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Abstract 

Background: Elderly patients with diffuse large B-cell lymphoma (DLBCL) present with poor clinical outcome and 

intolerance to intensive chemotherapy. Histone deacetylase inhibitors (HDACIs) show anti-lymphoma activities and 

can be applied to treat DLBCL. This study aimed to evaluate efficacy and safety of oral HDACI tucidinostat (formerly 

known as chidamide) plus R-CHOP (CR-CHOP) in elderly patients with newly diagnosed DLBCL (International Prog-

nostic Index ≥ 2).

Results: Among 49 patients, the complete response rate was 86%, with overall response rate achieving 94%. The 

2-year progression survival (PFS) and overall survival (OS) rates were 68% (95% CI 52–79) and 83% (95% CI 68–91). 

Comparing with historical control (NCT01852435), the 2-year PFS and OS rates of double-expressor lymphoma phe-

notype (DEL) were improved, and negative prognostic effect of histone acetyltransferases CREBBP/EP300 mutations 

was also mitigated by CR-CHOP. Grade 3–4 neutropenia was reported in 171, grade 3–4 thrombocytopenia in 27, and 

grade 3 anemia in 11 of 283 cycles. No grade 4 non-hematological adverse event was reported.

Conclusion: CR-CHOP is effective and safe in elderly patients with newly diagnosed DLBCL. Relevance of DEL pheno-

type and molecular biomarkers on CR-CHOP response warrants further investigation in DLBCL.

Trial registration ClinicalTrial.gov, NCT02753647. Registered on April 28, 2016.
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Background

Diffuse large B-cell lymphoma (DLBCL) represents the 

most common subtype of non-Hodgkin’s lymphoma 

and is heterogeneous in clinical, immunophenotypic, 

and molecular features. More than 50% of DLBCL are 

elderly patients older than 60 years at diagnosis [1] and 

have advanced stage disease, intermediate- to high-risk 

International Prognostic Index (IPI) and adverse clini-

cal outcome [2–4]. �e progression-free survival (PFS) 

and overall survival (OS) rates were only 54% and 58% at 
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5 years upon treatment with R-CHOP (rituximab, cyclo-

phosphamide, doxorubicin, vincristine, and prednisone) 

[2], remarkably inferior to those of DLBCL patients 

younger than 60 years [5]. Moreover, most of the elderly 

patients are ineligible for intensive chemotherapy and/or 

hematopoietic stem cell transplantation, making effec-

tive and safe treatment as an unmet need in this subset 

of DLBCL.

In addition to clinical parameters, several biological 

features have been revealed as important prognostic indi-

cators in DLBCL. Based on cell of origin, DLBCL can be 

classified as germinal center B-cell like (GCB), activated 

B-cell like (ABC), and unclassified, the latter two referred 

as non-GCB phenotype [6, 7]. Patients with non-GCB 

have a worse prognosis than those with GCB phenotype 

[6]. Double-expressor lymphoma (DEL) is defined as co-

expression of BCL2 (> 50%) and MYC (> 40%) proteins 

by immunohistochemistry without underlying rear-

rangements [1]. DEL patients respond poorly to standard 

R-CHOP or intensive chemotherapy followed by stem cell 

transplantation [8]. As for molecular alterations, epige-

netic gene mutations are frequently observed in DLBCL, 

mainly including histone methyltransferases KMT2C, 

KMT2D, and EZH2, histone acetyltransferases CREBBP, 

EP300, and IRF4, chromatin remodeler HIST1H1E and 

ARID1A, and DNA methylation gene TET2 [9]. GCB 

DLBCL with CREBBP, EP300, and KMT2D mutations 

tends to have inferior prognosis [10]. In a SAKK 38/07 

prospective cohort, CREBBP mutation is an independent 

prognostic factor in DLBCL [11]. Elderly DLBCL patients 

are generally more frequently categorized into those 

high-risk groups [12, 13], providing clues for searching 

potential targeted therapeutic strategies.

