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Abstract

The drug approval process is comparative between the United States and Canada. Without the drug approval process, consumers would
be experiencing severe health consequences, therefore, the approval process is expensive, time-consuming, and lengthy for
pharmaceutical companies to ensure the compound is safe and effective for its intended use.

The electronic databases utilized to recognize applicable published articles from Embase/Ovid and PubMed. The keywords utilized to
recognize the pertinent articles were the following: Drug Approval, Drug Development, Food and Drug Administration, United States,
Canada, and Pharmaceuticals. The research articles excluded were: non-drug, including vaccines approval process, international
regulatory organizations, articles that weren’t relevant to the study, and articles that are not in English language. There was no limit on
the date the articles were published.

There are more similarities than differences in the drug approval process between Canada and the United States. Both countries contain a
regulatory organization (Health Canada; FDA) that review and approve novel drugs to ensure safety and efficacy prior to marketing.
Pharmaceutical companies must submit an IND application prior to the inception of clinical trials in humans. Drug approval by FDA is
similar to Health Canada, where they develop guidance recommendations to assist pharma companies in complying with regulations.

The majority of the published articles focus on the comparison of the drug approval process between the United States and other
countries, little-to-no articles discussed the advantages/disadvantages of the drug approval process and how the length of the approval
process effects patient population.
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1. Introduction countries such as United States and Canada were able to
acquire the drug approval times and report the total time
duration for drug approval. (4-6) For every delay in the
drug approval process by the Food and Drug
Administration (FDA), the pharma company loses
approximately $1.3 million US dollars. (7) The
assumption is that by improving the drug approval
process, then that is a requirement to improve the fact
that safe and effective drugs will be marketed faster,
which is fulfilling the outcome in a timely manner.

When a pharmaceutical company attempts to market
a novel drug to consumers; drug company experiences
increased financial risk and an extensive process where it
is most common to confront failure than successes. After
evaluating the thousands of compounds’ pharmacology,
animal pharmacokinetic, and safety studies, determining
and selecting the single compound can take years to
complete. The drug approval process is the most critical
throughout drug development; the research process is an
essential initial step for drug approval. The drug approval process is when the drug’s efficacy
and safety are reviewed by the regulatory agency, such
as Health Canada or US Food and Drug Administration
(FDA). (8) The investigational drug is evaluated whether
its benefits outweigh its unintended risks for the target
population. (8) The drug approval is a structured process
and it is step-by-step where the drug company completes

The published research has been mostly focused on the
drug approval process outcomes, contrasting drug
approvals in different countries. There are several studies
that discussed drug approval times, usually discussing
the difficulty of drug approval and marketing. (1-3) other
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requirements set by the regulatory organization in their
country. Both United States and Canada claim
indistinguishable purpose of the drug approval process,
(9) which is ensuring that the approved drug is both safe
and effective for public health. Without the lengthy
pharmaceutical approval process, consumers would be
experiencing severe health consequences, therefore, the
approval process is in place to protect consumers’ health.

Since the importance of the drug approval process is
similar between United States and Canada (ensuring
safety and effectiveness), this review paper discusses the
comparison in the drug approval process in the United
States and Canada. The drug approval process varies
from each country; however, the United States and
Canada can be compared since there are several
similarities in the drug approval process. The drug
approval process is expensive, time-consuming, and
lengthy for the pharmaceutical companies. The United
States and Canada are countries that utilize similar drug
approval regulations and policies.

The electronic databases utilized to recognize
applicable published articles from Embase/Ovid and
PubMed. The keywords utilized to recognize the
pertinent articles were the following: Drug Approval,
Drug Development, Food and Drug Administration,
United States, Canada, and Pharmaceuticals. Other
websites utilized to identify applicable articles is the US
Food and Drug Administration, Health Canada, and
ClinRegs; National Institute of Allergy and Infectious
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Diseases (NIAID). The research articles excluded were
the following: non-drug approval process (including
vaccine approval process), international regulatory
organizations, articles that weren’t relevant to the study,
and articles that are not in the English language. There
was no limit on the dates the articles were published.

