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The combination therapy of thalidomide and azathioprine (AZA) offers an alternative in

clinical practice for Crohn’s disease (CD) patients experiencing a loss of response to AZA

monotherapy. However, little is known about the efficacy and safety of this combination

therapy for patients with CD. This was a retrospective study of 122 consecutive CD

patients who lost response to AZA therapy and had switched to a combination therapy

of thalidomide and AZA. The primary outcomes were clinical response and clinical

remission rates at week 24. Patients who had an initial response to combination therapy

were continued on the treatment for remission maintenance. The secondary outcomes

were the proportion of clinical relapse throughout maintenance. The Kaplan–Meier

method was used to calculate cumulative rates, and Cox regression analysis was used

for multivariate analysis. During induction, 80.3% (98/122) patients achieved clinical

response within a median duration of 6.5 weeks, (interquartile range, 4.3–8.1 weeks).

The rate of clinical remission at 24 weeks was 70.5%. During follow-up, 22.4% (22/98) of

the patients that were maintained on combination therapy experienced clinical relapse.

The proportions of patients in remission status at 12, 24, and 36 months were 85.1,

78.3, and 70.1%, respectively. Multivariate analysis revealed C-reactive protein >10

mg/L at disease relapse on AZA monotherapy [adjusted hazard ratio (HR), 4.72; 95%

CI, 1.19–18.75, P = 0.027] and 6-thioguanine nucleotides level ≥235 pmol/8 × 108

erythrocytes at AZA monotherapy (adjusted HR, 5.32; 95% CI, 1.40–20.14, P = 0.014)

were associated with disease relapse on combination therapy. The endoscopic remission

rate was 63.6%. Mucosal healing was achieved in 23.6% of the patients. Both Crohn’s

Disease Endoscopic Index of Severity (13.4 ± 4.92 vs. 6.12 ± 5.24, P < 0.001) and

Rutgeerts scores (3.23 ± 0.73 vs. 1.77 ± 1.59, P = 0.003) were significantly decreased

with the use of combination therapy. Adverse events occurred in 62 (50.8%) patients,

but only 13 (10.7%) necessitated therapy discontinuation. Thalidomide combined with

AZA was effective in inducing clinical remission and sustaining long-term steroid-free

remission in CD patients who lost response to AZA monotherapy.
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INTRODUCTION

Crohn’s disease (CD), an inflammatory bowel disease (IBD) with
unknown etiology, may involve any part of the gastrointestinal
(GI) tract. The clinical course of CD is characterized by
its propensity to relapse (1, 2). Thiopurines, comprising
azathioprine (AZA) and mercaptopurine, are the established
first-line immunosuppressive therapies with confirmed efficacy
for the maintenance of CD remission (3). However, despite the
widespread use of thiopurines, 20–40% of CD patients under
AZA monotherapy experience a loss of response, requiring
optimization or switch to another medication (4, 5). Riello et al.
(6) investigated 103 pediatric CD patients on AZA monotherapy
and found that the steroid-free remission rates at 6, 12, 18, and
24 months were 60.2, 39.8, 33.3, and 31.2%, respectively. The
management of CD patients that are refractory to thiopurines still
represents a major concern to GI clinicians.

Current treatment guidelines usually recommend initiating
anti-tumor necrosis factor (TNF) agents or methotrexate (MTX)
treatment for patients who lost response to AZA therapy (7, 8).
However, a total of 20–30% of patients with refractory CD do
not respond to anti-TNF-α treatment (9, 10). Similarly, MTX
is no more effective than placebo in inducing remission in CD
(11); therefore, concomitant steroids are needed for remission
induction. A combination of AZA and thalidomide offered an
alternative in clinical practice.

Thalidomide is an oral agent that has been reintroduced to
treat IBD. It has many immunomodulatory actions, including
prevention of angiogenesis, inhibition of TNF-α and interleukin
12, and activation of nuclear factor kappa B and pro-
inflammatory cell adhesion (12). Thalidomide has been proven
to be effective in the treatment of refractory active CD in
both children and adults (12–15) and could be used if biologic
agents are unavailable. However, no studies to date have assessed
the efficacy and safety of thalidomide combined with AZA in
refractory CD.

This retrospective and observational study aimed to assess the
efficacy and safety of the combination of thalidomide and AZA
in inducing and maintaining clinical and endoscopic remission
in AZA-refractory CD patients.

MATERIALS AND METHODS

Study Population
Enrolled patients were screened from among those with
established CD diagnosis who were followed up at the
GastroenterologyDepartment of the First AffiliatedHospital, Sun
Yat-sen University (China), a tertiary IBD referral center, from
May 2004 to December 2019. The diagnosis of CD was based on
a combination of clinical, radiologic, endoscopic, and histologic
findings. Inclusion criteria were patients (a) aged between 16 and
75 years, (b) with at least 6 months of steroid-free remission on
AZA monotherapy, (c) who experienced disease relapse on AZA
monotherapy, (d) with a mild or moderate disease activity at
disease relapse [Crohn’s Disease Activity Index (CDAI) between
150 and 450], and (e) who switched to a combination therapy
of AZA and thalidomide after disease relapse. Exclusion criteria

were (a) previous thalidomide exposure, (b) missing data in the
medical records, (c) experienced endoscopic relapse but without
clinical symptom on AZA monotherapy, and (d) follow-up
duration <24 weeks.

Study Design
This is a retrospective single-center study. Patients included
were treated with a combination of thalidomide and AZA after
losing response to AZA monotherapy. All the patients at our
center were fully informed of the risk of teratogenicity and
other possible adverse events (AEs) and signed written informed
consent before the initiation of thalidomide. Contraception
was mandatory for both male and female patients of child-
bearing potential throughout the duration of the therapy and
up to 6 months after thalidomide had been discontinued.
Thalidomide was initiated at a dose of 25 mg/d and increased
gradually at a dose of 25–50mg every 2 weeks until achieving
50–100 mg/d, with close observation of the patients’ clinical
response and tolerability. Patients with perianal lesion were
given antibiotics (levofloxacin and metronidazole) and abscess
drainage. Details about all possible AEs of thalidomide, in
particular paresthesia or numbness, were enquired from the
patients at each visit. Thalidomide was reduced to a lower
dose (25–50 mg/d) in patients with neuropathy until this
resolved; otherwise, thalidomide may be discontinued at the
discretion of the doctor. The diagnosis of neuropathy was largely
made based on the typical symptoms of the patients combined
with the history of the medication. Electromyography was not
regularly performed except for patients with atypical symptoms
or relatively severe symptoms.

Patients who had an initial response to the combination
therapy at 24 weeks were continued on the treatment
for remission maintenance. For patients maintained on the
combination therapy, both clinical and endoscopic evaluations
were performed. Figure 1 shows the patients’ flow in the study.
This study was approved by the Ethics Committee of the First
Affiliated Hospital of Sun Yat-sen University.

Definitions and Outcome Measures
The primary efficacy outcomes were the clinical response and
remission rates at week 24. The secondary outcomes were the
proportion of clinical relapse and CD-related hospitalizations
and intestinal surgery throughout the follow-up period of
patients maintained on combination therapy.

