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Abstract

Purpose: Some studies have indicated that using 500 mg/m? rituximab combined
with CHOP-14 may be beneficial for elderly men but not women with diffuse
large B-cell lymphoma (DLBCL). The purpose of this study was to investigate the
potential benefit of escalated doses of rituximab with CHOP-21 as the first-line
treatment in male patients with DLBCL.

Methods: We performed a retrospective cohort study to analyze the survival ben-
efit of rituximab 500 mg/m?* plus the CHOP-21 regimen (Escalated-R-CHOP-21)
as the first-line treatment compared with using rituximab 375 mg/m? plus the
CHOP-21 regimen (Standard-R-CHOP-21) in men with DLBCL. We used pro-
pensity score matching to maximize the balance of the observed covariables. The
primary endpoints of this study were the progression-free survival (PFS) rate and
overall survival (OS) rate at 3 years.

Results: After a median follow-up of 47 months (IQR 31-65), no significant dif-
ference in PFS and OS was found for men treated with Escalated-R-CHOP-21
compared with Standard-R-CHOP-21 [3-year PFS: 69.7% versus 71.9%, p = 0.867;
3-year OS: 83.0% versus 82.4%, p = 0.660]. After 1:1 propensity score matching,
we found that the patients using Escalated-R-CHOP-21 had statistically signifi-
cant survival benefits relative to Standard-R-CHOP-21 among the 96 matched
elderly male patients for 3-year PFS [75.5% (95% CI 62.8-88.2) versus 58.2% (95%
CI 44.3-72.1); p = 0.019] and 3-year OS [86.6% (95% CI 76.4-96.8) versus 65.8%
(95% CI 52.1-79.5); p = 0.017]. However, no differences in survival were observed
for younger male patients. Furthermore, the dose effect in PFS of Escalated-R-
CHOP-21 was more obvious for elderly male patients with no high-risk extran-
odal sites (p = 0.005 and interaction p = 0.030).
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1 | INTRODUCTION

Adding rituximab (R) to the conventional CHOP (R-
CHOP) regimen for diffuse large B-cell lymphoma
(DLBCL) has significantly improved its efficacy and the
survival rate by 10%-20%." Although R-CHOP has grad-
ually become the standard treatment of DLBCL, approxi-
mately 20%-30% of patients still relapse or are refractory.*”
Identifying patients with a poor prognosis and optimizing
treatment strategies are essential to improve the outcome
of DLBCL.

Elderly men with DLBCL who are treated with R-
CHOP are more likely to have poor outcomes than those
treated with CHOP alone.® The common dose (375 mg/
m?) of rituximab used for DLBCL is suboptimal for el-
derly men due to the faster rituximab plasma clearance.”
The optimal dose of rituximab still needs to be defined
because the 375 mg/m? dose of rituximab is mostly based
on industrial consideration.® The SEXIE-R-CHOP-14
trial indicated that 2 weeks of rituximab 500 mg/m?
with CHOP-14 may alleviate the unfavorable prognosis
of elderly men.’ Prolonging the exposure time to ritux-
imab was associated with better PFS and OS of elderly
men in the SMARTE-R-CHOP-14 trial.'” Moreover,
these studies also indicated that using 500 mg/m? ritux-
imab combined with CHOP-14 may be more beneficial
in elderly men than in elderly women.”'° Based on these
data, in NCCN guidelines, a rituximab dose of 500 mg/
m? was recommended for men >60 years of age treated
with R-CHOP.

In addition, the MInT study found that younger men
benefited from the addition of rituximab to the same ex-
tent as younger women."' The median rituximab clearance
in younger men (9.89 ml/h) was significantly higher than
that in elderly women (8.47 ml/h, p = 0.015)."* Whether
younger men can obtain a better outcome with increased
rituximab doses remains unknown, and no studies have
been conducted specifically of increased rituximab doses
in younger men.

On the other hand, R-CHOP-21 is non-inferior to
R-CHOP-14 in terms of efficacy as a first-line treatment
of DLBCL." The main advantage of R-CHOP-21, admin-
istered for 21 days of each cycle, is its efficient, convenient
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Conclusion: Escalated-R-CHOP-21 could be a safe and effective option for treat-
ing elderly male patients with DLBCL. This study provides new insight into opti-
mizing the standard treatment regimen, which may have important therapeutic
implications in elderly male patients with DLBCL.

diffuse large B-cell lymphoma, elderly males, escalated, R-CHOP, rituximab, standard

applications, and its tolerable safety profile. It is mean-
ingful to explore the efficacy and safety of high-dose
rituximab combined with CHOP-21 in male patients
with DLBCL. To evaluate this clinical issue, we used a
propensity-matched method to assess whether male pa-
tients would benefit from high-dose rituximab combined
with CHOP-21.

