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Purpose  Febrile neutropenia (FN) can cause suboptimal treatment and treatment-related mortality (TRM) in diffuse large B-cell lym-
phoma (DLBCL) patients treated with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisolone (R-CHOP). 
Materials and Methods  We conducted a prospective cohort study to evaluate the effectiveness of pegfilgrastim prophylaxis in DLBCL 
patients receiving R-CHOP, and we compared them with the PROCESS cohort (n=485). 
Results  Since January 2015, 986 patients with DLBCL were enrolled. Pegfilgrastim was administered at least once in 930 patients 
(94.3%), covering 90.3% of all cycles. FN developed in 137 patients (13.9%) in this cohort (23.7% in the PROCESS cohort, p < 0.001), 
and 4.2% of all cycles (10.2% in the PROCESS cohort, p < 0.001). Dose delay was less common (≥ 3 days: 18.1% vs. 23.7%, p=0.015; 
≥ 5 days: 12.0% vs. 18.3%, p=0.023) in this cohort than in the PROCESS cohort. The incidence of TRM (3.2% vs. 5.6%, p=0.047) and 
infection-related death (1.8% vs. 4.5%, p=0.004) was lower in this cohort than in the PROCESS cohort. The 4-year overall survival (OS) 
and progression-free survival (PFS) rates of the two cohorts were not different (OS: 73.0% vs. 71.9%, p=0.545; PFS: 69.5% vs. 68.8%, 
p=0.616). However, in patients aged ≥ 75 years, the 4-year OS and PFS rates were higher in this cohort than in the PROCESS cohort 
(OS: 49.6% vs. 33.7%, p=0.032; PFS: 44.2% vs. 30.3% p=0.047). 
Conclusion  Pegfilgrastim prophylaxis is effective in the prevention of FN and infection-related death in DLBCL patients receiving  
R-CHOP, and it also improves OS in patients aged ≥ 75 years. 
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Introduction

Rituximab, cyclophosphamide, doxorubicin, and predni-
solone (R-CHOP) is the standard treatment for patients with 
diffuse large B-cell lymphoma (DLBCL) and cures 60%-70% 
of patients [1,2]. Since the advent of chemoimmunotherapy, 
there has been no major breakthrough in terms of the front-
line treatment for DLBCL. Therefore, supportive measures 
to reduce preventable treatment-related mortality (TRM) are 
very important for optimal treatment outcomes. One of the 
most important side effects of R-CHOP is febrile neutrope-
nia (FN) caused by bone marrow suppression. TRM as well 
as suboptimal treatment may occur because of treatment 
delay, unplanned dose reduction, and discontinuation of 
chemotherapy due to FN [3]. In addition, FN causes addi-
tional medical costs in terms of need for hospitalization and 
antibiotic therapy [4,5]. Therefore, proper prevention and 

treatment of FN are crucial for achieving the best treatment 
outcomes with R-CHOP. 

The reported incidence of FN with R-CHOP therapy var-
ies (18%-23.8%) in many studies [1,3,6,7]. It was higher in  
patients who had risk factors such as older age, poor perfor-
mance status, advanced disease, comorbidities, low serum  
albumin level, low baseline blood cell counts, low body 
surface area/body mass index, and absence of granulocyte 
colony-stimulating factor (G-CSF) prophylaxis [8-11]. As per 
clinical guidelines, primary prophylaxis with G-CSF or peg-
filgrastim is recommended for patients planning to undergo 
chemotherapy if the assessed risk of FN is higher than 20% 
[6,12]. However, in real-world practice, primary prophylaxis 
is underutilized notwithstanding clinical guidelines [13]. 
For primary prophylaxis, use of pegfilgrastim is desirable 
as it needs to be administered only once per cycle because 
of its neutrophil-mediated pharmacokinetics, whereas other  
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G-CSFs needs to be administered on a daily basis [14-16]. In 
addition, pegfilgrastim prophylaxis was associated with a  
reduced risk of neutropenia-related or all-cause hospitaliza-
tion relative to filgrastim prophylaxis in a large-scale retro-
spective analysis [17]. Mean per-cycle neutropenia-related 
costs were also lower with pegfilgrastim than with filgrastim 
[16]. 

