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Thalidomide: Are-look

J. K. GROVER, V. VATS, R. GOPALAKRISHNA, M. RAMAM

ABSTRACT
Thalidomide was synthesized in t 954 In erstwhile West Gennany
and marketed as a sedative in over 46 countries until the early
t 960s. Owing to serious teratogenic effects, the drug was with-
drawn from the market in t 96 t •A chance observation suggested
the utility of thalidomide In erythema nodosum leprosum (EN L).
After many controlled and uncontrolled trials were published, the
World Health Organization recommended its use In ENL. The
Food and Drug Administration, USA approved It for use In ENL
in July t 998. Only established and well-defined studies con-
ducted to substantiate the efficacy of thalidomide have been
included in this review. Thalidomide is considered the drug of
choice for the treatment of ENL, but for other conditions, It is
recommended only when resistance to the currentiy available
form of therapy Is encountered. Once the anti-inflammatory,
immuno-modulatory, anti-TN F-a and anti-angiogenic properties
of thalidomide were discovered, it was also tried in AIDS and
related wasting, apthous ulcers, microsporidiosis and Kaposi's
sarcoma. Thalidomide has no clinical place as an immunosuppres-
sant in solid organ transplantation. However, it has a therapeutic
role in grsft-verus-host-dlsease. Among the dennatological con-
ditions, thalidomide has been found to be effective in systemic
lupus erythematosus, discoid lupus erythematosus, actinic pru-
rigo and prurigo nodularis. Used correctly, it isa safe and effective
medicine (except for its teratogenic potential and delayed
neuropathy) in a variety of disease conditions.
Nati Med J India 2000; t 3: t 32-4 t

•

HISTORICAL PERSPECTIVE
As part of a programme to develop new antihistaminics, thalido-
mide was synthesized in 1954 by W. H. Kunz, a chemist at Chemie
Grunenthal in Germany.' Subsequently, the drug was found to be
an effective hypnotic but a relatively poor antihistaminic. It was
particularly well suited for calming the symptoms of morning
sickness associated with pregnancy. It was considered a safe drug,
as even large doses (up to 1 g/kg) failed to kill laboratory rodents.
In clinical use, several cases of massive dose intake and even
suicidal attempts were unsuccessful. It was introduced into the
market on 1 October 1957 (West Germany) and remained in use
till 1960. It was available in at least 46 countries but not in the
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USA. Teratogenicity associated with it was missed in animal
testing. Between its introduction and withdrawal from
the market in 1961, 5000-10 000 babies were born with severe
deformities, often with flipper-like limbs, as well as malformed
internal organs. The overall incidence of malformed babies deliv-
ered by mothers who had had thalidomide during the first trimes-
ter was about 20%. In 1960, neuropathic complications were also
recognized. Even 4-6 years after stopping the drug, the signs and
symptoms of neuropathy remained unchanged in approximately
50% of patients, while in those in whom the symptoms resolved,
the recovery process was very slow and incomplete.' The recog-
nition of these serious side-effects led to the drug being banned
and withdrawn from the market.

COMEBACK
During the time thalidomide was prescribed to expectant mothers,
it was found to have some anti-inflammatory effect. In 1964,
Sheskin, a general physician in Jerusalem prescribed thalidomide
as a sedative to a patient with erythema nodosum leprosum (ENL),
one of the many manifestations of leprosy, characterized by
painful skin nodules and nerve damage.' Within a few days, the
nodules as well as the fever disappeared. Moreover, till the drug
was continued, the nodules did not recur. It was this property that
led to its serendipitous resurrection. Over the next few years,
many patients with ENL were treated with thalidomide, and most
responded favourably. Today, thalidomide is the drug of choice
for ENL in various countries including the UK and USA. Clinical
guidelines for its safe use have been published and are strictly
followed in many countries where the drug is used on a 'named
patient' basis." However, in India, the drug is not available and
patients are denied the therapeutic benefit that the drug affords in
some diseases.

MECHANISM OF ACTION
There is no single mechanism of action that can account for the
multitude of clinical effects of thalidomide. Its anti-inflammatory
and immunomodulant (but not immunosuppressant) effects are
based on its ability to block cytokine synthesis, particularly
tumour necrosis factor-a (TNF-a), the main stimulator of inflam-
marion.' It also interferes with patterns of leucocyte migration,"
thereby limiting the number of cells normally attracted to the site
of damage. The use of steroids and low-dose anticancer agents in
autoimmune diseases is based on their ability to kill lymphocytes
and other cells. In contrast, thalidomide has no toxic effects on the
cells of the immune system, but alters the CD4 and CD8 ratios and
changes the leucocyte phenotypic expression of molecular mark-
ers on their surface." Suppression ofIL-12 production? is another
plausible mechanism for the immunosuppressive activities of
thalidomide which are independent of, or synergistic with, its
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anti-TNF-a effect. Recent studies suggest that it may also act as
an immunostimulator by inducing the secretion of IL-2 by T cells 10
and may exert an indirect chemotactic effect possibly through
modulation of protein kinase C (PKc).ll

The use of thalidomide in cancer, diabetic retinopathy and
osteoporosis is based on its property to inhibit angiogenesis." It
inhibits the migration of cells that are necessary for the formation
and extension of new vessels. Thalidomide is also being used
to reverse AIDS-related cachexia as it limits the production of
TNF-a. Moreover, thalidomide has been shown to inhibit HIV
replication in tissue cultures (by blocking activation of an intra-
cellular protein required for replication of HIV).13However, this
finding is controversial as thalidomide has been reported to
increase the viral load in HIV.14

PHARMACOKINETICS
Thalidomide is a racemic mixture of (-)-(S)- and (+)-(R)- iso-
mers" and recent studies have demonstrated an enantioselectivity
towards the (Sj-form in immunomodulation, teratogenicity and
sedation." It is widely distributed in the human body. Some
amount of the drug (mainly its metabolites) may also accumulate
intracellularly. Single doses of thalidomide are well absorbed,
and mean (SD) peak concentrations of 1.17 (0.21) and 3.47 (1.14)
ug/ml are achieved with 100 mg and 300 mg, respectively. The
mean elimination half-life is approximately 6 hours.'?

