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Special Article

The introduction of
new drugs into
anaesthetic practice: a
perspective in pharma-
ceutical development
and regulation

Ian Gilron MD

This article reviews the process by which new drugs are in-
troduced into anaesthetic practice with particular emphasis on
pharmaceutical development and government regulation. Afier
a brief overview of the drug development process, new trends
in drug development are discussed including implementation
of pharmacokinetic, pharmacodynamic and toxicokinetic stud-
ies in both preclinical and human phases of drug evaluation.
A synopsis of the drug regulatory process is provided and, in
particular, the problem of unapproved drug use in anaesthesia
is discussed. Ethical issues regarding physician-industry inter-
actions are highlighted by examples of conflict of interest in
anaesthesia. The processes of drug development and regulation
require much effort and cooperation between clinicians, phar-
maceutical manufacturers and government regulators to achieve
a common goal; the development and utilization of safe and
effective drugs. A fundamental understanding of these processes
may further facilitate optimal drug utilization and the active
involvement of anaesthetists in the drug development process.

Cet article passe en revue les mécanismes qui précédent l'in-
troduction de nouveaux produits pharmaceutiques en anesthé-
sie, et plus particuliérement, sur leur développement et la régle-
mentation gouvernementale qui s’y applique. Aprés un bref
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survol des mécanismes engagés dan I'élaboration d’un produit,
les nouvelles directives qui régissent le développement des nou-
veaux agents sont discutées dont limplémentation détudes
pharmacocinétiques, pharmacodynamiques et toxicocinétiques
pendant les phases précliniques et humaines de l'évaluation.
Un résumé des mécanismes de la réglementation est présenté
et, en particulier, les problémes entrainés par lutilisation de
drogues non approuvées pour l anesthésie. Les problémes d éthi-
que propre aux interelations médecin-industrie sont aussi dis-
cutés avec des exemples de conflits dintérét sappliquant a
lanesthésie. Les processus de développement et de réglemen-
tation des drogues requiérent beaucoup defforts et de colla-
boration entre cliniciens, manufacturiers et intermédiaires gou-
vernementaux pour atteindre un objectif commun: le
développement et l'utilisation de produits efficaces et ne présen-
tant que peu de risques. Une compréhension de ces processus
peut favoriser lutilisation optimale des drogues et la partici-
pation active des anesthésistes a leur développement.

The ongoing search for safer, more effective drugs with
minimal adverse effects is one way in which, together
with the pharmaceutical industry, anaesthetists strive to
improve patient care.! The involvement of anaesthetists
in drug research and development originates, in part,
from a longstanding association with the field of clinical
pharmacology.>® As well, continued research with al-
ready marketed drugs is important for providing ongoing
safety surveillance* and for finding new applications for
“old” drugs.’ The importance of governmental drug reg-
ulation to the practice of medicine has been emphasized
over the past decade by issues surrounding the acquired
immune deficiency syndrome (AIDS) epidemic.® More
recently, issues of drug safety regulation’ and government
approved indications for drug use® have received attention
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in the anaesthesia literature. Such issues have highlighted
the need for understanding the processes of drug devel-
opment and regulation in anaesthesia practice. Thus, the
purpose of this paper is to review the process by which
new drugs are introduced into anaesthetic practice with
particular emphasis on pharmaceutical development and
government regulation.

New drug development

“It is estimated that for each useful and marketable drug,
over 10,000 new chemical entities are discovered and dis-
carded.” On average, ten to twelve years elapse from
the onset of discovery to marketing approval of a new
drug and this process can cost more than $200 million.*
Figure 1 illustrates an overview of the drug development
process.

Drug sourcing provides the drug developer with new
substances possessing desired pharmacological character-
istics. New drug sources may include naturally occurring
compounds (e.g., d-tubocurarine from the Amazonian
vine Chondodendron tomentosum),!® synthetic com-
pounds (e.g., alfentanil synthesized in 1976 by Janssen
Pharmaceutical Ltd.)!' or the licensing of partially de-
veloped compounds from other institutions.