Loss of response, also referred to as secondary AZA failure,
was defined according to a previously validated definition (16, 17)
as disease exacerbation after a good initial response (≥6 months
steroid independent) to AZA; change in CDAI from remission
to active disease, disease relapse between visits, and need for
rescue therapy; and thiopurine discontinuation, hospitalization,
or surgical intervention.

Clinical remission was defined as a CDAI score <150 with
a decrease of >70 points. Clinical response was defined as a
CDAI > 150 but with a decrease of >70 points (7). Clinical
relapse was defined as a CDAI > 150 with an increase of
>70 points (18). A new opening perianal or enterocutaneous
fistula, an intra-abdominal abscess, a perianal abscess, a new
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FIGURE 1 | This is the flow of patients in the study. CD, Crohn’s disease; AZA, azathioprine.

intestinal obstruction due to CD, confirmed by medical imaging
and requiring hospitalization, or endoscopic evidence of active
inflammation was also considered to indicate disease relapse
(19). CD-related hospitalizations were defined as those resulting
from complications or CD-related treatment or adverse reactions
(20). CD-related intestinal surgery was defined as any intestinal
resection for active CD including the first and subsequent
surgeries (21).

Endoscopic remission was defined as Crohn’s Disease
Endoscopic Index of Severity (CDEIS) score <7 (22) or
Rutgeerts score ≤i1 from a baseline Rutgeerts score ≥i2 (23).
Mucosal healing (MH) was defined as the absence of ulceration
at ileocolonoscopy.

Thalidomide-induced neuropathy was defined when typical
subjective and/or objective clinical features were present and
associated with electrophysiologic signs and after exclusion of
another possible cause of neuropathy. These typical clinical
features consisted of pins and needles in the feet and/or tactile
distal hypoesthesia, symmetrical, and predominating in the lower
limbs (24).

Adverse Events
Any new symptom or sign, any significant laboratory
abnormality, or worsening of a preexisting condition or
abnormality that occurred after initiation of combination
therapy was considered an AE.

Data Collection
A predetermined structured datasheet was used to extract data
on the following from the medical charts: age at diagnosis,
sex, smoking habits, Montreal classification (disease location,
and disease behavior), perianal lesions, GI surgery history, 6-
thioguanine nucleotides (6-TGN) at AZA monotherapy, dosage
of AZA and thalidomide during the combination therapy,
and probable AEs. The 6-TGN concentrations were usually
measured 8–12 weeks after the initiation of AZA since the
steady state may be anticipated following 2 months of use
(25). AEs were summarized as numbers and percentages. The
hematologic, immunologic, and chemistry laboratory values were
also retrieved.

Statistical Analysis
Statistical analysis was performed using IBM SPSS Statistics
for Windows, version 24.0 (IBM Corp., Armonk, N.Y.,
USA). Quantitative data were described using medians with
interquartile range (IQR) while qualitative data were expressed
as counts and percentages. Fisher’s exact test and chi-squared
tests were used to compare non-parametric categorical data
between groups, and analysis of variance was used for
continuous parameters. The Kaplan–Meier method was used
for survival data to calculate the cumulative probabilities
of being free of events (bowel resection, hospitalization, or
disease flare). Cox regression analysis was used to identify risk
factors for disease flare and endoscopic remission. Univariate
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analysis was performed using the log-rank test to identify
independent predictive factors, and factors, with P < 0.2
tested in a multivariate analysis using Cox regression. All
statistical tests were two-sided. P < 0.05 was considered
statistically significant.

RESULTS

Patients’ Characteristics at Baseline
We reviewed themedical charts of 1499 patients with CD referred
to our department between 2004 and 2019. Of a total of 193
cases who met the inclusion criteria, 71 cases were further
excluded (31 for absence of steroid-free remissions on AZA
monotherapy, 26 for endoscopic relapse but without clinical
symptom on AZA monotherapy, 7 for thalidomide exposure
before combination therapy, and 7 for irregular follow-up).
The remaining 122 patients were enrolled (male, 87; female,
35; median age, 30.0 years), 46.7% of the patients were with
stricturing disease, and 28.7% had perianal lesion. Fifty-two
patients underwent GI surgery, while 10 patients underwent
appendectomy. The combination therapy was started at a median
time of 20.3 months (IQR 11.7–59.5 months) post-operation.
Of 28 patients with upper GI tract involvement, 12 patients
had GI surgery history (9 patients had small bowel resection,
1 had ileocolic resection, 1 had gastrojejunostomy, whereas,
endoscopic dilation was performed on only 1 patient). Table 1
shows the baseline characteristics of this cohort. The median
duration of AZA monotherapy was 18.2 months (IQR, 11.2–
35.2 months). 6-TGN levels were measured at a median time
of 3.1 months (IQR 0.5–7.8 months) before losing response to
AZA, with a median level of 282.2 pmol/8 × 108 erythrocytes,
which is within the target therapeutic window [>235 pmol/8
× 108 erythrocytes (26)]. Among all the patients included
in our study, none were pregnant, nursing, or undergoing
pregnancy preparation.

Induction With Thalidomide and AZA
Median follow-up of combination therapy was 33.4 months
(IQR, 12.6–63.7 months). AZA was prescribed at a dosage
of 2.0–2.5 mg/kg/d and thalidomide 25 mg/d at the start of
the combination therapy. Thalidomide dosage was increased to
75 or 100 mg/d based on the level of the patients’ tolerance
and clinical symptoms. No statistical differences were observed
in AZA dosage between combination therapy and previous
monotherapy (P = 0.23).

As demonstrated in Figure 2, at week 24, 80.3% (98/122) of
the patients achieved clinical response within a median time of
6.5 weeks (IQR, 4.3–8.1 weeks). The proportions of patients who
had a clinical response at week 8 and 12 were 45.1 and 66.4%,
respectively. Accordingly, the clinical remission rates at week 8,
12, and 24 were 30.3, 57.4, and 70.5%, respectively. The median
time of achieving clinical remission was 9.0 weeks (IQR of 6.0–
13.0 weeks). Moreover, there was a significant decrease in CDAI,
erythrocyte sedimentation rate (ESR), and C-reactive protein
(CRP) at week 8 when compared to the baseline (P < 0.001,
P = 0.039, and P = 0.032, respectively) (Table 2).

TABLE 1 | Baseline demographic and clinical characters.

Variable n = 122

Gender (male) 87 (71.3)

BMI 19.21 ± 3.24

Smoker 19 (15.6)

Age at referral (years) 30.0 (23.0–39.0)

<40 years 99 (81.1)

Disease location†

Ileal (L1) 19 (15.6)

Colonic (L2) 12 (9.8)

Ileocolonic (L3) 89 (73.0)

Upper digestive tract (L4) 28 (23.0)

Disease behavior†

Non-penetrating, non-stricturing (B1) 36 (29.5)

Stricturing (B2) 57 (46.7)

Penetrating (B3) 29 (23.8)

Perianal lesion 35 (28.7)

Fistula 23 (18.9)

Perianal abscess 12 (9.8)

Anal Fissure 2 (1.6)

History of GI surgery 52 (42.6)

Partial enterectomy 26 (21.3)

Ileocolic resection ± ileocolic

anastomosis

13 (10.7)

Hemicolectomy 7 (5.7)

Ileocecoectomy 5 (4.1)

Gastrojejunostomy 1 (0.8)

History of appendectomy 10 (8.2)

History of biological therapy 33 (27.0)

Disease duration at LOR to AZA (months) 58.5 (28.3–99.8)

Time of remission on AZA monotherapy

(months)

18.2 (11.2–35.2)

CDAI at LOR to AZA 204.1 ± 57.4

CRP at LOR to AZA (mg/L) 15.0 (7.6–25.2)

ESR at LOR to AZA (mm/h) 47.5 (25.8–76.7)

6-TGN level on AZA monotherapy

(pmol/8 × 108 erythrocyte)

282.2 (185.7–358.2)

6-TGN level on combination therapy

(pmol/8 × 108 erythrocyte)

194.4 (132.4–273.9)

†
Phenotypes were categorized using the Montreal classification.

