete listing and categorizing of this data is
beyond the scope of this review, and is already adequately presented in the
review dated 22 Jan. 1990 by Claire Lathers. The focus here is to call
attention to inconsistencies in the sponsors interpretation of the basic receptor
pharmacology of this agent, and inadequactes of study design including an

. .
-



absence of validating positive standards and dose-response analyses.

Midodrine is considered a prodrug that is proteolytically cleaved at the
glycyl moiety to yield ST 1059, the active metabolite. A dose-dependent
pressor eflect to i.v. midodrine or ST 1059 was demonstrated in intact rats,
cats, dogs and in isolated rat hindlimb preparations, isolated perfused rabbit
ears and isolated human veins. The metabolism of midodrine is not
apparently achieved through the action of MAO or COMT, as for endogenous:
catechols, as inhibitors of these enzymes do not enhance the pressor effect.

Several lines of evidence argue against the conclusions drawn by the
sponsors. They have interpreted the studies as demonstration of a direct
acting (not causing secondary release of norepinephrine from nerve terminals),
selective o-agonist which is generated from the prodrug via proteolytic
cleavage. To the contrary, their data cannot rule out indirect effects on NE
release; it further suggests effects on at least one other catecltolamine receptor;
and calls into question their hypothesis of a prodrug with only one active
metabolite. These concerns are addressed, in detail, below (not in order).
Coples of data from the sponsor's submission are attached.

This reviewer's first concern involves the experiments where the protease
inhibitor aprotinin (Trasylol®) was used in an attempt to demonstrate that
inhibition of proteolysis of midodrine would prevent its conversion to ST 1059
and therefore prevent its pressor effect. Table A (Section 4, pg. 1.3.1/8) shows
the response to various treatments in the isolated perfused rat hindlimb.
Midodrine (5 mg) in blood/Ringer perfused rats produced a 75.2 mmhg pressor
response at 60 min, (Control). Aprotinin (12,500 K.I1.U.) decreases this
response to 35.6 mmhg, consistent with the hypothesis. However, identical
treatment with aprotinin also blunted the response to ST 1059 (the purported
active metabolite) in similar, if not greater fashion (66.0 for control vs. 24.16
mmHg). The sponsor acknowledges this discrepancy and attributes the
inhibition of both midodrine and ST 1059 "other mechanisms". As can be seen
in the same table, these other mechanisms do not block the pressor response
to noradrenaline and, therefore suggest a direct interaction between aprotinin
and midodrine or ST 1059 which prevents their binding to the a-receptor and
which is independent of the receptor itself. Alt:rnatively, this effect could
suggest that ST 1059 is not the only active metabolite and that further
metabolism by proteolysis of ST 1059 is required for the pressor effects. These
possibilities could easily be examined by any number of available
methodologies.

Additionally, only single doses of midodrine or ST 1059 were used in
these analyses. Dose-response curves for these agents would have been rore
appropriate, and a dose-dependent shift of these curves might have shed some
light on the mechanism of this inhibition. One has to question whether the
threshold or maximal response were altered by aprotinin as well.

A second concern of this reviewer relates to the demonstrated
enhancement of the pressor response to i.v. midodrine by pretreatment with
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propranolol Tab'e A, section 4, pg. 1.1.1/10, copy included). Intact,
anesthetized rats were used in these studies. Control pressor responses to 5
mg midodrine i.v. were 48 = 14 mmHg. The expected physiological response to
a pressor substance would be reflex parasympathetic outflow via the vagus
nerves, which would decrease heart rate, blunting this pressor response.
Atropine would block this reflex and allow a greater pressor response as
demonstrated in the table (88 + 14mmHeg, it is not clear why i.v. atropine was
ineffective, but the "spinal" administration clearly demonstrates the reflex is
present in controls). Intravenous propranolol also enhances the pressor effect
to 62 + 20mmHg, an apparently significant effect, which would not be expected
in response to a selective, pure a-agonist. Instead. this effect suggests a role
for adrenergic f§ receptors, namely B,, in the response. Thege receptors have a
distribution in skeletal muscle where their stimulation results in active
vasodilation, and the large mass of this tissue can allow for a large
redistribution of blood flow in response to agents that stimulate both o and f,
receptors. Such a redistribution would blunt the expected pressor response to
a purported pure a-agonist which was in reality cross-selective for both
receptors. Propranolol would remove the vasodilatory component and allow
the full expression of the « receptor effect. Again, the questions arising from
this unexpected response can easily be addressed through receptor binding
studies.

Alternatively, acute propranolol treatment could have initiated a reflexive
vasoconstriction following the fall in cardiac output, which would enhance the
effect of sympathomimetic agonists. This could explain the enhanced pressor
response to midodrine following propranolol pretreatment. Again, this
hypothesis could have easily been tested by demonstration of greater
responses to other direct acting 2 gonists such as phenylephrine following
propranolol.

* Thirdly, the issue of direct vs. indirect mode of action has not been
adequately established. Reserpine was evaluated in both the intact rat and the
isolated hindlimb preparation and did not decrease the pressor response to
midodrine in either model (again using only single doses of midodrine, not
dose-response curves). There is, however, reason to question the effectiveness
of the reserpine treatment. For reasons of brevity, | would like to refer to
Claire Lather's review (pg. 63) regarding the reserpine treatment and its
limitations. Additionally, there was no demonstration that the reserpine
treatment had depleted endogenous NE stores, which could have easily been
performed by tyramine administration.

Similarly, attempts to rule out an indirect mode of action by t:sing
cocaine pretreatment were also inconclusive. Table 1.1.1/6 (copy provided)
shows the effect of cocaine pretreatment on pressor effects induced by
tyramine, midodrine or ST 1059. Cocaine blocks the reuptake of released NE
and therefore blocks the action of agents that work via this uptake mechanism

”

LY
* - ‘
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and cause release of NE by displacement. Tyramine works through this
uptake mechanism and its effect should be diminished by cocaine treatment.
However, the lack of a significant effect on tyramine-induced pressor responses
(the positive control) calls the effectiveness of the cocaine treatment into
question. Clearly it would be difficult to demonstrate indirect release, under
these conditions, by an agent that may work only partially through indirect
mechanisms when a significant effect on tyramine-induced responses (entirely
indirect) cannot be shown. Demonstration of enhanced responses to NE could
also have been demonstrated to validate the effectiveness of the cocaine
pretreatment, but were not performed. The small potentiation of ST 1059-
induced pressor activity by cocaine is probably not real. Cocaine potentiates
the effect of NE by preventing its reuptake, so unless ST 1039 is inactivated
through the same uptake mechanism which inactivates NE, potentiation of a
purported purely direct-acting agonist by blockade of this uptake mechanism
would not be expected.

The question of direct vs. indirect effects for midodrine and ST 1059 is
further complicated by the submission of a study in anesthetized dogs (1.1.2.5)
where imipramine is administered (0.3 and 3.0 mg/kg i.v.) to modify the
pressor response. It is not immediately clear to this reviewer why this study
was even done, and what the investigators expected to find. They state "These
investigations were carried out to demonstrate or rule out potentiation of the
effects of midodrine and ST 1059 by imipramine." apparently because they
expected imipramine to potentiate the effects of indirectly released NE if
midodrine acted through this mechanism. However, above this statement they
cite a reference (Sabelli and Sinay, 1960) stating that imipramine diminishes
the effect of indirectly acting sympathomimetic drugs (true, because it is now
known that it blocks their uptake). Their data (copies provided) demonstrate
decreased pressor responses that are dose dependent on tmipramine, and their
interpretation is only that there was "no evidence that imipramine potentiated
the pressor effects of midedrine or ST 1059". They apparently attribute the
inhibition to blockade of a receptors, and cite Schaeppi (1960) in reference.
However, their control blood pressure records taken after imipramine, but
before midodrine or ST 1059, show imipramine dose dependent increases in
pressure which would not be consistent with o blockade.

It is clear to this reviewer that the case cannot be made for claims of
direct action, or pure a receptor selectivity based on the studies provided. The
claim of one active metabolite generated by proteolytic cleavage is also not very
convincing. Conversely, it is clear that midodrine and ST 1059 do¢ act on «
receptors and produce a prolonged pressor resnonse which could be clinically
beneficial in some cases. There is much evidence accumulated that
demonstrate midodrine is relatively safe, and can be toler: ed at nigh doses in
experimental animals. Recently performed carcinogeniciy studies in rats and

~
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mice do not demonstrate any untoward eftects, however our biometrics people
have not given their report on this issue. I would recommend that the
sponsors perform a receptor binding survey for known receptor subtypes, and
do some definitive pharmacological experiments, perhaps using isolated
hindquarters preparations which have been calibrated using known direct and
indirect acting sympathomimetic agents, or preparations which have been
sympathectomized by agents such as 6-hydroxydopamine to address the direct
vs. indirect effect issue. I would also recommend that shifts in dose-response
curves rather than single doses be used in these analyses.

Gblellwe Lot

William T. Link, Ph.D.
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Table A

1.3.1/8

Changes of perfusion pressure in the isolated perfused
hindbody preparation of the rat after midodrine,
ST 1059 and noradrenaline with and without pretreatments

-

. - (Mean values, standard deviations, significance data)
. '
e e - : o Significance
Substanca . |Porfusion ‘ Change of perfusion Tiahibition as X
»
dose . nediua ."""".“ h . nu;arq in salg of control valye)
Lo o af4 - - oL .
N - 3 keraain) % 2 8,
T f‘udodru- blood /Minger | none 11120 atn 9,5 ¢ ‘5.95
g - -
18 ug bloed Ringer | aene 15 30 uin A0 + 17,0 100 %
P P ing a Sl en] o 3 248 i‘}w )
5 ag - blecd/Ringer | 2 ne/xg Raser- | 113 sin &0;36 + 8, n.a,
L . : pine s.¢. 60 ain 67,18 3 11,1¢ n.s.
e 46 b before 7 =
5 og ., - blood/mnco_;' Trnnjlnlu add.. ! 19]|% ain 19N ¢ 2.9 i 47,6 lxg 0,01
= - 6"» *o,-“. ' Uo Btn “2,' £_15.D'l %.s ’ o.m“
S ng blood/Ringer | Traoylot® add. 6{22 atn | 12,33 + 10,83 3.9 X) 0,01
S ~ " | 12500 x.1.u. ~|80min | 35,6 3 8,32 237.5 %) 0,01
Cteg. T Conpenaaa® | nene ) 3 niz | 19,08 & 13,93
Sr‘g.‘.«' Coapenm_ﬁ— none . 5|70 =ia 87,8 ;L”'” (100 %)
T3 Coapensan Trasylol™t €{30 ain | 39,05 + 20,9 ( 45,2 %) 0,00
o ?:gf‘*égﬁn blocd/Rincer | nene 1 - 57,18 & 95,61
* 1R aidedrine ~ 2 pg/kg reserpinef 11 - 52,0 + 11,61
(5 -C) . B X . . -
150 bafere - . )
ST 1059 bleod /Rinmor | none . 9 25,89 « 22,51 (100 %)
l0.05 ne Tranylol- add, 5 22,0 8 A i
) 32500 E.1.0. 0 2 9 (29,4 %) 0'01.
7 1059 Componzan® | neme 6 66,0 » 28,2 (100 %)
fo.a ag Trasylol~ add.
, 12530 K.1.U, 6 %, ¢ 7,20- | ( 36,6 %) 0,0
Horadrenalire Sloodz'nluccr none 10 29,50 ¢« 2.1
" b r Ko =
0,002 ng Trasyinls M 2 27,12 &+ 10,49 | € 95, %) n.s.
doFidodrine blocd,‘Ringer | none 5 .6 ¢+ 3,9
5 ag .
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1.1.1/10

The experiments with the various types of
pretreatment showed that midodrine is a peripheral-
ly-acting and direct-acting alpha-sympathomfmetic
drug (i.e. 1t does not act by releasing catecho-
lamines) and it 1s not fnactivated efther by
transferase or by amine oxidase. -
o . . |
Table A co
Pressor potency of midodrine (5 mg/kg 1 v, ) 1n
anaesthetized rats after various types of pretreatment
(Hean values. standard deviation. significanEe)

Pretreatment - ﬁ Rise of o Signifjcance
Cose ,_'f o -+ ] blood pressure PR
mm Hg e
X + 8, o

Atropine . - 9 44 + 15 . 0,50
(5 mg/kg 1.v.) B A | -
Spinal (5 mg/ 8 | 88+ . 0,001 +
kg Atropine) . '
Reserpine(5 mg/ 8 . 46 + 12 0,70
kg i.p. L ) .
16 .h before" _ :
Phentolamine - 6 14+ 4 - 0,001 - -
(5 mp/kg 1.v.) ' S T
Lropranolol 10 62+ 20 | 0,05 +
(5 m/kg 1.v.) . o o ‘ . .
[ Pyrogallol ) 5 . 50 + 9 - 0,80
(25 mg/kg i.v.) '
Iproniazid 100 mg/| S 56 + 15 | 0%
16 h Eefore “:
Aprotinin 7 29 +, 6 0,005 -
25,000 KIU/kg
i.v. i
?O ,000 KIU/kg 6 30 + 5 0,005 -

V.
Mldodrine10 ng/kg |10 31 + 6 0,001 -
P.0. 4 days
2x5mg/k day 8 33 + 15 0,025 -
i.m. 4 days
1 % added to 8 15 + 7 0,001 -
feed 3 weeks - _

n = number of tests; + = enhaicement; - = diminution



In addition to the above evidence suggesting that midodrine may block beta
receptors only in an in vitro preparation, supporting results for this concept
were also obtained in the in vivp rat preparation. Blockade of beta receptors
with propranolol § mg/kg, iv, in rats increased the pressor effect of
midodrine. The authors never explore what these data suggest. One
interpretation could be that midodrine exhibits an action to both block beta
receptors and to stimulate alpha receptors and that blockade of the beta
receptors by propranolol prior to the administration of midodrine would make
available more molecules of midodrine to stimulate the alpha receptors.

