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Abstract
AIM: To assess the efficacy and tolerability of thalido-
mide in pediatric Crohn’s disease (CD).

METHODS: Six patients with refractory CD  received 
thalidomide at an initial dose of 2 mg/kg per day for one 
month, then increased to 3 mg/kg per day or decreased to 
1 mg/kg per day, and again further reduced to 0.5 mg/kg  
per day, according to the individual patient’s response to 
the drug. 

RESULTS: Remission was achieved within  three months. 
Dramatic clinical improvement was demonstrated after 
thalidomide treatment. Endoscopic and pathological im-
provements were also observed after thalidomide treat-
ment, which was well tolerated by all patients.

CONCLUSION: Thalidomide is a useful drug for pediat-
ric refractory CD. 
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INTRODUCTION
Crohn’s disease (CD) is a chronic transmural inflamma-
tory bowel disease (IBD) that may involve any part of  the 
alimentary tract from mouth to anus, especially the distal 
ileum and colon. It may also accompany various intra- and 
extra-intestinal complications during its clinical course[1,2]. 
In addition to causing serious clinical symptoms and 
complications, its chronic nature can adversely affect the 
quality of  life of  patients[3,4]. Despite an increasing number 
of  treatment options, many patients with CD continue 
to pose a therapeutic challenge because they do not ad-
equately respond to therapy, or because they experience 
serious side effects of  standard medical interventions. 
This is particularly true for those patients with refractory 
CD or concomitant tuberculosis. There is an urgent need 
to develop new treatment modalities for refractory CD.

Thalidomide, originally used to treat morning sickness 
in the early 1960s, has been withdrawn from the market 
because it leads to serious congenital birth defects. In 1991, 
it was discovered that thalidomide can inhibit the synthesis 
of  cytokine, a tumor necrosis factor-α (TNF-α), by accel-
erating the degradation of  its mRNA[5]. Interest in thalido-
mide has intensified in recent years since its immunomodu-
latory[6,7] and anti-angiogenic[8,9] properties were identified 
and clarified. A series of  clinical trials have demonstrated 
the efficacy of  thalidomide in treatment of  several clinical 
conditions such as human immunodeficiency virus (HIV)-
associated wasting syndrome[10], hereditary hemorrhagic 
telangiectasia[11], refractory cutaneous lesions of  lupus ery-
thematosus[12], multiple myeloma[13], and Behcet’s disease[14], 
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for which there are few or no alternative treatment options. 
Based on these observed clinical responses and the appar-
ent anti-TNF-α properties of  thalidomide, we used it in 
treatment of  a 12-year-old boy with concomitant refractory 
CD and tuberculosis infection, and achieved a dramatic 
success. With this experience, we started to treat refractory 
CD with thalidomide. Following is a report of  6 children 
with a complete remission after treated with thalidomide.

MATERIALS AND METHODS
Ethics
This study was approved by the Institutional Ethics Com-
mittee of  Children’s Hospital of  Fudan University and 
informed consent was obtained from all patients and their 
parents.

Clinical data
This is a retrospective study of  6 patients with refractory 
CD who visited the Children’s Hospital of  Fudan Univer-
sity in 2006-2010 (Table 1). Conventional therapy failed 
in these patients, and/or they could not receive steroid or 
immunosuppressive treatment because of  concomitant 
tuberculosis infection. 

Study design
Patients administered thalidomide in the evening at a start-
ing dose of  2.0 mg/kg per day, which was increased to 
2.5-3.0 mg/kg per day or decreased to 1.5 mg/kg per day, 
according to the individual patient’s response to the drug. 
Patients were assessed at baseline, at weeks 2, 8 and 12, 
and then every three months for the following parameters, 
including physical examination, laboratory analyses and 
pediatric CD activity index (PCDAI) scoring. Endoscopies 
were repeated at six months after administration of  tha-
lidomide. Its side effects were intensely monitored during 
follow-up. CD was defined as refractory when standard 
induction therapy with high-dose intravenous steroids 
failed to induce remission either at diagnosis or during 
subsequent relapse. Efficacy was defined as thalidomide 
induced and maintained remission and mean time to 
achieve clinical remission (PCDAI[15] < 7.5). 

Statistical analysis
Results are expressed as mean ± SD. Changes in interval 
PCDAI scores were evaluated by multivariate analysis of  
variance. P < 0.05 was considered statistically significant.

