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Abstract
The long-term effects of pegfilgrastim administered in the first cycle of chemotherapy in day-to-day practice remain unclear. 
We retrospectively identified 114 patients aged ≥ 70 years with diffuse large B-cell lymphoma who received a rituximab-
cyclophosphamide-doxorubicin-vincristine-prednisolone (R-CHOP) regimen in our institution. Twenty-six patients received 
pegfilgrastim (pegfilgrastim group); of the 88 patients scheduled to receive conventional granulocyte-colony stimulating fac-
tor (G-CSF) when their neutrophil count decreased (neut-adjusted-G group), conventional G-CSF was ultimately administered 
to 57. During the first cycle of R-CHOP, the incidence of febrile neutropenia was lower in the pegfilgrastim group than in the 
neut-adjusted-G group (0% vs. 18%, p = 0.020). Throughout all cycles, a higher proportion of patients exhibited sustained 
relative dose intensity (≥ 80%) in the pegfilgrastim group than in the neut-adjusted-G group (25% vs. 4.0%, p = 0.008). A 
lower proportion of patients received a reduced dose in the second cycle in the pegfilgrastim group than in the neut-adjusted-
G group (0% vs. 10%, p = 0.116). Although the differences were not significant, the pegfilgrastim group showed higher 
progression-free survival and overall survival than the neut-adjusted-G group. Adequate prevention of febrile neutropenia 
using pegfilgrastim during the first cycle of R-CHOP may contribute to avoidance of dose intensity reduction in all cycles.

Keywords Pegfilgrastim · Relative dose intensity · Febrile neutropenia · Diffuse large B cell lymphoma · Rituximab-
cyclophosphamide-doxorubicin-vincristine-prednisolone

Introduction

Diffuse large B-cell lymphoma (DLBCL) is the most com-
mon form of non-Hodgkin’s lymphoma (NHL). The disease 
is aggressive, and patients typically present with rapidly 
enlarging lymphadenopathy and constitutional symptoms, 
necessitating immediate treatment [1]. The incidence of 
DLBCL has been reported to rise steadily with age; there-
fore, effective treatment of DLBCL in elderly patients has 
become an important issue [2]. Rituximab in combination 
with cyclophosphamide, doxorubicin, vincristine, and pred-
nisolone (R-CHOP) is the standard treatment for patients 
with DLBCL [3]. Previous studies have suggested that there 
is a correlation between delivering the full, planned dose of 

chemotherapy on time and positive disease outcome in and 
survival of patients with aggressive NHL [4–6]. To avoid the 
unintended reduction of dose intensity, the appropriate pre-
vention of adverse reactions, including febrile neutropenia 
(FN), is necessary [7, 8]. Moreover, cancer-related neutrope-
nia and infections have been reported to be associated with 
unintended hospital admission and higher medical costs [9].

Granulocyte-colony stimulating factor (G-CSF) has been 
widely used for the prophylaxis of FN. The use of G-CSF 
increases the chemotaxis and migration of neutrophils and 
ameliorates neutropenia and its complications [10]. There 
are two types of G-CSF, namely, long-acting G-CSF and 
conventional G-CSF. Pegfilgrastim, a long-acting G-CSF, 
is a polyethylene glycol-modified form of filgrastim and its 
injection is required once per cycle, 1–4 days after chem-
otherapy. In contrast, conventional G-CSF is first admin-
istered 1–4 days after the completion of chemotherapy, 
followed by daily injections until the absolute neutrophil 
count (ANC) recovers to normal levels according to National 
Comprehensive Cancer Network guidelines [11]. However, 
in many hospitals, including ours, in Japan, conventional 
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G-CSF is initiated when the ANC is less than 500/μL as a 
standard practice [12].

A clinical trial has shown that a single fixed subcutane-
ous dose of pegfilgrastim is comparable to daily injections 
of conventional G-CSF in terms of safety and efficacy [13]. 
Thus, as a routine procedure, there may be potential benefits 
of using pegfilgrastim over the daily administration of other 
G-CSF products, owing to the fewer injections required. Fur-
thermore, we previously evaluated the effect of pegfilgrastim 
in the first cycle of the R-CHOP regimen and showed that 
it is advantageous in the prevention of FN, reduces overall 
health care costs, and decreases the length of hospital stay 
compared with the conventional G-CSF [14]. However, the 
long-term effects of pegfilgrastim use during the first cycle 
remain unclear. Because the risk of FN is the highest in 
the first cycle, it is possible that the adequate prevention of 
FN during the first cycle using pegfilgrastim may contribute 
to safe and effective chemotherapy in day-to-day practice 
[15–19].

