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MEETING PRELIMINARY COMMENTS
lonis Pharmaceuticals, Inc.
Attention: Matt Buck, JD
Senior Vice President, Regulatory Affairs
2855 Gazelle Court
Carlsbad, CA 92010

Dear Mr. Buck:?

Please refer to your investigational new drug application (IND) submitted under section
505(i) of the Federal Food, Drug, and Cosmetic Act for ION-682884 (eplontersen).

We also refer to your June 24, 2022, correspondence, received June 24, 2022,
requesting a meeting to discuss high-level results of the ION-682884-CS3 interim
analysis and the planned NDA submission.

Our preliminary responses to your meeting questions are enclosed.

You should provide, to the Regulatory Project Manager, a hardcopy or electronic
version of any materials (i.e., slides or handouts) to be presented and/or discussed
at the meeting.

In accordance with FDA policy, you should not make audio or visual recordings of the
discussion at this meeting. Consistent with 21 CFR 10.65(e), the official record of this
meeting will be the FDA-generated minutes.

If you have any questions, contact me via email at Michael.Matthews@fda.hhs.gov or
via telephone at (301) 796-3047.
Sincerely,

{See appended electronic signature page}

Michael Matthews
Regulatory Project Manager
Neurology Group 1
Division of Regulatory Operations for Neuroscience
Office of Regulatory Operations
Center for Drug Evaluation and Research
ENCLOSURE:
Preliminary Meeting Comments

1 We update guidances periodically. For the most recent version of a guidance, check the FDA Guidance
Documents Database https://www.fda.gov/Regulatorylnformation/Guidances/default.htm.
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Meeting Type: B

Meeting Category: Pre-NDA

Meeting Date and Time: August 23, 2022, at 3:00 PM to 4:00 PM Eastern Time

Meeting Location: Teleconference

Application Number: IND 139521

Product Name: ION-682884 (eplontersen)

Indication: For the treatment of the polyneuropathy of hereditary
transthyretin-mediated amyloidosis (ATTRv) in adults

Sponsor Name: lonis Pharmaceuticals, Inc.

Regulatory Pathway: 505(b)(1) of the Federal Food, Drug, and Cosmetic Act
FDA ATTENDEES (tentative)

Office of Neuroscience
Billy Dunn, MD, Director

Division of Neurology 1

Teresa Buracchio, MD, Director

Laura Jawidzik, MD, Clinical Team Lead and Deputy Director (Acting)
Daniel Foster, DO, Clinical Reviewer

Sally Jo Yasuda, MS, PharmD, Deputy Director for Safety

Division of Pharmacology/Toxicology - Neuroscience
Lois Freed, PhD, Director
David Hawver, PhD, Reviewer

Office of Biostatistics
Kun Jin, PhD, Statistical Team Leader
Jinnan (Joanne) Liu, PhD, Statistical Reviewer

Office of Clinical Pharmacology

Bilal AbuAsal, PhD, Clinical Pharmacology Team Leader

Poonam Delvadia, PhD, Clinical Pharmacology Reviewer

Bart Rogers, PharmD, PhD, Reviewer, Genomics and Targeted Therapy Group

Office of Pharmaceutical Quality

Martha Heimann, PhD, CMC Lead for Neurology Products
Katie Duncan, PhD, CMC Reviewer
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Controlled Substances Staff
Chad Reissig, PhD, Supervisory Pharmacologist
Neil Varshneya, PhD, Pharmacologist

Office of Scientific Investigations
Phillip Kronstein, MD, GCP Team Lead,
Cara Alfaro, PharmD, BCPP Clinical Analyst

Division of Regulatory Operations for Neuroscience
Heather Bullock, RN, Chief, Project Management Staff
Michael Matthews, Regulatory Project Manager, Neurology 1

SPONSOR ATTENDEES

Eugene Schneider, MD, Executive Vice President, Chief Clinical Development Officer
Charles Asare, MD, MPH, Vice President & Head of Drug Safety
Scott Henry, PhD, Senior Vice President, Preclinical Development
Nicholas Viney, BSc, Executive Director, Clinical Development
Patricia Fraser, MD, Executive Director, Clinical Development
Tae-Won Kim, PhD, Executive Director, Toxicology

Matt Buck, JD, Senior Vice President, Regulatory Affairs

Jennifer Franklin, Executive Director, CMC Regulatory Affairs

Christie Hamel, Director, Regulatory Operations

Russell Esterline, Global Product Leader

Caroline Meloty-Kapella, PhD, Senior Regulatory Affairs Director
Jersey Chen, MD, Global Clinical Head

Peter Wessman, Senior Director Statistics, Biometrics Team Lead
Joanna Harding, Director, Toxicology Project Lead, Nonclinical Safety
Kate Arnot, CMC Regulatory Affairs Director

Nicole Shepard, US Regulatory Affairs Director

Introduction:

This material consists of our preliminary responses to your questions and any
additional comments in preparation for the discussion at the meeting scheduled for
August 23, 2022, at 3:00 PM to 4:00 PM Eastern Time teleconference between
lonis and the Division of Neurology 1. We are sharing this material to promote a
collaborative and successful discussion at the meeting. The meeting minutes will
reflect agreements, important issues, and any action items discussed during the
meeting and may not be identical to these preliminary comments following
substantive discussion at the meeting. If you determine that discussion is needed
for only some of the original questions, you have the option of reducing the
agenda. Contact the Regulatory Project Manager (RPM) if there are any major
changes to your development plan, the purpose of the meeting, or the questions

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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based on our preliminary responses, as we may not be prepared to discuss or
reach agreement on such changes at the meeting.

1.0 BACKGROUND

lonis Pharmaceuticals, Inc. is developing ION-682884for the treatment of transthyretin-
mediated amyloidosis, including polyneuropathy of hereditary ATTR (hATTR-PN) under
this IND.

The sponsor is currently conducting two Phase 3 clinical trials. High-level results from
the week 35 interim efficacy analysis of ION-682884-CS3 (NEURO-TTRansform) were
included in the meeting request and meeting package. NEURO-TTRansform is a 66-
week, externally controlled, multi-center trial with 144 adult patients randomized 6:1 to
eplontersen or active control (inotersen). Study endpoints include the change from
baseline in serum TTR, mNIS+7, and Norfolk QoL-DN. The sponsor intends to use
these data to support an NDA, with the NDA submission expected by the end of 2022.

The purpose of this meeting is to obtain FDA feedback on the adequacy of the high-
level results from the interim analysis to submit an NDA submission, the scope of
information to be submitted to the NDA, and obtain agreement on the content of a
complete application.

The Agency’s preliminary responses to the questions contained in the sponsor’s July
22, 2022, background package follow below.

2.0 DISCUSSION

2.1.  Nonclinical
Question 1: Does the Agency agree that the overall nonclinical data package is
adequate to support review of an NDA for eplontersen for the treatment of ATTRv-

PN in adults?

FDA Response to Question 1:

The completed nonclinical studies appear sufficient to support review of an NDA for
eplontersen.

Question 2: Does the Agency agree with the Sponsor’s proposal to submit the 6-
month carcinogenicity study report in transgenic mice post approval?

FDA Response to Question 2:

Because of the seriousness of the indication, the report of the 6-month
U.S. Food and Drug Administration

Silver Spring, MD 20993
www.fda.gov
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carcinogenicity study in transgenic mice may be submitted post approval.

