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Objective: The prognosis for patients with relapsed or refractory diffuse large B-cell
lymphoma (R/R-DLBCL) after second-line treatment failure is extremely poor. This study
prospectively observed the efficacy and safety of decitabine with a modified cisplatin,
cytarabine, and dexamethasone (DHAP) regimen in R/R-DLBCL patients who failed
second-line treatment.

Methods: Twenty-one R/R-DLBCL patients were enrolled and treated with decitabine and a
modified DHAP regimen. The primary endpoints were overall response rate (ORR) and safety.
The secondary endpoints were progression-free survival (PFS) and overall survival (OS).

Results: ORR reached 50% (complete response rate, 35%), five patients (25%) had
stable disease (SD) with disease control rate (DCR) of 75%. Subgroup analysis revealed
patients over fifty years old had a higher complete response rate compared to younger
patients (P = 0.005), and relapsed patients had a better complete response rate than
refractory patients (P = 0.031). Median PFS was 7 months (95% confidence interval, 5.1-
8.9 months). Median OS was not achieved. One-year OS was 59.0% (95% CI, 35.5%-
82.5%), and two-year OS was 51.6% (95% confidence interval, 26.9%-76.3%). The main
adverse events (AEs) were grade 3/4 hematologic toxicities such as neutropenia (90%),
anemia (50%), and thrombocytopenia (70%). Other main non-hematologic AEs were
grade 1/2 nausea/vomiting (40%) and infection (50%). No renal toxicity or treatment-
related death occurred.
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Conclusion: Decitabine with a modified DHAP regimen can improve the treatment
response and prognosis of R/R-DLBCL patients with good tolerance to AEs, suggesting
this regimen has potential as a possible new treatment option for R/R-DLBCL patients after
second-line treatment failure.

Clinical Trial Registration: ClinicalTrials.gov, identifier: NCT03579082.
Keywords: decitabine, chemotherapy, diffuse large B cell lymphoma, modified DHAP regimen, safety
INTRODUCTION

Diffuse large B-cell lymphoma (DLBCL) is the most common
and aggressive subtype of non-Hodgkin lymphoma (NHL) (1).
Standard immunochemotherapy (cyclophosphamide,
doxorubicin, vincristine, prednisone, and rituximab)
successfully treats 60–70% of patients, with the remainder
progressing or relapsing (2). The efficacy of second-line
treatments, such as rituximab, ifosfamide, carboplatin, and
etoposide (R-ICE), rituximab, dexamethasone, cytarabine,
cisplatin (R-DHAP), rituximab, etoposide, dexamethasone,
cytarabine, cisplatin (R-ESHAP), and rituximab, gemcitabine,
dexamethasone, cisplatin (R-GDP), etc., has no difference to each
other for patients with relapsed or refractory diffuse large B cell
lymphoma (R/R-DLBCL) (3). The effectiveness of salvage
regimen in patients who failed second-line therapy and
consolidative high-dose therapy with autologous stem cell
rescue (HDT/ASCR) in 12 months was 20% to 30%, with an
average overall survival (OS) of 6 to 10 months (4, 5).

As research in epigenetics expands, research has increasingly
focused on the importance of DNAmethylation abnormalities in
tumorigenesis and tumor transformation (6). Decitabine (DAC)
is a specific DNA methyltransferase inhibitor (DNMTi) with
cytotoxicity (high concentration) and demethylation (low
concentration) that exerts antitumor effects by re-expressing
tumor suppressor genes (7).DNA demethylating agents, such
as DAC and azacitidine, have been approved by the US Food and
Drug Administration and are used for the clinical treatment of
myelodysplastic syndromes (MDS) and acute myeloid leukemia
(AML). Studies of advanced solid tumors and hematologic
malignancies suggest that low-dose DAC enhances the
chemosensitivity of tumor cells and improves response rate (8,
9). Clinical trials support the use of combinations of decitabine
and chemotherapeutic drugs (such as cisplatin, cytarabine, etc.)
as standard treatment only for hematologic malignancies. Most
studies of lymphatic system malignancies, such as cutaneous T-
cell lymphoma (CTCL) (10), Burkitt lymphoma (BL) (11), and
RR-DLBCL (12), are preclinical studies that show that DAC and
cell lymphoma; NHL, non-Hodgkin
oietic stem cell transplantation; R/R-
large B cell lymphoma; IPI score,
R, complete response; PR, partial