2. United States Drug Approval Process
2.1 The Development of Novel Medications

The Food and Drug Administration (FDA) is the
regulatory body that regulates the review and approval
process of pharmaceutical products in the United States.
The FDA is responsible for regulating and permitting
clinical trials utilizing an investigational medicinal or
biological agent in humans according to the regulatory
requirements. (10) The Center for Drug Evaluation and
Research (CDER) with the FDA conduct essential tasks
to ensure the safety and efficacy of drugs while
enhancing the public health of the US population. (11)
CDER is responsible for regulating prescription and over
the counter medications, which include generic and
biological medications. (8) In the US, pharmaceutical
companies must investigate the novel drug prior to
selling and marketing the product to the public. Through
clinical trials and evaluation of results, the
pharmaceutical company will forward the results to
illustrate that the novel medicinal compound is both safe
and effective for its intended use. (12) Shown in figure 1
is the summary of the drug approval process by the US
FDA.

Preclinical Phase Investigational Clinical Trial New Drug
(Animal studies) New Drug (IND) Phases I, II, Ill » Application (NDA)
Application (Human studies) Submission
Phase IV NDA Approval by New Drug
FDA Application (NDA)
(Post Marketing Review

Surveillance)

Figure 1. A Summary of the United States FDA drug approval process

2.2 The Pre-Clinical Phase

Every novel drug must be tested on animals to
evaluate and determine its toxicities. (12-13) Through
testing on animals in the preclinical phase, investigators
collect information regarding the safety and efficacy of
the pharmaceutical compound being researched. (13) In
addition to determining the safety and efficacy of the
novel compound, the main purpose of the preclinical
phase is determining the biochemical activity of the
novel medication through animal testing. (13)
Additionally, toxicology research is conducted through
animal testing and is conducted for years. The preclinical
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phase is initiated one to two years prior to the conduction
of clinical studies. FDA requirements for the preclinical
phase involves establishing a profile for the innovative
drug, recognizing the drug’s toxicity through animals,
determining acute toxicities (two to three months)
according to drug’s intended use. (14)

2.3 Investigational New Drug Application - IND

The IND application is a requirement from the FDA
prior to conducting testing on humans. (14) The FDA
receives an IND application from the drug sponsor
which includes the drug’s initial testing (preclinical
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phase), the medication’s composition, and suggestion for
testing the novel drug on human subjects. (14-15) The
IND application also includes all previous clinical
research, expected health benefits, the medication’s
safety data, drug’s pharmacology and medicinal
structure, adverse effects determined from animal
clinical trials, and illustrate that human participants will
not be subjected to unexpected harm in future clinical
studies. (14-15) The FDA may also request an
investigational drug sample during the IND process. (15)
In situations where the pharma company do not receive a
timely response from the FDA within thirty days from
the date of submission, the sponsor may conduct the
clinical trial since the FDA approval during this phase is
not required. (15)

2.4 Clinical Study Initiation

The pharma company sponsor must submit a clinical
study development plan preceding the conduction of
clinical trials on humans. (16) The development plan is
thorough and detailed describing all steps of the clinical
trial process; phase | (administering drug in human
subjects) until phase IV (post marketing surveillance).
(16-17) The FDA provides recommendations for
instructions on how to propose and evaluate data in a
post-marketing study and guidelines for the various drug
classes. (16) The clinical study may include thousands of
subjects and multiple clinical sites. Therefore, an
appropriate study design is necessary for the study to be
successful and for proper conduction of the study in a
timely manner. (15-16) To initiate a successful study,
sponsors select proper sites for each clinical trial. (16-17)
Clinical trials are conducted by physicians in practice in
a research based or academic hospital. Requirements
include an experienced primary investigator, access
appropriate subject population, and the ability to conduct
laboratory research. (17)

Clinical trial design and plan for conducting a study
requires to be approved and reviewed by an ethical

International Journal of Drug Regulatory Affairs. 2022; 10(2): 1-8

review committee, Institutional Review Board (IRB).
Each individual study has a different IRB committee.
The IRB includes members who are scientists,
physicians, community members, and clergy that ensure
patient safety. The FDA advisory committee members
include statisticians, nurses, physicians, pharmacologists
who collaborate on developing recommendations. Prior
to the initiation of human subject testing, the FDA must
approve the IRB. The FDA reviews the submitted data
through Safety Monitoring Board and provide
recommendations for continuing or adjusting the study.
17)