The values are described as number (%), mean ± SD or median (IQR).

BMI, body mass index; LOR, loss of response; CDAI, Crohn’s disease activity index;

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GI, gastrointestinal;

AZA, azathioprine; TGN, thioguanine nucleotides; SD, standard deviation; IQR,

interquartile range.

Maintenance of Remission
Clinical Relapse
Among the 98 patients who achieved initial response and
were maintained on combination therapy, 22 (22.4%) patients
experienced clinical relapse within a median follow-up time
of 38.5 months (IQR, 13.3–66.7 months). The cumulative
proportion of patients in remission at 12, 24, 36, 48,
and 60 months were 85.1, 78.3, 70.1, 66.6, and 55.8%,
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respectively (Figure 3A). The median duration of relapse-
free survival was 74.7 months [95% confidence interval
(CI), 39.6–109.9 months]. The 6-TGN concentrations during
combination therapy were measured in 56/98 patients during
the maintenance period within a median time of 8.1 months
(IQR, 4.7–17.1 months). The median TGN level was 194.4
pmol/8 × 108 erythrocyte (IQR, 132.4–273.9 pmol/8 ×

108 erythrocyte).
For risk factors of clinical relapse, all baseline factors

that were evaluated in the univariate analysis, including
disease behavior, perianal disease, history of GI surgery, ESR,
CRP, white blood cell count, and 6-TGN levels showed
trends toward influence on disease flare and were tested in
multivariate analysis using Cox regression analysis (Table 3).
Multivariate analysis revealed that CRP > 10 mg/L at
disease relapse on AZA monotherapy [adjusted hazard ratio

FIGURE 2 | This figure shows the clinical remission and response rates

over time.

(HR), 4.72; 95% CI, 1.19–18.75, P = 0.027] and 6-TGN
level ≥235 pmol/8 × 108 erythrocytes at AZA monotherapy
(adjusted HR, 5.32; 95% CI, 1.40–20.14, P = 0.014) were
associated with disease relapse on combination therapy (Table 3
and Figures 4A,B).

Crohn Disease–Related Hospitalizations and

Intestinal Surgery
A total of 9 (9.2%) patients were hospitalized. The probabilities
of CD-related hospitalization were 2.5 and 9.6% at 6 and 12
months, respectively (Figure 3B). Of all the baseline factors, no
risk factors were found to be associated with hospitalization
either at univariate or multivariate analyses. Five (5.1%) patients
on combination therapy underwent intestinal surgery. The
cumulative percentage of intestinal surgery was 7.1% at 3 years
(Figure 3C). No risk factors were found to be associated with
intestinal surgery.

Endoscopic Evaluation
Fifty-five patients with endoscopic evaluation at the initiation
of combination therapy underwent at least one endoscopy
during follow-up. During follow-up, 35 (63.6%) patients achieved
endoscopic remission and 13 (23.6%) patients achieved MH.
Figures 5A,B showed that both CDEIS (13.40 ± 4.92 vs. 6.12
± 5.24, P < 0.001) and Rutgeerts scores (3.23 ± 0.73 vs. 1.77
± 1.59, P = 0.003) were significantly decreased on combination
therapy. Figure 5C aimed to demonstrate the trend of CDEIS in
13 patients with multiple endoscopic examinations during the
5-year follow-up [mean ± standard deviation (SD) CDEIS were
14.00 ± 4.49; 5.49 ± 3.62; 6.67 ± 2.80; 5.00 ± 5.45; 7.57 ± 5.94;
and 4.25 ± 3.77 at year 0, 1, 2, 3, 4, and 5, respectively]. The
endoscopic disease activity was significantly decreased in the first
year and remained stable during the follow-up.

TABLE 2 | Outcomes of thalidomide and AZA combination therapy over time.

Week 0 Week 4 Week 8 Week 12 Week 24

Clinical response1, n (%) – 14 (11.5%) 55 (45.1%) 81 (66.4%) 98 (80.3%)

Clinical remission2, n (%) – 9 (7.4%) 37 (30.3%) 70 (57.4%) 86 (70.5%)

CDAI, mean (SD) 204.1 ± 57.4 162.3 (50.4)* 132.1 (47.5)** 109.5 (39.1)** 84.2 (40.8)**

CRP3, median (IQR), mg/L 15.0 (7.6–25.2) 11.3 (3.9–18.1) 8.3 (2.9–22.7)* 5.7 (1.7–9.2)** 2.9 (0.95–6.7)**

ESR4, median (IQR), mm/h 47.5 (25.8–76.7) 40.0 (23.3–66.5) 37.0 (23.0–58.0)* 24.0 (14.0–38.0)** 21.0 (13.3–42.0)**

WBC5, mean (SD), ×109/L 6.6 (2.4) 6.9 (2.2) 6.5 (1.6) 6.1 (2.1) 6.1 (2.6)

Hemoglobin6, mean (SD), g/L 124.9 (26.71) 114 (17.9) 117.5 (22.2) 120.5 (22.6) 131.8 (18.1)

PLT7, mean (SD), ×109/L 318.8 (101.1) 342.7 (111.8) 339.4 (101.8) 345.7 (132.4) 291.1 (85.0)

BMI, mean (SD), Kg/m2 19.21 ± 3.24 19.41 (3.42) 19.91 (2.20) 19.85 (3.34) 20.74 (3.19)**

1CDAI score decline ≥ 70 from baseline.
2CDAI score < 150 and CDAI score decline ≥ 70 from baseline.
3CRP reference range: 0–3 mg/L.
4ESR reference range: 0–15 mm/h.
5WBC reference range: 4–10 × 109/L.
6Hemoglobin reference range: 130–175 × 109/L.
7PLT reference range: 100–300 × 109/L.

*P < 0.05 (compared with baseline).

**P < 0.01 (compared with baseline).

BMI, body mass index; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white blood cell; PLT, blood platelet; IQR, interquartile

range; SD, standard deviation.
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FIGURE 3 | The Kaplan–Meier curve shows the probability of (A) disease relapse, (B) CD-related hospitalization, (C) CD-related bowel surgery, and (D) adverse

events. CD, Crohn’s disease.

