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Abstract
Purpose  We evaluated the incidence of febrile neutropenia (FN) and related clinical outcomes among patients treated with 
myelosuppressive chemotherapy for nonmyeloid malignancies who received pegfilgrastim on-body injector (OBI) or other 
options (Other) for FN prophylaxis.
Methods  In this prospective observational study, adult patients with breast, prostate, or lung cancer, or non-Hodgkin lym-
phoma at risk for FN were stratified into subgroups based on FN prophylaxis used in the first chemotherapy cycle: peg-
filgrastim OBI vs Other (pegfilgrastim or biosimilar pegfilgrastim prefilled syringe, daily filgrastim, or no granulocyte 
colony–stimulating factor [G-CSF]) for up to 4 planned chemotherapy cycles.
Results  This US study enrolled 2575 eligible patients (OBI, 1624; Other, 951). FN incidence was lower in the OBI group 
(6.4% [95% CI, 5.2–7.6%]) than in the Other group (9.4% [7.5–11.2%]), with a relative risk (RR) of 0.66 (0.47–0.91; p = .006). 
A decreased risk of dose delays among patients receiving pegfilgrastim OBI vs Other was observed (RR for ≥ 5 days: 0.64 
[0.42–0.96], p = .023; RR for ≥ 7 days: 0.62 [0.40–0.91], p = .016). Adherence, defined as G-CSF support for all chemotherapy 
cycles, was 94.0% (92.9–95.2%) in the OBI group compared with 58.4% (55.2–61.5%) in the Other group. Compliance with 
pegfilgrastim, defined as administration the day after chemotherapy, was 88.3% in the OBI group and 48.8% in the prefilled 
syringe group.
Conclusion  Patients receiving pegfilgrastim OBI had a lower incidence of FN compared with those receiving alternatives. 
The OBI was associated with improved adherence to and compliance with clinically recommended G-CSF prophylaxis.

Keywords  Febrile neutropenia · Pegfilgrastim · On-body injector (OBI)

Introduction

Febrile neutropenia (FN), an oncologic emergency, can 
occur in adult patients with nonmyeloid malignancies 
receiving myelosuppressive chemotherapy regimens. FN 
is associated with increased hospitalization and healthcare 
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costs and worse clinical outcomes, and can result in life-
threatening complications [1–4]. Additionally, chemother-
apy dose reductions and delays resulting from FN can reduce 
treatment effectiveness [5–7]. For over a decade, granulo-
cyte colony–stimulating factor (G-CSF) agents have been 
indicated to prevent FN. These agents include short-acting 
G-CSFs and long-acting G-CSFs. Primary prophylaxis with 
G-CSF is more effective in preventing FN and FN-related 
complications than secondary prophylaxis or prophylaxis 
with antibiotics [3, 8–14]. Between filgrastim, pegfilgrastim, 
and lenograstim, a systematic review of the literature sug-
gests that pegfilgrastim is most effective in reducing FN 
incidence [15].

Clinical guidelines and product prescribing informa-
tion recommend the administration of a G-CSF 24 h after 
chemotherapy. Patients receiving pegfilgrastim the day after 
chemotherapy have less severe and shorter suppression of 
absolute neutrophil count (ANC) than those receiving pegfil-
grastim the same day as chemotherapy [16, 17]. The Onpro® 
on-body injector (OBI) facilitates the time-released admin-
istration of pegfilgrastim the day after chemotherapy. The 
OBI is applied to patients on the last day of chemotherapy, 
thereby eliminating the need to return to the clinic the next 
day, which improves patient-centered care.

The NCCN guidelines recommend G-CSF support for 
patients receiving myelosuppressive chemotherapy regi-
mens with a high risk (> 20%) for FN or an intermediate risk 
(10–20%) plus ≥ 1 patient risk factor for FN [18]. Despite 
guidelines on the use of G-CSF, FN continues to be a sig-
nificant complication of cancer chemotherapy in the USA, 
with approximately 200,000 FN-related hospitalizations 
among adult cancer patients each year between 2016 and 
2018 (data on file, Amgen; 2021). In a recent retrospective 
study of 22,868 patients with nonmyeloid malignancies, the 
proportions of patients receiving G-CSF in the first cycle 
were 76.1% and 26.4% among patients receiving regimens 
with a high risk for FN and an intermediate risk plus ≥ 1 risk 
factor for FN, respectively [19]. The reasons for the contin-
ued high incidence of FN are multifactorial, likely relating 
to inadequate G-CSF use, challenging healthcare economics, 
and the logistical burden associated with G-CSF therapy.