stable disease; PD, progressive disease;
-free survival; OS, overall survival; AEs,
olony-stimulating factor; GM-CSF,
mulating factor; DNMTI, DNA
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chemotherapeutic drugs have significant synergy in inducing
apoptosis and have overcome chemotherapeutic drug resistance.
These studies suggest that the combination of decitabine and
chemotherapy may be a promising new option for RR-DLBCL
patients after second-line treatment failure.

On the basis of the aforementioned studies, we explored a
new salvage regimen, low-dose DAC combined with a modified
regimen of cisplatin, cytarabine, and dexamethasone (DHAP) in
R/R-DLBCL patients who failed second-line treatment.
METHODS

Study Enrollment and Participants
This was an investigator-initiated, prospective, open-label clinical
trial of R/R-DLBCL patients registered at www.clinicaltrials.gov
(identifier: NCT03579082). The study was approved by Human
Ethics Committee of the First Affiliated Hospital of Zhengzhou
University and was conducted in accordance with principles
outlined in the Declaration of Helsinki. Written informed
consent was obtained from all participants.

All enrolled patients received salvage treatment at least once
after enough and standard treatment. R/R-DLBCL patients aged
14 - 65 years with Eastern Cooperative Oncology Group (ECOG)
performance status ≤ 2 and without previous DHAP treatment
who experienced relapse or did not achieve CR with the first-line
treatment of R-CHOP or R-CHOP-like regimens and
experienced failure with second-line treatment (such as GDP
and ICE, except for ESHAP) were eligible for enrollment.
Patients with hematological parameters meeting the
requirements of chemotherapy, with an estimated survival time
of more than 3 months, at least one measurable lesion and no
other anti-tumor concomitant treatment can be included in the
study. Patients with prior exposure to radiation and primary/
secondary central nervous system (CNS) lymphoma were
excluded. Patients suffering from any other uncontrollable
medical diseases, such as uncontrollable diabetes, severe heart
failure, etc., as well as patients with severe infections, and patients
who have had other tumors in the past are also excluded.

Study Design and Treatment Protocol
Decitabine was administered for five days at 10 mg/d in accordance
with other study centers (9, 13) followed by a modified DHAP
regimen. Rituximab would then be administered at 375 mg/m2 to
patients who had responded to first-line treatment with it. The
DHAP regimen was modified because the enrolled patients are
almost in middle or advanced stage with poor bone marrow
June 2021 | Volume 11 | Article 687374

https://clinicaltrials.gov/
http://www.clinicaltrials.gov
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Hu et al. Decitabine and Chemotherapy for R/R-DLBCL
capacity from too many previous line treatments. The modified
therapy consisted of 100 mg/m2 intravenous cisplatin which was
divided from days one to three, 2 g/m2 intravenous cytarabine
every twelve hours (Q12H) on day two, and 40 mg/d
dexamethasone from days one to four. The treatment plan
consisted of four cycles (21 days each). At the end of the second
and fourth cycles, computed tomography (CT) scan or positron
emission tomography (PET) was used to detect residual mass and
assess response.

Dose Adjustment
Dose was reduced by 20 - 40% if patients experienced grade 4
adverse events (AEs). Recombinant human granulocyte colony-
stimulating factor (rhG-CSF) and recombinant human
thrombopoietin (rhTPO) were administered to patients who
developed neutropenia and thrombocytopenia as supportive
therapy or preventive treatment.

Disease Evaluation
Pretreatment evaluation included medical history, physical
examination, complete blood cell count, serum biochemistry
(including hepatic function, renal function, electrolytes, lactate
dehydrogenase, and b2 -microglobulin levels), bone marrow
biopsy, and ultrasonic inspection of superficial lymph nodes, as
well as a CT scan of the chest and abdomen. PET was
recommended but not compulsory. At the end of the second
and fourth cycles and upon completion of treatment, CT scan or
PET was used to detect the residual mass and assess response.
The Ann Arbor staging system was used to assess the clinical
stage. The International Prognostic Index (IPI) score was used to
determine the risk classification.

