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Summary

Thalidomide is an immunomodulatory and
antiangiogenic drug. Although the exact mecha-
nism of action is not fully understood, it has been
shown to be active in a variety of diseases. There
are multiple trials going on to evaluate the optimal
dose of thalidomide and the importance of com-
bining thalidomide with other drugs. This review

introduces the properties and putative mechanism
of action of thalidomide and summarizes the most
important clinical trials with this biological modi-
fier.
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Historical background

Thalidomide (Contergan®) was first intro-
duced in 1956 by Chemie Gruenenthal GmbH as
a potent and apparently safe non-barbiturate seda-
tive-hypnotic in West Germany. Animal experi-
ments had shown that the main difference between
thalidomide and other hypnotics was its extremely
low acute toxicity. It gained widespread popularity
in Europe and Canada. In 1960 the sales in Ger-
many amounted to 14.6 tons. Thalidomide could
be purchased without a prescription. Later on, it
became also popular in the treatment of preg-
nancy-related morning sickness.

In the United States, the FDA (Food and Drug
Administration) did not approve thalidomide for
clinical use because of reports of tingling hands and
feet in people who used this drug over long peri-
ods of time.

In 1961 Mc Bride and Lenz, two physicians
working independently of each other, realized a
link between the consumption of this drug and the
birth of children with missing digits, arms and legs
and deformities of internal organs (phocomelia).
Worldwide 8000-10000 children in total were
born with malformations of the bodyrelated to the
use of thalidomide. When the severe teratogenic

potential was realized, thalidomide was immedi-
ately withdrawn from the markets in Europe and
Canada [1-4].

In 1965 the unexpected activity of thalidomide
in reactive lepromatous leprosy stimulated further
studies. After some confirmatory placebo-con-
trolled trials thalidomide was finally approved in
1997 by the FDA as treatment of erythema no-
dosum leprosum [5]. This stimulated new interest
in thalidomide for the treatment of other inflam-
matory and autoimmune diseases. In addition
thalidomide was used in many other diseases with
a main interest in cancer. To guarantee the safe ap-
plication and use of thalidomide, a special educa-
tional booklet was created by Celgene Coopera-
tion, the main producer of thalidomide in the US.
Because of the potential teratogenicity, patients
must adhere to this booklet (System for thalido-
mide Education and Prescribing Safety [STEPS])
[6]. However in other countries like Brazil the
poorly supervised use of thalidomide for leprosy in
uneducated patients is causing an unknown num-
ber of children with the typical severe birth defects
even nowadays [7].

Pharmacokinetics

Thalidomide [2-(2,6-dioxo-piperidine-3-yl)-
iso-indole-1,3-dione| has the empirical formula
CisHioN2Oy4 (fig. 1). It is a racemic mixture with
presumed differential activities of the (-)-(S)- and
(+)-(R)-isomers.

Because of its lipophilic structure the water
solubility of thalidomide is very poor.

The bioavailability seems to be dependent on
the dose, the food that is ingested together with
the drug (high fat meals lead to an increase of Ty
of 6 hours), and concurrent illnesses of the patient
(e.g. maldigestion).

Low doses (100 mg) are slowly absorbed in the
gastrointestinal tract. The time to peak plasma
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Figure 1

The empirical for-
mula of thalidomide.

concentration (Th.,) is between 2 and 4 h; the
maximal plasma concentration (Cp.y) is about
1 pug/ml.

The mean bioavailability by rectal application
compared to oral application is below 40% [9].

Thalidomide is very susceptible to hydrolysis.
In theory about 100 possible metabolites of
thalidomide may be found in the plasma by spon-
taneous non-enzymatic hydrolysis.

The metabolites are species-specific. This fact

explains the species-specific actions of thalidomide
(10, 11].

No significant metabolism of thalidomide by
human cytochrome P450 was found. Therefore
there is no important interaction between drugs
metabolised by cytochrome P450 and thalidomide
[9].

In man 40% of orally administered thalido-
mide is excreted renally in the form of hydrolysis
products, and only about 1% of thalidomide is ex-
creted unmetabolised in urine [9]. The exact ef-
fects of renal or hepatic insufficiency on the clear-
ance of thalidomide are not known.

