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Cobalt Pharmaceuticals, Inc

request for change in dissolution specification
1.25 mg, 2.5 mg, 5 mg, 10 mg Tablet
Treatment of Hypertension

Cobalt's current specification for dissolution testing of Ramipril tabiet is
On December 21, FDA requested that Cobalt apply a limit of"
FDA also requested that Cobalt provide dissolution profiles and individual data for

stability batches from the original NDA as well as the recently submitted amendment to add an
additional source of API. On January 29, 2007, Cobalt responded to the request with the
dissolution profiles and individual data for the following products on stability:

Strength | Lot Number/Package | RT Stability Timepoint | Parpose of Batch
125 mg | F6034C ~bottle of 30 | 6 moaths Addition of AP] amendment 7
D4001D - bottle of 30 | Approx. 32 months 'NDA Stability and Biobatch
2.5mg F6035C —bottle of 30 | 6 months Addition of API amendment b
D4002D - bottle of 30 | Approx. 32 months NDA Stability Batch
5mg F6036C — bottle of 30 | 6 months Addition of API amendment
D4003D - bottle of 30 | Approx. 32 months NDA Stability Batch
10 mg F6037C —bottle of 30 | 6 months Addition of APl amendment
D4004D — bottle of 30 | Approx 32 months NDA Stability and Biobatch

The following data was provided by the firm:
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MEM O RANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES

PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE:

FROM:

THROUGH :

SUBJECT:

TO:

November 22, 2006

Martin K. Yau, Ph.D.
Pharmacologist
Division of Scientific Investigations (HFD-48)

. OL,
C.T. Viswanathan, Ph.D. 0\'\/ .\p\l 2%

Associate Director, Bioequivalence
Division of Scientific Investigations (HFD-48)

Review of an EIR Covering NDA 22-021, Ramipril
Tablets, Sponsored by Cobalt Pharmaceutical Inc.,
Mississauga, Ontario, Canada.

Norman Stockbridge, M.D.
Director
Division of Cardio-Renal Products

At the request of the Division of Cardio-Renal Products (DCRP),
the Division of Scientific Investigations (DSI) conducted an
audit of the following bioequivalence studies:

Study Number: - 2835

Study Title: "A Two-Way Crossover, Open-Label, Single-

Dose, Fasting, Bioequivalence Study of ]
Ramipril 10 mg Tablets Versus Altace® 10 mg
Capsules in Normal Healthy Non-Smoking Male
and Female Subjects for the USA”

Study Number: 2836

Study Title: "A Two-Way Crossover, Open-Label, Single-

Dose, Fed, Bioequivalence Study of Ramipril
10 mg Tablets Versus Altace® 10 mg Capsules

- in Normal Healthy Non-Smoking Male and
Female Subjects for the USA”
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data for these two subjects were reported, and all the
plasma samples from subject 26 and 27 were re-analyzed for
ramiprilat in a subsequent run. Since the LC/MS/MS method
analyzed ramipilat and ramipril simultaneously, data for
both analytes were available in the repeated run, although

only reported the ramiprilat data. However, at the
request of the FDA investigator, agreed to make
available the original and repeat ramipril data (both
generated from acceptable analytical runs) for audit.
Similarly, 7 pharmacokinetic repeat plasma samples in Study
2835 and all plasma samples from subject 11 in Study 2970
also had original and repeat ramipril data from acceptable
runs. These data are tabulated and provided in Attachment
5. _

A comparison of the original and repeat ramipril data (see
Attachment 2) shows that many plasma samples subjected to
repeat analysis exhibited significantly different ramipril
concentration data. This finding has raised questions
regarding the accuracy of the reported rampril data.
However, due to the small number of ramipril data
available to evaluate incurred samples assay
reproducibility [<5% (70/1388 subject samples) in Study
2835; <1.3% (18/1369 subject samples) in Study 2970], DSI
is not able to confirm if there are significant assay
reproducibility issues in other runs not cited in the Form
FDA-483, Item 1. )

Overall, DSI recommends that the ramipril data from
subjects 26 and 27 in Study 2835 and subject 11 in Study
2970 (see Attachment 2) be excluded from bioequivalence
determination. Additionally, for Study 2835, ramipril
pharmacokinetic re-assay data from subject 14, period 2,
0.17 hr, and subject 31, period 2, 1, 1.25, and 1.5 hrs
should also be discarded. The Review Division should
consider requesting the sponsor to further address the
incurred sample reproducibility issue for ramipril.

In Study 2970, 15 out of 29 subjects (subjects # 1, 4, 7,

8, 10, 12, 16, 17, 20, 22, 23, 26, 30, 31, 32) that
completed the study exhibited significant ramiprilat
concentrations. (>5% Cmax value) in the Study Period II pre-
dose plasma samples. These significant carry-over results
were not discussed in the final study report. .
In each of the 15 subjects listed above, there was
significant ramiprilat concentration (> 5% of Cmax value)
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in the pre-dose sample obtained in Study Period II. The
OCPB reviewer should be aware of the significant ramiprilat
carry over effect observed in these subjects, if the data
of ramiprilat, an active metabolite of ramipril, are
utilized to support bioequivalence determination between
the test (Ramipril 1.25 mg Tablets) and reference products
(Altace® 1.25 mg Capsules) in Study 2970. '

. Results from several failed validation studies (e.g., long

term

for ramipril and ramiprilat were discarded. The
reasons for failure of these validation studies were not
documented. ‘ '

acknowledged that their documentation for
discarding failed validation data was not adequate.
~ agreed to revise their SOP to assure that in the
future every failed run during validation would be fully
investigated and applicable corrective action documented.

During the inspection, the FDA investigator had reviewed
data generated in the failed validation runs, and found
that the cause for the failed validation runs was not due
to the instability of the analytes, but rather due to
errors from sample preparations. ‘

Conclusion:

Following the inspection at ———— DSI recommends that:

1.

Ramipril data from: (a) subjects 26 and 27 in Study 2835,
(b) pharmacokinetic re-assay samples (subject 14, period 2,
0.17 hr; subject 31, period 2, 1, 1.25, 1.5 hrs) in Study
2835, and (c) subject 11 in Study 2970 should be excluded
from bioequivalence determination. Additionally, the Review
Division should consider requesting the sponsor to further
address the incurred sample reproducibility issue for
ramipril. ‘

The OCPB reviewer should be aware of the significant
ramiprilat carry over effect observed in the subjects cited
in Form FDA-483 Item 2, if ramiprilat data are utilized to
support bioequivalence determination between the test
(Ramipril 1.25 mg Tablets) and reference products (Altace®
1.25 mg Capsules) in Study 2970.
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After you have reviewed this memo, please append it to the

original NDA submission.
M‘wt‘“ K adw

Martin K. Yau, Ph.D.

Final Classification:

cc:

HFA-224

HFD-45/rf

HFD-48/Yau/Himaya/cf

DCRP/Crowley

OCPB/DCPB1/Noory ‘
HFR-NE200/Highgate Springs RP/Laplant
Draft: MKY 11/21/06

DSI1:5695 O:\BE\eircover\22021bio.ram
FACTS # 737541
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION

DISTRICT OFFICE ADDRESS AND PHONE NUMBER DATE(S) OF INSPECTION

New Engtand District Office Oct. 30, 31, Nov. 1, 2. 3, 6, 2006
1 Montvale Avenue |FEINUMBER
Stoneham, MA 02180-3542 {781)596-7700 i

NAME AND T!TLE OF INDIVIDUAL TO WHOM REPORT 1S ISSUED

T0: ’
FIRM NAME STREET ADDRESS

H

CITY STATF AND 7iP CODE o TYPE OF ESTABLISHMENT INSPECTED

DURING AN INSPECTION OF YOUR FIRM(l) (WE) OBSERVED:
1) Plasma samples subjected to repeat analysis exhibited significantly different ramipril concentration data.

For example:

In Study 2835 original and repeat ramiprit data from acceptable analytical runs were available for all the plasma samples

collected from subjects 26, 27 and 7 pharmacokinetic repeat plasma samples.- -
these plasma samples with measurable (>LOQ) ramipril concentrations exhibited ————————————m———— difference between

the original and repeat data.

In study 2970, original and repeat ramipril data from acceptable runs were available for all the plasma samples collected from
subject 11. of these plasma samples with measurable (>L0OQ) ramtpnl

concentrations exhibited - differences between the original and repeat data.

2) In study 2970, 15 out of 29 subjects (subjects #1, 4, 7, 8,10, 12, 16, 17, 20, 22, 23, 26, 30, 31, 32).that completed the study
exhibited significant ramiprilat concentrations (> 5% Cmax value) in the Study Period ll pre-dose plasma samples. These
significant carry-over results were not discussed in the final study report. .

{or ramipril and ramiprilat were discarded. The reasons for failure of these

" 3) Results from several failed validation studies ¢

validation studies were not documented.

SEE EMPLOYEE(S) §f5NAruRE EMPLOYEE(S) NAME AND TITLE (Print orType) DATE ISSUED
Roti_vlt:.‘lij’.ZE ’Yiya/\;f‘w N ?‘7‘”’“ Dr, Martin Yau, Pharmacologist Nﬂb’ 6 Jovc

CAGE P / m% Paula Laptant, Qonsumer Safety Officer - %
FORM FDA 483 (8/00) PREVIOUS EDITION OBSOLETE INSPECTIONAL OBSERVATIONS PAGE [ OF / PAGES

Creacd by, PSC Mediz Ans (3011 343.215¢ EF



DST CONSULT

Request for Biopharmaceutical Inspections

DATE:

TO:

- FROM:

SUBJECT:

March 23, 2006

Associate Director for Bioequivalence
Division of Scientific Investigations, HFD-48

Carol Noory -
Division of Clinical Pharmacology and Biopharmaceutics I
Office of Clinical Pharmacology and Biopharmaceutics

Request for Biopharmaceutical Inspections
NDA 21-021 Ramipril Tablets

Study/Site Identification:

The following studies/sites pivotal to approval have been identified for inspection:

Study # -
2835
2836
2970

A~

We request that the inspeétions be conducted and the Inspection Summary Results be provided by June

Goal Date for Completion:

31,2006. We intend to issue an action letter on this application by July 31, 2006.

Should you require any additional information, please contact Alisea Sermon.

et
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OFFICE OF CLINICAL PHARMACOLOGY

MEMO FOR FILE

NDA: 22-021 Submission Date(s):  January 9, 2006
Generic Name Ramipril
Reviewer Carol Noory :
Team Leader Patrick Marroum

~ OCPB Division Division of Clinical-Pharmacology I
ORM division Cardio-Renal Drug Products

- Sponsor ‘ ' Cobalt Pharmaceuticals, Inc
Submission Type; Code 505(b)2
Formulation; Strength(s) 1.25 mg, 2.5 mg, 5 mg, 10 mg Tablet
Indication ' Treatment of Hypertension

' Re-evaluation of Study data
A DSI inspection of the study sites and the analytical site for Studies 2835 and 2970 was
requested by the Office of Clinical Pharmacology. The data from these studies was deemed
acceptable pending the outcome of the inspection. On November 22, 2006 the Division of
Scientific Investigations made the following recommendations as a result of the inspection:

1. Ramipril data from: (a) subjects 26 and 27 in Study 2835, (b) pharmacokinetic re-assay
samples (subject 14, period 2, 0.17 hr; subject 31, period 2, 1, 1.25, 1.5 hrs) in Study
2835, and (c) subject 11 in Study 2970 should be excluded from bioequivalence
determination. Additionally, the Review Division should consider requesting the sponsor
to further address the incurred sample reproducibility issue for ramipril.

2. The OCPB reviewer should be aware of the significant ramiprilat carry over effect
observed in the subjects cited in Form FDA-483 Item 2, if ramiprilat data are utilized to
support bioequivalence determination between the test (Ramipril 1.25 mg Tablets) and
reference products (Altace® 1.25 mg Capsules) in Study 2970.

I recalculated the PK parameters eliminating the suggested subjects and the results are pfesented
in the table below along with the original calculations: ’

Table 1: Study 2835 Original Pharmacokinetic Results

Pharmacokinetic Ramipril Altace ramipril Ramiprilat Altace ramiprilat
parameter

AUC (0-t) ng-hr/mL 16.77 £ 5.51 1640 + 5.285 236.67 + 54.34 229.42 + 61.68
AUC (0-inf) ng-hr/mL | 17.30 + 5.44** 17.40 + 4.85*

Cmax (ng/mL 127.58+9.16 25.11 + 847 23.72 +£2.00 23.23 +13.32
Tmax 0 (1

* n=29; ** n=28 : :

Table 2: Study 2835 Pharmacokinetic results without subjects 26 and 27 .
Pharmacokinetic Ramipril Altace ramipril Ramiprilat Altace ramiprilat
parameter
AUC (0-f) ng-hr/mL 16.44 +5.39 16.14 + 5.19 23847 + 56.70 232.78 + 62.65
AUC (0-inf) ng-hr/mL | 16.93 + 5.31* 17.27 £+ 4.71** 319.38 + 79.50 316.4 +86.43%*+*
Cmax (ng/mL 26.68 + 8.6 25.56 + 8.86 23.85+13.20 23.65 + 13.56

Tmax 0.45 (0.33-0.67) 0.55 (0.33-1.00) 2.19 (1.00-6.00)* 2.30 (1.00-6.03)*




n—27 *n=21; **n—18
**¥n=26

Table 3: Study2970 Orlgmal Pharmacokmetlc Results

Pharmacokinetic Ramipril . Altace ramipril Ramiprilat Altace ramiprilat
arameter .

AUC (0-t) ng-hr/mL 1.81 +0.93 1.75+0.81 70.36 +20.73 74.81 + 20.03

AUC (0-inf) ng-hr/mL | 1.88 +£0.96* 1.82 + 0.86* 177.11 + 97.10* 166.01 + 52.83*

Cmax (ng/mL 2.60+1.20 250+ 125 1.14 +0.48 1.16 +0.37

Tmax 0 50 (0.

3.50 (1.50-12.00) | 3.25 (1.50-6.00) _

* n=29; ** n=28

Table 4. Study2970 re-calculated Pharmacokmetlc results(wnthout subject 11)

Pharmacokinetic Ramipril Altace ramipril Ramiprilat Altace ramiprilat
arameter : .

AUC (0-) ng-hr/mL 1.84+ 0.94 1.774£0.82 69.77 + 19.14 | 73.98 +20.20

AUC (0-inf) ng-hr/mL | 1.90+0.97 1.84 + 0.87* 171.25 + 9547+ 163.18 + 51.89+*+

Cmax (ng/mL 2.67+1.24 2.57+1.33 1.08 + 0.35 1.14 +0.36

n=29; *n=28; **n=21;
**kn=25

The statistical results are presented in Table 5 for both the original calculations and the
repeat calculations eliminating selected subjects.

M STUDIES 2538 AND 2790.

Parameter Original Calculations Re-calculated results
Ramipril Ramiprilat - Ramipril Ramiprilat
AUC (0-t) ng-hr/mL 112.37% to 100.59% to 93.52% to 97.40%
125.69% 107.52% 110.16% t0109.52%
AUC (0-inf) ng-hr/mL | 110.92% to 94.67% to 86.92% to 95.04% to
123.22% 107.13% 107.85% 108.18%
Cmax (ng/mL 171.04% to 106.27% to 93.11% to 90.88% to
0,
Study 2970
Parameter Original Calculations Re-calculated results
. Ramipril Ramiprilat Ramipril Ramiprilat
AUC (0-t) ng-hr/mL 95.95% to 87.61% to 95.07% to 87.40% to
110.15% 99.34% 110.56% 99.33%
‘AUC (0-inf) ng-hr/mL | 95.44% to 89.50% to 94.62% to 88.83%
110.24% 120.20% 110.64% t0121.24%
Cmax (ng/mL 96.65% to 90.87% to 96.02% to 90.21% to
116.30% 102.93%

The information for ramipril was used to determine bioequivalence. Ramiprilat data was used to
support the bioequivalence determination. The recalculated data did not include any
pharmacokinetic repeat assays.