As {f the data on beta receptor interaction were not confusing enough, the NDA
application also contains data to support the fact that midodrine does not
block beta receptors. Isoproterenol (0.4 ug/kg, iv) was used in rats to
demonstrate a mean systolic and diastolic depressor effect of 36.83 + 21.75
and 49.25 ¢ 21.42 mmHg. Because midodrine 1 mg/kg, {v, or,ST 1059 25
ug/kg/min, iv for 10 min, failed to alter the effect of isoproterenolol, it
was concluded that these entities do not block beta receptors. One could
argue that the use of this dose of isoproterenolol produced a maximum
depressor effect and that if the experimental design had used lower threshold
doses of isoproterenolol, midodrine or ST 1059 would have been able to exert
an action on beta receptors. It may be that different doses of midodrine are
capable of both stimulating and blocking beta receptors, depending on the dose

used.

Reserpine depletes catecholamine stores and thus if a drug normally acts on -
beta receptors by releasing catecholamines, its action will not occur in a
reserpinized animal. The sponsor presents evidence that reserpine
pretreatment did not enhance the pressor effects of midodrine and again
concludes that midodrine is not acting on beta receptors. If midodrine acts
on beta receptors and {f removal of the neurotransmitter norepinephrine was
accomplished by pretreatment with reserpine, a supersensitive response due to
upregulation of the beta receptors would have resulted in an increased pressor
response induced by midodrine. In the anesthetized rat studies, reserpine 5
mg/kg was administered ip 16 hr before the administration of midodrine.
Because no enhancement of the pressor effect occurred, it was concluded that
these data support an alpha pressor effect of midodrine. Several comments are
pertinent. Ffirst, the investigators did not do plasma and tissue
catecholamine assays to verify that the reserpine did indeed deplete the
catecholamines. Without this supporting evidence, one must question their
conclusion about the actfon of midodrine. Secondly, studies have shown that
the action of reserpine at a dose of 5 mg/kg, ip route requires 24 hours or
longer to deplete catecholamines in anesthetized dogs and cats. Indeed, the
folliowing doses and treatment times have been utilized in studies using
reserpine pretreatment in anesthetized animals: cat at 5 mg/kg, ip 24-30 hr
prior (Ciofalo et al, Bri J. Pharmaco! Chemotherapy 30:143-154, 1967), cat §
mg/kg, ip, 20-36 hr prior (Levitt and Roberts Clin Res 19:622-631, 1966; J.
Pharmacol Exp Therap. 156:159-165, 1966); cat 5 mg/kg, ip 24 hr prior (lLathers
et al, Europ J. Pharmacol. 76:371-379, 1981); dog 10 ug/kg, im daily for 6
days prior, or 2.5 mg/kg, im 24 hr prior (Takagi et al, Am J Cardiol. :
15:203-205, 1965); and dog 0.01, 0.1, or ) mg/kg, iv 24 hr prior (Boyajy and
Nash, J Pharmaco! Exp Therap, 148:193-201, 1965). The study included in this
NDA application only waited 16 hr after reserpine 5 mg/kg, ip to administer
midodrine; this may have been an insufficient time period for
reserpinazation. Inadequate time to allow reserpine to deplete catecholamine
stores would negate the sponsor's conclusion that reserpine did not enhance

the pressor effect of midodrine.

..d‘*!'.




Tab. 1.1.1/6

Table 1.1.1/6

Effects of tyramine, ST 1059 and midodrine on the blood
pressure of rats with and without cocaine pretreatment

. : Dose ~ Max. blood pressure rise .
" Substance |(mg/kg :
: - i.v. {thout . after cocaine ,
o V) gretreat; - | (5mg/kg 1.v.) \‘\ (t-Test)
Tyramine | 0,5 v 36 423
- | + 18 + 12 -
+ 40 + 16
+ 33 + 30 .
| + 36
+ 15 4
- -~ I\
3,8 + 9,6 22 "+ 9,4 0,10 < P<0, 05
8T 1059 | 0,1 + b2 T
| + 48 + 49 ' '
+ 28 + h2
+ 42 + 48
+ 46 + 66
) ' | + 44 | :
41,2 + 7,8 | 50,2+ 8,8 |0,05 {
Midodrine | 5 y 31 + 40 B |
< o - + 46 + 24
' + 41 + 32
+ 60 + 449
: + 49, + 62
| + 28
45,4 ¢ 10,6 | 39,2 + M4,3 | 0,30

31
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1.1.2.5

1.1.2/15

Modification by imipramine of the pressor effects of
midodrin. and ST 1059 in anaesthetized dogs

1. Purpose_of the study:

Tricyclic antidepressants modify the pharma-
codynamic effects of adrenergic substances in
varifous ways: for cxample, 1m1pram1né enhances the
pressor effect of noradrenaline, but {mfpramine
diminishes the effect of indirectly acting
sympathomimetic drugs (H, S a b e 1 1 1Y

I. Si{nay: ’rzneim. Forsch, 10, (1960).

935 f.). Imipramine potentiates the effect of
noradrenaline by inhibiting the neuronal uptake of
noradrenaline (J. A x el rod et al..“Science
133, (1961), 283 f.). On the other hand :
methoxamine, which 1s related chemically to <T
1059, {s not a substrate for uptake into nerve
endings (U. Trendelenburgyg et al.,
J. Pharmacol, exp. Ther. 172, (1970), 91 - 99).
Higher doses of imipramine have an alpha-
adrenergic blocking effect (U, Sc haeppi,
Helv. physiol. pharmacol, acta 18, (1960), 545 -
562)., These {nvestigations were carried out to
demonstrate or rule out potentifation of the
effects of midodrine and 57 1059 by imipramine.‘

2. Method:

Male and female dogs (in all 2% beagles weighing
from B to 12 kg) were anaesthetized with a mixt re
of urethane (700 mg/%qg) and chloralose (70 mg/kq)
i.ve Blood pressure fn the femoral artery was



1.1.2/16

measured electromanometrically with a Statham
transducer and recorded on a Hellige Multi-
skriptor. Midodrine (0.9 mg/kg) was injected into
the jugular vein, ST 1059 (0.025 mg/kg/min) was
infused over 10 minutes into the jugular vein.
Two gfoups each of B animals were pretreated with
imipramine (Tofranil(R{ Geigy) in doses of 0.3 or
3 mg/kg f.v. 15 minutes before administering
midodrine or ST 1059,

Lt

ey :A’.‘,.: P
RN e e
o 3
C : : Detailed
Results: S results
Tadb. 1.1.2.
and 2¢

Imipramine caused 3 dose-related reductfon of the

‘pressor effects of midodrine and ST 1059 in

anaesthetized dogs. After midodrine (0.9 mg/kg

f.v.) the arterfal blood pressure rose by at most

35.7 mmHg whereas the midodrine~fnduced rise of .
blocd pressure after 0.3 mg/kg.of imfpramine was

only 18.6 mmHg and after 3 mg/kg of imipramine

it was only 2.1 mmHg. The rise of blood

pressure after intravenous infusfon of ST 1059

(0.025 mg/kg/min over 10 minutes) was reduced from

27.8 mmHg (control) to 14,4 mmHg (after 0.3 mg/kg

of imipramine) and to 7.9 mmHg (after 3 mg/kg of {
imipramine). In these tests there was no evidence

that imipramine potentiated the pressor effects of
midodrine or ST 1059,
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Table

1.1.2/17

A

Modification by imipramine of the pressor effect of midodrine
in anaesthetized dogs

(Mean values)

Charge of mean pressure in the femoral a. (mm Hg)
after 0.9 mg/kg of midodrine i.v.

‘

lean values and standard deviations from 4 - 5 tests

in each case,
Pretreaatment ) ;none (Q‘gmgi‘g;:gigfv.) (ﬁgiﬁ:.)
Time after
midodrine admin.:
Smin |+ 31,4 + 16,6 | + 13,8 + 5,1 - 0,3 + 1,8
10 min + 35,7 + 18,4 + 18,6 + 8,8 - 246 + 2,1
15-oin |+ 32,5 +10 + 15,5+ 7,7 |+ 2,1 + 3,1
20 min + 34,5 + 15,1 + 15,3 + 11,2 |- 0,1 + 3,6
0 min |+ 30,1 + 11,7 | + 13,8 + 12,4 |~ 1,25+ 3,1
40 min |+ 25,9 + W, 3 | + 12 ¢+ 11,7 |- 0,6 + 6
50 min |+ 21,4 + 16,6 + 12,1 + 10,8 |- 6,1 + 3,4
€0 min |+ 19,3 # 18,8 | + 12,1 + 10,7 |- 4,5 + 4,1

[ |



Table

B

1.1.2/18

Modification by imipramine of the pressor effect of
$T 1059 {n anaesthetized dogs

(Mean valu

es)

Change of mean pressure in the femoral a,
after ST 1059 (0.025 mg/kg/min for 10 min 1.v.

( mm
i.v

Hg!}
)

Mean values and standard deviations from 4 tests

in each case.

’ o . . Imipramine Imipraxize
retreatmen none (9’73 mg/kg 1.v.) | (3 ,; Xe ,i'v')
Time eff.a.r starting
ST 1059 infusion:
2min |+ 7,6 % 4,1 + 6 4+ 4,4 +1,9 + 1,6
Q.min + "7'5 + 5,3 +:-10 + 801 + 3)25 + 316
6 min [+ 19,1 + 8,2 + 13,8 + 12,8 | + 5,25 + 5,3
8 min |+ 24,1 + 7,9 + 12,4 + 12,8 + 7,9 + 9
(= end of -
infusion):
15 min |+ 27,8 + 3,5 + 10,9 + 12,8 + 4,1+ 134
20 min |+ 19,6 + 4 + 5,3 + 11,5 + 2,1 + 15,7
S min |+ 13 4+ 7 + 4+ 12,6 + 1,9 + 15,7
30 min |+ 10,3 + 7 + 2,4 + 15,8 + 1,6 + 16,3




Table

Tab.

1.1.2/19

1.1.2/719

Modification by imipramine of the pressor action of midodrine
In anaesthetized dogs

(Detafled results)

- Imipramine Imipramine .
Precreatment none (O’3mg/kg iOVI) (3myk5 i.V.)
_ , ‘ , , - ,
Baseline blood pressure 139,5 120,5 155,5 .
(mean oressure ) :'“;Z:f' qgg'g ;?2‘5
moral a. (mm H 5,
femoral a. (mm Mg 120 194:5 288, 5
155
% 149, 2 177,8 184, 6
By 6,2 21,5 24,2
~ Midodrine )
0,9 me/keg i.v.)
SRR
g er 5 mi 45,5 10 - 1
after > min \Z 20,5 1.5
58|5 9;5 - 205
12 15 1
15 ,
X 31,4 1%,8 - 0,3
85 16,6 5.1 : 1,8
fter 10 min 29 11 0,5
arter n 43 27‘5 ) 4,
61 11 -4
20 25 -~ 3
15,5 —
% 35,7 18,6 -~ 2,6
5< A8 i 8,8 2.1
after 15 pd Y 9,5 - 1.5
2 Bin 43 25’ 4.5
E’BVE 9 . 0’5
32,5 e,5 5
) 16,5
x 32,5 15,5 2,1
. By 10" 7.7 3,1

9]

-y

e




Tab. 1.1,.2/19

‘ (cont.)
Continuation of '
Table 1.1.2/19
Pretreatment none Izipramine Iniprazine
‘ - 7(07,3mg/kg i.v.) (3mg/f:g i.v.)
after 20 nin 29,5 5 0
43,5 25> . -7 -5
g; 5 22 32
15" _ !
x 34,5 15,3 - 0,1
| 85 45,2 11,2 3,6
after 30 min 31 10 0,5
- 42,5 25,5 -5
39 - , 2
%g 21,5 - 2,5
x 30,1 13,8 - 1,25
| P 1,7 12,4 3097
after 40 min 30,5 4 [ 1
. . .. - .42a5 . 21 - 9’5
35’5 2(3)' :
, 4
‘. 2
| B3 14,3 1,7 6
after50 min 30,5 6 -1
A : 34 4 -8
?l?aS 0,5 -7
_ 2 18 - 52
x 21,4 - 12,1 - 6,1
' 16,6 . 10,8 31,
after60 min 33 10 0
37 24 -
2o | e |
- 1 - 5;5 |
% 19,3 12,1 - 4,5
85 18,8 10,7 4:*5\

[y
C.
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Tab. 1.1.27/20

Table 1.1./20

h Modification by imipramine of the pressor action of ST_10§9
O in anaesthetized dogs - ... .
‘é: (Detgi‘led‘_'results) | )
Hepy o E ."f“" .| Imipramine . ;| . Imipramine
oy, Pretreatment ) | -Q\onit» (0 3mg/kg 1. v.) (Bmg/kg i.v.)
- Baseline blood pressure ~i."153 | 4,5 *‘!11
..(mean pressure . :~17S‘ - : ’173 5 ! : 163,5
femoral a, 162 ¢ i I '175 5 - o '1'77
.| m Eg) ) : 187 _A54" A 1925
X S 164,3 ) 176,9 161 :
o , ) S‘i .‘,9’2 20 8 35‘4
8T 1059 . o -
v |- (Infusioen O 1025 mg/ . R -
. kxg/min i.v. for o R
10 minutes : o o ’ e
Rise of pressure (nm Hg) ' N ' .
| after 2 min 4 - 5 B 5.
13,5 1,5 3
6!5, 2y5 b 0,5 .
o 6,5 12 2
X 7,6 6 . 1,9
5% . 41 ,4'%‘- | 1,6
after 4 min 24 9 8,5
- | 11,5 - 1 1
19 14,5 2,5
15,5 17,5 1
X 17,5 10 3,25
83 5,3 8,1 3.6
after 6 min 2h 14,5 11,5
8 - 4,5 6
26,5 24,5 5
18 20,5 - 1,5
X 19,1 13,8 5,25
S5z 8, 12,8 5,3
’ - after 8 min %2 5,5 17,5
| 2% - E H
2 3,2
19,5 20 - 25
X 24,1 12,4 7,9
B2 7,9 12.8 9'

