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Abstract
Background: The current standard of care for non-bulky diffuse large B-cell
lymphoma (DLBCL) patients with an International Prognostic Index (IPI) of
0 is four cycles of rituximab plus cyclophosphamide, doxorubicin, vincristine
and prednisone (R-CHOP) but whether the same efficacy can be achieved with
reduced chemotherapy regimen of four cycles for non-bulky DLBCL patients
with an IPI of 1 remains unclear. This study compared four cycles versus six cycles
of chemotherapy in non-bulky low-risk DLBCL patients with negative interim
positron emission tomography with computed tomography (PET-CT, Deauville
1-3), irrespective of age and other IPI risk factors (IPI 0-1).
Methods: This was an open-label, randomized, phase III, non-inferiority trial.
Patients aged 14-75 years with newly diagnosed low-risk DLBCL, according to
IPI, achieving PET-CT confirmed complete response (CR) after four cycles of

Abbreviations: aaIPI, age-adjusted IPI; ABC, activated B-cell-like; CAR-T, chimeric antigen receptor T-cell; CNS, central nervous system; COO,
cell-of-origin; CR, complete response; DEL, double-expressor lymphoma; DLBCL, diffuse large B-cell lymphoma; ECOG, Eastern Cooperative
Oncology Group; EFS, event-free survival; FFPE, formalin-fixed paraffin-embedded; GCB, germinal center B-cell-like; HBV, hepatitis B virus; HR,
hazard ratio; IPI, International prognostic index; IQR, interquartile range; LDH, lactate dehydrogenase; OS, overall survival; PET-CT/PET,
18F-fluorodeoxyglucose positron emission tomography with computed tomography; R, rituximab; PFS, progression-free survival; R-CHOP, rituximab
plus cyclophosphamide, doxorubicin, vincristine, and prednisone; WES, whole exome sequencing; WGS, whole genome sequencing; 95% CI, 95%
confidence interval.
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R-CHOPwere randomized (1:1) between four cycles of rituximab (4R-CHOP+4R
arm) or two cycles of R-CHOP plus two cycles of rituximab (6R-CHOP+2R arm).
The primary endpoint was 2-year progression-free survival (PFS), conducted in
the intention-to-treat population. Safety was assessed in patients with at least
one cycle of assigned treatment. The non-inferiority margin was -8%.
Results: A total of 287 patients were included in the intention-to-treat analy-
sis, the median follow-up was 47.3 months, and the 2-year PFS rate was 95%
(95% confidence interval [CI], 92% to 99%) and 94% (95% CI, 91% to 98%) for
the 4R-CHOP+4R and 6R-CHOP+2R arm. The absolute difference in 2-year PFS
between the two arms was 1% (95% CI, -5% to 7%), supporting the non-inferiority
of 4R-CHOP+4R. Grade 3-4 neutropenia was lower in the last four cycles of rit-
uximab alone in the 4R-CHOP+4R arm (16.7% versus 76.9%), with decreased risk
of febrile neutropenia (0.0% versus 8.4%) and infection (2.1% versus 14.0%).
Conclusions: For newly diagnosed low-risk DLBCL patients, interim PET-CT
after four cycles of R-CHOP was effective in identifying patients with Deauville
1-3 who would have a good response and Deauville 4-5 patients who might have
high-risk biological features or develop resistance. Reducing the standard six
cycles to four cycles of chemotherapy had comparable clinical efficacy and fewer
adverse events in low-risk, non-bulky DLBCL with interim PET-CT confirmed
CR.

KEYWORDS
diffuse large B-cell lymphoma, low-risk, positron emission tomography, randomized phase III
trial

1 BACKGROUND

Diffuse large B-cell lymphoma (DLBCL) represents the
most common subtype of non-Hodgkin lymphoma with
rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone (R-CHOP) immunochemotherapy as the
standard of care in first-line treatment [1]. The interna-
tional prognostic index (IPI) is widely applied in clini-
cal practice based on age, serum lactate dehydrogenase
(LDH), performance status, Ann Arbor stage, and extra-
nodal involvement, categorizing DLBCL into four risk
groups: low (0-1 points), low-intermediate (2 points), high-
intermediate (3 points) and high risk (4-5 points), with
estimated 3-year progression-free survival (PFS) rate of
86%, 75%, 64% and 53%, respectively [2].More recently, con-
sidered as robust endpoints, PFS at 24months (PFS24) and
PFS at 12 months (PFS12) are significantly associated with
durable remission and increased risk for early death in
DLBCL, respectively [3, 4]. The MInT study showed that
young DLBCL patients (aged ≤ 60 years) with IPI = 0
and without bulky disease (maximum lymphoma diame-
ter < 7.5 cm) have a very favorable prognosis with a 3-year
PFS rate of 95%, an event-free survival (EFS) rate of 89%,