The drug undergoes non-enzymatic hydrolysis in the blood in
a pH-dependent manner. It is degraded rapidly into 12 breakdown
products under physiological conditions and this rapid process of
spontaneous disintegration with mean half-lives of 4-5 hours (for
both isomers) ensures that even in patients with severe renal
insufficiency, it does not accumulate." About 40% of the oral
dose is excreted through the kidneys (in the form of hydrolysis
products). Trace amounts are also found in the faeces."

Organ-specific accumulation has not been reported, except in
the kidneys (which eliminate the hydrolytic breakdown products
of thalidomide) and, possibly, enrichment in parts of the central
nervous system.2~22Concurrent ingestion of thalidomide and oral
contraceptives does not result in any significant pharmacokinetic
interaction."

ADVERSE DRUG REACTIONS
In three prospective studies consisting of 56 HIV-infected pa-
tients treated with thalidomide for 14-21 days, 25 patients discon-
tinued therapy because of adverse reactions. Sedation was an
almost universal side-effect, though it was moderate or severe in
only 7 patients. Cutaneous and/or febrile reactions were the most
frequent (20 patients). All 4 re-challenged patients experienced
accelerated hypersensitivity and hypotension occurred in one
patient. Constipation was moderate or severe in 5 patients and

• severe neuropathic symptoms and mood changes were seen in 2%
of patients."

Acute effects
These include drowsiness, tremor, orthostatic hypotension and
dizziness. Taking the drug at bed-time can minimize drowsiness.

Teratogenic effects
These include phocomelia, amelia, hypogeneria of long bones,
syndactyly, polydactyly, microphthalmia, anomalies of the heart,
duodenal atresia, absence of the common bile duct, imperforate
anus, haemangiomata of the nose and upper lips and atresia of
various organs of the digestive system. The critical period of
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teratogenic action of this drug has been estimated to be between
27 and 40 days after conception and may occur even with a single
dose."

Neuropathy
In clinical studies carried out so far, the incidence of thalidomide-
induced neuropathy varied from <1%2.24to >60%,26-29with an
average of 21%-50%.30 The risk of developing neuropathy is
greater in the elderly and in women, and with cumulative doses
higher than 40-50 g.2.29However, neurological symptoms may
appear even during the first months of moderate dose therapy.">
Familial occurrence of thalidomide-induced neuropathy has also
been reported, suggesting a genetic basis" involving hepatic drug
metabolism, as slow acetylators are exposed to the drug for a
longer time.32

In a retrospective study." 42 patients who received thalido-
mide for various dermatological conditions were studied. The
most common finding was a feeling of pins and needles of the
toes. Lower limb distal paraesthesia was present in 19 of 42
patients and an initial finger involvement was present in only 4 of
these. The diagnosis was confirmed in 9 patients while it was
tentative in 12. Of those with confmned diagnosis, complete and
partial clinical recovery of neuropathy occurred in 1 and 5
patients, respectively, while the condition of the remaining 3
patients became worse (although the dose of the drug was re-
duced). Among the patients with a tentative diagnosis of neuro-
pathy, the condition of 7 remained unchanged while 5 recovered
clinically.

The clinical features of thalidomide-induced neuropathy con-
sist mainly of symmetrical distal painful paraesthesia with occa-
sional sensory loss of the lower limbs.t-" Muscle weakness may
also accompany neuropathy. Findings of electrophysiological
studies are indicative of sensory axonal neuropathy with reduc-
tion of the amplitude of the action potential in peripheral sensory
nerves with relative conservation of the conduction velocity."
Since a 50% decrease in amplitude of the sural nerve action
potential is closely related to the clinical sensory features, it can
be used as an electrophysiological criterion for evaluating the risk
of neuropathy in patients taking thalidomide. However, a recent
report suggests that thalidomide may affect smaller diameter
motor nerve fibres even before changes in sural nerve action
potential occur." The sample size of this study is too small to
make a general recommendation.

Allergic drug reactions
Rashes, urticaria, eosinophilia, and related reactions occur in
patients treated with thalidomide. These resolve when the drug is
discontinued, but there is a need to distinguish them from the
underlying disease being treated."

Haematological effects
Lowered total leucocyte counts, including neutropenia, have been
reported in patients taking thalidomide, particularly those with
underlying disorders that may affect the haematological system
(e.g. HIV infection). Severe haematological reactions are not a
serious concern in ENL patients who do not have other predispos-
ing diseases; therefore, no specific monitoring schedule is recom-
mended."

Mutagenic potential
Published in 1994 and based on 2 cases, a report" suggested the
possibility of the mutagenic potential of thalidomide. However,
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these were later diagnosed as patients with split hand deformity
and Holt-Oram syndrome." Conflicting results have been re-
ported regarding the in vitro mutagenicity of thalidomide.P'f
However, based on the results of a study conducted in a wide range
of assays, both in vitro and in vivo, investigators from the USA,
UK and the Netherlands have found that thalidomide is not muta-
genic."