2.2. Regulatory

Question 3: Does the Agency agree that the body of evidence proposed to be
included in the NDA is sufficient to inform an assessment of the benefit:risk profile
for the proposed indication, i.e., for the treatment of the polyneuropathy of hereditary
transthyretin-mediated amyloidosis (ATTRvV) in adults?

FDA Response to Question 3:

We do not agree. Your proposed safety database does not appear adequate to
support a submission for the treatment of hATTR-PN with eplontersen. Given the
potential safety concerns with drugs in this class, we would expect the initial
submission to contain safety data for 100 subjects treated for one year with
eplontersen. Additionally, the submission of safety data for an additional 80 subjects
for the 120-day safety update appears to be excessive, as this is more than double
the number of exposures you have proposed for the initial submission and could
substantially impact the safety review. An adequate characterization of the safety
profile of eplontersen needs to be provided at the time of the initial NDA submission.

Clinical Pharmacology:
You need to establish an adequate PK bridge between the clinical trial product (i.e.,
eplontersen vial) and the to-be-marketed product (i.e., autoinjector).

You should provide a justification explaining the effect of hepatic impairment on the
pharmacokinetics eplontersen.

Question 4: Does the Agency agree the proposed content of the NDA is a complete
application?

FDA Response to Question 4:

See response to question 3. In addition, we have following recommendations
regarding the proposed content of your NDA and your proposed eCTD Table of
Contents:

e Attachment 1, appended to the end of this letter, provides comprehensive
suggestions regarding the presentation of the safety database in the NDA.
We note that not all of the analyses listed in that attachment may be
appropriate for the patient population that is to be the subject of the NDA,;
however, you should conduct those analyses that apply to your study
population.

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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e Please refer to the Clinical Pharmacology Summary Aid (Attachment 2) when
preparing for the NDA submission.

e Forms 356h, 3397, and 3674 should all be placed in Section 1.1 (Forms).
The Proposed eCTD Table of Contents found in Table 20 for planned NDA
submission contains Form 356h, Form 3397, and Form 3674 in Section 1.1.2,
1.1.3 and 1.1.7 respectively.

e The proposed eCTD Table of Contents found in Table 22 contains sublevels
(for example 3.2.P.2.1 Components of the Drug Product). Documents may
not be submitted at this level for eCTD submissions. Documents may be
written at this level but must be submitted at the higher level which should be
Section 3.2.P.2.

e The proposed eCTD Table of Contents found in Table 23 contains 4.2.1
Pharmacokinetics. The correct section should be 4.2.2 Pharmacokinetics.

Question 5: Does the Agency agree with the proposed plan for the safety update
report required under 21 CFR 314.50 (d)(5)(vi)(b) and would the Agency be
amenable to inclusion of up to Week 66 efficacy data and an updated USPI at time
of this safety update?

FDA Response to Question 5:

We do not agree. Please see response to Question 3. In addition, we do not agree

with your plan to submit the Week 66 efficacy data at the 120-day safety update. All
efficacy and safety data necessary to support the approval of your product should be
included at the time of the initial submission.

Surveillance for eplontersen-associated platelet/renal/liver dysfunction will be a

review issue.

Question 6: Does the Agency agree the eplontersen safety database to be
submitted in the NDA is sufficient to make a determination on laboratory monitoring
(platelet, renal, and hepatic)?

FDA Response to Question 6:

See the answer to question 3 regarding the size of your currently proposed safety
database. Ultimately, whether laboratory monitoring will be required for the use
eplontersen will be a review issue.

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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Question 7: Does the Agency anticipate seeking guidance from an Advisory
Committee?

FDA Response to Question 7:

The Division does not anticipate the need for an advisory committee meeting at this
time. However, if the application is fileable, the final decision would be made at the
time of filing.

2.3. Additional comments
CSS Comments:

ION-682884 appears to lack abuse potential, and therefore animal and human studies
of abuse potential are not warranted at this time. However, for all clinical studies
conducted with ION-682884, we recommend analyzing and reporting adverse events
(AEs) that may be indicative of CNS activity, in particular, AEs suggestive of euphoria or
other abuse potential-associated AEs. See the guidance for industry, Assessment of
Abuse Potential of Drugs, section V.B., for additional details.2

3.0 ADDITIONAL INFORMATION

DISCUSSION OF THE CONTENT OF A COMPLETE APPLICATION

As stated in our June 30, 2022, communication granting this meeting, if, at the time of
submission, the application that is the subject of this meeting is for a new molecular
entity or an original biologic, the application will be subject to “the Program” under
PDUFA VI. Therefore, at this meeting be prepared to discuss and reach agreement with
FDA on the content of a complete application, including preliminary discussions on the
need for risk evaluation and mitigation strategies (REMS) or other risk management
actions and, where applicable, the development of a Formal Communication Plan, as
well as a timeline for review activities associated with a scheduling recommendation
under the Controlled Substances Act for drugs with abuse potential. You and FDA may
also reach agreement on submission of a limited number of minor application
components to be submitted not later than 30 days after the submission of the original
application. These submissions must be of a type that would not be expected to
materially impact the ability of the review team to begin its review. All major components
of the application are expected to be included in the original application and are not
subject to agreement for late submission.

2 https://www.fda.gov/media/116739/download

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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Discussions and agreements will be summarized at the conclusion of the meeting and
reflected in FDA’s meeting minutes. If you decide to cancel this meeting and do not
have agreement with FDA on the content of a complete application or late submission of
any minor application components, your application is expected to be complete at the
time of original submission.

In addition, we remind you that the application is expected to include a comprehensive
and readily located list of all clinical sites and manufacturing facilities.

Information on the Program is available at FDA.gov.3

PREA REQUIREMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355c), all applications for
new active ingredients (which includes new salts and new fixed combinations), new
indications, new dosage forms, new dosing regimens, or new routes of administration
are required to contain an assessment of the safety and effectiveness of the product for
the claimed indication(s) in pediatric patients unless this requirement is waived,
deferred, or inapplicable.

Because this drug product for this indication has an orphan drug designation, you are
exempt from these requirements. Please include a statement that confirms this finding,
along with a reference to this communication, as part of the pediatric section (1.9 for
eCTD submissions) of your application. If there are any changes to your development
plans that would cause your application to trigger PREA, your exempt status would
change.

PRESCRIBING INFORMATION

In your application, you must submit proposed prescribing information (PI) that
conforms to the content and format regulations found at 21 CFR 201.56(a) and (d) and
201.57 including the Pregnancy and Lactation Labeling Rule (PLLR) (for applications
submitted on or after June 30, 2015). As you develop your proposed PI, we encourage
you to review the labeling review resources on the PLR Requirements for Prescribing
Information* and Pregnancy and Lactation Labeling Final Rule® websites, which include:

e The Final Rule (Physician Labeling Rule) on the content and format of the PI for
human drug and biological products.

e The Final Rule (Pregnancy and Lactation Labeling Rule) on the content and

3 https://www.fda.gov/Forindustry/UserFees/PrescriptionDrugUserFee/default.htm
4 https://www.fda.gov/drugs/laws-acts-and-rules/plr-requirements-prescribing-information
5 https://www.fda.gov/drugs/labeling/pregnancy-and-lactation-labeling-drugs-final-rule

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov

Reference ID: 5030286



IND 139521
Page 9

format of information related to pregnancy, lactation, and females and males of
reproductive potential.