2.5 Clinical Trial Phases

The clinical research phases are separated into four
phases. Phase | is the evaluation of the investigational
drug in human subjects, mainly administered in healthy
subjects. Phase | clinical trials are conducted for a short-
term and consist of a small number of subjects (twenty to
eighty). (18) The purpose of phase | is to evaluate the
drug’s safety, including the appropriate dosage range.
(19) Phase Il studies are larger than phase I, more
thorough and its purpose is to evaluate the drug’s
efficacy in the subjects with the intended disease. Phase
Il studies include hundreds of subjects over several
years. (18) The drug sponsors spend approximately $20
million to $40 million US dollars. (5,18) Phase I clinical
trials evaluate drug’s therapeutic effectiveness (including
dose, administration frequency) and safety. (19) Phase
I clinical trials examine the investigational drug in
large numbers of subjects to illustrate safety and
efficacy. (18) This is the most expensive, the longest and
most comprehensive process since it includes thousands
of subjects, and sponsors spend three years to complete
this phase. Phase IV of clinical research is post
marketing surveillance where the FDA gathers
information such as adverse effects, safety and efficacy
profile of the drug. (19) The US clinical trial three
phases are summarized in Table 1.

Table 1. Summary of the three clinical trial phases in the Drug Approval Process (The United States).

Phase |

Small studies; examine drug’s
safety profile, i.e. dosage range

2.6 New Drug Application - NDA

The New Drug Application is the process of
approving a novel drug in the US. Pharmaceutical
companies are not permitted to market the novel
compound to the public unless it has been proved to be
safe, effective, and approved by the FDA. (20-21) An
FDA approval is based on the proposed and submitted
NDA by the pharmaceutical company (sponsor). (19-20)
After the completion of phase I, Il, and Il clinical trials,
the pharma company submit the completed NDA to the
FDA for review. The FDA responds to the NDA within
twelve months from the date of submission. (20-21) The
NDA is comprehensive and includes information such as
safety, quality, efficacy of the drug, dosage and length of
therapy, symptoms and adverse effects experienced by
subjects, etc. (19-21)
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Phase 11

Large studies; examine drug’s
efficacy in target disease

3]

Phase 111

Longest studies; confirm efficacy and
determine adverse effects

2.7 FDA Approval

Usually, the FDA doesn’t provide a clear response,
the FDA doesn’t always approve the novel drug. The
FDA regularly inquires and requests additional study
data, ask the pharma company to provide information
relating to the stated drug labeling. (22) Consumers and
healthcare providers utilize the drug label to gain an
insight on the drug product; therefore, pharma
companies promote and advertise the drug product
through product labeling. (22) The purpose of the FDA’s
MedWatch program is for reporting adverse effects to
the FDA by healthcare professionals. (22-23) The
Spontaneous Reporting System (SRS) receives adverse
effect reports from health care providers and hospitals.
(23) The SRS can be sent straight to the FDA (through
the MedWatch program), or directly to the drug sponsor,
then sent to the FDA directly by the pharma company
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according to regulations. (23) Pharma companies and the for the safety and quality of pharmaceuticals in Canada.
FDA formally coordinate to facilitate drug review and (24) The Food and Drugs Act establishes regulations for
novel drug development. (22-23) marketing drug products in Canada. (9,24) Its purpose is

to ensure the safety and protection of Canadians by

b
3. Canada’s Drug Approval Process regulating the marketing of drugs, cosmetics, foods, and

3.1 The Development of Novel Medications medical devices. (24) Shown in figure 2 is the summary
of the drug approval process by Health Protection
In Canada, the regulatory body that regulates the Bureau (HPB) within Health Canada.

review and approval process of pharmaceutical products
is Health Canada via Health Protection Bureau (HPB).
(9,24) Health Canada develops regulations and policies

Preclinical Phase Investigational Clinical Trial New Drug

Submission (NDS
New Drug (IND) # Phases |, I, '||| ubmission (NDS)
Aoplication (Human studies)

(Animal studies)

Phase IV (Post NDS Approval New Drug Subrnission
Marketing (NDS) Review

Surveillance)

Figure 2. Summary of the drug approval process by Health Protection Bureau (HPB), Health Canada

3.2 The Pre-Clinical Phase 3.4 Clinical Trial Phases

One of the requirements of HPB is to submit data The pharma company reports serious and all-other
relating to non-human subjects prior to any novel drug adverse effects to the Ministry of National Health and
begin testing in human subjects. The results are Welfare. Post-marketing studies are less controlled and
according to in vivo on animals and in vitro, information are usually larger than phases I, I, Ill. Post-marketing
received in previous studies conducted in Canada for a studies are essential where drug sponsors acquire
distinct indication. The toxicology test results from the information of the novel drug. (25-26) The post
studies are usually requested by the HPB. (25) marketing process is described as passive surveillance