and an overall survival (OS) rate of 98% when treated with
six cycles of R-CHOP-like regimens [5]. The FLYER study
focused on young DLBCL patients with age-adjusted IPI
(aaIPI) of 0 (age ≤ 60 years, normal LDH, Eastern Coop-
erative Oncology Group [ECOG] performance status 0-1,
and stage I-II) and indicated that four cycles of R-CHOP
plus two cycles of rituximab are non-inferior to six cycles
of R-CHOP (3-year PFS rate 96% versus 94% and 3-year
EFS rate 89% versus 89%) [6]. However, whether reducing
chemotherapy to four cycles is effective and safe in low-
risk DLBCL patients with one risk factor (IPI = 1) has not
been answered. Therefore, we aimed to evaluate the poten-
tial role of four cycles of R-CHOP on durable remission in
all patients with low-risk DLBCL, irrespective of age and
other IPI risk factors.
Interim 18F-fluorodeoxyglucose positron emission

tomography with computed tomography (interim 18F-
FDG-PET-CT, interim PET hereafter) has a high negative
predictive value for the disease progression of DLBCL [7]
and may also function as a useful tool in PFS24 prediction.
The HOVON-84 study presented evidence that interim
PET after four cycles of R-CHOP had a predictive value of
PFS24 (negative interim PET versus positive, 2-year PFS
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rate 84% versus 61%, P< 0.001) [8]. Interim PET after three
cycles of R-CHOP was also proven to be highly predictive
of outcome (negative interim PET versus positive, 5-year
PFS rate 72.6% versus 39.3%, P < 0.001) [9]. In the PETAL
trial, CD20-positive aggressive non-Hodgkin lymphoma
patients with positive interim PET after two cycles of
R-CHOP had a 2-year PFS rate of 46.1% and EFS rate of
36.7%, significantly lower than those with negative interim
PET (2-year PFS rate of 79.4% and EFS rate of 75.6%, P <
0.001). Moreover, outcome prediction by interim PET was
independent of IPI [10]. Therefore, interim PET should be
further investigated in each IPI risk group, particularly in
low-risk DLBCL.
In addition, biological alterations confer inferior sur-

vival in DLBCL patients [11]. DLBCL is divided into three
molecular subtypes based on cell-of-origin (COO): germi-
nal center B-cell-like (GCB), activated B-cell-like (ABC),
and unclassified [12], which is further translated into an
immunohistochemistry-based classification as GCB and
non-GCB [13]. The overexpression of both BCL2 andMYC,
termed double-expressor lymphoma (DEL) [14], and high
proliferation index (high Ki67) [15] are predictors of poor
clinical outcomes upon R-CHOP treatment. Besides, TP53
mutations showed a significantly worse prognosis under
conventional immunochemotherapy, autologous stem-cell
transplantation, and CD19-chimeric antigen receptor T-
cell (CAR-T) [16–18]. Whether these adverse prognostic
factors are equally predictive in low-risk DLBCL has not
been specifically explored.
In the present study, we performed an open-label, ran-

domized, phase III, non-inferiority trial to compare the
efficacy and safety of four cycles of R-CHOP plus four
cycles of rituximab to six cycles of R-CHOP plus two cycles
of rituximab in low-risk DLBCL patients achieving com-
plete response (CR) confirmed by PET-CT after four cycles
of R-CHOP. We aimed to reduce chemotherapy to four
cycles in all low-risk patients, including those with one
IPI risk factor (IPI = 1) and identify patients with poten-
tial high-risk features through interim PET evaluation. In
addition, we investigated the prognostic impact of clinical
characteristics and biological alterations in this low-risk
population.

2 METHODS

2.1 Study design and participants

This investigator-initiated study was a two-arm, open-
label, randomized, non-inferiority phase III trial. Eligible
patients were 14-75 years; had previously untreated biopsy-
confirmed DLBCL according to the 2008 World Health
Organization classification; had no more than one risk

factor according to IPI, as well as an ECOG performance
status of 0 or 1, and had no bulky disease, defined by
a tumor < 7.5 cm in diameter; achieved CR after four
cycles of standard R-CHOP regimen (assessed by PET-CT).
The Deauville 5-point scale was used, using uptake in the
mediastinum and liver as reference points, with Deauville
1-3 considered as CR. Exclusion criteria were previous
chemotherapy or stem-cell transplantation; previous his-
tory ofmalignancy; uncontrollable cardio-cerebrovascular,
coagulative, autoimmune, or serious infectious disease;
primary cutaneous or central nervous system (CNS)
DLBCL; impaired cardiac, liver, renal and hematologi-
cal functions; other uncontrollable medical condition that
may interfere the participation of the study; pregnancy or
lactation; HIV infection; hepatitis B virus (HBV) DNA pos-
itive; and inability to comply to the protocol for mental or
other unknown reasons. This study was approved by the
Review Board of Shanghai Ruijin Hospital with informed
consent obtained from all patients in accordance with the
Declaration of Helsinki.