Tmax L0490 (0.33.082) | 0.64(0.33-1.50) 3.97 00 3.39(1.50.6.00)

A



Recommendations

The recalculations eliminating subjects recommended by DSI did not impact the determination of -
bioequivalence. The studies have shown that the products are bioequivalent and the
recommendations remain the same.

Signatures

Reviewer:

Team Leader Concurrence
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OFFICE OF CLINICAL PHARMACOLOGY REVIEW
Review of an Amendment

NDA: 22-021 Submission Date(s): November 17, 2006
Generic Name Ramipril A
Reviewer Carol Noory
Team Leader _ Patrick Marroum
OCPB Division Division of Clinical Pharmacotogy I
ORM division ** Cardio-Renal Drug Products
Sponsor s Cobalt Pharmaceuticals, Inc
Submission Type; Code Amendment-new drug substance and addition of color to
formulation
Formulation; Strength(s) 1.25 mg, 2.5 mg, 5 mg, 10 mg Tablet
Indication Treatment of Hypertension
TABLE OF CONTENTS
1 EXECUTIVE SUMMARY. ...+ o+e oo e v eeseeseeee oo eeee oo oeee e L
1.1 RECOMMEND ATTON S . .ottt eie ettt ee e cm e et s e e et an s en e mm e e et aa s saae s ssnnnas 2.
2. QUESTION BASED REVIEW (QBR)....... o ovoeimeueueseeeeeeeiececeeasesemeeaseseseeanee et eesteeseeaseaseseeaeeeeerecene 3
2.2 GENERAL BIOPHARMACEUTICS............ SOOI e U UR PPN UURPSUPUUPPRRR 4
* 3. DETAILED LABELING RECOMMENDATIONS.............iint e 13
B APPENDIX . ..o oo e e ettt A et e ettt e et et e et e n e e e e e e aane e e ann e 17

4.1 SPONSOR’S PROPOSED LABELING. ..ottt et e e e e e e eeaees 17

1. EXECUTIVE SUMMARY

This NDA is currently under review. The Office of Clinical Pharmacology has found the original
submission to be acceptable with the exception of the specification for the dissolution procedure.
The sponsor’s proposed dissolution specification, Q ——= is not
acceptable. The following dissolution method and specification is recommended based on the
data evaluated.

USP Apparatus 2: Paddle Method.
Rotation speed: 50 rpm
Volume: 500 mL
Medium: 0.1 NHCI
Tolerance: Q=

In the current amendment, the firm has requested approval of an additional supplier of the active
pharmaceutical ingredient (API) and modification to the original formulation to allow for adding
pharmaceutical dyes to identify the tablets. The tablets will be manufactured for King
Pharmaceutical by Arrow Pharm (Malta) Ltd., Birzebbugia Malta. -The original APl was
manufactured by - .- The new submission requests approval of

- as an APl supplier. The -aimipril has a
different particle size than the ——— API which was tested in vivo. The 2.5-mg, 5-mg and 10-

NDAs 21-021 Ramipril Tablets
Page 1 of 51



mg tablets were further modified by adding pharmaceutical grade dyes to the formulation to aid

in the identification of the different strengths of the product.
account for the added color components. The 1.25 mg formulation is not being

changed.

For some new drug substances intended for use in solid drug products, particle size can have a
significant effect on dissolution rates, bioavailability, and/or stability.. In this case, dissolution
tests were performed comparing the exhibition batches made with the new drug supplier and
color additives to the original 10 mg biolot (D4004) made with the API and no color
additives using the proposed dissolution method above:

COMMENTS :
= The dissolution method is acceptable, the specification should be changed to Q=—~———
»ased on the data provided for both the new formulation using the .

APl and the APL

1.1 RECOMMENDATIONS

The supplemental development work has confirmed that the use of an alternate API source and
addition of color does not impact the dissolution profiles of the drug product. The request for
approval of as an additional supplier of the active
pharmaceutical ingredient (API) and modification to the original formulation to allow for adding
pharmaceutical dyes to identify the tablets is acceptable. The firm should provide comparative
solubility data for both the and the — ramipril API in aqueous media from pH 1.2
to 7.5. The dissolution method is acceptable, the specification should be changed to Q= ———
based on the data provided for the new formulation using both the API and
the APL The labeling should be changed to eliminate the reference in the Clinical
Pharmacology portion of the labeling under “Pharmacokinetics and Metabolism” which begins -
~ “In trials in which subjects.....” The changes are shown in section 3.0 of the review. The
Recommendations (Section 1.1) should be forwarded to the firm

Signatures

Reviewer:

Team Leader Concurrence

cc list: NDA 22-021; HFD-860: (Noory, Mehta); HFD-110

NDAs 21-021 Ramiprit Tablets
Page 2 of 51



0

age(s) With

_“ § 552(b)(5) Dehbemthe ProceSS




29

—~— | § 552 )(4) Trade Secy e ¢ / Cn fldenna[ |

| § ~ 552(b)(5) Dehberdt%iv e P fO‘-Cessf, _ |

———ea.

>& 552:5?")5(4) 'raft Labe o



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

Carol Noory
1/17/2007 03:44:31 PM
BIOPHARMACEUTICS

Patrick Marroum
1/18/2007 01:58:18 PM
BIOPHARMACEUTICS

g



OFFICE OF CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS REVIEW

NDA: 22-021 - . Submission Date(s):  January 9, 2006
Generic Name Ramipril ‘
Reviewer _ Carol Noory
Team Leader Patrick Marroum
OCPB Division Division of Clinical Pharmacology I
ORM division Cardio-Renal Drug Products
Sponsor Cobalt Pharmaceuticals, Inc
Submiission Type; Code. 505(b)2
Formulation; Strength(s) 1.25 mg, 2.5 mg, 5 mg, 10 mg Tablet
Indication Treatment of Hypertension
TABLE OF CONTENTS
TABLE OF CONTENTS 000 0B TSSO UP OO i
1. EXECUTIVE SUMMARY ..o e 1
1.1 RECOMMENDATIONS . ... oottt e ce et e st e ettt e e e taamae 2 amtaeaamseasanneeeaasassassanaeessasasens 2
1.2 PHASE IV COMMITMENTS................ ettt eeereemeetiestesteeseresseastaeantanne et eenataansteantaeenreeseeassaenseanenn 3
1.3 SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY AND BIOPHARMACEUTICS
FINDINGS.... ettt ceetcereevereemes s s s sas s e s e s sans saaad Nttt e e eeannsene s e ueneneeaseaeneeanean 3
20 QBR oot eeeeeeseee e os et eee e er e eeeseseeeee oot ee e Dereee s eeseeeenteeeseetemeessetrene oo eeeremeenee 8
2.1, GENERAL ATTRIBUTES ...ttt sttt e ettt e et ee e s eme e e e et e e e e mme e e e mtee s ameeaeneens 8
2.2. CLINICAL PHARMAGCOLOGY ....ooiiieeieieeee ettt ra et e ettt aeetee e e eaeeea s eensesansaeaasesnmaeassseasereeas 9
230 INTRINSIC FACTORS .ttt ecim e e s st st e e et eanes s e res st smne e e e e reeenaesaseaessaeneios il
2.4, EXTRINSIC FACTORS. .. ..ottt ete et e e ettt ee s st ee s e e eane e teem e e e mgaeeameeeaeannenesmaneeeaeean 11
2.5. GENERAL BIOPHARMACEUTICS .....ccooiiiiccicicccncecenreeees eeeeteeeeae e e nesaenesnanan 11
2.6 ANALYTICAL ..ottt ettt e e see e ses e e e e et e e sm et e st aes asemmtrSaneeaeeeensaeseeanteansaeacan 14
3. DETAILED LABELING RECOMMENDATIONS ....... ermeeenrs ettt naes .16
4. APPENDIX . evemvennnene
4.1 SPONSOR’S PROPOSED LABEL......ccccceceneeee ettt avasateeteeretesetees braeaesaeteaee e s eanaresanes e earansace 23
4.2 INDIVIDUAL CLINICAL STUDIES .......cciiiiiicinenrcecrtitmsetcessemnae e e e s sesm s aemaens 44
A3 DISSOLUTION ...ttt et e ete s s s aestest e st s e sae s e seeseesuesea e s et aete st et s emsen sneann et armeean eanereen 63
4.4 LITERATURE REFERENCES.......coooiiiiiiiiniiiiniiseecenceneaeens e etateaaneeabteeetetateeeeseeanteneeneatenn 64
4.5 FILING MEMO......coiiiiianieiieiereenee e Heeteeeetia et e ete e ate e mae e maee e nte s aasneeaasanntens eemeneanes 73

1. EXECUTIVE SUMMARY

Cobalt Pharmaceuticals has developed a ramipril tablet that provides a pharmaceutical alternative
to the reference listed drug, Altace® immediate-release capsules. The sponsor proposes to

NDA 22-021 l
Ramiprii Tablets
Page 1 of 74



market the tablets in strengths of 1.25 mg, 2.5 mg, 5 mg, and 10 mg which are formulated to be
bioequivalent to Altace® (NDA 019901) which is manufactured by King Pharmaceutics Inc.

This application includes no clinical trials; however, the bioequivalence and clinical safety of
Ramipril tablets were investigated in a single-dose in vivo study conducted in healthy subjects
comparing the 10 mg ramipril tablet to a 10 mg Altace® capsule under fasting conditions. The
sponsor also compared the lowest strength, 1.25 mg ramipril tablet to the 1.25 mg Altace®
capsules: A food-effect study was conducted to determine the effect of food on Ramipril tablets
compared to Altace® capsules using the 10 mg product. The firm used a suitable dissolution
procedure for the ramipril tablet. Dissolution profiles were evaluated for 1.25 mg, 2.5 mg, 5 mg,
and 10 mg tablets compared to the corresponding strength of Altace® capsules using the
proposed dissolution method to support a biowaiver for the 2.5-mg and 5-mg strength tablets.
Literature was submitted to indicate that the kinetics of ramipril increases with increased dose,
but is not strictly dose-proportional. The 24-hour AUC for ramiprilat is dose-proportional over
the 2.5-20 mg dose range. The sponsor is relying on the Agency’s findings of safety and
efficacy for Altace® Capsules, USP, originally approved in 1991.

The clinical pharmacology and biopharmaceutics section of this application is acceptable based
on the following:

1. The firm has demonstrated that the highest proposed strength (10 mg) of ramlprrl tablet
was bioequivalent to the approved 10-mg Altace® reference product manufactured by
King Pharmaceuticals.

2. The firm has also demonstrated that the lowest proposed strength (1.25 mg) of ramipril
tablet was bioequivalent to the approved 1.25-mg Altace® reference product
manufactured by King:Pharmaceuticals

3. A food effect study was conducted comparing the effect of food on the bioavailability of
ramipril tablet to Altace® capsule using the 10 mg product. 4

4. A waiver for the middle two strengths, 2.5-mg and 5.0-mg tablet, was requested and
found acceptable based on formulation proportionality and similarity of the dissolution
profiles comparmg each strength to the 10-mg Ramipril biolot and to the Altace®
capsules using a single dissolution procedure.

5. The sponsor evaluated a single dissolution method for this product. The drssolutron
method was originally developed for the sponsor’s ANDA ramipril capsules and is the
uses the same apparatus and medium as the approved method for Altace capsules. The
proposed labeling is acceptable.

6. A DSI inspection of the study sites and the analytical site has been requested and is
pending. The data from these studies is deemed acceptable pending the outcome of the
inspection.

L
N

COMMENTS: :

The sponsor’s proposed dissolution method is acceptable. After evaluation of all of the

dissolution data submitted, it appears that the ramipril tablets can meet a tighter specification.

The agency recommended dissolution procedure, based on the data submitted, is the Paddle
apparatus, 50 rpm with 500 mL of 0.1 N HCL as the medium. The Q value should be ~————_

1.1 RECOMMENDATIONS
The Office of Clinical Pharmacology has reviewed NDA 22-021 and finds the clinical
pharmacology and biopharmaceutics section acceptable. A waiver for the middle two strengths
2.5-mg and 5.0-mg tablet, was requested and found acceptable based on formulation

NDA 22-021 2
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proportionality and similarity of the dissolution profiles using a single dissolution procedure to
compare each strength to the 10-mg Ramipril lot used in the ir vivo studies. The sponsor’s
proposed dissolution specification, Q is not acceptable The
following dlssolutlon method and specification is recommended based on the data evaluated.

USP Apparatus 2: Paddle Method
Rotation speed: 50 rpm
Volume: 500 mL
Medium: 0.1 N HCI
Tolerance: Q=

1.2 PHASE IV COMMITMENTS

There were no Phase IV commitments.

1.3 SUMMARY OF IMPORTANT CLINICAL PHARMACOLOGY AND
BIOPHARMACEUTICS FINDINGS

Ramipril is a second generation, nonsulfhydryl-containing angiotensin converting enzyme (ACE)
inhibitor approved for oral administration and marketed by King Pharmaceutical under the brand
name Altace®. Ramipril is indicated for the treatment of hypertension.

1. Cobalt Pharmaceuticals has developed a new tablet dosage form of ramipril that provides
a pharmaceutical alternative to the currently approved capsule formulation. Cobalt
Pharmaceuticals proposes to market the tablets in 1.25-mg, 2.5-mg, 5-mg, and 10 mg
strengths, which are formulated to be bioequivalent to Altace® Capsules manufactured
by King Pharmaceuticals.

The current application includes no clinical trials. The clinical efficacy and safety of the drug are
based on the clinical information from the original NDA for Altace® Capsules, USP (NDA
019901), originally approved in 1991. The submission contains the following information
supporting approval of the NDA:

A. BIOEQUIVALENCE STUDIES
a. Study 2835: A Two-Way Crossover, Open-label, Smgle-dose Fasting
Bioequivalence Study of Ramipril 10 mg Tablets Versus Altace® 10 mg
Capsules in Normal Healthy Non-smoking Male and Female Subjects for the
USA.
i Ramipril-Study 2835: Based on the statistical results for ramipril, the
90% confidence intervals of the relative mean for AUCO-t, AUC 0-inf
and Cmax of the test compared to the reference formulation was found to
be within the range of 80% -125%.
L. The 90% confidence intervals of the geometric means for
AUCO-t, AUCO-inf, and Cmax were [94.81-109.35%], [89.12-
106.25%], and [97.97-122.04%], respectively.
2. The ratio of geometric means was 1.0 for AUC(0-t); 1.0 for
AUC(0-1inf) and 1.1 for Cmax
3. There was no significant difference in the kel and t ‘/z values
between treatments (p>0.05) for ramipril.”  The total exposure to
ramipril was similar between the two treatments.
NDA 22-021 3
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ii.

iii.

4. The intra-subject variation for ramipril ranged from 14.6% to

24.82%. - , .
Ramiprilat-Study 2835: Based on the statistical results for ramiprilat, the
90% confidence intervals of the relative mean for AUCO-t and Cmax of
the test compared to the reference formulation was found to be within the
range of 80% -125%.

1. The 90% confidence intervals for AUCO-t and Cmax were
[98.04-109.78] and [91.56-116.03%], respectively. Due to the
long elimination half-life of ramiprilat, the percentage of
extrapolation for AUC 0-inf was greater than 20% for many
subjects, and the average ratio of AUC o, to AUC .iyr Was
approximately 74%. Therefore, the results of AUC 0-inf were
not used for assessment of bioequivalence.

