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Abstract

Background: Pegfilgrastim is recommended to be administered at least
24 hours following the completion of chemotherapy, yet some clinicians
use a same-day administration protocol. In this meta-analysis, we com-
pared the incidence of chemotherapy-induced (febrile) neutropenia
(CIN/FN) as well as CIN/FN-related chemotherapy disruptions in can-
cer patients provided with pegfilgrastim same-day vs. next-day. Meth-
ods: Six databases were searched for comparative studies of same-day
vs. next-day pedgfilgrastim administration. Fixed or random-effects me-
ta-analyses were conducted to estimate pooled odds ratios (ORs) and
95% confidence intervals (Cls). Results: Thirteen studies were included
in this meta-analysis. The FN OR for same-day vs. next-day administra-
tion was 1.48 (95% CI = 1.06-2.08) across all cycles, attributable mainly
to studies of high FN risk (OR = 2.46, 95% CIl = 1.04-5.83) vs. intermedi-
ate FN risk regimens (OR = 1.41, 95% Cl = 0.95-2.10), and breast cancer
(OR = 315, 95% CI = 1.24-8.01) vs. non-Hodgkin lymphoma (NHL; OR
= 1.48, 95% Cl = 0.98-2.23) and gynecologic cancers (OR = 0.64, 95%
Cl = 0.11-3.85). Where available, ORs for first cycle of chemotherapy,
grades 3 and/or 4 CIN, and chemotherapy dose delays or reductions
were in line with these findings. Conclusion: In this independent study,
same-day pedfilgrastim administration may or may not increase the
likelihood of FN, grades 3 and/or 4 CIN, and chemotherapy dose reduc-
tions or delays; and this may be a function of the myelotoxicity of the
regimens (elevated in high-risk but not intermediate-risk regimens) and
tumor type (elevated in breast but not in NHL or gynecologic cancers).
With due caution, same-day pedfilgrastim administration may be safe
and beneficial in intermediate-risk regimens and selected tumor types.
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evere chemotherapy-induced neutrope-

nia (CIN) is a major dose-limiting tox-

icity associated with myelosuppressive

regimens. Chemotherapy-induced neu-
tropenia is classified as grade 4 when the absolute
neutrophil count (ANC) is < 500/ul and grade 3
for ANCs < 1,000/ul but > 500/ul. Febrile neutro-
penia (FN) involves both neutropenia and fever
and is diagnosed in patients who present with a
single oral temperature > 38.3C° or an oral tem-
perature of > 38.0C° sustained for > 1 hour with
an ANC < 500/ul or ANC < 1,000/ul that is antici-
pated to decline to < 500/ul within the following
48 hours. Febrile neutropenia may be associated
with infection, often requires hospitalization and/
or antibiotic therapy, and may result in chemo-
therapy dose changes, treatment delays, and treat-
ment cancellations (Aapro et al., 2011; Gascon et
al., 2011; Griffiths et al., 2022). The average cost
for treating an inpatient case of cancer-related
neutropenia in the United States was $25,120 in
2012 (Centers for Disease Control and Prevention,
2017) and $32,206 in 2021 (U.S. Bureau of Labor
Statistics, 2021).

Used extensively to prevent neutropenia, peg-
filgrastim (Neulasta; Amgen Inc., 2021) and its bi-
osimilars are chemically derivatized forms of re-
combinant human granulocyte colony-stimulating
factor, a protein that promotes neutrophil produc-
tion. Administration of this drug reduces the inci-
dence, severity, and duration of both CIN and FN
(Crawford et al., 2017; Holmes et al., 2002; Lane et
al., 2006). Pegfilgrastim is typically provided as a
single dose administered no less than 24 hours af-
ter completion of chemotherapy but not less than
14 days before the next scheduled chemotherapy
administration (Griffiths et al., 2022; Amgen Inc.,
2021). Theoretically, administering pegfilgrastim
within 24 hours after chemotherapy increases the
toxicity of the chemotherapy to the myeloid pro-
genitor cells (Mehta et al., 2015). The 2022 Na-
tional Comprehensive Cancer Network (NCCN)
Guidelines for administration of hematopoietic
growth factors state that “...some institutions have
administered pegfilgrastim on the same day as
chemotherapy for logistical reasons and to mini-
mize travel burdens on long-distance patients”
(Griffiths et al., 2022). A survey of 386 US oncolo-
gists revealed that about one third (31.6%) of their

patients received pegfilgrastim on the same day as
chemotherapy (Marion et al., 2016).

Observational (Athar et al., 2007; Bartels et
al., 2021; Bilen et al., 2017; Billingsley et al., 2015;
Cheng et al., 2014; Eckstrom et al., 2019; Gupta et
al.,, 2007; Hoffmann, 2005; Ibrahim et al., 2011;
Karol et al., 2013; Kumar et al., 2009; Lokich, 2005;
Lokich, 2006; Matera et al., 2017; McBride et al.,
2021; Michaetal., 2013; Schuman et al., 2009; Skar-
los et al., 2009; Vance & Carpenter, 2006; Weycker
et al., 2017; Whitworth et al., 2009; Woods et al.,
2010) and randomized studies (Burris et al., 2010;
Siefker-Radtke et al., 2016) have evaluated the
extent of prophylaxis provided by a single dose
of pegfilgrastim administered within the first 24
hours after completion of chemotherapy. Here, we
present a meta-analysis of studies comparing the
efficacy of same-day pegfilgrastim to the standard
protocol of administration > 24 hours following
completion of chemotherapy (next-day). Outcome
parameters evaluated included FN, CIN grade 3/4,
CIN grade 4, chemotherapy dose delays, and che-
motherapy dose reductions.

METHODS

This meta-analysis is reported in accordance with
the Preferred Reporting Items for Systematic Re-
views and Meta-Analysis (PRISMA) checklist
(Figure 1; Moher et al., 2009; PRISMA, 2021).