2.2 Randomization and masking

Randomization was done in a 1:1 ratio using computer-
assisted permuted-block randomization with a block size
of four. Eligible patients were randomly assigned after
achieving CR upon four cycles of R-CHOP to receive either
four cycles of rituximab (4R-CHOP+4R arm) or two cycles
of R-CHOP plus two cycles of rituximab (6R-CHOP+2R
arm). Investigators and patients were not masked to
treatment assignment.

2.3 Procedures

R-CHOP consisted of rituximab 375 mg/m2 intravenously
on day 1, cyclophosphamide 750 mg/m2, epirubicin 70
mg/m2, and vincristine 1.4 mg/m2 (maximum dose, 2 mg)
intravenously on day 2, plus prednisone 60 mg/m2 (maxi-
mumdose, 100mg) orally once daily on day 2-6. Rituximab
was given at the same dose as monotherapy. The cycles
were repeated every 21 days. To exclude CNS involve-
ment, lumbar puncture was mandatory in patients with
involvement of the nasal or paranasal sinuses, adrenal
gland, breast, bone marrow, uterus and ovaries, or testis.
Prophylaxis for CNS relapse was given to patients with tes-
ticular and breast involvement, consisting of intrathecal
methotrexate, 10 mg per dose and cytosine arabinoside, 50
mg per dose, administered during the first four cycles. Pro-
phylactic radiotherapy to the contralateral testis was given
to patients with testicular involvement. No radiotherapy
was administered to other sites. The use of granulocyte
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colony-stimulating factor (including pegylated recombi-
nant human granulocyte colony-stimulating factor) for
the prophylaxis of neutropenia was determined at the
discretion of the investigators.
Response was evaluated at the end of treatment, based

on a PET-CT scan according to the Lugano criteria for non-
Hodgkin lymphoma, using the Deauville 5-point scale.
Deauville 1-3 was considered CR [19]. Follow-up examina-
tion was repeated every three months during the first year,
six months during the second year, and subsequent every
year. Follow-up examinations included a clinical exami-
nation, laboratory analysis, and contrast-enhanced neck,
thorax, abdomen and pelvis CT.
All diagnoses were confirmed by experienced patholo-

gists of Shanghai Ruijin Hospital. The Hans classification
was used to identify the COO profile (the GCB subtype
and non-GCB subtype), with 30% cutoff values for CD10,
BCL6, and MUM-1 by immunohistochemistry. DEL was
defined as > 50% for BCL2 and ≥ 40% for MYC, as pre-
viously described [14]. Fluorescence in situ hybridization
analysis for rearrangements of BCL2, BCL6 and MYC was
performed to exclude double-hit lymphoma or triple-hit
lymphoma.

2.4 Outcomes

PFS at two years was the primary endpoint, in which PFS
was defined as the time from randomization until disease
progression, relapse or death from any cause. The key sec-
ondary endpoint was OS at two years, in which OS was
defined as the time from randomization until death from
any cause. Other secondary endpoints were CR rate and
safety. Adverse events were graded in accordance with the
National Cancer Institute Common Terminology Criteria
of Adverse Events, version 4.0.

2.5 DNA sequencing

DNA sequencing was performed on 256 patients with
available tumor samples to detect genetic aberrations.
Genomic DNA was extracted from frozen tumor tissue
by a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany)
or from formalin-fixed paraffin-embedded (FFPE) tumor
tissue by a GeneRead DNA FFPE Tissue Kit (Qiagen),
based on the manufacturer’s guidelines. Whole exome
sequencing (WES) data from 44 patients and whole
genome sequencing (WGS) data from 9 patients have been
reported in our previous manuscript about extranodal
DLBCL [20]. Two hundred and three patients with FFPE
tumor tissue or frozen tumor tissue were analyzed by
targeted sequencing of 55 lymphoma-associated genes

using the methods defined in the supporting information
of our previous study [20]. Sequencing data have been
deposited on https://www.biosino.org/node in project
OEP001143.