Adverse Events
A total of 90 AEs were observed in 50.8% (62/122) of the patients
during the combination therapy (Table 4). Acroanesthesia
was the most frequent AE (17.2% of the patients), followed
by constipation (10.7%). In patients who experienced AEs,
five discontinued AZA and seven discontinued thalidomide.
The symptoms in all 13 patients were relieved after treatment
discontinuation. The median AE-free duration was 13.1
months (IQR, 6.0–43.0 months) (Figure 3D). The cumulative
percentages of patients free of AEs at 12, 24, 36, 48, and 60
months were 53.1, 39.1, 31.3, 22.4, and 15.0%, respectively.
History of biological therapy (HR, 0.41; 95% CI, 0.20–0.83;
P = 0.014) and presence of NUDT15 variant (HR, 5.58; 95% CI,
1.02–65.9; P = 0.048) were associated with the occurrence of
AEs at univariate analysis, but no independent risk factors were
found in the multivariate analysis (Supplementary Table 1).

DISCUSSION

To the best of our knowledge, our present study was the first

to systematically evaluate the efficacy and safety of thalidomide
and AZA combination therapy as a salvage therapy in AZA-
refractory CD patients. Our study showed that thalidomide

combined with AZA was effective in inducing clinical remission

and sustaining long-term steroid-free remission in CD patients
who lost response to AZA monotherapy.

When assessing loss of response to thiopurine monotherapy,
an evaluation should be performed to identify and confirm
the reasons. For patients who previously failed in thiopurine
monotherapy due to skewed metabolism, low-dose thiopurine
combined with allopurinol is a commonly applied optimization
strategy to improve the efficacy of thiopurine (27). However,
allopurinol therapy may not be suitable for patients who had
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TABLE 3 | Predictors of clinical relapse by univariate analysis (log-rank test) and multivariate analysis (Cox model).

Factors Univariate Multivariate

Method: Enter

Multivariate

Method: Forward Stepwise

P HR (95% CI) P HR (95% CI) P HR (95% CI)

Gender, female 0.354 0.60 (0.20–1.79)

Age, ≥40 years 0.871 0.90 (0.27–3.07)

Smoker 0.211 0.04 (0.01–6.68)

Disease duration 0.565 1.03 (0.94–1.13)

Disease location† 0.705 0.97 (0.8–1.16)

Ileal (L1) Reference

Colonic (L2) 0.749 0.72 (0.10–5.40)

Ileocolonic (L3) 0.380 0.63 (0.22–1.78)

Upper digestive tract (L4) 0.994 0.97 (0.39–2.57)

Disease behavior† 0.463 0.87 (0.59–1.27)

Non-penetrating, non-stricturing (B1) Reference Reference

Stricturing (B2) 0.079 2.18 (0.92–5.21) 0.671 1.41 (0.29–6.93)

Penetrating (B3) 0.093 0.35 (0.10–1.20) 0.897 1.14 (0.16–8.37)

Perianal disease at CD diagnosis 0.059 0.40 (0.16–1.03) 0.115 0.35 (0.09–1.29)

History of GI surgery 0.043 0.35 (0.13–0.97) 0.240 0.43 (0.10–1.77)

History of biological therapy 0.914 1.05 (0.42–2.61)

Duration of remission induction with combination therapy 0.840 1.00 (0.98–1.03)

Duration of remission on AZA monotherapy 0.762 1.08 (0.65–1.79)

CDAI > 220 0.286 1.61 (0.67–3.8)

BMI > 18 kg/m2 0.668 0.83 (0.35–1.96)

ESR > 20 mm/h 0.117 5.06 (0.67–38.46) 0.512 2.07 (0.24–18.20)

CRP > 10 mg/L 0.127 2.68 (0.76–9.46) 0.037 6.27 (1.11–35.13) 0.027 4.72 (1.19–18.75)

WBC > 6.75 × 109/L 0.154 1.92 (0.78–4.75) 0.368 1.81 (0.50–6.56)

PLT > 300 × 109/L 0.752 1.15 (0.48–2.74)

Hemoglobin < 110 g/L 0.752 1.16 (0.47–2.86)

AZA dosage ≥ 100 mg/d 0.795 1.00 (0.99–1.02)

Thalidomide dosage ≥ 50 mg/d 0.371 1.01 (0.98–1.05)

6-TGN ≥ 235 pmol/8 ×108 erythrocyte

on AZA monotherapy

0.033 2.87 (1.04–7.92) 0.030 5.97 (1.19–30.03) 0.014 5.32 (1.40–20.14)

6-TGN ≥ 235 pmol/8 × 108 erythrocyte

on combination therapy

0.062 0.36 (0.13–1.05) 0.411 0.63 (0.21–1.91)

†Phenotypes were categorized using the Montreal classification.

CD, Crohn’s disease; BMI, body mass index; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; WBC, white blood cell; PLT, blood platelet; GI, gastrointestinal; AZA,

azathioprine; TGN, thioguanine nucleotides; HR, hazard ratio; CI, confidence interval.

a good initial response and tolerance to thiopurine but failed
in the maintenance therapy. Since the use of thalidomide for
the treatment of steroid-resistant CD in 1997 (28), the potential
therapeutic role of thalidomide in refractory CD was investigated
in several randomized controlled trials, open-label studies, and
retrospective case series. A systematic review reported that
thalidomide induced clinical remission in 51.5% of patients with
CD (29). A prospective open-label cohort study assessed the
efficacy of low-dose thalidomide (50–100 mg/d) in adult patients
with active refractory CD. The clinical remission rates at weeks
8, 12, and 24 were 23.4, 46.8, and 53.2%, respectively (30). In
the current study, the clinical remission rates at week 8, 12, and
24 were 30.3, 57.4, and 70.5%, respectively, which were relatively
higher than in the previous study. Furthermore, these results may
imply that the action of the combination therapymay take up to 8

weeks to be optimally appreciated. This time point is generally in
agreement with or somewhat earlier than that of the previously
reported optimal time frame for thalidomide monotherapy [8
weeks (15) and 12 weeks (30)].

Thalidomide is currently recommended only as a short-
term therapy for refractory CD patients due to its relatively
high incidence of AE. Therefore, only a few studies have
investigated the long-term efficacy of thalidomide. A multicenter
randomized clinical trial reported that the mean duration of
clinical remission in children and adolescents with CD who had
received thalidomide was 181.1 weeks (15). As for the adult
CD, Simon et al. (13) reported that the probability of relapse
was 37% at 6 months. A systematic review of 489 patients
reported that thalidomide-maintained remission in 80.0 and
72.2% of the patients at 6 and 12 months, respectively (29).
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FIGURE 4 | The figure shows the Kaplan–Meier analysis of disease flare according to (A) CRP level at disease relapse on AZA monotherapy and (B) 6-TGN

concentration at AZA monotherapy. CRP, C-reactive protein; AZA, azathioprine; 6-TGN, 6-thioguanine nucleotides.

FIGURE 5 | This figure shows the (A) CDEIS score and (B) Rutgeerts score before and after AZA and thalidomide combination therapy and the (C) trend of CDEIS in

13 patients during the 5-year follow-up. *P < 0.05 (compared with baseline), **P < 0.01 (compared with baseline). CDEIS, Crohn’s Disease Endoscopic Index of

Severity; AZA, azathioprine.