Real-world clinical data on whether the pegfilgrastim OBI 
reduces FN risk and improves patient adherence to G-CSF 
support and compliance with G-CSF prophylaxis are limited. 
The interpretation of retrospective claims-based data is chal-
lenging due to the lack of a designated International Classifi-
cation of Diseases (ICD)-9/ICD-10 code for FN and the lack 
of a separate Healthcare Common Procedure Coding Sys-
tem (HCPCS) code that differentiate between pegfilgrastim 
OBI and prefilled syringe use. Therefore, to evaluate clinical 
outcomes and potential benefits of OBI use compared with 
other physician choice options for FN prophylaxis, a pro-
spective, multicenter, observational study of adult patients 

with nonmyeloid malignancies receiving chemotherapy and 
at high risk for FN was conducted.

Methods

Study population

An internal review board approved the prespecified study 
protocol before initiating recruitment. The investigators 
obtained informed consent from each participant or each 
participant’s legally acceptable representative. The study 
prospectively recruited eligible adult patients diagnosed 
with non-Hodgkin lymphoma (NHL) or breast, lung, or pros-
tate cancer with ≥ 4 anticipated chemotherapy cycles; with 
life expectancy > 6 months; and starting myelosuppressive 
chemotherapy regimens administered every 3 to 4 weeks 
with a high FN risk (> 20%) or an intermediate FN risk 
(10–20%) plus ≥ 1 patient risk factor per the NCCN guide-
lines version in use at the time of the protocol development.

Patients were classified into 2 groups, curative or pallia-
tive treatment intent, and then categorized by FN prophy-
laxis based on the first chemotherapy cycle: pegfilgrastim 
(Neulasta® Onpro®; Amgen Inc., Thousand Oaks, CA) 
OBI vs other options for FN prophylaxis (treating physi-
cians had the discretion to select pegfilgrastim or biosimi-
lar pegfilgrastim prefilled syringe, daily filgrastim, or no 
G-CSF) for up to 4 planned chemotherapy cycles. The study 
schema is depicted in Fig. S1. The group assignment would 
remain the same from the first cycle, regardless of changes 
to prophylaxis in subsequent cycles. Each patient was fol-
lowed up from enrollment until the earliest occurrence of 
death, discontinuation of chemotherapy regimen before 4 
cycles, withdrawal of consent, loss to follow-up, or end of 
the study. Patients were enrolled between November 7, 2018, 
and April 9, 2020.

Endpoints

The primary endpoint was the incidence of FN. FN was 
defined as ANC < 1000 × 106/L and one of the follow-
ing occurring within 24 h of decreased ANC: tempera-
ture > 38 °C, use of specific oral antibiotics, or use of any 
intravenous antibiotics. Secondary endpoints included chem-
otherapy delivery, adherence to G-CSF therapy, and com-
pliance with pegfilgrastim therapy. Chemotherapy delivery 
was defined as dose delays of ≥ 5 and ≥ 7 days (extension of 
the time between planned chemotherapy cycles on or before 
cycle 4) and/or dose reductions of ≥ 15% (decrease in the 
dose of planned chemotherapy on or before cycle 4). Adher-
ence was defined as G-CSF support for all chemotherapy 
cycles regardless of the timing of G-CSF administration. 
G-CSF dosing per cycle included 1 pegfilgrastim OBI, 1 
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pegfilgrastim prefilled syringe, 1 biosimilar pegfilgrastim 
prefilled syringe, or 10 short-acting G-CSF injections. Com-
pliance with pegfilgrastim therapy was defined as receiving 
pegfilgrastim on the day after the last day of chemotherapy 
administration at every cycle in which pegfilgrastim was 
administered. Physician-reported failure of the OBI device 
was defined as a citation on the G-CSF administration form 
as the reason for a zero or partial dose, dose delay, or dose 
interruption.

