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Thalidomide plus chemotherapy exhibit enhanced efficacy in the
clinical treatment of T-cell non-Hodgkin's lymphoma:
A prospective study of 46 cases
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Abstract. The treatment of T-cell non-Hodgkin's lymphoma
(T-NHL) remains challenging. There is currently no standard
regimen for the treatment of T-NHL in the first- or second-line
setting. Thalidomide was previously shown to exert antitumor
effects through inhibiting angiogenesis, promoting apoptosis
and immunomodulatory activity. However, all the previous
studies on the treatment of lymphoma with thalidomide included
patient samples of limited size. In the present study, 46 cases
of eligible T-NHL patients were randomized into i) the control
group (conventional combined chemotherapy, n=22) and ii) the
thalidomide group (thalidomide plus combined chemotherapy,
n=24). The median dose of thalidomide was 200 mg (range,
150-400 mg) every night, without reported severe side effects.
The clinical response to treatment was as follows: Complete
response (CR) in 12 cases, partial response (PR) in 7, stable
disease (SD) in 1 and progressive disease (PD) in 4 cases in
the thalidomide group; and CR in 8 cases, PR in 6, SD in 3 and
PD in 5 cases in the control group. The CR rate was 50.0 and
36.4% in the thalidomide and the control groups, respectively
(P<0.05). The median progression-free and overall survival
were 12 and undefined months, respectively, in the thalido-
mide group and 6 and 17 months, respectively, in the control
group. The toxicity profile was considered acceptable in both
groups. Our results indicated that thalidomide plus combined
chemotherapy may exhibit enhanced efficacy in the clinical
treatment of T-NHL. In addition, this type of treatment may
reduce the frequency of adverse gastrointestinal reactions and
help alleviate fear of chemotherapy. Therefore, thalidomide
plus combined chemotherapy may be a viable option for the
clinical treatment of T-NHL.
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Introduction

T-cell non-Hodgkin's lymphomas (T-NHLs) are a group of
malignant types of NHL. The incidence rate of T-NHL has
been increasing worldwide over the last few years (1). In
particular, the incidence rate of T-NHL in Asia was found
to be higher compared to that in the United States and
Europe (2-4). Chemotherapy or combined radiotherapy are
currently the main treatment options for NHL. The overall
survival (OS) of NHL has improved following the introduc-
tion of molecular-targeted drugs. However, when compared
to B-cell lymphoma (B-NHL), most types of T-NHL remain
difficult to diagnose, exhibit a more aggressive behaviour and
are associated with worse outcomes (5). There is currently no
standard regimen for the treatment of T-NHL in the first- or
second-line setting (6,7) and the recommended treatment
identify and employ clinical trials as described in National
Comprehensive Cancer Network guideline.

Thalidomide, a synthetic glutamic acid derivative, was
widely used as a sedative and antiemetic in Europe and Canada
in the 1950s (8). However, it was withdrawn from the market
due to its teratogenic side effects that caused limb deformities
in tens of thousands of infants (9). It was recently demon-
strated that thalidomide exerts antitumor effects through
inhibiting angiogenesis (10), promoting apoptosis (11) and
immunomodulatory activity. Thalidomide has been used in the
treatment of multiple myeloma (12,13), Kaposi's sarcoma (14),
mantle cell lymphoma (15), idiopathic myelofibrosis (16) and
other diseases (17). However, all the previous studies on the
treatment of lymphoma with thalidomide included patient
samples of limited size. We conducted a randomized trial on
46 cases of T-NHL patients to determine whether thalidomide
combined with chemotherapy may exhibit enhanced efficacy
in the clinical treatment of T-NHL.

