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Abstract Thalidomide, after being banned from the market in the early 1960s because

of the worldwide teratogenesis disaster, is currently being rediscovered because
of its multiple therapeutic effects in various serious diseases and symptoms.
Origina studies examined the anxiolytic, mild hypnotic, anti-emetic and adjuvant
analgesic properties of this drug. Subsequently, thalidomide was found to be
highly effective in managing the cutaneous manifestations of leprosy (erythema
nodosum leprosum) and even to be superior to aspirin (acetylsalicylic acid) in
controlling |eprosy-associated fever. Recent research shows promising results
with thalidomide in patients with progressive bodyweight loss related to advanced
cancer and HIV infection. Thalidomide therapy of diseases such as tubercul osis,
sarcoidosis, aphthous ulcersin HIV syndrome and Behcet’s disease, rheumatoid
arthritis, multiple myeloma, graft-versus-host disease, pyoderma gangrenosum,
inflammatory bowel disease, Sjogren’s syndrome, lupus erythematosus and a
variety of solid tumoursis currently being explored.

Furthermore, in preliminary studies, thalidomide has been found to be effec-
tivein several syndromesrelated to advanced cancer, such asthe cancer cachexia
syndrome, chronic nausea, insomnia, profuse sweating and pain. Whether thalid-
omide has atherapeutic effect on neoplastic fever hasyet to be elucidated. These
intriguing features make the use of the drug potentially attractive for palliative
care. In addition, by a distinct mechanism of action compared with most other
drugs, thalidomide offersthe possibility of combined treatment with other agents
with non-overlapping toxicities.

The mechanism of action of thalidomideis probably based on the suppression
of tumour necrosisfactor-a and the modulation of interleukins. However, it isnot
possible to identify a single dominant mechanism, since the action of cytokines and
the effect of thalidomide appear to be complex. Thisreview article discussesthe
origina uses and teratogenic effects of thalidomide within its historical context
and, linking recent research at the molecular level with clinical findings, aimsto
provide the reader with insight into the current understanding of its biological
actions, toxicities and potential benefits.

Thalidomide is known as one of the most infa-
mous drugs of the twentieth century. When it was
first introduced into the marketplace in the 1950s,
the * nonbarbiturate hypnotic’ [ thalidomide was ad-
vocated to ensure a good night's sleep and to pre-
vent morning sickness in pregnancy.!23 However,
soon after its approval in Europein 1957,4 severe
life-threatening birth defects observed in babies
exposed to thalidomide in utero during early preg-
nancy were totally unexpected.[23] In thelong run,
this apparently harmless drug turned out to be an

0 Adis International Limited. All rights reserved.

unmitigated disaster for the pharmaceutical indus-
try and was responsible for more than 10 000 re-
ported cases of birth defects.[®!

In the pre-thalidomide era, testing regimens in
various speciesin order to predict teratogenesiswere
not required.[®! The teratogenic effect of thalidomide
was later revealed to be species-specific in animal
models, since it was difficult to elicit malforma-
tionsin rat, mouse, hamster or chick embryos.[67]
In rabbits, however, fetuses from thalidomide-
treated females were noted to have ‘pronounced
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abnormalities in long bone formation’ resembling
the thalidomide-induced embryopathy seen in the
human fetus.[®!

The use of thalidomide by pregnant women
seeking relief from morning sickness led to an ep-
idemic of fetal malformations such as phocomelia
(short limbs), amelia (absence of limbs), hypo-
plasticity or absence of the bones, externa ear ab-
normalities, facial palsy, eye abnormalities and
congenital heart defects.[®! Abnormalitiesof theal-
imentary tract, urinary tract and other defects of
internal organs have also been reported.[8 Thisul-
timately resulted in the withdrawal of thalidomide
from the world market. A US marketing applica-
tion was not approved after being reviewed in 1960
because of concerns about neuropathy associated
with the use of the drug.!“!

The thalidomide tragedy has led to significant
changes in medical laws worldwide, resulting in
requirements for demonstrated specific effective-
ness of drugs and risks of adverse effects. Despite
this tragedy, promising observations have resulted
in the reintroduction of thalidomide into research
and clinic.!¥ Indeed the USFood and Drug Admin-
istration (FDA) approved the use of thalidomide
for the treatment of leprosy (Hansen’s disease) in
1998. In responseto the reappearance of thalidomide
in the world market, a system has been devel oped
to minimise any substantial risk of thalidomide-
induced teratogenicity. Thalidomideiscommercially
available only through the System for Thalidomide
Education and Prescribing Safety (STEPS) pro-
gramme, amanufacturer-regul ated system. To pre-
scribe and dispense thalidomide, the healthcare pro-
vider must register with the STEPS programme. The
prescriber and the patient are required to review
and sign the consent form, which informs about con-
traception, frequency of pregnancy testing and other
special requirements.[>810

The purpose of this review is to discuss the
pharmacology and potential clinical uses of thalid-
omide with particular emphasis on palliative care
indications. Recent clinical research suggests fur-
ther potential use of thalidomide as an adjunctive
treatment in numerous serious medical conditions

0 Adis International Limited. All rights reserved.

including complications in infectious diseases,
autoimmune and skin disorders, as well as severd
types of cancer and associated syndromes such as
cancer cachexia. Thalidomide was shown to have
anumber of beneficial symptomatic effects on ap-
petite, nausea, insomnia and pain. Some of these
effects could be of significant value for patientsin
palliative care, asthe teratogenic effectswould not
be amajor concern in these patients.

1. Pharmacology and Utilisation

Thalidomide, a-(N-phtalimido)glutarimide, has
the empirical formula Cy3H;0N20O4 and agram mo-
lecular weight of 258.2. The glutarimide moiety con-
tains a single asymmetric centre and, thus, may exist
in either of 2 optically activeformsas S-(-) or R-(+).
It has anet optical rotation of zero.[8l The chemical
structure of thalidomide is shown in figure 1.

1.1 Pharmacokinetics and Drug Metabolism

1.1.1 Absorption

The absolute bioavailability of thalidomide cap-
sules in humans has not yet been well character-
ised, partly because of its poor aqueous solubility.
The mean time to peak plasma concentrations (tmax)
ranged from 2.9 to 5.7 hours in studies of both
healthy volunteersand patientswith leprosy, show-
ing that it is slowly absorbed from the gastrointes-
tinal tract.[® The observed peak concentration (Ciax)
increased in a less than proportional manner and
the extent of absorption[asmeasured by areaunder
the curve (AUC)] was proportional to dose in
healthy volunteers.® This lack of Cyax dose pro-
portionality, coupled with the observed increasein
tmax Val ues, suggests that the poor solubility of tha-
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Fig. 1. Chemical structure of thalidomide.
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lidomidein aqueous mediamay belimiting therate
of absorption.[®

When thalidomide was coadministered with a
high fat meal, minor (<10%) changesin the AUC
and Ca Values occurred; however, tmax showed an
increase to approximately 6 hours.!®

1.1.2 Distribution

The extent of plasma protein binding of thalid-
omide has not yet been determined. Itisnot known
whether thalidomide is present in the gjaculate of
males,[8 but thalidomide and its metabolites were
foundintherabbit semen gjaculates‘in appreciable
amounts’, detectable ‘soon after oral ingestion of
the drug, and for some considerable time after-
wards'.[1]

1.1.3 Metabolism

The exact metabolic route and fate of thalido-
mide in humansis not currently known. In theory,
‘well over [a] hundred’ possible metabolites may
be found.[*2l The drug was reported to undergo
non-enzymatic hydrolysisin plasmato various me-
tabolites.[12.13] |n aqueous sol utions at apH of 6.0,
thalidomide has been found to rapidly form 3 pri-
mary products: 4-phthalimidoglutaramic acid, 2-
phthalimidoglutaramic acid and a-(O-carboxyben-
zamido)glutarimide.[*4]

Although product information on thalidomide
statesthat it does not seem to be hepatically metab-
olised to any large extent, [ co-incubation of thedrug
with human or rabbit liver microsomes yielded 5
primary metabolites of thalidomide: 4-OH-thalido-
mide, 3-OH-thalidomide, 3'-OH-thalidomide, 4'-
OH'thalidomide and 5'-OH’-thalidomide (see also
section 1.3.3).

