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Background

Angioimmunoblastic T-cell lymphoma (AITL) is characterized by high recurrence rates and poor prognosis, and effective first-line treatment is lacking. Recently, histone deacetylase inhibitors (HDACi), such as chidamide, have been found to induce durable remissions in AITL patients.





Methods

Patients with untreated AITL from March 2015 to March 2023 were retrospectively collected and divided into chemotherapy (ChT) group and chidamide combined with chemotherapy (C-ChT) group based on the first-line treatment received. The comparison of efficacy and safety between the two groups was conducted.





Results

86 patients with newly diagnosed AITL were enrolled, in which 35 patients were in the ChT group and 51 in the C-ChT group. The objective response rate (ORR) of C-ChT group was significantly higher than that of ChT group (84.3% vs. 60%, P= 0.011), and had superior progression-free survival (PFS) (27 months vs. 12 months, P= 0.025). However, no significant difference in overall survival (OS) was observed between the two groups (P= 0.225). In addition, the responding patients who received autologous stem cell transplantation (ASCT) had superior PFS compared to those who did not (P= 0.015).





Conclusions

Compared with ChT regimen, C-ChT regimen was well tolerated and had superior ORR and PFS in patients with untreated AITL. ASCT may contribute to longer PFS in remission patients.
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1 Introduction

Angioimmunoblastic T-cell lymphoma (AITL), a lymphoma characterized by the T follicular helper (TFH) phenotype (1), is the second most common peripheral T-cell lymphomas (PTCLs), comprising approximately 1-2% of non-Hodgkin’s lymphomas (NHLs) and 15-20% of PTCLs worldwide (2, 3). AITL is associated with a poor prognosis, with a 5-year overall survival (OS) rate of only 30%. AITL exhibits notable geographic variability; in the Chinese population, AITL accounts for approximately 1.6% of NHLs and 37.4% of PTCLs, with a 5-year OS rate of about 34.9% (4, 5). Anthracycline-based chemotherapy, such as cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) or CHOP-like regimens, is mostly used for first-line treatment of AITL. Unlike the good efficacy achieved in B lymphomas, AITL shows a poor response to traditional chemotherapy (ChT), requiring urgent exploration of novel drugs and different drug combination regimens (3).

Epigenetic dysregulation has been found to play an important role in the pathogenesis of PTCL, especially AITL (6, 7). Preclinical and clinical trial data suggest that histone deacetylase inhibitors (HDACi), as an epigenetic agent, result in more durable and stable remissions in the treatment of AITL, compared to other subtypes of PTCL (8, 9). Chidamide, a novel oral selective histone deacetylase inhibitor, promotes tumor cell growth arrest and apoptosis, which exhibits antitumor activity in relapsed or refractory PTCL (10, 11). A pivotal phase II trial demonstrated an overall remission rate (ORR) of 28% for chidamide monotherapy in relapsed or refractory PTCL (r/r PTCL), with AITL demonstrating a higher ORR of 50% (12). Based on the results of this trial, the China Food and Drug Administration approved chidamide in December 2014 for patients with r/r PTCL. A Chinese multicenter real-world study including 383 patients with r/r PTCL showed that the ORR and disease control rate (DCR) were 39.06% and 64.45% for chidamide monotherapy, and 51.18% and 74.02% for combination chemotherapy, respectively (13). It is noteworthy that chidamide has some toxicities. Common adverse events (AEs) related to chidamide include hematological abnormalities, fatigue, nausea/vomiting, and abnormal hepatic function. Transient prolongations of the QTc interval have been occasionally observed in patients (12, 13). Most AEs are grade 1-2 and can be managed with supportive therapy and suspension of chidamide.