¢ Regulations and related guidance documents.
e A sample tool illustrating the format for Highlights and Contents, and

e The Selected Requirements for Prescribing Information (SRPI) — a checklist of
important format items from labeling regulations and guidances.

e FDA'’s established pharmacologic class (EPC) text phrases for inclusion in the
Highlights Indications and Usage heading.

Pursuant to the PLLR, you should include the following information with your application
to support the changes in the Pregnancy, Lactation, and Females and Males of
Reproductive Potential subsections of labeling. The application should include a review
and summary of the available published literature regarding the drug’s use in pregnant
and lactating women and the effects of the drug on male and female fertility (include
search parameters and a copy of each reference publication), a cumulative review and
summary of relevant cases reported in your pharmacovigilance database (from the time
of product development to present), a summary of drug utilization rates amongst
females of reproductive potential (e.g., aged 15 to 44 years) calculated cumulatively
since initial approval, and an interim report of an ongoing pregnancy registry or a final
report on a closed pregnancy registry. If you believe the information is not applicable,
provide justification. Otherwise, this information should be located in Module 1. Refer to
the draft guidance for industry Pregnancy, Lactation, and Reproductive Potential:
Labeling for Human Prescription Drug and Biological Products — Content and Format.

Prior to submission of your proposed PI, use the SRPI checklist to ensure conformance
with the format items in regulations and guidances.

DISCUSSION OF SAFETY ANALYSIS STRATEGY FOR THE ISS

After initiation of all trials planned for the phase 3 program, you should consider
requesting a Type C meeting to gain agreement on the safety analysis strategy for the
Integrated Summary of Safety (ISS) and related data requirements. Topics of
discussion at this meeting would include pooling strategy (i.e., specific studies to be
pooled and analytic methodology intended to manage between-study design
differences, if applicable), specific queries including use of specific standardized
MedDRA queries (SMQs), and other important analyses intended to support safety. The
meeting should be held after you have drafted an analytic plan for the ISS, and prior to
programming work for pooled or other safety analyses planned for inclusion in the ISS.
This meeting, if held, would precede the Pre-NDA meeting. Note that this meeting is
optional; the issues can instead be addressed at the pre-NDA meeting.

U.S. Food and Drug Administration

Silver Spring, MD 20993

www.fda.gov
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To optimize the output of this meeting, submit the following documents for review as
part of the briefing package:
e Description of all trials to be included in the ISS. Please provide a tabular listing
of clinical trials including appropriate details.

e |SS statistical analysis plan, including proposed pooling strategy, rationale for
inclusion or exclusion of trials from the pooled population(s), and planned
analytic strategies to manage differences in trial designs (e.g., in length,
randomization ratio imbalances, study populations, etc.).

e For a phase 3 program that includes trial(s) with multiple periods (e.g., double-
blind randomized period, long-term extension period, etc.), submit planned
criteria for analyses across the program for determination of start / end of trial
period (i.e., method of assignment of study events to a specific study period).

e Prioritized list of previously observed and anticipated safety issues to be
evaluated, and planned analytic strategy including any SMQs, modifications to
specific SMQs, or sponsor-created groupings of Preferred Terms. A rationale
supporting any proposed modifications to an SMQ or sponsor-created groupings
should be provided.

When requesting this meeting, clearly mark your submission “DISCUSS SAFETY
ANALYSIS STRATEGY FOR THE ISS” in large font, bolded type at the beginning of
the cover letter for the Type C meeting request.

ABUSE POTENTIAL ASSESSMENT

Drugs that affect the central nervous system, are chemically or pharmacologically
similar to other drugs with known abuse potential, or produce psychoactive effects such
as mood or cognitive changes (e.g., euphoria, hallucinations) need to be evaluated for
their abuse potential and a proposal for scheduling will be required at the time of the
NDA submission [21 CFR 314.50(d)(5)(vii)]. For information on the abuse potential
evaluation and information required at the time of your NDA submission, see the
guidance for industry Assessment of Abuse Potential of Drugs.®

OFFICE OF SCIENTIFIC INVESTIGATIONS (OSI) REQUESTS

The Office of Scientific Investigations (OSI) requests that the items described in the
draft guidance for industry, Standardized Format for Electronic Submission of NDA and

6 We update guidances periodically. For the most recent version of a guidance, check the FDA Guidance
Documents Database https://www.fda.gov/Regulatorylnformation/Guidances/default.htm.

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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BLA Content for the Planning of Bioresearch Monitoring (BIMO) Inspections for CDER
Submissions, and the associated conformance guide, Bioresearch Monitoring Technical
Conformance Guide Containing Technical Specifications, be provided to facilitate
development of clinical investigator and sponsor/monitor/CRO inspection assignments,
and the background packages that are sent with those assignments to the FDA ORA
investigators who conduct those inspections. This information is requested for all major
trials used to support safety and efficacy in the application (i.e., phase 2/3 pivotal trials).
Please note that if the requested items are provided elsewhere in submission in the
format described, the Applicant can describe location or provide a link to the requested
information.

Please refer to the draft guidance for industry Standardized Format for Electronic
Submission of NDA and BLA Content for the Planning of Bioresearch Monitoring
(BIMO) Inspections for CDER Submissions (February 2018) and the associated
Bioresearch Monitoring Technical Conformance Guide Containing Technical
Specifications.’

7 https://www.fda.gov/media/85061/download

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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Attachment 1

DN1 Pre-BLA and Pre-NDA Meetings
General Clinical Safety Requests

Datasets:

1.

Each individual subject should be assigned a single unique subject identifier
across the entire application (e.g., including open label extensions of the trials).
Include the unique subject identifier in the ISS and individual studies’ datasets.
Submit datasets for all Phase 1, Phase 2, Phase 3 studies (including open label
extension studies), including the Phase 2 and 3 studies performed for indications
other than the one proposed for this application.

For additional guidance refer to the FDA webpage on Study Data Standards Resources.

General Submission Contents:

1.

Follow the requirements noted in 21CFR 314.50 (d)(5)(vi), Summary of Safety
Information and the Guideline for the Format and Content of the Clinical and
Statistical Sections of an Application
Provide an assessment of safety as per the FDA Guidance for Industry:
Premarketing Risk Assessment
Include a copy of each clinical study protocol as well as each amended protocol.
Provide a list of the inclusion and exclusion criteria for each of the studies,
including those introduced as part of protocol amendments. Please submit all
versions of the protocols (and Statistical Analysis Plan) and the date when
changes were implemented. Please ensure that a Summary of Changes for
each version is included.
In addition to the comprehensive analyses performed for the pivotal trials, the
ISS should also comprehensively integrate safety analyses for all other study
group pools for treatment-emergent adverse events (TEAES), deaths, serious
adverse events, discontinuations for TEAEs, TEAEs of special interest,
subgroups, and vital sign/laboratory/ECG measurements.
Submit a table detailing all of the tables and figures featured in the clinical
efficacy and safety sections of the application. The table should contain the
following:

a. Title of the table or figure in the application

b. A hyperlink to the location of the table or figure with page number

c. A hyperlink to the SAS code used to create the table or figure (including

information regarding the datasets that were used)

Format the tables of the ISS according to examples in FDA’s Reviewer Guidance
— Conducting a Clinical Safety Review of a New Product Application and
Preparing a Report on the Review.

