[JPPR

ISSN 2349-7203

INTERNATIONAL JOURNAL OF PHARMACY & PHARMACEUTICAL RESEARCH

Human Journals

Review Article

April 2020 Vol.:18, Issue:1

© All rights are reserved by Fareesa Fatima et al.

An official Publication of Human Journals

Thalidomide: An Overview on Teratogenicity and its Newer

Therapeutic Effects

@ LJPPR
INTERNATIONAL JOURNAL OF PHARMACY &

Fareesa Fatima*[®, Roshan.Sf!

[a] Student, Deccan School of Pharmacy (affiliated to

ouU)

[b] Professor, Deccan School of Pharmacy

Department of Pharmaceutical Chemistry, Deccan
School of Pharmacy, Dar-us-salam, Aghapura,
Hyderabad-500001, Telangana, INDIA.

Submission: 20 March 2020
Accepted: 28 March 2020
Published: 30 April 2020

HUMAN JOURNALS

www.ijppr.humanjournals.com

Keywords:  Thalidomide, = Phocomelia,  Teratogenicity,
S.T.EP.S.

ABSTRACT

Thalidomide was first introduced to the market in Germany
under the brand name of Contergan in 1956, as a “non-
barbiturate hypnotic”, advocated to ensure a good night’s sleep
and to prevent morning sickness in pregnancy. It has been
banned from the market since 1963 after it caused the
worldwide teratogenic disaster: babies exposed to thalidomide
in utero during the first 34-50 days of pregnancy were born
with severe life-threatening birth defects such as Phocomelia.
In addition to limb reduction anomalies, other effects later
attributed to thalidomide included congenital heart disease,
malformations of the inner and outer ear, and ocular
abnormalities. The thalidomide tragedy was averted in the
United States because of the hold on its approval by Dr. Frances
Kelsey of the U.S. Food and Drug Administration, who was
recognized by President John F. Kennedy as a recipient of the
Gold Medal Award for Distinguished Civilian Service. The
thalidomide tragedy also brought into sharp focus the
importance of rigorous and relevant testing of pharmaceuticals
before their introduction into the market place. Despite its
unfortunate history, thalidomide has attracted scientific interest
again in the 1980s, as it was found to be a powerful anti-
angiogenic drug, inhibiting the growth of blood vessels in
tumors. It has come into wide use as a cancer drug, primarily in
the treatment of multiple myeloma. Its broad range of biological
activities stems from its ability to moderate cytokine action in
cancer and inflammatory diseases. Thalidomide is found to be
highly effective in managing the cutaneous manifestations of
leprosy, being superior to Aspirin in controlling leprosy-
associated fever. In this study, the structure, chemistry,
synthesis, structure activity and relationship, the history of
thalidomide, its teratogenic effects, mechanism of
teratogenicity, its newer therapeutic applications and
development of less toxic and more active analogs are
discussed. This study also gives brief information related to
S.T.E.P.S (System for Thalidomide Education and Prescribing
Safety) designed by Celgene pharmaceuticals.
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1. INTRODUCTION

1.1 Structure:

O

Figure No. 1: Structure of Thalidomide
IUPAC Name: (RS)-2-(2,6-dioxopiperidin-3-yl)-1H-isoindole-1,3(2H)-dione
Molecular Formula: C13H10N204
Physical properties: (1?1
State — Solid
Description — Thalidomide is off-white to white, odourless, crystalline powder.

Solubility — Slightly soluble in water, methanol, ethanol or acetone, highly soluble in

dimethylformamide and DMSO, but insoluble in ether, chloroform or benzene.

1.2 Chemistry:
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Figure No. 2: (+) — (R) and (-) — (S) Enantiomers of Thalidomide
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Thalidomide (a-N- [phthalimido] glutarimide, C13H10N204), is a glutamic acid derivative
initially introduced as a sedative hypnotic nearly forty years ago. It was withdrawn following
numerous reports linking it to a characteristic pattern of congenital abnormalities in babies
born to mothers who used the drug for morning sickness.™!

Thalidomide is racemic; while the S-thalidomide is the bioactive form of the molecule, the
individual enantiomers can racemize to each other due to the acidic hydrogen at the chiral

centre, which is the carbon of the glutarimide ring bonded to the phthalimide substituent. 21

R and S Enantiomers are the chemical compounds that are the mirror image to each other and
may have different active properties. The racemic mixture is the one having both R and S

enantiomers.

R or the Right enantiomer is identified as the isomer that rotates the polarized right to the
right and the S to the left. Hence, they are called + and — isomers. [

The R-isomer of TD has sleep-inducing properties and is 55% plasma protein - bound while
the S-isomer is teratogenic with 65% plasma binding ™ R-isomer, with useful properties,
was tried to isolate and purify it as a drug but TD turns into a racemic mixture as it enters into
the human plasma Bl. Knoche et al. found that human serum albumin influences the
racemization process. Therefore, even purified TD would be converted into both isomers in

the human plasma and become teratogenic. [©]
1.3 Structure Activity Relationship (SAR):

Studies on the structure activity relationship (SAR) of the metabolites of thalidomide and its
analogues have revealed that the phthalimide ring system is an essential pharmacophoric

fragment.[”]

Substituted N-phenylphthalimides are of high interest because they have been found to inhibit
TNFa B9 and COX B and have tubulin binding properties [, With these properties in
mind, phthalimide has usually been employed in the design of potential anti-inflammatory

(111 “immunomodulatory 2- 141 antiangiogenic 51 and antitumour 821 drugs.

In this promising scenario, the strategy of molecular hybridization using phthalimide as a
pharmacophoric fragment has figured prominently and led to many successful cases. [
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Figure No. 3: Bioisosteric relationship between thalidomide and the proposed

thiosemicarbazones, thiazolidinones and thiazoles

On the other hand, thiosemicarbazones are compounds of considerable interest because of

their important chemical properties and potentially beneficial biological activities 22251,

4-N-substituted thiosemicarbazones show remarkable activity in comparison with their
unsubstituted counterparts. An enhanced inhibitory effect may be attributed to the increased

lipophilicity that allows the molecules to easily cross the cell membrane.?!
The 4- N nitrogen of the thiosemicarbazone skeleton may contain:

a) Two hydrogen atoms (unsubstituted thiosemicarbazones);

b) One hydrogen atom and one alkyl or aryl group and

c) Two alkyl or aryl groups or may be a part of a cyclic ring.

The 2-N and 4-N nitrogen of the thiosemicarbazone skeleton were then substituted by alkyl
groups to improve the lipophilicity. [26]
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Figure No 4: Substitution of thiosemicarbazone skeleton with an alkyl group to improve

lipophilicity
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1.4 Synthesis:

Celgene Corporation originally synthesized thalidomide using a three-step sequence starting

with L-glutamic acid treatment, but this has since been reformed by the use of L-glutamine.

N-carbethoxyphtalimide reacts with L-glutamine to vyield N-phthaloyl-L-glutamine.
Cyclization of N-phthaloyl-L-glutamine occurs using carbonyldiimidazole, which then yields

thalidomide.

Celgene Corporation's original method resulted in a 31% yield of S-thalidomide, whereas the

two-step synthesis yields 85-93% product that is 99% pure. 27]
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Figure No. 5: Three step synthesis (Older Method)

x DMAP

N-Carbethoxypthalimide N- phthaloyl-L-glutamine Thalidomide

Figure No. 6: Muller et al. Two-step Thalidomide Synthesis
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2. TERATOGENICITY:

Teratogens are substances that may cause birth defects via a toxic effect on an embryo or
foetus. (281

Teratogenicity is a manifestation of developmental toxicity, representing a particular case of
embryo/fetotoxicity, by the induction or the increase of the frequency of structural disorders

in the progeny.?°!
2.1 History of Thalidomide and Related Teratogenicity:

Thalidomide was originally released in the Federal Republic of Germany (West Germany)
under the label of Contergan on October 1, 1957, by Chemie Griunenthal. The drug was
primarily prescribed as a sedative or hypnotic, but it was also used as an antiemetic (morning
sickness in pregnant women), and sedative. The drug was banned in 1961 after
its teratogenic properties were observed. The problems with thalidomide were, aside from the
teratogenic side effects, both high incidence of other adverse reactionsalong with
poor solubility in ~ water ~ and absorption from  the intestines.B%  Adverse  reactions
include peripheral neuropathy in majority of patients, constipation, thromboembolism along
with dermatological complications.®!!

