ANSWER KEY WITH EXPLANATIONS

FOR CHAPTER 1

Review all explanations, including those for questions you answered correctly. Explanations often contain
additional high-yield information beyond the immediate question.

Skill Drill Answers

SD 1.1: Phase Matching

1.

A
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A — Phase I is the first-in-human phase, typically enrolling healthy volunteers.

C — Phase III trials are the pivotal efficacy trials comparing drug to placebo or standard therapy.
D — Phase IV occurs after FDA approval and includes post-marketing surveillance.

B — Phase II establishes proof of concept in patients with the target disease.

A — Maximum tolerated dose (MTD) is determined in Phase I dose-escalation studies.

C — Phase III trials are typically multicenter randomized controlled trials.

B — Dose-response relationships are characterized in Phase II (particularly Phase IIb).

D — Phase 1V studies are required or conducted after FDA approval.

SD 1.2: True/False with Correction

1.

A

F — Phase I trials primarily assess safety and pharmacokinetics, not efficacy. They typically enroll
healthy volunteers, not patients.

T — An IND must be submitted and allowed by the FDA before human testing begins.
F — Phase III trials typically enroll 1,000—5,000 participants. Phase I enrolls 20—100.
T — The FDA has 30 days to review an IND; if no clinical hold is issued, trials may proceed.

F — Post-marketing surveillance has resulted in multiple drug withdrawals, including rofecoxib
and troglitazone.

F — High-throughput screening tests thousands of compounds simultaneously using automated
assays.



SD 1.3: Fill in the Blank

1. target — The target is the molecular entity (protein, enzyme, receptor) the drug is designed to
modulate.

2. hit — A hit is a compound showing initial activity in screening assays.

3. Rational — Rational drug design uses structural knowledge of the target to design fitting
molecules.

4. IND (Investigational New Drug) — The IND application is required before human testing.

5. NDA (New Drug Application) — The NDA is submitted after Phase III to request marketing
approval.

6. post-marketing — Phase IV trials are post-marketing studies conducted after approval.

SD 1.4: Sequence Ordering
Answers:

e NDA submission: 7

e Target identification: 1

e Phase III clinical trials: 6

e Lead optimization: 2

e IND submission: 4

e Preclinical testing: 3

e Phase I clinical trials: 5

o FDA approval decision: 8

SD 1.5: Category Sorting

1. P — Animal toxicology studies are preclinical.
C — First-in-human assessment is Phase I clinical.
P — In vitro receptor binding assays are preclinical.

C — Randomized controlled trials in patients are clinical (Phase II/III).

A

P — Pharmacokinetic studies in rodents are preclinical.



6.
7.
8.

C — Phase IIb dose-finding studies are clinical.
P — Carcinogenicity testing in animals is preclinical.

C — Multicenter pivotal efficacy trials are Phase III clinical.

SD 1.6: Rapid Recall

1.
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Phase I — First-in-human studies occur in Phase I.

Investigational New Drug — IND stands for Investigational New Drug.
New Drug Application — NDA stands for New Drug Application.

30 — The FDA has 30 days to review an IND.

Phase IV — Phase IV occurs after FDA approval.

High-throughput screening (HTS) — HTS tests many compounds using automated assays.

SD 1.7: Complete the Sentence

1.

A T

hit — Initial screening compounds with activity are called hits; leads come after optimization.
after — Phase IV trials occur after FDA approval.

safety — Phase I primarily assesses safety and pharmacokinetics.

orphan — Orphan drug designation applies to diseases affecting <200,000 Americans.

IIT — Phase I1II pivotal trials generate primary approval data.

lead — After optimization, a hit becomes a lead compound.

SD 1.8: Term-Definition Pairing

1.

A

B — A validated target has been demonstrated to produce disease-relevant effects when modulated.

F — REMS (Risk Evaluation and Mitigation Strategy) is required for drugs with serious safety
concerns.

C — Lead optimization improves hit compound properties.
E — A pivotal trial is a Phase III trial generating primary approval evidence.
D — Proof of concept demonstrates expected biological effects in patients (Phase II).

A — Therapeutic index compares toxic dose to effective dose.



SD 1.9: Acronym Expansion

1.
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o =N W

Investigational New Drug

New Drug Application

Biologics License Application
High-Throughput Screening

FDA Adverse Event Reporting System
Risk Evaluation and Mitigation Strategy
Food and Drug Administration

Clinical Trial Application (European equivalent of IND)

SD 1.10: Timeline Completion

1.

A

30 days — FDA reviews IND within 30 days.

10-12 months — Standard NDA review takes 10—12 months.

6 months — Priority review reduces timeline to 6 months.

6—12 months — Phase I trials typically last several months to 1 year.

10-15 years — Total development time from discovery to approval averages 10—15 years.

2—4 years — Phase III trials typically last 2—4 years.

SD 1.11: Error Identification

1.

Error: Phase II trials do not enroll 1,000-5,000 patients. Correction: Phase III trials enroll 1,000—
5,000 patients. Phase II enrolls 100-500.