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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7.
8.

9.

Include active hyperlinks from the lists of references to the referenced article.
Provide DSMB meeting minutes (including any data/slides presented). For those
meetings that were cancelled or meetings where no minutes were taken, please
include a place holder for that meeting noting such and signed by a member of
the clinical team. Please also ensure that these packages come with a table of
contents and are bookmarked by date.

Include information regarding important regulatory actions in other countries and
foreign labeling (translated, if applicable).

10. Submit an annotated version of the pre-BLA meeting minutes that include

hyperlinks, when applicable, to the analysis and/or documents requested.

Adverse events:

Follow the coding rules for MedDRA in the ICH-endorsed “MedDRA Term
Selection: Points to Consider” document accessible at MedDRA

For each of the studies, the submitted datasets should contain both the verbatim
terms and the MedDRA coding with all levels of the MedDRA hierarchy. For each
adverse event, MedDRA coding should be provided for the primary MedDRA
path.

Provide a summary table of the original AE coding dictionaries that were used in
each of the trials.

The preparation of the adverse event dataset for the ISS should include MedDRA
Preferred Terms from a single version of MedDRA.

Ensure that all adverse events are presented, and not only events deemed “drug-
related.”

Provide a table of treatment-emergent adverse events reported in = 2% of
subjects (after rounding) in any drug treated dose group (and greater than
placebo) sorted by MedDRA SOC (in alphabetical order) and then by MedDRA
Preferred Term.

Provide a table which summarizes the outcomes of all pregnancies. Provide a
table which summarizes all known adverse events in subject offspring.

Narratives and Case Report Forms (CRFs):

1. Provide narratives and case report forms for deaths, adverse events leading to

drug discontinuation, SAEs, pregnancies, and AEs of special interest. You should
be prepared to supply any additional CRFs or narratives with a rapid turnaround
upon request. Narratives should be integrated. For subjects who had more than
one event requiring a narrative (whether in the same trial or in the core study and
an extension) present a single narrative (rather than separate narratives for the
various events).

Include a word file (and excel spreadsheet) that indicates those subjects for
whom you submitted a case report form and/or narrative. This file should include

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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an indicator for whether each item was submitted and the reason why it was
submitted along with hyperlinks to the narrative and CRF.

Provide reports for any autopsies conducted during any of the studies.

Provide a line listing, narrative, and case report form for all subjects who fit the
Hy’s Law laboratory criteria.

Note that CRFs should include all clinical documents collected about the patient
regardless of whether you label them “CRFs”, e.g., Medwatch/CIOMS forms,
event fax coversheets, SAE or event worksheets, narrative worksheets, data
gueries, etc.

Provide a tabular listing of all subjects with all discontinuations, sorted by reason.
The table should include columns for study number, treatment group, unique
subject ID, primary reason for drug or study discontinuation. For reasons
including Lost to follow-up, Other, Physician/investigator decision, Withdrew
consent, and Patient decision, provide more specific information regarding the
discontinuation. The Division may want to request selected narratives/CRFs from
some of these patients, but they do not need to be submitted at the time of the
initial NDA/BLA submission.

. Narrative summaries should provide a complete synthesis of all available clinical

data and an informed discussion of the case. The narratives should be
comprehensive enough for the reader to come to a reasonable conclusion
regarding the subject and the adverse event. The following items should be
included (but not limited to):

Patient age and gender

Adverse event onset and stop dates (presented as relative Study Day number)
Signs and symptoms related to the adverse event being discussed

An assessment of the relationship of exposure duration to the development of the
adverse event

Pertinent medical history

Concomitant medications with start dates relative to the adverse event

Pertinent physical exam findings

Any abnormal vital sign measurements

Pertinent test results (e.g., lab data, ECG data, procedures, biopsy data, autopsy
results)

Discussion of the diagnosis as supported by available clinical data

For events without a definitive diagnosis, a list of the differential diagnoses
Treatment provided

. Re-challenge results (if performed)

Outcomes and follow-up information

Laboratory and Vital Sign Measurements:

1.

2.

Refer to the following FDA webpage for the CDER position on use of Sl units for
lab tests: Sl Units.
Provide the normal reference ranges for every laboratory value.

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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3. Clearly list the normal values, as well as the thresholds for analysis of outliers, for
outlier analyses of laboratory data, vital signs, and ECG data.

4. When possible, use the latest version of the National Institutes of Health (NIH)
Common Terminology Criteria for Adverse Events (CTCAE) for toxicity grades
and shift analyses.

5. Report the number and percentage of subjects with at least one post-treatment
vital sign measurement meeting any of these criteria:

* Systolic Blood Pressure: <90 mmHg, >140 mmHg, >160 mmHg

» Diastolic Blood Pressure: <50 mmHg, >90 mmHg, >100 mmHg

* Pulse Rate: <60 bpm, >100 bpm

» Body Weight: decrease of 27% from baseline and increase of 27% from baseline
* Temperature: >38.0 °C, <36.0 °C

* Respiratory rate: <12 breaths/min, > 20 breaths/min

6. Summarize the protocols for collecting ECG data. Summarize the frequency of
post-treatment QTc >450 ms, >480 ms, and >500 ms.

Other requests:

1. Patient profiles
Submit individual patient profiles containing all laboratory and other study results in a
single place for each patient. Provide this information for patients who died, had a
serious adverse event, discontinued from the trial due to an adverse event, or had a
medically significant event for which a narrative is submitted. Include all the
information recorded for that patient, including but not limited to:
a. Age
b. Sex
c. Dates of screening, randomization and starting therapy
d. Whether the patient completed or did not complete the study, with dates and
reason for withdrawal
e. Adverse events (reported term, preferred term, start and stop date [with relative
study day], seriousness, outcome, whether it resolved or not and action taken
with drug)
f. Prior medications and concomitant medications with dates of start and end
g. Vital signs and laboratories, sorted by date, with reference ranges *
h. Autopsy reports for all deaths. (If an autopsy report is not available, explicitly
state this.)
i. Full reports for radiologic studies, ECG, MRI, pathology results, special studies
and procedures with dates and reference ranges
J.  Provide relevant results obtained outside of clinical trial visits, including those
obtained during hospitalization or emergency room visits, in each patient file.
Also include baseline study results.
k. For patients who had IND safety report(s), include dates when the initial and
follow up safety reports were submitted.

U.S. Food and Drug Administration
Silver Spring, MD 20993
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Create a PDF file for each patient and a table of contents with links to each assessment
for each patient.

2. Please submit for Division comments an example narrative from a patient who
had more than one serious adverse event and participated in the controlled and
extension studies prior to submitting your NDA.

We request that you submit a sample integrated summary of safety datasets (with data
definition file) for Division comments prior to submitting the NDA. This process could
help to identify and resolve any potential issues of navigability or interpretability that
could impact the review of your application.

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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Attachment 2.