Four years after thalidomide was withdrawn from the market for its ability to induce severe
birth defects, its anti-inflammatory properties were discovered when patients suffering
from erythema nodosum leprosum (ENL) used thalidomide as a sedative and it reduced both
the clinical signs and symptoms of the disease. Thalidomide was discovered to inhibit tumour
necrosis factor-alpha (TNF-a) in 1991. TNF-a is a cytokine produced by macrophages of the
immune system, and also a mediator of inflammatory response. Thus the drug is effective

against some inflammatory diseases such as ENL.
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Figure No. 7: History of Thalidomide and its Analogs

In 1994 Thalidomide was found to have anti-angiogenic activity®? and anti-tumor
activity™ which propelled the initiation of clinical trials for cancer including multiple
myeloma. The discovery of the anti-inflammatory, anti-angiogenic and anti-tumor activities

of thalidomide increased the interest of further research and synthesis of safer analogs.[34 [
2.2 Phocomelia:

In the late 1950s and early 1960s, more than 10,000 children in 46 countries were born with

deformities, such as phocomelia, as a consequence of thalidomide use.r®!
Phocomelia is the most serious adverse effect of Thalidomide.

The word “phocomelia” means seal limbs and the term was first used by a French anatomist
Etienne Geoffroy Saint-Hilaire for the flipper-like limbs B7]. Limbs and bone defects are the
most striking component of Thalidomide Embryopathy. The condition involving
malformations of arms and legs is known as phocomelia. Phocomelia is characterized by the
severe shortening of the limbs where long bones are reduced or missing and distal elements

or hand-plates remain with further anomalies. [381(2°]
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Figure No. 8: Children affected with Thalidomide

The severity and location of the deformities depended on how many days into the pregnancy
the mother was before beginning treatment; thalidomide taken on the 20th day of pregnancy
caused central brain damage, day 21 would damage the eyes, day 22 the ears and face, day 24
the arms, and leg damage would occur if taken up to day 28. Thalidomide did not damage the

foetus if taken after 42 days of gestation.! "]

20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 Post-conception Days
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 SI Post-menstrual Days
? Inner ear damage
Microphthalmia
Coloboma
Thumb damage
Upper limb’s Amelia

Upper limb’s long bones reduction

Lower limb’s reduction

Figure No. 9: Thalidomide Embryopathy hallmarks indicated with a time- sensitive

period
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2.3 Mechanism of Action of Thalidomide resulting in Teratogenicity:
The proposed mechanisms of Thalidomide teratogenicity include:

= Apoptosis or cell death through Reactive Oxygen Species (ROS) [
= Inhibition of Nitrous Oxide (NO) in endothelial cells 2 and

= Degradation of SALL4 transcription factor by binding to the Cullin 4 (CUL4)-CRBN E3

ubiquitin ligase complex. 3]
SALLA4 degradation via CRBN binding and species specificity:

This is the most recently proposed mechanism for Thalidomide induced teratogenicity which

is explained as follows:

SALL4 (Spalt-like transcription factor 4) is a transcription factor essential for limb
development and its heterozygous loss during human development results in phenocopies of
TD-like features such as phocomelia, thumbs, ear, eye, and heart defects. Recently, Donoven
et al. have shown that TD degrades SALL4 in humans, primates, and rabbits indicating a
possible mechanism of action for TD. On the other hand, TD did not effect SALL4 in rodents

or fish demonstrating the species-specific and possibly the mechanism of TD teratogenicity.
[44]

CRBN is a protein encoded by the CRBN gene and plays an important role in embryo
development as it forms a ligase complex with other proteins and targets developmentally
important transcription factors 151, TD makes a complex with CRBN which is the component
of CUL4-CRBN complex.

TDCRBN-CUL4 complex degrades the SALL4 transcription factor in human cells and

rabbits but not in resistant species as mice. 4142
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Figure No. 10: Mechanism of Species-Specific thalidomide teratogenicity

It is proposed that the sequence differences in SALL4 between susceptible species, human
and rabbit and, resistant species i.e., the mouse is responsible for the degradation of SALL4
by TD-CRBN-CUL4 complex. [l

The currently proposed mechanism of TD teratogenicity is supported by the striking
resemblance between Thalidomide Embryopathy and the congenital syndromes, Duane

Radial Ray and Holt-Oram, which result from the mutation of the SALL4 gene. [47]

The investigation into the species-specific differences dates back when Fratta et al.
investigated the teratogenic effect of oral administration of TD on rabbits, rats, hamsters, and
mice and found that the rabbits were the only species that showed the dose-dependent foetal
anomalies in the tissues of mesodermal origin such as pes valgus, syndactyly and

polydactyly. 4]

A new study published in the March 12 issue of Science has identified one primary target of
thalidomide's teratogenicity (potential to cause fetal malformations) - a protein called
cereblon. Using zebrafish and chick embryos, Takumi Ito and colleagues from the Tokyo
Institute of Technology showed that thalidomide binds to cereblon, causing pectoral fin
malformations in zebrafish and the complete absence of forelimbs in chicks. The researchers
concluded that thalidomide exerts these effects by inhibiting cereblon function because
genetically induced overproduction of cereblon prevented the malformations. Cereblon's
normal function is unknown, but mutations in the gene encoding it are implicated in mild

mental retardation. [49
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3. OTHER ADVERSE EFFECTS OF THALIDOMIDE:
There is a high risk that thalidomide can cause excessive blood clots, BB

Thalidomide can also interfere with the formation of various kinds of new blood cells,

creating a risk of infection via neutropenia, leukopenia, and lymphopenia.5%

(thalidomide) |

Figure No. 11: Marketed drugs of Thalidomide

There is also a risk of anaemia via lack of red blood cells. The drug can also damage nerves,

causing peripheral neuropathy that may be irreversible. 051

Thalidomide has several cardiovascular adverse effects, including the risk of heart
attacks, pulmonary hypertension, and changes in heart rhythm

including syncope, bradycardia, and atrioventricular block. B0
It can cause liver damage and severe skin reactions like Stevens-Johnson Syndrome. 5051

It tends to make people sleepy, which create risk when driving and operating other

machinery. (051

As it kills cancer cells, it can cause tumor lysis syndrome. Thalidomide can prevent

menstruation. 20151

Other than the above, very common (reported in more than 10% of people) adverse effects

include tremor, dizziness, tingling, numbness, constipation, and peripheral edema. (50154

Common (reported by 1-10% of people) adverse effects include confusion, depressed mood,

reduced coordination, heart failure, difficulty breathing, interstitial lung disease, lung
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inflammation, vomiting, dry mouth, rashes, dry skin, fever, weakness, and a sense of

unwellness. [AG1
4. INTERACTIONS

There are no expected pharmacokinetic interactions between thalidomide and other medicines
due to its neutral effects on P-glycoprotein and the cytochrome P450 family. It may interact
with sedatives due to its sedative action and bradycardic agents, like beta-blockers, due to its

bradycardia-inducing effects.[?