Search Strategy and Study Selection
We searched the following databases to identify ret-
rospective and prospective studies that compared
the timing of pegfilgrastim administration, includ-
ing abstracts, published studies, conference papers,
and reports: PubMed/MEDLINE (National Library
of Medicine), Embase (Elsevier), Cochrane Library
(Wiley), ScienceDirect (Elsevier), Web of Science
(Clarivate Analytics), and Google Scholar. We also
searched the conference and publication websites
of the NCCN, the American Society of Clinical On-
cology, the American Society of Hematology, and
the National Cancer Institute. The search strat-
egy included relevant Medical Subject Headings
(MeSH) terms and the keyword terms pegfilgras-
tim, timing of administration, and chemotherapy.
Studies were selected according to PICOS
(Population, Intervention, Comparison, Outcomes,
and Study design) criteria (Huang et al., 2006):
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Figure 1. PRISMA flow diagram. Adapted from Moher et al. (2009).

Participants: adult patients with solid tu-
mors or lymphoma who were treated with
originator pegfilgrastim or its biosimilars
for prophylaxis of CIN/FN

Interventions: pegfilgrastim provided as a
6 mg subcutaneous (SQ) injection either on
the same day as chemotherapy or according
to the standard protocol in which pegfilgras-
tim is administered within 24 to 72 hours of
completion of chemotherapy

Outcomes: incidence of FN in the first cycle
and across all cycles of chemotherapy, grade
3/4 CIN, grade 4 CIN, as well as chemotherapy
delays and/or dose reductions due to neutro-
penia or any serious adverse event associated
with same-day administration of pegfilgrastim
Study designs: retrospective and prospec-
tive cohort studies, randomized clinical tri-
als, and case-control studies

Excluded were studies involving pediatric pa-
tients; reports lacking information on the number
of chemotherapy cycles or the number of report-
able events; reports on overlapping data sources;
studies using sources other than clinical trial re-
cords or medical records (e.g., claims database
studies); studies published in languages other
than English; single-arm studies; and studies on
the incidence of myelodysplastic syndromes in
cancer patients treated with pegfilgrastim.

Data Synthesis and Quality Assessment

Abstracts were extracted by one reviewer and full
articles were checked by two additional investi-
gators to confirm eligibility. Any disagreements
between reviewers were resolved by a senior in-
vestigator. The following data were retrieved from
each article: publication date, study design, type
and stage of cancer, age and sex of study partici-

J Adv Pract Oncol AdvancedPractitioner.com

REV_Alrawashdh.indd 798

11/30/22 12:29 PM



pants, the timing of pegfilgrastim administration,
chemotherapy regimens, number of chemothera-
py cycles, risk estimates, number of participants in
each study arm (same-day vs. next-day), and num-
ber of target events recorded, including FN in the
first cycle and across all cycles of chemotherapy,
grade 3/4 CIN, grade 4 CIN, and delays or dose
reductions in chemotherapy due to neutropenia.
The quality of the cohort and the case-control
studies was assessed with the Newcastle-Ottawa
Scale (NOS) and was based on selection of study
groups, comparability of groups, and ascertain-
ment of exposure and outcomes. The studies were
rated using a star system and categorized from fair
to good quality (Wells et al., 2018).

Statistical Analysis

Due to the paucity of studies that reported adjusted
odds ratios (ORs), unadjusted (crude) ORs were
calculated as a risk estimate for each outcome from
a 2 x 2 contingency table created for each study.
Analyses were performed using the meta, meta-
sens, and metareg packages in R software (R Foun-
dation for Statistical Computing, Vienna, Austria).
The Mantel-Haenszel method was used to estimate
the fixed-effect model and the Paule-Mandel meth-
od to estimate the random-effect model. Model se-
lection was based on the level of between-studies
variance. Heterogeneity was considered significant
and favoring the random-effect model was assessed
using the Cochrane Q test and I-squared (I2) test.
For the Cochrane Q test, a p value < .10 rather than <
.05 was considered significant because of the small
number of studies included (< 20; Aromataris &
Munn, 2017). An I? > 50% was considered indica-
tive of heterogeneity (Higgins & Thompson, 2002).
Publication bias was assessed using the funnel plot
of standard error by log ORs and Egger’s regression
test for asymmetry with p set at <.10 (Appendix A).

Meta-Analyses

Three levels of meta-analyses were conducted. We
first performed non-stratified meta-analyses of
same-day vs. next-day pegfilgrastim across all cy-
cles and after the first cycle on the incidence of FN,
grade 3/4 CIN, grade 4 CIN, as well as chemother-
apy delays or dose reductions due to neutropenia
over the course of chemotherapy. Next, we classi-
fied studies on the basis of the relative myelotoxicity

of the chemotherapy regimens as high risk (> 20%)
and intermediate risk (10%-20%) and performed
meta-analyses stratified by FN risk level (Griffiths
et al., 2022). Lastly, we performed meta-analyses
stratified by tumor type (non-Hodgkin lymphoma
[NHL], breast cancer, gynecologic cancers).

RESULTS

Systematic Review

We identified 13 publications (including one that
reported results of 4 clinical trials (Burris et al.,
2010) that met the inclusion criteria (Figure 1).
Table 1 summarizes the reported outcomes by
study design and tumor type of all included stud-
ies. Tumor types included non-Hodgkin lym-
phoma (NHL; 7 studies), gynecologic cancers
(3 studies), breast cancer (2 studies), non-small
cell lung cancer (NSCLC; 1 study), and urothelial
cancer (1 study). Two studies included a mix of
cancer types. Table 2 summarizes the studies in
terms of tumor types, patients’ age, chemothera-
py regimens, and the regimens’ FN risk classifi-
cation. The Newcastle-Ottowa Scale scores for
retrospective cohort or case-control studies were
between 6 and 9 (Appendix B).