In the current study, the cumulative percentages of patients
who maintained remission at 12, 24, 36, 48, and 60 months
were 85.1, 78.3, 70.1, 66.6, and 55.8%, respectively. The median
duration of remission was 74.7 months (95% CI, 39.6–109.9

months). Compared with previous studies on thalidomide, our
study suggested that a longer duration and a higher clinical
remission rate can be achieved with thalidomide and AZA
combination therapy.
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TABLE 4 | Adverse events of thalidomide and AZA combination therapy.

n = 122

Patients with adverse events 62 (50.8%)

Events led to AZA discontinuation 5 (4.1%)

Events led to thalidomide discontinuation 7 (5.7%)

Events led to both AZA and thalidomide discontinuation 0

Events led to hospitalization 1 (0.8%)

Overall adverse events 90

Neuropathy 35 (28.7%)

Acroanesthesia 21 (17.2%)

Somnolence 8 (6.6%)

Vertigo 6 (4.9%)

Fatigue 2 (1.6%)

Insomnia 4 (3.3%)

Leukopenia 7 (5.7%)

Constipation 13 (10.7%)

Arthralgia 4 (3.3%)

Menstrual disorder 4 (3.3%)

Alopecia 2 (1.6%)

Pulmonary infection 2 (1.6%)

Blurred vision 5 (4.1%)

Tremors 3 (2.5%)

Chest distress 1 (0.8%)

Venous thromboembolism 1 (0.8%)

Dermatitis/erythra 2 (1.6%)

Varicella/shingles 3 (2.5%)

Lack of appetite 1 (0.8%)

Asymptomatic bradycardia 1 (0.8%)

The values are described as number (%). AZA, azathioprine.

TNF-α is considered to be centrally involved in the
inflammatory process in CD (31), and it is known that
thiopurines have synergistic effects with anti-TNF-α drugs
by reducing the immunogenicity of biological therapy and
increasing the anti-TNF trough levels (32, 33). Thalidomide as
an oral anti-inflammatory drug blocks TNF-α expression by
various possible mechanisms (34, 35). Thus, we speculated that in
addition to their own specific mechanism, combined thiopurines
with thalidomide may have similar synergistic effects with anti-
TNFα drugs. This was confirmed by our preliminary result
showing that patients on combination therapy achieved long-
term clinical remission. Given that both agents can modulate
the function of T-cells (32, 34), the synergistic effects may also
be via the modulation of T-cell immunity. However, the exact
mechanism warrants further study.

A higher rate of AZA-related AEs, such as myelotoxicity,
was observed in Asian patients with CD than in Caucasian
patients (36, 37). Of the 98 patients on the AZA and
thalidomide combination maintenance therapy, 35 patients had
prior subtherapeutic TGN level, which paralleled the lower dose
of AZA. These patients all had a good initial response to AZA
monotherapy, but 25 patients experienced leukopenia and 10
patients experienced arthralgia. For safety concerns, we did not

increase the AZA dosages for these 35 patients. Interestingly, our
study showed that the risk of clinical relapse on combination
therapy was higher for the other 63 patients who lost response
despite having achieved the recommended therapeutic TGN
concentrations. TGNs, which are active metabolites of AZA
and 6-MP, function as rogue nucleic acids, disrupting the DNA
replication in the most rapidly dividing cells such as activated
T lymphocytes where the genes involved in T-cell immunity are
downregulated by AZA (38). Thalidomide can reduce TNF-α
and interleukin-12 production in patients with chronic active
CD (39). Thus, activated T cell lymphocytes are targets for both
AZA and thalidomide. If patients’ diseases flared while their
TGNs were within the therapeutic window, it means that some
signaling pathways other than those of the T cell immunity may
be playing an important role in triggering disease flare. Thus,
the combined therapy with thalidomide may fail as well. This
finding offered new insights into the solution of “maintenance
therapy” in refractory CD patients with relatively poor tolerance
to thiopurines. Considering that thiopurine failure due to
intolerance occurs in up to 30% of recipients (40), in this
setting, combination with thalidomide may present a promising
alternative treatment. The TGN level with combination therapy
was not found to be associated with disease relapse.

The present study also found elevated serum CRP levels
at the initiation of the combination therapy as a risk factor
for disease relapse. CRP level is related to a changed state of
intestinal inflammation and is often used along with CDAI to
assess IBD disease activity (41, 42). A high CRP level might be
related to a high inflammatory burden at disease relapse (43).
A retrospective study from Belgium concerning the long-term
outcome of immunomodulator use indicates that a high disease
burden at diagnosis predicted the need for step-up therapy using
either biologics or surgery (44). CRP can also quickly reflect the
effectiveness of drugs, thereby guiding the clinical treatment (45).
In our study, there was a significant decrease in CRP (P = 0.032)
along with CDAI (P < 0.001) at week 8 compared to the baseline.

The treatment goal of CD has evolved from symptom control
toward MH (46). A retrospective study reported that a positive
endoscopic response and MH were documented in 46 and 38%
of patients treated with thiopurines at 12 months, respectively
(47). As for studies on thalidomide, He et al. (30) reported that
the endoscopic remission and MH rates were 43.8 and 28.1%
in patients with CD, respectively. A long-term study reported
that 52 weeks of treatment with thalidomide led to MH in 20
(27.7%) of 70 patients with IBD (48). The current study showed
that the endoscopic remission and MH rates in patients treated
with the combination of AZA and thalidomide were 63.6 and
23.6%, respectively. Compared with previous studies, the present
study had a relatively lower MH rate. This may be partly due to
the large percentage of enrolled patients with complicated cases
(46.7% were with stricturing disease and 23.8% had penetrating
lesion at diagnosis) that were refractory to AZA.

Although AEs are associated with both AZA and thalidomide,
the incidence of AEs reported in the current study was similar
to that of previous studies (5, 14, 29, 49); indicating that the
combination of AZA and thalidomide may not increase the risk
of AEs. Teratogenicity is the most well-known AE of thalidomide

Frontiers in Medicine | www.frontiersin.org 9 November 2020 | Volume 7 | Article 557986

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Li et al. Thalidomide Combined With Azathioprine for CD

(50), but it is also the most preventable one. A retrospective study
reviewed 124,000 (43% female) patients receiving thalidomide
in 6 years to determine the occurrence of positive pregnancy
tests whilst on treatment. Only one female was pregnant while
on thalidomide and the pregnancy resulted in a miscarriage
(51). No data from human studies are available on how
breastfeeding during treatment with thalidomide might affect the
infant. However, owing to the potential toxicity, thalidomide is
absolutely contraindicated during lactation (52). In the current
study, all patients were fully informed of the risk of teratogenicity,
with the mandatory requirement for contraception throughout
the duration of the therapy and up to 6 months after thalidomide
had been discontinued.

There are a few limitations to our study. First, our findings
should be interpreted with caution due to the retrospective and
referral center-based design of our investigation. However, most
of the data were collected prospectively and had been structurally
documented in the patients’ medical files during each follow-up,
which minimized these biases. We believe that our results reflect
the clinical effectiveness of AZA and thalidomide combination
therapy in real-world clinical practice. Furthermore, one may
argue that biologic agents could be used in the event of loss of
response to AZA. So far, only two biologic agents (infliximab and
adalimumab) are approved for CD in China and both are not
covered by the health insurance till January 1, 2020. In the current
study, one-third (33, 27.0%) of included patients had previously
failed on one of these two biologics and the remaining two-third
patients could not afford to use biologics in the long-term. The
current study aimed to offer an alternative option for patients
who lost response to AZA and were unable to tolerate or could
not afford biologics.

