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Introduction: Febrile neutropenia (FN) is a highly prevalent complication of chemotherapy. 
In this study, we aimed to evaluate the efficacy of polyethylene glycol recombinant granu-
locyte colony-stimulating factor (PEG-rhG-CSF) compared with short-acting rhG-CSF in the 
dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin (DA- 
EPOCH) regimen.
Patients and Methods: A total of 66 patients with newly diagnosed aggressive B-cell 
lymphomas who received the rituximab combined with DA-EPOCH regimen and G-CSF 
support after chemotherapy were included in this study, including 33 patients in the PEG-rhG 
-CSF group during coronavirus disease (COVID-19) epidemic and another 33 matched 
patients in short-acting rhG-CSF group as historic control.
Results: The incidence of FN and FN-related hospitalization was significantly lower in 
chemotherapy cycles using PEG-rhG-CSF than in those using short-acting rhG-CSF (FN 
incidence: 10.4% vs 20.2%, P=0.038; incidence of FN-related hospitalization: 1.7% vs 7.3%, 
P=0.042). Overall, the incidence of dose-escalation and dose-reduction of the DA-EPOCH 
regimen was similar between these two groups.
Conclusion: Our findings suggest that PEG-rhG-CSF as a substitute for short-acting rhG- 
CSF in the DA-EPOCH regimen significantly reduced the incidence of FN and FN-related 
hospitalization, while simplifying neutropenia management for both patients and healthcare 
providers.
Keywords: febrile neutropenia, granulocyte colony-stimulating factor, lymphoma, 
chemotherapy

Introduction
Febrile neutropenia (FN) is a common yet serious complication of chemotherapy, 
particularly among patients with hematologic malignancies treated with highly 
myelosuppressive regimens. FN may result in dose reduction, delay, or even 
discontinuation of chemotherapy, potentially compromising patient outcomes. 
Current guidelines recommend the granulocyte colony-stimulating factor (G-CSF) 
for primary prophylaxis after chemotherapy when the risk for FN is >20%.1,2

Two of the most widely used G-CSFs are short-acting rhG-CSF and long-acting 
polyethylene glycol rhG-CSF (PEG-rhG-CSF). Short-acting rhG-CSF is primarily 
cleared through the kidney and requires daily dosing to maintain effective blood 
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concentration. By contrast, PEG-rhG-CSF consisting of 
rhG-CSF pegylated at the N terminus has significantly 
reduced renal clearance and requires only a single dose 
per chemotherapy cycle.3 In clinical trials and in practice, 
PEG-rhG-CSF has a similar efficacy and safety profile to 
rhG-CSF and may be preferred by both patients and phy-
sicians due to improved adherence and convenience.4

Rituximab combined with dose-adjusted etoposide, pre-
dnisone, vincristine, cyclophosphamide, and doxorubicin 
(DA-EPOCH-R) is a more intensive regimen compared to 
the standard rituximab combined with cyclophosphamide, 
epirubicin, vindesine, and prednisone (R-CHOP) regimen, 
which is commonly used in highly aggressive B-cell lym-
phomas, such as Burkitt lymphoma, high-grade B-cell lym-
phoma (HGBL), and primary mediastinal large B–cell 
lymphoma (PMBL).5–8 In our center, patients with HGBL 
(HGBL, NOS and HGBL with double-hit), double expres-
sing (DE) diffuse large B-cell lymphoma (DLBCL), and 
PMBL are treated with the DA-EPOCH-R regimen. Daily 
administration of G-CSF beginning on day 6 and continued 
until absolute neutrophil count (ANC) recovery is mandatory 
for this regimen.5 During the coronavirus disease (COVID- 
19) epidemic, PEG-rhG-CSF has been widely used as 
a substitute for short-acting rhG-CSF to reduce patients’ 
visits to the hospital in our center. In this retrospective 
study, we aim to evaluate the efficacy of PEG-rhG-CSF 
compared to short-acting rhG-CSF in the DA-EPOCH-R 
regimen.