Non-Stratified Analyses

In these overall analyses, same-day administra-
tion was associated with an increased likelihood
of developing FN across all cycles (OR =148, 95%
CI = 1.06-2.08; k = 14 studies; Figure 2A; Table 3)
and after the first cycle of chemotherapy (OR =
2.23,95% CI =1.10-4.54; k = 7). On the other hand,
in these unstratified analyses, same-day pegfil-
grastim administration was not associated with an
increased likelihood of grade 3 or 4 (OR =1.17,95%
CI=0.82-1.66; k = 5) or grade 4 neutropenia (OR =
0.96, 95% CI = 0.45-2.08; k = 5) across all chemo-
therapy cycles. However, there was an association
with developing grade 4 neutropenia after the first
cycle (OR = 2.57,95% CI = 1.29-5.10; k = 6).

Analyses Stratified by Myelotoxic

Febrile Neutropenia Risk

In studies involving high-risk (FN risk > 20%)
chemotherapy regimens, same-day pegfilgras-
tim administration was associated with an in-
creased likelihood of FN across all cycles (OR =
2.46, 95% CI = 1.04-5.83; k = 3; Figure 2B, Table

AdvancedPractitioner.com Vol 13 = No 8 = Nov/Dec 2022

REV_Alrawashdh.indd 799

11/30/22 12:29 PM



/Table 1. Outcomes of Studies by Study Design and Cancer Type

Number of patients Number of patients
who received PFG who received PFG
on the same day of within 24-72 hours Results reported as:
Study chemotherapy of chemotherapy same-day vs. next-day administration

Retrospective cohort studies in breast cancer

Kumar et al,, 43 patients 13 patients e Overall FN incidence: 16% vs. 7% with OR = 2.1
2009 (95% Cl = 0.28-15.6)
Retrospective cohort studies in gynecologic cancer
Billingsley et 129 patients 353 patients e Grade 3 or 4 neutropenia: 2.6% vs. 1.8%, aRR 1.6
al., 2015 administered 506 administered 1,565 (90% Cl = 0.82-3.23

PFG injections PFG injections e Overall FN incidence: 0.2% vs. 0.1%

e Dose modification due to neutropenia: 0.6% vs. 0.5 %,
aRR 1.27 (90% CI = 0.39-4.11)

e Treatment delay due to neutropenia: 0.8% vs. 1.7%,
aRR 0.57 (90% CI = 0.25-1.31)

e Bone pain: 7.7% vs. 5.6%, aRR 1.28 (90% CI = 0.85-1.93)

Whitworth et 44 patients 143 patients Grade 3, 4 neutropenia: 4.9% vs. 5.7%, p = .63
al., 2009 administered 490 administered 736 Dose modifications: 2.8% vs. 5.3%, p = .06
PFG injections PFG injections Chemotherapy delay: 5.9% vs. 7.5%, p = 0.35

Overall FN incidence: 0% vs. 0.4%, p = .41
Bone pain: 14.9% vs. 12.4%, p = .23
ANC nadir: 4,810/mm?3 vs. 4,212/m?3, p = .004

Retrospective cohort studies in NHL

Cheng et al,, 57 patients (total 63 patients who e Overall FN: 9.4% vs. 5.1%, p = .03
2014 number of PFG received 335 total e FNincycle 1:19.4% vs. 11.1%, p = 0.27
injections that PFG injections; e Mean duration of grade 4 neutropenia:
were received = 54 patients 3.00 (SD 2.17) vs. 2.41 days (SD 1.28), p = .31
320); 36 patients observed from their e Duration of hospital stays: 5.27 (SD 2.46) vs. 7.59 days
observed from first cycle (SD 4.90), p = 0.04
their first cycle of e Dose reduction of chemotherapy: 51.7% vs. 40%,
chemotherapy p =0.46
lbrahim et al., 60 chemotherapy 57 chemotherapy e Total neutropenia: 26.67% vs. 10.53%.
2011 cycles cycles e FN incidence: 13.33% vs. 3.51%
e Infection rate: 6.6% vs. 1.75%
Karol et al., 2013 31 patients 82 patients e Overall FN: 25.81% vs. 25.61% cases, p = 0.91
Woods et al.,, 162 chemotherapy 31 chemotherapy e Overall FN: 6.17% vs. 9.68%, p = 0.4
2010 cycles cycles e Grade 4 neutropenia: 32.10% vs. 45.16%, p = 0.4
Bartels et al., 14 patients received 4 patients received e Overall FN 5.3% vs. 0%
2021 95 cycles 5 cycles e Overall grade 3/4 neutropenia: 10.5% vs. 0.0
e Overall grade 4 neutropenia: 6.32% vs. 0%
e Grade 4 neutropenia after the first cycle: 14.29% vs. 0%
e Hospitalization: 10.5% vs. 20.0%, p = .45
e Antibiotics administration: 6.3% vs. 40.0%, p = .05
e Chemotherapy dose delays or reductions:
16.8% vs. 0.0%
McBride et al.,, 103 patients 13 patients received e First cycle FN: 6% vs. 8%, p > .05
2021 received 660 19 cycles e Overall FN: 4% vs. 5%, p > .05
chemotherapy e Overall grade 3/4 neutropenia: 11% vs. 16%, p > .05
cycles e Overall grade 4 neutropenia: 818% vs. 0%, p > .05
e Grade 4 neutropenia after the first hospitalization:

8% vs. 11%, p > .05
e Dose delays/reductions incidences 11% vs. 5%, p > .05

Note. ANC = absolute neutrophil count; aRR = adjusted relative risk; DLBCL = diffuse large B-cell lymphoma;
FN = febrile neutropenia; G-CSF = granulocyte colony stimulating factor; BC = breast cancer; NHL = non-Hodgkin
lymphoma; NSCLC = non-small cell lung cancer; OC = ovarian cancer; OR = odds ratio; PFG = pegfilgrastim;