2. The ratio of geometric means was 1.0 for AUC(0-t) and 1.0 for

. Cmax.

3. There was no significant difference in the kel and t % values
between treatments (p>0.05) for ramiprilat:

4. The intra-subject variations for all parameters for ramiprilat were
between 12.64% and 26.45%. '

Safety Study-2835: There were no serious adverse events reported. No
significant safety concerns were raised.

b. Study 2836: A Two-Way Crossover, Open-label, Single-dose, Fed
Bioequivalence Study of Ramipril 10 mg Tablets Versus Altace® 10 mg
Capsules in Normal Healthy Non-smoking Male and Female Subjects for the

USA

1.

ii.

Ramipril: The 90% CI for the AUCO-t and Cmax of the test compared
to the reference formulation was found not to be within the range of 80%
-125%. This post-prandial bunting of the peak concentrations of the

parent compound was associated with a significant delay in ramipril

absorption from the reference capsules, as compared to absorption under
fasted conditions (Study 2835). Based on the statistical results for
ramipril, the 90% confidence intervals of the relative mean for AUCO-inf
was within 80% to 125%.

1. The 90% confidence intervals for AUCO-t and Cmax were
[112.37-125.69] and [171.04-262.72%)], respectively. The 90%
CI for AUC 0-inf was 110.92-123.22%.

2. The geometric means ratio for the AUCOQ-t, Cmax and AUC 0-
inf were 1.2, 2.1 and 1.2 respectively.

3. The intra-subject variation was high for Cmax {48.86%].

4. Tmax was 0.99 hours for ramipril and 2.39 hours for Altace
capsules. A delay in the absorption of ramipril as a result of the
co-administration of food is described in the reference product
information.

5. There was no significant difference in the kel and t 4 values
between treatments (p>0.05) for ramipril.

Ramiprilat: Based on the statistical results for ramipril, the 90%
confidence intervals of the relative mean for AUCO-t and AUCO-inf was
within 80% to 125%. The 90% confidence interval for Cmax was not
within 80-125%. ’
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1. The 90% confidence intervals for Cmax was [106.27-128.39%],
- slightly above the upper level to determine bioequivalence. The
geometric means ratio for Cmax was 1.2. The intra-subject
variation for Cmax was 21.53%.

2. The 90% confidence intervals for AUCO-t and AUCO-inf were
[100.59-107.52%] and [94.67-107.13%)], respectively. The
geometric means ratio for AUCO-t and AUC 0-inf were 1.0 and
1.0 respectively.

3. There was not significant difference between t1/2 and Kel.

iii. Safety: There were no serious adverse events reported. There were a

total of ten AEs reported by 8 subjects during the study and two subjects
withdrew due to AEs. The relationship to the study drug was considered
“possible” responsible for one of the AEs. One subject was lost to
follow-up; one subject had an AE that is ongoing, all other subjects
recovered completely from their AEs. No significant safety concerns
were raised.

c. Study 2970: A Two-Way CrossoVer, Open-label, Single-dose, Fasting
Bioequivalence Study of Ramipril 1.25 mg Tablets Versus Altace® 1.25 mg
Capsules.in Normal Healthy Non-smoking Male and Female Subjects for the

USA

1.

ii.

1ii.

Ramipril: Based on the statistical results of ramipril, the 90%
confidence intervals of the relative mean for AUCO0-t, AUCO-inf, and
Cmax of the test compared to the reference formulation was found to be
within the range of 80% -125%.

1. The 90% confidence intervals for AUCO0-t, AUCO-inf, and Cmax
were (95.95-110.15%], [95.44-110.24%], and [96.65-116.30%],
respectively.

2. The statistical results indicate thatthe geometric means ratio
AUCO-t, AUCO-inf, and Cmax were 1.0, 1.0 and 1.1,
respectively.

3. There was no significant difference in the kel and t % values
between treatments (p>0.05) for ramipril.

Ramiprilat: Based on the statistical results of ramiprilat, the 90%
confidence intervals of the relative mean for AUCO-t, AUCO-inf, and"
Cmax of the test compared to the reference formulation was found to be
within the range of 80% -125%.

I.  The 90% confidence intervals of the geometric means ratio for
AUCO-t, AUCO-inf, and Cmax were (87.61-99.34%], [89.50-

- 120.20%], and [90.87-102.93%], respectively. _

2. The statistical results indicate that the ratio of geometric means
for AUCO-t, AUCO-inf, and Cmax ratio of were 0.93, 1.0 and
1.1, respectively.

3. There was no significant difference in the kel and t ¥ values
between treatments (p>0.05) for ramiprilat. :

4. The intra-subject variation for Cmax of ramipril is significantly
elevated.

Safety: No serious AEs were reported and no subjects discontinued the
study due to AEs. No significant safety concerns were raised.

NDA 22-021 5
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B. LITERATURE STUDY
The Ramipril 505(b)(2) NDA clinical information is supported by way of reference to the
approved NDA for Altace™ (N-019901) and certain pertinent literature regarding the use
of ramipril in the treatment of hypertension. Fifty-three references were cited. A
summary of the literature study submitted is given in Appendix 4.3.

C. WAIVER REQUEST
A biowaiver was requested for the two middle strengths, 2.5-mg and 5.0-mg tablets
based on formulation proportionality and the in vitro dissolution f2 comparison, which
were similar using the dissolution procedure selected. This waiver is acceptable based on
criteria stated in the FDA guidance, “Bioavailability and Bioequivalence Studies for
Orally Administered Drug Products — General Considerations”. This guidance states
that “when the drug product is in the same dosage form, but in a different strength, and is
proportionally similar in its active and inactive ingredients, an in vivo BE demonstration
of one or more lower strengths can be waived based on dissolution tests and an in vivo
study on the highest strength.”-

D. DISSOLUTION STUDIES

a. An in vitro evaluation of the currently approved dissolution procedure for
Altace™ capsules (with the exception of the paddle speed) demonstrated that this
method was acceptable for the Ramipril tablet. The method approved for

_Altace™ capsules is the USP Paddle method, 75 rpm with 500 mL of 0.1N HCl
as the medium. The method proposed for ramipril tablets consists of:
USP Apparatus II, Paddle Method, 50 rpm
500 mL of 0.1N HCl ‘ _

b. The dissolution method was also used to compare the 1.25-mg, 2.5-mg, 5.0-mg,
and 10-mg Ramipril tablet formulations to the corresponding strength Altace®
capsules

E. LABELING

a. The labeling is comparable to the labeling for the approved Altace® Capsules
with minor changes. The absence of a delay in absorption-of ramipril as a result
of coadministration of food described in the Altace® label has been removed.
The relative lack of a food effect with the ramipril tablet vetsus the capsule is not
likely to result in any significant difference in efficacy or safety profiles during
chronic used. The food-effect was less evident for the metabolite ramiprilat.

Conclusion:

The firm has demonstrated the bioequivalence of a new dosage form of Ramipril 1.25-mg tablets
to the approved 1.25-mg immediate release ramipril capsule, Altace®, manufactured by King
Pharmaceuticals. The firm has also demonstrated the bioequivalence of a new dosage form of
Ramipril 10-mg tablets to the approved 10-mg immediate release ramipril capsule, Altace®,
manufactured by King Pharmaceuticals under fasted conditions. The effect of food on the
bioavailability of the ramipril tablet has been determined and found to be different than the effect
of food on the Altace® 10 mg capsule. The absence of a delay in absorption of ramipril as a
result of co-administration of food described in the Altace® label has been removed. The relative -
lack of a food effect with the ramipril tablet versus the capsule is not likely to result in any
significant difference in efficacy or safety profiles during chronic used. The food-effect was less
evident for the metabolite ramiprilat. The labeling reflects this difference. A waiver for in vivo
studies demonstrating the bioequivalence of the 2.5-mg and the 5.0 mg compared to the 10-mg
ramipril tablet is acceptable. To support the absorption, distribution, metabolism and elimination
portion of the label, the firm also submitted a literature search that was reviewed. The sponsor’s
proposed dissolution method of USP Apparatus 2 (Paddle) at 50 rpm, 500 mL of 0.1N HCl is
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acceptable. The data indicate that the product can meet a specification of “Q’

Signatures

Reviewer:

Team Leader Concurrence

The CPB briefing was held on August 14, 2006, Attendees: Drs. N.Stockbridge, A. Karkowsky,
Jun Kitahara, Patrick Marroum, and Carol Noory

cc list: NDA 22-021; HFD-860: (Noory, Mehta); HFD-110
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2. QBR

2.1. GENERAL ATTRIBUTES

2.1.1. What are the chemical and physical-chemical properties of the drug substance and the
formulation of the drug product?

Ramipril is a 2-aza-bicyclo [3.3.0]-octane-3-carboxylic acid derivative. It is a white, crystalline
substance soluble in polar organic solvents and buffered aqueous solutions. Ramipril melts
between 1057C and 112°C. The chemical name of Ramipril is (2S,3a8S,6aS)-1[(S)-N-[(S)-1-
Carboxy-3-phenylpropyl] alanyl] octa hydrocyclopenta [b]pyrrole-2-carboxylic acid, 1-ethyl
ester; its structural formula is: .

Its molecular formula is Cy3H3,N,0s, and its molecular weight is 416.5.

Ramipril is a pro-drug which is hydrolyzed after oral administration to form its active metabolite,
ramiprilat. Ramiprilat, the diacid metabolite of ramipril, is a non-sulthydryl angiotensin
converting enzyme inhibitor. Ramipril is converted to ramiprilat by hepatic cleavage of the ester

group.

The tablets are

2.1.2. What is the proposed mechanism of drug action and therapeutic indication?

Ramipril and ramiprilat inhibit angiotensin-converting enzyme (ACE) in human subjects and
animals. ACE is a peptidyl dipeptidase that catalyzes the conversion of angiotensin I to the
vasoconstrictor substance, angiotensin Il. Angiotensin I also stimulates aldosterone secretion by
the adrenal cortex: Ramipril is indicated for the treatment of hypertension. A

2.1.3. What is the solubility of ramipril?

Ramuipril is freely soluble in methanol and sparingly soluble in water. The solubility of ramipril
is summarized in the following table:

Table 1: Solubility of Ramipril

Buffer pH pH of product in buffer Solution Concentration
2.0 3.13 : 10 mg/mL.  Not soluble
4.01 4.15 10 mg/mL.  Not soluble
6.86 16.40 A 10 mg/mL.  Not soluble
NDA 22-021 8
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Buffer pH pH of product in buffer Solution Concentration
9.18 7.96 10 mg/mL Not soluble
pH of % aqueous solution: 4.42

2.1.4. What is the proposed route of administration?
Ramipril tablets are formulated to be taken orally with water.

2.2. CLINICAL PHARMACOLOGY

2.2.1. What are the pharmacokinetics of ramipril?

The sponsor referenced the clinical pharmacology of Altace® capsules and the pertinent
literature.

Absorption:

Following oral administration of ramipril, peak plasma concentrations of ramipril are reached
within one hour. The extent of absorption is at least 50-60% and is not significantly influenced
by the presence of food in the GI tract. Cleavage of the ester group (primarily in the liver)
converts ramipril to its active diacid metabolite, ramiprilat. Peak plasma concentrations of
ramiprilat are reached 2-4 hours after drug intake. The serum protein binding of ramipril is about
73% and that of ramiprilat about 56%; in vitro, these percentages are independent of :
concentration over the range of 0.01 to 10 pg/mL.

Distribution:

Ramiprilat is distributed into a large peripheral compartment and subsequent binding to both
plasma and tissue ACE. The half-life of this initial rapid decline phase is 2-4 hours. After once-
daily dosing, steady-state plasma concentrations of ramiprilat are reached by the fourth dose.
Steady-state concentrations of ramiprilat are somewhat higher than'those seen after the first dose
of ramipril, especially at low doses (2.5 mg), but the difference is clinically insignificant.

Metabolism: '

Ramipril is almost completely metabolized to ramiprilat, which has about 6 times the ACE
inhibitory activity of ramipril, and to the diketopiperazine ester, the dlketoplperazme acid, and the
glucuronides of ramipril and ramiprilat, all of which are inactive.

Elimination: ‘

Plasma concentrations of ramiprilat decline in a triphasic manner (initial rapid decline, apparent
elimination phase, terminal elimination phase). The initial rapid decline represents distribution of
the drug into a large peripheral compartment and subsequent binding to both plasma and tissue
ACE. Because of its potent binding to ACE and slow dissociation from the enzyme, ramiprilat
shows two elimination phases. The apparent elimination phase corresponds to the clearance of
free ramiprilat and has a half-life of 9-18 hours. The terminal elimination phase has a prolonged
half-life (>50 hours) and probably represeants the binding/dissociation kinetics of the
ramiprilat/ACE complex. It does not contribute to the accumulation of the drug. After oral
administration of ramipril, about 60% of the parent drug and its metabolites is eliminated in the
urine, and about 40% is found in the feces. Drug recovered in the feces may represent both
biliary excretion of metabolites and/or unabsorbed drug, however the proportion of a dose
eliminated by the bile has not been determined. Less than 2% of the administered dose is
recovered in urine as unchanged ramipril. .
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Absolute Bioavailability: The absolute bioavailability of ramipril was 28% when 5 mg of oral
ramipril was compared with the same dose of ramipril given intravenously.

2.2.2. What are the dose and dosing regimen and are there any unresolved dosing or
administration issues? ‘

The dose and dosing regimen are the same as labeled for Altace®. Blood pressure decreases
associated with any dose of ramipril depend, in part, on the presence or absence of volume
depletion (e.g., past and current diuretic use) or the presence or absence of renal artery stenosis.
If such circumstances are suspected to be present, the initial starting dose should be 1.25 mg once
daily. For hypertension, the recommended initial dose for patients not receiving a diuretic is 2.5
mg once a day. Dosage should be adjusted according to the blood pressure response. The usual
maintenance dosage range is 2.5 to 20 mg per day administered as a single dose or in two equally
divided doses. In some patients treated once daily, the antihypertensive effect may diminish
toward the end of the dosing interval. In such patients, an increase in dosage or twice daily
administration should be considered. If blood pressure is not controlled with ramlpnl alone, a
diuretic can be added. .

After the initial dose of ramipril, the patient should be observed under medical supervision for at
least two hours and until blood pressure has stabilized for at least an additional hour. If possible,
the dose of any concomitant diuretic should be reduced which may diminish the likelihood of
hypotension. The appearance of hypotension after the initial dose of ramipril does not preclude
subsequent careful dose t1trat10n with the drug, following effective management of the
hypotension.

2.2.3 What are the pharmacodynamic responses of ramipril?

Single doses of ramipril of 2.5-20 mg produce approximately 60-80% inhibition of ACE activity
4 hours after dosing with approximately 40-60% inhibition after 24 hours. Multiple oral doses of
ramipril of 2.0 mg or more cause plasma ACE activity to fall by more than 90% approximately 4
hours after dosing, with over 80% inhibition of ACE activity remaining 24 hours after dosing.

The more prolonged effect of even small multiple doses is presumably a result of the saturation of
ACE binding sites by ramiprilat and relatively slow release from those sites.

st

2.2.4. Are the pharmacokinetic parameters linear at steady-state?

The labeling of Altace® states that the blood concentrations of ramipril and ramiprilat increase
with increased dose, but are not strictly dose-proportional. The 24-hour AUC for ramiprilat,
however, is dose-proportional over the 2.5-20 mg dose range.