The mean half-life (T,) varies from 3.0 to
14.6 h. After single and multiple dosing of thalido-
mide in elderly prostate cancer patients a signifi-
cant longer half-life time was noted in the high-
dose regimen compared with the low-dose regi-
men [14].

Pharmakodynamics

"The mechanism of action of thalidomide is not
entirely understood and seems to be related to im-
mune modulation, changes in cytokine levels and
antiangiogenesis [15].

The immunomodulatory effects of thalido-
mide are controversially discussed and depend
greatly upon the conditions used for examination.

Immunomodulatory effects on lymphocytes
include a decrease in circulating CD4 positive T-
cells [16] and a stimulation of CD8 positive T-cells
[17], thus leading to a decreased CD4/CDS8 ratio.
In addition thalidomide seems to induce a shift
from T helper cell type 1 (Th1) to Th2 T-cell re-
sponses, i.e. a change from a more cytotoxic T-cell
dominated immune response triggered mainly by
Interferon-y to a mainly antibody mediated im-
mune response, triggered mainly by interleukin-4
[18]. Thalidomide also inhibits T-cell proliferation
of stimulated T-cells [19, 20].

Furthermore thalidomide modifies various in-
tegrin receptors and other surface receptors of
leukocytes, including the homing receptor CD44
and the intracellular adhesion molecule 1 ICAM-
1) [21]. Thalidomide also inhibits neutrophil
chemotaxis [20, 22-24]. The data about the in-
fluence of thalidomide on IFN-y levels are con-
flicting.

"The most pronounced effect of thalidomide is
probably its effect on tumour necrosis factor alpha
(INF-a) production [11, 25]. Various mecha-
nisms for the inhibition of TNF-o have been sug-
gested, including accelerated degradation of
TNF-0.mRNA [26] or binding to alphal-acid gly-
coprotein, which is known to have anti-TNF-o ac-
tivity [27]. In addition thalidomide seems to block
NF-kB-activity [28]. NF-xB is a critical transcrip-
tion factor involved in immune responses and cel-
lular growth. NF-kB can translocate to the nucleus
and regulate many genes including the TNF-
o gene [29].

Thalidomide also inhibits IL-6, probably also
by blocking NF-xB, and IL-12 production by
monocytes [30]. In contrast synthesis of IL-2 is en-
hanced by thalidomide [20].

Thalidomide has been described as an in-
hibitor of angiogenesis as early as 1994 [31], and
has a strong anti-angiogenic activity in vascular en-
dothelial growth factor (VEGF)- and basic fibro-
blast growth factor (bFGF)-induced angiogenesis.
These anti-angiogenic effects are especially im-
portantin the treatment of diseases involving neo-
formation of blood vessels including most malig-
nancies.

Adverse effects

In general the most serious adverse effects as-
sociated with thalidomide are a dose dependent re-
versible neuropathy and of course teratogenicity.
Phocomelia of the upper extremities is the most
prominent congenital defect linked to thalidomide

[32]. Many other defects have been reported in-
cluding congenital heart deformity, spina bifida,
and other abnormities or absence of internal or-
gans [33]. The peripheral neuropathy induced by
thalidomide is characterized as systemic peripheral
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Table 1

Common side effects
of thalidomide.

Organ system symptoms

Neurological sedation, peripheral neuropathy,
drowsiness, dizziness, tremor,
mood changes, headache
Gastrointestinal constipation, increased appetite
Cardiovascular hypotension, hypertension, bradycardia
deep venous thrombosis
Dermatologic pruritus, skin rash

Hematological neutropenia, eosinophilia

Miscellaneous dry mouth, oedema, altered temperature

sensitivity

paresthesia or numbness of the feet. These symp-
toms are often reversible after the discontinuation
of the drug. However, irreversible sensory loss has
also been documented [32, 34].