2.6 Statistical analysis

This trial aims to assess the efficacy of four cycles of R-
CHOP plus four cycles of rituximab compared to six cycles
of R-CHOP plus two cycles of rituximab. We hypothesized
a 2-year PFS rate of 94% for the 6R-CHOP+2R arm and
no difference between groups. With a prespecified non-
inferiority margin of -8% [21, 22] and a 4% dropout rate,
290 patients were required to reach a power of 80% at a
significance level of 2.5% (one-sided). Analyses were per-
formed in the intention-to-treat population. PFS and OS
endpoints were analyzed with the Kaplan-Meier method.
To demonstrate non-inferiority, the difference between the
2-year PFS rate of the 4R-CHOP+4R arm versus the 6R-
CHOP+2R arm and the two-sided 95% confidence interval
(CI) using the Newcombe-Wilson method with continuity
correctionwere calculated [23], andwhether it lies entirely
on the positive side of the prespecified non-inferiority
margin of -8% was established. Safety was assessed in
all patients who received at least one cycle of assigned
treatment. Characteristics of patients between treatment
regimens were compared by χ2 tests (Fisher’s exact test
was adopted, if necessary). The significance level was two-
sided at 0.05. Continuous variables were analyzed using a
parametric test (student’s t-test) or a nonparametric test
(Wilcoxon signed-rank test) according to the situation.
Response and relapse rates are presented with 95% CIs.
Hazard ratio (HR) was estimated by Cox proportional haz-
ard regression model in univariate analysis. In exploratory
analyses, we performed subgroup analysis according to
age, serum LDH, Ann Arbor stage, extranodal involve-
ment, COO profile, and DEL status and explored the prog-
nostic value of gene mutations. The associations between
clinical and pathological characteristics with PFS24 and
PFS12 were also evaluated by χ2 tests (Fisher’s exact test
was adopted, if necessary). EFS was analyzed, which was
defined as the time from randomization until any treat-
ment failure or discontinuation of treatment for any reason
(e.g., disease progression, toxicity, patient preference, initi-
ation of new treatment without documented progression,
or death) [24]. Besides, characteristics between patients
with negative interim PET (achieving interimCR, i.e., with
Deauville 1-3) and patients with positive interim PET (not
achieving CR, i.e., with Deauville 4-5) were also compared.
Statistical analyseswere donewith SPSS, version 22, andR,
version 4.2.1. This trial is registered at ClinicalTrials.gov,
number NCT02752815.
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F IGURE 1 CONSORT diagram of the study. From June 14, 2016, to October 30, 2020, 311 patients were screened, of whom 290 were
randomized. Two hundred eighty-seven patients were included in the intention-to-treat analysis, with 144 in the 4R-CHOP+4R arm and 143
in the 6R-CHOP+2R arm. Abbreviations: CR, complete response. PET-CT, 18F-fluorodeoxyglucose positron emission tomography with
computed tomography; R-CHOP, rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone.

3 RESULTS

From June 14, 2016, to October 30, 2020, 311 patients
who received four cycles of R-CHOP and interim PET
were screened, among whom 21 patients failed to meet
the inclusion criteria due to positive interim PET. Two
hundred and ninety patients were enrolled and randomly
assigned to either additional four cycles of rituximab (4R-
CHOP+4R arm, n = 145) or two cycles of R-CHOP plus
two cycles of rituximab (6R-CHOP+2R arm, n = 145).
With one patient in the 4R-CHOP+4R arm and two in
the 6R-CHOP+2R arm withdrawing informed consent,
287 patients were included in the intention-to-treat anal-
ysis (Figure 1). Baseline characteristics were well-balanced
across the two treatment arms (Table 1). The median age
at baseline was 55 years of the whole cohort (range 18-
75 years). In all 287 patients, 50.9% had one risk factor
according to IPI, 30.3% were older than 60 years, and
47.4% had extranodal involvement. Reference pathology

was performed in all 287 patients and diagnosed as CD20+
DLBCL.
The data cutoff for the present analyses was October

30, 2022. The median follow-up time for PFS was 47.3
months (interquartile range [IQR] 36.5-62.2 months), dur-
ing which 19 (6.6%) patients had disease progression and
7 (2.4%) patients died. One hundred and forty patients
in the 4R-CHOP+4R arm and 141 patients in the 6R-
CHOP+2R arm completed the treatment. The reasons for
treatment termination of 4 patients in the 4R-CHOP+4R
arm were disease progression, toxicity, and personal deci-
sion, and the reasons for 2 patients in the 6R-CHOP+2R
arm were death from severe pulmonary infection and per-
sonal decision. Protocol deviations occurred in 1 patient in
the 4R-CHOP+4R arm and 3 patients in the 6R-CHOP+2R
arm (2 rituximab deviations and 2 chemotherapy devia-
tions). Fifteen patients with testicular involvement were
enrolled (6 patients in the 4R-CHOP+4R arm and 9 in
the 6R-CHOP+2R arm). Prophylactic radiotherapy to the
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TABLE 1 Baseline demographic and disease characteristics (intention-to-treat population).

