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Abstract

Purpose Limited knowledge is available on the incidence of febrile neutropenia (FN) in intermediate-risk patients and the
rationale for use of granulocyte colony-stimulating factor (G-CSF) in these patients. We aimed to estimate the rate at which
patients associated with intermediate risk (10-20%) of FN would develop > 1 episode of FN with a commonly used chemo-
therapy regimen in clinical practice.

Methods This prospective, real-world, observational, multinational, multicenter study (December 2016—October 2019)
recruited patients with solid tumors or Hodgkin’s/non-Hodgkin’s lymphoma. Patients receiving chemotherapy with inter-
mediate risk of FN, but not G-CSF as primary prophylaxis were included and observed for the duration of the chemotherapy
(<6 cycles and <30 days after the last chemotherapy administration).

Results In total, 364 patients (median age, 56 years) with 1601 cycles of chemotherapy were included in the analysis. The
incidence of FN was 5% in cycle 1, 3% in cycles 2-3, and 1% in cycles 4-6. The rate of patients with > 1 episode of FN was
9%, and 59% of FN events were reported during cycle 1. The rate of grade 4 neutropenia in cycle 1 was 11%, and 15% of
patients experienced > 1 episode of grade 4 neutropenia.

Conclusions Overall, the incidence of FN was low, with a high incidence in cycle 1 and a decrease in the subsequent cycles.
These results provide the real FN risk for common chemotherapy regimens in patients generally excluded from clinical trials.
Prophylactic G-CSF in intermediate-risk patients could be considered as per clinician’s judgement.
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Introduction

Despite the advances in oncology and anti-cancer thera-
pies such as immuno-oncology and targeted therapies,
chemotherapeutic agents still play a pivotal role in the
management of certain solid tumors and hematological
malignancies [1]. Chemotherapy-related adverse events
are high and are associated with substantial morbidity
and mortality [2]. One of the most frequent side effects of
cytotoxic agents is neutropenia, which increases the risk of
infection [1]. Febrile neutropenia (FN) is the most serious
manifestation of neutropenia and a key driver of chemo-
therapy dose delays and/or reductions. This modification
in dose intensity may impact treatment efficacy, frequently
leading to hospital admissions with significant mortality
due to infection-related complications [1, 3]. Further-
more, FN is accompanied by high costs attributable to
the increased use of antibiotics and unplanned hospitaliza-
tions [4]. During the COVID-19 pandemic, prevention and
management of severe neutropenia and FN has become
even more challenging due to oncology patients’ limited
or remote access to health care. Major concerns during
the pandemic include delayed or interrupted standard can-
cer care, risk of COVID-19 infection spread in healthcare
facilities and among healthcare workers, a need to keep the
number of face-to-face visits to the minimum possible, and
implementation of optimal FN prevention strategies [5].

The incidence of neutropenia varies between 2 and 50%
and is dependent on various factors such as patient-related
risk factors, type of cancer, chemotherapy, and genetic
susceptibility [3, 6, 7]. FN occurs in 13-21% of patients
receiving standard myelosuppressive chemotherapy regi-
mens for metastatic solid tumors, most frequently during
the first cycle (23-36%) [8].

The therapeutic action of granulocyte colony-stimu-
lating factors (G-CSFs) results from the production and
activation of neutrophils, increasing their numbers and
migration in the blood. They can be used as either pri-
mary or secondary prophylaxis to reduce the risk, severity,
and duration of FN, or as an adjunct to support the deliv-
ery of dose-dense (increased frequency) or dose-intense
(increased dose) myelosuppressive regimens [1, 3, 7]. The
use of G-CSFs as primary prophylaxis for the prevention
of FN has been shown to reduce the relative risk of FN by
46% on average across 15 studies analyzed in a systematic
review, with infection-related mortality and early deaths
decreasing by 45% and 40%, respectively [9].