THERAPEUTIC USES
Leprosy

Erythema nodosum leprosum (ENL). ENL is an inflammatory
reaction that occurs in approximately 40%-50% of patients suf-
fering from lepromatous leprosy. This is a type ill Gell and
Coombs hypersensitivity reaction associated with complement
activation and increased IL-4 and TNF-a concentration. Clini-
cally, ENL is of three types."

1. mild-only skin involvement characterized by painful erythe-
matous, subcutaneous nodules;

2. moderate-skin and other organs except the nerves, eyes and
testes are involved;

3. severe--characterized by orchitis, iridocyclitis, glaucoma and
neuritis.

Systemic manifestations such as fever, malaise, lymphadeno-
pathy and arthralgia are often observed.

Mild and moderate forms ofENL can be managed by judicious
use of analgesics, non-steroidal anti-inflammatory drugs (NSAIDS)
and chloroquine. However, severe cases require treatment with
systemic steroids. Case reports describing the use of pentoxi-
phylline and cyclosporine have also been reported. Studies com-
paring the effect of different regimens have established that thali-
domide is better than other drugs.

A double-blind controlled trial" (n=68) comparing the effects
of a 7-day course of 100 mg thalidomide four times a day v. 400
mg aspirin four times a day was conducted by the World Health
Organization (WHO) in patients with severe ENL. Only men with
clearly demonstrable dermatological manifestations of ENL and
neuritis were enrolled. Seriously ill patients were excluded from
the study. No concomitant medications were permitted. Results
were assessed at 0,2,4 and 8 days on the basis of absence of fever,
improvement in cutaneous lesions along with other manifesta-
tions of lepra reaction and relapse rate (Table I). On day 2, fever
decreased in 39 of 44 patients taking thalidomide and in 5 of 24
patients taking aspirin. By day 8, the number of patients who had
fever >38.5 °C in the two groups was 2 and 12, respectively. The
relapse rate in the two groups at the end of 1 week of therapy was
48% and 69%, respectively. Overall, positive responses for thali-
domide and aspirin recipients were 90% and 51%, respectively.
No serious adverse effects were reported.

In another double-blind placebo-controlled trial," patients
with chronic (more than 3 months) ENL were given either thali-
domide for 7 days in a dose of 100 mg four times a day or placebo.

TABLEI. Comparison of the results of thalidomide and aspirin in
patients with ENL

Day Skin lesions (thalidomide v. aspirin)4S

Improved Disappeared Unresponsive

2
4
8

63 v. 28
48 v. 38
14 v. 25

31 v. 66
12 v. 50
10 v. 49

6 v. 6
40 v. 12
75 v. 26
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In the treated group, courses of thalidomide were repeated in those
relapsing after one course till remission. The response rate in
thalidomide-treated patients was 92%, which was significantly
higher compared to 27% in placebo recipients. However, there
were no uniform end-points, the results of laboratory tests were
not reported clearly and the method of randomization was not
described.

A recently conducted clinical trial compared the efficacy of
pentoxiphylline, thalidomide and prednisolone in the treatment of
ENL.47The study had a cross-over design and patients not res-
ponding within 7-10 days after initiation of treatment were
switched to another drug. All the regimens were for a total period
of 3 weeks. Out of 16 ENL patients enrolled in the study, 9
received 1.2 g/day and 4 received 2.4 g/day of pentoxiphylline.
The remaining 3 received thalidomide (300, 200 and 100 mg/day
in the first, second and third week, respectively) as primary
treatment. By the end of 2 weeks, 5 out of 9 patients responded,
but 2 relapsed later; who were then administered thalidomide.
Four non-responders were treated with prednisolone (30 mg/day).
Of the 4 patients given 2.4 g/day of pentoxiphylline, 2 reported
subjective improvement in clinical symptoms. The remaining 2
patients were given prednisolone of which 1 relapsed and was
ultimately treated with thalidomide. None of the 6 patients receiv-
ing thalidomide relapsed. Overall, the clinical response to therapy
with thalidomide occurred earlier in comparision with the res-
ponse observed with other treatment regimens. After treatment,
there was no reduction in the mean plasma TNF-a , soluble TNF-
a R (receptor) and IL-2 R levels in those receiving either dose of
pentoxiphylline. However, these levels decreased by 53%, 50%
and 43%, respectively, in those receiving thalidomide and by
84%, 44% and 37%, respectively, in those given prednisolone.
Although prednisolone reduced cytokine levels more efficiently
than thalidomide, the clinical response with thalidomide was
better and quicker.

The superiority of thalidomide in managing ENL has also been
shown in 3 studies conducted in India.48-50Six, 94 and 90 men
suffering from ENL who did not respond to steroids or chloro-
quine were enrolled in these studies. The initial dose ranged from
200 to 400 mg/day in divided doses and was gradually tapered off,
depending on the clinical outcome. The average maintenance
dose was 100 and 50 mg/day, respectively, in the first two studies.
All patients showed substantial improvement within one week
after starting treatment. An important finding in one study" was
that patients on prior steroid therapy took longer to respond. These
studies were carried out selectively in men and according to the
WHO guidelines. No lapse or misuse of thalidomide was reported
in these studies.

The present recommendations for the use of thalidomide in the
treatment of acute ENL are an initial dose of 400-600 mg/day
(10-15 mg/kg body weight) tapered gradually over a period of
1-2 weeks to a maintenance dose, which may be as low as 25 mg.
Thalidomide is also recommended for the treatment of chronic
and recurrent ENL in a dose of 25-200 mg/day for 3-24 months."
The disadvantage of clofazimine is that it takes a minimum of
3 weeks before its anti-inflammatory activity is manifest and it
also induces pigmentation of the skin. Thus, thalidomide is the
drug of choice for ENL. However, in India, where the drug is not
available, prednisolone with all its serious side-effects, is still
considered to be the drug of choice.

