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Abstract
Purpose Guidelines recommend primary prophylactic (PP) granulocyte colony stimulating factor (G-CSF) for prevention of 
febrile neutropenia (FN) in patients receiving myelosuppressive chemotherapy with high risk (HR: > 20%), or intermediate 
risk (IR:10–20%) of FN and ≥ 1 patient risk factor (e.g., age ≥ 65y). The current retrospective cohort study describes patterns 
of PP-G-CSF in older Medicare patients undergoing myelosuppressive chemotherapy with HR/IR of FN.
Methods Patients aged ≥ 66y initiating chemotherapy regimens with HR/IR of FN to treat breast, colorectal, lung, or ovar-
ian cancer, or Non-Hodgkin’s Lymphoma were selected using Medicare 20% sample (2013–2015) and 100% cancer patient 
(2014–2017) data. PP-G-CSF use was identified in the first cycle. Timing of pegfilgrastim pre-filled syringe (PFS) admin-
istration, proportion of patients completing all cycles (adherence) with pegfilgrastim PFS or on-body injector (OBI), and 
duration of short-acting G-CSF (sG-CSF) was described across all cycles.
Results Of 64,893 patients receiving HR/IR for FN, 71% received HR and 29% IR regimens. Overall, PP-G-CSF use in 
the first cycle was 53% (HR: 74%; IR: 44%) and varied across cancers. Adherence with pegfilgrastim was slightly higher 
among OBI initiators (78%) than PFS (74%). Number of PP-sG-CSF administrations (mean [SD]) per cycle was 5.1 (SD: 
2.7) overall, 5.4 (2.6) for HR, and 4.9 (2.7) for IR.
Conclusion Despite cancer treatment guidelines recommending PP-G-CSF use to reduce risk of FN associated with HR 
and IR (with ≥ 1 patient risk-factor) regimens, PP-G-CSF remains underutilized in older patients, across cancer types and 
regimens. Opportunities exist for improvement in use of PP-G-CSF.
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Older patients · Pegfilgrastim

Introduction

Patients undergoing chemotherapy for the treatment of 
cancer are at risk of chemotherapy-induced complications 
including fatigue, cognitive dysfunction, gastrointestinal or 
cardiovascular toxicity, and febrile neutropenia (FN) [1]. 

FN following myelosuppressive chemotherapy is a serious 
complication associated with morbidity and mortality, often 
leading to reduced treatment efficacy due to dose delays and 
reductions [2]. Approximately 25–40% of treatment-naïve 
patients receiving common myelosuppressive chemother-
apy experience FN [3]. The risk of developing FN varies by 
chemotherapy regimen and patient risk factors such as age, 
bone marrow involvement, performance status, persistent 
neutropenia, and prior radiation [4–6]. Since, granulocyte 
colony-stimulating factors (G-CSF) have been proven to be 
effective in reducing FN risk [7–10], the National Compre-
hensive Care Network (NCCN) and other clinical guidelines 
recommend G-CSF prophylaxis for patients undergoing 
myelosuppressive chemotherapy with high (≥ 20%), or inter-
mediate (10%–20%) FN risk and at least one patient-level 
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risk factor [11–14]. Neutropenic complications are more fre-
quent and severe in older patients with cancer resulting in 
longer hospitalizations and a higher mortality rate [16, 17]. 
Consequently, older patients often experience chemotherapy 
dose delays and reductions leading to reduced chemotherapy 
effectiveness and a decrease in overall survival as compared 
to younger patients [16, 18]. G-CSF therapy in older patients 
have been shown to be effective in reducing the incidence of 
FN thereby improving chemotherapy persistence [18, 19]. 
Age ≥ 65 years is a patient-level risk factor for FN and thus 
should be taken into account when deciding on G-CSF treat-
ment [2, 12, 15].