The latest updates of the leading international guide-
lines formulated by the American Society of Clinical
Oncology (ASCO), the European Society for Medical
Oncology (ESMO), the Infectious Diseases Society of
America (IDSA), the National Comprehensive Cancer
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Network (NCCN, consensus-based guidelines), the Euro-
pean Organization for Research and Treatment in Cancer
(EORTC), and the Multinational Association for Support-
ive Care in Cancer (MASCC) recommend prophylactic
treatment with G-CSF in patients receiving chemotherapy
associated with a high risk of FN development (>20%), as
well as in patients receiving chemotherapy with an inter-
mediate risk of FN development (10-20%) in the presence
of defined risk factors, including age > 65 years, poor per-
formance status, and prior FN [3, 6, 7, 10-12].

Data on FN risk are usually derived from phase III trials
with inclusion criteria that limit the participation of patients
with a potentially higher risk of FN. Therefore, analysis
of FN incidence based on data from stringently designed
prospective clinical trials encompassing patients receiving
intermediate-risk chemotherapy in the real-world oncology
practice is a priority.

A previous publication has described the study design
and methodology of this type of prospective international
multicenter observational real-world study [13]. The present
report discusses the incidence of chemotherapy-induced FN
in patients with an intermediate risk of FN development.

Methods
Study endpoints

The study's primary objective was to assess the incidence
of FN (> 1) in patients treated with available chemotherapy
regimens, which, according to published guidelines, are
expected to be associated with a 10-20% risk of FN. The
primary endpoint was FN incidence, defined as an absolute
neutrophil count of less than 0.5 IU or 500 cells/uL of blood
and temperature > 38.5 °C after the first cycle of a chemo-
therapy regimen that is expected to be associated with inter-
mediate risk of FN and without G-CSF prophylaxis. Second-
ary outcome measures included the overall incidence of FN
after all chemotherapy cycles, the incidence of complicated
FN after each chemotherapy cycle, and rates of morbidities
(diarrhea or oral mucositis) associated with each cycle that
might increase the risk of infectious complications. Other
secondary endpoints included: time to the first occurrence
of FN, distribution of cycle number for the first episode of
FN, and impact of risk of neutropenia.

Study design

This real-world, prospective (December 2016 to October
2019), observational, and multinational study recruited
patients through a secure website. Patients were observed for
the duration of the chemotherapy (<6 cycles and <30 days
after the last administration of chemotherapy) after they
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signed the informed consent forms. A total of 364 patients
was enrolled from the following countries: Pakistan (n=60),
Lebanon (n=13), Switzerland (n=12), Belgium (n=33),
South Africa (n=286), and Spain (n=160).

The study initially intended to develop a risk model using
the incidence of FN as a binary outcome, stratifying data by
age, comorbidities, and other risk factors; however, the study
was powered to have 1000 patients, but only 364 eligible
patients were recruited [13].

Patients

Adult patients diagnosed with solid tumors or Hodgkin’s/
non-Hodgkin’s lymphoma, with planned administration of
an accepted and available chemotherapy regimen in adju-
vant, neo-adjuvant, or metastatic settings during the accrual
period, were included in the study. Accepted chemotherapy
regimens had an expected intermediate risk of FN in the
range of 10-20% as per published guidelines [14] and study
protocol [13]. Patients included in the study did not have any
planned administration of G-CSF as primary prophylaxis
and had not previously received another chemotherapy line.
Patients who had received FN prophylaxis (with antibiot-
ics or available G-CSF), prior high-dose chemotherapy, or
stem cell transplantation were excluded. Patients scheduled
to receive other chemotherapy regimens than those listed
as having a FN risk of 10-20% or patients with abnormal
kidney (creatinine > 1.5 X upper limit of normal) and liver
function (aspartate transaminase and alanine transami-
nase > 2 X upper limit of normal) were also excluded.

Patients were required to provide independent, ethics
committee-approved informed consent as per national laws
for participation in the study. Patients were also required to
comply with blood sampling. On day 8 of the first chemo-
therapy cycle, a blood sample for hematological counts was
taken at selected sites (optional), and on day 1 of subsequent
chemotherapy cycles, routine blood samples for hematologi-
cal counts were taken.

