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Abstract: IMiDs compounds are a class of analogues of thalidomide, with greater immunomodulatory activity and a su-

perior safety profile compared to the parent compound. They show substantial increase in potency and an interesting tol-

erability profile, primarily due to a decreased incidence of the most severe side effect of thalidomide, i.e. Chemotherapy-

Induced Peripheral Neurotoxicity (CIPN). These novel aspects of the IMiDs compounds will be discussed. 

Key Words: IMiDs, thalidomide, CC-5013, lenalidomide, CC-4047, pomalidomide, safety, side effects, CIPN. 

INTRODUCTION 

 Thalidomide, N-(2,6-dioxo-3-piperidyl)phthalimide or 
-N-phthalimido-glutarimide, Fig. (1), was first introduced 
into European markets in the 1950s as a sleep aid and antie-
metic drug for pregnant women. It was withdrawn from the 
market soon thereafter when its teratogenic effects were dis-
covered. It has re-emerged recently as an effective treatment 
for several dermatologic, gastrointestinal, and oncologic con-
ditions. In 1998 U.S. Food and Drug Administration (FDA) 
granted approval to thalidomide for the treatment of 
erythema nodosum leprosum [1], a debilitating and disfigur-
ing complication of leprosy, and in May 2006 for use in 
combination with dexamethasone in newly diagnosed multi-
ple myeloma (MM) patients [2]. To minimize the risk of 
foetal exposure to thalidomide Celgene (Celgene Corpora-
tion, Warren, New Jersey) has developed a comprehensive 
program to control and monitor the drug’s prescribing, dis-
pensing and use of thalidomide [3]. This program, known as 
the System for Thalidomide Education and Prescribing 
Safety (STEPS ) uses a tree-pronged approach: (1) control-
ling access to the drug; (2) educating prescribers, pharma-
cists and patients; and (3) monitoring compliance. 

 Peripheral nervous system damage (Chemotherapy-
Induced Peripheral Neurotoxicity, CIPN) is now recognized 
as one of the most significant side effects of this medication. 
The most common presentation is distal paresthesias and/or 
dysesthesias with or without sensory loss. Physical examina-
tion may be normal or show mild reduction in sensation in 
distal limbs. Strength is usually preserved although mild 
weakness may be present. Reflexes, particularly ankle jerks, 
may be depressed or absent. Symptoms are progressive,  
usually beginning in distal lower limbs but later extending 
proximally and into upper extremities. Symptoms can be 
disabling and often necessitate discontinuation of the drug 
despite disease control. Onset is usually delayed (up to 1 
year in most cases) after initiating thalidomide. On neuro 
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Fig. (1). Structural formula of thalidomide.

physiological basis, reduction in sensory nerve action poten-
tial amplitude with relative preservation of conduction ve-
locities and compound motor action potentials are typical 
findings [4], suggesting a sensory axonal neuropathy as the 

predominant pathological event. 

 Alternatively, some evidence suggests that thalidomide 
may cause also a neuronopathy. In these patients the clinical 
presentation is rather different, with an early involvement of 
all four limbs. Nerve conduction studies in these cases show 
isolated reduction in the amplitude of sensory nerve action 
potentials in all limbs and somatosensory evoked potentials 
have prolonged spinal and cortical latencies. T2 hyperin-
tense, non–mass-like, non-enhancing lesions may be seen in 
the posterior columns of the spinal cord on MRI, indicating 
the involvement of the centripetal branch of the primary sen-
sory neuron axons. Such cases may occur with less cumula-
tive dose of thalidomide exposure [4, 5]. However, conflict-
ing results regarding the relationship of thalidomide dosage 
and incidence of neuropathy still exist. Although some stud-
ies found a relationship between cumulative dosage and oc-
currence of neuropathy [6, 7], others failed to do so [8-10]. 
Cavaletti et al. [7] noted a dose relationship beginning at 
cumulative doses of 20 g. In several studies that failed to 
identify a dose relationship, median doses were below this 
level [8, 10]. Alternatively, increased risk of CIPN have has 
been related to daily dose of thalidomide [10]. Frequently, 
neuropathic symptoms may improve with discontinuation of 

thalidomide [4, 6]. 