since the majority (more than half) of adverse reports are

3.3 Investigational New Drug Application - IND from providers. Results from clinical trials not conducted

Prior to the initiation of clinical trials, an IND in Canada are acceptable by HPB. In Canada, the clinical
application must be submitted by pharma company. The trials three phases are the following (Table 2): phase I is
sponsor must submit to the HPB with the drug for investigating information relating to the drug’s safety
development plan, the purpose of the designed clinical and the drug’s pharmacology. Phase II trials is for
trial, clinical trial design, drug’s chemical and investigating information relating to drug’s safety and
manufacturer’s information, and study’s protocol. (26- efficacy. Phase 11l trials is for expanding and verifying
27) This is information that must be submitted prior to previously gathered data relating to the drug’s safety,
the formal IND is completed and submitted. The clinical efficacy and collect new information on the safe dosage
trials may be initiated when the submitted IND shows range in humans. (26)

that the drug is safe for the public and that the clinical
trial design won’t present risk or harm to subjects. (27)

Table 2. Summary of the three clinical trial phases in the drug approval process (Canada)

Phase | Phase 11 Phase 111
Information on Drug’s safety Information on drug’s safety Expand previous information on
and clinical pharmacology and efficacy safety and efficacy; gather dosage
information
3.5 New Drug Submission - NDS Compliance if the NDS is accepted, which is valid

indefinitely for the marketing of the novel drug in
Canada. (28) If HPB determined that the Food and Drug
Act and its regulations are unmet, the notice could be
suspended, therefore notice of compliance is prone to
yearly review. (27-28)

The drug sponsor provides the NDS after the
completion of clinical study. Through NDS, the HPB is
provided with information in order for marketing the
novel drug in Canada. HPB provide the Notice of
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3.6 Additional
Approval Process

Considerations — Canada’s Drug

There are further considerations relating to the
Canadian drug approval process. According to the
Canadian Health Act, prescription medications are not
charged for outpatient or inpatients if the medication was
administered in the hospital setting. Patients living in
nursing or in their homes are excluded from the Act.
Each territory or province must establish a plan to
provide medications for residents in nursing or living at
home. Originally, the programs were mainly on residents
who weren’t eligible for health insurance benefits or who
weren’t able to afford coverage. (29) Therefore,
regulations from the provinces/territories adjusted access
to governmental drug programs, benefits of drug, and
coverage differences among territories and provinces.
The adjustment in these programs resulted in pharma
companies to submit the medication for review and
approval. (29-30) In 1995, provinces collaborated with
Health Canada to enhance and simplify the drug
approval process. To streamline the approval process,
Health Canada approved to monitor formulation and
manufacturing processes and to declare bioequivalence
among generic and reference drugs. (30)

External advisory committees are provided by Canada’s
government in order to enhance the review process.
These committees are utilized by the government to
provide expert recommendations regarding the
interchangeability of drugs and recommendations
regarding drug related issues. (30) Some provinces
utilize one committee for all roles, whereas other
provinces utilize variation in committees. (29-30)
Pharmacists and medical doctors are the majority of the
expert committee members. Additional committee
members include clinical evaluations, pharmacologists,
and economists. The economists provide
pharmacokinetics  examination, interchangeability
conflicts, and pharmacoeconomic interpretation. (30)

4. Similarities in the Drug Approval Process between
United States and Canada

The drug approval process is comparable (similarities
and differences) among the United States and Canada.
Table 3 shows the differences between Health Canada
and the US FDA in the drug approval process. The
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similarities in the drug approval process among both
countries is that pharma companies must submit an IND,
investigational new drug application prior to the
initiation of clinical research in humans. (14-15) Health
Canada, similar to the US FDA, provide silent approval.
(24) In situations where approval is unrejected by the
Drugs Directorate (DD) within HPB, the pharma
company may initiate clinical trial research. In situations
where the IND is rejected by the DD, they are
responsible for providing the sponsor with the reasons of
the rejection. (24) Additionally, clinical trials are similar
in both countries. Phase I, 11, and Il clinical trials testing
oncology or HIV medications do not require the
enrollment of healthy subjects or conducting double
blind study. Phase IV in both countries are initiated after
the approval of the drug and is available for the public.
Canadian pharma companies conduct their studies
according to the FDA’s requirements, so both countries
will accept the gathered data. (29-30) Similar to the US
FDA, if HPB determines that the data requires
clarification, they will collaborate with the manufacturer
to resolve the issues. (30)

