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Abstract

Angioimmunoblastic T-cell lymphoma (AITL) is a common type of peripheral T-cell lym-

phoma (PTCL) with a poor prognosis, and an effective first-line therapy is lacking.

Chidamide is a selective histone deacetylase inhibitor and has been approved by the

China Food and Drug Administration for relapsed or refractory PTCL. We conducted a

multicenter phase II clinical trial combining chidamide with prednisone, etoposide, and

thalidomide (CPET regimen) for a total of eight cycles in untreated AITL patients in

China. The primary objectives were the overall response rate (ORR) and complete remis-

sion (CR) rate after eight cycles of the CPET regimen. The secondary endpoints were

progression-free survival (PFS) and safety. Of the 71 enrolled patients, 51 completed the

eight cycles of the CPET regimen. The ORR and CR of the 51 patients were 90.2 and

54.9%, respectively. After a median follow-up of 11.4 months (95% confidence interval

[CI], 9.9–17.0), the median PFS of the 51 patients was 42.6 months (95% CI, 27.7—not

reached) and the median overall survival (OS) was not reached. The 2-year PFS rate and

OS rate were 66.5 and 82.2%, respectively. Sixty-eight patients received at least one

cycle of CPET regimen and were included as the safety assessment population. The most

common grade 3/4 adverse event was neutropenia (n = 22, 32.3%). Twelve patients

showed treatment-related infections and recovered from antibiotic therapy; the other

adverse events were mostly mild and reversible. The oral CPET regimen is an effective,

tolerable, and economical choice for untreated AITL in a Chinese population. This

trial was registered in www.clinicaltrials.gov as NCT03273452.

1 | INTRODUCTION

Angioimmunoblastic T-cell lymphoma (AITL) is a mature T-cell lym-

phoma as defined by the World Health Organization (WHO) 2016

Classification.1 Globally, AITL accounts for 1–2% of non-Hodgkin lym-

phomas and 15–20% of peripheral T-cell lymphoma (PTCL), and AITL

is the second most common PTCL after PTCL not otherwise speci-

fied.2 AITL accounted for 1.6% of non-Hodgkin lymphomas and
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37.4% of PTCL in a Chinese population.3 AITL is an aggressive disease

that preferentially affects older patients and is characterized by gener-

alized lymphadenopathy, hepatosplenomegaly, bone marrow involve-

ment, and lymphoma-related symptoms.4,5

Currently, there is no consensus on the first-line treatment for

patients with AITL. The most common treatments for AITL are

cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP)

or a similar regimen.2 The complete remission (CR) rates of AITL are

28.6–60.6%,6 and AITL shows a high progression–relapse rate of

82%.1 Therefore, exploration of new treatments for AITL is critical.

Chidamide is an oral selective histone deacetylase inhibitor

(HDACi) that has been approved for the treatment of relapsed or

refractory PTCL (R/R PTCL) in China with tolerable toxicity.7 Thalido-

mide is an immunomodulatory drug (IMiD) effective for AITL,8–10 and

numerous studies showed the synergistic effect of IMiD with

HDACi.11,12 Etoposide, a topoisomerase II inhibitor, also showed syn-

ergetic effects with HDACi.13 Prednisone has been used in combina-

tion with HDACi in regimes for the treatment of PTCL.14

We conducted a prospective single-arm phase II clinical trial to

investigate the efficacy and safety of an all-oral regimen chidamide

plus prednisone, etoposide, and thalidomide (CPET) regimen in

untreated patients with AITL in a Chinese population.

2 | PATIENTS AND METHODS

2.1 | Study design and participants

This was a multicenter prospective single-arm phase II clinical trial car-

ried out at seven hospitals in China. This study (NCT03273452) was

conducted in accordance with the Declaration of Helsinki and approved

by the ethics committee of the Affiliated Hospital of Qingdao Univer-

sity. All patients signed informed consent before joining the study.

