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I, LESTER GRINSPOON, M.D., declare:

1. I am an Associate Professor of Psychiatry, at Harvard Medical School in Boston,
Massachusetts, where I have taught for more than 35 years. I am also Editor of The Harvard Mental
Health Letter. My area of research is psychoactive drugs. 1 am particularly interested in the
medicinal properties of cannabis. If called as a witness, I could and would testify competently to the
facts set forth below. I have attached a copy of my Curriculum Vitae as Exhibit A. For the Court’s
convenience, where appropriate I have provided footnotes referencing the sources upon which I have
relied.

2. I received a bachelor’s degree in 1951 from Tufts College. I received a doctorate in
1955 from Harvard Medical School. I subsequently completed an internship in Medicine at Beth
Israel Hospital in Boston, Massachusetts (1955-1956), and a residency in psychiatry at Massachusetts
Mental Health Center (1958-1961). I received further training as a field instructor for the National
Cancer Institute in Los Angeles, California (1956-1958).

3. Since joining the Harvard Medical School faculty in 1973, I have held numerous
positions, including Associate Clinical Professor, Assistant Clinical Professor, and Senior
Psychiatrist for the Massachusetts Mental Health Center. My other research and teaching
appointments include, Assistant in Medicine for University of Southern California School of
Medicine (1956-1958), Director of the Clinical Research Center for Massachusetts Mental Health
Center (1961-1968), Consultant in Psychiatry and Research for Boston State Hospital (1963-1970)
and an Examiner for the American Board of Psychiatry and Neurology (1969-present). I have also
held several positions for the American Psychiatric Association such as Vice-Chairperson (1975-
1977) and Chairperson for the Council on Research (1977-1979), Vice-Chairperson (1979-1980) and
Chairperson for Scientific Program Committee (1980-1984).

4. I serve on several professional and community boards. These include many years as a
member of the Beneficial Plant Research Association (1980-1984), the Drug Policy Foundation
(1987-present), Physicians for Human Rights (1986-present), the Drug Research Group (1995-

present), and Scientific and Policy Advisors of the American Council on Science and Health (1997 -
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present). I recently served as Chairperson for the Board of Directors for the National Organization
for the Reform of Marihuana Laws (1993-1995). 1 was also a faculty member for the Zinberg Center
for Addiction Studies in Cambridge, Massachusetts (1993-1996). 1 am currently on several Editorial
Boards, including editor for the Harvard Mental Health Letter (1984-present), the Journal of Social
Pharmacology (1985-present), and Addiction Research (1991-present).

5. I have testified before the National Marijuana Commission Subcommittee of the
Senate Small Business Committee in 1972, the House Select Committee on Narcotics in 1977, 1979
and 1989, the Controlled Substances Advisory Committee, the Drug Abuse Research Advisory
Committee in 1978, the Senate Judiciary Committee in 1980, and the House Judiciary Committee,
Sub-Committee on Crime in 1997. 1 am also a frequent presenter at national and international
conferences.

6. I have authored and co-authored some 154 articles in scholarly and professional
journals, most of which deal with clinical comparisons of drug therapies. I have contributed chapters
of medical textbooks, research publications, clinical protocols and conference reports. My work has
been published in the Journal of Clinical Endocrinology and Metabolism, New England Journal of
Medicine, Journal of the National Cancer Institute, Mental Patients in Transition, Science Digest,
Archives of General Psychiatry, Comprehensive Psychiatry, Clinical Medicine, Journal of
Psychiatric Research, Psychosomatic Medicine, Diseases of the Nervous System, American Journal
of Psychiatry, Scientific America, Psychopharmacologia, International Journal of Psychiatry,
Encyclopedia of Science and Technology, International Narcotic Report, New York Law Journal,
Journal of Consulting and Clinical Psychology, Drug Therapy, World Journal of Psychosynthesis,
Medical Tribune, Contemporary Drug Problems, Social Science and Medicine, Villanova Law
Review, Congressional Digest, Biological Psychiatry, The Sciences, Journal of Ethnopharmacology,
Handbook on Drug Abuse, The Hastings Center Report, Harvard Mental Health Letter, Harper's,
Nova Law Review, New Harvard Guide to Psychiatry, Journal of State Government, Cancer
Treatment & Marijuana Therapy, Journal of Drug Issues, North Carolina Journal of International

Law & Commercial Regulation, Encyclopedia of Human Biology, Drugs, Society and Behavior,
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Journal of American Medical Association, University of West Los Angeles Law Review, and Journal
of Psychoactive Drugs.

7. I have authored and co-authored some 13 books, several of which deal with the history
and medical use of cannabis. These books include Marihuana Reconsidered (Harvard University
Press, 2d ed. 1977), Psychedelic Drugs Reconsidered (Basic Books, 2d ed. 1981), Psychedelic
Reflections (Human Sciences Press, 1982), The Long Darkness: Psychological and Moral
Perspectives on Nuclear Winter (Yale University Press, 1986), and Marihuana, The Forbidden
Medicine (Yale University Press, Revised Edition 1997).

8. Based on my research, I have found that cannabis is remarkably safe. Although not
harmless, it is surely less toxic than most of the conventional medicines it could replace if it were
legally available. Despite its use by millions of people over thousands of years, cannabis has never
caused an overdose death. The most serious concern is respiratory system damage from smoking, but
that can easily be addressed by increasing the potency of cannabis and by developing the technology
to separate the particulate matter in marijuana smoke from its active ingredients, the cannabinoids
(prohibition, incidentally, has prevented this technology from flourishing). Once cannabis regains the
place in the U.S. Pharmacopoeia that it lost in 1941 after the passage of the Marihuana Tax Act
(1937), it will be among the least toxic substances in that compendium. Right now the greatest
danger in using cannabis medically is the illegality that imposes a great deal of anxiety and expense
on people who are already suffering.

9. I have done extensive research on the history of the use of cannabis for medical
purposes, as well as its legal regulation in the United States. The marijuana, cannabis, or hemp plant
is one of the oldest psychoactive plants known to humanity. A native plant of central Asia, cannabis
may have been cultivated as much as ten thousand years ago. It was certainly cultivated in China by
4000 B.c. and in Turkestan by 3000 B.c. It has long been used as a medicine in India, China, the
Middle East, Southeast Asia, South Africa, and South America. The first evidence of the medicinal
use of cannabis was published during the reign of the Chinese Emperor Chen Nun five thousand

years ago. Cannabis was recommended for, among other things, malaria and rheumatic pains.
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Another Chinese herbalist recommended a mixture of hemp, resin, and wine as an analgesic during
surgery. Hemp was also noted as a remedy by Galen and other physicians of the classical and
Hellenistic eras, and it was highly valued in medieval Europe.

10.  Between 1840 and 1900, more than one hundred papers on the therapeutic uses of
cannabis were published in American and European medical journals. It was recommended as an
appetite stimulant, muscle relaxant, analgesic, sedative, anticonvulsant, and as a treatment for opium
addiction. A professor at the Medical College of Calcutta, W.B. O’Shaughnessy, was the first
Western physician to observe the use of cannabis as a medicine. He gave cannabis to animals,
satisfied himself that it was safe, and began to use it with patients suffering from rabies, rheumatism,
epilepsy, and tetanus. In a report published in 1839, he wrote that he had found tincture of hemp (a
solution of cannabis in alcohol, taken orally) to be an effective analgesic. He was also impressed
with its muscle relaxant properties and called it “an anticonvulsive remedy of the greatest value.” In
1890, J.R. Reynolds, a British physician, summarized thirty years of experience with Cannabis
indica, finding it valuable in the treatment of various forms of neuralgia, including tic douloureux (a
painful facial neurological disorder), and added that it was useful in preventing migraine attacks. He
also found it useful for certain kinds of epilepsy, for depression, and sometimes for asthma and
dysmenorrhea.

11. The medical use of cannabis was in decline by 1890. It was believed that the potency
of cannabis preparations was too variable, and that individual responses to orally ingested cannabis
seemed erratic and unpredictable. Another reason for the neglect of research on the analgesic
properties of cannabis was that the greatly increased use of opiates after the invention of the
hypodermic syringe in the 1850s allowed soluble drugs to be injected for faster pain relief; hemp
products are insoluble in water and so cannot easily be administered by injection. Toward the end of
the nineteenth century, the development of such synthetic drugs as aspirin, chloral hydrate, and
barbiturates, also contributed to the decline of cannabis as a medicine. But these new drugs had, and
still have today, striking disadvantages. More than a thousand people die from aspirin-induced

bleeding each year in the United States, and barbiturates are, or course, far more dangerous.

DECLARATION OF LESTER GRINSPOON, MD, IN SUPPORT OF DEFENDANTS’ 4
RESPONSE TO SHOW CAUSE ORDER

sf-566072



11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

12. Cannabis use in the United States was particularly a matter of state or federal
regulation until 1915, when the first state, California, prohibited marijuana possession or sale. In
1930, the year in which the Federal Bureau of Narcotics was founded, only sixteen states had laws
prohibiting the use of cannabis. In contrast, by 1937, nearly every state had adopted legislation
outlawing cannabis. Sociologists have speculated that pressure from the liquor lobby figured among
the more subtle factors in this sudden legal onslaught. More important, lack of scientific
understanding concerning the effects of cannabis enabled the unsubstantiated statements of the
Federal Bureau of Narcotics to go substantially unchallenged. The Marihuana Tax Act of 1937 was
the culmination of a series of efforts on the part of the Federal Bureau of Narcotics to generate anti-
marijuana legislation.

13.  One might have expected physicians looking for better analgesics and hypnotics to
turn to cannabinoid substances, but the Marihuana Tax Act of 1937 undermined any such
experimentation. The Marihuana Tax Act of 1937 imposed a transfer tax upon certain dealings in
marijuana. The Marihuana Tax Act of 1937 provided that anyone who imports, manufactures,
produces, compounds, sells, deals in, dispenses, prescribes, administers, or gives away marijuana was
required to register, record transactions and pay special taxes depending on the defined purposes.
Those who failed to comply were subject to large fines or prison for tax evasion. Although, it was
ostensibly designed to prevent nonmedical use of cannabis, the Marihuana Tax Act of 1937 made
cannabis so difficult to obtain, that cannabis was removed from the United States Pharmacopoeia and
National Formulary in 1941. The Boggs Act of 1951 established mandatory prison terms and large
fines for violation of any federal drug law, and the Narcotic Control Act of 1956 strengthened those
penalties.

14.  In the 1960s, however, the public began to rediscover the medical value of cannabis,
as letters appeared in lay publications from people who had learned that it could relieve their asthma,
nausea, muscle spasms, or pain and wanted to share that knowledge with readers who were familiar
with the drug. Meanwhile, legislative concern about recreational use of cannabis increased, and in

1970 Congress passed the Comprehensive Drug Abuse Prevention and Control Act (also called the

DECLARATION OF LESTER GRINSPOON, MD, IN SUPPORT OF DEFENDANTS’ 5
RESPONSE TO SHOW CAUSE ORDER

sf-566072



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Controlled Substances Act), which assigned psychoactive drugs to five schedules and placed
cannabis in Schedule 1, the most restrictive.

15. A few patients have been able to obtain medical cannabis legally in the last twenty
years. Beginning in the 1970s, thirty-five states passed legislation that would have permitted medical
use of cannabis but for the federal law. Several of those states actually established special research
programs, with the permission of the federal government, under which patients who were receiving
cancer chemotherapy would be allowed to use cannabis. These projects demonstrated the value of
both smoked marijuana and oral THC (tetrahydrocannabinol). The FDA approved oral THC
(Marinol) as a prescription medicine in 1986. In 1976, the federal government introduced the
Individual Treatment Investigational New Drug program (commonly referred to as the
Compassionate IND), which provided cannabis to a few patients whose doctors were willing to
undergo the paperwork-burdened and time-consuming application process. About three dozen
patients eventually received cannabis before the program was discontinued in 1992, and eight
survivors are still receiving it — the only persons in the country for whom it is not a forbidden
medicine.

16.  The most effective spur to the movement for medical marijuana came from the
discovery that it could prevent the AIDS wasting syndrome. It is not surprising that the Physicians
Association for AIDS Care was one of the medical organizations that endorsed the California
initiative prohibiting criminal prosecution of medical marijuana users.

17. I have conducted an extensive review of the literature concerning medical uses of
cannabis and I am familiar with studies on the topic. Review of medical literature is a commonly
used research tool. I have also studied clinically many patients who have used cannabis for the relief
of a variety of symptoms; this clinical experience forms the basis of my book, Marihuana, The
Forbidden Medicine. In my book I provide first-person accounts of the ways that cannabis alleviates
symptoms of cancer chemotherapy, multiple sclerosis, osteoarthritis, glaucoma, AIDS and
depressions, as well as symptoms of such less common disorders as Crohn’s disease, diabetic

gastroparesis, and post-traumatic stress disorder. The patient narratives illustrate not only cannabis’s
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therapeutic properties but also the unnecessary further pain and anxiety imposed on sick people who
must obtain cannabis illegally.

18. Cannabis has several uses in the treatment of cancer. As an appetite stimulant, it can
help to slow weight loss in cancer patients. It may also act as a mood elevator. But the most
common use is the prevention of nausea and vomiting associated with cancer chemotherapy. About
half of patients treated with anticancer drugs suffer from severe nausea and vomiting, which are not
only unpleasant and painful but a threat to the effectiveness of the therapy. Retching can cause tears
of the esophagus and rib fractures, prevent adequate nutrition, and lead to fluid loss. Some patients
find the nausea so intolerable they say they would rather die than go on. The antiemetics most
commonly used in chemotherapy are metoclopramide (Reglan), the relatively new ondansetron
(Zofran), and the newer granisetron (Kytril). Unfortunately, for many cancer patients these
conventional antiemetics do not work at all or provide little relief.

19.  The suggestion that cannabis might be used in the treatment of cancer arose in the
early 1970s when some young patients receiving cancer chemotherapy found that marijuana smoking
reduced their nausea and vomiting. In one study of 56 patients who got no relief from standard
antiemetic agents, 78% became symptom-free when they smoked marijuana.’ Oral
tetrahydrocannabinol (THC) has proved effective where the standard drugs were not,” but smoking
generates faster and more predictable results because it raises THC concentration in the blood more
easily to the needed level. Also, it may be hard for a nauseated patient to take oral medicine. In fact,
there is strong evidence that most patients suffering from nausea and vomiting prefer smoked

marijuana to oral THC.

' Vinciguerra, V., et al. Inhalation Marihuana as an antiemetic for cancer chemotherapy.
New York State Journal of Medicine 1988, 88:525-527. (Attached as Exhibit B).

? Sallan, S.E., et al. Antiemetic effect of delta-9-tetrahydrocannabinol in patients receiving
cancer chemotherapy. New England Journal of Medicine 1975; 293:795-797. (Attached as Exhibit
C).
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20.  Oncologists may be ahead of other physicians in recognizing the therapeutic potential
of cannabis. In the spring of 1990, two investigators randomly selected more than 2,000 members of
the American Society of Clinical Oncology (one-third of the membership and mailed them an
anonymous questionnaire to learn their views on the use of cannabis in cancer chemotherapy.

Almost half of the recipients responded. Although the investigators acknowledged that this group
was self-selected and that there might be a response bias, their results provide a rough estimate of the
views of specialists on the use of Marinol (dronabinol, oral synthetic THC) and smoked marijuana.
Only 43% said the available legal antiemetic drugs (including Marinol) provided adequate relief to all
or most of their patients, and only 46% said the side effects of these drugs were rarely a serious
problem. Forty-four percent had recommended the illegal use of cannabis to at least one patient, and
half would prescribe it to some patients if it were legal. On average, they considered smoked
marijuana more effective than Marinol and roughly as safe.’

21. Cannabis is also useful in the treatment of glaucoma, the second leading cause of
blindness in the United States. In this disease, fluid pressure within the eyeball increases until it
damages the optic nerve. About a million Americans suffer from the form of glaucoma (open angle)
treatable with cannabis. Glaucoma is treated chiefly with eyedrops containing betablockers such as
timolol (Timoptic), which inhibit the activity of epinephrine (adrenaline). They are effective but may
have serious side effects such as inducing depression, aggravating asthma, slowing the heart rate, and
increasing the risk of heart failure. Cannabis causes a dose-related, clinically significant drop in
intraocular pressure that lasts several hours in both normal subjects and those with the abnormally
high ocular tension produced by glaucoma. Oral or intravenous THC has the same effect, which

seems to be specific to cannabis derivatives rather than simply a result of sedation. Cannabis does

3 Doblin R. Kleiman M. Marihuana as anti-emetic medicine: a survey of oncologists’
attitudes and experiences. Journal of Clinical Oncology 1991; 9:1275-80. (Attached as Exhibit D).
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not cure the disease, but it can retard the progressive loss of sight when conventional medication fails
and surgery is too dangerous.*

22.  About 20% of epileptic patients do not get much relief from conventional
anticonvulsant medications. Cannabis has been explored as an alternative at least since 1975 when a
case was reported in which marijuana smoking, together with the standard anticonvulsants
Phenobarbital and diphenylhydantoin, was apparently necessary to control seizures in a young
epileptic man.’ The cannabis derivative that is most promising as an anticonvulsant is cannabidiol.
In one controlled study, cannabidiol in addition to prescribed anticonvulsants produced improvement
in seven patients with grand mal convulsions; three showed great improvement. Of eight patients
who received a placebo instead, oﬁly one improved.® There are patients suffering from both grand
mal and partial seizure disorders who find that smoked marijuana allows them to lower the doses of
conventional anticonvulsant medications or dispense with them altogether. Furthermore,
anticonvulsants have many potentially serious side effects, including bone softening, anemia,
swelling of the gums, double vision, hair loss, headaches, nausea, decreased libido, impotence,
depression, and psychosis. Overdoses or idiosyncratic reactions may lead to loss of motor
coordination, coma or even death.

23. There are many case reports of cannabis smokers using the drug to reduce pain: post-
surgery pain, headache, migraine, menstrual cramps, and so on. Ironically, the best alternative
analgesics are the potentially addictive and lethal opioids. In particular, cannabis is becoming
increasingly recognized as the most effective treatment for the pain that accompanies muscle spasm,

which is often chronic and debilitating, especially in paraplegics, quadriplegics, other victims of

4 Hepler, R.S., et al. Ocular Effects of Marihuana Smoking. M.C. Braude, S. Szara (eds.).
The Pharmacology of Marihuana. New York: Raven Press, 1976.

3 Consroe, Paul F., et al. Anticonvulsant nature of Marihuana smoking. Journal of the
American Medical Association 1975; 234-306-307. (Attached as Exhibit E).

6 Cunha, J.M., et al. Chronic administration of cannabidiol to healthy volunteers and epileptic
patients. Pharmacology 1980;21:175-185. (Attached as Exhibit F).
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traumatic nerve injury, and people suffering from multiple sclerosis or cerebral palsy. Many of them
have discovered that cannabis not only allows them to avoid the risks of other drugs, but also reduces
muscle spasms and tremors; sometimes they are even able to leave their wheelchairs.’

24.  One of the most common causes of chronic pain is osteoarthritis, which is usually
treated with synthetic analgesics. The most widely used of these drugs — aspirin, acetaminophen
(Tylenol), and nonsteroidal anti-inflammatory drugs (NSAIDs) like ibuprofen and naproxen — are
not addictive, but they are often insufficiently powerful. Furthermore, they have serious side effects.
Stomach bleeding and ulcer induced by aspirin and NSAIDs are the most common serious adverse
drug reactions reported in the United States, causing an estimated 7,000 deaths each year.
Acetaminophen can cause liver damage or kidney failure when used regularly for long periods of
time; a recent study suggests it may account for 10% of all cases of end-stage renal disease, a
condition that requires dialysis or a kidney transplalnt.8 Cannabis, as I pointed out earlier, has never
been shown to cause death or serious illness. The University of lowa conducted a study of cannabis
for the relief of pain. Researchers gave oral THC or placebo at random to hospitalized cancer
patients who were in severe pain. The THC relieved pain for several hours in doses as low as 5-10
mg, and for even longer at 20 mg. At this dose and in this setting, THC proved to be a sedative as
well. It had few physical side effects than other commonly used analgesics.’

25. Oncologists are legally permitted to administer the synthetic THC (Marinol) orally in

capsule form. But inhaled cannabis may be necessary for several reasons. For one thing, oral THC is

7 Petro, D. J., Ellenberger, C., Treatment of human spasticity with delta-9-
tetrahydrocannabinol. Journal of Clinical Pharmacology 1981; 21:413-416. (Attached as Exhibit
G).

8 Perneger, T.V., Whelton, P., Klag, M.J. Risk of kidney failure associated with the use of
acetaminophen, aspirin, and nonsteroidal anti-inflammatory drugs. New England Journal of
Medicine 1994; 331:25:1675-1679. (Attached as Exhibit H).

°R. Noyes, S. F. Brunk, D. A. Baram, and A. Canter, “Analgesic Effect of Delta-9-
tetrahydrocannabinol,” Journal of Clinical Pharmacology 15 (February-March 1975): 139-143.
(Attached as Exhibit I).
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subject to the variances of bioavailability. This means that two patients who take the same amount
may absorb different proportions of the dose, and a given patient may respond differently on different
days, depending on the condition of the intestinal tract and other factors. Furthermore, the effects of
smoked cannabis are perceived almost immediately, so patients can smoke slowly and take only what
they need for a therapeutic effect. Patients who swallow Marinol may discover after an hour or so
that they have taken too much for comfort or not enough to relieve their symptoms. In any case, a
patient who is severely nauseated and constantly vomiting may find it almost impossible to the
capsule down. Furthermore, Marinol makes some patients anxious and uncomfortable. Smoked
cannabis, unlike Marinol, contains other substances which reduces anxiety caused by the THC.

26.  Intheory, all the therapeutic properties of cannabis could be used if individual
cannabinoids in addition to THC were isolated and made available separately as medicines. But this
would be an enormously complicated procedure. Research sponsors would have to determine the
therapeutic potential and evaluate the safety of sixty or more substances, synthesize each one found
to be useful, and package it as a pill or aerosol. As some of these substances probably act
synergistically, it would also be necessary to look at various combination of them. However no drug
company would provide the resources needed for such a project because cannabis can not be
patented, it is a plant material containing many chemicals rather than a single one and no drug in the
present pharmacopoeia is delivered by smoking.

27.  More than 300,000 Americans have died of AIDS. Nearly a million are infected with
HIV, and at least a quarter of a million have AIDS. Although the spread of AIDS has slowed among
homosexual men, the reservoir is so huge that the number of cases is sure to grow. Women and
children as well as both heterdsexual and homosexual men are now being affected; the disease is
spreading most rapidly among intravenous drug abusers and their sexual partners. The disease can be
attacked with anti-viral drugs, of which the best known are zidovudine (AZT) and protease inhibitors.
Unfortunately, these drugs sometimes cause severe nausea that heightens the danger of semi-
starvation for patients who are already suffering from nausea and losing weight because of the illness

— a condition sometimes called the AIDS wasting syndrome.
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28.  Cannabis is particularly useful for patients who suffer from AIDS because it not only
relieves the nausea but retards weight loss by enhancing appetite. In one study the body weight and
caloric intake of twenty-seven marijuana users and ten control subjects were compared for twenty-
one days on a hospital research ward. The marijuana smokers ate more than the controls and gained
weight; the controls did not. When they stopped smoking marijuana, they immediately started to eat
less.'® When it helps patients regain lost weight, it can prolong life. Although Marinol has been
shown to relieve nausea and retard or reverse weight loss in patients with HIV infection, most
patients prefer smoked cannabis for the same reasons that cancer chemotherapy patients prefer
smoked cannabis. Cannabis is more effective and has fewer unpleasant side effects, and the dosage is
easier to adjust. Many patients report that cannabis provides an appetite and pain relief without the
semi-comatose effect of narcotics.

29.  Opponents of medical cannabis often object that the evidence of its usefulness,
although strong, comes only from case reports and clinical experience. It is true that there are no
double-blind controlled studies meeting the standards of the Food and Drug Administration, chiefly
because legal, bureaucratic, and financial obstacles have been constantly put in the way. However,
we know more about cannabis than about most prescription drugs. Furthermore, individual
therapeutic responses are often obscured in group experiments, and case reports and clinical
experience are the source of much of our knowledge of drugs. As Dr. Louis Lasagna has pointed out,
controlled experiments were not needed to recognize the therapeutic potential of chloral hydrate,

barbiturates, aspirin, insulin, or penicillin. ' Nor was that the way we learned about the use of
p p Y

10, Greenberg, J. Kuehnle, J. H. Mendelson, and J. G. Bernstein, “Effects of Marijuana Use
of Body Weight and Caloric Intake in Humans,” Journal of Psychopharmacology (Berlin) 49 (1976):
79-84. (Attached as Exhibit J).

"' Lasagne, L. Clinical trials in the natural environment. C. Stiechele, W. Abshagan, J. Kich-
Weser (eds.). In Drugs Between Research and Regulations. New York: Springer-Verlag, 1985: 45-
49. (Attached as Exhibit K).
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propranolol for hypertension, diazepam for status epilepticus, and imipramine for enuresis. All these
drugs had originally been approved for other purposes.