Novel agents in combination with R-CHOP have been 

shown to improve clinical outcome of DLBCL. Ibrutinib 

plus R-CHOP prolongs PFS and OS in patients younger 

than 60 years [14]. Lenalidomide plus R-CHOP is effec-

tive in elderly patients with acceptable tolerability and 

mitigates the negative impact of non-GCB phenotype 

on patient prognosis [15]. Histone deacetylase inhibi-

tors (HDACIs) are potent anti-lymphoma agents and 

synergistic activity between HDACIs and rituximab was 

observed [16]. Moreover, HDACIs sensitize B-lymphoma 

cells to chemotherapeutic agents [17] and clinical efficacy 

of HDACIs has also been investigated in patients with 

newly diagnosed DLBCL in combination with R-CHOP 

[18, 19].

Tucidinostat (formerly known as chidamide) is an oral 

benzamide class of HDACI that selectively inhibits Class 

I HDAC1, HDAC2, HDAC3, and Class IIb HDAC10, and 

has been applied to treat relapsed or refractory periph-

eral T-cell lymphoma as mono- or combinational therapy 

[20]. In the present study, a phase II study of chidamide 

plus R-CHOP (CR-CHOP) was conducted to evaluate 

the efficacy and safety in elderly patients with newly diag-

nosed DLBCL. Meanwhile, we performed whole genome 

sequencing (WGS) and targeted sequencing in patients 

with available tumor samples to explore relevance of 

molecular biomarkers in this prospective cohort.

Results

Patient characteristics

A total of 49 patients were included in the study between 

May 10, 2016 and May 2, 2018. Baseline characteristics 

are summarized in Table  1. Median age was 67  years 

(range 61–75), and 29 patients (59%) were male. Forty 

patients (82%) presented advanced Ann Arbor stage, and 

41 patients (84%) showed elevated serum lactate dehy-

drogenase (LDH) level. Twenty-nine patients (59%) had 

Table 1 Baseline clinical and pathological characteristics

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase, IPI 

International Prognostic Index

Characteristics Enrolled patients
(n = 49)

Age (years)

Median 67 (61–75)

Gender

Male 29 (59%)

Female 20 (41%)

ECOG

0–1 38 (78%)

2 11 (22%)

Ann Arbor stage

II 9 (18%)

III 15 (31%)

IV 25 (51%)

LDH

Normal 8 (16%)

Elevated 41 (84%)

Extranodal sites

0–1 20 (41%)

 ≥ 2 29 (59%)

IPI

2 7 (14%)

3 17 (35%)

4 20 (41%)

5 5 (10%)

Cell of origin

GCB 14 (29%)

non-GCB 35 (71%)

Double expressor lymphoma

Yes 12 (25%)

No 37 (75%)
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multiple extranodal involvement, mainly as bone (35%), 

gastrointestinal (24%), and bone marrow (18%). Forty-

two patients (86%) were of intermediate-high or high-risk 

of IPI at diagnosis. Twelve patients had BCL2/MYC dou-

ble expression with exclusion of MYC and BCL2/BCL6 

translocation.

Dose intensity

As shown in Fig.  1, 43 patients (88%) completed all six 

cycles of CR-CHOP. Two patients did not continue 

after the first three cycles because of stable disease. One 

patient withdrew consent after four cycles, and another 

three patients discontinued after five cycles: one with-

drew consent, and two stopped due to adverse events 

(AEs), all of whom were in complete remission.

Of the 294 planned treatment cycles, 283 (96%) were 

given. �e full dose was given in 266 (90%) of the 294 

planned cycles. Tucidinostat postpones were applied in 8 

cycles (3%), due to grade 4 neutropenia on day 11. Cyclo-

phosphamide and doxorubicin dose reductions were 

applied in 15 cycles (5%), because of treatment delay due 

to grade 3 infections and grade 3–4 neutropenia. When 

analyzed by number of patients rather than number of 

cycles, four and eight patients had postpones of tucidi-

nostat, and reduction of cyclophosphamide and doxoru-

bicin, respectively.