\SCLC = small cell lung cancer. J

J Adv Pract Oncol AdvancedPractitioner.com

REV_Alrawashdh.indd 800 11/30/22 12:29 PM



a N
Table 1. Outcomes of Studies by Study Design and Cancer Type (cont.)
Number of patients Number of patients
who received PFG who received PFG
on the same day of within 24-72 hours Results reported as:
Study chemotherapy of chemotherapy same-day vs. next-day administration
Retrospective cohort studies that included patients with different types of cancer
(NHL, NSCLC, ovarian cancer, breast cancer)
Athar et al., 112 chemotherapy 100 chemotherapy e Overall FN: 0.04% vs. 0.05%
2007 cycles cycles
Hoffman et al., 70 patients 89 patients e Overall FN: 0.01% vs. 0.02% cases, p > .05
2005
Prospective studies and randomized controlled trials
Burris et al., 45 patients 45 patients e Grade 4 neutropenia in cycle 1: 93% vs. 78%
2010 (breast received 229 PFG received 246 PFG e FNincycle 1: 22% vs. 7%
cancer) injections injections e FN in overall cycles: 33% vs. 11%
e Mean duration of grade 4 neutropenia in cycle 1:
2.6 vs. 1.4 days
Burris et al., 36 patients 39 patients e Grade 4 neutropenia in cycle 1: 86% vs. 64%
2010 (NHL) administered 174 administered 209 e FNin cycle 1: 11% vs. 3%
e FN in overall cycles was 17% vs. 15%
e Mean duration of grade 4 neutropenia in cycle 1:
2.1 vs. 1.2 days
Burris et al., 44 patients 44 patients e Grade 4 neutropenia in cycle 1: 5% vs. 5%
2010 (NSCLC) e FNin cycle 1: 0% vs. 0%, same result for overall FN
e Mean duration of grade 4 neutropenia in cycle 1:
0.05 vs. 0.05 days
Burris et al., 8 patients 11 patients e Grade 4 neutropenia in cycle 1: 75% vs. 55%
2010 (ovarian e FN in cycle 1: 13% vs. 18%, same result for the
cancer) overall FN
e Mean duration of grade 4 neutropenia in cycle 1
1.9 vs. 2.4 days
Siefker-Radtke 32 patients 7 patients e Overall FN: 1.83% vs. 6.76%
et al., 2016 received 164 PFG administered o 33.3% of the patients experienced grade 3 or
(metastatic or across all cycles 15 PFG injections 4 neutropenia
unresectable
urothelial
carcinoma)
Note. ANC = absolute neutrophil count; aRR = adjusted relative risk; DLBCL = diffuse large B-cell lymphoma;
FN = febrile neutropenia; G-CSF = granulocyte colony stimulating factor; BC = breast cancer; NHL = non-Hodgkin
lymphoma; NSCLC = non-small cell lung cancer; OC = ovarian cancer; OR = odds ratio; PFG = pedfilgrastim;
\SCLC = small cell lung cancer. Y,

3). Analyses for cycle 1 only revealed no associa-
tion between day of administration and the likeli-
hood of patients treated with highly myelotoxic
chemotherapy developing FN (OR = 2.70, 95% CI
= 0.86-8.44; k = 2). However, high-risk patients
administered pegfilgrastim on the same day were
more likely to experience grade 4 neutropenia
(OR = 3.20, 95% CI = 1.19-8.66; k = 2) after the
first cycle.

In contrast, for the studies that focused on
intermediate-risk (FN risk 10%-20%) chemother-
apy regimens, there was no difference in FN like-

lihood between same-day and next-day patients
across all cycles (OR =141, 95% CI = 0.95-2.10; k =
9; Figure 2C, Table 3). Similarly, there was no dif-
ference in FN (OR =1.98, 95% CI = 0.80-4.90; k =
5) or grade 4 CIN (OR =2.12,95% CI = 0.83-5.43; k
= 4) likelihood between intermediate-risk patients
prophylacted the same day vs. next day after the
first cycle of chemotherapy.

Analyses Stratified by Tumor Type
Although limited to two studies, same-day admin-
istration was associated with a higher likelihood
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Table 2. Febrile Neutropenia Risk Stratification Outcomes Based on the Received Chemotherapy and
Cancer Type

Study

Athar et al.,
2007

Bartels et al.,
2021

Billingsley et
al., 2015

Burris et al,,
2010

Burris et al,,
2010

Burris et al.,
2010

Burris et al.,
2010

Cheng et al,,
2014

Hoffman et al,,
2005

lbrahim et al.,
201

Karol et al.,
2013

Kumar et al,,
2009

McBride et al.,,
2021

Siefker-Radtke
et al., 2016

Whitworth et
al., 2009

Woods et al.,
2010

Cancer type
NHL (42%)
SCLC (18%)
NSCLC (14%)
NHL

Gynecologic cancer

Breast cancer

NHL

NSCLC

Ovarian cancer

NHL

15 tumor types

NHL

NHL

Breast cancer

NHL/CLL

Urothelial carcinoma

Gynecologic:
ovarian (70%),
endometrial (19.2%),
cervical (1.7%),
fallopian tube (2.6%)

Lymphoma

Median or mean of
patients’ age? (yr)

70 (whole cohort)

66 (whole cohort)

59.4 (whole cohort)

26/31

28/26

36/40

38/36

58/63

NA

Age range 40-80 for
whole cohort

NA

52.9 for whole cohort

68/72.5

72 for whole cohort

64 for whole cohort

NA

Chemotherapy regimens

NA

Mini R-CHOP

Carboplatin/paclitaxel (42%)
Carboplatin/docetaxel (11%)

Docetaxel 75 mg/m?2, doxorubicin
50 mg/m?2, cyclophosphamide
500 mg/m?

Rituximab 375 mg/m?2;
cyclophosphamide 750 mg/m2;
doxorubicin 50 mg/m?2; vincristine
1.4 mg/m?; prednisone 100 mg
(days 1-5)

Carboplatin/docetaxel

Topotecan 1.5 mg/m?
administered days 1-5 of
each cycle

CHOP or R-CHOP g3w

NA

R-CHOP or CHOP g3w

R-CHOP

Docetaxel, doxorubicin
hydrochloride, and
cyclophosphamide

CHOP or R-CHOP or
bendamustine plus rituximab

Gemcitabine 900 mg/m?,
paclitaxel 135 mg/m?,
doxorubicin 40 mg/m?