In conclusion, thalidomide combined with AZA is effective
in inducing and maintaining clinical remission and is well-
tolerated in CD patients who lost response to AZAmonotherapy.
Moreover, MH and endoscopic remission were achieved 23.6
and 63.6% of patients. Further well-designed prospective study
with control is needed to validate the conclusions drawn from
our study.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by The Ethics Committee of the First Affiliated
Hospital of Sun Yat-sen University. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

TL, YQ, and XL were responsible for the study concept and
design, acquisition of data, analysis, and interpretation of data.
TL and YQ wrote the manuscript. ML, XZ, SH, RF, and BC
contributed to the collection of data. YH and ZZ contributed to
the revision of the manuscript. MC and SZ contributed to the
design and conceptualization of the research, coordination of the
research as lead investigator, and revision of the manuscript. All
authors approved the final version of the submitted manuscript
and have agreed to be accountable for all aspects of the work.

FUNDING

This study was financially supported in part by National
Natural Science Foundation of China (NSFC Grant No.
81500501, 81670607, 81630022, 81700482, 81870374, 81630018,
and 81670498), Natural Science Foundation of Guangdong
Province (Grant No. 2017A030310211), Guangdong Science
and Technology Foundation (Grant No. 2017A030306021),
Guangdong Medical Research Foundation (Grant No.
A2017292), Tip-top Science and Technology Innovation
Youth Talents of Guangdong Special Support program (Grant
No. 2016TQ03R296), and the Fundamental Research Funds for
the Central Universities (Grant No. 19ykzd11).

ACKNOWLEDGMENTS

We would like to thank Editage (www.editage.cn) for English
language editing.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.557986/full#supplementary-material

REFERENCES

1. Thia KT, Sandborn WJ, Harmsen WS, Zinsmeister AR, Loftus EV Jr. Risk

factors associated with progression to intestinal complications of Crohn’s

disease in a population-based cohort. Gastroenterology. (2010) 139:1147–55.

doi: 10.1053/j.gastro.2010.06.070

2. Peyrin-Biroulet L, Loftus EV Jr, Colombel JF, Sandborn WJ. The natural

history of adult Crohn’s disease in population-based cohorts. Am J

Gastroenterol. (2010) 105:289–97. doi: 10.1038/ajg.2009.579

3. Torres J, Bonovas S, Doherty G, Kucharzik T, Gisbert JP, Raine T, et al. ECCO

guidelines on therapeutics in Crohn’s disease: medical treatment. J Crohns

Colitis. (2020) 14:4–22. doi: 10.1093/ecco-jcc/jjz180

4. Suarez Ferrer C, Gonzalez-Lama Y, Gonzalez-Partida I, Calvo Moya M,

Vera Mendoza I, Matallana Royo V, et al. Usefulness of thiopurine

monotherapy for Crohn’s disease in the era of biologics: a long-term single-

center experience. Dig Dis Sci. (2019) 64:875–9. doi: 10.1007/s10620-018-

5381-0

5. Jharap B, Seinen ML, de Boer NK, van Ginkel JR, Linskens RK, Kneppelhout

JC, et al. Thiopurine therapy in inflammatory bowel disease patients: analyses

of two 8-year intercept cohorts. Inflamm Bowel Dis. (2010) 16:1541–9.

doi: 10.1002/ibd.21221

6. Riello L, Talbotec C, Garnier-Lengline H, Pigneur B, Svahn J, Canioni D, et al.

Tolerance and efficacy of azathioprine in pediatric Crohn’s disease. Inflamm

Bowel Dis. (2011) 17:2138–43. doi: 10.1002/ibd.21612

Frontiers in Medicine | www.frontiersin.org 10 November 2020 | Volume 7 | Article 557986

www.editage.cn
https://www.frontiersin.org/articles/10.3389/fmed.2020.557986/full#supplementary-material
https://doi.org/10.1053/j.gastro.2010.06.070
https://doi.org/10.1038/ajg.2009.579
https://doi.org/10.1093/ecco-jcc/jjz180
https://doi.org/10.1007/s10620-018-5381-0
https://doi.org/10.1002/ibd.21221
https://doi.org/10.1002/ibd.21612
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Li et al. Thalidomide Combined With Azathioprine for CD

7. Gomollon F, Dignass A, Annese V, Tilg H, Van Assche G, Lindsay JO, et al.

3rd European evidence-based consensus on the diagnosis and management

of Crohn’s disease 2016: part 1: diagnosis and medical management. J Crohns

Colitis. (2017) 11:3–25. doi: 10.1093/ecco-jcc/jjw168

8. Herfarth HH, Kappelman MD, Long MD, Isaacs KL. Use of methotrexate

in the treatment of inflammatory bowel diseases. Inflamm Bowel Dis. (2016)

22:224–33. doi: 10.1097/MIB.0000000000000589

9. Burisch J, Pedersen N, Cukovic-Cavka S, Brinar M, Kaimakliotis I, Duricova

D, et al. East–west gradient in the incidence of inflammatory bowel disease

in Europe: the ECCO-EpiCom inception cohort. Gut. (2014) 63:588–97.

doi: 10.1136/gutjnl-2013-304636

10. Yanai H, Hanauer SB. Assessing response and loss of response to

biological therapies in IBD. Am J Gastroenterol. (2011) 106:685–98.

doi: 10.1038/ajg.2011.103

11. Dassopoulos T, Sultan S, Falck-Ytter YT, Inadomi JM, Hanauer SB. American

Gastroenterological Association Institute technical review on the use of

thiopurines, methotrexate, and anti-TNF-alpha biologic drugs for the

induction and maintenance of remission in inflammatory Crohn’s disease.

Gastroenterology. (2013) 145:1464–78.e1-5. doi: 10.1053/j.gastro.2013.10.046

12. Plamondon S, Ng SC, Kamm MA. Thalidomide in luminal and fistulizing

Crohn’s disease resistant to standard therapies. Aliment Pharmacol Ther.

(2007) 25:557–67. doi: 10.1111/j.1365-2036.2006.03239.x

13. Simon M, Pariente B, Lambert J, Cosnes J, Bouhnik Y, Marteau P,

et al. Long-term outcomes of thalidomide therapy for adults with

refractory Crohn’s disease. Clin Gastroenterol Hepatol. (2016) 14:966–72.e2.

doi: 10.1016/j.cgh.2015.10.034

14. Yang C, Singh P, Singh H, Le ML, El-Matary W. Systematic review:

thalidomide and thalidomide analogues for treatment of inflammatory bowel

disease. Aliment Pharmacol Ther. (2015) 41:1079–93. doi: 10.1111/apt.13181

15. Lazzerini M, Martelossi S, Magazzu G, Pellegrino S, Lucanto MC, Barabino A,

et al. Effect of thalidomide on clinical remission in children and adolescents

with refractory Crohn disease: a randomized clinical trial. JAMA. (2013)

310:2164–73. doi: 10.1001/jama.2013.280777

16. Boyle BM, Kappelman MD, Colletti RB, Baldassano RN, Milov DE,

Crandall WV. Routine use of thiopurines in maintaining remission

in pediatric Crohn’s disease. World J Gastroenterol. (2014) 20:9185–90.

doi: 10.3748/wjg.v20.i27.9185

17. Bar-Yoseph H, Waterman M, Almog R, Billiet T, Vermeire S, Ungar B, et al.

Prevention of antidrug antibody formation to infliximab in Crohn’s patients

with prior failure of thiopurines. Clin Gastroenterol Hepatol. (2017) 15:69–75.

doi: 10.1016/j.cgh.2016.06.028

18. Colombel JF, Sandborn WJ, Reinisch W, Mantzaris GJ, Kornbluth

A, Rachmilewitz D, et al. Infliximab, azathioprine, or combination

therapy for Crohn’s disease. N Engl J Med. (2010) 362:1383–95.

doi: 10.1056/NEJMoa0904492

19. Louis E, Mary JY, Vernier-Massouille G, Grimaud JC, Bouhnik Y, Laharie

D, et al. Maintenance of remission among patients with Crohn’s disease on

antimetabolite therapy after infliximab therapy is stopped. Gastroenterology.