Characteristics
Four cycles of R-CHOP plus four
cycles of rituximab (n = 144)

Six cycles of R-CHOP plus two
cycles of rituximab (n = 143) P value

Gender 0.440
Female 71 (49.3%) 64 (44.8%)
Male 73 (50.7%) 79 (55.2%)

Age 0.984
Median (IQR) 55 (44-62) 55 (46-62)
Range 18-75 25-74
> 60 years 47 (32.6%) 40 (28.0%) 0.390

Serum LDH > ULN 22 (15.3%) 23 (16.1%) 0.851
ECOG performance status 0.888
0 122 (84.7%) 122 (85.3%)
1 22 (15.3%) 21 (14.7%)

Ann Arbor Stage 0.685
I 73 (50.7%) 74 (51.7%)
II 66 (45.8%) 60 (42.0%)
III 3 (2.1%) 6 (4.2%)
IV 2 (1.4%) 3 (2.1%)

Extranodal involvement 62 (43.1%) 74 (51.7%) 0.140
IPI 0.860
0 70 (48.6%) 71 (49.7%)
1 74 (51.4%) 72 (50.3%)

B-symptoms 14 (9.7%) 16 (11.2%) 0.685
Cell of origin according to
Hans

0.518

GCB 62 (43.1%) 67 (46.9%)
Non-GCB 82 (56.9%) 76 (53.1%)

BCL2-MYC double
expression

0.772

Yes 25 (17.4%) 23 (16.1%)
No 119 (82.6%) 120 (83.9%)

BCL2 rearrangement 0.610
Yes 1 (0.7%) 3 (2.1%)
No 143 (99.3%) 140 (97.9%)

BCL6 rearrangement 0.401
Yes 33 (22.9%) 27 (18.9%)
No 111 (77.1%) 116 (81.1%)

MYC rearrangement 0.475
Yes 0 (0%) 2 (1.4%)
No 144 (100%) 141 (98.6%)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GCB, germinal center B-cell; LDH, lactate dehydrogenase; IPI, international prognostic index; IQR,
interquartile range; R-CHOP, rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone; ULN, upper limit of normal.

contralateral testis was applied in patients with testicular
involvement.
In the intent-to-treat analysis, the 2-year PFS rate was

95% (95% CI, 92% to 99%) of the 4R-CHOP+4R arm ver-
sus 94% (95% CI, 91% to 98%) of the 6R-CHOP+2R arm
(Figure 2A). The absolute difference of the 2-year PFS rate

between the two arms was 1% (95% CI, -5% to 7%), thus
meeting the criterion for non-inferiority (the prespecified
non-inferiority margin was -8%, P < 0.001), demonstrat-
ing the non-inferior efficacy of four cycles of R-CHOP
plus four cycles of rituximab compared to six cycles of R-
CHOP plus two cycles of rituximab. The 2-year OS rate
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F IGURE 2 Survival in all and subgroups of patients. (A) Kaplan-Meier survival curve of PFS in the intent-to-treat analysis set. The
2-year PFS rate was 95% and 94% in the 4R-CHOP+4R and 6R-CHOP+2R arms, respectively. The absolute difference of the 2-year PFS rate
between the two arms was 1% (95% CI, -5% to 7%), meeting the criterion for non-inferiority (the prespecified non-inferiority margin was -8%, P
< 0.001). (B) Kaplan-Meier survival curve of OS in the intent-to-treat analysis set. The 2-year OS rate was 99% in both arms, respectively. (C)
Forest plot for PFS in subgroups of patients, showing no significant difference was observed between the two treatment arms across
subgroups. *No event was observed in patients with Ann Arbor stage III-IV, hence not shown in the Figure.
Abbreviations: 95% CI, 95% confidence interval; HR, hazard ratio; R, rituximab; R-CHOP, rituximab with cyclophosphamide, doxorubicin,
vincristine, and prednisone.