2 | MATERIALS AND METHODS

2.1 | Patient inclusion

Upon approval by the Institutional Ethical Board of
Sun Yat-sen University Cancer Center (ethics approval
number: B2020-279-01), we performed a retrospec-
tive cohort study to analyze the difference in the sur-
vival benefit between male patients with DLBCL who
received at least two cycles of rituximab 500 mg/m®
combined with CHOP-21 (Escalated-R-CHOP-21) or
the rituximab 375 mg/m? combined with CHOP-21
(Standard-R-CHOP-21) as their first-line chemoimmu-
notherapy regimen. All patients were fully informed of
the available treatment option, and part of the patients
chosen the escalated rituximab dosage combined with
CHOP-21 after understanding the potential benefit.
The corresponding treatment consent was signed and
stored in the medical record. The informed consent for
patients enrolled in this study was waived by the ethics
committee because of its retrospective nature. In this
study, 201 elderly men (age >60 years) and 321 younger
men (18-60 years) were included. After 1:1 propensity
score matching, there were 96 elderly men and 146
younger men in the matched cohort, respectively (see
Figure S1). The inclusion criteria included age 18 years
or older and newly diagnosed, CD20-positive, biopsy-
confirmed DLBCL. Female patients were excluded from
this study, and male patients were also excluded if they
had previously been treated, had CNS lymphoma, HIV
infection, or had a history of other lymphomas or ma-
lignancies. Furthermore, the patients should have nor-
mal cardiopulmonary, pulmonary, hepatic and renal
function, performance status under 2, initial WBC over



HE ET AL.

7652 .
—I—Wl LEY_Cancer Medicine _

2.5 x 10°/L, and initial platelet over 100 x 10°/L unless
bone marrow involvement was present. Patients who
had incomplete data or were lost to follow-up were
ineligible.

2.2 | Evaluation and treatment
Patients underwent mandatory baseline assessments in-
cluding clinical examination, relevant laboratory tests,
positron emission tomography scans (PET scans) or
computed tomography scans (CT scans) of the whole
body, and a bone marrow biopsy. Patients’ information
was collected from medical records. All patients were
staged using the Ann Arbor staging system and strati-
fied according to the International Prognostic Index
(IPI)," and an enhanced IPI derived from the National
Comprehensive Cancer Network (NCCN) database
(NCCN-IPI),’* and a prognostic model to predict the
risk of central nervous system (CNS) relapse incorporat-
ing five indexes of IPI plus kidney or adrenal gland in-
volvement (CNS-IPI).'® We categorized the primary sites
of the DLBCL as nodal, extranodal high-risk, or other
extranodal. High-risk extranodal sites were defined by
prior studies in DLBCL in the rituximab era, which
included the central nervous system, lung, liver, pan-
creas, gastrointestinal tract, and bone marrow.'” CNS
prophylaxis was usually recommended in patients with
a high-risk of CNS-IPI, which included intrathecal (IT)
or high-dose methotrexate (HD-MTX).'®

The treatment of Standard-R-CHOP-21 consisted
of rituximab 375 mg/m? cyclophosphamide (CTX)
750 mg/mz, doxorubicin 50 mg/mz, or equivalent doses
of other anthracyclines (ANT), vincristine 1.4 mg/m?
[capped at 2.0 mg], all given intravenously on day 1 and
oral prednisone 100 mg on days 1-5 delivered in a 21-day
cycle.® The Escalated-R-CHOP-21 regimens included
these same therapeutic agents except for the dose of ritux-
imab administered was 500 mg/m?. A split-dose regimen
or dose reductions of R-CHOP were allowed to amelio-
rate the adverse effects during the chemotherapy cycle,
and symptomatic treatment was carried out according to
the condition of the patients. Thirty cases (5.7%) of dose
reduction happened in 522 patients and 9.0% (18/201) in
the elderly men. Among the elderly men, there are 14.6%
(7/48) in the Escalated-R group and 7.2% (11/153) in the
Standard-R group. Tumor lysis prophylaxis, antiemetics,
granulocyte colony-stimulating factor, and supportive
care were administered at the discretion of the physician.
Radiotherapy applied to initial bulky disease or extran-
odal involvement was allowed. All patients underwent
imaging evaluation every two cycles until the end of
chemotherapy.