The regulation of drug approval by the US FDA is
similar to Health Canada, where the FDA develops
guideline recommendations and instructions to assist
pharma companies in complying with the established
regulations. (10,14) Generally, the process is originated
with the pre-clinical trials, submission of the IND,
investigational new drug application. (14,15) The
approval of an IND application permits sponsors to
proceed with distribution of products throughout the
country to utilize in clinical trials. After the completion
of clinical trials, sponsors submit the NDA (new drug
application) or NDS (new drug submission), which is
either approved, denied, or sent to the sponsor for
inquiring about additional information. (27-28)

Similar to risk evaluation and mitigation strategy
(REMS) with the US FDA, risk management in Canada
is also for medications who have increased risk or
unknown risk associated with its use, any medication on
the market associated with recent safety concerns, and
drugs that haven’t been previously marketed. (31)
Shown in table 4 are the similarities between Health
Canada and the US FDA in the drug approval process.

Table 3. The differences in the drug approval process between Health Canada and the US FDA

Differences in Drug Approval
Process

Development/Regulations

Drugs

Clinical Trial Phases I — IlI

CDER

United States
(Food and Drug Administration)
of | Food and Drug Administration (FDA);

Phase I: Small studies; examine drug’s
safety profile, i.e. dosage range
Phase II: Large studies; examine drug’s

efficacy in target disease

Phase Ill: Longest studies; confirm
efficacy and adverse effects
New Drug Application (NDA)

Type of submitted application
after clinical trial

Reporting Adverse Effects FDA
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MedWatch
Spontaneous Reporting System (SRS)

[5]

Canada

(Health Canada)
Health Canada (Health Protection
Bureau)
Phase I: drug’s safety & clinical
pharmacology
Phase II: drug’s safety and efficacy
Phase Ill: safety and efficacy;
dosage information

New Drug Submission (NDS)

Program; | Ministry of National Health and

Welfare



Nancy et.al

International Journal of Drug Regulatory Affairs. 2022; 10(2): 1-8

Table 4. Similarities between Health Canada and the US FDA in the drug approval process

Similarities in the drug approval process between United States and Canada

« Similar purpose is to protect public health by ensuring that approved drugs are safe and effective
»  Submit IND application prior to the initiation of clinical trials in humans
*  Phase I-III clinical trials testing oncology/HIV drugs don’t require the enrollment of healthy subjects

» Phase IV is initiated after the approval of the drug

*  Clinical trials are conducted and approved according to FDA’s requirements
»  |If data requires clarification, FDA or HPB will collaborate with drug company to resolve issues

»  Generally, similar drug approval process:

»  Preclinical > IND submission - approval of IND - distribute drugs to start clinical trial > NDA/NDS >
approval/denied/sent back to sponsor = post marketing

* Risk management plan = REMS
5. Discussion

The US drug approval process has progressed from
where the drug can be marketed unless the FDA can
prove that the drug causes increased risk/harm or
ineffective into approval is required for each step from
testing, marketing and promoting the drug. (32) The
FDA drug approval process is both long and costly;
pharma companies spend approximately $300 million to
$600 million US dollars to develop and bring a novel
medication into the market and it takes 10-15 years on
average. (33-34) It is a selective process where only one
compound in five thousand proceed on to human testing
from the preclinical phase; only twenty percent of drugs
are commercially marketed from the clinical trial phases.
(35)

The tests conducted in the preclinical phase are the final
doorway to clinical trials in humans. (36) The IND
application is thorough and comprehensive where it
contains the information gathered from the drug during
the preclinical phase and it is where the pharma company
collaborates with the FDA. (36-37) During the clinical
study initiation, it is essential to strictly comply with the
study’s protocol and the development plan in order to
submit accurate data with the regulatory applications.
(37) Since there are somewhat a small number of novel
drugs where an IND is submitted reach the NDA stage,
the majority of pharma companies connect with the FDA
in order to review both safety and efficacy data from
phases | and Il clinical trials. (36-37) Phases I, Il, and 111
clinical research may be adjusted according to medical
conditions, such as oncology or HIV. (37) That is
because medications indicated for these medical
conditions (oncology or HIV) result in significant
adverse effects. Therefore, based on this condition, an
informed consent from healthy volunteers are impossible
to acquire and double blind trials are not possible to
conduct or ethical. (38)