The risk of peripheral neuropathy may be increased by concomitant treatment with other
agents known to cause peripheral neuropathy.® The risk of venous thromboembolisms with
thalidomide seems to be increased when patients are treated with oral contraceptives or other

cytotoxic agents (including doxorubicin and melphalan) concurrently. 50552

Thalidomide may interfere with various contraceptives, and hence it is advised that women of
reproductive age use at least two different means of contraception to ensure that no child will

be conceived while they are taking thalidomide. (0151521
5.NEWER THERAPEUTIC EFFECTS OF THALIDOMIDE:
[A REMARKABLE COMEBACK]

Early studies done in 1953 established the anxiolytic, hypnotic, antiemetic, and adjuvant
analgesic properties of thalidomide 534, Subsequently, thalidomide was found to be highly

effective in suppressing erythema nodosum leprosum (cutaneous manifestation of leprosy).
[55,56]

Based on its beneficial effects in the treatment of inflammatory dermatoses associated with
this specific condition, the drug has been used for the treatment of other inflammatory,
autoimmune, and/or dermatological disorders, such as rheumatoid arthritis, inflammatory
bowel diseases, lupus erythematosus, pyoderma gangrenosum, tuberculosis, sarcoidosis,

Behcet’s disease, chronic GVHD, and Sjdgren’s syndrome. ]

Recent studies have demonstrated consistent responses in graft-versus-host disease (GVHD)
and cancer, including multiple myeloma, myelodysplasia, Kaposi’s sarcoma, and several

other solid tumors. It also possesses an anti-angiogenic activity. 8
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Thalidomide acts as an agent in palliative care.[®]
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HH"H | .—";
"'-\.\ X r
Thalidomide
,"' \_
/ i \
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Figure No. 12: Thalidomide as an agent in Palliative care

The Anti-neoplastic, Anti-angiogenic activity and the role of Thalidomide in the treatment of
Leprosy are explained in detail:

5.1 Anti- Neoplastic Activity:

Malignant tumours are angiogenesis dependent. Several experimental studies suggest that
primary tumour growth, invasiveness, and metastasis require neovascularisation.®!
Experimental research suggests that modulation of angiogenic activity is associated with
tumour regression in animals. Thalidomide has been shown to block the activity of
angiogenic substances like bFGF (basic fibroblast growth factor), VEGF (vascular
endothelial growth factor), and interleukin-6 apart from decreasing TNF-a. 6162 |t has
shown anti-tumour activity, as a single agent; and phase Il clinical trials are in progress for its
use in AIDS-relateded Kaposi’s sarcoma, glioma, multiple myeloma refractory to
chemotherapy, and androgen independent carcinoma of the prostate. In contrast, poor

response has been seen in breast and lung cancers. (641621
Mechanism of action:

The precise biologic mechanism whereby thalidomide exerts its antineoplastic effect remains
to be determined. Perhaps its most interesting property is the ability to block the growth of
blood vessels. Angiogenesis is a central property of tumors and a prognostic factor for

survival in carcinomas of the breast (631541 esophagus [, lung [¢1, and prostate. [¢7]
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The density of tumor vasculature also correlates with increased metastases, recurrences, and
overall worse prognosis for carcinomas of the bladder [ colon [ stomach 'Y, and

melanoma. ['4

Figure No. 13: Mechanism of action of Antineoplastic activity of Thalidomide

One experiment in which the drug was incubated with microsomes suggested that the anti-
angiogenic effect of thalidomide might be a result of its metabolic activation by cytochrome
P450. [l Since most malignant tumors depend on angiogenesis to proliferate and
metastasize, this could be the major mechanism of its beneficial action in patients with

myeloma and solid tumors. [4]

The effects of thalidomide on myeloma may result from the inhibition of cytokine pathways
that control myeloma cell growth and viability. IL-6 is secreted by bone marrow stroma and
macrophages, as well as by some myeloma cells. It supports myeloma growth in vitro and
facilitates CD-44 mediated contact through beta-integrins and fibronectins to bone marrow
stroma. Attachment to stroma by myeloma cells stimulates the production of VEGF and
bFGF, both potent angiogenic factors, as well as many other cytokines (TNF-, IL-1, and IL-
10), which further promote the proliferation of myeloma cells. Thalidomide blocks IL-6
secretion by myeloma cells, thus interrupting the cascade of cytokine secretion and
proliferation. [4]
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5.2 Anti-Angiogenic Activity:

It has been suggested that the teratogenic effects of thalidomide on foetal limbs may be due to
inhibition of angiogenesis in foetal limb bud. Thalidomide inhibited basic fibroblast growth
factor (bFGF) and vascular endothelial growth factor (VEGF) induced angiogenesis in rabbit
corneal tissue. However, a similar effect was not observed in solid tumours in mice,

suggesting that the anti-angiogenic effect of thalidomide is ‘species-specific’. [°]

The mechanism of thalidomide’s anti-angiogenic effect is unknown. It has been suggested
that inhibition of cytokine synthesis (especially that of TNFa) may contribute to
thalidomide’s anti-angiogenic effect. However, some evidences suggest a direct inhibitory

effect on some component of angiogenesis by thalidomide. ['®]
Mechanism of action:

It suppresses TNF- and interferon (IFN-) secretion, both of which upregulate endothelial cell

integrin expression, a process crucial for a new vessel formation.[®!

It inhibits the secretion of basic fibroblast growth factor (bFGF), an angiogenic factor
secreted by human tumors. U778 \Whether any or all of these effects account for its

antitumor activity is unknown.
5.3 Treatment of Leprosy:

Leprosy is a chronic skin disease caused by a gram positive acid-fast bacillus Mycobacterium
leprae. Clinically, leprosy has two main presentations, tuberculoid and lepromatous.
Tuberculoid leprosy is presented with skin erythroid plagues and sensory or motor nerve
dysfunction while lepromatous leprosy is characterized by macrophage skin glomerulata

containing bacilli, sensory nerve damage and hands and feet deformities. (8%

Clinical trials have demonstrated that TD is effective in the treatment of ENL. ENL is the
Type-2 leprosy immune reaction and the systemic disorder associated with fever, malaise,
anorexia, leukocytosis, and anemia along with erythematous painful nodules in the skin and
subcutaneous tissue anywhere in the body B! Thalidomide has been approved by the Food
and Drug Administration (FDA), USA, in 1998 for the treatment of ENL. The World Health
Organisation has also recommended thalidomide for use in ENL. 82
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Various studies have shown a 92% response rate with thalidomide. Most patients feel the
benefit within 24-48 hrs., starting at a dose of 25-200 mg/ d. Its antipyretic effect and steroid
sparing effect (61 to 100%) is an added advantage for its use in ENL. The effectiveness of
thalidomide is due to its inhibition of TNF-0..[8?]

Mechanism of action:

TD’s Beneficial action in treating ENL comes from its Anti-inflammatory action by selective
degradation of mMRNA of Tumor Necrosis Factor-alpha (TNF-a) produced by the monocytes.
(831 physiologically, TNF-a controls the inflammatory response by regulating the interleukins
therefore, ENL responds very quickly and effectively to TD. &4

Clinically, TD decreases TNF-a levels in ENL patients while reducing the ENL toxic and
systemic symptoms including fever, arthralgia, and the painful subcutaneous nodules.®!

5.4 Immune Modulation:

Thalidomide has a broad range of inhibitory and stimulatory effects on the immune system. It
inhibits the migration of both immune and phagocytic cells in experimental systems. For
example, it blocks leukocyte chemotaxis and phagocytosis, an effect associated with
decreasing integrin beta-chain production. [761[e1(e81&7]

It reduces tumor-associated macrophage infiltration possibly through suppressing the
expression of endothelial cell adhesion molecules.[®8 In experimental animals, it promotes
the switch to a TH-2 immune response, enhances the production of interleukins (IL) 4 and 5,
and decreases helper T-cell production. (&%

Mechanism of action:

In humans, thalidomide treatment is associated with multiple changes in cytokine levels and
cellular cytokine secretion. It stimulates IL-2 and IL-12 production in HIV-infected patients,
(890301 syppresses IFN- production in macrophages [ but stimulates IFN- production in
lipopolisacharide stimulated polymorphonuclear cells in healthy individuals 2 and blocks
TNF- production in patients with erythema nodosum leprosum.[*¥1  Also, two indirect anti-
tumor effects of thalidomide have been recognized: inhibition of secretion of IL-6, a cytokine
secreted by the bone marrow stroma essential for survival and proliferation of myeloma cells,

and stimulation of secretion of IL-12, a potent inhibitor of angiogenesis and stimulator of
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IFN- synthesis. The broad nature of its action raises the possibility that at least part of its anti-
tumor effects could be dependent on these or other as yet unrecognized effects on cytokines

or specific immune cell subpopulations. %
5.5 Activity of Thalidomide against Myelodysplasia:

There is evidence for the involvement of cytokines in the development of myelodysplastic
syndrome. 5971 Some of the immunomodulatory properties of thalidomide can be attributed
to the inhibition of monocyte/macrophage cytokine secretion, which provides the rationale
for its use in cytokine-driven disease. Data from clinical trials using thalidomide in
myelodysplastic syndrome are limited, but positive outcomes have been noticed among

certain populations of these patients,[°¢-1]

Patients with refractory anemia or refractory anemia with ringed sideroblasts in the early
phase of disease demonstrated a better response than those with more advanced disease.