CLINICAL PHARMACOLOGY SUMMARY AID

1. Goal

The goal of this Aid is to facilitate the creation of an optimal Clinical Pharmacology
Summary that summarizes the relevant Clinical Pharmacology findings and focuses
sponsor and reviewer on the critical review issues of a submission. To guide sponsors
in creating the Clinical Pharmacology Summary in NDA and BLA submissions the Aid
provides a generic questionnaire that covers the entire Clinical Pharmacology realm.
The aggregate answers provided by sponsors generate the desired Clinical
Pharmacology Summary in NDA and BLA submissions. Where needed instructions are
added to the questions to clarify what the answers should address. The questions and
instructions included in this guide are not intended to be either inclusive of all or
exclusive of any questions that specific reviews will address. A special Section of the
Clinical Pharmacology Summary should identify and discuss the critical findings and
issues and indicate how the unresolved issues are addressed.

The Clinical Pharmacology Summary generated by sponsors is a stand-alone
document, i.e. the answers to the questions including supporting evidence should be
self-sufficient. Appropriate use of complementary tables and figures should be made.
The sponsors’ answers to the questions should be annotated with links to the detailed
information in the study reports and the raw data located in SAS transport files.

2. Question Based Review

2.1 What are the in vitro and in vivo Clinical Pharmacology and
Biopharmaceutics studies and the clinical studies with PK and/or PD
information submitted in the NDA or BLA?

All performed Clinical Pharmacology studies (in vitro studies with human
biomaterials and in vivo studies) and clinical studies with PK and/or PD
information along with report numbers should be tabulated. Study titles,
objectives, treatments (single or multiple doses, size of the dose/interval),
demographics (sex, age, race/ethnicity, body weight, creatinine clearance) and
numbers of study participants should be listed. Studies whose results support
the label should be marked.

2.2 General Attributes of the Drug

2.2.1  What are the highlights of the chemistry and physical-chemical
properties of the drug substance and the formulation of the drug
product?

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov

Reference ID: 5030286



IND 139521

Page 18

2.2.2

2.2.3

224

2.3

231

2.3.2

2.3.3

2.4

241

Provide background information on the drug substance (description, chemical
name, molecular formula, molecular weight, structure), physical characteristics
(Log D, solubility, pKa if applicable). Provide tabular information on the drug
products, strengths, quantitative composition of ingredients and lot numbers for
all formulations used in all in vivo studies and indicate corresponding study
report numbers.

What are the proposed mechanism of action and therapeutic indications?

What are the proposed dosages and routes of administration?

What drugs (substances, products) indicated for the same indication are
approved in the US?

General Clinical Pharmacology

What are the design features of the clinical pharmacology and
biopharmaceutics studies and the clinical studies used to support dosing
or claims?

Provide a tabular description of the designs, methodology and salient findings
of the clinical pharmacology-, dose-ranging-, and pivotal studies and other
clinical studies with PK and/or PD information in brief for each indication.
Indicate duration of study, subjects’ demographics, dose regimens, endpoints
(clinical/biomarkers) and study report numbers.

What is the basis for selecting the response endpoints and how are they
measured in clinical pharmacology studies?

Provide a rationale for the selected clinical endpoints and biomarkers. For
biomarkers indicate relationship to effectiveness and safety endpoints.

Are the active moieties in plasma and clinically relevant tissues
appropriately identified and measured to assess pharmacokinetic
parameters and exposure response relationships?

Indicate circulating active moieties and their plasma and-tissue concentration
range after therapeutic doses of the drug of interest. Provide evidence that
sensitivity of the assay method(s) used is (are) sufficient to determine apparent
terminal t1/2 and AUC.

Exposure-Response

Does the exposure-response relationship support evidence of
effectiveness?

U.S. Food and Drug Administration
Silver Spring, MD 20993
www.fda.gov
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24.2

Describe briefly the method(s) used to determine the exposure-effectiveness
relationship from randomized and well controlled trials (RCT) and other
appropriate studies. Provide evidence that the exposure-response analysis
supports evidence of effectiveness: e.g. a significant slope in the E-R
relationship or a clear separation in effectiveness at different drug levels and
placebo.

Indicate whether the selected effectiveness endpoints are continuous,
categorical or event driven variables. Indicate the number of pooled subjects
studied and identify the trials they were enrolled in. Provide the results of the
analysis of the dose- and/or concentration-effectiveness relationship. Indicate
major covariates (e.g. age, body weight, sex, race/ethnicity, creatinine
clearance, disease severity, genetic factors, hormonal status see also 2.6/2.7)
impacting the exposure-effectiveness relationship. If not identifiable by
commonly known covariates, evaluate different strategies, for example
therapeutic drug monitoring, to maximize effectiveness for patients with a sub-
therapeutic exposure.

Provide point estimate as well as a measure of the inter-subject variability for
applicable. Indicate minimum and maximum effective dose- and concentration
levels (major active moieties). Provide evidence that with the proposed
regimens clinically meaningful effectiveness is maintained throughout the entire
dose interval or alternatively provide evidence that maintenance of
effectiveness during the entire dose interval is not important. Indicate the
magnitude of the effect at peak and trough concentrations with the tested dose
regimens. Indicate steady-state trough and peak plasma concentrations of the
major active moieties with the proposed dose regimens. Indicate whether AUC,
Cmax or Cmin is more correlated with effectiveness. Show the distribution of
the effect size for each dose/concentration level tested.

Justify if an analysis of the exposure-effectiveness relationship was not done.

What are the characteristics of the exposure-response relationships for
safety?

Describe briefly the method(s) used to determine the exposure-safety
relationship. The analysis should focus on adverse events responsible for
discontinuations and other drug related toxicities. Indicate whether the safety
endpoints are continuous, categorical or event driven variables. Indicate the
number of pooled subjects studied and identify the trials they were enrolled in.
Provide the results of the analysis of the dose- and/or concentration-safety
relationship. Indicate the major covariates (e.g. age, body weight, sex,
race/ethnicity, creatinine clearance, disease severity, genetic factors, hormonal
status) impacting the exposure-safety relationship. Provide point estimate as
well as a measure of the inter-subject variability for relevant safety endpoints.
Indicate magnitude and/or frequency of relevant adverse events at the tested

U.S. Food and Drug Administration
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2.4.3

244

2.5

251

dose/concentration levels. Indicate proportion of subjects with an excessive
adverse response. Indicate whether AUC, Cmax or Cmin is more related to
clinically relevant adverse effects. Add information on the maximum tolerated
single and multiple dose regimens and the corresponding plasma levels [mean
(SD) Cmax and AUC] of the circulating major active moieties.

Justify if an analysis of the exposure-safety relationship was not done.

Does this drug prolong QT/QTc Interval?

Provide a brief description of the study design, regimens, population and data
analysis used. Indicate whether plasma concentrations of the drug and the
relevant metabolites and the positive control were measured. Give a rationale
for the chosen supra-therapeutic dose regimen. Report the findings on the
relationship between dose/concentration and QTc interval. Indicate point
estimate and 95% confidence interval for the increase of the QTc- interval at
the supra-therapeutic dose level. Discuss the relevance of the findings for
safety. Provide support for the appropriateness of the selected supra-
therapeutic dose, if applicable. Indicate whether the pharmacokinetics of the
drug of interest at supra-therapeutic levels is different from that at therapeutic
levels.

Is the dose and dosing regimen selected consistent with the known E-R
relationship?

Provide information on the criteria used to select the dose regimen (doses,
dose intervals) used in the RCTs. Indicate the therapeutic dose and/or
concentration range for the drug and provide evidence that the proposed dose
regimens are optimal given the effectiveness/safety profile of the drug.

What are the PK characteristics of the drug?