In this study, we evaluated the short- and long-term clini-
cal effects of pegfilgrastim use during the first cycle of the 
R-CHOP regimen in elderly patients with newly diagnosed 
DLBCL. We conducted an analysis of patients ≥ 70 years 
of age because G-CSF prophylaxis was being considered 
for these aged patients in our institute, and a previous study 
reported risks of developing FN with this therapy [20].

Materials and methods

Patients and data collection

We retrospectively identified patients diagnosed with 
DLBCL aged ≥ 70 years who were treated with R-CHOP in 
the University of Tokyo Hospital between January 2008 and 
December 2018. All DLBCL cases were diagnosed patho-
logically by immunostaining. We analyzed all patients with 
DLBCL, including those with subtypes possibly associated 
with a poor prognosis, such as CD5-positive, transformation 
from follicular lymphoma, non-GCB, and MYC-rearrange-
ment (double hit). All patients who received at least one 
cycle of the R-CHOP regimen were included to evaluate 
patient baseline characteristics and outcome from the first 
cycle. Patients were excluded from analysis of the outcome 
of all cycles if their disease had progressed before the com-
pletion of the R-CHOP regimen, they could not continue 
treatment because of adverse events other than infections, or 
they were transferred to other hospitals. Clinical charts were 
reviewed by the investigators. The characteristics evaluated 
were the patients’ age; sex; performance status; body mass 
index; and albumin, hemoglobin, and lactate dehydroge-
nase (LDH) levels; and characteristics of the disease (stage, 
international prognostic index, presence or absence of bone 

marrow infiltration, CD5-positivity, and transformation from 
follicular lymphoma); presence or absence of diabetes mel-
litus; and medical history. The study protocol was approved 
by the Ethics Review Board of The University of Tokyo. 
All procedures were performed following the general ethical 
principles outlined in the Declaration of Helsinki.

Study drugs and treatment procedures

Rituximab in combination with cyclophosphamide, doxoru-
bicin, vincristine, and prednisolone chemotherapy at a 100% 
dosage is composed of rituximab (375 mg/m2), cyclophos-
phamide (750 mg/m2), doxorubicin (50 mg/m2), and vincris-
tine (1.4 mg/m2, up to a maximum dose of 2 mg) on day 1 
and prednisone (60 mg/m2) from days 1 to 5. Body surface 
area was calculated using the Mosteller formula [21]. In our 
institute, patients aged 70–79 years received the first cycle of 
R-CHOP at a 67% dose, which was increased to 100% in the 
second and following cycles according to each physician’s 
judgment. Patients aged over 80 years started R-CHOP at 
a 50% dose. The dose of one patient was adjusted further 
owing to organ dysfunction, the occurrence of FN, and the 
grade of neutropenia in the previous R-CHOP cycle. In our 
institute, according to the Common Terminology Criteria for 
Adverse Events (CTCAE), the policy is to increase the dose 
in the subsequent cycles when patients received a reduced 
dose of R-CHOP and experienced no serious adverse events 
(≥ grade 3 hematological and non-hematological toxicities). 
On the contrary, dose reduction in the following cycles was 
recommended when patients showed grade 4 hematological 
toxicities. When patients did not meet both these criteria, 
the chemotherapeutic dose was not changed in the follow-
ing cycles.

Conventional G-CSF administration was initiated when 
ANC decreased under 500/μL and was continued until ANC 
reached 1000/μL. There were patients who were scheduled 
to receive conventional G-CSF during the cycle but did 
not because their ANC had not decreased to under 500/μL. 
Therefore, patients were grouped into the pegfilgrastim treat-
ment group and the neutrophil-adjusted daily G-CSF treat-
ment group (neut-adjusted-G group). The neut-adjusted-G 
group was further subclassified into the actual administra-
tion group (actual-G group) and the no G-CSF group (no-G 
group). Although we made it a rule to use pegfilgrastim for 
all patients who were over 70 years of age from 2016 to 
2018 in our institution, whether patients ultimately received 
conventional G-CSF or pegfilgrastim was decided on a case-
by-case basis by the treating hematologist.