Docetaxel/carboplatin (53%)
Paclitaxel/carboplatin (19%)

CHOP

FN risk
stratification

NA

Intermediate

Intermediate

High

Intermediate

Intermediate

High

Intermediate

NA

Intermediate

Intermediate

High

Intermediate

High

Intermediate

Intermediate

Note. FN = febrile neutropenia; PFG = pedfilgrastim; BC = breast cancer; NHL = non-Hodgkin lymphoma;

NSCLC = non-small cell lung cancer; OC = ovarian cancer; SCLC = small cell lung cancer; R-CHOP = rituximab-
cyclophosphamide, doxorubicin, vincristine, and prednisone; NA = not available.
2ln patients who were administered PFG on the same day of chemotherapy or patients who were administered PFG
\within 24-72 hours of chemotherapy.

/
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chemotherapy

Incidence of FN

Incidence of FN in
high risk

Incidence of FN in
intermediate risk

Incidence of grade
3/4 neutropenia®

Incidence of grade 4
neutropenia®

Incidence of FN
after first cycle of
chemotherapy

Incidence of FN in
high risk

Incidence of FN in
intermediate risk

Incidence of grade 4
neutropenia

Grade 4 in
intermediate risk

Breast cancer®

FN across all cycles

FN across all cycles

FN after the first
cycle

Grade 4 in high risk

Included studies

Hoffman, Athar,
Whitworth, Kumar, Burris
(BC, NHL), Woods,
Ibrahim, Karol, Cheng,
Billingsley, Siefker-Radtke,
Bartels, McBride

Kumar, Burris (BC),
Siefker-Radtke

Whitworth, Burris (NHL),
Woods, Ibrahim, Karol,
Cheng, Billingsley, Bartels,
McBride

Whitworth, lbrahim,
Billingsley, Bartels,
McBride

Whitworth, Woods,
Billingsley, Bartels,
McBride

After first cycle of chemotherapy

Burris (BC, NHL, NSCLC,
0OCQC), Cheng, Bartels,
McBride

Burris (BC, OC)

Burris (NHL, NSCLC),
Cheng, Bartels, McBride

Burris (BC, NHL, NSCLC,
OC), Bartels, McBride

Burris (BC, OC)

Burris (NHL, NSCLC),
Bartels, McBride

Kumar, Burris (BC)

Non-Hodgkin lymphoma®

Burris (NHL), Woods,
Ibrahim, Karol, Cheng,
Bartels, McBride¢

Burris (NHL), Cheng,
Bartels, McBride

Model
Fixed

Fixed

Fixed

Fixed

Random

Fixed

Fixed

Fixed

Fixed

Fixed
Fixed

Fixed

Fixed

Fixed

p-value

2.5 (0-56.2),
0.422

48.6 (0-85.0),
0.143

0 (0-62.10),
0.492

34.2 (0-75.2),
0.193

50.2 (0-81.7),
0.090

0.0 (0.0-58.3),
0.693

33.0,p =.222

0.0 (0-65.8),
0.719

0.0 (0-49.3),
0.776

0.0, p =.779

0.0 (0-77.1),
0.572

0, p =0.765

0.0 (0-68.5),
0.475

0.0 (0-65.8),
0.719

p value

1.48 (1.06-2.08),
0.023

2.46 (1.04-5.83),
0.041

1.41 (0.95-2.10),
0.088

117 (0.82-1.66),
0.398

0.96 (0.45-2.08),
0.924

2.23 (110-4.54),
0.027

2.70 (0.86-8.44),
0.088

1.98 (0.80-4.90),
0.140

2.57 (1.29-5.10),
0.007

3.20 (1.19-8.66), 0.022
212 (0.83-5.43), 0.119

3.15 (1.24-8.01), 0.016

1.48 (0.98-2.23),
0.062

1.98 (0.80-4.90),
0.140

s D
Table 3. Results of All Meta-Analyses
Publication
Heterogeneity, Results of meta- bias
Across all cycles of FP% (95% CI), analysis, OR (95% Cl), p-value of

Egger’s test®
oamn

0.652

0.589

0.458

0.109

0.361

0.971

Note. FN = febrile neutropenia; CIN = chemotherapy induced neutropenia; BC = breast cancer; NHL = non-Hodgkin

lymphoma; NSCLC = non-small cell lung cancer; OC = ovarian cancer; OR = odds ratio; Cl = confidence interval.

aEgger’s test may lack the statistical power to detect bias when the number of studies is small. Funnel plots are

available in supplementary.

PAll studies in this meta-analysis included intermediate-risk chemotherapy regimens.

cAll studies in this meta-analysis included high-risk chemotherapy regimens.
\dThis study included mixed patients (60% NHL and 40% CLL).
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\dThis study included mixed patients (60% NHL and 40% CLL). Y,

a N
Table 3. Results of All Meta-Analyses (cont.)
Publication
Heterogeneity Results of meta- bias
Across all cycles of 12% (95% Cl), p analysis p-value of
chemotherapy Included studies Model value OR (95% CI), p value Egger’s test?
Non-Hodgkin lymphoma® (cont.)
Grade 3/4 Ibrahim, Bartels, McBride Fixed 41,5 (0-82.2), 1.76 (0.81-3.84), 0.153 0.800
neutropenia across 0.181
all cycles
Grade 4 neutropenia Woods, Bartels, McBride Fixed 0.0 (0-86.0), 0.73 (0.37-1.47), 0.379 0.420
across all cycles 0.476
Grade 4 neutropenia Burris (NHL), Bartels, Fixed 0.0 (0.0-85.0), 2.58(0.86-7.73),0.090 0.687
after first cycle McBride 0.500
Chemotherapy dose Bartels, McBride Fixed 0, p =0.99 2.25 (0.42-11.97), 0.341
reductions or delays
across all cycles
Gynecologic cancers®
FN across all cycles Whitworth, Billingsley Fixed 40.0, p = 0.197 0.64 (0.11-3.85), 0.628
Grade 3/4 Whitworth, Billingsley Fixed 34.6,p =0.216 103 (0.68-1.54), 0.899
neutropenia across
all cycles
Grade 4 neutropenia Whitworth, Billingsley Random 81.4 (21.2- 116 (0.22-6.19), 0.859
across all cycles 95.6), 0.020
Chemotherapy dose Whitworth, Billingsley Fixed 0, p =0.623 0.51 (0.21-1.25), 0.140
delays across
all cycles
Chemotherapy dose Whitworth, Billingsley Fixed 0, p = 0.756 1.04 (0.32-3.35), 0.946
reductions across
all cycles
Note. FN = febrile neutropenia; CIN = chemotherapy induced neutropenia; BC = breast cancer; NHL = non-Hodgkin
lymphoma; NSCLC = non-small cell lung cancer; OC = ovarian cancer; OR = odds ratio; Cl = confidence interval.
aEgger’s test may lack the statistical power to detect bias when the number of studies is small. Funnel plots are
available in supplementary.
PAll studies in this meta-analysis included intermediate-risk chemotherapy regimens.
cAll studies in this meta-analysis included high-risk chemotherapy regimens.

