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A quick search for “thalidomide” using your
favorite Internet search engine will produce
a strange juxtaposition of results. Early hits,
such as the “Thalidomide Victims Assoc-
iation of Canada” (TVAC) and the U.K.’s
“Thalidomide Trust,” give a sense of past
tragedy—specifically the tens of thousands
born with severe limb defects in the late
1950s and early 1960s in Europe and Canada
as a result of the then-popular sedative and
morning sickness medicine. But scroll far-
ther, and the uninitiated might think the med-
ical community has amnesia—sites
announcing recent clinical trials,
news reports, and pages with titles
like “The Reemergence of Thali-
domide” are prevalent.

Clearly, the drug has some seri-
ous downsides. But thalidomide’s
power and versatility are propelling
scientists—with the help of the
STEPS (System for Thalidomide
Education and Prescribing Safety)
program to deal with the risk of ter-
atogenicity by requiring periodic
pregnancy tests and contraception
use during treatment—to develop
it for new indications, and not just
as a desperate last resort. Thalido-
mide now commands a vibrant
clinical trial infrastructure, as does
the collection of new analogues it
has spawned.

Path to myeloma
Discussing multiple myeloma in a recent
editorial (1) in Mayo Clinic Proceedings, Mayo
hematologist S. Vincent Rajkumar observed
that “thalidomide represents a new era in ther-
apy for this incurable and fatal malignancy.”

Although the drug is not yet approved in
the United States for this indication—the
FDA did approve it in 1998 to treat an inflam-
matory skin complication of leprosy—off-
label prescribing for first-line multiple

myeloma therapy accounted for a large
majority of the New Jersey-based Celgene’s
$220 million in 2003 sales revenue from its
thalidomide product (Thalomid).

Moreover, the drug is approved for mul-
tiple myeloma in Australia, New Zealand, and
Turkey, where Pharmion markets it.

Thalidomide’s transition from simply a
medical horror story to a medical horror
story with redeeming qualities began in
earnest in the late 1980s, when its anti-
inflammatory and immunomodulatory prop-
erties were discovered. Its effectiveness

against oral ulcers and wasting associated
with HIV afforded it a U.S. underground mar-
ket in the 1990s. This prompted FDA efforts
to make the drug legally available on a con-
trolled basis, which led to the 1998 approval.

In 1994, Harvard scientists Robert
D’Amato and Judah Folkman observed that
thalidomide inhibited angiogenesis, or the
formation of new blood vessels (2). This not
only shed light on a teratogenic mechanism
of starving blood vessel growth in fetal limb
buds, but also presented the possibility of

anticancer effects via the blockage of tumor
blood vessel growth. Genentech’s Avastin
has since become the first anti-angiogene-
sis drug, approved by the FDA in February.

Celgene took on thalidomide in the late
1990s and participated in a Phase II trial with
University of Arkansas physician Bart
Barlogie in 1999 (3). The trial resulted in a
32% response rate in patients with refractory
multiple myeloma. Multiple follow-up stud-
ies confirmed these results, and Celgene
submitted a now-pending supplemental New
Drug Application (sNDA) in February.

Thalidomide is also in development for first-
line multiple myeloma treatment in combi-
nation with conventional chemotherapy. A
Phase III trial presented at the American
Society of Clinical Oncology meeting in June
by Rajkumar and colleagues in the Eastern

Cooperative Oncology Group
reported an 80% response rate from
a thalidomide–dexamethasone
combination compared with 53%
from dexamethasone alone (4).

Expanding
applications
Thalidomide is so appealing, in
part, because of its multiple mech-
anisms of action, researchers say.
Its angiogenesis inhibition is
believed to be an important com-
ponent of its activity, but only a com-
ponent. The drug has also been
shown to inhibit tumor necrosis fac-
tor (TNF)-α and interleukin-6, the
overexpression of which con-
tributes to increased cancer cell
growth and survival, and to help

activate T-cell production to enhance antitu-
mor immunity (5). Furthermore, it induces
apoptosis and down-regulates the expres-
sion of adhesion molecules that bind tumor
cells to bone marrow cells.

This has generated interest in using thalido-
mide for other cancers. Celgene has active
programs in both renal cell and prostate can-
cer. In thalidomide treatment of renal cell car-
cinoma, according a review by Baylor College
medical oncology professor Robert Amato (6),
nine Phase II studies have produced a median
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Thalidomide therapy?
The infamous morning sickness drug and its derivatives 
are the focus of clinical trials in multiple disease areas.
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Simple chemical modifications of thalidomide offer new opportunity for
safer and more effective therapy for cancers and inflammatory diseases.



36 MODERN DRUG DISCOVERY NOVEMBER 2004

partial response rate of only 7% in patients.
But 31% of patients have attained stable dis-
ease, and 40–45% derived some benefit. A
major focus in this area has been combining
thalidomide with biologic treatments such as
interleukin-2 and interferon, which, Amato
reports, have shown some promising pre-
liminary results. These combinations are
now in Phase III clinical trials.