2.3 | Follow-up and outcome

The primary endpoints of this study were progression-free
survival (PFS) and overall survival (OS). PFS was defined
from the date of first treatment until the date of disease
progression, relapse, death from any cause, or the time of
the last follow-up. OS was calculated as the period from
the first treatment until death or the last follow-up. The
key secondary endpoints were the objective response rate
(ORR) of the disease, which includes complete response
(CR) and partial response (PR) evaluated by the physician
and by central imaging review. The efficacy assessment
referred to the 2014 Cheson Lugano criteria.'” We also
explored the relationship between CNS relapse and treat-
ment regimen. CNS relapse was calculated as the period
from the first treatment until relapse in the CNS.

2.4 | Statistical analysis

To control for baseline imbalances, we used propensity
score matching to maximize the balance of the observed
covariables.” The propensity to undergo Escalated-R ver-
sus Standard-R was estimated using a logistic regression
model based on stage, LDH, extranodal sites, and IPI. The
matching algorithm was 1:1 matched with no replace-
ment. The matching caliper in the elderly and younger
male cohorts was 0.001. The patients’ characteristics and
outcomes were compared between the two groups before
and after matching. PFS and OS were estimated using
the Kaplan-Meier method and were compared using the
log-rank test. Univariate analysis was performed using a
Cox proportional hazards regression model to determine
the prognostic value. A multivariate analysis focusing on
rituximab dosage was performed using a Cox regression
model. Subgroup analyses were performed to assess the
homogeneity of the association between the treatment
survival among different subgroups of patients. Effects
and interaction p values were calculated. All statistical
analyses were two-sided and were performed using SPSS
version 24.0 (IBM Corporation).

3 | RESULTS

3.1 | Clinical characteristics

Between 11 January 2011 and 17 May 2019, 522 male pa-
tients with newly diagnosed DLBCL were included in this
study. The number of elderly and younger men was 201
(38.5%) and 321 (61.5%), respectively, and 121 male pa-
tients were treated with Escalated-R-CHOP-21. The last
day of follow-up (and the data cutoff date) was 1 September
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2020. The median follow-up period was 47 months (IQR
31-65). The baseline clinical characteristics of all male
patients and the elderly male cohort are summarized in
Table 1, and the characteristics of the younger male co-
hort are listed in Table S1. The patients treated with
Escalated-R-CHOP-21 (Escalated-R group) and treated
with Standard-R-CHOP-21 (Standard-R group) were simi-
lar in median age in the unmatched elderly male cohort
(68.2 vs. 69.1 years, p = 0.373), and the same results were
obtained in the unmatched younger male cohort treated
with the above regimen (44.8 vs. 43.4 years, p = 0.326).
The median number of treatment cycles was 6 (range 2-8)
in the different groups. The distribution of normal LDH
was significantly different between the Escalated-R group
(52.1%) and the Standard-R group (65.7%) in the younger
male cohort (p = 0.034). In the unmatched elderly male
cohort, the Escalated-R group had a lower proportion of
high-risk IPI (14.6% vs. 22.2%, p = 0.227) and had a lower
high-risk extranodal sites (20.8% vs. 37.3%, p = 0.099) than
the Standard-R group. Aside from these exceptions, there
was no discrepancy between the Escalated-R group and
Standard-R group regarding baseline data in each cohort.
After 1:1 propensity score matching, a good balance in
some variations (stage, LDH, extranodal sites, PS, and IPI)
was achieved for the two matched cohorts (p = 1).

3.2 | Response to therapy

Tumor response was assessed by the physician at the
end of therapy, and the data are shown in Table 2. In
the elderly male cohort, compared with the matched
Standard-R group, the Escalated-R group had a signifi-
cantly higher CR rate (81.3% vs. 62.5%; odds ratio, 2.60;
95% CI, 1.03-6.60; p = 0.041). However, there were no
significant differences in ORR between the Escalated-R
group and the Standard-R group in the matched elderly
male cohort (93.8% vs. 91.7%). Although the ORR of the
Escalated-R group was lower than the Standard-R group
in the matched younger male cohort (89.0% vs. 97.3%),
the difference was not statistically significant (odds ratio,
0.23;95% CI, 0.05-1.12; p = 0.097). Taken together, these
results indicated that elderly men benefited from the
Escalated-R regimen, especially in terms of the CR rate.

