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To the Editor: Non-Hodgkin lymphoma (NHL) is a
common type of hematological malignancy. Although
the development of targeted therapies has improved the
survival of patients with aggressive NHL, autologous
hematopoietic stem cell transplantation (HSCT) remains
indispensable. There is no standard conditioning regimen
for autologous stem cell transplantation (ASCT). Three
common regimens are carmustine, etoposide, cytarabine,
and melphalan (BEAM); carmustine, etoposide, cytara-
bine, and cyclophosphamide (BEAC); and total body irra-
diation. The 3-year progression-free-survival (PFS) rate
associated with these regimens varies from 40% to
50%. Chidamide, a novel subtype-selective histone
deacetylase inhibitor (HDACI), can directly inhibit
tumor cell cycle progression, induce tumor cell apop-
tosis, and restore the sensitivity of drug-resistant tumor
cells to drugs by loosening chromatin and exposing
deoxyribonucleic acid (DNA). Clinical trials have shown
that a combination of HDACI, cladribine, gemcitabine,
and busulfan had a promising safety profile and efficacy
as a pretransplant conditioning regimen in patients with
relapsed/refractory NHL.!! This phase II clinical trial
aimed to evaluate the efficacy and safety of the
chidamide-BEAC (Chi-BEAC) conditioning regimen
with ASCT for treating high-risk or relapsed/refractory
aggressive NHLs.

The eligibility and exclusion criteria are summarized in
the Supplementary Materials, http://links.lww.com/CM9/
B617. Briefly, patients with the following aggressive
NHL types were enrolled: (1) high-risk diffuse large B-
cell lymphoma (DLBCL) (defined as age-adjusted inter-
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national prognostic index of >2) or double-hit
lymphoma to receive frontline ASCT consolidation
therapy, (2) relapsed/refractory DLBCL to receive
salvage ASCT consolidation, (3) mantle cell lymphoma
(MCL), and (4) peripheral T-cell lymphomas (PTCL)
(except for those with anaplastic lymphoma kinase-positive
anaplastic large cell lymphoma [ALCL]) or stage IV extra-
nodal natural killer cell (NK)/T cell lymphoma (ENKTL).
All patients had to achieve complete remission (CR) or
partial remission (PR) before receiving ASCT. The protocol
of this study was approved by the Institutional Review
Board of Jiangsu Province Hospital and Anhui Provincial
Cancer Hospital (No. 2017-SR-271). All patients provided
written informed consent. This study was registered at
ClinicalTrials.gov (NCT03629873).

The Chi-BEAC regimen was administered as follows:
30 mg of chidamide orally on day 7 before reinfusion of
autologous stem cells, day 4 before reinfusion, the day of
reinfusion (day 0), and day 3 after reinfusion; 300 mg/m?
of carmustine daily intravenously on day 6 before reinfu-
sion; 150 mg/m? of etoposide daily intravenously from
day S to day 2 before reinfusion; 150 mg/m? of cytara-
bine twice a day intravenously from day 5 to day 2
before reinfusion; and 1.0 g/m? of cyclophosphamide
daily intravenously from day 5 to day 2 before reinfusion.

Treatment response was assessed as CR, PR, stable
disease (SD), or progressive disease (PD) according to
the Lugano 2014 criteria. Follow-up assessments were
planned every 3 months during the first year after ASCT
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and every 6 months during the second year after ASCT,
including physical examination, laboratory tests, and
computed tomography (CT) scans. All toxicities were
defined using the National Cancer Institute Common
Toxicity Criteria for Adverse Events, version 4.0.

