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Abstract

Following reports of its teratogenicity, thalidomide was banned from the market in the 1960s. Later, the elucidation that the
inhibition of angiogenesis underlies this teratogenicity and the recognition of the importance of angiogenesis in malignancies has
raised interest in thalidomide as an anti-tumour agent. Since then, numerous other mechanisms accounting for the anti-tumour
effect of thalidomide have been revealed and many studies exploring the efficacy of thalidomide in tumours have been initiated. This
Review focuses on the application of thalidomide and its derivatives in solid tumours, the mechanisms underlying their anti-tumour
effects, and their potential to be applied in combination with other anti-tumour agents.

© 2004 Elsevier Ltd. All rights reserved.

Keywords: Thalidomide; Solid tumours; Drug combinations; Efficacy

1. Introduction

Thalidomide is a derivative of glutamic acid and
was introduced as a sedative and anti-emetic agent
for pregnant women in the 1950s. Following reports
revealing an association between limb growth defects
in babies and maternal usage of thalidomide, this drug
was withdrawn from the market in 1961. The exact
underlying mechanism whereby thalidomide causes
limb defects was unknown for many years, but was
elucidated by the group of Folkman in 1994. Since
development of the fetal limb was known to depend
strongly on the formation of new blood vessels, this
group examined the hypothesis that thalidomide af-
fects this process. Using a rabbit cornea model in
which angiogenesis was induced by the angiogenic
protein, basic fibroblast growth factor (bFGF), it
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was demonstrated that thalidomide inhibits angiogene-
sis [1]. This feature and the recognition of the impor-
tance of angiogenesis in the pathogenesis of several
disease conditions prompted investigators to assess
the efficacy of thalidomide in malignancies. The first
tumour entity in which the activity of thalidomide
was tested was refractory multiple myeloma [2]. In a
group of extensively pretreated patients, anti-tumour
activity was observed in a substantial number of pa-
tients. The favourable outcomes of this study led to
the initiation of trials aiming to establish the efficacy
of thalidomide in several other tumour types. Simulta-
neously, investigators attempted to design analogues
of thalidomide with improved activity and a more
favourable toxicity profile.

This Review addresses the application of thalidomide
in solid tumours. In particular, it will focus on the mech-
anisms by which thalidomide and its derivatives exert
their anti-tumour activity and the rationale behind
applying these drugs in combination with other anti-
tumour agents.
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2. Mechanisms of action of thalidomide and its analogues

Since angiogenic features, such as microvessel den-
sity, did not correlate with response to thalidomide in
patients with multiple myeloma, other mechanisms in-
volved in the anti-tumour activity of this drug were
thought to exist. Since then, many differential mecha-
nisms have been revealed and there are not many drugs
used in oncology for which so many mechanisms of ac-
tion have been identified. Besides the anti-angiogenic ef-
fect, these comprise direct cytotoxic effects on tumour
cells, increasing tumour cell susceptibility to apoptotic
triggers, stimulation of immune-mediated responses,
reduction of growth stimulating factors, and attenuation
of the metastatic potential (Table 1). This very wide
range of activities may be explained to a great extent
by its effects on Nuclear factor-kB (NF-kB) activity.
NF-kB is involved in the transcription regulation of
many genes including cytokines (e.g., tumour necrosis
factor-o. (TNF-a), interleukin (IL)-6, and IL-12), pro-
teins involved in apoptosis (e.g., cellular inhibitor of
apoptosis protein 2 (c-IAP2), FLICE, Bcl-2 family
members), and angiogenic factors (e.g., vascular endot-
helial growth factor (VEGF), TNF-a, IL-8). As a conse-
quence, NF-kB plays a central role in the regulation of
pivotal processes including proliferation, tumour
growth, apoptosis, and immune responses [3]. Since tha-
lidomide is able to suppress NF-xB activity [4,5], this
drug has an impact on all of these processes.

As previously mentioned, inhibition of angiogenesis
was the first mechanism identified by which thalidomide
exerts its anti-tumour activity. Thalidomide inhibits the
angiogenesis-stimulating property of angiogenic factors
[1]. In addition, it reduces the levels of angiogenesis pro-
moting factors, such as TNF-a, VEGF, and IL-6 [6,7].
Furthermore, a decrease of cyclooxygenase-2 [8] leading
to a diminished prostaglandin synthesis may contribute
as prostaglandins stimulate angiogenesis.