Drug screening evaluates drug profiles in order to iden-
tify compounds with appropriate pharmacological activ-
ity. Such testing is performed using molecular (e.g., re-
ceptor/enzyme studies), cellular (e.g., receptor activity
and vascular tone) and physiological (e.g., CNS, cardio-
respiratory, renal and endocrine) models to examine var-
iables specific to each drug and its intended action,'?
These screens are performed with in vitro (molecular and
cellular) or in vivo (two to four animal species) studies, 12
For example, a study which evaluates the binding of syn-
thetic opioids to u opiate receptors is an in vitro drug
screen'® while the rat tail withdrawal test (withdrawal
reaction time from a thermal stimulus) is an in vivo drug
screen used to measure the analgesic effect of opioids.!!
Patent development generally begins upon identification
of a lead compound and is completed by the time clinical
research begins.®

The preclinical workup is necessary in order to obtain
régulatory approval for testing in humans. From this prec-
linical evaluation, chemical, biochemical and animal data
submitted in the form of an Investigational New Drug
Application (IND) include studies of dosage formulation,
metabolism, pharmacokinetics/dynamics and most im-
portantly preclinical toxicology (safety testing).® Safety
testing includes the assessment of acute, subacute and
chronic toxicities.'2 Acute toxicity testing includes deter-
mination of the lethal dose or LDg, in animals. Subacute
testing generally evaluates three drug doses in two species
with a length of exposure proportional to the expected
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FIGURE | An overview of the drug development process (Adapted
from: Knoop SJ and Worden DE. The Pharmaceutical Drug
Development Process: An Overview. Drug Inf J 22; 259, 1988.)

TABLE I The four phases of clinical drug trials. (Adapted from
Clinical Pharmacology, Laurence DR and Bennett PN, 6th ed,
Churchill Livingstone, 1987, p 46)

Phase I

Clinical Pharmacology (~20-50 subjects)
- heailthy volunteers/ patients

- pharmacokinetic/ dynamic studies

Phase 2

Clinical Investigation (~50-300 subjects)

- carefully controlled dose ranging studies in patients to assess safety
and efficacy (S & E)

Phase 3

Formal Therapeutic Trials (~250-1000)
- randomized and controlled

- comparison with other drugs (S & E)

Phase 4

Post-Marketing (2000-10,000)

- Further formal therapeutic trials
- S & E surveillance

duration of clinical use.'? Finally, chronic toxicity testing
often takes one to two years and is conducted concur-
rently with clinical trials.'? Toxicity is measured in the
live animal by observing clinical chemistry, haematology
and physiologic signs and after autopsy by examining
histology and electron microscopy of specific organs (e.g.,
CNS, kidney, liver).*? Other aspects of safety testing in-
clude reproductive effects (e.g., teratogenicity) and both
carcinogenic and mutagenic potential. !?

Once the IND has been approved, the drug may then
enter the stage of clinical development. This stage involves
the first three phases of clinical trials (Table I).!* Drugs
are first zdministered to humans during phase I trials
which are conducted in healthy volunteers in order to
study clinical dosage ranges, predictable toxicities and
various pharmacokinetic/dynamic measures.® In phase
II, the drug is tested in patients with the target disease
in order to evaluate safety and efficacy and to detect a
broader range of toxicities.'? Although drugs in anaes-
thetic practice may not have a “target disease” per se,
they may be studied in special populations (e.g., patients
with renal or hepatic disease). ! Phase 111 studies are pre-




518

marketing trials performed on a large population to ex-

amine safety and efficacy in comparison with comparable
marketed drugs.'* Drug registration and marketing ap-
proval requires the submission of safety and efficacy data
from clinical trials in the form of a New Drug Application
(NDA).'?2 This application is reviewed by the regulatory
agency which upon ascertainment of acceptable safety
and efficacy may grant marketing approval. Subsequent
to approval, postregistration activity such as phase IV
postmarketing studies provide safety surveillance on an
even larger scale than in phase III trials.!> These post-
marketing studies, although conducted by the pharma-
ceutical firm, sometimes receive input and analysis by
independent clinicians as observed with the Diprivan
Clinical Experience Program. !¢ Given the practical lim-
itations of premarketing clinical trials, postmarketing sur-
veillance is a vital way in which physicians contribute
to drug safety regulation so as to ensure that newly mar-
keted drugs are being used appropriately.*