3.3 | Survival outcomes

After a median follow-up of 40 months (IQR 24-48)
in the Escalated-R group and 50 months (IQR 34-72)
in the Standard-R group, no significant difference in
PFS was observed among all male patients treated with
Escalated-R-CHOP-21 compared with patients treated
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with Standard-R-CHOP-21 [3-year PFS: 69.7% vs. 71.9%;
p = 0.867] (Figure 1A). Similarly, there was no significant
difference in OS [3-year OS: 83.0% vs. 82.4%; p = 0.660]
(Figure 1B). The results were different when the patients
were divided into the elderly male cohort and the younger
male cohort. In the elderly male cohort, there were sig-
nificant differences in 3-year PFS (75.5% (95% CI 62.8-
88.2) vs. 61.7% (95% CI 53.9-69.5); p = 0.025) and 3-year
OS (86.6% (95% C1 76.4-96.8) vs. 71.1% (95% C1 63.7-78.5);
p = 0.036) between the Escalated-R group and the un-
matched Standard-R group (Figure 1C,D). The same trend
was observed in the matched datasets consisting of 96 el-
derly men after performing propensity score matching
(Figure 1E,F). We found that the Escalated-R group had
statistically significant survival benefits compared with
the matched Standard-R group in 3-year PFS [75.5% (95%
CI 62.8-88.2) vs. 58.2% (95% CI 44.3-72.1); p = 0.019]
and 3-year OS [86.6% (95% CI 76.4-96.8) vs. 65.8% (95%
CI 52.1-79.5); p = 0.017] (Figure 1E,F). These results in-
dicated that increasing the rituximab dose to 500 mg/m?
was associated with a survival benefit in elderly men.

Conversely, no differences were observed between
Escalated-R-CHOP-21 and Standard-R-CHOP-21 in
the younger male cohort (Figure 2). In the unmatched
younger male cohort, the 3-year PFS was 65.6% (95% CI
54.4-76.8) for those in the Escalated-R-CHOP-21 versus
78.0% (95% CI 72.9-83.1) for those in the Standard-R
group (p = 0.076), and the 3-year OS was 80.4% (95% CI
70.8-90.0) versus 89.0% (95% CI 85.1-92.9) (p = 0.134),
respectively (Figure 2A,B). After performing propen-
sity score matching, the matched Standard-R group had
a 3-year PFS rate of 82.2% (95% CI 73.4-91.0) and 3-year
OS rate of 87.6% (95% CI 80.0-95.2). There were no sig-
nificant differences in a 3-year PFS (p = 0.087) or 3-year
OS (p = 0.397) between the Escalated-R group and the
Standard-R group in the matched datasets for the 146
younger men (Figure 2C,D). These results indicated that
patients who received Standard-R-CHOP-21 might have
a trend of better PFS than Escalated-R-CHOP-21 in the
younger male cohort.

3.4 | Risk factors associated with the
outcomes of the patients

To explore the independent prognostic significance of
the rituximab dose for elderly men, univariate and mul-
tivariate Cox regression analyses for PFS and OS were
performed. Elderly men using Escalated-R-CHOP-21 had
significantly decreased risks of progression and death
compared with those using Standard-R-CHOP-21 in both
univariate and multivariate analyses (Table 3), but insig-
nificantly for younger men (Table S2). Univariate analysis
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TABLE 2 Response to therapy in the elderly and the younger male cohorts

Younger male cohort

Elderly male cohort

Escalated-R
(n=173)

Matched standard-R

(n=73)

Unmatched standard-R

Escalated-R
(n=48)

45 (93.8%)

39 (81.3%)

6 (12.5%)

Matched standard-R

(n=48)

Unmatched standard-R

= 248)

(n

=153)

(n

65 (89.0%)
53 (72.6%)
12 (16.4%)

71 (97.3%)
53 (72.6%)
18 (24.7%)

238 (96.0%)

44 (91.7%)
30 (62.5%)
14 (29.2%)
2 (4.2%)
2(4.2%)

139 (90.9%)

ORR
CR

189 (76.2%)
49 (19.8%)

108 (70.6%)

31 (20.3%)
3(2.0%)
7 (4.6%)
4(2.6%)

PR
SD

6 (8.2%)
2(2.7%)

2(2.7%)

7(2.8%)
3(1.2%)

3(6.3%)

PD
NA

Abbreviations: CR, complete response; ORR, objective complete response; PD, progressive disease; PR, partial response; NA, not assessable; SD, stable disease.

HE ET AL.

in the elderly male cohort suggested that variables includ-
ing the stage, extranodal sites, LDH level, CNS-IPI, IPI,
and NCCN-IPI were prognostic factors of PFS and OS in
addition to rituximab dosage, and bulky disease had a pre-
dictive value for PFS but not for OS (Table 3). We also in-
vestigated whether the disease site and CNS prophylaxis
were associated with the prognosis of DLBCL patients.
A trend was observed that high-risk extranodal sites and
CNS prophylaxis were associated with worse prognosis.