Patients and Methods
Patients and Data Collection
This report is a single-center, observational, retrospective, 
propensity score matching study conducted at the Peking 
Union Medical College Hospital. Patients with newly diag-
nosed lymphoma who have received the DA-EPOCH-R 
regimen as first-line chemotherapy and G-CSF (either short- 
acting rhG-CSF or PEG-rhG-CSF) support after chemother-
apy were identified and included. Other inclusion criteria 
were as follows: 1) histological findings consistent with 
DLBCL with DE, HGBL, NOS, HGBL with double-hit 
(DH), and PMBL according to the 2016 revision of the 
World Health Organization (WHO) classification of lym-
phoid neoplasms;9 2) Eastern Cooperative Oncology Group 
(ECOG) performance status of 0 to 2; 3) baseline ANC of at 
least 1×109/L and platelet count of at least 100×109/L; 4) 
regularly received DA-EPOCH-R chemotherapy and were 
followed up in our center.

Patients were divided into 2 groups: the short-acting rhG- 
CSF group and the PEG-rhG-CSF group. The PEG-rhG-CSF 
group included patients who received PEG-rhG-CSF support 
after the DA-EPOCH-R regimen during the COVID-19 epi-
demic from January to August 2020. Patients who were 
switched from short-acting rhG-CSF to PEG-rhG-CSF dur-
ing this period were also assigned to the PEG-rhG-CSF 
group and only chemotherapy cycles using PEG-rhG-CSF 
were evaluated. Patients who received short-acting rhG-CSF 
after the DA-EPOCH-R regimen between January 2018 and 
December 2019 were matched to those in the PEG-rhG-CSF 
group at a ratio of 1:1. Propensity score matching based on 
the following baseline characteristics was used to control 
confounding factors: age, baseline ANC, and the proportion 
of bone marrow involvement. Patients who received both 
short-acting rhG-CSF and PEG-rhG-CSF in the same che-
motherapy cycle were excluded from the analysis.

The patients’ clinical data were obtained from our 
hospital’s medical records, including patient demo-
graphics, histologic subtypes, Ann Arbor stage, baseline 
complete blood count (CBC), the International Prognostic 
Index (IPI) score,10 and chemotherapy regimens. Variables 
including the number of chemotherapy cycles, number of 
dose-adjustments, nadir ANC values, records of FN, and 
FN-related hospitalization were extracted.

This study was conducted in accordance with the 
Declaration of Helsinki. Study protocols were approved 
by the institutional review board of the Peking Union 
Medical College Hospital. Written informed consent was 
obtained from all patients before the collection of patients’ 
information.

Treatment
The DA-EPOCH-R regimen was administered as pre-
viously described.5 In this regimen, the pharmacodynamic 
dose adjustment was based on the nadir platelet and ANC 
value, which was checked twice weekly. If the nadir plate-
let value was below 25×109/L or nadir ANC below 
0.5×109/L on at least 3 measurements, doses were reduced 
by 20% in etoposide, doxorubicin, and cyclophosphamide 
for the next cycle. If nadir ANC was at least 0.5×109/L, 
doses were escalated by 20% in etoposide, doxorubicin, 
and cyclophosphamide for the next cycle. This regimen 
was repeated every 3 weeks. The second course of che-
motherapy was initiated when the ANC was at least 
1×109/L and the platelet count was at least 100×109/L.

For patients in the short-acting rhG-CSF group, rhG- 
CSF was administered according to the original standard 
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protocol of the DA-EPOCH-R regimen. Daily subcuta-
neous injection of rhG-CSF 5 μg/kg/day begun on day 6 
and continued until the ANC was above 5×109/L post the 
nadir level. For patients in the PEG-rhG-CSF group, 
a single once-per-cycle injection of 6mg PEG-rhG–CSF 
was given 24–48 hours after chemotherapy. For all 
patients, CBC evaluation after chemotherapy was per-
formed at a frequency of at least twice per week.