30.  Inthe experimental method known as the single patient randomized trial, active and
placebo treatments are administered randomly in alternation or succession. The method is often used
when large-scale controlled studies are inappropriate because the disorder is rare, the patient is
atypical, or the response to treatment is idiosyncratic.'> Several patients have told me that they
assured themselves of cannabis’s effectiveness by carrying out such experiments on themselves,
alternating periods of cannabis use with periods of abstention. I am convinced that the medical
reputation of cannabis is derived partly from similar experiments conducted by many other patients.

31. Some physicians may regard it as irresponsible to advocate use of a medicine on the
basis of case reports, which are sometimes disparaged as merely “anecdotal” evidence which counts
apparent successes and ignores apparent failures. That would be a serious problem only if cannabis
were a dangerous drug. The years of effort devoted to showing that cannabis is exceedingly
dangerous have proved the opposite. It is safer, with fewer serious side effects, than most
prescription medicines, and far less addictive or subject to abuse than many drugs now used as
muscle relaxants, hypnotics, and analgesics.

32. Based on the best available medical information, it is evident that cannabis should be
made available even if only a few patients could get relief from it, because the risks are so small. For
example, as I mentioned, many patients with multiple sclerosis find that cannabis reduces their
muscle spasma and pain. A physician may not be sure that such a patient will get more relief from
cannabis than from the standard drugs baclofen, dantrolene, and diazepam — all of which are
potentially dangerous or addictive — but it is almost certain that a serious toxic reaction to cannabis

will not occur. Therefore the potential benefit is much greater than any potential risk.

'2 Larson, E.B. N-of-1 clinical trials: A technique for improving medical therapeutics.
Western Journal of Medicine 1990; 152:52-56; Guyatt, G.H., Keller, J.L., Jaeschke, R., et al. The N-
of-1 randomized controlled trial: Clinical usefulness. Annals of Internal Medicine 1990; 112:293-
299. (Attached as Exhibit L).
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1 33.  During the past few years, the medical uses of cannabis have become increasingly
2 clear to many physicians and patients, and the numbar of people with direct experience of these uses
3 has been‘growing. Therefore, the discussion is now turning from whether cannabis is an effective
4 medicine to how it should be made available.
5 I declare under penalty of perjury under the laws of the State of California that the foregoing
6 s true and correct. |
7 Executed this /) th day of Séptember. 1998, at Boston, Massachusetts.
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Presented to Dr. Lester Grinspoon
1990

Dr. Lester Grinspoon of Harvard Medical School is the complete
medical scholar. His research and writing have covered a broad
spectrum but perhaps his most important work has been his pursuit
of truth about the nature of certain illegal drugs. In the course
of that work, like Alfred R. Lindesmith, he upset many powerful
people, including some in the medical establishment, who viewed
impartial research on feared drugs as tantamount to heresy. Yet,

in the face of that criticism, Dr. Grinspoon has persisted in his
heretical pursuit of truth.

Although his earlier medical education had convinced him
that the drug was dangerous, upon reviewing all of the available
scientific and clinical evidence, he found marijuana to be

relatively benign and to have several helpful applications for
human beings.

Dr. Grinspoon was one of the most important witnesses in
the suit which won a ruling from the chief administrative law
judge of the DEA that marijuana was one of the safest
therapeutically active drugs known to the human race.

Lester Grinspoon represents all those scholars who report
the results of their research truthfully, despite the political
consequences of this unwelcomed honesty.
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ABSTRACT: A prospective pilot study of the use of inhalation marijuana as
an antiemetic for cancer chemotherapy was conducted. Fifty-six patients
who had no improvement with standart antiemetic agents were treated and 78%
demonstrated a positive response to marijuana. Younger age and prior
marijuana exposure were factors that predicted response to treatment.
Toxicity was mild and consisted primarily of sedation and xerostomia. This
preliminary trial suggests the usefuiness of inhalation marijuana as an
antiemetic agent. Because of the lack of a randomized placebo control
group, the precise role of this agent is unclear. Further studies should
include derivatives of this substance in combination with standard

effective drugs to control chemotherapy-induced nausea and vomiting.

(NY State J Med
1988; 88: 525-527)

>From the Don Monti Division of Oncology, Department of Medicine, North
Shore University Hospital, Manhasset, NY, and the Department of Medicine,
Comell University Medical College, New York, NY.

Address correspondence to Dr. Vinciguerra, Chief, Division of
Oncology/Hematology, North Shore University Hospital, 300 Community Dr,
Manhasset, NY 11030.

Supported in part by the Don Monti Memorial Research Foundation, Community
Clinical Oncology Program (CCOP) grant #CA-53579, and the New York State
Department of Health.

A great deal of clinical information has recently been generated concerning
the efficacy of various antiemetic agents for patients treated with cancer
chemotherapy. (1-3). Without effective control of nausea and vomiting,
patient compliance with potentially curative chemotherapy programs
diminishes, compromising not only quality but quantity of life. Effective
new chemotherapeutic agents could never be successfully tested in clinical
trials if they possessed potent emetic side-effects.

Although a number of agents have recently been found to be active,
including metoclopramide, (4,5) haloperidol, (6) dexamethasone, (7) and
lorazepam, (8) the need to introduce newer agensts and combination
antiemetic therapy may be necessary for continued control of symptoms.
Also, complete control of nausea and vomiting during anticancer treatment
must take into account not only the physical effects but also the
psychological ones. Control of anxiety through behavior modification and
relaxation is an effective antiemetic treatment of anticipatory nausea and
vomiting. (9)

Natural and synthetic cannabinoids are known to be effective

antiemetic agents. (10-12) Delta-9-tetrahydrocannabinol (THC) has been
found to be superior to prochlorperazine. (13) Also, patients who are
refractory to standart antiemetic agents have significant reduction in
nausea and vomiting with oral THC. (14) There is littie information on
the efficacy of inhalation marijuana aside from anecdotal reports from
patients who obtained the drug privately.

As a part of a New York State Department of Health program, North
Shore University Hospital conducted a preliminary study of the use of
inhalation marijuana as an antiemetic agent for cancer chemotherapy. The
purpose of this study was to evaluate the efficacy of inhalation marijuana
for patients refractory to standard agents, to identify patient
characteristics to predict response, and to evaluate toxicity and patient
acceptance of this form of treatment.

METHODS

Patients with histologically confirmed malignancies who were actively
receiving chemotherapy were entered into the protocol. Eligibility
criteria included: 18 years of age or older, refractoriness to
conventional antiemetic agents, and absence of severe cardiac or
psychiatric disease. Patients had to agree not to drive or operate heavy
machinery or a motor vehicle for at least 12 hours after the last dose of
marijuana. Central nervous system depressants including alcohol were
prohibited during the administration of marijuana.
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Marijuana cigarettes were supplied by the National Institute on Drug
Abuse (NIDA) to the New York State Department of Health. All patients
were instructed on standard smoking procedures. The patient inhales
deeply, holds the inhalation for ten seconds, and then exhales. After
waiting 10 to 15 seconds, the cycle is repeated. The total dose is
completed within five minutes. A flame-proof holder was available to
permit delivery of nearly all of the cigarette appropriate to the patient's
dosage. The dose schedule, which was calculated to the nearest one-fourth
cigarette; was 5 mg THC/m2, starting 6-8 hours prior to chemotherapy and
every 4-6 hours thereafter, for a total dose of four doses per day on each
day of chemotherapy (one cigarette= 10.8 mg THC). In order to prevent
cigarettes from drying out and causing harsh smoke, patients were
instructed to keep the cigarettes in the refrigerator or humidified.

This was a nonrandomized study where patients served as their own
controls. Patients were asked to self-rate their status by completing a
patient evaluation form after each therapeutic episode. Nausea was graded
on a scale from 1 (none) to 4 (severe), vomiting was graded from 1 (none)
to 5 (10+ times), appetite was graded from l(none) to 5 (above normal),
and physical state was graded from 1 (very weak) to 4 (above normal), and
mood was graded from 1 (very depressed to 5 (very happy). Based on the
degree of nausea, vomiting, food intake, physical state, and over-all mood,
patients rated the overall effectiveness of marijuana as none, moderately
effective, and very effective.

Physician investigators were approved by the Hospital's Patient
Qualification Review Board. Physicians utilized the official New York
State triplicate prescription form as their research order for medication.
Informed consent was obtained from all patients and the procedures followed
were approved by an institutional research committee.

RESULTS

Seventy-four patients entered the study and 56 were evaluable. Eighteen
patients who had initially agreed to be treated with marijuana later
decided not to participate. Eighteen patients rated the marijuana very
effective (34%) and 26 patients rated it moderately effective (44%) for
an overall response rate of 78% (44/56). Twelve patients (22%) noted no
benefit.

TABLE 1. Patient Characteristics (Percent)

Responders Nonresponders P
Value

(N=44) (N=12)

Female 64 75

NS*

Mean age (yr) 41 5!
(median) (40) (54)

Breast cancer 36 33

NS

Lymphoma 34 25

NS

Prior radiation therapy 30 8

NS

Prior THC 29 20

NS

Prior Marijuana 52 17
0.06

Euphoria 60 36

NS

(high)
Smoker 53 38
NS

*NS= not significant
Standard deviation=11.9
Standard deviation=15.6

Characteristics of responding and nonresponding patients are listed in
Table 1. While no statistically significant differences were noted between
responders and nonresponders with regard to sex, type of diagnosis, prior
radiation therapy, prior oral THC treatment, incidence of euphoria, or
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smoking history, it is important to remember that the sample sizes were
small, making interpretation of differences difficult. Patients who
responded to marijuana cigarettes were more likely to be younger, median
age 40 vs 54 for nonresponders, and had prior marijuana exposure, 52% vs
17% (p= 0.06).

The most common diagnoses for this group of patients were breast

cancer, lymphoma, ung cancer, colon cancer, ovarian cancer, testicular
cancer, sarcoma, acute leukemia, and myeloma. The most common emetic
chemotherapeutic agents were cyclophosphamide, doxorubicin, cis-platinum,
procarbazine, methotrexate, dacartazine, and streptozocin, given either
singly or in combination. Four of seven patients treated with cis-platinum
responded favorably to marijuana cigarettes.

Toxic side effects included sedation in 88%, dry mouth in 77%,

dizziness in 39%, and confusion in 13%. Anxiety, headache, and fantasizing
were also seen but were less common. There was no toxicity in 13% of
patients (Table II).

TABLE II. Percent Toxicity

Sedation 88
Dry Mouth 77
Dizziness 39
Confusion 13
Anxiety 11
Headache 11
Fantasizing 11
None 13

DISCUSSION

The results of this prospective study suggest that inhalation

marijuana is active in controlling nausea and vomiting resulting from
chemotherapy. Marijuana benefited patients who were treated with a wide
range of chemotherapeutic agents including drugs which have considerable
emetogenic potential. A prior report by Chang et al (15) documented
effectiveness of oral THC and inhaled marijuana against high-dose
methotrexate, which normally has mild gastrointestinal toxicity. While
most experience indicates that THC is generally ineffective against
cis-platinum-induced emesis, benefit was seen in a small number of patients
treated in our program with this agent.

Since this was a single arm, nonrandomized, outpatient program, this

study lacks a controlled placebo group. Nevertheless, the patients acted

as their own controls, having previously failed standard antinausea
medications. They evaluated marijuana based on their subjective rating of
the severity of nausea, vomiting, appetite and food intake, mood, and
physical state after chemotherapy treatment. A placebo-controlied,
randomized inpatient study which quantitates all emetic episodes would
obviously provide objective and precise information. (16)

Failure to respond to oral THC does not preclude benefit from inhaled
marijuana. Twenty-nine percent of patients who failed oral THC responded
to the cigarette form. This is not unexpected, since only 5-10% of orally
administered THC is absorbed, whereas inhaled marijuana has a five-to
tenfold greater bioavailability. (17) Clearly, oral THC is an effective
treatment for chemotherapy-induced emesis. Most studies have demonstrated
THC to be better than placebo and comparable to prochlorperazine. (18)
The major obstacle related to the oral and inhaled cannabinoids is the

route of administration. Patients with anticipatory vomiting do not retain
the oral THC. Because of its poor water solubility, parenteral
adminstration of cannabinoids has been difficult. The only cannabinoid
available for parenteral use, levonantradol, is currently being

investigated and has documented activity comparable to THC. (19) Perhaps
intranasal or transdermal forms of THC will be developed and found to be
clinically useful.

Patient characteristcs were evaluated to identify factors which would
predict response to marijuana. There were no significant differences
between responders and nonresponders with regard to sex, diagnosis, prior
radiation therapy, prior THC ingestion, induced euphoria, and history of
cigarette smoking. The only factors that approached significance were
young age and prior marijuana intake. Unlike the experience with oral THC,
experiencing a euphoric high was not a prerequisite to obtaining the
antiemetic effect with marijuana. (20)

The mechanism of the antiemetic action of cannabinoids is unknown.
Inhibition of prostaglandin and cyclic adenosine monophosphate has been
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suggested. Its major action is more likely related to its effect on the
brain, as marijuana causes central nervous system depression and impairment
of brain function. At the cellular level, cannabinoids interfere with the
synthesis of nucleic acids and chromosome proteins. (21)

Some of the problems encountered in this study which could influence
interpretation of the results were the low patient accrual and the fact

that nearly 25% of patients who initially consented refused to receive
treatment. Reasons for patients' refusal to participate included physician
and patient bias against smoking, harshness of smoke from the cigarettes,
and preference for oral THC capsules. The major objection was related to
the social stigma attached to the use of marijuana. Many patients rejected
the idea of "smoking pot" at home and exposing their children to the
implications of this type of medication. Should this therapy become
available in a different vehicle of administration, patient acceptance
would significantly improve.

Our results demonstrate that inhalation marijuana is an effective

therapy for the treatment of nausea and vomiting due to cancer
chemotherapy. A randomized, controlled trial would, however, be necessary
to accurately define the exact role of this drug. Toxic effects are well
tolerated and the availability of a parenteral form would improve patient
utilization of this agent. Future antiemetic protocols should include the
active ingredient of marijuana in combination with current effective
agents.
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i. Abstract

Anecdotal accounts suggested that smoking marihuana decreases the nausea
and vomiting associated with cancer chemotherapeutic agents. Oral delta-9-
tetrahydrocannabinol was compared with placebo in a controlled, randomized,
"double-blind" experiment. All patients were receiving chemotherapeutic
drugs known to cause nausea and vomiting of central origin. Each patient was
to serve as his own control to determine whether tetrahydrocannabinol had an
antiemetic effect. Twenty- two patients entered the study, 20 of whom were
evaluable. For all patients an antiemetic effect was observed in 14 of 20
tetrahydrocannabinol courses and in none of 22 placebo courses. For patients
completing the study, response occurred in 12 of 15 courses of
tetrahydrocannabinol and in none of 14 courses of placebo (P <0.001). No
patient vomited while experiencing a subjective "high."” Oral
tetrahydrocannabinol has antiemetic properties and is significantly better than
a placebo in reducing vomiting caused by chemotherapeutic agents.

(Top)
I. Introduction

Nausea and vomiting of central origin occur after the administration of a variety of cancer
chemotherapeutic agents and frequently constitute the major morbidity associated with
such treatment. Control with classic antiemetics is incomplete and variable.

Anecdotal accounts from patients suggested that smoking marihuana before receiving
intravenous anti- tumor drugs resulted in diminution of nausea and vomiting, and, in
contradistinction to the usual post- therapeutic anorexia, some were able to take food
shortly after therapy. Effects of marijuana on nausea and vomiting in human beings deserve
to be reported. It has been demonstrated that oral delta-9- tetrahydrocannabinol (THC)
causes the same physiologic effects as smoking marijuana (1,2).

The purpose of this study was to determine the effects of orally administered THC on
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nausea and vomiting in patients receiving cancer chemotherapy.

(Top)
I. Patients, Materials and Mgthods

Twenty-two patients known to have a variety of neoplasms were enrolled in the study. Ten
males and 12 females ranging in age from 18 to 76 years (median of 29.5) participated.
Twenty patients had previously received cancer chemotherapeutic agents known to cause
nausea and vomiting (adriamycin, 5-azacytidine, nitrogen mustard, imidazole carboxamide,
procarbazine, high-dose cyclophosphamide or high-dose methotrexate, or combinations
thereof). Twenty of the 22 were known to be refractory to conventional antiemetics. The
other two patients had never been treated with chemotherapy before entering the study.
Pregnant women and patients with a past history of emotional instability or untoward
reactions to psychoactive drugs were not eligible.

The study was thoroughly explained to the patients. They were told that they would receive
a placebo or a "marihuana-like drug for the purpose of controlling nausea and vomiting."
Subjects agreed not to smoke marihuana during the course of the study.

THC was supplied by the National Institute on Drug Abuse. The drug was suspended in
0.12 ml of sesame oil and supplied in gelatin capsules. Identical-appearing placebo
capsules contained only sesame oil. Initially, THC dosage was 15 mg given every four
hours for three doses. Because of some variability in responses, the dose was changed to 10
mg per square meter body-surface area per dose. Nineteen patients received 15-mg doses,
and three 20-mg doses.

A randomized, "double-blind," crossover experiment was employed, each patient t being
used as his own control. Optimally, patients received three one-day courses of drug (either
THC or placebo). Each course consisted of three doses of drug, the first taken two hours
before and the other two and six hours after chemotherapy. Patients were randomized to
receive courses in one of four sequences: THC-placebo-THC; THC-placebo-placebo;
placebo-THC-placebo; or placebo-THC-THC.

Nausea, vomiting, and food intake were assessed by the patient on the day after treatment
through the use of self-administered questionnaires. In addition, the patient, nurses, and
other personnel in contact with the patient were interviewed by one of us (S.E.S.), who also
reviewed the questionnaires and nurses' notes.

(Top)
I1. Results
Definitions of responses are based upon a comparison of THC and placebo courses.

Complete response to THC means that there was no vomiting in patients for whom the
same antitumor drugs caused unequivocal moderate to severe vomiting after placebo.
Conversely, a complete response to placebo theoretically is possible, but never occurred.

Partial response to THC means that there was at least a 50 per cent reduction in vomiting as
compared to placebo after the same chemotherapy. Included in this group are the patients
whose vomiting, which occurred shortly after chemotherapy during a placebo course, was
delayed until escape from control of THC. These patients attained a "high" that wore off
before the next dose, or after the last dose of THC, and during this time vomiting "broke
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through." A partial response to placebo is also a theoretical possibility but never occurred.

No response to the THC means that there was either no decrease or less than a 50 per cent
reduction in vomiting as compared with placebo after the same antitumor drugs. No
response to placebo means that the patients vomited after chemotherapy as often or more
often than after THC.

Absence of vomiting after both THC and placebo makes the response unevaluable because
there was neither demonstrable emetic effect of chemotherapy nor antiemetic effect of THC
or placebo. One patient who had no prior chemotherapy before entering the study, was
excluded from analysis for this reason.

Eleven patients completed three courses of treatment, two completed two courses, and nine
completed one course.

One of the 11 never vomited and was excluded from evaluation as noted above. The
remaining 10 patients received 30 courses of drug, but a single course was excluded from
analysis because the dose of cancer chemotherapeutic agent was reduced by 50 per cent.
Therefore, 29 courses were evaluated: 14 placebo and 15 THC. All courses of placebo
resulted in no response. Of the THC courses, there were five complete responses, seven
partial responses, and three no responses. The therapeutic response derived from the THC
was independent of the sequence of THC or placebo courses administered. Accepting
complete and partial responses as positive responses, the difference between THC and
placebo is highly significant (chi-square with Yates's correction P<0.001).

Of the two patients who completed two courses in the study, one died of disease, and the
other decided to smoke marihuana, thus becoming ineligible to continue. Both these
patients had no response after placebo; after THC, both had partial responses.

Nine patients received one course of treatment. Six had placebo only, and five of them
vomited after chemotherapy. The patient who did not vomit after placebo had no prior
chemotherapy. His response to placebo, therefore, is unevaluable because of the
impossibility of differentiating an antiemetic effect of placebo from the emetic effect of
chemotherapy. Of the six, two voluntarily withdrew from the study because they did not
want to risk another placebo course, one had chemotherapy discontinued, one died of
disease, and two are still in the study. Three had THC only. Of these, two vomited and left
the study, and the third went off study because of THC toxicity.

In summary, 20 courses of THC were administered, resulting in five complete responses,
nine partial responses, three no responses, and three unevaluable responses. Twenty-two
ccourses of placebo resulted in no complete responses, no partial responses, 16 no
responses, and six unevaluable responses.

(Top)

IIL. Side Effects

Of 16 patients receiving THC, 13 (81 per cent) experienced a "high." This effect was
characterized by mood changes, which varied and consisted of one or more of the
following: easy laughing; elation; heightened awareness; mild aberrations of fine motor co-
ordination; and minimal distortion of their activities and interactions with others. There
were no hangovers or delayed effects. '

The next most common side effect was somnolence. For one third of the patients,
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somnolence curtailed activities for two to six hours, but the patients were easily aroused.
Another third had somnolence which did not curtail activities; the remainder experienced
no somnolence.

Toxicity characterized by paranoid ideation, apprehension, fear, panic, and frightening
visual hallucinations has been reported after single THC doses of 35 mg (2). Only two of
our patients (9 per cent) experienced THC toxicity, both after three doses of 20 mg. One
had visual distortions lasting for a few seconds, and the other reported visual hallucinations
of 10 minutes' duration and depression of several hours.

(Top)
IV. Discussion

The results of this placebo-controlled "double-blind" study demonstrate that THC has
antiemetic effects.

The study was designed to compare THC with placebo. It was not designed to evaluate
placebo effect. No comparisons were made between placebo and absence of placebo, or
between placebo and retrospective emesis control. If a placebo effect exists in this clinical
and investigative setting, THC cannot be evaluated.

No patient vomited while experiencing a subjective "high." No "highs" were reported after
placebo. In some patients, the "high" wore off before the next THC dose, and during this
interval, nausea and vomiting frequently occurred. After this study, patients taking THC
received their next dose as soon as the "high" began wearing off. Preliminary results
indicate that this dose-scheduling adjustment sustains the antiemetic effect of THC.

Variability in gastrointestinal absorption of orally administered THC between, but not
within, individual subjects has been reported (2). Three of our patients (19 per cent)
reported the absence of a "high" after THC. The lack of THC effect ("high" and antiemesis)
in at least some patients may be related to failure of absorption. Some patients who did not
attain a "high" after the initial dose were able to do so with subsequent doses. This effect
may be analogous to the experience of Weil et al (3) with smoked marihuana: failure to
respond to an initial dose of marihuana, and then response to subsequent doses. This
phenomenon may also be related to induction of hepatic microsomal enzymes necessary for
drug metabolism as suggested by Lemberger er al (4).

Patients became "high" 20 to 60 minutes after ingestion of drug. The duration of the "high"
varied from one to five hours, but was usually two to three hours, suggesting that the rigid
four-hourly schedule between doses was probably too long for some patients, and possibly
explaining some partial responses. When dosage was based on body-surface area, less
variability in onset and duration of effects was noted.

Time of onset, duration of effect, and intensity of "high" were unrelated to previous
marihuana use. Six patients admitted prior use of marihuana, but only one was considered
more than an occasional user (defined here as smoking less than once a week).

It has been demonstrated that orally administered THC results in the same physiologic
effects as inhaled marihuana (1,2). The previous studies showing inhaled marihuana to be
more potent than oral THC (1) were probably in error because the THC was delivered in
poorly absorbed vehicles (2). Inhalation appears to be more suitable for patients with
suboptimal gastrointestinal absorption.
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Hollister has shown that the effects of smoked THC clearly resemble those of marihuana
(5). We have made preliminary observations comparing the antiemetic effect of smoked
marihuana and oral THC. The marihuana belonged to individual patients and, therefore,
was neither qualitatively nor quantitatively controlled. For most patients, both smoked and
oral routes had identical effects. Theoretically, smoking might be the preferable route since
it may result in less variability of absorption than the gastrointestinal route. Moreover,
smoking provides greater opportunity for individual patient control by permitting the
patient to regulate and maintain the "high."

THC has been reported to have a biphasic clinical effect, with initial stimulation and
elation followed by sleepiness and tranquillity (6). With other antiemetics, such as the
phenothiazine derivatives, sedative effect seems to parallel antiemetic effect (7). Although
somnolence occurred in about two thirds of out patients, in the dosage used, THC
prevented or reduced vomiting in most patients without appreciable curtailment of
activities.

Appetite stimulation follows the smoking of marihuana (8). Four of our patients reported
food intake "more than usual" after chemotherapy when taking THC. No patient reported
this effect after placebo.

These data demonstrate that THC is an effective antiemetic for patients receiving cancer
chemotherapy. Failure of response in 19 per cent of patients receiving THC perhaps is
explicable on the basis of pharmacologic factors. THC can be used safely in the dosage of
10 mg per square meter per dose every four hours for at least three doses. Lack of
effectiveness for some patients might be correctable by shortening the interval between
doses to maintain a "high." The safety of such a dose-schedule adjustment is still to be
determined.