Response and survival

After completion of stage 1, 20 (87%, 95% CI 72–100) of 

23 patients achieved complete response, justifying the 

initiation of stage 2 of Simon’s design. After completion 

of stage 2, 42 patients (86%, 95% CI 76–96) achieved 

complete response, and 4 patients (8%) achieved par-

tial response. �e four patients with partial response 

received additional involved-field radiotherapy to sites of 

residual uptake at final positron emission tomography-

computed tomography (PET-CT), and one patient even-

tually achieved complete response. All three patients who 

did not respond after three cycles of treatment (including 

one patient with double hit lymphoma and one patient 

with triple-hit lymphoma) were salvaged with second-

line chemotherapy and died from disease progression.

With a median follow-up of 30  months (range 6–42), 

the 2-year PFS and OS rates were 68% (95% CI 52–79) 

and 83% (95% CI 68–91), respectively (Fig.  2a). �e 

2-year PFS was 73% (95% CI 48–87) for patients with 

intermediate-risk (IPI 2–3) and 63% (95% CI 40–79) for 

those with high-risk (IPI 4–5) (HR 0.568, 95% CI 0.213–

1.514; P = 0.265; Fig. 2b). �e 2-year OS was 85% (95% CI 

61–95) for patients with intermediate-risk and 80% (95% 

CI 58–91) for those with high-risk (HR 0.658, 95% CI 

0.191–2.274; P = 0.513; Fig. 2b).

Toxicity

Hematological and non-hematological AEs are summa-

rized in Table 2. For hematological toxicities, grade 3 and 

4 neutropenia were present in 31% and 53% of patients, 

respectively. Neutropenia was of short duration, with a 

median of 5  days (range, 3–7). Febrile neutropenia was 

reported in 15 cycles and was of grade 3 in maximum. 

Grade 3 and 4 thrombocytopenia were reported in 8% 

and 2% of patients, respectively, without bleeding compli-

cations. Grade 3 anemia was observed in 18% of patients. 

For non-hematological toxicities, grade 3 alanine ami-

notransferase (ALT) or aspartate aminotransferase (AST) 

elevation was observed in 8% of patients. No grade 4 non-

hematologic toxicities were reported. Epstein–Barr virus 

DNA (EBV-DNA) was monitored routinely throughout 

the trial, and no positive event was reported.

Fig. 1 CONSORT diagram of the study
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No death occurred during the study as a result of 

toxicity related to treatment. Overall, nine patients 

died: eight for lymphoma progression, and one for 

severe pulmonary infection and heart failure in com-

plete remission.

Impact of phenotype on response to CR‑CHOP

Twelve (86% [95% CI 65–100]) of the 14 patients with 

GCB achieved complete response, as did 30 (86% [95% 

CI 74–98]) of the 35 patients with non-GCB pheno-

type. �e 2-year PFS was 70% (95% CI 38–88) in the 

Fig. 2 Outcomes of patients treated with CR-CHOP. a PFS and OS of all patients. b PFS and OS stratified by IPI. c PFS and OS stratified by cell 

of origin. CR-CHOP = tucidinostat (formerly known as chidamide), rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone. 

PFS = Progression-free survival. OS = Overall survival. IPI = International Prognostic Index
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GCB group and 71% (95% CI 52–83) in the non-GCB 

group (HR 1.631, 95% CI (0.540–4.924);  P = 0.337; 

Fig. 2c). �e 2-year OS was 86% (95% CI 54–96) in the 

GCB group and 81% (95% CI 63–91) in the non-GCB 

group (HR 1.186, 95% CI (0.291–4.825);  P = 0.805; 

Fig. 2c). Outcomes for non-GCB patients tended to be 

improved upon CR-CHOP, as compared to historical 

control (2-year PFS and OS of 60% [95% CI 49–68] and 

72% [95% CI 62–80], respectively).