Materials and methods

Patients. Eligible T-NHL patients were selected from the
Department of Medical Oncology of the First Affiliated
Hospital of Anhui Medical University (Hefei, Anhui, China)
between January, 2009 and June, 2013. The inclusion criteria
were as follows: i) The patient diagnosis was confirmed
by histological and immunohistochemical examination
according to the 2008 WHO classification of haematopoietic
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and lymphoid tissue neoplasms (18); ii) the patients were aged
18-75 years and had a total leukocyte count of >4.0x10%1, a
platelet count of >100x10%]1, serum bilirubin, alanine amino-
transferase and alkaline phosphatase levels less than two
times the upper limit of normal, a 24-h creatinine clearance
of >60 ml/min and no significant abnormalities on ECG;
iii) the ECOG performance status score was <2 (19) and the
expected survival time was >3 months; and iv) all the patients
received at least two cycles of chemotherapy and were allowed
to receive local radiotherapy (except to the target lesion). The
clinical data and follow-up information, including age, gender,
B symptoms, number of extranodal organ involvement, bone
marrow aspiration or biopsy results, lactate dehydrogenase
(LDH) level, T lymphocyte subsets and Ann Arbor clinical
stage were obtained from the hospital records or by telephone.
Following treatment, the clinical results were evaluated
over time. Patients with lymphoma of the central nervous
system, bone marrow infiltration of >25% as determined by
histological examination, HIV infection or any major organ
dysfunction were excluded from this study.

The study protocol was approved by the local Institutional
Ethics Committee and informed consent was obtained from
all the participants.

Chemotherapy. The patients were randomized into i) the
control group (conventional combined chemotherapy) and
ii) the thalidomide group (thalidomide plus combined
chemotherapy). In the control group, the selection of the
chemotherapeutic regimen was mainly based on pathological
and clinical stage; the standard CHOP regimen (20) was
mainly used, with administration of one cycle every 3 weeks
consisting of cyclophosphamide, adriamycin, vincristine and
prednisone. Antiemetic treatment was administered prior to
chemotherapy. Certain patients were administered sodium
bicarbonate to alkalinize the urine. In the thalidomide group,
thalidomide was synchronously administered orally every
night during and after chemotherapy. The initial dose was
100 mg/day, increasing by 50 mg/day every week (21). The
selection of the chemotherapeutic regimen and the manage-
ment of chemotherapy-related side effects were similar to the
control group.

Clinical assessment. The size of the tumors was measured by
computed tomography (CT), positron emission tomography/
CT and/or magnetic resonance imaging at baseline, after every
2 cycles and every 9 weeks during follow-up. The response
to treatment was evaluated according to the Response Evalu-
ation Criteria in Solid Tumors, version 1.1 (22) as follows:
Complete response (CR): disappearance of all target lesions;
any pathological lymph nodes (target or non-target) were
required to exhibit a reduction in the short axis to <10 mm;
partial response (PR): at least 30% decrease in the sum of
the diameters of the target lesions, with the baseline sum
diameters used as reference and no appearance of new lesions;
progressive disease (PD): at least 20% increase in the sum of
the diameters of the target lesions, with the smallest sum on
study (this includes the baseline sum if that is the smallest on
study) used as reference. In addition to the relative increase of
20%, the sum was also required to demonstrate an absolute
increase of =5 mm; and stable disease (SD): neither sufficient
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shrinkage to qualify for PR, nor sufficient increase to qualify
for PD, with the smallest sum diameters while on study used
as reference.

The overall response was determined as CR + PR + SD and
the objective response as CR + PR. Hematological and other
toxicities were evaluated for every treatment cycle according
to version 3.0 of the Common Toxicity Criteria of the National
Cancer Institute of Canada (23). If any toxicity > grade 1 was
observed in a former cycle, the dose of chemotherapy was
decreased in the subsequent cycle.

Follow-up. Clinical data and follow-up information were
mainly obtained from hospital records or by telephone. Other
methods were also used, including medical follow-up letters.
OS was defined as the time from treatment initiation until the
date of death or last follow-up. Progression-free survival (PFS)
was defined as the time from treatment initiation to disease
progression or to termination of the follow-up if no relapse
occured or death from any cause. Patients that were lost to the
follow-up were excluded. Our follow-up ended September 30,
2013 and three cases were lost (6.5%).