RESULTS
Patient A 
Patient A was a 22-year-old boy with a 10-year history of  
CD. Steroids and 5-aminosalicylic acid (5-ASA) were ad-
ministered for 4 years. However, abdominal pain, diarrhea 
and fever were still recurrent, and the patient remained 
seriously undergrown: 42.5 kg, below 10th percentile (< 
P10) weight-for-age and 162 cm (< P10 height-for-age). 
In 2006, an immunosuppressant, azathioprine, was started 
but could not be tolerated because of  severe thrombocy-

topenia. He was then given thalidomide (2 mg/kg per day) 
in addition to prednisone (10 mg/d) and 5-ASA for four 
weeks, after which the dosage of  steroid was reduced grad-
ually while that of  thalidomide was increased. After eight 
weeks of  thalidomide treatment, abdominal pain and fever 
improved significantly, and the dosage of  thalidomide was 
increased to 3 mg/kg per day while the dose of  prednisone 
was reduced to 5 mg/d. After six months of  treatment, 
this patient achieved complete clinical remission. The dose 
of  thalidomide was reduced to 1.5 mg/kg per day and 
prednisone was withdrawn. Enteroscopic examination at 
this time showed that the mucosal ulceration and hyperpla-
sia improved significantly. During thalidomide therapy, this 
patient experienced transient hepatic function abnormality 
which became normal after withdrawal of  thalidomide. In 
August 2010, both thalidomide and prednisone were with-
drawn and he was on 5-ASA for maintenance of  remission 
without any clinical evidence for recurrence of  the disease. 
His body weight was 67 kg (P75-P90, weight-for-age) and 
height was 168 cm (P10-P25, height-for-age).

Patient B 
Patient B, a 13-year-old boy with a 5-year history of  splen-
ic tuberculosis, was diagnosed as CD 3 years ago. This 
patient also had a history of  chronic diarrhea accompany-
ing hematochezia, abdominal pain, weight loss, oral and 
perianal ulcers, anemia, fatigue, malnutrition and spiking 
fever up to 40℃. Symptoms did not improve upon anti-
tuberculosis (TB) treatment with rifampin, isoniazid and 
pyrazinamide, and splenectomy was performed 3 years ago 
after which the symptoms persisted. In June 2009, double-
balloon enteroscopy demonstrated segmental distribution 
of  ulcers with different sizes and characteristics in the 
colon and ileum. Histological examination revealed acute 
and chronic mucosal inflammation and hyperplasia, with 
infiltration of  a large number of  neutrophils, plasma cells, 
macrophages and scanty eosinophils. Bone marrow cul-
ture identified Mycobacterium. Steroids, immunosuppressive 
agents and biologics such as infliximab could not be used 
due to concurrent tuberculosis infection, thalidomide was 
therefore chosen as the second-line therapy for his CD.

After he received thalidomide at a dose of  2 mg/kg 
per day for two weeks, his body temperature returned to 
normal, his abdominal pain and diarrhea were significantly 
alleviated, and his oral ulcers became more superficial 
and then completely disappeared. After one month of  
treatment, steroids were withdrawn. Six months later, 
thalidomide was reduced to 0.5 mg/kg per day. His body 
weight increased from 33 kg (< P10, weight-for-age) to 
54 kg (P50-P75, weight-for-age). Endoscopic examina-
tion revealed that the intestine appeared almost normal, 
and laboratory data improved significantly with a nor-
mal erythrocyte sedimentation rate (ESR) and C-reactive 
protein (CRP). In August 2010, he was on thalidomide,  
1.0 mg/kg per day, to maintain remission. No adverse ef-
fect was found throughout the treatment.

Patient C
Patient C was an 11-year-old boy who underwent two sur-
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Table 1  Parameters of patients, doses of thalidomide and pediatric Crohn’s disease activity index  scores

                                                                                    Patients

A B C D E F

Gender M M M F M F
Current age  20 13 12 16 9 13
Age at onset (yr) 12 10 11 11 5 11
Duration of disease (yr)   8   3   1   5 4  2
Thalidomide start age (yr)  16 12 12 16 9 13
Duration of thalidomide treatment (mo) 12 14 10 10 7  7
Start dose (mg/kg per day)    2   2   2   2 2  2
Dose at sixth months (mg/kg per day)   1      0.2      0.5      0.3 1  1
PCDAI score before thalidomide treatment 55    67.5 70 65 72.5 65
PCDAI score after six months of thalidomide treatment   5   5      7.5   5 5   12.5

gical procedures for perianal abscess in September 2008 
and February 2009 and had a positive history of  close 
contact with a TB patient. TB-PPD test was strongly posi-
tive, but culture of  intestinal mucosa for tuberculosis was 
negative. He had no response to 5-ASA and a limited re-
sponse to immunosuppressive agents. In November 2009, 
colonoscopy identified several polyps and ulcers in the 
transverse and ascending colon. Because of  suspected My-
cobacterium tuberculosis infection, steroid was not used in this 
patient. Treatment with thalidomide at a dose of  2 mg/kg 
per day was started in November 2009. After two weeks 
of  thalidomide treatment, his symptoms including fever, 
abdominal pain and diarrhea were significantly relieved. 
CRP and ESR became normal within two months after 
thalidomide treatment, and his body weight increased 
from 27 kg (< P10, weight-for-age) to 37.5 kg (P20-P50, 
weight-for-age). After six months of  thalidomide treat-
ment, the PCDAI was reduced to 7.5 from 70 before tha-
lidomide treatment.