The most common side effects are constipa-
tion and sedation. A dose dependency is postu-
lated. In the last few years an enhanced incidence
of deep venous thrombosis, especially in patients
with multiple myeloma [35], and prostate cancer
[36], who were treated with thalidomide in com-
bination with conventional chemotherapy, has
been reported. Other common side effects of
thalidomide are summarized in table 1 [12, 37, 38].

Clinical applications

The broad indications of this drug in different
diseases are not surprising because of its abundant
pharmacodynamic effects.

Erythema nodosum leprosum (ENL)

The public health Service has overseen
thalidomide in the therapy of ENL for over 20
years. ENL, a complication of leprosy, is charac-
terised by typical painful subcutaneous nodules
[39].

Many studies have reported beneficial effects
of thalidomide on fever and cutaneous manifesta-
tions [40-43].

"Two double blind controlled trials have evalu-
ated the effectiveness of 100 mg thalidomide four
times daily (versus Aspirin) in controlling the cu-
taneous manifestation of ENL. Thalidomide was
observed to have a marked effect on fever and 75%
of patients were reported to have had a complete
skin response [39].

Because of its low adverse effects thalidomide
is favoured to corticosteroids. By combining both
drugs a reduction of the dose of steroids is pos-
sible [43].

Behcet’s disease

There are many uncontrolled studies of
thalidomide in Behcet’s disease, especially with
urogenital ulcers. Thalidomide was shown to be
effective in mucocutaneous disease [44].

In one case thalidomide was given in colitis
with giant ulcers; that were unaffected by a treat-
ment of colchizine. After 7 days of thalidomide
treatment fever and diarrhoea disappeared. In a
control-colonoscopy after 4 weeks the ulcers were
virtually healed [45].

There is one published randomised trial which
shows a benefit for patients in both thalidomide
groups (300 mg and 100 mg) versus the patients in
the placebo group [46].

Inflammatory bowel diseases

Thalidomide decreases production of TNF-a,
a proinflammatory cytokine associated with
Crohn’s disease. In some small studies of thalido-

mide in chronically active steroid-dependent
Crohn’s disease, thalidomide appears to be well
tolerated and effective. Ehrenpreis treated 22 pa-
tients with M. Crohn. Fourteen patients com-
pleted the therapy over 3 months. All of them had
clinical improvement, 41% were in clinical remis-
sion. Five of six patients with fistulas experienced
a complete obliteration [47].

While the intensity of Crohn’s disease activity
can vary spontaneously, there seems to be a strong
probability that thalidomide has been helpful.

More controlled multicenter studies are nec-
essary [47-49].

Rheumatoid arthritis

Dysregulation of TNF-a was thought to play
a key role in rheumatoid arthritis. There are some
small studies which show different results on the
efficacy of treatment with thalidomide.

In one trial 7 patients of 17 achieved complete
remission, 5 showed partial remission and the last
5 no improvement. Remission lasted 6 years in 1
patient, 2 years in 3, one year in 1 [5S0]. Another
study with 10 patients observed no significant im-
provement in any outcome measures [51]. Only
limited efficacy was noted in a non-blinded study
of 12 patients treated with pentoxifylline and
thalidomide in combination. The production of
TNF-o was reduced, but the ratio benefit to side
effects was poor [52].

Sarcoidosis

Since thalidomide therapy has been shown to
modify granulomatous diseases such as leprosy, the
indication of cutaneous sarcoidosis (Morbus
Pernio) was given.

In a trial of 10 patients with chronic cutaneous
sarcoidosis resistant to conventional therapy, 7 pa-
tients had a disease regression. Skin lesions were to-
tally repressed in 3 patients, incompletely in 4 [53].
Other studies showed some efficacy as well [54, 55].

Aphthous ulcers in HIV-Infections
As we know, thalidomide is effective in the
treatment of mucocutaneous diseases such as aph-
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thous ulcers, a known problem in patients with
HIV-Infection. This symptom can be really debil-
itating. One double blind randomised placebo-
controlled study showed that thalidomide is effec-
tive in healing aphthous ulceration of the mouth
and oropharynx.

There was a complete remission in 55% of the
patients. Most of the other patients had also a rapid
reduction of pain and burning sensation [56, 57].