Responses included the correction of anemia and/or increased platelet and neutrophil counts.
[101]

Patients with low cytokine and apoptosis levels seemed to have benefited from the treatment
with thalidomide. ™!

5.6 Activity of Thalidomide against Graft-Versus-Host Disease:

Because of its immunosuppressive properties thalidomide has been studied in bone marrow
allotransplant patients for the suppression of chronic GVHD (Graft-Versus-Host Disease)
unresponsive to other therapies. There have been 150 patients reported, and the dose of
thalidomide ranged from 100 mg to 600 mg. A complete response was obtained in 32% and a
partial response in 27% of patients. Most studies included patients who previously failed

treatment with cyclosporine, azathioprine, and/or corticosteroids. [102-10°]
5.7 Activity of Thalidomide against Kaposi’s Sarcoma:

Preliminary laboratory studies have suggested that thalidomide may have a potential in the
treatment of AIDS patients.[!%:107] |t significantly reduced human immunodeficiency virus
(HIV-1) replication both in mononuclear cells from the human peripheral blood and in
laboratory cell lines,[*%! and it inhibited the proliferation of endothelial cells in vitro. 7]
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Since Kaposi’s sarcoma is a tumor derived from endothelial cells, several phase | or phase
I/11 trials have been performed in patients with AIDS-related Kaposi’s sarcoma. Altogether
62 patients have been treated and their median age was 39 years. The dose of thalidomide
ranged from 100-1000 mg/day, given mostly before sleep. There were 34% partial responses,

and the disease was stable in an additional 38% of patients.[1%-111]
6. ANALOGS / DERIVATIVES OF THALIDOMIDE:

The development of analogs of thalidomide was precipitated by the discovery of the anti-
angiogenic and anti-inflammatory properties of the drug yielding a new way of fighting
cancer as well as some inflammatory diseases after it had been banned in 1961. The problems
with thalidomide included; teratogenic side effects, high incidence of other adverse reactions,

poor solubility in water and poor absorption from the intestines.

In 1998 thalidomide was approved by the U.S. Food and Drug Administration (FDA) for use

in newly diagnosed multiple myeloma (MM) under strict regulations.[**?]

This has led to the development of a number of analogs with fewer side effects and
increased potency which include lenalidomide, pomalidomide and apremilast, all of which
are currently marketed and manufactured by Celgene. (1121

6.1 Development of Lenalidomide and Pomalidomide:

One of the analogs of interest was made by isoindolinone replacement of the phthaloyl ring.
It was given the name EM-12. This replacement was thought to increase the bioavailability of
the substance because of increased stability. The molecule had been reported to be an even
more potent teratogenic agent than thalidomide in rats, rabbits, and monkeys. Additionally,

these analogs are more potent inhibitors of angiogenesis than thalidomide.[**]

As well, the amino-thalidomide and amino-EM-12 were potent inhibitors of TNF-
.11 These two analogs later got the name lenalidomide, which is the EM-12 amino analog,

and pomalidomide, the thalidomide amino analog.[**®!
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Thalidomide (o) o)

Uses of Lenalidomide:

Lenalidomide is approved in nearly 70 countries, in combination with dexamethasone for the
treatment of patients with MM who have received at least one prior therapy. Orphan
indications include diffuse large B-cell lymphoma, chronic lymphocytic leukemia and mantle
cell lymphoma. Lenalidomide is also approved for transfusion-dependent anemia due to low
or intermediate-1-risk myelodysplastic syndromes associated with a deletion 5q cytogenetic
abnormality with or without additional cytogenetic abnormalities in the U.S., Canada,
Switzerland, Australia, New Zealand, Malaysia, Israel, and several Latin American countries,

while marketing authorization application is currently being evaluated in several other

countries. [116]
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Uses of Pomalidomide:

European Medicine Agency has already granted pomalidomide an orphan designation for
primary myelofibrosis, MM, systemic sclerosis, post-polycythemia, and post-essential
thrombocythaemia myelofibrosis.[1"]

6.2 Development of Apremilast:

After finding a novel set of analogs of thalidomide, namely 3-(1,3-dioxo-1,3 dihydroisoindol-
2-yl)-3-(3,4-dimethoxyphenyl) propionic acid, which had PDE4 inhibition activity the work
began to optimize the activity. For that purpose the researchers used a known
structure moiety, 3,4-dialkoxyphenyl, that is a recognized pharmacophore in PDE4 inhibitors
such as rolipram shown in figure and roflumilast and added it onto the structure of the

previously mentioned analog series.

3,4-dialkoxyphenyl moiety

Figure No. 15: Rolipram

After tweaking the structure and testing different substitutions at the 4-position of the
phthaloyl ring and the carboxyl acid the researchers finally landed at a molecule that potently
inhibits PDE4 and TNF-a, which they later named apremilast. The S-enantiomer of
apremilast was chosen since it was the more active enantiomer.[** Since the structure of
apremilast lacks the acidic chiral hydrogen it should not racemize in vivo, unlike thalidomide,

lenalidomide, and pomalidomide. 12911201
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PDE4 — Inhibiting Thalidomide Analogs
Uses of Apremilast:

As of September 2012 apremilastis in phase Ill trials for psoriasis and phase Il trials

for rheumatoid arthritis. 124

In March 2014 apremilast has been approved for psoriatic arthritis. In September 2014, the

U.S. FDA approved apremilast for the treatment of moderate-to-severe plaque psoriasis.*??

7. THE SYSTEM FOR THALIDOMIDE EDUCATION AND PRESCRIBING
SAFETY (S.T.E.P.S):

Despite its harmful side effects, thalidomide is FDA-approved for two uses today—the
treatment of inflammation associated with Hansen’s disease (leprosy) and as a
chemotherapeutic agent for patients with multiple myeloma, purposes for which it was

originally prescribed off-label. (1%

Because of its known adverse effects on fetal development, the dispensing of thalidomide is
regulated by the System for Thalidomide Education and Prescribing Safety (S.T.E.P.S.)

program. (123l

The S.T.E.P.S. program, designed by Celgene pharmaceuticals and carried out in pharmacies
where thalidomide prescriptions are filled, educates all patients who receive thalidomide

about potential risks associated with the drug. [*%3]
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To prevent the serious side associated with Thalidomide, the S.T.E.P.S program tightly
regulates its distribution. The examples listed below are just a sampling of the measures in

place: (1231
= Product labelling that indicates the risk of thalidomide.

= Required registration of all prescribers, patients, and pharmacists who prescribe, receive

or dispense thalidomide.

A patient acknowledgement/ Informed consent form.

A required telephonic survey that patients and prescriber must complete.

Required pregnancy testing in females of childbearing potential.

= Compliance with measures to prevent pregnancy and thereby prevent fetal exposure to

thalidomide.

= Educational materials providing the patients information regarding the potential benefits

and side effects of Thalidomide.

= Patient counselling.

= Limiting prescription to a 28 day supply.

= Prohibition of telephone prescriptions and automatic refills.
CONCLUSION

This study focusses on Thalidomide, a drug first introduced into the market in Germany
under the brand name of Contergan in 1956, as a “non-barbiturate hypnotic”, which was
banned due to its teratogenic effects when taken by pregnant women to treat morning
sickness but was reintroduced into the market as it made its way by the development of more

active and less toxic analogs i.e., Lenalidomide, pomalidomide, and Apremilast.

The remarkable comeback of Thalidomide is due to its newer applications ranging from its
use in the treatment of leprosy, other inflammatory, autoimmune, and/or dermatological
disorders, such as rheumatoid arthritis, inflammatory bowel diseases, lupus erythematosus,

tuberculosis, also due to its anti-angiogenic property and antineoplastic activity, etc.
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Since the research is not yet completed regarding the adverse effects of these thalidomide
derivatives, the use of Thalidomide must be restricted in Pregnant women. In order to prevent
the teratogenic effects of Thalidomide a system called System for Thalidomide Education
and Prescribing Safety (S.T.E.P.S.) program was developed by Celgene Pharmaceuticals

which must be practiced in all the pharmacies during the distribution/ dispensing of this drug.