Not too far from now, the FDA spent about two to five
years to approve a novel compound, therefore, pharma
companies had to wait for long. (38) The production of
Prescription Drug User Fee Act (PDUFA) of 1992
enhanced the number of employees within the FDA and
improved the drug approval process. (38-39) This is an
improvement in the approval process and is considered
successful. FDA critics also acknowledged that the time
spent from clinical trial phase to the final drug approval
has been greatly enhanced. (39) Patients with more acute
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medical conditions, there are strategies that make drug
approval readily available such as adjusting clinical trial
protocols and designs, treatment IND, and formal
coordination with the FDA and pharma company. (39-
40) Treatment IND promote the availability of the novel
drug as soon as possible in patients with life-threatening
or serious conditions. In Canada, the external advisory
committees’ roles have increased economic focus on the
cost effectiveness of the drug compared to analyzing the
medicinal effectiveness of the novel drug. (40)

There are several similarities in the drug approval
process between Canada and the United States. Both
countries recognize the necessity for an effective drug
approval process. (40) There are also differences
between the US and Canada, one example is the time
duration for drug approval. (39-40) In the US, it takes
two to five years and in Canada, there is no time frame
since it depends on the province/territory, however, in
Canada, the drug approval duration is significantly
longer than in the US. (40-41) It is recognized that the
FDA is associated with a lengthy drug approval process,
but the established procedures are the framework for
Canada. The IND application is similar between US and
Canada. However, the NDA application varies from
Canada’s NDS which is mainly an economic focus
including requirements such as pharmacoeconomic
analysis, supply and pricing information. (41) It is
possible that the cause of the longer approval time of
novel drugs in Canada is due to the increased time
required by pharmacoeconomic analysts. (39,41) The
drug approval process in the United States are unaffected
by drug costs. (41-42) In contrast, Canada mainly relies
on the clinical research conducted within the United
States along with other international countries and that is
utilized as the backbone for drug development, as a
result, Canada will be able to maintain its focus
economically. The more time spent to analyze and
approve a novel drug, the costlier it is for the pharma
company, where they will spend more time conducting
testing and research. Delays in the drug approval process
can result in death for those with serious or life-
threatening conditions, therefore, it is essential for a
rapid drug approval process. (42)

Strengths and Limitations of the Review

This is the first review to compare the drug approval
process between the United States and Canada. A
thorough literature search was conducted to select the
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majority of articles that comply with the inclusion
criteria. A comprehensive evaluation and analysis were
conducted for each article to include in this review.

The limitation of this review is that the number of
articles included is not comprehensive; there are other
articles that were not included. There are other additional
websites that have not been included in this review.
Another limitation is that the articles selected are
primarily in the English language, so articles in a
different language have not been included in this review.

6. Conclusion

In  conclusion, the drug approval process is
comparative among Canada and the United States;
without the drug approval process, the population would
be experiencing harmful health consequences, as a result,
the process is expensive, time-consuming and lengthy to
thoroughly evaluate the compound’s safety and efficacy.
The majority of the published articles focus on the
comparison in the drug approval process between the
United States and other countries, little to no articles
discussed the advantages and disadvantages of the drug
approval process and how the total length of the drug
approval process effects patient population.

Acknowledgements

We would like to express our sincere gratitude to IJDRA
Journal for publishing our work.

Financial Disclosure statement: The authors received
no specific funding for this review article.

Conflict of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

References

1. Lipsky MS, Sharp LK. From idea to market: the drug
approval process. J Am Board Fam Pract. 2001 Sep-
Oct;14(5):362-7.

2. Prajapati V, Goswami R, Makvana P, Badjatya JK. A
Review on Drug Approval Process For US, Europe And
India. International Journal of Drug Regulatory Affairs.
2014;2(1):1-11. doi:10.22270/ijdra.v2il1.7

3. Holbein ME. Understanding FDA  regulatory
requirements for investigational new drug applications for
sponsor-investigators. J Investig Med. 2009;57(6):688-
694. doi:10.2310/J1IM.0b013e3181afdb26.

4. D, K. M., & Pappan, J. Comparison of history and drug
approval process in the United States and Europe. Indian
Research Journal of Pharmacy and Science. 2018;5(1):
1310-1318. d0i:10.21276/irjps.2018.5.1.9

5. Rawson NS. Time required for approval of new drugs in
Canada, Australia, Sweden, the United Kingdom and the
United States in 1996-1998. CMAJ. 2000 Feb
22;162(4):501-4.

6. Rawson NS. Timeliness of review and approval of new
drugs in Canada from 1999 through 2001: is progress
being made? ClinTher. 2003 Apr;25(4):1230-47.
doi: 10.1016/s0149-2918(03)80080-2. PMID: 12809970.