Systemic lupus erythematosus

Some clinical trials support the efficacy of
thalidomide as a second line treatment of cuta-
neous manifestations. Thalidomide should be re-
stricted to patients who show no response to stan-
dard therapeutic regimes because of its neurotox-
icity [58-60]. One study with low dose, long-term
thalidomide medication suggests that peripheral
neuropathy is not as common as suggested by
other studies [61].

Palliative care

Thalidomide seems to be a potential medica-
tion for palliation of many symptoms. In addition
to its well known effects as a sedative and
antiemetic, thalidomide has antipyretic, antica-
chetic and potentially analgesic effects [37]. These
properties were realised in the treatment of pa-

tients with AIDS related cachexia, of patients with
painful subcutaneous nodules in leprosy, and of pa-
tients with mucocutaneous ulcers in AIDS syn-
drome and Behcet disease. The effects might be
based on the selective suppression of immune me-
diators such as IL-6 and TNF-o.

Haematological malignancies

In the past decades thalidomide never really
disappeared from clinical haematology and oncol-
ogy, because for the treatment of refractory
chronic graft versus host and otherwise refractory
Langerhans histiocytosis thalidomide was success-
fully used [62, 63]. Buta true revival of thalidomide
in preclinical and clinical research has only been
observed when the Barlogies group reported an
impressive overall response rate (ORR) of 32% in
84 patients with multiple myeloma of whom 90%
had failed after an autologous stem cell transplant
[64]. Meanwhile other groups have confirmed
these results with an ORR of 25-45 % and response
duration of 9-12 months with 10-20% of the pa-
tients free of progression after 2 years [65-68].
Based on these results thalidomide has been ap-
proved by the FDA for treatment of patients with
refractory multiple myeloma.

Not surprisingly patients with Waldenstroms
macroglobulinaemia have been studied and suc-
cessfully treated with thalidomide with an ORR of
25% [69].

In plasma cell malignancies the response oc-
curs rather rapidly in 1-2 months and dosages of
200-400 mg/day are usually sufficient. Recently it
has been shown that even a dose of 50 mg/d can be
sufficient in selected cases [70]. For most patients
there seems to be no need to use more toxic
dosages although a dose-response effect has been
documented for patients with advanced myeloma

and high-risk characteristics [68]. For extra-
medullary presentations of a true plasmacytoma
or multiple myeloma patients the response rate
seems to be inferior [71, 72].

So far we do not know why thalidomide is so
active in these haematological malignancies. Re-
sults of measurements of microvessel density are
not affected by thalidomide nor is it a predictive
factor for response [64, 73]. Itis hypothesized that
rather immunomodulatory properties of thalido-
mide are responsible for the therapeutic effect in
myeloma patients [74].

For clinical purposes, studies using upfront
thalidomide and thalidomide in combination with
other drugs such as dexamethasone and chemo-
therapeutic agents, i.e. anthracyclines are in
progress as well as studies for patients with smoul-
dering myeloma [38]. We have to be careful to
avoid additional toxicity such as deep venous
thrombosis especially in patients treated with com-
bination therapies [75].

For the treatment of patients with myelodys-
plastic syndromes and myelofibrosis there are
promising but notyet conclusive data but there are
casuistic observations that thalidomide might also
have had a detrimental effect in some patients [76,
77]. The same holds true for patients with AML
where only a few patients received enough drug to
be assessable for response because of progression
or toxicity [78].
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Non hematological neoplasia

High grade gliomas

Because of its antiangiogenic effects, one
hoped that thalidomide would be very effective in
these highly vascular tumors with high microves-
sel density such as anaplastic mixed glioma,
anaplastic astrocytoma and glioblastoma multi-
forme. Four phase II studies with thalidomide as
single agent [79-81] or in combination with con-
ventional chemotherapy [82] have shown promis-
ing activity in patients with high-grade gliomas.