REFERENCES

1.Kushwaha RS, Chasta P, Ahmed A, Dr. Chandrol KK. A Novel Approach on Thalidomide and their
Analogues with their Therapeutic uses and Clinical Application. Published in International Journal of Trend in
Scientific Research and Development (ijtsrd). June 2019; ISSN: 2456- 6470, Volume-3 | Issue-4, , pp.1022-
1036

2.Eriksson T, Bjorkman S, Roth B, Fyge A, Hoglund P (1995). Stereospecific determination, chiral inversion in
vitro and pharmacokinetics in humans of the enantiomers of thalidomide. Chirality. 7 (1): 44-52.

3.Mori T, Ito T, Liu S, Ando H, Sakamoto S, et al. Structural basis of thalidomide enantiomer binding to
cereblon. 2018; Open 8: 1294.

4. Celgene (2018) Thalidomide Celgene 50 mg hard capsules-Summary of Product Characteristics (SmPC)-
(eMC). October 21, 2018, Retrieved from: https://www.medicines.org.uk/emc/medicine/21005.

5.Teo SK, Colburn WA, Tracewell WG, Kook KA, Stirling DI, et al. Clinical pharmacokinetics of thalidomide.
2004; Clin Pharmacokinet 43: 311-327.

6. Knoche B, Blaschke G. Investigations on the in vitro racemization of thalidomide by high-performance liquid
chromatography.1994; J Chromatogr A 666: 235-240.

7.Y. Hashimoto. Thalidomide as a multi-template for development of biologically active compounds.
Arch.Pharm.(Weinheim) http://dx.doi.org/10.1002/ardp.200700217.

8.H. Sano, T. Noguchi, A. Tanatani, Y. Hashimoto, H. Miyachi. Design and synthesis of subtype-selective
cyclooxygenase (COX) inhibitors derived from thalidomide. Bioorg. Med. Chem. 13. 2005; 3079e3091,
http://dx.doi.org/ 10.1016/j.bmc.2005.03.002

9.A.L. Machado, L.M. Lima, J.X. Aradjo, C.A.M. Fraga, V.L.G. Koatz, E.J. Barreiro. Design, synthesis and
anti-inflammatory activity of novel phthalimide502 M.V.O. Cardoso et al. / European Journal of Medicinal
Chemistry 96 (2015) 491e503 derivatives, structurally related to thalidomide, Bioorg. Med. Chem. Lett. 15
(2005) 1169e1172, http://dx.doi.org/10.1016/j.bmcl.2004.12.012.

10. S. Inatsuki, T. Noguchi, H. Miyachi, S. Oda, T. Iguchi, M. Kizaki, et al. Tubulin polymerization inhibitors
derived from thalidomide. Bioorg. Med. Chem. Lett. 15. 2005; 321e325,
http://dx.doi.org/10.1016/j.bmcl.2004.10.072.

11. X.-B. Meng, D. Han, S.-N. Zhang, W. Guo, J.-R. Cui, Z.-J. Li. Synthesis and anti-inflammatory activity of
N-phthalimidomethyl 2,3-dideoxy- and 2,3- unsaturated glycosides. Carbohydr. Res. 342 (2007) 1169e1174,
http:// dx.doi.org/10.1016/j.carres.2007.03.009.

12. M.V. de Almeida, F.M. Teixeira, M.V.N. de Souza, G.W. Amarante, C.C.de S. Alves, S.H. Cardoso, et al.
Thalidomide analogs from diamines: synthesis and evaluation as inhibitors of TNF-alpha production. Chem.
Pharm. Bull. (Tokyo) 55 (2007) 223e226, http://dx.doi.org/10.1248/cpb.55.223.

13. S.G. Stewart, D. Spagnolo, M.E. Polomska, M. Sin, M. Karimi, L.J. Abraham. Synthesis and TNF
expression inhibitory properties of new thalidomide analogues derived via Heck cross coupling. Bioorg. Med.
Chem. Lett. 17 (2007) 5819e5824, http://dx.doi.org/10.1016/j.bmcl.2007.08.042.

14. H.-W. Man, P. Schafer, L.M. Wong, R.T. Patterson, L.G. Corral, H. Raymon, et al. Discovery of (S)-N-[2-
[1-(3-ethoxy-4-methoxyphenyl)-2- methanesulfonylethyl]-1,3-dioxo-2,3-dihydro-1H-isoindol-4-yl] acetamide
(apremilast), a potent and orally active phosphodiesterase 4 and tumor necrosis factor-alpha inhibitor. J. Med.
Chem. 52 (2009) 15221524, http:// dx.doi.org/10.1021/jm900210d.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.


https://www.medicines.org.uk/emc/medicine/21005

www.ijppr.humanjournals.com

15. S.M. Capitosti, T.P. Hansen, M.L. Brown. Thalidomide analogues demonstrate dual inhibition of both
angiogenesis and prostate cancer. Bioorg. Med. Chem. 12 (2004) 327e336,
http://dx.doi.org/10.1016/j.bmc.2003.11.007.

16. H. Sano, T. Noguchi, A. Miyajima, Y. Hashimoto, H. Miyachi. “Anti-angiogenic activity of basic-type,
selective cyclooxygenase (COX)-1 inhibitors. Bioorg. Med. Chem. Lett. 16 (2006) 3068e3072,
http://dx.doi.org/10.1016/ j.bmcl.2006.02.021

17. T. Noguchi, H. Fujimoto, H. Sano, A. Miyajima, H. Miyachi, Y. Hashimoto. Angiogenesis inhibitors
derived from thalidomide. Bioorg. Med. Chem. Lett. 15 (2005) 5509e5513,
http://dx.doi.org/10.1016/j.bmcl.2005.08.086.

18. M.A.-H. Zahran, T.A.-R. Salem, R.M. Samaka, H.S. Agwa, A.R. Awad. Design, synthesis and antitumor
evaluation of novel thalidomide dithiocarbamate and dithioate analogs against Ehrlich ascites carcinoma-
induced solid tumor in Swiss albino mice. Bioorg. Med. Chem. 16 (2008) 9708e9718, http://
dx.doi.org/10.1016/j.bmc.2008.09.071

19. S.H.L. Kok, R. Gambari, C.H. Chui, M.C.W. Yuen, E. Lin, R.S.M. Wong, et al. Synthesis and anti-cancer
activity of benzothiazole containing phthalimide on human carcinoma cell lines. Bioorg. Med. Chem. 16 (2008)
3626e3631, http:// dx.doi.org/10.1016/j.bmc.2008.02.005

20. ] S.H. Chan, K.H. Lam, C.H. Chui, R. Gambari, M.C.W. Yuen, R.S.M. Wong, et al.The preparation and in
vitro antiproliferative activity of phthalimide based ketones on MDAMB-231 and SKHep-1 human carcinoma
cell lines. Eur. J. Med. Chem. 44 (2009) 2736e2740, http://dx.doi.org/10.1016/ j.ejmech.2008.10.024.

21. S.M. Sondhi, R. Rani, P. Roy, S.K. Agrawal, A.K. Saxena. Microwave-assisted synthesis of N-substituted
cyclic imides and their evaluation for anticancer and anti-inflammatory activities. Bioorg. Med. Chem. Lett. 19
(2009) 1534e1538, http://dx.doi.org/10.1016/j.bmcl.2008.07.048.

22. M. Campbell. Transition metal complexes of thiosemicarbazide and thiosemicarbazones. Coord. Chem.
Rev. 15 (1975) 279e319, http://dx.doi.org/ 10.1016/S0010-8545(00)80276-3.

23. S. Padhye, G.B. Kauffman. Transition metal complexes of semicarbazones and thiosemicarbazones. Coord.
Chem. Rev. 63 (1985) 127e160, http://dx.doi.org/ 10.1016/0010-8545(85)80022-9.

24. 1. Haiduc, C. Silvestru. Metal compounds in cancer chemotherapy. Coord. Chem. Rev. 99 (1990) 253e296,
http://dx.doi.org/10.1016/0010-8545(85) 80022-9.