Response and Follow-Up Criteria
Revised Cheson’s standard response criteria were adopted to
assess treatment response (14). Complete response (CR) was
defined as no evidence of disease or disease-related symptoms.
Partial response (PR) was defined as ≥ 50% decrease in sum of
the product of the diameters of masses and no new lesions. Stable
disease (SD) was defined as a patient who failed to attain CR or
PR but did not fulfill those criteria for progressive disease.
Progressive disease (PD) was defined as the appearance of new
sites or ≥50% increase in sum of the product of the diameter of
previous lesions from nadir. The overall response rate (ORR) was
defined as the proportion of patients with CR and PR. The
disease control rate (DCR) was calculated as the percentage of
CR + PR + SD patients among all patients. Progression-free
survival (PFS) was defined as the time from the first day of
regimen to documentation of disease progression or death.
Overall survival (OS) refers to the time interval from the first
day of regimen to death or final follow-up. PFS and OS were
defined as the time interval from the first day of regimen to the
final follow-up for patients without disease progression and
death. Relapsed status is defined as the appearance of new
lesions 6 months after the first standard treatment which
achieved CR. Refractory status can be diagnosed if it meets one
of the following indicators: (1) The tumor shrinkage is less than
50% or the disease progresses after two cycles of standard
Frontiers in Oncology | www.frontiersin.org 3
chemotherapy; (2) Although CR was achieved by standard
treatment, the patients relapsed within 6 months; (3) The
patients who progressed more than 2 times after CR; (4)
Patients with recurrence after ASCT.

Toxicity Criteria
AEs were monitored by physical examination, routine blood
tests, and plasma biochemical tests. They were graded according
to the National Cancer Institute Common Terminology Criteria
for Adverse Events, Version 5.0.

Statistical Analysis
The response rate between subgroups was compared using Fisher’s
probability test, Student’s test, and Mann–Whitney U test. OS and
PFS were estimated using the Kaplan–Meier method. Prognostic
risk factors and the 95% confidence intervals (CI) were estimated
with univariate analysis. Statistical significance was defined as P <
0.05. SPSS version 21.0 was used for the statistical analysis.
RESULTS

Patients Characteristics
Twenty-one R/R-DLBCL patients were recruited in the
treatment group. One was given only one cycle and dropped
out as the patient did not receive treatment timely due to the
outbreak of the coronavirus. Twenty of the enrolled patients were
treated and evaluated. CT scan was used to detect the residual
mass and assess response at the end of second cycle in all
patients. At the end of treatment, five patients received PET to
assess response, and the others used CT for evaluation. The
characteristics of these twenty R/R-DLBCL patients are shown in
Table 1. The median age was 50.5 years (range 30 - 65 years).
The ratio of males to females was 0.538:1. Fifteen patients (75%)
had stage III/IV disease. Ten patients (50%) had high-
intermediate or high risk IPI scores. Elevation of lactate
dehydrogenase (LDH) was present in twelve patients (60%),
and seventeen patients (85%) had primary refractory disease.
All patients received at least one salvage treatment after enough
and standard treatment before enrollment, and six of them
received more than two salvage treatments before enrollment.
Details can be seen in Table 1.