 Pre-existing neuropathy in patients treated with thalido-
mide may be due to the underlying condition (e.g., MM or 
lupus erythematosus) or previous/concurrent treatments (e.g., 
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vincristine). Risk factors for neuropathy in thalidomide-
treated patients have not been elucidated and most studies 
failed to find a correlation between age, thalidomide admini-
stration and occurrence of CIPN [8-10]. Preliminary clinical 
data suggest that thalidomide analogues CC-5013, lenalido-
mide, and CC-4047, pomalidomide, are more potent and 
have a better toxicity profile, including reduced risk of  
inducing CIPN. 

THALIDOMIDE: A COMPLEX BALANCE BETWEEN 

CHEMISTRY, METABOLISM, AND HYDROLYSIS 

 The structure of thalidomide, 1, is characterized by a 3-
substituted glutarimide ring (2,s-piperidinedione ring; car-
bons numbered 1’ - 6‘) and a phthalimide ring (1,3-
isoindolinedione ring; carbons numbered 1 - 9). Both rings, 
especially the phthalimide ring, are prone to hydrolysis, in
vivo or in vitro. Fig. (2) depicts 12 hydrolysis products of 
thalidomide and their routes of degradation [11, 12]. These 
compounds, Table 1, are non-enzymatically formed in aque-
ous solution under physiological conditions. Moreover, tha-

lidomide is racemic and it contains both left (L)- and right 
(R)-handed isomers in equal amounts. Only the (S) enati-
omer is teratogenic and causes birth defects, but since the 
enantiomers are rapidly interconverted, in vivo administering 
only one enantiomer will not prevent the teratogenic effect in 
humans. The four amide bonds in thalidomide allow for sim-
ple and rapid hydrolysis. In addition, thalidomide is racemic 
and rapidly interconverts between two confirmed enanti-
omers. Furthermore, hydrolysis products with intact 
phthalimido or glutarimide rings can potentially be further 
metabolized via cytochrome P450, although this pathway has 
not been confirmed yet. As a result, over 100 different com-
pounds can theoretically form. Pharmacokinetic studies of 
thalidomide have identified three hydrolysis products in hu-
man plasma using liquid chromatography-mass spectrome-
try; -(o-carboxybenzamido) glutarimide 2, 2-phthalimido-
glutaramic acid 3 and 4- phthalimidoglutaramic acid 4 [13]. 
These hydrolysis products were also found in human 
urine.The same metabolite profile was observed in mouse 
plasma and urine following both oral and intravenous ad-

Fig. (2). Structural formula of products formed by non-enzymatic hydrolysis of thalidomide [12]. 
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ministration, with the addition of 4-(o-carboxybenzamido) 
glutaramic acid 5 in urine. Studies administering radiola-
belled thalidomide were carried out in the 1960's and simi-
larly found -(o-carboxybenzamido)gluta-rimide 2 to be the 
major hydrolysis product in man, followed by 4-phthalimido-
glutaramic acid 4 [11, 14]. The remaining hydrolysis prod-
ucts have not been identified in humans, but are produced 
when thalidomide is in aqueous solution [15-18]. All 12 
products can be formed at pH 7.4, but only the phthalimide 
ring is cleaved, resulting in -(o-carboxybenz-amido) glu-
tarimide 2, between pH 6.0 and 7.0 [17]. The rate of hy-
drolysis is highly dependent on pH, with hydrolysis occur-
ring much more slowly at lower pH. Early experiments dem-
onstrated a half-life of 2.4 hours for thalidomide in vitro at 
pH 7.4 and 37° C, resulting in the primary hydrolysis prod-

ucts -(o-carboxybenzamido)gluta-rimide 2, 2-phthalimi-
doglutaramic acid 3 and 4-phthalimido-glutaramic acid 4,
which are significantly more stable in solution [16]. 