(Top)
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i. Abstract

A random-sample, anonymous survey of the members of the American Society
of Clinical Oncology (ASCO) was conducted in spring 1990 measuring the
attitudes and experiences of American oncologists concerning the antiemetic
use of marijuana in cancer chemotherapy patients. The survey was mailed to
about one third (N = 2,430) of all United States-based ASCO members and
yielded a response rate of 43% (1,035). More, than 44% of the respondents
report recommending the (illegal) use of marijuana for the control of emesis to
at least one cancer chemotherapy patient. Almost one half (48%) would
prescribe marijuana to some of their patients if it were legal. As a group,
respondents considered smoked marijuana to be somewhat more effective than
the legally available oral synthetic dronabinol [THC] Marinol; Unimed,
Somerville, NJ) and roughly as safe. Of the respondents who expressed an
opinion, a majority (54%) thought marijuana should be available by
prescription. These results bear on the question of whether marijuana has a
"currently accepted medical use," at issue in an ongoing administrative ad
legal dispute concerning whether marijuana in smoked form should be
available by prescription along with synthetic THC in oral form. This survey
demonstrates that oncologists' experience with the medical use of marijuana is
more extensive, and their opinions of it are more favorable, than the regulatory
authorities appear to have believed.

(Top)
i. Introduction

Marijuana (smoked) has been reported to be effective in treating emesis associated with
cancer chemotherapy (1-4), but its use is currently prohibited by law (5). The main
psychoactive ingredient in marijuana, tetrahydrocannabinol (THC; dronabinol), was
approved in 1985 by the Food and Drug Administration (FDA) for use in the treatment of
emesis. As marketed under the trade name Marinol (Unimed, Somerville, NJ) and
synthetically formulated in sesame oil in gelatin capsules to be taken orally, almost
100,000 doses were prescribed in 1989 (6).
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Litigation concerning the rescheduling of marijuana to permit its medical use has been
making its way through the courts since 1972 (7). The central issue in the longstanding
administrative and legal dispute, argued before the United States Court of Appeals (DC
Circuit) on March 4, 1991 (8), is whether or not marijuana has a "currently accepted
medical use in treatment in the United States." This is the standard for rescheduling
required by the Uniform Controlled Substances Act of 1970 (5), which created the current
system of drug scheduling. The Act does not further specify the standard.

In September 1988, after 2 years of Drug Enforcement Administration (DEA)
administrative hearings, DEA Administrative Law Judge Francis Young issued a
recommendation in favor of rescheduling marijuana. He ruled that the appropriate standard
for current acceptance is identical to the one established for a successful defense in medical
malpractice cases, which requires only that the medical practice at issue be accepted by a
"respectable minority" of physicians (9). Ironically, the 1955 medical malpractice case that
established this standard involved a lawsuit against an oncologist for the unsuccessful use
of chemotherapy, which was then new and did not have the approval of the American
Medical Association. The court stated that as long as there was no infallible cure and the
doctor "did not engage in quackery by representing that he had one," the support of a
respectable minority of peers would be sufficient to avoid malpractice liability. The court
remarked "We [the court] are not physicians and we have no light on the subject except
such as is shed by the testimony of physicians..." (10).

On December 29, 1989, the Administrator of DEA rejected Judge Young's
recommendation and refused to reschedule marijuana on the grounds that medical use of
marijuana was not currently accepted. The Administrator used an eight-part standard for
determining current acceptance similar to the "safety and efficacy" standard used by the
FDA to approve the marketing of new drugs by pharmaceutical companies (11). The DEA
first articulated this standard in another rescheduling case in 1987, after the United States
Court of Appeals (Ist Circuit 1987) rejected its contention that FDA new drug approval
itself was the appropriate standard (12). On April 26, 1991, the United States Court of
Appeals (DC Circuit) (13) ruled that DEA's standard was impossible to meet, and was
therefore invalid. The court remanded to the DEA its ruling rejecting Judge Young's
recommendation in favor of the rescheduling of marijuana.

The extent of oncologists' acceptance of medical use of marijuana remains a disputed issue.
Dr Ivan Silverberg, an oncologist and witness in the DEA hearings, testified, "There has
evolved an unwritten but accepted standard of treatment within the oncologic community
which readily accepts marijuana's use" (14). On the other hand, the DEA characterized the
medical use of marijuana as a "cruel and dangerous hoax" (15). In a newspaper interview,
DEA Associate Chief Counsel Steven Stone suggested that only a fringe group of
oncologists accepted marijuana as an antiemetic. Stone remarked, "The Judge seems to
hang his hat on what he calls a 'respectable minority of physicians.' What percent are you
talking about? One half of one percent? One quarter of one percent?" (16). This report of
oncologists experiences with and attitudes about marijuana as an antiemetic is based on a
survey of these specialists conducted in the spring of 1990.

(Top)
I. Subjects and Methods

A random sample of the United States-based members of the American Society of Clinical
Oncology (ASCO) was surveyed. The membership of ASCO, the only formal association
of clinical oncologists in the United States, comprises about 80% of the approximately
5,000 board-certified oncologists and almost 60% of the approximately 11,700 oncologists
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in the United States, including academic and research-oriented oncologists as well as
clinicians in private practice. The survey was conducted independently of ASCO
sponsorship.

The survey, responses to which were anonymous, was sent to about 35% (N = 2,430) of the
total United States-based ASCO 1989 membership (N = 6,830). The 1,035 surveys
returned resulted in a response rate of 43%, representing 15% of United States-based
ASCO members and 9% of all oncologists in the United States. Of the respondents, 57
(6%) returned the survey unanswered, indicating that they did not treat patients. Other
respondents did not answer every question. The data analysis is based on the total number
of respondents answering each particular question.

The survey initially elicited personal information about the oncologist's year of graduation
from medical school and size of practice. Oncologists were then asked to estimate the
proportion of their cancer chemotherapy patients for whom the currently available
antiemetics provided adequate relief or caused significant problems with side effects.

Respondents were asked how frequently they prescribed Marinol, whether any of their
patients had used marijuana as an antiemetic, whether they had directly observed or
discussed marijuana's medical use with patients, and whether they had ever recommended
that a patient try marijuana.

Oncologists were also asked to estimate the proportion of their patients who reported
effective emetic control or negative side effects from using marijuana or Marinol, to
directly compare the safety and efficacy of marijuana and Marinol, and to estimate what
proportion of their patients experienced net benefits from their use of marijuana.

Oncologists were further asked to respond to the statements "Marijuana can be effective in
the control of emesis," "Marijuana can be used safely in the control of emesis," 'Marijuana
should be given an accepted place in the antiemetic armamentarium," and "I find the use of
Marinol in the control of emesis to be a legitimate, currently acceptable medical practice”
by indicating strong agreement, agreement, strong disagreement, disagreement, or no
opinion. Oncologists were also asked, if marijuana were legal, whether they would
prescribe it to "many," "few," or "none" of their patients or if they needed more
information.

(Top)
I1. Results

Ten percent of the respondents graduated from medical school in the 1980s; almost one
half (48%) of the respondents graduated from medical school in the 1970s; almost one third
(31%) in the 1960s; 9% in the 1950s; and 2% in the 1940s. In 1989, almost one half (49%)
of the respondents had an annual patient population of more than 225; almost one quarter
(24%) treated between 150 and 225 patients; 18% treated between 75 and 150 patients; and
9% treated 75 or fewer patients.

Two hundred nine (21%) of oncologists reported that the available medicines provided
inadequate relief to half or more of their patients (Fig 1). More than half (520, 54%) of the
respondents reported that the available antiemetics caused significant problems with side
effects in more than a "few" of their patients ( Fig 1).

Slightly more than 70% (686) of respondents reported that at least one of their patients had
used marijuana as an antiemetic and that they had directly observed or discussed
marijuana's medical use with that patient(s). Marinol had been prescribed by 557
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respondents (57%).

A surprising proportion of respondents (432, 44%) said they had recommended marijuana
to at least one patient. Only six respondents noted that they did so as part of a legally
authorized research protocol. Not surprisingly, respondents who treated more than 150

patients per year were more likely to have recommended marijuana than respondents
treating fewer than 150 patients (46% v 34%, P < .05). Respondents who graduated from
medical school in the 1950s, the 1960s, or the 1970s had statistically similar rates of
recommending marijuana (1950s, 46%; 1960s, 44%; 1970s, 44%). However, those who
graduated during the 1980s had a significantly lower rate (30%. P <.05).

Efficacy of Marijuana and Marinol

Three hundred eighty-five respondents (64%) stated that marijuana was effective in 50% or
more of their patients, and 266 (56%) reported the same of Marinol (Fig 2). The difference
is statistically significant (P = .008).

Of the 277 respondents (28%) who felt they had sufficient information to compare
marijuana directly with Marinol in terms of efficacy, 44% believed marijuana to be more
effective, 13% believed Marinol to be more effective, and 43% thought they were about
equally effective. Of those who reported a preference (N = 157), 121 (77%) thought
marijuana was more effective than Marinol. The difference between 77% and 50% (the null
hypothesis) is statistically significant below the .0001 level.

Six hundred eight respondents (63%) agreed with the statement affirming the efficacy of
marijuana in the treatment of emesis (9% "strongly agreed" and 54% "agreed"), and 77
respondents (8%) disagreed (2% "strongly disagreed" and 6% "disagreed"). Two hundred
eighty-three (29%) had no opinion. Of the respondents with opinions (N = 685), 89%
believed marijuana to be effective in the control of emesis. Of respondents to a question
concerning net benefits (N = 644), 409 (64%) reported that 50% or more of their patients
experienced net benefits from marijuana. Only 15 (2%) reported that none of their patients
experienced net benefits from marijuana.

Safety of Marijuana and Marinol

Two hundred twenty-four respondents (47%) stated that the use of Marinol caused negative
side effects in 50% or more of their patients, and 235 (40%) reported the same about
marijuana (Fig 3). The difference is statistically significant (P = .018).

Of the 288 respondents (29%) who felt they had sufficient information to compare
marijuana with Marinol in terms of side effects, 20% believed marijuana to cause fewer
problems with side effects, 23% believed Marinol to cause fewer problems, and 57%
thought they were equal. Slightly more than half, 52% (65), of those who reported a
preference (124) reported Marinol to cause fewer problems with side effects. The
difference between 52% and 50% is not statistically significant (P = .596).

Four hundred seventy-eight respondents (49%) agreed with the statement affirming that
marijuana could be safely used in the treatment of emesis (6% "strongly agreed" and 43%
“agreed"), and 131 (14%) disagreed (4% "strongly disagreed" and 10% "disagreed"). Three
hundred sixty-one (37%) had no opinion. Of the respondents with opinions (N = 609),
almost four fifths (79%) believed that marijuana could be safely used to control emesis.

Almost half (423, 44%) of the respondents reported that they believe marijuana to be both
safe and efficacious. Of respondents with opinions on both safety and efficacy (N = 577),
73% believe marijuana to be both safe and efficacious. There were no significant
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differences in positive opinions of marijuana's safety and efficacy between respondents
who treated 150 patients or fewer annually and those who treated more than 150 patients
annually, or among respondents who graduated in different decades.

Three hundred twenty respondents (33% of all respondents) stated that marijuana should be
accepted (50% "strongly agreed" and 28% "agreed") and 279 (29%) felt that it should not
(7% "strongly disagreed" and 22% "disagreed"); 364 (38%) expressed no opinion. Of the
599 respondents with opinions, 53% favored making marijuana available by prescription.
The surplus of positive over negative opinions is within the bounds of sampling error (P =
.092). There were no significant differences in rate of acceptance by size of patient
population. However, respondents who graduated in the 1950s were significantly less
likely to accept the medical use of marijuana (22%) than respondents who graduated in the
1960s (35% ), the 1970s (34%), or the 1980s (39%) (P <.05).

When asked whether Marinol should be accepted, 705 respondents (73%) agreed (20%
"strongly agreed" and 53% "agreed") and 83 (9%) disagreed (2% "strongly disagreed" and
7% "disagreed"); 177 (18%) had no opinion. Of the 788 respondents with opinions, 89%
accept the medical use of synthetic THC.

Almost half of the respondents (440, 48%) would prescribe marijuana to at least a few
patients (4% to "many," 44% to "few") if it were legal; 200 (22%) would not prescribe it;
and 274 (30%) said they would need more information. The 48% who would prescribe
marijuana if it were legal is only slightly less than the 54% who have prescribed Marinol,
which is legally available. Of those oncologists who had previously recommended
marijuana to at least one patient (N = 432), 279 (65%) would prescribe marijuana to at least
a few patients if it were legally available. Of those oncologists who had not recommended
marijuana to at least one patient (N = 550), 161 (29%) report that they would prescribe
marijuana to at least a few patients if it were legally available.

(Top)
II1. Discussion

Although substantial, the response rate of 43% makes it difficult to determine precisely the
views of the entire ASCO membership. The views of the sample who returned the survey
may differ significantly from the views of those who did not. Since ASCO itself does not
compile membership statistics for age, year of graduation from medical school, or patient
population size, respondents cannot be compared with the full membership in these
respects. However, no obvious anomalies in their characteristics were observed.
Furthermore, the distribution of postmarks by state on the returned surveys - the main
information available with which to evaluate response bias - very closely matched the
geographic distribution of the survey forms mailed. Although there is nothing specific to
suggest the presence of response bias, it cannot be ruled out. Therefore, all reported
statistics should be considered indications of the general range of support for various
propositions, rather than precise determinations.

The central empirical question the survey was designed to answer was whether a significant
minority of the members of the ASCO supported the rescheduling of marijuana to permit
its use in the treatment of nausea associated with cancer chemotherapy. The response rate is
sufficiently large to resolve that question conclusively.

Of all oncologists with opinions responding to our survey, 54% supported rescheduling.
Possible response bias makes it impossible to determine precisely whether a majority of the
population with opinions actually holds that view. Ascertaining whether a significant
minority of the population supports rescheduling is much simpler. A sensitivity analysis
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varying the degree of acceptance of the medical use of marijuana by nonrespondents to the
survey suggests that support for rescheduling marijuana is indeed present in at least a
significant minority of our population. In the hypothetical event that all nonrespondents
and all respondents without opinions were actually opposed to rescheduling, 13% of
oncologists would remain in favor of rescheduling. If all nonrespondents and respondents
without opinions were actually for rescheduling, 85% would support prescription
availability of marijuana.

The survey data suggest that adding marijuana to the existing armamentarium of antiemetic
agents would result in substantial benefits to patients. Oncologists believe smoked
marijuana to be roughly as safe as legally available, oral synthetic THC (Marinol) and
somewhat more effective. Of the oncologists responding to our survey, 44% - 73% of those
with opinions - consider marijuana both safe and efficacious.

Oncologists may prefer to prescribe smoked marijuana over oral THC for several reasons.
The bioavailability of THC absorbed through the lungs has been shown to be more reliable
than that of THC absorbed through the gastrointestinal tract (17-18), smoking offers
patients the opportunity to self-titrate dosages to realize therapeutic levels with a minimum
of side effects, and there are active agents in the crude marijuana that are absent from the
pure synthetic THC.

Although the survey did not ask whether marijuana or Marinol might be safer or more
effective when used with specific patient groups, in space set aside for comments, 42
oncologists mentioned either that older patients had more problems with side effects from
both Marinol and marijuana or that patients who had side effects tended to be
inexperienced with marijuana. The increased prevalence of side effects in older patients
may be a cohort effect and not an age effect. Marijuana and Marinol may be most useful in
younger or marijuana-experienced patients.

More than four in 10 respondents (44%) report that they have recommended the (illegal)
use of marijuana to control emesis to at least one cancer chemotherapy patient. The fact
that so many physicians have advised patients to commit an illegal act to obtain marijuana
suggests a substantial discrepancy between clinical and regulatory opinions. Almost half
(48%) would prescribe it to some of their patients if it were legal. '

The survey reported here of the opinions and experiences of clinicians is not a controlled
clinical study of the use of marijuana as an antiemetic. Nevertheless, this survey
demonstrates that oncologists' experience with the medical use of marijuana is more
extensive, and their opinions of it are more favorable, than the regulatory authorities appear
to have believed. It appears that current regulations create the somewhat anomalous
situation that a substantial fraction of all practicing oncologists at least occasionally
commit an act - ie, counseling a patient to acquire and use a controlled substance - that
constitutes a crime and that at least in principle could lead to the revocation of their license.

(Top)
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Consroe/Epilepsy/1975
ANTICONVULSANT NATURE OF MARIHUANA SMOKING

Journal of the American Medical Association Oct 20, 1975---Vol 234, No 3:
306-307

Paul . Consroe, PhD: George C. Wood, PhD; Harvey Buchsbaum, MD

>From the departments of pharmacology (Dr. Consroe) and pharmaceutical
sciences (Dr. Wood), College of Pharmacy, and the Neurology Department,
Tucson Medical Center (Dr. Buchsbaum), University of Arizona, Tucson

Marihuana smoking, in conjunction with therapeutic doses of pheno-barbital
and diphenylhydantoin, was apparently necessary for controlling seizures in
one 24-year-old epileptic patient.

ANECDOTAL accounts of beneficial therapeutic effects of Cannabis sativa
have been known throughout recorded history. (1) The classic description
by O'Shaughnessy (2) in 1842 of the ameliorative effects of marihuana
extract on "infantile convulsions,”" "hydrophobia," and "lockjaw"

invite speculation as to the anticonvulsant effect of the drug. Other 19th
century physicians reported that marihuana preparations were of benefit in
controlling various spastic and seizure states, (3,4) although entirely
useless in states of "true chronic epilepsy"” such as petit mal. (4)

Synthetic derivatives of delta-9-tetrahydrocannabinol, the main
psychoactive ingredient of marihuana, have been reported to be of val;ue in
the treatment of human epilepsy, although explicit details are absent in

the abstract-report. (3) Finally, there is also a published report in

which grand mal convulsions in a 20-year-old man were exacerbated by
smoking marihuana. (4)

These references are essentially the only available literature on

the relationship between marihuana and human convulsions, which obviously
indicates a paucity as well as a contradiction of information. The

following case report describes the possible beneficial effect of marihuana

in human epilepsy.

Report of a Case

A 24-year-old man has been seen in a neurology outpatient clinic

for a period of eight years for control of his epileptic seizures. His

history included febrile convulsions at 3 years of age and epileptic

seizures since the age of 16. Since that age, the patient has been taking
diphenylhydantoin sodium, 100 mg four times a day, and phenobarbital, 30 mg
four times a day. Control seizures with this regimen was incomplete, and

the patient complained of attacks about once every two months. From the

age of 16 to 22, the incidence of seizures increased to one attack per

month to one per week.

At 22 years of age, the patient began smoking marihuana (two to

five joints per night) while continuing the prescribed anticonvulsant drug
therapy. During this period, attack did not occur as long as the patient
continued to take the combination of all three drugs. The patient's
condition could not be maintained on marihuana alone, because on two
occasions he experienced an attack three to four days after running out of
his prescribed medication.

Neurological work-up has recently been done on the patient and he

has been thoroughtly interviewed, because of the possible association

between marihuana and epileptsy. The patient was found to have abnormal
paroxysmal bursts of spike and slow-wave electroencephalographic discharges
bilaterally, and his condition was diagnosed as grand mal epilepsy. The
patient showed no other physical or emotional disability and did not admit

to smoking cigarettes, drinking alcohol, or taking any other drugs. Plasma
level of diphenylhydantoin was 7.4 mcg / ml; ohenobarbital level was 11 mcg
/ml; and folic acid, 4.5mcg / ml.

The patient apparently complies with his dosage regimen, since he
has a history of regular clinic visits and refilled drug prescriptions.

Comment

This case suggests that marihuana may possess an anticonvulsant
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effect in human epilepsy. Previous reports have alluded to this
possibility. (1-3,5) Moreover, the antiseizure properties of
delta-9-tetrahydrocannabinol have been demonstrated in a wide variety of
experimental animal species. (7-9) It has been shown in laboratory-animal
seizure models that the tetrahydrocannabinols show a differential activity
against major seizures without altering the sequelaw of minor seizures.
(7) Thus, the present case appears to bear out the prediction from the
animal studies while at the same time possibly explaining marihuana's
observed lack of effect in petit mal epilepsy. (4)

Theoretical calculations can be made to elucidate the probable
blood level range for delta-9-tetrahydrocannabinol. A sample of the
" patient's marijuana was analyzed for tetrahydrocannabinol content by gas

chromatography, and was found to contain 1.2% by weight total cannabinoids.

One twelfth of the total cannabinoids, or 0.1% by weight, was accounted
for by delta-9-tetrahydrocannabinol. Assuming 1 gm of marihuana per joint
and correcting for pyrolysis (50%) and lung-absorption losses (20%), the
inhalation dose of delta-9-tetrahydrocannabinol to the patient (weight,
about 65 kg [143]) would be 6.15 mcg / kg. It is known that doses of 5 mcg
to 7 mcg / kg of delta-9-tetrahydrocannabinol produce psychological and
physiological effects in steady marihuana smokers. (10) Moreover, after

an intravenous bolus of delta-9-tetrahydrocannabinol, marihuana smokers
show lower blood levels and shorter half-lives (28 hours) for the drug

than nonusers (half-life, 57 hours). (10) Since the half-life is 28

hours in steady smokers and this patient used two to five joints per
evening, little of the drug would be eliminated and the blood levels would
be expected to climb rapidly during the evening.

The subtherapeutic blood level of diphenylhydantoin in this

patient, 7.4 mcg / ml (normal range, 10 to 25) was not unexpected, since
phenobarbital is know to induce the formation of enzymes that metabolize
diphenylhydantoin. Even when the blood levels of diphenylhydantoin are
less than the normal range, the combination of the two drugs is known to be
clinically effective. (11) The blood ievel of 11 mcg / ml of

phenobarbital found in this patient is within the normal therapeutic range
(10 to 20).

In summary, marihuana smoking in conjunction with routine doses of
phenobarbital and diphenylhydantoin was apparently necessary for
controlling seizures in one 24-year-old patient. However, the present case

is in direct contrast to the single previously reported case of marihuana
smoking exacerbating seizures in one patient with grand mal epilepsy. (6)
The possibility that delta-9-tetrahydrocannabinol or other cannabinoids may
be useful or detrimental in major seizures needs further investigation.

This investigation was supported in part by National Institute of
Mentail Health grant MH23414

The analysis of marihuana for tetrahydrocannabinol was performed by
Pharm Chem Laboratories, Palo Alto, Calif.
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PATIENTS
Pharmacology 21: 175-185 (1980)

Jomar M. Cunha, E.A. Carlini, Aparecido E. Pereira, Oswaldo L. Ramos,
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Key words. Cannabidiol--Epilepsy--Healthy volunteers

Abstract. In phase 1 of the study, 3 mg / kg daily of cannabidiol

(CBD) was given for 30 days to 8 healthy human volunteers. Another 8
volunteers received the same number of identical capsules containing
glucose as placebo in a double-blind setting. Neurological and physical
examinations, blood and urine analysis, ECG and EEG were performed at
weekly intervals. In phase 2 of the study, 15 patients suffering from
secondary generalized epilepsy with temporal focus were randomly divided
into two groups. Each patient received, in a double-blind procedure,
200-300 mg daily of CBD or placebo. The drugs were administered for as
long as 4 1/2 months. Clinical and laboratory examinations, EEG and ECG
were performed at 15- or 30-day intervals. Throughout the experiment the
patients continued to take the antiepileptic drugs prescribed before the
experiment, although these drugs no longer controlied the signs of the
disease. All patients and volunteers tolerated CBD very well and no signs
of toxicity or serious side effects were detected on examination. 4 of the

8 CBD subjects remained almost free of convulsive crises throughout the
experiment and 3 other patients demonstrated partial improvement in their
clinical condition. CBD was ineffective in 1 patient. The clinical

condition of 7 placebo patients remained unchanged whereas the condition of
1 patient clearly improved. The potential use of CBD as an antiepileptic
drug and its possible potentiating effect on other antiepileptic drugs are
discussed.

Anecdotal reports on the antiepileptic properties of marihuana

(Cannabis sativa) are known since ancient times (Li, 1974). Rosenthal
(1971) mentioned medieval Arab manuscripts in which cannabis is described
as a treatment for epilepsy. During the 19th century several medical

reports were published on the ameliorative effects of cannabis extracts on
several forms of convulsions (O'Shaughnessy, 1842; Shaw, 1843;

Reynolds, 1890).

In spite of these promising results and its low toxicity, the use

of cannabis preparations for medical purposes progressively decreased.
This was due to the absence of standardized preparations, the unknown
chemical composition, and the psychotropic secondary effects produced by
cannabis.

Cannabidiol (CBD) is the major neutral nonpsychoactive

cannabinoid in most cannabis preparations. It was first isolated by Adams

et al, in 1940 but its structure was elucidated only 23 years later
(Mechoulam and Shvo, 1963). The main active component of cannabis is
delta-1-tetrahydrocannabinol (delta-1-THC) which was isolated in pure
form and its structure was determined by Gaoni and Mechoulam in 1964. It
is also named delta-9-THC. Numerous other natural cannabinoids are known
today (Mechoulam, 1973; Mechoulam et al, 1976).