Blood samples were collected before each cycle of chem-
otherapy, and at least 3 days a week during the first cycle, 
which was administered under hospitalization. Although 
subsequent cycles of chemotherapy were administered in an 
outpatient clinic, patients were followed for the development 
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of neutropenia and its complications, generally at the dis-
cretion of the treating hematologist. Treatments were typi-
cally repeated up to six cycles. When the chemotherapy 
dose was decreased, we considered extending it up to eight 
cycles depending on the occurrence of adverse effects such 
as hematopoietic recovery.

Clinical outcomes

We first evaluated the clinical efficacy of pegfilgrastim in 
the first cycle of chemotherapy. The occurrence of FN and 
initial dose of R-CHOP used in the first and second cycles 
were assessed. The initial dose was calculated as a ratio 
of the actual dose of cyclophosphamide and doxorubicin 
administered to each patient compared with the 100% dose 
of cyclophosphamide (750 mg/m2) and doxorubicin (50 mg/
m2). When the ratio of the actual doses of cyclophospha-
mide and doxorubicin were different, the initial dose was 
calculated using the average of each ratio. FN was defined as 
axillary temperature of more than 37.5 °C and neutropenia 
by an ANC of < 500/μL.

To evaluate the long-term effects of pegfilgrastim used in 
the first cycle, we assessed the relative dose intensity (RDI), 
occurrence of FN, progression-free survival (PFS), overall 
survival (OS), and total medical costs during all cycles of 
chemotherapy.

Relative dose intensity was estimated based on the mean 
dose of cyclophosphamide and doxorubicin. It was calcu-
lated as follows: First, the ratio of the actual dose compared 
with the 100% dose of cyclophosphamide and doxorubicin 
during all cycles of R-CHOP was calculated. Second, 
the ratio from day 1 of the first cycle to day 1 of the last 
cycle of the planned duration of treatment was calculated, 
according to the following equation: actual duration of treat-
ment days from day 1 of the first cycle to day 1 of the last 
cycle/21 × (total cycles − 1). Overall, the RDI equation was: 
(actual dose/full dose)/(actual duration of treatment/planned 
duration of treatment).

Sustained RDI was defined as greater than 80% RDI. PFS 
was defined as the number of days from the first day of cycle 
1 to the date of lymphoma recurrence. OS was defined as 
the number of days from the first day of cycle 1 to the date 
of death. Medical costs were calculated from day 1 of the 
first cycle to day 21 of the last cycle. Medical costs were 
evaluated in the following two ways: including only the 
hematology department cost and including the costs from 
all departments.

Statistical analysis

We used Mann–Whitney non-parametric test to compare 
the following baseline characteristics between the groups: 
age; body mass index; and albumin, hemoglobin, and LDH 
levels. Fisher’s exact test was used to compare the following 
baseline characteristics between the groups: male sex, activi-
ties of daily living, advanced stage of DLBCL, diabetes, 
kidney failure, liver failure, administration of antibiotics for 
prophylaxis, bone marrow infiltration of lymphoma, CD5-
positive lymphoma, transformation from follicular lym-
phoma, use of pegfilgrastim after the first cycle, and the year 
of diagnosis of lymphoma. To evaluate clinical outcomes, 
the RDI, total cycles, observation periods, and total medical 
costs were compared between the groups using Mann–Whit-
ney non-parametric test, and sustained RDI and occurrence 
of FN were compared between the groups using Fisher’s 
exact test. For the PFS and OS analyses, the unadjusted log-
rank test was used to compare the Kaplan–Meier survival 
curves between the groups. We used EZR software version 
1.52 for the analyses, and results with a two-sided P value of 
less than 0.05 were considered statistically significant [22].