Sample size estimation

The study was designed as an estimation study; however, 
a sample size of 2220 patients was targeted in each of the 
OBI and other physician choice options (Other) group for 
the curative intent cohort to allow nonoverlapping 95% con-
fidence intervals (CIs) for the estimation of FN incidence. 
The assumptions for 95% CIs were based on observed FN 
incidences of 7.5% and 10% in patients receiving pegfil-
grastim OBI and Other, respectively. A maximum of 500 
patients were planned in each of the 2 groups of the pallia-
tive intent cohort. Due to the COVID-19 pandemic, enroll-
ment was halted in April 2020. The COVID-19 pandemic 
and the interim NCCN COVID-19–related recommendations 
[20] likely would impact the cancer treatment landscape and 
potentially increase G-CSF use for intermediate-risk chemo-
therapies, confounding the outcomes. In April 2020 [20], the 
NCCN Hematopoietic Growth Factors Panel issued COVID-
19–related interim recommendations suggesting G-CSF sup-
port be given to patients treated with regimens that have a 
high to intermediate FN risk without consideration of risk 
factors. These changes would have introduced bias into the 
study if it had continued, likely rendering the assumptions 
used in the study design and the projected recruitment time-
lines at risk to commit as planned. After careful evaluation 
of the results of the prespecified second interim analysis 
of 2000 enrolled patients, the impact of the COVID-19 
pandemic on the study, and the extensive time investment 
required to complete study enrollment, the sponsor and 
the steering committee decided to close patient enrollment 
before reaching the target numbers.

Statistical analysis

To determine the relative risks (RRs) of FN in patients 
receiving pegfilgrastim OBI vs Other, FN incidence 
was first adjusted by a standardized log-binomial 
model to control for confounding factors [21]. The 
covariates included tumor type, age, sex, health plan/
insurance, tobacco use, Eastern Cooperative Oncology 
Group (ECOG) performance status, history of any other 
malignancy except nonmelanoma skin cancer, history 
of surgery, chemotherapy, or radiation therapy within 

6 months before enrollment, number of comorbidities, 
bone marrow involvement, baseline laboratory measure-
ments (hemoglobin, ANC, white blood cell, platelets, 
lactate dehydrogenase, and alkaline phosphatase), anti-
biotic use prior to initiation of chemotherapy in cycle 1, 
and FN risk of chemotherapy regimen. P-values were 
calculated post hoc. Associated 95% CIs for RRs were 
calculated using a bootstrap method. Subgroup analyses 
for the incidence of FN among patients with curative or 
palliative intent, and for each specific tumor type were 
also performed. The Medical Dictionary for Regulatory 
Activities (MedDRA) version 22.1 was used to code all 
reported adverse events. Comorbidities were recorded at 
baseline (Table S1).

Results

Patient disposition and baseline characteristics

A total of 2715 patients from 144 sites in the USA were 
enrolled between November 7, 2018, and April 9, 2020. 
Of the 2575 eligible patients (Table S2), 2149 were treated 
with curative intent and 426 patients had a goal of pallia-
tive care. Demographics and baseline characteristics of 
the curative and palliative intent groups were described 
(Table S3). Because the number of patients with pallia-
tive intent enrolled was small and was not expected to 
impact the overall results, the analysis primarily focused 
on patients receiving pegfilgrastim OBI or other physician 
choice options (Other) without the classification of treat-
ment intent as defined per the primary endpoint.

Patients enrolled faster in the OBI group than in the 
Other group (OBI, 1624; Other, 951). The two groups were 
generally comparable (Table 1). The patient population 
in this study was predominantly female (79.7%), which 
was consistent with breast cancer being the most com-
mon tumor type, although more patients with breast cancer 
received pegfilgrastim OBI (OBI, 73.6%; Other, 61.0%).