Statistical analysis

Baseline demographic variables including age, gender, and
comorbidities were collected. Additional variables related
to blood test parameters (neutrophils, lymphocytes, etc.)
at baseline and during follow-up were also recorded/docu-
mented in a website specifically developed for the study.
Comorbidities were grouped according to the Charlson
comorbidity index (CCI) [15, 16] available online (https://
www.mdcalc.com/charlson-comorbidity-index-cci). FN
development was considered a binary outcome (ignoring the
severity or risk). Descriptive statistics were used to tabulate
patient characteristics. The incidence of neutropenia and FN
were determined as proportions of the population.

Analyses of the data involved stratification by age
(younger or older than 65 years) and examination of inter-
actions between age, comorbidities, and other risk factors
identified during the development of the logistic regression
model. We then performed univariate (Chi*/Fisher’s exact)
analyses to examine associations between patient risk fac-
tors and the prevalence of neutropenia and/or FN. Two-sided
P-values of <0.05 were considered statistically significant.
Multivariate models included only variables that exhibited
a univariate association with the dependent variable, that
is, the prevalence of neutropenia (P < 0.05). The time to
first event was estimated using the Kaplan—Meier plot and
compared using the log-rank test. NCSS 2021 software for
Windows (USA) was used for statistical analyses.

Results
Patient characteristics

A total of 364 patients was evaluable at seven centers in six
countries; the median age of the patients was 56 years, and
two-thirds were female (67%). Among the underlying can-
cers, breast cancer (53%) and colon cancer (32%) accounted
for more than 80% of the cases. Notably, most of the patients
received chemotherapy as part of neoadjuvant or adjuvant
schemes; only about 29% of the patients had metastatic dis-
ease at baseline (Table 1).

Table 1 Baseline characteristics

Characteristics N=364
Age (years), median (range) 56 (17-81)
Female, n (%) 246 (67%)
Underlying cancer, n (%)
Breast cancer 192 (52.8%)
Colorectal cancer 117 (32.1%)
Non-Hodgkin’s lymphoma 17 (4.7%)
Prostate cancer 18 (5.0%)
Germ cell tumor 9 (2.5%)
Non-small cell lung cancer 6 (1.7%)
Gastric cancer 3 (0.8%)
Esophageal cancer 2 (0.5%)
Metastatic disease 104 (28.6%)
Charlson score, n (%)
Mild (1-2) 200 (54.9%)
Moderate (3-4) 64 (17.6%)
Severe (>5) 100 (27.5%)
Weight loss > 10%
Yes 24 (6.7%)
No 311 (85.4%)
Unknown 29 (8%)
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Chemotherapy regimen modifications

The various chemotherapy regimens received by patients
with a particular cancer have been previously described [13].
A total of 1601 chemotherapy cycles was administered to
364 patients. The median number of planned chemother-
apy cycles was four, administered to 157 patients (43%),
whereas 129 patients (36%) received six cycles of chemo-
therapy (Table 2). The majority of the patients (92%) com-
pleted their planned cycles of chemotherapy. Chemotherapy
dose reductions and delays were observed in 78 (22%) and
148 (41%) patients, respectively. Of the total 1601 cycles,
dose reductions and delays were observed in 173 (11%) and
222 (14%) cycles, respectively. The most common reasons
underpinning the dose reductions and dose delays were

Table 2 Administration of chemotherapy data

Number of cycles received

hematological toxicity (29% and 35%), non-hematological
toxicity (42% and 26%), and logistical reasons (0.02% and
27%, respectively).

In total, 104 cases of diarrhea and 105 mucositis inci-
dents were observed, of which 14% and 6%, respectively,
were > grade 3.

Incidence rates of neutropenia and FN

Rates of FN were 5% in cycle 1, reduced by almost half in
cycle 2 and 3 (3%, each), and 1% in cycles 4-6. The rate of
patients with > 1 episode of FN was 9% (95% CI: 6-12%).
Site-wise incidence of FN was as follows: Aga Khan Univer-
sity (n=22), Barcelona (n=17), Bordet (n=1), Rosebank
(n=1), and Orense (n=1).