It has been suggested that thalidomide does not
induce or inhibit its own metabolism, since it dis-
played similar pharmacokinetic profilesonthefirst
and last day of administrationin arepeat dose study
in which 200 mg/day was administered to 10
healthy females for 18 days.[®!

1.1.4 Elimination

Following asingledose, thalidomidehasamean
half-life (ty,) of approximately 5 to 7 hours. As
mentioned in section 1.1.3, the pharmacokinetics

0 Adis International Limited. All rights reserved.

of thalidomide are not altered with multiple admin-
istration. Therenal elimination of thalidomide shows
0.7% excretion rate in the urine as unchanged drug
whiletherenal clearanceis1.15 ml/min.[8 Urinary
concentrations of thalidomide were undetectable
48 hours after administration of asingle dose. Even
though thalidomide is thought to be hydrolysed to
a number of metabolites,11214 only 0.02% of the
administered dose of 4-OH-thalidomide was de-
tected in the urine of volunteers 12 to 24 hours after
administration.8!

1.2 Pharmacokinetic Data in
Special Populations

No significant differencesin measured pharma-
cokinetic parameter values have been documented
in HIV-seropositive individuals after asingle dose
administration of thalidomide (50mg capsule).[®!
Analysisof datafrom asmall study of patientswith
leprosy suggests that thalidomide may have an in-
creased bioavailability in these patients compared
with healthy volunteers.[8l Both anincreasein Cpax
and an increased AUC have been observed in this
population. The clinical significance of this in-
crease has not been determined. Datafrom pharma-
cokinetic studies of healthy volunteersand patients
with leprosy ranging in age from 20 to 69 years do
not reveal any age-related changes, but there are no
pharmacokinetic data available for individuals be-
low the age of 18. Analysis of the data for thalido-
mide does not show any significant gender or racial
differences in pharmacokinetic parameter values,
but no trial specifically examining the effects of gen-
der or race on thalidomide pharmacokinetics has yet
been conducted.!8 The pharmacokinetics of thalid-
omide in patients with renal dysfunction and he-
patic disease has not been clarified.

1.3 Mechanism of Action

1.3.1 Cytokines

Thalidomide is an immunomodulatory agent
with a spectrum of activity that is not fully under-
stood.[*9] The use of thalidomide as an immuno-
modulator is currently being examined in conditions
as diverse as erythema nodosum leprosum (ENL),

Drugs 2000 Aug; 60 (2)



Thalidomide: Focus on Palliative Care

277

chronic graft-versus-host (GVH) disease (GVHD),
gliomas, multiple myeloma, a variety of solid tu-
mours, rheumatoid arthritis (RA), tuberculosis,
sarcoidosis, aphthous ulcers, and HIV- and cancer-
related wasting syndrome/cachexia. Current data
suggest that the action of thalidomide may be re-
lated to several different mechanisms, including
suppression of tumour necrosis factor (TNF)-a
production, probably located at the transcription
level [16-21] effects on interleukins (IL) and inter-
feron (IFN)-y,[18:20.22:27] down-regul ation of selec-
ted cell surface adhesion molecules involved in leu-
cocyte migration, and shifts in the ratio of CD4+
lymphocytes (helper T cells) to CD8+ lymphocytes
(cytotoxic T cells).[20.21.23-26] Cytokines are known
to have numerous effects, and their interactions with
thalidomide are complex and not al studies are
consistent in their findings. Indeed, there are some
studies that report contradictory observations. Over-
all, it does not seem possible to identify a single
dominant mechanism of action for thalidomide.
The multiplicity of actions may explain the large
variety of therapeutic results achieved with the ad-
ministration of thalidomide.

There are numerous reportsindicating evidence
for thalidomide-mediated suppression of produc-
tion of TNFa.[16-211 However, it has also been found
to increase plasma TNFa levelsin HIV-seropositive
patients.[28] |t is possible that changesin the phys-
icochemical conditions being studied in vivo or in
vitro may affect the relationship between thalido-
mide and TNFa. Although thalidomide spontane-
ously hydrolyses at pH 7.4 to various metabo-
lites!1314] a recent study demonstrated that it
increases IL-2 and suppresses TNFa levelsin vitro
only as an intact molecule.l*3! In addition, thalido-
mide was observed to be metabolised species-
specifically by liver microsomes.[*¥ These find-
ings underline the need to investigate the complex
action of thalidomide under appropriate physico-
chemical conditions.

Further insight into the effects of thalidomide
on TNFa can be gained by comparing its effects
with those of other drugs with putative effects on
TNFa, pentoxyphylline and dexamethasone. De-

0 Adis International Limited. All rights reserved.

spite evidence of TNF inhibition by both thalido-
midel16-21 and pentoxyfylling[2? only thalidomide
was ‘ capable of improving the subjective symptoms
of cachexia in advanced cancer patients’ in one
study.[39 Another study demonstrated only a 50%
reduction of TNF production capacity during the
treatment of RA with pentoxyfylline and thalido-
mideasadjuvants.[*9 Thelevelsof IL-6, 1L-10 and
IL-12 remained unaffected. It has not been deter-
mined how pentoxyfylline might interact with the
action of thalidomidein vivo, but the authors of the
study believe that the coadministration of pen-
toxifylline and thalidomide ‘is rather toxic’ be-
cause of the multiple adverse effects observed.

Corticosteroids such as dexamethasone are
thought to inhibit avariety of cytokines (IL-2, IL-
4, 1L-6, IL-10, IL-12, IFNy and TNFa) in a dose-
dependent manner. The thalidomide-induced inhi-
bition of IL-12 production appeared to be additive
to that caused by dexamethasone in a study by
Moller et a.,[22 who found that this mechanism
was independent of known endogenous inhibitors
of IL-12 production. Supporting the theory of a
unique mechanism of action, afurther study shows
that thalidomide appears to selectively suppress
IL-6 and TNFa in human blood mononuclear cells
in vitro.[18l The levels of IL-2, IL-4 and IL-10 re-
mained unaffected by thalidomide in contrast to
dexamethasone, which markedly inhibited the ex-
pression of al cytokines. Theauthorsconcludethat
thalidomide and dexamethasone, although they
both act at the level of transcription, influence sep-
arate pathways because of their significantly dif-
ferent effects on cytokine production. Furthermore,
corticosteroids resemble thalidomide with their
known anti-emetic properties,[311 and ability to
improveasthenial3l and pain control .[31:321 The ob-
servation that thalidomide acts additively and syner-
gigtically with thesetherapeutic actionsof corticoste-
roidd18.22 offers the possibility of its use in a
steroid-sparing approach.