Thalidomide treatment of prostate cancer
is not as far along but is progressing as a com-
bination treatment with chemotherapy agents.
A recent Phase II trial, for instance, per-
formed by National Cancer Institute (NCI)
researchers showed a 53% response rate in
patients taking thalidomide with docetaxel,
compared with 37% for docetaxel alone (7).

The NCI and other groups are also mov-
ing forward with clinical development in
other malignancies, including lung cancer,
lymphatic leukemia, and gliomas, as a sin-
gle agent and in combination therapy for both
first-line and refractory treatment.

But cancer is not the only prevalent tar-
get of thalidomide. Its ability to inhibit TNF-α,
a proinflammatory cytokine, makes it a po-
tential treatment for disorders such as mul-
tiple sclerosis, systemic lupus erythematosus,
Crohn’s disease, and irritable bowel syn-
drome. Limited clinical studies have been per-
formed for these indications. It also is
considered a highly effective treatment for
inflammatory skin lesions such as those
associated with lupus (www.lupus.org/educa
tion/articles/thalidomide.html#thalidomide).

Analogue endeavors
Despite the STEPS program, discomfort
with the widespread availability of a drug syn-
onymous with medical catastrophe natu-
rally persists.

“We will never accept a world with thalido-
mide in it,” asserts TVAC, the most active
advocacy group working with Celgene and
the FDA when the drug was transitioning
back to market (www.thalidomide.ca/en/
about/position.html). TVAC encourages the
development of analogues that have thalido-
mide’s benefits without its risks.

In addition to birth defects, thalidomide is
associated with adverse events including
severe nerve damage, deep-vein thrombosis,
and constipation. In the Eastern Cooperative
Oncology Group’s Phase III study, for
instance, the toxicity profile was markedly

higher in the thalidomide–dexamethasone
group than with chemotherapy alone, lead-
ing the physicians to conclude that individ-
ual patients and physicians should decide
whether the combination therapy is worth it.

Although researchers are certainly not
abandoning work with thalidomide, new
compounds are claiming an increasing share
of clinical development projects. Celgene, par-
ticularly, has been focusing on synthesis and
structure–activity relationships of thalido-
mide analogues for more than 10 years.

“We today possess significant knowledge
on the relationship between the known bio-
logical activity of this class of drugs and spe-
cific structural modifications,” Celgene Chief
Financial Officer Robert Hugin told investors
at the BioCentury “Newsmakers in the
Biotech Industry” conference in September
in Manhattan.

Celgene’s lead thalidomide analogues,
defined as immunomodulatory drugs

(IMiDs) because of their substantial activ-
ity inhibiting untoward immune responses,
have shown a 50,000-fold potency increase
in inhibiting TNF-α compared with thalido-
mide in preclinical studies.

The most advanced IMiD in Celgene’s
pipeline is Revlimid (CC-5013), which has
an added amino group and a carbonyl group
removed from the thalidomide structure.
Although the company halted a Phase III trial
for monotherapy Revlimid myeloma treat-
ment because of a lack of efficacy, two ongo-
ing Phase III trials are assessing Revlimid
in combination with dexamethasone.

Phase I and II trials of Revlimid have, by
and large, indicated no dose-limiting toxic-
ity, with no significant neuropathy or deep-
vein blood clots (8). And, significantly, animal
studies have shown the drug not to be ter-
atogenic.

Positive Phase III results might lead to a

late 2005 approval for myeloma, Hugin said.
But very promising Phase II data in patients
with a specific chromosomal variation of
myelodysplastic syndromes—disorders of
blood cell production that lead to acute
leukemia and affect approximately 300,000
people worldwide—might lead to an NDA
“late this year or early next year” for that indi-
cation based on discussions with the FDA,
Hugin suggested.

One other IMiD called Actimid (CC-4047)
is in clinical development for myeloma
(Phase II) and prostate cancer (Phase I), but
this derivative has shown some teratogenic
effects in animals, detracting from so far
promising efficacy results.

Celgene has discovered another class of
thalidomide analogues it calls selective
cytokine inhibitory drugs (SelCIDs). Unlike
thalidomide or the IMiDs, SelCIDs have an
identified and validated molecular target,
specifically phosphodiesterase type 4 enzyme,
which is a key component in the production
of TNF-α. The company’s primary focus for
these drugs is inflammatory-related dis-
eases. The lead SelCID candidate, CC-10004,
is in Phase II for asthma and will shortly reach
this stage for psoriasis, Hugin says.

Whether IMiDs and SelCIDs can com-
pletely replace thalidomide, particularly as
anticancer treatments, remains to be seen.
The Eastern Cooperative Oncology Group,
for instance, is currently developing a clin-
ical trial to evaluate thalidomide in patients
who do not respond to Revlimid. These
types of studies, Rajkumar says, will be
important to determine if thalidomide can
finally be “pushed into retirement” (1). For
now, though, a Web search on the topic might
equally be aimed at pursuing a history proj-
ect or novel clinical research.
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