In preclinical models, growth inhibition of tumour
cells has been reported against several tumour types.
These effects of thalidomide are probably mainly due

Table 1
Mechanisms of action

Inhibition of
angiogenesis

Attenuation of activity of angiogenic factors
Reduction in the levels of angiogenic factors

Inhibition of tumour
growth

Increased susceptibility to apoptosis
Reduction of growth-stimulating factors

Stimulation immune
responses

Stimulation of T-lymphocytes

Stimulation of natural killer cells

Increased susceptibility to cellular immunity
Attenuation of Reduction of adhesion molecules
metastatic potential

to an enhanced susceptibility to apoptosis. In recent
years, it has become clear that there are two apoptotic
signalling pathways, an intrinsic and extrinsic one. Fol-
lowing severe cellular stress such as DNA damage and
cell cycle defects, the intrinsic pathway is activated,
which involves activation of the pro-apoptotic members
of the Bcl-2 family and subsequent release of apoptosis-
inducing factors by the mitochondria. The extrinsic
pathway involves members of the TNF-superfamily,
such as Fas and TNF-related-apoptosis-inducing-ligand
(TRAIL), and plays a role in apoptosis induced by
chemotherapy and cellular immunity. Thalidomide af-
fects both pathways; the intrinsic pathway by reducing
levels of the anti-apoptotic members of the Bcl-2 family
[9] and the extrinsic pathway by downregulating pro-
teins conferring resistance against Fas- or TRAIL-medi-
ated apoptosis [10]. Another mechanism leading to
growth inhibition is reduction of growth stimulating fac-
tors, for example, IL-6 that stimulates growth of some
solid tumour types [11].

Thalidomide and its analogues have various effects on
the immune system. By acting as a costimulator, thalid-
omide increases the response of T-lymphocytes to T-cell
receptor-mediated stimulation, yielding increased prolif-
eration and greater production of IL-2 and interferon-y
[12,13]. In addition, thalidomide increases the number of
natural killer cells, while these cells exhibit augmented
cytotoxic activity against tumour cells [12]. Further-
more, the increased sensitisation to Fas- and TRAIL-
induced apoptosis after exposure to thalidomide [10]
renders tumour cells more prone to immune responses
since cellular immunity exerts anti-tumour effects par-
tially through Fas and TRAIL.

An additional mechanism underlying the anti-tumour
activity of thalidomide is attenuation of metastatic
potential of tumour cells by reducing TNF-a-induced
upregulation of adhesion molecules on endothelial cells
such as intracellular adhesion molecule-1 (ICAM-1),
vascular-cell adhesion molecule-1 (V-CAM-1), and E-
selectins [14]. These molecules are involved in the path-
ogenesis of dissemination by facilitating the adherence
of tumour cells to the endothelium, one of the first
events required for the development of metastases.

Hence, numerous mechanisms accounting for anti-tu-
mour efficacy have been found in recent years. However,
it is unlikely that all of the mechanisms involved have
been revealed. Increased knowledge of these mecha-
nisms will improve the potential activity of thalido-
mide-based treatments.

2.1. Thalidomide as a single agent in solid tumours

The promising outcomes obtained in patients with
multiple myeloma prompted investigators to assess the
anti-tumour efficacy of thalidomide in several solid tu-
mour types. Although no phase I trials assessing the
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maximum tolerated dose (MTD) or optimal administra-
tion scheme have been performed, a dose-escalation de-
sign, starting at low doses (100 or 200 mg/day) and
gradually increasing to 1000 to 1200 mg/day, depending
on tolerability, is usually applied in most phase II stud-
ies. In general, the use of thalidomide is accompanied by
a mild toxicity profile. Because of the teratogenic fea-
tures, this drug is absolutely contraindicated in pregnant
women. In addition, effective contraception should be
used in women of childbearing potential. The most fre-
quently encountered side-effects are fatigue, somnolence,
which can be handled by administrations in the evening,
skin toxicity, constipation, for which a vigorous laxative
policy is indicated, and peripheral neurotoxicity. Less
common untoward sequelae are dry mouth, liver en-
zyme disturbances, hypothyroidism, bradycardia and
depression. One important advantageous feature of tha-
lidomide over other drugs frequently used in cancer
medicine is its lack of severe myelosuppression. Bone
marrow depression occurs in only 5% of the patients,
of which a substantial number has been heavily pre-
treated with chemotherapy.