2.2.5. Was a waiver for a pediatric trial granted?

Yes, the sponsor’s request for a waiver for pediatric studies was granted under section 2 of the
Pediatric Research Equity Act. The sponsor received authorization from King Pharmaceuticals,
Inc. to reference any pediatric studies submitted in the NDA 19-901 for Altace Capsules and to
access the underlying raw data. The Division of Cardio-Renal Drug Products reviewed the
waiver request and granted the waiver. '
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2.3. INTRINSIC FACTORS

Ramipril tablets are designed to be bioequivalent to Altace® capsules and the influence of any
intrinsic factors would be expected to be the same as indicated for Altace® capsules and are
reflected in the label.

2.4. EXTRINSIC FACTORS

The influence of extrinsic factors and/or impact of any difference in exposure would be expected
to be the same as for Altace® capsules. These issues are covered in the labeling in the same way

as for Altace® capsules. ‘

2.5. GENERAL BIOPHARMACEUTICS

2.5.1. Was bioequivalence demounstrated for the new tablet dosage form when compared to
the capsule dosage form, Altace®?

Yes, the sponsor proposes to market the ramipril tablets in strengths of 1.25-mg, 2.5-mg, 5.0-mg
and 10-mg tablets to correspond to the Altace® marketed capsule strengths. The 1.25-mg
ramipril tablets and the 10-mg tablets were compared to the corresponding strength Altace®
capsules under fasting conditions. The sponsor conducted a two-way crossover, fasting -
bioequivalence study (Study 2835) to determine the bioequivalence of ramipril 10 mg tablets
(highest strength) to the 10 mg Altace® capsules when administered under fasting conditions.
The 10 mg ramipril tablets met the bioequivalence criteria when compared to Altace® 10 mg
capsules. The 90% confidence intervals (CI) for the ramipril were (97.7-122.0%) for Cmax;
(94.8-109.4%) for AUC (0-t) and (89.1-106.3%) for AUC (0-inf). The ratio of means was 109%
for Cmax; 102% for AUC (0-t) and 89.1% for AUC (0-inf).

" A two-way crossover, fasting bioequivalence study (Study 2970) was conducted to determine the
bioequivalence of ramipril 1.25 mg tablets (lowest strength) compared to the 1.25 mg Altace®
capsule when administered under fasting conditions. The results indicate that the 1.25 mg
ramipril tablet met the bioequivalence confidence interval requirements when compared to
Altace® 1.25 mg-capsules. The 90% confidence intervals (CI) for the ramipril were (96.7-
116.3%) for Cmax; (95.9-110.3%) for AUC (0-t) and (95.4-110.3%) for AUC (0-inf). The ratio
of means was 106% for Cmax; 103% for AUC(0-t) and 103% for AUC(0-inf).

2.5.2. Are the 2.5 and 5.0 mg ramipril tablets bioequivalent to the 10 mg ramipril tablet?

Yes, a biowaiver was requested for the two middle strengths based on formulation proportionality
compared to the 10 mg strengths ramipril tablet (Table 2) and dissolution similarity (Table 3).
Dissolution profile of the 2.5-mg and 5.0 mg tablets were compared to the 10-mg ramipril tablet
used in the bioavailability study. The dissolution method used was the proposed method, Paddle
50 rpm, 500 mL of 0.1N HCL.

Table 2: Composition of Ramipril Tablefs -

Component 1.25-mg tablet 2.5 mg tablet 5-mg tablet - 10-mgtablet
Mgitab | % Mg/tab | % Mg/tab | % - mg/tab | (%)
Ramipril (active ingredient) USP -_ — — _— _

Calcium sulfate dehydrate, USP —
Starch, Pregelatinized USNF | —
Sodium Hydrogen Carbonate, USP @ ~——

(1]

N

- S—— —
—— — ——— —_—

l|ll
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USP=United States Pharmacopeia’
USNF=United States National Forraulary
Ph.Bur.=European Pharmsacopeia

Total Weight — - — — —_— - - —_—

Table 3: Dissolution Profiles of 2.5 mg, 5.0-mg and 10.0-mg Ramipril tablets

LOT STRENGTH | BATCH | 10 MIN 15 MIN 20 MIN 25 MIN 30 MIN
SIZE

D4002 2.5mg

F4003 2.5 mg

F4004 2.5 mg

D4003 5.0 mg i
F4005 5.0 mg

F4006 5.0 mg i
D4004 10.0 mg 1

The dissolution of both the test and reference products is rapid (greatef than —

therefore an f2 analysis is not necessary. The 2.5-mg and the 5.0-mg tablets are deemed
bioequivalent to the 10-mg ramipril tablet as suggested in the FDA guidance, “Bioavailability and
Bioequivalence Studies for Orally Administered Drug Products — General Considerations”.

2.5.3.What is the effect of food on the bioavailability of the drug from the dosage form?
What dosing recommendation should be made, if any, regarding administration of the
product in relation to meals or meal type?

The sponsor conducted a study to determine the effect of food on the bioavailability of ramipril
tablets compared to Altace® capsules. Study 2836 was a two-way crossover single-dose, fed
bioequivalence study comparing ramipril 10 mg tablets versus Altace 10 mg capsules. The
bioequivalence assessment determined that the 10 mg ramipril tablet Cmax and AUC(0-t) did not
meet the bioequivalence confidence interval requirements when compared to Altace® 10 mg
capsules. The mean AUC (0-inf) values were within the 80-125% bioequivalence confidence
intervals. The 90% confidence intervals (CI) for the ramipril were (171.0-262.7%) for Cmax;
(112.4-125.7%) for AUC (0-t) and (110.9-123.2%) for AUC (0-inf). The ratio of means was
117% (Cmax); 101% (AUC 0-inf) and 104% (AUCO-t). The bioequivalence assessment for
ramiprilat determined that the active metabolite ramiprilat did meet the bioequivalence
requirements. The 90% confidence intervals (CI) for the ramipril were (106.3-128.4%) for
Cmax; (100.6-107.5%) for AUC (0-t) and (94.7-107%) for AUC (0-inf). The ratio of means was
117% (Cmax); 104% (AUCO-t) and 101% (AUC 0-inf). '

axt

The presence or absence of a food effect is normally based on the 90 percent CI for the ratio of

population geometric means between fed and fasted treatments, based on log-transformed data.

The food effect study compared the ramipril tablets'to the Altace® capsules. The effect of food
on the bioavailability of the ramipril tablet is different than the effect of food ‘on the Altace® 10
mg capsule.
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The key difference in performance between the two products was the effect of food on the
absorption of the parent, ramipril. The food-effect was less evident for the metabolite ramiprilat.
The post-prandial blunting of the peak concentration of the parent compound was associated with
a significant delay in ramipril absorption from the Altace® reference capsules, as compared to the
absorption under fasted conditions [Tmax fasted =0.5 hours; Tmax fed = 2.4 hours]. This is
noted in the labeling of the Altace® capsules. There is an absence of this delay in absorption of
ramipril as a result co-administration of food with the ramipril tablets [Tmax fasted=0.5 hours;
Tmax fed= 1 hour]. The extent of absorption from the Altace® capsules was not affected to the
same extent as the rate [AUC 0-t fasted = 16.4 ng-hr/mL; AUC 0-t fed = 16 ng-hr/mL]. The
ramipril extent of absorption was greater from the tablets than from the Altace® capsules under
fed conditions [AUC(0-t) for ramipril tablets was 19.2 ng-hr/mL and the AUC(0-t) for Altace was
16.2 ng-hr/mL]. The relative lack of a food effect with the ramipril tablet versus the capsule is
nof likely to result in any significant difference in efficacy or safety profiles during chronic used.

The labeling for Altace® states that “Following oral administration of Altace®, peak plasma
concentrations of ramipril are reached within one hour. The extent of absorption is at least 50-

60% and is not significantly influenced by the presence of food in the GI tract, although the rate
of absorption is reduced.” The statement indicating that the "has
been removed from the ramipril tablet labeling and the product can be dosed without regard to
food.

2.5.4. What is the in vivo relationship of the proposed to-be—marketed formulation to the
pivotal clinical trial formulation?

The 1.25-mg and the 10-mg to-be-marketed formulations are identical to the formulations used in
the pivotal clinical studies. The 2.5-mg and 5-mg to-be-marketed formulations are proportional to
the 10-mg formulation and have similar dissolution profiles using the selected method. The
sponsor tested several lots of each strength tablet, as well as each strength of Altace® capsules.
The results are given in the following table.

~

Table 4: Profile comparison across commercial lots

LOT STRENGTH | BATCH | 10 MIN ISMIN | 20 MIN I 25 MIN I 30 MIN "
B SIZE 3
1072168 | 1.25mg ‘ i B ] .
D4001 1.25 mg
F4001 1.25 mg ,
F4002 1.25 mg : (
!
1058906 | 2.5 mg -
D4002 2.5 mg
F4003 2.5mg :
F4004 2.5 mg ‘
1072168 | 5.0 mg
D4003 5.0 mg
F4005 5.0 mg |
F4006 5.0 mg
RW1264 10.0 mg
D4004 10.0 mg ;
F4007 10.0 mg J
F4008 10.0 mg
NDA 22-021 13
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LOT STRENGTH { BATCH | 10 MIN 15 MIN 20 MIN 25 MIN 30 MIN
SIZE

2.5.5. Are the Sponsor’s proposed dissolution medium and specifications acceptable?

The sponsor’s proposed dissolution method and tolerance uses the paddle method at 50 rpm with
500 mL 0.1N HCl and a tolerance specification of Q= The dissolution
method proposed was developed for the generic Cobalt ramipril capsules and is acceptable.
However, the dissolution specification should be tightened. The dissolution data submitted
indicates that the ramipril tablet can meet a more stringent requirement. Based on the data
submitted, the agency recommended dissolution test and specification is Paddle, 50rpm, 500 mL
0.1 N HCI as the medium and “Q”

2.6. ANALYTICAL

2.6.1. Were the correct moieties identitied and properly measured?
Yes, pharmacological testing has shown that Ramipril is a prodrug that is almost completely

metabolized to its active diacid metabolite ramiprilat, which has about 6 times the ACE inhibitory

activity of ramipril, and to the diketopiperazine ester, the diketopiperazine acid, and the
glucuronides of ramipril and ramiprilat, all of which are inactive. Ramipril and ramiprilat were
properly measurés using a validated LC-MS/MS method. :

2.6.2. What bioanalytical methods are used to assess concentrations?
The LC-MS/MS analytical method parameters are summarized in the following table (Table 5).

Table 5: Analytical Method Parameters

Parameter N= [ strength | Ramipril | Ramiprilat
Dates of analysis 9/25/04-9/17/04
Matrix ' | Plasma | Plasma
Standards
Standard correlation coefficient (SD) | N= 0.995996 0.996816
Slope : =3 0.627995 0.051590
LLQ , 0.050 ng/mL ~_ | 0.050 ng/mL
Linearity . 0.050-51.259 0.050-51.179 ng/mL
ng/mL

Limit of Detection 0.12494 pg 1.00007 pg
Limit of Quantitation 0.050 ng/mL 0.050 ng/mL
Percent Recovery 10/7 | 0.05 ng/mL 100.0% 100.00

10/9 | 0.100 ng/mL 101.0% 103.00

8/8 0.200 ng/mL 98.5% 97.00

8/7 0.400 ng/mL 105.25% 100.25

9/10 1.602/1.599 101.8% 101.7%

10/8 | 6.407/6.397 ng/mL 100.32% 100.15%

16/9 | 25.630/25.589 ng/mL | 102.4% .| 101.0%

NDA 22-021 14
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Parameter

éfrength ]

Ramipril

Ramiprilat

10/8 | 51.259/51.179 ng/mL | 91.9% 97.4%
Precision (%CV) 10/7 ] 0.05 ng/mL 43% 8.6%

10/9 | 0.100 ng/mL 10.9% 6.1%

8/8 0.200 ng/mL 3.9% 5.3%

877 0.400 ng/mL 6.8% 5.6%

9/10 | 1.602/1.599 7.6% 7.5%

10/8 | 6.407/6.397 ng/mL 5.8% 5.6%

10/9 | 25.630/25.589 ng/mL | 7.1% 9.7%

10/8 | 51.259/51.179 ng/mL. | 4.0% 4.9%
Accuracy (%RE) 10/7 ] 0.05 ng/mL T-07 07

10/ | 0.100 ng/mL 08 33

8/8 | 0.200 ng/mL 17 29

8/7 | 0.400 ng/mL 53 03

9/10 | 1.602/1.599 1.8 1.9

10/8 | 6.407/6.397 ng/mL 03 0.3

10/9 | 25.630/25.589 ng/ml. | 2.4 1.0

10/8 | 51.259/51.179 ng/mL | -8.1 -2.6

Quality Control Samples
Inter-batch Precision (%CV) N=18 4.7108.7% 1.4t012.8%
Inter-batch Accuracy (%RE) N=18 | -73t00.1% ~7.1 t0 10.0%
Intra-batch Precision (%CV) N=18 2.0 to 11.4%% 3.1t013.4%
Intra-batch Accuracy (%RE) N=18 -9.2t0 0.3% -3.310 53%%
Qverall Precision (% CV) N=18 6.61t0 11.4% 3.7t0 18.2%
Overall Accuracy (%RE) N=30 -7.3100.1% -7.1t0 10.1%
Absolute Recovery N=30 70.4% (8.6%) 66.9% (5.7%)

Stability

Freeze/Thaw 3 cycles 6 High/low 7.2%/-5.5% 11.0%/-3.6
(% mean difference)
Room Temperature 6 High/low -0.4%/-12.6% 4.6%/-10.7%
(% mean difference)

2.6.3. What information is available to assure that both the analytical assay and the clinical

study were performed according to current GMPs and GCPs?
An Establishment Inspection was requested for the analytical site and the clinical site.

2.6.4, Did the Establishment Inspection report reveal any deficiencies that may affect the
outcome of the bivequivalence study submitted by the firm?

The Establishment Inspection is pending.

NDA 22-021 15 -

Ramipril Tablets
Page 15 of 74



o Page(s) Withheld '

__ § 562(b)(4) Trade Secret / Confidential

= § 552(b)(5) "'ﬁeliberét%ive PrO-Ces_ST‘ -

—>—<—_§ 55255)?(4) 'raft Labe;‘; o
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Appendix 4.2.1 Clinical Study 2835

Bioequivalence study 10 mg fasting

TITLE: - A two-way crossovér, open-label, single-dose, fasting, bicequivalence study of
ramipril 10 mg tablets versus Altace® 10 mg capsules in normal healthy non-
smoking male and female subjects for the USA

INVESTIGATOR: /’

STUDY CENTER:

STUDY PERIOD: August 13, 2004 to October 1,2004

OBJECTIVE: This study was designed to compare the rate and extent of absorption of ramipril
10 mg tablets versus Altace® 10 mg capsules under fasting conditions.

STUDY DESIGN: This is a two-way crossover, single dose, fasted bioequivalence study.
Following an overnight fast of at least 10 hours, one 10 mg dose was administered orally with
240 mL of water.

TREATMENT:
Reference ’ Test
Altace 10 mg Capsules Ramipril 10 mg Tablets
(King Pharmaceuticals, Inc) (Arrow Pharm (Malta) Ltd
Lot RWi264 Lot D4004C

BLOOD SAMPLE COLLECTION: 7 mL of blood were collected at 0.0 (predose), 0.17 (10 .
minutes), 0.33 (20 minutes), 0.5 (30 minutes), 0.67 (40,minutes), 0.83 (50 minutes), 1.0, 1.25,
1.5,2.0,2.5,3.0, 3.5, 4.0, 5.0, 6.0, 8.0, 12.0, 24.0, 48.0, 72.0, 96.0, and 144.0 hours post-dose.