LY
¥ r
_-\..d»r
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(cont.)
Continuation of

Table 1.1.2/20

| Inmipramire Imipramicze
P"é‘-"eatme”t none (0,3mg/kg i.v.) |(Bog/kg 1.v.)
after 10 min %0 8 19,5
(= end of 20 242 16
infusion) 30 26,5 4,5
23 1915 - 5
X 25,8 14,4 8,8
82 5 10,5 11,2
after 15 min . 30 11,5 23,5
- 22,5 -7 - 2,5
29 23 2,5
29,5 16 - 7
X 27.8 10,9 4,1
S; 3!5 12’8 13,4
after 20 min 18,5 10 4
\ 15’ -11'5 --29’5
20,5 15’5 1’5
24,5 6 - 8.5
:-( 19'6 5}5 2"]
, 53 4 11,5 15,7
after25 min 9 10,5 24
5,5 - 12 - 8,5
21 17 2
16,5 0,5 - 19
X 13 4 1,9
Si 7 12,6 '1517
after30 min 12 9,5 24,5
3 '15)5 - 7
19 20,5 1,5
7 - 5 -"2'.5
% 10,3 2,4 4,6
Si 7 1518 16,3

8

PP,




PHARMACOLOGIST'S REVIEW COVERSHEET el

NDA No.: 19-815

SPONSOR: Roberts Laboratories, Inc., Meridian Center III, 6 Industrial Way
West, Eatontown, NJ 07724

DRUG: Amatine® Tablets; Midodrine Hydrochloride Tablets

CATEGORY: Alpha Receptor Sympathomimetic Agonist

EVALUATION:  See pages 79 and 80

The submission generally consistent with Agency's
Format Guideline: Yes: (X ) No: ( )

Appropriate studies submitted: Yes: (X ) No: ( )

Primary adverse pharmacological effect:

Humans: dizziness; lightheadedness; syncope; supine hypertension;
piloerection; nausea/vomiting

Animals: piloerection; vomiting; mild midriasis; moderate bradycardia

Target organs in toxicity studies:

Heart: Rat: changes characteristic of those produced by sympathomimetic
agents (myocardial necroses; focal degenerations of myocardial fibers)

Liver: Rat and Dog: (Female rats) - fatty degeneration in periphery of
lobes, decrease glycogen content, accumulation of lipids; (male
rats) - cellular enlargement without fatty accumulation; cells rich
in glycogen; dog: small numbers of enlarged cells with subanophil
inclusions

Kidney: Rat: Some histological changes; dog: 1increased weight

Spleen: Rat: Necroses in form of increased erythrocytolysis. Dog:
Decreased weight

Reproductive or developmental toxicity: Yes: (X ) No: ( )

If yes, explain briefly:
Midodrine given to pregnant rats and rabbits. See Tables 8 and 9 on pages
43 and 44 and discussion on pg 54 and 71 of this report.

Carcinogenicity studies: Orphan drug - Not done: see discussion page 74,
75 and 79 of this report.

Number of studies: Rat: ( ) Mouse: ( ) Other: ( )
Results: +, -, ¢ « ) « ) « )

Site of tumors:

Sub-chronic/Chronic blood level studies:

Rat: ( X ) Dog: ( X) Other: ( )
GLP Problems Yes: ( ) No: ( )

Most of the preclinical studies were conducted between 1/70 and 7/78 and
thus 1t was not possible for the sponsor to state that GLP Compliance, as
established on 6/20/79, was followed. Newer studies did follow GLP. See
discussion on p. 3 of this report.

OTHER COMMENTS:



NDA #19-815
REVIEN AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

Claire M. Lathers, Ph.D.
1/22/90

ORIGINAL NDA DATED: 4/26/88
CENTER RECEIPT DATE: 4/28/88
REVIEWER RECEIPT DATE: 4/24/89

SPONSOR: Roberts Laboratories, Inc.
Meridian Center III
6 Industrial Way West
Eatontown, New Jersey 07724
DRUG:
Proprietary Name United States: Amatine® Tablets

Foreign Market Name: Gutron® except for Argentina where it is
called Hipertan®

Nonproprietary Name: Midodrine Hydrochloride Tablets
Code Name: ST 1085 hydrochloride

Chemical Name: d,1-alpha-(2,5-dimethoxyphenyl)-beta-glycinamidoethanol
hydrochloride

STRUCTURAL FORMULA:

oCih
HOMC i
P - OC - CHiINHR - HCI

OCMy

Molecular Weight: 290.74 Cy2Hy19CIN20g
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FORMULATION: Compressed tablets of 2.5 and 5.0 mg strength for oral
administration.

Composition per Tablet 2.mg Tablet 5 mg Tablet
Midodrine Hydrochloride 2.50 mg 5.00 mg

Colloidal Stlicon Dioxide NF
Microcrystalline cellulose NF
Corn Starch NF

Talc USP

Magnesium Stearate NF

FD&C Yellow No. 6

Drug product is manufactured by:

PHARMACOLOGICAL CLASS: alpha receptor sympathomimetic agonist

PROPOSED INDICATION: 1{diopathic orthostatic hypotension

PROPOSED DOSAGE REGIMEN: Starting recommended dose is 2.5 mg three

times/day. After several days, 1f response is inadequate and no limiting side
effects appear, a gradual escalation in increments of 2.5 mg tid at
approximately weekly intervals until optimal clinical response is achieved.
The maximum recommended dose {s 40 mg/day.

IND'S UNDER WHICH CLINICAL TRIALS WERE CONDUCTED:
Document Number Document Holder

INTRODUCTION: Amatine® (midodrine HC1) {s a drug developed by

Sponsorship of IND was transferred to Roberts
Laboratories, Inc., from The latter had filed
IND Amatine® is a pressor sympathomimetic agent

(stimulates peripheral alpha receptors) designated by the FDA as an orphan
drug product for the treatment of idiopathic orthostatic hypotension.
Midodrine is a prodrug that is not metabolised by monoamine oxidase or by
catechol-0-methyl transferase. It is subject to protease activity, with
cleavage of a glycy! moiety to yield ST 1059, the active agent. This cleavage
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occurs rapidly and completely, so that in rats only 5.7% of the urinary
radioactivity derived from the tritiated midodrine was in the form of
unchanged arug. The plasma half{-1ife of ST 1059 was 1.75 and 2.5 hours in
rats and dcgs, respectively. Pharmacodynamic action required levels of 0.2
nmole/m] cr greater in the plasma in dogs. Midodrine is marketed outside the
USA under the trademark of Gutron (2.5 and 5.0 mg tablets) in 21 countries
(see Table 1 this report; from Vol. 2, section 2, p. 19, 20 original NDA
application) and as Hipertan in Argentina. It {5 also marketed in many
cruntries in ampuls containing 5 mg/2 ml, and as 1% drops.

will manufacture the bulk and finished products and perform all testing,
packaging, and labeling.

Most of the preclinical studies were conducted between 1/70 and 7/78 and thus
it was not possible for the sponsor to state that Good Laboratory Practice
Compliance, as established on June 20, 1979, was followed. The results of the
study designed to assess the effects of midodrine and metabolite ST 1059 on
the rat uterus in situ, conducted by ,
were summarized in Report on May 1984, This report
does not indicate whether the study was conducted in accordance with the Good
Laboratory Practice Guidelines. Assessment of the mutagenic potential of
midodrine by the back mutation test (Report ) and by the
micronucleus test in mice (Report _ ) was done by

was conducted in accordance with the Good Laboratory Practice Guidelines.

Relevant clinical and nonclinical studies of midodrine have been summarized in
the following tables of this report.

Table 2 Summary Tabulation of Results of Preclinical Pharmacology Studies of
Midodrine or Active Metabolite ST 1059: Primary & Secondary Action

Table 3  Summary and Tabulation of Preclinical Pharmacokinetic Studies

Table 4 Summary Tabulation of Human Pharmacokinetic and Bioavallability
Studies Conducted and Assocliated Stde Effects

Table Results of Acute Toxicity Studies: LDsg

Table

5

Table 6 Subchronic/Chronic Toxicology
7  Mutagenicity Studies
8

Studies on Effect of ST 1085 HC1 on Pregnant Rat and Fetus with Oral
Application

Table

Table 9 Studies on Effect of ST 1085 HC1 on Pregnant Rabbit and Fetus with
Oral Application
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FOREIGN MARXETING

Table 1-1

HISTORY

Midodrine iz marketed outside the USA

under the trademark of

Gutron in the following countries and dosage forms.

COUNTRY

Austria

West Germanv
Mexico
Thailand
Afzhanistan
Pakisten
Hong Kong
Czechoslovaxia
Fortugal
Italy
Luxembcurg
Taiwan
—ieece

Peru

Korea

Saudi Arabia

Uruguay
Poland

Korea

Dubai (U.A.E.)

COUNT2Y REGISTRATION REGISTRATION DATE

Austria 15.434 2/6/74

Mewizo 88709 S.S5.4. 8722773

Uruguzay 23702 10/25/76
Venezuelea 2.F. 19.21%6 9/8/76
Czechoslevaria 84/1320/74-C 12/8/7¢8
Argentina¥* 35.349 6/19/7¢8
Lrgentina cliodrine is marketed under the trade name HIZZATAN.

From NDA #19-815 2:2:19

GUTRON Tablets 2.5 mg

REGISTRATION ¢

15,447
10792
88709 S.S5.A.
172522

004154
HK-09540
84/190/74-C
L646

24519
501/80/07 /G409
07377
A6A/4169/11132
N-13659

15994

17/62/82 a 20
18/62/82 a 50
25642

R/228/6034

GUTRON Tablets 5.0 mg

REGISTRATION DATE

2/27/74
1/15/77
8/23/76
1979

1976

6/18/78
9/14/79
12/8/78

12/7/81
7/28/8C
1980
1981 -
12/18/81
1/16/82
8/1/82
8/1/82
3/15/82

6/23/86




COUNTRY
Austria
West CGermany
Mexicc
Afghanistan
Argentina
Czechcocslovaria
Portugal
Italy
Luxembourg
Greece
Taiwan
Saudi Aratia
Poland
Rumania
Dubai (J.A.E.)

Table 1-2
GUTRON Ampoules 5 mg/2 ml

REGISTRATION # REGISTRATION DATE

15.435 2/6/74
10791 7/15777
BBL4LO S5.S.A. 9/10/76
1976
35.349 6/149/78
84/18G/74~C 12/8/78
Losd
24516 12/7/81
501/8C/C7/Q410 7/28/80
ABA/4189/11132 19¢1
07378 1980
10/62/82 8/1/5:2
R/228/6CZ5

GUTRON Drops 17

COUNTRY REGISTRATION # REGISTRATION DATE
Austria 15.443 2/28/74
West Cermany 10793 7/15/777
Mexico 88671 S.S.A. B/25//6
Thailand 1975 -
Uruguay 23713 10725776
Afghanistan 1976
Egypt* 13720 1980
Venezueleas E.F. 19.882 2/6/738
Czechoslovakia 84/188/74-C 12/8/76
Portugal 4E47T
Hong Kong Hx-06c539 9/14/79
Italy 24519 0.25% 12/7/81
Luxembcury 501/08/07/0411 7/.8/80
Arzentingn® 28 ,3%¢ 6/19/7¢
Graece ABA/4Lo3/11132 1681
Paru N~13658 12/18/81
Psland

Dubai (U.A.Z.)

R/228/6037

*Marketed in Egypt under trade naene Midodrine
*wiarketed in Argentina higerzan

From NDA #19-815 2:2:20
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Table 2-1
NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, inc.
Susmary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Primary Actior

EXPERIMENT [reference]
Sample Size Dose (mg/kg)
Per Dose ard Route

Drug Resylts
FFECTS RELAT 10 P ED INDICAYTIONS: PRESSOR EFFECT: Report #058-0%; p. 1.
URETHANE ANESTHETIZED RATS

Table 1.1.1 - 3:4:29 '

8, 8,08, 0.075, 0.3, 1.25, Midodrine Dose related increase in blood pressure 14-62 mmhg.

17, 7 5. 10, iv

5 0.5, iv 1-Midodrine Pressor effect of 20 amiig.

a. 5% 5, SO, iv d-Midodrine Pressor effect of 22 and 12 mmiig; i-isomer more potent than d.

17. 16 0.04, 0.0, iv ST 1059 Presscr effect of 26 and 31 mmiig; this metabolite more potent than parent grodrug.

8 0.1, iv Methoxamine Pressor effect 36 mmHg.

10, 6 0.325, 0.05, iv Korphenylephrine Pressor effect of Z4 and 36 mmiig.

8.8 0.10, 0.20, 1v Etilefrine Pressor effect of 30 and 30 mmig.

50 0.002, iv Norepinephrine Pressor effect of 27 mmg, :-essor effect of these agonists similar to that of midodrine.
Table 1.1.2 - 3:4:31

8, 17,7 1.25, 5, 10, iv Midodrine Dose related increases in blood pressure; time to max value 8, 16.8, 21.8 win; tir2 to 50% fall

37. 81, 127, respectively.

Table 1.1.3 - 3:4:32: (058-01, p. 14;

9, 4 5. 10, iv Midodrine Did not modify pressor effect of iv ME, 0.002 mg/ikg, and v tyramine, 0.2 mg/kyg; concluded
alpha-agonist action is direct rather than via enhancement of availability of intrinsic bioge:
amines or by elevation of receptor sensitivity.

Table 1.1.4 - 3:4:33

4, 6 5, iv Cocaine Pressor effect of tyramine (0.5 wg/kg, iv) decreased from 31.8 + 9.6 to 22 + 9.4 mmbg after
0.5, iv Tyramine cocaine 5 my/kg, iv.
5 6 0.1, v ST 1059 Cocaine 5 mg/kg, iv, sig. increased pressor effect (41.2 + 7.8 to 50.2 + 8.8 smhig); sponsor

cannot explain why this action is different from prodrug.