All twelve patients (100%) with DEL phenotype 

achieved complete response, as did 30 (86% [95% CI 

74–98]) of the 35 patients with non-DEL phenotype. 

�e 2-year PFS and OS rates of patients with DEL 

phenotype were 83% (95% CI 48–96) and 92% (95% 

CI 54–79), which were comparable to those of non-

DEL phenotype (PFS: HR 0.394, 95% CI 0.125–1.240, 

P = 0.203; OS: HR 0.307, 95% CI 0.069–1.362, P = 0.232; 

Fig.  3a). Instead, in historical control (NCT01852435) 

upon R-CHOP treatment, the 2-year PFS and OS rates 

of patients with DEL phenotype were 46% (95% CI 

31–61) and 63% [95% CI 46–76], which were signifi-

cantly lower than those of non-DEL phenotype (PFS: 

HR 2.041, 95% CI 1.111–3.750, P=0.010; OS: HR 2.249, 

95% CI 1.166–4.338, P = 0.008; Fig. 3b).

Impact of molecular alterations on response to CR‑CHOP

As shown in Fig.  4a, epigenetic gene mutations were 

identified in 21 of 36 (58%) patients, including genes 

related to histone methylation (KMT2D [5/36, 14%], 

KMT2C [2/36, 6%], and EZH2 [5/36, 14%]), histone acet-

ylation (CREBBP [3/36, 8%], EP300 [2/36, 6%], and IRF4 

[1/36, 3%]), chromatin remodeler (HIST1H1E [8/36, 22%] 

and ARID1A [1/36, 3%]), and DNA methylation (TET2 

[8/36, 22%]). Overall, a total of 47 non-silent somatic 

mutations were identified, including 34 missense, 9 

insertion or deletion, 4 nonsense, and a preference for 

C > T/A > G alterations analogous to the somatic single 

nucleotide variation (SNV) spectrum in other cancers.

In terms of the influence of epigenetic gene muta-

tions on clinical outcome, mutations in KMT2D, but 

not in CREBBP/EP300, were associated with inferior 

PFS and OS (P = 0.043 and < 0.001, respectively, Fig. 4b). 

�e 2-year PFS and OS rates were 40% (95% CI 5–75) 

and 40% (95% CI 5–75) in patients with KMT2D muta-

tion, significantly shorter than those without muta-

tion (68% [95% CI 47–82] and 89% [95% CI 70–96]). 

Although mutations in CREBBP/EP300 were associated 

with inferior PFS and OS in patients of historical con-

trol (mutation rate 15%, PFS: HR 3.292, 95% CI 1.140–

9.502, P = 0.028; OS: HR 4.628, 95% CI 1.379–15.530, 

P = 0.013), there was no significant difference of PFS and 

OS between patients with or without CREBBP/EP300 

mutation upon treatment with CR-CHOP (P = 0.426 

and 0.971, respectively; Fig. 4b). �e 2-year PFS and OS 

rates were 80% (95% CI 20–97) and 80% (95% CI 20–97) 

in patients with CREBBP/EP300 mutation, 61% (95% 

CI 40–87) and 83% (95% CI 63–92) in patients without 

CREBBP/EP300 mutation, respectively.

Discussion

DLBCL in the elderly is associated with adverse clinical 

outcome and limited treatment options. In this phase II 

study, we showed that CR-CHOP was effective in first-

line therapy of elderly patients with newly diagnosed 

DLBCL. After six cycles of CR-CHOP, the complete 

response rate was higher than those of previous reports 

in Western countries (71–76%) [2, 3] and in China (72%) 