of FN across all cycles in breast cancer patients
(OR=3.15,95% CI =1.24-8.01; k = 2). No other data
were available for this tumor type.

In contrast, in NHL patients there was no asso-
ciation between timing of administration and the
likelihood of FN across all cycles (OR =148, 95%
CI =0.98-2.23; k = 7), FN after cycle 1 (OR = 1.98,
95% CI = 0.80-4.90; k = 4), grade 3/4 CIN (OR =
1.76,95% CI = 0.81-3.84; k = 3), grade 4 CIN across
all cycles (OR = 0.73,95% CI = 0.37-1.47; k = 3) and
after cycle 1 (OR = 2.58, 95% CI = 0.86-7.37; k = 3),
or the likelihood of chemotherapy dose reduc-
tions or delays (OR = 2.25,95% CI = 0.42-11.97; k =
2). Likewise, in patients with gynecologic cancers,
timing of administration was not associated with

the likelihood of FN across all cycles (OR = 0.64,
95% CI = 0.11-3.85; k = 2) or grade 3/4 CIN (OR =
1.03, 95% CI = 0.68-1.54; k = 2) and grade 4 CIN
across all cycles (OR =1.16,95% CI = 0.22-6.19; k =
2), nor with the likelihood of dose reductions (OR
=1.04, 95% CI = 0.32-3.35; k = 2) or chemotherapy
delays (OR = 0.51, 95% CI = 0.21-1.25; k = 2).

Publication Bias

With the caveat that Egger’s test may lack the statisti-
cal power to detect bias when the number of studies
is small and data permitting, testing for publication
bias on the outcomes of interest yielded statistically
nonsignificant results (Table 3). This was also con-
firmed by the contoured forest plots (Figure 2).
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DISCUSSION

While our findings suggest that same-day pegfil-
grastim administration may be associated with an
increased likelihood of developing FN and possi-
bly grade 4 CIN, stratified analyses by myelotoxic-
ity (intermediate-risk vs. high-risk regimens) and
tumor type indicate that this elevated risk may not
be generalizable to all chemotherapy regimens
and across all tumor types. Support for this postu-
late of differentiation by myelotoxicity and tumor
type is evident at several levels.

First, the 1.48-fold increase in the likelihood of
an FN episode across all cycles of chemotherapy
is attributable mainly to the case of breast can-
cer, treatment with highly myelotoxic chemo-
therapy regimens, and the interaction of both. No
increased risk on any of the outcomes of interest
was observed in the analyses for NHL and gyne-
cologic cancers. Second, the 2.23-fold increase
in the likelihood of developing FN following the
first-cycle chemotherapy treatment seems para-
doxical, as it was not observed in studies of either
high-risk or intermediate-risk regimens. While
no data were available for the two breast cancer
studies, the cycle 1 data for NHL and gynecologic
cancer were negative as FN and grades 3 and/or 4
CIN were negative. This merits further investiga-
tion in randomized clinical trials (RCTs), as only
the four Burris and colleagues studies were RCTs,
and data from retrospective studies may be sub-
ject to various biases. Third, the 2.57-fold higher
likelihood of grade 4 CIN noted in the first cycle of
chemotherapy may be attributable mainly to be-
ing treated with a highly myelotoxic regimen. No
statistically significant risk was noted for interme-
diate-risk regimens. Fourth, the two breast cancer
studies yielded statistically significant results, but
this was not the case for the gynecologic cancers
and NHL studies. This further points at the rel-
evance of differentiating by tumor type.

In sum, the differential risk of FN, grades 3
and/or 4 CIN, and chemotherapy dose reductions
or delays between same-day and next-day admin-
istration is likely to be a function of the myelotox-
icity of the regimens (elevated in high-risk but not
in intermediate-risk regimens) and tumor type
(elevated in breast but not in NHL or gynecologic
cancers). Thus, and with due caution, same-day
pegfilgrastim administration may be safe and ben-

eficial in intermediate-risk regimens and selected
tumor types.

Although the breast cancer meta-analysis was
based on only two studies, the findings are cause
for concern in terms of timing of pegfilgrastim
administration. The major first-line regimen for
breast cancer consists of docetaxel, doxorubicin,
and cyclophosphamide, which is a highly myelo-
toxic regimen. Conversely, in NHL, intermedi-
ate-risk CHOP (cyclophosphamide, doxorubicin,
vincristine, and prednisone) without or (more
commonly) with rituximab (R-CHOP) adminis-
tered in 3-week cycles are the most common regi-
mens. The meta-analysis findings for NHL suggest
that same-day administration is safe in this set-
ting. Moreover, the meta-analysis on gynecologic
tumors treated by paclitaxel or docetaxel and car-
boplatin suggests no difference between same-day
and next-day administration.

The decision to administer pegfilgrastim on
the same day should include other factors as well.
For instance, relatively healthy NHL patients may
be treated with R-CHOP in 2-week cycles, which
is a high-risk regimen. Patient risk factors should
be considered, such as age, gender, general health,
performance status, nutritional status, and comor-
bidities, because these factors could impair a pa-
tient’s response to myelosuppression.