SUBJECTS:

Thirty-four normal healthy, non-smoking male and female subjects (16 males and 18 females)
were enrolled in the study. Twenty-nine subjects completed the study. It was calculated that 34
subjects would give a power of 80-90% to detect a difference in bioavailability.

-~ ANALYTICAL METHOD:

A validated LC-MS/MS method was employed for the analysis of ramipril and its active
metabolite ramiprilat in human plasma. Ramipril, ramiprilat and the internal standard were
extracted by solid-phase extraction into an organic media from 0.5 mL of human plasma. An
aliquot of this extract was injected into an HPLC system and detected using a tandem mass
spectrometer. The analytes were separated by reverse-phase chromatography. Evaluation of the
assay was carried out by the construction of an eight point calibration curve covering the range of
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0.50 ng/mL to 51.259 ng/mL (in human plasma) for Ramipril and 0.050 ng/mL to 51.179 ng/mL
(in human plasma) for Ramiprilat. A summary of the system performance is given in the

following table.

Table 1: Analytical Method Performance

Parameter N= [ strength | Ramipril | Ramiprilat
Dates of analysis 10/20/2004 to 11/4/2004 '

Analytical method B LC-MS/MS LC-MS/MS
‘Matrix Plasma Plasma -
Determination: Weighted linear regression analysis (1/conc 2)

Standards

Calibration curve range

0.50 ng/mL to 51.250 ng/eal.

0.050 ng/mL to 51.179 ng/m]

Linearity n=17 0.995996 0.995535 :
Slope 0.522473 0.066114
%CV 24.9% 26.8
LLQ e : 0.50 ng/mL . 0.50 ng/mL-
Precision %CV 33731 0.050/0.050 9.1 8.7
32/25 0.10/0.100 6.7 8.2
3131 0.200/0.200 7.1 8.3
33/30 0.400/0.400 6.5 7.1
29/32 1.602/1.599 5.9 7.2
32/33 6.407/6.397 7.2 8.7
31730 25.630/25.589 | 7.4 7.8
| 32/33 51.259/51.179 | 6.7 6.4
Accuracy %RE 33/31 0.050/0.050 -1.3 -0.6
. 32/25 0.10/0.100 1.7 0.5
31/31 0.200/0.200 2.0 0.5
33/30 0.400/0.400 0.6 0.9
29/32 1.602/1.599 0.5 0.8
32/33 6.407/6.397 0.6 -0.7
31/30 25.630/25.589 | -1.0 -1.1
32/33 51.259/51.179 | -2.9

[ 02

Qualitv Control Saples

Percent recovery 34 0.15 ng/mL 98.7% 93.3%
9.602 ng/mL 101.05% 93.9%
38.407 ng/mL__ | 100.2% 102.0%
Precision (%CV) 34 0.15 ng/mL 10.5% 14.3%
9.602 ng/mL 9.5% 9.3%
38407 ng/mL | 9.9% 8.4%
Accuracy (%RE) 34 0.15 ng/mL -1.3% -6.8%
‘ 9.602 ng/mL 1.0% -6.1%
-5.8%

38.407 ng/mL__| 0.2%

Two calibration curves and duplicate QC samples (at three concentration levels) were analyzed
along with each batch of the study sample. Peak area ratios were used to determine the

concentrations of the standards, quality control samples, and the unknown study samples from the

calibration curves.

PHARMACOKINETICS
Statistical Methods: Analysis of variance was performed using SAS GLM procedures. The
intra-subject coefficient of variation (CV) was calculated using the Mean Square Error (MSE)
from the ANOVA table. The ratio of geometric means and the 90% geometric confidence
interval (90% CI) were calculated based on the difference in the Least Squares Means of the In-
transformed AUCOQ-t, AUCO-inf and Cmax between the test and reference formulations.
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Results:

The summary of the pharmacokinetic parameters for ramipril and ramiprilat are given in the

following table.
Table 2: Pharmacokinetic Results
PHARMACOKINETIC RESULTS

Pharmacokinetic "Ramipril Altace ramipril Ramiprilat | Altace ramiprilat
_parameter . .

AUC (0-t) ng-ht/mL 16.77 +5.51 16.40 + 5.285 236.67 +54.34 229.42 + 61.68
AUC (0-inf) ng-he/mL |- 17.30 + 5.44** 17.40 + 4.85* v

Cmax (ng/mL 27.58 +9.16 25.11 + 847 23.72 +2.00 23.23 +13.32
Tmax - 0.50 + (0.33-0.67) 0.50 (0.33-1.00)* 3.53 (1.00-6.00)* 2.00 (1.00-6.03)*
TY (h) 2.66 + 1.58** 3.06 +4.46* 105.05 + 37.90 109.85 + 16.38*
Kel (hr-1) 3.70E-01 +2.45E-01 | 3.74E-01 + 1.86E-01* | 7.31E-03 +2.26E-03 6.45E-03 + 9.61E-04 -

*0=29; **n=28

The statistical results are given in the following table. The mean data are shown graphically for
ramipril and ramiprilat in the following figures.
Table 3: Bioequivalence Assessment

Parameter 90% CI Ratio of Means Intra-Subject Variation
Ramipril Ramiprilat Ramipril Ramiprilat Ramipril Ramiprilat
AUC (0-t) ng-hr/mL 94.81% to 98.04% to 101.82% 103.74% 15.95% 12.64%
109.35% 109.78%
AUC (0-inf) ng-hr/mL 89.12% to 97.31% 14.60%
106.25%
Cmax (ng/mL 97.73% to 91.56% to 109.21% 103.07% 24.82% 26.45%
122.04% 116.03%
The in vivo profiles for ramipril and ramiprilat are shown in the following figures.
NDA 22-021 47
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FIGURE 2.1

SAFETY ASSESSMENT

There were no serious adverse events reported and two subjects withdrew due to AEs. There
were a total of eighteen AEs reported by 9 subjects during the study. The relationship to the
study drug was considered “possibly” responsible for one of the AEs. One subject was lost to
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follow-up; one subject had an AE that is ongoing, all other.subjects recovered completely from
their AEs. No significant safety concerns were raised. '

CONCLUSION

Ramipril-Study 2835 .

Based on the statistical results for ramipril, the 90% confidence intervals for AUCO-t, AUC 0-inf
and Cmax of the test compared to the reference formulation was found to be within the range of
80% -125%. The 90% confidence intervals for AUCO-t, AUCO-inf, and Cmax were [94.81-
109.35%], [89.12-106.25%], and [97.97-122.04%)], respectively. The ratio of geometric means
were 1.0, 1.0, and 1.1 for AUCO-t, AUCO-inf and Cmax respectively. There was no significant
difference in the kel and t 2 values between treatments (p>0.05) for ramipril. The total
exposure to ramipril was similar between the two treatments. The intra-subject variation for
ramipril ranged from 14.6% to 24.82%.

Ramiprilat-Study 2835

The 90% confidence intervals for AUC0-t and Cmax of the active metabolite, ramiprilat, were
within 80% - 125%. Based on the statistical results for ramiprilat, the 90% confidence intervals
for AUCO-t, AUCO-inf, and Cmax of the test compared to the reference formulation were [98.04-
109.78] and [91.56-116.03%], respectively. There was no significant difference in the kel and t
% values between treatments (p>0.05) for ramiprilat. . The intra-subject variations for all
parameters for ramiprilat were between 12.64% and 26.45%. Due to the long elimination half-
life of ramiprilat, the percentage of extrapolation for AUC 0-inf was greater than 20% for many
subjects, and the average ratio of AUC ¢ to AUC g.j,r Was approximately 74%. Therefore, the
results of AUC 0-inf were not used for assessment of bioequivalence.

Safety:

There were no serious adverse events reported. No significant safety concerns were raised.
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Appendix 4.1.2

Clinical Study 2836
Bioequivalence Study 10 mg Fed

TITLE: A two-way crossover, open-label, single-dose, fed, bioequivalence study
of ramipril 10 mg tablets versus Altace® 10-mg capsules in normal
healthy non-smoking male and female subjects for the USA

INVESTIGATOR: _

STUDY CENTER:

STUDY PERIOD:  October 15, 2004 to December 3, 2004

OBJECTIVE: This study was designed to compare the rate and extent of absorption of ramipril
10 mg tablets versus Altace® 10 mg capsules under fed conditions.

STUDY DESIGN: The study is a two-way crossover, single dose, fed bioequivalence study.
Following an overnight fast of at least 10 hours, one 10 mg dose was administered orally with
240 mL of water 30 minutes after the start of a high-fat breakfast. The high fat breakfast
consisted of two eggs fried in butter, two strips of bacon, two slices of toast with butter, four
ounces of hash brown potatoes.and eight ounces of milk. This is the high-fat meal described in
the FDA Guidance Food-Effect Bioavailability and Fed Bioequivalence Studies.

TREATMENT: Ramipril 10 mg Tablets (Arrow Pharm (Mzilta) Ltd. Lot D4004C

Altace® 10 mg Capsules (King Pharmaceuticals, Inc) Lot RW1264

'BLOOD SAMPLE COLLECTION: 7 mL of blood were collected at 0.0 (predose), 0.17 (10
minutes), 0.33 (20 minutes), 0.5 (30 minutes), 0.67 (40 minutes), 0.83 (50 minutes), 1.0, 1.25,
1.5,2.0,2.5,3.0, 3.5, 4.0, 5.0, 6.0, 8.0, 12.0, 24.0, 48.0, 72.0, 96.0, and 144.0 hours post-dose.

SUBJECTS:

Thirty-two normal healthy, non-smoking male and female subjects (14 males and 18 females)
were enrolled in the study. Thirty subjects completed the study. It was calculated that 34
subjects would give a power of 80-90% to be able to-detect a food effect.

ANALYTICAL METHOD:

A validated LC-MS/MS method was employed for the analysis of ramipril and its active
metabolite ramiprilat in human plasma. Ramipril, ramiprilat and the internal standard were
extracted by solid-phase extraction into an organic media from 0.5 mL of human plasma. An
aliquot of this extract was injected into a high performance liquid chromatography system and
detected using a tandem mass spectrometer. The analytes were separated by reverse-phase
chromatography. Evaluation of the assay was carried out by the construction of an eight point
calibration curve covering the range of 0.50 ng/mL to 51.259 ng/mL (in human plasma) for
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Ramipril and

(in human plasma) for Ramiprilat: A summary of
the system performance is given in the following table.

Table 1: Analytical Method Performance

_Parameter Ramipril Ramiprilat
Dates of analysis 12/6/2004 to 1/5/2005
Analytical method ] LC-MS/MS LC-MS/MS
Matrix ' Plasma Plasma
Determination Weighted linear regression analysis (1/conc 2)
Standards
Calibration curve range 0.50 ng/mL to 51.259 ng/mL 0.050 ng/mL to 51.179 ng/mL
Linearity n=32 0.995350 0.995535
Slope 0.454225 0.066114
%CV 33.2% 26.8
Precision %CV 61/59 0.050/0.050 74 8.6
59/57 0.10/0.100 6.3 7.6
59/59 0.200/0.200 6.7 6.4
6060 0.400/0.400 6.5 6.4
59/62 1.602/1.599 6.6 6.8
61/57 6.407/6.397 6.4 6.0
60/60 25.630/25.589 | 6.9 -6.8
61/61 51.259/51.179 | 74 7.5
Accuracy %RE 61/59 0.050/0.050 -1.5 1 -0.2
59/57 | 0.10/0.100 2.1 -0.7
59/59 0.200/0.200 1.2 1.3
6060 0.400/0.400 1.7 1.4
59/62 1.602/1.599 0.8 0.4
61/57 6.407/6.397 -0.5 -1.9
60/60 25.630/25.589 | -1.2 -0.4
61/61 .51.259/51.179 | -2.4 -0.1
. Quality Controf Samples .
Percent recovery (%) 64 0.15 ng/mL 99.3 95.3
9.602 ng/mL 99.5 96.8
. 38407 ng/mL | 993 972
Precision (%CV) 64 0.15 ng/ml, 84 - 8.7
' 9.602 ng/mL 6.5 6.7
38.407 ng/mL. | 7.1 7.6,
Accuracy (%RE) 164 0.15 ng/mL -0.7 -5.0
9.602 ng/mL -0.5 -3.1
38.407 ng/mL. | -0.7 -2.8

Two calibration curves and duplicate QC samples (at three concentration levels) were analyzed

along with each batch of the study sample. Peak area ratios were used to determine the

concentrations of the standards, quality control samples, and the unknown study samples from the

calibration curves.

PHARMACOKINETICS
Statistical Methods: Analysis of variance was performed using SAS GLM procedures. The
intra-subject coefficient of variation (CV) was calculated using the Mean Square Error (MSE)
from the ANOVA table. The ratio of geometric means and the 90% geometric confidence .

S

interval (90% CI) were calculated based on the difference in the Least Squares Means of the In-

transformed AUCO-t,, AUCO-inf and Cmax between the test and reference formulations.

Results:

The summary of the PK parameters for ramipril and ramiprilat are given in the following table.
NDA 22-021 51
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Table 2: Pharmacokinetic Results

Pharmacokinetic Ramipril Altace ramipril Ramiprilat Altace ramiprilat
parameter -

AUC (0-t) ng-hr/mL 19.23 +7.27 16.15 +5.79 226.86 +59.70 216.67 + 50.39
AUC (0-inf) ng-hr/mL | 19.36 +7.29 16.64 + 5.64* 328.85 +90.98** 312.55 + 73.20*
Cmax (ng/mL 15.13 +8.46 6.58 +2.81 19.17 +10.08 15.71 +6.35

Tmax 0.99 +0.74 (0.67) 2.3910.93 (2.25) 3.53 + 1.47 (3.50) 4.93 +0.98 (5.00)
T.% (hr) 0.97 +0.26 0.90 +0.27* 120.19 +36.06%* 122.06 + 38.13*

Kel (hr-1) 7.61E-01 + 1.88E-01 | 8.38E-01 + 2.64E-01* 6.20E-03 + 1.62E-03** | 6.17E-03 + 1.82E-03
* n=29; ** n=28

A summary of the statistical results and figures showing the mean ramipril and ramiprilat data are_
given in the following table and figures.

) Table 3: Bioequivalence Assessment

Parameter 90% CI1 Ratio of Means - Intra-Subject Variation
Ramipril Ramiprilat Ramipril Ramiprilat Ramipril Ramiprilat
AUC (0-t) ng-hr/mL 112.37% to 100.59% to 118.84% 104.00% 12.76% 7.5%%
125.69% 107.52% . e
AUC (0-inf) ng-hr/mL 110.92% to 94.67% to 116.91% 100.71% 11.75% 13.28%
123.22% 107.13%
Cmax (ng/mL 171.04% to 106.27% to 211.98% 116.81% 48.86% 21.53%
262.72% 128.39%
MEAN PLASMA RAMIPRIL CONCENTRATIONS
STUDY # 2836 (N =30)
I
g
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Time (hre)
A—f—A TREATMENT A: RAMIFRIL TABLET, 1 X 10 myg, Batch #1 DC00AC
©-0—© TREATMENT B: ALTACE CAPSULE, 1 x 10 mg, Lot #: RWt2s4
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FIGURE 2.1

SAFETY ASSESSMENT

There were no serious adverse events reported and no subjects withdrew due to AEs. There were
a total of ten AEs reported by 8 subjects during the study. The relationship to the study drug was
considered “probably” or “possibly” responsible for two of the AEs. All subjects recovered
completely from their AEs except for two subjects that were unknown due to lost to follow-up.
No significant safety concerns were raised.