[13], all of which contained low-risk IPI patients. In a 

recent phase I study of valproate plus R-CHOP in newly 

diagnosed DLBCL (26% of the patients had intermediate-

high or high-risk IPI), improvement of clinical outcome 

has been achieved, with PFS of 84.7% and OS of 96.8% at 

2 years [18]. �e 2-year survival time was also encourag-

ing with our study on CR-CHOP, considering that more 

than 80% of patients had intermediate-high or high-risk 

IPI. Of note, CR-CHOP was equally effective in high-

risk IPI patients as intermediate-high IPI patients, and 

Table 2 Hematological and  non-hematological adverse 

events

Adverse events Grade 1 Grade 2 Grade 3 Grade 4

Number of cycles in which hematological adverse events were reported 
(n = 283)

Neutropenia 11 (4%) 28 (10%) 58 (20%) 113 (40%)

Thrombocytopenia 70 (25%) 48 (17%) 17 (6%) 10 (4%)

Anemia 85 (30%) 34 (12%) 11 (4%) 0

Febrile neutropenia 0 0 15 (5%) 0

Number of patients with hematological adverse events (n = 49)

Neutropenia 2 (4%) 3 (6%) 15 (31%) 26 (53%)

Thrombocytopenia 12 (24%) 10 (20%) 4 (8%) 1 (2%)

Anemia 17 (35%) 12 (24%) 9 (18%) 0

Febrile neutropenia 0 0 6 (12%) 0

Number of patients with non-hematological adverse events (n = 49)

Liver function abnormalities 5 (10%) 1 (2%) 4 (8%) 0

Infection 2 (4%) 6 (12%) 8 (16%) 0

Fatigue 2 (4%) 3 (6%) 0 0

Vomiting 3 (6%) 1 (2%) 0 0

Diarrhea 2 (4%) 1 (2%) 0 0

Hypoalbuminemia 5 (10%) 0 0 0

Hypokalemia 4 (8%) 0 0 0

Heart failure 0 1 (2%) 0 0

Atrial fibrillation 0 1 (2%) 0 0

Neurological 2 (4%) 0 0 0
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compared favorably to standard R-CHOP reported by 

LNH985 (2-year PFS and OS as approximately 50% and 

60%) [2] and by our previous study (2-year PFS and OS as 

41% and 63%, respectively) [13].

Another encouraging finding of our study was the 

clinical efficacy of CR-CHOP in the DEL phenotype of 

DLBCL. �ough in historical control (NCT01852435), 

the outcome of DEL patients was significantly inferior 

to that of non-DEL patients upon R-CHOP treatment, 

no apparent difference was observed in patients treated 

with CR-CHOP. Improved outcomes were also reported 

for DEL in a phase I/II trial of vorinostat plus R-CHOP 

(SWOG S0806), as compared to those of R-CHOP 

(SWOG S0433) (2-year PFS 73% vs. 58%, 2-year OS 

91% vs. 75%) [19]. �ese clinical findings are supported 

by experimental data showing that MYC acts as a bio-

marker of the anti-cancer action of HDACI romidepsin 

and entinostat in DLBCL [21, 22]. In other hematologi-

cal malignancies, tucidinostat inhibits MYC and BCL2 

in acute myeloid leukemia [23, 24], and tucidinostat also 

downregulates BCL2 in combination with doxorubicin in 

peripheral T-cell lymphoma [25]. Together, tucidinostat 

may improve the outcome of DLBCL patients through 

targeting MYC and BCL2. To further confirm the role of 

tucidinostat plus R-CHOP in DEL phenotype of DLBCL 

patients, a phase III, randomized, double-blind, placebo-

controlled, multicenter study is currently ongoing in 

China (NCT04231448).

Histone modifying genes are critically involved in 

tumor progression of DLBCL [26]. Inactivation of 

CREBBP and EP300 abrogates germinal center B cell 

formation and contributes to lymphomagenesis, as 

revealed by conditional germinal center-directed dele-

tion mouse models targeting Crebbp or Ep300 [27]. 