The daily administered dose of thalidomide
ranged from 200 to 1200 mg [79, 81]. Partial re-
sponses ranged from 5 to 15% [79-81] in the
thalidomide monotherapy group. In the combina-
tion therapy with BCNU one complete remission
(3%) and 4 partial responses (10%) were registered
[82]. Tumour stabilization (CR, PR, SD) could be
reached in single / combination therapy in
45-47% / 58% respectively. In the combination
therapy 15% of the patients suffered from a grade
IV neutropenia and 9% from a grade III throm-
bocytopenia. Major non-haematological toxicities
attributable to thalidomide were constipation and
drowsiness.

Kaposi’s sarcoma

Recent data indicate that thalidomide has
some activity in AIDS related Kaposi’s sarcoma.
The administered doses range from 100 mg daily
[83] up to 1000 mg [84] in an escalating fashion.
Responses could be found in all dose levels. Over-
all responses (CR and PR) ranged from 17 to 40%
[83, 85], whereas no complete remission was ob-
served. Remarkably there was no haematologic
toxicity. In one study 6 out of 17 patients withdrew
from therapy because of toxicity [83]. Drowsiness,
depression and somnolence [84, 85] were the most
common side effects, whereas no constipation was
seen.

Renal cell carcinoma

Up to now four phase II studies were published
for this disease. Eisen et al treated 18 patients with
renal cell carcinoma with 100 mg thalidomide
daily [86]. Three patients (17%) had a partial re-
sponse, 3 had a stable disease for 3 months or
longer. Two of the responders had failed earlier
immunotherapy. These patients had significant
palliative benefit within 24 hours of starting
thalidomide (reduced insomnia and weight loss)
and objective tumour shrinkage started within 2
weeks of starting therapy, which underlines the ef-
fect of thalidomide and argues against a sponta-
neous regression that is seen quite often in renal
cell carcinoma.

Another 3 phase II trials with high dose
thalidomide (200-1200 mg) showed responses
from 0% [87] up to 9% [88], disease stabilisation
after 6 months varied from 26% to 32% [87, 88].
Toxicity was quite high with frequent manifesta-
tions of fatigue, constipation and lethargy. The in-

cidence of detected neuropathy on electromyog-
raphy (EMG) attained 70% at 6 months and 100%
in patients on thalidomide for 12 months [89]. In
conclusion high dose thalidomide cannot be rec-
ommended since the level of toxicity is too high
[89]. Because disease stabilisation occurs as a part
of the natural history of metastatic renal cell car-
cinoma, the potential benefit of thalidomide in the
mean progression free survival and overall survival
is still unclear. Further studies in combination with
immunotherapy or conventional chemotherapy
are warranted.

Prostate cancer

Figg et al. [90] conducted a randomised phase
IT trial to evaluate the activity of thalidomide in pa-
tients with androgen independent prostate cancer.

Patients received thalidomide 200 mg (50 pa-
tients) or 1200 mg (13 patients). All patients were
required to have failed combined androgen block-
age as well as antiandrogen withdrawal. A serum
prostate specific antigen (PSA) decline >50% was
noted in 18% of patients on the low dose arm (200
mg) and in none of the patients on the high dose
arm. Four of the respondents had a PSA decline
greater than 150 days. No patient had a response
in CT scan, however two patients had one or more
lesions improved as assessed by bone scan with as-
sociated clinical benefit. The most common side
effects were constipation, dizziness, oedema, fa-
tigue and neurological complications. Because
preclinical studies showed an increase in PSA in
androgen independent prostate cancer cell lines
[91] it is believed that the magnitude of PSA de-
cline seen in this trial equals a real response.

Docetaxel and thalidomide have both shown
single agent activity in hormone refractory
prostate cancer. Based on this a randomised phase
II study of weekly docetaxel with or without 200
mg of thalidomide was conducted [36]. Docetaxel
was given at a dose of 30 mg/m? on day 1, 8, 15
every 4 weeks. Fifty-nine patients have been en-
rolled in this study, 53 were evaluated. Six (35%)
of the 17 patients receiving docetaxel alone had de-
creases in PSA levels of at least 50%. Nineteen
(53%) of 36 patients in the combination arm have
met this threshold. Eight of 39 patients in the com-
bination arm have developed a venous throm-
boembolism, none of them being life threatening.
These data are encouraging and have to be vali-
dated through further phase II or III studies.