was 99%, and the 2-year EFS rate was 94% in both arms,
respectively (2-year OS rate: 95% CI, 98% to 100% [4R-
CHOP+4R arm] vs. 95% CI, 97% to 100% [6R-CHOP+2R
arm], Figure 2B; 2-year EFS rate: 95% CI, 90% to 98%
[both arms]). At the end of treatment, 140 (97.2%) of 144
patients in the 4R-CHOP+4R arm versus 138 (96.5%) of 143
patients in the 6R-CHOP+2R armhad a complete response
(Table 2). Four (2.8%) patients progressed while on ther-
apy or at end-of-treatment evaluation in each group, and
a total of 11 (4.0%) patients relapsed after therapy. The
relapse rates were similar (4.3% for the 4R-CHOP+4R

group and 3.6% for the 6R-CHOP+2R group, Table 2).
Three patients suffered from CNS relapse. Two (18.2%, one
in each group) of 11 patients relapsed after a complete
response within 12 months after the end of treatment. Six
patients (54.5%, four in the 4R-CHOP+4R group and two in
the 6R-CHOP+2R group) occurred within 24 months, and
3 (27.3%, one in the 4R-CHOP+4R group and two in the 6R-
CHOP+2R group) after 24 months. The median time from
enrollment to relapse was 23.8 months (range, 10.0-63.8
months) for the entire group, without difference between
the two treatment arms (Supplementary Figure S1). There
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TABLE 2 Response and relapse rates (intention-to-treat population).

Response

Four cycles of R-CHOP plus
four cycles of rituximab group
(n = 144)

Six cycles of R-CHOP plus two
cycles of rituximab group
(n = 143)

Complete response, n (%; 95% CI) 140 (97.2%; 93.0% to 99.2%) 138 (96.5%; 92.0% to 98.9%)
Partial response 0 0
Stable disease 0 0
Progressive disease, n (%) 4 (2.8%) 4 (2.8%)
Not evaluated or missing dataa 0 1
Relapse after complete response, n/N (%; 95% CI) 6/140 (4.3%; 1.6% to 9.1%) 5/138 (3.6%; 1.2% to 8.3%)

aOne patient in the 6R-CHOP+2R group discontinued chemotherapy because of therapy-associated death without having a response assessment.
Abbreviations: 95% CI, 95% confidence interval; R-CHOP, rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone.

TABLE 3 Adverse events in the last four cycles of treatment.

Events

Four cycles of R-CHOP plus four
cycles of rituximab group (n = 144)

Six cycles of R-CHOP plus two cycles
of rituximab group (n = 143)

Grade 3 Grade 4 Grade 3 Grade 4 P value
Hematological events
Neutropenia 23 (16.0%) 1 (0.7%) 45 (31.5%) 65 (45.5%) < 0.001
Anaemia 0 0 0 1 (0.7%) 0.498
Thrombocytopenia 0 0 5 (3.5%) 1 (0.7%) 0.038
Febrile neutropenia 0 0 12 (8.4%) 0 < 0.001

Non-hematological events
Infection 3 (2.1%) 0 19 (13.3%) 1 (0.7%) < 0.001
Increase in liver
enzymes

1 (0.7%) 0 1 (0.7%) 0 1.000

Mucositis 0 0 1 (0.7%) 0 0.498
Nausea or vomiting 0 0 1 (0.7%) 0 0.498
Neurological toxicity 0 0 1 (0.7%) 0 0.498

Abbreviations: R-CHOP, rituximab with cyclophosphamide, doxorubicin, vincristine, and prednisone.

were 7 deaths, 3 in the 4R-CHOP+4R arm and 4 in the
6R-CHOP+2R arm. Five patients died of progressive dis-
ease (2 patients died [1 patient in each group] within 12
months after enrollment, and 3 patients [2 patients in the
4R-CHOP+4R group and 1 patient in the 6R-CHOP+2R
group] died after relapsed disease more than 24 months
after enrollments), 1 died of infection during treatment,
and 1 died of chronic obstructive pulmonary disease 4 years
after treatment.
Hematological and non-hematological adverse events in

the last four cycles are listed in Table 3. The most com-
mon grade 3-4 adverse event was neutropenia. Grade 3-4
neutropenia occurred less frequently in the last four cycles
of rituximab alone in the 4R-CHOP+4R arm (24 [16.7%],
including 23 [16.0%] of grade 3 and 1 [0.7%] of grade 4)
than in the last four cycles (two cycles of R-CHOP plus two
cycles of rituximab) in the 6R-CHOP+2R arm (110 [76.9%],
including 45 [31.5%] of grade 3 and 65 [45.5%] of grade 4)

(P< 0.001), as well as febrile neutropenia (0 [0%] versus 12
[8.4%], P< 0.001) and infection (3 [2.1%] versus 20 [14.0%],
the latter including 19[13.3%] of grade 3 and 1 [0.7%] of
grade 4, P < 0.001). One patient in the 6R-CHOP+2R arm
died during treatment after five cycles of R-CHOP because
of pulmonary infection.
In the post-hoc per-protocol analysis of 285 patients, the