Clinically, CREBBP mutation is an independent prog-

nostic factor in DLBCL in a prospective SAKK 38/07 

trial [11]. Disruption of KMT2D also perturbs germinal 

center B cell development [28, 29] and KMT2D muta-

tions are the most frequent relapse-specific events in 

DLBCL [30]. In consistence with experimental data 

Fig. 3 Outcomes of patients treated with CR-CHOP and historical control based on BCL2/MYC double expression. a PFS and OS of patients treated 

with CR-CHOP. b PFS and OS of patients from historical control (NCT01852435). CR-CHOP = tucidinostat (formerly known as chidamide), rituximab, 

cyclophosphamide, doxorubicin, vincristine, and prednisone. PFS = Progression-free survival. OS = Overall survival



Page 7 of 11Zhang et al. Clin Epigenet          (2020) 12:160  

showing that HDACIs can rescue deficits in histone 

acetylation induced by CREBBP/EP300 mutations in 

B-cell lymphoma [26], our results provided clinical evi-

dence that tucidinostat may mitigate the negative prog-

nostic impact of CREBBP/EP300 mutations on DLBCL. 

However, mutations in KMT2D remained to be an 

adverse prognostic factor in DLBCL treated with CR-

CHOP, which could be alternatively targeted by hypo-

methylating agents [31].

Safety profile is a major issue for the addition of novel 

agent to an existing combination, including HDACIs. 

Vorinostat plus R-CHOP is associated with high rates 

of AEs in patients with newly diagnosed advanced stage 

DLBCL (SWOG S0806) [19]. Also, unexpected audi-

tory AEs occur in valproate plus R-CHOP [18]. Here, 

we recorded no grade 4 non-hematological AEs and 

no deaths due to toxicity. Grade 3–4 neutropenia was 

recorded in almost 20%–40% of cycles despite the use 

of granulocyte-colony stimulating factor (G-CSF), but 

it was of short duration and did not translate into an 

excess of infections. Most AEs in our trial were of mild-

to-moderate intensity, and similar to those recorded 

with standard R-CHOP in elderly patients with DLBCL. 

No new clinically significant toxicity was noted with 

the addition of tucidinostat to R-CHOP. EBV reactiva-

tion is of concern in the administration of HDACI [32] 

and was not observed in this study.

With regard to dose intensity and the feasibility of the 

CR-CHOP regimen, the analysis of drug delivery showed 

that patients received full dose of tucidinostat and at least 

90% of the doses of R-CHOP drugs in more than 90% 

of cycles. �is frequency is acceptable when comparing 

with other studies of standard R-CHOP, in which the 

percentage of the patients who received more than 90% 

of the dose intensity of the drugs varied from 64 to 90% 

[14, 15]. �erefore, the addition of tucidinostat does not 

impair full delivery of R-CHOP, provided that G-CSF is 

used.

Conclusion

CR-CHOP was well tolerated and showed promising 

clinical activity in DLBCL. Our encouraging data war-

rant validation in a future phase III randomized trial to 

elucidate the relevance of DEL phenotype and molecular 

biomarkers on response to R-CHOP in combination with 

tucidinostat in DLBCL.

Methods

Eligibility criteria

Patients were eligible if they were 61–75  years; had 

newly diagnosed, histologically confirmed CD20-posi-

tive DLBCL, an Eastern Cooperative Oncology Group 

(ECOG) performance status of 0–2, IPI risk of inter-

mediate or high (IPI ≥ 2), and a life expectancy of more 

Fig. 4 Correlation of genomic alterations with response to CR-CHOP. a Epigenetic gene mutations by whole genome sequencing and targeted 

sequencing in 36 patients. The number of patients with mutations was listed on the right. b Forest plot of univariate analysis on PFS and OS in 

patients with or without epigenetic gene mutations. PFS = Progression-free survival. OS = Overall survival 
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than 6  months. Patients were excluded if they had pre-

vious chemotherapy or stem cell transplantation; history 

of malignancy (other than skin cancers or carcinomas 

in  situ of the cervix); uncontrollable cardio-cerebral 

vascular, coagulation, autoimmune, infectious disease; 

primary central nervous system (CNS) lymphoma; left 

ventricular ejection fraction ≤ 50% [4, 33]. �ey were also 

eliminated from the study if, at enrollment, their neutro-

phil count < 1.5 × 109/L, platelets < 75 × 109/L, ALT or 

AST > 2 × upper limit of normal (ULN), AKP or bilirubin 

> 1.5 × ULN, or creatinine > 1.5 × ULN (unless they were 

caused by the lymphoma). �ey were not enrolled if they 

were not able to comply with the protocol for mental or 

other unknown reasons; pregnancy or lactation; or posi-

tive for hepatitis B virus (HBV-DNA) and human immu-

nodeficiency virus.