There is variability in the reported relationship
between thalidomide and cytokines such as IL-2,
IL-6, IL-12 and IFNy. Several studies have repor-
ted thalidomide-mediated increases in |L-2(3334
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and IL-2—related phenomena, such asincreased 1L -
2-mediated T cell proliferation23 as well as ele-
vated production of soluble IL-2 receptors.[?’]
However, thereareal soinvestigatorswho found no
associ ati on between thalidomideand | L-2.135:36] |n-
consistencies have al so been found in the impact of
thalidomide on IL-6. Two studies mention areduc-
tion of IL-6 level due to the influence of thalido-
mide,[18201 whereas in 2 others IL-6 level was un-
altered.[16.19 The level of IFNy was found to be
elevated,[232427] decreased(!8! or not altered at all
by thalidomide.[29 Finally, the production of IL-
12, a cytokine known to be critical in the patho-
genesis of the cellular immune response in ENL,
chronic GVHD, sarcoidosis and RA, was shown to
be potently suppressed by thalidomide in human
peripheral blood mononuclear cells.[?2 The effect
was concentration-dependent. However, other stud-
iesdid not observe any effect of thalidomide on the
level of 1L-12.[1920]

1.3.2 Cellular Immunity

Mast cells, neutrophils and TNFa are closely
related in the pathogenesis of inflammatory reac-
tions.[37:38 Neutrophils, a homogenous popul ation
of effector cells, are known to be rapidly attracted
in large numbers to sites of inflammation in order
to form an early response to infection or injury. In
vitro administration of thalidomide was shown to
inhibit neutrophil chemotaxis, whereas it modu-
lated TNF- and IL-1-induced chemotaxisin a‘bi-
modal manner’.[39 Thalidomide also led to a de-
creased dermal infiltration of neutrophils and T
cellsbesidesareduction of TNFa levelsin patients
with systemic ENL.[21

1.3.3 Angiogenesis

Orally administered thalidomide has been dem-
onstrated to inhibit angiogenesis induced by basic
fibroblast growth factor (bFGF) in the rabbit cor-
neamicropocket assay.[4% The authors hypothesise
that the ability of thalidomideto inhibit angiogene-
sis induced by pharmacological doses of bFGF
might result from adirect inhibition of an essential
component of angiogenesis, independent of its ef-
fects on TNFa production. In another report, tha-
lidomide also inhibited corneal angiogenesisinthe

0 Adis International Limited. All rights reserved.

rabbit induced by vascular endothelial growth fac-
tor (VEGF).[*! However, asubsequent study showed
that thalidomide failed to inhibit tumour growth and
angiogenesis in vivo in solid tumours in mice.[*2
Mice in both the control group and the group re-
ceiving orally administered thalidomide devel oped
an intact network of new blood vessels.

It has been concluded that the anti-angiogenic
effects of thalidomide only occur after species-
specific metabolic activation of the drug, similar to
the teratogenesis associated with the use of the
drug.l*¥ Using arat aorta and human aortic endo-
thelial cell models, an inhibition of angiogenesis
by thalidomide was only observed when the drug
had been co-incubated with human and rabbit liver
microsomes, not in the presence of rat liver micro-
somes.[2] These studieg 144041 imply that thalido-
mide only seemsto have an effect on growing ves-
selswhen given systemically.

2. The ‘Early View’ of Thalidomide

When thalidomide was introduced to the Ger-
man market in 1956, and to the UK and other coun-
tries after 1958,[°! it was discovered to be an effec-
tive hypnoticl4344] and was prescribed as a sedative
and anti-emetic, in particular during pregnancy.[234%
The early original uses of thalidomide are sum-
marised in table |. Thalidomide seemed to be ad-
vantageous for the treatment of insomnia (50 to
200mg) and as a ‘nonbarbiturate hypnotic’, since
it appeared to lack the dependence and hangover
effect produced by barbiturates.[*4 Thalidomide
was also administered asa‘ sedativein mildly rest-
less, irritable and anxious patients (50 to 75mg
daily)’ .[43] A British publication[4 explained the
need for sedatives such as thalidomide in the el-

Table I. Original uses of thalidomide

Classification Use

‘Nonbarbiturate hypnotic’ Insomnia

Sedative Anxiousness, restlessness in
the elderly

Anti-emetic Morning sickness, hyperemesis
gravidaris

Adjuvant analgesic Pain
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derly asfollows: ‘ To select a suitable sedative and
hypnotic for the restless, noisy or confused elderly
patient isacommonly recurring problemin geriat-
ric practice. In many cases the main reason for ad-
mission to ageriatric unitistheinability to achieve
satisfactory sedation in the home'. In this compar-
ative clinical trial thalidomide was recognised as
superior to other existing drugs for nonbarbiturate
alternatives in the management of insomnia. The
apparent safety of thalidomide, its prompt action
and thefact that no lethal dose could be established
in animal studies, made it rapidly popular and the
drug obviously met a high demand for such a sed-
ative.

During the early thalidomide era, thalidomide
wasfoundtoincreasetheanalgesic efficacy of ‘ APC’
[aspirin (acetylsalicylic acid) 450mg, phenacetin
325mg, caffeine 65mg] by testing ‘normal volun-
teers, using electrical stimulation of teeth’.[46] By
comparing APC versus thalidomide 25mg plus
APC versus codeine 32mg plus APC, but not ver-
susthalidomide or codeine a one, it was found that
‘with each of the mixturestherisein threshold was
greater and the rise persisted longer (120 minutes
instead of 40 minutes with thalidomide and 140
minutes instead of 60 minutes with codeine) than
with APC alone’. Thus, based on these observations
thalidomide has been explored as a potential adju-
vant analgesic.

McBridel? and Lenzl3 were the first to docu-
ment an associ ation between maternal thalidomide
use and the sudden high incidence of limb and in-
ternal malformations of their infants, which led to
thewithdrawal of thalidomide from theworld mar-
ket in 1961.128 |t has been estimated that 10 000
to 12 000 infants were affected by thalidomide-in-
duced birth defects.[®]

3. Clinical Effects and Applications

3.1 Central Nervous System Effects

Because of its mild hypnotic, anxiolytic and anti-
emetic effects it is obvious that thalidomide has
significant centra nervous system effects. However,
these effects are poorly understood. Thalidomide

0 Adis International Limited. All rights reserved.

has been demonstrated in brain tissue of both
ratd and humans,[471 and findingsin 1966 suggest
it can possibly induce gross anatomical changesin
the brain.[“8! To what extent and viawhich mecha-
nism thalidomide may affect the brain tissue hasto
be further determined.

