__special feature

The revival of thalidomide:
From tragedy to therapy

Despite its tragic history, thalidomide has found
its place in the treatment of leprosy, HIV/AIDS,

and cancer.

Gerry Greenstone, MD

shocked by the tragic spectacle of

thousands of children born with
malformed arms and legs. The image
of those children struggling with
deformed limbs has been seared into
the public imagination. The defects in
limbs and other organs were linked to
thalidomide, a supposedly safe drug
taken by pregnant women for nausea
and insomnia.

Thalidomide was marketed in more
than 40 countries and in Canada was
licensed for prescription use from
April 1961 until March 1962. In this
country it caused about 115 cases of
malformations, although the actual
number was probably higher because
of spontaneous abortions and still-
borns.! For decades this drug became
a forbidden word as it was banished
from the medical armamentarium.

Yet thalidomide has risen from
the darkness of unspeakable tragedy.
It has made a remarkable comeback
and found its way into the current ther-
apeutic formulary, albeit under strict
conditions. Thalidomide and its deriv-
atives have been found to affect many
cellular processes in such useful ways

In the early 1960s the world was

This article has been peer reviewed.

Dr Greenstone is family physician who has
also worked in consultation pediatrics in
Surrey.

that they are now indicated for treat-
ing several illnesses, including lep-
rosy and multiple myeloma.

Leprosy

The story of thalidomide’s revival
begins in 1964 with Dr Jacob Sheskin,
who was a dermatologist working
with leprosy patients in Jerusalem.
Sometimes while undergoing treat-
ment such patients develop a painful
condition called erythema nodosum
leprosum (ENL), which causes dif-
fuse red nodular lesions along with
fever, weight loss, arthritis, and gen-
eral malaise. In order to relieve one
such man Dr Sheskin sedated him
with some thalidomide and noted a
dramatic response after only four
tablets. He then treated another six
patients with ENL and noted the same
dramatic result.?

Further studies involving much
larger numbers of patients showed
significant responses, and the World
Health Organization carried out a short-
term, double-blind study of male lep-
romatous patients comparing thalido-
mide with acetylsalicylic acid (ASA).
This study, reported in 1971, showed
significant superiority of thalidomide
versus ASA in the treatment of skin
lesions but minimal efficacy in neural
and internal lesions.? Further studies
also showed some efficacy of thalido-
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mide against Behcet syndrome and
graft-versus-host disease.

HIV/AIDS

In 1991 Dr Gilla Kaplan, a researcher
at New York’s Rockefeller University,
demonstrated that thalidomide inhi-
bited an important cytokine called
tumor necrosis factor-alpha (TNF-a),
which has multiple immunologic
functions involving apoptosis, inflam-
mation, tumorigenesis, and viral repli-
cation.* Since people with HIV/AIDS
are known to have elevated levels of
TNF-oq, this discovery provided a the-
oretical framework for using thalido-
mide in this condition.

Further studies showed thalido-
mide’s efficacy against the aphthous
ulcers and wasting syndrome of HIV/
AIDS at a time when standard thera-
pies were mostly ineffective.’ This
stimulated the growth of “buyers’
clubs,” groups of people with HIV/
AIDS, particularly in New York and
California, who organized to import
the drug into the country, mostly from
South America. By doing this they
came into conflict with the US Food
and Drug Administration (FDA),
which sought to control the supply and
distribution of thalidomide in an effort
to prevent a repeat of the terrible
tragedy of the early 1960s.¢ The main
pharmaceutical company involved



with thalidomide was Celgene Corpo-
ration, headquartered in New Jersey,
which received patent approval to
manufacture it in December 1995.
While negotiations between the FDA
and Celgene continued, there were
other striking developments in the
research on thalidomide.