2-year PFS rate was 95% (95% CI, 92% to 99%) in the 4R-
CHOP+4R arm versus 94% (95% CI, 91% to 98%) in the
6R-CHOP+2R arm. The 2-year OS rate was 99% in both
arms (95% CI, 98% to 100% in the 4R-CHOP+4R arm and
95% CI, 97% to 100% in the 6R-CHOP+2R arm). Long-term
outcomes were also estimated in post-hoc analyses. The
estimated 4-year PFS rate was 93% (95% CI, 89% to 97%) in
the 4R-CHOP+4R arm versus 94% (95% CI, 91% to 98%) in
the 6R-CHOP+2R arm. The estimated 4-year OS rate was
99% (95%CI, 97% to 100%) in the 4R-CHOP+4R arm versus
98% (95% CI, 95% to 100%) in the 6R-CHOP+2R arm.
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F IGURE 3 Genetic aberrations of patients (n = 256). Gene mutations identified by next-generation sequencing. Genes with a mutation
rate greater than 5% were shown. The most frequently mutated genes included PIM1 (25.8%), BTG2 (20.7%),MYD88 (19.1%), KMT2D (17.2%),
TP53 (12.9%), CD79B (12.5%), HIST1H1E (12.5%), and SGK1 (12.5%).
Abbreviations: COO, Cell of origin according to Hans classification; DEL, double-expressor lymphoma; GCB, germinal center B-cell.

In post-hoc subgroup analysis, no significant difference
was observed between the two treatment arms (Figure 2C).
All 287 patients had a COO profile, 129 (44.9%) patients
were classified as GCB and 158 (55.1%) as non-GCB (Sup-
plementary Table S1). All the patients have BCL2 and
MYC expression data, and 48 (16.7%) patients presented
with DEL while 239 (83.3%) did not. No PFS superiority
was found in either arm according to IPI risk factors,
COO profile or DEL status. All the patients had Ki67
expression data, and 41 (14.3%) patients were with high
Ki67 expression (> 90%). Deauville scores of interim PET
were evaluated in all 287 patients, with 9 (3.1%) patients
having a Deauville score of 3 and the other 278 (96.9%)
patients having a Deauville score of 1-2. Genetic aber-
rations of low-risk DLBCL patients were also explored.
Targeted sequencing, WES and WGS were performed on
203, 44, and 9 patients, respectively, in 128 patients for
each treatment arm. Fifty-five genes related to the tumori-
genesis of DLBCL were analyzed (Figure 3). The most
frequently mutated genes (> 10%) included PIM1 (66/256,
25.8%), BTG2 (53/256, 20.7%), MYD88 (49/256, 19.1%),
KMT2D (44/256, 17.2%), TP53 (33/256, 12.9%), CD79B
(32/256, 12.5%), HIST1H1E (32/256, 12.5%), SGK1 (32/256,
12.5%), CCND3 (28/256, 10.9%), SOCS1 (28/256, 10.9%),
TET2 (28/256, 10.9%), CD70 (27/256, 10.5%), and MPEG1
(27/256, 10.5%).

In the univariate analysis for PFS, clinical or patho-
logical factors, including age, serum LDH, performance
status (ECOG 0 or 1), Ann Arbor stage, extranodal
involvement (yes or no), COO profile, DEL status, Ki67
index, and Deauville score at interim PET, had no obvi-
ous effect on PFS. Besides, no oncogenic mutations
were found predictive for PFS (Supplementary Table
S2). Through comparison of characteristics of patients
who achieved PFS24 and those who did not (PFS12 was
analyzed in the same way), a significant difference was
found for the Deauville score, revealing an increase in
the risk of failing to achieve PFS24 and PFS12 among
patients with Deauville 3 at interim PET (Supplementary
Table S1). Univariate analysis for OS was not obtained
since only seven deaths occurred in the 287 analyzed
patients.
In the post-hoc analysis, 21 patientswith positive interim

PET were also analyzed. A significantly worse progno-
sis was noted in patients with positive interim PET (not
achieving interim CR) than those with negative interim
PET (achieving interim CR), whose demographic and clin-
ical characteristics were generally similar to those with
negative interim PET. As for oncogenic mutations, sig-
nificantly increased TP53 mutations (47.4% versus 12.9%,
P < 0.001) were observed in patients with positive interim
PET (Supplementary Table S3). Besides, TP53 mutations
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conferred inferior survival in low-risk DLBCL patients
(P= 0.015) when patients of positive interim PETwere also
included (Supplementary Table S4).