Pathological diagnosis was performed according to the 

2016 World Health Organization classification [1]. Cell 

of origin profile was determined by Hans algorithm, with 

30% cutoff value of CD10, BCL6, and MUM-1 [6]. As for 

DEL phenotype, cutoff value of BCL2 and MYC was 50% 

and 40%, respectively [1]. Fluorescence in situ hybridiza-

tion of BCL2, BCL6, and MYC rearrangements was per-

formed for each patient.

Study design and procedures

�is was an investigator-initiated, open-label, single-arm, 

phase II study. �e dose and administration schedule of 

CR-CHOP were as follows: rituximab 375  mg/m2 given 

intravenously on day 0, cyclophosphamide 750  mg/m2, 

doxorubicin 50 mg/m2, and vincristine 1.4 mg/m2 (maxi-

mum 2.0 mg) intravenously on day 1, prednisone 60 mg/

m2 (maximum 100  mg) orally on days 1–5, and tucidi-

nostat 20 mg orally on days 1, 4, 8, and 11, according to 

the maximum tolerated dose in combination with CHOP 

and etoposide in peripheral T-cell lymphoma (Clinical-

Trials.gov Identifier: NCT02987244) [34]. �e regimen 

was repeated every 21 days with a total of six cycles.

Tucidinostat should be postponed on the occurrence of 

grade ≥ 3 hematological or non-hematological toxicities. 

�ere was no plan for dose reduction of tucidinostat. �e 

administration was resumed when the AEs were to grade 

1 or pre-treatment levels. G-CSF prophylaxis (recombi-

nant human pegylated G-CSF of 100 ug/kg) was given 

from the second cycle of chemotherapy if grade ≥ 3 neu-

tropenia was present in the first cycle. Lamivudine was 

administered in occult carriers of HBV to prevent HBV 

reactivation. Prophylaxis for CNS relapse was given to 

patients with involvement of bone marrow, nasal or para-

nasal sinuses, orbit, breast, or testis. Tumor lysis prophy-

laxis and radiation therapy were performed for patients 

with bulky disease, or with residual disease at the end of 

treatment, at the discretion of physicians.

Baseline evaluations were performed within 28  days 

prior to therapy, including physical examination, com-

plete blood cell count, serum biochemistry with LDH, 

coagulation function, HBV markers and DNA, EBV-

DNA, electrocardiogram, echocardiography, bone mar-

row aspiration and trephine biopsy, and PET-CT. �e 

patients were staged according to Ann Arbor staging sys-

tem, and IPI [35] was calculated. Treatment response was 

assessed according to the standardized response criteria 

established by Cheson et  al. [36]. Interim efficacy was 

evaluated by PET-CT after three cycles. Patients who had 

achieved a complete or partial response received another 

three cycles. Patients who did not achieve a complete 

or partial response stopped receiving CR-CHOP at this 

point. Final evaluation was performed by PET-CT one 

month after the end of the last cycle of treatment. CT 

of the neck, thorax, abdomen, and pelvis was repeated 

every 3 months thereafter to monitor disease progression 

until 1 year, then every 6 months until 2 years, and every 

year thereafter.