3.2 Peripheral Nervous System Effects

Although thalidomide is capable of inducing
neuropathy as a serious adverse effect,[2428.49.50] jt
has al so been shown to all eviate neuritis associated
with leprosy.[50 Neuropathy, following adminis-
tration of thalidomide, represents the most com-
mon serious adverse effect of thalidomide. Exper-
imental autoimmune neuritis (EAN) isaCD4+ T
cell-mediated demyelinating autoimmune disease
and is considered as an animal model for the study
of theimmunopathogenesi sand immunotherapy of
Guillain-Barre syndrome.[24l Inrats, EAN was pro-
longed by thalidomide, which was thought to be
consistent with the clinical polyneuropathy re-
ported in patients receiving treatment with thalid-
omide.[24 The suppression of IL-611820 by thalid-
omide might explain the finding of neuropathy in
patients with long term and high dose administra-
tion of thalidomide, because IL-6 appears to con-
tribute to the survival of axotomised neurons.!>

3.3 Antineoplastic Use

The use of thalidomide as an anti-angiogenic
agent is currently being discussed for gliomas,
metastatic melanoma, renal cell, ovarian, prostate
and breast cancer, Kaposi's sarcoma and multiple
myeloma.[52-55]

By 1965, a study of 21 patients with advanced
malignancy had already examined a possible anti-
angiogenic effect of thalidomide but could not show
objective regression of the disease.l>¢! However, a
‘significant subjective palliation’ in 7 patients was
documented, which the authors related to an im-
proved sedation.

InaLewisLungtumour model, thalidomide ad-
ministration reduced the radiosensitivity of the tu-
mour, but increased ‘its sensitivity to combined
treatment with radiation and the bioreductive cyto-
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toxin tirapazamine' and additionally reduced the
incidence of lung metastases from primary Lewis
Lung tumours.!5”] The authors hypothesise that these
findings may be based on an el evated tumour hyp-
oxia, possibly due to an anti-angi ogenic mechanism,
and may present a new perspective for combined
therapy. Agentsthat have both immunomodul atory
and anti-angiogenesis properties, such as thalido-
mide, may also show advantages when combined
with chemotherapy.

Tumour growth delay was found to strongly
correlate with tumour blood flow reduction and to
be related to tumour TNF levels, but not to serum-
induced TNF levels.[58l Although thalidomide re-
duced the serum TNF response to an anti-tumour
agent known to induce the synthesis of TNFaq, it
unexpectedly potentiated its anti-tumour effect.
These findings represent another example of the
diversity of action observed with the use of thalid-
omide and could be considered for future studies.

Thalidomide has been shown to have anti-an-
giogenic properties in preclinical studies[144041.57.58]
Although some studies failed to demonstrate a suf-
ficient anti-cancer efficacy,!42565960 gthers could
show that the anti-angiogenic potential of thalido-
mide may have important implications for tumour
growth with metastatic spread.[40:41.525357] Egr-
|y[49:50.56] and recent clinical trials have reported
that thalidomide appearsto be awell tolerated anti-
angiogenic agent that is biologically activein some
tumours.[52-546162 |n g phase |1 study the anti-an-
giogenic treatment of metastatic melanoma, renal
cell, ovarian and breast cancers was documented,
and the response to treatment was not reflected by
the changesin serum and urinary VEGF.5® The pa-
tients received thaidomide 100mg until progression.
Three patients showed ‘ differential response’, 10 pa-
tients had stable disease for 8 to 25 weeks (median
12 weeks) and 8 patients still continued on treat-
ment at that point in time. Quality-of-life dataanal -
ysis suggested an improvement in appetite and
sleeping. Only mild neurotoxicity was detected. Fi-
nally, a recently published series of patients with
refractory myeloma showed that thalidomide 200
to 800 mg/day can induce marked and durable re-
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sponses in some patients, including patients pre-
viously treated with high dose chemotherapy.[>®!

3.4 Leprosy, Erythema Nodosum Leprosum

In 1998, the FDA approved thalidomide for the
treatment of ENL. A chance observation in the
1960949 |ed to the conclusion that thalidomide
might be useful in the treatment of patients with
ENL, an inflammatory reaction associated with
leprosy. Subsequently, many controlled and uncon-
trolled trials were published reporting effective-
ness of the drug in controlling the cutaneous mani-
festationsof ENL , and theWorld Health Organization
recommended the drug as being effective in treat-
ing this disorder.[49] Under an investigational new
drug application, thalidomide was used in the US
for the treatment of ENL for 20 years overseen by
the US Public Health Service.[ Thalidomide was
shown to be effective in ENL,[49506364] even to
possess anti-pyretic properties,14964 and offersthe
possibility of a steroid-sparing treatment.[49.63.64]

Themorbidity of active ENL ischaracterised by
genera toxicity and/or acute inflammation in af-
fected tissues, such asnervesand joints, and typical
painful subcutaneous nodules. Thalidomide treat-
ment in ENL has been observed to provide better
symptomatic control and to cause fewer adverse
effects than corticosteroids.[¥! A significant reduc-
tion of corticosteroid requirement (61 to 100%)
could be achieved when thalidomide was com-
bined with corticosteroids in a double-blind con-
trolled trial of patientswith severechronic ENL .[63]

Woodcock,!4 in a review of two double-blind
controlled trials,[*59 is convinced of the beneficial
effect of ashort coursetreatment of thalidomideon
fever and skin lesionsin acute ENL. Besides elic-
iting a92% responserate, thalidomidewasactually
found to be more effective than aspirin at reducing
fever in ENL.[49 Further evidence for the anti-py-
retic properties and efficacy of thalidomide in the
symptomatic control of ENL is provided from the
controlled study of 43 patients published in 1966
by Opromolla et al.1% TNFa, IL-1 and IL-6 are
three inflammatory cytokines that independently
activate the hypothalamic-pituitary-adrenal axis and
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act synergistically when used in combination.[63]
The effectiveness of thalidomide in ENL is proba-
bly attributable to its inhibition of TNFa,21 with
subsequent amelioration of inflammation. An ex-
ample of this is provided in the observation of a
reduction of dermal infiltration of neutrophils and
T cells, aswell as adown-regulation of intercellu-
lar adhesion molecule and major histocompatibil-
ity complex class |1 antigens due to thalidomide.[21

In addition to its effects on cellular immune
mechanisms, thalidomide has also been shown to
have impact on humoral immunity. It significantly
inhibits immunoglobulin (Ig)M antibody forma-
tion in mice when immunised with sheep erythro-
cytes, and has been observed to selectively decrease
serum IgM levelsin patientswith|eprosy receiving
thalidomide.[®8 Shannon and colleagued®®! have as-
sociated the pathogenesis of ENL with the Arthus-
type hypersensitivity reaction and, therefore, they
see a possible explanation for the mechanism of
thalidomidein ENL, since complexes of antigen and
antibody would contribute to the clinical manifes-
tation of vasculitis and painful subcutaneous nod-
ules. An explanation for the anti-inflammatory and
possibly secondary anal gesic mechanism of thalid-
omide in ENL could be that it simply suppresses
this phenomenon.

3.5 Aphthous Ulcers in HIV Infection and
Behcet’s Disease

Thalidomide appearsto be highly effectivein mu-
cocutaneous diseases such as aphthous ulcers that
occur frequently both in patients with HIV infec-
tion and those with Behcet's disease.

In aseries of 12 patients who have HIV infection
and pharyngeal hyperalgesia (9 with confirmed
AIDS), thalidomide was found to be capable of
healing the ulcerated lesions and completely sup-
pressed the pain.[71 Moreover, in a double-blind,
randomised, placebo-controlled study 24 of patients
with HIV infection and oral aphthous ulcers, the
pain was reduced and the ability to eat was im-
proved with thalidomide treatment.[28] However,
increased HIV RNA levels and an unexpected in-
crease in the plasma levels of TNFa and soluble
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TNFa receptors were also found in this study -
findingswhich arein conflict with the expectations
based on the theory that thalidomide inhibits
TNFa.