(2012) 142:63–70.e5; quiz e31. doi: 10.1053/j.gastro.2011.09.034

20. Colombel JF, Rutgeerts PJ, Sandborn WJ, Yang M, Camez A, Pollack PF, et al.

Adalimumab induces deep remission in patients with Crohn’s disease. Clin

Gastroenterol Hepatol. (2014) 12:414–22.e5. doi: 10.1016/j.cgh.2013.06.019

21. Solberg IC, Vatn MH, Hoie O, Stray N, Sauar J, Jahnsen J, et al.

Clinical course in Crohn’s disease: results of a Norwegian population-

based ten-year follow-up study. Clin Gastroenterol Hepatol. (2007) 5:1430–8.

doi: 10.1016/j.cgh.2007.09.002

22. Calafat M, Manosa M, Canete F, Ricart E, Iglesias E, Calvo M, et al. Increased

risk of thiopurine-related adverse events in elderly patients with IBD. Aliment

Pharmacol Ther. (2019) 50:780–8. doi: 10.1111/apt.15458

23. Han ZM, QiaoWG, Ai XY, Li AM, Chen ZY, Feng XC, et al. Impact of capsule

endoscopy on prevention of postoperative recurrence of Crohn’s disease.

Gastrointest Endosc. (2018) 87:1489–98. doi: 10.1016/j.gie.2018.01.017

24. Bastuji-Garin S, Ochonisky S, Bouche P, Gherardi RK, Duguet C, Djerradine

Z, et al. Incidence and risk factors for thalidomide neuropathy: a prospective

study of 135 dermatologic patients. J Invest Dermatol. (2002) 119:1020–6.

doi: 10.1046/j.1523-1747.2002.19502.x

25. Derijks LJ, Gilissen LP, Engels LG, Bos LP, Bus PJ, Lohman JJ, et al.

Pharmacokinetics of 6-mercaptopurine in patients with inflammatory bowel

disease: implications for therapy. Ther Drug Monit. (2004) 26:311–8.

doi: 10.1097/00007691-200406000-00016

26. Kariyawasam VC, Ward MG, Blaker PA, Patel KV, Goel R, Sanderson JD,

et al. Thiopurines dosed to a therapeutic 6-thioguanine level in combination

with adalimumab are more effective than subtherapeutic thiopurine-based

combination therapy or adalimumab monotherapy during induction and

maintenance in patients with long-standing Crohn’s disease. Inflamm Bowel

Dis. (2017) 23:1555–65. doi: 10.1097/MIB.0000000000001183

27. Kreijne JE, de Veer RC, de Boer NK, Dijkstra G, West R, Moorsel SAW,

et al. Real-life study of safety of thiopurine-allopurinol combination therapy

in inflammatory bowel disease: myelotoxicity and hepatotoxicity rarely

affect maintenance treatment. Aliment Pharmacol Ther. (2019) 50:407–15.

doi: 10.1111/apt.15402

28. Wettstein AR, Meagher AP. Thalidomide in Crohn’s disease. Lancet. (1997)

350:1445–6. doi: 10.1016/s0140-6736(05)64206-7

29. Bramuzzo M, Ventura A, Martelossi S, Lazzerini M. Thalidomide for

inflammatory bowel disease: systematic review. Medicine (Baltimore). (2016)

95:e4239. doi: 10.1097/MD.0000000000004239

30. He Y, Mao R, Chen F, Xu PP, Chen BL, Wu Y, et al. Thalidomide induces

clinical remission and mucosal healing in adults with active Crohn’s disease:

a prospective open-label study. Therap Adv Gastroenterol. (2017) 10:397–406.

doi: 10.1177/1756283X17698910

31. Elson CO. Genes, microbes, and T cells—new therapeutic targets in Crohn’s

disease. N Engl J Med. (2002) 346:614–6. doi: 10.1056/nejm200202213460812

32. Dulai PS, Siegel CA, Colombel J-F, Sandborn WJ, Peyrin-Biroulet L.

Systematic review: monotherapy with antitumour necrosis factor α agents

vs. combination therapy with an immunosuppressive for IBD. Gut. (2014)

63:1843–53. doi: 10.1136/gutjnl-2014-307126

33. de Boer NKH, Peyrin-Biroulet L, Jharap B, Sanderson JD, Meijer B, Atreya

I, et al. Thiopurines in inflammatory bowel disease: new findings and

perspectives. J Crohns Colitis. (2018) 12:610–20. doi: 10.1093/ecco-jcc/jjx181

34. Bartlett JB, Dredge K, Dalgleish AG. The evolution of thalidomide and its

IMiD derivatives as anticancer agents. Nat Rev Cancer. (2004) 4:314–22.

doi: 10.1038/nrc1323

35. Majumder S, Sreedhara SR, Banerjee S, Chatterjee S. TNF α signaling

beholds thalidomide saga: a review of mechanistic role of TNF-α

signaling under thalidomide. Curr Top Med Chem. (2012) 12:1456–67.

doi: 10.2174/156802612801784443

36. Huang LJ, Zhu Q, Lei M, Cao Q. Current use of immunosuppressive agents

in inflammatory bowel disease patients in East China. World J Gastroenterol.

(2009) 15:3055–9. doi: 10.3748/wjg.15.3055

37. Hibi T, Naganuma M, Kitahora T, Kinjyo F, Shimoyama T. Low-

dose azathioprine is effective and safe for maintenance of remission

in patients with ulcerative colitis. J Gastroenterol. (2003) 38:740–6.

doi: 10.1007/s00535-003-1139-2

38. Thomas CW, Myhre GM, Tschumper R, Sreekumar R, Jelinek D, McKean

DJ, et al. Selective inhibition of inflammatory gene expression in activated

T lymphocytes: a mechanism of immune suppression by thiopurines.

J Pharmacol Exp Ther. (2005) 312:537–45. doi: 10.1124/jpet.104.074815

39. Bauditz J, Wedel S, Lochs H. Thalidomide reduces tumour necrosis factor

alpha and interleukin 12 production in patients with chronic active Crohn’s

disease. Gut. (2002) 50:196–200. doi: 10.1136/gut.50.2.196

40. Connell WR, KammMA, Ritchie JK, Lennard-Jones JE. Bone marrow toxicity

caused by azathioprine in inflammatory bowel disease: 27 years of experience.