Observational studies have reported increased FN risk 
with filgrastim treatment durations shorter than ten to eleven 
days [20–22]. However, in most clinical practices primary 
prophylactic (PP)-filgrastim is administered on average for 
four to seven days [20–23] or even less [24]. Pegfilgrastim 
has been routinely administered as a pre-filled syringe (PFS) 
1 day after the last day of chemotherapy completion (day 
zero). NCCN also considers it preferable to administer peg-
filgrastim from day one to days three/four after the last day 
of chemotherapy [11]. Yet, some patients receive pegfil-
grastim on the same day as the last day of chemotherapy 
[25], despite available evidence indicating that same day 
administration is associated with higher risk of FN incidence 
[25, 26]. In 2015, a new on-body injector (OBI) treatment 
modality was introduced as a delivery option for pegfil-
grastim to eliminate the requirement of a clinic visit one 
day after chemotherapy [27].

As the US population ages, more patients are entering the 
Medicare program, thus it is important to evaluate achieve-
ment of recommended guideline care to ensure quality out-
comes. Treatment with myelosuppressive chemotherapy and 
supportive care medicines remains a cornerstone for the care 
of patients diagnosed with various types of cancer [28–32]. 
In this study, we examined the use, adherence, and timing 
of administration of PP-G-CSF among Medicare patients 
diagnosed with different cancer types and receiving myelo-
suppressive chemotherapy with high risk or intermediate 
risk for FN.

Materials and methods

Study design and data source

We conducted a retrospective cohort study of older Medicare 
patients who received chemotherapy regimens with inter-
mediate-risk or high-risk of FN for breast, colorectal, lung, 
or ovarian cancer, or Non-Hodgkin’s Lymphoma (NHL), 
from 2013 to 2017 (see Appendix A for study schema). 
The study design has been described in detail earlier [33]. 
Briefly, 20% Medicare sample data from 2012–2015 and 

100% Medicare cancer patient file (2014–2017) from the 
Centers for Medicare & Medicaid Services were used and 
included the annual Master Beneficiary Summary File file 
(including demographic information and Medicare enroll-
ment status), and the annual claims-based standard analyti-
cal files (including Part A institutional and Part B carrier 
files) [33, 34]. This study was approved by the Office for 
Human Subjects Research of Hennepin Healthcare System.

Study cohort

For all eligible patients, the date of initiation of the first 
chemotherapy course was defined as the cohort entry date. 
We created cohorts of patients diagnosed with breast, colo-
rectal, lung, or ovarian cancer, or NHL, initiating myelo-
suppressive chemotherapy from January 1, 2013 through 
June 30, 2017, with regimens classified as intermediate risk 
(10%–20%) or high risk (> 20%) for FN as defined by the 
NCCN guidelines (Appendix B). All eligible patients were 
continuously enrolled in Medicare Part A and Part B without 
enrollment in a Medicare Advantage (MA) program for at 
least 365 days before and 6 days after chemotherapy initia-
tion, aged ≥ 66 years at chemotherapy initiation and survived 
the subsequent 6 days to effectively identify regimen and day 
of chemotherapy completion in the first cycle. Initiation of 
the first cycle of chemotherapy required at least 365 days 
with no prior myelosuppressive chemotherapy (Appendix 
C). Patients who had undergone radiotherapy or stem cell 
transplant (Appendices D1–D2) in the 365 days before or six 
days after chemotherapy initiation were excluded.