Based on a reported healing rate of approxi-
mately 80% in anecdotal individual case reports,
thalidomideisthought to be useful in Behcet'sdis-
ease and complex aphthosis, and might represent a
good maintenance therapy.ll Thalidomide, at a
dosage of 100 mg/day, was observed to be suffi-
cient to heal the majority of new lesions within 1
week. A further study consistently recommended
the daily dose of 100mg, and found thalidomide to
be an advantageous drug in treating ‘necrotic
aphthae, mutilating and recurring mucocutaneous
aphthosis’ and ‘aso being useful in controlling
some symptoms of Behcet's disease’ .[68] A non-
blind study conducted by Genvo et al.[69 in 1984
found that the treatment of aphthosiswith both tha-
lidomide 200 to 300 mg/day aone and in combi-
nation with colchicine 2 to 3 mg/day to be effec-
tive, and documented a ‘rapid healing of mucous
lesions and arapid reduction of pain and burning’.
The maintenance dosage of 50 to 100 mg/day was
effective.

3.6 Tuberculosis, Sarcoidosis, HIV Infection

The pro-inflammatory cytokines TNFa, IL-1
and IL-6 appear to play an important role in the
pathogenesis of the cachexia/anorexia syndrome.
In amouse model of experimental murine tubercu-
losis, thalidomide treatment significantly reduced
the levels of TNFa, IL-6 and IL-10 protein in the
blood and mRNA expressionin the lungs.[2% How-
ever, IL-12 and IFNy were not altered by thalido-
mide. The lung pathology showed smaller granu-
lomata with apoptotic cells but no necrosis, while
the bacillary load was not altered by thalidomide.

Patients with HIV and patients with both HIV-
1- and tuberculosis—associated bodyweight loss
consistently experienced bodyweight gain follow-
ing administration of thalidomide.[27.7% |n patients
with HIV infection, thalidomide treatment alone
led to bodyweight gain, related to a reduction in
daily urinary nitrogen excretion and lean tissue
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anabolism, even when aconstant cal oric intake had
been documented.[27]

3.7 Graft-versus-Host Disease

By 1966 thalidomide had already been shownto
suppress GV H reactions in both the chick embryo
and the rat, each receiving injections of lymphoid
cellsfrom adonor of their own species.[”Y Theextent
of induced splenomegaly, considered as being di-
rectly related to ageneralised GVHD reaction, was
measured and the degree of reduction in thalidomide-
treated animalsinterpreted asinhibition of GVHD.
Thalidomide was shown to significantly reducethe
severity of the GVHD but not to suppress it com-
pletely.

Chronic GVHD is known to be the most com-
mon |late complication of allogeneic bone marrow
transplantation, and some clinical trials show tha-
lidomide to be effective in GVHD. In a study ex-
amining children with refractory chronic GVHD
secondary to allogeneic bone marrow transplanta-
tion, 6 of 14 children showed compl ete response to
thalidomide in a median time of 2 months.[’2 In a
presentation of apreliminary study of patientswith
either higher risk or refractory chronic GVHD, 14
patients had a complete response, 12 patients had
a partial response and no response could be ob-
served in 18 patients who showed a 59% response
rateto treatment with thalidomide.[”3l However, al-
though some studies suggested a beneficial effect,
others provided less support for the use of thalido-
midein chronic GVHD.[3! Inthe prophylactic setting,
Chao et a.[" reported that patients receiving tha-
lidomide 200mg twice daily beginning 80 days after
bonemarrow transplant, developed chronic GVHD
more often than patients receiving placebo. More-
over, an apparent overall survival advantage was
noted for patientsreceiving placebo compared with
those receiving thalidomide.™ This latter study in-
dicates that the timing of thalidomide administra-
tion in the bone marrow transplant setting may be
important.
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3.8 Rheumatoid Arthritis

TNFa has been suggested to play akey rolein
the pathogenesis of RA, and thus there has been
speculation that treatment with thalidomide might
lead to clinical improvement in patientswith active
RA. In anonblind study of 7 female patients with
RA, ora administration of thalidomide (6.9 to 15
mg/kg/day) resulted in ‘clinical improvement within
several weeks and significantly decreased the rheu-
matoid factor titre in ‘several’ patients.”™ In an-
other nonblind study of 17 patients receiving tha-
lidomide for the treatment of severe or refractory
RA, 7 experienced complete remission, 5 partial
remission, 3 showed no improvement and 2 with-
drew.[82 The authors see ajustification for further
controlled trials. However, only limited efficacy
was noted in anonblind study of 12 patientsin the
treatment of RA combining pentoxyfyllineand tha-
lidomide.l'9

3.9 Other Conditions

The use of thalidomide has also been discussed
for therapeutic use in pyoderma gangrenosum, in-
flammatory bowel disease, Sjégren’s syndrome
and discoid lupus erythematosus,® but further
controlled trials are necessary to better assess its
role. One such trial was recently conducted in pa-
tientswith toxic epidermal necrolysis. Inthe group
of patients receiving thalidomide there was no sta-
tistically significant elevation of TNFa levels, but
the study was stopped prematurely (after 10 pa-
tientsper study arm) because of an excess mortality
in the thalidomide group.’® A summary of the
novel uses of thalidomide in specific conditionsis
shownintablell.

3.10 Uses in Palliative Care

Thalidomide was originally found to be a new
advance in the symptomatic relief of insomniaand
nausea. In addition to these still remaining indica-
tions, its immunomodulatory, antipyretic, antica-
chectic, possible anti-angiogenic and potential an-
algesic effects offer abroad spectrum of action that
is well matched with the therapeutic needs of pal-
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Table Il. Novel uses of thalidomide in specific conditions

Leprosy (Hansen'’s disease)

Chronic illness syndromes, e.g. cachexia
Tuberculosis, sarcoidosis

Aphthous ulcers in HIV syndrome and Behcet's disease
Graft-versus-host disease

Pyoderma gangrenosum

Inflammatory bowel disease

Rheumatoid arthritis

Sjogren’s syndrome

Discoid lupus erthematosis

Multiple myeloma

Advanced solid tumors, e.g. renal cell carcinoma

liative care medicine. A list of the potential pallia-
tive care applications of thalidomide is shown in
tablelll.

Research conducted in the early era of thalido-
mide did not follow currently recommended meth-
odologies for clinical trials. In addition, central
drugsused for their potential roleasan anti-emetic,
analgesic or hypnotic were not available for these
symptoms then. Therefore, the potential role of
thalidomide in thisfield needsto be re-established
in placebo-controlled and comparative clinical tri-
as.

3.10.1 Insomnia

Insomniais afrequent problem in patients with
advanced cancer and terminal diseases.[””] Benzo-
diazepines are generally poorly tolerated in these
patients because of their borderline cognitivefunc-
tion and the multiple medications they are receiv-
ing, including opioids and psychotropics.”® The
effect of thalidomide on certain dleep spindles (man-
ifestations of sleep on electroencephal ograms) has
not yet been examined. Early studies recognised
that thalidomide was effective as a mild hypnotic
and anxiolytic in the elderly, and reported an ab-
sence of hangover, which would be useful in this
debilitated population.[*4 The somnolence seenin
arecent phase| trial of thalidomide (4 dosagelevels:
200, 300, 400, 600 mg/day) in patientswith AIDS-
related Kaposi's sarcoma was dose-dependent.[7
With the highest dosage of thalidomide (600 mg/
day), two-thirds of patients discontinued the med-
ication.
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To maintain the highest possible quality of life,
cognitive and psychomotor function should be
maintained in patients requiring palliative care. In
the short term management of insomnia, thalido-
mide should be compared with short- and medium-
acting benzodi azepines and the newer nonbenzodi-
azepine hypnotics. Additionally, theinteraction with
opioid analgesics should be studied.