Gut. (1993) 34:1081–5. doi: 10.1136/gut.34.8.1081

41. Nielsen OH, Vainer B, Madsen SM, Seidelin JB, Heegaard NH. Established

and emerging biological activity markers of inflammatory bowel disease. Am J

Gastroenterol. (2000) 95:359–67. doi: 10.1111/j.1572-0241.2000.t01-1-01790.x

42. Vermeire S, Van Assche G, Rutgeerts P. C-reactive protein as a marker

for inflammatory bowel disease. Inflamm Bowel Dis. (2004) 10:661–5.

doi: 10.1097/00054725-200409000-00026

43. de Castro MM, Corona LP, Pascoal LB, Rodrigues BL, de Lourdes Setsuko

Ayrizono M, Rodrigues Coy CS, et al. Impaired nutritional status in

outpatients in remission or with active Crohn’s disease—classified by objective

endoscopic and imaging assessments. Clin Nutr ESPEN. (2019) 33:60–5.

doi: 10.1016/j.clnesp.2019.07.006

44. van Hoeve K, Hoffman I, D’Hoore A, Ferrante M, Vermeire S. Long-

term outcome of immunomodulator use in pediatric patients with

Frontiers in Medicine | www.frontiersin.org 11 November 2020 | Volume 7 | Article 557986

https://doi.org/10.1093/ecco-jcc/jjw168
https://doi.org/10.1097/MIB.0000000000000589
https://doi.org/10.1136/gutjnl-2013-304636
https://doi.org/10.1038/ajg.2011.103
https://doi.org/10.1053/j.gastro.2013.10.046
https://doi.org/10.1111/j.1365-2036.2006.03239.x
https://doi.org/10.1016/j.cgh.2015.10.034
https://doi.org/10.1111/apt.13181
https://doi.org/10.1001/jama.2013.280777
https://doi.org/10.3748/wjg.v20.i27.9185
https://doi.org/10.1016/j.cgh.2016.06.028
https://doi.org/10.1056/NEJMoa0904492
https://doi.org/10.1053/j.gastro.2011.09.034
https://doi.org/10.1016/j.cgh.2013.06.019
https://doi.org/10.1016/j.cgh.2007.09.002
https://doi.org/10.1111/apt.15458
https://doi.org/10.1016/j.gie.2018.01.017
https://doi.org/10.1046/j.1523-1747.2002.19502.x
https://doi.org/10.1097/00007691-200406000-00016
https://doi.org/10.1097/MIB.0000000000001183
https://doi.org/10.1111/apt.15402
https://doi.org/10.1016/s0140-6736(05)64206-7
https://doi.org/10.1097/MD.0000000000004239
https://doi.org/10.1177/1756283X17698910
https://doi.org/10.1056/nejm200202213460812
https://doi.org/10.1136/gutjnl-2014-307126
https://doi.org/10.1093/ecco-jcc/jjx181
https://doi.org/10.1038/nrc1323
https://doi.org/10.2174/156802612801784443
https://doi.org/10.3748/wjg.15.3055
https://doi.org/10.1007/s00535-003-1139-2
https://doi.org/10.1124/jpet.104.074815
https://doi.org/10.1136/gut.50.2.196
https://doi.org/10.1136/gut.34.8.1081
https://doi.org/10.1111/j.1572-0241.2000.t01-1-01790.x
https://doi.org/10.1097/00054725-200409000-00026
https://doi.org/10.1016/j.clnesp.2019.07.006
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Li et al. Thalidomide Combined With Azathioprine for CD

inflammatory bowel disease. Dig Liver Dis. (2019). doi: 10.1016/j.dld.2019.

09.008

45. Solem CA, Loftus EV Jr, Tremaine WJ, Harmsen WS, Zinsmeister AR,

Sandborn WJ. Correlation of C-reactive protein with clinical, endoscopic,

histologic, and radiographic activity in inflammatory bowel disease.

Inflamm Bowel Dis. (2005) 11:707–12. doi: 10.1097/01.mib.0000173271.18

319.53

46. Mao R, Hu PJ. The future of IBD therapy: where are we and

where should we go next? Dig Dis. (2016) 34:175–9. doi: 10.1159/000

443135

47. Qiu Y, Chen BL, Mao R, Zhang SH, He Y, Zeng ZR, et al. Endoscopy

assessment at 1-year identifies long-term responders to thiopurines

maintenance therapy in patients with Crohn’s disease. Medicine (Baltimore).

(2015) 94:e1204. doi: 10.1097/MD.0000000000001204

48. Lazzerini M, Villanacci V, Pellegrin MC, Martelossi S, Magazzu G, Pellegrino

S, et al. Endoscopic and histologic healing in children with inflammatory

bowel diseases treated with thalidomide. Clin Gastroenterol Hepatol. (2017)

15:1382–9.e1. doi: 10.1016/j.cgh.2017.02.029

49. Pudipeddi A, Kariyawasam V, Haifer C, Baraty B, Paramsothy S, Leong RW.

Safety of drugs used for the treatment of Crohn’s disease. Expert Opin Drug

Saf. (2019) 18:357–67. doi: 10.1080/14740338.2019.1612874

50. Vargesson N. Thalidomide-induced teratogenesis: history and

mechanisms. Birth Defects Res C Embryo Today. (2015) 105:140–56.

doi: 10.1002/bdrc.21096

51. Uhl K, Cox E, Rogan R, Zeldis JB, Hixon D, Furlong LA, et al. Thalidomide

use in the US: experience with pregnancy testing in the S.T.E.P.S. programme.

Drug Saf. (2006) 29:321–9. doi: 10.2165/00002018-200629040-00003

52. Nielsen OH, Maxwell C, Hendel J. IBD medications during pregnancy

and lactation. Nat Rev Gastroenterol Hepatol. (2014) 11:116–27.

doi: 10.1038/nrgastro.2013.135

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Li, Qiu, Li, Zhuang, Huang, Li, Feng, Chen, He, Zeng, Chen and

Zhang. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction in

other forums is permitted, provided the original author(s) and the copyright owner(s)

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org 12 November 2020 | Volume 7 | Article 557986

https://doi.org/10.1016/j.dld.2019.09.008
https://doi.org/10.1097/01.mib.0000173271.18319.53
https://doi.org/10.1159/000443135
https://doi.org/10.1097/MD.0000000000001204
https://doi.org/10.1016/j.cgh.2017.02.029
https://doi.org/10.1080/14740338.2019.1612874
https://doi.org/10.1002/bdrc.21096
https://doi.org/10.2165/00002018-200629040-00003
https://doi.org/10.1038/nrgastro.2013.135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Thalidomide Combined With Azathioprine as Induction and Maintenance Therapy for Azathioprine-Refractory Crohn's Disease Patients
	Introduction
	Materials and Methods
	Study Population
	Study Design
	Definitions and Outcome Measures
	Adverse Events
	Data Collection
	Statistical Analysis

	Results
	Patients' Characteristics at Baseline
	Induction With Thalidomide and AZA
	Maintenance of Remission
	Clinical Relapse
	Crohn Disease–Related Hospitalizations and Intestinal Surgery

	Endoscopic Evaluation
	Adverse Events

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