Chemotherapy course and cycle in Medicare Part A out-
patient and Part B carrier claims were identified using the 
algorithm by Weycker et al. (Appendix E) [35]. Chemo-
therapy regimens were defined based on the Healthcare 
Common Procedure Coding System (HCPCS) Level II 
codes for parenterally administered antineoplastic agents 
(myelosuppressive and non-myelosuppressive; Appendix 
B) with service dates from day one to day six of the first 
cycle [33]. The same claims contained the diagnosis codes 
for breast, colorectal, lung, or ovarian cancer, or NHL based 
on the International Classification of Diseases, Ninth/Tenth 
Revision, Clinical Modification (ICD-9-CM/ICD-10-CM) 
(Appendix F). To ensure that the identified regimen was 
used to treat the cancer of interest, patients with diagnosis 
codes for more than one cancer reported in the chemother-
apy claims during the first 6 days of the cycle were excluded. 
Regimens were classified as “intermediate” or “high” with 
regard to risk of FN based on the NCCN® guideline for use 
of myeloid growth factors [11, 33]. The last date of adminis-
tration of myelosuppressive chemotherapy agent during the 
initial 6 days of the cycle was defined as the chemotherapy 
completion date in the cycle.
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Study period

The baseline period started 12 months prior to chemotherapy 
initiation (Appendix A). The study follow-up period started 
on the chemotherapy initiation date and continued until the 
earliest date of the chemotherapy course end date of the last 
cycle (up to eight cycles), first occurrence of neutropenia-
related hospitalization, first occurrence of Sargramostim use, 
bone marrow/stem cell transplant/radiation therapy (Appen-
dix D1–D2), death, disenrollment from Medicare Part A/B, 
enrollment in an MA program, or November 30, 2017.

Covariate assessment

As described previously, age in years was assessed at the 
index date [1]. At least one inpatient claim or two outpatient 
claims, separated by at least 30 days, were required for defin-
ing comorbidities during the baseline period (Appendix G). 
Neutropenia hospitalization was defined through an inpa-
tient claim with a diagnosis of neutropenia (ICD-9 288.0x; 
ICD-10 D70.x) in any position [36]. The modified Charlson 
comorbidity index (CCI) adapted for use with administrative 
claims data was calculated [1, 36, 37].

Outcome assessment

Primary prophylactic G-CSF (PP-G-CSF) was defined as 
at least one administration of a long-acting G-CSF (pegfil-
grastim) or an sG-CSF (filgrastim, tbo-filgrastim, filgrastim-
sndz) from Part A outpatient or Part B claims via correspond-
ing HCPCS Level II codes (Appendix H1) from the initiation 
of chemotherapy to five days after chemotherapy completion 
in the first cycle [27, 38–43]. Pegfilgrastim administration 
mode (PFS and OBI) were distinguished via National Drug 
Codes (NDC) and Current Procedural Terminology (CPT) 
codes (Appendix H2). Claims with HCPCS codes for pegfil-
grastim alone without NDC or CPT codes indicating admin-
istration mode were categorized as “pegfilgrastim, route 
unknown.” Time of administration of the PP-pegfilgrastim 
PFS was identified by a claim for pegfilgrastim PFS relative 
to day zero (day of chemotherapy completion) through day 
five after chemotherapy completion. Prophylactic sG-CSF 
administrations were defined by the number of days with sG-
CSF claims during the entire cycle; multiple claims on the 
same day were considered as a single administration. Use of 
PP-G-CSF, timing for administration of PFS, and number of 
sG-CSF administrations in the second through subsequent 
cycles were defined using the same methods.

Up to eight completed chemotherapy cycles were identi-
fied for each eligible patient in the study cohort. After March 
1, 2015 (post-OBI approval period), adherence of PP-peg-
filgrastim was defined (for patients who received PP-pegfil-
grastim PFS or OBI in the first cycle) as the proportion of 

patients completing 100% of their cycles (up to eight cycles) 
with the same mode of pegfilgrastim administration they 
used in the first cycle.

Analysis

Descriptive statistics were reported. Continuous variables 
were expressed as mean (standard deviation [SD]) or median 
and interquartile range (IQR). Categorical variables were 
expressed as count and percentage with 95% confidence 
intervals (CIs). The mean (SD) number of prophylactic 
sG-CSF administrations per cycle was calculated using all 
eligible cycles that received at least one administration of 
prophylactic sG-CSF and results stratified by cancer type, 
and FN risk category of the chemotherapy regimen.