CONCLUSION
Ramipril- Study 2836
1. Based on the statistical resuits for ramipril, the 90% confidence interval for AUCO-inf
was 110.92-123.22%, within 80% to 125%. The 90% CI for the AUCO-t and Cmax of
the test compared to the reference formulation was found not to be within the range of
80% -125%. The 90% confidence intervals for AUCO-t and Cmax were [112.37-125.69]
and [171.04-262.72%], respectively.
2. The ratio for AUC 0-inf was 1.2. The ratio of means for the AUCO-t and Cmax were 1.2
and 2.1 respectively.
3. The intra-subject variation was high for Cmax [48.86%). Tmax was 0.99 hours for
ramipril and 2.39 hours for Altace® capsules.
4. There was no significant difference in the kel and t /2 values between treatments (p>0 05)
for ramipril.

Ramiprilat-Study 2836
1. Based on the statistical results for ramipril, the 90% confidence intervals for AUCO-t and
AUCO-inf were within 80% to 125%. The 90% confidence intervals were [100.59-
107.52%] and [94.67-107.13%], for AUCO-t and AUCO-inf, respectively. The ratio of
the relative means for AUCO-t and AUC 0-inf were 1.0 and 1.0 respectively.
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2. The 90% confidence interval for Cmax was not within 80-125%. The 90% confidence
interval for Cmax was [106.27-128.39%], slightly above the upper level to determine
bioequivalence. The ratio of means for Cmax was 1.2.

3. The intra-subject variation for Cmax was 21.53%.

4. There was not significant difference between t1/2 and Kel.

The absence of food effect on BA is not established if the 90 percent CI for the ratio of
population geometric means between fed and fasted treatments, based on log-transformed data; is
not contained in the equivalence limits of 80-125 percent for either AUCO-inf (AUCO-t when
‘appropriate) or Cmax. In this case, the evaluation of a food effect was based on comparison of
the test product (ramipril tablets) given under fed conditions compared to the reference product
(Altace®) given under fed conditions. The effect of food on the bioavailability of the 10-mg
ramipril tablet is different than the effect of food on the Altace® 10 mg capsule.

The bioequivalence assessment determined that the 10 mg ramipril tablet Cmax did not meet the
bioequivalence confidence interval requirements when compared to Altace® 10 mg capsules.
The mean AUC (0-inf) value was within the 80-125% bioequivalence; At 126%, the AUC (0-t)
-confidence interval was slightly higher than the acceptable limit of 125%. The 90% confidence
intervals (CI) for Cmax of ramipril was (171.0-262.7%). This is well above the acceptable limit
of 125%. This effect is not seen with the active metabolite, ramiprilat. The bioequivalence
assessment for ramiprilat determined that the active metabolite ramiprilat did meet the
bioequivalence requirements. '

The key difference in performance between the two products was the effect of food on the
absorption of the parent, ramipril. A possible explanation for this is the post-prandial blunting of
the peak concentration of the parent compound associated with a significant delay in ramipril
absorption from the Altace® reference capsules, as compared to the absorption under fasted
conditions [Tmax fasted =0.5 hours; Tmax fed = 2.4 hours]. This is noted in the labeling of the
Altace® capsules. There is an absence of this delay in absorption of ramipril as a result co-
administration of food with the ramipril tablets {Tmax fasted=0.5 hours; Tmax fed= 1 hour]. The
extent of absorption from the Altace® capsules was not affected to the same extent as the rate
[AUC 0-t fasted = 16.4; AUC 0-t fed = 16]. The ramipril extent of absorption was greater from
the tablets than from the Altace® capsules. The relative lack of a food effect with the ramipril
tablet versus the capsule is not likely to result in any significant differénce in efﬁcacy or safety
‘profiles during chronic used.

" The labeling for Altace® states that “Following oral administration of Altace®, peak plasma
concentrations of ramipril are reached within one hour. The extent of absorption is at least 50-
60% and is not significantly influenced by the presence of food in the GI tract, although the rate
of absorption is reduced.” The statement indicating that the- has
been removed from the ramipril tablet labeling and the product can be dosed without regard to
food.

Safery:

There were no serious adverse events reported. No significant safety concerns were raised.
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Appendix 4.2.3 Clinical Study 2970
Bioequivalence Study 1.25 mg Fasting

TITLE: A two-way crossover, open-label, single-dose, fasting, bioequivalence study of
ramipril 1.25 mg tablets versus Altace® 1.25 mg capsules in normal healthy non-
smoking male and female subjects for the USA '

INVESTIGATOR: /

STUDY CENTER:

X.
STUDY PERIQD: October 30, 2004 to December 24,2004

OBJECTIVE: This sfudy was designed to compare the rate and extent of absorption of ramipril
1.25 mg tablets versus Altace 1.25 mg capsules under fasting conditions. .

STUDY DESIGN: The study is a two-way crossover, single dose fasting bioequivalence study.
Following an overnight fast of at least 10 hours, one 1.25 mg dose was administered orally with
240 mL of water.

TREATMENT: Ramipril 1.25 mg Tablets (Arrow Pharm (Malta) Ltd. Lot D4001C

Altace® 1.25 mg Capsules (King Pharmaceuticals, Inc) Lot 1072168

BLOOD SAMPLE COLLECTION: 7 mL of blood were collected 4t 0.0 (predose), 0.17 (10
minutes), 0.33 (20 minutes), 0.5 (30 minutes), 0.67 (40 minutes), 0.83 (50 minutes), 1.0, 1.25,
1.5,2.0,2.5,3.0, 3.5, 4.0,5.0,6.0, 8.0, 12.0, 24.0, 48.0, 72.0, 96.0, and 144.0 hours post-dose.

SUBJECTS:

Thirty-four normal healthy, non-smoking male and female subjects (16 males'and 18 females)
were enrolled in the study. Twenty-nine subjects completed the study. Data was calculated on 30
subjects (one subject had a sufficient number of data points to allow inclusion into the analysis. It
was calculated that 34 subjects would give a power of 80-90% to be able to detect a difference
between treatments. :

ANALYTICAL METHOD:

A validated LC-MS/MS method was used for the analysis of ramipril and its active metabolite
ramiprilat in human plasma. Ramipril, ramiprilat and the internal standard were extracted by
solid phase-extraction into an organic media from 0.5 mL of human plasma. An aliquot of this
€xtract was injected into a HPLC system and detected using a tandem mass spectrometer. The
analytes were separated by reverse-phase chromatography. Evaluation of the assay was carried
out by the construction of an eight-point calibration curve covering the range of 0.50 ng/mL to
51.259 ng/mL (in human plasma) for Ramipril and 0.050 ng/mL to 51.179 ng/mL (in human
plasma) for Ramiprilat. A summary of the system performance is given in the following table.
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The-summary of the pharmacokinetic parameters for ramipril and ramiprilat are given in the

following table.

Table 2: Pharmacokinetic Results for 1.25 mg Ramipril Dose .
PHARMACOKINETIC | RAMIPRIL ALTACE RAMIPRIL | RAMIPRILAT ALTACE
PARAMETER RAMIPRILAT
AUC (0-t) ng-hr/mL 1.81 +0.93 1.75 + 0.81 70.36 +20.73 74.81 +20.03
AUC (0-inf) ng-hr/mL 1.88 +0.96* 1.82 + 0.86* 177.11 £97.10* 166.01 + 52.83*

Cmax (ng/mlL 2.60 + 1.20 2.50 +1.25 1.14 +0.48 1.16 + 0.37

Tmax 0.50 (0.33-0.82) 0.53 (0.33-1.50) 3.50 (1.50-12.00) 3.25 (1.50-6.00)

T % (hr) 0.65 + 0.82* 0.75+1.18* 201.35 +113.22* 179.27 + 78.72*

Kel (hr-1) 1.65E-01 + 6.75E-01 1.55E-01 + 5.74E-01* 4.41E-03 +2.12E-03** | 4.41E-03 + 1.40E-03**

* n=29; ** n=28

The summary of the statistical analysis is giver in Table 3. The concentration-time curves for
ramipril and ramipril are sliown in the following figures.
Table 3: Bioequivalence Assessment

PARAMETER 90% CI RATIO OF MEANS INTRA-SUBJECT
VARIATION
Ramipril Ramiprilat Ramipril Ramiprilat Ramipril Ramiprilat
AUC (0-t) ng-hr/mL 95.95% to 87.61% to 102.80% 93.29% 15.71% 14.29%
110.15% 99.34%
AUC (0-inf) ng-hr/mL 95.44% to 89.50% to 102.57% 103.72% 16.11% 27.61%
110.24% 120.20%
Cmax (ng/mL 96.65% to 90.87% to 106.02% 96.71% 21.08% 14.19%
116.30% 102.93% )
e - e S S ———— e E
» ‘%0 00 120 o "o
. i :
At TREATMENT A: RAIPRI TABLEY, 1 X 125 mg, Bakh #; DAOOTC
€—6—C TREATMENT Bt ALTACE CAPSULE, 1 X 125 mg, Lot &1 1072168
Figure 1: Mean Plasma Ramipril Concentrations (n=30)
NDA 22-021 57

Ramipril Tablets
Page 57 of 74



PLASMA LEVELS (ng/mb)

111

404

0.9 1

o84

or -

o84

881

04

u-

S

!

“#—h Y vy T L ¥ Y MR AR RRARSE |

® 20 0 " [ wo 1206 “o
Tive (s}

it TREATMENT A: RAMIPRIL TABLET, 1 x 128 mg, Baich #; DA0OIC
606 TREATMENT I ALTACE CAPSULE, 1 x 128 mg. Lot #: 1072168

Figure 2: Mean plasma Ramiprilat Concentrations (n=30)

SAFETY ASSESSMENT

There were no serious adverse events reported and no subjects withdrew due to AEs. There were
a total of twenty-four AEs reported by 11 subjects during the study: The drug was considered
“possibly” responsible for five of the AEs. All subjects recovered completely from their AEs
except for three subjects that were not available for follow-up. No significant safety concerns
were raised. Eight subjects experience a total of 14 AEs following administration of Ramipril
tablets (Treatment A). There were two instances of ketone bodies urine positive and two
instances of dizziness. There was one instance each of menstrual cramps, headache, vomiting
(two episodes), serum potassium decreased, urinary protein increased, loose stool (one episode),

platelets decreased, alanine aminotransferase (ALT) increased, blood alkalinie phosphatase

increased, and urobilinogen urine positive.

CONCLUSION

Ramipril-Study 2970

Based on the statistical results of ramipril, the 90% confidence intervals for AUCO-t, AUCO-inf,
and Cmax of the test compared to the reference formulation was found to be within the range of
80% -125%. The 90% confidence intervals for AUCO-t, AUCO-inf, and Cmax were (95.95-
110.15%], [95.44-110.24%], and [96.65-116.30%)], respectively. The statistical results indicate
that the geometric means ratio for AUCO-t, AUCO-inf, and Cmax were 1.0, 1.0, and 1.1,
respectively. There was no significant difference in the kel and t ¥ values between treatments
(p>0.05) for ramipril. The intra-subject variation for Cmax of ramipril is significantly elevated.

Ramiprilat-Study 2970
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Based on the statistical results of ramiprilat, the 90% confidence intervals for AUCO-t, AUCO-inf,
and Cmax of the test compared to the reference formulation was found to be within the range of
80% -125%. The 90% confidénce intervals of the geometric means ratio for AUCO-t, AUCO-inf,
and Cmax were (87.61-99.34%], [89.50-120.20%], and [90.87-102.93%)], respectively. The ratio
of geometric means for AUCO-t, AUCO0-inf, and Cmax were 0.9, 1.0, and 1.1, respectively. There
was no significant difference in the kel and t 72 values between treatments (p>0.05) for ramiprilat.

Safety-Study 2970:
No serious AEs were reported and no subjects discontinued the study due to AEs. No significant
safety concerns were raised. .

L
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The samples were assessed for stability under several conditions:
Freeze/Thaw Stability

Freeze-Thaw Stability at -25°C + 10°C for Ramipril and Ramiprilat in human plasma was
determined with the quality control samples at 2 levels, QC low and QC High. After undergoing
1, 2 and 3 Freeze/Thaw cycles, these samples were analyzed and compared with freshly prepared
QCLW and QC HIGH samples.

In-Process Stability

In-process stability was demonstrated by a set of QC samples at QC LOW and QC HIGH
that were left on bench top for approximately 4 hours prior to extrattion. These were analyzed
against a set that were extracted immediately after thawing. Ramipril and Ramiprilat showed no
loss of response within four hours at room temperature.

Autosampler Stability: .

For each of the QC levels, six quality control samples were extracted and reconstituted.
The six samples were pooled into one tube and divided into 3 autosampler vials stored at room
temperature. A volume for injection form each vial was injected at 0 hours. A second volume
was injected after approximately 22 hours; a third after 42 hours and a fourth after 68 hours. The
time elapsed for injections are approximate calculations based on the shortest period of time
between the first injection of the autosampler stability at 0 hours and at each of the run times.
These results were compared with the mean of the zero hour samples. Ramipril and Ramiprilat
are stable in extracted samples for up to 68 hours at room temperature.

Long-term Stability:

Long term stability of Ramipril and Ramiprilat in human plasma at -70°C + 10 °C was
determined with quality control samples at QC LOW and QC HIGH levels. Aged QC LOW and
QC HIGH samples were analyzed along with freshly prepared QC Low and QC HIGH samples.
Ramipril and Ramiprilat are stable in plasma at -70 °C + 10 °C for up 10238 days.

Conclusion:
The method was determined to be robust and selective for ramipril and ramiprilat.
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4.3 DISSOLUTION

The sponsor conducted a solubility study using the ramipril drug substance. The results of the

study are shown in the follow

ing table (Table 1).

Table 6: Solubility of Ramipril

Buffer pH pH of product in buffer - Solution Concentration
2.0 3.13 10 mg/ml.  Not soluble
4.01 4.15 10 mg/mL.  Not soluble
6.86 6.40 10 mg/mL.  Not soluble
9.18 7.96 10 mg/mL- Not soluble
pH of % aqueous solution: 4.42

Ramipril is freely soluble in methanol and sparingly soluble in water. The approved dissolution
method for Altace® immediate release capsules uses the paddle method, 50 rpm and 0.1N HCL
as the media. Cobalt developed a dissolution method for their approved ANDA ramipril capsules
using the paddle method with 0.1M HCl as the media. This method was selected for ramipril
tablets as well. The sponsor tested three lots of each strength tablet, as well as one lot of each
strength of Altace® capsules. The results are given in the following table.

Table 2: Profile comparison across commercial lots

LOT STRENGTH

BATCH | 10 MIN 15 MIN
SIZE

20 MIN

25 MIN 30 MIN

1072168 1.25 mg

D4001 1.25 mg
F4001 1.25 mg
F4002 1.25 mg
1058906 2.5mg
D4002 2.5 mg
F4003 2.5 mg
F4004 2.5 mg
1072168 5.0 mg
D4003 5.0 mg
F4005 5.0 mg
F4006 5.0mg
RW1264 10.0 mg
D4004 10.0 mg
F4007 10.0 mg
F4008 10.0 mg

1 1

et

The sponsor has proposed a dissolution specification of Q=
indicate that the ramipril tablets can meet a specification of Q=

The results

The following

dissolution method and specification are recommended for ramipril tablets:

Apparatus:
Rpm:

Media:
Volume:
Specification:

Paddle Method
50 rpm

0.1N HCI

.500 mL

Q_
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4.4 LITERATURE REFERENCES

The following references have been cited by the sponsor in support of approval of their NDA.