AIDS-related disorders
HN. In a bid to develop specific agents to treat HIY infection,



GROVER et al. : THALIDOMIDE: ARE-LOOK

existing drugs such as thalidomide, with putative effects on the
retrovirallife cycle or on immune systems, have been assessed. In
a randomized double-blind, placebo-controlled study," 19 asy-
mptomatic HfV -positive men were randomized to receive either
placebo or thalidomide 100 mg/day for 24 weeks. No significant
changes in CD4/CD8 count, activation markers, TNF-a., or TNF-
R1 were observed. However, there was a trend (insignificant)
towards inhibition of mitogen-induced TNF-a. production in
thalidomide recipients. In a study," 13 patients with minimally
symptomatic HIV disease were given a 14-day course ofthalido-
mide treatment after weight stabilization. There was an increase
of 3.6% in weight on day 14 of thalidomide therapy (p=0.002)
associated with a reduction in mean daily urinary nitrogen excre-
tion of 1.81 g (p=0.017). The resting energy expenditure was
unaffected by thalidomide. However, some extracellular fluid
retention occurred in the first week of thalidomide therapy,
followed by an increase in lean tissue mass during the second
week. Remarkably, total lymphocyte counts, CD8+ counts and
mean plasma levels of soluble IL-2 receptors increased signifi-
cantly, suggesting drug-induced immunological activation. Thus,
treating patients of mv infection with thalidomide caused weight
gain and lean tissue anabolism even with a constant caloric intake.
The nature of the associations between thalidomide treatrnent-
induced metabolic changes and the immunomodulatory effects of
the drug have yet to be elucidated."

The effect of thalidomide and its three structural analogues on
HIV-1 replication were studied in vitro using human monocyte-
derived macrophages. Viral replication was reduced by 60%-
80% in mv -1 infected macrophages treated with thalidomide or
thalidomide analogues. In all experiments, the analogues inhib-
ited mv -1 replication more efficiently than thalidomide. The
drugs also reduced mv -1 gag mRNA expression. 53

Cachexia. TNF-a. (cachexin) is associated with fever, weak-
ness, and progressive weight loss. Since thalidomide is known to
inhibit the synthesis of TNF-a.,5 it was thought that it would be
useful in conditions such as AIDS. In a pilot study," 39 patients
with HIV -1 associated wasting with or without concomitant
infection with tuberculosis, were randomly allocated to treatment
with either thalidomide or placebo in a double-blind manner for
21 days. Thirty-two patients completed the study. Patients receiv-
ing thalidomide treatment (n=16) showed a significant weight
gain [mean (SE) 6.5 (1.2)%; p<0.02] relative to placebo-treated
patients (n=16) and the weight gain was greater in patients with
simultaneous mv -1 and tuberculosis infections than with Hl'V-I
infection alone. Moreover, thalidomide therapy was associated
with a reduction in both plasma TNF-a. levels and mv -1 levels.
However, no significant reduction in either TNF-a. or HIV-l
levels was observed in patients with HIV-l infection only. In a
placebo-controlled double-blind randomized trial" of 28 patients
with HIV-associated wasting syndrome, 57% patients receiving
thalidomide (100 mg qid) showed statistically significant gain in
body weight compared with 7% in the placebo group (p=0.003).
In a two-part placebo-controlled pilot study of thalidomide, 5630
men with active tuberculosis, either HIV-l positive or negative,
received thalidomide or placebo for single or multiple 14-day
cycles. The drug was well tolerated and did not affect the delayed
type hypersensitivity response to purified protein derivative, or
total leucocyte or differential cell counts. Daily administration of
thalidomide resulted in a significant weight gain.

The beneficial effects of thalidomide in ENL led researchers to
test this drug in other morphologically similar conditions includ-
ing aphthous ulcers and inflammation of post-capillary venules.
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Oral aphthous ulcers. Case reports57-64 involving 37 Hlv-
infected patients have described the use of thalidomide for the
treatment of oral aphthous ulcers. All patients showed marked and
rapid improvement in their symptoms within 4-15 days. Side-
effects were reported in 16 patients and were limited to sedation,
neuropathy and hypersensitivity. Subsequently, randomized,
double-blind, placebo-controlled trials with larger subjects were
undertaken. In a 4-week placebo-controlled study" involving 45
HIV-positive patients with oral or oesophageal ulcers, 23 patients
received thalidomide (200 mg) while 22 were given placebo. The
number of patients with healed ulcers in the two groups was 14
and 1, respectively. A second placebo-controlled study" (n=14)
demonstrated a healing rate of 85% in patients with oral and/or
oesophageal ulcers with thalidomide (up to 600 mg/day). In
another double-blind, randomized, placebo-controlled study, 14

patients with oral aphthous ulcers were treated with either thali-
domide (n=29) or placebo (n=28). The healing rates in the two
groups were 55% and 7%, respectively (p<O.OOI).Almost all the
patients taking thalidomide (90%) had at least partial healing.
However, quite unexpectedly, the plasma TNF-a. concentrations
were increased in this study. Therefore, thalidomide seems to be
an effective agent for the treatment of refractory aphthous ulcers.