In total, 272 neutropenia episodes was observed. As
shown in Table 3 and Fig. 1, the rates of all-grade neu-
tropenia were similar: around 20% in the first three cycles
(22%, 20%, and 19%, respectively); in cycles 4 and 5, the
rates decreased to 12% and 15%, respectively; and a further

Median 4 cycles decrease was observed in cycle 6 (7%). Except for cycle 5,
Number of patients with 4 cycles, n (%) 157 (43%)
Number of patients with 6 cycles, n (%) 129 (36%)
No chemotherapy given, n 1 patient
Reason for stopping follow-up, n (%) 60
Chemotherapy complete 336 (92%) 50 53 @
Lost to follow-up 8 2%) % 40- |
Patient died 6 (2%) § 204 -
Other reason 13 (4%) ;é
20
Number of cycles with 2 = i
-Dose reduction 173 (11%) 107 I & s 5 4
. L ‘ e W' " Bm
-Delay in chemotherapy administration 222 (14%) 0- T T T T T
Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 5
Number of patients with
== Febrile Neutropenia == Neutropenia == Grade 4 Neutropenia
-Dose reduction 78 (22%)
~Delay in chemotherapy administration 148 (41%) Fig. 1 Total neutropenia and FN events per cycle
Table 3 Rates of neutropenia and FN
Neutropenia: Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
N=363 N=342 N=328 N=299 N=142 N=129
Grade 1 11 19 24 14 8 0
Grade 2 12 19 14 10 7 4
Grade 3 16 15 11 8 6 1
Grade 4 38 15 12 3 1 4
Rate of grade 4 neu- 0.11 (0.08-0.14) 0.04 (0.02-0.07) 0.04 (0.02-0.06) 0.01 (0.002-0.03) 0.01 (<0.01-0.04)  0.03 (<0.01-0.08)

tropenia, 95% CI

Rate of all grades
of neutropenia,
95% C1

Febrile neutropenia: 19 10

Rate of FN, 95% CI  0.05 (0.03-0.08) 0.03 (0.01-0.05) 0.03 (0.01-0.05) <0.01 (<0.01-

0.22 (0.17-0.26) 0.20 (0.16-0.25) 0.19 (0.15-0.24) 0.12 (0.09-0.16)

9

0.22 (0.10-0.23) 0.07 (0.03-0.13)

2 1 1

<0.01 (<0.01- <0.01 (<0.01-0.04)
0.02) 0.04)

CI confidence interval, FN febrile neutropenia
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an overall decrease was determined in the rates of all-grade
neutropenia.

Rates of grade 1—4 neutropenia are presented in Table 3.
Patients in cycle 1 experienced a relatively higher rate of
grade 4 neutropenia (11%), which decreased to 4% in cycles
2 and 3, and 1% each in cycles 4 and 5, followed by an
increase in cycle 6 (3%). Overall, the rates of neutropenia of
the respective grades did not show considerable consistency
(Fig. 1). In 56 patients, > 1 grade 4 neutropenia occurred
during follow-up. The rate of patients with > 1 episode of
grade 4 neutropenia was 15% (95% CI: 1-20%).

Of the 32 patients who developed FN, more than half of
the reported episodes (59%) occurred during cycle 1. Similar
findings were observed for time to neutropenia; 48% of epi-
sodes occurred during cycle 1 among the 158 patients who
developed neutropenia. Percentages of development of FN
and grade 4 neutropenia by cycle are presented in Table 4.

Subgroup analysis

The overall incidence of FN was 9.5%. The age group
of > 65 years showed 16% incidence of grade 4 neutropenia
and 8% incidence of FN. In gender-wise distribution, the
occurrence of grade 4 neutropenia and FN was similar in
males (17% and 10%) and females (15% and 8%, respec-
tively). The patients diagnosed at metastatic stage showed a
greater incidence of grade 4 neutropenia (14%) and FN (7%).
Other subgroup analysis outcomes are presented in Table 5.

Table 4 Percentages of grade 4 neutropenia and FN by cycle

FN events (N=32) Grade 4

Neutropenia
events

Cycle 1 59% 48%

Cycle 2 19% 28%

Cycle 3 16% 14%

Cycle 4 0% 6%

Cycle 5 3% 2%

Cycle 6 3% 1%

Discussion

Although current chemotherapy regimens for solid tumors
are well tolerated in most tumor types, they are sometimes
associated with severe and life-threatening events such as
FN [4]. To our knowledge, our study is the first prospective,
real-world, observational multinational study that evaluated
the incidence of FN in different cycles of chemotherapy in
patients with intermediate-risk FN and analyzed the associ-
ated dose reduction and treatment delays in chemotherapy
in different types of cancers. The study excluded patients
receiving G-CSF as primary prophylaxis.