As pegfilgrastim prophylaxis became available for cancer 
patients in Korea in 2014, and the reported incidence of FN 
was higher than 20% among Korean DLBCL patients treated 
with R-CHOP [7], we prospectively collected data on pri-
mary prophylaxis with pegfilgrastim (GIRAFFE-B cohort) 
and compared them with the data obtained from a previous  
cohort enrolled in the same setting (PROCESS cohort) [18,19] 
to evaluate the benefits of pegfilgrastim prophylaxis in 
DLBCL patients treated with R-CHOP (ClinicalTrials.gov 
Identifier: NCT02474550).

Materials and Methods

1. Patients
The current cohort included patients with newly diag-

nosed DLBCL of any subtype according to the World Health 
Organization 2008 classification, who were planning to  
receive standard R-CHOP 21 as the primary treatment, plan-
ning to receive pegfilgrastim prophylaxis, aged 18 or older, 
and who had provided written informed consent. Patients 
with primary central nervous system (CNS) lymphoma or 
other concomitant malignancies that needed treatment or 
who had previous chemotherapy or radiotherapy were  
excluded. The study was conducted at 24 hospitals belong-
ing to the Consortium for Improving Survival of Lymphoma 
(CISL) in Korea. The protocol was reviewed and approved 
by the institutional review board of each participating center, 

and all patients provided written informed consent before 
treatment initiation. The PROCESS cohort recruited patients 
from 27 hospitals belonging to the CISL between August 
2010 and August 2012 to investigate CNS involvement in 
DLBCL. It also recruited newly diagnosed DLBCL patients 
with similar inclusion criteria as those used for the current 
cohort, except that it included patients aged ≥ 20 years and 
R-CHOP was administered without G-CSF prophylaxis [18]. 

2. Treatments
Patients were treated with the standard R-CHOP 21 regi-

men [1]. After enrollment, patients received up to 6-8 cycles 
of R-CHOP therapy. The number of cycles was reduced to 3-4 
cycles in patients with stage I/II disease that was completely 
resected or who were about to undergo radiotherapy. CNS 
prophylaxis was performed at physician’s discretion. Pati-
ents received pegfilgrastim 6 mg (Neulasta, Amgen Manu-
facturing Ltd., Juncos, Puerto Rico) injection subcutaneously 
at least 24 hours after the completion of chemotherapy. Dose 
modification of the standard R-CHOP therapy and deferral 
of treatment were performed according to the physician’s  
decision. Concomitant use of prophylactic antibiotics was 
also allowed according to the institutional policies. 

3. Study endpoints
The primary endpoint was the incidence of FN during and 

within 30 days of R-CHOP treatment. 
FN was defined as a single oral temperature ≥ 38.3°C or ≥ 

38.0°C for ≥ 1 hour with a neutrophil count of ≤ 0.5×109/L or 
a neutrophil count ≤ 1.0×109/L which was predicted to fall 
below 0.5×109/L. The secondary endpoints were as follows: 
(1) the delivery of planned treatments including dose delay 
of > 3 days and > 5 days, dose reduction of > 20%, relative 
dose intensity (RDI) of doxorubicin and cyclophosphamide, 
and average RDI (ARDI); (2) infection-related death and 

Fig. 1.  Flow of the study.
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TRM within 6 months from the start of treatment; and (3)  
response to R-CHOP treatment, overall survival (OS) and 
progression-free survival (PFS). RDI for each agent was  
defined as the proportion of the standard dose intensity 
delivered. ARDI was calculated by averaging the delivered 
RDIs of cyclophosphamide and doxorubicin. OS was calcu-
lated from the time of diagnosis to the date of the last follow-
up or death from any cause. PFS was calculated from the 
date of diagnosis to the date of relapse or progression, the 
last follow-up, or death from any cause. Response to therapy 
was evaluated according to the Lugano response criteria for 
non-Hodgkin lymphoma (NHL) [20]. Follow-up data includ-
ing survival and disease status were updated and centrally 
reviewed every 6 months.