 In addition to spontaneous hydrolysis, thalidomide  
undergoes enzymatic metabolism, albeit to a lesser extent, 
and this has been the subject of extensive investigation over 
several years. A series of in vitro and in vivo studies have 
been performed to elucidate the structures of the metabolites 
formed, identify the enzymes responsible for their pro-
duction and assess interspecies differences in metabolism, 
which may account for interspecies differences in the bio-
logical effects of thalidomide. The structures of some of the 
thalidomide metabolites (both confirmed and proposed in the 
literature) that can be formed by enzyme-mediated meta-
bolism are depicted in Fig. (3). Most attention has focused 

Table 1. Products Formed by Non-Enzymatic Hydrolysis of Thalidomide [12]  

2 -(o-carboxybenzamido)glutarimide    14  2-(o-carboxybenzamido)glutaramic acid    

3 2-phthalimidoglutaramic acid  phthaloylglutamine 15  2-aminoglutaramic acid  glutamine 

4 4-phthalimidoglutaramic acid  phthaloylisoglutamine 16  4-aminoglutaramic acid  isoglutamine 

5 4-(o-carboxybenzamido)glutaramic acid    17  -aminoglutaramide    

6 2-phthalimidoglutaric acid  phthaloylglutamic acid 18  phthalic acid    

7 2-(o-carboxybenzamido)glutaric acid    19  2-aminoglutaric acid  glutamic acid 

Fig. (3). Structural formula of products formed by enzymatic metabolism of thalidomide. Metabolite structures that have been proposed in

the literature but not yet confirmed are within a box [12]. 
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on the monohydroxylated metabolites, Table 2, which in-
clude 5-hydroxythalidomide (5-OH) 8 formed by hydroxyla-
tion of the phthalimide ring (possibly via an arene oxide in-
termediate [19]) and 5'-hydroxythalidomide (5'-OH) 9

formed by hydroxylation of the glutarimide ring. Studies 
using rat liver microsomes have shown that this biotransfor-
mation is stereo-selective, with S-(-)-thalidomide preferen-
tially forming 5-OH, and R-(+)-thalidomide preferentially 
forming trans-5' hydroxythalidomide, which epimerizes 
spontaneously to give the more stable cis isomer [20-22]. 
Several other metabolites have been proposed, including 
dihydroxylated metabolites, and a glucuronide conjugate of 
thalidomide was recently identified in mouse urine [23]. 

 As previously reported the metabolic fate of thalidomide 
in humans is complex and poorly understood, but it is  
believed to involve a number of hydroxylation reactions. The 
end-product of metabolism, phtalic acid, is excreted as a 
glycine conjugate. Conjugation reactions, such as the forma-
tion of glucuronides of biologically active substances, are 
classically considered as detoxification processes, but  
metabolites can become even more active by the formation 
of conjugates [24]. Therefore, carbon oxidation (4-hydroxy-
lation), N-acetylation and conjugative reactions, including 
glycine and glucuronide conjugation, are potentially crucial 
to thalidomide’s metabolism and, possibly, CIPN develop-
ment. 

IMMUNOMODULATORY DRUGS: IMiDs 

 Newer classes of -phthalimidoglutarimides, designed 
and synthetized by Celgene Corp., are designated as IMiDs
(Immunomodulatory Drugs). Their structures are shown as 
compound 20, lenalidomide (CC-5013, Lenalidomide®) and 
compound 21, CC-4047 (Pomalidomide, Actimid®), Fig. (4)
and they exhibit distinct antiangiogenic activity in vitro
in cell proliferation assays. The compounds are structural 
analogues of both thalidomide and the deoxy analogue EM-
12, Fig. (5), and possess significant activity as immuno-
modulators [25]. 

Fig. (4). Structure of IMiDs CC-5013 (lenalidomide)  and CC-4047 

(pomalidomide). The thalidomide structure 1 was modified by add-

ing an amino (NH
2
-) group at the 4 position of the pthaloyl ring to 

generate the IMiDs CC-5013, 20,  and CC-4047, 21. For CC-5013, 

one of the carbonyls (C=O) of the 4-amino-substituted phthaloyl 

ring has been removed.