What are the single and multiple dose PK parameters of parent drug and
relevant metabolites in healthy adults?

Briefly describe methods (two-stage and/or population approaches,
compartment model dependent or-independent methods) in healthy subjects
and in patients with the target disease used to determine the pharmacokinetic
parameters of parent drug and relevant metabolites (pharmacologically active
or impacting the exposure to parent drug or co-administered drugs). Provide
mean, median (SD, CV%) pharmacokinetic parameters of parent drug and
relevant metabolites after single doses and multiple doses at steady-state
[Cmax, tmax, AUC, Cmax,ss, Cmin,ss, Cmax,ss/Cmin,ss, tmax,ss, AUCO-T,
CL/F, VIF and t1/2 (half-life determining accumulation factor), accumulation
factor, fluctuation, time to steady-state]. Indicate how attainment of steady-
state is determined. Provide evidence for attainment of steady-state.

U.S. Food and Drug Administration
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25.2

253

254

2.5.5

2.5.6

25.7

2.5.8

How does the PK of the drug and its relevant metabolites in healthy
adults compare to that in patients with the target disease?

Compare the pharmacokinetic parameters of the drug of interest and relevant
metabolites in healthy subjects and patients with the target disease. Provide a
rationale for observed significant differences between healthy subjects and
patients with the target disease.

What is the inter- and intra-subject variability of the PK parameters in
volunteers and patients with the target disease?

Provide mean/median (SD, coefficient of variation, range within 5% to 95%
confidence interval bracket for concentrations) about mean AUC, Cmax, Cmin,
CL/F and t1/2 of the parent drug and relevant metabolites after single doses
and at steady-state.

What are the characteristics of drug absorption?

Indicate absolute and relative bioavailability, lag time, tmax, tmax,ss, Cmax,
Cmax,ss and extent of systemic absorption of parent drug and relevant
metabolites in healthy subjects and patients with the target disease. Indicate
mean (SD) for these parameters.

What are the characteristics of drug distribution?

Indicate mean (SD) V/F for the drug of interest in healthy subjects and patients
with target disease. Provide mean (SD) blood/ plasma ratio for parent drug in
healthy subjects. Briefly describe method and pH- and temperature conditions
used for determining plasma protein binding for parent drug and relevant
metabolites. Provide mean (SD) values of the plasma protein binding of the
drug of interest and relevant metabolites measured over the therapeutic range
in healthy subjects and patients with target disease and special populations.

Does the mass balance study suggest renal or hepatic as the major route
of elimination?

Present total, renal and fecal recoveries as percent of the administered total
radioactivity. Indicate the percentage of radioactivity excreted as unchanged
parent drug in urine and feces and the percent of radioactivity excreted as
metabolites in urine and feces.

What is the percentage of total radioactivity in plasma identified as parent
drug and metabolites?

Provide identification for = 90% of the circulating total radioactivity (AUC). If
multiple small peaks are present whose individual radioactivity is too small to
be assignable to individual metabolites provide an estimate for their
contribution to circulating total radioactivity.

What are the characteristics of drug metabolism?

U.S. Food and Drug Administration
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259

2.5.10

2511

2.5.12

2.5.13

Present the metabolic scheme for the drug. Provide an estimate for the
contribution of metabolism to the overall elimination of the drug of interest.
Indicate mean (SD) values for the non-renal clearance in healthy subjects and
patients with the target disease. Indicate whether active metabolites constitute
major circulating moieties and if so how much they contribute to effectiveness
and/or whether they affect safety.

Is there evidence for excretion of parent drug and/or metabolites into
bile?

If appropriate provide in vitro and/or in vivo evidence suggesting that parent
drug and/or metabolites are excreted into bile (in vitro: parent drug and/or
metabolites are substrates of BCRP, in vivo: recovery of unchanged parent
drug in mass balance- and absolute bioavailability studies suggest excretion
into bile)

Is there evidence for enterohepatic recirculation for parent and/or
metabolites?

Indicate whether there are secondary peaks and humps in the plasma
concentration profile correlating with food intake.

What are the characteristics of drug excretion in urine?

Provide an estimate of the contribution of renal excretion to the overall
elimination of parent drug in healthy volunteers. Present mean values (SD) for
the renal clearance (mL/min or mL/min/1.73m?) in healthy subjects and in the
target population. Using mean plasma protein binding and renal clearance
values in healthy subjects estimate the respective contributions of glomerular
filtration and net tubular secretion or re-absorption to renal clearance.

Based on PK parameters, what is the degree of the proportionality of the
dose-concentration relationship?

Briefly describe the statistical methods used to determine the type of
pharmacokinetics of the drug and its relevant metabolites (linearity, dose
proportionality, non-linearity, time dependency) in healthy subjects and patients
with the target disease. Identify the doses tested after single and multiple dose
administrations of the drug of interest and the respective dose normalized
mean (SD) Cmax and AUC values in healthy subjects and patients with the
target disease. Indicate whether the kinetics of the drug is linear, dose
proportionate or nonlinear within the therapeutic range. In case of nonlinear or
time dependent pharmacokinetics provide information on the suspected
mechanisms involved.

How do the PK parameters change with time following chronic dosing?
Indicate whether the mean ratio of AUCO-T at steady-state to AUC after the first
dose for the circulating major active moieties deviates statistically significantly
from 1.0 in healthy subjects and patients with the target disease. Discuss the
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2.5.14

2.6

26.1

2.6.2

26.21

2.6.2.2

relevance of the findings and indicate whether an adjustment of the dose
regimen is required. If the pharmacokinetics of the drug of interest changes
with time provide a rationale for the underlying mechanism.

Is there evidence for a circadian rhythm of the PK?

Indicate whether Cmax and Cmin of the parent drug after the morning and
evening dose differ significantly. Discuss the relevance of the findings and
whether an adjustment of the dose regimen is required for the drug of interest.
Provide a rationale for the underlying mechanism for the observed circadian
rhythm of the pharmacokinetics of the drug of interest. Indicate whether the
dose regimens in the pivotal studies were adjusted for circadian rhythm.

Intrinsic Factors

What are the major intrinsic factors responsible for the inter-subject
variability in exposure (AUC, Cmax, Cmin) in patients with the target
disease and how much of the variability is explained by the identified
covariates?

Provide for all studies investigating the impact of the intrinsic factors (age, sex,
body weight, ethnicity/race, renal and hepatic impairment) demographics and
number of study subjects, and dose regimens. Provide summaries of the
results and indicate intrinsic factors that impact significantly exposure and/or
efficacy and safety of the drug of interest. Provide for each major identified
covariate an estimate for its contribution to the inter-subject variability and
indicate how much of the inter-subject variability is explained by the identified
covariates.

Provide mean (SD) parameters for AUC, Cmax, clearance, volume of
distribution and t1/2 for pairs studied (e.g. elderly vs. young, male vs. female,
normal body weight vs. obese, race/ethnicity(x) vs. race/ethnicity (y), mild vs.
severe target disease)

Based upon what is known about E-R relationships in the target
population and their variability, what dosage regimen adjustments are
recommended for each group?

Characterize the populations (age, sex, body weight, ethnicity/race) used to
determine the impact of each intrinsic factor on variability in exposure and
exposure-response. Indicate for each intrinsic factor whether a dose
adjustment (change of dose or dose interval or both)) is required or not and
provide a rationale for either scenario.