4. Statistical analysis
Statistical analysis was performed using SPSS ver. 25.0 

software program for Windows (IBM Corp., Armonk, NY). 
We used a Fisher’s exact test to identify the associations  
between categorical variables. The time variable was esti-
mated based on Kaplan-Meier curves and compared using 
a log-rank test. A Cox-regression hazard model was used for 
univariate and multivariate analyses. To define the risk fac-
tors for FN, a multivariate analysis was performed including 
variables with a p < 0.1 in a univariate analysis. A two-sided 
p < 0.05 was considered statistically significant. Propensity 
score matching (PSM) using parameters included in interna-
tional prognostic index (IPI) and sex was performed to com-
pare survival between the cohort of this study and the PRO-
CESS cohort to minimize selection bias. In the present study, 
1:1 nearest neighbor matching was performed using SPSS.

Results

1. Characteristics of patients
A total of 1,000 patients were enrolled in the GIRAFFE-B 

cohort from January 2015 to May 2018. Of these, nine pati-
ents withdrew consent, and five patients did not receive R-
CHOP treatment. Thus, 986 patients who received at least 
one cycle of R-CHOP were included in the analysis. From the 
PROCESS cohort, 485 patients who had information avail-
able regarding the incidence of neutropenia and FN were 
included (Fig. 1). The overall characteristics of the analyzed 
patients did not deviate from those of all patients in the PRO-
CESS cohort [18]. 

The characteristics of the patients in both cohorts are sum-
marized in Table 1. The median age of the patients included 
in this study was 62 years (range, 19 to 86 years), which was 
3 years higher than in the PROCESS cohort (range, 20 to 89 
years). However, the proportion of patients aged ≥ 65 years 

and ≥ 75 years was not significantly different between the 
two cohorts. 

2. FN and TRM with pegfilgrastim prophylaxis
Pegfilgrastim prophylaxis was administered at least once 

to 930 patients (94.3%) in this cohort. The overall prophy-
laxis rate was 90.3% (4,831 doses in 5,348 cycles). The overall  
incidence of FN was 4.2% (222 events in 5,348 cycles) in 
this cohort (Table 2). Throughout the treatment course, 137  
patients (13.9%) experienced at least one episode of FN in this 
cohort, whereas 23.7% (115/485) of the patients experienced 
FN in the PROCESS cohort, with an overall incidence of 
10.2% (264 events in 2,581 cycles). Forty-five patients (32.8%) 

Table 1.  Characteristics of patients 

Characteristic
 This cohort  PROCESS 

p-value
 (n=986)  cohort (n=485)

Age (yr)   
    Median (range) 62 (19-86) 59 (20-89)
    ≥ 65 423 (42.9) 185 (38.1) 0.090
    ≥ 75 166 (16.8)  69 (14.2) 0.226
Sex
    Male 555 (56.3) 275 (56.7) 0.911
    Female 431 (43.7) 210 (43.3) 
ECOG  
    0, 1 901 (91.4) 429 (88.6) 0.108
    ≥ 2 85 (8.6) 55 (11.4) 
Stage
    1, 2 478 (48.5) 239 (49.3) 0.824
    3, 4 508 (51.5) 246 (50.7) 
Extranodal sites
    0 or 1 620 (62.9) 314 (64.8) 0.488 
    ≥ 2 366 (37.1) 171 (35.2)
BM involvement
    No  877 (88.9) 429 (88.5) 0.792
    Yes 109 (11.1) 56 (11.5)
LDH elevation
    No 467 (47.4) 252 (52.0) 0.096
    Yes 519 (52.6) 233 (48.0) 
IPI
    0 or 1 362 (36.7) 217 (44.7) 0.075
    2 254 (25.8) 100 (20.6)
    3 203 (20.6) 91 (18.8)
    4 or 5 167 (16.9) 77 (15.9)
Albumin (mg/dL)
    ≥ 3.5 738 (74.8) 370 (76.3) 0.608
    < 3.5  248 (25.2) 115 (23.7) 
Values are presented as number (%) unless otherwise indicated. 
BM, bone marrow; ECOG, Eastern Cooperative Oncology Group;  
IPI, international prognostic index; LDH, lactate dehydrogenase.
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experienced multiple episodes of FN in this cohort. In the 
PROCESS cohort, 49 patients (42.6%) had multiple episodes, 
which included up to six events. Grade 4 neutropenia was 
reported in 286 patients (28.8%) and occurred in about 11.7% 
of the cycles in this cohort, which was significantly lower 
than that in the PROCESS cohort (Table 2). FN developed 
at a median of 7 days after treatment (range, 5 to 30 days). 
The incidence of FN was highest in the first cycle (8.3%) and  
decreased in the subsequent cycles. The risk reduction rate of 
FN with pegfilgrastim prophylaxis was higher in subsequent 
cycles than in the first cycle (Fig. 2). 