Angiogenesis
In 1994 Dr R. D’ Amato, working in
the lab of Dr Judah Folkman, showed
that thalidomide demonstrated anti-
angiogenic properties in a rabbit corn-
eal micropocket assay.” They inserted
pellets containing bFGF (basic fibro-
blast growth factor, known to stimu-
late blood vessel growth) into the
corneas of anesthetized rabbits, which
were then divided into a control group
and a thalidomide group. While the
control group showed the expected
corneal neovascularization, the thali-
domide group showed a significant
reduction in this phenomenon. Fur-
thermore, by applying other research
to their findings they postulated that
this anti-angiogenic effect of thalido-
mide was independent of its ability
to downgrade production of TNF-a.
They surmised that it was a direct
effect of the thalidomide itself.

These findings paralleled Dr Folk-
man’s earlier thesis in 1971 in which
he hypothesized that cancer growth

required the development of new blood
vessels in a process called angiogene-
sis.® He postulated that if a way could
be found to shut down this process,
the growth of the cancer could be ter-
minated. His idea was not initially
accepted by the medical community,
perhaps because it was so revolution-
ary. However, as a protégé of Dr Folk-
man, Dr D’ Amato continued to study
the phenomenon of angiogenesis and
its relation to tumor growth. He
demonstrated experimentally that the
combination of thalidomide and sulin-
dac (an anti-inflammatory) inhibited
the growth of carcinoma in rabbits by
75%.°

Multiple myeloma

In 1997 Dr Ira Wolmer, a cardiologist,
was extremely ill with multiple mye-
loma, an incurable plasma cell cancer,
which had failed to respond to usual
treatments. His wife contacted Dr Bart
Barlogie, who treated Dr Wolmer with
thalidomide—but the effort failed.
However, another patient with myelo-
ma responded, which encouraged Dr
Barlogie’s group at the University of
Arkansas to set up a trial of therapy
with 84 previously treated but refrac-
tory multiple myeloma patients. They
monitored blood and urine parapro-
tein levels, bone marrow changes, and
clinical response.!?
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Blood and urine paraprotein levels
dropped significantly in 32% of pa-
tients, which was matched by bone
marrow response in 81% of those eval-
uated. Furthermore, after 12 months
of follow-up, “22.5 +/-5% of the 84
patients remained event-free and 58
+/-5% were still alive.” These num-
bers may not sound very impressive
until one remembers that refractory
multiple myeloma was at that time
uniformly fatal in a matter of months.
Thus thalidomide was the first chemo-
therapeutic drug showing activity
against myeloma in more than 30
years.!! This study spurred numerous
further trials of thalidomide treatment
for multiple myeloma, which showed
significant efficacy of the drug against
this disease. In addition, thalidomide
has been effective in numerous skin
conditions such as lichen planus, cuta-
neous sarcoidosis, prurigo nodularis,
and discoid lupus erythematosus.'?

In 2004 Celgene developed a
structural analogue of thalidomide
called lenalidomide (Revlimid) with
improved antitumor efficacy and a
reduced toxicity profile. In addition
to multiple myeloma, lenalidomide
has also demonstrated clinical effica-
cy in some types of myelodysplastic
syndromes and lymphoma.'* Other
analogues of thalidomide, such as
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pomalidomide (Actimid), are current-
ly being developed with the promise
of greater efficacy and, one hopes,
fewer side effects.

The production of these drugs has
paralleled recent advances in the un-
derstanding of cell biology, which has
shown that the essence of the cancer
cell is the ability to carry out specific
processes such as proliferation, apop-
tosis-avoidance, angiogenesis, migra-
tion, and control of the microenviron-
ment. With a greater knowledge of
these pathogenic mechanisms scien-
tists have developed many pharma-
ceutical agents—such as thalidomide
and lenalidomide—that act therapeu-
tically at multiple points in the malig-
nancy cascade. Specifically, they can
induce malignant cell apoptosis, aug-
ment normal cytotoxicity, inhibit cell
adhesion, downgrade angiogenesis,
and interfere with cancer-promoting
cytokines. These actions impede the
growth of multiple myeloma cells
and inhibit their control of the micro-
environment—crucial components of
anticancer therapy.'#

Side effects

In the early 1960s it was observed that
thalidomide could cause significant
peripheral neuropathy, and while this
problem is less with lenalidomide, the
latter carries a greater risk of myelo-
suppression, especially neutropenia
and thrombocytopenia. Both drugs

can cause significant coagulopathy
with deep vein thrombosis, which can
be decreased but not eradicated by
concomitant use of ASA. Other ob-
served side effects include skin erup-
tions, diarrhea, joint and limb pain,
fatigue, anorexia, muscle cramps,
electrolyte imbalance, and secondary
infections.'> But the biggest concern
with these drugs is the need to prevent
any recurrence of the tragic terato-
genicity of the 1960s.