New trends in drug development

In 1991, a conference involving drug developers and reg-
ulators was held in the United States on “The Integration
of Pharmacokinetic (PK), Pharmacodynamic (PD) and
Toxicokinetic (TK) Principles in Rational Drug Devel-
opment” from which a conference report was published
in several pharmacology journals.® This report described
strategies by which PK, PD and TK studies could be
applied to both preclinical and clinical phases of drug
development so as to develop new drugs more effectively
and expediently. One strategy is to study the relationship
between systemic drug concentrations and pharmacody-
namic end points during preclinical animal studies. Such
studies could correlate systemic drug concentrations with
both pharmacologic and toxicologic drug effects and may
help in developing appropriate dosing regimens for use
in Phase I dose-response studies in humans. Another con-
cept emphasized in this report is the importance of Phase
I implementation of PK/PD studies in “the very first
dose-tolerance studies in humans since this offers a unique
(possibly one-time only) opportunity to evaluate drug
concentration-acute toxic effect relationships of poorly tol-
erated doses which will be avoided in subsequent studies.”?

The drug regulatory process

In 1938, sulphanilimide was marketed in a sweet-tasting
formulation of the untested solvent diethylene glycol and
resulted in 108 deaths.!” In 1962, the administration of
thalidomide to pregnant women produced the disfiguring
results of fetal phocomelia and gave rise in the United
States to the Kefauver-Harris drug regulation amend-
ments.* These tragic historical milestones serve to high-
light the importance of drug safety regulation. !’
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FIGURE 2 General overview of the drug regulatory process.
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The Food and Drug Administration (FDA) in the
United States and the Health Protection Branch (HPB)
in Canada each fulfill the public mandate of regulating
the development and marketing of pharmaceutical prod-
ucts. 152 These agencies are also responsible for medical
devices regulation including that of anaesthesia equip-
ment.?? The legislation of drug and device regulation
is covered by the Food, Drug and Cosmetic Act in the
United States and the Food and Drugs Act in Can-
ada.'®® An important difference between HPB and the
FDA is that drug approval by HPB often occurs later
than that by the FDA.2 This difference can, to some
degree, be explained by the fact that both countries have
the same number of drugs to approve with resources
which are roughly proportional to each country’s pop-
ulation. Future HPB initiatives to increase the timeliness
of drug approval in Canada include North American har-
monization of drug regulation as initiated by recent joint
drug reviews involving the collaboration of HPB and the
FDA.Z

Figure 2 illustrates an overview of the drug regulatory
process. Before testing of any new chemical entity in hu-
mans, a pharmaceutical firm must first submit to the
regulatory agency an Investigational New Drug Appli-
cation (IND). As previously described, the IND includes
data describing dosage formulation, metabolism, pharma-
cokinetics/dynamics and preclinical toxicology. As well,
the IND must describe the proposed clinical trial pro-
tocols in order “to ensure that the properties and uses
of a new drug are elucidated in a meaningful, scientific
and ethical manner at minimal acceptable risk to those
subjects.”® Provided that the content of the IND is ac-
ceptable to the regulatory agency, the company/investi-
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gator may then conduct the clinical trials as described.
Data from phase I-1II clinical trials which evaluate the
safety and efficacy of a new drug are submitted in the
New Drug Application (NDA). Review of the NDA, if
found to be acceptable, will then result in marketing ap-
proval by the regulatory agency. Once the drug is ap-
proved, the company may then proceed with labeling,
marketing and sale of the drug, '®

In special circumstances where a physician or inves-
tigator submits that an investigational drug (as yet un-
marketed) may have a favourable risk/benefit profile in
an individual case (e.g., for last resort treatment of ter-
minal AIDS or cancer patients), special administrative
procedures exist for the regulatory agency to authorize
release of an unmarketed drug by the manufacturer for
this exceptional use (see Figure 2 item 2A).5%

After receiving marketing approval, every drug is dis-
tributed with a package insert (or product monograph)
which is published by the manufacturer and approved
by the drug regulatory agency. '® This document contains,
in addition to basic pharmacology and dosage informa-
tion, the indications, contraindications and patient pop-
ulations for which the drug was approved.’® Should any
research or clinical experience suggest that a marketed
drug has another useful indication, the manufacturer or
an investigator (with the manufacturer’s approval) may
submit a new IND to propose further study of this mar-
keted drug for the new indication. Data from these studies
are submitted in the form of a supplemental NDA which
if approved would result in the addition of the new in-
dication on to the drug’s package insert, !