Sixty-six percent of patients in the OBI group received 
chemotherapy regimens associated with a high FN risk 
compared with 52% in the Other group (Table 2). The 
top chemotherapy regimen with high risk for FN was the 
combination of docetaxel and cyclophosphamide, followed 
by the combination of docetaxel, carboplatin, trastuzumab, 
and pertuzumab. Among patients receiving chemotherapy 
regimens with intermediate risk, the most common regi-
men was the combination of rituximab, cyclophospha-
mide, doxorubicin, vincristine, and prednisone. The FN 
risk and chemotherapy regimens for patients with curative 
or palliative intent were shown (Table S4). All included 
regimens had at least a 3-week interval of dosing.
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Incidence of febrile neutropenia

The incidence of FN was lower among patients who received 
pegfilgrastim OBI compared with patients who received 
other options (6.4% [95% CI, 5.2–7.6%] for OBI [FN, 
n = 104; OBI, n = 1624] vs 9.4% [95% CI, 7.5–11.2%] for 
Other [FN, n = 89; Other, n = 951]) (Fig. 1a). The incidence 
of FN was lower in the OBI group than in the Other group 
across all cycles (3.9% vs 5.6%, 1.4% vs 2.0%, 1.6% vs 1.8%, 
and 1.4% vs 1.5% for cycles 1, 2, 3, and 4, respectively). In 
a subgroup analysis among patients who received pegfil-
grastim OBI in every cycle, the FN incidence was 6.2% (FN, 
n = 90; OBI in every cycle, n = 1455; 95% CI, 5.0–7.4%), 

similar to the incidence in the overall OBI group (Fig. 1b). 
An FN risk reduction of 34% was observed in patients who 
received pegfilgrastim OBI (RR: 0.66 [95% CI, 0.47–0.91; 
p = 0.006]; Fig. 1c). The FN incidence in patients receiving 
G-CSF in at least 1 cycle (≥ 1 G-CSF) in the Other group 
was 10.0% (FN, n = 72; Other who received ≥ 1 G-CSF, 
n = 723; 95% CI, 7.8–12.1%) (Fig. S2a). The FN risk reduc-
tion among patients who received pegfilgrastim OBI in every 
cycle (RR: 0.64 [95% CI, 0.46–0.85]; p = 0.004) was similar 
to those receiving pegfilgrastim OBI (Fig. 1c). Regardless 
of the intent of treatment (curative or palliative), patients 
receiving pegfilgrastim OBI had a lower FN incidence than 
those receiving the alternatives (Fig. S2b). The FN incidence 

Table 1   Patient demographics 
and baseline characteristics

ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range
a Excluding nonmelanoma skin cancer
b Within 6 months prior to study enrollment

On-body injector Other physician choice All patients
(n = 1624) (n = 951) (N = 2575)

Sex—n (%)
  Male 271 (16.7) 251 (26.4) 522 (20.3)
  Female 1353 (83.3) 700 (73.6) 2053 (79.7)

Age—years
  Median (IQR) 62 (52–70) 63 (54–70) 62 (53–70)

Tumor type—n (%)
  Breast 1196 (73.6) 580 (61.0) 1776 (69.0)
  Non-Hodgkin lymphoma 236 (14.5) 177 (18.6) 413 (16.0)
  Lung 132 (8.1) 132 (13.9) 264 (10.3)
  Prostate 60 (3.7) 62 (6.5) 122 (4.7)

ECOG performance status—n (%)
  0–1 1561 (96.1) 905 (95.2) 2466 (95.8)
   ≥ 2 50 (3.1) 44 (4.6) 94 (3.7)
  Missing 13 (0.8) 2 (0.2) 15 (0.6)

Number of comorbidities—n (%)
   > 2 325 (20.0) 195 (20.5) 520 (20.2)
   ≤ 2 1299 (80.0) 756 (79.5) 2055 (79.8)

History of any other malignancya—n (%)
  Yes 97 (6.0) 95 (10.0) 192 (7.5)
  No 1527 (94.0) 856 (90.0) 2383 (92.5)

Antibiotic use prior to initiation of chemotherapy—n (%)
  Yes 131 (8.1) 110 (11.6) 241 (9.4)
  No 1493 (91.9) 841 (88.4) 2334 (90.6)

Prior surgeryb—n (%)
  Yes 1250 (77.0) 601 (63.2) 1851 (71.9)
  No 374 (23.0) 350 (36.8) 724 (28.1)

Prior chemotherapyb—n (%)
  Yes 7 (0.4) 8 (0.8) 15 (0.6)
  No 1617 (99.6) 943 (99.2) 2560 (99.4)

Prior radiotherapyb—n (%)
  Yes 35 (2.2) 24 (2.5) 59 (2.3)
  No 1589 (97.8) 927 (97.5) 2516 (97.7)
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by tumor type (breast, NHL, lung, or prostate) ranged from 
1.7 to 18.6% in the OBI groups and 3.2 to 16.4% in the Other 
groups (Fig. S2c).