Statistical analysis. The SPSS 18.0 statistical software
package was used for statistical processing. The survival
rate was calculated and a survival curve was drawn using the
GraphPad Prism method. The measurement data of the control
and thalidomide treatment groups were compared using the
t-test and the count data were compared using the Fisher's
exact probability test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Clinical characteristics. A total of 46 patients were enrolled
in this study, with 24 patients assigned to the thalidomide
group and 22 to the control group (Table I). The patients
included 32 men and 14 women, with 36 patients under-
going primary treatment and 10 undergoing treatment for
recurrence. The median age of the patients was 47.5 years
(range, 18-77 years). The T-NHL subtypes were as follows:
21 cases of natural killer/T-cell lymphoma, 9 cases of
peripheral T-cell lymphoma, 7 cases of anaplastic lymphoma
kinase-positive anaplastic large-cell lymphoma, 4 cases of
angioimmunoblastic T-cell lymphoma (AITL), 2 cases of
precursor T-lymphoblastic lymphoma, 1 case of subcutaneous
panniculitis-like T-cell lymphoma, 1 case of primary cuta-
neous anaplastic large-cell lymphoma and 1 case of adult
T-cell leukemia/lymphoma. Prior to treatment, 15 patients
were diagnosed with stage I, 8 with stage II, 10 with stage III
and 13 with stage I'V disease.

Clinical response. Each patient completed at least two cycles
of treatment. In the 24 cases included in the thalidomide
group, the median dose of thalidomide was 200 mg (range,
150-400 mg) every night, without reported severe side effects.
The response was CR in 12 cases, PR in 7, SD in 1 and PD in
4 cases. In the 22 cases of the control group, the response was
CR in 8 cases, PR in 6, SD in 3 and PD in 5 cases. The CR rate
was 50 and 36.4% in the thalidomide and the control groups,
respectively (P<0.05). The overall response rate (CR + PR)
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Table I. Clinical characteristic of the 46 T-NHL patients.

Age Primary or PFS (0N}

No. Gender (yrs) Type Stage  recurrence  Group Combined with Cycles CA* (mo) (mo)
1 M 45 NK/T I Primary TLD CHOP+RT* 6 CR >42  >42
2 M 42 NK/T I Primary TLD CHOP"+RT* 6 CR >33 >33
3 F 40 ALCL I Primary TLD CHOP® 6 CR >32 >32
4 F 51 NK/T II Recurrence ~ TLD DICE! 4 PD 3 5
5 M 77 AITL II Primary TLD COP* 4 PR 3 7
6 M 33 PTCL I Recurrence ~ TLD CHOP+RT* 4 PR 2 >5
7 M 70 AITL I Primary TLD CHOP® 4 PR 5 >12
8 M 41 NK/T I Primary TLD CHOP"+Gem+RT" 6 CR >26  >26
9 M 45 PTCL II Recurrence ~ TLD CHOP® 3 CR >15  >15
10 M 53 T-LBL v Recurrence ~ TLD FMD' 2 PR 75 115
11 M 75 AITL v Primary TLD CHOP® 2 SD 4 7
12 M 39 PTCL v Primary TLD CHOP"+DDP+RT* 7 PR 9 21
13 F 32 SPTCL I Primary TLD CHOP"+DDP+RT* 6 CR >21 >21
14 M 71 NK/T v Recurrence TLD CHOP*+GEM 5 CR 19  >21
15 F 50 AITL v Primary TLD CHOP*+GEM 5 CR >18  >18
16 M 48 NK/T v Recurrence ~ TLD GEM+L-OHP 7 CR >16  >16
17 F 73 C-ALCL IIIE Recurrence TLD CHOP® 2 PD 1 >8
18 F 54 ALCL I Recurrence ~ TLD DICE! 4 PR 12 >14
19 F 58 NK/T I Primary TLD CHOP+RT* 2 CR >13 >13
20 F 74 NK/T v Primary TLD GEM+L-OHP 2 PD 2 3
21 F 60 NK/T I Primary TLD GEM+L-OHP+RT* 4 CR >12 >12
22 M 45 NK/T I Primary TLD GEM+L-OHP 2 PD 1 3
23 M 56 NK/T II Primary TLD CHOP"+RT* 2 PR 3 3
24 F 60 NK/T I Primary TLD GEM+L-OHP+RT* 3 CR >8 >8
25 M 23 PTCL v Primary Control CHOP® 2 PD 2 4
26 M 47 NK/T I Primary  Control CHOP"+RT* 6 CR >37  >37
27 M 60 PTCL I Primary Control CHOP® 6 CR >36  >36
28 F 40 PTCL v Primary Control CHOP"+GEM 5 PR 6 10
29 M 72 ALCL v Primary  Control CHOP"+RT* 6 SD 6 8
30 M 58 PTCL I Primary Control CHOP® 2 PR >3 >3
31 F 35 NK/T II Primary Control CHOP® 2 PD 0 3
32 M 37 NK/T I Primary Control CHOP"+RT* 4 CR >34 >34
33 M 29 ALCL I Recurrence  Control CHOP+RT* 6 SD 6 >11
34 M 65 ATCL v Recurrence  Control GEM+L-OHP 3 SD 5 7
35 M 65 NK/T I Primary ~ Control CHOP® 2 PR 5 6
36 M 58 NK/T I Primary Control CHOP+RT* 2 PR 2 8
37 M 38 NK/T I Primary Control GP"+DXM 2 PD 2 4
38 F 62 PTCL I Primary Control CHOP"+RT* 6 CR >26  >26
39 M 61 NK/T I Primary Control CHOP+RT* 6 CR >23  >23
40 M 40 NK/T II Primary Control CHOP® 6 CR >21  >21
41 M 69 PTCL v Primary Control CHOP® 8 CR 11 17
42 M 65 ALCL I primary Control CHOP® 2 PD 1 3
43 M 18 ALCL v Primary Control CHOP® 2 PR 1 >6
44 M 65 ALCL I Primary Control CHOP® 2 PD 1 3
45 F 68 T-LBL I Primary Control CHOP® 4 PR 15 >I5
46 M 36 NK/T II Primary Control EPpe 5 CR >7 >7