The unraveling of the chemistry of C. sativa brought a new interest

in its pharmacology, and quite expectedly many laboratories studied the
anticonvulsant properties of its components especially since early reports
had shown that some natural and synthetic cannabinoids protected rats from
convulsions (Loewe and Goodman, 1947) and were of therapeutic value in
epileptic children (Davis and Ramsey, 1949). More recently many reports
have appeared attributing anticonvulsant properties to delta-1-THC and
other cannabinoids, in a variety of experimental procedures (Garriott et

al, 1968; Sofia et al, 1971; Consroe and Man, 1973; Karler et al, 1973,
1974; Plotnikoff, 1976). As a rule, delta-1-THC was the most studied
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compound. Most of the results obtained confirmed the rather potent
anticonvulsant property of this drug. Its possible use as an antiepileptic
d;fug in humans has, however, been hindered by its known psychotropic
effects.

Since Brazilian workers (Carlini et al, 1973; Izquierdo et al,

1973) first demonstrated the anticonvulsant effects of CBD, there have
been several additional reports on the effectiveness of CBD and its
derivatives in protecting experimental animals from convulsions induced by
various procedures (Karler et al, 1973; Turkanis et al, 1974; Carlini et

al, 1975; Karler and Turkanis, 1976; Consroe and Wolkin, 1977). Consroe
and Wolkin (1977) demonstrated that CBD has a high protective index
comparable to that of phenobarbital and a spectrum of anticonvulsant
activity in rodents similar to that of phenytoin. CBD also enhances the
anti-convulsant potency of both phenytoin and phenobarbital (Consroe and
Wolkin, 1977; Chesher and Jackson, 1974; Chesher et al., 1975).

In addition to its favorable anticonvulsant effects and absence of

toxicity in animals, CBD seems to be devoid of psychotropic activity and
other undesirable side effects in humans. The lack of toxicity of CBD in
animals was demonstrated by intraperitoneal injection of 50 mg / kg daily
for 90 days in mice, oral ingestion of 5-20 mg / kg daily for 90 days and
50 mg / kg for 27 days by rats and intravenous injection of 1,000 mg / kg
in rabbits. No toxicity was observed (Cunha and Carlini, to be
published). In man, ora! intake of doses from 15 to 160 mg / day (Karniol
et al, 1974; Hollister, 1973; Carlini et al, 1979), inhalation of 0.15 mg

/ kg (Dalton et al, 1976a), and intravenous injection of 30 mg
(Perez-Reyes et al, 1973; Hollister, 1973) were not followed by ill
effects. Chronic oral administration of 10 mg daily for 21 days did not
induce any change in neurological (including EEG), clinical (including
ECG), psychiatric, blood and urine examinations (Mincis et al, 1973).

Another recent investigation in our laboratory (Consroe et al.,

1979) showed that CBD neither interferes with several psychomotor and
psychological functions in humans nor potentiates alcohol effects on these
functions.

The above data led us to undertake the present investigation which

was performed in two phases. In phase 1, 3--6 mg / kg of CBD (roughly
corresponding to 200--400 mg / subject) was administered daily to healthy
human volunteers for 30 days. In phase 2, patients suffering from
secondary generalized epilepsy with temporal irritative activity received
200--300 mg of the drug for periods of up to 4.5 months.

Experiment 1 (Phase 1 of Study)
Material and Methods

Subjects

16 adult volunteers (11 men and 5 women) aged 22-35, with an

average weight of 65 kg were chosen from the staff of Escola Paulista de
Medicina. They were in good health showing neither clinical nor laboratory
evidence of cardiovascular, renal, hepatic or other impairments. The
institutional review committee at Escola Paulista de Medicina previously
approved the protocol of the experiments.

On the first day of the experiment the patients were submitted to

a complete medical check-up, including clinical and neurological
examinations, EEG, ECG, blood tests (hematocrit, hemoglobin, leukocyte and
erythrocyte counts, bilirubin, oxaloacetic and puruvic transaminases and
creatinine) and urine tests ; (osmolarity, pH, albumin, leukocyte and
erythrocyte counts, cylinders and crystals) in the Department of Medicine

of the Hospital Sao Paulo of Escola Paulista de Medicina. On the 7th day,
they returned to the hospital, signed the informed consent and were
randomly divided in two groups of 8. Each group started the ingestion of
identical gelatine capsules containing either glucose as placebo (control
group) or CBD (experimental group). The experiment was performed on a
double-blind basis and the subjects were instructed to ingest the assigned
capsules, one in the morning and the second in the afternoon for 30 days.
Each capsule contained an amount of CBD (or glucose) equivalent to 1.5 mg
/ kg, i.e. a daily dosage of 3.0 mg / kg. 1 volunteer took 4 capsules of

CBD daily (6 mg / kg) on the last 3 days of the experiment.

On the 3rd, 7th, 15th, 31st and 37th days after the beginning of
drug ingestion, the subjects returned to the hospital to undergo the
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examinations described above.

Drug

Cannabidiol, in crystalline from (m.p. 66--67) was isolated from

hashish of undetermined age. It was of Lebanese origin and was supplied by
the Israeli Police. The isolation procedure has been described (Gaoni and
Mechoulam, 1971). Part of the CBD was a gift from Makor Chemicals, P.O.B.
6570, Jerusalem

Results

General Observations

During the entire period of the experiment, the subjects did not

report any symptoms suggestive of psychotropic effect of CBD. Of the 8
volunteers receiving the placebo, 1 gave up on the 21st day of the
experiment for personal reasons; a second placebo subject reported
sudoresis and 'palpitations’ from the 7th to the 10th day in the veins of
the feet, legs and head, stating that he had to uncover his feet to feel

the palpitations less in order to sleep. Clinical and laboratory
examinations were normal and the symptoms subsided after the 11th day
without any measures on the part of the investigators.

Of the 8 volunteers receiving CBD, 2 reported somnolence, 1 during

the first week and the other throughout the entire period of the
experiment. A 3rd subject, with a history of mild insomnia, reported being
able to sleep better during the first week of medication.

Neurological and clinical examinations, EEG and ECG tracings, and
blood and urine analyses (detailed above) were within normal limits in
the 16 subjects before, during and after the experiment.

Comments

It has been suggested that delta-1-THC and other cannabinoids may

possess therapeutic potential as antidepressive drugs in patients with

cancer (Regelson et al., 1975) or in the treatment of glaucoma (Hepler

and Frank, 1971), asthma (Tashkin et al., 1972), etc. For a recent review

see Mechoulam and Carlini (1978). However, acute administration of 20--60
mg of delta-1-THC induces a marked psychic change and has peripheral
effects such as an increase in heart rate (Isbell et al., 1967; Kiplinger

etal., 1971; Kamiol et al., 1975) which would limit its therapeutic

use.

In contrast, the present experiment shows that 3 mg / kg / day of

CBD administered for 30 days (1 volunteer received 6 mg / kg / day during
the last 3 days of experiment) did not induce any psychic or other side
effects and was well tolerated by the 8 subjects. Thus CBD does not appear
to have any toxic effect in humans when administered at the above dosage
over a long period. This confirms our previous data obtained in animal
(Cunha and Carlini, to be published).

In our opinion these findings justified the trial of the drug in
epileptic patients.
Experiment 2 (Phase 2 of Study)

Material and Methods

Subjects

15 Epileptic patients, 11 women and 4 men, aged 14-49 (average 24
years), with a documented history of frequent convulsions for at least 1
year, were selected. These patients were not reacting satisfactorily to

the prescribed antiepileptic drugs they were receiving (table 1) in spite

of special care to assure that the patients were taking them properly. The
patients were diagnosed as cases of secondary generalized epilepsy; EEG
tracings revealed irritative activity with temporal projection. They had

at least one generalized convulsive crisis weekly. Clinical and laboratory
examinations showed no signs of renal, cardiovascular or hepatic disease.
The experiment was performed in the Neurology Out-Patient Clinics of the
Hospital Sao Paulo (8 patients) and the Hospital da Santa Case (t

patients). Each patient was followed by the same investigator, beginning 2
weeks before first drug administration and then throughout the whole period
of drug administration. In the 2 weeks before CBD or placebo
administration, the number of focal and generalized convulsive crises was
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recorded and considered as the baseline to evaluate treatment. On the

first day of the experiment, the patients were submitted to the
examinations described in experiment 1. They were randomly divided into
one group of 8 (control group) and another group of 7 (CBD group) and
returned to the hospital for 2 more days. After 1 week each group received
placebo or CBD capsules in a double-blind procedure in addition to the
antiepileptic drugs they were already receiving (see table 1). 1 placebo
patient (Z.S.M.) was transferred to the CBD group after 1 month. Half of
each group of patients was treated in each hospital. The patients were
instructed to take 2 or 3 capsules daily (containing 100 mg of CBD or
glucose) and to return to the hospitai every week for clinical and / or
laboratory examinations.

Clinical evaluation of drug treatment was made weekly using a scale

with score 0-3, which took into consideration absence of convulsive crises
or absence of generalization and self-reported subjective improvement (see
tableIl). According to this criterion all patients were scored 3 during

the predrug phase (baseline).

Results

General Observations
During the curse of the experiment none of the 8 patients receiving

CBD showed evidence of behavioral alterations which could be suggestive of

a psychotropic effect. The minimum and maximum times of drug
administration were 8 and 18 weeks for most patients (control and CBD
groups). 2 of the placebo patients did not return after the end of the 4th
week and 1 CBD patient after the 6th week. 1 placebo patient (Z.S.M.)
whose condition remained unaltered during 4 weeks, wanted to give up the
experiment, but remained in it after crossing over to the CBD group.

4 patients under CBD and I receiving placebo complained of

somnolence during the experiment. Another CBD patient (M.C.P.)
complained of painful gastric sensations after drug ingestion at the 6th
week. These symptoms disappeared after prescription of an antacid and did
not return throughout the experiment.

Table II. Criteria used to evaluate clinical efficacy of cannabidiol in
epileptic patients

Score 0......complete improvement
Score 1......partial improvement
Score 2......small improvement
Score 3......without improvement

0 = Total absence of convulsive crises and self-reported subjective
improvement.

1 = Absence of generalization of crises and self-reported subjective
improvement.

2 = Only self-reported subjective improvement.

3 = No reduction in crises and no self-reported improvement.

Neurological Examination and EEG

Before drug treatment 1 CBD patient (N.D.) showed paresthetic

walking towards the right, with spastic hypomotility of the right arm and
leg, mainly of the right hand. He also presented a decrease in psychomotor
functions. 2 other patients in the CBD group (A.A.S. and Z.S.M.) showed
in exarninations prior to the experiment some mental underdevelopment.
Neurological examinations of all other patients were within normat limits.

Table III shows the results of the EEG analysis in a condensed

form. Of the patients receiving CBD, 3 showed improvement in EEG pattern
with signs of decrease in frequency of crises throughout the experiment. 2
placebo patients also had improved EEG patterns (J.O.R., and J.S.V.) on
one occasion, with a return to their previous condition on subsequent
examination.

Clinical Evaluation of Treatment

Clinical evaluation was performed weekly, scoring 0 - 3 points to

each patient compared to its own baseline (see table II and 'methods' for
details). At the end of the treatment, the median of weekly score for each
patient was calculated. The results are presented in table IV. During the
first week of treatment there was general improvement in almost all
patients (placebo and CBD groups), but from the second week, all placebo
patients with one exception (M.D.M.S.) returned to their previous clinical
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state. At the end of the placebo treatment, 7 patients had a median of 3

(i.e. no improvement) whereas patient M.D.M.S. showed complete
improvement (median 0). 2 placebo patients (J.S. and M.G.S.) with no
improvement received the capsules for the 4th week of treatment but did not
return. 3 other placebo patients (J.O.R.; J.S.V.; M.L.M.) remained under
treatment for the period stated in table IV, after which it was decided to
withdraw them from the experiment and to change the antiepileptic drugs
they were receiving (see table I) in an attempt to improve their

condition. Patient R.C. remained in the placebo group for 18 weeks and
received all known antiepileptic drugs without success. Patient Z.S.M. was
on placebo for 4 weeks without improvement and was subsequently transferred
to 200 mg of CBD daily for 6 weeks (without her knowledge) with a small
improvement (median 2).

Of the 8 patients receiving CBD, 4 showed considerable improvement
in their clinical condition (median 0). However, in 1 case (M.C.P.) this
was achieved by increasing the dosage to 300 mg. daily. Patient A.A.S., who

showed much improvement from the first week, unfortunately moved to another

city after completing 6 weeks of treatment with CBD. The 5th patient
(F.R.F.) improved only partially (median 1) although he attained score 0
in clinical evaluation (no convulsive crisis and subjective improvement)
in 7 out of the 16 weeks of treatment. 2 of the 3 remaining patients
showed improvement (score 2) whereas the last patient (N.D.) did not
improve at all in spite of increasing CBD to 300 mg daily for the last 2
weeks of treatment.

Table IV

JOR placebo 3
JS placebo 3
MGS Placebo 3
JSV placebo 3
MLM placebo 3
RC placebo 3
MDMSplacebo 0
ZSM placebo 3

ZSM CBD200 2
FRF CBD200 1
OEBNCBD200 0
AAS CBD200 0
ASR CBD200 2
NP CBD200
3003 )
MCP CBD200
3000

0 = complete improvement
3 = no improvement

Discussion

Treatment of epilepsy is based mainly on anticonvulsant drugs.

However, even when properly administered in well-diagnosed cases, these
drugs succeed in helping only about 70-75% of the epileptic patients,
whereas about 30% of the patients do not benefit at all (Robb, 1975).
Furthermore, all clinically effective antiepileptic drugs induce

undesirable side effects at normal dosage (osteomalacia, megaloblastic
anemia; gingival hyperplasia) or due to overdose (nystagmus, motor
incoordination, coma and death) or to idiosyncratic reactions (Kutt and
Louis, 1972).

As already stated in the introduction, many ancient reports mention

the antiepileptic properties of cannabis. More recently Consroe et al.

(1975) described an epileptic patient receiving phenobarbital and phenytoin
without good results, who benefited by smoking marihuana. These accounts
indicate that marihuana contains chemical entities which may possess
anti-epileptic properties.

According to the present data, CBD may turn out to be a useful

drug for the treatment of some cases of epilepsy. There is hardly any
toxicity as shown in our phase 1 study; there were no changes in EEG, ECG,
blood and urine analyses and neurological and clinical examinations were
normal in 8 healthy volunteers receiving 3 mg / kg of CBD daily for 30
days. A similar absence of toxicity was also noted in our phase 2 study in
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which 8 epileptic patients received 200 or 300 mg for up to 4 1/2 months.
Furthermore, none of the 16 subjects receiving CBD showed any psychic
delta-1-THC-type effects. The present data obtained after long-term
administration also confirm previous reports showing the absence of
toxicity in acute studies (Hollister, 1973; Carlini et al, 1979).

Somnolence reported by 3 healthy volunteers and 4 epileptic

patients (43% of the subjects receiving the drug) was the only CBD side
effect noted. A certain hypnotic effect is frequently observed with drugs
which possess antiepileptic properties. We have in fact recently
demonstrated that CBD does induce better sleep in human volunteers
(Carlini et al., 1979). On the other hand, CBD induced a remarkable
improvement (median 0) in 4 of 8 epileptic patients who remained almost
free of convulsive crises during the entire period of the experiment. In a
Sth patient (median 1), the crises were absent in 7 of the 16 weeks of
treatment. All of these patients (as well as their relatives) reported
subjective improvement. A similar subjective effect was also reported by 2
more patients and only in 1 patient CBD failed to induce any form of
clinical benefit. This is in striking contrast to the results obtained

with the 8 patients receiving placebo of whom 7 showed no improvement in
their clinical condition.

However, EEG results were not as consistent as the clinical

evaluation. As seen in table IlI, clinical improvement was not always
followed by positive changes in the tracings. As the International League
against Epilepsy (Commission on Antiepileptic Drugs) does not consider
EEG mandatory in this type of research (Penry, 1973), EEG data were not
included in the overall clinical evaluation of CBD effects. It should also
be emphasized that the abnormal EEGs were present from the beginning of the
experiment even though all patients were receiving known antiepileptic
drugs. Furthermore, phenytoin and barbiturates fail to control the EEG
abnormalities of epileptics in spite of being able to abolish their
behavioral convulsions; phenytoin may even increase the prominence of
focal spikes (Morrel et al., 1959; Millichap, 1969).

Wall et al. (1976) have reported pharmacokinetic studies in man

with 3H-CBD injected intravenously into 5 healthy volunteers. They
observed that 8% of the total initial dose (20 mg of CBD) was present in
plasma 30 min after injection, to fall to 3% after 60 minutes. 3 days

later, 33% was excreted in the feces and 16% in the urine, with 50%
remaining in tissues and organs. Therefore, CBD seems to have a relatively
long half-life, which favors its use as a drug in epileptics.

However, in spite of the large number of reports showing beneficial

effects of cannabis and its preparations in many forms of experimental
convulsions and in human epilepsy, a few reports claim the contrary.
Feeney et al. (1976) showed that delta-1-THC in cats induced EEG changes
resembling those observed in convulsions, and Perez-Reyes and Wingfield
(1974) described a similar effect of CBD in man. In neither case,

however, were behavioral convulsions observed. It is interesting in this
context that phenytoin may increase activity of focal spikes (Millichap,
1969). To the best of our knowledge there is only one report attributing a
worsening of an epileptic convulsive crisis (grand mal) following use of
marihuana smoking (Keeler and Reifler, 1967), and we do not know of any
cases described for CBD. Furthermore, in none of our 8 epileptic patients
did we observe deterioration of clinical symptomatology or of EEG, but
rather the opposite effect was true.

The mechanism by which CBD benefited our epileptic patients is not
known. All 8 patients were also receiving known antiepileptic drugs which
were by themselves, however, ineffective. One possibility is that CBD
potentiated their action since enhancement by CBD of anticonvulsant
activity of phenobarbital and phenytoin in animals has been demonstrated
(Consroe and Wolkin, 1977; Chesher and Jackson, 1974; Chesher et al.,
1975). In man, however, 50--500 mcg / kg CBD given in cigarette form is
not able to alter plasma concentrations of secobarbital (Dalton et al,,
1976b). The possibility that CBD acts per se should also be taken into
consideration, as shown by several reports describing its direct
anticonvulsant effects in animals. .

In conclusion, we have found that CBD had a beneficial effect in

patients suffering from secondary generalized epilepsy with temporal foci,
who did not benefit from know anti-epileptic drugs. Further research with
more patients and other forms of epilepsy is needed to establish the scope
of the antiepileptic effects of CBD in humans.
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TREATMENT OF HUMAN SPASTICITY WITH DELTA-9-TETRAHYDROCANNABINOL

Denis J. Petro, M.D., and Carl Ellenberger, Jr., M.D. Bronx, NY
J Clin Pharmacol. 1981; 21: 413S--416S

Abstract: Spasticity is a common neurologic condition in patients with
multiple sclerosis, stroke, cerebral palsy or an injured spinal cord.

Animal studies suggest that THC has an inhibitory effect on polysynaptic
reflexes. Some spastic patients claim improvement after inhaling cannabis.
We tested muscle tone, reflexes, strength and performed EMGs before and
after double-blinded oral administration of either 10 or 5 mg THC or
placebo. The blinded examiner correctly identified the trials in which the
patients received THC in seven of none cases. For the group, 10 mg THC
significantly reduced spasticity by clinical measurement (P<0.01).

Quadriceps EMG interference pattern was reduced in those four patients with

primarily extensor spasticity. THC was administered to eight other
patients with spasticity and other CNS lesions. Responses varied, but
benefit was seen in three of three patients with "tonic spasms.” No
benefit was noted in patients with cerebellar disease.

Several patients with multiple sclerosis reported to us that their

spasticity improved after smoking marihuana. Preliminary uncontrolled
observations of these patients before and after inhalation of the drug
suggested to us that the improvement in spasticity was a specific effect of
the marihuana and not merely a result of the well-recognized euphoria or
altered perception experienced by social users of the drug.

Methods

We entered nine patients with spasticity, presumably of spinal

origin and related to multiple sclerosis, into a double-blinded pilot

study. The blinded observer examined each patient on three separate days,
before and at 1 1/2-hour intervals after oral administration of a capsule
containing either 10 mg, 5 mg, or no synthetic delta-9-tetrahydrocannabino!
(THC). Absorption of oral THC is variable, about 90 per cent, but
generally slower than that of inhaled THC. Blood levels and psychologic
effects peak at 3 hours after ingestion. Because blood level determination
is costly and may be unreliable, we did not determine levels.

The examiner rated deep tendon reflexes, muscular resistance to

stretch in the legs, and abnormal reflexes each on a scale of 0 (absent) to
4 (abnormally increased) and tabulated the total divided by the number of
observations as the "spasticity score” at 1 1/2 -hour intervals. For
example, if both knee jerks were 3+, both ankle jerks were 3+, and both
adductor jerks were 3+, the total was 18 and the spasticity score was 18/6=
3.0. Babinski signs were rated as 4+, their absence as 3+.

The examiner viewed the EMG interference pattern of the quadriceps
muscle as the knee joint was flexed from 0 to 90 degrees at varying
velocities. The examiner also assessed walking ability, inquired about the
patient's subjective response and side effects of the drug, and measured
vital signs.

Results

Three patients reported feeling "loose" and better able to walk

after receiving either 5 or 10 mg THC. The changes in spasticity scores

for the treated and placebo groups are illustrated in Fig. 1. Differences
between the groups at 180 minutes are significant (P<0.01); summed scores
for the two treated groups differed significantly from summed scores of the
placebo group (P<0.005). The spasticity scores of four patients improved
more than two standard deviations from the mean after either 5 or 10 mg
THC; one patient improved after placebo. Only two of the three patients
who felt improved actually did so by objective criteria. On the basis of

the spasticity scores, the blinded examiner identified correctly the

placebo trials in seven of the nine patients.

The EMG index of spasticity proved to be impractical in five

patients-—in three because resistance to stretch was too severe and in two
because electrical activity was too little to record. Among the remaining
four patients, the interference pattern, by visual inspection, was reduced
after treatment from the pretreatment pattern at comparable velocity of
stretch.

Side effects of the 5- or 10-mg oral dosage were minimal. One
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patient reported feeling "high” after 10 mg, and another reported a "high"
after placebo. No other patients reported side effects at the relatively
low doses we used.

Discussion

Our preliminary results suggest that THC or one of its synthetic
derivatives warrants further study as a potential treatment for spasticity.
Although many previous investigators have studied the effects of marihuana
on complex motor tasks, we were not able to find previous studies of the
effects of marihuana on spasticity in the medical literature. Experimental
studies in animals suggest that THC has an inhibitory effect on
polysynaptic reflexes mediated through the spinal cord. The results of
differential sectioning of the neuraxis in cats by Dagirmangian and Boyd
(1) suggest that the ability of several tetrahydrocannabinols to decrease
polysynaptic flexion reflexes relates to its action in the region between
the mesencephalon and first cervical segment. Kayaalp et al. (2) postulate
that THC has an effect on both nerve conduction and skeletal muscle
contraction. Sullivan (3) and colleagues found a dose-dependent loss of
reflexes and muscular weakness in dogs.

Although THC has proved to be clinically useful in the treatment of
nausea induced by cancer chemotherapy and in reducing intraocular pressure
in glaucoma, the results of these trials have demonstrated several
disadvantages of the drug. The first is its potential for psychologic

effects that limits usage in higher doses than those we employed. The
second drawback to regular clinical use of the drug and of its many
derivatives is the observation that many of its therapeutic effects may
diminish after a relatively short period of regular usage.

References

1. Dagirmangian R, Boyd ES. Some pharmacological effects of two
tetrahydrocannabinols. J Pharmacol Exp Therap. 1962; 135: 25-33.

2. Kayaalp SA, Kaymakcalan S, Verimer T, Ilhan M, Onur R. In vitro
neuro-muscular effects of delta-9-trans-tetrahydrocannabinol (THC). Arch
Int Pharmacodyn. 1974; 212: 67-75.

3. Sullivan MF, Willard DH. The beagle dog as an animal model for
marihuana smoking studies. Toxicol Appl Pharmacol. 1978; 45: 445-462.

Discussion of the Paper

Dr. Nahas: Were the subjects that you studied naive toward marijuana, and
did you observe tolerance?

Dr. Petro: All of our patients were naive to marijuana. Anecdotally,

other patients claim that they have been using marijuana for periods up to
15 years for control of spasticity, but research needs to cover a larger

and better controlled sample before any definitive statement would be
possible. No chronic studies have been done to evaluate drug tolerance in
spasticity.

Dr. Ungerleider: Did you, as blinded examiner, interview the patients and
perform the tests?

Dr. Petro: I did all of the evaluations of neurologic function.

Dr. Ungerleider: Did you know that they felt better before you evaluated
them objectively?

Dr. Petro: No; I used only objective measures, the EMG criteria and the
spasticity scores.

Dr. Lindblom: Have you considered the use of patients other than those
with multiple sclerosis (MS)? We studied the effect of baclofen on
spasticity, and found much spontaneous variability in MS patients. In
addition, some are euphoric from the disease and cannabis might add to the
cuphoria and confuse the results with unspecific effects. Furthermore,
there are several types of spasticity, and in the case of baclofen, we

found that gamma-spasticity was reduced but alpha-spasticity was
unaffected. )

Dr. Petro: We had a population of MS patients that was rather large and

http://www.alaska.net/~anc4hemp/es027.htmi

Page 2 ot 3

9/8/1998



readily accessible. Certainly, in subjects with significant cerebellar
disease, marijuana (or its derivatives) would appear to be
contra-indicated because of relaxant effects. We examined the patient
population readily available for study, which.was MS patients, but as you
suggest this is not the ideal group to study.