Results

A total of 64,893 patients initiated myelosuppressive 
chemotherapy for breast, colorectal, lung, or ovarian can-
cer, or NHL, between January 1, 2013, and June 30, 2017 
(Appendix I). The most common cancer type was breast 
(29.6%), followed by lung cancer (25.7%), NHL (21.9%), 
colorectal cancer (21.8%), and ovarian cancer (1%). Among 
all patients, 71.2% received chemotherapy regimens with 
intermediate FN risk and 28.8% received regimens with high 
FN risk. Most patients with breast cancer (92%) received 
chemotherapy regimens with high FN risk while chemother-
apy regimens with intermediate risk were primarily given 
to patients with colorectal cancer (100%) followed by lung 
(99.8%), NHL (94.9%), and ovarian cancer (62.3%).

PP-G-CSF use in the first cycle varied across cancer-type 
and FN risk categories of chemotherapy regimen (Fig. 1). 
The combined proportion of patients with cancer receiving 
PP-G-CSF in the first cycle was 43.9% (95% CI: 43.4%, 
44.3%) for chemotherapy with intermediate risk for FN 
and 74.2% (95% CI, 73.6%, 74.8%) for chemotherapy with 
high risk for FN. Among patients receiving chemotherapy 
regimens with intermediate FN risk, PP-G-CSF use was 
most common in NHL (79.2%), followed by ovarian cancer 
(60.6%), lung cancer (45.2%), breast cancer (19.3%), and 
colorectal cancer (10.9%). Among patients receiving chemo-
therapy regimens with high FN risk, prophylactic G-CSF 
use was most common in patients with NHL (79.4%) and 
breast cancer (75.0%), followed by lung cancer (31.4%) and 
ovarian cancer (11.3%).

Among patients receiving chemotherapy regimens with 
high FN risk, mean age at the initiation of their first chemo-
therapy course, presence of baseline comorbid conditions, 
and mean CCI were similar between those who received 
compared with those who did not receive PP-G-CSF overall, 
and by cancer types (Table 1). Among patients receiving 
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chemotherapy regimens with intermediate FN risk, those 
who received PP-G-CSF were less likely to have metasta-
sis (18.6% vs 37.5%) and had lower CCI (mean CCI [SD]: 
3.7 [3.2] vs 5 [3.6]) at baseline compared with those who 
did not receive PP-G-CSF, results driven mostly by patients 
with breast cancer (Table 1). While the overall mean number 
of completed chemotherapy cycles was similar for patients 
receiving PP-G-CSF (3.8) or not receiving PP-G-CSF (3.7), 
those with breast cancer receiving PP-G-CSF had a higher 
mean number of completed chemotherapy cycles (4.3) than 
those who didn’t receive PP-G-CSF (3.2) at baseline and 
across FN risk categories of chemotherapy regimen.

Among patients receiving PP-G-CSF in the first cycle of 
chemotherapy in each year of the study period, 98% received 
pegfilgrastim which remained unchanged over the study 
period (Fig. 2A). Use of the OBI formulation increased from 
1.8% in 2015 to 21.7% in 2017 while use of PFS decreased 
from 30.2% in 2015 to 11.6% in 2017, although 67 to 78% 
of pegfilgrastim use could not be classified as either PFS or 
OBI (Fig. 2B). In patients receiving prophylactic sG-CSFs, 
biosimilar filgrastim use increased to ≥ 70% by the end of 
2017. Filgrastim use decreased from 100% in 2013 to 25% in 
2017 while filgrastim-sndz and tbo-filgrastim use increased 
to 38.3% and 36.7%, respectively, by 2017 (Fig. 2C). Among 
all patient cycles receiving prophylactic sG-CSFs, mean 
(SD) number of administrations per cycle was 5.1 (2.7) 
overall, 5.4 (2.6) and 4.9 (2.7) for patients receiving high 
or intermediate FN risk regimens, respectively. By cancer 
type, patients with NHL had the highest mean number of 
prophylactic sG-CSF administrations per cycle (mean [SD]: 
6.1 [2.9]), followed by breast cancer (5.1 [2.4]), lung cancer 
(4.4 [2.5]), ovarian cancer (3.9 [2.4]), and colorectal cancer 
(3.7 [2.0]).