Patients who met the following criteria were recruited: (i) pathologically

diagnosed as AITL based on the 2016 WHO classification15 with at least

one measurable focus, which was confirmed by a central review process

with hematopathological experts; (ii) age 18–85 years; and (iii) Eastern Co-

operative Oncology Group score 0–3 with an expected survival longer than

3 months. Criteria of laboratory findings included peripheral blood neutrophil

counts ≥1.5� 109/L, platelet count ≥20� 109/L, hemoglobin ≥70 g/L, and

proper organ function: total bilirubin, aspartate aminotransferase and aspar-

tate aminotransferase ≤ two times the upper limit of normal (three times for

patients with liver infiltration), and blood creatinine ≤ two times the upper

limit of normal. Patients were excluded if they had central nervous system

involvement, severe acute infection, significant cardiac abnormalities, throm-

bosis or embolism, or organ transplantation. Women of child-bearing age

were screened by β-HCGwithin 7 days before enrollment.

2.2 | Procedures

The CPET regimen was given as follows: chidamide 30 mg orally twice

a week, prednisone 100 mg orally d1—5, etoposide 100 mg orally

d1—5, and thalidomide 100 mg orally d1—14 at bedtime; the regimen

was administered for 3 weeks as one therapeutic period for a total of

eight cycles. Considering that venous thromboembolism is a known

complication of thalidomide, especially combined with prednisone or

chemotherapy, the enrolled patients were requested to take aspirin

100 mg per night during the study to prevent thrombosis; aspirin

administration was stopped if the platelet count was less than

50 � 109/L or the patient presented obvious signs of bleeding.

The dose reductions were determined according to grade and

type of toxicity. Hematological toxicities attributable to 25% dose

reduction of etoposide and thalidomide were ≥ grade-3 thrombocyto-

penia or grade-4 neutropenia during days 1 to 21. There was no plan

for dose reduction of chidamide and prednisone.

The dose reductions due to non-hematological toxicities were

decided by physicians in practice.

2.3 | Assessment and criteria

The assessments of response were conducted every four cycles by

individual site investigators according to the Cheson 2014 criteria.16

The assessments included review of radiology data and clinical data

such as physical examination and laboratory data.

The primary endpoints of this study were ORR and CR rate. The

secondary endpoints were PFS, OS, and safety. PFS was calculated from

the date of the first dose of CPET regimen to the first date of disease

progression, relapse, death for any reason, or the last date of follow-up.

OS was calculated from the date of the first dose of CPET regimen to

the date of death for any reason or the date of the last follow-up.

Safety assessment included evaluation of treatment-related

adverse events (TRAEs), and serious adverse events (SAEs) were

graded according to the National Cancer Institute's Common Termi-

nology Criteria for Adverse Events Version 4.0. Symptoms of respira-

tory tract and digestive system were collected by self-assessment

reported to doctors during the visits. Complete blood count and

serum biochemistry were detected once every 3 weeks and other

safety indexes like ultrasound were detected once every 6 weeks.

Prophylactic use of granulocyte colony-stimulating factor (G-CSF) was

permitted, and G-CSF was also given for subjects with grade 3/4 neu-

tropenia during the CPET treatment period.

2.4 | Statistical analysis

2.4.1 | Sample size

Considering the CR rate of AITL treated by CHOP and CHOP-like reg-

imen was 33.0%,6 we hypothesized that 55.0% of patients would

respond to the CPET regimen and calculated the sample size with

80% power at an overall 5% (one-sided) significance level to detect a

CR rate improvement from 33.0 to 55%. Using the online sample cal-

culators (powerandsamplesize.com; Chow S, Shao J, Wang H. 2008.

Sample Size Calculations in Clinical Research. 2nd Ed. Chapman & Hall/

624 WANG ET AL.

http://powerandsamplesize.com


CRC Biostatistics Series. page 89), 60 patients were acquired. Taking

a 10% drop-out rate into account, the final sample size was 66.