Preventing malformations
When the FDA approved the use of
thalidomide for the treatment of ENL
in 1998, Celgene Corporation, in con-
junction with the FDA, set up the
STEPS program (System for Thalido-
mide Education and Prescribing Safe-
ty), which laid out strict terms and
conditions for its use in order to pre-
vent a recurrence of congenital mal-
formations.!®

Under this system all physician
prescribers must fill out a registration
card, an informed consent form with
the patient, and a thalidomide survey
form. Detailed information about con-
traception is provided to both female
and male patients and frequent testing
and monitoring of patients is manda-
tory. Female patients must use two
methods of contraception beginning 4
weeks before and 4 weeks after thera-
py with thalidomide. Because of stud-
ies showing the presence of thalido-
mide in semen, male patients must use
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The tragic experience
with thalidomide
dramatically exposed
the danger of using
pharmaceutical agents
without proper analysis
and adequate testing.

condoms throughout the course of
therapy.

In January 2008 Health Canada
authorized the use of lenalidomide
(Revlimid) for the treatment of dele-
tion 5q myelodysplastic syndrome
(5qMDS) and in August 2010 author-
ized the use of thalidomide (Thalo-
mid) for the treatment of multiple
myeloma in patients 65 or over in
combination with a chemotherapeutic
agent and steroid.!”

Both Revlimid and Thalomid are
only available through a program
called RevAid set up by Celgene and
Health Canada, which is very similar
to the STEPS program in the US. This
program is designed to minimize fetal
exposure to these drugs and maintain
tight control over their use.

Conclusion

The tragic experience with thalido-
mide dramatically exposed the danger
of using pharmaceutical agents with-
out proper analysis and adequate test-
ing. It illustrated very clearly the need
for continued monitoring and regula-
tion of drugs, especially those with
teratogenic potential. In keeping with
this, pharmaceutical companies must
be compliant in releasing all data
about their drugs, including negative
results, and physicians must be will-
ing to reevaluate a drug in the face of
significant adverse reactions. If these
conditions are met, then even a drug
as notorious as thalidomide can find
its appropriate place in the medical
armamentarium.
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Eisen wins
Exceptional
Support Award

Dr Andrew Eisen of Vancouver,
BC, received the 2011 Marcel
Bertrand Exceptional Support
Services Program Award from
the ALS Society of Canada
(www.als.ca/).

Dr Eisen not only diagnoses
many ALS patients, but also
offers advice and support to
patients and their families. He
understands that to a person liv-
ing with ALS, 24 hours is a long
time, and he therefore altered his
practice to meet the unique needs
of his patients.

The Marcel Bertrand Excep-
tional Support Services Program
Award is given to an individual

or group of health-care providers
in recognition of an exceptional
support service or program design-
ed to enhance quality of life for
people with ALS and their families.

Dr Andrew Eisen

Liquid Nitrogen
for Medical Use

Westgen has been providing Liquid Nitrogen
to doctors for the past 10 years. We have
established a reputation for prompt, quality
service at a reasonable price.

We also offer MVE Cryogenic Refrigera-
tors in 10 and 20 litre sizes. These can be
acquired on a one year LEASE TO OWN
option, a system that allows you to own your
tank after a year of low monthly payments
which includes free liquid nitrogen for the
lease period.

#—, MVE Cryogenic
' @ ' Refrigerators
'r - * No Stop Charge
* No Cartage Fees
* No Dangerous
Goods Handling
Charges
o Lease to own _ll
option
Service provided to practitioners on Vancouver
Island, Lower Mainland and Okanagan area.
For more information contact Westgen at:
1-800-563-5603 Ext. 150 or 778-549-2761
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