Investigator-reported incidence of FN varies consider-
ably for the same chemotherapy regimen. The results of this
study demonstrated different outcomes from different sites/
countries, with The Aga Khan University and Barcelona rep-
resenting 58% of the cohort and reporting 93% of the FN
incidents, whereas Rosebank and Bordet representing 33%
of the cohort and reporting only 5% of the FN incidents. This
difference could be attributed to patient selection, different
patient characteristics, different chemotherapy regimens, or
differential use of G-CSF for prophylaxis after the second
chemotherapy cycle.

Evidence suggests that FN rates in the real-world setting
may be higher than those reported in randomized controlled
trials (RCTs), a possible reason being the stringent eligi-
bility criteria for entry into RCTs. In a systematic review
and meta-analysis of 65 observational (n=7812 patients)
and 110 RCT (n=42,257 patients) cohorts involving 29
breast cancer chemotherapy regimens, the unadjusted FN
rate was 11.7% and 7.9% in the observational and RCT
cohorts, respectively [17]. The present study reflected this
number, with an FN rate of 11.6%. Our data suggested that
FN incidence is similar to the FN rates of real-world data
and other RCTs; however, our study might have been biased
due to the exclusion of patients receiving G-CSF as primary
prophylaxis.

This is a real-world study, as opposed to G-CSF Phase
III clinical trials, in which clinical and laboratory param-
eters are recorded frequently. In real-world studies, these

Table 5 Frequency of grade 4
neutropenia and FN by patient

Patient characteristic

Grade 4 neutropenia Febrile neutropenia

characteristic Age > 65 years

Weight loss > 10%
Metastatic disease

Charlson score — mild & moderate

Charlson score — severe
Gender — male

Gender — female
Creatinine (mg/dL)

14 (16%) 7 (8%)

2 (8%) 1 (4%)
15 (14%) 7 (1%)
42 (16%) 22 (8%)
15 (15%) 10 (10%)
20 (17%) 12 (10%)
37 (15%) 20 (8%)
0.5 0.79
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parameters are recorded as frequently. The main aim of this
research was to establish real-world incidence encompassing
the world's various regions. The study design and the fre-
quency of the investigations were done to resemble clinical
practice as closely as possible in many settings worldwide.
Frequent testing might indeed overestimate the incidence of
FN, resulting in overtreatment. Additionally, this approach
might decrease quality of life and increase costs.

The rate of patients with > 1 episode of FN was 9% in the
present study. This rate was higher than results observed in a
previously published RCT [18] and a real-world study [19].
In the RCT, the overall proportion of patients having > 1
occurrence of FN was 5.8% for the 7/10-day group [18].
Similar results were observed in the real-world study in
which the rate of patients who developed > 1 episode of FN
was 6.1% [19]. The higher number of chemotherapy cycles
administered in the present study (n=1601), compared to
the RCT (rn=1302) and the real-word study (n=912), might
be a possible reason for this difference. Other reasons could
be related to patient heterogeneity, type of regimen used,
different inclusion criteria, different tumor types, or lack of
control for dose reductions and dose delays.

In the present analysis, the rate of episodes of FN in each
cycle varied; 5% were encountered in cycle 1, followed by
3% and < 1% in cycles 2 and 6, respectively. A similar pat-
tern, but a higher rate of FN, was noted in an observational
study; of 19 patients, the first (36.36%) and second (22.72%)
cycles of chemotherapy exhibited a higher incidence of
FN cases than other chemotherapy cycles [20]. Culakova
et al. reported 9.7% incidence of FN in cycle 1, followed
by 5.7% and 3.8% in cycles 2 and 3, respectively [21]. A
decrease in neutropenic events was observed in subsequent
cycles because of clinical interventions such as reductions
in chemotherapy dose intensity and/or additional use of sup-
portive care measures (G-CSF prophylaxis or antibiotics)
[21]. Reduced relative dose intensity was more common
for older patients, those with poor performance status, and
obese patients [21]. The present study results correlate with
those of previous studies in that the incidence was higher in
cycles 1 and 2, but varied in the cycles that followed [22].