All descriptive statistical analyses were performed by SPSS soft-

ware version 23.0. PFS and OS were evaluated using Kaplan–Meier

methods and analyzed with the log-rank test. Differences between

groups were estimated with the χ2 test and Fisher's exact test as

appropriate. p < .05 indicated statistical significance.

3 | RESULTS

3.1 | Patient and clinical characteristics

From October 2017 to November 2020, 71 patients were initially

enrolled in this study. One patient showed hemophagocytic syndrome

and two patients dropped out before receiving the treatment. Sixty-

eight patients participated in the efficacy and safety assessments.

Two patients who confirmed progression after two cycles of the CPET

regimen by the two-cycle examination and discontinued the study

were excluded. Another 15 patients discontinued at the fifth to

eighth cycles of treatment for the following reasons: 9 patients

experienced disease progression (13.2%); 3 patients showed SAEs

(4.4%), one with severe lung infection (grade 4), one with incomplete

intestinal obstruction (grade 3) accompanied with granulocytopenia

(grade 3) and anemia (grade 2), the other with interstitial pneumonia

(grade 3) accompanied with fever (grade 3) and granulocytopenia

(grade 3); 3 patients withdrew consent after receiving at least four

cycles of the CPET regimen (4.4%). A total of 51 patients (75.0%)

completed the eight cycles of CPET regimen (Figure S1).

Three patients had to reduce the dose of etoposide because of

AEs. One patients received 75 mg etoposide after 2nd cycle and com-

plete 8 cycles in total, one patient progressed after reduction (total

4 cycles), while the other one could not tolerate the AEs (grade

3 pneumonitis and grade 4neutropenia) after second reduction of

etoposide and discontinued the following treatment.

The clinical characteristics of the 68 patients are listed in Table 1.

The median patient age was 63 years with a range of 25–83 years. Of

the 68 patients, 49 were male and 19 were female. Half of the patients

(n = 34) showed B symptoms. Approximately 82.4% of patients

progressed to advanced stage and 45.6% of patients had a high or high-

intermediate international prognostic index risk score. Severe thrombo-

cytopenia (PLT count <50 � 109/L) was detected in 7 patients (10.3%),

while 36 patients (52.9%) showed anemia, and 54 patients (79.4%) had

hypoalbuminemia before initiation of the first CPET regimen cycle.

3.2 | Clinical efficacy

Of the enrolled 68 patients, 66 patients received at least four cycles

of CPET therapy. The ORR after four cycles was 83.8%; 16 (23.5%)

patients reached CR, while 2 patients experienced disease progression

after only two cycles of CPET regimen. As described above,

15 patients discontinued the treatment, and the efficacy population

included 51 patients who completed eight cycles of the CPET regimen

and the final ORR was 90.2% (54.9% CR–unconfirmed complete

response [CRu]) (Table 2). The final ORR was similar between the sub-

groups stratified by age or the involvement of bone marrow

(Table S1). Seven patients had concomitant thrombocytopenia at

baseline, which is considered a typical feature of AITL associated with

autoimmune manifestations. Platelet counts of six patients returned

to normal after receiving two cycles of CPET regimen.

During the median follow-up of 11.4 months (95% CI, 9.9–17.0),

28 patients had disease progression; the median PFS for all patients

was 27.7 months (95% CI, 13.2–42.3) and the median OS was not

reached. The estimated 2-year PFS rate and OS rate of patients who

received at least one dose of study medication (n = 68) were 52.8 and

78.9%, respectively. The median duration of response (DOR) was

24.7 months (95% CI, 10.8–not reached) (Figure 1). For the patients

who completed eight cycles of the CPET regimen (n = 51), the esti-

mated median PFS was 42.6 months (95% CI, 27.7—not reached),

which was superior to that of the patients who discontinued treat-

ment (4.4 months; 95% CI, 3.5–8.3; p < .001). The estimated 2-year

TABLE 1 Clinical characteristics of patients with AITL (n = 68)

Characteristics N (n = 68) %

Gender M/F 2.6:1

Median age (range) 63 (25,83)