Attempts to use chidamide for the first-line treatment of PTCL are also underway (14–16). A prospective phase Ib/II study showed that chidamide, in combination with the CHOEP regimen, for the first-line treatment of PTCL, demonstrated an ORR of 60.2%, a complete response (CR) rate of 40.7%, and 1-year and 3-year PFS rates of 49.9% and 32.8%, respectively (15). However, clinical data for first-line treatment of AITL with chidamide are lacking due to the low prevalence of AITL. In the present study, we compared the efficacy and toxicity of conventional chemotherapy (ChT) and chidamide combined with chemotherapy (C-ChT) in the frontline treatment of AITL. The role of autologous stem cell transplantation (ASCT) in first-line treatment and the prognostic factors of patients with newly diagnosed AITL were also assessed.




2 Methods



2.1 Patients

Our study aimed to retrospectively analyze patients newly diagnosed with AITL and receiving first-line treatment at West China Hospital of Sichuan University between March 2015 and March 2023. Ultimately, 439 patients with nodal PTCL were screened, of which 86 patients with newly diagnosed AITL were retrospectively analyzed, as shown in Figure 1. The inclusion criteria were as follows: (1) clear pathologic diagnosis of AITL; (2) completion of at least 3 or more chemotherapy treatments; (3) complete examination test and staging information. The exclusion criteria were: unavailability of treatment or baseline information; loss to follow-up. This study was approved by the institutional ethical review board of West China Hospital of Sichuan University and was exempted from the informed consent requirement because anonymized data were used.




Figure 1 | The flow chart of patient inclusion.






2.2 Study design

Our study retrospectively compared the efficacy and safety of chemotherapy regimens with or without chidamide in patients with untreated AITL. Patients were divided into chemotherapy (ChT) group and chidamide combined with chemotherapy (C-ChT) group according to the first-line chemotherapy regimens they received. Their baseline information, treatment information, adverse effects and prognostic factors were retrospectively collected and analyzed. Moreover, in patients who achieved complete remission (CR) or partial remission (PR) after frontline treatment, survival comparisons were performed based on whether or not they received ASCT.

The clinical data collected included age, gender, B symptoms, Ann Arbor stage, Eastern Cooperative Oncology Group (ECOG) performance status, the International Prognostic Index (IPI), the Prognostic Index for PTCL-U patients (PIT), modified-PIT score, bone marrow invasion state, whether or not combined with hemophagocytic syndrome, extranodal invasion, serum lactate dehydrogenase (LDH) level, albumin level, complete blood count, treatment regimen, treatment response, and survival status.

The primary endpoint was progression-free survival (PFS), and the secondary endpoints were overall survival (OS), ORR and CR rate. PFS was defined as the time interval from the date of treatment initiation to the first observation of disease progression or death from any cause. Progression was defined as relapse from CR if the patient had achieved CR, or as progressive disease if the patient had not achieved CR. OS was defined as the time from diagnosis to death from any cause or the last follow-up. Efficacy evaluations were performed every two to three cycles by computed tomography, magnetic resonance imaging and positron emission computed tomography, and were evaluated as CR, PR, stable disease (SD), or progressive disease (PD) according to the 2014 Lugano Classification lymphoma response criteria. The toxicity grading was conducted according to the Common Terminology Criteria for Adverse Events version 4.0.




2.3 Statistical analysis

The differences between categorical variables were analyzed by the χ2 test or Fisher’s exact test. PFS and OS analyses were performed using the Kaplan-Meier method, and comparisons of survival between groups were performed using the log-rank test. Cox regression analyses were used for the identification of prognostic factors, with univariate Cox regression analyses firstly performed to identify the significant variables, and then significant variables were further identified in multivariate Cox analyses to determine independent prognostic factors.

All analyses were performed using IBM SPSS Statistics 26.0 software. A P-value <0.05 was considered statistically significant throughout the analysis.