Oesophageal aphthous ulcers. Thalidomide therapy (200 mg)
for 14 days resulted in a dramatic response in 19 of 20 patients,
with both subjective and objective abatement in the signs and
symptoms of their disease." In a multicentric, double-blind, ran-
domized, placebo-controlled clinical trial, Hlv-infected patients
with biopsy-confirmed aphthous ulceration of the oesophagus
received either oral thalidomide (200 mg/day) or oral placebo
daily for 4 weeks. Eight (73%) of the 11 patients randomized to
receive thalidomide had complete healing of aphthous ulcers at
endoscopic evaluation after 4 weeks, compared with 3 (23%) of
13 patients receiving placebo (odds ratio: 13:82; 95% confidence
interval: 1.16-823.75; p=O.033). Odynophagia and impaired eat-
ing ability caused by oesophageal aphthae were improved mark-
edly by thalidomide treatment."

In another study," 12 HIV-infected patients with oesophageal
symptoms and HIV-associated idiopathic oesophageal ulcers
were treated with thalidomide (200 mg/day orally) for 28 days and
endoscopic examination was performed at the completion of
treatment. Of the 12 treated patients, 11 (92%) had complete
symptomatic response; while endoscopy in II patients at the com-
pletion of treatment showed that 9 had complete ulcer healing, 1
had partial healing, and 1 had no response. All responders were
asymptomatic by day 28. At 20 months of follow up, 6 patients
had died with no recurrence of idiopathic oesophageal ulcers.

Kaposi's sarcoma. Results of a case report" suggest that
thalidomide is associated with regression of Kaposi's sarcoma
(KS) lesions, disappearance of KS-associated herpes virus DNA
from blood, and reduced viral load in tumour tissue. In a phase II
study," 17 patients were treated with thalidomide 100 mg/day for
8 weeks. Response evaluation was performed using the AIDS
Clinical Trials Group Criteria and analysis was done by intention-
to-treat. Six of the 17 patients achieved a partial response while 8
patients withdrew (6 owing to toxicity, 1 to early progression and
1 to non-compliance). HHV8 DNA load decreased by at least
310glOto undetectable levels in 3 of the 5 virologically assessable
partial responders. This preliminary study demonstrates the clini-
cal response of thalidomide in KS associated with a reduction of
HHV8 DNA titre in peripheral blood.

Microsporidiosis. This is a common cause of chronic diar-
rhoea in HIV-positive patients and is often resistant to treatment.
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In a study," 18 patients with chronic diarrhoea caused by Entero-
cytozoon bieneusi resistant to albendazole and one untreated
subject with Encephalitozoon intestinalis received thalidomide
(100 mg/day). Seven subjects with chronic diarrhoea due to E.
bieneusi had a complete clinical response, while 3 had a partial
response. There was a significant decrease in stool frequency (5.3
to 3.lIday; p=O.OOl)and increase in weight (1.2 kg; p<0.02). Also
there was a significant increase in the villus height/crypt depth
ratio and the number of abnormal forms of microsporidia (p<O.O1).

lmmunomodulant activity
Chronic graft-v.-host disease. Graft-versus-host disease

(GVHD) is responsible for substantial morbidity and mortality in
patients undergoing transplantation. Moreover, currently avail-
able immunosuppressive therapy (especially corticosteroids) is
associated with complications such as infections and delayed
wound healing. It had been shown earlier that thalidomide inter-
fered with tissue rejection in experimental animals 72and this led
to its trial in allotransplantation. Initial experimental studies on
skin transplants between mouse strains yielded negative results."
Later, with improved treatment regimens (pre-treatment or in
vitro incubation), promising results were obtained in mice.72.?4A
decade later, when immunological techniques improved, more
tangible end-points for graft survival were established that clearly
showed the activity of thalidomide.

Among solid organ transplants, thalidomide has been reported
to delay rejection of kidney allotransplants in primates'S" and
canines," decrease the incidence of pneumonia in canines by
replacing corticosteroids in the early postoperative immunosup-
pression after lung transplantation" and reduce graft failure in
heterotopic cardiac allotransplants in rats.?9-81However, till date,
thalidomide has no place in clinical practice as an immunosuppres-
sant in solid organ transplants. 19The current research is aimed to
study the modulating effect of thalidomide on leukocyte migra-
tion into allotransplants so that it can be used as an adjuvant with
the aim to reduce the dose and side-effects of current immunosup-
pressive therapy.

Few limited uncontrolled case reports suggested the benefit of
thalidomide in GVHD.82--MEncouraging results from experimen-
tal studies" prompted researchers to undertake phase II trials in
humans." Of 23 GVHD patients refractory to prednisolone alone
or in combination with cyclosporine, azathioprine or psoralen
plus ultraviolet A (PUVA), 7 had complete remission. In addition,
of 21 patients receiving thalidomide as primary therapy for
chronic GVHD, 7 had complete response. In another study, 80
patients with refractory chronic dVHD received an initial dose of
100 mg of oral thalidomide four times a day. In those patients who
had no side-effects, the dose was increased to 200-300 mg four
times a day. Sixteen patients (20%) had a sustained response (9
complete remission and 7 partial response). Twenty-nine patients
(36%) discontinued thalidomide because of side-effects. These
included sedation, constipation, neuritis, skin rash and neutrope-
nia." In another study," 5 children with severe corticosteroid-
dependent chronic GVHD were treated with 12-25 mg/kg/day of
thalidomide. The response was assessed on the basis of resolution
of symptoms of GVHD and withdrawal of immunosuppressive
medication. All 5 children showed clinical response to thalido-
mide with cessation or diminution in the dose of immunosuppres-
sion. Thus, thalidomide has a possible therapeutic role in GVHD
and has been used in multiple drug regimens as well as alone in
long tenn maintenance treatment, although controlled studies are
still lacking.
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Rheumatoid arthritis. Dysregulation of TNF-a production is
thought to be important in rheumatoid arthritis. The efficacy of
thalidomide in arthritis was first shown experimentally=" in a
collagen-induced arthritis model of rheumatoid arthritis. Later, an
open study'? of 12 rheumatoid arthritis patients was conducted to
assess the anti-arthritic effects of pentoxiphylline (1200 mg/day)
and thalidomide (100 mg/day). Only 9 patients completed the
study, of which 5 fulfilled the American College of Rheumatol-
ogy (ACR)-20% response criteria after 12 weeks of treatment.