Efficacy and Survival
The response rates are shown in detail in Tables 2 and 3. At the
data cutoff point (October 2020), the median number of cycles
was three (range 2 - 4 cycles), the ORR was 50% (CR, 35%) and
five (25%) patients reached SD with a DCR of 75%. Subgroups
analysis revealed that a higher CR rate was observed in patients
over 50 years old compared to younger patients (P = 0.005), and
relapsed patients had a better CR rate than primary refractory
patients (P = 0.031). The follow-up time was 1.5 to 28 months,
and the median follow-up time was 7.5 months. The median PFS
was 7 months (95% CI, 5.1-8.9 months). Median OS was not
achieved. One-year OS was 59.0% (95% CI, 35.5%-82.5%), and
two-year OS was 51.6% (95% CI, 26.9%-76.3%) (Figure 1).
June 2021 | Volume 11 | Article 687374
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Adverse Events
The AEs observed in the patients are shown in Table 4. The main
AEs were bone marrow suppression, gastrointestinal events, and
infection for neutropenia. Themost common grade 3/4 hematologic
toxicities were neutropenia (90%), anemia (50%), and
thrombocytopenia (70%), most of which were relieved after active
symptomatic treatment with rhG-CSF and rhTPO, and transfusing
suspended red blood cells and platelets. The chief physician could
reduce the dose properly depending on the patient’s condition when
they had grade 4 bone marrow suppression. The dose adjustments
and times of infection for each patient are shown in detail in
Table 5. Other main non-hematologic AEs were grade 1/2 nausea/
vomiting (40%) and infection for neutropenia (50%). Four patients
(20%) had slight hyperbilirubinemia, and five patients (25%)
presented with aspartate aminotransferase or alanine
Frontiers in Oncology | www.frontiersin.org 4
aminotransferase (AST/ALT) elevation. One patient (5%)
developed thrombocytopenia and gastrointestinal bleeding during
treatment which was treated with active symptomatic treatments.
One patient (5%) developed slight otitis media. No renal toxicity or
treatment-related death occurred in our treatment group.

Prognostic Factors
Univariate analysis was used to evaluate the correlation between
clinical characteristics and survival. The results found that
patients with rituximab had a better OS than those without
rituximab (P = 0.001, Table 6). Age, disease stage, LDH level, IPI
score, and dose adjustment were not significantly correlated with
PFS or OS.
DISCUSSION

Aberrant DNA methylation, a common epigenetic change in
human cancer, is considered to be the driving force behind the
pathogenesis of DLBCL. Mutations in epigenetic modifiers are
considered as a precursor leading to the malignant transformation
of normal B cells (15). DAC, as a DNMTi, is widely used for
hematologic malignancies (such asMDS) and has been documented
as having good therapeutic potential for lymphocytic malignancy
and even solid tumors (9). Study using DAC as an epigenetic agent
for DLBCL found that DAC alone or in combination with histone
deacetylase inhibitors (HDACIs) could inhibit the growth of
DLBCL cells in vivo and in vitro. They further demonstrated
changes in relevant epigenetic pathways after DAC treatment
suggesting that epigenetics agents may be a good option for
DLBCL treatment (16). A preclinical study of T-cell lymphoma
showed that DAC had an inhibitory effect on lymphoma cells and
had specific influence on the expression and the unique CpG
methylation of gene (17). DAC also inhibited the growth of
Burkitt lymphoma (BL) cells by regulating MYC and its relevant
pathways (11, 18). This synergistic antitumor effect of DAC
combined with cytarabine in lymphoma cells suggests that DAC
could enhance chemosensitivity (19). Treatment with a
combination of DAC and temozolomide (TMZ) has also
produced similar synergistic results in vitro and in vivo, resulting
in complete response in TMZ-resistant diffuse large B-cell
lymphoma murine xenograft models (20). Additionally, a
xenograft murine model of CTCL showed that DAC and Mucin-
1 C-terminal subunit inhibition (GO-203) resulted in a significant
reduction in tumor volume compared to either agent alone (10). A
phase I study found that DAC resulted in better treatment
activation and safety in patients with advanced solid tumors and
non-Hodgkin’s lymphomas (21). Another clinical study also
demonstrated good efficacy and safety of DAC treatment in acute
lymphoblastic leukemia (ALL) and downregulation of methylation
levels in tumor cells (22). Researches have shown that DAC can
improve the sensitivity of leukemia and lymphoma cells to
cytarabine via hypomethylation (19, 23). A study of low-dose
DAC with a cytarabine-based Hyper-CVAD regimen in relapsed/
refractory ALL performed by the Anderson Cancer Center
demonstrated that DAC was safe and well tolerated both alone
and in combination with Hyper-CVAD chemotherapy, which can
TABLE 2 | Responses to treatment.