Malignant melanoma

Reported experience with single agent
thalidomide is limited in melanoma. Eisen et al.
[86] treated 17 patients with advanced melanoma
with low dose thalidomide (100 mg daily). No ob-
jective response was observed, but 4 patients had
stable disease for up to 5 months.

A phase I study [92] showed that temozolo-
mide could be safely given on a continuous daily
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Table 2

Results of selected
published trials using
thalidomide for
nonhaematologic
tumours.

Tumour entity patients kind of therapy dose of tumour response  references
number thalidomide stabilisation ~ rate
(CR+PR+SD) (CR+PR)
High grade gliomas 39 phase II single agent 800-1200 mg 45% 6% [79]
42 phase II single agent 100-500 mg 47% 5% [80]
37 phase II single agent 100-500 mg 47% 15% [81]
40 BCNU plus thalidomide 800 mg 58% 13% [82]
Kaposi sarcoma 17 phase II single agent 100 mg na 35% [83]
20 phase II single agent 200-1000 mg na 40% [84]
Breast cancer 12 phase II single agent 100 mg 0% 0% [86]
28 phase II single agent 200 mg vs 7%/0% 0% [101]
800-1200 mg
Ovarian cancer 19 phase II single agent 100 mg 5% 0% [86]
Head an neck cancer 21 phase II single agent 200-1000 mg 0% 0% [102]
escalation fashion
NSCLC 9 carboplatin/taxol/ 200-1000 mg na 0% [103]
thalidomide escalation fashion
Renal cell carcinoma 18 phase II single agent 100 mg 34% 17% [86]
26 phase II single agent 200-800 mg 61% 0% [87]
escalation fashion
25 phase II single agent 600 mg 41% 9% [88]
40 phase II single agent 400-1200 mg 28% 5% [89]
escalation fashion
Prostate cancer 63 phase II single agent Randomised 200 vs ~ 27% * 18%/ 0%  [90]
1200 mg
59 docetaxel plus/ 200 mg na 53%/35% [91]
minus thalidomide
Malignant melanoma 17 phase II single agent 100 mg 0% 6% [86]
12 phase I temozolomide 100-400 mg na 2% [92]
plus thalidomide
10 phase I DTIC 200-400 mg 40% 30% [94]
plus thalidomide
Hepatocellular 23 phase II single agent 100-800 mg 45% 9% [104]
cancer escalation fashion
27 phase II single agent 200-800 mg 7% 3% [95]
escalation fashion
Malignant 15 phase II randomised study ~ 100-500 mg 55%/50% 0%/0% [97]
mesothelioma cisplatin/gemcitabine/
thalidomide vs
thalidomide alone
Metastatic neuro- 18 phase II single agent 400 mg 78% 0% [96]

endocrine tumours

na: not applicable
*: cumulative in high and low dose arm

schedule with thalidomide to patients with
metastatic melanoma. Based on this, two phase II
studies were conducted. Hwu et al. [93] treated 12
patients with different temozolomide doses, and
schedule groups in combination with thalidomide
at a dose of 200 or 400 mg. Five major responses
(one complete, four partial) were observed at the
higher temozolomide dose levels. The median du-
ration of response was 6 months; the median sur-
vival rate was 12.3 months. In the other study
DTIC was combined with thalidomide in escalat-
ing doses [94]. Ten patients were enrolled, 5 had
had prior adjuvant vaccine or immunotherapy.