5, 6 S, iv MWidodrine With or without cocaine {5 mg/kg, iv) same pressor effect (454 + 10.6 vs 39.2 + 14.3 mmiig
increase) cocaine blocks reuptake ME into presynaptic neuron and should not affect a directly
acting amine.

Table 1.1.5 - 3:3:34
b, & 10, 25, im Midodrine Pressor effect of 0 and 22 + 14 maiig.

2, 4 25, 50, sc Midodrine Pressor effect 0 and 31 + 22 mmMg.



Summary Tabulation of Results of Preclinical Pharmacolooy Studies of Midodrine or Active Metabolize ST 1053

XPERIMENT [reference]
ample Size Dose (mg/kg)
er Dose #nd Route

H 5, ip
¥, 1S, 2.5, S, 10, 20, id
6, 1
R | 2,5, id R
H 5, id
L ) 10, 40, id
3 5G id
iable 1.1.6 - 3:4:35: Report 058-0
7 S, v
Il 5, iwv
3 5, v
3 5, iv
] S, v
i0 5, iv
5 S, iv
5 S, iv
1.6 S, iv
10 iC mg/day, po for
4 days
8 2 « 5 mg/kg/day, im
8 X added to feed
3 wks, po

Tab.. -2

NDA 13-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.

Dryug
Midodrine

Midodrine

ST 1089
Methoxamine
MNorphenylephrine

Etilefrine

Midodrine
Midodrine

Midodrine

Midodrine

Midodrine

Midodrine

Midodrine

Midodrine

Widodrine

Midodrine

Midodrine

Midodrine

P-imary Actiom

Results
Pressor effect of 40 + 14 smg.
Dose-related pressor effect of 6-26 mmig.

Pressor effect of 7 + 5 2and 23 + 9 mmHg; dose ratio of id and iv ‘ess than B:1,

(L]

Pressor effect 17 + G smig.
Pressor effect of B + 4 and 36 + 22 mmbg.
Pressor effect 12 + 7 malg.

Pressor effect 48 + 14 mmbg.
Pressor effect (44 3+ 15 mmbg) not er’ :nced by Atropine, 5 mg/kg, iv.

Atropine, 5 mg/kg, iv & spinal increased pressor effect from 48 « 14 to BE + 14 maHg. Spoasor

concludes evidence of a purely peripheral action site.

No enhancement of pressor effect (46 ¢« 12 mmig) with Reserpine, S mg/kg, ip 16 hr before;
supports direct peripheral action for midodrine.

Phentolamine, S mg/kg, iv, decreased pressor effect from 45 » 14 to 14 + 4 wmbg; supports alpha
pressar effect of midodrime.

4 to 62 ¢ 20 waig;

1+

Propranclol, S mg/kg, iv, eshanced pressor effect of midodrine from 48
spoaser does not explain this action.

Pyrogallol, 25 mg/kg, iv. Inhibits CONT; no change pressor effect midodrine (S50 + 15 mewig);
concluded no role for COMT in metabolizing midodrine.

Iproniazid, 100 mg/kg, ip 16 h before. Inhibits MAD; did not change presscr effect of midodrine
(56 + 15 mmhg); conclude no role for MAC in metabolizing midodrine.

Aprotinin, 25,000 and S0,000 KIU/kg, iv, decreased pressor 2¥fect from 48 ¢+ 14 tc 29 + 6 and 30
+ 5 smMg, respectiveiy; conclude active metabolite is produced by a protsolytic process.

Fressor effect of only one dose of midodrine (5 mg/kg, iv) was 48 + 14 ombg,; pretreatment with
midodrine 10 mg/day, po for 4 days sig. decreased the presscr effect to 31 + 6 mmbg.

Pressor effect of only one dose of midodrine (S mg/kg, iv) was 48 + 74 mmbg; pretreatment with
asidodrine 2 x 5 mg/kg/day, im, sig. decreased the pressor effect to 33 + 15 mmhg.

Pressor effect of only one dose of midodrine (5 mg/kg, iv) was 48 + 14 mwHg; pretreatwent with
midodrine 1X added to feed 3 wks, po, sig. decreased the pressor effect to 15 + 7 smhHg.

Above reductions in presscr effect after multipie dosing with midodrine due to tachyphylaxis.
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EXPERIMENT [reference]
Sample Size rDose {mg/kg)
Per Dose and Royte

URETHANE /CHLORALOSE ANESTHETIZED DOGS:

Table 1.1.7 - 3:4:36
4tS 0.9, iv
(28 in aNl)

0.9, iv

Table 1.1.8 - 3:4:37
4 ©0.025/ain, iv
for 10 min

0.025/min, iv
for 10 win

URETHANE/CHLORALOSE AMESTHETIZED CATS:

Table 1.1.9 - 3:4:38
9 1, iv
10 0.1, iv

Table 1.1.10 - 3:4:39
| 0.4 wy/kg iv

Table 1.1.12 - 3:4:4)
9 0.1, iv and
W intravertebral

Table 1.1.13 - 3:4:42
9 1. iv and
10 intravertebral

Te 2-3

) MDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Susmary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Primary Action

Pryg

Resylts

Report #058-01, 50 and 058-02; April 1978,

Midodrine

Midodrine

ST 1059

ST 1059

Pressor affect 31.4 + 16.6 smiig cbserved S min after administration; 5-30 min: same level;
4 win: 25.9 ¢+ 14.3 smig; SO and 60 min: 21.4 &+ 16.6 and 19.3 + 18.8 malg.

Imipramine, 0.3 or 3 mg/kg, iv, 15 min prior midodrine, caused dose-reiated reduction in pressor
effect of midodrine (31 to 12.1 ¢ 10.7 swhig and 4.5 ¢ 4.1 maig at 60 min, respectively);
sidodrine max pressor effect of 35.7 smllg decreased to 18.6 ¢+ £€.8 and 2.1 + 3.1 mmHg 10 and 1S
win after 0.3 and 3 w)/kg imipraming, respectively; since no potentiation, action of midodrine
not mediated through release of esdogenous neuromal catecholamines.

sor effect was 17.5 ¢ 5.3 and 19.1 « 8.2 smiig; B8, 10, 15 min was 24.1 ¢+ 7.9,
25.8 £5,27.8 2 3.5mmlig; 25 and 30 win wvas 13 + 7 and 10.3 + 7 smiig.
3

?lhg. iv. Low dose B min pressor effect was less, only 12.4 + 12.8 mubig;
all subsequent valwes lower; 3 ®g/kg less pressor effect min 2 through sxp. end; max pressor
effect ST 1059 was 27.8 ¢ 3.5 wmiig 15 min and decreased to 14.4 ¢ 0.5 &ain 10 and 7.9 + G mmiig 8
min after 0.3 and J m/kg imipramine, respectively; since no potentiation occurred, action of
widodrise (ST 1059) not mediated through relcase of endogencus neuronal! catecholamines; sponsor
does not explain why pressor effect was decreased.

Report #058-01, p. 79, 84, 089;

Midodrine
ST 1059

ST 1059

ST 1059

Midodrine

Isoproterencl, G.4 ug/kg, iv, given before and 5, 15, 30 wmin after midodrine (n = 4 cati,
respectively): Isoproteremol iscreased dP/dt carotid artery, heart rate, and femoral blood flow
and reduced systolic and diastolic pressures; wnaltered by midodrine or 5T 1059.

Isoproterencl, 0.4 ug/kg, iv, increased femoral blood flow sig. after ST 1059 although sponsers
do not comment on this; they serely state that ST 1059 did not inhibit action of isoproterenc).

Hean systolic and diastolic increased 62.2 and 45.7 sntig vhile mean heart rate decreased -22.2
bpm after ST 1059 administered ints carotid artery; magnitude of pressor effects sig. less after
intravertebral adwin (22.6 and 16.2 mmiig, respectively); sig. decrease in heart raie also less
(-13.4 bpm). Do not indicate at which time values collected after admia of ST 1059.

IV route increased mean systolic and diastelic and decreased heart rate; intravertebral route
attenvated these effacts; sponsor comcludes involvement of (NS in activity of midodrine
discounted by these data.
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NOA 19-815; TN (Midodrine) Tablets, Roberts Laboratories, Inc.
Susmary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Primary Action

§
Sample Size Dose
Per Dose

#nd Royte Drug Resylts
ISOLATED RAPBIY AORTIC STRIPS: Report #053-01, p. 124;
3:4:6
Not 190 wg Midodrine Both differed from ME in producing a contraction only after a latent period; higher the dose, the
Stated 1 ug ST 1059 shorter the latent period; after washout, returned to baseline much more slowly than NE.
in vitro .
10 ug Midodrine approx. equivalent to 0.004 ug NE.
1 ug ST 1059 approx. equivalest to 0.142 ug NE.
ISOLATED PERFUSED RABBIT EAR: Report #058-01, p. 126;
3:4:6
10 1 ug via perfusate ST 1059 Equiv. toc 0.112 ME in reducing flow but effect was more sustained.
inj into postericr
auricular artery Midodrine Ineffective in single inj. up to 300x dose of ME.
0.6 and 10 ug/min Midodrine Latent period of winutes, caused reduction of flow.
infusion rates
2 {0.1 to 2 wl/win)
perfusate
12 10 wg Midodrine 10 ug Midodrine equiv. to 0.096 wg NE or 0.312 ug ST 1059.
0.312 wg/min ST 1059
in perfusate - s
Response incrsased aven after end of infusion; lasted avg. >80 win; high doses effect took
Tonger to disappear (up to 6 hr some trials).
0 Between §.03 and 0.5 ST 1059 Exhibited 1/3 potency ME; effect ST 1059 gone within 20 wmin.
ug/min in perfusate
16 .02 to 0.1 wy/min NE After infusion NE effect gone within 8 min.
perfusate

ISOLATED RAT WIND LIMB: Report #058-01, p. 130;
Table 1.1.14 - 3:4:45"

Perfusion medium: Pressure Effect
blood/Ringer min
n 3.33-5 my/kg* MKidodrine 30 9.
15 15-25 mg/hg” 3% 40.33
n 15-25 ag/kg* 60 75.2
n 15-25 wg/kg* Midodrine Reserpine, 2 mg/kg, sc 16 h before. Mo different from S wg midodrine.

*deights of rats not given; doses in mg/kg or ug/kg estimated using rat weights of 200-300 g since other studies used rats in these weight ranges.
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Te. . 2-5
NOA 19-315; AMATINER (Midodrine) Tablets, Roberts Laboratories, inc.
Summary Tabulation of Results of Freclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Primary Action

EXPERIMENT [reference]
Sample Size UDose

Per Dose  and Route Dryg Resylts
10 15-25 mgy/kg* Midodrine Aprotinin {Trasylol) blocked pressor effects of midodrine.

Perfusion medium:
Comprensan (PVP;
polyvinyl-pyrrolidine
blood substitute)

6.5, 6 3.33-5; 15-25; 15'-25 Midodrine Midodrine induced a 19 and 8§7.8 mmHg increase in perfusion pressure; aprotonin blocked efiects
mg/kg® in perfusate of midodrine
n 15-25 mg/kg®, in Midodrine Phentolamine, 1 mg/kg, iv 60 min after midodrine alone and with Reserpine, 2 mg/kg, sc S hr
perfusate before midodrine prevented the pressor effect of midodrine
Perfusior medium:
9 Blood ringer
0.167-0.2%5 my/kg™ ST 1059 Pressor effect 55.89 mmiig.
5 0.167-0.25 »g/kg*, ST 1059 Aprotinin reduced the pressor effect induced by ST 1059 by 22 smlg.
in perfusate
Perfysion: Compensan
6 0.665-1 mg/kg®, in ST 1059 Pressor effect 66 smig.
perfusate
] 0.665-1 mg/kg, in ST 1059 Aprotinin reduced the pressor effect induced by ST 1059 by 24 wmiig.
perfusate
10 .0067-.0145 ug/kg, in NE Pressor effect 28.5 + 7.31 smbg.
perfusate
8 .0067-.0145 ug/kg, in NE Aprotinin did not alter pressor effect of NE (27.12 + 10.49 maig). NS.
perfusate
5 15-25 mg/kg, in d-Midodrine Pressor effect 1.6 + 3.9 smHg.
perfusate

ISOLATED HUMAN VEINS 5:4:129: Report M)58-13:

30 Preparations of saphenous vein
obtained during surgery for
varicose veins. Krebs Ringer

Max Response T1/2 of EDSO-
Threshold (M) £DS0 (M) (unit mot legible) conc (S) o
3 0.2+1.8x10" Midodrine 0.5+1.4x1073 0.9 700 ST 1059 elicited
8 7.1+5.6x10"7 ST 1059 3.3+3.2x1073 1.3 65 vasocontriction
25 1.7.1.6x10-8 NE 4.6+1.8x10"7 13.6 48  that was 80% of
9 2.2+1.8x10°% Etilefrine 234110074 9.9 247 ME-induced con-
8 l.ngs_a.w-’ Dihydroergotamine 4.?_3.6:!0’7 3.4 220 traction of veins.