Dr. Gilbert: Poly-synaptic reflexes in the dog are very sensitive to THC.
In the morphine-dependent animal during abstinence there is an increased
activity in the hind limbs. That activity can be blocked with very low
doses of THC, nantradol and nabilone, before we see any other effects of
the drugs (see Gilbert et al., this monograph).

Dr. Dow: Could you elaborate on your conclusion that THC is not the ideal
drug for spasticity?

Dr. Petro: Patients that report effects from marijuana don't like taking

THC; after smoking a marijuana cigarette, they clearly have an improvement
that is different from that seen from THC. As other related substances

with more specific CNS effects become available, these should be studied
;in the treatment of spasticity.
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ABSTRACT: Background. People who take analgesic drugs frequently may be at

increased risk of end-stage renal disease (ESRD), but the extent of this risk
remains unclear.

Methods. We studied 716 patients treated for ESRD and 361 control subjects of
similar age from Maryland, Virginia, West Virginia, and Washington, D.C. The
study participants were interviewed by telephone about their past use of
medications containing acetaminophen, aspirin, and other nonsteroidal
antiinflammatory drugs (NSAIDs). For each analgesic drug, the average use (in

pills per year) and the cumulative intake (in pills) were examined for any
association with ESRD.

Results. Heavier acetaminophen use was associated with an increased risk of
ESRD in a dose-dependent fashion. When persons who took an average of 0 to 104
pills per year were used for reference, the odds ratio of ESRD was 1.4 (95
percent confidence interval, 0.8 to 2.4) for those who took 105 to 365 pills per
year and 2.1 (95 percent confidence interval, 1.1 to 3.7) for those who took 366
or more pills per year, after adjustment for race, sex, age, and intake of other
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analgesic drugs. When persons who had taken fewer than 1000 pills containing
acetaminophen in their lifetime were used for reference, the odds ratio was 2.0
(95 percent confidence interval, 1.3 to 3.2) for those who had taken 1000 to
4999 pills and 2.4 (95 percent confidence interval, 1.2 to 4.8) for those who
had taken 5000 or more pills. Approximately 8 to 10 percent of the overall
incidence of ESRD was attributable to acetaminophen use. A cumulative dose of
5000 or more pills containing NSAIDs was also associated with an increased odds
of ESRD (odds ratio, 8.8), but the use of aspirin was not.

Conclusions. People who often take acetaminophen or NSAIDs have an increased
risk of ESRD, but not those who often take aspirin. (N Engl J Med
1994;331:1675-9.)

TEXT:

Analgesic nephropathy was first described in the 1950s nl. Phenacetin was
subsequently identified as the chief culprit and was withdrawn from the market.
Evidence of the nephrotoxicity of other analgesic drugs -- acetaminophen,
aspirin, and other nonsteroidal antiinflammatory drugs (NSAIDs) -- is scanty and
inconsistent n2. In a prospective study of Swiss factory workers, subjects who
took salicylates had no excess of kidney disease n3. Of four case-control
studies, one n4 reported no association between the ingestion of analgesic drugs
and end-stage renal disease (ESRD), but the others found associations between

ESRD and salicylates, n5 pyrazolones, n5 aspirin, né acetaminophen, né n7 and
NSAIDs n8.

None of these case-control studies were entirely population-based. In three,
patients with ESRD were drawn from the general population but were compared with
hospitalized control subjects, né4 n5 n6é and in the fourth study subjects from
the general population were compared with hospitalized patients with chronic
kidney failure n7 n8. Because hospitalized patients may differ from members of
the general population in their analgesic-drug use regardless of the presence of
kidney disease, the associations found in these studies between renal failure
and the use of analgesic drugs may be spurious. We report here a case-control
study of over-the-counter analgesic drugs as risk factors for ESRD in which both
the case patients and the control subjects were drawn from the general
population.

Methods

The study protocol was approved by the institutional review boards at Johns
Hopkins University and the Health Care Financing Administration.

Study Participants

We studied. residents of Maryland, Virginia, West Vvirginia, and Washington,
D.C., who were 20 to 64 years old and had telephones in their homes. People who
lived in institutions, were absent from their homes for more than two weeks, or
were unable to complete the interview (because of deafness or a language
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barrier) were excluded from the study.

The case patients had to have ESRD and had to have started long-term dialysis
between January and July 1991. They were drawn from the Mid-Atlantic Renal
Coalition, a population-based registry of patients with ESRD. Of 978 persons in
the registry, 752 were eligible to participate. The others were excluded for the
following reasons: 93 did not have a private telephone, 65 had died, 19 were
institutionalized, 14 had moved out of the study area, 8 had recovered their
renal function, 8 were too sick to be interviewed, 7 had hearing problems, 5 did
not speak English, 5 were hospitalized for more than two weeks, and 2 were more
than 64 years old. Of the 752 eligible persons, 716 (95 percent) were
interviewed (of the others, 16 declined to be interviewed, 5 did not complete
the interview, and 15 could not be reached). A median of five months elapsed
between the start of therapy for ESRD and the time of the interview.

The control subjects lived in the same area as the patients nS and were
selected by random-digit dialing so that their age distribution matched that of
the case patients. We sought to enroll half as many control subjects as case
patients. Of 1311 residences reached by telephone, 1259 (96 percent) were
screened for eligible residents, and 402 were found to contain one or more
eligible residents. Of the remaining 857 households, 846 contained no members in
the required age group, 7 contained no English-speaking respondents, 3 contained
respondents who had difficulty hearing, and 1 contained a respondent who had
ESRD. When several eligible control subjects lived in the same household, one
was selected at random. Of the eligible control subjects, 361 (90 percent)
completed the interview.

Data Collection

Trained interviewers contacted potential participants by telephone, explained
the purpose of the study, provided a telephone number to call for additional
information, obtained informed consent, and asked a set of standard questions.
The interview lasted 24 minutes on average. People who initially declined to
participate were contacted again after two weeks; about 40 percent agreed to
participate when approached a second time.

Exposure Variables

The participants were asked separately about their lifetime exposure to the
following five types of analgesic drugs, referred to by their common brand
names: single drugs or mixtures containing acetaminophen, but not aspirin or
phenacetin; single drugs or mixtures containing aspirin, but not acetaminophen
or phenacetin; mixtures containing acetaminophen and aspirin, but not
phenacetin; single drugs or mixtures that contained phenacetin before its
withdrawal from the market; and common NSAIDs containing ibuprofen, naproxen, or
indomethacin.
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The list of NSAIDs was based on a review of over-the-counter medications sold
in Baltimore pharmacies in 1990; indomethacin was included because it was one
of the first NSAIDs on the market. The other lists of medications were based on
an update of the information used by Sandler et al in their studies n7 n8.
Phenacetin-based medications were identified in order to adjust the analysis for
exposure to this substance known to be nephrotoxic.

For each type of analgesic drug, the study participants were asked whether
they had taken one or more brands more than 10 times in their lives (before
starting dialysis, in the case of the case patients). Those who said they had
done so were asked about the average frequency of their analgesic-drug use (days
per week, month, or year), the age at which they began to take the drugs
regularly, and the average number of pills consumed per day when they took the
drugs. Average intake (in pills per year) and cumulative intake (in pills,
calculated as the average intake multiplied by the number of years since the
first regular use) were computed. In the case of mixtures containing both
acetaminophen and aspirin, the total consumption was considered to include equal
amounts of each primary drug. Average intake was categorized as light (0 to 104
pills per year, or 0 to 2 pills per week), moderate (105 to 365 pills per year,
or up to 1 pill per day), or heavy (366 or more pills per year, or more than 1
pill per day), and cumulative intake was categorized as low (0 to 999 pills),
medium (1000 to 4999 pills), or high (5000 or more pills).

Statistical Analysis

The case patients and control subjects were compared by cross-tabulation and
logistic-regression modeling nl0. Odds ratios were used to estimate relative
risks. Tests of linear trend were performed when appropriate.
Population-attributable risks were computed to estimate the potential effect of
withdrawing a given analgesic drug on the incidence of ESRD nll. To examine the
association of analgesic-drug use with different types of kidney disease, we
used a five-level categorical outcome variable, with one level assigned to the
control subjects and four levels assigned to the case patients according to the
ascribed cause of ESRD: diabetes mellitus, hypertension, other specified causes,
or no definite origin. The presumed cause of renal failure was based on each
patient's recall of the diagnosis by his or her nephrologist. Polychotomous
logistic-regression analysis nl0 was used to analyze multilevel outcomes. All
statistical tests were two-tailed, and a P value of less than 0.05 was

considered to indicate statistical significance. The analyses were conducted
with Systat software nl2.

Results

The case patients and the control subjects differed significantly with
respect to sex and race. Of the 716 case patients, 304 (42 percent) were women;
310 (43 percent) were white, 384 (54 percent) were black, and 22 (3 percent)
were of other races. Of the 361 control subjects, 235 (65 percent) were women;
303 (84 percent) were white, 51 (14 percent) were black, and 7 (2 percent) were
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of other races. The age distributions were similar in the two groups (mean +/-
SD , 47 +/- 12 years in both), indicating successful matching.

A majority of the study participants had taken analgesic drugs either
sporadically or regularly. Of the case patients, 77 percent had taken
acetaminophen, 77 percent had taken aspirin, and 31 percent had taken NSAIDs
more than 10 times in their lives. Among the control subjects, the rates were 75
percent for acetaminophen, 86 percent for aspirin, and 46 percent for NSAIDs.
Similar proportions of case patients (15 percent) and control subjects (17
percent) had taken analgesics that may have contained phenacetin.

Frequency of Use

In the univariate analysis, heavy users of acetaminophen (more than 365 pills
per year) had an increased risk of ESRD, whereas moderate users (105 to 365
pills per year) did not (Table 1). No statistically significant associations
were noted for aspirin and NSAIDs. Adjustment for age, sex, race, and the use of
other analgesic drugs strengthened the odds ratios for acetaminophen use and
revealed a significant dose-response relation (P for linear trend, 0.009). In
contrast, this adjustment weakened the associations of ESRD with the use of
aspirin and NSAIDs.

*Table 1. Average Annual Intakes of Acetaminophen, Aspirin, and NSAIDs as
Risk Factors for ESRD in Maryland, Virginia, West Virginia, and Washington,
D.C., in 1991 *.

**TABLE OMITTED**

Cumulative Intake

The odds of ESRD increased with increasing cumulative intake of acetaminophen
(Table 2), whereas persons who had taken 1000 to 4999 pills containing aspirin
had a lower risk of ESRD than those with a lower cumulative intake. In contrast
to heavy average intake, a high lifetime intake of NSAIDs was associated with a
fourfold increase in the odds of ESRD. Although the confidence intervals were
wide, the odds of ESRD were lowest with moderate intake of aspirin or NSAIDs.
Adjustment for age, sex, race, and the intake of other analgesic drugs
strengthened the associations between the cumulative intake of acetaminophen and
ESRD (P for linear trend, <0.001) and between high doses of NSAIDs and ESRD.

*Table 2. Cumulative Lifetime Intakes of Acetaminophen, Aspirin, and NSAIDs
as Risk Factors for ESRD in Maryland, Virginia, West Virginia, and Washington,
D.C., in 1991 *.

**TABLE OMITTED**

Effect of Race
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Black subjects reported less use of analgesic drugs than white subjects, but
the associations between the use of analgesic drugs and the risk of ESRD did not
differ according to race (data not shown). In analyses of both average and
cumulative intake, adjustment for race accounted for most of the difference
between the unadjusted and the adjusted results; this was due to the large
disparity between blacks and whites in the base-line risk of ESRD.

Risk Factors According to Cause of ESRD

The pattern of risk associated with a person's average intake of analgesic
drugs differed little according to the causes of ESRD that we studied: diabetes
mellitus, hypertension, any other specified cause, or no known cause (Table 3).
Since there were only 20 patients with ESRD who had underlying diagnoses of
interstitial nephritis, no separate analysis of that subgroup was performed. The
patterns of risk associated with cumulative intake of analgesic drugs were also
similar in the various subgroups (Table 4): a high intake of acetaminophen or

NSAIDs was apparently harmful, whereas a medium intake of aspirin appeared to be
protective.

*Table 3. Adjusted Odds Ratios and 95 Percent Confidence Intervals for the

Average Annual Intakes of Acetaminophen, Aspirin, and NSAIDs as Risk Factors for
ESRD According to the Ascribed Cause of ESRD *.

**TABLE OMITTED**

*Table 4. Adjusted Odds Ratios and 95 Percent Confidence Intervals for the
Cumulative Lifetime Intakes of Acetaminophen, Aspirin, and NSAIDs as Risk -
Factors for ESRD According to the Ascribed Cause of ESRD *.

**TABLE OMITTED**

Population-Attributable Risks

Estimation of the population-attributable risk of ESRD suggested that if each
participant consumed fewer than 105 pills containing acetaminophen per year
(fewer than 2 pills per week), the incidence of ESRD would decrease by 7.7
percent (Table 5). Changes in the average intake of aspirin and NSAIDs would
have negligible effects on the incidence of ESRD. A reduction in lifetime
acetaminophen use to fewer than 1000 pills could potentially lower the incidence
of ESRD by 10.5 percent. Reducing the intake of aspirin would have the opposite
effect, resulting in an increase in ESRD. These inferences assume that the
observed associations (harmful in the case of acetaminophen and protective in
the case of aspirin) are causal and correctly estimated.

*Table 5. Population-Attributable Risk of ESRD According to Average Intake
and Cumulative Life-time Intake of Acetaminophen, Aspirin, and NSAIDs *.

**TABLE OMITTED**
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Discussion

This study revealed several meaningful relations between analgesic-drug use
and ESRD. The strength of these relations may have been underestimated, because
drug use was measured rather imprecisely. These findings pertain only to adults

20 to 64 years of age who survived for about six months after the initiation
of ESRD therapy.

Both heavy average intake (more than 1 pill per day) and medium-to-high
cumulative intake (1000 or more pills in a lifetime) of acetaminophen appeared
to double the odds of ESRD. These findings support those in two previous reports
né n7. In our study, the estimated odds ratio of ESRD associated with daily use
of acetaminophen was lower than that reported by Sandler et al n7; unlike them,
we report a significant dose-response gradient. These discrepancies may be
explained by differences in study methods: Sandler et al n7 measured analgesic
use more precisely than we did, and they enrolled hospitalized case patients and
control subjects drawn from the community, interviewed proxy respondents, and
included patients at various stages of renal insufficiency.

Acetaminophen use apparently increased the odds of ESRD in patients with a
variety of underlying renal diseases, including diabetic nephropathy. This may
reflect the fact that tubulointerstitial changes (the typical analgesic-mediated
injury) influence the progression of damage in a variety of renal diseases nil3.
Alternatively, acetaminophen can harm the kidney through several different
pathogenic pathways n2. Because the diagnoses of underlying kidney disease were
not validated in our study, misclassification may have obscured the differences
between the effects of different diseases.

The potential effect of acetaminophen use on the overall incidence of ESRD is
considerable. If our estimated odds ratios are valid and the association between
acetaminophen use and ESRD is causal, reduced consumption of acetaminophen could
decrease the overall incidence of ESRD by approximately 8 to 10 percent. This is
10 times more than would be inferred from the prevalence of analgesic
nephropathy in patients with ESRD, as diagnosed by attending physicians (1
percent among patients 20 to 64 years of age in the United States from 1987
through 1990 ni14). If our estimates could be extrapolated to the entire United
States (which may not be possible, given the geographic variability in analgesic
use n2) and to all age groups, such a reduction would represent a savings of §
500 million to $ 700 million in costs for ESRD care each year. Because estimates
of analgesic use based on recall by participants may be subject to
misclassification, nl5 the population-attributable risks provided by this study
may underestimate the true potential benefits of reducing or stopping the
consumption of acetaminophen.

Establishing the causality of the association between acetaminophen use and
ESRD is critical. The association was dose-dependent, specific (i.e., unlike the
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associations between other analgesics and ESRD), consistent with several
previous reports, and biologically plausible, since acetaminophen is a
metabolite of phenacetin. Thus, several criteria for causality were fulfilled.
Nevertheless, the temporal precedence of the presumed cause still needs to be
demonstrated, and experimental evidence for causality produced.

Unlike acetaminophen, aspirin did not increase the risk of ESRD. This
confirms the results from some studies, n3 n7 but not others n5 né. In our
analysis, the risk of ESRD was slightly lower in persons taking an annual
average of 105 to 365 pills and significantly lower in those who took 1000 to
4999 pills in their lifetime, as compared with persons who took aspirin less
often. It is unlikely that aspirin has a true protective effect against renal
failure. The J-shaped association, also observed for NSAIDs, may occur because
persons with renal insufficiency (who are at high risk of ESRD) abstain from
using aspirin. Heavy aspirin users may take analgesic drugs for serious
indications, such as intense, protracted pain, and may be less concerned than
moderate users about potential renal side effects. We cannot verify this
hypothesis, because we did not investigate the reasons for analgesic use.

We detected no increase in the risk of renal failure among daily users of
NSAIDs. An association of this type has been reported for men more than 65 years
old, n8 but the age limits we used precluded verification of that finding. On
the other hand, we found a steep increase in the odds of ESRD in persons who
consumed 5000 or more pills containing NSAIDs during their lifetime. Although
this finding is based on few observations (only 18 case patients and 2 control
subjects reported taking NSAIDs in these quantities), it arouses concern about
the safety of persons taking large quantities of NSAIDs. Our results may
underestimate the toxicity of NSAIDs, because we did not thoroughly explore the
use of preparations obtained by prescription and because patients with

progressive kidney insufficiency may have been discouraged from using this class
of drugs.

Previous research suggests that NSAIDs cause renal damage in persons with
renal insufficiency by lowering the glomerular filtration rate through an
anti-prostaglandin effect nlé ni7. However, all NSAIDs may not have the same

renal effects: ibuprofen may be more nephrotoxic than sulindac or other drugs
nlé nl7.

This study questions the safety of long-term acetaminophen use (more than 2
pills per day, or more than 1000 pills overall) and of consumption of large
quantities of NSAIDs, but it suggests that aspirin use confers little or no
excess risk of renal failure. Public health authorities should consider more
careful oversight of the long-term use of acetaminophen in the general
population. Possible options include using warning labels on packaging or
requiring a prescription to purchase large amounts of acetaminophen. Any such
decision must consider the substantial beneficial effects of this analgesic drug
and the possible adverse effects of restricting access to it, such as a switch
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by habitual acetaminophen users to other medicines, including NSAIDs, whose
safety may also be questionable. Meanwhile, people requiring large quantities of

analgesic medicines and those at high risk of renal failure may be best advised
to use aspirin for pain control.

We are indebted to Ms. Tamra Myers for data-collection management; to
Mrs. Shirley Kritt and Mrs. Jennifer Sykes for interviewing; to our
collaborators at the Health Care Financing Administration (Dr. Zermain
Breidenbaugh, Dr. Paul Eggers, Mrs. Pamela Frederick, Ms. Michael McMullan,
Mr. Paul Mendelsohn, and Mr. Izzy Oppenheimer) and at the Mid-Atlantic Renal
Coalition (Mrs. Nancy Armistead and Ms. Arlene Skinner); and to Dr. Dale
P. Sandler, of the Epidemiology Branch, National Institute of Environmental
Health Sciences, for kindly sharing information about analgesic medicines on the
market in the past several decades.
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Analgesic Effect of Delta-9-Tetrahydrocannabinol

RUSSELL NOYES, JR.. M.D., S. FRED BRUNK, M.D. DAVID A. BARAM. M.D., end

CRUDE preparatious of cannabiy sativa
were recommended for a vaviety of
painful conditions toward the end of the
19th century.¥ As analgesies they were
regarded as especially effective in condi-
tions huving a large functional or psychic
colutribution to the pain sueh as miigraine,
dysmennrrhea, and the pain of terminal
illness, Yet they proved no mateh for the
potent and rapid acting narcoties and
veentnally lost fuvor because their effects
were mililer and less predictable. In con-
trast to the narcoties, however, their
tuxicity was observed to be low, their dis-
turbanee of vegetative funetions minimal,
awl their patential for addiction prae-
lieully nouexistent, Reeent identification
and  synthests of  delta-9-tetrahydrocan-
mihinel {T11C), the psychoactive in-
wredient af cannabis, has made systemalic
sdministration of the eompound possible
amd has rewakened interest in its thera-
setitie potential ®?

This preliminary juvestigation was de-
signed to Jdemonstrate an analgesiv effect
of arally administered THC in patients
sufferiig from cancer pain. Its specific
purpose was the hlentification of a dosage
vange within which the drug might re-
lieve pain without at the same time pro-
dncing disturbing toxie effeets. Plucebo
and randamly allocated, graded doses of

Vrom Lhe Departments of Psyeliatry and In-
ternal Medicine, University of Iows College of
Vedicing, Tonw City, Lown 52242, This study was
supported Ly Gruat RR-39 from the General
Clinical Desenred Conters Program Division of
Reseurch  Lcsources, National Iostitutes of
{lealth, U.S.P.H.S.

Fetrgury-Mureh, 1973

ARTHUR CANTER, Ph.D.

iowa City, lowe

TIIC were admiuistered to hospitalized
cancer patients who volunteered for &
trisl of this medication.

Materials and Methods

Ten cooperative subjects, eight wumen
and two nmien, were seleeted for participa-
tion in this study from among advanced
cancer patients being followed at the
University of Iowa Hospital. These pa-
tients, having a mnean age of 4l years
and a mean weight of 62 kg, reported
continuous pain of moderate severity that
was attributable to their disease. Five pa-
tients suffered from carcinoma of the
breast, two from malignant lymphowa,
one from caveinoma of the cervix, one
from ecarcinoma of the colon, and one
trom lymphoepithelioma. Patients receiv-
ing large doses of narcotics were éx-
¢luded from the study although seven had
received methadone as part of their
regular analgesic regimen, All were ad-
mitted to the University of Jowa Clinical
Research Center where they were main-
tained on their usual aualgesic program.
Bach was informed that, while on the
study, he would receive varied doses of
the active ingredient in marvijuana. Euch
was further advised that doses would not
he of equal strength and that the objec
tive of the study was to determine which
were the most effective in relieving pain.
fnformed consent was obiained in writ-
ing from all patients.

Regular analgesics were withhield after
4:00 a3t, and test medications weve ud-
ministered once daily at approximately

189
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3:30 i, 1 hour after eating. On suec-
cessive days, plaecbo and 5, 10, 15, and
20 myg TLC, all identical in appecavance,
were administered double blind in & ran-
dom sequence.® A full-time registered
nurse assigned to the study administered
test medications and interviewed subjects
hourly regurding the severity of pain and
the extent of relief experienced. The
categaries of slight, moderate, and severe
pain all represented snbjective juigments
on the part of the patients at the time
of being interviewed. The nurse’s observa-
Lions, including evident or reported side
cffeets, were recorded on 8 pain chart de-
signed for that purposc.®? This observer
also adminisrered an 1l-item subjective
effeets guestionnaire hourly and a side
cffocts inventory at the end of each 0-
hour ohservation period. The subjective
cffects questionnaire cousisted of the fol-
lowing seven-point seales: sleepy-awake,
energetic-fatigued, sad-happy, quict-rest-
less, sociable-unsociable, dreamy-clear-
headed, calm-uncasy, alert=dull, worried-
pesceful, time slowed-time specded up,
and  wouble thinking-thinking clearly.
ourly vecordings of blood pressure and
Leart and vespivation rates were also
made.

[lowrly ratings of the severity of pain
(O=absent, 1=mild, 2= poderate, and
3.-severe) wero uscd to arrive at houvly
pain reduction scores. These scores were
obtained by subtracting the hourly rat-
ings (rom that recorded prior to the
drug's administration. I7, for example,
severe pain was reported Lefore the drag
was given, then mild pain 3 hours after.
ward would be assigned a reduetion scure
of two. Pain relief scores were recorded
as follows: O:nane, 1=slight, 2:z2mod-
orate, 3=a lat, 1-=coniplete, The sum of
hourly pain reduetion or relict scores for
a given 6-hour observation peviod (total

« Detin-0-tetrahydrnexunabinol in capsules ¢on
tnining a sesame oil vehicla was obtained from
the National Yustitute of Meatal THealth.
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reduction or rclief seores) were used as a
basis [or statistical analysis. Hourly
scores on the subjective offects question-
naire were assigned to the number of
points a subject moved away from & pre-
drug reference on o particular scale.

Results

Table I shows mean total pain reduc-
tien and relief scores for placebo and
THC. Application of Edward’s method of
trend ansalysis of variance revealed a sig-
nificant trend toward progressive relief
of pain with increasing duses of the drus
(#<0.001).® Since a eomparisen of pain
relief seores between adjacent dose levels
yielded no significant differcnees, scoves
for combined low dose levels (5 and 10
mg) were compared with scores fur com-
bined high dose levels (15 and 20 mg).