The indexes of the CNS-IPI, IPI, and NCCN-IPI over-
lapped with other factors, such as stage, extranodal sites,
PS, and LDH. In order to evaluate whether rituximab dos-
age was an independent prognostic factor, a multivariate
analysis was performed with variables with p < 0.1 in the
univariate analysis except for CNS-IPI, IPI, and NCCNIPI.
Then we also did other multivariate analysis that included
rituximab dosage with CNS-IPI, IPI, and NCCN-IPI. The
results showed that rituximab dosage was a significant in-
dependent predictor of both PFS and OS across all Cox
regression models, but it was not statistically significant
for predicting OS when combined with the CNS-IPI or
NCCN-IPI in elderly men. However, the rituximab dosage
was not associated with improved PFS or OS in younger
men, and the results of the univariate and multivariate
analyses are listed in Supplementary Table 2.

3.5 | Subgroup analyses by important
covariables

Furthermore, subgroup analyses were performed to find
the best population benefit for Escalated-R-CHOP-21. We
implemented stratified logistic analysis in the matched el-
derly male cohort and the matched younger male cohort.
Among patients older than 60 years of age, Escalated-R-
CHOP-21 treatment conferred a lower risk of disease pro-
gression and mortality, but younger men tended to benefit
more from the Standard-R regimen. Among the younger
men, no significant difference between the Escalated-R
regimen and the Standard-R regimen was observed in dif-
ferent subgroups (Figures 3 and 4, Figures S2 and S3).
Dose effects on PFS and OS with the Escalated-
R-CHOP-21 were observed in elderly men who had
elevated pretreatment serum LDH (p = 0.016 and
p = 0.017), no B symptom (p = 0.018 and p = 0.011), no
high-risk extranodal sites (p = 0.005 and p = 0.009), and
no CNS prophylaxis (p = 0.014 and p = 0.018). Patients
with higher stage, IPI, NCCN-IPI, and CNS-IPI index
showed significant benefit from Escalated-R-CHOP-21
in OS (p = 0.044, 0.043, 0.038, and 0.029). There was
no statistical significance in the benefit of escalated-
dose rituximab compared to standard-dose rituximab
in either the GCB subtype or the non-GCB subtype.
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There was a significant interaction between the high-
risk extranodal sites and treatment regimen for the PFS
(interaction p = 0.030). Other than that, there were no
significant interactions with each subgroup (interaction
p > 0.05). Therefore, the dose effect in PFS of Escalated-
R-CHOP-21 was more obvious for elderly men with no
high-risk extranodal sites.

3.6 | Toxicity

We also investigated the toxicity of Escalated-R-
CHOP-21 compared to Standard-R-CHOP-21 in elderly
men. The most common any-grade adverse events
were leukocytopenia (77.1%) and anemia (58.3%) in

0 T T T T T L) T T T 1
0 12 24 36 48 60 72 84 96 108120
Time (months)

0 T T T T L] T T T T 1
0 12 24 36 48 60 72 84 96 108120
Time (months)

the Escalated-R group, and the most common grade
3 and 4 adverse event was leukocytopenia (52.1%).
There were no significant differences concerning
any grade or grade 3 and 4 toxicities between the
Escalated-R group and the matched Standard-R group.
We found that 2.5% (5/201) of the elderly men had
treatment-related deaths, 2.1% (1/48) of patients in the
Escalated-R group, vs. 6.2% (3/48) of patients in the
matched Standard-R group (p = 0.617). More impor-
tantly, a tendency of increased interstitial pneumonia
of any grade was observed in the Escalated-R group,
although the difference was not statistically significant
(29.2% vs. 18.8%, p = 0.232) and grade 3 and 4 inter-
stitial pneumonia did not increase in the Escalated-R
group (Table 4).
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4 | DISCUSSION

Rituximab has been successfully applied to treatment
of non-Hodgkin lymphoma for more than 20 years, and
R-CHOP has significantly increased the survival rate of
DLBCL.* Improving the efficacy by optimizing R-CHOP
as first-line therapy for DLBCL is one of the priorities of
the current research.”? Some studies have found that sig-
nificant differences in the efficacy of RCHOP by age and
sex, and elderly and male patients treated with R-CHOP
have worse survival than younger and female patients.****
The faster clearance rate of rituximab in men might be a
key determinant of the clinical efficacy of RCHOP treat-
ment."? Previous studies have demonstrated that increas-
ing the rituximab dose resulted in higher serum levels and
longer exposure times, and this translated into clinical out-
come benefit in elderly men.?> In this study, we aimed to
investigate the possible benefit of increasing the rituximab
dose with CHOP-21 as the first-line treatment in male pa-
tients with DLBCL. Our results showed that the PFS and
OS of elderly men were worse than that of younger men for
using Standard-R-CHOP-21 (3-year PFS: 61.7% vs. 78.0%,
p < 0.001; 3-year OS: 71.1% vs. 89.0%, p < 0.001). When
using Escalated-R-CHOP-21, the PFS and OS were slightly
better for elderly men than for younger men (3-year PFS:
75.5% vs. 65.6%, p = 0.177; 3-year OS: 86.6% vs. 80.4%,
p = 0.566). Because the results might be influenced by
the differences in clinicopathological characteristics and

c T T T L T T T T T 1
0 12 24 36 48 60 72 84 96 108120
Time (months)

prognostic factors between younger and older patients, we
divided the patients into the younger and older group and
used propensity score matching. We further conclude that
the Escalated-R-CHOP-21 probably improved treatment
outcomes in elderly men with DLBCL, but not in younger
men.