The observation that in studies in which a dose-esca-
lation is applied, not all patients tolerate the maximum
dose suggests that a dose-toxicity relationship exists
[15-17]. In studies assigning patients to receive either
low-dose or high-dose thalidomide, the occurrence and
severity of somnolence and constipation, in particular,
were greater in patients allocated to the high-dose arm
[18,19].

Since the anti-tumour activity of thalidomide was ini-
tially thought to be mainly through the inhibition of
angiogenesis and stimulation of immune responses, its
efficacy has been predominantly explored in tumour
types in which these two factors are considered impor-
tant. In terms of the response rates achieved, thalido-
mide exhibits no or little activity in metastatic
colorectal cancer [20], renal cell carcinoma [16,21],
breast cancer [19], hormone-refractory prostate cancer
[18,22], high grade glioma [23], hepatocellular carci-
noma [24,25], melanoma [26] and squamous head and
neck cancer [15]. However, it is questionable whether re-
sponse rate is an appropriate parameter for the evalua-
tion of anti-tumour efficacy with regard to the
mechanisms of action of thalidomide. Progression-free
survival is probably a more accurate endpoint, and in
a small proportion of patients with renal cell carcinoma
and hepatocellular carcinoma, durable progression-free
survival has been reported suggesting some activity in
these tumour entities. Another tumour type in which
anti-tumour activity has been demonstrated is hor-
mone-refractory prostate cancer, with significant reduc-
tions in prostate-specific antigen (PSA) being observed
in approximately 30-40% of patients [18,22]. The most
favourable outcomes obtained in a solid tumour type
were seen in acquired-immuno deficiency syn-

drome(AIDS)-related Kaposi’s sarcoma with 8§ of 17
evaluable patients achieving a partial response and a
progression-free survival rate of 7.3 months [17]. These
outcomes are comparable to those achieved with chem-
otherapy. However, to rate this study at its true value is
rather difficult since most patients concurrently received
anti-retroviral treatment as well.

Based on these results, randomised controlled trials
with thalidomide as a single agent treatment have been
initiated in patients with disseminated renal cell carci-
noma and hormone-refractory prostate carcinoma.

3. Predictive factors

Numerous efforts have been made to identify factors
associated with response. One of these is the total dose
administered. In multiple myeloma, there are indications
that patients receiving a higher total dose of thalidomide
have a more favourable outcome than those adminis-
tered lower doses [27]. However, in solid tumours no
such relationship has been established, either with the
total doses administered or with the plasma levels
achieved [17,18].

Since the effects on angiogenesis may partially ac-
count for the efficacy of thalidomide, research has fo-
cused on the factors involved in this process. At
initiation of treatment, a highly elevated bFGF [28],
low level of soluble TNF-receptor 1 [29], or the presence
of a particular polymorphism of the TNF-a promotor
gene resulting in higher TNF-a levels [30], are all predic-
tors of response in patients with multiple myeloma.
However, such associations have not yet been demon-
strated in solid tumour types. Decrements in circulating
bFGF and TNF-a levels during thalidomide treatment
are correlated with responses in patients with high-grade
gliomas [23] and renal cell carcinoma [21], respectively.
This may suggest thalidomide-mediated downregulation
of angiogenic factors subsequently resulting in anti-tu-
mour activity, but may also simply reflect a decrease
in proliferative tumour activity. Taken together, in solid
tumours, proper determinants affecting efficacy have not
yet been elucidated. Identification of such predictive fac-
tors is warranted as this may allow patient-tailored
treatment, thereby avoiding under- or overtreatment.

4. Thalidomide-containing combination treatments

When combining drugs, each one should preferably
exert single agent activity, different mechanisms of ac-
tion, non-overlapping toxicity profiles, and synergistic
interactions. Thalidomide has a mild toxicity profile
and multiple mechanisms of action, both differing from
those commonly associated with chemo- and immuno-
therapy. In particular, the observation that thalidomide
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makes tumour cells increasingly prone to apoptotic trig-
gers, which is illustrated by synergistic interactions in
preclinical studies, renders this drug very attractive to
explore in combination with other anti-tumour agents.