In a study?' of 7 women with definite rheumatoid arthritis,
thalidomide (6.9-15 mglkg/day) led to clinical improvement in
several weeks. In 4 patients, the remission lasted long after dis-
continuing the drug with marked reduction in the erythrocyte
sedimentation rate and decrease in the rheumatoid factor titre.

In another study," 17 patients with refractory or severe rheu-
matoid arthritis were treated with thalidomide. Two patients
withdrew from the study due to side-effects, 7 attained complete
remission, 5 partial remission and 3 showed no improvement.
Those who relapsed received a second course of treatment and
attained remission again. However, a recent open-label trial has
reported no beneficial effect of thalidomide in 10 patients with
refractory rheumatoid arthritis, possibly due to the limited dura-
tion of therapy."

Dermatological conditions
Systemic lupus erythematosus (SLE). This is a systemic dis-

ease characterized by the association of immunological abnor-
malities with pathological changes affecting a number of organ
systems, in particular the skin, joints and vasculature. The main
clinical features include fever, rashes and arthritis, as well as
renal, pulmonary, cardiac and neurological disease."

In a small trial," 23 patients with SLE resistant to chloroquine,
photoprotectors and low-dose prednisolone were treated with
thalidomide (300 mg/day). Three patients withdrew from the
study because of side-effects. Eighteen of the remaining 20
patients had complete remission of cutaneous lesions and 2
showed partial improvement. The average requirement of pred-
nisolone decreased from 40.5 mg/day to 17.4 mg/day.

In a similar study,96the long tenn efficacy of thalidomide was
studied in 18 women with SLE (mean age 34.2 years) who had no
risk of pregnancy. The patients received thalidomide for 6-21
months (mean 8.5 months). The criterion for inclusion into the
study was refractoriness to conventional therapy (i.e. chloro-
quine, photoprotectors and low-dose prednisolone). There was
initially a good response to thalidomide but withdrawal of the
drug led to relapse. Thalidomide was re-introduced and main-
tained at a low dose (25-100 mg/day) for a minimum of 6 months.
The mean dose of prednisolone at the beginning of the study was
38.3 mg/day and at the end was 9.7 mg/day (p<0.05). Complete
remission of cutaneous lesions was observed in 13 patients (72%)
and partial remission in 5 (28%). Side-effects were mild and no
patient needed to stop treatment because of these. The results of
these clinical trials suggest that thalidomide may be a good long
term alternative for SLE patients with refractory cutaneous
lesions. Results of an open-label trial showed that 6 of 7 patients
treated with thalidomide had complete or marked resolution of
their previously treatment-resistant cutaneous lesions with a mean
(SD) response time of 2.2 (0.8) months. It has been suggested that
thalidomide as monotherapy with continued sun avoidance is a
safe and effective treatment for cutaneous manifestations of SLE
after traditional therapeutic options have failed to control the
disease."
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Discoid lupus erythematosus (DLE). This is a relatively benign
disorder of the skin, most frequently involving the face, character-
ized by variable-sized, reddish, well-defined, scaly patches which
tend to heal with atrophy, scarring and pigmentary changes." It is
frequently seen in women of childbearing age." The mainstay of
therapy remains photoprotection, topical steroids and hydroxy-
chloroquine. For severe and/or refractory disease, antimalarials
remain the drug of choice." Multiple induction and combination
strategies with retinoids, dapsone, clofazimine and thalidomide
can also be used to achieve optimal results with minimal toxicity.
Their use requires frequent and careful monitoring as retinoids as
well as thalidomide are teratogenic. However, results with vita-
min E are controversial. Gold and IFN-a have unacceptably high
risk-to-benefit ratios. The use of cytotoxic agents is generally
restricted to patients with concomitant organ-threatening sys-
temic disease."

Thalidomide has been shown to be effective in suppressing
lesions of DLE that are resistant to sunscreens, topical steroids
and antimalarials. In a small trial"? of 12 patients, thalidomide
(100 mg/day for a minimum of 2 months) was used to treat chronic
DLE resistant to antimalarials and topical steroids. Ten patients
improved while 2 failed to respond. In another trial,'?' 60 patients
with chronic DLE were treated with thalidomide (400 mg/day)
and based on the response, the drug was tapered to a maintenance
dose of 50-100 mg/day. Patients were followed up for 2 years.
Complete or marked regression of the disease occurred in 90% (54
of 60) patients. However, 30 of 41 (71%) patients relapsed after
withdrawal of the drug. Upon re-treatment, the patients responded
well. The results of yet another triaP02(n=ll) indicated that thali-
domide was effective in severe chloroquine-resistant chronic
cutaneous lupus erythematosus. Of 11 such patients, complete
and partial remission occurred in 7 and 2 patients, respectively.
One patient was withdrawn from the trial because of side-effects
and the other did not respond to therapy. Six patients relapsed
after discontinuing thalidomide and were re-treated with main-
tenance doses and achieved good results with no further relapses
or exacerbations. In all patients, the side-effects due to thalido-
mide were minor and reversible.