Based on the literature, the majority of the disease re-
lapses occur within the 2 years after R-CHOP as first-line
immunochemotherapy.?’?® Therefore, it is appropriate to
use 3-year PFS and 3-year OS to describe the survival bene-
fit of Escalated-R-CHOP-21. We found that the Escalated-
R-CHOP-21 schedule resulted in a significantly better
outcome for elderly men than Standard-R-CHOP-21 for 3-
year PFS (75.5% vs. 61.7%) and 3-year OS (86.6% vs. 71.1%).
The outcome in this study is similar to that of the SEIXE-
R-CHOP-14 trial.’ The SEIXE-R-CHOP-14 used a planned
historical comparison of patients from RICOVER-60.%
It was concluded that 500 mg/m? rituximab in SEIXE-R-
CHOP-14 was not more toxic than 375 mg/m? rituximab
in RICOVER-60. Elderly men from SEIXE-R-CHOP-14
received 500 mg/m?* improved the PES (3-year PFS: 76%
vs. 68%) and had a trend for a better OS (3-year OS: 79%
and 73%) than elderly men from RICOVER-60 375 mg/m?
rituximab.’

Nevertheless, the effect of rituximab dose escalation on
R-CHOP has remained controversial. The outcome was
notsignificantly better when the entire study population in
DENSE-R was compared to RICOVER-60.” Even though
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TABLE 3 Univariable and multivariable analyses of prognostic factors for PFS and OS in the elderly male cohort

PFS (0
HR (95%CI) p value HR (95%CI) p value

Univariate analysis

Stage 2.65 <0.001 2.42 0.002
III-1V vs. I-11 1.65-4.26 1.38-4.23

Extranodal sites 1.97 0.003 1.84 0.025
>1vs. <1 1.26-3.09 1.08-3.12

PS 1.33 0.427 1.42 0.389
2-4vs.0-1 0.66-2.66 0.64-3.13

LDH (U/L) 1.56 0.047 1.84 0.021
>250vs. <250 1.01-2.42 1.10-3.08

Bulky disease (cm) 1.51 0.025 1.43 0.081
>10vs. 5-10vs. <5 1.05-2.15 0.96-2.12

B symptom 1.34 0.290 1.06 0.856
Yes vs. No 0.78-2.29 0.55-2.06

Cell of origin 1.25 0.335 1.46 0.177
Non-GCB vs. GCB 0.79-1.98 0.84-2.53

Primary sites 1.39 0.156 1.06 0.826
Extranodal, high-risk vs. others 0.88-2.17 0.62-1.83

CNS prophylaxis 1.17 0.628 0.84 0.681
Yes vs. No 0.62-2.21 0.36-1.95

CNS-IPI 2.30 0.002 2.06 0.019
High vs. Low 1.37-3.85 1.13-3.76

IPI 2.25 <0.001 2.21 0.003
High vs. Low 1.44-3.51 1.31-3.74

NCCN-IPI 291 <0.001 2.80 <0.001
High vs. Low 1.81-4.66 1.60-4.90

R dosage 0.49 0.030 0.44 0.043
Escalated vs. Standard 0.26-0.93 0.20-0.97

Multivariate analysis with exposure®

R dosage 0.50 0.035 0.43 0.041
Escalated vs. Standard 0.26-0.95 0.19-0.97

Multivariate analysis with IPI

R dosage 0.48 0.024 0.43 0.035
Escalated vs. Standard 0.25-0.91 0.19-0.94

Multivariate analysis with NCCN-IPI

R dosage 0.52 0.044 0.47 0.060
Escalated vs. Standard 0.27-0.98 0.21-1.03

Multivariate analysis with CNS-IPI

R dosage 0.52 0.043 0.46 0.055
Escalated vs. Standard 0.27-0.98 0.21-1.02

Note: Abbreviations: PS, performance state; LDH, lactic dehydrogenase.

High and low CNS-IPI was defined as the risk score 0-1 and more than 2, respectively. High and low IPI was defined as the risk score 0-2 and 3-5, respectively.
High and low NCCNIPI was defined as the risk score 0-3 and more than 4, respectively. p-value <0.05 in bold shows statistically significant.