In this cohort, TRM was significantly lower than that in the 
PROCESS cohort (3.2% vs. 5.6%, p=0.047), which was mainly 
due to lower incidence of infection-related death (1.8% vs. 
4.5%, p=0.004) (Table 2). In particular, eight patients (11.6%) 
died of infection among patients aged ≥ 75 years in the PRO-
CESS cohort, but only five deaths (3%) were infection-relat-
ed in this cohort (p=0.023). TRM of non-infectious causes 
was not different between the two groups (1.4% vs. 1.0%, 
p=0.535), which includes intracranial hemorrhage, cardiac 
event, pneumothorax, acute exacerbation of chronic obstruc-
tive pulmonary disease, hepatic failure and bowel infarction. 

3. R-CHOP treatment with pegfilgrastim prophylaxis
Overall, 765 patients (77.6%) completed six cycles of R-

CHOP in this study, which was not significantly different 
from that in the PROCESS cohort (73.2%, p=0.069) (Table 3). 
In terms of dose delay, 179 patients (18.1%) experienced dose 
delay of > 3 days, and 119 patients (12%) had a dose delay 

of > 5 days (Table 3). In the PROCESS cohort, more patients 
experienced treatment delay (> 3 days in 23.7% and > 5 days 
in 16.5%) than that in this cohort. As for dose reduction of 
> 20%, this cohort showed a slightly higher doxorubicin 
 reduction tendency compared to the PROCESS cohort (19.5% 
vs. 15.5%, p=0.062). This is because 60 patients (6.1%) were 
treated with R-miniCHOP [21] and more patients initially 
started R-CHOP at a reduced dose of doxorubicin (18.9%) 
and cyclophosphamide (12.4%) in this cohort than did  
patients in the PROCESS cohort. However, in the subsequent 
cycles, only 0.6% and 0.9% of patients experienced a dose  
reduction of > 20% for doxorubicin and cyclophosphamide, 
respectively. In contrast, fewer patients started treatment 
with a reduced dose of doxorubicin and cyclophosphamide 

Table 2.  Incidence of neutropenia, FN, and TRM according to 
pegfilgrastim prophylaxis

Characteristic
 This   PROCESS 

p-value
 cohort cohort

Neutropenia (grade 4)   
    Patients 286 (29.0) 335 (69.1) < 0.001
    Cycles 626 (11.7) 193 (39.8) < 0.001
FN    
    Patients 137 (13.9) 115 (23.7) < 0.001
    Cycles 225 (4.2) 264 (10.2) < 0.001
TRM 32 (3.2) 27 (5.6) 0.047
    Infection-related 18 (1.8) 22 (4.5) 0.004
    Patients age ≥ 75 yr 5 (3.0)   8 (11.6) 0.023
    Non-infectiousa)     14 (1.4)   5 (1.0) 0.535
Values are presented as number (%). FN, febrile neutropenia; 
TRM, treatment-related mortality within 6 months of the initia-
tion of treatment. a)TRM of non-infectious causes includes intrac-
ranial hemorrhage, cardiac event, pneumothorax, acute exacer-
bation of chronic pulmonary obstructive disease, hepatic failure 
and bowel infarction.

Fig. 2.  Incidence of febrile neutropenia according to pegfil-
grastim prophylaxis.
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Table 3.  Delivery of R-CHOP according to pegfilgrastim proph-
ylaxis 

Chemotherapy
 This   PROCESS 

p-value
 cohort cohort

Completion of 6 cycles 765 (77.6) 355 (73.2) 0.069
Dose delay  
    > 3 days 179 (18.2)   115 (23.7) 0.015
    > 5 days 119 (12.1) 80 (16.5) 0.023
Dose reduction > 20% 
    Doxorubicin 192 (19.5) 75 (15.5) 0.062
    Cyclophosphamide 131 (13.3) 73 (15.1) 0.378
ARDI ≥ 80%a) 722 (73.2) 344 (70.9) 0.353