Severity of Disease State

Sex
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2.6.2.3
26.24

2.6.25

2.6.2.6

2.6.2.7

2.6.2.8

Body Weight
Elderly

Pediatric Patients

If available provide mean (SD, range) pharmacokinetic parameters, biomarker
activity, effectiveness and safety in the pediatric sub-populations (neonates
(birth-1 month), infants (1 month- 2 years), children (2-12 years) and
adolescents (12- < 16 years) and define the target disease. If no information is
available in the pediatric population indicate age groups to be investigated in
future studies. Provide a summary stating the rationale for the studies
proposed and the endpoints and age groups selected. Include a hyperlink to
the development plan of the drug of interest in children.

Race/Ethnicity

Renal Impairment

Characterize the demographics for each subgroup (normal renal function, mild,
moderate and severe renal impairment, on and off dialysis). Indicate mean
(SD, range) for creatinine clearance estimated by the Cockroft-Gaul- and
MDRD equations for the stages of renal impairment investigated. Provide
arithmetic mean (SD) AUC, Cmax and t1/2 of parent drug and relevant
metabolites in the different sub-groups assessed by 2-stage or population PK
approaches. Show regressions including 90% confidence intervals of AUC,
Cmax and CL/F on Clcr for parent drug and relevant metabolites. If a
population approach is used provide evidence supporting that statistical power
was sufficient to determine impact of creatinine clearance.

Indicate mean (SD) for total and renal clearance of the drug in the different
sub-groups and provide estimates of the contribution of glomerular filtration
and net tubular secretion or re-absorption to the renal excretion of the drug of
interest. Indicate whether plasma protein binding of the active moieties is
significantly altered in renal impairment and whether the change in the
unbound fraction is clinically relevant. Indicate whether a dose adjustment
(dose or dose interval, or both) is required or not for each of the sub-groups of
patients with impaired renal function and provide a rationale for either scenario.

Hepatic Impairment

Characterize the demographics for each subgroup (normal hepatic function,
mild, moderate and severe hepatic impairment based on Child-Pugh scores).
Provide information on arithmetic mean (SD) AUC, Cmax, tmax and t1/2 of
parent drug and relevant metabolites in the different hepatic function sub-
groups assessed by two-stage or population PK approaches. Show
regressions including 90% confidence intervals of Cmax, AUC or CL/F on the
Child-Pugh score for parent drug and relevant metabolites. Indicate whether
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2.6.2.9

2.6.3

26.4

2641

2.6.4.2

2.6.4.3
26.4.4

2.6.45

2.7

2.7.1

plasma protein binding of the active moieties is significantly altered in hepatic
impairment and whether the change in the unbound fraction is clinically
relevant. Indicate whether a dose adjustment is required or not for each of the
subgroups of patients with impaired hepatic function and provide a rationale for
either scenario. If a population approach is used provide evidence supporting
that statistical power was sufficient to determine impact of Child-Pugh score.

What pregnancy and lactation use information is available?

Does genetic variation impact exposure and/or response?

Describe the studies in which DNA samples have been collected. If no DNA
samples were collected state so. Include a table with links to the studies in
which DNA was analyzed and genomic/genetic information is reported. In the
description of these studies include demographics, purpose of DNA analysis
(effectiveness, safety, drug metabolism, rule in-out of patients, etc.), rationale
for the analysis, procedures for bio-specimen sample collection and DNA
isolation, genotyping methods, genotyping results in individual subjects,
statistical procedures, genotype-phenotype association analysis and results,
interpretation of results, conclusions. If genomic polymorphism impacts either
exposure and/or response indicate the measures to be taken to safeguard
efficacy and safety of the drug in subjects with varying genotypes. Indicate the
contribution of genetic factors to inter-subject variability.

Immunogenicity (NOT applicable to small molecule drugs)

What is the incidence (rate) of the formation of the anti-product
antibodies (APA), including the rate of pre-existing antibodies, the rate of
APA formation during and after the treatment, time profiles and adequacy

of the sampling schedule?

Does the immunogenicity affect the PK and/or PD of the therapeutic
protein?

Do the anti-product antibodies have neutralizing activity?

What is the impact of anti-product antibodies on clinical efficacy?
What is the impact of anti-product antibodies on clinical safety?
Provide information on the incidence of infusion-related reactions,
hypersensitivity reactions, and cross-reactivity to endogenous counterparts.

Extrinsic Factors

Is there an in vitro basis to suspect in vivo drug-drug interactions?
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2.7.2

2.7.3

2.7.4

2.7.5

2.7.6

Summarize the results of the in vitro studies performed with the drug of interest
as substrate, inhibitor or inducer of relevant CYP and non-CYP enzymes and
transporters. Give rationale for why based on the in vitro results an interaction
study in humans is required or is not required

Is the drug a substrate of CYP enzymes?

Briefly describe the methods used (specific chemicals/antibodies, human
recombinant CYP enzymes, human microsomes). Indicate incubate, initial rate
conditions, concentration range tested relative to Km, controls etc. Provide a
summary of the results of the in vitro studies investigating the drug of interest
as a substrate of CYP 450 and non-CYP 450 enzymes. Provide for each of the
relevant enzymes a mean estimate for the % contribution to the metabolism of
the drug of interest. Discuss the relevance of the in vitro findings for the drug of
interest as a substrate for deciding which drug-drug interactions should be or
need not be performed in humans. For each situation provide supporting
evidence.

Is the drug an inhibitor and/or an inducer of enzymes?

Briefly describe the methods used (type and source of liver tissue,
concentration range tested for the drug of interest as substrate, inhibitor and
inducer, experimental conditions, pre-incubation, probe substrates,
positive/negative controls. Provide summary results of the in vitro studies with
human liver tissues for the drug of interest as a potential inhibitor or inducer of
enzymes. Indicate whether the drug is a reversible inhibitor (competitive, non-
competitive or un-competitive) or an irreversible inhibitor (mechanism based)
and supportive evidence. Provide mean (SD) values for Ki, ICsq and Vmax for
each relevant enzyme and probe substrate. Indicate the anticipated maximum
total and unbound concentration of the drug of interest as inhibitor ([I]). Provide
the mean (SD) % activity relative to the positive control for the drug of interest
as inducer. Discuss the relevance of the in vitro findings for the drug of interest
as an inhibitor or inducer for deciding which drug-drug interactions should be or
need not be performed in vivo in humans. If appropriate use the [I]/Ki ratio as a
means to assess the likelihood of an in vitro result to be clinically relevant. For
each situation provide supporting evidence.

Is the drug a substrate, an inhibitor and/or an inducer of transporter
processes?

See 2.7.2.2 and 2.7.2.3. The instructions for the interactions of the drug of
interest as substrate, inhibitor or inducer of transporters are analogous to those
for enzymes.

Are there other metabolic/transporter pathways that may be important?
What extrinsic factors influence exposure and/or response, and what is

the impact of any differences in exposure on effectiveness or safety
responses?
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2.7.7

2.7.8

2.7.9

2.7.10

2.8

Indicate extrinsic factors that impact significantly exposure and/or effectiveness
and safety of the drug. Indicate extent of increase or decrease in exposure
and/or response caused by extrinsic factors. State whether an adjustment of
the dose is or is not required and provide supporting evidence for either case.

What are the drug-drug interactions?