Patient D
Patient D, a 16-year-old girl with a 5-year history of  CD, 
suffered from severe abdominal pain, chronic diarrhea 
and severe malnutrition. Growth failure was very marked 
in this patient. Her body weight was only 21 kg (< P10, 
weight-for-age) while her height was 130 cm (< P10, 
height-for-age) when she was 15 years old, and showed no 
secondary sexual characteristics. During the five years of  
treatment with steroids, immunosuppressive agents and 
5-ASA, her clinical symptoms were relieved significantly, 
but her height or weight did not increase after the diagno-
sis of  CD. In April 2010, thalidomide therapy was initiated. 
Three months after treatment, her appetite was significant-
ly improved, her body weight increased from 21 to 33 kg (< 
P10, weight-for-age) and her height increased 1 cm. 

Patient E 
Patient E was a 9-year-old boy with a four-year history of  
CD accompanying recurrent fever, abdominal pain, diar-
rhea and poor weight gain. PPD test was regarded as posi-
tive when the induration was 18 mm × 18 mm. He was 

diagnosed with intestinal tuberculosis and received anti-
TB therapy for one year without any improvement in his 
symptoms. Because he was allergic to a variety of  foods 
including egg, milk, soybean, peanut and wheat, his aller-
gic colitis was treated by failed. During the last two years, 
he developed edema in lower limbs, ascites and pleural 
effusion attributable to serious malnutrition. In 2009, 
colonoscopy showed chronic granulomatous inflamma-
tion and segmental distribution of  ulcers in the colon and 
terminal ileum, and CD was diagnosed. Infliximab was 
contraindicated in this patient because of  the positive tu-
berculin test, thalidomide was therefore given to control 
his CD. After three months of  treatment, the both CRP 
and ESR decreased significantly. His symptoms also im-
proved quite remarkably.

Patient F
Patient F was a 13-year-old girl with a 2-year history of  
CD accompanying abdominal pain, chronic diarrhea and 
hematochezia. The patient received steroid treatment dur-
ing the last two years and clinical symptoms were relieved 
significantly. However, when the dose of  steroids was re-
duced gradually, her clinical symptoms appeared again. She 
became steroid-dependent with obvious cushingoid fea-
tures developed last year. Based on the strong desire of  the 
patient and her parents, thalidomide treatment was started 
at a dose of  2 mg/kg per day in April 2010. After three 
months of  thalidomide treatment, steroids were with-
drawn and her clinical symptoms improved significantly.

In conclusion, thalidomide is an effective treatment 
modality for refractory CD. However, its long-term ef-
ficacy and safety need to be further evaluated in a large-
scale randomized controlled trial (Figures 1 and 2). 

DISCUSSION 
TNF-α, one of  the most important immunologic me-
diators generated by cells of  the monocyte-macrophage 
lineage, has a broad spectrum of  biological functions and 
plays a crucial role in amplification of  responses to infec-
tion, injury, and immune-mediated damage. As a cytokine, 
TNF-α can transmit signals between immune and other 

PCDAI: pediatric Crohn’s disease activity index.
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cells, and is involved in apoptosis, metabolism, inflam-
mation, thrombosis, and fibrinolysis[16]. The importance 
of  TNF-α and TNF-α signaling in response of  the im-
mune system to disease has become clearer as a result of  a 
number of  seminal studies[17-19]. It was reported that mice 
lacking of  TNF-α show a high susceptibility to infectious 
agents[17] and also an impaired clearance of  adenoviral vec-
tors[18]. In addition, gene knockout experiments (TNF-α--/- 

mice) showed that TNF-α is necessary for adhesion mol-
ecule expression and recruitment of  leukocytes to inflam-
matory sites[19]. 

Although TNF-α has critical physiological functions, 
its overproduction plays a key role in physiopathology of  
a variety of  diseases. Of  relevance to IBD are the abilities 
of  TNF-α to recruit circulating inflammatory cells to local 
tissue sites of  inflammation, to induce edema, to activate 
coagulation cascade, and to initiate formation of  granu-
loma[20]. Clinical trials demonstrating symptomatic im-
provement and remission of  CD by suppressing TNF-α 
have provided additional evidence of  the role of  TNF-α 
in pathogenesis of  CD[21-24].