3 Results



3.1 Baseline characteristics

86 patients with newly diagnosed AITL were included in the present study, with 35 and 51 patients in the ChT group and the C-ChT group, respectively (Table 1). The baseline characteristics of the patients were shown in Table 1. The median age of all patients was 59 years (range 41-84 years), with a median age of 61 years (range 43-78 years) in the ChT group and 57 years (range 41-84 years) in the C-ChT group. Of the 86 patients, 59 (68.6%) were males, with 27 (77.1%) and 32 (62.7%) in ChT and C-ChT groups, respectively. About half of the patients showed B symptoms at the time of diagnosis. 89.5% of patients had advanced stage disease, with 82.9% and 94.1% in the ChT and C-ChT groups, respectively. Bone marrow invasion was observed in 39.5% of patients (34.3% in the ChT group and 43.1% in the C-ChT group), and 70.9% of patients had extranodal involvement (68.6% and 72.5% in the ChT and C-ChT groups, respectively).


Table 1 | The baseline characteristics of 86 AITL patients.



No significant differences were observed between the ChT group and the C-ChT group in terms of age, gender, time of treatment, B symptoms, Ann Arbor stage, PS score, IPI score, PIT score, bone marrow invasion, extranodal involvement, LDH level, albumin level, complete blood count and other baseline characteristics, and the two groups were well balanced and comparable.

24 (68.6%) and 41 (80.4%) in the ChT and C-ChT groups, respectively, received first-line CHOP regimen chemotherapy, which included cyclophosphamide, doxorubicin, vincristine, and prednisone. 5 (14.3%) in the ChT group received the GCHOP regimen (gemcitabine+CHOP), and 6 (17.1%) received the ECHOP regimen chemotherapy (etoposide+CHOP), and 3 (8.6%) patients received ASCT consolidation therapy in first remission. Meanwhile, 5 (9.8%) patients in the C-ChT group received the GCHOP chemotherapy, 5 (9.8%) patients received the ECHOP regimens, and 9 (17.6%) patients received ASCT in first remission.




3.2 Response

The ORR of all patients was 74.4%, with the CR rate of 53.5%. The ORR of the ChT group and the C-ChT group were 60.0% and 84.3%, respectively (P=0.011, Figure 2), and the CR rates were 42.9% and 60.8%, respectively (P=0.102). Compared with the ChT group, the C-ChT regimen could significantly improve the ORR of patients with untreated AITL, although no significant difference in the CR rate was observed.




Figure 2 | Therapeutic response in ChT and C-ChT groups.



25 (39.1%) of the 64 patients who achieved CR/PR eventually relapsed, and the median duration of response (CR+PR) has not been reached. 9 (42.9%) of the 21 patients who reached objective remission in the ChT group faced relapse, and all of them relapsed within 1 year. In the ChT group, 5 of the 9 relapsed patients received second-line treatment with chidamide-containing chemotherapy. 2 patients achieved objective remission, 1 of which was CR and planned to undergo ASCT as consolidation therapy, and the other was PR and is currently in maintenance therapy with chidamide. 1 patient was SD and progressed after a duration of 16 months, while another patient died due to PD. 1 patient discontinued chidamide due to grade 3 pulmonary infection. 16 (37.2%) of the 43 patients in the C-ChT group who reached CR/PR eventually relapsed, with the longest duration of remission being >30 months. No significant difference was observed between the two groups in relapse rate (P=0.664).




3.3 Survival

After a median follow-up of 33 months (range 2-70 months), the median PFS and OS of all patients were 18 months and 53 months, respectively. The median PFS in the ChT group was 12 months (range 0-51 months), and the 1-year and 3-year PFS rates were 44.8% and 30.8%, respectively. The median PFS in the C-ChT group was 27 months (range 1-70 months), and the 1-year and 3-year PFS rates were 66.8% and 43.7%, respectively. There was significant difference between the two groups (12 vs 27 months, P=0.025, Figure 3A), with the C-ChT group having significantly longer PFS in AITL patients.




Figure 3 | Comparison of PFS (A) and OS (B) between the ChT and Chidamide+ChT groups.



The 1-year and 3-year OS rates for patients in the ChT group were 78.3% and 57.8%, respectively, with a median OS of 48 months (range 2-53 months), while the 1-year and 3-year OS rates in the C-ChT group were 93.8% and 64.4%, respectively, with a median OS of not reached. However, no significant difference in OS was observed between the two groups (48 months vs not reached, P=0.225, Figure 3B).