 IMiDs showed marked increases in interleukin (IL)-2 and 
interferon-gamma secretion. These compounds upregulate 
the CD40L expression on anti-CD3 stimulated T cells,  
resulting in activation of natural killer cells, and thus  
improve host immunity against tumour cells. IMiDs do not 
inhibit phosphosdiesterase type 4 (PDE4), a phosphodi-
esterase isoenzyme found in human myeloid and lymphoid 
lineage cells [26] that functions to maintain cAMP at low 
intracellular levels, resulting in modulation of LPS-induced 
cytokines [25]. In 2005 lenalidomide was FDA-approved for 
the treatment of myelodysplastic syndrome (MDS) in  
patients with deletion 5q cytogenetic abnormality [27] and in 
2006 for use in combination with dexamethasone in patients 
with relapsed MM. Pomalidomide is currently in clinical 
development for the treatment of haematological malignan-
cies [28-31]. 

Fig. (5). Structure of EM-12.

CLINICAL EXPERIENCE WITH LENALIDOMIDE 

AND PERIPHERAL NEUROPATHY 

Multiple Myeloma 

Lenalidomide Monotherapy 

 An open-label randomized phase II study in 102 heavily 
pre-treated, relapsed or refractory MM patients evaluated the 
efficacy and safety of two lenalidomide dosing regimens,  
15 mg twice daily (n=35) and 30 mg once daily (n=67) on 
days 1-21 of a 28 day cycle [32]. Overall response rates for 
the once daily dose group was 24% with 4 patients (6%) 
achieving a complete remission, 8 (12%) having a partial 
remission, 4 (6%) demonstrating minor responses and 29 
(43%) maintaining stable disease status. In the twice daily 
dose group an overall response was seen in 10 patients 
(29%), with 5 patients (14%) achieving partial remissions, 5 
(14%) exhibiting minor responses, and 14 patients (40%) 
showing stable disease. Common grade 3/4 toxicities in both 
arms included: neutropenia (range 61-69%), leucopoenia (34-
37%), lymphopenia (37-40%), thrombocytopenia (31-43%) 
and anaemia (14-16%). Of importance, the incidence of 
treatment-emergent peripheral neuropathy was 8 (23%) of 35 
in the twice-daily arm versus 7 (10%) of 67 for the once-
daily arm, with 3% grade 3 neuropathy. 

 The median number of prior lines of therapy was 4 
(range, 1-13), and 56% of patients had received more than 3 

Table 2. Products Formed by Enzymatic Metabolism of Thalidomide [12]  

8 5-hydroxythalidomide  11  cis, trans-5’-hydroxy-N-(o-carboxybenzoyl)glutamic acid imide  

9 cis, trans-5’-hydroxythalidomide  12  cis, trans-5,5’-dihydroxythalidomide  

10 Thalidomide-5-O-glucuronide  13  5,6-dihydroxythalidomide  
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lines of prior therapy. Moreover, 61%, 76%, and 18% of 
patients had received prior high dose chemotherapy followed 
by stem cell transplantation, thalidomide - prior thalidomide 
was permitted, but patients had to be off treatment for at 
least 21 days -, and bortezomib, respectively. 