Several phase II studies with thalidomide-containing
multidrug treatments have been conducted in renal cell
carcinoma [31,32], high-grade gliomas [33,34], mel-
anoma [35,36], and hormone-refractory prostate cancer
[37]. The combinations tested proved to be well-toler-
ated and feasible, with the exception of an unexpectedly
high rate of thromboembolic events. This adverse event
was encountered in patients concurrently treated with
agents such as gemcitabine and 5-fluorouracil [31] or
docetaxel [37]. This is in line with observations in multi-
ple myeloma patients of which approximately 15%
encounter this particular side-effect during multidrug
treatment, in contrast to 5% of patients receiving either
thalidomide or chemotherapy alone [38]. Currently, it is
not clear whether prophylactic anticoagulation prevents
this detrimental effect.

Concerning efficacy, combining thalidomide with car-
mustine [34] or temozolomide [33] yields favourable out-
comes compared with historical controls in recurrent
high-grade gliomas and glioblastoma multiforme,
respectively. In addition, the combinations of thalido-
mide with either interferon-o in patients with renal cell
carcinoma [32] or temozolomide in melanoma patients
[35] are active. In patients with disseminated renal cell
carcinoma showing progression during IL-2, thalido-
mide seems to overcome resistance against IL-2 as re-
sponses are reported following the addition of
thalidomide [7]. Several phase II trials in a randomised
setting have been carried out. Danson and colleagues
described a comparison between temozolomide alone,
the combination of temozolomide and interferon-o,
and the combination of temozolomide with thalidomide
in 181 patients with metastatic melanoma. With regard

Table 2
Activity of thalidomide in solid tumour types

Single-agent
No activity Colorectal cancer
Breast cancer
Melanoma

Head and neck cancer

Renal cell cancer
Hepatocelullar carcinoma
Prostate cancer

High grade glioma
Kaposi’s sarcoma

Some activity

In combination treatment
Promising activity Renal cell cancer
Prostate cancer
High grade glioma
Melanoma

to efficacy, there were no obvious differences between
the three regimens, but in view of the more favourable
toxicity profile of the thalidomide/temozolomide arm,
this regimen was regarded as the most promising [36].
Another phase II study randomly assigned patients with
hormone-refractory prostate cancer to receive treatment
with either thalidomide and docetaxel or docetaxel
alone. In 71 evaluable patients, a decrease in PSA levels
of more than 50% was achieved by 9/24 and 25/47 pa-
tients receiving docetaxel and the combination, respec-
tively [37].

Regarding the feasibility of thalidomide to be concur-
rently administered with other anti-tumour agents and
the promising efficacy of such regimens, several phase
IIT in diverse tumour types have been initiated.

4.1. Thalidomide analogues

The intriguing activity of thalidomide prompted
investigators to design novel compounds derived from
thalidomide with enhanced activity, while lacking some
of the side-effects of the parent drug. Until now, two
classes of thalidomide analogues have been developed
called Immunomodulatory drugs (IMiDs) and Selective
cytokine inhibitory drugs (SelCIDs). In preclinical mod-
els, both classes inhibit tumour growth and angiogenesis
more potently than thalidomide. IMiDs and SelCID dif-
fer predominantly from each other in their T-cell costim-
ulatory effects which SelCIDs lack.

Clinical studies, mainly performed in patients with
multiple myeloma, revealed that these drugs are safe
and possess anti-tumour efficacy. In addition, in patients
with solid tumours, CC-5013, an IMiD, was well-toler-
ated while indications for anti-tumour effects were seen
[39]. Meanwhile, several other phase I and II trials with
these compounds are in progress.

5. Conclusions

After being removed from the market in the 1960’s,
thalidomide has risen ’phoenix-like’ from the ashes and
is currently a valuable compound in the treatment of
multiple myeloma patients. In solid tumours, thalido-
mide and its analogues are also potentially active drugs
(Table 2). Applied as a single agent, thalidomide exhibits
efficacy in a small group of patients with solid tumour
entities, such as Kaposi’s sarcoma, renal cell carcinoma,
hormone-refractory prostate cancer and hepatocellular
carcinoma. It can be envisaged that, especially in combi-
nation with other anti-tumour agents, thalidomide and
its compounds may form a valuable contribution to
the armamentarium against cancer, as these drugs sensi-
tise tumour cells to apoptotic triggers. Accordingly,
phase II studies with thalidomide-containing combina-
tions have yielded promising results. However, it should
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be emphasised that outcomes of randomised phase III
studies assessing thalidomide and its analogues, either
as a single agent or in combination, are not yet availa-
ble. Until then, the relative contribution of thalidomide
in the treatment of patients with solid tumour types re-
mains to be defined.
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