The efficacy of low-dose thalidomide was studied in an open
trial'?' of 16 patients with cutaneous manifestations of lupus
diagnosed on clinical grounds and supported by skin biopsy in 11
of 16 patients. Using an initial dose of 50-100 mg/day, 44%
patients achieved complete or near-complete remission of the skin
disease while 37% had partial remission. Three patients failed to
respond. Although significant benefit was obtained within 16
weeks in all patients, 75% of patients relapsed following drug
withdrawal. However, the response to thalidomide in those
requiring repeat courses appeared to be maintained. A case
report'?' published in 1991 also suggested that thalidomide might
be effective in improving the cutaneous lesions of lupus erythe-
matosus profundus.

In conclusion, thalidomide is effective in chronic DLE, but in
most cases it exerts its effect only whilst treatment is continued.
An initial dose of 400 mg/day and a maintenance dose of 50-100
mg/day produced clinical suppression in 90% of patients but more
than 50% relapsed when treatment was stopped. In these studies,
women responded better than men. It has been suggested that the
use of thalidomide be restricted to patients resistant to topical
steroids and systemic antimalarials, and those receiving the drug
should be under close neurological supervision to avoid the risk
of neuropathy.

Actinic prurigo. This is a rare, sunlight-induced, papular or
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nodular, itchy, usually excoriated eruption, of the light-exposed
and to a lesser extent, covered skin. It is worse in summer and most
common in children and women of childbearing age.105The treat-
ment includes drugs such as tetracycline, vitamin E and thalido-
mide.l'" In an open trial'?' conducted in 1983, 14 patients with
actinic prurigo were treated with thalidomide; 11 had lasting
improvement with the drug and 3 remained symptom-free after
discontinuing therapy. No major side-effects were observed. The
results suggested that resolution of pruritus occurs in weeks,
though complete involution of nodular lesions may take months.

Prurigo nodularis is characterized by itchy nodules, 5-12 mm
in diameter with a verrucous surface often covered with a haemor-
rhagic crust. The most common site is over the extensor aspects of
the lower limbs but lesions can also be found on the upper limbs
and elsewhere. Middle-aged women are most commonly affected;
they have fewer, widely spaced lesions, and hard globular nodules
on the back of the forearms, legs or thighs.v" Treatment choices
are limited. Among them, thalidomide and phototherapy have
been used with satisfactory results but side-effects have limited
their use. In 1973, the efficacy of thalidomide in prurigo nodularis
was reported'P? for the first time; 2 patients were successfully
treated with 300 and 200 mg/day of thalidomide and the pruritus
resolved in 15 and 21 days, respectively. In another study, 1103
patients had substantial relief of symptoms and lesions with
thalidomide. In 1980, a 57-year-old man with prurigo nodularis
unresponsive to conventional therapy was successfully treated
with thalidomide. 111 Subsequently, 4 patients with recalcitrant
prurigo nodularis achieved remission after treatment with thalido-
mide. However, short term treatment (2-3 months) did not pro-
duce remission in 2 patients but re-treatment was effective. The
remaining 2 had long term remission with more than 6 months of
treatment.!"

In a study!'? conducted in Germany, 22 patients with prurigo
nodularis were treated with thalidomide (50-300 mg/day) for an
average of 12 months (2 weeks-5 years). Ninety per cent of the
patients had immediate relieffrom itching while after! -2 months
of treatment there was a significant decrease in the size and
number of their skin lesions. However, 13 patients (59%) stopped
treatment due to side-effects. In a prospective open trial.'!' the
efficacy of sequential combined treatment with thalidomide as
initial therapy followed by narrow-band UVB was evaluated.
Irradiation was continued until complete or almost complete
remission of the disease was achieved. Excellent response was
obtained after an average of 12 weeks of thalidomide therapy and
32 UVB courses. However, it should probably be reserved for
men and women over 50 years of age. Generally, treatment with
thalidomide should be reserved for severe forms of the disease or
resistant cases.

Miscellaneous uses
Myeloma. Several experimental studies have suggested that

primary tumour growth, invasiveness and metastasis require
neovascularization. Thus, agents inhibiting angiogenesis and
inducing apoptosis in established neovasculature might be help-
ful in the treatment of neoplasia.t'>"? Thalidomide in experimen-
tal models has been shown to possess such activity. 118.119Although
high dose melphalan (200 mg/m') followed by autologous periph-
eral blood stem cell transplantation is safe and effective treatment
for myeloma, many patients relapse!" and the options for salvage
therapy remain limited. 121Since multiple myeloma has been
shown to involve neovascularization with concurrent increase in
the plasma levels of various angiogenic cytokines,122-l24a clinical



138

trial involving 84 patients with refractory multiple myeloma was
undertaken to assess the benefit of thalidomide in such a clinical
setting.'> The overall response rate in this study was 32% as
assessed by a 25% reduction in the level of myeloma protein in
serum or Bence-Jones protein in the urine. This provides evi-
dence that thalidomide could be used as an alternative in patients
who are resistant to conventional therapy. A study evaluating the
effect of thalidomide in patients with early disease, either as a
single agent or in combination is likely to offer new management
strategies for multiple myeloma. Based on promising pre-clinical
studies, thalidomide has entered phase II clinical trials for pros-
tate, brain and breast cancer. The anti-tumour properties of
thalidomide in various other malignant diseases are currently
being evaluated in phase III clinical trials.126-131

Behcet's syndrome. Although the beneficial effects of thalido-
mide for this condition were documented in the early 1980s,132.133
a double-blind trial has been conducted only recently. 134Thalido-
mide has been reported to be efficacious in doses of 100 and 300
mg/day in suppressing oral and genital ulcerations along with
follicular lesions. A case report has also described the utility of
thalidomide in an infant with refractory Behcet's syndrorne.!"
However, thalidomide has been reported to activate erythema
nodosum-Iike lesions in these trials.132,134

Porphyria cutanea tarda (PCT). In a small trial.!" 8 patients
with PCT were treated with 300 mg/day of thalidomide orally for
1 week and with 200 mg/day for 3 more weeks. After 2 months of
therapy, blisters, skin fragility and hyperpigmentation receded but
hypertrichosis did not improve. Urinary total porphyrin excretion
also reached normal levels in all patients by the end of the fourth
week of therapy. However, further studies are required to define
the role of oral thalidomide in the treatment of PCT.