Lenalidomide Plus Dexamethasone 

 The use of lenalidomide plus dexamethasone for relapsed 
or refractory MM was investigated in two phase III random-
ized, multicenter, multinational, double-blind, placebo-
controlled studies comparing lenalidomide plus oral pulse 
high-dose dexamethasone therapy to dexamethasone therapy 
alone, in patients with MM who had received at least one 
prior treatment [33, 34]. The trials were conducted in North 
America (MM-009 with 353 pts) and Europe/Australia/Israel 
(MM-010 with 351 pts). Baseline demographic and disease-
related characteristics were comparable between the lenalido-
mide/dexamethasone and placebo/dexamethasone groups. 
The patients in the two studies were not refractory to high-
dose dexamethasone. In both studies, patients in the  
lenalidomide/dexamethasone group received 25 mg of  
lenalidomide once daily orally on Days 1 to 21 and a match-
ing placebo capsule once daily on Days 22 to 28 of each 28-
day cycle. Patients in the placebo/dexamethasone group  
received 1 placebo capsule on Days 1 to 28 of each 28-day 
cycle. Patients in both treatment groups took 40 mg of oral 
dexamethasone once daily on Days 1 to 4, 9 to 12 and 17 to 
20 of each 28-day cycle for the first 4 cycles of therapy. The 
dose of dexamethasone was reduced to 40 mg once daily on 
days 1 to 4 of each 28-day cycle after the first 4 cycles of 
therapy. In both studies, treatment was continued until dis-
ease progression or unacceptable toxicity. Grade 3-4 adverse 
events were more frequent in patients who received the com-
bination lenalidomide/dexamethasone compared to placebo/ 
dexamethasone in both the North American and Europe/ 
Australia/Israel studies [33, 34]. In the North American 
study, grade 3-4 hematologic toxicities (lenalidomide/dexa-
methasone vs. placebo/dexamethasone) were neutropenia, 
observed in 41.2% vs. 4.5% and thrombocytopenia, in 14.7% 
vs. 6.9%. A similar trend was reported in the Europe/Austra-
lia/Israel study, where the incidences of grade 3-4 neutro-
penia and thrombocytopenia in the lenalidomide/dexametha-
sone arm compared to the placebo/dexamethasone arm were 
29.5% vs. 2.3% and 11.4% vs. 5.7% respectively [33]. In the 
lenalidomide/dexamethasone groups the incidence of grade 
3-4 peripheral neuropathy was 1.7% vs. 1.1% in the pla-
cebo/dexamethasone arm for the North American study and 
6.9% in the both arms in Europe/Australia/Israel study, gen-
erally indicated as neurological disorders, with only 0.6% of 
paresthesias in lenalidomide/dexamethasone group [33, 34]. 

 In an Expanded Access Program (EAP) for lenalidomide 
and dexamethasone in North America more than 1400  
patients with MM who received at least 1 prior therapy were 
studied for the likelihood of benefit and to obtain additional 
safety data [35]. A data snapshot of 746 patients revealed 
422 patients with at least one adverse event submitted for 
safety analysis. The most common grade 3 adverse events 
were neutropenia (11.6%), anaemia (6.2%), fatigue (5.5%), 
thrombocytopenia (4.5%) and pneumonia (4.5%). Grade 3 
neuropathy was reported in 10 patients (2.4%). Overall, of  

422 patients studied, grade 1-4 neuropathy was reported in 
53 patients (12.6%) [35]. Remarkably, the 67.3% of the  
patients in the EAP had a pre-existing neuropathy at the in-
clusion in the study vs. 28.2% of patients at the inclusion in 

the North American study [33]. 

 In a phase II study, 34 newly diagnosed MM patients 
were treated with lenalidomide 25 mg on days 1-21 of a 28-
day cycle and dexamethasone [36]. After four cycles of 
treatment, patients were allowed to proceed to stem cell 
transplant (SCT) or remain on treatment with dexamethasone 
reduced from 40 mg, days 1-4, 9-12, and 17-20, to 40 mg 
days 1-4 of each cycle. Ninety-one percent reported an  
objective response, with a median time to response of one 
month. Six patients (18%) achieved a complete response and 
13 (38%) achieved a “very good partial response”. In addi-
tion, 35% of patients exhibited a partial response. Among the 
21 patients who elected to continue in the study rather than 
proceed to SCT and received a median of 19 cycles of ther-
apy, 24% achieved complete response, 43% had a very good 
partial response and 19% a partial response. For the entire 
cohort, 2-year time to progression (TTP) rate was 71% and 
3-year overall survival (OS) was 88%. Grade 3 or higher 
non-haematological toxicities were seen in 55% of patients 
[37]. The most common adverse events grade 3 were neu-
tropenia (21%), leucopoenia (9%), lymphopenia (6%), 
anaemia (6%), fatigue (21%), muscle weakness (6%), anxi-
ety (6%), pneumonitis (6%) and rash (6%) [36]. The three 
most common grade 1-2 adverse events were fatigue (41%), 
muscle weakness (29%), and neuropathy (21%). In the phase 
III trial of lenalidomide plus high-dose dexamethasone  
versus lenalidomide plus low-dose dexamethasone in newly 
diagnosed patients with MM coordinated by the Eastern  
Cooperative Oncology Group (E4A03), peripheral neuropa-
thy was reported in 2% of the patients in high-dose arm  

compared with 1.5% in the low dose arm [38].  