7. Reichert JM. Trends in development and approval times
for new therapeutics in the United States. Nat Rev Drug
Discov. 2003 Sep;2(9):695-702. doi: 10.1038/nrd1178.

8. Center for Drug Evaluation and Research. (2019, October
28). Drug development & approval process [Internet].

e-ISSN: 2321-6794

(7]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

International Journal of Drug Regulatory Affairs. 2022; 10(2): 1-8

FDA; March 17, 2021 [cited 2022 Mar 30]. Available
from:

https://www.fda.gov/drugs/development-approval-
process-drugs.

Rawson NS, Kaitin KI. Canadian and US drug approval
times and safety considerations. Ann Pharmacother. 2003
Oct;37(10):1403-8.

doi: 10.1345/aph.1D110. PMID: 14519031.

Comparison: Canada and United States. (n.d.) [Internet].
clinregs; March 17, 2021 [cited 2022 Mar 25]. Available
from:
https://clinregs.niaid.nih.gov/country/canada/united-
states#_top.

Center for Drug Evaluation and Research. Center for drug
evaluation and Research: CDER. [Internet]. FDA; 2020
Aug 18 [cited 2022 Mar 24]. Available from:
https://www.fda.gov/about-fda/fda-organization/center-
drug-evaluation-and-research-cder.

Canada, H. How Drugs are Reviewed in Canada.
[Internet]. Canada.ca; 2015 Feb 12 [cited 2022 Mar 22].
Auvailable from:
https://www.canada.ca/en/health-canada/services/drugs-
health-products/drug-products/fact-sheets/drugs-
reviewed-canada.html.

Carpenter D, Zucker EJ, Avorn J. Drug-review deadlines
and safety problems. N Engl J Med. 2008 Mar
27;358(13):1354-61.

doi: 10.1056/NEJMsa0706341.

Rawson NSB, Kaitin Kl, Thomas KE, Perry G. Drug
Review in Canada: A Comparison with Australia,
Sweden, the United Kingdom, and the United States.
Drug Information Journal. 1998;32(4):1133-1141.
doi:10.1177/009286159803200433.

Pieterson EA. A comparison of regulatory approval times
for new chemical entities in Australia, Canada, Sweden,
the United Kingdom, and the United States. J Clin
Pharmacol. 1992 Oct;32(10):889-96.

doi: 10.1002/j.1552-4604.1992.th04634.x.

Williams CT. Food and Drug Administration Drug
Approval Process: A History and Overview. NursClin
North Am. 2016 Mar;51(1):1-11.

doi: 10.1016/j.cnur.2015.10.007.

Collins, J. F. Regulatory issues for clinical trials in
humans. Epidemiologic Reviews. 2002;24(1):59-66.
doi:10.1093/epirev/24.1.59.

Ciociola AA, Cohen LB, Kulkarni P. FDA-Related
Matters Committee of the American College of
Gastroenterology. How drugs are developed and
approved by the FDA: current process and future
directions. Am J Gastroenterol. 2014 May;109(5):620-3.
doi: 10.1038/ajg.2013.407.

Moore TJ, Furberg CD. Development times, clinical
testing, post-marketing follow-up, and safety risks for the
new drugs approved by the US food and drug
administration: the class of 2008. JAMA Intern Med.
2014 Jan;174(1):90-5.

doi: 10.1001/jamainternmed.2013.11813.

Bristow MR, Hiatt WR. The FDA regulatory process for
drug and genetic diagnostic test approvals. Clin Transl
Sci. 2008;1(3):188-189.
d0i:10.1111/j.1752-8062.2008.00066.x.

Center for Drug Evaluation and Research. (2019, June
10). New drug Application (NDA). Retrieved A March
17, 2021, from https://www.fda.gov/drugs/types-
applications/new-drug-application-nda.

Center for Drug Evaluation and Research. Best Practices
for Communication between IND sponsors and FDA
During Drug Development. [Internet]. FDA; 2017 Dec
[cited 2022 Mar 23]. Available from:



Nancy et.al

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/best-practices-communication-
between-ind-sponsors-and-fda-during-drug-development.
Craigle V. MedWatch: The FDA Safety Information and
Adverse Event Reporting Program. J Med Libr Assoc.
2007;95(2):224-225.

doi:10.3163/1536-5050.95.2.224.

Lexchin J. Quality of evidence considered by Health
Canada in granting full market authorization to new drugs
with a conditional approval: a retrospective cohort study.
BMJ Open. 2018;8:€020377.

doi: 10.1136/bmjopen-2017-020377.