*Clinical assessment. "Cyclophosphamide, adriamycin, vincristine and prednisone. “Local radiotherapy. ‘Dexamethasone, ifosfamide, cisplatin and
etoposide. °Cyclophosphamide, vincristine and prednisone. ‘Fludarabine, mitoxantrone and dexamethasone. ¢Etoposide and cisplatin. "Gemcitabine
and cisplatin. T-NHL, T-cell non-Hodgkin's lymphoma; PFS, progression-free survival; OS, overall survival; M, male; F, female; NK/T, natural
killer/T-cell lymphoma; ALCL, anaplastic lymphoma kinase-positive anaplastic large-cell lymphoma; AITL, angioimmunoblastic T-cell lymphoma;
PTCL, peripheral T-cell lymphoma; T-LBL, precursor T-lymphoblastic lymphoma; SPTCL, subcutaneous panniculitis-like T-cell lymphoma;
C-ALCL, primary cutaneous anaplastic large-cell lymphoma; ATCL, adult T-cell leukemia/lymphoma; TLD, thalidomide; GEM, gemcitabine;
L-OHP, oxaliplatin; DXM, dextromethorphan; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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Figure 1. Progression-free survival (PFS) curve of 46 patients with T-cell
non-Hodgkin's lymphoma. The median PFS was longer in the thalidomide
(TLD) group (12 months) compared to that in the control group (6 months).

was 79.2 and 63.6% in the thalidomide and the control groups,
respectively (x*=1.90, P>0.05).

The PFS curves are shown in Fig. 1. The median PFS
was 12 months in the thalidomide group and 6 months in the
control group. Therefore, the PFS was longer by 6 months in
the thalidomide group compared to that in the control group.

The OS curves are shown in Fig. 2. The median OS in the
thalidomide group was undefined and in the control group it
was 17 months. Therefore, the OS was longer in the thalido-
mide group compared to that in the control group.