Response n (N=20) Percent (%)

CR 7 35
PR 3 15
SD 5 25
PD 5 25
ORR 10 50
DCR 15 75
CR, complete response; PR, partial response; SD, stable disease; PD, progressive
disease; ORR, overall response rate; n./N: number.
TABLE 1 | Baseline characteristics before recruited into our study.

characteristics n (N=20) Percent (%)

Age
Median age, y (range) 50.5(30-65)
<50 years 9 45
≥50 years 11 55
Sex
Male 7 35
Female 13 65
Ann Arbor stage
I-II 5 25
III-IV 15 75
LDH
Elevated 12 60
Normal 8 40
b2-MG
Elevated 5 25
Normal 15 75
B symptom
Positive 2 10
Negative 18 90
IPI score
Low risk 2 10
Low-intermediate risk 8 40
High-intermediate risk 8 40
High risk 2 10
Disease status
Relapsed 3 15
Refractory 17 85
Previous treatments
=2 14 70
>2 6 30
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significantly enhance the efficacy (24). Recent studies also
demonstrated that DAC could reverse cisplatin resistance and
increase sensitivity in bladder cancer, lung cancer, ovarian cancer,
gastric cancer, etc. (25–29). Hence, we designed this study to verify
DAC’s potential in combination with chemotherapy for R/R-
DLBCL treatment.

Patients with R/R-DLBCL who relapsed or did not achieve CR
from first-line and second-line treatments had a decreased response
rate and short overall survival when they received a third-line
regimen. An international large-scale, multi-cohort retrospective
study (SCHOLAR-1) evaluated response rates and OS in patients
with refractory DLBCL. The results showed that the objective
response rate was 26% (CR, 7%) and the median OS was 6.3
months (4). A study recruited fifty-seven patients with relapsed or
refractory lymphoma (seventeen patients with Hodgkin’s
Lymphoma (HL), twenty-six patients with histologically-
Frontiers in Oncology | www.frontiersin.org 5
aggressive NHL, and fourteen patients with histologically-indolent
NHL) who received third-line treatments after second-line regimen
failure, showing that the ORR was only 32% (30). Another study
enrolled seventy-three patients with R/R-DLBCL or primary
mediastinal B-cell lymphoma (PMBCL), the second-line salvage
chemotherapy (such as ESHAP, ICE, and mini-BEAM) was
administered to those who did not respond to first-line salvage
chemotherapy, and the results showed that the ORR was 14% and
only one patient achieved CR (31). A retrospective analysis of
twenty-four R/R-DLBCL patients who received third-line
treatments found that the median OS of responding patients was
10 months and the median OS of non-responding patients was 4
months (32). Another research revealed that the ORR was 25%
among the twenty-four R/R-DLBCL patients who were given third-
line treatment (single agent or combined with chemotherapy) (33).
Long-term follow-up by the Anderson Cancer Center of sixty-five
A B

FIGURE 1 | Kaplan–Meier survival curves for twenty patients with relapsed or refractory diffuse large B cell lymphoma (R/R-DLBCL) after second-line treatment
failure treated with a treatment of decitabine and a modified cisplatin, cytarabine, and dexamethasone (DHAP) regimen. (A) Progression-free survival (PFS) is shown
for twenty patients, showing that the median PFS is 7 months. (B) Overall survival (OS) is shown for twenty patients, showing that the one-year OS is 59.0% and
two-year OS is 51.6%.
TABLE 3 | Responses to treatment.

Response CR(n) P value ORR(n) P value DCR(n) P value

Age 0.005* 0.370 0.617
<50 years 0 3 6
≥50 years 7 7 9
Sex 0.651 1.000 1.000
Male 3 3 5
Female 4 7 10
Disease status 0.031* 0.211 0.539
Relapsed 3 3 3
Refractory 4 7 12
LDH 0.356 0.650 0.603
Elevated 3 5 8
Normal 4 5 7
b2-MG 1.000 1.000 1.000
Elevated 2 3 4
Normal 5 7 11
Dose adjustment 0.587 0.582 0.530
Decreased 5 7 11
Normal 2 3 4
Rituximab 0.114 0.303 1.000
Contained 7 9 11
Non-contained 0 1 4
June 20
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CR, complete response; ORR, overall response rate; DCR, disease control rate; LDH, Lactate dehydrogenase; b2-MG: b2-microglobulin; n, number, *P < 0.05.
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R/R-DLBCL (including 51 case with De novo and 14 patients with
transformed) patients given a platinum-based lymphoma salvage
regimen (DHAP regimen) found that the ORR was 41%, CR was
18% (34). In contrast, our results showed that the treatment in this
study is more effective.