Values are presented as number (%). ARDI, average relative dose 
intensity; R-CHOP, rituximab, cyclophosphamide, doxorubicin, 
vincristine, and prednisolone. a)ARDI was calculated by averag-
ing the delivered. Relative dose intensities of cyclophosphamide 
and doxorubicin.
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(6.8% and 6.2%, respectively) in the PROCESS cohort, but 
more patients experienced a reduction of doxorubicin and 
cyclophosphamide (8.7% and 8.9%, respectively) in the sub-
sequent cycles. Accordingly, the proportion of patients with 
ARDI of ≥ 80% did not differ between the two cohorts (73.2% 
in this cohort vs. 70.9% in the PROCESS cohort, p=0.353)  
(Table 3).

4. Risk factors for FN in patients treated with or without 
pegfilgrastim prophylaxis

We analyzed the risk factors for FN according to the use 
of pegfilgrastim prophylaxis. In the PROCESS cohort, age  
≥ 65 years, Eastern Cooperative Oncology Group (ECOG) 
performance status ≥ 2, lactate dehydrogenase (LDH) eleva-
tion, and albumin level < 3.5 mg/dL were significant risk fac-

tors for FN in the univariate analysis (p < 0.05) (Table 4). In 
the multivariate analysis, age (hazard ratio [HR], 4.308; 95% 
confidence interval [CI], 2.719 to 6.826) and performance sta-
tus (HR, 2.500; 95% CI, 1.072 to 5.832) were significant (Table 
5). In this cohort, age ≥ 65 years, female sex, ECOG perfor-
mance status ≥ 2, LDH elevation, and albumin level < 3.5 
mg/dL were significantly associated with FN in the univari-
ate analysis. In the multivariate analysis, age ≥ 65 years (HR, 
2.550; 95% CI, 2.719 to 6.826), female sex (HR, 1.505; 95% CI, 
1.068 to 2.316), ECOG performance status ≥ 2 (HR, 2.376; 95% 
CI, 1.380 to 4.092), and albumin level < 3.5 mg/dL (HR, 2.987; 
95% CI, 2.017 to 4.396) remained significant.

5. Treatment outcome and survival
The overall response rate with R-CHOP in this cohort was 

Table 4.  Univariate analysis of risk factors for FN according to pegfilgrastim prophylaxis

Characteristic This cohort p-value PROCESS cohort p-value

Age (yr)   
    < 65 47 (8.3) < 0.001 38 (12.7) < 0.001
    ≥ 65 90 (21.3)  77 (41.6) 
Sex    
    Male 66 (11.9) 0.041 59 (21.5) 0.197
    Female 71 (16.5)  56 (26.7) 
BM involvement    
    No 124 (13.8) 0.615 100 (23.3) 0.616
    Yes 13 (11.9)  15 (26.8) 
Ann Arbor stage   
    I-III 62 (11.4) 0.461 51 (20.1) 0.242
    IV 75 (17.3)  64 (27.2) 
LDH elevation   
    No 47 (10.1) 0.003 35 (18.6) 0.036
    Yes  90 (17.2)  80 (26.9) 
ECOG PS   
    0 or 1 110 (12.2) < 0.001 90 (21.0) < 0.001
    ≥ 2 27 (31.8)  25 (44.6) 
Extranodal sites   
    0 or 1 82 (13.2) 0.447 74 (23.6) 0.914
    ≥ 2 55 (15.0)  41 (24.0) 
Albumin (mg/dL)    
    < 3.5 64 (25.7) < 0.001 40 (33.6) 0.004
    ≥ 3.5 73 (9.9)  75 (20.5) 
Baseline ANC (/μL)   
    < 1,500 3 (12.5) > 0.99 4 (28.5) 0.750
    ≥ 1,500 134 (13.9)  111 (23.6)
Baseline Hb (mg/dL)   
    < 12 58 (13.3)       0.644 55 (26.4) 0.236
    ≥ 12 79 (14.4)  60 (21.7) 

Values are presented as number (%). ANC, absolute neutrophil count; BM, bone marrow; ECOG PS, Eastern Cooperative Oncology Group 
performance status; FN, febrile neutropenia; Hb, hemoglobin; LDH, lactate dehydrogenase.