25. X.W. Douglas, S.B. Padhye, P.B. Sonawane, D. West. Structural and Physical Correlations in the
Biological Properties of Transition Metal Heterocyclic Thiosemicarbazone and S-alkyl dithiocarbamate
Complexes. Springer Berlin Heidelberg, Berlin, Heidelberg, 1991, http://dx.doi.org/10.1007/3-540-53499- 7_1.
26. A.l. Matesanz, P. Souza. a-N-heterocyclic thiosemicarbazone derivatives as potential antitumor agents: a
structure-activity relationships approach. Mini Rev. Med. Chem. 9 (2009) 13891396, http://dx.doi.org/10.2174/
138955709789957422

27. Muller G, Konnecke W, Smith A, Khetani V (19 March 1999). A Concise Two-Step Synthesis of
Thalidomide. Organic Process Research & Development. 3 (2): 139-140.

28. Thall Bastow BD, Holmes JL (23 February 2016). Teratology and drug use during pregnancy. Medscape.
WebMD. Retrieved 24 February 2016.

29. Paul Peters Richard K.Miller Christof Schaefer. Drugs During Pregnancy and Lactation (Third Edition).
Treatment Options and Risk Assessment 2015, Pages 1-23

30. Reversal of Fortune: How a Vilified Drug Became a Life-saving Agent in the "War" Against Cancer -
Onco'Zine - The International Oncology Network (November 30, 2013) Archived January 3, 2014,
at Archive.today.

31. Prommer, E.E. (20 October 2009). Review Article: Palliative Oncology: Thalidomide. American Journal of
Hospice and Palliative Medicine.

32. D'Amato RJ, Loughnan MS, Flynn E, Folkman J (April 1994). Thalidomide is an inhibitor of
angiogenesis. Proc. Natl. Acad. Sci. U.S.A. 91 (9): 4082-5.

33. Verheul HM, Panigrahy D, Yuan J, D'Amato RJ (January 1999). Combination oral antiangiogenic therapy
with thalidomide and sulindac inhibits tumour growth in rabbits. Br. J. Cancer. 79 (1): 114-8.

34. Bartlett, J. Blake; Dredge, Keith; Dalgleish, Angus G. (1 April 2004). Timeline: The evolution of
thalidomide and its IMiD derivatives as anticancer agents. Nature Reviews Cancer. 4 (4): 314-322.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.


http://emedicine.medscape.com/article/260725-overview#showall
https://www.sciencedirect.com/science/article/pii/B9780124080782000019#!
https://www.sciencedirect.com/science/article/pii/B9780124080782000019#!
https://www.sciencedirect.com/science/article/pii/B9780124080782000019#!
https://www.sciencedirect.com/science/book/9780124080782
http://oncozine.com/profiles/blogs/how-a-vilified-drug-became-a-life-saving-agent-against-cancer
http://oncozine.com/profiles/blogs/how-a-vilified-drug-became-a-life-saving-agent-against-cancer
https://archive.is/20140103191615/http:/oncozine.com/profiles/blogs/how-a-vilified-drug-became-a-life-saving-agent-against-cancer
https://en.wikipedia.org/wiki/Archive.today
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43727
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC43727
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2362163
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2362163

www.ijppr.humanjournals.com

35. D'Amato RJ, Lentzsch S, Anderson KC, Rogers MS (December 2001). Mechanism of action of thalidomide
and 3-aminothalidomide in multiple myeloma. Semin. Oncol. 28 (6): 597-601.

36. Bren L (28 February 2001). Frances Oldham Kelsey: FDA Medical Reviewer Leaves Her Mark on
History. FDA Consumer, U.S. Food and Drug Administration. Retrieved 23 December 2009.

37. Zimmer C (2010). 50 years after defect tragedy, finding answers on how thalidomide caused defects.
October23,2018, Retrieved from: https://www.nytimes.com/2010/03/16/science/16limb.html?ref=science.

38. Smithells RW, Leck I (1963) The incidence of limb and ear defects since the withdrawal of thalidomide.
The Lancet 281: 1095-1097.

39. Vargesson N (2013) Thalidomide embryopathy: An Enigmatic challenge. ISRN Developmental Biology
2013: 1-18.

40. Thalidomide: The Fifty Year Fight. BBC. 15 May 2014. Retrieved 13 September 2015.

41. Hansen JM, Harris C (2004). A novel hypothesis for thalidomide induced limb teratogenesis: Redox
misregulation of the NF-kappaB pathway. Antioxid Redox Signal 6: 1-14.

42. Siamwala JH, Veeriah V, Priya MK, Rajendran S, Saran U, et al. (2012). Nitric oxide rescues thalidomide
mediated teratogenicity. Sci Rep 2: 1-10.

43. Wells PG (2018) A new target for thalidomide. Nat Chem Biol 14: 904-905.

44, Donovan KA, An J, Nowak RP, Yuan JC, Fink EC, et al. (2018). Thalidomide promotes degradation of
SALL4, a transcription factor implicated in Duane radial ray syndrome. ELife 7: 1-25.

45. Ito T, Ando H, Suzuki T, Ogura T, Hotta K, et al. (2010) / Identification of a primary target of thalidomide
teratogenicity. Science 327: 1345-1350.

46. Matyskiela ME, Couto S, Zheng X, Lu G, Hui J (2018). SALL4 mediates teratogenicity as a thalidomide-
dependent cereblon substrate. Nat Chem Biol 14: 981-987.

47. Kohlhase J, Schubert L, Liebers M, Rauch A, Becker K, et al. (2003) Mutations at the SALL4 locus on
chromosome 20 result in a range of clinically overlapping phenotypes, including Okihiro syndrome, Holt-Oram
syndrome, acro-renal-ocular syndrome, and patients previously reported to represent thalidomide embryopathy”.
J Med Genet 40: 473-479.

48. Fratta 1D, Sigg EB, Maiorana K (1965) Teratogenic effects of thalidomide in rabbits, rats, hamsters, and
mice. Toxicol Appl Pharmacol 7: 268-286.

49. Katie Moisse, Researchers Gain New Insights into the Mystery of Thalidomide-Caused Birth Defects.
Scientific American, March 11, 2010.

50. Thalidomide Celgene 50 mg Hard Capsules - Summary of Product Characteristics. UK Electronic
Medicines Compendium. January 2017. Retrieved 26 June 2017.

51. US Thalomid label FDA. January 2017. Retrieved 26 June 2017.

52. THALOMID® CAPSULES. TGA eBusiness Services. Celgene Pty Limited. 21 June 2013. Retrieved 17
January 2014,

53. Fabro S, Schumacher H, Smith RL, Stagg RB, Williams RT. The metabolism of thalidomide: some
biological effects of thalidomide and its metabolites. Br J Pharmacol 1965;25:352-62.

54. Smithells RW, The thalidomide syndrome: comprehensive care. Clin Pediatr (Phila) 1966;5: 255-8.

55. Sheskin J. Thalidomide in the treatment of lepra reaction. Clin Pharm Ther 1965;6:303-6.

56. Sampaio EP, Kaplan G, Miranda A, Nery JA, Miguel CP, Viana SM, et al. The influence of thalidomide on
the clinical and immunologic manifestations of erythema nodosum leprosum. J Infect Dis 1993;168:408-14.

57. Calabrese L, Fleischer AB. Thalidomide: current and potential clinical applications. Am J Med 2000;108:
487-95.

58. Peuckmann V, Fisch M, Bruera E. Potential novel uses of thalidomide: focus on palliative care. Drugs
2000; 60:273-92.

59. Mantovani G, Maccio A, Massa E, Madeddu C. Managing cancer related anorexia/cachexia. Drugs. 2001;
61: 499- 514,

60. Gasparini G. The rationale and future potential of angiogenesis inhibitors in neoplasia. Drugs 1999; 58: 17-
38

61. Thomas DA, Kantarjian HM. Current role of thalidomide in cancer treatment. Curr Opin Oncol 2000; 12:
564-73

62. Eisen TG. Thalidomide in solid tumors: the London experience. Oncology (Huntingt) 2000; 14: 175-205.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.


http://permanent.access.gpo.gov/lps1609/www.fda.gov/fdac/features/2001/201_kelsey.html
http://permanent.access.gpo.gov/lps1609/www.fda.gov/fdac/features/2001/201_kelsey.html
https://en.wikipedia.org/wiki/Food_and_Drug_Administration
https://www.nytimes.com/2010/03/16/science/16limb.html?ref=science
https://www.youtube.com/watch?v=_NLbhOyLLMY
https://en.wikipedia.org/wiki/BBC
https://www.scientificamerican.com/author/katie-moisse1/
https://www.medicines.org.uk/emc/medicine/21005
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/020785s061lbl.pdf
https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.nsf/pdf?OpenAgent&id=CP-2010-PI-03581-3

www.ijppr.humanjournals.com

63. Weidner N, Semple JP, Welch WR, Folkman J. Tumor angiogenesis and metastasis-correlation in invasive
breast carcinoma. N Engl J Med 1991;324:1-8.