Chemotherapy delivery

The risks of chemotherapy dose delays of ≥ 5 and ≥ 7 days 
were lower in the OBI group (RR for ≥ 5 days: 0.64 [95% 
CI, 0.42–0.96; p = 0.023]; RR for ≥ 7 days: 0.62 [95% CI, 
0.40–0.91]; p = 0.016) than in the Other group, which were 
comparable with patients who received pegfilgrastim OBI 
in every cycle (RR for ≥ 5 days: 0.62 [95% CI, 0.44–0.94; 
p = 0.017]; RR for ≥ 7 days: 0.59 [95% CI, 0.39–0.94]; 

p = 0.011; Fig. 2). There was no difference in chemotherapy 
dose reductions of ≥ 15% between the 2 groups (OBI vs 
Other, RR: 1.09; or OBI in every cycle vs Other, RR: 1.08; 
Fig. 2).

Adherence and compliance

Adherence, defined as G-CSF support for all chemotherapy 
cycles, was 94.0% (95% CI, 92.9–95.2%) in patients who 
received pegfilgrastim OBI compared with 58.4% (95% CI, 
55.2–61.5%) in the Other group (Fig. 3a). Compliance (next-
day administration) with pegfilgrastim was 88.3% (95% CI, 
86.7–89.9%) in patients receiving pegfilgrastim OBI and 

Table 2   Febrile neutropenia 
risk of chemotherapy regimens 
administered to patients

AC, doxorubicin, cyclophosphamide; AC → T, doxorubicin, cyclophosphamide → docetaxel; CHOP, cyclo-
phosphamide, doxorubicin, vincristine, prednisone; CMF, cyclophosphamide, methotrexate, fluorouracil; 
EPOCH, etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin; FN, febrile neutropenia; ICE, 
ifosfamide, carboplatin, etoposide; R, rituximab; R-da EPOCH, rituximab, dose-adjusted etoposide, pred-
nisone, vincristine, cyclophosphamide, doxorubicin; TAC​, docetaxel, doxorubicin, cyclophosphamide; TC, 
docetaxel, cyclophosphamide; TCH, docetaxel, carboplatin, trastuzumab; TCHP, docetaxel, carboplatin, 
trastuzumab, pertuzumab; TH, docetaxel, trastuzumab

On-body injector Other physician 
choice

All patients

(n = 1624) (n = 951) (N = 2575)

FN risk of chemotherapy regimen—n (%)
  High 1079 (66.4) 493 (51.8) 1572 (61.0)
  Intermediate 545 (33.6) 458 (48.2) 1003 (39.0)