3.10.2 Cachexia and Chronic Nausea of Cancer

Cachexia is known to occur in most patients
with advanced cancer. Its prevalence in the litera-
ture seemsto vary between 31 and 87%, with most
studies reporting a frequency higher than 50%.(8%
Patientswith thiswasting syndrome experience di-
verse symptoms such as progressive bodyweight
loss, chronic nausea, fatigue, sleep disorders and
complain of a decreased sensation of well-being.
In recent years, cancer cachexia has been under-
stood to result from major metabolic disarray be-
cause of complex mechanisms involving tumour
by-productsand host cytokinerelease, in particular
TNFa, rather than asimpleincreasein energy con-
sumption by the tumour and starvation by the pa-
tient.[80-871 Thalidomide is capable of significantly
influencing cytokine levelsand may play apivotal
role in the therapeutic immunomodulation of pa-
tients with advanced cancer.

Cytokines, such as TNF, IL-1, IL-6 and IL-8,
have been shown to induce anorexia/cachexia by
lipolysis and other metabolic effects, aswell as by
direct action in the CNS.[81-87] | L-6 has been dem-
onstrated to be a key mediator of fever and food
intake in an experimental sepsis model of ‘knock-
out’ mice.[89] Thelack of IL-6 did not affect lethal-
ity in response to sepsis, but production of TNF

Table IlI. Potential uses of thalidomide in palliative care

Cancer cachexia/anorexia
Chronic nausea

Insomnia

Neoplastic fever

Profuse sweating
Angiogenesis

Pain
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was responsible for lethality and initial hypother-
miain these mice.

The administration of thalidomide in 37 evalu-
able patients with advanced cancer with cachexia
led to significant improvement in appetite, nausea
and sensation of well-being in a preliminary study
published by Brueraet al.[61 Thalidomide has also
been successfully used in halting and reversing
bodyweight lossin AIDS-associated cachexia, which
is similar to cancer cachexia with high levels of
TNFa.[27.28701 Moreover, in arandomised, double-
blind study, patients with simultaneous HIV-1 and
tubercul osisinfection showed ahigher mean body-
weight gain during treatment with thalidomide than
agroup of patients with HIV-1 infection only.[™® In
summary, these results suggest a beneficial effect
of thalidomideinthetherapy of cachexiain chronic
illness, probably via a mechanism suppressing
TNFa.

Chronic nausea is a distressing and frequent
symptom in patients with cancer and terminal dis-
eases, and its causes are multiple, including opioid-
induced constipation, autonomic failure and meta-
bolic abnormalities.[87] The prevalence of chronic
nausea reported in the literature varies from 21 to
68%.187] In the early eraof thalidomide, the drug was
used asan anti-emeticin hyperemesisgravidaris,[24°
and was found to be effective in the symptomatic
therapy of nausea and vomiting caused by malig-
nant nongastric neoplasms or by the administration
of chlormethine.[88] Recently thalidomide has been
shown to be particularly effectivein improving ap-
petite and overall sensation of well-being in pa-
tients with cachexia due to terminal cancer.[61

Thesefindings suggest apotential roleof thalid-
omide in cachexia and chronic nausea of cancer.
Because of the different adverse effect spectrum and
likely mechanism of action, thalidomide could be
coadministered in prospective studies with estab-
lished, but not very effective drugs for cancer ca-
chexia including megesterol 189 fish 0ill%! or ad-
renergic anabolic drugs such as clenbuterol,[®Y in
order to achieve asynergistic effect. Future studies
should attempt to further characterise the clinical
effectsof thalidomide, including its effect on body-
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weight and other nutritional variables such as ca-
loric intake and body composition.[92

3.10.3 Neoplastic Fever and Profuse Sweating

Both fever and sweating are frequent and dis-
tressing complications in terminally ill patients
with cancer. The marked effects of thalidomide on
fever associated with EN L4964 suggest that thalid-
omide might be useful in some patients with neo-
plastic fever. The mechanism of neoplastic fever is
thought to involve inflammatory cytokines such as
TNFa, IL-1 and IL-6 that are produced either by
host macrophages in response to the tumour or by
the tumour itself [61.8586.93.94] However, at present
there are no reports of the use of thalidomide in
neoplastic fever.

Since thalidomide has been shown to modulate
TNFa- and IL-1-induced chemotaxis,3¥ as well
asto suppress | L-6[1820 and TNFa,[16.18-21] the an-
tipyretic effect of thalidomide might simply be ex-
plained by the suppression or modulation of these
inflammatory mediators.

A reduction of sweating has been documented
as an adverse effect associated with thalidomide-
induced neuropathy.[9] Furthermore, therehave been
observations that thalidomide may play arole in
reducing the distress of sweatinginterminal malig-
nancy. Two letterd9%.971 describe along-lasting res-
olution of profuse night sweats in patients with
advanced malignant disease following oral admin-
istration of thalidomide 100mg.

The antipyretic and antidiaphoretic effects should
be tested in studies comparing thalidomide with
standard drugs of limited efficacy such as paracet-
amol (acetaminophen) or nonsteroidal anti-inflam-
matory drugs. The effects on sweating are of specia
interest because of the highly distressing nature of
this symptom and the lack of effective drugsfor its
management.

3.10.4 Pain

60 to 90% of patientswith advanced cancer have
been reported to experience substantial pain.[98!
Neuropathic pain occursfrequently in patientswith
terminal cancer, mainly as aresult of involvement
of the spinal cord, nerverootsor peripheral nerves.[%!
Since painisone of the most disturbing symptoms,
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it emphasi ses the importance of adequate pain man-
agement in terminally ill patients.

Cytokines such as TNF and theinterleukins can
potentially modify nociception and synaptic trans-
mission, and are thought to be involved in the cas-
cade of actionsresulting in neuropathic pain,[51,100-105]
Pain perception may therefore be therapeutically
influenced by modulation of cytokines.

Thalidomide was originally known to have ad-
juvant anal gesic effects,[48l and was discovered early
on to be effective in the control of the painful sub-
cutaneous nodules in leprosy patients in whom
TNF levels are elevated.[214950 |n recent years it
has been shown to be effective for the therapy of
oral mucocutaneous ulcers/aphthosis found in
HIV/AIDS syndrome and Behcet’s disease by
completely suppressing or rapidly reducing sensa-
tions of ‘pain and burning’.[28.67-69]

Inarat model of neuropathic pain (chronic con-
strictioninjury model), pre-emptivetreatment with
thalidomide reduced mechanical allodynia and
thermal hyperalgesia during the early stage of the
disease.[102 Both TNFa immunoreactivity in the
endoneurium and pathological vascular changes
were found to be reduced after treatment with tha-
lidomide. The course of pain-related behaviour
could not be altered by starting treatment with tha-
lidomide when hyperalgesia was already present.
It has been suggested that TNFa isinvolved in the
pathogenic mechanisms of neuropathic pain by af -
fecting endothelial cells and up-regulation of re-
ceptor sensitivity in afferent nerve fibres,[104]