64. Weidner N, Folkman J, Pozza F, Bevilacqua P, Allred EN, Moore DH, et al. Tumor angiogenesis: a new
significant and independent prognostic indicator in early-stage breast carcinoma. J Natl Cancer Inst 1992;
84:1875-87

65. Tanigawa N, Matsumura M, Amaya H, Kitaoka A, Shimomatsuya T, Lu C, et al. “Tumor vascularity
correlates with the prognosis of patients with esophageal squamous cell carcinoma”. Cancer 1997;79:220-5.

66. Macchiarini P, Fontanini G, Hardin MJ, Squartini F, Angeletti CA. Relation of neovascularisation to
metastasis of non-small-cell lung cancer. Lancet 1992;340: 145-6.

67. Weidner N, Carroll PR, Flax J, Blumenfeld W, Folkman J. Tumor angiogenesis correlates with metastasis
in invasive prostate carcinoma. Am J Pathol 1993;143:401-9

68. Jaeger TM, Weidner N, Chew K, Moore DH, Kerschmann RL, Waldman FM, et al. Tumor angiogenesis
correlates with lymph node metastases in invasive bladder cancer. J Urol 1995;154:69-71.

69. Dickinson AJ, Fox SB, Persad RA, Hollyer J, Sibley GN, Harris AL. Quantification of angiogenesis as an
independent predictor of prognosis in invasive bladder carcinomas. Br J Urol 1994;74:762-6.

70. Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. “Expression of vascular endothelial growth
factor and its receptor, KDR, correlates with vascularity, metastasis, and proliferation of human colon cancer.
Cancer Res 1995;55:3964-8.

71. Tanigawa N, Amaya H, Matsumura M, Shimomatsuya T, Horiuchi T, Muraoka R, et al. Extent of tumor
vascularisation correlates with prognosis and hematogenous metastases in gastric carcinomas”. Cancer Res
1996;56: 2671-6.

72. Srivastava A, Laidler P, Davies RP, Horgan K, Hughes LE. The prognostic significance of tumor
vascularity in intermediate-thickness (0.76-4.0 mm thick) skin melanoma. A quantitative histologic study. AmJ
Pathol 1988;133:419-23.

73. Braun AG, Harding FA, Weinreb SL. Teratogen metabolism: thalidomide activation is mediated by
cytochrome P450”. Toxicol Appl Pharmacol 1986;82:175-9.

74. Hamza Mujagie, Bruce A. Chabner, Zlata Mujagie. Mechanisms of Action and Potential Therapeutic Uses
of ThalidomideCrotian Medical Journal; 2002, 43(3):274-285.

75. Amato RJ, Loughnan MS, Flynn E, Folkman J. Thalidomide is an inhibitor of angiogenesis. Proc Natl Acad
Sci USA 1994; 91: 4082.

76. McCarty MF. Thalidomide may impede cell migration in primates by down-regulating integrin beta-chains:
potential therapeutic utility in solid malignancies, proliferative retinopathy, inflammatory disorders, neointimal
hyperplasia, and osteoporosis. Med Hypotheses 1997;49:123-31.

77. Fine HA, Figg WD, Jaeckle K, Wen PY, Kyritsis AP, Loeffler JS, et al. Phase Il trial of the antiangiogenic
agent thalidomide in patients with recurrent highgrade gliomas. J Clin Oncol 2000;18:708-15

78. Liu J, Razani B, Tang S, Terman BI, Ware JA, Lisanti MP. Angiogenesis activators and inhibitors
differentially regulate caveolin-1 expression and caveolate formation in vascular endothelial cells”.
Angiogenesis inhibitors block vascular endothelial growth factor-induced down-regulation of caveolin-1. J Biol
Chem 1999;274:15781-5.

79. Neubert R, Hinz N, Thiel R, Neubert D. Down-regulation of adhesion receptors on cells of primate embryos
as a probable mechanism of the teratogenic action of thalidomide. Life Sci 1996;58:295-316.

80. Sidra Shafique. “Thalidomide-An Overview and the species-specific Teratogenicity”, Research Journal of
Congenital Diseases. VVol.2 No0.1:01 2019

81. Teo SK, Resztak KE, Scheffler MA, Kook KA, Zeldis JB, et al. (2002)Thalidomide in the treatment of
leprosy. Microbes Infect 4: 1193-1202.

82. Jaya Ahuja, Ajay K Gupta, Madhur Gupta, K Kohli. Thalidomide Rediscovered”. JIACM 2004; 5(1): 34-7.
83. Moreira AL, Sampaio EP, Zmuidzinas A, Frindt P, Smith KA, et al. (1993). Thalidomide exerts its
inhibitory action on tumor necrosis factor alpha by enhancing mRNA degradation. J Exp Med 177: 1675-1680.
84. Vargesson N (2013). Thalidomide embryopathy: An Enigmatic challenge”. ISRN Developmental Biology
2013: 1-18.

85. Nogueira AC, Neubert R, Helge H, Neubert D. “Thalidomide and the immune system. 3. Simultaneous up
and down-regulation of different integrin receptors on human white blood cells”. Life Sci 1994;55:77-92.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.



www.ijppr.humanjournals.com

86. Barnhill RL, Doll NJ, Millikan LE, Hastings RC. “Studies on the anti-inflammatory properties of
thalidomide: effects on polymorphonuclear leucocytes and monocytes”. J Am Acad Dermatol 1984;11(5 Pt
1):814-9.

87. Neubert R, Hinz N, Thiel R, Neubert D. “Down-regulation of adhesion receptors on cells of primate
embryos as a probable mechanism of the teratogenic action of thalidomide”. Life Sci 1996;58:295-316.

88. D’Arcy PF, Griffin JP. “Thalidomide revisited”. Adverse Drug React Toxicol Rev 1994;13:65-76.

89. Shannon E, Aseffa A, Pankey G, Sandoval F, Lutz B. “Thalidomide’s ability to augment the synthesis of
IL-2 in vitro in HIV-infected patients is associated with the percentage of CD4+ cells in their blood”.
Immunopharmacology 2000;46:175-9.

90. Haslett PA, Klausner JD, Makonkawkeyoon S, Moreira A, Metatratip P, Boyle B, et al. “Thalidomide
stimulates T-cell responses and interleukin 12 production in HIV-infected patients”. AIDS Res Hum
Retroviruses 1999;15:1169-79.

91. Rowland TL, McHugh SM, Deighton J, Dearman RJ, Ewan PW, Kimber 1. “Differential regulation by
thalidomide and dexamethasone of cytokine expression in human peripheral blood mononuclear cells”.
Immunopharmacology 1998;40:11-20.

92. Verbon A, Juffermans NP, Speelman P, van Deventer SJ, ten Berge 1J, Guchelaar HJ, et al. “A single oral
dose of thalidomide enhances the capacity of lymphocytes to secrete gamma interferon in healthy humans”.
Antimicrob Agents Chemother 2000;44:2286-90

93. Sampaio EP, Kaplan G, Miranda A, Nery JA, Miguel CP, Viana SM, et al. “The influence of thalidomide
on the clinical and immunologic manifestations of erythema nodosum leprosum”. J Infect Dis 1993;168:408-14.
94. Hideshima T, Chauhan D, Shima Y, Raje N, Davies FE, Tai YT, et al. Thalidomide and its analogs
overcome drug resistance in human multiple myeloma cells to conventional therapy. Blood 2000;96:2943-50
95. Raza A, Mundle S, Shetty V, Alvi S, Chopra H, Span L, et al. Novel insights into the biology of
myelodysplastic syndromes: excessive apoptosis and the role of cytokines Int J Hematol 1996;63:265-78.