Among all patients receiving chemotherapy regimens 
with intermediate FN risk and PP-pegfilgrastim in the first 

cycle of chemotherapy (Fig. 3), the proportion of patients 
completing all cycles with the same modes of administra-
tion (i.e. adherence) was slightly higher among those who 
initiated PP-pegfilgrastim with the OBI (78.2% [95% CI, 
75.7%, 80.7%]) versus those that were treated with the PFS 
(74% [95% CI, 72.2%, 75.75%]). For patients with NHL, 
the adherence was higher among OBI users (89% [95% 
CI, 81.2%, 96.9%]) than PFS users (72% [95% CI, 69.2%, 
74.5%]). Similar patterns of PP-pegfilgrastim were found 
among patients receiving chemotherapy regimens with high 
FN risk (Fig. 3).

Among all patients receiving chemotherapy regimens 
with intermediate-risk or high-risk for FN and PP-pegfil-
grastim PFS in the first cycle, the proportion of patients 
receiving PFS on the same day as completion of chemo-
therapy was 4.3% overall and ranged from 4.1% for breast 
cancer to 18.8% for ovarian cancer (Fig. 4). The proportion 
of patients receiving PFS on day four-five after completion 
of chemotherapy was 3.5% overall and ranged from 1.7% for 
breast cancer to 6.6% for colorectal cancer. Similar patterns 
were seen for all cycles in patients receiving chemotherapy 
with intermediate or high FN risk and PP-pegfilgrastim PFS 
(results not shown).

Discussion

The current retrospective cohort study evaluated the pat-
tern of PP-G-CSF in older Medicare patients with cancer 
receiving myelosuppressive chemotherapy regimens asso-
ciated with high or intermediate FN risk. Clinical guide-
lines state that older patients (aged ≥ 65 years) with cancer 
receiving certain types of myelosuppressive chemother-
apy have a markedly higher risk for developing FN than 
younger patients [33, 44]. Since age ≥ 65 years is a known 

Fig. 1  Proportion of patients 
receiving prophylactic G-CSF 
in the first chemotherapy 
cycle stratified by the FN risk 
category of the chemotherapy 
regimen, overall and by cancer 
type. Error bars represent 95% 
CI. CI, confidence interval, FN, 
febrile neutropenia; NHL, non-
Hodgkin lymphoma; PP-G-CSF, 
primary prophylactic G-CSF
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patient-level risk factor for FN, older Medicare patients 
receiving regimen with intermediate-risk for FN, are 
inherently at an increased risk of FN and thus are eligible 
to receive G-CSF. In this study, we observed that overall 
71.2% of patients received chemotherapy regimens with 
intermediate FN risk, of whom 43.9% received prophylac-
tic G-CSF during the first cycle indicating less than opti-
mal G-CSF utilization in intermediate FN risk regimens. 
Among patients with IR regimens, patients receiving PP-G-
CSF were less likely to have metastasis at baseline and had 
lower CCI compared with those who did receive PP-G-CSF, 
which was most strongly reflected in patients with breast 
cancer. Of 28.8% of patients that received high-risk for FN 
regimen, results primarily driven by breast cancer patients 
(92%), only 74.2% received PP-G-CSF during the first cycle 
of chemotherapy. Among all patients receiving PP-G-CSF in 
the first cycle, 98% received pegfilgrastim and 2% received 
sG-CSF. Adherence with pegfilgrastim was slightly higher 
among those who were treated with the OBI (78.2%) com-
pared with those treated with PFS (74%). Among patients 
receiving prophylactic sG-CSFs, overall mean number of 
administrations per cycle was 5.1 (5.4 for high FN risk and 
4.9 for intermediate FN risk regimens) which was consider-
ably lower than the recommended ten to eleven administra-
tions per cycle for best efficacy [24, 25, 40, 45].