Study end points and assessments

�e primary endpoint was complete response rate 

assessed by PET-CT. Secondary endpoints were PFS, OS, 

overall response rate, and AEs. PFS was measured from 

diagnosis to date of progression, relapse, or death from 

any cause. Patients with a partial response who were 

given an additional treatment (i.e., radiation therapy) 

without apparent disease progression were not consid-

ered as an event for PFS analysis. OS was measured from 

diagnosis to death of any cause or date of last follow-

up. AEs were categorized and graded according to the 

National Cancer Institute Common Terminology Criteria 

for Adverse Events (CTCAE, version 4.0).

Historical control cohort

Elderly patients from 20 centers of the Multicenter 

Hematology/Oncology Programs Evaluation System 

(M-HOPES) in China with newly diagnosed DLBCL, 

treated with regular R-CHOP50 (doxorubicin 50  mg/

m2) or regular R-CEOP70 (rituximab, cyclophospha-

mide, epirubicin 70 mg/m2, vincristine, and prednisone) 

between May 15, 2013 and March 16, 2016 in our pre-

vious multicenter, phase III, randomized, controlled trial 

(NCT01852435) [13], and who met the same inclusion/

exclusion criteria as those treated with CR-CHOP were 

referred as the historical control cohort and analyzed for 

outcome on the basis of DLBCL subtypes.

DNA sequencing

WGS  was performed on frozen tumor samples of 25 

patients with genomic DNA extracted using Wiz-

ard® Genomic DNA Purification Kit (Promega, 
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Wisconsin-Madison, USA). �e depth of samples meas-

ured with WGS was 50–200× , with 83–99% of the tar-

get sequence being covered sufficiently deep for variant 

calling (≥ 10 × coverage). A total of 9 genes reported to 

be hypermutation (> 5%) or related to lymphoma patho-

genesis in DLBCL were selected. SNVs and indels were 

called by Genome Analysis Toolkit (GATK, v3.7.0) Hap-

lotype Caller and GATK Unified Genotyper, and mapped 

to the genome location using the UCSC Genome Browser 

(https ://genom e.ucsc.edu/). �e reference genome was 

the Refseq database (Human Reference Genome version 

hg19). All the somatic functional mutations, including 

non-synonymous SNVs, frameshift or in-frame indels, 

stopgain or stoploss, were obtained. Visual inspec-

tion was used to exclude potential false positive results. 

Homemade pipeline was used to filter SNVs and indels 

detected by the above software, excluding: (1) mutations 

reported with low confidence; (2) germline mutations 

detected from control samples; (3) population-related 

variants reported in 1000 Genomes (dbSNP 138) as com-

mon SNPs and not included in COSMIC (the Catalogue 

of Somatic Mutations in Cancer) version v77.

Targeted sequencing was performed on formalin-fixed 

paraffin-embedded tumor samples of 11 patients with 

genomic DNA extracted using GeneRead DNA forma-

lin-fixed paraffin-embedded Tissue Kit (Qiagen, Hilden, 

Germany). �e depth of samples measured with targeted 

sequencing was 1000–2000× , with 85–98% of the target 

sequence being covered sufficiently deep for variant call-

ing (≥ 10× coverage).

Statistical analysis

�is phase II study was designed according to Simon’s 

two-stage minimax design [37]. Our objective was to 

show a 15% improvement in frequency of complete 

response with the new regimen relative to an expected 

frequency of 70% with R-CHOP alone [38], with an α of 

0.05, 80% power. A total of 49 patients were required to 

obtain the hypothesis, 23 of whom were to be enrolled 

during stage 1 and 26 during stage 2. �e study would 

be stopped early if fewer than 16 (70%) of the patients 

achieved complete response in stage 1. Similarly, if 39 

(80%) or fewer patients achieved complete response by 

trial completion, the hypothesis would also be rejected.

Efficacy and safety analyses were by intention to treat. 

Statistical analyses were performed by Statistical Package 

for the Social Science (SPSS) 23.0 software (SPSS Inc., 

Chicago, IL, USA). Survival estimates were calculated by 

Kaplan–Meier method, and survival curves were com-

pared by log-rank test. A two-sided P value of < 0.05 was 

considered statistically significant.
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