Once marketed, the manufacturer of a drug is respon-
sible for collecting data of adverse drug events through
adverse reaction reporting systems and phase IV post-
- marketing trials and this information must be shared with
the drug regulatory agency.'®!? Severe adverse drug reac-
tions may result in modifications to product labelling to
include new contraindications/ warnings and if necessary
withdrawal of the drug from the market.* This aspect
of drug regulation is illustrated by issues regarding suc-
cinylcholine, as recently described by Bevan,” in a most
interesting interaction between anaesthetists, government
drug regulators and the pharmaceutical industry. Incited
by recent reports of intractable cardiac arrest in children
given succinylcholine,”® the pharmaceutical firm Bur-
roughs Wellcome issued in October 1993 (in both Canada
and the United States) public notification of the new con-
traindication of succinylcholine in chilren and adolescent
patients for routine tracheal intubation. This decision met
with considerable protest from the paediatric anaesthesia
community?’ claiming that this contraindication was not
justified by an extremely low incidence occurrence (pos-
sibly as low as one in 500,000 or 100,000,000 in the
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TABLE II Examples of unlabeled drug use in anaesthesia

- Intrathecal fentanyl/sufentanil

- Intravenous ketorolac

- Midazolam by continuous infusion

- Oral midazolam

- Paediatric use of fentanyl, bupivacaine and propofol

world)? in light of the drug’s tremendous clinical value
and a 40-yr track record. In response to these concerns
the Canadian subsidiary of Burroughs Wellcome, with
the approval of HPB, eliminated this contraindication in
Canada.? In 1995, succinylcholine remains contraindi-
cated in the United States for routine use in children
and adolescents.? In reply to recent letters to the editor
of Anesthesiology, the Pilot Drug Evaluation Staff of the
FDA invited the authors of those letters to attend the
next FDA Anesthetic and Life Support Drugs Advisory
Committee (ALSAC) meeting to voice their concerns
regarding this contraindication.?® Whether this invitation
results in any amendments to the succinylcholine product
monograph in the United States remains to be seen.

Unapproved drug use in anaesthesia

A practicing physician may freely prescribe or administer
any marketed drug within the realm of accepted medical
practice. However, drug use which exceeds the approved
recommendations does place the physician in a medico-
legally tenuous position. ! This medicolegal risk does not
prevent a physician from using his or her best clinical
judgement with the patient’s best interest in mind.3? In
fact, in two medical malpractice cases in the United
States, the court upheld the physicians’ rights to prescribe
marketed drugs for unapproved uses given that judicious
clinical judgement was being exercised.

There are a number of clinically accepted practices
in anaesthesia which exceed the approved guidelines of
the package insert (Table II).® Such unapproved drug
uses often become the mainstay of clinical practice with-
out being legally approved. The issue of unapproved uses
of approved drugs raises concerns about drug safety reg-
ulation, manufacturer and medicolegal liability, and pro-
fessional freedom for physicians.

From the industry’s viewpoint, support for INDs and
supplemental NDAs to add new indications to already
marketed drugs would entail additional manpower and
expense. Sponsorship of supplemental NDAs to add a
seldom used indication — for example iv guanethidine
block for reflex sympathetic dystrophy* - is unlikely to
be in the manufacturer’s interest. Submission of an in-
dependent investigator-sponsored IND for a new indica-
tion requires manufacturer approval in order for the reg-
ulatory agency to access and cross-reference previously
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submitted preclinical data legally.!” Thus, clinical data
supporting a new indication does not translate into reg-
ulatory approval without industry involvement.

Drug regulatory bodies recognize that physicians may
prescribe unapproved uses for marketed drugs within the
realm of accepted medical practice.’! However, without
the presentation of formally conducted trials, these agen-
cies can carry no official position on an indication for
which they have received no data. One of the concerns
of drug regulators is that without official labeling such
as the package insert, public safety may be jeopardized
without uniformly accepted guidelines regarding these un-
approved indications. 3!

Clinicians, through research or clinical experience,
often discover and develop new techniques which may
entail unapproved drug use. Despite evidence suggesting
that patients may benefit substantially from such unauth-
orized use, physicians may be reluctant to provide this
treatment if, medicolegally, they “stand alone.”® As ex-
pressed by White and Watcha, the regulatory process
which has evolved in order to protect the public in this
case can work against it.?