Drug source: the short-acting rhG-CSF injection (pro-
duct name: Ji Sai Xin, produced by North China 
Pharmaceutical Company Ltd. China) is 150μg/0.5mL 
per vial; PEG-rhG-CSF injection (product name: Xin Rui 
Bai, produced by Qilu Pharmaceutical Company Ltd. 
China) is 3mg/mL per vial.

Definitions and End-Points
Grade 4 neutropenia was defined as ANC<0.5×109/L, accord-
ing to the Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0 of the National Cancer Institute (NCI, 
https://evs.nci.nih.gov/ftp1/CTCAE/About.html). FN was 
defined as an oral temperature of >38.3°C or two consecutive 
readings of >38.0°C for 2 hours with an ANC of <0.5×109/L or 
an ANC expected to fall below 0.5×109/L. FN-related hospi-
talization referred to admission to the emergency room or 
inpatient department due to FN. The recovery time of ANC 
was defined as the time from the first day of chemotherapy 
until the time that ANC reached 0.5×109/L.

The primary endpoint was the incidence of FN. The 
secondary endpoints included the following: (1) the inci-
dence of grade 4 neutropenia; (2) the recovery time of 
ANC; (3) FN-related hospitalization; (4) dose-reduction 
and dose-escalation in the subsequent chemotherapy 
cycles; (5) treatment discontinuation and treatment- 
related death due to infection during myelosuppression 
period. (6) G-CSF–associated bone pain which was eval-
uated using a visual analog scale (VAS) score of 0–10.

Statistical Analyses
Differences in patient demographics and clinical charac-
teristics between the 2 groups were assessed using the χ2 

test for categorical variables and the t-test for continuous 
variables. On the other hand, differences in efficacy end- 
point variables were evaluated using χ2 test or if necessary, 
the Fisher’s exact test for categorical variables and the 
Mann–Whitney U-test for continuous variables. P value 
< 0.05 was considered statistically significant. All analyses 
were performed using the SPSS 20.0 software (SPSS Inc., 
Chicago, IL, USA).

Results
Baseline Characteristics
Following propensity score matching, a total of 33 patients in 
the short-acting rhG-CSF group and 33 patients in the PEG- 
rhG–CSF group were included in this study, and the two 
groups had similar baseline clinical characteristics and distri-
bution of propensity scores. The baseline characteristics of the 
patients are listed in Table 1. The median age at diagnosis was 
48 (range: 18–77) years in the short-acting rhG–CSF group and 
51 (range: 16–70) years in the PEG-rhG-CSF group, with 
a male-to-female ratio of 1.8:1 and 0.9:1. At the time of 
diagnosis, most patients (75.6% of patients in the short-acting 
rhG-CSF group and 69.7% in the PEG-rhG-CSF group) had 
stage IV disease. Bone marrow involvement was documented 
in 5 patients (15.2%) each for both groups. The histologic 
subtypes observed in the short-acting rhG-CSF group included 
DLBCL with DE in 13 (39.4%) patients, HGBL, NOS in 6 
(18.2%) patients, HGBL with DH in 5 (15.2%) patients, and 
PMBL in 9 (27.3%) patients, whereas those in the PEG-rhG- 
CSF group were 12 (36.4%), 10 (30.3%), 5 (15.2%), and 6 
(18.2%), respectively. No significant differences in demo-
graphics and clinical characteristics were found between the 
2 groups.

Efficacy End-Points
The incidences of grade 4 neutropenia, FN, and FN-related 
hospitalization per chemotherapy cycle are listed in Table 2. 
A total of 124 chemotherapy cycles using short-acting rhG- 
CSF and 115 cycles using PEG-rhG-CSF were analyzed. The 
nadir ANC, hemoglobin level, and platelet count showed no 
significant difference between the two groups. One patient in 
each group received 2 units of red blood cell transfusion, and 
no platelet transfusion was documented in each group. Grade 4 
neutropenia was observed in 70 (56.5%) cycles of chemother-
apy using short-acting rhG-CSF and 52 (45.2%) cycles using 
PEG-rhG-CSF (P=0.083), whereas FN was observed in 25 
(20.2%) and 12 (10.4%) cycles of chemotherapy in the 2 
groups, respectively (P=0.038). A higher incidence of FN- 
related hospitalization was also documented in chemotherapy 
cycles using short-acting rhG-CSF compared to using PEG- 
rhG-CSF (7.3% vs 1.7%, P=0.042).