Chemotherapy regimen—n (%)
  High risk for FN (> 20%)
    TC 573 (35.3) 254 (26.7) 827 (32.1)
    TCHP 392 (24.1) 182 (19.1) 574 (22.3)
    TCH 82 (5.0) 32 (3.4) 114 (4.4)
    TAC​ 23 (1.4) 9 (0.9) 32 (1.2)
    R-da EPOCH 8 (0.5) 15 (1.6) 23 (0.9)
    Dose-adjusted EPOCH 1 (< 0.1) 0 (0.0) 1 (< 0.1)
    R-ICE 0 (0.0) 1 (0.1) 1 (< 0.1)
  Intermediate risk for FN (10–20%)
    R-CHOP 163 (10.0) 89 (9.4) 252 (9.8)
    Etoposide and carboplatin 70 (4.3) 70 (7.4) 140 (5.4)
    AC 63 (3.9) 47 (4.9) 110 (4.3)
    Docetaxel 59 (3.6) 71 (7.5) 130 (5.0)
    Carboplatin and paclitaxel 59 (3.6) 55 (5.8) 114 (4.4)
    Bendamustine and rituximab 53 (3.3) 71 (7.5) 124 (4.8)
    AC → T 47 (2.9) 21 (2.2) 68 (2.6)
    CHOP 10 (0.6) 1 (0.1) 11 (0.4)
    TH 5 (0.3) 1 (0.1) 6 (0.2)
    Cisplatin and docetaxel 4 (0.2) 4 (0.4) 8 (0.3)
    Cabazitaxel 4 (0.2) 1 (0.1) 5 (0.2)
    Paclitaxel 3 (0.2) 2 (0.2) 5 (0.2)
    CMF classic 2 (0.1) 22 (2.3) 24 (0.9)
    Cisplatin and etoposide 2 (0.1) 3 (0.3) 5 (0.2)
    Carboplatin nab-paclitaxel 1 (< 0.1) 0 (0.0) 1 (< 0.1)
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48.8% (95% CI, 45.0–52.6%) in patients receiving pegfilgrastim 
or biosimilar pegfilgrastim via a prefilled syringe (Fig. 3b). The 
compliance for patients who received pegfilgrastim OBI in 
every cycle was 95.5% (95% CI, 94.5–96.6%). Among patients 
who received pegfilgrastim OBI, only 6 of 6087 OBI adminis-
trations were reported as device failure (0.1%). Other common 
reasons for the noncompliance included not applying the injec-
tor on the last day of chemotherapy or modifying chemotherapy 
regimens, which constituted 4.5% of cycles.

G‑CSF utilization

The baseline characteristics for patients using OBI and those not 
receiving G-CSF prophylaxis are described (Table S5). Patients in 

the OBI group were more likely to be female and receive treatment 
with curative intent and a chemotherapy regimen with a high risk for 
FN. A small fraction of patients in the OBI group switched to other 
options (prefilled syringe, n = 80 [4.9%]; short-acting G-CSF, n = 20 
[1.2%]; no G-CSF, n = 80 [4.9%]; Table 3). In the Other group, about 
two-thirds (64%) of patients received pegfilgrastim via a prefilled 
syringe and one-third (33%) of patients did not receive any G-CSF in 
at least 1 cycle and 24% in any cycle even though they were clinically 
indicated to receive G-CSF prophylaxis. Interestingly, the propor-
tion of patients in the Other group not receiving any G-CSF support 
declined over the course of the study (from 30.9% in cycle 1 to 24.4% 
in cycle 4).

Safety

A total of 9665 chemotherapy cycles were administered 
across both groups. The most common adverse events 
reported in the OBI and Other groups were anemia and bone 
pain (Table S6). The adverse events in the safety analysis set 
(OBI, n = 1624; Other, n = 935) were comparable between 
the 2 groups and to those that were reported previously in 
other G-CSF clinical studies [13, 22].

Discussion

The clinical benefits of filgrastim and pegfilgrastim to prevent 
FN among cancer patients receiving myelosuppressive cyto-
toxic chemotherapy have been well established and supported 
by clinical guidelines [18]. This study is the largest prospective 
observational study to evaluate clinical outcomes in patients 
receiving pegfilgrastim through an OBI compared with other 
physician choice options for FN prophylaxis. Physicians have 
a variety of treatment options available to them for FN prophy-
laxis. The OBI group, in which patients received pegfilgrastim 
27 h after chemotherapy, represented the homogenous compar-
ator. The observed FN incidence in our study is consistent with 
that reported in prior studies. In 2 pivotal pegfilgrastim studies, 
the FN incidence in patients receiving filgrastim was 15–18% 
compared with 9–10% in those receiving pegfilgrastim across 
a variety of tumor types [22, 23].

OBI use was associated with a lower incidence of FN in 
patients receiving chemotherapy vs those receiving other FN 
prophylaxis options. The lower incidence with pegfilgrastim 
OBI is especially notable given that a higher proportion of 
patients in the OBI group were on high-FN-risk regimens, 
and consistent regardless of treatment intent (curative or 
palliative) and tumor type apart from NHL. However, the 
results from NHL, prostate cancer, and lung cancer subgroup 
analyses should be interpreted with caution given the small 
number of patients enrolled in each group.