The issue of unapproved uses of marketed drugs is
complex. Potential solutions suggested by Nightingale, the
associate commissioner of the FDA include: (1) more
frequent supplemental NDA submissions for new indi-
cations by pharmaceutical companies, (2) modified proce-
dures by drug regulatory agencies to facilitate further the
addition of new indications to the package insert and
(3) modification of postmarketing/phase IV studies by
industry to expedite the addition of new indications.?!
Some tangible efforts observed in this area include recent
initiatives by the FDA to compile lists of, and evaluate
frequently employed “off label drug uses” which are sup-
ported by scientific evidence3* as well as new labeling
regulations that encourage more extensive paediatric clin-
ical drug trials. ¥

Physician interaction with the pharmaceutical industry
The association of physicians with the pharmaceutical in-
dustry has raised several ethical concerns. This is most
notable in the areas of industry-sponsored research and
pharmaceutical representative-physician interactions and
these have received much attention in the medical lit-
erature, 364!

Issues such as excessive incentives to physicians from
pharmaceutical representatives, advertising and commer-
cially sponsored supplements in journals and industry bi-
asing in continuing medical education have been dis-
cussed in the anaesthesia literature.*>* In particular,
a recent editorial by Saidman, the editor-inchief of
Anesthesiology, discusses issues of conflict of interest
which relate to the peer review and industry support of
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research in anaesthesia. * This editorial accompanied two
articles describing the toxicity of compound A, an olefin
formed by the reaction between soda lime or Baralyme
and sevoflurane, a volatile anaesthetic under investigation
by Abbott Laboratories in the United States.*”*® The al-
leged conflict of interest lay in the fact that one of their
senior authors was a paid consultant to Ohmeda, the
manufacturer of desflurane a competitor to sevoflurane. %
Saidman discussed the link between financial sources of
conflict of interest and the potential for loss of scientific
objectivity. Despite open disclosure of possible conflicts
of interest regarding industry-sponsored research, this
issue remains a concern.® In the end, he supports the
decision to publish these reports with the merit of their
scientific quality which the reviewing editors unanimously
agreed was of principal importance. %

Although communication and cooperation between
physicians and the pharmaceutical industry may lead to
well-directed research, up-to-date medical education, and
appropriate drug development and utilization, the pos-
sibility of conflict of interest is an area of concern which
requires ongoing attention and scrutiny by all involved
parties.

Principles and guidelines for the ethical association of
physicians with the pharmaceutical industry have been
put forth by organizations such as the Canadian and
American Medical Associations and the American Col-
lege of Physicians. **-%! Such guidelines include (1) ethical
and scientifically valid industry-sponsored research, (2)
the involvement of institutionally based review boards in
industry related research, (3) physician-organizer control
of continuing medical education activities and (4) the
maintenance of professional autonomy and commitment
to the scientific method when interacting with the phar-
maceutical industry.*-3! The setting of these guidelines
are examples of physician-directed initiatives to protect
the responsibility for patient care from external conflicts
of interest.

Conclusion

In the 31st Rovenstine lecture, Greene proclaimed that:
“Any consideration of the broadening of our horizons
in anaesthesia deserves inclusion of the radical changes
in and the complexity of, the pharmacologic basis of mod-
ern operative anaesthesia.”® The current diversity of
pharmacological development and utilization contributes
largely to our clinical capabilities in anaesthetic practice.
Some future goals for anaesthesia’s pharmacopoeia as
suggested by Scheller in 1992 include: (1) inhalational
anaesthetics with very low blood/ gas solubility ratios that
might replace nitrous oxide, (2) extremely short-acting
non-depolarizing muscle relaxants that might replace suc-
cinylcholine, (3) very short-acting potent opioids without
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such side effects as muscle rigidity, nausea, hypotension
or pruritis and (4) future possible forms of gene therapy
that might control for proteins such as B-endorphin or
even hibernation factors.>* The recent marketing of des-
flurane (in the United States) and mivacurium (in the
United States and Canada), as partial fulfillment of these
goals illustrates the success of drug development in anaes-
thesia.

In the 20th century, the pharmaceutical industry has
made considerable contributions to the field of medicine
as observed, for example, by the profound impact of anti-
biotics and cardiovascular drugs on morbidity and mor-
tality in modern society.” This industry’s function and
viability requires complex interactions with government,
and with the medical, scientific and business communi-
ties. As anaesthetists, we should be aware of those aspects
of the industry which directly affect clinical practice such
as drug development and regulation. A basic understand-
ing of these issues will allow us to utilize anaesthetic drugs
optimally as well as to participate actively in the drug
development process.
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