Crohn's disease. It has been suggested that increased TNF-a
levels may playa central role in the inflammatory process in at
least two-thirds of patients with Crohn's disease.P'-" So far,
results of only 2 open-label pilot studies assessing the efficacy of
thalidomide (50-300 mg/day) in 12 and 22 patients with Crohn's
disease are available. In the first study, 1399patients responded and
2 achieved remission, while in the second study, 1408 patients
achieved remission. The mean Crohn's disease activity index
after treatment was significantly less than the baseline.

Toxic epidermal necrolysis (TEN). Thalidomide has also been
tried in the treatment of TEN, as increased concentrations of
TNF-a have been implicated in its pathogenesis. In a double-
blind, randomized, placebo-controlled trial."! patients were given
a 5-day course of thalidomide 400 mg daily or placebo. However,
the study was stopped because of a high mortality in the thalido-
mide group (83.3% v. 30%). This unexplained higher mortality in
the treatment group has been attributed to the ability of thalido-
mide to stimulate T cell activation.S'? which may be detrimental
in such a clinical situation.'? Further evidence for this comes in
the form of a recent report describing development of TEN in a
62-year-old woman after approximately 5 weeks of thalidomide
therapy for the treatment of glioblastoma.!"

The efficacy of thalidomide in recurrent exudative erythema
multiforme,'" cutaneous benign lymphoid hyperplasia.!" refrac-
tory ankylosing spondylitis!" and aphthous ulcers in Crohn's
disease has been described in case reports.!"

CONCLUSIONS
The mode of action of thalidomide is still poorly understood but
may be related to its (i) anti-inflammatory effects, particularly an
inhibition of neutrophil chemotaxis; (ii) inhibition of TNF-a;
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(iii) immunosuppressive effects; (iv) effects on neural tissue; and
(v) altered expression of intracellular adhesion molecules. Fur-
thermore, structure-activity studies may allow separation of these
and other possible effects and, therefore, development of a non-
teratogenic analogue of thalidomide may be able to overcome the
major hurdles to its use.

Although thalidomide has no action against the leprosy bacil-
lus, its value in the treatment of the adverse reactions of leprosy
is well established and many leprologists consider it to be superior
to any other drug for this purpose. Despite its teratogenic risk,
thalidomide has been found to be of clinical use in various other
immunological conditions such as Behcet's syndrome and rheu-
matoid arthritis. Its efficacy in actinic prurigo and lupus erythe-
matosus is also impressive. In contrast, its reported action in a
number of other conditions, including severe aphthous stomatitis,
Behcet's syndrome, pyoderma gangrenosum, nodular prurigo and
post-therapeutic neuralgia, needs confirmation. Currently, the
most interesting new fields of application are the prevention and
treatment of GVHD disease in allogeneic bone marrow transplan-
tation and the treatment of aphthous ulceration in HIV-positive
patients. With the emergence of multidrug-resistant cases of
tuberculosis and increase in the number of immunocompromised
persons due to HIV, the interest in cytokine therapy has expanded.
The use of thalidomide has opened up a new treatment strategy
that selectively controls the deleterious part of the inflammatory
response while effective treatment is instituted.!" However, it is
important that thalidomide is not used indiscriminately because of
its adverse effects, especially in the light of the higher mortality
with its use in the treatment of TEN.141

With the approval of thalidomide by the FDA in the USA, the
manufacturers of thalidomide in the USA have introduced a
programme called the System for Thalidomide Education and
Prescribing Safety (STEPS) to ensure that foetal exposure to this
teratogenic agent does not occur. 150STEPS is based on the expe-
rience gained with two other drugs (isotretinoin and clozapine)
that offer important clinical benefits but carry a potential for
serious harm. This is a three-way programme aimed at controlling
access to the drug, educating prescribers, pharmacists and pa-
tients, and monitoring compliance. A registry of clinicians who
wish to prescribe thalidomide is maintained and physicians are
taught to prescribe the drug in accordance with STEPS patient
eligibility criteria and monitoring procedures. Only those retail
distributors who agree to comply with the patient identification
and monitoring criteria of thalidomide are registered. Before
receiving the drug, patients receive a videotape, written material,
and verbal counselling about the benefits and risks of thalidomide
therapy, the importance of contraception during therapy, and the
types of contraception required (including emergency contracep-
tion) and their availability. Before starting therapy and also during
the regular schedule of therapy, women of childbearing potential
are made to undergo pregnancy testing. In addition, a confidential
survey is undertaken about their compliance with contraception,
testing and drug therapy. The survey results and outcome data are
then monitored and modifications to the STEPS programme are
made to ensure its effectiveness. Whether such a programme is
applicable in the Indian context is unclear; nevertheless, an
effective and practical strategy for making thalidomide available
in India should be considered.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph
should accompany the obituary.

-Editor