Earlier studies have reported suboptimal use of PP-G-
CSF, particularly for chemotherapy regimens with interme-
diate risk for FN, consistent with our results [1, 29, 46]. 
In the TULIP study, Laribi and colleagues observed PP-
G-CSF use of 33% among patients receiving chemother-
apy regimens with intermediate FN risk, and 66% among 
patients receiving chemotherapy regimens with high FN risk 
[16, 29]. Aligned with our findings, Sosa and colleagues 
observed that 74% of breast cancer patients and 62% of NHL 
patients undergoing chemotherapy regimens with high FN 
risk, received PP-G-CSF in the first cycle [46]. The incon-
sistent use of PP-G-CSF in our study and others may be due 
to multiple factors including differences among physicians’ 
experience and training, practice setting, reimbursement, the 
geographical location of care, along with factors inherent to 
the patient or disease [32]. Given that all patients had at least 
one risk factor, higher PP-G-CSF utilization was anticipated 
and highlights opportunities for improvement.

We observed that during the post-OBI approval period 
(after March 1, 2015), use of OBI increased in 2015 to 
2017 while use of PFS decreased, indicating higher 
patient/provider/facility preference for OBI which may 
also be reflected in the higher adherence in patients 
receiving OBI (78.2%) versus those receiving PFS (74%). 
Our results are consistent with other observational stud-
ies which have shown a steady increase in the use of 
the OBI delivery device since its approval [1]. We ana-
lyzed adherence by modality and only for patients who Ta

bl
e 

1 
 (c

on
tin

ue
d)

O
ve

ra
ll

B
re

as
t C

an
ce

r
C

ol
or

ec
ta

l C
an

ce
r

Lu
ng

 C
an

ce
r

N
H

L
O

va
ria

n 
C

an
ce

r

N
o 

PP
-G

-C
SF

PP
-G

-C
SF

N
o 

PP
-G

-C
SF

PP
-G

-C
SF

N
o 

PP
-G

-C
SF

PP
-G

-C
SF

N
o 

PP
-G

-C
SF

PP
-G

-C
SF

N
o 

PP
-G

-C
SF

PP
-G

-C
SF

N
o 

PP
-G

-C
SF

PP
-G

-C
SF

C
ha

rls
on

 c
om

or
bi

d-
ity

 in
de

x,
 m

ea
n 

(S
D

)

3.
3 

(2
.8

)
3 

(2
.6

)
3.

2 
(2

.7
)

3 
(2

.6
)

5.
7 

(3
.5

)
5.

8 
(3

.3
)

2.
8 

(2
.2

)
2.

8 
(2

.2
)

6.
1 

(3
.6

)
5.

5 
(3

.2
)

N
um

be
r o

f c
om

-
pl

et
ed

  c
yc

le
sb , 

m
ea

n 
(S

D
)

3.
3 

(1
.8

)
4 

(1
.8

)
3.

4 
(1

.7
)

4 
(1

.7
)

1.
6 

(1
.2

)
2.

4 
(1

.4
)

1.
6 

(1
.3

)
2.

1 
(1

.7
)

2.
1 

(1
.9

)
3.