Lenalidomide, Bortezomib and Dexamethasone 

 A retrospective review of 17 naive patients with MM 
treated with bortezomib-lenalidomide-dexamethasone  
reported disease remission in 14 patients (82%) including 2 
patients (12%) with complete response. Adverse events  
included deep venous thrombosis (1 patient), short term 
grade 3 neuropathy (1 patient), grade 3 thrombocytopenia (1 
patient) and non-neutropenic pneumonia (1 patient) [39].  

 In a single-centre study, 78 patients with recurrent MM 
who had received bortezomib were retrospectively reviewed 
for the incidence, severity and risk factors for peripheral  
neuropathy [40]. Before bortezomib treatment 29 patients 
(37%) reported grade 1 or 2 neuropathy and 1 patient had 
grade 3. Seventeen patients (22%) had diabetes mellitus and 
66 patients (85%) had received prior thalidomide, both fac-
tors which may contribute to peripheral neuropathy [40]. In 6 
of 9 patients who experienced peripheral neuropathy with 
bortezomib, two weeks after switching treatment to  
lenalidomide, significant unexpected improvement in  
peripheral neuropathy symptoms was observed, including 3 
patients who were able to stop analgesics, although a clear 
causal relationship between lenalidomide treatment and  
neuropathy course could not be established. 
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Myelodysplastic Syndromes 

 One of the adverse events reported in clinical studies of 
patients with deletion 5q MDS treated with lenalidomide was 
peripheral neuropathy (overall 5.4%) [41]. No cases of  
peripheral neuropathy were reported in the MDS-003 regis-
tration trial in patients with transfusion-dependent anaemia 
due to low/intermediate-1 risk MDS with deletion 5q cyto-
genetic abnormality with or without other cytogenetic ab-
normalities [42]. In additional trials (MDS-001 and MDS-
002) no cases of peripheral neuropathy were reported [43, 44].  

Recurrent Epithelial Ovarian Cancer 

 Lenalidomide was evaluated in a phase I/II study in  
patients with recurrent epithelial ovarian cancer following 
platinum and taxane based combination therapy and at least 
one second-line therapy [45]. Of the 15 patients averaging 3 
prior chemotherapies in the study peripheral neuropathy 
(grade 1-2) was observed in 4 (27%) patients. 

LENALIDOMIDE AND PERIPHERAL NEUROPA-

THY (POSTMARKETING DATA) 

 As usual with any new drug, important information on 
the actual toxicity profile in daily clinical practice can be 
obtained only from the postmarketing surveillance data, 
available for lenalidomide from the Celgene archives.  

 The MedDRA version 10.1 Standardized MedDRA Query 
(SMQ) for peripheral neuropathy with the Preferred Terms 
categorized as narrow scope was used to retrieve the cases 
from the drug safety database. Selected Preferred Terms such 
as Dysesthesia, Hypoesthesia, and Paresthesia that are cate-
gorized as broad scope were considered neuropathy and were 
also used to retrieve cases from the drug safety database. The 
Preferred Terms (PT) that were retrieved are shown in Table 
3; all the events will be collectively referred to as neuropathy 
for the purpose of this review. All the events of neuropathy, 
which were included in this database, were reported by 
health care professionals and assessed either by the reporter 
or by Celgene as suspected to be related to lenalidomide. The 
period covered was December 27th, 2005 to December 27th, 
2007. It’s very important to be fully aware that these are 
spontaneous notifications and that they are consistently af-
fected by under-reporting because of their own nature. We 
cannot measure the real incidence of CIPN from these data 
but they can be useful to monitor and trace eventual safety 
signals. 