To further examine OBI use, we evaluated patients within 
the OBI group who received OBI in every cycle. The FN 
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Fig. 1   Incidence of febrile neutropenia. (a) FN incidence in patients 
receiving pegfilgrastim OBI vs other physician choice options. (b) 
FN incidence in patients receiving pegfilgrastim OBI in every cycle 
vs other physician choice options. (c) Relative risk of FN. Error bars 
denote 95% CIs. CI, confidence interval; FN, febrile neutropenia; 
OBI, on-body injector; Other, other physician choice options; RR, 
relative risk
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incidence in these patients was 6.2%, with a 36% FN risk 
reduction in comparison to patients in the Other group 
(9.4%). When patients in the OBI group were compared with 
those who received ≥ 1 G-CSF in the Other group, the abso-
lute difference in FN incidence was 3.6%, which was com-
parable to that observed between the OBI and Other groups. 
The exclusion of patients who did not receive G-CSF proph-
ylaxis did not influence the FN incidence in the Other group.

Pegfilgrastim OBI also supports on-time chemotherapy deliv-
ery. Chemotherapy dose delays, reductions, or both may affect 
dose intensity, reducing the chance of patients achieving an opti-
mal treatment response. Full-dose chemotherapy on schedule is 
associated with improved outcomes, especially for patients with 
early-stage breast cancer and NHL [5, 24–26]. Patients receiving 
pegfilgrastim OBI had a 41% lower risk of chemotherapy dose 
delays than those receiving other options for FN prophylaxis. 
However, there was no difference in dose reductions between 
both groups. The higher risk of dose delays observed in the Other 
group may have resulted from a higher proportion of patients 
experiencing FN.

All patients in this study met the criteria to receive 
G-CSF agents based on NCCN guideline recommendations. 
However, 33% of patients in the Other group did not receive 
G-CSF support in at least 1 cycle and 24% of patients in the 
Other group did not receive G-CSF support in any cycle. 
Two noteworthy differences in baseline characteristics were 
observed between patients using OBI and those not receiv-
ing G-CSF prophylaxis; most of the patients without G-CSF 
prophylaxis were treated with chemotherapy regimens with 
intermediate risk for FN albeit having at least 1 risk fac-
tor, and unlike patients in the OBI group, breast cancer 

Fig. 2   Relative risks of 
chemotherapy dose delays 
(≥ 5 and ≥ 7 days)/reductions 
(≥ 15%) in patients receiving 
pegfilgrastim OBI, and those 
receiving pegfilgrastim OBI in 
every cycle vs other physi-
cian choice options. Error bars 
denote 95% CIs. CI, confidence 
interval; OBI, on-body injector; 
RR, relative risk
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Fig. 3   Adherence to G-CSF and compliance with pegfilgrastim. (a) 
Adherence and (b) Compliance in patients receiving pegfilgrastim 
OBI and in patients receiving pegfilgrastim OBI in every cycle. Error 
bars denote 95% CIs. CI, confidence interval; G-CSF, granulocyte 
colony–stimulating factor; OBI, on-body injector; Other, other physi-
cian choice options
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was not the primary tumor type. The underuse of G-CSF 
is consistent with that observed in prior studies reporting 
suboptimal use of G-CSF [19, 27, 28]. In a retrospective 
observational study that evaluated patients from a commer-
cial administrative database, 76% of breast cancer patients 
treated with high-FN-risk chemotherapy received G-CSF in 
the first cycle [19]. In another study that evaluated Medi-
care patients, 74% of breast cancer patients on high-FN-risk 
chemotherapy received G-CSF in the first cycle [28].