≥60 34.6

ECOG score

0–1 53 77.9

≥2 15 22.1

B symptoms 34 50.0

Ann Arbor stage

I-II 12 17.6

III-IV 56 82.4

IPI risk

Low 14 20.6

Low-intermediate 23 33.8

High-intermediate 16 23.5

High 15 22.1

Anemia 36 52.9

Thrombocytopenia 7 10.3

Elevated LDH (≥245) 31 45.6

Elevated β2-MG (≥1.8) n = 65 58 89.2

Elevated D-dimer 34 50.0

Hypoalbuminemia 54 79.4

Number of lymph node groups

0–5 12 17.7

6–10 21 30.9

≥11 35 51.5

BM involvement 17 25.0

Splenomegaly (n = 62) 29 46.8

Hepatomegaly (n = 56) 4 7.1
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PFS rate and OS rate of patients who completed the study were 66.5

and 82.2%, respectively (Figure S2A,B). Furthermore, patients who

responded to the regimen (n = 57) had a significantly longer PFS than

those who did not (n = 11), with a median PFS of 28.0 months (95%

CI, 27.7–NA) compared with 4.9 months (95% CI, 3.5–NA), respec-

tively (p < .001) (Figure S2C,D).

3.3 | Safety

The 68 patients who received at least two cycles of CPET regimen

were included for the safety analysis. The most common hematologic

TRAE was neutropenia (n = 36, 52.9%), and the proportion of grade 3/4

AEs was 32.3%. The degrees of AEs in most patients who experienced

anemia (26.5%) and thrombopenia (26.5%) were mild, with only 3.0% of

anemia and 5.9% of thrombopenia cases categorized as grade 3/4 AEs.

Twelve patients showed treatment-related infection including pneumoni-

tis (n= 10, 8.8%), CMV infection (n= 1, 1.5%), and urinary tract infection

(n = 1, 1.5%). All patients recovered with oral or intravenous anti-

infection therapy. The most common non-hematologic TRAE was trans-

aminase increase (n = 17, 25.0%), and almost all cases were grade 1/2

AEs (Table 3). Five patients discontinued the CPET regimen treatment

because of severe AEs, including grade 4 neutropenia (n = 3), grade

3 pneumonitis (n = 1), and grade 3 ileus. No treatment-related death

was observed during the treatment period.

4 | DISCUSSION

To the best of our knowledge, this study is the largest trial in patients

with AITL in China. Our results indicated that the oral CPET regimen

was effective and feasible in patients with AITL from a Chinese popu-

lation, especially for participants who completed 8 cycles treatments,

with an ORR of 90.2% (54.9% CR–CRu) and a median PFS of

42.6 months.

In the GELA study,17 AITL patients younger than 60 years with

normal lactate dehydrogenase values benefited from intensive chemo-

therapy following autologous stem cell transplantation, while older

patients did not benefit from the intensive regimen because of

treatment-related toxicity. In a retrospective report in Chinese

patients (n = 84),18 the ORR of patients with AITL treated with the

etoposide, cyclophosphamide, doxorubicin, vincristine, and predniso-

lone (EPOCH) regimen was 68.8%, but the CR rate was only 18.8%

with a short PFS. Moreover, 71.4% of patients relapsed after autolo-

gous stem cell transplantation within 10 months. Honghuangming

et al19 reported a similar outcome in a retrospective study. Untreated

AITL patients (n = 59) who received cyclophosphamide, doxorubicin,

vincristine, etoposide, and prednisolone (CHOPE) showed an ORR of

60% (45% CR), which was not superior to that in the CHOP regimen

group. These results indicated that AITL patients might not benefit

from intensive chemotherapy.