 During the covered period, a total of 28,625 patients were 
dispensed lenalidomide for various indications (18,693 for 
MM 7,764 for MDS, and 2,168 for other indications) in the 
commercial environment in United States. An estimated 
7,383 patients were dispensed lenalidomide in Europe, of 

Table 3. Number and Reporting Rate (%) of Neuropathy by Indication and Source  

Postmarketing (US) Postmarketing (Europe) 

Preferred Term 
MM

n (RR %) 

MDS 

n (RR %) 

Other
1

n (RR %) 

MM

n (RR %) 

Other
2

n (RR %) 

Total 

Demyelinating polyneuropathy 0 1 (0.01) 0 0 0 1 

Dysesthesia 1 (0.01) 0 0 0 0 1 

Hypoesthesia 23 (0.12) 2 (0.03) 4 (0.18) 0 0 29 

Neuralgia 1 (0.01) 0 0 0 0 1 

Neuritis 0 1 (0.01) 0 0 0 1 

Neuropathy 41 (0.22) 8 (0.10) 3 (0.14) 3 (0.05) 2 (0.16) 57 

Neuropathy peripheral 17 (0.09) 1 (0.01) 1 (0.05) 0 0 19 

Paresthesia 11 (0.06) 2 (0.03) 3 (0.14) 1 (0.02) 1 (0.08) 18 

Peripheral motor neuropathy 0 0 1 (0.05) 0 0 1 

Peripheral sensory neuropathy 1 (0.01) 0 1 (0.05) 0 0 2 

Polyneuropathy 0 0 0 1 (0.02) 1 (0.08) 2 

Sensory loss 1 (0.01) 0 0 0 0 1 

Total 96 (0.51) 15 (0.19) 13 (0.60) 5 (0.08) 4 (0.32) 133 (0.37) 

MM = multiple myeloma; MDS = myelodisplastic syndrome; RR = reporting rate  
1 Other indications include ovarian cancer metastatic (1), chronic lymphocytic leukemia (1), amyloidosis (2), prostate cancer (1), myelofibrosis (1), lymphoproliferative disorder (1), 

and unknown (3).  
2 Other indications were unspecified. 
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which about 83% (6,114) had MM and about 17% (1,269) 
had unspecified other indications. The number of reports and 
reporting rate of neuropathy by indication and source is 

found in Table 3.

Multiple Myeloma 

 Out of an estimate of 18,693 patients prescribed with 
lenalidomide for MM, during the covered period a total of 96 
events of neuropathy were reported by 87 patients. Nine of 
them had more than one event (hypoesthesia and paresthe-
sia). The median age of the 87 patients was 68 years (range: 
38-89 years). Sixty-one percent (61%) of the patients were 
over 65-year-old. There were 39 females, 49 males, and 4 of 
unknown gender and 73% (70/96) of the events of neuropa-
thy were considered to be non-serious. The median time to 
onset of the neuropathy for 33 reports with available infor-
mation was 60 days (range: 4-1825). For the outcome of the 
events with available information, 16 patients recovered, 22 
patients had not recovered at the time of the report, and  
recovery status was unknown/not provided in 58 reports. Of 
the 35 reports with available information, relevant medical 
history and/or concurrent conditions that could have contrib-
uted to the neuropathy were pre-existing neuropathy, diabe-

tes, hypothyroidism, renal failure, and alcohol use. 

Myelodysplastic Syndrome 

 Out of an estimate of 7764 patients with MDS being pre-
scribed with lenalidomide, a total of 15 events of neuropathy 
were reported by 14 MDS patients during the postmarketing 
period covered. The median age of MDS patients was 71.5 
years (range: 37-89). Ten of the 14 patients were over 65-
year-old. There were 9 females and 5 males and 80% (12/15) 
of the events of neuropathy were considered to be non-
serious. The median time to onset of neuropathy for 7 reports 
with available information was 30 days (range: 28-180). Two 
patients recovered in the follow-up, 4 did not recover and the 
outcome was unknown/not provided in 9 reports. Of the 7 
reports with available information, relevant medical history 
and/or concurrent conditions that could have contributed to 
the neuropathy were pre-existing neuropathy, rheumatoid 
arthritis, vitamin B12 deficiency, hepatic cirrhosis, hypothy-
roidism, and tobacco use.  