TNFa and I L-6 appear to play akey rolein pain
mechanisms. TNFa has been shown to be present
in the granules of resident mast cells and seems to
mediate mast cell-induced initiation of some in-
flammatory reactions.[37:38] Considered to be asig-
nalling molecule of injured nerves, TNFa isthought
toinduce stimulation of IL-6 synthesisinmany cell
types, including cortical neurons in vitro.[39.103]

IL-6isvirtually absent inthe peripheral nervous
system of normal mature animals and can only be
detected in the nerve for approximately one day
following transection.!%4 |L-6 induces allodynia
and hyperalgesia via actions in the dorsal horn of
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the spinal cord,!1%3 and modifies sensory responses
in the cortex as well as eliciting nociception upon
intracerebroventricular administration to ratsviaa
mechanism involving prostaglandins.[1% It has
also been demonstrated that 1L-6 synthesis, in-
duced by an injury factor arising from the nerve
stump in arat model, contributesto the mechanism
of pain aswell asto the survival of injured periph-
eral neurons.[8]

In summary, the analgesic properties of thalid-
omide might be based on its selective suppression
of immune-mediatorssuch aslL-6 and TNFa. This
mechanism may provide one explanation for the
analgesic effect of thalidomide in several condi-
tions such as ENL, aphthous ulcers and inflamma-
tory syndromes. Since the drug has been found in
brain tissue,[1247] afurther potential mechanism of
action of thalidomideasan analgesic could beadirect
effect on the brain, asit occurs with its hypnotic and
anti-emetic effects.

In the patient requiring palliative care, the anal -
gesic properties of thalidomide on neuropathic
pain might be particularly useful for severe cancer-
induced plexopathies. This would be especially
beneficia given the refractory nature of neuropathic
cancer pain.[%8.%9 However, in such asituation, the
patient should be monitored carefully regarding
the possibility of thalidomide-induced neuropathy.

4. Adverse Effects

Essentialy, therisksrelated to thalidomideremain
the same today as when the product was originally
marketed in more than 45 countries approximately
40 years ago. Since various patient populations
have been exposed for decades of clinical use, the
overall adverse reaction profile of thalidomide is
well understood. The adverse effectsin patients over
the age of 65 years do not appear to be different in
kind from those reported for younger individu-
als.8 The more frequent or severe adverse events
are outlined below and summarised in table IV.

4.1 Teratogenesis

As mentioned in the introduction, one reason
that thalidomide failed in anima models to have
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Table IV. Adverse effects of thalidomide

Teratogenesis

Neuropathy

CNS effects, e.g. drowsiness

Allergic drug reactions

Haematological effects

Increased viral load in HIV-infected individuals
Drug interactions

the teratogenic effects observed in humans was its
speci es-dependent action.[87] Various animal mod-
els have subsequently been explored in order to
further characterise the different actions of thalido-
mide.

4.1.1 Thalidomide in Animal Models

Producing malformationsin rats, mice, hamster
or chick embryosseemedtobea’ difficulty’, whereas
teratogenesis was more easily inducible in the rab-
bit.[6.7]

In 1965 it was postulated that thalidomide rap-
idly crossesthe placental barrier of rabbits because
of its lipid-soluble characteristics.[”l However, in
the rabbit fetus, thalidomide was found to be hy-
drolysed non-enzymatically to polar compounds
(ty, about 2.5 hours) which traverse the placental
barrier slowly and therefore accumulate in the fe-
tus. 24 hours after administration of radioactive-
labelled thalidomide to a pregnant rabbit, the plasma
concentration of thalidomide in the fetus was in-
creased approximately 20-fold compared with the
maternal plasma concentration.

In the 1960s, two main opinions prevailed on
the mechanism of thalidomide-induced teratogene-
sis. Onegroup considered the action of thalidomide
toresult fromitseffect asan antagonist of vitamins
of the A and B group,!196-108] \whereas the other group
hypothesised the drug was an antagonist of gluta-
mic acid/glutamin metabolism.[109.119 Conclusions
leading to thisantagoni st theory were often not based
on scientific experimental evidence, but were rather
drawn from structural similarities noted between
certain compounds and thalidomide. More recently,
neither mechanism has received much attention. A
third possibility considered at that time, namely of
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astructural resemblance between thalidomide and
nucleosides,'™ also obviously failed to bear fruit.

4.1.2 Thalidomide in Humans

McBridel? and Lenzl3 werethefirst to correlate
the high incidence of malformationswith the admin-
istration of thalidomideto pregnant women. A high
susceptibility of the fetus for thalidomide-induced
malformations has been found between the thirty-
fourth and fiftieth day postmenstruation.[24556.112]
It has been documented that thalidomide may cause
malformations even after a single dose of a 50mg
capsule by a pregnant woman.[8l

Most of the thalidomide-induced abnormalities
reported affected both limbs and internal organs,
resulting in phocomelia (short limbs), amelia (ab-
sence of limbs), hypoplasticity or absence of the
bones, external ear abnormalities, facial palsy, eye
abnormalities and congenital heart defects, malfor-
mations of the alimentary tract, urinary tract and
other defects.[112115] A *sp far almost unobserved
agenesia of the appendix’ 112l was documented as
well as the fact that in 25% of thalidomide mal-
formed babies* thetypical lesion describedisacol-
oboma of theiris and choroid’ .[119]

Thalidomide was detected in the brain tissue of
cadavers from patients who had received thalido-
mide.[*”l Although it has been reported that ‘ thalid-
omide attacksthe skeleton, the heart, theintestines,
the kidneys and the ears’, the brain was ‘usually
spared’,[113] and thalidomide-affected children
were found to be ‘mostly well developed men-
tally’[113] and to have * at | east average intelligence
and should benefit from normal education’.[1151 A
report of twins with both limb and internal organ
malformations, consistently documented normal
brain anatomy.[113]

However, in 1966, pathological findings docu-
mented abnormalitiesin brain grossanatomy in ad-
dition to el ectroencephal ographic and neurol ogical
deviations.[“8 Nonethel ess, the author emphasises
that in most thalidomide-malformed children with
abnormalities of internal organs and limb defects
an ‘intact cerebrum can be expected’, and that no
psychological or intellectual differencescan be ob-
served compared with healthy children.

Drugs 2000 Aug; 60 (2)



Thalidomide: Focus on Palliative Care

287

4.2 Mutagenesis

The issue of whether or not thalidomide is mu-
tagenic has been explored since the 1960s. At that
time several studies examined the karyotypes of
children with thalidomide syndrome and showed
various results. Hirsch(16l studied 5 children diag-
nosed with thalidomide embryopathy and deter-
mined their chromosomal status. The eval uation of
atotal of 275 metaphase plates revealed a signifi-
cant increase in aneuploid cells (35.2 versus the
normal of 10%; mainly hypoploid). No structural
anomalies were observed.['6] Another studyl(117]
found avariation of the mitotic action in the meta-
phases of leucocytes of thalidomide-affected chil-
dren and concluded that thalidomide ‘ affects not
only limb formation but also the immunological
properties of the leucocyte surface’. Moreover, an
in vitro study!18] revealed the occurrence of aber-
rations such as chromatid and isochromatid gaps,
breaks with formation of small acentric fragments
aswell as afew deletions and translocations when
thalidomide was added to the human lymphocyte
culture from 3 healthy donors.