*weights of rats not given; doses in mg/kg or ug/kg estimated using rat weights of 200-300 ga since other studies used rats in these weight ranges.
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NDA 19-815; AMATINER (Midodri. slets, Roberts Laboratories, Inc.
summary Tabulation of Results of Preclinical Pharmacology Si. ..es of Midedrine .r Active Metsbolite ST 1059: Secondary Action

EXPERIMENT freference]
Sample Size Dose (mg/kg)
Per Oose and Route
SECOMDARY ACYIONS:

ACTIVITY IN SPONTANEOUSLY BEATING GUINEA PIG ATRIA: Table 1.1.11 - 3:4:40: Report #058-0i, p. 154;

frug fesults

8 10-5m,3.10" 3, Hidodrine Both Midodrine and 5T 1059 displaced to the right the concentration-response curve for
10~ isoprotersnol {iso); midodrine exhibited only slight beta receptor blocking action (lower pAy)
10-34,3.10"5n, ST 1059 and antagonism for iso; not simply competitive.
10~ R ST 1059 comparable to methoxamine and was simple competitive antagonism;
in vitrp sponsor notes that data do not agree with cat data in which neither midodrine or ST 1059

attenvated iso-induced increases in heart rate and femoral bleood flow.
ACTIVITY 1IN RIGHT VENTRICLE STRIPS OF RATS 3:4:7: Report #058-01, p. 37;

2-3 mm 800-3200 mg/ml Midodrine 800 or 1600 mg/m) - reduced force of contraction to 77% of base‘lincilizw ag/ml reduced force
strips Oxymix bathing solution of contraction to 60% of baseline.
ST 1059 Exerted no consistent effect.
ACTIVITY IN ISOLATED ELECTRICALLY-STIMRATED GUINEA PIG ATRIA 3:4:7, 47-49: Report #58-01, p. 140;
12 10-8;_3n0-8- Midodrine Left atrium:_ continuous reduction of both the fgrce (P) and rate of rise of contraction (dP/dt);
3!]8‘3!1 sig at 3x1079M and above; Rt atrium: only 3x1077M sig gecreased rate of contraction.
12 1679;_3x1078- ST 1059 Left atrium: sig. reduced rate of contraction at 3x107°M and gbove; sig reduction rate of
In10-3m increase of farce at 3x10~4W and above: Rt atrium: only 3x10 and 107N sig decreased
Tyrode bathing solution rate of contraction.

ACTIVITY IN GUINEA PIG HEART LUNG PREPARATION 3:4:8, 5D

2. 4 3, 10 mg bathing medium Midodr .ne Only 10 mg caused sig reduction of cardiac cutput and heart rate.

4 D.5 mg perfusion fluid ST 1059 SYight but NS reduction of cardiac output and in heart rate.

ACTIVITY IN RABBIT LANGEMDORFF HEART PREPARATION 3:4:8, 51: Report #058-01, p. 147;

6 0.1 mg Hidodrine Midodrine and ST 1059 sig increased inotropic and chronotropic activity; only midodrine sig

4 perfusion fluid ST 1059 increased coronary flow. . .

5 0.1 ug NE NE increased inotropic, chronotropic, and coronary flow at doses 1000 times less than midodrine.

perfusion fluid
EFFECTS ON CARDIAC CONTRACTILITY IN URETHANE/CHLORALOSE ANESTHETIZED DOG 3:4:8, 52, 53

not given 0.6 mg/kg, iv Midodrine Contractile force {dP/dt) sig decreased 60 min after drug; no change in heart rate; left
ventricular end diastolic pressure increased sig 15-60 min; mean flow in femoral artery
decreased 60 min,

25 ug/xg/min, iv ST 1059 Neither heart rate nor dP/dt sig altered 1D mim after drug; left ventricular systolic and end
diastolic pressures and mean femoral arterial pressure elavated at end of the infusion; only
LVEDP sig increased 20 win after infusion stopped.
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NOA 19-815; aMaTINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Susmary Tabulation of Results of Preclinical Phamarology Studies of Midodrine or Active Metabolite ST 1059: Secomdary Action

PER T [refer
Sample Size Dose (mg/kg)
Per Dose and Royte Druyg Results

EFFECTS ON ECG OF CONSCIOUS STANDING DOG 3:4:8, 9: Report #058-01, p. 45;

5 0.3 mg/kg, iv Midodrine Heart rate initially rose 81 to 89 bpm and then started to fall slowly; 50 and 90 min later was
sig decreased; PQ and QT intervals sig prolonged 60 min

not given 1 mg/kg, po . Midodrine Heart rate fell gradually and was sig decreased 120 min (79 to 54 bpm); P and T intervals sig
‘ prolonged 120 min.

EFFECTS ON PULMONARY CIRCULATION IN CHLORALOSE/MORPHINE ANESTHETIZED DOG 3:4:9, 54-56: Report #058-01, p. 37 and #058-06, June 1974,

5.5 0.4, 1 mg/kg, iv Midodrine Hidodrine and ST 1059 did not alter pulmonary blood pressure or pulmonary vascular resistance;
1 mg/kg mododrine and ST 1059 elevated pulmonary blocd flow; mean femoral arterial pressure,

4 25 ug/kg/min, iv ST 1059 femoral peripheral vascular resistance were increased; heart rate and cardiac output were
decreased.

& 0.4 &g/kg, iv Midodrine After bilateral vagotomy, 25 ug/kg/min, iv midodrine increased pulmonary arterial blood

pressure; performance both ventricles increased; concluded vagal reflexes involved in protection
of pulmonary circulation. Hemodyn effects Midodrine closely resembled methoxamine.

EFFECT ON GASTROINTESTINAL TRACT

a. Intestinal Motility of Concious Mice 3:4:9, 57: Report #058-01, p. 176;

10/dose/ 1, 4, 16 mg/kg, iv Midodrine Neither agent sig affected the transport of a charcoal suspension.
route 3, 12, 24 my/kg, po Midodrine
1, 4 mg/kg, iv ST 1059
3, 12, 24 mg/kg, po ST 1059
b. Intestinal Motility of Anesthetized Cats 3:4:9: Report 058-01, p. 180,
not Qiven Y mg/kg, iv Widodrine Midedrine exhibited no effect on tone of ileum or on intestina) motility. Both ST 1059 and NE
10 vg/kg, iv ST 1059 reduced intestinal tone and peristalsis ceased briefly.
2 ug/kg, v NE

c. Effects on Isolated ITeum of Guinea Pig 3:4:10: Report 058-01, p. 18};

not given 1-160 1 Midodrine Neither 1 mg/ml of midodrine or ST 1059 had any effect and did not modify contractions induced by
bath solution acetylcholine, histamine, or barium. ST 1059 80 mg/ml attenuated reflu contractions evoked by
1-80 mg/ml ST 1059 raised internal pressure of ileum sections; conc greater 160 mg/ml! midodrine and 80 mg/ml 57

1059 reflex completely blocked; midodrine only inhibited intestinal motility at conc far above
those reached in vivg, thus little likelihood of GI side effects from midodrine.
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NOA 19-815; AMTIHER (Midodrine) Tablets, Roberts Laboratories, Inc.

Susmary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Secondary Action

EXPERIMENT [reference)
Sample Size Dose (mg/kg)

Per Dose  and Route Oryg Results
EFFECTS OM LIVER FUNCTION IN URETHANE ANESTHETIZED RATS 3:4:10, 59, 60: Report #058-01, p. 191;

10, 8 2.5,5 mg/kg, iv Midodrine Midodrine and ST 1059 did not wodify bromethalein {BSP) dye elimination when given 5 min before
9 0.5 mg/kg, iv ST 1059 dye; when given 15 min after BSP only midodrine 5 mg/kg hastened elim of dye from blood and

20 0.9%, iv NaCt increased in the bile; neither ST 10659 1 mg/kg nor NE modified BSP excretion, sponsor concludes
8 S m3y/kg, iv . Midodrine wmidodrine and ST 1059 did not impair liver function.

8 1 mg/kg, iv ‘ ST 1059

3 0.015 mq/kg, iv NE Midodrine 5 mg/kg did not change mg X bilirubin in blood; biliary excretion of bilirubin was

8 0.9, i NaC1 increased; sponsor states that this rules out possibility of impairment of liver function and

competition between midodrine and bilirubin for secretion in the bile.
EFFECTS ON KIDNEY AND URINARY BLADDER: Report #058-0)

a. Water & Electrolyte Balance of Conscious Rats 3:4:10, 61-68: Report 058-01, p. 196;

10 1.5 mg/kg, sc Hidodrine Both midodrine and ST 1059 decreased volume of water consumed and raised urine and electrolyte

10 1,5 mg/kg, sc ST 1059 excretion; methoxamine had same effect qualitatively but was more potent; all three agents

10 1,5 mg/kg, sc Methoxamine produced a dose-dependent inhibition of water retention induced by phentolamine.

b. Urine Volume & Clearance of PAHA and Inulin in Anesthetized Rat 3:4:11, 69: Report #058-01, p. 200;

6 5 mg/kg, iv Midodrine Midodrine sig decreased urine volume and PAM clearance when conpared to pretest values, no

6 0.92, iv NaC) sig effect on PAH or inulin clearance when compared to effect of Nall (data hard to interpret
from table).

¢. Urinary Bladder Capacity in Urethane Anesthetized Guinea Pig 3:4:11, 69: Report #58-01, p. 211

4 1 mg/kg, iv Midodrine Mo alteration of urinary bladder capacity as measured by water infusion volume required to evoie
the micturation reflex.

EFFECT ON CENTRAL AND PERIPHERAL NERVQUS SYSTEMS 3:4:11, 70
a. Chemically & Electrically Induced Convulsions in Mouse: Report #058-01, p. 228, .

P1Z or § Electroshock )
10 ez 1,2,4,8,16 iv midodrine 10 ea iv 1,4,16 Midodrine Pentamethylenetetrazol (PTZ; 120 wmg/kg, sc) or strychnine (S) (1.8 mg/kg, sc) S min
7,8,10,10 3,6,24,48 po midodrine 10,9, iv 3,6, Midodrine after iv midodrine or ST 1059 30 min after po doses; mice stil]l living 30 min
PTZ and 9,10, 12,24, considered protected; shock measured occurrence of tonic hindlimb spasm; neither
Weas 10 48 exhibited an effect on spasms; sponsor expected results since Jow lipid solubility of
10 ea 1,2,4 v ST 1059 8,10,9 iv 1,2,4 ST 1059 midodrine would not expect it to cross blood brain barrier.
10 ea 3,6,24,48 po ST 1059 10,10, po 3,6, ST 1059 ‘

9,10, 12,24,
10 43
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Summary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059:

EXPERIMENT [reference)

Sample Size Dose (mg/kg)

Per Dose

b. Pentobarbital Sodium Sleeping Times in Mouse 3:4:12, 72:

10/dose

10/control

and Route

2,4,8,16 mg/kg, iv

3,12,48 mg/kg, po
2 mg/kg, iv ,
3,6,24 »g/kg, po

c. Spontaneous Activity in Mouse

6 ea

2x18/dose
level (18
test; 18
controls)

d. Hot Plate/Phenylquinone Writhing Test in Mouse 3:4:12, 75:

10 ea

e. Morphine Analgesia in Mouse 3:14:12:

Not
given

0.5.10 mg/kg
intracerebral inj
0.5,10 mg/kg

1-16 mg/kg, iv
1-8 mg/kg, iv
3,4,48, po

3:4:12, 73:

.12,24,48 mg/kg, po
I4i8l|6 -glkg, iv
,12,24,48 mg/kg, po

: 2-9

NDA 19-815; AMATINER (Hidodriﬁe) Tablets, Robert: Laboratories, Inc.

Dryg

Midodrine

Midodrine
ST 1059
ST 1059

Midodrine
ST 1059

Midodrine
Midodrine
ST 1059
ST 1059
Reserpine

Midodrine
Midodrine
ST 1059
ST 1059

Midodrine
ST 1059
Midodrine
and ST 1059

Report #058-01, p.

Secondary Action

Results
Report #M58-01, p. 237;

Agents given po | hr before pentcbard (50 mg/kg, iv) or iv immediately before pentobarb;
neither midodrine not ST 1059 sig modified pentobarb sleeping time.

Report #058-01, pgs. 241 & 234;

Measured time required to leave a circle of radius 12 cm; 0.5 mg/kg midodrine and ST 1059 did
not alter spon act; did not modify ptosis and sedation induced by reserpine (0.1 mg/kg, ip, 180
min prior); 10 mg/kg midodrine and ST 1059 decreased spon activity; produced ruffled fur,
salivation; abolished only ptosis; dopamine {10 mg/kg, 180 min prior) induced sig decrease spon
act only 15 min after inj only; although NS the degree of hypokinesia was greater with dopamine
than with 0.9% NaCl; dopamine abolished both sedation and ptosis induced by reserpine.

Mice photographed every 6 min (3 sec exposure) for 3 hr; midodrine reduced activity as assessed
by image blurring; effect modest when compared with effect of reserpine.

Report #058-01, p. 247;

Midodrine doses as high as 8 mg/kg, iv and 48 mg/kg po failed to affect reaction time for hot
plate test; 16 mg/kg, iv and 48 mg/kg, po did not modify the writhing syndrome.

ST 1059 sig prolonged reaction time in hot plate test and protected against the writhing
syndrome.

247;

Mice placed on a heated floor; iv doses given with morphine, 15 mg/kg sc; oral doses
preceded morphine by 30 min; ST 1059 sig enhanced morphine analgesia at all doses in plateau
effect mode; in contrast, midodrine did not enhance analgesia when given iv but did after po
doses of 6 mg/kg or greater but there was no evidence of a dose-response curve.

In tail} flick test, radiant heat focused on mouse tail, enhancement of morphine analgesia
occurred after both midodrine and ST 1059 in a non dose-depencent manner; authors conclude that
an alteration of morphine metabolism rather than a central nervous system action of midodrine
may be responsible.
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Te. 2-10
) NDA 19-81S; AMAT INER {Midodrine) Tablets, Roberts Laboratories, Inc.
Summary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Me':hclite ST 1059: Secondary Action

EXPERIMENT [reference]
Sample Size Dose (mg/kg)

Per Dose and Route Orug Results
EFFECTS ON THE EYE: Report #058-01

3. Conjunctival Hyperemia Induced by Nicotinic Acid in Rabbit 3:14:13: Report #058-01, p. 9

eye drops 1% Midodrine ST 1059 but not midodrine given 15 h later reduced redness; effect lasted for 20 win.
eye drops 1% , ST 1059
eye drops 0.1% Kaphazoline Naphazoline reduced redness for more than 90 min; sponsor concluded midodrine was not an

effective vasocontrictor agent in this model.

b. Penetration of Sulfamethizole into Aqueous Humor of Rabbit 1:4:1,13,76: Report #058-01, p. 103;

5,6.8 0,1.2 mg/kg, iv Midodrine Markedly reduced penetration of sulfamethizole; concluded midodrine reduces amount of fluid
passing from blood into aqueous humor.

c. Smooth Dilator Muscle of Pupil of Mouse 3:4:13,77,78: Report #058-01, p. 276;

3 e 10 mg/kg, iv Midodrine Only iv and po midodrine produced 40% and 33% pupil dilation; no effect other routes.
group 10 mg/kg, ip Midodrine

25 mg/kg, sc Midodrine

100 mg/kg, po Midodrine

0.4 mg/kg, iv ST 1059 IV, po ST 1059 produced minimal midriasis; no effect other routes.