In this study, we combined DAC with a modified DHAP
regimen. At the data cutoff point (October 2020), the ORR was
50% (CR, 35%) and five (25%) patients reached SD with a DCR
of 75%. The median PFS was 7 months (95% CI, 5.1-8.9 months).
Median OS was not achieved. One-year OS was 59.0% (95% CI,
35.5%-82.5%), and two-year OS was 51.6% (95% CI, 26.9%-
76.3%). A previous study of R/R-DLBCL patients who received
third-line treatments, such as ICE-type, DHAP-type,
gemcitabine-containing, and dexa-BEAM-like, in monotherapy
or in various combinations, demonstrated that the ORR of these
patients was 42.3%, the median OS was 4.4 months, and the one-
year OS and two-year OS were 23% and 15.7%, respectively, in
Frontiers in Oncology | www.frontiersin.org 6
the DHAP group (35). Another study in which R/R-NHL
patients received a DHAX regimen (substituting cisplatin with
oxaliplatin) as the third-line treatment found that the ORR was
29% (36).In our study, we found that the ORR, CR rate, one-year
OS and two-year OS were better than the studies mentioned
above. We also reported a better short response and improved
patient prognosis. Additionally, we observed a higher CR rate in
patients over fifty years old (P = 0.005). This may be related to
the fast metabolism and tumor metabolism of young patients as
tumor growth was so rapid that patients under 50 years of age
did not achieve CR. The results of this clinic trial demonstrate
decitabine is modestly safe and active, and has a potential
synergistic effect with chemotherapy in obstinate RR-DLBCL.
Furthermore, relapsed patients had a better CR rate than primary
refractory patients (P = 0.031) which is consistent with other
similar studies (31) and suggests that relapsed patients are more
sensitive to chemotherapy than primary refractory ones.
TABLE 5 | Dose adjustment.

Patients Infection(n) D1W D2W D3W D4W Response

1 1 N N N N CR
2 1 N 20% 20% 20% PR
3 0 20% 20% 20% 40% CR
4 0 N 20% 20% – PR
5 0 N N – – SD
6 1 20% 20% 20% – SD
7 2 15% 15% – – SD
8 0 20% 20% – – PD
9 1 20% 20% – – PD
10 1 15% 15% 15% – PD
11 2 10% 25% – – CR
12 1 N 20% 20% 20% CR
13 2 N N N N CR
14 1 N N N – PR
15 0 20% 20% – – SD
16 0 15% 15% 15% – PD
17 0 40% 40% – – PD
18 0 15% 15% 15% 15% CR
19 0 N 25% – – SD
20 0 30% 30% 40% 50% CR
June
 2021 | Volume 11 | Art
n, number; N, normal dose; D1W, first cycle; D2W, second cycle; D3W, third cycle; D4W, fourth cycle; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
TABLE 4 | Adverse events.