Currently, chemotherapy-induced myelosuppression,
which reduces chemotherapy dose intensity and potentially
limits therapeutic efficacy, is managed with chemotherapy
dose delays/reductions and lineage-specific supportive care
interventions [23]. The present analysis observed dose
reductions and delays in 78 (22%) and 148 (41%) patients,
respectively. These results were in line with previously
published data. Results from one RCT [18] showed that the
overall proportion of patients having > 1 occurrence of either
chemotherapy dose delay or reduction or discontinuation
was 37.64% and 39.42% for the 5- and 7/10-day groups,
respectively [18]. In a retrospective cohort study, consider-
able variability in dose delay of >7 days was seen among
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cancer types and among chemotherapy regimens, which
varied from 9.3% to 16.3% for different cancer types [24].

In this study, a high incidence of treatment dose reduc-
tions and dose delays, including patients receiving adju-
vant treatment, were recorded. It should be noted that this
observational study did not have specific recommendations
regarding dose modifications; therefore, these reductions and
delays reflect clinicians' and patients' preferences.

In the setting of the COVID-19 pandemic, where clini-
cians aim to minimize patients’ risk of potential infection
and need for hospital visits, the prophylaxis and manage-
ment of FN is of particular importance. As FN can result in
the need for hospitalization, ESMO recommends that phy-
sicians consider using regimens with a lower risk of FN in
patients who are not being treated with curative intent [25].
ESMO [25] and NCCN [26] also suggest expanding the indi-
cation for G-CSF after chemotherapy to lower the risk of FIN
but acknowledge that this may require additional outpatient
visits. Similar to the NCCN and ESMO recommendations,
the American Society of Clinical Oncology (ASCO) [27]
recognizes that during the COVID-19 pandemic, it may be
reasonable for patients at lower risk of FN to be prescribed
growth factors [27]. Furthermore, with wider availability of
biosimilars for G-CSF, the cost-effectiveness of prophylactic
treatment in intermediate-risk patients may be a rationale
for consideration.

In the current study, we were unable to develop a risk
model for FN in this set of chemotherapy regimens with
an expected FN rate of 10-19% or identify a particular set
of patients at higher risk of FN owing to slow recruitment
and low patient numbers. The primary aim of the current
study was to develop a model for predicting FN in oncol-
ogy patients receiving chemotherapy with intermediate risk
(10-20% risk) involving 1000 patients in 20 centers world-
wide. This recruitment was not achieved; however, we report
a secondary endpoint of the study describing the incidence
of FN in 364 patients recruited.

The heterogeneity of the patient population in terms of
tumor type and the wide range of chemotherapy agents made
the interpretation of risk factors difficult. Further research
on patient populations with similar tumor types and chemo-
therapy schedules may help stratify the patients by age and
comorbidities. With wider use of mixed anticancer regimens
combining chemoimmunotherapy with targeted therapies
for many cancer types, the incidence of FN may be further
reduced. Prophylactic G-CSF in intermediate-risk patients
may be considered according to the clinician’s judgement.
A quality-of-life component was also recorded and will be
reported separately.

The study limitations are mainly the lack of data about
anticancer treatments including concomitant chemo-
immuno therapies (current regimens for non-small cell
lung cancer and other cancers) and COVID-19 infection
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because of the study period. Other limitations include lack
of data related to financial status or healthcare system,
G-CSF coverage, and unavailability of data about patient
preferences and specific education of patients regarding
FN at each participating center.

In conclusion, in patients receiving chemotherapy reg-
imens with an intermediate risk of FN, the rate of FN
was on par with other RCTs and real-world studies. The
rates were high in cycles 1 and 2 but varied in the subse-
quent cycles. This large observational, real-world study
found that cancer patients with intermediate-risk of FN
(10-20%) can be treated prophylactically with G-CSF in
alignment with the current guidelines. Overall, this pro-
spective study provides insights and real-world evidence
to support the implementation of the current guidelines in
daily practice.
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