The primary objective was to assess the 2-year PFS. The
secondary objectives were to assess the safety of Chi-
BEAC, evaluate the 2-year overall survival (OS), and
determine the CR rate in 3 months after ASCT. OS and
PFS were estimated according to the Kaplan—-Meier
method. The log-rank test was used to assess the signifi-
cance of differences for each prognostic factor in the
univariate analysis. The Cox proportional hazards
regression model was used to assess how the characteris-
tics of the patients predict PFS and OS. Data were
analyzed using the Statistical Package for the Social
Sciences, version 13.0 (IBM Corp, Armonk, NY, USA),
and GraphPad Prism 7.0 (Graphpad Software, Boston,
MA, USA). Overall, 71 consecutive patients were
recruited from August 2018 to November 2021; of
these, 55 were recruited from Jiangsu Province Hospital
and 16 from Anhui Provincial Hospital. One patient
with MCL who was SD before ASCT was excluded.
Finally, 70 patients were enrolled in the trial and under-
went ASCT. One patient was lost to follow-up before the
first response assessment; 69 patients completed ASCT and
underwent at least one treatment response assessment.
Among them, 6 patients withdrew informed consent and
began maintenance therapy. Finally, 63 patients were
included in the per-protocol set (PPS) [Supplementary
Figure 1, http:/links.lww.com/CM9/B617].

The characteristics of the 69 patients who underwent at
least one treatment response assessment are listed in
Supplementary Tables 1 and 2, http:/links.lww.com/
CM9/B617. Patients with DLBCL or MCL are referred
to as B-NHLs, whereas those with PTCL or ENKTL are
referred to as T-NHLs.

WWW.Cmj.org

The median time of neutrophil engraftment was 10 days
(range, 7-13 days), and the median time of platelet
engraftment was 11 days (range, 6-22 days). Most non-
hematological adverse events (AEs) were grade 1-2.
Grade 3 AEs occurred in >5% of the patients and
included febrile neutropenia (26/69, 37.7%), hypona-
tremia (17/69, 24.6%), hypokalemia (15/69, 21.7%), and
increased y-glutamyl transpeptidase (GGT) (5/69, 7.3%).
Grade 4 AE was only observed in one patient, with
increased GGT. No grade 3—4 cardiotoxicity was observed.
The 100-day transplant-related mortality (TRM) was 0%.
Two patients died of lung infection 6.3 months and 8.0
months after ASCT, respectively [Supplementary Table 3,
http:/links.lww.com/CM9/B617].

At the first follow-up assessment after treatment, the response
rates were 79.7% (55/69) for CR, 13.0% (9/69) for PR, and
72% (5/69) for PD; 41.0% (9/22) of the patients who
achieved PR before ASCT improved to CR after ASCT,
including 5 with B-NHLs and 4 with T-NHLs [Figures 1
A, 1B].

Survival analyses were performed for the PPS group. After
a median follow-up of 25.2 months (range, 1.8-43.6
months), 55 (87.3%) of the patients were alive at the last
follow-up, and 51 (81.0%) were disease-free. Eight
patients died, in which six deaths were attributed to
disease progression and two to lung infection. The median
PFS and OS were not achieved at the end of the follow-up.

The 2-year PFS and OS rates were 81.1% and 86.1%,
respectively [Supplementary Figures 2A, 2B, http:/links.lww.
com/CM9/B617]. No statistically significant differences in
PFS or OS was observed between the disease groups [Supple-
mentary Figures 2C, 2D, http://links.lww.com/CM9/B617].
Salvage therapy for patients with PD was shown in Supple-
mentary Table 4, http:/links.lww.com/CM9/B617. Stratified
analysis revealed that, in patients with B-NHL who under-
went upfront ASCT, the 2-year PFS was 79.9%, those with
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Figure 1: Treatment responses for NHL patients who were treated with Chi-BEAC conditioning regimen and ASCT for 53 B-NHL (A) and for 16 T-NHL (B). CR1/PR1": Patients who
underwent upfront ASCT, CR/PR >1": Patients who underwent salvage ASCT. ASCT: Autologous stem cell transplantation; BEAC: Carmustine, etoposide, cytarabine, and
cyclophosphamide; Chi-BEAC: Chidamide-BEAC; CMR: Complete metabolic remission; CR: Complete remission; NHL: Non-Hodgkin lymphoma; PD: Progressive disease; PR: Partial