LDH level and changes in the T lymphocytic subsets prior
to and after chemotherapy. Prior to chemotherapy, the LDH
level was 753.32+482.58 and 811.25+424.67 U/l in the control
and the thalidomide groups, respectively, without a significant
difference between the two groups. After chemotherapy, the
LDH level was 415.54+150.36 U/l in the control group and
180.62+131.17 U/l in the thalidomide group in the proportion
of CR + PR patients. The difference between the two groups
was statistically significant (P<0.05) (data not shown). When
we compared the changes in T lymphocyte subsets prior to and
after chemotherapy, we observed no statistically significant
difference between the two groups (P>0.05) (data not shown).

Evaluation of side effects and safety in the two treatment
groups. The majority of the patients (n=36) developed chemo-
therapy-related side effects. A total of 15 patients developed
grade 2 gastrointestinal reactions, 6 exhibited weakness, 5 had
an infection (severe in 1 patient), 5 developed limb peripheral
neuritis, 3 exhibited mild liver function abnormalities and
1 patient had drowsiness. A total of 3 patients previously had
sleep abnormalities, but improved after taking thalidomide for
2 weeks. In addition, 2 patients developed grade 1 oral muco-
sitis and there was 1 case of cerebral thrombosis. There was
no reported renal or cardiac toxicity, no drug-induced fever or
rash and no treatment-related deaths in the two groups.

Discussion

In this study, of the 46 patients with T-NHL lymphoma, 24 were
randomly selected and received treatment with thalidomide
combined with chemotherapy. We observed that the CR rate
and overall response rate (CR + PR) were higher in the thalido-
mide group (50 and 79.2%, respectively) compared to those in
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Figure 2. Overall survival (OS) curve of 46 patients with T-cell non-Hodg-
kin's lymphoma. The median OS was longer in the thalidomide (TLD) group
(undefined months) compared to that in the control group (17 months).

the control group (36.4 and 63.6%, respectively). The median
PFS and OS were also longer in thalidomide group. Our results
demonstrated that thalidomide combined with chemotherapy
enhances the clinical efficacy of T-NHL treatment.

Over the last few years, an increasing number of studies
reported that vascular endothelial growth factor was associated
with the incidence, development and angiogenesis of malig-
nant tumors (24) and anti-angiogenic therapy has become one
of the most important methods in antitumor therapy. Thalido-
mide was gradually introduced in the treatment of malignant
tumors due to its anti-angiogenic properties (10). Clinical and
experimental data demonstrated that thalidomide effectively
inhibited tumor growth, invasion and metastasis in multiple
myeloma, colon cancer (25) and NHL (17). Therefore, thalido-
mide plus dexamethasone was approved by the Food and Drug
Administration as a first-line regimen for multiple myeloma in
May, 2006 (13).

The mechanism of action of thalidomide is complex and
may involve the suppression of tumor necrosis factor-o. (TNF-a)
and interferon-vy secretion (26), which are known to upregulate
endothelial cell integrin expression, a process crucial for new
vessel formation (27). Thalidomide inhibits the secretion of
basic fibroblast growth factor, an angiogenic factor secreted
by human tumors (28), thus reducing tumor-associated macro-
phage infiltration, possibly through suppressing the expression
of endothelial cell adhesion molecules (29). Thalidomide also
suppresses TNF-a-induced intercellular adhesion molecule-1
expression through inhibiting nuclear factor-xB (30). A recent
study (31) identified cereblon (CRBN) as the primary terato-
genic target of thalidomide. CRBN is also required for the
antimyeloma activity of thalidomide and other related drugs,
referred to as immune-modulatory drugs (IMiDs). Low CRBN
expression was found to be correlated with drug resistance in
myeloma cell lines and primary myeloma cells. CRBN was
also implicated in several effects of IMiDs, such as downregu-
lation of TNF-a and T-cell activity.