3 patients (8.6%) in the ChT group and 9 patients (17.6%) in the C-ChT group underwent ASCT as part of their subsequent treatment, and there was no significant difference between the two groups regarding ASCT treatment (P=0.381).




3.4 Adverse events

Hematological toxicities were the most common adverse events (AEs) observed. In the ChT and C-ChT group, the incidence of grade 3/4 thrombocytopenia was 20% and 29.4% (P=0.326), the incidence of grade 3/4 anemia was 20% and 27.5% (P=0.429), and the incidence of grade 3/4 neutropenia was 40%, and 47.1% (P=0.517), respectively. No significant differences were observed between the two groups (Table 2). The incidence of grade 3/4 infections was not high, with 17.1% and 23.5% in the ChT and C-ChT groups (P=0.474, Table 2), respectively. Toxic reactions such as elevated creatinine, fatigue, nausea and vomiting, and diarrhea occurred in some patients, all of which were grade 1-2 and recovered with supportive therapy. Cardiac toxicity was not observed in any patient. No significant differences in the frequency of AEs were observed between the two groups (all P>0.05). There were no reports of treatment-related deaths.


Table 2 | Adverse events in the ChT and C-ChT groups.






3.5 Prognostic factor analysis

Univariate Cox analysis of PFS suggested that first-line chemotherapy regimen, B symptoms and platelet level may be prognostic factors (P=0.030, 0.043, 0.019, respectively, Table 3). Multivariate analysis showed that first-line chemotherapy regimen and platelet level were independent prognostic factors of PFS in patients with untreated AITL. The patients treated with chidamide combined with chemotherapy had superior PFS (HR 0.554, 95%CI 0.311-0.987, P=0.045, Table 3) compared with conventional chemotherapy. At the time of diagnosis, the risk of progression in patients with low platelet levels was 2.083 times higher than in patients with normal platelet levels (HR 2.083, 95% CI 1.042-4.163, P=0.038, Table 3).


Table 3 | Univariate and multivariate Cox analyses of PFS in patients with newly diagnosed AITL.



Patients with B symptoms, bone marrow invasion, albumin <35 and reduced platelet levels at the time of diagnosis tended to have inferior OS in the univariate analysis (P=0.011, 0.025, 0.033 and 0.048, respectively, Table 4), however, further multivariate analysis failed to identify independent prognostic factors for OS.


Table 4 | Univariate and multivariate Cox analyses of OS in patients with newly diagnosed AITL.






3.6 ASCT consolidation treatment

The benefit of ASCT consolidation treatment after first remission was further evaluated. 64 of 86 newly diagnosed AITL patients achieved CR/PR, of whom 12 patients received ASCT consolidation after first remission. Patients who received ASCT consolidation in first remission significantly prolonged PFS in AITL patients compared with those who did not receive ASCT (27 months vs not reached, P=0.015, Figure 4A). However, no significant difference in OS was observed between the two groups (P=0.246, Figure 4B), which may be related to the small number of patients who underwent ASCT.




Figure 4 | Comparison of PFS (A) and OS (B) between the ASCT and No ASCT groups.







4 Discussion

The incidence of AITL exhibits geographical variability, being more prevalent in Western countries compared to in Asia. AITL ranks as the second most common PTCL, accounting for approximately 15-20% of PTCLs. It is defined as a lymphoma with a TFH phenotype according to the latest 2016 WHO classification of lymphomas (1, 7, 17). The pathogenesis of AITL has been found to be multistage and multistep, often combined with autoimmune disorders and epigenetic dysregulation (18, 19). Traditional anthracycline-based conventional chemotherapy, like CHOP or CHOP-like regimens, has performed disappointingly in the frontline treatment of AITL. Recently, immunomodulators, epigenetic drugs, and targeted therapies have shown great potential in AITL (20, 21), especially HDAC inhibitors such as chidamide and romidepsin, which have been approved in patients with relapsed or refractory PTCLs (12, 22).