1 
(2

.5
)

CK
D

, c
hr

on
ic

 k
id

ne
y 

di
se

as
e;

 C
O
PD

 c
hr

on
ic

 o
bs

tru
ct

iv
e 

pu
lm

on
ar

y 
di

se
as

e;
 H

IV
/A
ID

S 
hu

m
an

 im
m

un
od

efi
ci

en
cy

 v
iru

s/
ac

qu
ire

d 
im

m
un

e 
de

fic
ie

nc
y 

sy
nd

ro
m

e;
 F
N

, f
eb

ril
e 

ne
ut

ro
pe

ni
a;

 N
RH

, 
ne

ut
ro

pe
ni

a-
re

la
te

d 
ho

sp
ita

liz
at

io
n;

 N
H
L,

 n
on

-H
od

gk
in

 ly
m

ph
om

a;
 P
P-
G
-C
SF

, p
rim

ar
y 

pr
op

hy
la

xi
s w

ith
 g

ra
nu

lo
cy

te
-c

ol
on

y 
sti

m
ul

at
io

n 
fa

ct
or

; S
D

 st
an

da
rd

 d
ev

ia
tio

n
a  In

cl
ud

ed
 h

ea
rt 

fa
ilu

re
, m

yo
ca

rd
ia

l i
nf

ar
ct

io
n,

 p
er

ip
he

ra
l v

as
cu

la
r d

is
ea

se
, o

r s
tro

ke
b  Fo

r A
C

 fo
llo

w
ed

 b
y 

T 
re

gi
m

en
s 

(d
os

e-
de

ns
e 

or
 st

an
da

rd
 c

yc
le

 o
f 2

1 
da

ys
) t

re
at

in
g 

br
ea

st 
ca

nc
er

, w
ee

kl
y 

T 
cy

cl
es

 w
er

e 
no

t i
nc

lu
de

d;
 th

es
e 

w
ee

kl
y 

cy
cl

es
 o

f T
ax

an
e 

ar
e 

at
 lo

w
er

 d
os

e 
le

ve
l t

ha
t 

PP
-G

-C
SF

 u
se

 is
 ty

pi
ca

lly
 n

ot
 c

on
si

de
re

d
*  n 

≤
 10

 (r
ep

or
tin

g 
sm

al
l c

el
l s

iz
es

 is
 p

re
cl

ud
ed

 b
y 

da
ta

 u
se

 a
gr

ee
m

en
t)

^V
al

ue
s a

re
 su

pp
re

ss
ed

 to
 av

oi
d 

dr
iv

in
g 

th
e 

va
lu

es
 w

ith
 n

 ≤
 10

6333Supportive Care in Cancer (2022) 30:6327–6338



1 3

Fig. 2  Proportion of prophylac-
tic G-CSF use by type among 
patients receiving chemotherapy 
with intermediate or high FN 
risk and prophylactic G-CSF in 
the first chemotherapy cycle by 
calendar year 2013–2017, and 
by (A) Type of G-CSF (B) Type 
of Pegfilgrastim, and (C) Type 
of sG-CSF. aRoute unknown: 
pegfilgrastim users who could 
not be classified as pegfilgrastim 
pre-filled syringe or OBI. FN, 
febrile neutropenia; G-CSF, 
granulocyte colony-stimulating 
factor; OBI, on-body injector; 
PP-G-CSF, primary prophylaxis 
G-CSF; sG-CSF, short-acting 
G-CSF

A. PP-G-CSF type

B. PP-pegfilgrastim type

C. PP-sG-CSF type
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had received PP-G-CSF in the first cycle. This did not 
allow for secondary prophylaxis of G-CSF or a change in 
modality of G-CSF in subsequent cycles, since patients 
were excluded from the analysis upon termination of their 

specific PP-G-CSF after the first cycle. However, a few 
earlier studies including the TULIP and NEXT studies in 
France and the MONITOR-GCSF European study have 
shown PP-G-CSF to be more effective in older patients 

Fig. 3  Proportion of patients completing all chemotherapy cycles 
with prophylactic pegfilgrastim OBI versus pre-filled syringe strati-
fied by FN risk category of the chemotherapy regimen, overall and 
by cancer types (March 1, 2015 to November 30, 2017). * Results 
are suppressed due to less than 11 patients completing all cycles with 

prophylactic pegfilgrastim pre-filled syringe or OBI. ^ No chemother-
apy regimens with high FN risk for colorectal cancer. FN, febrile neu-
tropenia; HR, chemotherapy regimen with high FN risk; IR, chem-
otherapy regimen with intermediate FN risk; NHL, non-Hodgkin 
lymphoma; OBI, pegfilgrastim on-body injector