L.
2.

Altace® Capsules prescribing information available online at http://www kingpharm.com
Thijs L, Celis H, Kiowski W, Loffler K, Middeke M, Schulz W, Staessen J, Amery A.:
Double-blind comparison of antihypertensive treatment with ramipril and
piretanide, given alone or in combination.; J Cardiovasc Pharmacol. 1995 Jul;26(1):33-
8. :
= Efficacy and safety of combmatlon of ramipril and piretanide were evaluated in
hypertensive patients.
Appel LJ, Middleton J, Miller ER 3rd, Lipkowitz M, Norris K, Agodoa LY, Bakris G,
Douglas JG, Charleston J, Gassman J, Greene T, Jamerson K, Kusek JW, Lewis JA,
Phillips RA, Rostand SG, Wright JT. The rationale and design of the AASK cohort
study. J Am Soc Nephrol. 2003 Jul;14(7 Suppl 2):S166-72.
= African American Study of Kidney Disease and Hypertensnon Cohoxt Study to
determine the risk factors for kidney disease progression in African Americans
with hypertensive kidney disease who receive recommended anti-hypertensive
therapy.
Wright JT Jr, Bakris G, Greene T, Agodoa LY, Appel LJ, Charleston J, Cheek D,
Douglas-Baltimore JG, Gassman J, Glassock R, Hebert L, Jamerson K, Lewis J, Phillips
RA, Toto RD, Middleton JP, Rostand SG; African Ainerican Study of Kidney Disease
and Hypertension Study Group. Effect of blood pressure lowering and antihypertensive
drug class on progression of hypertensive kidney disease: results from the AASK trial
JAMA. 2002 Nov 20;288(19):2421-31. Case Western Reserve University, Department of
Medicine, University Hospitals of Cleveland and the Louis Stokes Cleveland Department
of Veterans Affairs Medical Center, Cleveland, OH 44106-5014, USA.
= No additional benefit of slowing progression of hypertensive nephrosclerosis was
observed with the lower BP goal. Angiotensin-converting enzyme inhibitors
appear to be more effective than beta-blockers or dihydropyridine calcium
channel blockers in slowing GFR decline.
Arnold JM, Yusuf S, Young J, Mathew J, Johnstone D, Avezum A, Lonn E, Pogue J,
Bosch J; HOPE Investigators. Prevention of Heart Failure in Patients in the Heart
Outcomes Prevention Evaluation (HOPE) Study.Circulation. 2003 Mar

- 11;107(9):1284-90.

»  Ramipril reduced heart failure rate in patients with baseline systolic pressure
above the median (139 mm Hg) (relative risk, 0.67) compared with those below
the median (relative risk, 0.91; P=0.024 for interaction of group by treatment).

Bosch J, Yusuf S, Pogue J, Sleight P, Lonn E, Rangoonwala B, Davies R, Ostergren J,
Probstfield J; HOPE Investigators. Heart outcomes prevention evaluation. Use of
ramipril in preventing stroke: double blind randomised trial. BMJ. 2002 Mar
23;324(7339):699-702. Summary for patients in: J Fam Pract. 2002 Jul;51(7):595

*  the effect of ramipril on the secondary prevention of stroke (9297 patients).
Ramipril reduces the incidence of stroke in patients at high risk, despite a modest
reduction in blood pressure.

Dagenais GR, Yusuf S, Bourassa MG, Yi Q, Bosch J, Lonn EM, Kouz S, Grover J;
HOPE Investigators. Effects of ramipril on coronary events in high-risk persons:
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10.

11.

12.

results of the Heart Qutcomes Prevention Evaluation Study. Circulation. 2001 Jul

31;104(5):522-6. Quebec Heart Institute, Laval University, Ste-Foy, Canada.

Using the Heart Outcomes Prevention Evaluation (HOPE) trial data, ramipril reduced the
risk of MI, worsening and new angina, and the occurrence of coronary revascularizations.
Smieja M, Gnarpe J, Lonn E, Gnarpe H, Olsson G, Yi Q, Dzavik V, McQueen M, Yusuf
S; Heart Outcomes Prevention Evaluation (HOPE) Study Investigators. Multiple
infections and subsequent cardiovascular events in the Heart Outcomes Prevention
Evaluation (HOPE) Study. Department of Pathology and Molecular Medicine,

McMaster University, Hamilton, Ontario, Canada.

= 3168 Canadian patients in (HOPE) were studied for antibodies to C pneumoniae,
H pylori, CMV, and HAV and measured the relation between serostatus and 494
adjudicated trial outcomes of myocardial infarction, stroke, or CV death over 4.5
years of follow-up. CV events were associated with CMV serostatus (covariate-
adjusted hazard ratio [HR], 1.24; 95% CI, 1.01, 1.53).

Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S. Renal insufficiency as a predictor of
cardiovascular outcomes and the impact of ramipril: the HOPE randomized trial.

Ann Intern Med. 2001 Apr 17;134(8):629-36. Department of Nephrology and
Hypertension, Schwabing General Hospital, LMU, Kolner Platz 1, D-80804 Munchen,
Germany.

= 980 patients with mild renal insufficiency were evaluated Mild renal
insufficiency significantly increased the risk for subsequent cardiovascular
events. Ramipril reduced cardiovascular risk without increasing adverse effects.

Mann JF, Gerstein HC, Yi QL, Lonn EM, Hoogwerf BJ, Rashkow A, Yusuf S.
Development of renal disease in people at high cardiovascular risk: results of the
HOPE randomized study. Development of renal disease in people at high
cardiovascular risk: results of the HOPE randomized study. J Am Soc Nephrol. 2003
Mar;14(3):641-7. Department of Cardiology and Populatlon Health Research Institute,
McMaster University, Hamilton, Canada.

= People without and with diabetes who are at high risk for cardiovascular disease
are also at risk for a progressive rise in albuminuria. Microalbuminuria itself
predicts clinical proteinuria in nondiabetic and in dlabetlc people. Ramipril
prevents or delays the progression of albuminuria.

Mathew J, Sleight P, Lonn E, Johnstone D, Pogue J, Yi Q, Bosch J, Sussex B, Probstfield
J, Yusuf S; Heart Outcomes Prevention Evaluation (HOPE) Investigators. Reduction
of cardiovascular risk by regression of electrocardiographic markers of left ventricular
hypertrophy by the angiotensin-converting enzyme inhibitor ramipril. Circulation.
2001 Oct 2;104(14):1615-21. Division of Cardiology, Department of Medicine,
University of Iowa College of Medicine, Iowa City, and Galesburg Cottage Hospital,
Galesburg, Illinois, USA.

«  Ramipril decreases the development and causes regression of ECG-LVH
independent of blood pressure reduction, and these changes are associated with
reduced risk of death, myocardial infarction, stroke, and congestive heart failure.

Stollberger C, Slany J, Brainin M, Finsterer J. Angiotensin-converting enzyme inhibitors
and stroke prevention: what about the influence of atrial fibrillation and
antithrombotic therapy? Stroke. 2003 Nov;34(11):€208. Epub 2003 Oct 16.

= The Heart Outcomes Prevention Evaluation (HOPE) trial and Losartan
Intervention For Endpoint Reduction in Hypertension Study (LIFE) have shown
that ramipril and losartan lower the risk of ischemic vascular events, including
strokes. v
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13.

14.

I5.

16.

17.

18.

19.

20.

Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G. Effects of an angiotensin-

converting-enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients.

The Heart Outcomes Prevention Evaluation Study Investigators.

N Engl J Med. 2000 Jan 20;342(3):145-53. Erratum in: 2000 May 4;342(18):1376. N

Engl J Med 2000 Mar 9;342(10):748. Canadian Cardiovascular Collaboration Project

Office, Hamilton General Hospital, McMaster University, ON.

. = Ramipril significantly reduces the rates of death, myocardial infarction, and

stroke in a broad range of high-risk patients who are not known to have a low
ejection fraction or heart failure.

Teo KK, Mitchell LB, Pogue I, Bosch J, Dagenais G, Yusuf S; HOPE Investigators.
Effect of ramipril in reducing sudden deaths and nonfatal cardiac arrests in high-risk
individuals without heart failure or left ventricular dysfunction.

Circulation. 2004 Sep 14;110(11):1413-7. Epub 2004 Sep 7. Population Health Research
Institute, McMaster University, Hamilton, Ontario, Canada.

* Ramipril reduces the risk of fatal and nonfatal serious arrhythmic events in hxgh—
risk patients without clinical heart failure or overt left ventncular systolic
dysfunction. :

Warner GT, Perry CM. Ramipril: a review of its use in the prevention of cardiovascular
outcomes. Drugs. 2002;62(9):1381-405. Review. Adis International Limited, Auckland,
New Zealand.

= Heart Qutcomes Prevention Evaluation (HOPE) study has shown that, in patients
who are not known to have low ejection fraction or heart failure but are at
increased risk for developing cardiovascular events, ramipril reduced the
incidence of stroke, MI and death due to cardiovascular disease.

Ball SG, Cowan JC, Winter C. Effect of ramipril on mortality and morbidity of suvivors
of acute myocardial infarction with clinical evidence of heart fatlure Lancet 1993;
342: 821-8.

Bohm RO, van Baak MA, Rahn KH. Studies on the antzhypertenszve effect of single
doses of the angiotensin converting engyme inhibitor ramipril (HOE 498) in man.

Eur J Clin Pharmacol. 1986;30(5):541-7.

* The time course of the blood pressure lowering effect and the dose-response
relationship of ramipril were studied in 8 patients. '

Carre A, Zannad F, Vasmant D. The French multicentre study of ramtprtl in
ambulatory patients with mild-to-moderate hypertension.
Clin Physiol Biochem. 1992;9(3):105-12. ‘

*  The safety and efficacy of a step-care regimen of ramipril from the minimal

active dose (2.5 mg) in 770 patients treated for mild to moderate hypertension.
Curtis J, Wilson C. Preventing type 2 diabetes mellitus. ] Am Board Fam Pract. 2005
Jan Feb;18(1):37-43. Review.

= Ramipril, captopril, losartan, pravastatin, and estrogens show some very
preliminary promise for preventing diabetes in patients treated for hypertension,
hyperlipidemia, and menopause, but each needs a more rigorous evaluation. .

de Leeuw PW, Birkenhager WH. Short- and long-term effects of ramipril in
hypertenston Am J Cardiol. 1987 Apr 24;59(10):79D-82D.
After a single 2.5 mg dose of ramipril, blood pressure was not 51gn1ﬁcantly
affected, despite a decrease in converting enzyme levels. After | month of
treatment with 10 mg of ramipril, renal vascular resistance had decreased and
renal blood flow increased. Continued treatment for 1 year controlled blood
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21.

22.

23.

24.

25.

26.

27.

pressure in 6 of 10 patients; in the remainder a diuretic needed to be added to
maintain control of blood pressure.
Erhard W, Lindner U, Krall H, Breitstadt A, Pfeiffer C. Assessment of the efficacy,
tolerance, and safety of ramipril in diabetic patients with mild-to-moderate
hypertension: a retrospective analysis. ] Cardiovasc Pharmacol. 1991;18 Suppl 2:5160-
4. Hoechst AG, Frankfurt/Main, F.R.G.
» Ramipril was well tolerated by diabetic patients, and no serious adverse events
occurred. Adverse events reported were typical of ACE inhibitors. _
Frampton JE, Peters DH. Ramipril. An updated review of its therapeutic use in essential
hypertension and heart failure. Drugs. 1995 Mar;49(3):440-66. Review.
= Ramipril is superior to atenolol in causing regression of left ventricular
hypertrophy. The large-scale Acute Infarction Ramipril Efficacy (AIRE) study
demonstrated that ramipril 5 or 10 mg/day significantly decreased the risk of all-
cause mortality by 27% in patients with clinical evidence of heart failure after
acute myocardial infarction, even if transient. '
Gerstein HC, Yusuf S, Holman R, Bosch J, Pogue J; The DREAM Trial Investigators.
Rationale, design and recruitment characteristics of a large, simple international trial
of diabetes prevention: the DREAM trial. Diabetologia. 2004 Sep;47(9):1519-27. Epub
2004 Aug 21. Population Health Research Institute, Hamilton, Ontario, Canada.
= The DREAM trial was designed to determine if ramipril or rosiglitazone reduces
the number of cases of diabetes and atherosclerosis, and will identify novel risk
factors for diabetes. A total of 24,872 individuals in 21 countries followed.
Hirata K, Vlachopoulos C, Adji A, O'Rourke MF. Benefits from angiotensin-converting
enzyme inhibitor 'beyond blood pressure lowering': beyond blood pressure or beyond
the brachial artery? J Hypertens. 2005 Mar;23(3):551-6. Erratum in: J Hypertens. 2005
Apr;23(4):903-4. St Vincent's Hospital and Clinic, Umver81ty of New South Wales,
Darlinghurst NSW, Sydney, Australia.
= 30 patients took 10 mg ramipril, 100 mg atenolol, ¢r placebo at mtervals of > or
=7 days. A greater (average, 5.2 mmHg) decrease in aortic systolic pressure
caused by ramipril may explain the greater benefit of ramipril over atenolol.
Horowitz N, Molnar M, Levy Y, Pollack S. Ramipril-induced agranulocytosis
confirmed by a lymphocyte cytotoxicity test. Am J Med Sci. 2005 Jan;329(1):52-3.
Department of Internal Medicine D and the Immunology and Allergy Institute, Rambam
Medical Center, Bruce Rappaport F aculty of Medicine, Technion-Israel Institute of
Technology, Haifa, Israel
= A 50-year-old man who had chronic renal failure presented with neutropenic
fever four days after ramipril was initiated. A relationship between the drug and
the adverse effect was suggested.
Kahan T, Eliasson K. The influence of long-term ACE mhtbttor treatment on
circulatory responses to stress in human hypertension. Am J Hypertens. 1999
Dec;12(12 Pt 1-2):1188-94. Karolinska Institutet, Division of Internal Medicine at
Danderyd Hospital, Danderyd, Sweden.
= 28 Patients received 5 mg ramipril dally or placebo for 6 weeks followed by 6
months of open ramipril treatment. Ramipril reduced cardiac workload levels.

Kanbay M, Korkmaz M, Yilmaz U, Gur G, Boyacioglu S. Acute pancreatitis due to

ramipril therapy. Postgrad Med J. 2004 Oct;80(948):617-8. Department of Internal
Medicine, Baskent University Faculty of Medicine, 35 Sokak, 81/5 Bahcellevler 06490
Ankara, Turkey.
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28.

29.

30.

31.

32.