The general finding of an elevated risk of FN
in the first cycle of chemotherapy is certainly of
clinical concern and underscores the importance
of assessing FN risk at the start of a line of treat-
ment, as is the elevated risk across all cycles of
chemotherapy. Guidelines (NCCN, European Or-
ganization for Research and Treatment of Cancer
[EORTC]) recommend that the risk of FN should
be assessed at the beginning of each cycle, not just
at the initiation of the line of treatment.

While FN is the primary and most clinically
relevant outcome in the same-day vs. standard
pegfilgrastim administration debate, our findings
on secondary CIN outcomes are important as
they provide a more comprehensive clinical per-
spective on same-day vs. next-day granulocyte
colony-stimulating factor (G-CSF) support. As to
CIN grade 4 (without fever), the meta-analyses
did not yield a signal of concern relative to same-
day administration; and neither did the analyses
when broadening the outcome to CIN grades 3 or
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Same day Next day
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Hoffman 2005 1 70 2 89 4'—|-:— 063 [0.06; 7.10] 3.1%
Athar 2007 5 112 5 100 —'—4— 089 [0.25; 316] 9.0%
Whiteworth 2009 0 490 3 736 + 0.21 [0.01; 414] 5.0%
Kumar 2009 7 43 1 13 —_—t 233 [0.26;2095] 2.3%
Burris (BC) 2010 15 229 5 246 ,:__._ 338 [1.21; 945] 81%
Burris (NHL) 2010 6 174 6 209 — 121 [0.38; 3.82] 94%
Woods 2010 10 162 3. 31 —-'-—5— 061 [0.16; 237] 85%
Ibrahim 2011 8 60 2 5i I 423 [086;2085 32%
Karol 2013 8 3 21 82 —8— 1.01 [0.39; 260] 15.3%
Cheng 2014 30 320 i1 335 . 194 [1.05; 3.58] 27.0%
Billingsley 2015 1 506 11565 i 310 [0.19;4960] 09%
Siefker-Radtke 2016 3 164 1 15 —*——;— 026 [0.03; 268] 32%
Bartels 2021 5 95 0 5 X 067 [0.03;13.70] 16%
McBride 2021 24 660 1 19 —'—i— 068 [0.09; 530] 34%
Fixed effect model 3116 3502 <> 1.48 [1.06; 2.08] 100.0%
Prediction interval - [0.90; 2.26]
Heterogeneity: /* = 3%, t° = 0.0111, p = 0.42
01 0512 10
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B. Same day Next day
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Kumar 2009 7 43 1 13 233 [0.26;2095] 16.9%
Burris (BC) 2010 15 229 5 246 —i— 338 [1.21; 9.45] 59.4%
Siefker-Radtke 2016 3 164 1 15 026 [0.03; 268] 237%
Fixed effect model 436 274 e 2.46 [1.04; 5.83] 100.0%
Heterogeneity: I = 49%, t° = 0.8665, p = 0.14 ! ' | '
0.1 051 2 10
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C. Same day Next day
Study Events Total Events Total Odds Ratio OR 95%-Cl Weight
Whiteworth 2009 0 490 3 736 “ i 0.21 [0.01; 414] 6.8%
Burris (NHL) 2010 6 174 6 209 —F 121 [0.38; 382] 12.7%
Woods 2010 10 162 3 3 —& 061 [0.16; 2.37] 11.4%
Ibrahim 2011 8 60 2 &7 o 423 [086;2085] 43%
Karol 2013 8 31 21 82 —— 101 [0.39; 260] 206%
Cheng 2014 30 320 17 335 LN 194 [1.05; 3.58] 36.3%
Billingsley 2015 1 506 1 1565 . 3.10 [0.19;4960] 1.2%
Bartels 2021 5 95 0 5 : 067 [0.03;13.70] 21%
McBride 2021 24 660 1 19 —'—l— 068 [0.09; 5.30] 4.5%
Fixed effect model 2498 3039 g 1.41 [0.95; 2.10] 100.0%
Prediction interval b — [0.86; 2.29]
Heterogeneity: = 0%, = 0,p=049 I
0120151 22 10
Favours same day Favours next day
N J

Figure 2. Forest plots of association between febrile neutropenia incidence across all cycles of chemo-
therapy and timing of pedfilgrastim administration (same-day vs. next-day) using (A) all studies report-
ing odds ratios; (B) studies with cohorts at high risk of developing FN; and (C) studies with cohorts at
intermediate risk of developing FN.
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4. However, it should be noted that the studies in
these meta-analyses evaluated intermediate-risk
regimens in NHL and gynecologic cancers.

As CIN/FN episodes may lead clinicians to
consider delaying the next round of chemother-
apy or reducing the dose of chemotherapy—both
of which may impair tumor control—the cor-
responding meta-analyses in our study showed
no statistically significant risk associated with
same-day over next-day administration in pa-
tients with NHL on R+CHOP every 3 weeks or
with gynecologic cancers and on a paclitaxel or
docetaxel and carboplatin regimen. However,
this might not be the case in patients with ovar-
ian cancer and on topotecan (a regimen classified
as high risk for FN).

Our study was focused on randomized and
observational clinical studies; however, a claims
database analysis of 53,814 cancer patients with
solid tumors and NHL by Weycker and colleagues
(2017) is of note. This analysis of claims in the pe-
riod 2010 to 2016 evaluated pegfilgrastim prophy-
laxis administered the (last) day of chemotherapy
(similar to our definition of “same-day”) compared
to days 1 to 3 and days 4 to 5. The authors report-
ed odds of FN in cycle 1 of 1.4 (95% CI = 1.2-1.7)
for patients prophylacted on the same day and 1.9
(95% CI = 1.2-3.0) for those administered pegfil-
grastim on days 4 to 5. Our meta-analysis revealed
a two-fold increase of FN in cycle 1, although our
95% CI (1.10-4.54) overlapped partially with the
precision estimates reported by Weycker and col-
leagues (2017), whose precision should be attrib-
uted to the large sample size. This suggests the
need for continued clinical research.