Strupp et al (32) were the first to report the application of
thalidomide in the treatment of lymphoma. Two AILT patients
were treated with thalidomide as anti-angiogenic therapy and
achieved complete remission. Subsequently, Wilson ez al (33)
reported one case of mantle cell lymphoma treated with thalid-
omide. That patient had experienced several tumor relapses and
treatment by chemotherapy, steroids and rituximab had failed.
The patient received daily single-agent thalidomide by oral



ingestion at a dose of 800 mg and achieved a partial remission,
which was maintained for 6 months. Additional studies also
reported cases of refractory mantle cell lymphoma or recurrent
lymphoma successfully treated with thalidomide (15,34,35),
achieving an overall response rate of 81%, with a CR rate of
31%, when thalidomide was used in combination with ritux-
imab in 16 relapsed mantle cell lymphoma patients.

In China, Su et al (36) reported that the overall response
rate using the CHOP regimen with etoposide, with vs. without
thalidomide, was 73.91 vs. 39.13%, respectively, in advanced
NHL. The 1- and 2-year survival rates were 86.96 and 56.52%,
respectively. There was no difference in the 1-year survival
rate between the two groups; however, there was a significant
difference in the 2-year survival rate. The major adverse
reactions associated with the combination of chemotherapy
and thalidomide were leucopenia, drowsiness, constipa-
tion, bloating and fatigue. Grade 3-4 leucopenia occurred in
~15.0% of the patients who developed chemotherapy-related
reactions. The results suggested that thalidomide may be used
in the treatment of lymphoma.

The majority of the T-cell lymphoma types are aggressive.
Therefore, they are not easily cured, even with autologous
stem cell transplantation. Damaj et al (37) reported three
cases of relapsed refractory T-cell lymphoma that exhibited
a good tumor response under treatment with thalidomide:
One patient achieved a transient PR and the remaining two
patients achieved a complete resolution of the symptoms and
the tumor masses. One of these two patients remained alive
on low-dose thalidomide maintenance therapy, whereas the
other succumbed to an aggressive relapse, while off thalido-
mide, 1 month after intensive chemotherapy-radiotherapy.
Dogan et al (38) reported a case of a 78-year-old female
patient with AITL confirmed by lymph node biopsy. After
declining the standard treatment options, the patient agreed
to treatment with 200 mg daily thalidomide, which was main-
tained for 15 months and was well tolerated, except for a mild
sensory neuropathy.

A certain dosage range of thalidomide is considered to
be safe, as well as effective. It was previously reported (39)
that thalidomide increased the patients' appetite and body
weight, improved sleep and relieved the stress associated
with advanced cancer. Oral thalidomide is easy to administer,
cost-effective and has tolerable side effects; therefore, its
application in clinical practice is feasible and convenient. It
has been, however, associated with an increased risk of venous
thromboembolism (40). In our study, the median dose of oral
thalidomide was 200 mg daily. Other side effects reported
in the literature, such as rash, bradycardia, hypothyroidism
and peripheral neuropathy, were not recorded in our study.
We hypothesized that thalidomide may be used over a longer
period of time, due to its slower anti-angiogenic effect.

In the present study, we demonstrated that thalidomide
effectively reduced LDH in the blood prior to and after chemo-
therapy, suggesting that it may improve the prognosis of T-NHL
patients. However, the T cell subsets did not change significantly
prior to and after chemotherapy, possibly due to the limited effect
of thalidomide on the immune system. Newly developed drugs
that are similar to thalidomide, such as lenalidomide (Revlimid,
CC-5013) and actimid (CC-4047) have been confirmed to exert
significant regulatory effects on the human immune system (41).
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These results suggested that drugs similar to thalidomide may
have a place in cancer treatment.

In conclusion, we randomly selected 24 patients among
46 cases of T-NHL lymphoma and administered treatment
with thalidomide combined with chemotherapy, achieving a
significant improvement in the CR rate and overall response
rate (CR + PR). In addition, the PFS and OS were prolonged,
with no associated increase in toxicity. Although the differ-
ences were not considered statistically significant, it may be
of value to investigate further by expanding the sample size or
grouping by thalidomide dose and certain subtypes of T-NHL.
Thalidomide combined with chemotherapy may reduce the
incidence of gastrointestinal reactions and the psychological
fear of chemotherapy in cancer patients and may represent a
viable treatment option for T-NHL.
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