Results

Patient characteristics

One hundred and fourteen patients who fulfilled the inclu-
sion criteria were enrolled in the study. Among them, 
26 patients were classified into the pegfilgrastim group, 
whereas 88 patients were classified into the neut-adjusted-
G group. The neut-adjusted-G group was subclassified with 
57 patients in the actual-G group and 31 patients in the no-G 
group. In the neut-adjusted-G group, 16 patients received 
pegfilgrastim in the second and subsequent outpatient 
cycles. Table 1 and Supplementary Table 1 show the clinical 
baseline characteristics of the patients in the groups. DLBCL 
was diagnosed significantly more recently in patients in the 
pegfilgrastim group than in the neut-adjusted-G group, the 
actual-G group, and the no-G group. The actual-G group had 
a tendency toward more severe lymphoma stage and kidney 
dysfunction than the no-G group. Moreover, the patients in 
the actual-G group presented significantly lower albumin 
and hemoglobin levels. The median administration date of 
pegfilgrastim was day 3 (range 2–6). The median initiation 
date of conventional G-CSF was day 13 (range 6–20) and 
conventional G-CSF was administered for a median of 2 
(range 1–8) days.
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Table 1  Patients’ baseline characteristics

(a) Patients’ characteristics between the pegfilgrastim group and the neut-adjusted-G group

Pegfilgrastim group Neut-adjusted-G group p

n = 26 n = 88

Age, year, median (range) 76 (70–85) 76 (70–88) 0.578
Male sex, n (%) 18 (69) 51 (58) 0.364
PS 0 or 1, n (%) 22 (85) 76 (86) 0.758
BMI, kg/m2, median (range) 22 (16–30) 22 (16–31) 0.954
Albumin, g/dl, median (range) 3.6 (2.4–4.5) 3.4 (2.0–4.4) 0.107
Hemoglobin, g/dl, median (range) 12 (7.0–15) 11 (7.2–16) 0.066
LDH, IU/l, median (range) 260 (150–1400) 310 (130–2700) 0.090
Ann Arbor stage 3 or 4, n (%) 16 (62) 61 (69) 0.481
IPI HI or H, n (%) 14 (54) 59 (67) 0.249
CD5-positivity, n (%) 4 (15) 17 (19) 0.779
FL transformation, n (%) 1 4 1.000
Bone marrow infiltration, n (%) 1 (3.8) 11 (13) 0.292
Diabetes, n (%) 8 (31) 20 (23) 0.441
Kidney failure, n (%) 4 (15) 18 (20) 0.778
Liver failure, n (%) 2 (7.7) 6 (6.8) 1.000
Prophylaxis with antibiotics, n (%) 4 (15.4) 14 (16) 1.000
Use of pegfilgrastim after the first cycle, n (%) 24 (92) 16 (18)  < 0.001
Diagnosis year  < 0.001
 2008–2011 (n, %) 0 36 (41)
 2012–2014 (n, %) 0 34 (39)
 2015–2018 (n, %) 26 (100) 18 (20)

(b) Patients characteristics between the pegfilgrastim group and the actual-G group

Pegfilgrastim group Actual-G group p

n = 26 n = 57

Age, year, median (range) 76 (70–85) 75 (70–88) 0.992
Male sex, n (%) 18 (69) 33 (58) 0.466
PS 0 or 1, n (%) 22 (85) 51 (89) 0.717
BMI, median (range) 22 (16–30) 23 (16–31) 0.716
Albumin, g/dl, median (range) 3.6 (2.4–4.5) 3.2 (2.0–4.4) 0.030
Hemoglobin, g/dl, median (range) 12 (7.0–15) 11 (7.2–16) 0.022
LDH, IU/l, median (range) 260 (150–1400) 310 (130–2700) 0.127
Ann Arbor stage 3 or 4, n (%) 16 (62) 43 (75) 0.205
IPI HI or H, n (%) 14 (54) 42 (74) 0.084
CD5-positivity, n (%) 4 (15) 12 (21) 0.765
FL transformation, n (%) 1 (3.8) 2 (3.5) 1.000
Bone marrow infiltration, n (%) 1 (3.8) 6 (11) 0.425
Diabetes, n (%) 8 (31) 13 (23) 0.587
Kidney failure, n (%) 4 (15) 15 (26) 0.399
Liver failure, n (%) 2 (7.7) 5 (8.8) 1.000
Prophylaxis with antibiotics, n (%) 4 (15.4) 10 (18) 1.000
Use of pegfilgrastim after the first cycle, n (%) 24 (92) 14 (25)  < 0.001
Diagnosis year  < 0.001
 2008–2011 (n, %) 0 (0) 17 (30)
 2012–2014 (n, %) 0 (0) 24 (42)
 2015–2018 (n, %) 26 (100) 16 (28)
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Outcomes