“Represents variables with p value <0.1 in the univariate analysis except for CNS-IPI, IPI and NCCNIPI.
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patients with IPI 3-5 in DENSE-R had better CR rates, it
did not translate into better long-term outcomes, just with
a decreased male hazard. More particularly, elderly men
with a poor prognosis (IPI of 3-5) benefited considerably
more from the SMARTE-R schedule.’® Notably, directly
comparing these results to RICOVER-60 without careful
matching is slightly inappropriate, and several confound-
ing factors could have influenced the results.

Given the current lack of high-quality studies, the lat-
est randomized phase III trial of HOVON-84 was carried
out to focus on increased rituximab frequency in patients
with untreated DLBCL during R-CHOP-14.* Patients in
this study were randomly allocated to receive either R-
CHOP-14 or R-CHOP-14 with an intensification of ritux-
imab in the first four cycles (RR-CHOP-14). The impact of
RR-CHOP-14 vs. R-CHOP-14 on FFS, PFS, DFS, and OS

was not different between subgroups of age (18-65 vs. 66—
80 years), sex (male vs. female), or age-adjusted IPI score.
This study found that early rituximab intensification does
not improve the outcome of DLBCL. Although the results
of the randomized phase III trial are more convincing,
they still did not focus on elderly men. The subgroup anal-
yses of old age included elderly women and the analyses
of sex included younger men who might not benefit from
the intensification of rituximab. However, elderly men,
the most meaningful group, were not considered.

In our study, we found that younger men could not
obtain a better outcome with increased rituximab doses.
On the contrary, the Standard-R-CHOP-21 schedule re-
sulted in a slightly better outcome than the Escalated-R-
CHOP-21 for 3-year PFS (82.2% vs. 65.6%, p = 0.087) and
3-year OS (87.6% vs. 80.4%, p = 0.397) in the matched
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TABLE 4 Any grade or grade 3-4 toxicity during R-CHOP-21 regimen in the elderly male cohort

Unmatched standard-R group Matched standard-R group

(n =153) (n = 48) Escalated-R group (n = 48)

Any grade Grade 3-4 Any grade Grade 3-4 Any grade Grade 3-4
Leukocytopenia® 127 (83.0%) 92 (60.1%) 40 (83.3%) 23 (47.9%) 37 (77.1%) 25(52.1%)
Anemia® 101 (66.0%) 8 (5.2%) 34 (70.8%) 2(4.2%) 28 (58.3%) 5(10.4%)
Thrombocytopenia® 42 (27.5%) 13 (8.5%) 11 (22.9%) 3(6.3%) 14 (29.2%) 6 (12.5%)
Pneumonia 60 (39.2%) 18 (11.8%) 20 (41.7%) 6 (12.5%) 17 (35.4%) 6 (12.5%)
Interstitial pneumonia 23 (15.0%) 8(5.2%) 9 (18.8%) 4(8.3%) 14 (29.2%) 6(12.5%)
Arrhythmia 10 (6.5%) 3(2.0%) 4(8.3%) 1(2.1%) 4(8.3%) 0 (0%)
Neuropathy 11 (7.2%) 1(0.7%) 3(6.3%) 0 (0%) 3(6.3%) 1(2.1%)

Note: Data are numbers of patients had toxicity, with percentages in parentheses.
“Represents hematological toxicities.
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younger male cohort. The reasons for these results were
ultimately unclear. The baseline characteristics of patients
in both groups were well balanced before and after match-
ing. We think the most possible reason was the different
rituximab pharmacokinetics. The median rituximab clear-
ance in younger men (9.89 ml/h) was lower in than elderly
men (10.59 ml/h).?> The Escalated-R dose may not be
translated into survival benefits rather seemed to increase
the toxicity in younger men. The HOVON-84 study had
shown that the PFS of RCHOP tended to be superior to the
PFS of RR-CHOP, this phenomenon is more obvious in
younger patients.’” The HOVON-84 study did not explain
the reasons except mentioning that the rituximab levels
cannot be converted into survival. In addition, there are
other possible reasons including the different genotypes,
the age-specific role of the immune system, the associa-
tion between the encompassing drug absorption, drug
distribution, and drug metabolism. Patient selection bias
may be existed. All in all, compared to the elderly men,
younger men had probably not benefited from the high
dose of rituximab.