DTIC was given at a dose of 1000 mg/m? every 3
weeks, the starting dose of thalidomide was 200 mg
daily by oral route. Doses were escalated every 3
weeks. The median tolerated dose was 200 mg.
Three out of 10 patients had a partial response, one
patient had stable disease. Responses were seen in
skin, retroperitoneal lymph nodes, lung and liver
metastases. Toxicity from thalidomide was severe
constipation, peripheral neuropathy, fatigue and
pedal oedema. In conclusion it can be postulated
that the combination therapy is well tolerated and
further phase II/11I evaluation is warranted.
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Table 3

Summary of the
phase I/l and 111
studies under the
regimen of the
National Cancer
Institute and in
Switzerland. Internet:
http://www.nci.nih.
gov/search/
clinical_trials/

Other tumor types

Thalidomide is used in many phase II studies
in different solid tumors, such as hepatoma [95],
neuroendocrine tumors [96] and mesothelioma
[97, 98]. Thalidomide is also use in colorectal can-
cer normally in combination with irinotecan. In
this combination, thalidomide is able to reduce the
irinotecan associated late-onset diarrhoea and al-
lows the continuation of otherwise not applicable
chemotherapy with irinotecan [99, 100]. However
the mechanisms by which thalidomide eliminates
the gastrointestinal toxic effect of irinotecan are
still unclear.

Overview

In table 2 results of selected published trials
using thalidomide for nonhaematologic tumours
are summarised. It is important to state that up to
now the use of thalidomide outside of clinical tri-
als cannot be recommended for nonhaematologi-
cal malignancies.

Ongoing studies

The best combination therapy and type of ac-
tion in multiple neoplasias are still unknown. Fur-
ther investigation is necessary. Under the regimen
of the National Cancer Institute 39 phase I/II and
IIT studies are ongoing. In Switzerland two phase
II studies are currently ongoing, one in melanoma
and one in prostate cancer, another trial for renal
cell carcinoma is planned. A summary is given in
table 3.

Future directions

There are now many options to use thalido-
mide in patients with haematological and non-
haematological malignancies and in patients with

non malignant diseases, but we need prospective
randomised trials in order to evaluate the best
regime for individual patients in the future.

Furthermore, thalidomide analogues such as
CC-5013 with a more favourable preclinical toxi-
city and activity profile than thalidomide are now
tested in phase I trials.

Many different pathways in the angiogenesis
are targeted by highly selective drugs as shown
below.

SU 5416 (Semaxanib) works as a selective in-
hibitor of the tyrosine kinase activity of Flk-1/
KDR, a vascular endothelial growth factor
(VEGF) receptor. Other drugs (Bevacizumab)
work by neutralising the activity of VEGEFE. The
exact mechanism of action of many other antian-
giogenic drugs (i.e. thrombospondin-1, squala-
mine, TNP-470, NM-3) is not yet clearly defined
and should be targeted in future research.

In conclusion, thalidomide banned in the six-
ties from the market because of its toxicity is nowa-
days the first antiangiogenic drug that is used rou-
tinely and with success in the clinics. But hopefully
this is only the beginning of the development of a
wholly new therapeutic modality that could
change the course of many diseases for which at
the moment only limited treatment options exist.
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Kind of tumour therapy regimen study study number
phase
Malignant glioma topotecan and thalidomide phase I NCI-V01-1651,
pilot RUSH-G101
Metastatic melanoma temozolomide and thalidomide phase I/II MSKCC-99103,
NCI-G00-1786
Myelofibrosis thalidomide phase II NCCTG-N9982
Recurrent colorectal cancer thalidomide phase II NCI-99-C-0102
Multiple myeloma bevacizumab with or without thalidomide phase II CHNMC-IRB-01006,
CHNMC-PHII-30,
NCI-2712
Opvarian epithelial cancer carboplatin with or without thalidomide phase II EU-99018, ICRF-96.084
Metastatic renal cell carcinoma  interferon alfa with or without thalidomide phase II EU-20129, ICRF-C00.204
Myelodysplastic syndrome thalidomide phase II CELGENE-T-MDS-001,
NCI-G01-2044,
RPCI-DS-0116
Chronic lymphocytic leukemia thalidomide with or without fludarabine phase II MTS-00-0535ME,

or small lymphocytic lymphoma

NCI-639
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Table 3 (cont.)