toxicities Grade of adverse reaction

Hematologic(%) Grade 0 Grade 1/2 Grade 3/4 Total

Neutropenia 1 (5%) 1 (5%) 18 (90%) 19 (95%)
Anemia 1 (5%) 9 (45%) 10 (50%) 19 (95%)
Thrombocytopenia 3 (15%) 3 (15%) 14 (70%) 17 (85%)
Non-hematologic(%)
Infection 10 (50%) 10 (50%) 0 (0%) 10 (50%)
Hyperbilirubinemia 16 (80%) 4 (20%) 0 (0%) 4 (20%)
AST/ALT Elevation 16 (80%) 4 (20%) 1 (5%) 5 (25%)
Elevated creatinine 20 (100%) 0 (0%) 0 (0%) 0 (0%)
BUN 20 (100%) 0 (0%) 0 (0%) 0 (0%)
Nausea/vomiting 12 (60%) 8 (40%) 0 (0%) 8 (40%)
Alimentary tract hemorrhage 19 (95%) 1 (5%) 0 (0%) 1 (5%)
Ototoxicity 19 95%) 1 (5%) 0 (0%) 1 (5%)
icl
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen.
e 687374
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The common grade 3/4 hematologic toxicities observed included
neutropenia (90%), anemia (50%), and thrombocytopenia (70%),
which were consistent with the adverse events reported in similar
studies (37, 38). 50% of patients had infection for neutropenia due
to serious bone marrow suppression, which was controlled through
administration of anti-infective drugs, and no serious infection-
related death occurred. In order to relieve the bone marrow
suppression and not to influence the normal cycle, rhG-CSF and
rhTPO were administered to patients who developed neutropenia
and thrombocytopenia as supportive therapy or preventive
treatment. In addition, eight patients (40%) had grade 1/2 nausea/
vomiting, four patients (20%) had slight hyperbilirubinemia, and
five patients (25%) presented with AST/ALT elevation, most of
which were relieved with symptomatic treatment. Previous studies
have revealed that modified DHAP could reduce renal toxicity
significantly (39), therefore, we utilized a modified DHAP regimen
in this study. Our results found that no renal toxicity in our patients
compared to the 6-7% renal AEs reported with a normal DHAP
regimen (38), which suggests our study had good safety.

The correlation between clinical characteristics and survival
was evaluated using univariate analyses which found that
rituximab alone could influence OS and that patients with
rituximab had a better OS than those without rituximab (P =
0.001). Therefore, we suggest that patients enrolled employ
rituximab in their therapy to improve prognosis. Age, disease
stage, LDH level, IPI score, and dose adjustment were not
correlated with PFS or OS, which might be due to the small
number of participants biasing the results.

This clinical trial showed that the combination of decitabine
with a modified DHAP regimen can improve the short response
and prognosis of R/R-DLBCL patients with good tolerance to
AEs and provides a possible new therapeutic option for R/R-
DLBCL patients after second-line treatment failure. Importantly,
no renal toxicity in our patients. The results of this clinic trial
demonstrate decitabine is modestly safe and active, and has a
potential synergistic effect with chemotherapy in obstinate R/R-
DLBCL. Along with the deep exploration of lymphoma therapy,
DAC increases expression of the surface antigen CD19 on
lymphoma cells and potentiates the activity of CAR-T cells
towards B-cell malignancies (40). The ORR and CR rates of
relapsed/refractory cHL patients who received decitabine
plus PD-1 blockade was significantly higher than those who
took PD-1 blockade alone. Decitabine plus PD-1 blockade may
Frontiers in Oncology | www.frontiersin.org 7
reverse resistance to PD-1 inhibitors in patients with relapsed/
refractory cHL (13). Therefore, the combination of DAC with
chemotherapy, immune checkpoint inhibitors, and CAR-T has a
favorable potential as a salvage regimen for R/R-DLBCL patients
after second-line treatment failure. In the future, we will continue
to recruit patients into the treatment and control groups.
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TABLE 6 | Univariate analysis of prognostic factors for PFS and OS.

Factors PFS OS

HR (95% CI) P value HR (95% CI) P value

Age≥ 50 years 9.000 (2.672-15.328) 0.352 21.609 (15.519-27.700) 0.119
male 8.000 (4.151-11.849) 0.709 18.000 (9.363-26.637) 0.921
Stage III/IV 6.500 (3.354-9.646) 0.392 16.600 (10.630-22.570) 0.443
LDH elevated 6.500 (4.960-8.040) 0.349 17.032 (10.100-23.965) 0.813
b2-MG elevated 8.000 (5.853-10.147) 0.320 16.200 (8.879-23.521) 0.713
IPI (3–5) 4.000 (0.000-10.973) 0.115 7.500 (6.054-8.946) 0.464
Dose decreased 6.5000 (0.620-12.380) 0.662 15.017 (10.604-19.430) 0.906
Rituximab contained 8.000 (5.765-10.235) 0.088 22.839 (17.685-27.994) 0.001*
June 2021 | Volume 11 | Article
CI, confidence interval; IPI, International Prognostic Index; LDH, lactate dehydrogenase; OS, overall survival; PFS, progression-free survival; b2-MG: b2-microglobulin; *P < 0.05.
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