TABLE 2 Response of patients with AITL to CPET regimen

Response after 4 cycles (n = 68) Final response (n = 68) Final response of 8 cycles (n = 51)

ORR% 83.8 76.5 90.2

CR n/% 16/23.5 29/42.6 28/54.9

PR n/% 41/60.3 23/33.8 18/35.3

SD n/% 9/13.2 1/1.5 1/1.9

PD n/% 2/2.9 15/22.1 4/7.8

F IGURE 1 Kaplan–Meier analysis of overall survival (panel A, n= 68),
progression-free survival (panel B, n= 68) in all patients, and Kaplan–
Meier analysis of the median duration of response (panel C, n= 57) [Color
figure can be viewed at wileyonlinelibrary.com]
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As the pathogenesis of AITL has been elucidated in the last

decade, new targeted drugs have been introduced into the traditional

CHOP regimen.14,20–25 A clinicobiological study of the GELA20 com-

bined rituximab and CHOP to treat newly diagnosed AITL patients

(n = 25) and reported a CR rate of 44.0%, a median PFS of 16 months,

and an OS of 14 months. In the REVAIL phase 2 clinical trial,21

untreated patients with AILT (60–80 years old) received eight cycles

of lenalidomide plus CHOP. The complete metabolic response rate of

patients who completed the study (n = 44) was 42.1%, and the 2-year

PFS rate and OS rate were 42.1% (95% CI, 30.9–52.8%) and 59.2%

(95% CI, 47.3–69.3%), respectively. These results showed the lack of

benefit from the combination of rituximab or lenalidomide to CHOP

regimen in elderly patients with AITL.

AITL has been associated with several gene mutations,26 including

recurrent genetic mutations in ras homolog family member A (RHOA,

50–79%),27–29 tet methylcytosine dioxygenase 2 (TET2, 68–80%),29–32

DNA methyltransferase 3 alpha (DNMT3A, 20–30%),28,29 and isocitrate

dehydrogenase [NADP(+)] 2 (IDH2, 20–30%),28,29 which are regulated

by acetylation.33,34 Histone deacetylases (HDACs) act as epigenetic

modifiers that regulate signaling pathways via the deacetylation of his-

tone proteins and non-histone proteins.35 Histone deacetylase inhibi-

tors (HDACi) have shown efficacy in the treatment of AITL and

presented promising results.36

Approximately 47% of AITL patients carry a mutation in TET2,

which encodes a protein that is regulated by acetylation.34 HDAC1

and HDAC2 mediate deacetylation of TET2, leading to its

ubiquitination and proteasome-mediated degradation.37 In this

scenario, HDACi may help maintain acetylated and active TET, leading

to DNA demethylation.38 The hypothetical mechanism could explain

the activity of chidamide in our study, which is a novel benzamide

class of HDACi that selectively inhibits the activity of HDAC1, �2,

�3, and �10 and has been approved by the China Food and Drug

Administration for R/R PTCL in 2013.7 Some studies have examined

HDACi as a single agent and in combination therapies for PTCL, and

AITL appears to respond better than PTCL not otherwise specified to

HDACi such as romidepsin or belinostat, which are approved by the

FDA.14,24,39–43 However, the sample size of patients with AITL in

these studies was too small to make a conclusion.

We have done a pilot study with CPET regime in 13 AITL patients

with median age of 67 years, and found CPET was effective and safe in

AITL patients.44 The median PFS and OS were 16 months (95% CI,

4–51) and 21 month (95% CI, 4–51), respectively.44 In the present

study, we expanded sample and enrolled 71 newly diagnosed AITL

patients who did not tolerate or were not willing to take traditional

CHOP or CHOP-like regimens due to thrombocytopenia, anemia, East-

ern Cooperative Oncology Group (ECOG score) >3, or inconvenience

of hospitalization. Among the 71 patients, 46 completed eight cycles of

CPET regimen therapy with a high response and durable efficacy.