1 mg/kg, ip ST 1059

5 mg/kg, sc ST 1059

10 mg/kg, po ST 1059

d. Intraoccular Pressure in Urethane/Chloralose Anesthetized Rabbit 3:4:13,79: Report #058-01, p. 281,

5 0.1 mg/kg, iv ST 1059 Only increased intraocular press from 16 to 19.5 mmHg (NS)}; in contrast, much greater effects on
cardiovascular parameters (systolic and diastolic pressures increased 39.4 + 16.7 and 44.5 ¢+
14.8 melg; heart rate decreased 44.0 + 17 bpm).

4.4,6,5 0.07,0.3,1,25 Midodrine Produced similar effect to that induced by 0.1 mg/kg, iv ST 1059.

ng/kg, iv
e. Contraction of Nictitating Membrane in Urethane/Chloralose Anesthetized Cats 3:4:14: Report #058-01, p. 287,
Not 1 mg/kg, iv NE NE produced a contraction that was enhanced if chronically denervated (removed superior cervical
given ganglion 10 d prior) or if pretreated with reserpine 16 hr prior.
Not 10 mg/kg, iv ST 1059 Produced enhanced contraction in denervated and reserpine groups. o
given 1 mg/kg, iv Midodrine Produced contraction of slow onset but long duration (90% max 4 h) in unpretreated cats similar

to that induced by supramaximal electrical stimulation; denervation or reserpine hastened onset
of midodrine action but did not affect the degree or duration of effect.
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Ta. <« 2-11
) NOA 19-815; AMATINER {Midodrine) Tablets, Roberts Laboratories, Inc.
Susmary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Secondary Action

EXPERIMENT feren
Sample Size Dose (mg/kg)
Per Oose and Route Drug Resulls

EFFECTS ON THE UTERUS: Repart #I58-01
a. Isolated Rat Uteri 3:4:14: Report #058-01, p. 214;

Not given 0.75 mg/ml Carbamycholine Induced contractions.
O.ZS—g mg/ml ' Isoproterencl Reduced contractions.
IO M Midodrine Midodrine and ST 1050 were only weak competitive inhibitors of iso in uterus and were much
10~ 10n ST 1059 weaker than propranolol, nonn{ectivc beta-blocker, or practoio!, beta-one selective blocker.

b. Rat Uteri In Sity 3:4:34: Report #058-03; May 1984;

n 1, 5 mg/kg, iv Midodrine At low doses neither affected spontaneous uterine contractions, although blood pressure was
0.1, 0.3 mg/kyg, iv ST 1059 increased and heart rate was decreased; higher doses midodrine and ST 1059 increased uterine
motility 46 and 24X, respectively while also increasing blpod pressure by 1& and 4B% and
decreasing heart rate by 19 and 14X, respectively. Concluded that unlikely midodrine at
therapeutic doses would sig alter uterine activity.

EFFECTS ON THE RESPIRATORY TRACT
4. Urethane Anesthetized, Vagotowmized Guinea Pigs 3:4:14, 80: Report #058-01, p. 220, 6/76

not given 5 mg/kg, iv Midodrine Produced gradual, minimal bronchoconstriction.
not given 0.5 mg/kg, iv ST 1059 Produced minimal bronchoconstriction of short duration.

b. Urethane/Chloralose Anesthetized Dogs 3:4:15, p. 220, 6/76
Tidal Vol Minute Vol Max Resp Flow Rate
4 0.6 mg/kg, v Midodrine NE small decreases rise
25 mg/kg/min, iv ST 1059 slight fall NE slight fall
Mo sig diff.
NE = no effect

ANTLINFLAMMATORY EFFECTS 3:4:15, 81: Report #058-01

a. formalin (1X) or Carrageenin (2X} Induced Edema in Rat: Report #058-01, p. 111;

6/dase/ 1,3,10, 0.3,1.3 Midodrine Formalin 1% caused paw volumes td increase about 30% over 3 h; catecholamines may suppress acute
route ng/kg, im inflammation and indeed, midodrine reduced the swelling 50% in dose related manner. )
1,4,8,16 mg/kg, iv Midodrine 4 mg/kg and greater sig reduced bdema formation induced by carrageenin Z%; lower doses sig. only
at 4, S h,
1,2 mg/kg, iv ST 1059 Also effective decreasing edema formation; higher doses required oral route.
S0 mg/kg, po Phenylbutazone Equivalent to 4 mg/kg, iv or 12 mg/kg po of midodrine.

0.9%, iv Saline No effect.
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Ta. =12
NDA 19-815; AMTINER {Midodrine) Tablets, Roberts ._aboratories, Inc.
Summary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST 1059: Secondary Action

XPERIMENT [referen
Sample Size Dose {mg/kg)
and Route

Per Oose Brug Results

b. Injection of Acetic Acid in Mouse 3:4:15, 82: Report #058-01, p. 105;

15,15,10, 1,2,4,8,16 mg/kg Midodrine Both sig reduced the transfer of Evans blue dye, iv from blood into peritoneal fluid;
15,10 iv suggests effect on capillary permeability component of the inflammatory process.
15,15,7,15  3,5,12,24 mg/kg,po Midodrine

10,10 1,2 mg/kg, iv . ST 1059

9,10,9.9, 1.5,3,6,12,24 ST 1059

10 mg/kg, po

METABOLIC EFFECTS: Report #58-01
3. Oxygen Consumption in Rat 3:4:15: Report #058-01, p. 243,

not given 4 up to 8.0 mg/kg, iv Midodrine Midodrine unlike many other sympathomimetic amines, reduced 0O, consumption for only first 30
min after 8 mg/kg, iv and greater. . .
0.4, 0.8 wg/kg and up, ST 1059 ST 1059 reduced consumption only after 0.8 mg/kg iv and greater for first 30 min.
w
0.1 mg/kg, iv Hexopenaline Beta sympathomimetic amine more typical in that it increased 0, consumption; midodrine 16

mg/kg and ST 1059 0.4 mg/kg inhibited action of hexoprenaline although effect of ST 1059 briefer
due to its shorter duration of action.

b. Blood Glucose Levels in Mouse 3:4:16, 83: Report #058-01, p. 303;

1S/group 0.25,0.75,2.5 Midodrine High doses inhibited rise in dlood glucose level.
30 controls mg/kg, ip
3, 10 mg/kg, po Midodrine reduced blood glucose lavel.
0.1,0.3,1 mg/kg, iv ST 1059 reduced blcod glucose level.
0.1,0.3,1 mg/kg, ip Methoxamine High doses reduced blood glucose level.
0.1 mg/kg, ip NE No effect on blood glucose level.
0.03,0.1 mg/kg, ip Epi Increased blood glucose Tevel.

¢. Blood Glucose, Lactate, and Fatty Acid Levels in Rat 3:4:16, 84

20,19,20 Control Lactate, glucose, fatty acid measurement. o

10,10,9 15 mg/kg, ip Midodrine Increased blood glucose and inhibited increase in blood lactate and free fatty acids induced by
isoproterencl (0.5 mg/kg, ip).

d. Blood Glucose, Lactate, and Fatty Acid Leveis In Dog 3:4:16, B4

5 1 mg/kg, iv Nidodrine Small, sig fall bd glucose 30-240 min after midodrine and in free fatty acids 15 min after

5 0.05 mg/kg, iv ST 1059 midodrine; ST 1059 did not show these effects. There were no sig changes in blood lactate,

6 0.9%, iv Saline pyruvate, triglyceride, phospholipid, cholesterol, K+ leveis, thromboplastin time, hematocrit,
creatinine kinase.

e. Rat Epididymal Adipose Tissue In Vitrp 3:4:16: Report #058-01, p. 324;

3.5 10'5, 10-4 Midodrine Unphysiological conc midodrine slightly increased free fatty acid production by lypolysis;

3,6 10°5, Sx10 M ST 1059 ST 1059 one order magnitude more potent; midodrine less effective in inhibiting non-selective

6 Control - beta agents such as isoproterenol (10 M) than of the predominantly beta-2 receptor drug

in vitro hexoprenaline.
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Table 2-13
NDA 19-815; AMaTINgR (Midodrine) Tablets, Roberts Laboratories, Inc.
Summary Tabulation of Results of Preclinical Pharmacology Studies of Midodrine or Active Metabolite ST '059: Secondary Action

EXPERIMENT [referen
Sample Size Dose (mg/kg)
Per Dose and Route Orug Results

€. Histamine Release from Rat Mast Cells 3:4:16, B5: Report #058-0), p. 331;

¢

J e 4, 20 ug : Midodrine Sig lowered mast cell histamine content.
20 vg ST 1059
Control
suspension
6.8 1.5 mg/kg, iv Midodrine 1 mg/kg no alteration in blood or Jung histamine contert within IS mins; 5 mg/kg was loss of
12 controtl histamine from lung tissue without change in blood conc.
13 control, iv S mg/kg elevated brain epinephrine.
? 5 mg/kg Midodrine 10 mg/kg increased spieen epingphrine and decreased brain NE.
13 10 mg/kg Midodrine
6 30 wg/kg/d for 3 d, po Midodrine Adrenal epinephrine content increased, small increase spleen levels; minor fall brain conc NE.

g. Guinea Pig Liver Homogenates 3:4:17: keport 058-01, p. 340;

n control Meither midodrine nor ST 1059 were substrates or inhibitors of MAD.
23 3x10-3 Midodrine

8 31073 m ST 1059

10 control

homogenate
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Table 3-1
NOA 16-81S; AMATINER {Midodrine) Tablets, Roberts Laboratories, Inc.
Summary and Tabulation of Preclinical Pharmacokinetic Studies
Single Dose Study

3:4:17,86: Report #058-31; July 1972:

Inactive and

Species No/ Study Flasma Urinary 30 min after Midodrine iv Metabolites of Deaminated Metabolites
Strain Group DPuration Dose t1/2 h Recovery Metabplites Conc Midodring After 1V Dosing 2t A1l Experiment Times
% of Dose Inactive
per 56 h Deaminated

ST 1059 & Conjugated
Rat M 4/route/ sacrificed Midodrine 1.0 97.6-99.9 plasma 332 36% Unchanged 5.7% Liver §7-70%
Wistar experi- 0.5, 1, 2, 0.916-1.143 ST 1059 53.9% Kidney 38-64%
mental 4 and B h mg/ kg, Conjugated and 40.4% Heart 42-62%
time post drug iv, po Uncoupled Metabolites Lung 73-86%
ST 1059 1.715 95.7-97.1 [See Table 3-2
0.5696 {Table 1.1.49; 8:4:87)]
»9/kg, po
Resylts

-Plasma clearance curves essentially identical from 1 hour on after iv or po, indicating that rapid and complete absorption of midodrine occurs.

—Radicactivity all tissues but liver and sm and 1g intestines higher after iv than po 0.5-2 h.

-I¥ and po slopes of clearance curves all organs similar after 2 hr.

~Kidney-only 30 min was sig diff ivypo (3:4:17).

-Clearance curves (a)! organs except liver and brain) biphasic after iv; liver was mono-exponential; same pattern after po; brain pattern reflects
bloed/brain barrier (888).

—Kinetic profiles in some organs from rats given iv ST 1059 (55.37 uCi vs 49.25 uCi cf midodrine) followed similar patterns. However, whereas at early
times plasma and all tissue conc except brain close to iv midodrine, slopes for clearance curves indicated a much longer retention for ST 1058, a reflecticn
of the longer plasma t1/2.

~Total radioactivity brain 2a higher with ST 1059 than midodrine; indicates ST 1059 crosses B88 more easily than widodrine.

-For midodrine, the metabolic pathway followed its initial hydrolysis with splitting of glycol residue to give ST 1053, demethylation to ST 1062, followed
by deamination or glucuronidation. Biliary excretion is minor process.

Note: Plasma level of inactive and deaminated metabolites was 36X at 30 minutes and quickly rose to approximately 50% (3:4:18).




Table 3-2

Diet-ihutinn of setabolites In the collected urine of rats after |.v. adminlstration aof widodrine (65T 1058

D e S = T - D e o it o T S o " " — et "o — -~ —— o - T P ———— s . Y o —— o b > — i~ " A - —— —— - ——— - i ———_—

Hean oercest distrlbution (xt+s, ne<4)

Free Con lunated Total
fpmines i 41,00 7,42 649,30
ST toms 5,7140,49 5,7110,49
ST 1059 53,9 +1,43 ST,9 1,463
ST 1061742 7,2640,30 7,42 9,40+0,%1
Glyroles n,34140,08 19,74 D L,1041, 45
2, 5-MHPG (", 1) 19,7441, 41
2,5-DKPG (0,2)
fpcids 6,930,131 &4,93+0,31
2, S-MHHA 4,0)
2,5-0HHA a,%)
acid? (1,4)
TniatL 71,13 27,18 98,33+0,11

The parenthesised values were ohtalned after pacer chromatonraphic separation af extrection fracilons of collected vrines.

Original Table 1:1:49 in 3:4:87 of NDA 19-815.
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3:4:17,86: Report #058-04:

Species No/ Study
Strain Group ration

Dog B 4 0.25, 0.5,
Beagle 0.75, 1, 1.25,
1.5, 1.75, 2,
3, 4, 6h
post drug
Resylts:

Close correlation of hemodynamic changes {increased blood pressure and decreased heart rate) with plasma conc of midodrine metabolite ST 1059 for 6 hr post
dosing with midodring. Maxisum pharmacodynamic action and plassa levels in dogs (0.3-1.0 N mole/ml) of 5T 1059 achieved 0.75-2 h post drug.
conc in plasma had returned to those seen at 15 min; neither 8P nor HR at baseline values.