Error: The NDA is not submitted before human testing. Correction: The IND must be submitted
before human testing. The NDA is submitted after clinical trials.

Error: High-throughput screening does not use structural knowledge. Correction: Rational drug
design uses structural knowledge. HTS tests many compounds via automated assays.

Error: Phase I does not enroll patients to assess efficacy. Correction: Phase I typically enrolls
healthy volunteers to assess safety (oncology is an exception).

SD 1.12: Calculation Practice

1.

0.01% — 1 out of 10,000 compounds = 0.01% success rate.



2. 6years — 1 +2 + 3 =6 years minimum clinical development time.
3. January 31 — IND submitted January 1 + 30 days = January 31 (earliest start date).

4. September 1 — Priority review is 6 months; March 1 + 6 months = approximately September 1.

Case Study Answers

Case 1.1: Novel Analgesic Development
Question 1. The company must submit an Investigational New Drug (IND) application.

The IND contains preclinical safety data, proposed clinical protocols, and manufacturing information. It
must be submitted before any human testing can begin.

Question 2. The FDA has 30 days to review the IND.
If the FDA does not issue a clinical hold within 30 days, the sponsor may proceed with clinical trials.

Question 3. Phase [ will most likely enroll healthy volunteers, and the primary objective will be safety
assessment and pharmacokinetic characterization.

Phase I establishes safe dosing ranges and identifies dose-limiting toxicities. Since PX-2847 is not an
oncology drug, healthy volunteers are appropriate.

Question 4. This method is called high-throughput screening (HTS).

HTS uses automated assays to test thousands of compounds against the target, identifying hits for further
development.

Case 1.2: Orphan Drug Pathway

Question 1. Orphan disease threshold is fewer than 200,000 patients in the United States. With 3,000
patients, this condition qualifies for orphan drug designation.

Orphan Drug Act incentives apply to diseases affecting <200,000 Americans.

Question 2. For a biologic gene therapy, the company will submit a Biologics License Application
(BLA), not an NDA.

NDAs are for small-molecule drugs; BLAs are for biologics including gene therapies, monoclonal
antibodies, and vaccines.

Question 3. Benefits of orphan drug designation include (any two): tax credits for clinical trial costs,
waiver of FDA application fees, 7 years of market exclusivity after approval, eligibility for orphan
drug grants.



These incentives encourage development of treatments for rare diseases that might otherwise be
commercially unviable.

Question 4. The Accelerated Approval program allows approval based on surrogate endpoints.

Accelerated Approval requires post-marketing confirmatory studies to verify clinical benefit. This
pathway is valuable when traditional endpoints would require impractically large or long trials.

Diagram/Table Exercise Answers

DT 1.1: Drug Development Pipeline Diagram

1. Target Identification

2. Target Validation
3. Hit Discovery
4. Lead Optimization

5. Preclinical Testing
6. IND Submission
7. Phasel

8. Phase Il

9.

Phase III / NDA Submission
10. FDA Approval

DT 1.2: Clinical Trial Phases Comparison Table

Characteristic Phase I Phase 11 Phase 111 Phase IV
Primary Safety, Efficacy signal, Definitive efficacy Long-term  safety,
Objective tolerability, PK dose-response and safety real-world
effectiveness
Typical Healthy Patients with Patients with Broad patient
Population volunteers target disease target disease population
(except

oncology)



Sample Size 20-100 100-500 1,000-5,000 Thousands to

millions
Study Design Open-label, dose- Randomized, may Randomized, Observational,
escalation include placebo controlled, registries, RCTs
multicenter
Key Outcome MTD, PK  Efficacy Primary efficacy, Rare adverse events,
Measures parameters, endpoints, safety profile effectiveness

adverse events optimal dose

DT 1.3: Regulatory Milestone Flowchart

Submit IND Application

FDA Review (30 days)

Clinical Trials: Phase I — Phase II — Phase 111

Submit NDA Application

FDA Review (10-12 months standard; 6 months priority)

Decision: Approval / Complete Response Letter / Refusal to File

DT 1.4: Success Rate Analysis Chart

Starting compounds in discovery: 10,000

Compounds entering preclinical development: 250-500

Compounds entering Phase [: 10-20

Compounds entering Phase I1: 5-10

Compounds entering Phase I1I: 2-3

Compounds receiving FDA approval: 1-2

Overall success rate: <0.01-0.02% (discovery to approval) or ~10% (Phase I to approval)

Approximate time: 10—15 years

Multiple-Choice Question Answers

Question 1. Answer: C — Target validation



Target validation demonstrates that modulating a target produces disease-relevant effects. This step must
occur before screening compounds against the target.

Why other options are wrong:
e A: High-throughput screening tests compounds against an already-validated target.
o B: Lead optimization improves hit compounds, occurring after screening.

o D: Post-marketing surveillance occurs after drug approval.