4 DISCUSSION

Several large studies have focused on patients with low-
risk or limited-stage DLBCL (Table 4). We conducted a
phase III randomized controlled trial in low-risk DLBCL
patients, irrespective of age and other IPI risk factors. We
found that 4 cycles of R-CHOP plus 4 cycles of rituximab
was not inferior to 6 cycles of R-CHOP plus 2 cycles of
rituximab in DLBCL without IPI risk factors or with any
of the five risk factors, including age, serum LDH, per-
formance status (ECOG 0 or 1), Ann Arbor stage, and
extranodal involvement (yes or no). As expected, fewer
hematological and non-hematological toxicities occurred
as the cycles of chemotherapy were reduced, which was
consistent with the FLYER study, which comprised young
patients with IPI = 0 and non-bulky disease [6] and with
the LYSA/GOELAMS02-03 study,which included patients
with limited and non-bulky disease undergoing 4 cycles
of R-CHOP in subgroups with ECOG 0, stage I and IPI
= 0 [25]. Our study extended the strategy of interim-PET-
adapted shortening of chemotherapy not only to young
patients without risk factors (consistent with the FLYER
study and the LYSA/GOELAMS 02-03 study), but also to
low-risk patients over 60 years and young patientswith one
risk factor according to IPI.
As a widely proven independent prognostic tool in

DLBCL [7, 8, 10], interim-PET-guided treatment decisions
are of much value, especially in low-risk or limited-stage
DLBCL. The phase II S1001 study also used a PET-adapted
strategy in localized DLBCL, where patients with non-
bulky stage I/II DLBCL achieving negative interim PET
after three cycles of R-CHOP proceeded with one addi-
tional cycle of R-CHOP and obtained 5-year PFS rate of
89% and 5-year OS rate of 91% [26]. Another phase III
ongoing OPTIMAL > 60 study focuses on elderly patients
(> 60 years, IPI = 1) under the PET-adapted strategy,
where patients without bulky disease and achieving nega-
tive interim PET after 4 cycles of R-CHOP, proceeded with
4 additional cycles of rituximab and showed 2-year PFS
rate of 94% and 2-yearOS rate of 98% [27].Wedemonstrated
that for all low-risk IPI DLBCL patients with negative
interim PET after 4 cycles of R-CHOP, in any of the sub-
groups, reduction of 2 cycles of chemotherapy proved
equally effective as 6 cycles of R-CHOP. Besides, our study
provides data for further research on the optimal timing of
interim PET in low-risk DLBCL patients.
The prognosis for patients who fail to achieve PFS12

remains poor [4, 28]. Novel targeted approaches may be

promising for these patients failing to achieve PFS12,
such as preemptive CAR-T cell therapy, antibody-drug
conjugates, and bispecific antibodies [11]. On the contrary,
achieving PFS24 is closely related to excellent long-term
remission in DLBCL. Our study indicated that Deauville
3 at interim PET was an adverse prognostic factor for
PFS12 and PFS24. Given the relatively small number of
patients with Deauville 3 at interim PET, the results of
the other two large-cohort prospective trials in DLBCL
(OPTIMAL > 60 [27] and LNH 09-1B [29]), as well as our
ongoing phase III GLORIA trial [NCT05018520], could
provide more evidence on the interpretation of Deauville
3 at interim PET. Nevertheless, there is no doubt that
PET-guided treatment strategies pave the way for future
studies.
In our study, none of the clinical or biological factors

was found with independent prognostic significance
in patients of negative interim PET after four cycles
of R-CHOP. As an additional finding of our study,
patients with positive interim PET showed significantly
increased TP53 mutations. Upon further analyses, we
found that when patients of positive interim PET were
also included, TP53 mutations indicated shorter OS
than wild-type TP53, which were confirmed as unfa-
vorable prognostic factors in all patients with DLBCL
[16–18]. This indicated that even in low-risk DLBCL
with a generally favorable prognosis, patients with TP53
mutations might need treatment beyond R-CHOP. More-
over, patients with positive interim PET are likely to
harbor high-risk biological features, accounting for the
inferior prognosis. Therefore, positive interim PET and
molecular characteristics may be major considerations in
the subsequent therapeutic options in low-risk DLBCL
patients.
The limitation of our study is that this prospective trial

is conducted in a single center, and a large-scale random-
ized multicenter clinical trial (NCT05018520) is ongoing to
provide more evidence of 4 cycles of R-CHOP in low-risk
(IPI 0-1) DLBCL patients.

5 CONCLUSIONS

Four cycles of R-CHOP plus 4 cycles of rituximab demon-
strated comparable clinical efficacy to 6 cycles of R-CHOP
plus 2 cycles of rituximab but demonstrated fewer adverse
events inDLBCL patients with low-risk, non-bulky disease
achieving negative interim PET. This interim PET-adapted
strategy ensures durable remission in low-risk DLBCL and
identifies patients with positive interim PET who may
bear potential high-risk biological features as candidates
for novel mechanism-based targeted approaches or future
clinical trials.
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