Cheung, R. Y., & Goodwin, S. H. An overview of
Canadian and US approaches to drug regulation and
responses To Post-market adverse drug reactions. Journal
of Diabetes Science and Technology. 2013;7(2):313-320.
doi:10.1177/193229681300700205.

Shuchman M. Clinical trials regulation-how Canada
compares. CMAJ. 2008;179(7):635-638.
d0i:10.1503/cmaj.081271.

Institutional review Board/Independent Ethics committee
and Informed Consent: Protecting research subjects in the
U.S. and Foreign clinical trials. New Drug Approval
Process. 2016.p. 343-358.
d0i:10.3109/9781420088502-19.

Sandeep D S, Ashwin Raj K M, Anoop Narayanan V,
Akhilesh Dubey, Jobin Jose. Regulatory Approval
Process for Drugs in Canada — A Challenging Task.
Research J. Pharm. And Tech. 2019;12(7):3206-3210.
doi: 10.5958/0974-360X.2019.00538.9.

Alas, J., Godlovitch, G., Mohan, C., Jelinski, S., & Khan,
A. Regulatory Framework for Conducting Clinical
Research in Canada. Canadian Journal of Neurological
Sciences / Journal Canadien Des Sciences Neurologiques.
2017;44(5): 469-474.

doi:10.1017/cjn.2016.458.

Shajarizadeh A, Hollis A. Delays in the submission of
new drugs in Canada. CMAJ. 2015;187(1):E47-E51.
doi:10.1503/cmaj.130814.

Wu, J., & Juhaeri, J. The US food and Drug
administration’s risk evaluation and mitigation strategy
(REMS) program — current status and future direction.
Clinical Therapeutics2016;38(12):2526-2532.
doi:10.1016/j.clinthera.2016.11.007.

Merrill RA. Regulation of drugs and devices: an
evolution.  Health ~ Aff  (Millwood).  Summer.
1994;13(3):47-69.

doi: 10.1377/hlthaff.13.3.47. PMID: 7927161.

Harris G. Drug Firms, Stymied in the Lab, Become
Marketing Machines. The Wall Street Journal. [Internet].
July 6, 2000 [cited 2022 Mar 21]. Available from:
https://www.wsj.com/articles/SB962834415316648418.
Lin JH, Lu AY. Role of pharmacokinetics and
metabolism in drug discovery and development.
Pharmacol Rev. 1997 Dec;49(4):403-49.

Kraljevic S, Stambrook PJ, Pavelic K. Accelerating drug
discovery. EMBO Rep. 2004;5(9):837-842.
doi:10.1038/sj.embor.7400236.

Van Norman GA. Drugs, Devices, and the FDA: Part 1:
An Overview of Approval Processes for Drugs. JACC
Basic Transl Sci. 2016 Apr 25;1(3):170-179.

doi: 10.1016/j.jachts.2016.03.002.

Stringer S. An Overview of How the Food and Drug
Administration Regulates New Drug Development in the
United States. Drug Information Journal. 1996;30(3):745-
751. doi:10.1177/009286159603000318.

Darrow JJ, Avorn J, Kesselheim AS. FDA Approval and
Regulation of Pharmaceuticals, 1983-2018. JAMA. 2020
Jan 14;323(2):164-176. doi: 10.1001/jama.2019.20288.

e-ISSN: 2321-6794

39.

40.

41.

42,

International Journal of Drug Regulatory Affairs. 2022; 10(2): 1-8

Fung M, Thornton A, Mybeck K, Wu JH, Hornbuckle K,
Muniz E. Evaluation of the Characteristics of Safety
Withdrawal of Prescription Drugs from Worldwide
Pharmaceutical Markets-1960 to 1999. Drug Information
Journal. 2001;35(1):293-317.
doi:10.1177/009286150103500134.

Kaitin KI. The prescription Drug User Fee Act of 1992
and the new drug development process. Am J Ther. 1997
May-Jun;4(5-6):167-72.

doi: 10.1097/00045391-199705000-00002.

Expanded Access to Investigational Drugs for Treatment
Use [Internet]. FDA; 2017 Oct [cited 2022 Mar 20].
Auvailable from:
https://www.fda.gov/media/85675/download

Canada H. Government of Canada. [Internet]. Canada.ca.;
2008 Jul 30 [cited 2022 Mar 25]. Available from:
https://www.canada.ca/en/health-canada/services/food-
nutrition/legislation-guidelines/acts-regulations/canada-
food-drugs.html.