The outcome of the first cycle for each group is shown in 
Table 2 and Supplementary Table 2. There was no sig-
nificant difference in the initial dose intensity between 

the groups. Fewer patients in the pegfilgrastim group had 
their chemotherapy dose downgraded in the second cycle 
than those in the neut-adjusted-G group or the actual-G 
group (Table 2a, b), but not significantly. The incidence 
of FN was significantly lower in the pegfilgrastim group 

Table 1  (continued)

(c) Patients characteristics between the actual-G group and the no-G group

Actual-G group No-G group p

n = 57 n = 31

Age, year, median (range) 75 (70–88) 77 (70–88) 0.116

Male sex, n (%) 33 (58) 18 (58) 1.000
PS 0 or 1, n (%) 51 (89) 25 (80) 0.331
BMI, median (range) 23 (16–31) 22 (18–28) 0.302
Albumin, g/dl, median (range) 3.2 (2.0–4.4) 3.6 (2.0–4.4) 0.047
Hemoglobin, g/dl, median (range) 11 (7.2–16) 12 (8.8–15) 0.032
LDH, IU/l, median (range) 310 (130–2700) 280 (140–2300) 0.994
Ann Arbor stage 3 or 4, n (%) 43 (75) 18 (58) 0.146
IPI HI or H, n (%) 42 (74) 17 (55) 0.097
CD5-positivity, n (%) 12 (21) 5 (16) 0.778
FL transformation, n (%) 2 (3.5) 2 (6.5) 0.611
Bone marrow infiltration, n (%) 6 (11) 5 (16) 0.508
Diabetes, n (%) 13 (23) 7 (23) 1.000
Kidney failure, n (%) 15 (26) 3 (10) 0.096
Liver failure, n (%) 5 (8.8) 1 (3.2) 0.418
Prophylaxis with antibiotics, n (%) 10 (18) 4 (13) 0.762
Use of pegfilgrastim after the first cycle, n (%) 14 (25) 2 (6.5) 0.044
Diagnosis year 0.007
 2008–2011 (n, %) 17 (30) 19 (61)
 2012–2014 (n, %) 24 (42) 10 (32)
 2015–2018 (n, %) 16 (28) 2 (7)

BMI, body mass index; LDH, lactate dehydrogenase; IPI, international prognostic index; HI, high-intermediate; H, high; FL, follicular lym-
phoma

Table 2  Outcomes in the first cycle

(a) Outcomes in the first cycle between the pegfilgrastim group and the neut-adjusted-G group

Pegfilgrastim group Neut-adjusted-G group p

n = 26 n = 88

Initial dose intensity, median (%, range) 67 (38–67) 67 (33–67) 0.443
Febrile neutropenia, n (%) 0 (0) 16 (18) 0.020
Dose decrease in second cycle, n (%) 0 (0) 9 (10) 0.116

(b) Outcomes in the first cycle between the pegfilgrastim group and the actual-G group

Pegfilgrastim group Actual-G group p

n = 26 n = 57

Initial dose intensity, median (% range) 67 (38–67) 67 (50–67) 0.988
Febrile neutropenia, n (%) 0 (0) 13 (23) 0.007
Dose decrease in second cycle, n (%) 0 (0) 8 (14) 0.052
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than in the neut-adjusted-G group (0% vs. 18%, p = 0.020) 
and lower than that in the actual-G group (0% vs. 23%, 
p = 0.007). There was no significant difference in the 
occurrence of FN between the pegfilgrastim group and 
the no-G group (0% vs. 10%, p = 0.242).