Our study builds on a previous systematic re-
view by Lyman and colleagues (2017) that evalu-
ated the efficacy and safety of same-day vs. next-
day administration of pegfilgrastim. Although
we included several of the same studies, Lyman
and colleagues did not report a meta-analysis.
They concluded that the administration of peg-
filgrastim within 24 to 72 hours of chemotherapy
resulted in improved health outcomes by reduc-
ing the incidence of FN and CIN based on sub-
jective comparisons.

The evidence presented in our study stands
in support of the relative efficacy and safety of
same-day pegfilgrastim administration under

consideration of tumor type and chemotherapy
regimen (as NHL and R*tCHOP every 3 weeks).
Our findings lend comprehensive support for the
current NCCN Guidelines to offer same-day peg-
filgrastim in response to patient-related challeng-
es (for instance, overnight stay, additional travel,
additional direct and indirect costs, physical and
psychological burden) and clinic-related factors
(staffing and other resourcing) associated with
an additional office visit. Furthermore, in the cur-
rent COVID-19 pandemic and the additional risk
of being exposed to infection, especially consider-
ing chemotherapy-related immunosuppression,
same-day administration prevents an additional
clinical visit and all the associated clinic-related
and unrelated exposure risks. This is also aligned
with Al-Shamsi and colleagues (2020) in their dis-
cussion of general approaches to minimizing the
outbreak of COVID-19 in cancer patients, specifi-
cally that “Consideration of the risk and benefit
for active intervention in the cancer population
must be individualized and minimizing outpatient
visits can help to mitigate exposure and possible
further transmission.” However, we should clarify
here that the clinician’s vigilance is needed to ad-
minister pegfilgrastim on the same day of chemo-
therapy to their patients.

Lastly, in the US, an on-body injector of peg-
filgrastim (Amgen Inc., 2021) is available for origi-
nator pegfilgrastim—but not yet its biosimilars—
which is applied the day of chemotherapy but is
programmed to deliver prophylaxis about 27 to
28 hours later. However, failure and malfunction
rates between 1.7% and 6.9% have been reported,
putting patients at risk for not receiving G-CSF
support (Joshi et al.,, 2017; Mahler et al., 2017;
McBride et al., 2020; Stuessy et al., 2017). This in-
creases the likelihood of FN at significant clinical
and financial costs. Accordingly, same-day admin-
istration of pegfilgrastim may offer patients and
caregivers convenience and assurance of prophy-
laxis by eliminating patient noncompliance to re-
turn the next day or failure of the delivery device.

Our study has limitations, many of which are
related to the limited information that could be
retrieved from studies. It is important to consider
the mix of studies in our meta-analyses as some
designs may be more subject to bias than others.
The intermediate-risk findings came mainly from
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retrospective cohort studies. Selection biases,
other biases, and dilution of the true ORs cannot
be excluded. The studies in the meta-analysis did
not address the precise timing of next-day admin-
istration of pegfilgrastim, which could have been
administered at timepoints earlier than 24 hours
after the final dose of chemotherapy. Due to data
limitations, we could not stratify analyses by pa-
tient characteristics. Studies did not detail the use
of antibiotic prophylaxis to prevent fever due to
infection (Cullen & Baijal, 2009; Pascoe & Steven,
2009), which could contribute to the incidence
of CIN/FN. Studies were inconsistent in whether
and how they reported the duration of CIN/FN,
which made it unclear whether the duration of
CIN/FN breakthrough events differed between
both administration timings. Most studies did not
adjust their risk estimates for patient demograph-
ics such as age, comorbidities, or other potentially
relevant covariates; therefore, we could not run
meta-analyses on the adjusted ORs.

CONCLUSION

This independent study found that same-day peg-
filgrastim administration may or may not increase
the likelihood of FN, grades 3 and/or 4 CIN, and
chemotherapy dose reductions or delays. This
may be a function of the myelotoxicity of the regi-
mens (elevated in high-risk but not intermediate-
risk regimens) and tumor type (elevated in breast
but not in NHL or gynecologic cancers). While
further research is needed, with due caution,
same-day pegfilgrastim administration may be
safe and beneficial in intermediate-risk regimens
and selected tumor types.
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Appendix A. Funnel plots of standard error by effect estimate for meta-analyses of (A) FN across all
cycles; (B) FN after the first cycle; (C) grade 3/4 neutropenia across all cycles; (D) grade 4 neutropenia
across all cycles; (E) grade 4 neutropenia after the first cycle; (F) FN across all cycles in NHL.

/Appendix B. Newcastle-Ottawa Scale Scores of Cohorts Studies b
Study Study design Selection Comparability Outcome/Exposure Quality score Quality
Athar et al., 2007 Retrospective cohort  ***0 *0 e 7 Good
Bartels et al., 2021 Retrospective cohort ~ **** * o= 8 Good
Billingsley et al., 2015 Retrospective cohort ~ **** o . 9 Good
Cheng et al., 2014 Retrospective cohort ~ **** o* ak 8 Good
Hoffman et al., 2005 Retrospective cohort  ***0 o* *0* 6 Good
Ibrahim et al., 2011 Retrospective cohort — **** o o 9 Good
Karol et al., 2013 Retrospective cohort ~ **0* 0* o 7 Good
Kumar et al., 2009 Retrospective cohort ~ **** * **0 8 Good
McBride et al., 2021 Retrospective cohort ~ **** o 0** 8 Good
Whiteworth et al., 2009 Retrospective cohort  **** o o 9 Good
Woods et al., 2010 Retrospective cohort ~ **** o* ok 7 Good
Note. Good quality: 3 or 4 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in outcome/
exposure domain. Fair quality: 2 stars in selection domain AND 1 or 2 stars in comparability domain AND 2 or 3 stars in
outcome/exposure domain. Poor quality: O or 1 star in selection domain OR O stars in comparability domain OR O or 1 stars in

\outcome/exposure domain. Y,
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