remission.
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B-NHL who underwent salvage ASCT had a 2-year PFS of
78.8%, and those with T-NHL had a 2-year PES of 84.8%.
Patients who had achieved CR/CMR before transplantation
tended to have better PFS and OS than those who had
achieved PR (P = 0.158 and P = 0.115, respectively). No
significant impact of stage, IPI, pathological subtype, or
ASCT timing was found on the prognosis [Supplemen-
tary Table 5, http:/links.lww.com/CM9/B617]. Survival
analyses of all 69 patients (intention-to-treat group) are
shown in Supplementary Figure 3, http:/links.lww.com/
CMO9/B617. In the present study, we evaluated the effi-
cacy and safety of chidamide with BEAC, a conventional
conditioning regimen, in patients with high-risk NHLs.
AFEs were mild and manageable. We reached the primary
endpoint with a 2-year PFS rate of 81.1%. Regarding
tumor type and ASCT timing, the 2-year PFS was 79.9% in
patients with B-NHL who underwent upfront ASCT, which
is comparable to that reported in the SWOG9704 trial,
which reported a 2-year PFS rate of 69.0%, and to the
results of the DLBCLO04 trial, which reported a 2-year PFS
rate of 72.0% in the transplantation group. The 2-year PFS
rate was 78.8% in patients with B-NHL who received
salvage ASCT, which is an improvement compared with the
previous data from the CORAL trial, showing a 3-year PFS
rate of 53.0%. In the T-NHL group, the 2-year PFS rate was
84.8%, which outperforms previous studies showing long-
term survival after ASCT of 50.0-70.0%.>!

Of the 115 patients with T-NHL who underwent ASCT
in the NLG-T-01 trial, 28 relapsed within 2 vyears.
Among them, the prognosis of patients with angioimmu-
noblastic T-cell lymphoma (AITL) was worse than that
of other patients. By contrast, in this study, 3 of the 4
patients with advanced-stage AITL remained disease-
free after ASCT with Chi-BEAC conditioning at a
median follow-up of 31.3 months (1 patient progressed
at 43.6 months after ASCT). The follicular helper T-cell
phenotype is an independent predictor of response to
HDACi in PTCL. Although the phase III trial of
romidepsin plus CHOP wvs. CHOP in treatment-naive
PTCLs failed to reach the primary endpoint, patients
with AITL benefited from the addition of HDACi by
achieving a median PFS of 19.5 months vs. 10.6 months
in the CHOP arm.* In the present study, 4 of the 5
patients with stage IV ENKTL remained disease-free
after ASCT with Chi-BEAC conditioning at a median
follow-up of 25.7 months. The HEA-like subtype
ENKTL (based on HDAC9, EP300, and ARID1A muta-
tions), which is characterized by aberrant histone acety-
lation and activated nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-xB) and T cell receptor
(TCR) signaling pathways, has been reported to be
highly sensitive to chidamide both in vitro and in vivo.
Accordingly, chidamide with anti-programmed cell death
protein 1 achieved an objective response rate of 58.3%
and a CR rate of 44.4% in treating advanced and
relapsed/refractory ENKTL.I’! The aforementioned data
from preclinical studies and clinical trials have
confirmed the effectiveness of HDACi in PTCL (espe-
cially AITL and ENKTL). Although longer follow-up
and more cases are needed, these outcomes are encour-
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aging because most relapses in these high-risk popula-
tions occur early after transplantation.

This study has several limitations. First, this study was a
phase II trial that included only a few patients and was
non-randomized. Second, the histological types and timing
of ASCT varied. Third, the genetic features of the tumors
were unclear, hampering further stratified analyses. Finally,
the inclusion of chidamide in pre-ASCT conditioning was
less effective in patients with B-NHL and may give way to
chimeric antigen receptor T-cell (CAR-T). However, the
outcomes in patients with T-NHLs are encouraging.

In conclusion, the Chi-BEAC conditioning regimen before
ASCT was found to be a well-tolerated and effective treat-
ment for high-risk or relapsed NHL. Adding HDACi to
ASCT conditioning regimen may be an important treat-
ment option, particularly for patients with T-cell lymphomas.
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