Kind of tumour therapy regimen study study number
phase
Glioblastoma multiforme temozolomide, thalidomide, and celecoxib phase II CELGENE-2000-P-002521/1,
DFCI-00302, NCI-G02-2118
Non small lung cell cancer carboplatin, irinotecan, and thalidomide phase II CCCWEFU-62400,
stage II1 B NCI-5293
Hormone refractory docetaxel, estramustine, and thalidomide phase II NCI-V01-1681,
prostate cancer NH-0139
Melanoma Stage IV interferon alfa and thalidomide phase IT SWOG-S0026
High-risk soft tissue sarcoma interferon alfa and thalidomide phase II CPMC-IRB-13887,
NCI-G01-2024
Multiple myeloma sequential high dose melphalan, busulfan, phase II CHNMC-IRB-99021,
and cyclophosphamide followed by peripheral NCI-G99-1583
blood stem cell rescue, interferon alfa,
pamidronate, and thalidomide
Locally advanced, Temozolomide and thalidomide phase II CPMC-IRB-14323,
or unresectable leiomyosarcoma NCI-G02-2060
Multiple myleloma Thalidomide and dexamethasone induction phase II SWOG-S0204
followed by tandem melphalan and peripheral
blood stem cell transplantation followed by
prednisone and thalidomide maintenance
Mycosis fungoides Thalidomide and interferon alfa-2b phase II NCI-670, OSU-0052,
OSU-00H0340
Glioblastoma multiforme Thalidomide and irinotecan phase IT DMS-0134, DMS-15615,
NCI-G02-2078
Metastatic melanoma thalidomide and SU5416 phase II NCI-66, SACI-IDD-99-27,
UTHSC-IDD-99-27
Metastatic low-grade thalidomide phase II MSKCC-01027,
neuroendocrine tumours NCI-G01-2029
Platinum-refractory or resistant  thalidomide phase II MSKCC-01006,
ovarian epithelial carcinoma NCI-G01-1943
Radioiodine-unresponsive thalidomide phase II UKMC-IRB-010069
metastatic follicular, papillary,
or medullary thyroid carcinoma
Recurrent or persistent uterine thalidomide phase II GOG-0230-B
carcinosarcoma
Recurrent or persistent uterine thalidomide phase II GOG-0231-B
leiomyosarcoma
Relapsed chronic lymphocytic thalidomide phase IT NCCTG-N9986
leukemia
Relapsed or refractory low-grade  thalidomide phase II CLB-50002
non-hodgkin’s lymphoma
Sarcomas of gynecologic origin  thalidomide phase II NCI-314, NYGOG-99-001
Unresectable hepatocellular thalidomide phase II NCI-99, NYU-9937
carcinoma
Unresectable hepatocellular thalidomide plus interferon alfa phase II NCI-101, NYU-9938
carcinoma
Relapsed or refractory thalidomide, celecoxib, etoposide, phase II CELGENE-2001-P-001757/3,
malignant glioma and cyclophosphamide DFCI-01278, NCI-G02-2117
Non small cell lung cancer carboplatin, paclitaxel, and radiotherapy phase III E-3598
with or without thalidomide
Multiple myeloma dexamethasone with or without thalidomide ~ phase III E-E1A00
Multiple myeloma doxorubicin, dexamethasone, phase III EU-20133, HOVON-50MM,
and high-dose melphalan with or without HOVON-CKVO-2001-02
thalidomide
Renal cell carcinoma interferon alfa-2b with or without thalidomide phase IIT E-2898
Androgen dependent stage IV oral thalidomide versus placebo phase III NCI-00-C-0080,
nonmetastatic prostate cancer NCI-T99-0053
following limited hormonal ablation
Multiple brain metastases radiotherapy with or without thalidomide phase III RTOG-BR-0118,
RTOG-DEV-1006
Biochemical recurrence of tamoxifen versus thalidomide phase ITI GOG-0198

ovarian epithelial, fallopian tube,
or primary peritoneal cancer
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Table 3 (cont.)

Ongoing studies in Switzerland

Metastatic melanoma low dose thalidomide (100 mg) vs phase IT SG 216/00
thalidomide high dose (400 mg) in

combination with dacarbazine

Hormonrefractory metastatic

prostate cancer

thalidomide, docetaxel and prednisone phase II SG 220/01
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