Of the 114 patients, 100 patients completed all cycles. 
The outcome of all cycles were shown in Table 3 and Sup-
plementary Table 3. The median RDI was 64% in the peg-
filgrastim group and 59% in the neut-adjusted-G group 
(p = 0.046). Among patients in the neut-adjusted-G group, 
12 patients who received pegfilgrastim after the first cycle 
showed a median RDI of 48%. The pegfilgrastim group pre-
sented a significantly higher RDI than the actual-G group 
(64% vs. 58%, p = 0.039). The proportion of patients who 
maintained a sustained RDI was significantly higher in 
the pegfilgrastim group than in the neut-adjusted-G group 
(25% vs. 4%, p = 0.008), the actual-G group (25% vs. 4%, 
p = 0.019), and the no-G group (25% vs. 3%, p = 0.029). 
Although the difference was not significant, the incidence 
of FN in all cycles was lower in the pegfilgrastim group 
than in the neut-adjusted-G group and the actual-G group. 
However, there was no difference between the pegfilgrastim 
group and the no-G group in terms of the incidence of FN. 
There were no significant differences in medical costs 

among the pegfilgrastim group, the neut-adjusted-G group, 
and the actual-G group. The no-G group had a tendency 
toward lower costs than the pegfilgrastim group.

The PFS and OS analysis results of patients who com-
pleted all cycles are shown in Figs. 1 and 2, and Supple-
mentary Figs. 1 and 2. Supplementary Figs. 3 and 4 pre-
sent the results of the PFS and OS analyses including 14 
patients who could not complete all cycles. Although there 
were no significant differences between the groups, the 
pegfilgrastim group presented a higher PFS and OS than 
the neut-adjusted-G group (Figs. 1a and 2a), the actual-G 
group (Figs. 1b and 2b), and the no-G group (Supplementary 
Figs.1 and 2). Even when patients who could not complete 
all cycles were included in the analyses, the pegfilgrastim 
group presented a higher PFS and OS than the other groups 
(Supplementary Figs. 3 and 4).

Discussion

The results of our study indicated that appropriate FN proph-
ylaxis with pegfilgrastim in the first cycle contributed to an 
increased proportion of patients who maintained a sustained 
RDI in all cycles, which is important to achieve the preferred 

Table 3  Outcomes in all cycles

RDI, relative dose intensity

(a) Outcomes in all cycles between the pegfilgrastim group and the neut-adjusted-G group

Pegfilgrastim group Neut-adjusted-G group p

n = 20 n = 80

RDI, median (%, range) 64 (41–95) 59 (29–87) 0.046
RDI over 80%, n (%) 5 (25) 3 (4) 0.008
Cost of hematology department, median (dollar, range) 45,000 (31,000–150,000) 38,000 (20,000–190,000) 0.326
Cost of all departments, median (dollar, range) 49,000 (30,000–150,000) 42,000 (27,000–190,000) 0.486
Cost-calculated period, median (day, range) 160 (130–230) 140 (120–350) 0.133
Observation period, median (day, range) 870 (190–1500) 2000 (160–4400)  < 0.001
Febrile neutropenia, n (%) 3 (15) 20 (25) 0.553
Total cycle, median (cycle, range) 6 (6–8) 6 (6–10) 0.077

(b) Outcomes in all cycles between the pegfilgrastim group and the actual-G group

Pegfilgrastim group Actual-G group p

n = 20 n = 49

RDI, median (%, range) 64 (41–95) 58 (32–87) 0.039
RDI over 80%, n (%) 5 (25) 2 (4) 0.019
Cost of hematology department, median (dollar, range) 45,000 (31,000–150,000) 44,000 (27,000–190,000) 0.637
Cost of all departments, median (dollar, range) 49,000 (30,000–150,000) 46,000 (27,000–190,000) 0.897
Cost-calculated period, median (day, range) 160 (130–230) 150 (130–220) 0.175
Observation period, median (day, range) 870 (190–1500) 1900 (220–4300)  < 0.001
Febrile neutropenia, n (%) 3 (15) 16 (33) 0.234
Total cycle, median (cycle, range) 6 (6–8) 6 (6–8) 0.064
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treatment response [3, 4]. Our study also showed that the 
appropriate prevention of FN during the first cycle using 
pegfilgrastim increased the PFS and OS, although not sig-
nificantly. In terms of medical cost, the use of pegfilgrastim 
in the first cycle did not appear to be significantly more 

expensive than that of conventional G-CSF considering all 
cycles. However, when comparing the pegfilgrastim group 
with the no-G group, the no-G group showed a tendency 
toward lower cost. To determine the difference between 
patients who needed conventional G-CSF and those who 