-

NDA 19-815; AMATINER (Midodrin.
Summary and Tabulation of Preclinical Pharmacokinetic Studies

Plasma
Dose t1/2 h
Widodrine 2
0.1, 0.4, 1.6
mg/kg, iv
ST 1059 2.5
0.8 mg/kg, po
(gastric
intubation)

Urinary
Recovery

L of Dose
per 48 h
57.4%, 87.6%,
99.2%, 1W02.7x

(mean 89.2)

1-3

Jlets, Roberts Laboratories, Inc.

Metabolites Conc

The po administraton of
widodrine to dogs was absorbed
quickly and in most cases
completely. The temporal time
course of the plasma
concentration of midodrine and
ST 1059 was (5:#058-04:34):

Results

Time
15 min
30 min
45 min
2h
3-6 h

% Migodrine
40
22

pharsacodynamic activity; above this level was a linear relationship between plasma conc and the decrease in heart rate for po and iv.

Susmary section (3:4:18) indicates that in Report #058-04, in which the pharmacokinetic data were correlated with the pharmacodynamic data, midodrine was
given by gastric intubation (0.8 mg/kg) or intravenously (0.1, 0.4, 1.6 mg/kg).

The repart (vol 5) contains pharmacokinetic and pharmacodynamic data for

the gastric intubation experiments but only pharmacodynamic data for the intravenous doses.

% ST 1059
22

30-35

Net Given
Mot Given
Not Given

6 h ST 1059
Plasma levels of 0.2 N mole/ml ST 1059 needed for
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NOA 19-815; AMATINER (Midodrir

lets, Roberts Laboratories, Inc.

Summary Tabulation of Human Pharmacokinetic and Bi. ..labity Studies Conducted and Associated Side tffects

Wt Mean X of Midodrine
(kg) Avg Excreted in Urine as

Age Ht Mode of Dose Dose Study Active Metabolite Time Period Mean Urinary Elim.
] yrs {cm) Aomin Form uyg/kqg Duration Desylymidodring of Excret. & Desylymidodrine (uq) Results
SINGLE ORAL DOSE URINARY EXCRETION MORMAL VOLUNTEERS -~ 9:5:8; 28-37:058-37;
6+ 27-59 68-90 pa one 5mg 66.9 12 h 0% 0-2 hr 526 Midodrine rapidly
Not tablet 2-4 hr 320 absorbed from tablet;
given 4-3 he 179 rapidly metabolized
3-12 hr 0
]
MULTIPLE ORAL DOSE URINARY EXCRETION NORMAL VOLUNTEERS - 9:5:9; 38-48: 058-38;
6Me 27-59 68-90 po 3x5 mg 166.5 24 h 44.9% 0-4 hr 968 Midodrine is rapidly
Not tab 4-8 hr 1476 metabolized; no
given W h 8-12 hr 1445 accumylation of seta-
12-24 hr 685 bolite since amount

+same test subjects

excreted similar for
intervals 0-4, 4-8,
and 8-12 h, dosing
interval 4 h is

appropriate

Side Effects

Chills, formication
8/6 {(sensation of
small insects crawling
over the skin; a form
of piloerection)
about 1 hr post dose,
formication of scalp,
shoulders, back; about
4 hrs symptoms wane;
time course of
appearznce of seta-
bolite correlates

well with subjective
effects.

6/6: about 1 h after
st tablet, formica-
tion of scalp
appeared, spreading to
shoulders and back;
1/2 b after 2nd
tablet, forwication
and chills covers
practically whole
body; after 3rd, a
moderate reddening of
skin of face; all
symptoms present
watil 20-30 h;
temporary course of
the total excretion
correlates approx
with duration of
subjective effects.
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NOA 19-815: AMATINER (Midodri

blets, Roberts Laboratories, Inc.

Summary Tabulation of Human Pharmacokinetic and Biocavailabity Studies Conducted and Associated Side Effects

Wi #Hean X of Midodrine Hean Urinary
{kg} Avg Excreted in Urine as Elimination
Age Wt Mode of Oose Dose Study live Metabolite Desylymidodrine
@ _yrs (cm) _Adein_ form va/kq Quration _ Desylymidodring vg
SINGLE INTRAVENOUS DOSE URINARY EXCRETION NORMAL VOLUNTEERS ~ 9:5:9; 49-81: 058-39;

m 43 . 3 v P 11mg 60.1 168 h 92.92 Triphasic Plasma
186 in 2 gm Clearance Curve

of 0.9% ti72

NaCl Dyration Elimin

Initial 30 win 56 h

Subsequent 48 h 160 h

Results

Widodrine disappears
rapidly from plasma
as it is metabolized
to desylymidodrine
(ST 1059} which has
2 longer plasma t1/2,
is amply present

in urine and is
responsible for
pharmacol actions of
midodrine

Side Effects

1.54 h after shivers
on whole body with
piloerection, esp.
lower arms; 0-2 and 2-4
h marked increase
desire to urinaie with
concomitant slight
micturition diffi-
culties; effects and
time course
corresponded with
course of action of

ST 1059 in plasma and
urine
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NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Susmary Tabulation of Human Pharmacokinetic and Bicavailabity Studies Conducted and Associated Side Effects

SIMRLF DOSE INTRAVENOUS/ORAL, 2-WAY CROSSOVER METABOLIC STUDY NORMAL VOLUNTEERS ~ 9:5:11, 82-110: 058-40;
L. Age yrs. f in Dose fForm Study Dates
ING3IF  20-27 iv 5 mng 2/79/81 &
po (oelatin capsule of 04 5.3 mg 2/23/81
@l of drug in soln.)
058-40a ; 10/81: , Samples from study 053-40
Mean Plasmy Level ng/al
h 2 4 8 12 24 48 72
Midodrine iv 36.87 33.64 24.00 11.71 4.88 0.65 0 0
po 50.12 47.54 31.43 1492 5.95 0.65 0 0
F n f th iv
. . Total Total
Midodrine 0-2 h 24 4-6 6-12 12-24 24 5 6 7 1 2 3 4 Urine Feces
iv 34.49 18.60 13.85 &6.77 7.02 .17 0.17 0.01 ¢ 0 0 0.04 0.32 0.35 0.07 82.08 0.78
po 26.46 2061 1238 7.9 7.8%2 1.7 0.18 ¢04 0V O 0 0.42 0.69 0.83 0.V7 76.57 2.
Total Volume
t max Cmax mean AUC Clearance Distrib.
h ng/ml £1/2 h .h/m] ml/min =l Results
iv - - g7 268.67 25.03 101.60 Experimentally obtained plasma Jevel results were adjusted
po 0.66 53.91 3.58 307.93 - to 2 two-compariment model (iv) or to a one-compartment

mode} (po). Mean absorption rate after po was calculated
to be 109%; sponsor states this value means that drug was
completely absorbed after po route; after iv and po only
very smal]l amts excreted in the feces.

;hnﬂay Crossover Study Comparing Bicavailability of 2.5 mg Midodrine 9:150-166; Report #058-133b
0

12 healthy
male volunteers

Hidodrine
iv
oral soln
tablet

ST 1059
iv
oral soln

Age yrs. Dose Form
21-26 yr 2.5 mg Prior to 1987 since published
{23 yr mean) in Orug Res 37 (1) No. &, 1987.
tmax Cmax t1/2 AUC Excretion ) vV
min ng/ml h ngxh/m} 24 h yrine al/min 1) Resylts
% of dose
{9:165)

- - 0.4\ 4.6 3.6 Midodrine was absprbed very rapidly both from the drinkable
23 10.9 0.45 8.7 2.2 solution and from table formulation; a1l three formulations
21 1.2 0.49 9. 456 2.2 were regarded as equivalent with respect to the active

metabolite.

- - 3. 8.7 39.8 1200 319

1.1 4.6 3.0 25.7 34.4 1392 355

1.1 5.0 3.0 25.6 34.4 1378 353

tablet



Page 25 - NOA 19-815
T -4
NDA 19-815; AMATINER (Midodrim Tets, Roberts Laboratories, Inc.
Summary Tabulation of Human Pharmacokinetic and Bioavailabity Studies Conducted and Associated Side Effects

SINGLE DOSE 3 WAY CROSSOVER BIOAVAILABILITY - 9:5:14, 150-166: 058-133a,b; 12/87

Age Wt (kg) Mode of Dose

N yrs  Ht (cm) _Admin Form
2 21-26  63-88 iv 2.5 mg Nidodrine

175-190 po 2.5 mg soln Midodrine
po , ¢.5 g tablet Midodrine

Mean
Plasma Conc t1/2 AUC 5T 1059 Absolute
fmax ng/el Plasmy ngxh/ml Biogvaiiability* P Midodring - ng/ml
5 30 Th 2h
Midedrine 20-30 min 10 0.5 h v 28.7 ~ iv 56.6 1.6 3.2 Not detectable
ST 1059 1 h 5 3h oral soln 25.7 aral sola 90% aral saln 3.4 8.0 3.5 1.1
tablet 25.6 tablet 932 tablet 4.9 9.9 4.0 1.3

*Relative biocavailability _tablet = 109%
oral soln
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Table 4-5

% Patients in Contrelled Tr-ials
MZDCODRINE DEZ* EPHEDRINZ PEC=
Adverse Rezz<ion (N=17) (N=2) (N=8) (N=17)
Dizzw/Ligatheacded/
Dyvseauilidbrium 35.
P-u::c-s,-i-g,_n
of Sczl> S.
Ca-diac Awvarszness 5.
Photosensicivity 0
Pounding iz Earcs 5
Fever 0
Neuropatav/Lizp Paia 3.
Fatigue 0
Nauvsea/Voziting 3.
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Qtamine; PBO=Placebc
Clinical adverse experiences whick occurrzed inm 0.5 tc 2.0%
of patients in controiled and uncontrolled trials
included:
Ca-diovascular: Palpitatioans
Iotegumentary: Tingling of the scalp, piloecection
Gasz=-sintestinal: Abdecminal discomfnzrs .
Ge=itourinary: Dysuria, fullness of blacddaer-,
urinagzv retention, incontisance
Othax: Chills

Side Effect Patients (%)
Pmuzitis/Scalp Itching 44 (30)
Supine Hypertension
Before and after Rx: 43 (29)
Only after Rx 3% (23)
Piloerezt c= 37 (25)
Headache 26 (13)
Tiagling 23 (16)
Na;sea 15 (10)
rinary Urgency 12 (2)
:;usaed Extremities 8 (5}
. Bradycacdia 6 (&)
Falpitations 5 (3)
Rasza 5 (3!
A rriyvthala 5 (3)
Swelling in Extremiries 4 (3)
Sweating 4 (3)
I=somnia & Nexvousness 3 (2)
MNightmares 3 (2)
Aggravation of Prostatism pA (1)
An;iitis - 1 (1)
Ccher 7 (5)

Sponsor's table found in 2:2:145, 146
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T 5-1
NDA 19-815; AMATINER (Midodris lets, Roberts Laboratories, Inc.
Results of Acute .city Studies: LDgg

EXPERIMENY [reference; report #]

Midodrine Study
Species 3:irain N/Group Route Dose mg/kg Duration Death Rate
SINGLE DOSE STUDIES 3:4:20, 89: Report #058-17;
Mouse NMR] 10 M 00 300, 450, 675, 1013 48 h 0/10; 1/10; 4/10; 10/10
6M sc 100, 150, 225, 338 48 h 0/6; 1/6; 4/6; 6/
104 ip 133, 200, 300 48 h 2/10; 4/10; 10/10
6M°' v 80, 100, 156 48 h 2/6; 3/6; 5/6
Rat Sprague-Dawley 6 F po 21.9, 32.9, 49.4 72 h 0/6; 3/6; 6/6
6F sc 25.7, 38.5, 57.8, 86.5 72 h 1/6; 5/6; 6/6; 6/6
6F ip 13, 19.5, 29.2, 43.8 72 h 1/6; 3/6; 3/6; 4/6
6 F jv 14.8, i8.5, 23.2, 29.0 72 h 1/6; 4/6; 5/6; 6/6
3:4:20, 90: Report #058-18,
Mouse Swiss 10 F iv 40, 60, 90, 135 48 h 0/10; 2/10; 6/10; 10/10
10 M iv 49, 60, 90, 135 48 h 1/10; 6/10; 10/10; 10/10
10 F ip 88.7, 133.3, 200, 300 48 h 1/16; 5/10; 8/10; 9/10
10M ip 88.7, 133.3, 200, 300 48 h 2/10; 2/10; 6/10; 6/10
10 F sc 66.6, 100, 150, 225, 338 48 h not; 0/10; 1/10; 10/10; 10710
given
10N sC 66.6, 100, 156, 225, 338 48 h 0/10; 3/10; 4/10; 10/10; 10/10
10 F po 133.3, 200, 300, 450 48 h 0/10; 1/10; 5/10; 10/10
10 po 133.3, 200, 300, 450 48 h 2/10; 6/10; 4/10; B/10
Rat Sprague-Dawley 10 F iv 6.56, 10.25, 16, 25 72 h 0/10; 8/10; 8/10; 10/10
10N iv 6.56, 10.25, 16, 25 72 h 0/10; 8/10; 8/10; 10/10
10 F ip 10, 15, 22.5, 33.75 72 h 0/10; 7/10; 8/10; 1010
0M ip 10, 15, 22.5, 33.75 72 h 8/10; 1/10; 5/10; 10/10
10 F sc 16, 20, 40, 80 72 h 0/10; 3710; 7/10; 10/10
10M sc 10, 20, 40, 80 72 h 0/10; 4/10; 9/10; 10/10
10 F po 20, 30, 45, 67.5, 101.25 72 h 0/10; 3/10; 6/10; 8/10, -
10M po 20, 30, 45, 67.5, 101.25 72 h -; 0/719; 6/10; 8/10; 10/10

LOcy mg/kg
(v??h deviation range)

675
196.6
199.9
107.7
32.9
30.18
25.55
17.69

79.7
54.8
140
220.9
169.4

139.2
288
244 .9
9.8
10.2
15
21.6
28.3
23.1

46.9

40.7

(578-788)

(158.1-244 4)
(167.2-239.1)
(78.79-147.3)
(27.4-39.38)
(22.22-40.98)
(14.47-45.11)
(14.79-21.17)

(67.2-94.6)
(45.6-65.9)
(110.8-176.9)
{121.4-401.7)
(152.1-188.7)

(115.3-165.7)
(246.2-337.2)
(174.8-343.1)
(8.3-11.6)
(8.6-13.3)
(12.7-17.7)
(18.5-25.3)
(21-38.2)
(17.5-30)
(39.5-55.6)
(31.7-52.1)
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. 522
NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Results of Acute Toxicity Studies: LDgg

EXPERIMENY [reference; report #1

Hidodrine Study L mg/kg
Species Strain N/Group Route Dose ma/kg Duration Death Rate (with devigtion range)
3:4:20, 92: Report #058-19;
Dog Mongrel 1/sex/ po 1.89, 2, 2.52, 10, 12.6, 2 wk Females: one at 126, one at 159; not determined
dose 100, 126, 159 Males: one at 159

r rvati

Symptoms preceding death in mice after the intravenous administration of midodrine were convulsions, ruffled coat, dyspnea, and exophthalmus. Symptoms
observed after the intraperitoneal administration were extension spasms, ruffled coat, and exophthalmus. Symptoms observed after sutcutanecus dosing

included ruffled coat, heavy breathing, and hypersalivation while symptoms of ruffled coat, heavy breathing, and death in convulsions were noted after oral
dosing.