96. Alexandrakis M, Coulocheri S, Xylouri I, Ganotakis E, Eliakis P, Karkavitsas N, et al. Elevated serum
TNF-alpha concentrations are predictive of shortened survival in patients with high risk myelodysplastic
syndromes. Haematologia (Budap) 1998;29:13-24.

97. Ota T, Hino M, Yamane T, Ota K, Mugitani A, Park K, et al. “Interleukin-6 may play an important role in
thrombopoiesis: a case of leukemic transformation from myelodysplastic syndrome. Ann Hematol 1998;
77:243-4,

98. Strupp C, Germing U, Aivado M, Misgeld E, Haas R, Gattermann N. Thalidomide for the treatment of
patients with myelodysplastic syndromes. Leukemia 2002;16:1-6.

99. Estey EH, Albitar M, Cortes J, Giles F, Thomas D, Koller C, et al. Addition of thalidomide to
chemotherapy did not increase remission rate in poor prognosis. AML/MDS. Available from: http://www.mds-
foundation.org/abstracts-addition_thalidomide_s01.htm. Accessed: January 10, 2002.

100.Thomas D. Pilot studies of thalidomide in acute myelogenous leukemia, myelodysplastic syndromes, and
myeloproliferative disorders. Semin Hematol 2000;37(1 Suppl 3):26-34.

101.Raza A, Lisak L, Andrews C, Little L, Zorat F, Shetty V, et al. Improvement in cytopenias of patients with
myelodysplastic syndromes (MDS) in response to thalidomide. Adult leukemia/lymphoma. ASCO
Program/Proceedings Abstracts 2000;19:a111.

102.Vogelsang GB, Farmer ER, Hess AD, Altamonte V, Beschorner WE, Jabs DA, et al. Thalidomide for the
treatment of chronic graft-versus-host disease. N Engl J Med 1992;326:1055-8.

103.McCarthy DM, Kanfer EJ, Barrett AJ. Thalidomide for the therapy of graft-versus-host disease following
allogeneic bone marrow transplantation. Biomed Pharmacother 1989;43:693-7.

104.Parker PM, Chao N, Nademanee A, O’ Donnell MR, Schmidt GM, Snyder DS, et al. Thalidomide as a
salvage therapy for chronic graft-versus-host disease. Blood 1995;86:3604-9

105.Mehta P, Kedar A, Graham-Pole J, Skoda-Smith S, Wingard JR. “Thalidomide in children undergoing bone
marrow transplantation: series at a single institution and review of the literature”. Pediatrics 1999;103:e44.
106.Makonkawkeyoon S, Limson-Pobre RN, Moreira AL, Schauf V, Kaplan G. “Thalidomide inhibits the
replication of human immunodeficiency virus type” 1. Proc Natl Acad Sci USA 1993;90:5974-8

107.Moreira AL, Friedlander DR, Shif B, Kaplan G, Zagzag D. “Thalidomide and a thalidomide analogue
inhibit endothelial cell proliferation in vitro”. J Neurooncol 1999;43:109-14.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.



www.ijppr.humanjournals.com

108.Little RF, Wyvill KM, Pluda JM, Welles L, Marshall V, Figg WD, et al. “Activity of thalidomide in AIDS-
related Kaposi’s sarcoma. J Clin Oncol 2000;18:2593-602.

109.Fife K, Howard MR, Gracie F, Phillips RH, Bower M. Activity of thalidomide in AIDS-related Kaposi’s
sarcoma and correlation with HHV8 titre. Int J STD AIDS 1998;9:751-5.

110.4 Politi P, Reboredo G, Losso M, Vujacich C, Schwartsmann G, Lewi D. Phase I trial of thalidomide (T) in
AIDS-related Kaposi’s sarcoma (KS). AIDS and Supportive Care. ASCO Program/Proceedings Abstracts
1998;17:a161.

111.Yarchoan R, Little RF, Wyvil K. A phase Il study of oral thalidomide in patients with AIDS-related Kaposi
sarcoma”. In: Proceedings of the 12th World AIDS Conference, 1998 June 28-July 3; Geneva, Switzerland.
Bologna, Italy: Monduzzi Editore; 1998. p. 17.

112.Aragon-Ching AB, Li H, Gardner ER, Figg WD (2007). Thalidomide analogues as anticancer drugs. Recent
Pat Anticancer Drug Discov. 2 (2): 167-174.

113.D'Amato, RJ; Lentzsch, S; Anderson, KC; Rogers, MS (December 2001). Mechanism of action of
thalidomide and 3-aminothalidomide in multiple myeloma. Seminars in Oncology. 28 (6): 597-601.

114.Muller, George W.; Corral, Laura G.; Shire, Mary G.; Wang, Hua; Moreira, Andre; Kaplan, Gilla; Stirling,
David I. (1 January 1996). Structural Modifications of Thalidomide Produce Analogs with Enhanced Tumor
Necrosis Factor Inhibitory Activity. Journal of Medicinal Chemistry. 39 (17): 3238-3240.

115.Bartlett, J. Blake; Dredge, Keith; Dalgleish, Angus G. (1 April 2004). Timeline: The evolution of
thalidomide and its IMiD derivatives as anticancer agents. Nature Reviews Cancer.

116.Revlimid (lenalidomide) dosing, indications, interactions, adverse effects, and more. Medscape references.
Retrieved 18 September 2012.

117.European Medicines Agency - Search results from your query. European Medicines Agency. Retrieved 18
September 2012.

118.Man, Hon-Wah; Schafer, Peter; Wong, Lu Min; Patterson, Rebecca T.; Corral, Laura G.; Raymon, Heather;
Blease, Kate; Leisten, Jim; Shirley, Michael A.; Tang, Yang; Babusis, Darius M.; Chen, Roger; Stirling, Dave;
Muller, George W. (26 March 2009). Discovery of (S)-N-{2-[1-(3-Ethoxy-4-methoxyphenyl)-2-
methanesulfonylethyl]-1,3-dioxo-2,3-dihydro-1H-isoindol-4-yl}acetamide (Apremilast), a Potent and Orally
Active Phosphodiesterase 4 and Tumor Necrosis Factor-o. Inhibitor. Journal of Medicinal Chemistry. 52 (6):
1522-4.

119.Muller, George W.; Corral, Laura G.; Shire, Mary G.; Wang, Hua; Moreira, Andre; Kaplan, Gilla; Stirling,
David I. (1 January 1996). Structural Modifications of Thalidomide Produce Analogs with Enhanced Tumor
Necrosis Factor Inhibitory Activity. Journal of Medicinal Chemistry. 39 (17): 3238-3240.

120.Man, Hon-Wah; Corral, Laura G; Stirling, David I; Muller, George W (1 October 2003). a-Fluoro-
substituted thalidomide analogues. Bioorganic & Medicinal Chemistry Letters. 13 (20): 3415-3417.
121.Schafer, Peter (1 June 2012). Apremilast mechanism of action and application to psoriasis and psoriatic
arthritis. Biochemical Pharmacology. 83 (12): 1583-1590.

122.FDA approves Otezla to treat psoriatic arthritis. fda.gov. Retrieved 13 June 2014.

123.Bara Fintel, Athena T. Samaras, Edson Carias (Jul 28, 2009). The thalidomide tragedy: lessons for drug
safety and regulation. Helix, northwestern university research center.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2048745
http://reference.medscape.com/drug/revlimid-lenalidomide-342200
http://www.ema.europa.eu/ema/index.jsp?curl=search.jsp&q=pomalidomide&btnG=Search&mid=
https://en.wikipedia.org/wiki/Biochemical_Pharmacology_(journal)
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm390091.htm
https://helix.northwestern.edu/entity/bara-fintel
https://helix.northwestern.edu/entity/athena-t-samaras
https://helix.northwestern.edu/entity/edson-carias

www.ijppr.humanjournals.com

Fareesa Fatima— Corresponding Author

Image Research Scholar

Author -1 Deccan School of Pharmacy, Dar-us-salam, Aghapura, Hyderabad-
500001, Telangana, INDIA.

Dr.Roshan.S
Image Professor and HOD Department of Pharmacognosy
Author -2 Deccan School of Pharmacy, Dar-us-salam, Aghapura, Hyderabad-

500001, Telangana, INDIA.

Citation: Fareesa Fatima et al. Ijppr.Human, 2020; Vol. 18 (1): 114-142.