We also paid more attention to identifying and finding
subpopulations who benefited from an increasing ritux-
imab dose as first-line treatment in our study. For the first
time, we found that elderly men with an elevated LDH
level could benefit from Escalated-R-CHOP-21. Elevated
LDH is associated with aggressiveness, resistance to che-
motherapy, and poor survival of DLBCL.*"** Moreover, el-
evated LDH is also associated with a high total metabolic
tumor volume (TMTYV), which is related to worse PFS and
OS in DLBCL.*** Rituximab exposure is influenced by
TMTV and correlates with the response and outcome of
DLBCL.* We believe that a higher LDH level might indi-
cate a lower rituximab exposure, and this can be rescued
by increasing the rituximab dose. Notably, we found that
patients with no high-risk extranodal sites had signifi-
cantly benefited from Escalated-R-CHOP-21 in PFS and
OS. A study conducted by Dr. Castillo found that extran-
odal primary sites were more likely to present in patients
with early-stage.*® In contrast, our study found that high-
risk extranodal sites were associated with higher stage and
higher LDH. The possible reason for this discrepancy is
difficult to obtain, but may be due to the small sample size
or the difference of rituximab exposure. We could not di-
rectly confirm this hypothesis because no assessment of
the pharmacokinetics was undertaken, so further investi-
gation will be necessary to confirm this conjecture.

Even though LDH accounted for part of IPI, higher IPI
(3-5) and lower IPI(0-2) did not observe differences of PFS
between Escalated-R-CHOP-21 and Standard-R-CHOP-21
in this study. However, in the elderly men of higher IPI
(3-5), there was a significant improvement in OS for
Escalated-R-CHOP-21. These results were consistent with

the previous study.'® The SMARTE-R schedule resulted
in a significantly better outcome for IPI of 3-5 compared
with that in RICOVER-60 in subgroup analysis. Fifty-one
elderly men with poor prognosis (IPI 3-5) benefited con-
siderably more from the SMARTE-R than 66 elderly men
with IPI 3-5 in RICOVER-60 in 3-year EFS (67% vs. 43%),
3-year PFS (71% vs. 53%), and 3-year OS (80% vs. 60%)."
We identified that the patients with lower IPI were more
highly chosen for using Escalated-R-CHOP-21 in elderly
men. Differently, almost all elderly patients were generally
identified with higher IPI in the published literature.*>*’
This probably underlies the discrepancy of the patients’
selection.

The incidence of CNS relapse was very low (12/522,
2.3%) in our study. The low-risk group, the intermediate-
risk group, and the high-risk group for CNS recurrence
identified by CNS-IPI showed that 3-year rates of CNS
disease were 1.2%, 1.4%, and 10.1% in our study, which
was similar with the previous study.'® Patients with high-
risk factors generally received more prophylaxis (low-risk:
6.7%; intermediate-risk: 10.5%; and high-risk: 31.9%), but
the 3-year CNS recurrence rate of the high-risk group still
reached 10.1%. High-dose rituximab was not significantly
associated with CNS relapse in all patients (HR: 0.335,
p = 0.296) or the low-risk group (HR: 0.035, p = 0.559), the
intermediate-risk group (HR: 0.031, p = 0.606), and the
high-risk group (HR: 0.849, p = 0.882), respectively. CNS
prophylaxis for DLBCL still remains controversial. Most
studies observed no clear benefit for prophylaxis in the era
of R-CHOP according to CNS-IP1.***° The last study in-
dicated that the benefit of HD-MTX for CNS prophylaxis
is transient.'® The incidence of CNS relapse was very low
(21/1080, 1.9%) confirming the reduced incidence in the
rituximab era, and the incidence was 2.8% for patients se-
lected to receive prophylaxis, so there is very limited use
of prophylaxis.*® Therefore, we are not particularly con-
cerned with the influence of CNS prophylaxis due to the
limitation of data.

This study has several limitations that should be men-
tioned. First, the sample size is small, and the subgroup
analyses need to be validated in a larger group. Second,
the results of this study cannot avoid the existence of
selection bias. The relatively better outcomes for the pa-
tients might be affected by their general condition. It
seems that elderly patients with better conditions (lower
IPI and less high-risk extranodal sites) were more likely
to receive high-dose treatment in this study. However, the
condition of patients was adjusted in the propensity score
matching and Cox-regression analysis, which partially
eliminated the selection bias. Third, only individuals from
our center were included; whether these findings can be
transferable to other hospitals and regions were not deter-
mined. Fourth, toxicity analysis was limited and difficult
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to obtain because it is retrospectively collected from med-
ical records. So further investigations of multicenter pro-
spective study are needed and which may be helpful to
identify the potential therapeutic population treated with
Escalated-R-CHOP-21.

In conclusion, our study showed that the Escalated-R-
CHOP-21 may be an effective and safe front-line regimen
with the improvement of long-term survival in elderly
men with DLBCL. This study provides new insight into
the clinical application of the high-dose rituximab com-
bined with CHOP-21 in DLBCL.
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