In rats, the symptoms preceding death were ruffled coats, exophthalmus, and heavy breathing after intravenous dosing with midodrine. Symptoms of ruffled
coat, exophthalmus, and heavy breathing followed intraperitoneal dosing while ruffled coat, exophthalmus, heavy breathing and hypersalivation were noted

after subcutaneous dosing. Sywmptoms of ruffled coat, exophthalmus, heavy breathing, and hypersalivation were associated with death following oral doses of
midodrine.

Ophthalmic exams and monitoring of the electrocardiogram, heart rate, an blood pressures were not done in the mouse and rat.

In dogs, anorexia occurred at a dose of 10 mg/kg, po or greater and at these doses the fecal matter was thin and pasty. Piloerection occurred at a dose of
12.6 mg/kg, po or greater. Tremors were noted at doses greater than 12.6 mg/kg, po. All dogs exhibited ataxia at doses at or greater then 100 mg/kg, po.
Sedation was noted at 126 mg/kg, po while salivation occurred at all doses greater than 2 mg/kg, po for the first two to 10 hours post dosing. Vomiting was
noted at a dose of 10 mg/kg, po or greater. Changes in blood pressure, respiration, an® weart rate were noted after all doses; dyspnea occurred i5-60 win
after 12.6 mg/kg, po or greater and exhibited a duration between 3 to 5 hours. A strong mydriasis was noted 20 to 60 min after a dose of 10 mg/kg, po or
greater and lasted for 2 to 8 hours. Pupil reaction was generally normal except at very high doses.

A total of three dogs exhibited attacks of tonic—clonic spasms and became comatose 110 min to 10 hr post drug; all died after a convulsive fit. One female
dog died at 120 min after 126 mg/kg, po. One male died at 150 min after 159 mg/kg, po while one female dog died 10 hr after 159 mg/kg, po. A1l doses

slightly prolonged the PQ and QT intervals. The dogs which died exhibited bradycardia 10 to 15 min post drug. All animals died in cardiac standstill in
diastole.
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Table 6-1
NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Subchronic/Chronic Toxicology

10 or 20 Day Administration by Stomach Tube of Midodrine in Rat
Testin i

Study Number: 058-20

Study Date: 1/70

GLP_Compiiance: Not done.

Animals: Rat Sprague-Dawley

Mode of Administration of Test Agent: Stomach tube

Dose Levels: O, 5, 10, 20 mg/kg/d, 5/sex/group for 10 d; 10/sex/group for 20 d
Qbservations/Measurements:

Body Weight Daily
Hematology Pt, 10or 20 d
Clinical Biochemistry:

a. Liver Chemistry Pt, 10 or 20 d
b. Plasma Chemistry Pt, 10 or 20 d
Appearance/Behavior Changes Daily

Autopsy:

a. Gross 10 or 20 d

b. Microscopic 10 or 20 d

c. Organ Weights 10 or 20 d

Mortality: 1 female in the dosing regimen of 20 mg/kg 20 d, po, died on day
5; organs not examined due to advanced decompositicn.

Drug Associated Findings: 5:058:20; p. 229

Body Weight No significant effect on wt gain; F
slight decrease during first 5 d 20, 20
mg/kg, compensated later; assumed to be

- in connection with changes in the liver.

Clinical Biochemistry

a. Liver Chemistry A1l changes listed below are
statistically significant.
Liver sorbitol dehydrogenase
decreased F: 10, 20 mg/kg/10 d
decreased M: 5, 20 mg/kg/10 d
fncreased F: 5, 20 mg/kg/20 d
decreased M: 5, 10, 20 mg/kg/20 d
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NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.

Table 6-2

Subchronic/Chronic Toxicology

a. Liver Chemistry (cont)

b. Plasma Chemistry

Glutamic Pyruvic Transaminase

decreased M: 5, 10 mg/kg/20 d
Alkaline Phosphatase

decreased F: 20 mg/kg/10 d
increased M: 5, 20 mg/kg/10 d
decreased M: 10 mg/kg/10 d
decreased F: 5 mg/kg/20 d
Triglyceride

increased F: 5, 10, 20 mg/kg/10 d
increased F: 10, 20 mg/kg/20 d
decreased M: 10 mg/kg/20 d
Liver Total Cholesterol

increased F: 5, 10, 20 mg/kg/10 d
decreased M: 5, 20 mg/kg/10 d
increased F: 5, 10, 20 mg/kg/20 d
decreased M: 10, 20 mg/kg/20 d
Phospholipids

fncreased F: 5, 20 mg/kg/10 d
increased F: 5, 10, 20 mg/kg/20 d
decreased M: 5, 10, 20 mg/kg/20 d
Nonesterified Fatty Acids

increased F: 5, 20 mg/kg/10 d
decreased M: 10 mg/kg/10 d
fncreased F: 10 mg/kg/10 d
increased M: 10 mg/kg/10 d
Sulphydryl Groups

fncreased M: 5, 10, 20 mg/kg/10 d
decreased F: 10 mg/kg/10 d
decreased M: 20 mg/kg/20 d
decreased F: 5, 20 mg/kg/20 d

A1l changes 1isted below are
statistically significant.

Plasma Sorbitol Dehydrogenase Activity

Increased M:

10, 20

mg/kg/10

Glutamic Pyruvic Transaminase

d

decreased F:
increased M:

5, 10, 20 mg/kg/10 d
5, 10, 20 mg/kg/10 d




Page 31 - NDA 19-815

Table 6-3
NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Subchronic/Chronic Toxicology

b. Plasma Chemistry (cont) decreased F: 5, 10 mg/kg/20 d
increased F: 10 mg/kg/20 d
increased M: 10, 20 mg/kg/20 d

Alkaline Phosphatase
decreased F: 5, 10, 20 mg/kg/10 d

increased M: 20 mg/kg/10 d
decreased F: 5, 20 mg/kg/20 d
increased M: 5 mg/kg/20 d
Triglycerides

decreased F: 5 mg/kg/10 d
decreased F: 5§ mg/kg/20 d
decreased M: 5 mg/kg/20 d
Plasma Total Cholesterol

decreased F: 5, 10 mg/kg/10 d
decreased M: 5 mg/kg/10 d
increased F: 20 mg/kg/20 d
decreased M: 5, 10 mg/kg/20 d
Plasma Phospholipids

decreased F: 10 mg/kg/10 d
decreased M: 20 mg/kg/10 d
decreased F: 5 mg/kg/20 d

decreased M: 5, 10, 20 mg/kg/20 d
increased F: 10, 20 mg/kg/20 d
Nonesterified Fatty Acids

fncreased F: 5 mg/kg/10 d

Total Protein

decreased F: 5, 10 mg/kg/10 d
Autopsy Heart: Changes in the heart were

characteristic of those produced by
sympathomimetic agents, {.e., Ht weight
increased and focal degenerations of
myocardial fibers occur; not dose
dependent; not particularly pronounced.
Intensified foci of degeneration;
myocardial fibers replaced with
connective tissue and accumulation of
increased numbers of round cells.
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Table 6-4
NDA 19-815: AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Subchronic/Chronic Toxicology

Autopsy (cont) L%;g[: More marked than cardiac; sex.
diff.
a. F-fatty degeneration in periphery
of lobes
. F-decrease of glycogen content
. F-accumulation of lipids
. M-cellular enlargement without fatty
accumulation
. M-cells were rich in glycogen

QOO

©
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Table 6-5
NDA 19-815: AMATINER (Midodrine) Tablets, Roberts Laboratories, inc.
Subchronic/Chronic Toxicology

6 Month Adminstration Orally by Stomach Tube of Midodrine or ST 1059 in Rat
Testing Facility:

Study Number: 058-21
Study Date: 2/72
GLP Compliance: Not done.
Animals: Rat Sprague-Dawley
f Admini ion of Agent: Orally by Stomach tube

Dose Levels: 0, 1, 5, 20 mg/kg/day, po Midodrine and 0.3, 1 mg/kg/day, po
ST 1059; 10/sex/group

Qbservations/Measurements:

Body Weight weekly

Hematology Pt, 3, 6 mon

Clinical Biochemistry:

a. Liver Chemistry 6 mon

b. Plasma Chemistry 6 mon

Urinalysis 12 hr urines in prelim period; then
every 6 wks: renal function Pt, 12 wk,
25 wk.

Appearance/Behavior Changes Datly

Autopsy

a. Gross 6 mon

b. Microscopic 6 mon

¢. Organ HWeights 6 mon

Mortality: Initial test affected by infection

(severe kidney damage) since
independent of the dose deaths
occurred; 2 animals died in control

T group, 7 @ 1 mg/kg, 4 @ 5 mg/kg, and
only 2 at 20 mg/kg. In comparison, 2
deaths occurred in control group in a
second test, one after 0.3 mg/kg and 3
after 1.0 mg/kg (6:4:7).
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Table 6-6
NDA 19-815; AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Subchronic/Chronic Toxicology

Drug Associated Findings:

Body Weight

Ciinical Biochemistry
a. Liver Chemistry

Sponsor states that the "1ipid
fractions in plasma and 1iver
showed significant differences
but there was no dose-dependence
and no conformity of the
direction of action with the two
tests". 6:4:6

b. Plasma Chemistry

Autopsy

No effect on wt gain when F compared to
controls but in males wt gain was less
in 20 mg/kg from the 21st week on.
However, the same effect was also
observed in the controls from the 20th
week (6:4:11, 123, 130).

5 mg/kg midodrine 6 mo minimal increase
triglycerides

F 5.98 ¢+ 4.05 to 8.54 + 2.70 mg %
M5.49 + 1,99 to 9.42 4+ 3.05 mg %

Other 1iver 1ipids no change. Decrease
heptic free fatty acids. Male 0.5, 2.5
mg/kg increased glutamic oxaloacetic
transaminase associated with occurrence
of enlarged cells; no evidence fatty
infiltration of liver.

0.3 and 1 mg/kg increase in liver
triglycerides and cholesterol F only;
no change hepatic glutamic oxaloacetic
transaminase .

Increase plasma alkaline phosphatase 5,
20 mg/kg. No change in plasma lipids.
20 mg/kg decrease in plasma free fatty
acids. M & F 1 mg/kg decrease albumin;
smaller decrease after 5 mg/kg and no
change after 20 mg/kg. Plasma Na, K,
urea not altered.

Supplementary study of 0.3 and 1 mg/kg
6 mon showed no changes in plasma
albumin function; no changess in plasma
glutamic oxaloacetic transaminase.

Heart: Myocardial necroses

1. Only single degenerative changes in
myocardial fibers near endocardium «
Symptom A.

2. Only short chains of round cells
scattered between myocardial fibers,
esp. near endocardium; little rows of
fibrocytes threaded like a string of
pearls arranged around cells here and
there in myocardium « Symptom B.

3. Symptom A+B



Page 35 - NDA 19-815

Table 6-7

NDA 19-815: AMATINER (Midodrine) Tablets, Roberts Laboratories, Inc.
Subchronic/Chronic Toxicology

Autopsy (cont)

4. Small scars of connective tissue in

papillary muscle = Symptom C and symptoms of

A+B = AfB#C.

5. Total # of rats in which myocardial

changes were seen.

6. Total # of rats in which no myocardial
changes were observed.

mg/kg,
po ]
0 3/20
1 0/20
5 0/16
20 2/18
or 2/20
0 2/20
0.3 0/20

2
0/20
0/20
0/20
0/18
0/20

0/20

1/20 3/20**

3
0/20
2/20
4/16
2/18
2/20

1/20+

1*** 117 0N7 2717

4
0/20
3/20
4/16
7/18
7/20

0/20
1/20
1/17

5
3/20
5/10
8/16

11/18
11/20

3/20
5/20
4/17

Kidney: 20 mg/kg/day - histological

Spleen: Necroses in form of an increased
erythrocytolysis.

*Cannot decipher whether total N 1s 18 or 20 (6:4:42).
**One animal also exhibited slight thickening of 1t. ventricle.
s«sSponsor states that 20 animals were in group, but data for only 17 rats

given.

+Small accumulation of basophil round cells found one are