=  An 85 year old man with a long standing history of hypertension, who was
treated with ramipril 5 mg once daily, presented with acute pancreatitis. This was
his third episode of acute pancreatitis since ramipril was started in 2000.
Kaplan NM, Sproul LE, Mulcahy WS. Large prospective study of ramipril in patients
with hypertension. CARE Investigators. Clin Ther. 1993 Sep-Oct;15(5):810-8.
University of Texas Southwestern Medical School, Dallas.
= Efficacy and safety of ramipril studied in a multicenter, open-label, prospectlve
study, in which 591 men or women with essential hypertension (diastolic blood
pressure > or = 95 and < or = 114 mmHg) received ramipril on a regimen of 1.25
to 10 mg once daily for 8 weeks. Response rates were similar regardless of age,
gender, and race.
Koneig W, Feldmann M, Krohn J, et. al. Ramipril vs lininopril in the Treatment of mild
to moderate primary hypertension-a randomized a'ouble—blmd multicentre trial. Drug
Invest 1992; 4(5): 450-7
Koh KK, Son JW, Ahn JY, Kim DS, Jin DK, Kim HS, Han SH, Seo YH, Chung WJ,
Kang WC, Shin EK. Simvastatin combined with ramipril treatment in
hypercholesterolemic patients. Hypertension. 2004 Aug;44(2):180-5. Epub 2004 Jun 7.
Department of Cardiology, Cardiology, Gil Heart Center, Gachon Medical School, 1198
Kuwol-dong, Namdong-gu, Incheon, Korea.
= 50 hypercholesterolemic patients were tested with simvastatin and either placebo
or ramipril (study I) and in 45 hypercholesterolemic diabetic patients with
simvastatin or ramipril with placebo or simvastatin combined with ramipril
(study II) for 2 months with 2 months washout. Ramipril alone or simvastatin
combined with ramipril significantly improved the percent flow-mediated dilator
response to hyperemia (both P<0.001), however, simvastatin combined with -
ramipril showed significantly more improvement than ramipril alone (P<0.001 by
ANOVA). Simvastatin combined with ramipril significantly improved
endothelium-dependent vasodilation and fibrinolysis potential and reduced
plasma levels of oxidant stress and inflammation markers in
hypercholesterolemic patients.
Li PK, Chow KM, Wong TY, Leung CB, Szeto CC.Effects of an angiotensin-converting
enzyme inhibitor on residual renal function in patients receiving peritoneal dialysis. A
randomized, controlled study. Ann Intern Med. 2003 Jul 15;139(2):105-12. Department
of Medicine and Therapeutics, Prince of Wales Hospital, The Chinese University of
Hong Kong, Ngan Shing Street, Shatin, Hong Kong, China.
= Ramipril slows the decline in residual renal function in patients with end-stage
renal failure treated with peritoneal dialysis. -
Lonn E, Yusuf S, Dzavik V, Doris C, Yi Q, Smith S, Moore-Cox A, Bosch J, Riley W,
Teo K; SECURE Investigators. Effects of ramipril and vitamin E on atherosclerosis:
the study to evaluate carotid ultrasound changes in patients treated with ramipril and
vitamin E (SECURE). Circulation. 2001 Feb 20;103(7):919-25. Departments of
Medicine, McMaster University, Hamilton, Ontario, Canada. '
= 732 patients with vascular disease or diabetes and at least one other risk factor
and who did not have heart failure or a low left ventricular ejection fraction
received ramipril 2.5 mg/d or 10 mg/d and vitamin E (RRR-alpha-tocopheryl
acetate) 400 IU/d or their matching placebos. There were no differences in
atherosclerosis progression rates between patients on vitamin E and those on
placebo. Long-term treatment with ramipril had a beneficial effect on
atherosclerosis progression. Vitamin E had a neutral effect on atherosclerosis
progression.
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33.

Manhem PJ, Ball SG, Morton JJ, Murray GD, Leckie BJ, Fraser R, Robertson JI. A dose-
response study of HOE 498, a new non-sulphydryl converting enzyme inhibitor, on
blood pressure, pulse rate and the renin-angiotensin-aldosterone system in normal

~ man. Br]J Clin Pharmacol. 1985 Jul;20(1):27-35.

34.

35.

36.

37.

38,

= Dose-related reductions in serum converting enzyme activity, plasma angiotensin
II and aldosterone were seen in normotensive volunteers. Thus it is likely that
once daily administration will be adequate for treatment of high blood pressure in
patients.
Marre M, Lievre M, Chatelher G, Mann JF, Passa P Menard J; DIABHYCAR Study
Investigators. Effects of low dose ramipril on cardiovascular and renal outcomes in
patients with type 2 diabetes and raised excretion of urinary albumin: randomised,
double blind, placebo controlled trial (the DIABHYCAR study). Endocrinologie-
Diabetologie-Nutrition, Groupe Hospitalier Bichat-Claude Bernard, Assistance Publique
des Hopitaux de Paris, 46 rue Henri Huchard, 75877 Paris Cedex 18, France.
= Low dose of ramipril lowers cardiovascular and renal events in patients with type
2 diabetes. The cardiovascular benefits of a daily higher dose (10 mg) ramipril
observed elsewhere are not found with an eightfold lower daily dose.
Neri Serneri GG, Boddi M, Modesti PA, Coppo M, Cecioni I, Toscano T, Papa ML,
Bandinelli M, Lisi GF, Chiavarelli M. Cardiac angiotensin II participates in coronary
micravessel inflammation of unstable angina and strengthens the immunomediated
component. Circ Res. 2004 Jun 25;94(12):1630-7. Epub 2004 May 6. Clinica Medica
Generale e Cardiologia, University of Florence, Viale Morgagni 85, 50134 Florence,
[taly.
= This study investigated renin-angiotensin system (RAS) components and a
number of inflammatory mediators in left ventricular biopsies from 2-vessel
disease unstable angina (UA) (n=43) and stable angina (SA) (n=15) patients
undergoing coronary bypass surgery. Ramipril and valsartan markedly decreased
the expression levels of TNF-alpha, IL-6, and iNOS, and, to a lesser extent, of
IFN-gamma genes, but did not affect the number of DR+ cells, with no
significant difference between the 2 treatments.
Ostergren J, Sleight P, Dagenais G, Danisa K, Bosch J, Qilong Y, Yusuf S; HOPE study
investigators. Impact of ramipril in patients with evidence of clinical or subclinical
peripheral arterial disease. Eur Heart J. 2004 Jan;25(1):17-24. Department of Medicine,
Division of Emergency Medicine, Karolinska Hospital, 171 76 Stockholm, Sweden.
= The ankle blood pressure index (ABI) is a strong predictor for future
cardiovascular events and for all-cause mortality. Ramipril prevented major
cardiovascular events in patients with clinical as well as subclinical PAD. -
Perticone F, Pugliese F, Ceravolo R, Mattioli PL. Amlodipine versus ramipril in the
treatment of mild to moderate hypertension: evaluation by 24-hour ambulatory blood
pressure monitoring. Cardiology. 1994;85(1):36-46. Department of Experimental and
Clinical Medicine, University of Reggio Calabria, Catanzaro, Italy.
= Compare the efficacy and tolerability of amlodipine (AML) and ramipril (RAM)
administered once a day. No significant differences in heart rate were noted
during drug administrations.
Pilote L, Abrahamowicz M, Rodrigues E, Eisenberg MJ, Rahme E. Mortality rates in -
elderly patients who take different angiotensin-converting enzyme inhibitors after
acute myocardial infarction: a class effect? Ann Intern Med. 2004 Jul 20;141(2):102-
12. The Montreal General Hospital, Jewish General Hospital, and McGill University,
Montreal, Quebec, Canada.
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39.

40.

41.

42.

43.

44,

= Enalapril, fosinopril, captopril, quinapril, and lisinopril were associated with
higher mortality than was ramipril. Ramipril was associated with lower mortality
than most other ACE inhibitors.

Predel HG; Dusing R, Backer A, Kipnowski J, Kramer HJ. Combined treatment of
severe essential hypertension with the new angiotensin converting enzyme inhibitor
ramipril. AmJ Cardiol. 1987 Apr 24;59(10):143D-148D.

= Efficacy, tolerance and safety of this ramipril were evaluated. The first dose of 5
mg ramipril resulted in 2 moderate but significant decrease in systolic and
diastolic blood between 3 and 6 hours after drug administration. Severe
hypotension and reflex tachycardia were not observed.

Robinson RF, Nahata MC, Batisky DL, Mahan JD. Pharmacologic treatment of chronic
pediatric hypertension. Paediatr Drugs. 2005;7(1):27-40. Review. Department of
Pediatrics, The Ohio State University College of Medicine and Public Health, Columbus,
OH 43205, USA. -

«  The most commonly prescribed antihypertensive medications in children due to
their low adverse-effect profiles are captopril, enalapril, lisinopril, ramipril) and
calcium channel antagonists (e.g. nifedipine, amlodipine, felodipine, isradipine).
Diuretics (e.g. thiazide diuretics, loop diuretics, and potassium-sparing diuretics)
are usually reserved as adjunct therapy.

Saalbach R, Wochnik G, Mauersberger H, Cairns V, Breitstadt A, Rangoonwala B.
Antihypertensive efficacy, tolerance, and safety of ramipril in young vs. old patients: a
retrospective study. J Cardiovasc Pharmacol. 1991;18 Suppl 2:5134-6. Hoechst AG,
Frapkfurt/Main, F.R.G. .

= The efficacy, tolerance, and safety of ramipril was studied in 502 patients.
Ramipril was well tolerated by both young and old patients, and there was little
evidence that it was less safe in the elderly.

Schreiner M, Berendes B, Verho M, Langley A, Cairns V. Antihypertensive efficacy,
tolerance, and safety of long-term treatment with ramipril in patients with mild-to-
moderate essential hypertension. J Cardiovasc Pharmacol. 1991;18 Suppl 2:5137-40.
Clinical Research Department, Hoechst AG, Frankfurt/Main, F.R.G.

= 555 hypertensive studied to determine the efficacy, tolerance, and safety of long-
term therapy with ramipril. Ramipril was safe, effective, and well tolerated in the
long-term treatment of patients with mild-to-moderate essential hypertension.

Seeman T, Dusek J, Vondrak K, Flogelova H, Geier P, Janda J. Ramipril in the
treatment of hypertension and proteinuria in children with chronic kidney diseases.
Am J Hypertens. 2004 May;17(5 Pt 1):415-20. First Department of Paediatrics, Prague
University Hospital, V Uvalu 84, Motol, 15006 Prague 5, Czech Republic.

s Ramipril is an effective and safe drug in children with chronic kidney diseases
associated with hypertension, proteinuria, or both.

Teo K, Yusuf S, Sleight P, Anderson C, Mookadam F, Ramos B, Hilbrich L, Pogue J,
Schumacher H; ONTARGET/TRANSCEND Investigators. Rationale, design, and
baseline characteristics of 2 large, simple, randomized trials evaluating telmisartan,
ramipril, and their combination in high-risk patients: the Ongoing Telmisartan Alone
and in Combination with Ramipril Global Endpoint Trial/Telmisartan Randomized
Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease
(ONTARGET/TRANSCEND) trials. Am Heart J. 2004 Jul;148(1):52-61. McMaster
University Medical Centre, 1200 Main Street West, Hamilton, Ontario, Canada L8N 3Z5.

*  Telmisartan alone and in combination with Ramipril Global Endpoint Trial
(ONTARGET) are to determine if the combination of the ARB telmisartan and
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45.

46.

47.

48.

49.

50.

the ACE inhibitor ramipril is more effective than ramipril alone, and if
telmisartan is at least as effective as ramipril.
Tochikubo O, Asahina S, Kaneko Y. Effect of ramipril on 24-hour variability of blood
pressure and heart rate in essential hypertension. AmJ Cardiol. 1987 Apr
24;59(10):83D-85D. :
»  Ramipril produced a steady decrease in blood pressure without changing heart
rate.
Todd PA, Benfield P. Ramipril. A review of its pharmacological properties and
therapeutic efficacy in cardiovascular disorders. Drugs. 1990 J an;39(1):110-35.
Review. ADIS Drug Information Services, Auckland, New Zealand.
= Hypertensive patients given daily doses in the range 2.5 to 20 mg are usually
effective in reducing high blood pressure and maintaining satisfactory control
during long term treatment. Patients who do not respond adequately to
monotherapy with ramipril usuaily respond with the addition of a diuretic such as
hydrochlorothiazide or piretanide. Ramipril 5 to 10 mg once daily shows
comparable antihypertensive efficacy to usual therapeutic dosages of captopril,
enalapril and atenolol in patients with mild to moderate essential hypertension.
Ramipril will likely represent a useful alternative ACE inhibitor for use in
patients with hypertension or congestive heart failure.
Tu K, Mamdani M, Kopp A, Lee D. Comparison of angiotensin-converting enzyme
inhibitors in the treatment of congestive heart failure. Am J Cardiol. 2005 Jan
15;95(2):283-6. Institute for Clinical Evaluative Sciences, G106-2075 Bayview Avenue,
Toronto, Ontario M4N 3M5, Canada. ’
= Relative to those initiated on enalapril, no significant differences in the combined
end point of readmission to the hospital for CHF or mortality were observed
among users of lisinopril, ramipril, or other ACE inhibitors. In terms of
effectiveness for the treatment of patients with CHF, the findings of this study
suggest a class effect among ACE inhibitors i
van Griensven JM, Schoemaker RC, Cohen AF, Luus HG, Seibert-Grafe M, Rothig HI.
Pharmacokinetics, pharmacodynamics and bioavailability of the ACE inhibitor
ramipril. Eur J Clin Pharmacol. 1995;47(6):513-8. Centre for Human Drug Research,
University Hospital Leiden, The Netherlands.
= The pharmacokinetics and pharmacodynamics of the prodrug ramipril and its
active metabolite ramiprilat were investigated. Ramiprilat renal clearance was
concentration dependent. The biological availability of ramipril can best be
judged by ramiprilat AUC, urinary recovery of ramipril and metabolites, or ACE
inhibition over 24 h. It is concluded that the bioavailability of oral ramipril seems
to be in the range of 44-66%.

Vasmant D, Lendresse P, Lemarie JC, Gallet M. Comparison of response rates to the

angiotensin-converting enzyme inhibitor ramipril in mild-to-moderate hypertension in
a double-blind, parallel-group study and an open single-blind study. Cardiovasc
Pharmacol. 1991;18 Suppl 2:5144-6. Laboratoires Hoechst, Paris La Defense, France.

* ramipril was studied to identify the minimum effective dose for the management
of mild-to-moderate hypertension. It is concluded that study methodology
apparently influences efficacy and tolerability.

Willenheimer R, Rydberg E, Oberg L, Juul-Moller S, Erhardt L. ACE inhibition with

ramipril improves left ventricular function at rest and post exercise in patients with

stable ischaemic heart disease and preserved left ventricular systolic function.

Eur Heart J. 1999 Nov;20(22):1647-56. Department of Cardiology, Malmo University
Hospital, Lund University, Malmo, Sweden.
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=  Six months ramipril treatment in patients with stable ischaemic heart disease and
preserved left ventricular systolic function improved resting left ventricular
function and reduced the exercise induced diastolic filling abnormalities usually
seen in these patients.

51. Wu N, Zhu JR, Chen KA. Tolerability of ramipril 10 mg/day in htgh—rtsk Chinese
patients. Clin Drug Invest 2002:22(11):771-81

52. Wuhl E, Mehls O, Schaefer F; ESCAPE Trial Group. Antihypertensive and
antiproteinuric efficacy of ramipril in children with chronic renal failure. Kidney Int.
2004 Aug;66(2):768-76. Division of Pediatric Nephrology, University Children's
Hospital, University of Heidelberg, Heidelberg, Germany.

= Ramipril appears to be an effective and safe antihypertensive and antiproteinuric
agent in children with CRF-associated hypertension. The BP lowering and
antiproteinuric effects are greatest in severely hypertensive and proteinuric
children. -

53. Yeung E, Wong FS, Wanless IR, Shiota K, Guindi M, Joshi S, Gardiner G. Ramipril-
associated hepatotoxicity. Arch Pathol Lab Med. 2003 Nov;127(11):1493-7.
Departments of Medicine, Toronto General Hospital, Toronto, Ontario, Canada.

= Prolonged cholestatic hepatitis and biliary cirrhosis may result from the use of
ramipril. Monitoring of liver enzymes is advisable for patients starting on
ramipril.
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Phase 2:

Phase 3:

PK/PD:

Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:

IL. Biopharmaceutics

Absolute bioavailability:

Relative bioavailability -

solution as reference:

alternate formulation as reference-

Bioequivalence studies -

traditional design; single /multi dose:
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Food-drug interaction studies:

Dissolution:
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Chronopharmacokinetics

Pediatric development plan

Literature References
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