The proportion of patients with chemotherapy dose- 
reduction and dose-escalation was similar between the 2 
groups (Table 3). Dose-escalation was observed in 10/33 
patients (30.3%) in the short-acting rhG-CSF group and 9/ 
33 patients (27.3%) in the PEG-rhG-CSF group (P=0.946). 
Dose-reduction was observed in 2 patients (6.1%) each for 
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both groups. However, 2 patients in the short-acting rhG- 
CSF group experienced life-threatening FN and long ANC 
recovery time, leading to treatment discontinuation. 
Another patient in the short-acting rhG-CSF group experi-
enced severe pulmonary infection and died of respiratory 
failure in the emergency room.

The main adverse event of G-CSF is bone pain. There 
appeared to be less G-CSF-associated bone pain in the 
short-acting rhG-CSF group compared with PEG-rhG- 
CSF group. However, the VAS score showed no significant 
difference, with a mean VAS score of less than 3 (Table 3). 
No other adverse events of G-CSF were reported in both 
groups.

Discussion
Current guidelines generally recommend the use of G-CSF 
for the prevention of chemotherapy-induced FN;1 never-
theless, guidance for clinical practice regarding the choice 
between short- and long-acting G-CSF is still unclear. 
PEG-rhG-CSF is the most widely approved and commonly 
used long-acting G-CSF worldwide. In randomized con-
trolled trials (RCTs) comparing the short-acting rhG-CSF 
with PEG-rhG–CSF, a similar efficacy and safety profile 
has been reported.11–13 Most retrospective studies and 
meta-analyses suggested the superior efficacy of PEG- 
rhG-CSF vs short-acting rhG-CSF, which may have been 
a result of the underdosing of short-acting rhG-CSF in 

Table 1 Baseline Patient Demographics and Clinical Characteristics

Characteristics No. of Patients (%) P value

Short-Acting rhG-CSF 
Group (n = 33)

PEG-rhG–CSF Group  
(n = 33)

Age, years
Median (range) 48 (18–77) 51 (16–70) 0.970

>60 9 (27.3%) 7 (21.2%) 0.566

Sex, male 21 (63.6%) 16 (48.5%) 0.215

Histologic subtypes 0.650
DLBCL with DE 13 (39.4%) 12 (36.4%)

HGBL with DH 6 (18.2%) 10 (30.3%)

HGBL, NOS 5 (15.2%) 5 (15.2%)
PMBL 9 (27.3%) 6 (18.2%)

Baseline WBC (×109/L), median±SD 6.09±1.61 6.45±1.47 0.458

Baseline ANC (×109/L), median±SD 4.74±1.38 4.95±1.31 0.634

Baseline HGB (g/L), median±SD 115±17.1 113±19.5 0.873

Baseline PLT (×109/L), median±SD 273±35.2 245±25.7 0.624

Bone marrow involvement 5 (15.2%) 5 (15.2%) 1.000

B symptom present 17 (51.5%) 19 (57.6%) 0.621

Ann Arbor stage 0.555

I 2 (6.1%) 4 (12.1%)

II 4 (12.1%) 2 (6.1%)
III 2 (6.1%) 4 (12.1%)

IV 25 (75.6%) 23 (69.7%)

IPI score 0.263

0–1 (low risk) 7 (21.2%) 8 (24.2%)

2 (intermediate-low risk) 12 (36.4%) 6 (18.2%)
3 (high–intermediate risk) 10 (30.3%) 10 (30.3%)

4–5 (high risk) 4 (12.1%) 9 (27.3%)