Provide a list of the drug-drug interaction studies (PK or PD based mechanism)
performed and give a rationale for conducting the listed studies. Indicate the
suspected mechanism responsible for the interaction. For each of the in vivo
studies performed provide a rationale for the design selected (single or multiple
dose regimens, randomized/non-randomized cross-over or parallel design for
perpetrator and/or victim).

a) Drug of interest is impacted by co-administered other drugs

Provide information on the demographics of populations, number of subjects,
dose levels, and design of the studies performed in humans. Justify the
magnitude of the equivalence interval selected if it is greater than the default
interval. Report t1/2, point estimates and 90% confidence intervals of the
geometric mean ratios of AUC and Cmax for the drug of interest in the
presence and absence of each of the co-administered drugs. Provide a
summary statement on the drug interaction liability of the drugs as victim.
Indicate whether a dose adjustment is required or not. In either case provide a
rationale. Define the required adjusted dose regimens.

b) Drug of interest impacts other co-administered drugs

Provide information on the demographics of populations, number of subjects,
dose levels, and design of the studies performed in humans. Justify the
magnitude of the equivalence interval selected if it is greater than the default
interval. Provide a summary statement on the drug interaction liability of the
drug as a perpetrator. Report t1/2, point estimates and 90% confidence
intervals of the geometric mean ratios of AUC and Cmax for each of the co-
administered drugs in the presence and absence of the drug of interest.

Does the label specify co-administration of another drug?

What other co-medications are likely to be administered to the target
population?

Is there a known mechanistic basis for pharmacodynamic drug-drug
interactions?

General Biopharmaceutics
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For all in vivo studies performed in this section indicate study design,
demographics and number of subjects enrolled, and type, composition,
strength and lot number of the formulations used. Provide summary results
with estimates for mean and inter-subject variability on AUC and Cmax after
single and multiple dose administration and peak to trough fluctuation after
multiple dose administration.

IR Product

28.1

2.8.2

28.2.1

2.8.2.2

2.8.3

284

2.8.5

Based on the biopharmaceutic classification system principles, in what
class is this drug and formulation? What solubility, permeability and
dissolution data support this classification?

How is the proposed to-be-marketed formulation linked to the clinical
service formulation?

What are the safety or effectiveness issues, if any, for BE studies that fail
to meet the 90% CI using equivalence limits of 80-125%7

If the formulation does not meet the standard criteria for bioequivalence,
what clinical pharmacology and/or safety and efficacy data support the
approval of the to-be-marketed product?

What is the effect of food on the bioavailability of the drug when
administered as solution or as drug product?

Indicate composition and calories of the food administered, and length of the
pre-dose fasting period. State whether the impact of food is on the drug
substance or the inactive ingredients of the formulation. Indicate the clinical
relevance of findings. Indicate the temporal relationship between drug intake
and food intake in the pivotal studies.

Was the bioequivalence of the different strengths of the to be marketed
formulation tested? If so were the strengths bioequivalent or not?

If unapproved products or altered approved products were used as
active controls, how is BE to the to be marketed product demonstrated?
What is the link between the unapproved/altered and to be marketed
products?

MR product (if an IR is already marketed)

2.8.6

What is the bioavailability of the MR product relative to the approved IR
product? How does the plasma concentration time profile of the MR
formulation compare to that of the IR formulation after single and
multiple doses?
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2.8.7

2.8.8

2.8.9

2.8.10

2.8.11

2.8.12

2.8.13

2.9

29.1

29.2

Indicate whether or not the pharmacokinetics of the drug of interest is linear,
dose proportional or nonlinear after administration of the MR formulation.
Summarize data on Cmax, AUC and Cmin of the IR and MR formulations after
a single dose and multiple doses at steady-state. Provide information on the
fluctuation factor at steady-state.

What is evidence that MR formulation in vivo consistently shows claimed
MR characteristics?

What is evidence that MR formulation displays less variability in Cmax,
AUC and Cmin than IR formulation?

Does the MR product show dose dumping in vivo?

Describe design, demographics and number of subjects participating in the
studies performed to determine whether dose dumping occurs with the MR
formulation when given in the fed state or when given together with alcohol.
Present summaries of results.

Does ethanol in vitro have a dose-dumping effect on the MR product?
Provide the results of the in vitro dissolution testing of the various strengths of
the ER product in pH 1.2, 4.5 and 6.8 media containing 0, 5, 10, 20 and 40%
alcohol. Discuss any dose dumping observed. If an in vivo study was
performed report the clinical relevance of the findings.

Are the MR and IR products marketed simultaneously?
If the intention is to market both the MR and IR products, indicate how patients
are converted from the IR to the MR product and vice versa.

If the NDA is for an MR formulation of an approved IR product without
supportive safety and effectiveness studies, what dosing regimen
changes are necessary, if any, in the presence or absence of a PKPD
relationship?

In the absence of effectiveness and safety data what data support the
NDA for a MR formulation of an approved IR product?

Analytical Section

How are parent drug and relevant metabolites identified and what are the
analytical methods used to measure them in plasma and other matrices?
List all assays used and briefly describe the individual methods.

Which metabolites have been selected for analysis and why?
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29.3

294

2.9.5

2951

2.9.5.2

2.9.53

2954

2955

For all moieties measured, is free, bound, or total measured?

Indicate whether free, bound or total (bound+unbound) concentrations of the
drug of interest and relevant metabolites are measured and give a rationale for
your selection.

What bioanalytical methods are used to assess concentrations of the
measured moieties?

Identify all studies that used a particular assay method. For each assay report
indicate the corresponding assay validation report.

What is the range of the standard curve? How does it relate to the
requirements for clinical studies? What curve fitting techniques were
used?

For each method and analyte provide concentration range of calibration curve
and indicate respective concentration range for relevant moieties with
therapeutic regimens. Indicate fit type of the calibration curves.

What are the lower and upper limits of quantitation?
For each method and analyte indicate LLOD, LLOQ and ULOQ for undiluted
and diluted samples.

What are the accuracy, precision, and selectivity at these limits?
For each method and analyte indicate inter-day and intra-day precision (CV%)
and inter-day and intra-day accuracy (RE%).

What is the sample stability under conditions used in the study?

For all studies in which concentrations of the drug of interest and relevant
metabolites were measured provide information on initiation date of study, date
of last sample analyzed and total sample storage time. For each method and
matrix provide information on the stability of the analytes, i.e. number of freeze-
thaw cycles, benchtop stability at room temperature and stability during long
term storage at < -20° C.

What is the plan for the QC samples and for the reanalysis of the incurred
samples?

For each study, method and analyte indicate precision (CV%) and accuracy
(%RE) using the QC samples measured alongside samples with unknown
concentrations. Indicate the concentrations of the QC and incurred samples
used.

What evidence is available demonstrating that neither the assay of the
drug on interest is impacted by co-administered other drugs and vice
versa?

Applicable to therapeutic proteins only
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2.9.5.6 What bioanalytical methods are used to assess therapeutic protein
concentrations?
Briefly describe the methods and summarize the assay performance.

2.9.5.7 What bioanalytical methods are used to assess the formation of the anti-
product antibodies?
Briefly describe the methods and assay performance including sensitivity,
specificity, precision, cut point, interference and matrix, etc.

2.9.5.8 What is the performance of the neutralizing assay(s)?
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