Question 2. Answer: B — Investigational New Drug (IND) application
The IND must be submitted and allowed by the FDA before any human testing begins.
Why other options are wrong:

e A:NDA is submitted after clinical trials for marketing approval.

e C: BLA s for biologics marketing approval, not investigational testing.

e D: ANDA is for generic drug approval.

Question 3. Answer: B — First-in-human studies assessing safety and pharmacokinetics
Phase I is the first-in-human phase, focused on safety, tolerability, and PK in typically healthy volunteers.
Why other options are wrong:

e A: Large-scale efficacy studies occur in Phase III.

e C: Post-marketing surveillance is Phase IV.

e D: Randomized controlled trials comparing to placebo are Phase II/III.

Question 4. Answer: C — 30 days
The FDA has 30 days to review an IND. If no clinical hold is issued, trials may proceed.
Why other options are wrong:

e A, B, D: These timeframes are incorrect.

Question 5. Answer: C — Phase III

Phase III pivotal trials enroll 1,000—5,000 patients in randomized controlled studies generating primary
approval data.



Why other options are wrong:
e A: Phase I enrolls 20-100.
e B: Phase II enrolls 100-500.

e D: Phase IV occurs after approval with variable enrollment.

Question 6. Answer: C — FDA Adverse Event Reporting System (FAERS)

FAERS collects spontaneous adverse event reports from healthcare providers and patients after drug
approval.

Why other options are wrong:
e A:IND tracking is for investigational drugs.
o B: Clinical Trial Registry tracks ongoing trials.

o D: DUR reviews drug utilization patterns.

Question 7. Answer: C — Lead optimization

Lead optimization improves a hit compound's properties including potency, selectivity, and drug-like
characteristics.

Why other options are wrong:
e A: Target identification occurs before screening.
o B: HTS identifies initial hits.

e D: Phase II dose-finding occurs during clinical trials.

Question 8. Answer: C — Orphan Drug designation

Orphan Drug designation applies to diseases affecting <200,000 Americans and provides tax credits, fee
waivers, and 7 years exclusivity.

Why other options are wrong:
e A: Fast Track provides more frequent FDA meetings but not these specific incentives.
o B: Breakthrough Therapy provides intensive guidance but different benefits.

e D: Priority Review shortens review time but does not provide orphan drug incentives.



Question 9. Answer: B— Demonstrate that the drug produces expected biological effects in patients
with the target disease

Phase II "proof of concept" confirms that the drug's mechanism translates to clinical effects in patients.
Why other options are wrong:

e A: MTD is established in Phase 1.

e C: Definitive superiority evidence comes from Phase III.

e D: Rare adverse effects are monitored in Phase IV.

Question 10. Answer: B— NDA
NDAs are submitted for small-molecule drugs after successful Phase III trials.
Why other options are wrong:

e A:IND is submitted before clinical trials.

e C:BLA s for biologics.

e D: ANDA is for generic drugs.

Question 11. Answer: D — Priority Review designation

Priority Review reduces FDA review time from 10—12 months to 6 months for drugs offering significant
therapeutic advances.

Why other options are wrong:
e A: Orphan Drug provides exclusivity and incentives, not shortened review.
e B: Fast Track provides rolling review but not the 6-month timeline.

e (C: Breakthrough Therapy provides intensive guidance but differs from Priority Review.

Question 12. Answer: B — Risk Evaluation and Mitigation Strategy (REMS)

REMS may be required when serious safety concerns emerge post-marketing. REMS can include
medication guides, communication plans, and elements to assure safe use.

Why other options are wrong:
e A: Repeating Phase I would not address post-marketing safety concerns.

e C:Anew IND is not required for an already-approved drug.



e D: ANDA is for generic drug approval.

Question 13. Answer: B— BLA

Monoclonal antibodies are biologics, requiring a Biologics License Application (BLA) rather than an
NDA.

Why other options are wrong:
e A: NDA is for small-molecule drugs.
o C:IND is for investigational approval, not marketing.

e D: ANDA is for generic drugs.

Question 14. Answer: B— HTS tests many compounds with automated assays; rational design uses
structural knowledge to design specific molecules

This statement correctly distinguishes the unbiased, high-volume approach of HTS from the structure-
based approach of rational drug design.

Why other options are wrong:
e A: This reverses the relationship; rational design requires structural knowledge.
o C: Both approaches apply to small molecules.

e D: Both approaches occur early in drug discovery, before clinical trials.

Question 15. Answer: B — Identify the optimal dose for Phase III pivotal trials
Phase IIb dose-finding studies compare multiple doses to identify the optimal dose for Phase I1I trials.
Why other options are wrong:

e A: MTD is determined in Phase I.

e C: Phase III provides definitive approval evidence.

e D: Phase IV monitors post-marketing safety.

Question 16. Answer: B — Approximately 10%

Approximately 10% of drugs entering Phase I eventually receive FDA approval. Attrition is highest in
Phase II.

Why other options are wrong:



e A: Less than 1% applies to the discovery-to-approval pipeline, not Phase I to approval.

e C, D: These overestimate success rates.