Abbreviations: DLBCL, diffuse large B-cell lymphoma; DE, double-expressing; HGBL, high-grade B-cell lymphoma; DH, double-hit; PMBL, primary mediastinal large B-cell 
lymphoma; WBC, white cell count; ANC, absolute neutrophil count; HGB, hemoglobin; PLT, platelet; IPI, International Prognostic Index.
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real-world usage.12,13 Regarding patients with lymphomas, 
RCTs and retrospective studies focusing on the prophylac-
tic effect of PEG-rhG–CSF are limited.14–16 Few studies 
have evaluated PEG-G-CSF as part of a high-dose che-
motherapy such as DA-EPOCH. In our study, long-acting 
PEG-rhG-CSF was evaluated as a substitution for short- 
acting rhG-CSF in patients receiving the DA-EPOCH-R 
regimen. To the best of our knowledge, this is the first 
study that has evaluated PEG-rhG-CSF as part of 
a specific chemotherapy regimen and in patients with 
highly aggressive B-cell lymphomas.

In our study, PEG-rhG-CSF significantly reduced the 
incidence of FN compared to short-acting rhG-CSF. When 
PEG-rhG-CSF was used as a supporting regimen, the 

incidence of grade 4 neutropenia and FN was 45.2% and 
10.4% per chemotherapy cycle. These findings are com-
parable to the 49–53% incidence of grade 4 neutropenia 
and 8–19% incidence of FN reported in the Phase 2 studies 
of the DA-EPOCH-R regimen.5,8,17 FN-related hospitali-
zation was also significantly reduced (7.3% for short- 
acting rhG-CSF vs 1.7% for PEG-rhG-CSF), with no 
treatment discontinuation and treatment-related deaths in 
the PEG-rhG-CSF group. The essence of the DA-EPOCH 
regimen was the dose-adjustment paradigm, which was 
designed to achieve maximum tolerable treatment intensity 
in the individual patient without excess toxicity. In our 
study, the proportion of patients with dose-escalation and 
dose-reduction was similar between the short-acting rhG- 

Table 3 Comparison of End-Point Variables Between Patients in the Short-Acting rhG-CSF and PEG-rhG-CSF Groups

Variables Patients in the Short-Acting rhG-CSF 
Group

Patients in the PEG-rhG-CSF 
Group

P value

No. of patients 33 33

Patients with dose-reduction, n (%) 2 (6.1%) 2 (6.1%) 1.000

Patients with dose-escalation, n (%) 10 (30.3%) 9 (27.3%) 0.946

Treatment discontinuation, n (%) 2 (6.1%) 0 0.492

Treatment-related death, n (%) 1 (3.0%) 0 1.000

VAS score of G-CSF-associated pain, mean 

±SD

2.7±2.3 2.9±2.0 0.374

Table 2 Comparison of End-Point Variables Between Chemotherapy Cycles Using Short-Acting rhG-CSF and PEG-rhG-CSF

Variables Chemotherapy Cycles of Short-Acting rhG- 
CSF

Chemotherapy Cycles of PEG-rhG- 
CSF

P value

No. of cycles 124 115

Nadir ANC value (×109/L), mean±SD 0.86±0.21 1.12±0.35 0.317

Recovery time of ANC (day), mean±SD 15±3.5 14±2.7 0.659

Nadir HGB value (g/L), mean±SD 95±15.6 87±17.9 0.254

Nadir PLT value (×109/L), mean±SD 148±37.5 157±27.9 0.175

Cycles with grade 4 neutropenia, 
n (%)

70 (56.5%) 52 (45.2%) 0.083

Cycles with FN, n (%) 25 (20.2%) 12 (10.4%) 0.038

Cycles with hospitalization for FN, 

n (%)

9 (7.3%) 2 (1.7%) 0.042

Abbreviations: FN, febrile neutropenia; ANC, absolute neutrophil count; HGB, hemoglobin; PLT, platelet; RBC, red blood cell.
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CSF and PEG-rhG-CSF groups, indicating that similar 
treatment intensity has been achieved.