Here, a significant difference in the ex-
pected dircetion of greater pain relict
with high dases of TILC was demonstrated
(P<0.025, paired observation method).
Due to the small number of paticnts aml
the variability hetween theimn, further sfi-
tistical analysis of these data did nat
scem  appropriate. Mean hourly relict
scores for placeho and 10, 15, and 20
mg THC uve plotted in Fig. L. 'hey show
that the analgesic effect oi TIHC developunt
gradually and was prolonged. While the

TABLE 1

Total Pain Reduction and Relief Scores
Following Oral THO

Scoves (mean=3S.F.)

H—l’u'm Pain

Daose reduction peliet
"accho 0.9 4. 0.40 2.5 = 0.061
THC, § myg 262053 4.7+095
TIIC, 10 mig 14+042 $.4008
THC, 153 mg J.6—0.63 5.8 —0.54
TS, 80 mg 1.6+ 0.06 10.8 1 1.18

The Journal of Clinical Pharmacology
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Fiy. 1. Mean (2= standard ercor) houdy pain
relief in ten patients following the admininirg-
tiun of THC,

peitk effeet oceurred at 3 hours fallow-
ing 10 and 15 mg, it did nel develop
until 3 hours following a dose of 20 my.
A second peak observable at 5 hours uftey
drug administration may have beon the
result of THCs mobilization from the
will bladder and reabsorption following
food ingestion. One patient with a
Ivmphoepithelioma experienced no pain
relief from THC at any dose. She dif-
fered from the others in having pain that
wax sharply loealized, questionubly re-
lited o her disease, and unresponsive to
ather analgesic medications. Five patieuts
reecived  substantial relief  (totul relief
scores of greater thaw 6) from 15 myg and
sevel), from a dose of 20 mg.

Table 1L shows the frequeney with
which commonly experienced side effects
were reparted by the ten patients in this
stidy. Patients veceiving 20 myg THC
were heavily seduted and even at 15 mg
roported  considerable drowsiness. This
sedative effeet was also upparent from

Eebruayy-Murch, 1975

responses on the subjective cffects ques-
tionnaire. Table III shows total 6-hour
change scoves for three scales revealing
a progressive reductivu in arousal pro-
duced by the drug. Also shown in Table
IIT is cvidence of progressive mental
clouding that made its appeavance at 5
mg and became marked at 20 mg,

Other questionnaire scales showed no
change. BEuphovia was infrequently re-
ported and was grossly evident in only
two patients following the 15- and 20-mg
doses. One of these was the only patient
in the scries giving a history of mari-
juana use. Several others reparted minor
elevations of mood when specific inguiry
regarding such charges was made.

Both heart rate and Llood pressure de-
croased following 15- and 20-mng doses of
TITC. The mean (= standard error)
bhourly deeline in heart rate was 2.3x
1.93 beats per minute following 15 mg
and 3.9%1.43 beats per minute following
20 mg. The mean hourly fall in hlood
prossure over the G-hour observation was
11/7::1.48/1.31 mm ITg atter 15 mg and
5/1=1.72/1.39 wmm [Ig following 20 mg.
No change in vespivation rale was ob-
seryed.

Discussion

This preliminary trial of THC on a
limited number of patients has deman-
strated an analgesie effeet of the drug.
Attempts to establish its potency relative
to standurd analpesies of mild to mod-
grate strength such as aspirin and codeine
uppear warranted and arve eurrently in
progress, In a dose of 20 mg, the Jhrug
is highly scdating and, consequently, of
limited vahue for most patients. Doses of
5 and 10 mg, which showed a trend
toward pain relief greater than placebo,
might or might not maintain their superi-
ority in trials involving lavge numbers ot
patients.

In the setting of this expivement, TIIC
demonstrated sedating cffects in eontrase

14]
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TABLE II
Side Bffects After Oral THO

Number of paticats experiencing wide effects (N —~10)

20 m 15wy 10 mg 5 mg .
Side effect THC THC THC THC Plarebo
1. Drowsincss 10 ? 3 7 3
2. Slorred speech 8 8 4 4 2
3. Blurred vision 7 T 4 2 1]
4. Menral clouding 6 7 4+ 5 2
§. Dizziness 3 4 4 2 1
6. Headache 4 3 5 S5 2
7. Increased appetite 4 B 3 2 0
¥, Ataxig S 7 3 3 a
9. Dreuwiness 3 6 3 4 3
10. Disconnected thought 5 1 2 2 0
{1, Numbresy 4 K} 2 1 0
12, Euplioria 5 4 3 0 0
18. Visual ballucinations 3 (4] 1 0 ]
14. Tipnitus 0 2 i o 0
TABLE III
Subjective Effects After Oral THC
Heun oral deviations Frow predrug referened poiurs
on ailes .
5 mp 10 mg 15 wmy 20wy
Effert Placebo TG TUHC THC THC
Sedution
1. sleepy-awake +6.5 B X ] 1.9 —-6.8 -9y
2. fatigued-energetic + 1.0 ~2.1 -232 -6.9 -7.0
3. dull-alert ++4.9 [ ) —3.2 .27 —B.7
Mcatal elouding
4. dcermy-clearheaded +0.4 —3.4 —3.6 --8.1 — 118
3. trouhle thinking-thiaking
clearly +2.2 338 ~3.3 6.7 —6.7

to the stimulating ones commonly as-
sociated with its social usel® In place of
heightened pereeption, numbness and pain
reduetion accurred; in place of cuphoria
and enhanced sociability, a dreamy social
withdvawal developed. Associated with
tho latter, a fall in heart rato and blood
pressure oceurred in contrast to the in-
ercase in pulse which is typically re-

142

ported 3 Patients in this study were ex-
posed to little stimulation, were relatively
ill, and were, for the most part, socially
isulated. Thesc circumstances may well
have been determinants of the drug's de-
pressant effects.

Finally, the preliminary duta reported
here suggest that an association exists be-
tween the pain reduction caused by THC

The Journal of Clinical Pharmacolugy
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and the reduction in arcusal and atten-
tion produced by this drug. On the other
hand, the reduction in pain appears to be
independent of the compnund's euphoric
and antiunxiety effects. Attempts to cor-
velate physiologic measures of arousal
and psychological assessments of atten-
tion with pain reliel may provide clues
to an understanding of the drug’s mecha-
visin of aralgesie action}?

Summary

A preliminary trial of oral delta-S-
tetrahydrocannabinel  (THC)  demon-
strated an analgesic effect of the drug in
patients experiencing cancer pain. Pla-
cebo and 3, 10, 15, and 20 mg THC were
administered double blind to ten patients.
Pain relict significantly superior to pla-

ceba was demonstrated at high dose levels

(15 and 20 mg). At these levels, substan.
tial sedation and mental clouding were re-
ported.
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Effects of Marihuana Use on Body Weight

and Caloric Intake in Humans

ISAAC GREENBERG*, JOHN KUEHNLE, JACK H. MENDELSON, and JERROLD G. BERNSTEIN
Alcohol and Drug Abuse Research Center Harvard Medical School. McLean Hospital, Belmont, Massachusetty, US.A.

Abstract. Body weight and caloric intake were meas-
ured in a group of heavy and casual marihuana users
prior to, during and following 21 days of marihuana
smoking under rescarch ward conditions. A group of
control subjects were studied under identical condi-
tions, but they did not smoke marihuana. Both heavy
and casual marihuana users had a significant increase
incaloric intake and gained weight during the marihua-
na smoking period. Heavy and casual users gained an
average of 3.7 and 2.8 lbs respectively during the
first S days of marihuana smoking. In contrast,
control subjects gained only a small amount of weight
(0.2 lbs) during the same time interval. Water reten-
tion did not appear to be a major factor in weight
gain by the marihuana users. These findings are in
agresment with both anecdotal reports and previous
experimental dara that marihuana use is associated
with increased caloric intake and weight gain.

Key words: Marihuana smoking — Weight gain -
Experimental setting — Caloric intake.

Marihuana is commonly believed to enhance food
inlake in man. Anecdotal accounts of increased food
ingestion associated with maribusana smoking (Siler
el al., 1933; Haines and Green, 1970; Snyder, 1971)
have only recently been assessed in clinical studies
(Hollister, 1971; Williams et al., 1946). Hollister
(1971) found that subjects ingested more of & choco-
late milkshake preparation after 0.5 mg/kg oral delta-9
THC than after placebo, When offered the milkshake
3 h post-drug. marihuana subjects consumed 731 ml
vs. S03 ml ingested by the placebo group. Chronic

*  Send offprint requests 10, lsac Greenberg, Ph.D., Akohol and
Drug Abuse Research Center, McLean Hospital, 115 Ml Street,
Reimont. Muss. 02178, 1) S.A.

exposure to marihuana (39 days) or pyrahexyl, a
THC analogue, (28 days) was also associated with
weight gain (Williams ¢t al., 1946).

In a recent study, Regelson ¢t 2. (1974) administer-
ed delta-9 THC 1o patients with cancer to determine
if the drug would retard chronic weight loss. In 2
preliminary communication, these investigatars report
the delta-9 THC appeared to stimulate appetite and
the patients gained weight. However, no data concern-
ing amount of weight gained or calories ingested was
reported.

The present study was part of a larger group of

* experiments designed to assess the effects of chronic

marihuana use on various biological and behavioral
functions (Mendelson et al., 1974). This report focuses
upon the influence of marihuana smoking on food
intake and body weight.

METHODS

Subjects. Male volunicers were recruned through advertisemenls
placed ia local newspapers. Psychiutric and medical cxaminations
were carricd pul. and only those subjectsin good physical and mental
health were selected for participation in The study. Twetve ‘casual’
and fifieen "heavy” marihuana users were studied comipared with ten
subjects who served as controls.

Casual users reporied & mean duration of 3.3 years marihuana
usc with 8 monthly smoking frequency of 11.5 times. Heavy users
reporied 2 mean duration of marihuana use of 5.6 yeuars and 4
monthly smoking frequency of $2 umes. Both groups were malched
as closely as possible with regard ta sqeiacconomic background,
intelligence and level of education. Further background information
about the subjects i presented in Table 1.

“Ten control subjects were expased 1o identical ward conditions.
These subjects had « past history of casuval alcohol usc and could
work for money or glcohol on the research ward. Control subjects
did not have access lo marihuana or other drugs. As Table |
indicates, the buckgrounds of the conirol subjecis were comparable
10 the casual marihusna users in all relevant respects. Dunng
the study they drank virtuslly no alcohal (average 1/5 oz. per day)
and therefore qualify as drug-free controls.

Marihuana. All marihuans smoking had to be done al lime of
cigaretie purchase, under the obscrvation of a stall member.
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Table 1. Background characieristics und previous drug-taking experience: casual and heavy marihuana smokers

Contrals

Casual users Heavy users

(N = §2) (N =15) (N = 10)

Mean (SD) Mcan (Sb) Mean (SD)
Age A 3.3 (1.1) 23 (1.6) 23 (1.5)
Years formal educauon 14.5 (1.9) 13.6 (1.5) 15.1 (1.6)
Years used macihuana 53 (1.1 §.6 (1.9) ) 6.4 2.3)
Marihuana usc (times/mo) 13.0 6.2) 410 (26.9) 34 (13)
Alcobol use (times/mo) 9.3 (8.0) 19.9 (10.0) 4.1)

69

A detailed repart of the experimental analysis of marihusna acqui-
sition and use has been presented clsewhere (Mcndclson et 3l
1972). Unused portions of smoked maribuana cigaretics were
returned (o the staff 10 insurc thal ‘rouches’ wers not accumulated
and smoked without stal’ knowledge. Since studics were carned
oul on an inpatient hospital rescarch ward, siaff were able 10 insure
that subjects did not use deugs other than marihuiny.

Cigarcties containing approximatcly 1g of marihuanu were

obtained from the National Institute of Meatal Health (NIMH)
in 101 standard dosage form. Each cigarette conteined approximately
1.8—-2.3%, THC us assayed by the NIMH. Actual conleal analysis
of the marihuana using cthanol-Soxhlct and Modified Lernce
extraction procedures was as follows: cannabidial, 0.18% + 0.04%,,
A"THC. 0.002, 4°THC. 206°, t 0.08", canaabinol, 0.08 %
+ 00127,
General Design. The invesligation was carzied out on a four-bed
clinica) research ward of the Alcohol and Drug Abuse Research’
Center ut the McLean Hospital. Each study consisted of three
consecutive phuses: (1) 8 pre-drug S<day bascline, (2) a21-day peried
during which marihuana (or alcehol for conrrol subjects) was avail-
able. and (3) & post-drug period of S days duration. All other
conditions were identical for the marihuana and for the alcohol
contral subjects.

Food was prepared in the cafeteris of McLean Hospital and was
brought to Lhe rescarch ward aod served by gurses or mental
health workers. The type and amount of food caten was recorded
and caloric intake calculated. Subjects were wlso permitted to choose
their favoritc shack foods and both the cafcteria and snack foods
were supplied free 10 the subjects. Body weight was cecorded cach
morning al 8:00 a.m. Urnne samples were collecied on a2 24-h
busis for all the casual and 11 of the 15 hedvy marihuana users.

RESULTS

Daily body weight and caloric intake are reported
for the heavy and casual users and the control group.
Changes in body weight and caloric intake during
successive S-day periods of the study were analyzed
with paired r-tests. Comparisons were made between
the pre-drug control period and the first 5 drug days
(study days 6 — 10) and also belween the last five drug
days (study days 22-26) and the post-drug phase.
Body weights were obtained a1 8:00 a.m. and represent
food consumption during the previous day. Thus,
post-drug body weights arc plotted for a d.day

(days 28—31) rather than a S-day (days 27-31)
period in Figure 1.

Heavy marihuana users showed a significant
(P < 0.01) increase in calpric intake and body weight
following initiation of drug use (Fig.1). Although
body weight continued to increase during the drug
phase, caloric intake decreased, but remained above
baseline pre-drug levels. Upon termination of the
smoking phase of day 26, both body weight and caloric
intake decreased significantly (P < 0.01). The number
of marihuana cigarettes smoked per day, displayed
across the top of Figure 1, progressively increased
during the 21-day drug phase; there was no clear
relationship, however, between the number of mari-
huana cigareties smoked by any single subject and the
amount of food consumed. In fact, as Figurel
indicates, the highest weight gains during the first
five drug days corresponded to the least amount of
marihuana use (4.29 cigarettes per day).

The casual user group (Fig.2) also demonstrated
increases in both body weight and caloric intake.
Both measures increased significantly during drug
availability and use (P < 0.05) and caloric intake
decreased significantly following cessation of muari-
huana use (P < 0.01). However, body weight loss
following cessatlion of marihuana use did not reach
a statistically significant level. As with the heavy
user group, no clear dosc-weight relationship emerged
for any subject. Once more, the high initial increases
in body weight corresponded with relatively low levels
of drug use (2.02 cigarettes per day).

Control subjects (Fig.3) sustained nonotonic
increases in both body weight and caloric intake during
the 30-day study. This pattern is in sharp contrast
10 the curvilincar changes secn in both marihuana
groups. Further, the magnitude of weight and caloric
intake changes in the control subjects was well below
that scen in the marihuana groups. Weight gain com-
parisons between ¢ither marihuana group and the
contral group were statistically significant. (Casual
users vs. control: ¢ = 4.13, P < 0.005; heavy users
vs control: 1 = 400, P < 0.005.) The control sub-
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Jects continued o ingest food in incréasingly grealer
amounts during the last five days of the study, while
both marihuana groups had significantly depressed
food ingestion levels during this period of time.

To determine if fluctuations in body-weight might
be duc to water retention, uriné volume output was
plotted as a function of time and drug phase (Fig. 4).
If water retention were a function of drug use, urine
volume output should have decreased upon initiation
of marihuana use and should have increased with
cessation of marihuana use. However, the opposite
phenomena was found in the twelve casual and eleven
heavy users, indicating that increased fluid intake
purallcled increased food intake.

DISCUSSION

Results obtained in this study are in agreement with
the findings of oithers on acute (Hollister, 1971)
and chronic (Williams et al., 1946) eflects of mari-
huuna use on food ingestion. Hollister (1971) found
thut increased caloric consumption associated with
acute delta-9 THC udministration could be mcasured

3h following drug administration. Williams et al.
(1946) found that an increase in body weight oc-
curred during a 39 day period of marihuana usc.
Caloric intake, however, only increased in @ transient
manner and then fell steadily to below pre-drug
baseline levels. Cvaluation of these data is difficult
since the type, content and potency of the marihuana
preparation smoked is not specificd. Moreover, con-
trol groups were not studied {o determine if non-
drug related variables such as experimental setting,
prison routine, type of food available, eating schedules,
etc., had any influence on paticrns of food ingestion.
In the present study, high caloric intake was recarded
throughout the smoking periad for casual users,
but showed a trend toward a sustained decrease below
initial valuecs for the heavy users. Since marihuana
was available in our study for 21 days (vs. 39 days
as described by Williams ct al,, 1946), it is possible
that a longer period of marihuana availability would
produce an initial increase followed by a dcpression
of caloric intake.

A possible reason for a relative decrease in caloric

intake afier a significant initial increase al the onset
of muaribuana siuoking may be related to gradual
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development of marihuana tolerance. It is also pos-
sible that the initial increase in food intake at the be-
ginning of the marihuana smoking phase may have
generated aversive consequences (e.g., fear of being
overweight) and induced subjects to reduce food intake
during subsequent marihuana smoking. In fact, sub-
jects often verbalized their concern about gaining
100 much weight, but when overt dieting was reported,
it began during the 5-day post-smoking period.

Control subjects gained very little weight as the
study progressed. Increases averaged just over (wo
pounds during 30 days and showed a linear trend.
This phenomena might be expected considering re-
stricied ward environment and the availability of free
food.

Although there was no clear evidence that mari-
huana use resulted in marked fluid retention, this
possiblity cannot be entirely ruled out. Benowitz
and Jones (1975) have recently reported that weight
gain in subjects administered daily 4° THC may have
becn due to fluid reteation and plasma volume ex-
pansion. Caloric intake was not presented in their
report. The subjects in the present study showed clear
changes in caloric consumption accounting for at least
part of the significant weight chunges. More detailed
studies of total body water content are now being
conducted 10 determine how caloric intake and
changes in body water influence the weight of muri-
huana users.

Following administration of ¢ither pyrahexyl or
deha-9 THC, rats show a decrease in food intake and
in body weight (Abel and Schiff, 1969; Manning
et al., 1971; Sjoden ct al., 1973, Sofia and Barry,

1974). Why marihuana administration depresses food
intake in labaratory animals but elevates caloric
intake in humans remains unknown. Dosage factors
may be as important as species differences. Human
subjects control the amount of marihuana they smoke,
while animals are usually given dosages proportiona-
tely many times greater than those used by humans
(Elsmore and Fletcher, 1972). In the single report of
THC- or marihuana-relaicd weight gain in animals,
rats were first adapted 1o a deprivation schedula for
150 days and then given delta-9 THC (Gluck and
Ferraro, 1974). Under these conditions, rits consumed
food during their daily 1 h access period in contrast to
non-drug conditions. Thus, long-term adaptation to
limited food access may be a necessary prerequisite
for marihuana-related enhanced food intake in ani-
mals. Humans are under no such deprivation schedule,
and the scemingly contradictory results between
humans and laboratory animals may due be to
species differences or to variables which, to dale,
have not been identified.
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Specialty Conference

N-of-1 Clinical Trials
A Technique for Improving Medical Therapeutics

Discussant
ERIC B. LARSON, MD, MPH, Seattie

This discussion was sslscted from the weekly Grand Rounds in the Department of Medicine, University of
Washington School of Medicine, Seattle. Taken from a transcription, it has been edited by Paul G. Ramsey, MD,
Assoclate Professor of Medicine, and Philip J. Fialkow, MD, Professor and Chair of the Department of Medicine.

RIC B. Lagson, MD*: Most clinicians have a keen in-
terest in therapeutics and especially therapeutic effi-
cacy. In fact. medical therapeutics can be viewed as a series
of therapeutic experiments as follows:
A B
Initial == Therapy = Subsequent
State State
The patient comes ta the physician in an initial state, 4, and is
offered 1reatment. The patient then assumes a subsequent
state, B.' If B is more desirable, we typically judge that
therapy was effective. If B is no different or is less desirable,
we judge that therapy made no difference or was ineffective.
Although this account seems straightforward, such simple
assertions may not be true because of confounding factors.?

Effectiveness may be overestimated because of several
factors. First, a patient can recover spontancously coincident
with treatment, an especially well-known occurrence for
self-limited conditions. Second, patients commonly present
when their symptoms are worse, especially patients with a
chronic disease. Coincidental treatment appears ta cause the
problem to subside when the patient has simply returned
spontaneously 10 the average, so-called baseline state of a
chronic disecase. This has been referred to as “regression
toward the mean.”* A third factor that may lcad to an overes-
timation of effectiveness is a placebo effect. For some thera-
pies, as much as 30% or more of the benefits may be due to
the well-known placebo effect.® Finally, the expectation of a
beneficial response and a willingness-to-please effect® are
related to the placebo effect. In many patients, the simple
“expeclation” that a treatment will be beneficial may often
be sufficient to promote a beneficial effect. The willingness-
to-please cffect results from the so-called obsequiousness
bias* in which a patient gets beaer to please an expectant
physician.

Similar confounding forces can obscure therapeutic ef-
fectiveness. Cacxistent illness can coincidentally exacerbate
the underlying problem. Chronic diseases have spontancous
exacerbations, and when these occur coincident with treat-
ment, it appears that therapy is ineffective. Malingering ora
secondary gain in which the patient experiences bencfit from

*Profcyser of Madicine, Departmem of Mcdicine, and Medical Direcror, Uni-
versity of Washington Schoul of Medicine. Scatlie.

—————

not geuing better can make a patient resistant to the true
cffect of treatment. An age-related (physiologic) decline su-
perimposed on & beneficial treatment effect may combine 1o
cancel each other. Finally. if an incorrect diagnosis has been
made, (reatment will appear to be ineffective. For cxample, if
a patient’s symptoms or signs represent the upper or lower
limits of a normal variation, then the treatment received,
although usually effective, is ineffective in the misdiagnosed
case.

Randomized Clinical Trials

Fortunately, randomized clinical trials (RCTs) have been
used to evaluate medical therapeutics since the late 1940s.°
Because such trials help eliminate the confounding factors
outlined above, they have become the gold standard by which
clinicians judge therapeutic efficacy. An RCT allocates con-
secutive patients 1o different treatments or randomly allo-
cates the order of treatment in crossover experiments. When
done carefully with enough patients, the randomization elim-
inates bias that might confuse the interpretation of the thera-
peutic experiment.

Unfortunately, many of a clinician’s day-to-day (reatment
decisions cannot be based on the results of randomized tnals.
Table ] shows examples of situations or problems in which
RCTs may not be appropriate for making therapeutic
choices. Unavailability of randomized clinical trnials may be
eacountered in the case of a rare or unusual disease. Ran-
domized trials may alsa not be available for some older treat-
ments and for newer or novel treatments. Because RCTS have
been widespread only since 1970, older treatments were
often not evaluated by them. Newer or novel treatments,
especially those devised by clinicians for single paticnts, are
typically not subjected to randomized trials.

Even when there are good randomized trials showing
efficacy, several factors limit their generalizability to a spe-
cific patient. For examplc, the patieat might be outside the
eligibility requirements for entry into an RCT. Eligibility
criteria for most trials are so restrictive that less than 10% of
patients with the discasc in question may be accepted. Not
surprisingly, the patients who are excluded are the ones in
whom therapeutic dilemumas and an evaluation of therapeu-
tics are often the most troublesome. Thus, their omission

(Larson EB: N-of-] clini

I trigls—A technique for improviag medical therap

{Specialty Canfercnce). West J Mcd 1950 Jan; 152:52-56)
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TABLE 1.—Limits of Randomized Clinical Trials (RCTS) for Care
of Indfvidual Patisnts

RCT unavailable or impossible

Good RCTs show benefit but may nct be generalizable
Eligidility criteria too restrictive
Somig patiets are nonresponders
Side effects

Good RCTs show 7o benefit byl may not be gensralizable
Atypical patients
Treatment response is idiosyncratic

from RCTs allows investigators to assess efficacy with fewer
complicating factors. Another problem arises from the fact
that even though a randomized trial has shown efficacy, not
all patients will benefit from treatment. In additon, some
patients may experience enough side effects that the net effect
of treatment is harmful. The single patient who does not have
a beneficial response experiences that eveat with 100% cer-
tainty even when generalizations based on populations
studied by RCTs indicate the net effects are likely to be
beneficial.

There are also limits to the generalizability of RCTS that
show no apparent benefit. Good randomized clinical trials
may not show any net benefit, but an individual patient may
still benefit from treatment, cspecially if the treaiment has
biologic plausibility. Some RCTs have inadequate sample
sizes and, hence, inadequate statistical power to show effica-
cy.” An individual patient could also be an atypical re-
sponder, or responsiveness to treatment may be idiosyncratic
and difficult to demonstrate by an RCT.