Thalidomide was developed in the 1960s as a seda-
tive but was subsequently withdrawn from widespread 
use because of  teratogenicity. The drug has been banned 
for more than two decades when it was shown to inhibit 
TNF-α production[5], thus leading to its revival in clinical 
settings. This property of  thalidomide was first described 
in treatment of  patients with systemic erythema nodosum 
leprosum[25]. Such patients demonstrated an extremely 
high TNF-α level in their blood, which decreased signifi-
cantly during thalidomide treatment, indicating that tha-
lidomide therapy can reduce not only serum TNF-α level, 
but also clinical symptoms as well. Dermal infiltration 
of  polymorphonuclear leukocytes and T cells are also di-
minished after treatment with thalidomide[25]. Studies also 
demonstrated that thalidomide improves clinical symp-
toms in patients with HIV-associated wasting syndrome[10], 
multiple myeloma[13], Behcet’s disease[14] and CD[26-30]. 
Suppression of  TNF-α may be the mechanism underly-
ing CD. It was reported that thalidomide treatment can 
restore the normal levels myeloperoxidase and TNF-α in 
a rat model of  IBD[27].

Tuberculosis is still quite common in China. Treat-
ment of  CD patients with simultaneous TB infection 
may be difficult. In this situation, administration of  ste-
roids or immunosuppressive agents may lead to reactiva-
tion of  latent tuberculosis or its flare-up. In this study, 
thalidomide was a good choice for such patients, which 
not only improved the symptoms of  CD, but also en-
hanced the response of  the patients to anti-TB drugs. 

Although thalidomide can more uniquely improve the 
symptoms of  many diseases than other drugs, it may lead 
to significant problems due to its side-effects. The most 
serious side-effect is teratogenicity. Moreover, thalidomide 
often has other side-effects, including peripheral neuropa-
thy. For these reasons, synthetic thalidomide analogues 
(IMiDs) with an increased TNF-α inhibitory activity and 
diminished side effects are desirable. Many analogues 

exhibit a higher inhibition of  TNF-α expression than 
thalidomide. In particular, the IMiDs, lenalidomide and 
pomalidomide (CC-4047), are respectively 2000- and 
20 000-fold more potent than thalidomide in inhibiting 
TNF-α and able to induce transcription and secretion of  
TGF-β and IL-10[31]. The 4-amino analogues (in which 
an amino group is added to the fourth carbon of  the 
phthaloyl ring of  thalidomide) have been found to be 
up to 50 000-fold more potent in inhibiting TNF-α than 
thalidomide in vitro[32]. Several of  these new compounds in 
vivo are able to reduce lipopolysaccharide-induced TNF-α 
levels in mice[33] and inhibit development of  adjuvant-
induced arthritis in rats[34]. Whether IMiDs have a greater 
therapeutic efficacy with fewer side-effects than thalido-
mide needs to be determined. It was reported that neu-
ropathy may occur only after high cumulative doses of  
thalidomide are used[26,29], indicating that thalidomide can 
be used as a maintenance modality.
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ease (CD) is still a challenge of physicians due to its poor response to therapy 
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for those with refractory Crohn’s disease or concomitant tuberculosis infection. 
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Research frontiers
Treatment of CD patients with tuberculosis infection may be difficult. In this 
situation, administration of steroids or immunosuppressive agents may lead to 
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Figure 1  Mean pediatric Crohn’s disease activity index during thalidomide 
treatment. aP < 0.0005. PCDAI: Pediatric Crohn’s disease activity index.
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reactivation of latent tuberculosis or tuberculosis infection flare-up, but tuber-
culosis infection is still quite common in some countries including China. It is 
therefore urgent to develop new treatment modalities for such patients.
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Therapy for refractory Crohn’s disease or concomitant tuberculosis infection 
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for such patients, which can not only improve the symptoms of CD, but also 
enhance the response of the patients to anti- tuberculosis drugs. CD patients 
tolerate it quite well.
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with a poor response to therapy or serious side effects of standard medical 
interventions.
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Refractory Crohn’s disease refers to a condition in which standard induction 
therapy iwith high-dose intravenous steroids has failed to induce remission 
either at diagnosis or during subsequent relapse. Pediatric CD activity index is 
a rating scale used to assess the severity of pediatric Crohn’s disease and cor-
relates well with disease activity.
Peer review
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Figure 2  Endoscopy views of patients A, B, C, F before thalidomide treatment (A-D) and six months after thalidomide treatment (E-H).
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