Based on convenience and patient adherence, PEG- 
rhG-CSF may be preferred over short-acting rhG-CSF. 
Short-acting rhG-CSF is always injected in the hospital 
or clinic, which requires daily hospital/clinic visit. In real 
world, not all patients have stringently received the short- 
acting rhG-CSF according to the dosing schedule of the 
DA-EPOCH regimen. This is particularly the case in 
elderly patients with limited mobility. In 
December 2019, an outbreak of COVID-19 began in 
Wuhan and spread widely in China. The patients under-
going the DA-EPOCH-R chemotherapy were switched 
from short-acting rhG-CSF to PEG-rhG-CSF during this 
period. Once-per-cycle dosing of PEG-rhG-CSF greatly 
reduced the inconvenience of frequent hospital visits and 
minimized the exposure of immunodeficient lymphoma 
patients to the hospital environment, which not only 
reduced their risk of COVID-19 infection, but also con-
tribute to the control of COVID-19 transmission.

The application of PEG-rhG-CSF remarkably reduced 
the burden of lymphoma patients on the healthcare system 
during the COVID-19 pandemic. The pandemic had 
a huge impact on the healthcare system, including the 
exhaustion of medical workers, the shortage of healthcare 
infrastructures, and increased pressure on emergency ser-
vices. The number of clinic visits and hospital beds of the 
hematological department in our hospital was also reduced 
by approximately 50% during this period. As 
a consequence, the routine delivery of care to lymphoma 
patients faced a great challenge. The utilization of PEG- 
rhG-CSF significantly reduced the frequency of hospital 
visits, the incidence of FN, and the possibility of FN- 
related hospitalization, which resulted in the reduced occu-
pation of medical resources during the COVID-19 
pandemic.

The cost-effectiveness of long-acting rhG-CSF has 
been evaluated in several studies.18,19 In a cost- 
effectiveness analysis comparing pegfilgrastim vs fil-
grastim in lymphoma and myeloma patients undergoing 
high-dose chemotherapy and peripheral blood stem cell 
transplantation, no evidence of higher cost was found 
for pegfilgrastim.19 The PEG-rhG-CSF used in our 
study is a biosimilar of pegfilgrastim and had been 
independently developed in China. The commonly 
used short-acting rhG-CSFs in China are also less 
expensive biosimilars of filgrastim. The cost of 6 mg 

PEG-rhG-CSF and 10 days’ short-acting rhG-CSF 
(assuming a patient weight of 60 kg) are roughly the 
same. Nevertheless, the utilization of PEG-rhG-CSF 
not only relieved the pain and inconvenience of 
repeated injection, but also significantly reduced FN 
incidence and FN-related hospitalization, which 
reduced the total potential medical cost. Further health 
economic evaluations could provide a better insight 
into the cost-effectiveness of PEG-rhG-CSF.

The limitations of our study also need to be acknowl-
edged. First, being a retrospective observational drug use 
evaluation, patients in the 2 groups were from different 
periods, which may have resulted in selection bias. Hence, 
our conclusions need further verification through prospec-
tive RCTs. Second, the superior efficacy results of PEG- 
rhG-CSF reported in our study may be partially due to the 
underdosing of short-acting rhG-CSF in real-world prac-
tice. Third, due to the dose-adjustment nature of this regi-
men, both the treatment intensity and the type of G-CSF 
may have affected the severity of neutropenia and its 
complications. However, we have attempted to provide 
a more comprehensive picture by reporting chemotherapy 
dose-reduction and dose-escalation, in addition to FN 
incidence.

In conclusion, PEG-rhG-CSF as a substitute of short- 
acting rhG-CSF in the DA-EPOCH regimen significantly 
reduced the incidence of FN and FN-related hospitaliza-
tion in real-world clinical practice. Once-per-cycle 
administration of PEG-rhG-CSF simplifies the manage-
ment of neutropenia for both patients and healthcare 
providers.
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