HDACi, prednisone, and etoposide target different aspects of the cell

cycle with unique mechanisms of antitumor functions, creating a syner-

gistic effect.8–10,45,46 As the first clinically used IMiD, thalidomide dis-

rupts the interaction between lymphoma cells and the tumor

microenvironment and exhibits an anti-angiogenesis effect.10 Thus, tha-

lidomide is especially effective in AITL,8–10 which is characterized by a

TABLE 3 Treatment-related adverse events of CPET regimen

Any grade (n/%) Grade 1–2 (n/%) Grade 3–4 (n/%) Grade 2–4 (n/%)

Hematologic AEs

Anemia 18/26.5 16/23.5 2/2.9 11/16.2

Neutropenia 36/52.9 14/20.6 22/32.3 30/44.1

Lymphopenia 14/20.6 10/14.8 4/5.8 9/13.2

Thrombopenia 18/26.5 14/20.6 4/5.9 11/16.2

Non-hematologic AEs

Infection 12/17.6 7/10.3 5/7.4 12/17.6

Pneumonitis 10/8.8 7/10.3 3/4.4 10/14.7

CMV 1/1.5 0/0 1/1.5 1/1.5

Urinary tract infection 1/1.5 0/0 1/1.5 1/1.5

Hepatic dysfunction 17/25.0 16/23.5 1/1.5 5/7.4

Edema 7/10.3 6/8.8 1/1.5 3/4.4

Gastrointestinal disorder 6/8.8 1/1.5 5/7.4 6/8.8

Diarrhea 2/2.9 1/1.5 1/1.5 2/2.9

Constipation 1/1.5 0/0 1/1.5 1/1.5

Vomiting 1/1.5 1/1.5 0/0 1/1.5

Ileus 1/1.5 0/0 1/1.5 1/1.5

Rash 1/1.5 1/1.5 0/0 0/

Pruritus 1/1.5 1/1.5 0/0 0/

Venous thrombosis 1/1.5 0/0 1/1.5 1/1.5

Oral mucositis 1/1.5 1/1.5 0/0 1/1.5
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prominent tumor microenvironment associated with vascular hyperpla-

sia.2 A preclinical study showed that the combination of romidepsin and

IMiDs induced reactive oxygen species in 53.0–61.8% of cells in a T-cell

lymphoma cell line, while the induction rates were 17.0–23.0% and

11.0% with romidepsin and IMiDs alone, respectively. The preclinical

data suggested that the combination of HDACi and IMiDs induced cyto-

toxicity through mitochondria-mediated apoptosis.11 A phase I trial of

vorinostat plus lenalidomide and dexamethasone in R/R PTCL revealed

an ORR of 25%, and the median PFS and OS were 2.2 and 6.7 months,

respectively.12 A phase II study is ongoing that is investigating the combi-

nation of romidepsin and lenalidomide in untreated PTCL

(NCT02232516). HDACi also showed synergetic effects with topoisom-

erase II inhibitors, including etoposide.13 Prednisone, another drug in the

CPET regimen, contributes to the suppression of autoimmune-like mani-

festations and to the regression of tumors.47

The side-effect profiles of these drugs are well characterized. Thalid-

omide is associated with peripheral neuropathy, birth defects, gastroin-

testinal complications, and thrombosis.48,49 Etoposide is associated with

alopecia, myelosuppression, and gastrointestinal toxicity like nausea,

vomiting, and stomatitis, which is relatively mild and dose-limiting.50

Prednisone is associated with dermatologic, metabolic, and immunologic

effects.51 As the metabolic profiles are different among chidamide, pred-

nisone, etoposide, and thalidomide, the overlapping toxicity was mild. In

this trial, the most frequent grade 3/4 AE was neutropenia (n = 22,

32.3%); other grade 3/4 AEs were less than 10% of the total grade 3/4

AEs. All AEs were self-relieved or relieved after symptomatic treatments.

In general, the CPET regimen was well-tolerated and manageable.

All of the included drugs were taken orally. During the trial, patients

visited their physician in the outpatient department without hospitaliza-

tion. Therefore, it was convenient for patients to adhere to the regimen.

In conclusion, the present study demonstrated that the oral regi-

men of CPET was effective for untreated AITL patients with tolerable

toxicity in the Chinese population. However, our study lacked inde-

pendent response assessment and the efficacy population was small.

Thus, further studies with larger sample size and sufficient follow-up

in AITL patients are needed.
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