In summary, even though randomized clinical trials are
widely used for assessing therapeutic cfficacy, their results
may not apply to single patients or they may be unavailable
for certain treatments, thus lcaving clinicians in a quandary
about therapeutic efficacy. Because of this quandary, there is
increasing interest in single-patient experiments. A number
of terms have been used to describe single-patient experi-
ments, including N-of-1 trials, single-patient clinical trials,
single-casc analysis, crossover and self-controlled research
designs, and single-patient RCTs. The field has an interesting
history and holds great promise for impraving the science of
medical therapeutics.

Case Reports

Because case reports can be useful ways to illustrate valu-
able clinical lessons, I will present three single-case analyses
in the order of my exposure o them. The first, a “case re-
port” presented at the American Federation of Clinical Re-
search meetings in 1985, was the case that piqued my interest
in single-patient trials.? The second, a classic case that oc-
curred at the interface of the developing science of statistics
and popular culture, is intriguing for both its contents and the
statistical power of its design.® The final case illustrates a
single-case clinical trial that, although not random and only
~single blinded,” was convincing and influential.”

The first case was rcported by Guyant and co-workers
from McMaster University, Hamilton, Ontario.? The pa-
tient, a 65-year-old man with uncontrolled asthmutic bron-
chitis, was becoming progressively more disabled by dys-
pnea with even simple daily activities. His therapeutic
regimen eventually consisted of albuterol inhaler, ipratro-
pium bromide, theophylline, and daily doses of prednisonc.

The clinician and the patient were uncertain whether the
theophylling or ipratropium therapy was beneficial. Both sus-
pedted that theophylline was helpful and ipratropium was
not. To optimize the therapeutic regimen, a single-patient
wial was designed. Either theophylline or placebo, in a
random order, was given for len-day crossover periods.
Three 10-day crossover pairs were planned. The end points
included dyspnea, the need for albuterol inhaler, and the
amount of sleep disturbance. During the first period, the
patienr did better than during the second ten days of the
crossover trial. The same pattern then appeared during the
second crossover period. The trial, which was originally
scheduled 10 go for three crossover periods (about 60 days),
now scemed too long to both the clinician and the patient.
Both agreed that the trial should be terminated, presumably
to allow the patient to resume taking theophylline. They were
surprised when the placebo was associated with scores indi-
cating increased well-being. Based on a review of the litera-
ture and the patient’s course, it was determined that the
seemingly anomalous results were most likely explained by
gastroesophageal reflux (a xanthine side effect) and aspira-
tion.'® The theophylline therapy was stopped, and subse-
quently an N-of-1 trial of ipratropium revealed the beneficial
therapeutic effects of its use. Eventually the patient was
treated with a regimen of albuterol and ipratropium. He then
tolerated a prednisone taper so that he could comfortably
complete most of his activities of daily living on a regimen of
10 mg of prednisone every other day.

The second “tase report™ is not a medical case but repre-
sen1s a particularly famous single-case experiment. The case
was an imporant one in the development of principles of
experimentation and illustratcs some useful points about ran-
domization and statistical power. In 1935, R. A. Fisher, 2
British statistician whose¢ name is most often linked with
multiple-subject experiments, reporied an example of how 10
conduct an experiment with a single subject and used that
example to cxplain basic notions that underlie all expen-
ments. This was the *"lady tasting 1ca experiment.™*

The case involved a tea-drinking English woman who
claimed that she could tell whether the tea was added 10 the
milk or the milk was added to the 1ea. Four cups of tea were
prepared one way and four cups the other way, and the eight
cups were then presented to her in a random sequence. She
was told in advance that she was to identify the four cups that
were preparcd cach way. The lady correcily identified all
cight cups, and the P value was determined by the random-
ization test procedure. The null hypothesis was that her re-
sponse at any treatment time was the same as it would have
been at that time if any of the other cups had been presented.
There are 8!/4!4! = 70 ways in which eight cups can be
presented with respect to milk first or tea first, given that four
cups were milk first and four tea first. Thus, Fisher computed
the P valuc as 1/70 because only 1 of the possible sequences
of 4 Ms and 4 Ts correctly matched the woman's responses
(P = .014).

An important feature of this experiment, in contrast to the
first case report, is that the randomization occurred in blocks
of eight treatments, not blocks of two as in the typical cross-
ovor experiment. Thus, the statistical power was consider-

ably greater.

The third case repon is a more primitive example of a
single-patient trial.* Nonetheless, it also shows the value of
single-patient experimentation. The report entitled “Inter-
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nal-Mammary-Artery Ligation for Coronary Insufficien-
cy—An Evaluation™ was based on a presentation made in
1957 10 the New England Surgical Society. This topic would
later be investigated in a widely quoted article from the Uni-
versity of Washington describing a randomized, single-blind
trial that compared a sham operation with intcrnal mammary
ligation.'* Ralph Adams, MD, in the 1958 paper.® reported
four cases, one of which was of a 60-year-old man admitted
“three days after occurrence of his known episode of coro-
nary thrombosis.”

His case was well known to the hospital because of previous atacks of decp
thrombophicbiris, pulmonary embolism and hypercholesterolemia, and
prior episodes of coronary occlusion. Precordial pain was inensc and he
was apprehensive that he would die. He was a highly educaied man, well
informed for a lay man, on medical matters and in a position of considerable
communily fesponsibility. Admission was for the specific purpose of al-
tering internal mammacy circulation in the hope of giving him some cardiac
protection. He was told . . . that this proceduse was curreadly being widely
discussed and, in some quartcrs, enthusiastically recommended. He was
also informed that the hospital was in the process of evaluating the proce-
dure as definitely as possible. These background facts led him 10 request that
the operation be tried in the hope that he might be helped. . . .

At operation, on the day of admisaion, a short incision was made in the
socond intercostal space lacral to cach sicrnal border and each imernal
mammary wriery was exposed. A silk ligature was placed ubout each anery
but neither was tied. Thus, only a firststage operation had been done,
consisting of a skin incision and encirclement but nok ligation of the internal
mammary afnerics.

On awakening from the bricf and light ancsthetic, the patient reported
that he was frec of pain. He has had no painsince that date. An clectrocardio-
gtam on the day after Operaticn showed no detectable change from preoper
ative tracing. Two days aficr the operation the ligatures from the intcrnal
mammary aneries were tied. Subsequent electracardiagraphic tracings gave
no evidence of impravemeni.

The author goes on to describe follow-up, which included
no recurrence of symptoms, and states that

in this case, there was nol a fair chance to assay the relicf of symptoms W be
obtuined by intcrnal mammary arery ligation because the patent lost all
symptoms aficr the Girst portion of & staged procedure that he believed be
the completed operation.

Adams reported what we would call a nonrandomized
single-patient crossover expériment. A sham opcration was
followed by a real operation—dramatically showing what
many might now call 8 placebo effect of internal mammary
exposure.

Formation of an N-of-1 Clinical Trial Service

Before establishing a single-patient trial service, we con-
tacted Dr Gordon Guyatt, who has actively investigated sin-
gle-patient trials. He provided us with great encouragement
and a summary of the experience of an N-of-1-trials service
at McMaster University.> Most of his Lrials had been in the
subspecialdes of pulmonary medicine and rheumatology. Of
the first 42 trials done at the center, 29 gave definitive results.
In 11, active treatment was found to be effective, in 17 it was
ineffective, and in | it was harmful (the theophyiline case).
Eight other trials gave less definitive results. Five were
judged unsuccessful, three because, despite definitive out-
comes, the results did not lead to action (G. Guyatt, written
communication, June 1987).

Based on this encouraging report, we submitted a small
gramt praposal 1o the National Cemter for Heulth Services
Research. Our research group, which includes Allan Ells-
worth, PharmD; Jim Nuovo, MD (family medicine); Ina
Oppliger, MD (rheumatology); Gerald van Belle, PhD; and
Alice Arnold, MS (biostalistics), is now funded to establish

and evaluate a single-patient trial service. We have an-
nougced our intentions to workers inother specialties and are
currently receiving patients.

Because the objective of the "N of 1™ experiment is to
find the best treatment for a particular patient, we and others
believe that same of the cthical questions asked of the stan-
dard randomized trial no longer apply.’ For example, does
the potential benefit to other patients outweigh the possible
risk to this patient? Nonetheless, three ethical requirements
do apply. First, a patient’s free and informed consent should
be requesied after the clinician has described every feature of
the trial that would materially affect the patient's decision to
take part, including the reported effectiveness and safety of
alternative treatments, the treatment targets 1o be used, and
the duration and number of treatment petiods to be executed.
The sccond ethical requirement is that a patient must be free
1o withdraw at any time without loss of care. The third is that
the same degree of confidentiality applied in other clinical
situations must apply to the study results. One of our first
tasks as an N-of-1 clinical trial service was to approach the
Human Subjects Committee (Institutional Review Board)
and seek approval for pending single-patient trials. They
have developed an expedited approval process that facilitates
the prompt institution of clinical trials.

When to Do a Clinical Trial

Perhaps the most germane issue in single-patient trials is
when to do them. That is. when is a patient most likely to
benefit from che resules of a single-patient trial? The most
important issue here is whether there is doubt about efficacy.
Doubt may occur because neither the patient nor the physi-
cian is certain an existing treatment is working. In this set-
ting, a patient with a chronic disease may be doing poorly or
not improving on a medication regimen that could also be
causing side cflects, as exemplified by the theaphylline case.

Another instance when efficacy may be in doubt is during
the institution of a new treatment. Here the paticnt is being
offered a new drug and the guestion is, =Will it work?” The
clinician may be uncertain when the literature is cquivocal
about the drug, the risk-to-benefit ratio is less favorable, or
the patient is reluctant 1o comply with presumably cfficacious
trearment.

For patients with rare or unusual conditions, the use of the
single-patient trial may not only benefit the patient but also
add 10 knowledge about the management of unusual condi-
tions. The literature contains numerous examples of single-
paticnt experiments where treatments of conditions like fa-
milial Mediterranean fever and narcolepsy were cvaluated
with N-of-1 trials.

Doudt about efficacy may be 2 motivating factor for a
single-patient triat also when a paticnt insisis on a treatment
as necessary or effective in contradiction to medical advice
or practice. The single-patient trial can be used when the
physician is unable to convince the patient otherwise. In this
case, a negative clinical trial should not surprise the physician
but may be convincing to the patient.

After determining whether therapeutic efficacy is in
doubt and deciding whether one wishes to demonstrate effi-
cacy or a lack thereof, the clinician will need to consider
other questions that affect the feasibility and worth of & sin-
gle-patient trial. First is whether a treatment will likely be
long term. Given the lime required to conduct such a tnal,
single-paticnt trials of short-term therapies tend not to be
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worth the effort required of the patient, and they are less
likely to have value for the individual patient unless the pa-
tient will require the short-term treatment repeatedly.

Several questions related to the pharmacokinetics of a
possible therapeutic agent affect the logistics and case of
doing single-patient trials.** The idcal weatment for single~
patient trials is one that can be rapidly started and stopped.
Thus, outcomes can be assessed starting relatively carly in
the trial, and there is little or no carryover between treatment
periods. When these criteria are not met, carryover or period
effects may complicate the interpretation.'* These effects
may require trials that are much more time consuming (for
example, involving washout periods) or involve special de-
sign modifications. In general, single-patient trials are less
likely 1o be useful for curative treatments (so-called period
effects) or for long-acting treatments (due to carryover
effects).

How to Do a Clinical Trial

There are three critical components of the single-patient
trial: randomization, blinding of patient and physician 10
treatment assignment, and defining and quantitating the out-
comes. The last, establishing explicit criteria for evaluating
the efficacy of treatment, is a feature of the single-patient
trial that is alse important for medical therapeutics in
general,

Randomization is necessary to minimize systematic bi-
ases that will occur related to the order of treatment and to
permit double blinding to occur. Randomization is usually
accomplished in a crossover style, that is, in blocks of two. If,
however, it is predetermined that four, six, or eight trials will
be done, the statistical power of the trial is improved consid-
erably by randomization in larger blocks.'* For example,
when six trials are planncd, the possible P values range from
.125 for the ?aired experiment in which three crossover pairs
occur ([1/2]*) 10 .03 whean all six trials are randamized inde-
pendendy ([1/2)%). Intermediate values are possible when
canstraints are added.

‘Blinding is a key element 10 minimize observer-induced
bias. In most single-patient trials, the patient records symp-
loms and, in some cases, sigans. ldeally both patient and
physician are blind to the treatment assignment. Records of
assignment arc kept with one of the trial service staff and, ifa
drug is involved, the pharmacist who has prepared the treat-
ment packages.

Single-patient trials require that the goals of treatment be
explicitly identified at the time the patient enters the tnal.
Ideally, three to five key variables are determined. The vari-
ables may reflect disease activity or symptam severity. Usu-
ally the most important variables measure patient func-
tioning, reflecting the value of treatment for the patient. In
the ideal case, ovtcomes would include the measurement of a
physical sign, a subjective or objective rating of perfarmance
in conjunction with, for example, a laboratory measurement
reflecting discase activity. The patient’s goals must be as-
sayed to be certain that the measures of performance are
compatible with the patient’s wishes, especially regarding
quality of life.

Systematic measurement of 4 limited number of variables
is itnportant for a successful single-patient trial. We typically
use self-administered questionnaires that rely on 7-point
Likert scales or tabulate the frequency of events. We also
teach patients 1o measure biclogic variables like the forced
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" expiratory volume in one second, peak flow, and walktim;.

We have found it easier 10 use 7-point Likert scales than
visual analog scales. In the standard crossover design, the
patient can be asked to state a preference for one treatment
period compared with the other.

There are other issues that must be solved when designing
a clinical trial. A critical question is the duration of wreat-
meat. In general, we believe the old adage, “shortest is eas-
jest.” Treatment often takes longer than expected, however,
because time is required for peak effects to davelop or for
treaunent effects to dissipate. For drug regimens that are
rapidly started and stopped, treatments can be shorter and a
random block design of six or eight trials of active drug and
placebocan be evaluated in less than two weeks. ~

A special case occurs whén a drug is being used to mini-
mize or prevent attacks or exacerbations of a recurrent dis-
case. To determine duration, the frequency of exacerbation
needs to be estimawed. Given a reasonable estimate of the
frequency, the duration can be based on the “rule of 3s.” This

- rule stawes that if an event occurs once every x days, the

duration of observation must be three times x days to be 95%
certain to observe one event. In the case of familial Mediter-
rancan fever where an attack may occur once every two
weeks, the treatment period would need to Jast six weeks to
be reasonably certain to observe an effect.

Another question that affects the duration of the trial is
how many pairs of trials are needed. The answer to this is the
tautology, “as many as ar¢ nceded.” In some trials, we have
recommended that a single pair may provide an adequate
demonstration of ¢fficacy. Such a demonstration lacks statix-
tical power, but the demonstration of effect may be so com-
pelling as w0 convince both patient and physician that efficacy
is no longer in doubt. On the other hand, when the proba-
bility of a treatrhent being effective is about S0% before the

TABLE 2,—Postarior Prababiities as Function of Prior
Probabilities and Likelihood Ratio
Ukstinood That Postarior
Prior Balief Treatmant is Berter  Paten)  Prababiliyy.

Treatment Is Effective, P Than Spontansous  Improves P

O 3 Yes 030

§ Yes .051

3 Na 003

15 No .002
A0 .o 3 Yes 25
5 Yes 1)

3 No .032

15 No Q22
SO 3 Yes 75
s Yes .83
13 Na 25
5 No 7
B 3 Yes 2
5 Yos 85
3 No 57
15 No 4“4
B0 .. 3 Yes R: ]
] Ves .08
i3 - No 75
5 No 64
- -3 3 ves 88
] Yes 28
13 No 86
s No .73
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trial, and there are major risks of side effects, anything short
of a statistical certzinty may not be satisfactory. In the case of
8 paired crossover trial, the binomial distribution suggests
that after four trials, the probability of reatmeat being re-
peatedly favored over placebo is .5 after the first trial, .25
after the second trial, 1235 after the third trial, and .0625
after the fourth trial, which is (1/2),

In general, the issue of "statistical ™ certainty—the myth-
ical P < .05—is less critical in single-patiemt trials. An
interesting perspective is added by assaying the clinician’s
estimate of the likelihood of success in thas patient (the prior

probability) and determining the estimated likelihood that -

the treatment is efficacious based on the literature. Using a
Bayesian analysis, a posterior probability based on the patient
outcome in a single-patient trial can be calculated as shown in
Table 2 (G. van Bclle, written communication, June 1987).
These posterior probabilities show the effect that a single-

patient trial can have on a clinician’s level of certainty that

treatment will be helpful for 2 patient.

Conclusion

We formed the rial service to simultanecously establish,
demonstrate, and determine the value of single-patient trials
in clinical practice and to help do the clinical trials. Our
involvement ranges from being limited consultants providing
study drugs and simply reviewing the protocol, to providing
deuailed, in-depth consultation regarding the value of a clin-
ical trial in a particular patient, developing a study design,
interviewing the patient, developing target outcomes,
printing forms, preparing placebo drug and outcorne forms,
and doing follow-up. In all cases, we provide an interpreta-
tion of the results of the trial and are anxious to learn how the
trial was used in clinical decision making and practice.

In summary, single-patient clinical trials can be used to
improve the efficacy of treatment—especially long-term

treatments and treatments with uncertain efficacy or a risk of
serious oxic effects. Examples of suitable conditions for
study are numerous, including common problems such as
chronic obstructive lung disease, osteoarthritis, recurrent
headache and other chronic pain syndromes, “fibrositis™ or
fibromyalgia, and agitation in demented patients. We have
done trials in these common conditions and have also investi-
gated more unusual and complex problems such as progesta-
tional drug side effects, treatment of the “restless” leg syn-
drome, and treatments of orthostatic hypotension. The
principal benefits are an increased cerwinty for patients and
their physicians that a treatment is worth pursuing because it
is effective or should be abandoned because of an absence of
a netbenefit.
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ACADEMIA AND CLINIC

The z-of-1 Randomized Controlléd Trial: Clinical Usefulness

Our Three-Year Experience

Gordoa H. Guyatt, MD; Jana L. Keller, BSc; Roman Jaeschke, MD; David Rosenbloom, DPharm;
Jonathan D. Adachi, MD; and Michael T. Newhouse, MD

Objoctive: To review the feasibility and effectiveness of &-
of-1 rundomized controlled trials (n-of-1 trials) in clinical
practice- :

Design: Individual trials were double-blind, randomized,
multiple crossover trials. “The impact of n-of-1 wials was de-
wrmined by eliciting physicians’ plans of managcment angd
confidence in thosc plans before and afler cach trial.

Sctting: Referral service doing n-af-] trials at the requests
of community and academic physicians.

Object of Analysis: All trials were planned, started, and
completed by the n-af-1 service.

sfcasures of Outcome: The proportion of planned a-of-1
(als that were completed and the proportion that provided
a definite clinical or statistical answer. A definite clinical
answer was achicved if an n-of-1 trial resulted ia 8 high level
of physician’s confidence in the management plan. Specific
criterin were developed for classifying an n-of-1 trial as pro-
viding 8 defiqite statistical answer.

Main Results: Seventy-three a-of-1 trials were planned in
various clinical situations. Qf 70 a-of-1 trials begun, 57 were
completed. The reasons for not completing n-of-1 trials were
patients’ or physiciuns’ noncompliance or patients’ concur-
rent illness. Of §7 s-of-1 tnals completed, SO provided &
definite clinicul or statistical answer. In 15 trials (39% of
(rials in which appropriate data were available), the results
prompted physicians 10 change their *"prier to the trial” plan
of management (in 1t trials, the physicians stopped the drug
therapy that they had planned to continue indefinstely).

Conclusion: We interpret the results as supporting the feas
sibility and uscfulness of a-of-1 trials in clinical practice.

Aanals of Internal Medicine. 1990, 112:293-299.

From McMaster University. Hamilton, Ontario. For current
aulhor addroscs, »ec cnd ot teal.
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Rxndomiud controlled trials are usually required 10
establish valid evidence of drug efficacy (1-3). Howev-
er, there remsin a number of clinical situations in
which treatment decisions cannot be based on such
trials. For example, guidance is unavailable for treat-
ing conditions that have not been investigated with
randomized controlled trialy; some condilions are so

“rare that even multicenter colluborative trials are not

feasible. Further, cven when 3 relevant randomized
controlled tnal gencrates & definite answer, its result
may not apply to an individual patient. First, if the
patient does not meet the eligibility criteria, extrapola-
tion may not be appropriate; second, regardless of the
overall trial results, some patients appear (0 benefil
from the experimental therapy and some do not (4).
To maintain the methodologic safcguards provided by
randomized controlled trials and avoid the disadvan-
tages of large-ssmplec multicenter studics, we have de-
veloped a corresponding methodology for cxamining
the intervention effect in individua) paticnts.

Experimental studics (5-7) of single subjects have
long been part of psychologic research. The methodol-
ogy is known as singlc casc or single subject research,
n = 1, or, n-of-1 randomized controlled trials (hereaf-
ter referred to as n-of-1 trials). Wc have previously
described how n-of-1 trials may be uscd in medical
practicc to determine the optimum treatment of an
individusl patient (4). More recently, we have provid-
od detailed guidelines (8) for clinicians interested in
conducting their own a-of-1 trials. Results pertainiug
directly to the patient involved are available immedi-
atcly after the paticnt has completed the trial.

In 1985, we designed un n-of-1 service o fucilitate
clinicians® involvemnent with n-of-1 studies 1n our com-
munity (9). We have a formal referral service for
p-of-1 studies and a tutorial service that teaches clini-
cians how to run their own trials. We describe our 3-
year cxpericnce with providing the n-of-1 service in
our community. We cxamined a specirum of condi-
tions and interventions in which az-of-1 trisls were
donc and studicd the outcome of each trial. The ques-
tions we asked were as follows: Are n-of-1 trials able
10 provide clinically useful information? Do clinicians
change their mapagement plans as & rosult of n-of-1
trials? Does physicians’ confidence in management de-
cisions change as a result of n-of-1 trials?

Mcthods
Criteria for Doing an n-of-1 Trial

After a clinician and & phtient exprexxed interest in canduct-
ing an @-ol:1 tnal, we axxesned the suitability of the underly-
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ing condition and potcntial therapeutic intervention. We
have previously reported s sct of criteria (8) that should be
satisficd before an n-of-1 trisl is atcempted; these eriteria
were applicd to patients’ presentation [0 the n-of-1 sstvice.
In short, in addition to the effectiveness of treatment being
in doubt, the disorder should be chronic ang relatively sta-
ble. The trsatment, if effective, should be cantinued long-
term, and the patient should be eager (o collsborate in de-
signing and participating in the a-of-1 trial. In addition, the
treaiment or treatments must have a rapid onset and termi-
nation of action, and an optimal treatment duration should
be knawn &nd practical. In each case, the choice of medica-
tion snd the dosage were selected on the basis of the asend-
ing physicisn’a clinical judgment.

Conduct of Individual n-of-1 Trials

If our initial asscssment of the clinical situation indicated
that an a-of-] trial was indicated, we prepared sa individual-
ized tria} package. To assess drug cfficacy, we administered
individualized questionnaires that examincd the severity of
symptoms that were identificd by patients as parn of their
disease sad imponant in their daily life. These question-
naires consisted of four 1o seven items (symptoms), and se-
verity of symptoms was usually measured on a 7-poini scalc.
For example, if shortness of breath while shopping was a
symptom identified as part of the illncss and importsat in
daily lifc, the patient was asked: Please indicalc how short of
breath you have been whilc shopping during the previous 2
or 3 days, by choosing one of the options from the scale
below:

1. Extremecly short of breath
2. Very short of breath

3. Quite a bit short of breath
4. Madcrately shart of breath
s. Mildly short of breath

6. A little shart of breath

7. Not at all short of breath

Either the referting physician or a physiclan-member of
the n-of-1 service saw the patient after cach treaiment peri-
od. The trial design was based on pairs of active drug and
placcbo, high dose and low dose, or first drug and alternate
drug combinations; the order of administration within each
pair was determined by random allocation. We recommend-
od that t least three pairs of treatmeats be comploted. Medi-
cation was prepared by one of the participating pharmacics.
If active madication and mutching placebo were available
from the manufacturer, they were used; if not, the medica-
tion was crushed and put in capsules, and matching placebo
capsules were prepared. The pharmacy held the code, and
all other members of the team were blind to allocation.
Treatment targets were monitored on a regular, predeter-
mined schedule throughout the trial. If a patient felt much
warsc st any time during the trial, the current treatment
period was terminated and, without breaking the code, the
aext ireatment period was begun. The trial continued as long
as the clinician and patient agreed that they needed thore
information to get u dcfinite unswer aboul the efficacy of the
treatment or until the patient or clinician decided for any
other reasan to end the tnial.

At the study's conclusion, the results were reported to the
patient’s physician, Meun values foc all measures for cach
trcatment period. the mean differences between treatment
and control periods, the 90% confidence interval (CI)
around the difficrences. und the probability of differences
secn being due to chance (using a one-sided paired r-test of
the difference in score) were reported (8). We also exam-
ined cach treatment's magnitude of effect. Our previous ex-
perience with the symptom questionnaires that used a 7-
point scale suggested thut un improvement of 0.8 points per
question corresponds to a naticeable improvement in the pa-
tient's well-being (10). For instance, if there were six ques-

tions. a total change of 3 or more points was considered
¢linically important.