Other Indications 

 Out of an estimate of 2168 patients who received  
lenalidomide for other indications than MM and MDS a total 
of 13 events of neuropathy were reported by 10 patients  
during the covered period. Three of the 10 patients had more 
than one event, of which 2 patients had hypoesthesia and 
paresthesia, and one patient had paresthesia and peripheral 
motor neuropathy. The median age of the patients was 76 
years (range: 41-78). Four of the 7 patients with available 
information were over 65-year-old. There were 6 males, 1 
female, and 3 of unknown gender and 77% (10/13) of the 
events of neuropathy were considered to be non-serious. The 
median time to onset of neuropathy for 6 reports with avail-
able information was 49 days (range: 34-117). Three patients 
recovered in the follow-up, 1 has not recovered at the time of 
the report, and the outcome was unknown/not provided in 9 
reports. Of the 2 reports with available information, relevant 

medical history that could have contributed to the neuropa-
thy was pre-existing neuropathy. 

POMALIDOMIDE 

 Pomalidomide (CC-4047) is a co-stimulatory thalidomide 
analogue that can prime protective, long-lasting, tumour  
specific, Th1-type responses in vivo [46]. 

 A phase I study using the drug evaluated 24 relapsed or 
refractory MM patients that were treated with a dose-
escalating regimen of oral pomalidomide [47]. Pomalido-
mide treatment was associated with significantly increased 
serum IL-2 receptor and IL-12 levels, which is consistent 
with activation of T cells and monocytes and macrophages. 
Clinical activity was noted in 67% of patients with greater 
than 25% reduction in paraprotein, but, interestingly, 13  
patients experienced a greater than 50% reduction in para-
protein, and four (17%) of 24 patients entered complete  
remission. The treatment-related thrombosis incidence was 
12.5%, similar to treatment with thalidomide alone in MM 
[48]. Similar to lenalidomide, the dose-limiting toxicity was 
myelosuppression, with neutropenia occurring in 6 patients 
within 3 weeks of starting therapy.  

 Recently, a Phase 1 study to determine the maximum 
tolerated dose (MTD) of pomalidomide at 1 mg, 2 mg, 5 mg 
and 10 mg on alternate days was performed [49]. Twenty 
patients with relapsed myeloma were treated. Grade 4  
neutropenia occurred in all patients receiving 10 mg and the 
MTD was defined as 5 mg on alternate days. No thrombotic 
events were observed. Notably, neurological complications 
were limited to transient tremor in 2/20 patients and there 
was no reported somnolence. Pomalidomide was continued 
following the 4-week MTD study in 17/20 patients for a  
median of 14 months and 10% of patients had a complete 
response, while >50% reduction in paraprotein was achieved 
in 50% of subjects. Progression-free survival was 10.5 
months and median overall survival was 33 months. A  
significant rise was observed in the proportion of CD8+ 
cells. Alternate day pomalidomide was associated with a 
marked reduction in the incidence of thrombosis whilst 
maintaining excellent anti-myeloma activity 

 Based on the different activity profile of this agent, as 
compared to lenalidomide, plans are in place to advance this 
compound into Phase II trials to further evaluate its efficacy 
and safety profile in several hematologic malignancies and 
solid tumours [50]. 

CONCLUSION 

 The IMiDs model is an interesting example of the possi-
bility to “tailor” the pharmacologic properties of new mole-
cules starting from an active, but potentially markedly toxic, 
first-in-class molecule. 

 This attempt is even more important in the case of IMiDs 
since thalidomide is a peculiar molecule with an extremely 
complex, specie-specific metabolism, a feature that enhance 
the difficulty of researchers when they try to dissect out the 
“positive effects” from the undesired side effect of the drug. 

 The results obtained so far with lenalidomide, and to a 
lesser extent with pomalidomide, in terms of reduced inci-
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dence of neurotoxic effects are very promising and, if they 
will be confirmed by further experimental data and clinical 
practice, they will represent one of the most valid result of 
pharmacological research recently reported in the field of 
antineoplastic chemotherapy.  
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