Cancer Res Treat. 2022;54(4):1268-1277



VOLUME 54 NUMBER 4 OCTOBER 2022     1273

90.9% (complete response, 80.6%; partial response, 10.3%), 
which was not different from that in the PROCESS cohort 
[18]. At the time of analysis, 707 patients (71.7%) who were 
being followed up were alive, with a median follow-up  
duration of 44 months. The four-year OS and PFS rates in 
this cohort were 73.9% and 69.4%, respectively. In the PRO-
CESS cohort, 451 patients (93.0%) were available for full sur-
vival analysis, with median follow-up duration of 47 months 
for the survivors. We performed PSM to compare survival 

between the two cohorts. After PSM with the parameters 
of IPI and sex, the OS and PFS rated of 245 patients from 
each cohort were compared (S1 Table). The 4-year OS and 
PFS rates of the two cohorts after PSM were not significantly 
different (OS: 73.0% in this cohort vs. 71.9 in the PROCESS 
cohort, p=0.545; PFS: 69.5% in this cohort vs. 68.8% in the 
PROCESS cohort, p=0.616) (Fig. 3A and B). However, for  
patients aged ≥ 75 years, the 4-year OS and PFS rates of this 
cohort were higher than those of the PROCESS cohort (OS: 

Fig. 3.  Comparison of survival of the two cohorts after propensity score matching: overall survival (A), progression-free survival (B), 
overall survival of patients aged ≥ 75 years (C), and progression-free survival of patients aged ≥ 75 years (D).
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Table 5.  Multivariate analysis of risk factors for FN according to pegfilgrastim prophylaxis

Characteristic 
  This cohort        PROCESS cohort

 HR 95% CI p-value    HR 95% CI p-value

Age ≥ 65 yr 2.550 1.757-3.903 < 0.001 4.308 2.719-6.826 < 0.001
Female 1.505 1.068-2.316 0.037 - - -
ECOG  2.376 1.380-4.092 0.002 2.500 1.072-5.832 0.034
LDH 1.408 0.938-2.115 0.099 1.289 0.768-2.162 0.336
Albumin < 3.5 mg/dL 2.978 2.017-4.396 < 0.001 1.808 0.943-3.485 0.074

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; FN, febrile neutropenia; HR, hazard ratio; LDH, lactate dehydro-
genase.
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49.6% vs. 33.7%, p=0.032; PFS: 44.2% vs. 30.3% p=0.047) (Fig. 
3C and D).

Discussion

The prophylactic effect of pegfilgrastim has not been ful-
ly evaluated throughout the cycles of standard R-CHOP in 
DLBCL patients as previous studies included heterogeneous 
disease groups (NHLs), diverse regimens (CHOP, R-CHOP, 
and others), use of pegfilgrastim only in the first cycle, or 
mixed use of G-CSF or pegfilgrastim [9,10,22-24]. In real-
world practice, primary prophylaxis is not fully performed 
[13]. As pegfilgrastim prophylaxis has been available in  
Korea since 2014, we were able to compare the incidence of 
FN and treatment outcomes of DLBCL patients treated with 
R-CHOP between two cohorts collected during different time 
periods. Although this study was not a randomized trial, the 
two cohorts compared in this study were homogenous in 
terms of ethnicity, disease, treatment regimen, and other clin-
ical characteristics. In addition, more than 90% of all cycles 
of R-CHOP were delivered with pegfilgrastim prophylaxis 
in this cohort, which was not given to the historical control 
cohort. Thus, we believe that the evidence provided by this 
study is valuable for evaluating the benefits of pegfilgrastim 
prophylaxis.

In this study, the proportion of patients who experienced 
FN throughout cycles of R-CHOP treatment was significant-
ly lower than that in the PROCESS cohort (13.9% vs. 23.7%, 
p < 0.001) (Fig. 2). This was similar to the result of a previous 
study (16%) that retrospectively analyzed the incidence of 
FN with pegfilgrastim prophylaxis in aggressive NHLs [25]. 
As in previous studies, the incidence of FN was highest in the 
first cycle (8.3%) despite the use of pegfilgrastim prophylaxis 
[7,26]. Therefore, pegfilgrastim prophylaxis is essential for all 
patients in the first cycle of R-CHOP, and patients should be 
monitored around the 7th day of R-CHOP treatment when 
FN occurs most frequently. Although the overall incidence of 
FN significantly decreased in the subsequent cycles in both 
cohorts, continuous use of pegfilgrastim prophylaxis in this 
cohort reduced the incidence of FN by more than 50% com-
pared to that in the PROCESS cohort. Subsequently, the inci-
dence of TRM (3.2% vs. 5.6%, p=0.047) and infection-related 
deaths (1.8% vs. 4.5%, p=0.004) was significantly lower in 
this cohort than in the PROCESS cohort, which signifies a 
substantial benefit in the treatment of DLBCL patients. 