To assess the impact of the n-of-1 trial on the physician’s
management plan, we asked each physician how he or she
would treat the patient without an n-of-1 trial and, when
p-of-1 trial results became available, how he or she intended
to treat the patient. Management plan options included con-
tinuing the drug therapy, withdrawing the drug, or “other.”
We also investigated the level of the physician’s confidence
in his ar her management plan, both before and sfter the n-
of-1 trial, again using a 7-point scale. The physicians were
asked the following: How comfortablc do you fec! now abaut
your treatment plan?

1. Totally comfortable, certain it's the right thing for the
patient

2. Almost totally comfortable, very likely it's the right
thing for the patient

3. Quite comfortablc, likely that the treatment plan is best
for the patient

4. Not totally comfortable, but treatment plan is very
likcly to be as good as alternatives

s.” Mildly uncomfortable, some uncertainty whether treut-
ment plan is best for the patient

6. Moderately uncamfortable, fecling that the treatment
plan may not be the best far the patient

7. Extremely uncomfortable, unceriain about treatment
plan and, if wrong, putient may suffer

Review of 73 m-of-1 Trials

Between October and December of 1988, we reviewed the
files of all n-of-]1 trials done in coaperation with our a-of-1
service. Trials were classificd as complete when three pairs
of treatment periods were completed or the trial was inter-
supted before completing three treatment pairs because of
the clinician’s and paticnt's belicf that drug effectiveness had
been established or refuted. The rcasans for interruptica
were occurrence of intolerable symptoms compatible with
side effects, perceived large treatment effect of the active
medication, and such a low frequency of symptoms that thc
medication was judged not 1o be needed.

Trials not in either of these categorics were classified
incomplete (interrupted before completing three pairs with
no clinical conclusion reached before trial termination).
Among completed trinls, we cxamined the propostion that
provided a definite clinical answer. These included trials tha
resulted in a high levet of clinicians’ confidence in their man-
agement decisions after an n-of-1 trial (1 or 2 on & 7-point
scale); and irials that were interrupted before completing
three treatment pairs because of the clinician’s and patient's
belief that drug effcctiveness had been cstablished or refurcd.
To classify such trials as providing definite answers, the clin-
ical impression of drug eficacy (or its side effect) had to bx
confirmed aficr breaking the code.

For trials in which the primary outcame measure was the
symptom questionnaire that used a 7-point scale, we have
developed a set of statistical criteria classify individual 2-
of-1 trials. Categories include providing a definite answef
(cither confirming drug or placebo superiority or indicatiug
2o difference), showing a trend in favor of active drug or
placebo, or leaving the question of intervention cfficacy ua-
answered (indefinite). These criteria use 3 combination of
the clinical importance cup-off (0.3 points per question meun
difference [D] in symptoms score) and statistical evaluation
of the difference obscrved (one-tailed £ < 0.05, narrow (3]
around the difference between active drug and placebo). The
complete set of criteria is presented in Appendix 1.

Examples of n-of-1 Trials

To show what is involved in doing an n-of-1 trial, w¢
will describe a casc in detail. A 23-year-old woman
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Pgure 1. Results of a-of-1 wisal, propranolol therapy for vasovagal ayn-
ape. Half-open dircles repreasent weekly mean scorss while receiving
wopranclol, 40 mg four limes duily; open circles represent weckly mean
sores while receiving propranclol, 20 mg four times daily; and closed
crcles ccprescnt weekly mean scorcs while resciving plasebo,

presented in the autuma of 1987 with a history of re-
current vasovagsl syncope of 8 year's durstion. Asso-
ciated symptoms included presyncope, nausea and
vomiting, migrainous headaches, and flushing epi-
sodes. There was no obvious trigger to these symp-
ioms. The syncopal episodes occurred as frequently as
wice a8 weck, the other symptoms on a more frequent
basis, and the constellation of symptoms was adversely
affecting the patient’s quality of life. Extensive investi-
gation showed no hormonal or autonomic nervous
system abnormality. The patient was given nifedipine
(for headaches) and amitriptyline as a vagolytic agent
and her condition was initially judged to have im-
proved somewhat; however, symptoms remained 8
major problem.

It has been hypothcsized that 3 vasodepressor reac-
tion (or common faint) can follow sympathetic ner-
vous system stimulation, resulting in decreased lefi
ventricular volume and stimulation of intracardiac re-
ceptors (11). This mechanism was thought to be play-
ing a role in this patient’s problems. A “tilt-table iso-
protecenol™ test was abnormal; the patient developed
significant bradycardia and hypotension when tilted to
€0 deg and infused with 8 ug of isoproterenol (11).
The patient’s physician thought that propranolol
might benefit (11) and contacted our n-of-1 sérvice 10
conduct a trial.

The physician was uncertain of the optimal dosage,
50 the trial was set up with triplets of treatment peri-
ods instead of pairs. Each period lasted 2 wecks and,
in cach triplet, the paticnt received either placcbo, 20
mg of propranolol four times daily, or 40 mg of pro-
pranolol four times daily. Treatment targets included
daily rating of symptoms of lighthcadedness and syn-
cope, headaches, nausea or vomiting, fecling warm or
sweating, and fatigue. Each symptom was rated on a
7-point scale. For instance, the patient was asked the
following: How much trouble or distress as a resuls of
lightheadedness or loss of conscicusness have you had
during the last day?

1. A very great deal of trouble or distress
2. A great deal of trouble or distress

3. A good deal of trauble or distress
4. A modcrute umount of trouble or distress

5. Some trouble or distress
6. Very little wrouble or distress
7. No trouble or distress

The results of the three triplets of treatment periods
are summarized in Figure 1. Each data point in Figure
1 represents the mean of seven ratings of the five
symptoms over a period of | week. The patient felt
that there were no significant differences in how she
felt over the 19 weeks of the trial, and this was con-
firmed by the symptom scores. It was concluded that
propranolol was not effective. h

Now uncertain about the benefit of amitriptyline in
relieving symptoms, the attending physician wished to
conduct a second trial before restarting the therapy-
This trial was 10 have 4.week treatment periods, with
the patient receiving placebo or 100 mg of amitripty-
line at bedtime during each period. The same five
symploms were moaitored, again on a daily basis. Be-
fore starting the trial, the physician replied to our
questionnaire, stating that his a priori estimate of «f-
fectiveness was that the amitriptyline was of no benefit
and that he was very confident of this assessment.

The patient felt much worse during the second peri-
od of the first pair than she had during the first period
and, after 2 weeks of the second period, was convinced
that she was receiving placebo. Without breaking the
code, the period was terminated and the next pair be-
gun. During the second period of the second pair, the
patient again felt much worse and the period was ter-
minated after the first week. After 1 week of the third
pair, the paticnt again became convinced that she was

" recciving placebo and the second period of the third

pair was begun early. The results are presented in Fig-
ure 2. The patient had been correct in each case about
when she received placebo, and the large differences in

- symprom score reflect the magnitude of the differences

she experienced between taking active drug and taking
placebo. The mean differences in symplom score per
question between active drug and placebo periods for
the three pairs were 1.88, 1.81, and 2.08. A paired /-
test with two degrees of freedom suggests that these
results are very unlikely to have occurred by chance
(P < 0.001). It was concluded that amitriptylinc was
effiective, and the drug treatment has been continued
10 the present.

8 -]
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Figare 2. Results of n-of-1 trial, amitriptyline therapy for \(n;mu.l‘ syn-
cope. Open circles represent weochly mean scoscs while receiving amitrip-
tyline. and closed circles indicatc weckly mean scores while recciving
plscedo. -
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;ﬂ'ile 1. Outcome of 73 n-of-1 Randomized Controlled

Planned n-of-1 trials, n = 73
Three a-of-1 trials never started (} because of dcuhi 1,
concurrent iliness; and 1, consent withdrawn)
a-of-1 trisls begun, n = 70
Thirtcen n-of-1 trials not completed (7 because of
patients” noncompliance; 5, concurrent illness;
and 1, physician noncompliance)
Completed n-of-1 trials, n = 57
Nine n-of-1 trials with 3 pairs complcted did not
provide a definite clinical answer: 2 of the 9
provided a definitc statistical answer
Definite n-of-1 trisls, n = SO
Forty-cight triali were clinically definite;
19, swatistically definite

Results
Spectrum of Use

We have not kept systematic track of inquiries about
n-of-1 trials that were planned but deemed infeasible
after preliminary discussion. Some examples include
trials with patients with inflammautory bowel discase
(in whom exacerbations occur too infrequently to
make a trial feasible) and major changes in prednisone
in patients with obstructive airway disease (in whom
functional adrenal deficiency is likely to have devel-
oped). On several occasions, an apen trial resulicd in
obvious benefit or obviaus side effects before & formal
trial was begun. In several instances, we wcrc ap-
prouched about patients with many unstable medical
problems that made reliable ascertainment of the effect
of a single medication impossiblc. Finally, a-of-1 trials
were sometimes infeasible because of reservations
about the patient’s ability to kecp a valid symptom
diary.

Overall, our service participated directly in prepar-
ing 73 n-of-1 trials. Some results from S of these trials
have been reported elsewhere (4, 8,9, 12). Most of the
trials tested a specific form of therapy in patients
whose underlying condition was clearly defined (for
cxample, amitriptyline therapy for fibrositis, ipratropi-
um or theophylline for chronic airflow limitation). In
three instances, the tnal was uscd as a diagnostic tool:
In a patient with inconclusive laboratory iest results,
the clinician investigated the cfficacy of hydracorti-
son¢ in relieving symptoms possibly caused by Addi-
son discuse; in two trials, the clinician tested the effica-
cy of pyridostigmine bromide in amcliorating
symptoms possibly caused by myasthenia gravis. In
two other cases, different dose regimens of the same
medication were used to determinc the balance be-
tween the drug's efficacy and its side effects (predni-
sone¢ therapy for chronic airflow limitation and pro-
pranalol for syncope).

The results of the 73 n-of-1 trials arc presented in
Table 1. Three trials were planned, but never started
(1 because of concurrent illness; 1, consent with-
drawn; and 1, patient’s death). Of the 70 n-of-1 trials
that began, 57 were completed. The reasons for sus-
pension of 13 trials were patients’ concurrent illness (S
trials) and lack of patients’ (7 trials) or physicians’ (1
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trial) compliance with the study protocol. Among (Le
57 completed n-of-1 trials, the number of pairs weic as
follows: ecight pairs, | trial; six pairs, |; five pain, 2,
four pairs, 9; three pairs, 31; two pairs, 11; and one

~ pair, 2. The duration of treatment periods varied wide-
ly, from 1.5 duys to 6 weeks. The majority of trials
lasted | to 4 wecks. Appendix 2 presents the spectrum
of clinical conditions in which n-of-1 trials were done.
One physician was involved in 19 trials; another, in 8.
An additional four physicians participated in more
than | completed tnal.

Results of Completed Trials

Forty-eight of 57 completed n-of-1 trials (84% of all
completed and 66% of ali planned) provided  definite
clinical answer. These 48 trials included 39 that result-
ed in a high level of clinicians’ confidence in the appro-
priateness of their management decisions after three
pairs of treatment had been completed. An additional
9 n-of-] trials were classified as complete despite tiial
interruption before completing threc pairs. In 4 trialy,
differences between two trcatment periods were so
dramatic, the physician and patient decided L0 end the
trial (ipratropium therapy for chronic airflow limita-
tion on three occasions and haloperidol for psychosis
on one). In each of these 4 irials, the clinical impres-
sion was confirmed after breaking the code; the cliai-
cian had guessed correctly when the patient was re-
ceiving active drug. On two additional occasicns,
occurrence of clinically important deletcrious effects
led to the termination of n-of-1 trials (theophylhne
therapy for chronic airflow limitation and clonidine
for rheumatoid arthritis). Again, the clinical decision
was substantiated after the codc was broken. During 3
trials, the symptoms chosen as treatment targets did
pot occur within the first few treatment periods and
the trial was terminated (propranclol therapy for syn-
cope, dilantin for Mcnicre discase, and propantheline
for abdominal pain). In esch of the 9 n-of-1 tnals clas-
sified as complete despite less than three pairs being
done, active drug was compared with placcho.
Results of complete trials that used symplom ques-
tionnaires with responscs on a 7-puint scale as a pri-
mary oulcome measure werc reviewed according to
criteria presented in Appendix 2. We had the data nce-
essary to do this analysis in 44 n-of-1 trals. In 19 of ¥4
cascs, the trial provided a definite statistical answer. In
15 trials, the beneficial role of the drug was confirmed,;
in 4, there was no difference between investigated ther-
apy and placebo. None of the trials anulyzed using
these criteria indicated a harmful effect of a drug. All
but 2 n-of-1 trials providing a dcfinite statistical an-
swer were classified as definite according 1o clinical
" criterie. In | of these 2 a-of-1 trials, the physician te5t-
ed the efficacy of amitriptylinc therapy for fibrosi-
tis—the impression of drug efficacy obtained during un
earlier open trial was o strong that the results of the
initial n-of-1 trial excluding drug benefit were ques-
tioncd. A subsequent n-of-1 trial, with the same pa-
tient using a higher dosage of amitriptyline, canfirmad
the results of the first trial, and the physician discon-
tinued the medication. In the second case, the phy~i-
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cian questioned a patient’s claim that pyridostigmine
provided an improvement in wcakness that was possi-
bly rclated to myasthenia gravis. Despite a clearly pos-
itive n-of-1 result, failurc by a neurologist to confirm
the diagnosis of myasthenia led the attending physi-
cian to speculate that the patient might som¢how have
broken the blind, thus invalidating the results, The
total number of n-of-1 trials providing definite clinical
or statistical answer was, therefore, 50. Five a-of-1 tri-
als had trends suggesting drug benefil, und, in two
cases, trends favored placebo. Results of 18 completed
trials were classified according to the statistical criteria
as indefinite.

Management Pluns and Clinicians’ Confidence

In 38 trials, the data on management decisions were
available both beforc and after the trial. In 23 cases,
the original decision was unchanged afier the tnal re-
sult becamec available. In the remaining 15 tnals
(39%), results of the n-of-1 trial prompted physicians
to change the original decision (in 11 cases, to stop the
drug treatment completely rather than continug; in 3
cases, to continue drug therapy indefinitely vather
than stop; and, in | casc, to conduct an additional
n-of-1 trial). The level of confidence in th¢ new man-
agement decision, measured on a 7-point scale, was
1.82 £ 1.05 (mean X SD). Confidence in the original
decision was 4.62 I 1.36. This change in management
confidence was similar to the increase seen in the
n-of-1 trials that supported the original decision (from
4.53 £ 1.62 1o 1.82 = 1.07). The complete spectrum
of changes in physicians’ confidence aftcr the 38 n-of-1
trials for which duta are available for both beforc and
after the trial is depicted in Figure 3. In most cascs,
physicians clearly were far more confident in their
management after the n-of-1 trial.

In 44 n-of-1 tnals, three pairs of treatment were
completed. In 39 of these trials, physicians cxpressed
total or very high confidence in their munagement de-
cision (1 or 2 on a 7-paint scale). In no case was this
degree of confidence present before the n-of-1 trial.
After these 44 a-of-1 trials, the average score on a 7-
point management confidence scale was 1.77 £ 0.99.

In most of the irials we report, the attending clini-
cians had already conducted their own open trials and
remained uncertain about treatment efficacy. In thesc
instances, they would have managed the patients us
described in the qucstionnaires we administered. In a
few trials, physicians prcferred to have the first expo-
sure of patients 10 the experimental treatment as parnt
of an a-of-1 trial. Although physicians may have con-
sidered options such as continuing the medication for
a period and then testing response to withdrawal or
conducling open trials of withdrgwa! and reinstitution,
such plans were made explicit on only a few occasions.

Discussion

We present our inifial, 3-year eapericnce in conducting
n-of-1 trials and offering the n-of-1 service to commu-
nity physicians. We tested this method of solving diffi-

cult therapeutic dilemmas in a braad spectrum of con-
ditions and using diffcrent interveations. The clinical
problem was most commonly clarification of the effica-
cy of a medication, generally recognized as useful, in
an individual paticne. [In some cases, trials were used
for the clarification of an optimal dosage of a medica-
tion or as an sid to diagnosis.

We were uble to complete 819 of trials that were
begun. The commaonest reasons for not completing 8
wrial were patients’ noncompliance with the study pro-
tocol or cmergence of a concurrent illness. In each
trial, we tried 1o complete threc pairs of treatments;
achieving this goal was the commonest reason to cate-
gorize a trial as complete. Some trials werc also cate-
gorized as complcte despite the fact that three pairs of
treatments hud not been achicved. In all of these n-of-
1 trials, the clinically relevant answer was reached at
an carlicr point. On three occasions, target end points
occurted with an unexpectedly low frequency regard-

less of the treatment used. These a-of-1 trials were

interrupted and classified not oaly as complete but
also as providing a definite clinical answer: Indication
for the usc of a drug was rcfuted. These three n-of-1
trials dramatically show thc necessity of assessing
drug efficacy in a blind manner. Had the drug been
tested in an open [rial, the results would have been
interpreted as showing the striking cfficacy of the in-
tervention.

To judge the clinical usefulness of n-of-1 trials, we
developed a set of both clinical and statistical criteria.
We felt that because the goal of an n-of-1 trial is to
clarify a management decision, an n-of-1 trial can be
considered definite only if this goal is achieved. A defi-
nite answer was obtained in 71% of all attempted n-of-
1 trials. Clinicians were more liberal in their conclu-
sions that a definite answer had been reached. When
using rigorous statistical criteria for a definite answer,
such an answer was attained in only 27% of trials that
were begun (43% of the trials in which data required
to make this assessment were present). On two occa-
sions, physicians did not believe the statistical results;
in both cases, two scparate n-of-1 trials yiclded the
same results.

25
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CONFIDENCE IN MANAGEMENT PLAN

Figure 3, Impact of #-of-1 1rials on clinicians’ confidence in their maz-
agement plans, data from J8 n-of-l trials. The y-azis reprevenis nuraber
al tnals, and the s-axis indicates confidence in managemnent plan. Closcd
bars fepeesent na in manag ¢ plan before tnal, and open dan
reprasent confidence in management pla afler trial.
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The relatively small proportion of trials in which
statistical criteria for a definite result were abtained
reflects to some extent the limited power of statistical
tests when only three pairs have been conducted. The
extent to which the clinicians were convinced of the
results when statistical criteria were not met attests to
the valuc of the method cven without statistical analy-
sis. Another limitation of statistical analysis is that the
decision to continuc with additional pairs can be driv-
en by the results, potentially invalidating the nominal
P-value obtained. Because of these limitations, we
view the staristical analysis as an adjunct (but often
very useful adjunct) for the interpretation of the re-
sults of n-of-1 trials.

The expense incurred by coaducting n-of-1 trials
will be an issue. Until now, our trials have been paid
for by research funds. We have not, therefore, estab-
lished a standard fee for the referral nor decided an
how fees should be modified depending on the nature
and length of the study. Although, in our experience,
the research assistant time per trial was considerable,
much of this time was spent on activities (such as
administering guestionnaires to  physiciuns) that
would not be part of n-of-1 trials once they arc cstab-
lished in clinical pruactice. We belicve that cven with-
out detailed information on costs, conducting a-of-1
trials is likely to be cosi-eflective. In our experience, a
substantial proportion of trials result in discontinua-
tion of medication that would otherwisc have been
continued for months or years. The cost savings from
discontinuing medication and from reducing physician
time spent in medication review and in treating ad-
verse reactions 10 medication is likely to be considera.
ble. Third-party paycrs may wish to consider these
potential savings when developing policies on reim-
bursement of costs associated with n-of-1 trials.

We believe that our results show that a-of-1 trials
are feasible to conduct in clinical practice and often
result in clinically imponant changes in clinicians’
confidence in their management decisions and in the
nmianagement decisions themselves. We believe that
most physicians try to be scientific in their approach to
medication prescription and use some of the principles
of the n-of-1 rtrial (such as observation of patients on
and off medication) in their day-to-duy practice. The
methadology of the n-of-1 trial provides physiciany
with a set of tools that can further increase the scien-
tific rigor of their clinical practice and increase the
likelihood that the trecutments they prescribe are ine
deed those that are best for the patient.

Ackaowledgments: The authors thank Drs. Chnistopher Allen, Jennifer
Blake, Dody Biencnaiock, Ramona Carbotte, Clive Davis, Judah Den-
burg. Susan Denburg, Brian Hutchisan, Jan (rvine, David Martin,
Cheistopher Parterson, Michcl Rathdoac, Peler Rosenbsum, William
Walsh, Robin Whyte, and the many ather physicians who helped in the
planning and conduct of individual trials: Profcssor Robin Roberts and
Will Boyce and Dirs. Dave Sackett, Murray Enkin, Stewart Pugsley, and
John Chomng. who contributed (0 (he ptual devel t of the
n-of-] approach; the pharmacy staff at McMaster Univensity Medical
Centre, particularly Iny Leschuck snd Kathy Sussens, snd at Si. Jo.
scph's HOspItal. Hamiiton, Ontano. particuiarty ons I'hompion, Betty
Wang. and Nancy Giovinazzo for their help with preparation and man-
agement of medications.

Reguests for Reprinis: Gordon Guyatt, MD, Room 2Ci2, McMaster
University Health Sciences Cenvre, 1200 Main Strect West, Hamilion,
Ontario, LEN 3Z5 Canada-

Currcot Author Addresses: De. Guyau: Room 2C12, McMaster Univer-
sity Health Sciances Cenire, 1200 Main Street West, Hamilton, Onario,
L8N 3Z5 Canada.

Ms. Keller: Room 2C3, McMaster University Health Sciences Centre,
1200 Man Strect West, Hamilion, Ontanio, LEN 3ZS Canada.

Dr. Jucxchke: Fontbonne Building, $t. Joseph's Hospiwal, SO Charlion
Avenue East. Hemilton, Ontanio, LRN 4A6 Canada.
Dr. R bl Phas ical Services, McMaster University Health
Sciences Centre, 1200 Main Street West, Hamilton, Ontanio, LEN 3Z$

Canada.

Dr. Adachi: 23 Chariton Avenue East, Hamilton, Ontario, LEN Y2
Quadn.

Dr. Newhouse: Firestane Chest/Allergy Services, St Joscph's Howpital,
50 Charlion Avenuc East, Hamilton, Ontane, LN 1Y2 Canada.

Appendix 1. Critcria for Asscssing the Results of an
n-of-1 Randomiccd Controlled Trial

Statistical criteria
Definite answer

Beneficial P <005and D > 0.8
Harmful P<005and D < —0.5
Neutral P> 005and0.25>D > —0.25

and |Cl| not > 0.5
or P >0.05 and
025 > D> —0.25and
|D] for cach pair < 0.5
No dcfinite answer but trend scen

Beneficial 03 <D< 05and P < 005
" trend and Clincludes0.SorD > 0.5
and £>0.05
Harmful —0.3>D> —0.5S und P<0.08
trend and Cl includes —0.5 or

D < 0.5and P>0.05

No definite answer

Not meeting criteria for cither of the above cite-
gories.
Clinical criteria for definite trial

1. The clinician’s high level of confidence in the ap-
propriatencss of the management decision after
the #-of-1 tria! (1 or 2 on u 7-point scale).

2. n-of-1 trial interruption before completing three
treatment pairs because of the clinician’s belief
that drug effectivencss had been established or
refuted (perceived large treatment effect or se-
vere side effects, both confirmed afrer breaking
the code, or low frequency of treatment end-

points).

Appendix 2. Spectrum of Clinical Conditions in
Which n-of-1 Randomized Controlled Trials Were
Used

Fifty-seven trials were campleted. Twenly trials were
done with 19 patients with fibrositis. In 18 of these
trials, amitriptyline was tested; nitrazepam was tested
in 2 trials. Sixteen trials were completed in patients
with chronic airflow limitation. In 10 trials, inhaled
ipratropium was tested; in 4, oral theophylline; and. in
32, inhaled salbutamol. Two other paticnis participated
in 2 trials each. In a patient with suspected myasthenia
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gravis, pyridostigmine was tested in 2 different trials.
A patient with recurrent syncope participated in | tri-
2l testing propranolol, and 1 trial testing amitriptyline,
Single trials were done in the following conditions,
with the associated medication: chronic pain, maproti-
line; anxiety, lorazepam; insomnia, lorazepam; sus-
pected Addison disease, hydrocortisone; cryptospori-
diosis, spiramycin; Raynaud disease, ketanserine;
syncope, propranolol; coronary disease, diltiazem; fa-
milial, Mcditerrancan fever, colchicine; rheumatoid
arthritis, clonidine; myositis, prednisone; abdominal
pain, propanthcline; Menicre discase, phenytoin; psy-
chosis, haloperidol; and suspecied polymyalgia rheu-
matica, predaisone. '

Thirteen trials were begun but not completed. Eight
of these trials involved patients with chronic airflow
limitacion. Five tested inhaled ipratropium; two, in-
haled salbutamol; and one, oral theophylline. Single
trials were staried but not completed in the following
conditions, with the associated medication: premen-
strual syndrome, pyridoxine; spasticity in a paraplegic,
cloniding; irritable bowel syndrome, trimebutine; idio-
pathic edema, captopril; and temporal lobe cpilepsy,
carbamazepine.
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