Fig. 4  Day of prophylactic 
pegfilgrastim with the pre-filled 
syringe following chemotherapy 
completion in first cycle among 
patients receiving chemotherapy 
with intermediate or high FN 
risk, overall and by cancer 
types. FN, febrile neutropenia
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with cancer for preventing chemotherapy induced dose 
delays and reductions [16, 47, 48]. Conversely, a couple 
of studies on younger patients reported significantly lower 
proportion of patients receiving PP-G-CSF [49, 50].

Utilization of PP-sG-CSF remained < 2% across the study 
period even though biosimilar sG-CSF use had increased 
steadily with filgrastim-sndz and tbo-filgrastim accounting 
for ≥ 70% biosimilar filgrastim use by 2017. This corrobo-
rated our finding that more convenient treatment modalities 
such as OBI and PFS were preferred given reduced need 
for repeated visits following chemotherapy. For patients 
with NHL, the adherence with PP-pegfilgrastim was higher 
among OBI users (89%) than the PFS users (72%), while, 
for patients with other cancers, no large differences were 
observed in the adherence between the two modes of admin-
istration. Although guidelines recommend next day adminis-
tration for best efficacy, overall, we observed 4.3% patients 
received pegfilgrastim PFS on the last day of chemotherapy 
(4.1% for breast cancer; 18.8% for ovarian cancer). The trend 
was similar across all chemotherapy cycles and FN risk regi-
mens. The issue might be resolved by using pegfilgrastim-
OBI which would help eliminate the suboptimal administra-
tion of PFS by delivering the required dose on the optimal 
day thereby increasing efficacy.

Medicare claims information has been shown to be gener-
ally valid and we anticipated a high level of accuracy in the 
reporting of these claims. However, there was potential for 
missing or inaccurate codes that might have led to underesti-
mation or failure to identify certain regimens, comorbid con-
ditions, or PP-G-CSF administrations and/or differentiation 
of G-CSFs in the database. We did not control for the admin-
istered dose and dose delays of chemotherapy regimens, thus 
making it impossible to determine whether the intermedi-
ate or high-risk regimens were modified for a lower dose, 
thereby possibly decreasing the risk for FN. Additionally, 
“diagnosed” comorbid conditions were possibly reported/
documented more for sicker patients (higher risk for FN and 
more likely to receive G-CSF) than for healthier patients 
(less likely to receive G-CSF). However, since the study 
population included older patients with cancer with multiple 
co-morbidities and regular physician visits, the possibili-
ties of missed diagnoses were low. While we attempted to 
restrict the study population to patients warranted to receive 
PP-G-CSF by including patients aged ≥ 66 years initiating 
chemotherapy regimens with HR/IR of FN, the study find-
ings may not be applicable to younger patients with other 
possible indications for use of PP-G-CSF including bone 
marrow involvement, persistent neutropenia, and recent sur-
gery. Lastly, we could only discern 22–33% of pegfilgrastim 
administrations as either OBI or PFS, given the J-Code 
discernment applied in this study. Grater adoption of such 
modifiers would help ensure more appropriate measurement 
of the guidelines of care.

Conclusion

The results from this retrospective cohort study demonstrate 
that older patients with cancer at risk for FN, receiving 
myelosuppressive chemotherapy regimens with intermedi-
ate or high FN risk, may be vulnerable because of mistimed 
or underuse of PP-G-CSF. There is still room for improve-
ment with a focus on targeted use of supportive care when 
patients are administered myelosuppressive chemotherapy 
with an intermediate-risk or high-risk of FN. Further stud-
ies are required to better understand G-CSF utilization, and 
the impact of different treatment patterns on the risk of FN.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00520- 022- 06967-x.
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