In the risk factor analysis, age and performance status were 
consistently associated with the occurrence of FN in both  
cohorts, as in previous studies [8-10]. Even with pegfilgrastim 
prophylaxis, FN occurred in more than 20% of patients aged 
≥ 65 years (21.3%), with poor performance (ECOG ≥ 2) 

(31.8%) and albumin level < 3.5 mg/dL (25.7%) in this cohort 
(Table 4). As pegfilgrastim prophylaxis is not sufficient for 
these patients, it is desirable to use antibiotic prophylaxis as 
well. In addition, those who experience FN should be consid-
ered at high risk for it in the subsequent cycles, because these 
patients tended to have multiple episodes in the subsequent 
cycles in both cohorts (32.8% in this cohort and 42.6% in the 
PROCESS cohort), even up to six events in six cycles. 

In terms of treatment delivery, more patients received treat-
ment on schedule in this cohort pegfilgrastim prophylaxis 
than in the PROCESS cohort (Table 3). However, as the me-
dian age of patients recruited in this cohort was 3 years high-
er than in the PROCESS cohort (62 years vs. 59 years), more  
patients started R-CHOP at a reduced dose in the former 
than in the latter. Therefore, the proportion of patients receiv-
ing ARDI of ≥ 80% did not differ between the two cohorts 
(Table 3). However, it is likely that ARDI could be increased 
by pegfilgrastim prophylaxis. This assumption is supported 
by a recent analysis from Japan, where pegfilgrastim prophy-
laxis improved dose delivery in elderly patients [24]. Given 
that reduced dose intensities have been associated with poor 
outcomes in most studies [27,28], maintaining dose intensity 
with pegfilgrastim prophylaxis may improve overall treat-
ment outcomes.

As the population continues to age, increased number 
of elderly patients need to be treated for lymphoma [29]. 
Therefore, the treatment of elderly patients with DLBCL, 
for whom cytotoxic R-CHOP is still the standard therapy, is  
becoming very important. A recent meta-analysis showed 
that unlike in younger patients, dose intensity is not strong-
ly correlated with better survival in elderly patients with 
DLBCL (≥ 80 years) due to higher TRM with higher dose  
intensity [27]. Therefore, finding a balance between treat-
ment intensity and toxicity is the most important factor in 
treating elderly patients. From this point of view, prevention 
of FN is crucial. In this study, more elderly patients started 
treatment with a lower dose of chemotherapy than in the 
previous cohort since the introduction of R-miniCHOP in 
2011 [21]. The incidence of TRM and infection-related death 
among patients aged ≥ 75 years in this cohort was signifi-
cantly lower than that in the PROCESS cohort with the pro-
phylactic effect of pegfilgratsim (Table 2), which improved 
the OS rate of patients age ≥ 75 years in this cohort compared 
to that in the PROCESS cohort (Fig. 3B). 

Based on the findings of this study and previous studies, 
the benefits of pegfilgrastim primary prophylaxis can be 
summarized as follows: (1) it reduces the incidence of FN 
and need for hospitalization [17,23,25]; (2) it provides bet-
ter dose delivery [24,25]; (3) it is convenient as only a single 
injection is required  and is more cost-effective compared 
to secondary prophylaxis, daily use of G-CSF, or treatment 
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of FN [4,23,30]; and (4) it is associated with fewer infection-
related deaths and better survival outcomes, especially 
in elderly DLBCL patients. Although OS benefit was not  
observed in the entire group, the current study supports 
more active use of pegfilgrastim prophylaxis in DLBCL  
patients treated with R-CHOP.

In conclusion, primary prophylaxis with pegfilgrastim 
significantly reduced the incidence of FN and infection- 
related death in DLBCL patients treated with R-CHOP, and it  
improved OS in patients aged ≥ 75 years. 
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