Fig. 1  Progression-free survival. a Progression-free survival of the pegfilgrastim group and the neut-adjusted-G group. b Progression-free sur-
vival of the pegfilgrastim group and the actual-G group

Fig. 2  Overall survival. a Overall survival of the pegfilgrastim group and the neut-adjusted-G group. b Overall survival of the pegfilgrastim 
group and the actual-G group
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did not, we compared the baseline characteristics of the 
actual-G group and the no-G group. As previously reported 
[23], we found that the actual-G group had a more severe 
lymphoma stage, kidney dysfunction, and lower albumin and 
hemoglobin levels. Although future studies to examine the 
underlying mechanisms were needed, these results suggest 
that patients with low albumin and hemoglobin levels, severe 
lymphoma stage, and kidney dysfunction are especially at a 
risk of severe neutropenia.

The high proportion of sustained RDI in all cycles in the 
pegfilgrastim group probably occurred because unplanned 
dose reduction seemed to have been avoided. Although there 
were no significant differences in the initial dose intensity 
between the groups, the proportion of dose reductions in the 
second cycle was lower in the pegfilgrastim group than in 
the neut-adjusted-G group. Effective FN prophylaxis with 
pegfilgrastim during the first cycle may contribute to the 
avoidance of dose reduction in the following cycles. How-
ever, when considering the 12 patients who used pegfil-
grastim after the second cycle in the neut-adjusted-G group, 
the average RDI in this subgroup was lower than that in the 
neut-adjusted-G group. This is possibly because two patients 
developed FN during the first cycle and had dose reduc-
tion from the second cycle, and some patients had severe 
neutropenia during the first cycle, making it difficult to treat 
hematologists and for patients to increase the dose. Overall, 
these results suggest that using pegfilgrastim during the first 
cycle contributes to sustained RDI in all cycles in day-to-
day practice.

We did not conclude that pegfilgrastim is superior to con-
ventional G-CSF. Previous prospective studies have shown 
that there are no significant differences in the FN prevention 
effect between pegfilgrastim and conventional G-CSF in the 
treatment of malignant lymphoma [13, 24–26]. However, 
in day-to-day practice, the usage of conventional G-CSF 
varies. For example, in many hospitals, including our insti-
tute, conventional G-CSF is administered after a neutrophil 
decrease, whereas in these prospective studies, conventional 
G-CSF was initiated immediately after chemotherapy [12]. 
This difference may have resulted in the inferior effect of 
conventional G-CSF compared with pegfilgrastim in our 
study. In day-to-day practice, the use of pegfilgrastim may 
be advantageous owing to the fewer injections required.

There were some limitations to the study. First, conven-
tional G-CSF was used differently in the current study com-
pared with that in prospective studies and the recommenda-
tions of some guidelines [11, 27]. Thus, the long-term effects 
of conventional G-CSF could not be accurately evaluated in 
the current study. Second, patients in the pegfilgrastim group 
were diagnosed more recently than those in the other groups, 
possibly because, in recent years, physicians have become 
more aware of the importance of maintaining RDI for bet-
ter survival [15]. This bias may skew the results. Third, the 

observation periods of the pegfilgrastim group were shorter 
than that of the other groups as pegfilgrastim has only started 
being used recently. Therefore, we need longer follow up of 
the pegfilgrastim group. Fourth, our institute does not rou-
tinely evaluate MYC-rearrangement and MUM-1 in patients 
with DLBCL and we could not accurately determine the 
number of patients of each subtype with a poor prognosis. 
Finally, this study was restricted by its retrospective nature; 
thus, a prospective study is warranted in the future.

In conclusion, an appropriate FN prophylaxis with peg-
filgrastim in the first cycle contributed to the avoidance of 
an unnecessary reduction of RDI in all cycles. Especially, 
for patients with low albumin and hemoglobin levels, severe 
lymphoma stage, and kidney dysfunction, pegfilgrastim use 
for neutropenia prophylaxis may need to be considered.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12185- 021- 03118-6.
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