More recently, 2 papers dispute the possibility
that thalidomide might cause second-generation
defects. Both emphasise that the hypothesis that
thalidomide might be a mutagen lacks a scientific
foundation. The authors conclude that children of
individuals affected by the teratogen thalidomide
areunlikely toinherit similar abnormalities.[119.120]
Clearly, the issue of mutagenesisrelated to thalid-
omide remains controversial. Nevertheless, be-
cause of itsteratogenic and possi ble mutagenic po-
tential, any influence of thalidomide on the fetus
has to be avoided. Thalidomide should not be used
in femal e patients who are or could become preg-
nant, or in male patients who could engage in sex-
ual relations that could result in pregnancy. While
this is a mgjor limitation in the younger patient
population, it has minimal relevance in palliative
care of patients with advanced cancer.
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4.3 Effects on the Nervous System

4.3.1 Acute Effects

Thalidomide seems to have marked CNS ef-
fects, since it has known sedative properties, and
thus drowsiness and somnolence may be expected
events in a proportion of patients receiving this
drug. Thalidomide may therefore be useful for pa-
tients who have insomnia. In situations where the
sedative effect isnot desired, it can be mitigated or
avoided by administration at bedtime, since early
papers state that thalidomide at low dose lacks a
hangover effect.*Y! Possibly associated and fairly
frequent effects include tremor, lowered blood
pressure and pulserate, bradycardia, dizziness and
orthostatic hypotension.[4.6.8.2143.49]

Asthalidomide obviously affects the CNS, and
since drowsiness/somnolence, ‘twitching of the
limbgd43l" and constipation(19:4349.50,52,62,75] haye
been associated with itsuse, it hasto be determined
under which conditions thalidomide might poten-
tially cause similar adverse effects as cannabinoids
and opioids or may interact with these drugs when
combined.

4.3.2 Neuropathy

Peripheral sensory neuropathy isaknown com-
plication of thalidomide therapy!64995 and pres-
ents probably the most significant risk to patients
receiving the drug. Paraesthesi as including humb-
ness and tingling sensations, hyperaesthesia for
pain and temperature, especialy in the hands and
feet, as well as disturbances of autonomic func-
tions have been reported to be the clinical features
of thalidomide-induced neuropathy.[589] |n aless
severe form, these clinical findings might precede
an irreversible neuropathy and could be used for
monitoring against this eventuality. Electrophysi-
ological testing such as measurement of sensory
nerve action potential amplitudes at baseline and
subsequently every 6 months have been suggested
to detect an asymptomatic neuropathy.8l

Sural nerve biopsies of 4 patients experiencing
a predominantly sensory type of thalidomide-
induced neuropathy all demonstrated an increased
number of unmyelinated axons per endoneural
area.%! Thesechangeswerefound to beindependent
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of patient age (range 54 to 76 years). The authors
hypothesise that the numerical increase in small
unmyelinated axons is related to regeneration fol-
lowing degeneration of unmyelinated axons.
Theincidence of neuropathy seemsto vary widely
in different studies. In recent years, this adverse
effect hasfrequently been reported in patients with
AIDS receiving thalidomide, probably because
there may be different potential risk factorsfor the
development of neuropathy. However, there are
only afew reportsif neuropathy associated with the
use of the drug in ENL[449 or patients with ad-
vanced cancer.[52-5461.9.97 The observation that this
complication may be related to cumulative dosgl4 79
emphasises the need of defined recommendations
for monitoring, tapering and discontinuation. Be-
cause of the possibility for development of anirre-
versible neuropathy, patients should be carefully
monitored and the drug should beimmediately dis-
continued if there are positive findings. Special
precaution will be required in patients with cancer
who had been previously or currently exposed to
neurotoxic chemotherapeutic agents such as cis-
platin, etoposide, vinca alkaloids or taxanes.

4.4 Allergic Drug Reactions

Hypersensitivity symptoms such as rashes, eos-
inophilia, urticariaand related reactions are known
to occur with some frequency in thalidomide-
treated patients.[482849 These problems are reported
to resolve with discontinuation but must be distin-
guished from the underlying disease of the patient,
as well as from the often varied drug cocktail re-
ceived because of the complex disease and symptom
pictures of the patient receiving palliative care.

4.5 Hoematological Effects

L owered whiteblood cell counts, including neu-
tropenia, have been observed in patients taking
thalidomide, particularly patients with underlying

disorders that may affect the haematological sys-
tem.[4.8.28.49]

0 Adis International Limited. All rights reserved.

4.6 Viral Load in HIV Infection

In the course of studying the effects of thalido-
mide on HIV-related diseases, it has been observed
that viral load increased during drug administra-
tion.[28! Further research is needed to confirm this
observation, asit presents a possible source of con-
cern when using thalidomide in any HIV-positive
individual.

4.7 Drug Interactions

Thalidomide has been documented to enhance
the sedative effect of barbiturates, acohol (ethanal),
chlorpromazine and reserpine.® A difference could
not be found in the use of oral contraceptives with
and without coadministration of thalidomide.[®!
Potential interactions with other drugs including
opioids have yet to be further characterised.

5. Future Research in Palliative
Care Patients

The potentia role of thalidomide within the field
of palliative care hasto be further determined. The
main pathophysiological features of advanced can-
cer are metabolic abnormalities, cachexia, chronic
nausea, insomnia and tumour-associated pain as
well as decreased sensation of well-being. Perhaps
the most intriguing property of thalidomide is its
potential effect on many of these symptoms, and
thefact that itisgenerally well toleratedinthisvery
ill patient population.

Thalidomide appears to have significant effects
on cancer cachexia, possibly due to a combination
of immunomodulatory and CNS effects. To what
extent thalidomide has anti-angiogenesis activity
in certain types of cancer, and under which condi-
tions, has yet to be elucidated. Clarification is re-
quired on whether thalidomideinducesprimary an-
algesiabesidesits possible secondary analgesiavia
an immunomodulation. Furthermore, recommen-
dationsfor dosage and standardised monitoring are
needed, and the dose-duration relationship has to
be analysed.

New agents, acting at different levels, enrich the
variety of possible therapiesthat may synergistically
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address the mechanisms of cancer-related symp-
toms. Thus, prospective studies should investigate
the use of thalidomide asacomplementary compo-
nent and evaluate possible drug interactions. The
achievement of an optimal therapeutic effect for the
patient without producing major adverse effects
should be the goal.

In the patient with cancer, thalidomide-induced
teratogenesis haslimited relevance. Because of the
usually short term treatment in patientswith an ex-
tremely decreased life expectancy, neuropathy isless
likely to occur and a possible mutagenic effect
should not be amajor concern. Despite the poten-
tial therapeutic benefits for selected patient popu-
|ations, thalidomideisadrug with seriousrisksthat
cannot be ignored or taken lightly. Therefore, in-
formation, controlled distribution and regulation
of the use of thalidomide are necessary. Thethalid-
omideworking group, formed by the FDA, contin-
ues to provide educational brochures to assist pa-
tients, clinicians and researchers.

We conclude that thalidomide has a number of
interesting and promising effects on multiple clin-
ical syndromes in patients with advanced cancer.
These potential effects should be investigated. Be-
cause of its potentialy wide availability and low
cost, thalidomide might be particularly beneficial
in many developing countries, some of which have
been the most severely affected by the thalidomide
teratogenesis catastrophe because of a high usage
of the drug.
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