Although pegfilgrastim should not be administered until 
the day after chemotherapy according to the FDA-approved 
regimen, there has been an ongoing interest in evaluating 
administration on the same day as chemotherapy [29, 30]. 
Logistic concerns (e.g., scheduling and travel) and conveni-
ence continue to evoke interest in same-day administra-
tion. However, same-day administration is not as effective 
as next-day administration. In a recent and large (65,000 
patients, 261,000 cycles) retrospective cohort study, same-
day administration in patients with breast cancer and NHL 
aged ≥ 65 years on high- or intermediate-FN-risk regimens 
was associated with significantly higher rates of FN vs 
dosing on days 1–3 after chemotherapy (11.4% vs 8.4%, 
p < 0.001) [31]. Similarly, another recent systematic review 
with meta-analysis showed a significantly higher FN rate 
in patients administered same-day prophylaxis compared 
with those receiving next-day prophylaxis both in the first 
cycle (odds ratio [OR] = 2.56, 95% CI, 1.19–5.48, p = 0.02) 
and across all cycles (OR = 1.54, 95% CI, 1.29–1.84, 
p < 0.00001) [32]. At the 2021 American Society of Clinical 
Oncology (ASCO) Annual Meeting, 3 small (< 120 patients) 
retrospective analyses evaluated same-day administration 
of prefilled syringe all studies showed increased rates of 
FN with same-day administration [33–35]. Pegfilgrastim, 

when used as indicated, decreases chemotherapy-induced 
FN. Based on the results of this study, pegfilgrastim OBI 
could facilitate adherence to the recommended guidelines, 
as demonstrated by the greater compliance rate in patients 
using an OBI (95.5% for OBI in every cycle vs 48.8% for 
prefilled syringe). In a recent retrospective study, better 
adherence was also observed in patients with breast can-
cer receiving high-FN-risk regimens and starting primary 
prophylactic pegfilgrastim via an OBI; 60.4% (95% CI, 
57.2–63.6%) of patients initiating via an OBI and 51.9% 
(95% CI, 48.0–55.8%) initiating via a prefilled syringe com-
pleted all their cycles [19]. The noncompliance rate of 4.5% 
in the OBI group was primarily related to changes in chemo-
therapy regimens and not to OBI performance as there was 
a device failure rate of only 0.1% in the study. Additionally, 
a 3-year postmarketing commitment in the EU reported that 
the OBI device reliability (N = 27,666 distributed devices) 
was greater than 99% [36].

Limitations

Several limitations should be considered for the study. The 
unforeseen COVID-19 pandemic resulted in the early ces-
sation of the study before reaching the target sample size. 
Selection bias may have been introduced because of the 
inability to evaluate the FN risk among patients lost to fol-
low-up after study enrollment. Confounding by indication 
of deliberate effect may have lowered the FN incidence for 
the Other group due to physicians’ intention to not provide 
G-CSF prophylaxis to relatively healthier patients or to those 
at lower risk of FN per their individual assessment of the 
patient. Standardized log-binomial regression was applied 
in the analysis to control confounding, but the model did 

Table 3   G-CSF type in first 
cycle or across all cycles 
in patients receiving other 
physician choice options

G-CSF, granulocyte colony–stimulating factor; OBI, on-body injector
a Categories are not mutually exclusive
b 121 patients were administered short-acting G-CSFs via a prefilled syringe, and 2 patients received short-
acting G-CSFs from a vial, accounting for less than 0.1% of the study population (n = 2575)

On-body injector Other 
physician 
choice

(n = 1624) (n = 951)

G-CSF utilization in cycle 1—n (%)
  OBI 1624 (100.0) 0 (0.0)
  Pegfilgrastim or biosimilar pegfilgrastim prefilled syringe 0 (0.0) 587 (61.7)
  Short-acting G-CSF 0 (0.0) 70 (7.4)
  No G-CSF 0 (0.0) 294 (30.9)

G-CSF utilization in all cyclesa—n (%)
  OBI 1624 (100.0) 103 (10.8)
  Pegfilgrastim or biosimilar pegfilgrastim prefilled syringe 80 (4.9) 610 (64.1)
  Short-acting G-CSFb 20 (1.2) 98 (10.3)
  No G-CSF 80 (4.9) 314 (33.0)
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not account for censoring events that occurred during the 
follow-up period. It is conceivable that patients in one group 
may have a shorter overall at-risk period for developing FN 
than those in the other group because of censoring events.

Conclusions

This is the largest prospective observational study yet con-
ducted examining the impact of physician’s choice of G-CSF 
support in the real world. Cancer patients treated with mye-
losuppressive chemotherapy receiving pegfilgrastim OBI 
had a lower rate of FN than those receiving other prophylac-
tic strategies. The lower incidence of FN associated with the 
OBI may be related to the greater adherence and compliance 
with G-CSF support seen in this study.
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