An international phase III clinical trial comparing romidepsin plus CHOP vs CHOP for the first-line treatment of PTCL showed that HDACi combined with chemotherapy failed to significantly improve survival (23). However, exploratory analysis of the study data revealed that HDACi has the potential to achieve a more durable and deeper response in AITL. Several other studies have confirmed this finding, suggesting that lymphomas exhibiting a TFH phenotype benefit more from HDACi application (8, 9, 24), which may be explained by the fact that the pathogenesis of AITL often involves epigenetic dysregulation.

Chidamide, a novel oral HDACi independently designed in China, is very promising in the treatment of AITL, however, clinical data on the first-line treatment of AITL with chidamide is still lacking. Based on this, the present study has shed light on the potential benefits of using chidamide in the combinatorial chemotherapy in patients with untreated AITL.

Previous studies have shown the potential synergistic effects of HDACi and cytotoxic drugs (25, 26). However, a subset of patients in our cohort did not receive chidamide due to financial constraints. In our study, the chidamide combined with conventional chemotherapy group had significantly superior ORR and PFS compared to the conventional chemotherapy group, with an ORR of 84.3% and a median PFS of 27 months. Due to limited follow up, this study is unable to evaluate for the OS. Furthermore, given the retrospective design and limited sample size of this study, it remains uncertain whether improvements in ORR and PFS can be attributed to the drug effects of chidamide, or if they are influenced by other confounding variables and selection bias.

The high recurrence rate of AITL is also an important factor in the poor prognosis of AITL, which has been reported to be as high as 30% (27), similar to the present study. In our study, 39.1% of patients relapsed after their first remission. The failure of chidamide combined with chemotherapy to significantly reduce the relapse rate may explain why the significant improvement in ORR rate ultimately failed to translate into prolonged OS.

AITL mostly occurs in the elderly population, with a median age of 65 years. Most patients are diagnosed at advanced stages, often combined with autoimmune anemia, elevated LDH, and bone marrow and extra-nodal invasions, leading to a dismal prognosis (2, 27). Currently, the International Prognostic Index (IPI) is mostly used to assess the prognosis of patients with AITL; however, unlike its accuracy in the prognostic assessment of B-cell lymphoma, it works poorly in AITL patients (2). Recent prognostic studies have indicated that thrombocytopenia, B-symptoms, rapid progression, bone marrow invasion, and hypoproteinemia are adverse prognostic indicators in patients with PTCL (28, 29), which is similar to the present study. Patients whose frontline regimen did not contain chidamide or who had decreased platelet count were at a higher risk of progression in our study, and in addition, patients with B symptoms, bone marrow invasion, hypoproteinemia, and thrombocytopenia may have inferior OS.

The precise therapeutic role and optimal timing of ASCT in AITL have yet to be fully determined. Several studies have shown that consolidation therapy with ASCT in PTCL patients following initial remission contributes to prolonged PFS, which is similar to our findings (30–32). However, in our study, due to the poor economic situation and insufficient understanding of ASCT, only a very small number of patients underwent ASCT (n=12).

Undeniably, there are some limitations to the present study. First, this study is a retrospective study with some inherent confounding variables, and second, the small sample size limits further analysis in depth. However, the low prevalence of AITL makes it difficult to conduct large-scale prospective randomized trials. Still, our study provides some insights into the diagnosis and treatment of patients with AITL. Large-scale randomized controlled trials for different subtypes of PTCL are necessary in the future.




5 Conclusions

Compared with conventional chemotherapy regimens, first-line treatment of AITL patients with chidamide in combination with chemotherapy may improve ORR and PFS without increasing chemotherapy toxicity. Moreover, ASCT may contribute to longer PFS in remission patients. It is essential to conduct a larger and randomized study in the future to further identify superior treatment strategies.
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